4 Decenber, 2005 1 FLUORCPYRROLI DI NES AS DI PEPTI DYL PEPTI DASE I NHI BlL. TORS
| ELD OF | N\/EI\FI'I ON The present invention relates to conp

i peptidyl peptidases, such as Il (DPP-11) and IV (DPP-1V), to methods for
heir production, and to their therapeutic wutility. BACKGROUND OF THE
NVENTI ON 5 Di peptidyl peptidase |V (DPP-1V) is a post-proline/al anine

| eaving serine protease found in various tissues of the body i ncluding
idney, liver, and intestine. DPP-I1V is thought to regulate the activity

f multiple physiogically inportant peptides$, including, but not limted
o, GP1, AP, GP2, GRP, vasoactive intestinal peptide, peptide histidine
t hi oni ne, PYY, subst andUGROMBROLIDIEEDAS DIPEITIIY). PERMASEAGABRIIORS pr ol acti n,
horioni c 10 gonadotropin, aprotinin, corticotropin-like internedi ate |obe
eptide, pituitary adenylyl cycl ase- HELD ORINVENTIORPt i de, (Tyr) el anostatin,
D78bet a(3-70), RANTES, cotaxin procolipase, enterostatin, vasostatin 1,
ndonor phi n, nor phi cejle presesttinvantidn reletes tocempateds infibitihgdipeptidyl peptidagys sakdr | ved
henoki ne, granul ocyte chenotactic protein-2, and GHRH GRF. As exanpl es of
he therapeutic \aali{3PPell) aDIPRL (DRP-IVDRPmE M odsFotbbit pradittibig albtotbeii therapantid i n a
ariety of netabolic, gastrointestinal, viral, and inflanmatory di seases,
ncl udi ng, but notilityi mited to, diabetes, obesity, hyperlipidem a,

ermat ol ogi cal or mucous nenbrane di sorders, psoriasis, intestinal

i stress, constipation, autoi nmurBACKEREUNDIEF SHEMYENHBN encephal onyelitis,
onplenent nedi at ed di sorders such as gl onerulonepritis, |ipodystrophy,

nd tissue tigsue danbigestidpppptivesdyliPdy) ideprstslinalar@@ ceadng serine protease

europsychi atric disease such as anxiety, depression, insomia,
chi zophreni a, found in various tissues of the body including kidney, liver, and intestine. DPP-IV is

thought to regulate the activity of multiple physiogically important peptides, including,
but not limited o, GLP1, GIP, GLP2, GRP, vasoactive intestinal peptide, peptide histidine
methionine, PYY, substance P, beta-casomorphine, NPY, PACAP38, prolactin, chorionic
10 gonadotropin, aprotinin, corticotropin-like intermediate lobe peptide, pituitary adenylyl
cyclase-activating peptide, (Tyrymelanostatin, LD78beta(3-70), RANTES, eotaxin
procolipase, enterostatin, vasostatin 1, endomorphin, morphiceptin, stromal cell derived
factor, macrophage-derived chemokine, granulocyte chemotactic protein-2, and
GHRH/GRF. As examples of the therapeutic value of DPP-IV, DPP-IV is believed to be
15 involved in a variety of metabolic, gastrointestinal, viral, and inflammatory diseases,
including, but not limited to, diabetes, obesity, hyperlipidemia, dermatological or
mucous membrane di.sorders, psoriasis, intestinal distress, constipation, autoimmune
disorders such as encephalomyelitis, complement mediated disorders such as
glomerulonepritis, lipodystrophy, and tissue tissue damage, psychosomatic, depressive,
20  and neuropsychiatric disease such as anxiety, depression, insomnia, schizophrenia,
epilepsy, spasm, and chronie pain, HIV infection, allergies, inflammation, arthritis,

transplant rejection, high blood pressure, congestive heart failure, tumors, and stress-
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and stress 24 Decenber, 2005 2 induced abortions, for
xanpl e cyt oki ne-nmedi ated murine abortions. For exanplee, DPP- 1V, also

medi ates T-cell activation and HV infection (Ohtsuk

T-cells expressing DPP-1V/CD26 are preferentially infected

nd depleted ins H V- infected individuals (Ohtsuki et al., 2000). DPP-1V

nhi bitors have denonstrated ainti 5 inflamatory effects in animal nodels

f arthritis (Tana(}éa t a%l . 1997). Additionally, DPP-1V inhibition has
ﬁz,"e%?a? 30T E tokine-gsdigted muripgehosions tFondxampleBRF7) . | n
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the amino-terminus of polypeptides (Mentlein, 1999), such as glucagon-like peptiides

(GLP) and neuropeptide Y (NPY).

More specificaliy, GLPs help metabolize glucose and, thus, regulation of GILPs
likely should be beneficial in the treatment of metabolic disorders such as diabetes.
Diabetes, for exampie type 2 (also called neninsulin-dependent diabetes mel[itt;s
(NIDDM) or maturity-onset) diabetes, results in elevated blood sugar levels due to
absolute or relative insufficiencies of insulin. Type 2 diabetes is the more commom form
of diabetes, accounting for 90% of caseé, or about 16 million Americans. Most tyjpe 2

diabetics produce variable, sometimes normal, amounts of insulin, but they have
abnormalities in liver and muscle cells that resist its actions. Insulin attaches to the
receptors of ceils, but glucose does not get inside, a condition known as insulin
resistance. Many type 2 diabetiés seem to be incapable of secreting enough insufiin to
overcome insulin resistance. GLP-1 enhances insulin secretion. Thus, regulation of GLP-
1 correlates to a régulation of insulin secretion. Moreover, GLP-1 decreases hepattic

glucose production, gastric emptying, and food intake (Deacon et al,, 1995). Further,

| houl.d..b fici B
mnlacﬂlﬁf%fﬁec%i"g%"é'?aég’%dé?%r}ggég@anﬁlﬁrﬂé&?ﬂ%’r addifigpally. (a) so



resi stance. Many type 2 diabetics seemto be incapable of secretl ng egough
insuliin to overcone insulin resistance. GLP-1 enhances2 on.
Thus, regulation on GLP- 1 correlates to a regulation of insulin secretion.
Mor eover, GLP-1 decreases hepattic glucose production, gastric enptying,
and food intake (Deacon et al., 1995). Further, 24 Decenber, 2005 3 G.P-2
mai ntains the integrity of the intestinal nucosal epitheliumvia effects on
gastric notility, nutrient absorption, crypt cell proliferation and
apoptosis, and intestinal perneability (Dsucker, 2001). DPP-1V inhibitors
preserve GP-1 function fora longer time (Bal ka, 1999). Thus, 5 DPP-1V

i nhi bitors may pal@rbnenteias the integrityedfithe intesths) macosh) efitheliunt Vislefidees dngagifid ect s
of GLP-1 (Deacon et al., 1995; Hoist and Deacon, 1998). For exanpl e,

i nhi bition of DRy, metti¢nt absoeptikm crypt catiroaditenatioNeit PSS antiotestirmes pl asma
G.P-1 (2-36 am de) concentrations and inproves oral glucose tolerance in
obese Zucker ratRsrm@biéty (Dueloedbgi a 42: 1324- 1331. Both subcut aneously
and intravenously adm nistered GLP-1 is rapidly degraded 10 fromthe

NH2-t er mi nus i n typeDPR-Mditiliitors prespave iGERyE Suratiah fore loeget tily (Baikb| @8%)s ThuSee,

D abetes 44:1126, 1995. Mreover, DPP-1V inhibitors preserve G.P-2 for

| onger periods &PtV inbibipreimay promote satisty. usighblossiand therantidieketic affectsraf 657-1 nal

i nsufficiencies and mucous nenbrane disorders (Hartnmann B et al., 2000).
15 Wi | e DPP- 1V (Peacenst aly 1 8% Helrizand Dsrcon.c1988. Fosgiarmate; inbjbidippot BRI weth,
simlar substrate or inhibitor ecificity my be observed for rel ated
prot eases. Rel attR&knewp peqepoups NYPeBE"égﬂi%@P%@asmlﬁLP -4/(&-36 amide) genecatiations

di peptidyl peptidase-11 (DPP-10Q), dipeptidyl peptidase IV beta, dipeptidyl
peptidase 8, di FEHIMERYES qs@,s{wcepaétéergnceawwp?é'ﬁker 5% SeqoDiabetologia 42:'1324-

1331. Both subcutaneously and intravenously administered GLP-1 is rapidly degraded

10 from the NHz-terminus in type 1l diabetic patients and in healthy subjeets. See, Diabetes
44:1128, 1995.

Moreover, DPP-IV inhibitors preserve GLP-2 for {onger periods of time and, thus,
may be us_cful for treating intestinal insufficiencies and mucous membrane disorders
{Hartmann B et al., 2000).

15 While DPP-IV is the predominate protease regulating GLP turnover, similar
substrate or inhibitor specificity may be observed for related proteases. Related serine
.proteases include, but are not limited to, dipeptidyl peptidase-{l (DPP-I), dipeptidyl
peptidase IV beta, dipeptidyl peptidase 8, dipeptidyl peptidase 9, aminopeptidase P,
fibroblast activating protein alpha (seprase), prolyl tripeptidyl peptidase, proiyl

20  oligopeptidase {endoproteinase Pro-C), attractin {soluble dipeptidyl-aminopeptidase),
acylaminoacyl-peptidase (N-acyipeptide hydrolase; fMet aminopeptidase} and lysosomal
Pro-X carboxypeptidase {angiotensinase C, prolyl carboxypeptidase). Proline-cleaving
metallopeptidases that may share similar substrate or inhibitor specificity to DPP-IV

include membrane Pro-X carboxypeptidase (carboxypeptidase P), angiotensin-converting



fibroblast activating protein al pha (seprase), prolyl tri eI?t I dyl

pepti dase, prolyl 20 oligopeptidase (endoproteinase Pr O-M%ZW_S
(sol ubl e di peptidyl -am nopepti dase), acyl am noacyl - pepti dase

(N-acyl pepti de hydrol ase; fMet am nopeptidase) and | ysosomal Pro-X

car boxypepti dase (angi ot ensi nase C, prolyl carboxypeptidase).
Proline-cleaving netall opeptidases that may share simlar substrate or

i nhibitor specificity to DPP-1V include nmenbrane Pro-X carboxypepti dase
(carboxypepti dase P), angiotensin-convertiag 24 Decenber, 2005 4 enzyne
(Peptidyt-di peptidase A multipeptidase], collagenase 1 (interstitial

col | agenase;  me"?Ime (Rentidyltdigeptidast A malipeptitlasel/hdladenasvts dinteA}itial AGUNYE rge;

(al pha-secretase, nyelin- associated disintegrin netall oproteinase),
nepril ysin (atritpeprrighepeoteimas LAMBDT Bicol-Ad DAYt (biplmsecridse] hyelin-

enkephal i nase), Macrophage el astase (netal foefastase; matrix 5

net al | opr ot ei nag&scqiated gigiptegrimmetgiiaproteipastlnncpritusin fakriopentiidest GIALA; EDImse 7;
MWP-7), and neurolysin (endopeptidase 24.16; m crosonmal endopeptidase;

ni t ochondri al SPé)‘ljs?fédﬁiEi 28ddnkephdinase) iMacrophage olpstask fptallotiastase Atk | .
Furthernore, _be on% manmal i an serine peptidases and proline-cl eaving

net al | opept i éasé?,ta BRIAtEIaFEONe: MATRI. i Matrilpindatiixanstaliagroteinased ; MIMP-T)aand
substrate or 10 i nhli bi{or specificity to DPP-1V. INon-limting exanples of
such non- mamal SO} eﬂ%"pe’quéfte@éég' iciosamabiendppeptigase; micehwpdiinli dase (prol yl

prot ence, Nt o6 BieRePiERh sk ultronsinsabReamid ayi nopept | dase A ( STEL3)

o1 1 gopept | Hase. hamol GGLE s, RORSEEaIEHalsh e epses e b PR hor | chi & 15
(Pseudomanas sp Oty o LR male o pbabsh s g B ay,

am nopept i d"ilée ﬁnﬁ*ﬁ{tgroslﬂgc%c% itoLBQP’-IV. INon-limiting examples of such non-mammalian serine

proteases include prolyl aminopeptidase (prolyl iminopeptidase), lgA1-specific serine

e

type prolyl endopeptidase (IgA protease, Neisseria, Haemophilus), dipeptidyl
aminopeptidase A (STE13} (Saccharomyces cerevisiae), dipeptidyl aminopeptidase B
{fungus), proly} oligopeptidase homologue (Pyrococcus sp.), oligopeptidase B {Escherichia

15 coli alkaline proteinase Ii; protease II), dipeptidyl aminopeptidase B1 (Pseudomonas sp.),
dipeptidyl-peptidase IV (bacteria), dipeptidyl aminopeptidase (Aureobacterium),
dipeptidyi-peptidase IV {insect), dipeptidyl-peptidase V, allergen Tri t 4 (Trichophyton
tonsurans), secreted alanyl DPP (Aspergillus oryzae), peptidase ll-mes (Prosopis velutina),
and bamboo serine proteinase (Pleioblastus hindsii). Non—limit}ng examples of such

20 non-mammalian profine-cleaving metallopeptidases include penicillolysin (fungal acid
metatloendopeptidase), proline-specific peptidyl-dipeptidase (Streptomyces), coccolysin
{gelatinase, Enteracoccus faecallis), aminopeptidase Ey, (hen egg yolk} (apdE g.p.; Gallus

gallus qomesticus], gametolysin (Chlamydomonas celf wall degrading protease), and




di peptidyl -peptidase IV (insect), dipeptidyl-peptidase V, allergen Tri t 4
(Tri chophyton tonsurans), secreted al anyl DPP (Aspermlgiékﬁﬁ¥§ﬁéyggg§
peptidase Il-mes (Prosopis velutina), and banboo serine proteinase

(Pl eioblastus hindsii). Non-limting exanples of such 20 non-manmal i an
proline-cleaving netall opeptidases include penicillolysin (fungal acid

nmet al | oendopepti dase), proline-specific peptidyl-dipeptidase
(Streptomnmyces), coccolysin (gelatinase, Enterococcus faecal!is),

am nopepti dase Ey, (hen egg yolk) (apdE g.p.; Gllus gallus donesticus),
ganet ol ysi n (Chi anydononas cell wall degradi ng protease), and 24 Decenber,
2005 5 snake veWdfVEIGN pratinectleayipp mytofienrethdsesss welbfges as wel | . See

http:// merops.iape. bbsrc.ac. uk/ for further reference. D peptidyl peptidase
Il (DPP I1) is ' S uldderfurthes teferenceysosomes iin cells and
believed to be involyed in |ysosomal degradation and protein turnover. The
order of 5 expressi BieRifdyimoplidase Il DPR{lLjpeseriseproteaseilerabized to lysoppangs in cellpr aj n >
or - lung > spleen > s%el Et,al muscle > or = |iver (Araki Het al., J
Bi ochem ( Tokyo) 3fBieved3o bemyolyg)in lyyaspraal degradatiagang praseie tisnaver. Porseritsia
utility in ki5dne or. IX onmpl -rel ated disorders, Substrate specificity
st udi es i ndi cat ""FHET ‘é@f”r'ﬂ IS &HneYoP: testis pyolF Braft 2 Braliseeri=f luadms Bijeeal>ani ne or
proline residue t acidic pH (4.5-5.5). DPP-11 has_significant sequence
horol ogy and suﬁgqﬁ?aéf"é'qu g‘p‘ep‘fﬂ? Hf‘?ﬁ‘f 5 ﬁ%hﬁiﬁ%&bﬁh@%@qt 179379-88- dhipept i dase
and prolyl carb tidase, s f1.n ossi bl e overl appi ng functions
bet ween t hese pgﬁﬁg%%gﬁﬁgﬁﬁ%%q@ﬁ'bdv %,d"e °nyﬁ?é?{%re'ft%ﬁ'§% ers. Spfsirate
129:279-88). Th ent .iavention_ in novel DPP-11 and/or DPP-IV
o bt tore, as sreaesilaids RERlcl O biHt PFE ) BVt e iu St siandng of
their production..,.\Mile. | L BO pedR Ld M ted thereb the c ounds of
the present i nvg‘frsijtd y%ﬁ{ Egcr'dgpé)%ﬁ' e%i%d Dﬁ%@ihfﬁS'gf'g&ar’[tﬁeé‘ue"“%bmomgyangmsgm

10 specificity to quiescent cell profine dipeptidase and prolyl carboxypeptidase, suggjesting

possible overlapping functions between these proteases (Araki H et al., J Biochem {Tokyo)
2001, 129:279-88).

methods of their therapeutic use and methods of their production. While not beiing
fimited thereby, the compounds of the present invention are believed usefui for the
treatment of a variety of metabolic, géstrointestinal, viral, and inflammatory dise:ases,
including, but not limited to, diabetes, obesity, hyperlipidemia, dermatological or
mucous membrane disorders, psoriasis, intestinal distress, constipation, autoimmune
disorders such as encephalomyelitis, complement mediated disorders such as
glomerulonepritis, Iipodystrophy,_and tissue damage, psychosomatic, depressive, and
neuropsychiatric disease such as anxiety, depression, insomnia, schizophrenia, epillepsy,
spasm, and chronic pain, HIV infection, aliergies, inflammation, arthritis, transplamt
rejection, high blood pressure, congestive heart failure, tumors, and stress-induced

abortions, for example cytokine-mediated murine abortions.

_The present invention includes novel DPP-ii andfor DPP-IV inhibitors, asweltas



treatment of a variety of netabolic, gastrointestinal, viral, and

i nfl anmat ory di seases, including, but not linited to, 24i1egsmber., 2005,
hyper|i pi dem a, dermatol ogi cal or nucous nenbrane di sorders, psoriasis,
intestinal distress, constipation, autoinmune disorders such as

encephal onyelitis, conplenent nedi ated di sorders such as 20

gl onerul onepritis, |ipodystrophy, and tissue danage, psychosonati c,
depressive, and neuropsychiatric di sease such as anxiety, depression,

i nsomi a, schi zophrenia, epillepsy, spasim and chronic pain, HV
infection, allergies, inflanmation, arthritis, transplant rejection, high
bl ood pressure, contpesmparal thethet difpaptidyl geptidaseiahibiforathd csmpasds oftdeiced
abortions, for exanple cytokine-nediated nurine abortions. 24 Decenber,
2005 6 As conpgreatiinvention previdedimpmept stabjiity, pefetdyctiusation nfrckion, andfor t he
conpounds of the present invention provide inproved stability, potency,
duration-of ac¥fdytoxisivprefiles. safety/toxicity profiles. SUMARY OF THE

| NVENTI ON 5 The present invention includes conpounds of formula (1): X
including salts, solvates, and BSHMMARY&FTHEMNVENTIONNCct i onal derivati ves
thereof, wherein Xis For HH R and R each are either H alkyl;
optional | y Subst i t Jhepregnijnveptioniatledes eampoundsiof fopoutbilhe to forma 3 to 14
menbered ring sytem optionally containing one or more 10 heteroatons, and
optionally containing one or nore ge rees of unsaturation. Wien R and R

are optionally substituted aryl or oaryl, then R3 is H or alkyl.
Oherwiise, R is where nis 0-5; mfs -%EN Yis S(Op, 0, alkylene,
al kenyl ene, al kynyl ene, or a bond; p™ 1 R2
Rt R
C R3
NH,

),
including salts, solvates, and pharmaceutically functional derivatives thereof, wherein
Xis For H; R' and R* each are either H; alkyl; optionally substituted aryl or heteroaryl; or
combine to form a 3 to 14 membered ring sytem, optionally containing one or miore

10 heteroatoms, and optionally containing one or more degrees of unsaturation. Wien R’

and R? are optionally substituted aryl or heteroaryl, then R® is H or alkyl. Otherwiise, R® is

@Y\H{R“’

where n is 0-5; m is 0-12; Y is S{0), O, alkylene, alkenylene, alkynylene, or a bond; p is
0-2; R*is R when Y is S, 0, alkylene, alkenylene, alkynylene, or a bond, where R® is

15  optionally substituted alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, or heterocyclyl;
and R*is R® when Y is S(0} or S(0)z, where R is optio-nally substituted alkyl, aryl,
cycloalkyl, heteroaryl, amino, alkylamino, arylamino, heteroarylamino, cycloalkylamino,

or hydroxy.



0-2; R is R when Yis S 0, alkylene, alkenylene, alkynylene, or_a bond,
where R5 is 15 optionally substituted al kyl, alkenyl, m 005

cycl oal kyl, heteroaryl, or heterocyclyl; and R is R6 when Y is S(O or
S(0)2, where R6 is optionally substituted al kyl, aryl, cycloal kyl,

het eroaryl, am no, al kylam no, arylam no, heteroarylam no, cycl oal kyl am no,
or hydroxy. 24 Decenber, 2005 7 Although not Iimting, preferred optional
substitutents include one or noire of alkyl, al koxy, aryloxy, hal ogen,

hal oal kyl , cyano, al kylsulfonyl, or aryl.7 More preferably, optional
substituents includes one or nore of C -Cs alkyl, C -Cs al koxy, phenoxy,
benzoxy, fluorine, AHoegh ns)imging@ecftreed optidogl substieerds inQideGae ai thyrlesdl f ony!| |
phenyl, or Ibenzyl. 5 In one enbodinment, R and R2 are each aryl, and R is
H. Preferably, 3kécHoxyaryloxy, salogsindraipalkylMyare, gkvistidorabbryardallrepredevably.i s
substituted with hal ogen. Mre preferably each halogen is fluorine, nore
pref erabyl 4- f PRESPEebstijugnts insludesronearyott aGtCs alkyl, Grfdaloxyaphenomach al kyl  and
R is]~-nY 1-R4 m10 Preferably each of alkyl is C-Cs alkyl. Mre
preferably eachrEPisfuoriae, grering| Q-@%@p@whmayo.r&-q afkysutfanyl, phengl, or dmayly | s
S(O)p. In ope preferred enmbodi nent, fﬁr!is 0, RAis R5 and R5 is optionally
substituted’aryl . PP BIeSMIHperisR|and Biasnsach aiyband R igte Prefrrebly. sadbeaey) is Mor e
preferably the haI o] i s _nmethoxy., I n another preferred enbodinment, p is |
or 2, R 1s RePrentin iomerererabll each LS SHsyed Hnalpopn. Mpre Grogmratty S5 | o

phenyl substi tf%ﬁo%gn ysmﬂtucr;]rinae! égr)f(:%'referabyl 4-fluorine.

In another embodiment, R' and R? are each alkyl and R® is

@YMR“.

10 Preferably each of alkyl is C1i~Ce alkyl. More preferably each alkyl is methyl. Preferably n
is0, mis 1, and Y is S(0)p. In one preferred embodiment, p is 0, R* is R%, and R® is
optionally substituted aryl. Preferably R is pheny'l substituted with alkoxy. More
preferably the a!koxy is methoxy. In another preferred embodiment, pis 1or 2, R* is R,
and R® is optionally substitued aryl, Preferably R is phenyl substituted with alkoxy.

15 More preferably the alkoxy is methoxy. More preferably p is 2.

In one embodiment, preferably the depicted NHz group is cfs to the depictted
nitrile warhead. In another embodiment preferably the depicted NHa group is trans to
the depicted nitrile warhead.,

Preferably A is H. Preferably the depicted F is cis to the depicted nitrile.

20 Particularly preferred compounds of the present invention include compaunds of

formula (1):




15 More preferably the al koxy is nethoxy. Mre preferably Is 2. In one
enbodi ment, preferably the depicted NHz group is cis togﬁﬂgﬂﬂﬂﬁkiiuaﬂgﬁ
nitrile warhead. In another enbodi ment preferably the depicted NHz group is
trans to the depicted nitrite warhead. Preferably Ais H Preferably the
depicted Fis cis to the depicted nitrile. 20 Particularly preferred
conpounds of the present invention include conpounds of fornula (1): 24
Decenber, 2005 8 X R O R3 NI-12 0) N' 1CR2 including salts, solvates, and
pharmaceutically functional derivatives tlBereof, wherein Xis For H R
and R each are optionally substituted aryl or heteroaryl; and R3 is H or
alkyl. 5 Particularly preferred conpo ds of the present invention include
conmpounds of formula (I): KX, 0-* Nl HZ (0, including salts,

sol vates, and pharmaceutically functipnal dgﬁivatives t hereof , wherein

N pt R2
O R3
e,
including salts, solvates, and pharmaceutically functional derivatives thereof, wherein
Xis For H; R' and R* each are optionally substituted aryl or heteroaryl; and R®is H or
aikyl,

5 Particularly preferred compounds of the present invention include compounds of

formula ()):

2
including salts, solvates, and pharmaceutically functional derivatives thereof, wherein
Xis For H; R' and R? each are either
10 (i) alkyl; or
(i)  combine to form a 3 to 14 membered ring sytem, optionally containing
one or more heteroatoms, and optionally containing one or more degrees

of unsaturation;

RYis

15



Xis For H R and Rz each are either 10 (i) alkyl; or (ii) conbine to
forma 3 to 14 nenbered ring sytem optionally contai ni&é—%mw

het er oat ons, and optionally containing one or nore degrees of unsaturation;
R3 is 4nY ~,O m 15 24 Decenber, 2005 9 where nis 0-5; mis 0-12; Y is
S(0)p, 0, alkylene, alkenylene, or alkynylene; pis 0-2; R is R5 when Y
is S, 0, alkylene, al kenylene, or al kynylene, where R5 is optionally
substituted alkyl, alkenyl, alkynyl, aryl, cycloal kyl, heteroaryl, or
heterocyclyl; and R' is RS when Yis S(0)9or S(0)2, where RSis optionally
substituted al kyl, aryl, cycloal kyl, heteroaryl, am no, 5 al aam no,

aryl am no, het embareylizdeso js 0c12e Y isal{ Ry Daatkvirpe, atkenytepel moatiyny®nes pésaBiRjisp is 1
or 2. More preferably pis 2. Preferably R and R2 each are alkyl. More
preferably R aRtwRe Yds & Oealihenc alkenyleniekyy lalkynviene where REis apliopally substithie ar e
each nethyl. Particularly preferred conpounds of the present invention

i ncl ude: 10 MeoOalkBlkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, or heterocyclyl; and R* is R* when Y is

S{0) or S(0)z, where RP is optiﬁunally substituted alkyl, aryl, eycloalkyl, heteroaryl, amino,
5 alkylamino, arylamino, heteroarylamino, cycloalkylamino, or hydroxy.
Preferably p is 1 or 2. More preferably p is 2. Preferably R' and R? each are alkyl.
More preferably R and R? are each Ci-Ce alkyl, More preferably R' and R? are each
methyl,

Particularly preferred compounds of the present invention include:

10

o]
it ?
/@”%Xr'ku? Q’\ﬁxt)“fﬂ
MeO O N &N gng Meo O N on

Particularly preferred compounds are selected from:
(2S,45)-1-[(25})-2-Amino-3,3-diphenylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;

15 (25,45)-1-[(25)-2-Amino-3,3-bis(4-flucrophenyl}propanoyll-4-fiuoropyrrolidine-2-
carbonitrile hydrochloride;
(25,45)-1-[(25)-2-Amino-5-(4~fluorophenyl)-3,3-dimethylpentanoyl}-4-fluoro-2-

pyrrolidinecarbonitrile hydrochloride;



Particularly preferred conpounds are selected from
(2S, 4S) - 1- [ ( 2S) - 2- Ami no- 3, 3- di pheny! pr opanoyl ] - 4- f | uor og$RefsmEber 2005, 14

itrile hydrochloride; 15

(25,45)-1-[(25)-2- Ami no- 3, 3- hi s(4-fl uorophenyl ) propanoyl ]-4-fluoropyrrolidi

ne-2- carbonitrile hydrochl ori de;

(2S,4S)-1-[(2S) - 2- Ami no- 5- (4-fl uorophenyl) - 3, 3-di net hyl pent anoyl ] - 4-f | uor o-

2- pyrrolidinecarbonitrile hydrochloride; 24 Decenber, 2005 10

(2S,4R)-1-[(2S) - 2- Ami no-4- (4-fl uoropheny) 183, 3-di net hyl but anoyl ] - 4-

fl uoropyrrrolidine-2-carbonitrile hydrochloride;

(2S, 49) - 1- { ( 2R) {BARN1HESB2{Amnave{ A uoydpheri)3)3-timethyButardiiyd-but anoyl } - 4-

fl uoropyrrolidine-2-carbonitrile hydrochloride; 5

(2S, 45) - 1- { ( 2R) flgerppirrigidienttdiydnitBle hfdBacplosdey | pr opyl ) t hi o] but anoyl } - 4-

fluoropyrrolidine-2-carbonitrile hydrochloride;

(25, 45) - 1- { ( 2R) {22A8)1 r{2RB-2rAmihy-B-[@3-rietiRxpieerviithinl By iny thidbuthiewt} edroy | } - 4-

fl uoropyrrolidine-2-carbonitrile hydrochloride; (2S,4S)-1-((2

R) - 2- Ami no- 3- { [ Sugrapyriolidinotrethonitrita tydptHlariden) - 3- net hyl but anoyl ) - 4- 10

fluoropyrrolidine-2-carbonitrile hydrochloride,;

(25, 45) - 1- { ( 2R) (548 {ERB2fAmingrdtetwly bdE-npenvinnorylthioljut@ovikthy | but anoyl } - 4-

fluoropyrrolidine-2-carbonitrile hydrochloride,

(2S, 49) - 1- { ( 2R) fvarepyrlidine-p-carboritriedngBeerige:) sul fi nyl | - 3- net hyl but anoyl } - 4-

fluoropyrrolidipe-2-carbonitrile hydrochl oride; 15

(25, 45)-1- ((2R) &S&ém —E@Bkzﬁe’eW?-ﬂ!ﬁ/h{ﬂ[-ﬁrf(hphwleﬂwmli%gnoylﬂa-énzy| ] t hi o} but anoy

-4 flucropyrrolidine-2-carbonitrile hydrochloride;
{25,45)-1-((2R)-2-Amino-3-{[3-(4-fluorophenyi}propyi]thio}-3-methylbutanoy!)}-4-

10 fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-[(4-methoxybenzyl)sulfonyl]-3-methylbutanoyl } -4~
ﬂuoropyrrolid?ne;Z-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-[(4-methoxybenzyl)sulfinyl}-3-methylbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;

15 (2545)-1-({2R)-2-Amino-3-methyi-3-{ [4-(trifluoromethyl)benzyl]thio }butanoyi)-4-
- fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45}-1-[(25)-2-Amino~2-{1-vinylcyclopentyl)ethanoyl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride;
(25,45)-1-[(25)-2-Amino-5-{4-methoxyphenyl)-3,3-dimethyipentanoyl}-4-

20 fiuoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{{2R)-2-Amino-3-methyl-3-[(3-phenyipropyl}suifonyflbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile;
(25,45)-1-{(2R}-2-Amino-3-methyl-3-{{4-methylbenzyl)sulfonyl]butanoy! }-4-

fluoropyrrofidine-2-carbonitrile;



fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(25, 45) - 1- [ (2S) - 2- Ami no- 2- ( 1- vi nyl cycl opent yl ) et hanoyl | -23-Begsmber, 2005, e
-2- carbonitrile hydrochloride;

(25, 45)-1-[(25) - 2- Ami no- 5- (4- net hoxyphenyl ) - 3, 3- di et hyl pent anoyl ] -4- 20

fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(25,45)-1-{(2R) - 2- Ami no- 3- net hyl - 3-[ ( 3- phenyl propyl ) sul f onyl ] but anoyl } - 4-

fl uoropyrrol idine-2-carbonitrile;

(25, 45)-1-{(2R) - 2- Am no- 3- net hyl - 3-[ (4- nethyl benzyl ) sul f onyl ] but anoyl } - 4-
fluoropyrrolid ine-2-carbonitrile; 24 Decenber, 2005 11

(25, 45)-1- ((2R) fz&qsm-u@mszéra.ﬂoieb&mh }Q&Wdi&aﬁﬁj-fz%hyiﬁuﬁ’howtmhw

but anoyl )-4- fl u oropyrro id i -ca rbon itri

(25,45)-1-{(2R ﬂagra;mrem&-;{_eﬁb@ma@pbenzyl )sul fonyl ] - 3 met hyl but anoyl } - 4-
fluoropyrrolidine-2-carbonitrile; 5

(2S, 4S) - 1- (( 2R) @BASI-YQR2-BRIBY-H Bofahdbch FptuhyAL-Memyibitaesygyt] sul fonyl }but a
noyl )-4- fluoropyrrol idine-2-carbonitrile

(2S,45)-1- {(25)ﬂﬂxﬁﬁhﬂduﬁd@&n&ﬁﬂﬁkuorobenzyl)cyclopentyl]ethanoyl}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride; (25,45)-1-((25)-2-Am no-2-{
1-[ 4- (trifl ubr ofz6usiyl-}Ieripcg-alctindot jj4-{mithasnbaty)bedzy]dubfonyl Joutanoyl)-4-

fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(25, 45) - 1- { ( 25) Aropmrelging-2F&rifoditfileuor obenzyl ) cycl opr opyl ] et hanoyl } - 4-

fluoropyrrolidine-2-carbonitrile hydrochloride; (2S,4S)-1-[(2R)-2-Am no- 3-

(benzyl sul f onyl (pS.85)rtef(ESH26hrminndyl1}(¢-4lublobozgloydoper tythaeeyd}-4-
flucropyrrolidine-2-carbonitrile hydrochloride;
{2545)-1-({25)-2-Amino-2-{1-[4-(triflucromethyl)phenyl]eyclopentyl }ethanoyl)}-4-

10 fluoropyrralidine-2-carbonitrile hydrochloride;
(25,45)-1-{(25)-2-Aming-2-[1-(4-flucrobenzyl)cyelopropyllethanoyl }-4-
fluoropyrrolidine~2-carbonitrile hydrochloride;

{25.45)-1-[(2R)-2-Amino-3- (benzylsulfonyl)-3-methylbutanoyl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride;

15 (25,45)-1-{(2R)-2-amino-3-[(3-methoxybenzyl)sulfonyl]-3-methylbutanoyl}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
{25,45)-1-{(2R}-2-Amino-3-[(1,1'-biphenyl-4-yimethyl)sulfonyl]l-3-methylbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-{(2-methoxybenzyl)sulfonyl]-3-methylbutanoyl } -4-

20  fluoropyrrolidine-2-carbonitrile hydrochloride;
(2S,45)~1-{(2R)}-2-Amino-3-methyl-3-[(pyridin-3-ylmethyl}thio]butanoyl} -4-
fluoropyrrolidine-2-carbonitrile;
(25.45)-1-{(2R)-2-Amino-3-methyl-3-{(pyridin-2-yimethyl)thiclbutanoyl } -4-

fluoropyrrolidine-2-carbonitrile hydrochloride;




carbonitrile hydrochloride; 15

(25, 45) - 1- { (2R) - 2- ani no- 3- [ ( 3- net hoxybenzyl ) sul f onyl | - 2hPergmberg20051 . 4.
fl uoropyrrolidine-2-carbonitrile hydrochl ori de;
(25,45)-1-((2R)-2-Am no-3-[ (1, 1' - bi phenyl -4-yl et hyl)sul fonyl]-3-net hyl
but anoyl }-4- fluoropyrrolidine-2-carbonitrile hydrochloride; (2S,4S)-I
-{(2R) - 2- Am no- 3-[ ( 2- mret hoxybenzyl ) sul f onyl ] - 3- net hyl but anoyl )-4- 20

fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(25, 45)-1-{(2R) - 2- Ami no- 3- et hyl - 3-[ (pyr jgi n- 3-yl net hyl ) t hi o] but anoyl } - 4-
fl uoropyrrolidine-2-carbonitrile;

(25, 45)-1-{( 2Fi)zs.ZS}Hri{mr-@.amtohwneﬁyuli.ﬂwﬁ}jﬂl@gg@g:ﬁﬁ%ﬁ%@ﬁdg)&%@r.m but anoyl } - 4-

fl uoropyrrolidine-2-carbonitrile hydrochl ori , 2005 12

(25, 45) - 1- { ( 2Rjuclomroiie32-oRbdithire Aydroddidi n- 4-yl met hyl ) t hi o] but anoyl }- 4-
fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(2S,49)-1-{( _2R)ZS.ZSJaJr-r'{(nn}-ﬁan_[n(néfaf-ﬂwﬂw@&nzynéu]fgﬂmmmhhb&aﬁ@t}bad but anoyl } - 4-
fl uoropyrrolidine-2-carbonitrile hydrochloride; 5

(25, 45) - 1- { ( 2R)uoZopsutd!iine 2-t@bdnjttite Bydréchtogbenoxybenzyl ) sul f onyl | but anoyl } - 4
fl uoropyrrolidine-2-carbonitrile hydrochloride;

(2S, 49) - 1- {{ 2Rps&5}ar{(PR)- Bamiab3yhetBy-[3( R3-phrangssaRaisaibughbyl-anoy| } - 4-

fl uoropyrrolidine-2-carbonitrile hydrochl ori de;

(2S, 49) - 1- ( ( 2RJucoppune!dine2-¢drtichitdia hpirachlbritte: di oxi do- | - benzot hi en-3 10

yl ) met hyl ] sul f onyl } - 3- et hyl but anoyi ) - 4-fl uoropyrrolidine-2-carbonitrile

hydr ochl ori de;(25.45)-1-{(2R)-2-amino-3-methyl-3-[(3-phenoxybenzyl}thic]butanoyl} -4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-((2R)-2-Amino-3-{[(5-chloro-1,1-dioxido- 1-benzothien-3-

10 yl)methyljsulfonyl}-3-methylbutanoyl)-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;
(2545)-1-{(2R)-2-Amino-3-[(2,1,3-benzoxadiazol-5-yimethyl)thio]-3-methylbutanoyl }-
4-fluorepyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)~2-Amino-3-methyl-3-[(pyridin-4-yimethyl)sulfonyl]butanoyl } -4~

15 fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-[(25)-2-Amino-3-pyridin-4-ylpropanoyl]-4-flucropyrrolidine-2-carbon itrile
hydrochioride;
(25,45)-1-[(25)-2-Amino-3-pyridin-3-ylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;

20 (2545)-1-[(25)-2-Amino-3-piperidin-4-ylpropanoyl}-4-fluoropyrrolidine-2-carbonitrite
dihydrochloride;
(25,45)-1-[(25)-2-Amino-3-piperidin-3-ylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile

dihydrochloride;



(25,45)-1-{(2R)-2- Ami no-3-[ (2, 1, 3- benzoxadi azol - 5-yl et hyl ) t hi n] - 3-net hyl bu
tanoyl }- 4-fluoropyrrolidine-2-carbonitrile hydrochl or i%%ﬁecembeh 2005
(25,45)-1-{(2R) - 2- Ami no- 3-net hyl - 3-[ (pyri di n-4-yl net hyl ) sul f onyl ] but anoyl } -
4 15 fluoropyrrolidine-2-carbonitrile hydrochl oride;

(2S,45)-1-[(25)-2- Am no-3-pyrid

I n-4-yl propanoyl ] -4-fl uoropyrrolidine-2-carbon.itri |le hydrochloride;
(2S,45)-1-[(2S) - 2- Ami no- 3- pyri di n- 3-yl propanoyl ] - 4-fl uoropyrrolidine-2-carb
onitrile hydrochloride; 20 13

(2S,4S)-1-[(25) - 2- Am no- 3- pi peri di n-4-yl propanoyl ] -4-fl uoropyrrolidine-2-ca
rbonitrile di hy24sph[@E)-BAmino-3-piperidin-2-ylpropanoyil-4-fluoropyrrolidine-2-carbonitrile
(25,45)-1-[(2.5)-2-Am no- 3- pi peridin-3-yl propanoyl ] -4-fl

uor opyrrol i di nedhydrashhwidet ri |l e di hydrochioride; 24 Decenber, 2005 13
(25,45)-1-[(25)-2- Am no- 3-pi peridin-2-yl propa n

oyl ] - 4- f | uor opy H2S3S)- tH{ (eeS)-2-Aarsin o-B-d M{isdpropylsulfeny)) piipéridth- o g fiproganay} -4-
(2S,4S)-1-{(25)-2-Am no-3-[1- (i sopropyl sul fonyl) pi peridi n-4-yl ] propanoyl }-4
- fluoropyrroli diuerepyProlidinddatbonitrddhydtoahilior i de; 5

(25,45)-1-{(25)-2- Am no- 3-[ 1- (4- net hyl phenyl sul f onyl ) pi peri di n-4-yl ] propano
yf}-4 fl uor ofyr (2514561-§ @S2 2-danitm Bl t-{4-methyighenysufbrot) pigerjdin-24{lgB)ana }-4-
(25)-2-Am no-3-[ i -(isopropylsul fonyl)piperidin-3-yl] propa n oyl }-4-

fl

(2

I

uor opyrrol i di fieorgpyeralidinm2-carbbritritgydodhdrei de;
S, 45)-1-{(25)-2- Ami no-3-[t-(4-net hyl phenyl sul f onyf pi peri di n- 3-yl ] pr opanoy
}-4 10 fl uor opflol-{ @Phz-Aminmd-bbtisopropyissfenybpiprridined-drrepanoyl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
(2549)-1-{(25)-2-Amino-~3-[1-{4-methylphenylsulfonyl)piperidin-3-yl]propanoyl }-4-

10 fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-[(29)-2-Amino-3-(1-benzothien-3-yl)propanoyl}- 4-fluoropyrrolidine-2—
carbonitrile hydrochloride;
(25,45)-1-{(25)-2-Amino-3-methyi-3-[4-(trifluoromethyl)phenyllbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochlotide; and

15  (3R)-3-Amino-4-{(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-2-methyl-4-oxobutame-2-
sulfonic acid.

Another aspect of the present invention includes pharmaceutical formulattions
that include a compound of the present invention. Preferably the pharmaceuticail
formulation further includes a pharmaceutically acceptable carrier.

20 Another aspect of the present invention includes a method of inhibiting a post
prolinefanaline cleaving protease through administration of a compound of the present
invention. Preferably the post prolinefanaline cleaving protease is a serine protease.
More preferably the serine protease is a dipeptidyl peptidase. More preferably thie

dipeptidyl peptidase is DPP-1f or DPP-IV.



(25,45)-1-[(25) - 2- Ami no- 3- (1- benzot hi en- 3-yl ) propanoyl L 4-f| uoropyrrolidine
-2- carbonitrile hydrochloride; 4 December, 2005
(25,45)-1-{(25)-2-Am no-3-nmethyl -3-[4-(trifluoromethyl)phenyl]butanoyl }-4-
fl uoropyrrolidine-2-carbonitrile hydrochloride; and 15

(3R)-3-Am no-4-[(2S, 4S) - 2-cyano-4-fl uoropyrrolidin-1-yl]-2-nmethyl-4-oxobuta
me-2- sulfonic acid. Another aspect of the present invention includes
pharmaceutical fornulations that include a conpound of the present

i nvention. Preferably the pharmaceuticadl4 fornulation further includes a
pharmaceutically acceptable carrier. 20 Another aspect of the present

i nventi on incl udes Anothet dspadt affthd presedti inventipnainclyiosa methodfor the/teeatmbdnber cl eavi ng
prot ease t hrough adm nistration of a conpound of the Present invention.
Pref erabl y t heprpeigtaxippbinttaimliadisirdaregasireinteiting! disonlesadrel dissrdarsser i ne pr ot ense.
More preferably the serine protease is a dipeptidyl peptidase. Mre
preferably th igflarmyeptdiserders giapetesdebssity kyppipidamia, dermpiuingicel or Jyepisc enber

2005 14 Another aspect of the present invention includes a nethod for the
treatment or propHFIcalisoserspseriasiaindestinal distsess genstipation gvtoimmitne Sisprggns.

di sorders, viral disorders, inflammtory disorders, diabetes, obesity,
hyper i pi detri £neenbpl ﬁﬁt’%‘f“%ﬁ?”@i‘éﬁme& medited disordaEnelprasiWoRRPE ts: H@FES"OB%EH asi s,
intestinal distress, constipation, autoinmne disorde

encephal onyel i#554€ daE‘BQFpPSé?P@WE"aH%SFPﬁ%Wr aidsrtsﬁwe%veh'atw ‘i’if?éﬁ"f{ﬁ- gidwiertians

| i podystrol ph {1 ssye damage S sonat i c, ressive, and

negr o%sychl gt |¥a Il é’lﬂl"j’ﬂ'é‘tats‘on %F*V’t‘gr%éﬁ’? "Bﬁiect"%i'rll'%'?@?@spmﬁ'ﬁ? caEsHVE on,
arthritis S rej ection, h bJ oQd pre ch esti heart

P ur et uroBSR e brbS oy Ak Tete abar e Bro s GRA TSR Y S st 1 a0 on of

a

compound of the present invention. Preferably the administration is for the treatment
10 or prophylaxis of diabetes,

Another aspect of the present invention includes the use of a compound of the
present invention in the manufacture of a medicament for the inhibition of a post
prolinefanaline cleaving protease. Preferably the post proline/analine cleaving protease
is a serine protease. More preferably the serine protease is a dipeptidyl peptidase. More

15  preferably the dipeptidyl peptidase is DPP-il or DPP-IV.

Another aspect of the present invention includes the use of a compound of the
present invention in the manufacture of a medicament for the treatment or prophylaxis
of metabolic disorders, gastrointestinal disorders, viral disorders, inflammatory disorders,
diabetes, obesity, hypetlipidemia, dermatological or mucous membrane disorders,

20 psoriasis, intestinal distress, constipation, autoimmune disorders, éncephalomyelitis,
complement mediated disorders, glomerulonepritis, lipodystrophy, tissue damage,
psychosomatic, depressive, and neuropsychiatric disorders, HIV infection, allergies,
inflammation, arthritis, transplant rejection, high blood pressure, congestive heart

failure, tumors, and stress-induced abortions.




conpound of the present invention. Preferably the adnin'i ratiqn is, faor the
treatnment 10 or prophylaxis of diabetes. Another aspeéé—é¥5¥¥é§%hj§¥ﬁi

i nvention includes the use of a conpound of the present invention in the
manuf acture of a nedi canent for the inhibition of a post pro[ ine/analine
cl eaving protease. Preferably the post proline/analine cleaving protease

IS a serine protease. Mire preferably the serine protease is a dipeptidyl
pepti dase. More 15 preferably the dipeptidyl peptidase is DPP-11 or

DPP-1V. Anot her aspect of the present invention includes the use of a
conpound of the present invention in t he lfanuf acture of a medi canent for

the treatnent or proph Eaxis f nmetabolic, disorders, gastrointestinal

di sorders, viral di sg?% ‘?’é‘?peftrﬂ?F'Erﬁﬁ'ﬁ?%IVe'HlogdiFB@?ssa,mmﬂ&%ﬁ'ﬁé‘f@'5 Pregiftsity,

h l'i pi dem a, .d t.ol ogi cal nb . sorders" 20
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be used in the manufacture I on seri ne

protease. Prefegably nﬁ%ﬁ&lnyaﬁorhéﬁ. BQFiasIshiinelmgng Ii&ﬁgs%ﬁstfagticﬁl. RSnmaEnt for

the 5 treatnment or prophylaxis of "net ab ~disorders, gastrointestinal
di sorders, Viralisodirs 3hdfhtomylelitls| GHFRM nedlatd a6, gfbnRAdRSitisOLesi Y,
hyper | i pi dem a, dermatol ogi cal or
lipodystrophy, tissue damage, psychosomatic, depressive, and neuropsychiatric disorders,
10 HIVinfection, allergies, inflammation, arthritis, transplant rejection, high blood pressure,

congestive heart failure, tumors, and stress-induced abortions.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The term “alkyl" refers to a straight or branched chain saturated aliphatic

hydrocarbon that may be optionally substituted, with multiple degrees of substitution
15  being allowed. Examples of “alkyl” include, but are not limited to methyl, ethyl, n-
propyl, isopropyl, n-butyl, t-butyf, n-pentyl, isobutyl, and the {ike.

As used throughout this specification, the preferred number of carbon atoms will
ve represented by, for example, the phrase "C«-Cyalkyl” which refers to an alkyl group, as
herein defined, containing the specified number of carbon atoms. Similar terminology

20  will apply for other preferred ranges as well,

The term "alkylene” refers to a divalent straight or branched chain aliphatic
hydrocarbon radicat that may be optionally substituted, with multiple degrees of
substitution being allowed. An example of "alkylene" includes, without limitation,

methylene, namely ~CHz-.



mucous nenbrane disorders, psoriasis, intestinal distress, constiEation,
aut oi mune di sorders, encephal onyelitis, conpl enent ) rs,
gl onerul onepritis, |ipodystrophy, tissue damage, psychosonatic,
depressive, and neuropsychiatric disorders, 10 HV infection, allergies,
i nflammation, arthritis, transplant rejection, high blood pressure,
congestive heart failure, tunors, and stress-induced abortions. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The term "al kyl" refers to a
straight or branched chain saturated aliphatic hydrocarbon that nmaybe
optionally substituted, with multiple dégrees of substitution 15 being

| d. Ex I f."alkyl" include, but t limted. t t hyl, ethyl,
As B?ﬁgy{h ?ZEE?EF [-‘E"_”ﬁ-%%('v! i°?c5-f?lf£e%fﬁ'9#ﬁrf!E%ﬁ%*}snﬁhar"'gﬂiﬁ'sﬁﬁ%“ﬁaﬁbﬁg |?kte.y
use roughout. thi s specificatio r rred nunber of carbon atons
\tNiII kaerr %"(e%an'f"g%mﬁﬁ; '(’frcaré’gﬁ;_'Icﬁrgb"{‘??@g'tf)ﬁ?@gg'a{F?(‘fﬁ/(g’l?'ﬁﬁ"f" whi cnbref e][s
0 an a S, rein, def i .cont ai. ni cl. er o
carbon at gms9E@?ﬁ“feg‘rmtthemﬁ'rlﬁ'pﬁ%?eg{ﬁss %ﬁhs\ﬂnﬁﬂ%fm geb'wla@g'fl%dp%ésrﬁp}rs "grugifg'eb;a?ed ranges

as well. The rmi ne" fers to a divalent straight or branched
chain aIiphat%%ngﬂ§ﬂ%g§g§ﬁ§ﬁ"égﬁﬁ%§l that may be optionally substituted,

wth mul Ll ple dearandhen SHORA 0 ORRAL, A NEeallh SRR O

"al kyl ene" i ncl udes, W thou nmet hyl ene, n

Decenber, 200§na3rﬁa>llia|£*ﬁ€ nfefScltooR 8RAY J:dhtag;ﬁ@ﬁgé of o cabétlBluacibinc hed

chain aliphatic rocar bon, contal nin or nore carbon-to-carbon double

SubSti Ut i o Lo ARh BPE: caondly SN aE i bl fodrde B LMt o
vinyl and thegllohk& An example of "alkenylene” includes, without limitation, vinylene, namely, -
CH=CH-.

10 As used herein the term "alkynyl” refers to a straight or branched aliphatic
hydrocarbon containing one or more triple bond, which may optionally be substituted,
with multuiple degrees of substitution being allowed. Examples of “alkynyl" as used
herein include, but are not limited to, ethynyl and the like.

As used herein the term "alkynylene" refers to a divalent straight or branched

15 chain aliphatic hydrocarbon radical, containing at least one carbon-to-carbon triiple
bond, that may be further substituted, with multiple degrees of substitution beimg
allowed. An example of “alkynylene" includes, without limitation, ethynylene, namely -
C=C-.

The term "aryl” refers to an aromatic ring system, such as an optionally

20 substituted benzene ring system, such as phenyl. The term encompasses fused systems
where one or more optionally substituted benzene rings form, for example, anthracene,
phenanthrene, or naphthalene ring systems. The term includes ring(s) optionally
substituted, with multiple degrees of substitution being aflowed, and also includes an

optional alkylene linker, such as C1-Ce alkylene, through which the aryl group may be



5 As used herein the term"al kenyl ene"” refers to a dival ent straight or
branched chain aliphatic hydrocarbon radical, contain I

carbon-t o-carbon double bonds, which nay be optionally substituted, with
mul ti pl e degrees of substitution being allowed. An exanple of "al kenyl ene”
I ncludes, without limtation, vinylene, nanfely, - CH=CH . 10 As used
herein the term"al kynyl" refers to a straight or branched aliphatic

hydr ocar bon contai ning one or nore triple bond, which may optionally be
substituted, wth multuiple degrees of supstitution being allowed.
Exanpl es of "al kynyl" as used herein include, but are not Iimted to,

thynyl and the ] Jherein the term"alk " refers. t
G vl et St ai GREH (RAISTED =~ i Pt £ R Soferab RePincal -
taining at | 1=t 0- tr bopd, .th be furth
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al kyl ene linker, such as G ene, throug aryl” group may be

R o o LR e i
as substituted if@Qidey AhdE) @ticraRS BRkituted, with multiple degrees of substitution being
allowed, and also includes an optional alkylene linker, such as Ci-Ce alkylene, through

10 which the heteroaryl group may be attached. Examples of *heteroaryl” groups used
herein 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.

15 As used herein, the term “cycloalkyl" refers to a mono- or bi-cyclic hydrocarbon
ring system, which may be further substituted with multiple degrees of substitution
being allowed, and which optionally includes an alkylene linker through which the
cycloalkyl may be attached. Exemplary “cycloalkyl” groups include, but are not li mited
to, cyclopropyl, cyclobutyl, cyclopentyl, eyclohexyl, and cycloheptyl. When substituted,

20  one preferred substituent location for cycloalkyl groups of the present invention is at

the “1-position." To illustrate, without limitation, a preferred location for a substituent

is represented below with the substituent referred to as *R":



The term "heteroaryl"” refers to a nonocyclic aromatic ring system or to a
fused bicyclic aromatic ring systemconprising two or L gs.
These heteroaryl 5 rings contain one or nore nitrogen, sulfur, and/or
oxygen atonms, where N oxides, sulfur oxides, and di oxi des are perm ssible
het er oat om substitutions and the rings may The optionally substituted,
with multiple degrees of substitution being allowed. The term i ncl udes
ring(s) optionally substituted, with nultiple degrees of substitution being
al l oned, and al so includes an optional aliglene |linker, such as G C6

al kyl ene, through 10 which the heteroaryl group may be attached. Exanples
of "heteroaryl" groups used herein include furang thiophene, pyrrole,

i m dazol e, pyrazole, triazol ctft azol e, tbi azol'e; B&azole, i soxazol e,
oxadi azol e, thiadiazole, isot gl e, pyridine, p i ne, pyrazine,
pyri m dine, quinoline, isoquinplipe, benzofuran, K t hi ophene, indole,

i ndazol e, and substituted versions & Ferdserically, As~used herein, the term
"cycloal kyl" refers_to a pono- or bi-cyclic hydrocarbon ring system which
may be further substitEibEvsipaiy” insludesirigoed opfuscdsingmyssamsstsivelksidires bei ng

al | oned, and mﬁbﬁh optionally includes an al kyl ene Iinker through which the
cycl oal kyl may Harindane, decalin. opadamanty, foreass of esfirqnge.alsg inglyped within tig&ermput  are
not i mted to, ¢ r |, cyclobutyl, cyclopentyl, cycl ohexyl, and
cycl oheptyl . VW%%“@%%éﬁg@ﬁ@éﬂF“@é“&ﬁ@md%@Vémﬂé& ﬂﬁ%%¢ﬁ%%ﬁin@@§%i6n for

cycl oal kyl oups,of, the present ipvention is at_ the "1-position." To
illustrate, gjrvm' ¢ HgE it erp&aﬁ%ﬂr}g.ﬁnc &3 Q?P?%B"'P%@h@f”ﬂ)ﬂ"’f‘ﬁsrsu Fubstituent is
represented below with the substituent referred to as "R': 24 Decenber,
2005 18 5 or nore generically,

As used herein, the term "heterocyclic” or the term “heterocyclyl” refers to a
heterocyclic ring, preferably three to twelve-membered, that is either saturated or has
one or more degrees of unsaturation. These heterocyclic rings contain one or more

10 heteroatom, such as nitrogen, sulfur, andfor oxygen atoms, where N-oxides, sulfur
oxides, and dioxides are permissible heteroatom substitutions. As used herein
heterocyclic groups optionally may be substituted, with multiple degrees of substitution
being allowed, and also includes an optional alkylene linker, such as Ci-Cs alkylene,
through which the heterocyclyl group may be attached. Such a ring may be optionally

15  fused to one or more of another "heterocyclic” ring(s), aryl ring(s}, or cycloalkyl ring{s).
Examples of "heterocyclic” include, but are not limited to, tetrahydrofuran, pyram, 1,4-
dioxane, 1,3-dioxane, piperidine, pyrrolidine, morpholine, tetrahydrothiopyran,
tetrahydrothiophene, and the like.

The term "halogen” refers to fluorine, chlorine, bromine, or iodine.




The term "cycl oal kyl " includes bridged or fused ring systens, bas wel |, such

as hydrindane, decalin, or adamantyl. For ease of re cl uded
within the term are cycloal kyl/aryl fused systens where, for exanple, a
cycl oal kyl, such as cyclohexyl, is 5 fused with an aromatic ring, such as a

benzene ring, to formgroups such as As used herein, the term
"heterocyclic" or the term"heterocyclyl" refers to a heterocyclic ring,
preferably three to twel ve-nenbered, that is either saturated or has one
or nore degrees of unsaturation. These heterocyclic rings contain one or
nore 10 heteroatom such as nitrogen, sul fur, and/or oxygen atons, where

N- oxi des, sul fur dJke thes "habalidyl'tiefers @R alkyl §rdup ratermbdheteii tHatk oisttited
substitutions. As used herein heterocyclic groups optionally may be

substi tuted, wwithattedst onalheloghagNeredimiiing exdagles bffthalonkyl" aeiupginaldcowerlyl, and al so
i ncludes an optional alkylene |inker, such as Cl-Cs al kylerre, through

whi ch t he het eatdyredpyl, iscprapyp nvatyl, bed Bbitplchistitutddundapandentiyavithaye bemongt | onal |y
15 fused to one or nore of another "heterocyclic" ring(s), aryl ring(s), or
cycl oal kyl ri nglagkns, e.gfop| erdorabrdioedrefadodo] The'termridlaathel” simutd kar e not
limted to, tetrahydrofuran, pyrain, 1,4- dioxane, 1, 3-dioxane, piperidine,
pyrrolidiné, riolenetd iedncludesuch subgiituerds #r pepfipomaliyl, forekanagis: drifbohinngivdne, and
the like. The term "hal ogen” refers to fluorine, chlorine, bromne, or

i odi ne. 24 DedénBedthrefign5 19 The term ' hal oal kyl' refers to an al kyl

group, as defined herein that is substituted with at | east one hal ogen.
Non-1imiting exanpPedsedhergintisleroy thaloghkonyhesfarrie thedioure DRy there Biiy| | propyl ,

i sopropyl, n-butyl, and t-butyl substituted independently with one or nore
hal ogens, e. g.h,""’f"ﬁﬂéﬂ‘fm‘&mftﬁF‘%, brono, and/or iodo. The term

"hal oal kyl " shoul d be S interpreted to include such substituents as
perfluoroal kyl, fof'seehisseia the tein falkaxyo refess kpythe group -OR., where Rs is alkeyl as

10 herein defined.
As used herein, the term "aryloxy” refers to the group -ORs, where Ro is aryl as
herein defined.
As an example, and to be applied throughout the specification, since the term
“aryl” includes optionally substituted aryl groups, the term "aryloxy” includes optionally
15 - substituted aryloxy groups. The optional substitution applies for alf applicable terms
herein defined. Further, as defined above, the term "aryl” includes alkylene-finked aryl
groups. Thus, terms such as “aryloxy” and the like should be considered to include
alkylene-linked aryl groups. As an example and not meant as limiting, one aryloxy group
may be —ORs, where Re is benzyl.
20 As used herein, the term “heteroaryloxy” refers to the group -ORs, where Ro is
heteroaryl as herein defined.
As used herein, the term “alkoxycarbonyl” refers to the group —C{O)ORs, where Re

is alkyl as herein defined.




CF3, and the like. As used herein, the term "hal oal koxy" refers to_the
group -ORa, where R is haloalkyl as herein defined. /&4 Desgmbery2005; ¢
term "al koxy" refers to the group -ORe, where R3 is alkyl as 10 herein
defined. As used herein, the term"aryloxy"” refers to the group -ORb, where
Ro is aryl as herein defined. As an exanple, and to be applied throughout
the specification, since the term "aryl' includes optionally substituted
aryl groups, the term'aryloxy' includes optionally 15 " substituted

aryl oxy groups. The optional substitutioggapplies for all applicable terns
herein defined. Further, as defined above, the term"aryl" includes

al kyl ene-1inked ar s us@rh@#éﬂﬁtheT&Hﬁ"aonWcEﬁotﬁ(}*Q&e@?o th@P%‘uPXQ’(C})O@{n%hErI@e l'i ke
shoul d be considered to include alkylene-Iinked aryl" groups. As an exanple

and not neant RSsdrjik hérfid defie@. aryi oxy group nmay be -ORb, where Rb is
benzyl. 20 As used herein, the term"heteroaryl oxy" refers to the group

-ORb, where | Rb ISAshQH%:Qaurthkt@m Herkre4 oﬂﬁérbmﬂ ref%tmegmhﬁmomthe term
"al koxycarbonyl" refers to the group - e, where Ra is alkyl as herein

defined. 24 DewnkdtidRris he2Q04ryi20 herih desiRel hereln the term "aryl oxycarbonyl "
refers to the group -C(0)OR', where R' is aryI as herein defined. As used

herein, thesterm "Aeted damkinl o Yam biraxythiocdredngl seférdtd thegiauPLais)oRl O ORa,
where Re is heteroaryl as herein defined.
where Ra is alkyl as herein defined.,
As used herein, the term “aryloxythiocarbonyl” refers to the group ~C(S}ORa,
where Ra is aryl as herein defined.
As used herein, the term “heteroaryloxythiocarbonyl” refers to the group —~
10 C(S)ORa, where Ra is heteroary! as herein defined.
As used herein, the term “oxo” refers to the group =0,
As used herein, the term “mercapto” refers to the group -SH.
As used herein, the term "thio” shall refer to the group -S-.
As used herein, the term “sulfinyl” shall refer to the group -S(0)-.
15 As used herein, the term “sulfonyl” shall refer to the group -S(0)e-.
As used herein, the term "alkylthio™ refers to the group -SRs, where Ra is alkyl as
herein defined.
As used herein, the term “arylthio” refers to the group -SRs, where Rs is aryl as
herein defined.
20 As used herein, the term "heteroarylthio” refers to the group -SRs, where Ro is
heteroaryl as herein defined.

As used herein, the term “alkylsulfinyl” refers to the group -S{0)Rs, where Rs is

alkyl as herein defined,




5 As used herein, the term "al koxythi ocarbonyl"” refers _to the roug
-C(S)OR0, where It is alkyl as herein defined. As use ne rm
"aryl oxyt hi ocarbonyl ™ refers to the group -C(S)OR', where It is aryl as
herein defined. As used herein, the term "heteroaryl oxythi ocarbonyl” refers
to the group - 10 C(S)OR', where Re is heteroaryl as herein defined. As
used herein, the term"oxo" refers to the group =0. As used herein, the
term"nercapto” refers to the group -SH. As used herein, the term"thio"
shall refer to the group -5-. As used hegein, the term"sulfinyl" shall
refer to the group -S(0)-. 15 As used herein, the term"sulfonyl" shall

refer to the group Asedh¥rein, e tdtpeshyRafifi Nefers BAthé glolp ~SIORY Whbe®sisr efers to
the group -SR', where Re is alkyl as herein defined. As used herein, the

term "aryl thi oaryrehetin défel.he group -SRb, where Rb is aryl as herein
defined. 20 As used herein, the term"heteroarylthio" refers to the group
-SRb, where Rb is Aseiethaainythe &m Mgdtebatylderinyin fders BIheigeap 18I0)RI, Wwhekhe term

"al kyl sul finyl" refers to the group -S(0)R", where 11 is alkyl as herein
defined. 24 Derditedroan?80eretddefited.used herein, the term "aryl sul finyl"
refers to the group -S(0)Rb, where INis aryl as herein defined. As used
herei n, thesterm " hehed bariy) thelteki Maikylsutf@iyl® refers © thdrogy SRR S js wher e
alkyl as herein defined.
As used herein, the term "cycloalkylsulfonyl” refers to the group -S{0):Rs, where
Ra is cycloalkyl as herein defined.
As used herein the term “arylsulfonyl” refers to the group -5(0)zRe, where: Ry is
10 aryl as herein defined. |
As used herein the term "heteroarylsulfonyl” refers to the group —S{0):Rv, where
Re is heteroaryl as herein defined.
As used herein, the term "aminosulfonyl® refers to the group -S(0):NH-.
As used herein, the term “cyano” refers to the group -CN.
15 As used herein the térm “cyanoalkyl” refers to the group —R.CN wherein Ra isan
alkylene as herein defined.
As used herein, the term "carboxy” refers to the group -COCH,
As used herein, the term “carbamoy!” refers to the group ~C(O)NH:.
As used herein, the term “alkylcarbamoyl!” refers to the group —C{O)N(Ra)z;, where
20 one Rais atkyl and the other Ra is independently H or atkyl.
As used herein, the term "arylcarbamoyl* refers to the group —~C{OJN(Ra)2, where

one Ra is aryl and the other Ra is independently H or aryl, as herein defined.



Rb is heteroaryl as herein defined. 5 As used herein, t term
"al kyl sul fonyl" refers to the group -S(0)2Ra, where Re ein
defined. As used herein, the term"cycl oal kyl sul fonyl" refers to the group
-S(0)2Ra, where Re is cycloalkyl as herein defined. As used herein the
term"arylsulfonyl"” refers to the group -S(0)2Rb, where! Rb is 10 aryl as
herein defined. As used herein the term"heteroarylsulfonyl"” refers to the
group -S(0)2Rb, where Rb is heteroaryl as herein defined. As used herein,
the term "am nosul fonyl"™ refers to the graap -S(0)2NH2. As used herein,
the term"eyano" refers to the group -CN. 15 As used herein the term
“cyanoal kyl " ref ers Asasdditeregy, thépermPadidoniedredmoyReférs todthe gralKyG(@MERRS herein
defined. As used herein, the term"carboxy" refers to the group -000H As
used herein, thehd¢repm Rsdsctrebenompy brid thedthersRs isndependgtiy toor-helefdpias hefdn used
herein, the term "al kyl earbanoyl"” refers to the group -C(0)N(Ra)2,, where
20 one Re is altgfineand the other Re is independently H or alkyl. As used
herein, the term"aryl earbanoyl” refers to the group -C(0)N(Ra) 2, where
one Re is aryl and tAagsedtharein, e térg “thindebamayt mefery tdthogroap yl(S)NEs herein
defined. 24 Decenber, 2005 22 As used herein, the term

"het er oar yl c&r banoy|As usedihercin, the tarindaliyttbioparba@ogl) NfwRajozthe grher C(BNER:IRe i s

heteroaryl and the other Re is independently H or heteroaryl, as hierein
defi ned. where one Ra is alkyl and the other Ra is independently H or alkyl.

er, 20

As used herein, the term “aryithiocarbamoyl” refers to the grou.p ~C(SIN(Ra)z,
where one Rs is aryl and the other Ra is independently H or aryl, as herein defined.
As used herein, the term “heteroarylthiocarbamoyl” refers to the group
10 -C(S)N(Rs)z, where one Ra is heteroaryl and the other Ra is independently H or heteroaryl,
as herein defined.
As used herein, the term “amino” refers to the group -NH..
As used herein, the term “alkylamino” refers to the group ~N(R)z, where one Ra is
alkyl and the other R, independently is H or alkyl, as herein defined.
15 As used herein, the term “cycloalkylamino” refers to the group ~N(Rs)z, where one
Ra is cycloalkyl and the other Ra independently is H or cycloalkyl, as herein define:d.
As used herein, the term "arylamino” refers to the group ~N(Rs)z, where ome Rs is
aryl and the other R. independently is H or aryl, as herein defined.
As used herein, the term “heteroarylamino” refers to the group ~N(Ra)z, where
20  one Rs is heteroaryl and the other R independently is H or heteroaryl, as herein diefined.
As used herein, the term “acyl™ refers to the group =C{O}R,, whére R: is atkyl, aryl,
heteroaryl, cycioalkyl, or heterocyclyl, each as herein defined.
As used herein, the term “thioacyl” refers to the group -C(S)Ra, where Ra is alkyl,

aryl, heteroaryl, cycloalkyl, or heterocyclyl, each as herein defined.




As used herein, the term"thiocarbamoyl" refers to the _group %LS) .

used herein, the term "al kylthiocarbamoyl" refers to t ‘9‘%@—@&%%)2
where one Re is alkyl and the other Re is independently H or alkyl. As used
herein, the term"arylthiocarbanoyl" refers to the group -C(S)N(R a) z,
where one Ra is aryl and the other Re is independently H or aryl, as herein
defined. As used herein, the term"heteroarylthiocarbanoyl" refers to the
group 10 -C(S)N(Ra) z, where one Re is heteroaryl and the other Re is

i ndependently H or hetteroaryl, as hereimidefined. As used herein, the
term"am no" refers to the group -NH2. As used herein, the term

"al kyl am no" refers ApusthberginabipterMifiydlozy” refretoahogroufReOH.s al kyl and the

ot her Re independently is H or alkyl, as herein defined. 15 As used herein,
the term "cyel oal kyl &nusadhereie thertarnt thydriveyaliy"orefiors-toN{Heaycup ~RiOb) veheaireR. iRe | S
cycl oal kyl and the other Re independently is H or cycloal kyl, as herein
defined. As usedniyleress heris deimeh " aryl ami no" refers to the group -N(Ra)z,
where one Re is aryl and the other Re independently is Hor aryl, as
herein defined. As ulledasusedhangin threugheutrthe' frestrdspeaifightion the phraef "egtionslly t he
group -N(Ra)z, where 20 one Re is heteroaryl and the other Re

i ndependent | Vi substityeedhdanetes an grttionaisulistiutiom outedtimoesitimes /ity sethe keemedrn,  t he
term"acyl" refers to the group -C(0)Ra, where Re is al kyl, aryl,

het er oar yl , cyc|P@aln1éyfnedoacvlh@héra&@m¢|ayqvnvl alkdiuifqayl Wéﬂ@é&f:ﬁyadefhalmd'n As used

her ei n, the term"th| gacyl" refers to the %roup - where Re is al kyl,
aryl, heteroaryl aoﬂ%lh&é{P’WyF'tmoﬁ*V’h‘@i'@YW)bé hef%‘&iﬁﬁ“&%wﬁbﬁ@fﬂ alkerys albd. 24

Decenber 2005 23,( used herein, the term"h droxy" refers to the group
-OH. lkenyl, alky

nyl, alkylsuifonyl, ‘cyano, halogen, haloalkyl, hydroxy, or nitro; heteroraryl,

which may be further substituted with acyl, alkoxy, alkyl, alkenyl, alkynyl, alkylsulfonyl,

10 cyano, halogen, haloatkyl, hydroxy, or nitre; arylsulfonyl, which may be further
substitute& with acyl, alkoxy, alkyl, alkenyl, alkynyl, alkylsulfonyl, cyano, halogen,
haloalkyl, hydroxy, or nitro; heteroarylsulfonyl, which may be further substituted with
acyl, alkoxy, atkyl, alkenyl, alkynyl, alkylsulfonyl, cyano, halogen, haloalkyl, hydro:xy, or
nitro; aryloxy, which may be further substituted with acyl, alkoxy, alkyl, alkenyi, alkynyl,

15  alkylsulfonyl, eyano, halogen, haloalkyl, hydroxy, or nitro; heteroaryloxy, which may be
further substituted with acyl, alkoxy, alkyl, alkenyl, alkynyl, alkylsulfonyl, cyano, halogen,
haloalkyl, hydroxy, or nitro; -R'OR'R*; or -NR*R®; where for each occurrence R' is
alkylene, alkenylene, or alkynylene, and R* and R® are each independently selecte:d from
H, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyelyl, aryl, heteroaryl, alkylsulfonyl,

20  arylsulfonyl, or heteroarylsulfonyl, where each occurrence of such aryl or heteroaryl may
be substituted with one or more acyl, alkoxy, alkyl, alkenyl, alkylsulfonyl, cyano, halogen,
haloalkyl, hydroxy, or nitre, or R* and R® may combine to form a ring, optionally having

additional heteroatoms, optionally having one or more degrees of unsaturation, and




As used herein the term "hydroxyal kyl" refers to the group - RaOH wherei m Ra
is an alkylene as herein defined. A so, as used herein2

present specification, the phrase "opitionally 5 substituted" denotes an
optional substitution, one or nore tinmes, with, as the terns are herein
defined, acyl; alkyl; alkenyl; alkynyl; alkylsulfonyl; alkoxy; cyano;

hal ogen; hal oal kyl ; hydroxy; nitro; aryl, which may be further substituted
wi th acyl, al koxy, alkyl, alkenyl, alkynyl, alkylsulfonyl, cyano, hal ogen,
hal oal kyl , hydroxy, or nitro; heteroaryl p4 which may be further substituted
wi th acyl, al koxy, alkyl, alkenyl, alkynyl, alkylsuilfonyl, 10 cyano,

hal ogen, hal oalohydnan\hbedfgthergjbsnh{eaQ,,,thgg\ylaﬁ(y,h,fggjygmﬁwh ylTBY be further
substituted with acyl, al koxy, alkyl, al keny , al'kynyl, yIsquonyI

cyano, hal ogen' Ikylhaﬂoﬁ»ﬂ,ldgaﬂo, halﬂjgéﬁ BAWaliy? hydiboly! @ nithet er oar yI sul fonyl , whi ch
may be further substituted wth acyl, al koxy, alkyl, alkenyl, al kynyl

al kyl sul fonyl , cyarie cdilﬁ,tbdug&mftﬂtf%ulr@éiﬂf«w&ntwh% 850 theOdbilitPhol dhyReallidé Wl OXY,
whi ch nay be further substituted wth acyl, al koxy, alkyl, alkenyl,

al kynyl , 15 al kptesthéirf @ma\fbrm, 6 ytapdteriktr! kag@Nas ﬁa@he?hkml All Potgth&¥le fdks Ni LT O;
heteroaryl oxy, which may be further substituted with acyl, al koxy, alkyl,
al kenyl , al kKyn{/bqlyredrityst)sud witirythe scop@ticthe haieﬁg&ﬂntlodja’bﬁ)ﬁbiﬁ}ﬂsm gByielsIRXy, or
nitro; -RORR; or -NR R5; where for each occurrence R is alkylene,

al kenyl ene, or canldequngs 2respongertd cliingarinlteRperatue: @ pedasuranctepein dmhdahissel ect ed
from H, alkyl, alkenyl, alkynyl, cycloal kyl, heterocyclyl, aryl,

het eroaryl , al fesulsfign wariations 20tha ery$tallizatiomgrocesn Polpmbrphoman Yt gistifgoisldd, bywher e
each occurrence of such aryl or heteroaryl nay be substituted with one or
more aryl, al K@Kgus phidiepl charekiedstipd thatedrikriowm lirf thagit sucbpanay difacipean,

hal oal kyl , hydroxy, or nitro, or Ra and R5 may conbine to forma ring,
optionally havﬁaﬁgmséﬂldbltltvcﬂmdlmeltw@Dlotit oms, optionally having one or nore

degrees of unsaturation, and 24 Decenber, 2005 24
10 Certain of the compounds deseribed ‘herein contain one or more chiral centers, or

may otherwise be capable of existing as multiple stereoisomers. The scope of the:
present invention includes pure stereoisomers as well as mixtures of stereoisomers, such
as purified enantiomersfdiasteromers or enantiomerically/diastereomerically enriched
mixtures. Also included within the scope of the inventian are the individual isomers of
15 the compounds per se, as well as any wholly or partially equilibrated mixtures thereof.
The present invention covers the individual isomers of the compounds represented by
the formulas above as mixtures with isomers thereof in which one or more chiral centers
are inverted.
As noted above, the present invention includes salts, solvates, and
20  pharmaceutically functional derivatives of the compounds of the present invention.
Salts include addition salts, metal salts, or optionaliy alkylated ammonium salts,
Examples of such salts include hydrochloric, hydrobromic, hydroiodic, phosphoric,
sulfuric, trifluoroacetic, trichloroacetic, oxalic, maleic, pyruvic, malonic, succinic, citric,

mandelie, benzoic, cinnamic, methane sufphonic, ethane sulphonic, picric, and the like.




optionally being further substituted with acyl, al koxy, alkyl, alkenyl,

al kynyl , al kyl sul fonyl, cyano, hal ogen, hal oal kyl, hydr?é@—Mllé’ﬁThe
conpounds of the present invention may have the ability to crystallize in
nore than one form a characteristic known as pol ynorphism All pol ynorphic
forms 5 ("polynorphs"j are within the scope of the present invention.

Pol ynmor phi sm general |y can occur as a response to changes in tenperature or
pressure, or both, and can also result fromvariations in the
crystallization process. Polynorphs can besdi stingui shed by various

physi cal characteristics that are known in the art such as x-ray
diffraction patfurensalts seludblithiviny sodmmdparaiitrh teagheiudd, andl@e fie! @i fur@ér t he
conpounds descri bed herein contain one or nore chiral centers, or nay

ot herwi se be capdbinslud¢ acstates benrgneadfomtt, bembate icarbenits ORHIFe, hﬂ'Jﬂ@at%COpe of
the present invention includes pure stereoisoners as well as m xtures of
st er eoi soners, &$erats. br @Qldpmlpmm@detenmammmcasbaixlaasttrﬁcrrﬁmrasauiﬂfate, citrate,

enanti oneri cal | y/ di astereonerically enriched mxtures. Al so included

wi thin the scop@hgirochiegids. pdasateiedinylate.estolie, asylati furdarate, dlsep@tesglabnats, t he
conpounds per se, as well as any wholly or partially equilibrated m xtures
thereof. Thé pfl@mate glyrplvlarsashate dwetresorcinete] hydiatindiua hydregnaphthoatt, t he
conmpounds represented by the fornul as above as nmixtures with isomers

t hereof in whi clit E‘H'@%l‘acﬁﬁ' tactohiopait. lauete, eplste, manslelatev mesylate, methylbrotisie, above,
t he present invention includes salts, solvates, and 20 pharnmaceutically
functional deri{ Y'('/'H@ted’f‘etf‘ﬂﬁ"fé'ﬁn’ﬁ@m’ﬁ%ﬂém m%tﬁpmb@@aﬂansﬂ%nﬁttam N- Salts

i ncl ude addition I ts, netal a}I ts, or optionally al kylated amoni um
salts. Exanpl e@etﬁ‘f '%‘iﬁ‘t"ﬁ‘es%ﬁ”l"éte FEboete). pmitase RamSeihEnatty dr obr omi c,

hydroi odi ¢, pho :B ﬁj h furic, trifluoroacetic, trichloroacetic,
oxalic, maleic, s"giP erGide! o3 ?f&rﬂowga%ﬁ%enarﬁ EOta%'PWrSFECV'afWU@I stearatgenzoi c,

ci nnam c, es hang phoni c, ethane sul phonic, picric, and the |ike.
su acetate. tannate, tartrate, teoclate. tosylate, triethiodide, trimethylammonium, and

valerate salts. Reference is also made to Journal of Pharmaceutical Science, 1997, 66, 2,
incorporated herein by reference, as relevant to salts.
As used herein, the term “solvate” refers to a complex of variable stoichiometry

formed by a solute or a salt or pharmaceutically functional derivative thereof and a

15 solvent. Such solvents for the purpose of the invention should not interfere with the
biological activity of the solute. Examples of solvents include, but are not limited to
water, methanol, ethanol, and acetic acid. Preferably the solvent used is a
pharmaceutically acceptable solvent. Fxamples of pharmaceutically acceptable solvents
include water, ethanol, and scetic acid.

20 The term “pharmaceutically functional derivative” refers to any pharmaceutically
acceptable derivative of a compound of the present invention, for example, an ester or
an amide, which upon administration to a mammal is capable of providing (directly or
indirectly) a2 compound of the present invention or an aft'ive metabolite thereof. Such

derivatives are recognizable to those skilled in the art, without undue experimentation.




24 Decenber, 2005 25 Further salts include [ithium sodium got azssisum
magnesi um and the like. Still further salts include24ddgcgmber, 2005
benzenesul fonat e, benzoate, bicarbonate, bisulfate, bitartrate, borate,
brom de, cal cium edetate, cansylate, carbonate, chloride, clavulanate,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,
gl uceptate, gluconate, 5 glutamate, glycollylarsanilate, hexylresorcinate,
hydr abam ne, hydroxynapht hoate, isethionate, |actate, |actobionate,

| aurate, nal ate, mandel ate, nesylate, nmeéhyl brom de, nethyinitrate,

met hyl sul f at e, nonopot assi um nal eate, nucate, napsylate, nitrate. N

nmet hyl gl uca mNeerthplesspdidrencé Bmicda &t e teaptidgnif Bagers Mrdiinat Chemitreand

phosphat ef di phosphat e, pol ygal acturonate, potassium salicylate, sodium
stearate, 10 Sulgdimperyes™ Editionafok]: Priaciplessne Prattizeorhdihds intavporitad kerein
triethiodide, trinethylammonium, and valerate salts. Reference is also
made to Jour n&y refdrereh tor theedant ot hchBgi pbarowceufi@Py fun@inalRierivatimesor por at ed
herein by reference, as relevant to salts. As used herein, the term

"sol vat e" ref Whie eanpguists opthe presnt inggnitiab may bet adimirtistaserbasrthe fawrcherdicdly a sol ute
or a salt or pharmaceuti cal Idy functional derivative thereof and a 15

sol vent. StichpsErapstihecompeunds ef fhe pressnéingdntiomere preseatadias an ativeiingrediset
interfere with the biological activity of the solute. Exanples of solvents
i ncl ude, but &’F@"ﬁd’barmP‘FﬁPt'@HfOF@“hWtaéif}OW'! thaad! Accordinglothe pigseittaceti ¢ aci d.
Preferably the solvent used is a pharnmaceutically acceptabl e _sol vent.
Exanpl es of pli¥siige 8litherciag'ydps a phasprcplical fepmulatinn eomnrising a aemrgaprd pf thet hanol |
and acetic acid. 20 The term ' pharmaceutical |y functional derivative"
refers to anyPBIaT RERERR PTalt spivate of Birraseaticibi fuctiona) deyptive thgR¥ound of t he

present invention, for exanple, an ester or n am de, ,whjch upon
adni ni strati off9¢ e’é"'?’f‘éﬁﬁﬁ! morg phamatsy Boally acse Fed?'i‘ikjrs( QPV‘E‘E{'W 9th5'?

10 therapeutic andfor prophylactic ("active"} ingredients may be included in the
pharmaceutical formulation as well. For example, the compounds of the present
invention may be combined with other anti-diabetic agents, such as one or more of the
following agents: insulin, a--glucosidase inhibitors, biguanides, insulin secretagogue, or
insulin sensitizers. Non-limiting examples of c~glucosidase inhibitors include acarbose,

15  emiglitate, miglitol, and voglibose. Non-limiting examples of biguanides include
metformin, buformin, and phenformin. Non-limiting examples of insulin secretagogues
include sulphonylureas. Non-limiting examples of insulin sensitizers include peroxisome
proliferator activated receptor (PPAR} ligands, such as PPAR-y agonists, for examiple
Actos™ and Avandia™.

20 Formulations of the present invention include those especially formulate'd for
aral, buccal, parental, transdermal, inhalation, intranasal, transmucosal, implant, or
rectal administration. Among the variety of administrations, oral administration
typically is preferred. For oral administration tablets, capsules, and caplets may contain

conventional excipients such as binding agents, fillers, lubricants, disintegrants, and/or



indirectly) a conpound of the present invention or an_ active netaﬁglite
thereof. Such derivatives are recognizable to those L 5 re,

wi t hout undue experinmentation. 24 Decenber, 2005 26 Neverthel ess reference
is made to the teaching of Burger's Medicinal Chemistry and Drug

Di scovery, 5th Edition, Vol 1: Principles and Practice, which is

I ncorporated herein by reference to the extent of teaching
pharmaceutically functional derivatives. Wile conpounds of the present

i nvention may be adm nistered as the rawyrhemcal, 5 preferably the
conpounds of the present invention are presented as an active ingredient

wi thin a phar maegiag agats. NonTwitiigicRipRS oKBIRIMY dgents heludd $rupCeailgaghny . the
present invention further includes a pharnmaceutical fornulation conprising
a conpound of idnigtol, pragseith, mawegelof Shrch, OF pddinklpys@idvrt (RVP).OonPik@tiA@ceut i cal | y
functional derivative thereof together with one or nore pharmaceutically
accept abl e car examples ofGilersdwvdlde yor eadnkyty; [atdse] Sugaramitictyetaliingidelospr maiey| acti c
("active") ingredients may be included in the pharnmaceutical formrulation
as well. For estemiplcgriumipbospbatp owsodhitoloNot-tiaiting eseples of lnbréakts hilude Yorbe
conbined with other anti-diabetic agents, such as one or nore of the

fol | owi ng agentemplemaghtsiym steratyl sxmosacthtde, polfeitylenoplgcol tisgioaades, i nsul in
secretagogue, or insulin sensitizers. Non-limting exanples of

a- gl ucosi dase limitindhéxawples pividintetmardsdaniusle Ser, exarbplemotpla startteor sodigh stash, and
vogl i bose. Non-limting exanpl es of biguanides include netformn,

buf ormi n, and @¥relate rimen-limising Exampleiohgywetkinmpdeatindpdes saslinm laurdsulifeeai gogues

i ncl ude sul phonylureas. Non-limting exanples of insulin sensitizers

i ncl ude per oxi ¥8Rbletsadditiopdly anay be epated gecouiingrte mephody knoppirhe #rt.gands, such as
PPAR-y agonists, for exanple Actos" and Avandia". 20 Fornul ations of the
present invention Aleneiiuely: e semneunss ef the piesendinientiae say byjipcorporated into

10 oral liquid preparations such as aqueous or oily suspensions, solutions, emulsions, syrups,
or elixirs. Moreover, formulations’ containing these compounds may be presented as a
dry product for constitution with water or other suitable vehicle before use. Ligurid
preparations may contain conventional additives. Non-limiting examples of such
additives Include suspending agents such as sorbitol syrup, methyt cellulose,

15 glucosefsugar syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminum
sterate gel or hydrogenated edible fats. Additionally, emulsifying agents such as
lecithin, sorbitan mono-oleate or acacia; non-aqueous vehicles (which may include
edible oils) such as almond oil, fractionated coconut oil, oily esters, propylene glyrcol or
ethyl alcohol my be included. Further, preservatives such as methyl or propyl p-

20  hydroxybenzoates or sorbic acid, may be incorporated into the preparation. Such
preparations may also be formulated as suppositories, for example, containing
conventional suppository bases such as cocoa butter or other glycerides.

Additionally, formulations of the present invention may be formulated for

parenteral administration by injection or continuous infusion. Formulations for injection



oral, buccal, parental, transdermal, inhalation, intranasal, transnucosal,
inplant, or rectal admnistration. Anong the variet c i ons,
oral admnistration typically is preferred. For oral adm nistration
tabl ets, capsules, and caplets may contain conventional excipients such as
bi ndi ng agents, fillers,-lubricants, disintegrants, and/or 24 Decenber,
2005 27 wetting agents. Non-limting exanples of binding agents include
syrup, acacia, gelatin, sorbitol, tragacanth, nucilage of starch, or
pol yvinyl pyrrolidone (PVP). Non-limting exanples of fillers include, for
exanpl e, lactose, sugar, mcrocrystalline cellul ose, nmaize- starch, calcium
phosphat e or n%(?!'tﬂersﬂ]h-form%idsﬁhgiéda,golﬁﬁ@rgmr %Tlﬁgnsliﬁj@fy'o?ﬁtﬁl{ﬁus'v@lﬁiklﬁge1 for 5
exanpl e, magnesium sterate, stearic acid, talc, polyethylene glycol or
silica. Non- ahi Miaj toRBiCHAMRAES a@éntshud] RERIERMG StdLichy 8kd/or Bpersig P! €,
potato starch or sodiumstarch “glycollate. A"non-limting exanple of a
wetting agentagénts |Anerpsive)ine Bativa ihgdetiie Stlhdyibk & powdEFolPfd} BdnstitafieH diwnal 1y may
be coated according to nethods known in the art. Alternatively, the
conpounds of atstigabRIVEISEE Forl eRMEIM, btefile [FRdbgleirdeairRFé @d. into 10 oral . liquid
preparations such as aqueous or oily suspensions, solutions, enulsions,
syrups, 6r el i XiThs foriblagéné@tcordind toMeahveftith ni9 AlsabOfoRgulbie@ sea dpopounds nmay
be presented as a dry product for constitution with water or other
sui t abl e vehipepaataf Suck long actingifertiuthtiomelp 8¢ adninistaret By inguemtation, foonvent i onal
additives. Non-limting exanples of such additives include suspending
agent s such ssampdyfubtutdnesyshyp intrmuseylarly er yln teseisculdd injdetioro Aecoadiggdy, syr up,
gel atin, hydroxyethyl cel |l ul ose, carboxynethyl cellul ose, alum num sterate
gel or hydr offerramneaindchfltheinfention maydket foinmisdddiwith setiablespofypierigoragent s such as
| ecithin, sorbitan nono-ol eate or acaci a; non-aqueous vehicles (which may
i ncl ude edi hydeopbplisateds suth andmamudsianiih an Fereptableonilaipe axchangemsins.or |, oily
esters, propylene glycol or

10 as sparingly soluble derivatives, such as a sparingly soluble salt.

Pharmaceutical formulations may be presented in unit dose forms containing a
predetermined amount of active ingredient per unit dose. Such a unit may contain
certain amounts of a compound of the present invention depending on the condiition
being treated, the route of administration, and the age, weight and condition of -the

15  patient. Examples of such amounts include the formulation contairiing about 0.1 to
about 99.9% active ingredient. Preferred unit dosage formulations are those comtaining
a predetermined dose, such as a daily dose, or an appropriate fraction thereof, of an
active ingredient. Such ph:;rmaceutical formulations may be prepared by any of the
methods well known in the pharmacy art.

20 As used hereih, the term "effective amount” means that amount of a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue,
system, animal, or human that is being sought, for instance, by a researcher or clinician.
Furthermore, the term "therapeutically effective amount” means any amount which, as

compared to a corresponding subject who has not received such amount, results in



et hyl al cohol ny be included. Further, preservatives such_as nethyl ar
propyl p 20 hydroxybenzoates or sorbic acid, may be inéﬁlﬁﬁﬁ&gﬁﬁﬁdﬂi#&he
preparation. Such preparations may al so be fornul ated as suppositories,
for exanple, containing conventional suppository bases such as cocoa
butter or other glycerides. Additionally, fornulations of the present

I nvention may be fornmulated for parenteral adm nistration by injection or
continuous infusion. Formrulations for injection 24 Decenber, 2005 28 rmay
t ake such forns as suspensions, solutiong€? or enulsions in oily or agueous
vehicles, and may contain fornmulatory agents such as suspendi ng,

st abi | i zi ng andmerpveditepigrest. hepling grevantion, ot aresfineatiovefiadiseashaisarder exsidengr edi ent
may be in powder formfor constitution with a suitable vehicle, for
exanpl e, st eri eHect9ypderseast indke rattoéadvatremoitef a discassorpiserdro Thaieue alons
according to the invention may also be fornulated as a depot preparation.
Such | ong acti Hislufieswithinits sseps amayntersTegtiveite prdwses e phvsiploalpal Stncien-,  f or
exanpl e, subcutanequsly or intranmuscularly, or by intranuscular injection.
Accordingly, the CORSIARaUticaly efiRetive AR Phhcompunskor tisrnigsPrifvantian h
suitabl e polLyneric or, hydrophobic materials, such as an enulsion in an
accept abl e oi | Wi '{Sﬂer@w%ﬁg@ntﬁégﬁ factors gicluding. der exayaple g age ang waighg of the

deri vatives, such a% a sgaring“% sqQl ubl e salt Pharmaceutical fornulations
may be present 84MInERICESGeRadtieERirngfrelnsHE Ay 15 sevsHivdas Btk Canount  of
active ingredignt per unit dose. Such a unit nmay cgntain ertai n_anmounts
of a conpound BYMYIRGPT,EkER foufe s R aFAtaR LEPRICSHER M e fRatets I i ng

t ted, th t . m npstration, dth . i ght .and diti f
the 15 pati ent o° B rEon Bk ERARE shRE D SE ISR EMe A S IRPATER bt i i ng
? g?ﬁhl gt Il 0;2 a?%g[%? %}0&% €, gﬂﬁ@ﬁ%#ﬁﬁ@||§}95n%9$n%l‘éeri5’£t%‘é ?l'lrelr'e% \ m%\? l)é de:ctieq'%ﬁ1 as

10 a proportion of the effective amount of a compound of the present invention per se.
Dosages may vary, depending upon the appropriate inhibition of DPP-IV for purpioses of
treatment or prophylaxis of a variety of metabolic, gastrointestinal, viral, and
inflammatory diseases, including, but not limited to, diabetes, obesity, hyperlipidemia,
dermatological or mucous membrane dfsorders. psoriasis, intestinal distress, constipation,

15  autoimmune disorders such as encephalomyelitis, complement mediated disorders such
as glomerulonepritis, lipodystrophy, and tissue damage, psychosomatic, depressive, and
neuropsychiatric disorders, HIV infection, allergies, inflammation, arthritis, transplant
rejection, high blood pressure, congestive heart failure, tumors, and stress-induced
abortions, for example cytokine-mediated murine abortions.

20 No toxicological effects are indicated/expected when a compound of the present
invention is administered in the above mentioned dosage range.
The following examples illustrate aspects of this invention, but should not be
construed as [imitations. As used herein the symbels and conventions used in these

processes, schemes and examples are consistent with those used in the contemporary



a predeterm ned dose, such as a daily dose, or an appropriate fraction
thereof, of an active ingredient Such pharmaceuti cal ﬁgﬁiﬁﬁm be
prepared by any of the mnmethods well known in the pharmacy art. 20 As used
herein, the term"effective amount” neans that anount of a drug or
pharmaceutical agent that will elicit the biological or nedical response of
a tissue, system aninmal, or human that is being sought, for instance, by
a researcher or clinician. Furthernore, the term"therapeutically
effective anount™ neans any anount which,3ts conpared to a correspondi ng
subj ect who has not received such anmount, results in 24 Decenber, 2005 29
i mproved tr eat nisientifidiiserhiurg for pxagpienthic Gournabsf tAdRhErRBRCHeAicaPfocRydr IRAS E,

di sorder, or side effect, or a decrease in the rdte of advancement of a
di sease or di sologeel of BielogicekGieaistp Urilescdthateise natéd) binstartifg meREfs vadrouUNt S
effective to enhance normal physiological function. The therapeutically

ef fective armountbtaifedgroporopmerdh! sfpplidneang used svithoutrfuting barficstion. | | depend upon
a nunber of factors including, for exanple, the age and wei ght of the

ani mal , the precise'ltMBispdctsmwereaesordehen 4 Vagian ViR B00am bariah Snk@8an; & Vyrjant he
nature of the fornulation, and the route of adm nistration. Therapeutic
ef fecti veness Ufnity1#8@ instjurpgnttior a Genesal Eletteic 0F-300: @heroial ofiifts ire egirdseddant

physi cian or veterinarian. An effective amount of a salt or solvate, or
phar maceut i cal IA'ts gasgtllighipmdeynitgaConpling tvesterds are imegnits ef lhetz ¢iii Spiittings 10 a
proportion of the effective anobunt of a conpound of the present invention
per se. Dosagddtigrasdegeiiby appaeepbmditinkritispon ardesigmgiedogs silsriglet)i dildbdbiigt), on  of
DPP-1V for purposes of treatment or prophylaxis of a variety of netabolic,
gast r oi ntestiné‘l"P'e’(}riqr[&‘I‘a,rteﬁnfd(mﬂlﬁplt%rbrr&mdly di seases, including, but not
limted to, diabetes, obesity, hyperlipidema, dernmatological or nucous
nmenbr ane di sor der s, LoWsEsalytion snass sn@cérgt(Mﬁameredt@rdeés)s a JQIRIMSEA¥505HA JOEL

10 5X-102, or a SCIEX-APViii spectrometer; high resolution MS were obtained using 2 JOEL
SX-102A spectrometer. All mass spectra were taken under efectrospray ionization (ESI),
chemical ionization (Cl), electron impact (El} or by fast atom bombardment (FAB)
methods. Infrared (IR) spectra were obtained on a Nicolet 510 FT-IR spectrometer using
a 1-mm NaCl cell. All reactions were monitored by thin-layer chromatography om 0.25

15 mm E Merck silica gel plates {60F-254), visualized with UV light, 5% ethanotic
phosphomolybdic acid or p-anisaldehyde sofution. Flash column chromatography was
performed on silica gel (230-400 mesh, Merck). Optical rotations were obtained wsing a
Perkin Elmer Model 241 Polarimeter. Melting points were determined using a Mel-Temp
Il apparatus and are uncorrected.

20 IUPAC names are included to further identify particular compounds of the

present invention. The IUPAC names stated herein should in no way limit the scope of

the present invention.




15 aut oi mune di sorders such as encephal onyelitis, conplenent nedi ated

di sordeirs such as glonerulonepritis, |ipodystrophdf mage,
psychosomati c, depressive, and neuropsychiatric disorders, HV infection,
allergies, inflammation, arthritis, transplant rejection, high blood
pressure, congestive heart failure, tunors, and stress-induced abortions,
for exanpl e cytokine-nedi ated nmurine abortions. 20 No toxicological effects
are indicat edl expected when a conpound of the present inventionis

adm nistered in the above nentioned do3sage range. The foll ow ng exanpl es
illustrate aspects of this invention, but should not be construed as
limtations. As used herein the synbeXPERimENTAL®ONVenti ons used in these
processes, schenmes and exanples are consistent with those used in the
contenporary 24 [beawsedaice wiO& pdBent dremtivhiahd s Helolvesnaembedimémroféheanpl e, t he
Journal of the American Chemical Society or the Journal of Biological
Cheni stry. URMmpgunds phibe wiessat inetntion caalbe pefpared byvgacting £cdnegoand/efr € obt ai ned
fromcomercial suppliers and used without further purification. "H NWR
spectra wer dompdioll it ann- er Pramina carbbxRa R0 with avas orgarinb botivd@l, a Varian 5
Unity-400 instrunment, or a General Electric QE-300. Chemcal shifts are
expressed i rrarbowiats bptardesigriatel ihenain(gememilySs sthinb@dboxylaesPlrideGt@@asit ants are in
units of hertz (Hz). Spllitting patterns describe apparent nultiplicities
and are desicgwriing dorditioss, {as exagiplet With HATUIDMEIHahips bake. (triplet), q (quartet),
m(rmultiplet), br (broad). Lowresolution nmass spectra (MS) were recorded

on a JCEL JM5- AX505HA, JCEL 10 SX-102, or a SCIEX-APliii spectroneter;
hi gh resolution M5 were obtained using a JOEL SX-702A spectroneter. All
mass spectra wer g tgken under el ectrospray ionization (ESI), chem cal
ionization (Cl), e ron i m?ﬁ}otéc@d)an%)ihogéfbgﬁﬁége, atom rdment ( FAB)
- CN coupling reagents -
H 2) deprotection reagents N CN
formula (I . ([)
formula |

More specifically, a compound of formula Il may be reacted with an amino
10 carboxylate, where the amino carboxylate is suitably protected, for example on the o~
nitrogen, with an appropriate protecting group such as, for example, a t-buty! carboxy
protecting group.
In an alternate embodiment, a compound of formula Il may be reacted with an
amino activatéd carboxylate, such as, for example, N-hydroxysuccinimide ester or acid
15 chloride, where the amino activated carboxylate is suitably protected, for example, on
the a-nitrogen with an appropriate protecting group such as, for example, a t-butyl
carboxy protecting group. Removal of the protecting group under suitable condiitions,
such as, for example, trifluoroacetic acid for the removal of the t-butyl carboxy, ‘then

generates compounds of formula (1).




met hods. Infrared (I R) spectra were obtained on a Nicg|et 5&0 F!-I§
spectroneter using a 1-mm NaC cell. Al reactions c by

t hin-1ayer chromatography om0.25 15 nm E. Merck silica gel plates
(60F-254), visualized with W light, 5% ethanolic phosphonol ybdic acid or
p- ani sal dehyde sol ution. Flash columm chromat ography was perfornmed on
silica gel'(230-400 nesh, Merck). Optical rotations were obtained using a
Perkin El mer Model 241 Polarinmeter. Melting points were determ ned using a
Mel - Tenp |l apparatus and are uncorredged. 20 | UPAC nanmes are included to
further identify particular conpounds of the present invention. The | UPAC
nanes stated her efai fgthsufietail Kegarding\tby preparpliontdh emive sprboxylates fangsepinesent

i nvention. 24 Decenber, 2005 31 EXPERI MENTALS In accordance with the
present i nverPeraiingdhel campodedsohitheprrsent inerdionmseferende may de hadieuinds of t he
present invention can be prepared by reacting a conpound of formula Il
with an a- or95(1§3%rw'ﬁM\fQ§aﬁKt9@§§;ﬁwée'@m iwrpnra!;ﬂ% by refeyence 3s ghitgddo e i vated 5
car boxyl ate, both designated herein generally as am nocarboxyl ates, under
standard coWfPPABOCHEERh IS f or exanpl e, with HATU, DMF, Huni gs base.
formula Il 1) protected am nocarboxylate, GN coupling reagents 2)

deprot ection reagents CN Q

Intermediate Example 1

R -pTsOH
e
N

(2S, 45)-4-Fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate

A. Methyl (25, 4R)-4-hydroxy-2-pyrrolidinecarboxylate hydrochloride
10 Toa MeOH solution (420 mL} containing L-hydroxyproline (62.67 g, 478 mmol) cooled in
an ice water bath was added thionyl chloride (58.6 g, 492.3 mmol) dropwise. Upon
complete addition the suspension was stirred at RT for 2 h. The mixture was ther heated
to reflux for 6 h at which time it was cooled to RT and the solvent removed in vacuo.
The residual solid was pumped on under high vacuum yielding 86.03 g (474 mmo!, 99%
15  vyield) of compound A as a white solid.
"H NMR (ds-MeOH) 400 MHz & 4.62-4.57 (m, 2H), 3.85 (s, 3H), 343 (dd, 1H, J= 12.2, 3.7

Hz), 3.30 (m, 1H), 2.41 (dd, 1H, J = 136, 7.6 H2), 2.19 (m, 1H) ppm,

B. 1-Tert-butyl-2-methyl (25, 4R)-4-hydroxy-1,2-pyrrolidinedicarboxylate.
20  Toa CH:Cl solution (1.4 L) containing compound A (88.67 g, 049 mol] and di-t-
butyldicarbonate (109.8 g, 0.50 mol) was added, at 0°C, triethylamine (123.6 g, 1.22 mol)

dropwise over 1.5 h, The resulting solution was then slowly allowed to warm to RT "



formula | More specifically, a conpound of formula Il maybe reacted with an
am no 10 carboxyl ate, where the am no carboxylate is € t ed,
for exanple on the a- nitrogen, with an appropriate protecting group such
as, for exanple, a t-butyl carboxy protecting group. In an alternate
enbodi nent, a conpound of formula Il maybe reacted with an am no activated
carboxyl ate, such as, for exanple, N hydroxysuccinimde ester oir acid 15
chl oride, where the am no activated carboxylate is suitably protected, for
exanple, on the a-nitrogen with an apprd@griate protecting group such as,
for exanple, a t-butyl carboxy protecting group. Renoval of the protecting
group under suiveraight Thosoilienttwas tis:n rensavedin asquo bt Etékeasphided to thefresiduabacet i ¢
acid for the renoval of the t-butyl carboxy, then generates conpounds of
fornmula (1). 24iddbewtiewas R0DREIIR vadtom Miatiohend washad thonoegjdy Witngt2@-he
preparation of am no carboxylates for use in preparing the conpounds of the
present i nventThofiltrateghen bad the sobgnt iemdvediintvaruo\dnd WB/dissBE9 pGHICWAGS8/ 19998,
each herein incorporated by reference as related to the preparation of
such react ant 9rgabics were washdd witle s#ENafixng sat. NaREGHolowed Sy drying over MgS0a.
4S) - 4- Fl uor o- 2- pyrrol i di necarbonitril e 4-net hyl benzenesul fonate A. Methyl
(2S, 4R) - 45hy ditiation 2ndhkemoud! 'pﬂlihneqi\e:nbiomuavbldnijlajligbmllgw jofi awhich, after

pumping on under high vacuum for ~ 15 min., solidified. The resulting solid had 500 mL

of hexanes added to it and then stirred overnight. The solid was collected via vacuum

filtration and pumped on under high vacuum yielding 104.5g (0.43 mol, 87% yield)

compound B as a white solid.

10 'H NMR {de-MeCH) 400 MHz 5 4.37-4.32 {m, 2H}, 3.72-3.71 {m, 3H), 3.51 {m, 1H), 3.43

{m, 1H), 2.23 (m, 1H), 2.02 (m, 1H), 1.42 (m, SH) ppm.

C. 1-Tert-butyl 2-methyl (25, 45)-4-fluoro-1,2-pyrrolidinedicarboxylate.
To a 2 L flask containing compound B (124.25 g, 0.51 mol), in 1.25 L of 1,2-

15 dichloroethane cooled to -30 °C, was added DAST neat (125 g, 0.78 mol}. The reaction
slowly warmed to -10 °C over 1 hr at which time the cold bath was removed. Stirring
continued at RT for 24 hr when the dark solution was poured into two 2 L flasks that
contained crushed ice and solid NaHCOs. The flasks were periodically swirled and stirred
until no CO: evolution was observed (note: additional solid NaHCOs was periodically

20  added). The organic layer was separated and the aqueous layer extracted with CiH2Ct.
After drying over MgSOa the solvent was removed in vacuo and the residual dark oil was
dissolved in 200 mL of EtOAc and then 800 mL of hexanes was added. To this solution
was added 100 g of Si0. After stirring for 30 min the solution was filtered with: the

Si0z being washed with hexanes/EtOAc (4:1, ~ 500 mL). Removal of the solvent in vacuo



10 To a MeCH solution (420 nL) containing L-hydroxyproline (62.67 478
mol) cooled in an ice water bath was added thionyl ch&&mg@t@
492. 3 mmol ) dropw se. Upon conplete addition the suspension was stirred at
RT for 2 h. The m xture was then heated to reflux for 6 h at which tine it
was cooled to RT and the solvent renoved in va cuo. The residual solid was
punped on under high vacuumyielding 86.03 g (474 mo' 1, 99% 15 yield) of
conmpound A as a white solid. "H NWVR (d4-MeOH) 400 MHz S 4.62-4.57 (m 2H),
3.85 (s, 3H), 3.43 (dd, 1 H Irs 12.2, 33 Hz), 3.30 (m 1 H, 2. 41 (dd, 1
H J =13.6, 7.6 Hz), 2.19 (m 1 H ppm B.1-Tert-butyl-2-methyl(
4R) - 4- hydr oxy- ENQPWH?SUM uhderdddhovasUyoboybraiobt vidded181.81 mol, QWDLWﬂFfﬂnf(l 4 L)
cont ai ni ng conmpound A (88.67 ? 0.49 nol) and di-t- butyldicarbonate (109.8
g, 0.50 nol) mgmméeasa@arbm triethylamne (123.6 g, 1-22 nol) dropwi se
over 1.5 h. The resulting solution was then slowy allowed to warmto |IRT
24 Decenber, 20H8MBICDGH) a0 Nidd 5.0BE.IH, én 3 Wals4.83Hdi1/2H Ao 9@ dt2). #4094k uo and
Et 20 was added to the residual solid. The solid was col | ected via vacuum
filtration andW#she@l‘*th&%gm (m, &HX 37 E.28), 2.5TH28f(in] 2H),A4t46 (1, Bbmoteadr)t he
sol vent renoved in vacuo and was dissolved in CHaC 2. The organics were
washed wi t h3safl-41 fsa@H: refererseam.NaHCO3 f ol | owed by drying over MPSO4. 5
Filtration and renoval of the solvent in vacuo yielded a |ight yellow oil
whi ch, after punping on under high vacuumfor J 15 min., solidified. The
resultl ng solid had 5 8[ of hexanes added to it and then stirred
overni ght The 2dP%: dS]V\h egtdutesyergny-GTlvereomrrolidinecyraewlsecind punped on

ing 104.5g (0.43 nmol, 87%yielld). conp B as a

Vg e

\llj\gder hi gh vaclu?um Yf\wkc ni 0 8 g, 049my0l)4in io
ite solid prjar %@mpa@bﬁm 3-44317014 37 Lohdiosqne. 3.71 (m
30, 3.51 (m mL of Hzg followed by lithium hydroxide hydrate (103.6 g, 2.46 mol) at RT. The
10 resulting solution stirred for 23 hr (note: by TLC the reaction appeared to be done after
5 hr) at which time the bulk of the dioxane was removed in vacuo. The residual material
was dissolved in additional H:0 and then charcoal was added. After stirring for 15 min.,
the solution was filtered through a bed of celite. The filtrate had sofid NaCl added to it
until it didn't dissolve any further. It was then cooled in an ice water bath and was
15  acidified with concentrated HCl to pH 3 whilst maintaining the solution temperature
between 5 - 10 °C. The product began to precipitate out at pH 4 and upon reaching pH
3 the tan solid was collected via vacuum filtration. After pumping on under high
vacuum overnight the solid was dissolved in CH:CN (1.5 L) and dried over MgS0s.
Removal of the solvent in vacuo and drying under high vacuum yielded 92.7 g (0.40 mol,

20  81% yield) of compound as a tan solid.

'H NMR (ds-DMSO0) 400 MHz & 12.5 (s{br), 1H), 5.22 (d(br), 1H, J = 54 Hz), 4.25 (m, 1H),

3.60-3.43 (m, 2H), 2.45 (m, 1H), 2.20 (m, 1H), 1.33 {m, 9H) ppm.




(m 1H, 2223 (m 1 H, 2202 (m 1 H, 1.42 (m 9H pgm C. 1-Tert-butyl
2-met hyl (2S, 4S)-4-fluoro-1, 2-pyrrolidinedicarboxyl at 4 Kk
cont ai ni ng conpound B (124.25 g, 0.51 nol), in 1.25 L of 1,2 15

di chl oroet hane cooled to -30 C, was added DAST neat (125 g, 0.78 nol). The
reaction slowy warned to -10 C over 1 hr at which tinme the cold bath was
removed. Stirring continued at RT for 24 hr when the dark sol ution was
poured into two 2 L flasks that contained crushed ice and solid NaHCG3.
The flasks were periodically swirled and #tirred until no CO02 evol ution
was observed (note: additional solid NaHCO8 was periodically 20 added). The
organi c |ayer whderbbphit(as 8-2funingserbenylleblr-apurolidioesasordeteni t h C H2C 2.
After drying over S the solvent was renoved in vacuo and the residual
dark oil was di%¥d ﬁé@cquhslgmmﬁw with g aipgrivamdinenuss agind campemd BelRahes was
added. To this soilution ded 100 g of SiQ2. After stirring for 30
nin the sol uti of#aal, FH%CM? b@ %ttwwi‘i’??ébﬂnsliﬂé)ﬁoﬁé?ﬁﬁ)g“%%ﬂﬁ’éﬂr'WQ B2Rdx anesf

Et OAc (4:1, " 500 } of the solvent in vacuo 24 Decenber, 2005 34
and punpi ng on Yhbae! #.R&M%étmﬁs werf@wmwn@m&éeroqezfawqje %624@ ORI, 97%

{I al d?] of 53C rr;)r%g’ﬂ d%lq ?rgqr_qit(iorgstlrgd -ﬁnr j’lr atdvh&‘@ t:(r{f the Eﬂ_Lyllgtp_ﬁ thgd?§%l8 aé‘% E)r )

g ?74:; (52 (m 2:5%1{:\5 73(:!.5);;”1& gzuhteigst en dISSOIV d in (.%'_le an:cli wa?hegi with aw l&t oner),

?ngg et 2. ﬁfﬁ@%@ﬂ%ﬁgﬁwﬁ' @%f%'iéj%fjﬁs s hes |°3<’ffzﬁ??flif“ié{é%¢' R e, e
380 nL 103...06 2.46
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reaction appear eﬁid \}vacs); trl?t%rage% WItha}lexanes (~ 0.5 L) and collected via vacuum filtration. After

10 pumping under high vacuum, 68.75 ¢ (0.30 mol, 74% yield) compound E was obtained as
a light tan solid. The filtrate after removal of the solvent in vacuoc gave a dark oil that
also appeared to contain additional product by 'H NMR.

'H NMR {ds-DMSQ) 400 MHz & 7.21 (s(br), 1/2H), 7.14 (s(br), 1/2H), 6.94 (s(br), 1H), 5.19
(d(br), 1H, J= 54 Hz), 4.11 (m, 1H), 3.63-3.47 {m, 2H}, 2.38 {m, 1H}, 2.11 (m, 1H), 1.39 (s,

15  3H, rotomer), 1.34 (s, 6H, rotomer) ppm,

F. Tert-butyl {25, 4S)-2-cyano-4-fluoro-1-pyrrolidinecarboxylate.

To a flask containing imidazole (2.93 g, 43.1 mmol), was added pyridine (75 g, 0.9 mol,

15 volumes by weight to the amide). The solution was then cooled to 0 °C and affter
20  stirring for 10 min., BOC-4-fluoroproline carboxamide (5.0 g, 21.6 mmol) was added in

one portion. The solution was then cooled to -30 *C (note: going below this

temperature may lead to a heterogeneous solution) and POCls (13.2 g, 86.4 mmal) was

added dropwise over 5 minutes. Upon complete addition the dry-ice acetone batth was

replaced with an ice water bath and stirring continued at O °C for 1 hr at which time it



5 hr) at which tinme the bulk of the di oxane was renoved in vacuo. The

residual material was dissolved in additional H20 a was
added. After stirring for 15 min., the solution was filtered through a bed
of celite. The filtrate had solid NaCl added to it until it didn't

di ssolve any further. It was then cooled in an ice water bath and was 15
acidified wwth concentrated HCl to pH 3 whilst maintaining the solution
tenperature between 5 - 10 C. The product began to precipitate out at pH 4
and upon reaching pH 3 the tan solid we col lected via vacuum filtration.
m s dissolved in

co?/rpognd as a SF‘%I‘F’:%%WLA&@ XQQFWR/EV‘(’(W@ Eﬁ%@%‘?ﬂﬁb E@E (2). %ge. %’}V(CET(W) , ) 1 H), 5.22
5950 U 1 1y Temoagi rucdngte e otsndath s sl isceadfh o@sdheg s 1

 meckc f | ask dHER AN Hers veshed w2t Sacl it C it BRE BR ding e iSofd o (o2, 7
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hydr ogen car b(ﬂﬂf?gtgngoﬁ'z g, 0.60 5 nol) was added. The reaction stirred for
23 hr at which®tine the bul k of the CHalCN was renoved in vacuo. The

N sl ut on. T IME G3RRdee Rueh iR GRS Fb i b i 2. The
conbi ned orgaahf%_ég%ghmw'ﬁ_s _r1i_4§ m( M) and the solvent renoved in

vacuo. The tan iturate PR hexanes (- 0.5 L) and collected
via vacuumfiltration. After 10 punpi ng under high vacuum 68.75 g (0.30
mol, 74%yi el d) conpound E was obtai ned as

10 G. (25, 4S)-4-Fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate.
To a CHsCN solution (1 1) containing compound F (56.62 g, 0.26 mol}, was added p-
toluenesuifonic acid hydrate (75.4 g, 0.40 mol) at RT, After 24 hr the CHaCN was
removed in vacuo and then the residual brown oil was dissolved in 500 mL of EtDAc,
Within 1 min a solid precipitated out and the solution was cooled in an ice-water bath
15  and after stirring for 1 hr the solid was collected via vacuum filtration. The collected
solid was rinsed with cold {-20 °C} EtOAc {~ 500 ml) and then pumped on under high
vacuum overnight yielding 60.94 g (0.21 mol, 82% vield) of compound G as a light tan
solid.
"H NMR (ds-MeOH) 400 MHz & 7.69 (d, 2H, J = 8.1 Hz), 7.23 (d, 2H, J = 8.0 Hz), 5.52 (dd,
20 1H,J=51,34 H;], 496 (dd, 1H, J = 9.8, 3.6 Hz), 3.78 (m, 1H), 3.55 (m, 1H), 2.84-2.63 (m,

2Hj}, 2.36 (s, 3H) ppm.



alight tan solid. The filtrate after renoval of the solvent in vacuo gave
a dark oil that also appeared to contain additional € "H
NVR (ds-DVMBO) 400 MHz S 7.21 (s(br), 1/211), 7.14 (s(br), 1/2H), 6.94
(s(br), 1H,), 5.19 (d(br), 1 H J =54 Hz), 4.11 (m 1 H), 3.63-3.47'(m
2H), 2.38 (m 1 H, 2.11 (m 1 H, 1.39 (s, 15 3H, rotomer), 1.34 (s, 6H,
rotomer) ppm F. Tert-butyl (25, 4S)-2-cyano-4-fluoro-1

-pyrrolidi necarboxylate. To a flask containing imdazole (2.93 g, 43.1
mmol ), was added pyridine (75 g, 0.9 noB7 15 volunes by weight to the

am de). The sqlution was_then cooled to O CC and after 20 stirring for 10
mn., BOC 4-f PLEPBKE Beutefor intermisdiateibrmplell 0 g, 21.6 nmmmol ) was added in one
portion. The solutign was then cooled to -30 C (note: going bel ow this
tenperature may—lead to a heterogeneous solution) and POCI3 (13.2 g, 86.4
mmol ) was added dsgpw se over 5 m nutes. Upon conplete addition the
dry-ice acetonefpath was replaced with an ice water bath and stirring
continued at 0 Cfor 1 hr at which tinme it 24 Decenber, 2005 36 was poured
into a crushegsjsps-Fagiol i ] rgani c | ayer was
separ at ed anth he}eaquegu%pwglpgﬁgogﬁg@?gﬂ%%ﬁ@?eﬁm%? ¢ (2)Q The sol vent
was renoved in vacuo (note: keep rotovap bath < 35C) and the residue

di ssolved in EtOQAc. The organics were washed with sat NaCl and 1 M HCl

(2)Q Aftes dreyttm;-gq QEﬁR)-Wrﬁ%anB&I@-ﬁﬂ'rld_kg@FroM@&-f-@ﬁ?ﬁﬂt& h vacuo yi el di ng
4.0 g (18.6 nmol, oyle Oof _conpoun as a i h solid. "H NWR
(d4- MeCH)  400ToMHEF BidsioR 2420G4LP Eontaidilh BOL=L-Bydird&prolind- (30 _[z,mze Alol) i 74- 3. 48 (m
2H), 2.55-2.40 (m 2H), 1.52-1.43 (m 9H) ppm 10 0. (2S,

4S) - 4- Fl uor o-tBethylamio¢ (1disnevardambl édoled to-182¢C Ryd daaarang shblrmmie.

(15.4 g, 141.9 mmol) dropwise. The resulting solution stirred for 10 min when 80 mL of
28% NH«OH was added. The reaction was allowed to slowly warm to 5 °C over 2 hr at
10 which time sat. NH«Cl was added until the entire white solid had dissolved. The THF was
separated and the aqueous layer extracted with THF. The combined organic layers were
dried (MgSO4) and the solvent removed in vacuo. The residual oil was treated with Et:0
and a small amount of CH2Cl: and MeOH. After storing in the freezer for 1 hr the:
resulting white solid was collected via vacuum filtration yiciding 22.0 g (95.6 mmol, 74%
15 Yyield) of compound A.
'H NMR (de-DMSQ) 400 MHz & 7.33-7.29 (d(br), 1H, rotomers), 6.88-6.80 (d(br),
1H, rotomers), 4.94 (sor), 1H), 4.18 (s(br), 1H), 4.04 (m, 1H), 3.35 (m, 1H), 3.21 (m, TH),

1.99 (m, TH), 1.77 {m, 1H), 1.36-1.31 (d, 9H, rotomers) ppm.

20  B.Tert-butyl (25,4R)-2-cyano-4-hydroxypyrrolidine-1-carboxylate.
To a pyridine solution (180 mL) containing compound A (17.89 g, 77.8 mmol) cooled to -

20 °C was added trifluoroacetic anhydride (40.8 g, 194.4 mmol) dropwise. Upon
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C. Tert-butyl (25, 45)-2-cyano-4-fluoro-1-pyrrolidinecarboxylate.

To a 1,2-dichloroethane solution (300 mL} containing compound B {13.21 ¢, 62.3
mmol) cooled to -30 °C was added DAST (15.1 g, 93.4 mmol). After 30 min the cold bath
was removed and stirring continued for 24 hr at which time the reaction was quenched
carefully with sat. NaHCOx. The solution was then poured onto crushed ice and the
organics extracted with CH2Clz (2X), After a final washing with sat. NaHSOs the organics
were dried (MgS04} and the solvent removed in vacuo yielding 10.86 g (50.7 mmol, 81%
yield) of compound € as a brown semi-solid.

'H NMR (de-MeOH) 400 MHz & 5.32 (d(br}, 1H, J = 52 Hz), 4.78 (m, 1H), 3.74-3.48 (m,

2H), 2.55-2.40 (m, 2H), 1.52-1.43 (m, 9H) ppm.

D. (25, 4S}-4-Fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate.
To an CH:CN solution (200 mL) containing compound C (10.86 g, 50. 7 mmol)’
was added p-toluenesulfonic acid (14.8 g, 78 mmol} at RT. The resulting solution stirred

for 24 hr at which time the CHaCN was removed in vacuo. The residual brown oil was



dried (MgS™) and the solvent renoved in vacuo. The resjdual oil

treated with EtbO and a small anmount of CH2CI 2 and I\/e@&—ﬁﬂ—‘@ub—&—%%ﬁg in
the freezer for 1 hr the resulting white solid was collected via vacuum
filtration yielding 22.0 g (95.6 nmrnol, 74% 15 yield) of conmpound A 'H
NVR (d6-DVBO) 400 MHz S 7.33-7.29 (d(br), I H, rotoners), 6.88-6.80 (d(br),
1 H rotoners), 4.94 (s(br) 1 H, 4.18 (s(br) 1H, 404 (m 1 H, 3.35
(m 1 H, 3.2 (m | H, .99 (m 1H), 77 (m 1H), 1.36-1.31 (d, 9H,
rotomers) ppm 20

B. Tert - butyl (25, 4R) - 2- cyano- hydroxypyrrol I di ne-1-carboxylate. To a

pyri di ne sol ut F"@ﬁ"’%dllati 3000wk andwithip toimscalitprecigitaed 29t. $he spiutian wiso| )
cooled to - 20 'C was added trifluoroacetic anhydride (40.8 g, 194.4 mmol)
dr opwi se. Upontepled feaeipgybath fqmawhem%mlléﬂélegtaféiwa vasHum filiratie 8t WaSn was
allowed to warmto RT. After 6 hr the reaction was quenched with H20 and
t hen poured i ntgn Eﬁ‘-‘d‘!ﬂd:wtt%ﬁU(B‘BbOfrﬁOEd)('zOT@@t%Cg&Hmsl0\%9@%@d’é'ﬂ@!cﬁg%\y'ﬁw sat .
NaCl, 1.0 MHC_ and 2.0 M NaCH fol | owed by drying over MySO4. The filtrate
had charcoal adfdf@APewRdDy and after stirri ng for 10 min the solution was
filtered through a 5 bed of celite. The solvent was renoved in vacuo (the
rotovap tenper W%(dvﬁboﬁlmowz@ﬂ 59;111 ézl"d4=n'§11 ik 722.13[3 %"642—90#%$ 52 fldos y| eI d)
of conpound B as an orage oil. ' g 400 8 4.60 :S

4.40 (s(br), 1H4= 533449}4 4964dd, aHrﬁ—m Hﬂzﬂ%m"ﬂ %&WHEW—ZQ .- 1 48
(m 9H, rotorrer

C. Tert-butyl ( A?é’ﬁfsﬂwﬂi’ﬁb 4-fluoro-1-pyrrolidinecarboxylate. To a
1,2-dich|oroethane solution (300 nL) containing compound B (13.21 g, 62.3
mol ) cooled to -30 C was added DAST (15.1 g, 93.4 mmol ). After 30 mn the
cold bath was rermvedExand stirring continued for 24 hr at which tinme the

reaction was qhEHRediate Example 2

F -pTsOH

F
CN

10 N

{25)-4,4-~Difluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate.

A. Tert-buty! (25, 45)-2-(aminocarbonyl)-4-hydroxy-1-pyrrolidinecarboxylate.
To a THF solution (420 mL) containing BOC-L-hydroxyproline {30.0 g, 129 mmol) and
15 EtsN (14.4 g, 141.9 mmol) cooled fo -15 °C was addedr ethyl chloroformate (15.4 g, 141.9
mmol) dropwise. The resulting white solution stirred at ~15 °C for 30 min when 80 mL
of a 28% NH«OH solution was added via syringe. Upon complete addition the colld bath
was removed and stirring continued for 19 hr. The homogeneous solution was poured
into sat. NH«Cl and the organic layer separated. The aqueous layer was extracted with
20 THFand then the combined organic layers dried (MgS0s). The solvent was removied in

vacuo and the semisolid pumped under high vacuum for 2 hr. The resulting white solid



carefully with sat. NaHCO3. The solution was then poured onto crushed ice
and the 15 organics extracted with CH2Cl 2 (2X). After 2%Pegembge 2005, tn
sat. NaHS04 the organics were dried (MgSO4) and the solvent renmoved in
vacuo yielding 10.86 g (50.7 mmual, 81% vyield) of conpound C as a brown
semi-solid. 'H NVR (d4-MeOH) 400 MHz 6 5.32 (d(br), 1 H J = 52 Hz), 4.78
(m 1 H, 3.74-3.49 (m 2H), 2.55-2.40 (m 2H), 1.52-1.43 (m 9H ppm 20
D. (25, 4S)-4-Fluoro-2-pyrrolidinecarbonitrile 4-nethyl benzenesul fonate. To
an CH3CN sol ution (200 nlL) containing cofpound C (10.86 g, 50.7 nrnol)’

was added p-toluenesulfonic acid (14.8 g, 78 mmol) at RT. The resulting

sol ution sti rr&s cqlloptedva ypeuum Tiligatiohwith Hed vidkling1836Nd (68 mmeh¥%k dieidhof acuo.
The residual brown oil was 24 Decenber, 2005 10 39 dissolved in EtOAc (300
mL) and within<pauad 4 sol i d preci pi tated out. The solution was cooled in
an ice-bath for 2 hr and then the solid collected via vacuumfiltration. It
was then washek MiRt{¢s-BIESD) AP0 MHz & 384 (s(br)2H, tonmrNe! (9ibs) 't rajoma). 620g ( 35. 2
nol , 69%yield) of conmpound D. 'H NWVR (d4-MeOH) 400 MHz S 7.69 (d, 2H, J=
8.1 Hz), 7.23 Mnr) zfmrommerk 682 ffyr), 11, rmmer&i&% (d."iHJ—Ji 1=|'12$3053m411'9lz-'9-36 4.96
(dd, 1 H J =9 378&3 3.55 , 2.84-2.63 (m
oH). 2.36 (8§, é’H)mbﬂ#?(m ﬁﬁkaﬁ@&md 1@&@:*&127(; mme 1.32 (5, 6H,

rotomer) ppm.

B. Tert-butyl (25)-2-(aminocarbonyl)-4-oxo-1-pyrrolidinecarboxylate.
To a CHzClz2 solutton (12 mL) containing oxaly! chloride (607 mg, 4.78 mmol} cooled tof
10 78 °C was added a CH:Clz solution (3 mL) containing DMSO. After 5 min tert-butyl (25,
45)-2-(aminocarbonyl)-4-hydroxy-1-pyrrolidinecarboxylate (1.0 g, 4.35 mmol, as
described in step E above) in a CHzClzfTHF solution {20 mL{15 mL) was added drojpwise.
Upon complete addition the reaction stirred for 20 min when EtsN (2.20 g, 21.7 mmol)
was added. After 10 min the cold bath was rerr‘loved and stirring continued for 1 hr. The
15  solution was poured into sat. NaHCO; and the organics extracted with CHzCla, Aﬁer
drying over MgS0s the solvent was removed in vacuo and the residuat yellow oll purified
via column chromatography (CHzClz/MeOH (15:1)) yielding 560 mQ (2.45 mmol, 56%
yieid) of compound B as a white solid.
'H NMR (de~-DMSO) 400 l\a;[Hz 8§ 7.58 (s(br), 1H), 7.15 {s(br), 1H, rotomer), 7.09 (s(br], 1H,
20  rotomer), 4.51 {d, 1H, J= 9.7 Hz, rotomer), 4.46 (d, 1H, J = 8.8 Hz, rotomer), 3.76-3.64

{m, 2H}, 3.02 (m, 1H), 2.28 (m, 1H), 1.39 (s, 3H, rotomer), 1.37 (s, 6H, rotomer) ppm.



NCN H (2S)-4,4-Difluoro-2-pyrrolidinecarbonitrile
4- et hyl benzenesul fonate. A Tert-butyl (25, 24 December, 2005

4S) - 2- (am nocar bonyl ) - 4- hydr oxy- | - pyrrol i di necar boxyl ate. To a THE sol ution
(420 nL) containing BOC-L-hydroxyproline (30.0 g, 129 mml) and 15 EtbN
(14.4 g, 141.9 mmol ) cooled to -15 C was added ethyl chloroformate (15.4 g,
141.9 mol) dropw se. The resulting white solution stirred at -15 C for 30
mn when 80 nL of a 28% NHA4OH sol uti on was added via syringe. Upon

conpl ete addition the cold bath was rentfed and stirring continued for 19
hr. The hormgeneous solution was poured into sat. NH4Cl and the organic

| ayer separ at edt ?ﬁ@“ﬂﬁﬁ@oﬂ:&"’ﬂ"ﬁﬂl@! onyid: dedifiyor--@yrrolidinncat® XIME and t hen t he

combi ned organi c | ayers dried 4). The solvent was renmpved in _vacuo
and the sem sol o %é@fb‘é’&'“ﬂﬁ&@ﬂ“%ﬁ@ﬁlmﬁ'ﬁ?‘f"éﬁ (823ng, 18R Eamedseried $9g7%ni t e
solid 24 Decenber, 2005 was collected via vacuumfiltration with Et20

yi el di ng 15. 86 G"YaBBd“@dHﬁ%T (3895'3%5;59@1"1”) T@F res‘c‘!B‘Fﬁaﬁ?[&'ﬁﬂ" girred pf NREC F130 DVBO)
400M—IzS734 %@} br) roto@) 6. 90
(s(br) | H,rdPigraq fien gt %Tz‘ot%bfbme agthin wassv%'ﬁ@d)w'théafeﬁaww the 3 m3.1

4. 05 , 1.78
(m 1 H, (ﬂ%7 TQ“’%FWQFEF@’H\%@ﬂﬂ%dWE‘Q Oﬁgmgso‘rtg% Efﬁ'é't'a?"%léwm'@ ert-butyl
25) - 2- 9] 4- d | ut
(12 1) cont ai HB”%&%W?% reER SR iU 05 s Odre B oITo 75 ¢
was added a CHZ%? Ez‘ﬁ g &3 nm) containing DMSO. After 5 min tert-butyl
(2S, 4S)-2-(arﬁ ré’oyé B F.mgoy -?rydroxy- 1-pyrrolidinecarboxylate (1.0 g, 4.35

ol as 'H NMR (d+MeOH) 400 MHz § 438 (m, 1H), 3.84-3.75 (m, 2H), 2.76 (m, 1H), 2.41 (m,

1H}, 1.44 {s(br), 9H) ppm.

10
D. Tert-butyl (25)-2-cyano-4 4-diflucro-1-pyrrolidinecarboxylate.
To a pyridine solution (20 mL) containing compound C (658 mg, 2.63 mmol) and
imidazote (358 mg, 5.26 mmol) cooled to -35 °C was added POCla (1.61 g, 10.5 mmel).
The resulting siurry stirred for 1.5 hr at which time it had warmed to 10 °C. The solution

15 was diluted with EtOAc and them washed 3X with 1 M HCl. After drying over MgiS04 the
solvent was removed in vacuo yielding 610 mg (2.63 mm-ol, 100% yield) of compound D
which was taken directly on to E (below).
"H NMR (ds-MeOH) 400 MHz 3 4.88 (s(br), 1H), 3.79-3.72 (m, 2H), 2.87 {m, 1H), 269 (m,
1H), 1.50 (s, 9H) ppm.

20
E. (25)-4,4-Difluoro-~2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate.
To a CH:CN solution (15 ml) contalning compound D (512 mg, 2.21 mmol) was added p-
toluenesulfonic acid hydrate (839 mg, 4.42 mmol) at RT. The resulting solution stirred for

2 hr at which time the CH:CN was removed in vacuo. To the residual oil was added



described in step E above) in a CH2Cl 2/ THF sol ution (2% !;Ih/ 15 @ﬁ ﬁﬁ@adde{j
drol pwi se. Upon conplete addition the reaction stirre c n
EtsN (2.20 g, 21.7 imol) was added. After 10 min the cold bath was
renoved and stirring continued for 1 hr. The 15 solution was poured into
sat. NaHCO3 and the organics extracted with CH202. After drying over MgSO4
the solvent was renoved in vacuo and the residual yellow oil purified via
col um chr omat ography (CHi Cl 2/ MeOH (15:1)) yielding 560 ng (2.45 nmol, 56%
yi el d) of conpound B as a white solid. ' HRVR (de-DVMSO 400 MHz 8 7.58

SoEn L 1 EROATE Shh) qrgithnaes etelrveg in vapio e phsuing St it leHh)
2 30 Cs 0 er ™ ot ey oo of BB Yool we colicteg gt -
oot o 10 e b ol A bbb Ve i ESBE AR ol o (o v
70" Cror g0 IS E Bttt Lo (i SrE bl @b TBhanel it
Voson the rear auk Ty 2R R R 2L 5582 bn.all 2R E At e AR ooy aphy

(CH2CI 2/ MeOH (15:1)) yielding 211 ng (0.84 mmol, 46%yield) of conpound C
"H NVR (d4- MeOH) 400 MHz 84.38 (m 1H), 3.84-3.75 (m 2H), 2.76 (m 1H),

2.41 (m 1 H), 1.44 (s(br), 9H) ppm 1&5}4&@
D. Tert - butyl (25) - 2- cyano- 4, 4-di f | uor o- | | di necar boxylate. To a
pyridi ne sol uti %rc]an( %‘91 m_) containi ng conmpound C (658 ngy, 2.63 nmol) and

-HCI

10 (25,45)-1-[{25)-2-Amino-3,3-diphenyipropanoyl]-4-fluoropyrrolidine-2-carbonitrile

hydrochloride
A. (25,45)-1-[(25)-2-Amino-3,3~diphenylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile

hydrochloride.
To dry DMF {25 mL) was added (25)-2-[(tert-butoxycarbonyllamino]-3,3-

15  diphenylpropanoic acid (1.96 g, 6.0 mmol), HATU (2.28 g, 6.0 mmol) and N,N-
diisopropylethylamine (1.05 mL, 6.0 mmol). After stirring at RT for 30 min (25, 45)-4~
fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.31 g, 4.5 mmol) amd
additional N,N-diisopropylethylamine {0.783 mL, 4.5 mmol} were added, This solution

was allowed to stir at RT for 12 hr and then saturated sodium bicarbonate (110 mb) was

20 added. The mixture was extracted with ethyl acetate (2 X 100 mL) and the organics were




I m dazole (358 ng, 5.26 nmmol) cooled to -35 C was added POCI3 (1.61 g 10.5
mnol). The resulting slurry stirred for 1.5 hr at whi &% Pegemiber

warnmed to 10 C. The solution 15 was diluted with Et CAc and t hem washed 3X
with I MHC . After drying over Mgl 504 the solvent was renoved in vacuo
yielding 610 ng (2.63 nmol, 100%yield) of conplound D which was taken
directly on to E (below). 'H NVR (d4-MeOH) 400 WHz S 4.88 (s(br), 1 H),
3.79-3.72 (m 2H), 2.87 (m 1H), 2-69 (m 1 H, 1.50 (s, 9H) ppm 20 E
(2S)-4,4-Difluoro-2-pyrrolidinecar bon| tri4d 4-methyl benzenesul fonate. To a
CH3CN sol uti on &vl%g}g) cont ai ni n mpound D (512 ng, 2.21 mml) was added
p- tol uenesul fo tBS?FyﬁFegt'@ '(Mgnlr}agi"edmwwg&ﬁalayd eonceRTateT edryesssitot | Ng
solution stirred. for ich time the CH3CN was renoved in vacuo. To
the residual oi P"’&é%’“&&%& ﬁ“&s deseuematogephed frilicayahhexages/Et0AMAY) tand t hi s
was then renove o\n@ea agdo hﬁ'&he res Itlng solid was triterated wth Et20
fol | owed by add (%8R o919 asth@ ¥ igra0grHCIHD Mo 2Q wl selution/factibim

Lot AR T ol v 35 "
J=7.9 H 3.78 2 3.08-2. 89
2H), 2.89 %s \Ji‘@’“(‘éf %Véﬁi'g*"'"éllﬁf d’&ﬂﬁf’d%@wﬁe E!F!Ql'ﬂSI‘((é*gllg (&Q myl, 81 % (m

|(t2rS| I4§) ﬁygﬁgfﬁY"aa’%wP"%"g’Agw ﬁ,\i@/so’?iopanoyl ]-4-fluoropyrrolidine-2-carbon

"H NMR (de-DMSO) 400 MHz & 8.45-8.41 (s(br), 3H), 7.70 (m, 2H), 7.38-7.36 (m, 2H),

7.29-7.26 (m, 3H), 7.24-7.18 {m, 3H), 5.39 (d, TH, J=51 Hz), 4.89-4.85 (m, 2H), 4.38 (d,

TH, J=11.3 Hz), 3.98 (ddd, 1H, /= 38.8, 12.4 & 3.1 Hz), 3.39-3.33 (m, 1H), 2.30-2.18 (m,
10 2H) ppm.

(25,45)-1 —{(25)-2-Amino—3.3-bis(4—ﬂuorophenyl)propanoyl}-4—fluaropyrrolidine—2~

15 carbonitrile hydrochloride

A. 3,3-Bis[4-fluorophenyl}-3-hydroxypropanoic acid.

To an anhydrous THF (80 mL) solution of n-buty! lithium (46 mL of 2.5 M, 115 mimol) at
0 °C was added dropwise diisopropylamine {11.13 g, 115 mmol) and the solution stirred
for 10 minutes. Keeping the solution at 0 °C, acetic acid (2.64 g, 44 mmol) was added

20 dropwise and the mixture stirred for 10 min and it was then heated 50 °C. After 30 min




A (2S,4S)-1-[(2S)-2- Am no- 3, 3-di phenyl propanoyl ] - 4-f| UOI’OByI’I’OHdI ne- 2 carb
onitrile hydrochloride. To dry DMF (25 m-) was added 24 December, 2
(2S)-2-[(tert-butoxycarbonyl)am no]-3,3 15 di phenyl propanoic acid (1. 96 g,
6.0 mmol ), HATU (2.28 g, 6.0 nmol) and N, N- dil sopropyl et hyl am ne (1.05 ni,
6.0 mol ). After stirring at RT for 30 mn (2S, 4S)-4-
fluoro-2-pyrrolidinecarbonitrile 4-nethyl benzenesul fonate (1.31 g, 4.5

mol ) and additional N, N-diisopropylethylamne (0.783 nL, 4.5 mmmol) were
added. This sollution was allowed to sti*‘at RT for 12 hr and then

sat urated sodi um bi carbgonate (110 nil was 20 added. The m xture was
extracted with 293 Preginifata had Formed mbthw)ut'awa% ﬂ'@W@ﬁ tj’dfﬁi"cé soltias of 44~
Decenber, 2005 43 was hed vm}h sat urat ed _NaC dried over MgS™4
and concent rat efi LEereBﬂ?h?ﬂé’E% %69, 094 wolpindHi, 5a "Pﬁj“’“Fh@aS%‘{’qd@t%

chr omat ogr aphed %3I|IC&@9 hexanes/ Et OAc 4: 1&6 Er ovi de a so I d which
was stirred in ¥ WyFferT Figejed @hragmpemesimtire pvegnig IWBWF 199 mb) "H'F'Q":1Jt | | ovved by

R
2 1s%h. T Lo R AR a0 1
2 L2519 il oSy Wi b e e Shns b b B, %,
(m 14, 2 30- Id]tﬁ?t)(c%ld bg‘gas%:é% )"’&B Id Fﬁf&a”{B réfn veé*ace an@m%‘g“hzs) 2- Am no- 3

3- bi s(4-fl uorophenyl’) propancy uoropyrro I he- Car bonitrile
hydrochl ori de benzophenone. The solid was dried under high vacuum yielding 5.63 g (20.2 mmol, 46%

yield) of compound A as a white solid.
10 . 'H NMR (ds-DMSO) 400 MHz & 12.4 (s(br}, 1H), 7.48-7.38 (m, 4H), 7.18-7.02 (m, -4H),

5.91 (s(br), TH}, 3.25 (s, 2H) ppm.

B. 3,3-Bis(4-fluorophenyl)acrylic acid.
To a 20% solution of sulfuric acid in acetic acid (50 mL, V/V) was compound A (5.6 g,

15 20.2 mmol) and the mixture stirred for 30 minutes at RT. To this solution was added Hz:0
(500 mL} and the organics were extracted with ethyl acetate (3 X 150 mL) followed by
drying over MgSO0s. Filtration and removal of the solvent in vacuo yielded a white solid.
The solid was dried under high vacuum yielding 4.97g (19.1mmol, 95% vyield) of
compound B as a white solid.

20 'HNMR (CDCls) 400 MHz § 7.27-7.21 (m, 2H), 7.19-7.13 (m, 2H), 7.10-6.95 (m, 4H}, 6.26

{s, 1H) ppm.




A. 3, 3-Bi s(4-fluorophenyl)-3-hydroxypropanoi c acid. To_an anhydrous_ THE (80
m) solution of n-butyl lithium (46 nL of 2.5 M 115 M
added dropw se diisopropylamne (11.13 g, 115 mmol) and the solution
stirred for 10 mnutes. Keeping the solution at 0 C, acetic acid (2.64 g,
44 mmol ) was added 20 dropwi se and the m xture stirred for 10 mn and it
was then heated 50 C. After 30 m n 24 Decenber, 2005 44 a heavy
preci pitate had formed and the solution was allowed to cool. A solution of
4,4' - diflurobenzophenone (9.6 g, 0.044 m$l) in THE (50 n, anhydrous) was
added at 0 C, and the solution stirred at roomterrperature over ni ght .
Water (100 ni) Gadd-Eisl4flngrbpheryi)propar(old@idnl) were added and the aqueous | ayer
was separated and acidified with 1 M5 HO to pH 3. The organics were
extracted wit h TegkgitioreeficameoupdB 2.20.0.61mmol i dthheat tate/(25@imi)iwag adsipe 1 0% SO4.
Filtration and renpval of the solvent in vacuo yielded a crude white solid
that coul d be wa%idéen on earbos 0tk \ahdead hygragenatndent f etwnspherec ivdyogsn feri@
benzophenone. The solid was dried under h vacuumyielding 5.63 g (20.2
nmm , 46% i el aymdhehﬁﬁ@mﬁwwlwﬂavaaﬁlt@ef?‘shmwgu':ehmnd CP{"-‘RII\?Rt'{ddQYMO) 400
N+E 8 12.4 %s br), 7.48-7.39 4H), 7.19-7.02 (m 5.91 (s(br),
3.25 ( 'ZWOHBM V@OW@I'?IhBP&ms #r!ed@ﬂ@ﬁfshtshwqda@wvldir@ 253&9(:{9‘%"'8‘ 20%
soI ution of sulfuric acid in acetic acid (50 mL, V/IV) was conmpound A (5.6
g, 15 20.2 mof§ "afieidhateonmraredtasavellewath for 30 minutes at RT. To this
solution was added HzO nd the odgan cs were extracted with ethyl

ni)
acetate (3 X 1%”%)("#W§‘§MMH§/5 T2P8/brsg 1Y 'W@“Hlﬂﬁ'?%ﬁ"bﬁ Hahd r enoval

of the sol vent vacuo vield a white solid. The solid was dri ed under
hi gh vacuum yi étb H’Hg‘ 84 Qoé(ﬂgz"hfm?dll"zl Y% yi el d) of

10 D. [45,5R)-3-13,3-Bis(4-fluorophenyl)propanoyi]-4-methyl-5-phenyl-1,3-oxazolidin-2-
one.
To a THF (50 mL, anhydrous} containing compound C (2.0 g, 7.63 mmol) was added N,N_—
diisopropylethylamine (1.18 g, 9.16 mmol) and then the solution cooled to ~78 °C. To
this solution was added frimethylacetyl chloride (0.97 g, 8.01 mmo!) and the solution

15  warmed to 0 °C over 1 hour. The cloudy mixture was filtered and the filtrate added
slowly over 10 min to a solution of the [ithiated (4S,5R}-(-)-4-methyl-5-phenyl-2-
oxazolidinone at ~78 °C, which was prepared by the dropwise addition of n-butyl lithium
{3.0 mL of 2,5 M, 7.63 mmol) to a THF (50 mL) solution of (45,5R)-(-)-4-methyl-5-
phenyl-2-oxazolidinone {1.35 g, 7.63 mmol) at ~78 °C which had stirred for 10 minto

20  provide the lithiated (4S,5R}-(-)-4-methyl-5-phenyl-2-oxazolidinone. The yellow
mixture was warmed to 0 °C and quenched with Hz0 {50 mL) and extracted with diethyl
ether (3 X 250 mL) followed by drying over MgSQa. Filtration and removal of the solvent

in vacuo yielded a solid. Flash chromatography (silica gel, 20 % ethyl acetatef hexanes)



conmpound B as a white solid. 20 'H NMR (CDCl 3) 400 Mz .8 E 27-7.21 2H) ,
7.19-7.13 (m 2H), 7.10-6.95 (m 4H), 6.26 (s, 1 H pﬁ%—?ﬂ—é@éﬂ%@&e = 2005
45 C. 3, 3-Bi s(4-fluorophenyl)propanoic acid. To a solution of conpound B
(2.5 g, 9.61 mol) in ethyl acetate (250 nL) was added 10% pall adi um on
carbon (50% w/ vu) and hydrogenated at 1 atnosphere of hydrogen for 12
hours. The heterogeneous solution was filtered through celite and
concentrated in vacua 5 to provide a yellow oil. The oil was dried under

hi gh vacuumyielding 2.40 g (9.16 mml M yield) of conpound C as ;a
yel l ow oil. 1HNIVRé d)400M—|z 12.08 (brs, 1 H, 7.40-7.30 (m 4H),
7.15-7.05 (m 4Rroye d Gpmpgun (- The white sglid-was dmewef kighowseupm Yelding2.318 1 Hy)

10 D.
?22 5R) - 3- [ 3, 3- B8 (el 3% il ans s Sihnoy | ) - 4- et hyl - 5- phenyl 1, 3- oxazol i d

in-2- one. To a,[ anh drous) cont aj ni n conmpoun 0 7.63
nmmol ) was added I'}\M{:B cg‘%“&bb %‘?Mﬂ %1%5 ‘{'1‘@9'(”17 1% 2 ("!) 4%5%{54 §H dﬁc?gq hen t he
sol ution cool ed to -78'C, sol uti on was rimet h-él acet yl

chloride (0.97 §2 48“(11‘4#%0‘%58%5 Jﬁh%ﬁ%l-’*c?t%f%ﬂa'm}eﬁf%al*ﬂ@ﬁ@'( 8el= 1 hour.

The cl oudy n xt f|| er.ed and he filtrate added slowy over 10 mn
to a solutio ? \N?'fqpﬁ? /A Ry ) - 4- et hyl - 5- pheny! -
oxazolidinone at -78 C, which was prepared by the dropw se addition of
n-butyl lithium (3.0 nL of 225 M 7.63 mml) to a THE (50 nL) sol ution of

e R T
(45, 5R) - (-) - 4- nRLPothexd-CHbhyET 2%8E N0 gone.  The yellow
To a THF (50 mL, anhydrous) solution containing compound D (2.0 g, 4.75 mmol) :at -78
10 °C was added dropwise potassium bis{trimethylsilyl)amide {10.0 mL of 0.5 M toluene
solution, 4.98 mmol}, After stirring for 10 min 2,4,6-triisopropylbenzenesulfony! azide
(trisyl azide) (1.84 g, 5.94 mmol) in THF (10 mL, anhydrous) was added in one portion.
After 3 minutes acetic acid was added (1.31 g, 21.8 mmol} at 78 °C and then the
reaction quickly warmed to 30 °C and stirred for 1 hr at that temperature generating a
15 light'yellow solution. To this solution was added Hz20 (100 mL) and the organics were
extracted with ethy! acetate (500 ml). After washing with sat. NaHCO:{100 mi) and
drying over MgSOs the solvent was reomved in vacuo yielding a yellow oil. Column
chromatography (ethyl acetate/hexanes 1:9) provided compound E as a white soliid.
HPLC showed a single diastereoisomer. The white solid was dried under high vacuum
20 vyielding 1.71g (3.70 mmol, 78% yield) as a white solid.
'H NMR (CDCly) 400 MHz & 7.42-7.35 (m, H), 7.25-7.18 (m, H}, 7.10-7.06 (m, 2H), 7.05-

6.92 (m, 2H), 5.95 (d, 1H, J = 10.8 Hz), 5.05 (d, 1H, /= 7.1 Hz), 4.60 (d, 1H, J = 10.8 Hz),

4.38 (m, 1H), 0.95 (d, 3H, J = 6.8 Hz) ppm.




m xture was warned to 0 C and quenched with H20 (50 nL) n]g extract i th
diethyl ether (3 X 250 nL) followed by drying over MySOSF ' nd
renoval of the solvent in vacuo yielded a solid. Flash chromatography
(silica gel, 20 9 ethyl acetate/ hexanes) 24 Decenber, 2005 46 provided
compound D. The white solid was dried under high vacuumyielding 2.31g
(5.49 mol, 72%vyield) as a white solid. '"H NWR (d-DVsO 400 VHz 8
7.40-7.25 (m 9H), 7.18-7.02 (m 4H), 5.76 (d, 1 H . =7.6 Hz), 4.65 (m
1 H, 458 (t, 1 H J =17.6Hz), 3.72 (ddgy 1 H, J = 16.8, 7.0 Hz) 3.57 (dd,
7H J= 516.8, 7.0 Hz), 0.58 (d, 3H, J = 6.7 Hz) ppm E
(45, 5R) - 3- [ (25)F. Lespaimiod s nabdichyRicpliain) propanoyl]-4-nethyl -5-[(1
E, 3Z)-1- nethyl hexa-1, 3,5-trienyl]-1, 3-oxazolidin-2-one. To a THE (50 m}
anhydr ous) sol uld OMFHOM4a] 50 RIQ sEIORARQS R6inddubE 0.5G, 3.95 hmoNBPh )C vitls added 210 C
was added dropw se potassiumbis(trinmethylsilyl)amde (10.0 nL of 0.5 M
tol uene sol utiohitioftofARhiaMaYdroxid¥ (0.272 & 6148 FnfdY irf W8rodéh ferdXide (1.50 mL of
2,4,6-triisopropyl benzenesul fonyl azide (trisyl azide) (1.84 g, 5.94 muol)
in THE (10 m, 309630thio UK), 48VESm el Cle infixtGre rapaiFred s0. °C fAfitieand tigh nut es acetic
acid was added (1.31 g, 21.8 mmol) at -78 C and then the reaction quickly
warmed to 3G C quankhad with NaiS0.06.3 d, SDmLaif 1.0Mbdolitionpa:0) OheTHFave Fepdoivedjina 15
light yellow solution. To this solution was added HzO (100 nL) and the
organi cs were ‘emtorand thedolufidnacigifley ko pit & vith 6.0V and Y. ThADtgenicsvessti ng Wi t h
sat NaHCO3(100 nL) and drying over MyS04 the solvent was reonmved in vacuo
yi el di ng a yel |estaabed withGohybaetate 2 X@oatdhiobged b dtying lovea dySaL. Eilidivanets 1: 9)
provi ded conpound E as a white soliid. HPLC showed a single
di ast er eol sonerremdvakofwe splverd i vaduowdedadra oedr il @elumhicyometagaghy 20 yi el di ng
1.71g (3.70 mmol, 78%yield) as a white solid.

(EtOAc/hexanesfacetic acid 50:50:1) provided compound F as a white solid. The solid

10 was dried under high vacuum yielding 0.78 g {2.60 mmol, 80% yield) as a white solid.
'H NMR (CDCIz) 400 MHz & 9.60(s{br), 1H), 7.25-7.10 {m, 4H), 7.10-6.95 (m, 4H}, 4.50(d,

2H, J= 8.6 Hz} ppm. *

G. (25)-2-Amino-3,3-bis(4-fluorophenyl)propanoic acid.

15  Toan ethyl acetate (250 mL) solution of compound F (1.5 g, 4.95 mmol) was added 10%
palladium on carbon {10% w/w} and hydrogenated at 1 atmosphere of hydrogen for 12
fir. The heterogeneous solution was filtered through celite (1 g) and the filtrate
concentrated in vacuo to provide a clear oil. The oil was dried under high vacuum
yielding 1.30 g {4.70 mmo!, 95% yield) of compound G as a white solid.

20 'H NMR {de-DMSO} 400 MHz & 10.2(s{br), 1H), 7.38-7.27(m, 4H), 7.08-6.98 (m, 4H]), 4.25

(d, 1H, J= 83 Hz), 3.95 (d, 1H, J = 8.3 Hz) ppm.




"H NVR (CDCI3) 400 MHz S 7.42-7.35 (m H), 7.25-7.18. (m, H), 7.10-7.06 (m
2H), 7.05- 6.92 (m 2H), 5.95 (d, 1 H J- 10.8 Hz), 5.08%Xecember, 2005, 7
Hz), 4.60 (d, 1 H J= 10.18 Hz), 4.38 (m 1 H), 0.95 (d, 3H, J= 6.8 Hz)
ppm 24 Decenber, 2005 47 F. (2S)-2-Azido-3, 3-bis(4-fluorophenyl) propanoic
acid. To a THEfH20 (4:1, 50 m.) solution of conpound E (1.5 g, 3.25 mmol)
at 0 C was added a solution of l|ithium hydroxide (0.272 g, 6.49 mmol) in
hydr ogen peroxide (1.50 nL of 30%soln in HzO, 48.75 mmol). The m xture
was stirred at O Cfor 1 hr and then 5 qu&ched with Na2SO4 (6.3 g, 50 niL
of 1.0 Msolution in H20). The THE was renoved in vacuo and the solution
acidi fied to pHl.125hi2t{fte6-ButdviyddionilamBoles,3-bis-tuogepherodpragamete agikt r act ed with
ethyl acetate (2 X 200 nlL) followed by drying over MgSO4. Filtrat hon and
renmoval of the To@lGHeGit (1BqmiJzolutiondoetatied campdund G (080 g, 468 Immmt} vek pddedt ogr aphy
(Et OAc/ hexanes/ acetic acid 50:50:1) provided conpound F as a white solid.
The solid 10 wesettiviproie (Ve 24 gimol ansidirtery-betytidicagbada®d1.2p o, 8.68mmmiipl , 80t b
yield) as a white solid. "H NWR (CDCI 3) 400 MHz 8 9.60(s(br), 1H),
7.25-7.10 (m 4¥er stirringfos 1B Br Hzh (50w andiCH0: (BE0 milwére dddedard thizipludiom G
(2S) - 2- Am no- 3, 3- bi s(4-fl uorophen Iéﬂpropanoi c acid. 15 To an ethyl acetate
(250 nmlL) solut iasHifise torthp with -0 tlél-. pgratian ofiherethyl aceiets layerdellpwed v 0

pal I adi um on carbon (10%v w) and hydrogenated at 1 atnosphere of hydrogen
for 12 hr. ThériueeoMeikand regwyaef thesalygat inivaqua yielded weleaigih thepeflivas (1 g)
and the filtrate concentrated in vacuo to provide a clear oil. The oil was
dried under hi §Hed4RIGHRAN yacym visling 1889 -4 mmel9%taield dsompousd #1253 conpound
G as a white solid. 20 'H NWR (d6-DVSO 400 MHz 8 10.2(s(br), 1H),
7.38-7.27(m 4Mpitesoligg. 6. 98 (m 41H), 4.25

'H NMR (de-DMSO) 400 MHz & 12.4 (s(br), 1H}, 7.35-7.22 (m, 4H), 7.15-6.95 (m, 4H),
10  4.78(t 1H, /=89 Hz), 4.25(d, 1H, /= 8.9 Hz), 3.05 (m, 1H), 1.20 (s, 3H), 1.15 (s, 6H)

ppm.

I. (25,4S)-1-[(2S)-2-(tert-Butoxycarbonyl}amino-3,3-bis(4-fluorophenyl)propanoyl}-4-
fluoropyrrolidine-~2-carbonitrile.

15  To a DMF solution {25 mL, anhydrous) was compound H-(1.0 g, 2.65 mmol) and HATU
(1.0 g, 2.65 mmol). To this solution was added N,N-diisopropylethylamine (0.462 mL,
2.65 mmol} and after 30 min (28, 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-
methylbenzenesulfonate (0.619 g, 2.12 mmol) and additional N,N-diisopropylethylamine
(0.37 mL, 2.12 mmol) were added. This solution was allowed to stir at RT for 12 hr and

20  then saturated sodium bicarbonate {100 ml) was added. The resulting gummy mixture
was extracted with ethyl acetate (3 X 100 ml) and the organics were washed with
saturated NaCl (50 mL) followed by drying over MgSO.. Filtration and removal off the

solvent in vacuo yielded a clear oil. The oil was chromatographed on silica gel



(d, 1 H J =8.3 Hz), 3.95 (d, 1 H J = 8.3 Hz) ppm 24 Decenber, 2005 48
H. (2S)-2-[(tert-Butoxycarbonyf)ani no] -3, 3- bi s(4-f | uopREssIpEr 2003 ¢
acid. To a CHzClz (150 nlL) solution containing conpound 6 (1.30 g, 4.69
mmol) was added triethylamne (2.37 g, 23.4 mmol) and di-tert-butyl

di carbonate (1.23 g, 5.63 mml ). After stirring for 12 hr H20 (50 nL) and
CHad 2 (300 nL) were added and the soluition 5 acidified to pH3 with 1.0 M
HCl. Separation of the ethyl acetate |ayer followed by drying over MgSO4
and renoval of the solvent in vacuo yiel #d a clear oil. The old was dried
under high vacuun1y|eld|ng 1.68 g (4.4 mmol, 95%vyield) of conpound H as a
white solid. ' HhemResECRCBAEE) pradde AvhitegolioThe SQIEi(VtﬁS)i[lcdluﬂ)ier HighaBeunp2 (m
4H), 7.15-6.95 (m 4H), 10 4.78 (t, 1 H, J 8.9 Hz), 4.25 (d, 1 H J =
8.9 Hz), 3.05 (Wﬁldingwmglhzerm@l Gs%m)eldlgfcmp@md!mwhimwdl
(2S,4S)-1-[(2S)-2-(tert-Butoxycarbonyl)am no- 3, 3- bISS4 quorophenyI)propano
yl1-4- f1 uor opyHMMR ([CBCH) 4ﬂ%MﬂZ§ar3B€r$2|(mr2H]é 214751 5w, 2H) VR -»@;Qﬂ[mﬂl'ﬂ.rﬁ 16825 i,
anhydrous) was conmpound H(1.0 g, 2.65 mvol) and HHATU (1.0 g, 2.65 mmol).
To this solutidé 1\kla§ %d@bé%ld}ﬂkﬂlﬂ%iﬁ)ﬁb&ﬂ @t HyV artiladlzy 866214 = 8DHB5 mol )
and after 30 mn (2S, 4S)-4-fluoro-2-pyrrolidinecarbonitrile 4

met hy| benzerfes #40dhaHe/  O1. 34, 3B3 (ddd) 2. HrFBP, iiel3- Al 39%lalH. J = 12.2 Hz)

N, N- di i sopropyl eth | am ne 1-5;? 37 mL, 2.12 mmol) were added. This solution
was al | owed to 262k 1At/ =B.3Hz. 225 (T HAA@8 (28 phen sat ur at ed sodi um

bi carbonate (100 nL) was added. The resulting gumy m xture was extracted
with ethyl acetate (3 X 100 m.) and the organi cs were washed with

saturated NaCl (50 nmi) followed by dr%/ over MgSH. Filtration and
removal of t heJ-(2549)-1- [[25) 2—Ammu 3.3- b;s(4- uorophenyl}propanoyl] 4-fluoropyrrolidine-2-

carbonifrile hydrochloride.

10 To compound | (0.5 g, 1.05 mmol) was added 4.0 N HCl in 1,4-dioxane {10 mL, 40 mmol)
and after 3 hr diethy! ether {100 mL) was added. The resulting precipitate was collected
by filtration and after drying under high vacuum 0.41g (1.0mmol, 95% yield) of
compound A was obtained as a white solid.

"H NMR (de-DMSO0) 400 MHz 5 8.42 (s(br), 3H), 7.72-7.66 (m, 2H), 7.38-7.32 (m, 2H},

15 7.25-7.19 (m, 2H), 7.06-7.0 (m, 2H), 5.38 (d, 1H, /=51 Hz), 4.91 (d, 2H, /= 8.8 Hz), 4.82

(d, 1H, J= 11.3 Hz), 441 (d, TH, J= 11.3 Hz), 3.86 (ddd, 1H, J= 39.2, 12.4, 3.1 Hz}, 3.45

(9, TH, J = 12.4 Hz), 2.38-2.20 (m, 2H) ppm.

Example 3
F

Do

20 F



solvent in vacuo yielded a clear oil. The oil was chronatograpEed OE ailica
gel 24 Decenber, 2005 49 (hexanes/EtOAc 4:1) to provi . The
solid was dried under high vacuum yielding 815 ng (1.72 mmol, 65% yield)

of conmpound | as a white solid. "H NWR (CDC13) 400 Mz 8 7.38-7.32 (m 2H),
7.21-7.15 (m 2H), 7.12-6.98(m 4H), 5.15 (d, 1 H, J= 51 Hz), 5.03 (d, 1

H J =89 Hz, 489 (d, 1 H J=11.2 H), 4.86 (d, 1 H J =8.9 H), 5
4.40 (d, 1 H J =11.2 Hz), 3.83 (ddd, i H J = 36.8, 12.1, 3.7 Hz), 3.05
(d, 1 H J=12..2 Hz), 2.62 (t, 1H, J=$015.3 Hz), 2.25 (m 1 H), 1.38 (s,
9 ppm J.

H)

(2S, 4S) - 1- [ ( 2258 -AAT25B 2-F\nBads b-44-Audrbphanglph@dinel hytpeitanvgld4l flubrd-Ryor opyrrol i di
ne-2- carbonitrile hydrochloride. 10 To conpound 1 (0.5 g, 1.05 mml) was
added 4.0 N H@yrolidinteatbaditdle dpdrochlofidei , 40 nmol ) and after 3 hr diethyl
ether (100 nL) was added. The resulting precipitate was collected by
filtration and. aft4efluatoghend-2Lrdimethyibgtensiacuum 0. 41g (1. 0mmol, 95%vyi el d) of
conpound A was obtained as a white solid. "H NVR (ds- DVSO) 400 MHz 8 8. 42
(s(br) 3H), 7o7flask comtaifing ﬁ%ﬂuompmlmszdlmﬂwimnemirﬂe (pee2 Grgyletiy 2008, 2H)

7.06-7.0 (m 2H), 538§d,IH in 51 Hz), 4.91 2H, J=8.8 Hz) 4.82
(d, 1 H J5 12 ¥8piAnoche] 1et@b|for prepgration ofihlscwpundhtl%g(@édnmqﬂ m309= 39. 2,
12.4, 3.1 HzD, 3.45 (g, 1 H J =12.4 Hz), 2.38-2.20 (m 198 Exanpl e
3 20 24 Decenﬁ'é,oftoémgccgﬂpd to ~78 °C was added 70.2 mLofaiBMto!uenesolutlono IBAL
2S,4S5)-1-[(2S 0-5- (4-fl uorophen 3,3-di net hy| pentanoy] ] - 4-f1 uor o-
( ) - 1-1( ?053 mmo[] After2(5 hr a H:0/TH (250r¥1LI%0 m) solution coném?ngimgg I-

sodium acetate and 17.9 mL of acetic acid was gradually added. Upon complete addition
celite and Et20 were added and the flask was allowed to warm to RT. After stirrimg for

10 1hr the heterogeneous solution was filtered through a bed of celite. The celite was
rinsed with Et:0 and then the filtrate was washed with H20. After drying over MgSO0s the
solvent was removed in vacuo and the residual oif was purified via column
chromatography {5% EtOAcfhexanes) yielding 11.3 g (58.2 mmol, 83% yield) of
compound A.

15  'H NMR (CDCls) 400 MHz § 9.47 (s, 1H), 7.12 - 7.10 {m, 2H), 7.09 - 6.93 (m, 2H), 2.51 -

2.47 (m, 2H), 1.77 - 1.72 {m, 2H), 1.12 (s, 6H) ppm.

B. 5-(4~Fluorophenyli)-3,3-dimethyl-2-({{1R)-1-phenyl-2-[(trimethylsilyl)oxylethyl }
amino)pentanenitrile

20  Toa CH:Ch solution (250 mi) containing compound A (9.07 g, 46.8 mmol} was added
{R)-phenylglycinol (6.41 g, 46.8 mmol) at RT. The resulting solution stirred for 1.5 hr at
which time it was cooled to 0 °C and trimethylsilyl cyanide (9.28 g, 93.5 mmol) was
added. The yellow solution was slowly allowed to warm to RT overnight. It was then

quenched with sat. NaHSO4 and the organic layer separated. The organics were washed



pyrrolidinecarbonitrile hydrochloride A
4- (4- Fuor ophenyl ) -2, 2-di met hyl butanai To a fl ask cont akdiBgcember, 2005

4- (4-f 1 uorophenyl )-2, 2-di met hyl butanenitrile (see: Og. Lett. 2000, 5 2,
3285; Knoche], P. et al. for preparation of this conpound) (13.4 g, 70.2
mmol) in 300 nlL of toluene cooled to -78 C was added 70.2 nL of a 1.5 M
tol uene solution of DIBAL (105.3 mmol). After 2.5 hr a H20/ THF (250 nml/50
m) solution containing 17.9 g of sodium acetate and 17.9 nL of acetic
acid was gradual |y added. Upon conplete adlition celite and Et20 were

s allowed to warmto RT. After stirring for 10 1 hr

added and t he flaﬁ

t he het er ogeneotfdt é"&ﬁm@'ﬁdéwg%)safﬁdﬁﬁo&"@@ withrchargepl. Aftgefitesing thspyoh sclitathe celite
was rinsed with and then the filtrate was washed with H2O After
drying over MyS¥d f"ﬁ’ wag pyrifiedhvia selump ghrprateoranpby hexanss/BRAc (9:8) yieldinalia 9 oi |
was purified vi oI um chr ogr phé/ (5Mu, Et OAc/ hexanes) vyi el di ng 11.3 g
(58.2 nmmol, 83S 689’”' @%SQIERP iﬂaﬁlwm{ﬁ@(mﬁwﬂaoo |sz 8 9.47 (s,
1 7.12 - 7.1 09 - 1.77 -
1H)72 (m 2H), 9@% ﬁ"éS*eH%ﬂnj" HrNMPéCDﬁ'ﬂﬂgﬂmﬁa%N%%héﬂ?w 5@3%%@?@4%-(((1
R) - 1- phenyl - tr| rre thyl} am no)pentanenitrile 20 To a
CH2Cl 2 sol ut ?32569 bﬁﬁa %Jc@ﬁﬁmmﬁeéndw@524151%Jmiﬁ>}2)szas

dded  (R)- phe I (6, 41 't | uti
saced (9 Preryl v r-‘f%nwmt.z AP EmoRHD HHOS SH R By oi 1y

cyani de (9. 28 U9 added. The yell ow solution was slowy
allowed to vvar 'f] 03&? ggﬁ?@'ﬂ ght. It was then quenched with sat NaHS04 and

the organic | ayer separated. The organi cs were washed 24 Decenber, 2005 51

C. 5-{4-Fluorophenyl)-2-{[(1R)-2-hydroxy-1-phenylethyllamino}-3,3-
10 dimemylpentane‘nitriie.
To a MeOH solution (300 mL) containing compound B (11.85 g, 28.8 mmol} was added
potassium fluoride {16.7 g, 287.6 mmol) at RT. The solution stirred for 1.5 hr at which
time the bulk of the MeOH was removed in vacuo. CH:Cl2 and H:0 were added and the
organic layer separated. After drying over MgSQO4 the solvent was removed in vacuo and
15  the resulting oil purified via column chromatography (hexane;lEtOAc (4:1)) yielding 8.86
g (26.1 mmol, 90% yield) of compound C as a 6:1 mixture of diastereomers.
Major diastereomer: "H NMR (CDCl3) 400 MHz & 7.38 - 7.30 (m, 5H), 7.10 - 7.06 (im, 2H),
6.97 - 6.92 (m, 2H}, 4.06 (dd, 1H, J = 9.5, 4.0 Hz), 3.79 (m, 1H), 3.58 (m, 1H), 3.07 (d, 1H, J
=12.5 Hz), 2.43 - 2.30 (m, 3H), 1.95 (dd, 1H, J = 7.8, 4.1 Hz}, 1.74 - 1.64 (m, 2H), 1.11 (5,

20 3H), 1.09 (s, 3H) ppm.

D. 5-(4—FIuorophenyl]-3.3—_dimethyl-z-[{(E]-phenylmethylidene]amino} pentaneniitrile,
To a CH:Clz (10 mL)/MeOH (4 mL) solution containing compound C (494 mg, 1.45 mmol)

cooled to O °C was added lead tetraacetate (838 mg, 1.89 mmol). The resulting solution



with H2O dried (MJSX) and decolorized with charcoal. After filterin
through eelite the vyellow oil was purified via col unr%%&ﬁlbsgl-aﬂﬁg
(hexanes/ EtOQAc (9:1)) yielding 11.9 g (28.9 mmol, 62%yield) of conpound B
as 6:1 mxture of diastereoners. Major diastereoner:'H NVR (CDCl 3) 400 MHz
8 7.38 - 7.29 (m 5H), 7.11 - 7.07 (m 2H), 5 6.98 - 6.93 (m 2H), 4.03
(dd, 1 H J =9.95 3.8 Hz), 3.68 (m 1 H), 3.52 (t, 11-1. J= 10.2 Hz),
3.06 (d, 1H, J = 13.4 Hz), 2.44 - 2.34 (m 3H), 1.73 - 1.65 (m 2H), 1.11
(s, 3H, 1.09 (s, 3H), 0.14 (s, 9H) ppm SL. 5-(4-Fl uorophenyl)-2-{[(1

R) - 2- hydr oxy- | - phenyl et hyl ] am no} -3, 3- 10 di net hyl pentanenitrile. To a MeOH
sol ution (300 nttired overeighti abgrhichtipoitiad Barfribd tB&ntignt Beperatamn 19 thisselutiotled
potassium fluoride (16.7 g, 287.6 mmol) at RT. The solution stirred for 1.5
hr at which tives adbed 20mikofafpht7fephivspBivte hatferr Afitap 3@ thini the vlawdysolulp@s? and H20
were added and the organic |ayer separated. After drying over MgSO4 t he
sol vent was renfiiesell througiae beskof atlide with theeelitebaingt rinsesl thdrbughin with @HChTee col umm
chronat ogr aphy (hexanes/ Et OAc (4. 1% yieldiing 8.86 g (26.1 mml, 90%

yi el d) of conpoliffiaiethad t:Qadgded torif aod direcorammicdivaswasserarateds Thegpyegps layer was

di astereoner:'H NVR (CDClI 3) 400 Mz 8 7.38 - 7.30 (m 5H), 7.10 - 7.06 (im
2H), 6.97 -5 6. ofragt ngszCha@:Bth(:ru@ec¢mb4pedyrgangIayerswe@ ngq(MgchA)gTh(:m 1 H,
3.58 (m 1 H, 3,07 (d, 1 H J =125 Hz), 2.43 - 2.30 (m 3H, 1.95 (dd,
1 H J= 7.8, 4 piveptywas femayed in yacgg apdthe 21L|yunﬁ$d yia cqlymn chypmadpgraphy’ 09 (s, 3H)
ppm D 5-(4-F or o

-3, 3-di met hyl - f’?ﬂ%?ﬁ%‘ﬁ‘e(ﬂﬁ)M’E‘F'HqP?%@%&%rﬂ%}%@%%@fmmﬂww@ To a CHZCI 2
(10 m)/MeOH (4 ni) sol ution containing co ound C :ED A}F

cooled to 0 C wad¥ @BEI'“M“@QNW@@@Q&&(@H&@“{ g“ p§ Hz Fré“‘

resul ting sol ut | on 24 Decenber 5 52
43 (m, 3H), 7. 17 -7.13 fm 3H] 699 6.94 (m, 2H), 448 (s, 1H), 2.68 ~ 2.64 (m, 2H]},

10 1.81-1.74{m, 2H), 1.19 (5, 3H), 1.15 (5, 3H} ppm.

E. 5-(4-Fluorophenyl)-3,3-dimethylnorvailine hydrochloride.
To a flask containing compound D (268 mg, 0.87 mmol) was added 7 mL of concentrated
HCI. The solution was heated to reflux for 18 hr at which time it was cooled and

15  extracted with Et:0. The aqueous layer had the solvent removed in vacuo and the
residual oily solid was dissolved in £:0/MeOH and was decolorized with charcoall. After
filtration and removal of the solvent in vacuo the residue was triterated with Et20 and
the solvent removed in vacuo yielding 180 ing (0.65 mmol, 75% yield) of compound E as
an ofly solid which was taken on crude.

20  'H NMR (d+-MeOH) 400 MHz § 7.25 - 7.20 (m, 2H), 7.01 - 6.95 (m, 2H), 4.45 (s(or), 1H),

2.67 - 2.63 {m, 2H), 1.76 - 1.72 (m, 2H), 1.22 - 1.13 (m, 8H).

F. N. Tert-butoxycarbonyl)-5-(4-fluorophenyl)-3,3-dimethylnorvaline.



stirred overnight at which tinme it had warmed to anbi gaé te ergwgg. To
this solution was added 20 nL of a pH 7.2 phosphat Py - 0 mn
the cloudy solution was filtered through a bed of celite with the celite
being rinsed thoroughly with CH202. The filtrate had H20 added to it and
the organic | ayer was separated. The aqueous |ayer was 5 extracted with
CH2ClI 2 and then the conbined organic |ayers were dried (MgSO4). The

sol vent was renoved in vacuo and the oil_purified via colum chromatography
(hexanes/EtOAc (9:1)) yielding 270 ng (63.88 mmol, 60Th yield) of conpound

D "HNMR | 400 8 850 (d, 1 H, - 1.4 H), 7,81 - 7.8 d, 2H,
)= 6.6 Hp) . P oAbenssoian (S mdgpntaiing sompound SUBR ML ol LGS () opy

L Lt ol b gl 51
bl o el ey H 896 SO 00 SRR BT 1
3, LS b s AR BB R R S0l
g sooLved o ERgE SRy 18Ry RER-HAS e G B PR L0
L T T I e M R TR
(84803 400,05 89 oy S - BP0, S il o, 220,
Tons 241Xy B SRR RBET o i o SRS B o A g o5 o
mol) was add@qu)?: '151 (s, 3H) ppm.
10
G. Tert-butyl (15)-1-{[(25,45)-2-cyano-4-fluoropyrrolidinyi]carbonyl}-4-(4-
fluorophenyl}-2,2-dimethylbutylcarbamate.
To a DMF solution (4 mt) confaining compound F (172 mg, 0.51 mmol) was added
diisopropylethyl amine (98 mg, 0.76 mmol) followed by HATU (213 mg, 0.56 mmol] at RT.
15  After 15 min (25,45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesuifonate {153
- mg, 0.53 mmol) and diisopropylethyl amine {68 mg, 0.53 mmol) in 2 mL of DMF was
added. The reaction stirred overnight at which time it was poured into EtOAc. The
organics were washed with H20 (2X), sat. NaHCQs and sat. NaHSOs. After drying aver
MgS0. the solvent was removed in vacuo and the residual yellow oil purified via column
20 chromatography (2% MeOH/CH:Cl:) yielding 147 mg of compound G which underwent
further purification via semi-prep HPLC yielding 80 mg of compound G.

'"H NMR (CDCls} 400 MHz & 7.15 - 7.12 (m, 2H), 696 ~ 6.92 (m, 2H), 5.40 (d(br), 1H, J =

520Hz), 5.18 (d, 1H, J= 9.7 Hz), 5.04 {d, 1H, J= 9.3 Hz), 431 (d, 1H,J = 99 Hz), 4.11 (s,



m. of a 2 M NaCH solution at RT. The resulting solution en had

di-t-butyl di carl bonate (284 ny, 1.34 mmol) added to it2N& 5

overnight the solution was acidified with 1.0 MHC. The organics were
extracted with EtOAc (2)Q dried (MgSO4) and the solvent 5 renoved in
vacuo. The residual oil was purified via colum chronma-tography (Swva

McOH CH2CI 2) yielding 76 ng (0.22 mml, 344b yield) of conpound F. 1H NM R
(d4-MeOH) 400 Mz S 7.18 - 7.15 (m 2H), 6.96 - 6.92 (m 2H), 6.62 (d,

1111, J = 9.3 Hz), 4.18 (d, 1 H J = 9.5%%%), 2.65 - 2.58 (m 2H), 1.62 -
153(m 2H), 1.44 91 1.05 is, 3H), 1.01 (s, 3H ppm 10

G Tert-butyl (1S) wa nzsﬂﬂ%?u 2%9%61*112{3%%5}39&%ol’-ﬁﬁfﬂiﬁﬁﬁﬁééﬂ G 11 (4-

f1 uorophenyl) -2, Z}ﬂ |neth b utylca rba mate. To a DMF solution (4 nm)
cont ai ni ng’ comp& 9(&'? PrPﬂl- 0.51 mmol) was added diisopropyl ethyl anine
(98 ng, 0.76 mol) followed by HATU (213 ng, 0.56 mmol) at RT. 15 After 15
mn (2S, 4S)-4-fl uoro-2-pyrrolidinecar boni trile 4-nethyl benzenesul fonate

(30,252 b B SRR OB 0L o ) 1,2 ™

poured into Et OAc S I washed with H20 (2X), sat. NaHCCB and
sat. NaHSO4. EAf P‘é’FOI'E’WiaWQ"‘ *FV% %@%{’& the sol vent was renoved in vacuo and

NeoH G0 2) 31 89 GGk ouRn s ol Cerilod Rervsiad € Ronoh BED we h&%ﬁ%m
oo 05w S Taof 0 5 e 8 B8 bR i)
451 (a, 1H oedingTan oy Uogt sndiors Blaf Shpee Shshiagieroved invatas’ ")

and the residue dissolved in EtOAc. The organics were washed with sat. NaHCOs, «dried

10 (MgS0s) and the solvent removed in vacuo. The residual oil had 1.5 mL of dioxane added
to it followed by 2.0 mL of a 4.0 M dioxane solution of HCI. The solvent was removed in
vacuo and Et:0 added. The precipitated solid was collected via vacuum filtration yielding
40 mg (0.11 mmol, 60% vyield) of compound H.

"H NMR (d¢-MeOH) 400 MHz & 7.25 - 7.22 (m, 2H), 7.00 - 6.95 (m, 2H), 5.46 (d(b), 1H, J

15 =51.1Hz),5.09 (d, 1H, J = 9.4 Hz), 4.12 (m, 1H), 403 (s, 1H), 3.90 (ddd, 1H, /= 37.6,

12.7, 3.0 Hz), 2.68 - 2.44 {m, 4H), 1.78 ~ 1.73 (m, 2H), 1.21 (5, 6H) ppm.

Exampie 4
F

H,

4 118

20  (25.4R)-1-[{25)-2-Amino-4-{4-fluorophenyl)-3,3-dimethylbutanoyl]-4-

fluoropyrtrolidine-2-carbonitrile hydrochloride




1H, 403(m 1 H, 2.70 - 2.52 (m 3H), 2.33 (m 1 H 64 - 1.60 (m
2H), 1.41 (s, 91H), 1.11 (s, 3H), 1.09 (s, 3H ppm H?4De~=ember 200
(2S,45)-1-[(2S) - 2- Ami no-5- (4-fl uorophenyl) -3, 3-di net hyl pent anoyl ]-4-fl uorin
-2- 5 pyrrolidinecarbonitrile hydrochloride. To a CH2CI 2solution (4 ml)

cont ai ni ng conpound G (80 ng, 0.18 mvl) was added 71 L of TFA (5 eq).
After 30 mn another 5 eq of TFA was added followed by an additional 10 eq
after an hour. Upon stirring for a total of 3.5 hr the solvent was renoved
in vacuo and the resi due di ssolved in Et G&. The organi cs were washed with
sat. NaHCCOB, dried 10 NgSOflé and the sol vent renoved in vacuo. The
residual oil had"3-(Fyproghenyi)-gedimethyiereppnenisili. t fol | owed by 2.0 nL of a 4.0
M di oxane solution of HCI. The solvent was renoved in vacuo and EtzO
added. The preci B?tt%{t'@a salBlion( 608 copfpinisa fsebrtypaitrieiE 0723 mmelesalss (9 0el di ng
40 mg (0.11 nmol é/leld) of conmpound H 'H NVR (d4-Me 400 Mz 8 7.25
S 7.22 (m 2H), 9“’6%)” '(?ﬁaww“@naao"(t&mfww HEOJnmi fterd)6 min 1) |
5.09 (d, 1 H J - (s, 1H), 3. (ddd, 1 H, J-
37.6, 12.7, 3. d’ﬂlﬁ’j‘ie%@m'd‘zg ﬂgg(ﬁﬁﬁ rafps) Waf: a%‘fd Th sofufl ﬁ{owymjarm'id ¥ (s,

6H) ppm EX&gD' . .

(2S4R) - 1-[ (29) - if-"ﬂﬁi’trfﬁ'!‘a@"ﬁt&!‘ﬂr‘r"ﬁf(?fgéiwéﬂ‘?jﬁh)“msst WAS HRENGYSditnikG, iy organics

fl | i di ne-2- nitrile h hl 0]

3- (4 Fl ubr L‘Sh'en%% SR AROT B fshen et 1sOraRg FOGeRERBIRIET on (60
mL I . , . . | ed 0 C dded
152 i of a 05 MAEMIAEC B et e e ol iBed Vo st 115
4-11 uorobenzylb [:P%%g%grg&hy (?%Eterﬁexgnegi%h}ing}"?o?os%dtgﬁg inmo['gst‘i VIEHS oip n showy

warned to

compound A.
10 "H NMR (CDCl3) 400 MHz § 7.25 - 7.22 {m, 2H), 7.05 - 7.00 (m, 2H), 2.78 {s, 2H), 1.34 (s,

6H} ppm.

B. 3-(4-Fluorophenyl)-2,2-dimethylpropanol.

To a toluene solution {100 mL) containing compound A {10.0 g, 56.5 mmal) cooled to -
15 78 °C was added 56.5 mL of a 1.5 M toluene solution of DIBAL (84.7 mmol). After 2.5 hr

a H20{THF solution (160 mL{40 ml) containing sodium acetate (14.3 g) and acetic acid

(14.3 mt) was added followed by celite. The solution stirred for 1 hr and then Et=0 was

added. The solution was filtered through celite with the celite being rinsed thoroughly

with Etz:0. The filtrate was washed with H20 (2X] and then with sat. NaHCOs. After drying
20 over MgS0: the solvent was removed in vacue and the residual oil purified via column

chromatography (5%EtOAc/hexanes) yielding 9.23 g (51.3 mmol, 91% yield) of

compound B.

'H NMR (CDCls) 400 MHz & 9.56 (s, 1H), 7.06 - 7.03 (m, 2H), 6.97 - 6.93 {m, 2H), :2.75 (s,

2H), 1.04 (s, 6H) ppm.



5 anbi ent tenperature overnight at which tine it was ggfnched mnta Hgo. The
organics were extracted with Et OAc and washed with s

drying over MBSC4 the solvent was renoved in vacuo and the residual yellow
oil purified via colum chromat ography (5%t OAc/ hexanes) yielding 10.05 g
(56.8 mol, 79%vyield) of conpound A. 10 'H NMR (CDCI 3) 400 MHz 8 7.25 -
7.22 (m 2H), 7.05 - 7.00 (m 2H), 2.78 (s, 2H),'134 (s, ©6H ppm B.

3- (4- Fl uor ophenyl) -2, 2-di net hyl propanol. To a toluene solution (100 mi)
cont ai ni ng conpound A (10.0 g, 56.5 mmol }S6cooled to - 15 78 C was added
56.5 nL of a 1.5 Mtoluene solution of DIBAL (84.7 mmol ). After 2.5 hr a
H20/ THF solution (160 m./40 nlL) containing sodiumacetate (14.3 g) and
acetic acid (14.3 nlL) was added followed by celite. The solution stirred
for 1 hr and t kehrAminoo-{faRuoremheryl)-3.Fdimetolbutananitritas filtered through celite
with the celite being rinsed thoroughly wth Et20. The filtrate was washed
with H20 (2X) %a%ﬂ&wlwww%@u cpREpITag comyonrst B 50,0, A58 minowes addg$a4 t he

sol vent was renpved in vacuo and the residual oil purified via columm

chr onat ogr aphy " S6APNH40HE: patasim W@Mﬁg 2322@11@1 Qrslﬂfwsnlrﬁﬁbfho Tots yi el d) of
compound B. _' H NVR (CDC13) 400 MHz S 9.5 Fq 06 - 7,03 (m 2H),
6.97 - 6.935(njolutiap wasadd HT@O"IU'QW'OHC’E lbﬁ&qg%m) )ﬁbﬁT Thegeplting splEtion 2005 56
C. - 2- Ami no- 4 (4- Fl,.uor aphen | butanen itri le. To a McCH

sol ution (32 ntijred GHYY M.aﬁéhﬁbﬁwsmsw te?@“: éfﬁeraﬁfrhm-';o'uxmwaaded 3.8 nL

0,
,? ];li go % NFIOH, gooﬁ %Sj llutlég| WItx %tdAc ané then washec% \?nth2 Hz0 {2)(} folﬁ)wed by5' sartT.LNa?IIL‘OaI._QO To

After drying over MgSOs the solvent was removed in vacuo and the remaining yellow oil
- purified via column chromatography (hexanes/EtOAc (1:1)} yielding 3.69 g (17.9 mmol,
10 64% yield) of compound C.
'H NMR (CDCls) 400 MHz 8 7.17 - 7.13 (m, 2H), 7.00 - 6.95 (m, 2H), 3.33 (t, 1H, /=85
Hz), 2.80 (d, 1H, J= 13.4 Hz), 2.61 (d, 1H, /= 13.4 Hz), 1.58 - 1.57 (m, 2H), 1.03 (s, 3H),

1.02 (s, 3H) ppm.

15 D. 2-Amino-4-(4-Fuorophenyl)-3,3-dimethylbutanoic acid.
To a flask containing compound C {3.69 g, 17.9 mmol) was added 80 mL of concentrated
HC1. The solution was then heated to reflux for 24 hr. The heterogeneous solution was
then coofed in an ice bath and the white solid collected via vacuum filtration. After
pumping on under high vacuum 4.06 g of a white powder was obtained. This material

20  was taken on crude.

E. 2-[(Tert-butoxycarbonyl)amino]-4-(4-fluorophenyl)-3,3-dimethylbutanoic acid.
To a dioxane solution {20 mL) containing compound D (2.0 g, 7.66 mmol) was added 5

mi of Hz0 and 9.6 mL of a 2.0 M aqueous solution of NaOH. To this solution was added



5 solution was added ammoni um chloride (1.64 9, 30.6 mmlﬁ at RT. The
resulting solution stirred overnight at which tine it C.
After 5 hr the solution was cooled, diluted with Et OAc and then washed
with H20 (2X) followed by sat NaHCO . After drying over MgSH the sol vent
was renoved in vacuo and the remaining yellow oil purified via colum
chromat ogr aphy (hexanes/EtOAc (1:1)) yielding 3.69 g (17.9 nmmol, 10 64%
yield) of conmpound C. "H NWR (CDCls) 400 WHz 8 7.17 - 7.13 (m 2H), 7.00 -
6.95 (m 2H), 3.33 (t, 1H 3= 85 Hz) , 25780(d | H J= 13.4 Hz), 2.61 (d,
1H, J= 13.4 Hz) 158-15% H), 1.03 1.02 is, 3H ppm 15 D.
2- Ani no- 4- (4- FI%T%‘BHSWP?”H?F[ 3ﬁ9-ﬁ@?quﬂwfca é\ﬂ@fﬁkﬂir@ overwiglt the ask cont ai ni ng
compound C (3.69 g, 17.9 mmol) was added 80 nlL of concentrated HC. The
sol ution was tH@FF“WéH‘E%'EISOL"B'OF &P RpKrep d7to 5ot NRHCOTING waehed wBh EHBJDe EBBI ut i on
was then cool eid in an ice bath and the white solid collected via vacuum
filtration. Aftf" WiRHAsTdg EratNefi0: pndghen the aeml?'md@suegu:dweas Wi addifihhder

was obt ai ned. Th S, nﬁ1 ria 20 was taken on cru

2-[ (Tert - but oxyY¥¥r b ;}1% %Tct%? V('ﬁtﬁt@%fd?@pwéqﬁymns@vw&sﬂeﬁhﬁw\myﬁ%u c

acid. To a di oxane Iutlon ma contai ni.n R})ound D 2 0g. 7.66
nmmol ) was a ded':rgm'e C’I-\Tdé' 942 B mgpl. 37 ‘/@’d éﬂ'ﬂ%’ﬂg sol uti on of

NaOH. To thi dded 24 Decenb 2005 57 di-t-butyl
di car bo(rjlat eI ?2%5% (gﬁwm@%ﬁﬁ%we"z a¢- ZRT7C1§J('P§:'“ gtoprrﬁrf’ﬁémé\'i’léﬁﬁ?‘ @hlﬁ-t-’tfe

nto sat and washed with EtzO

het er ogeneous sol Qn was pour

The Et go I;ye?’ qﬂﬁghﬁ%éﬂ 1 ﬁ}zgaﬁﬁs (MﬁI@‘%ﬁﬁz)-tWﬁd e Tbhbigeld*taqueous

I d d h f
d;ag;le:]; 2/\e/rere acg&f%@eog%wﬁiﬁpjg&gs%g%. and extracted with EtOAc (2X). After

10 F Tert-butyl (15)-1-{[(25,45)-2-cyano-4~fiuoropyrrolidin-1-yl]carbonyl }-3-(4-
fluorophenyl)-2,2-dimethylpropylcarbamate.
To a DMF solution {20 ml) containing compound £ {928 mg, 2.86 mmol) was added
diisopropylethylamine (406 mg, 3.14 mmol) followed by HATU (1.14 g, 3.60 mmol) at RT.
After 30 min (25,45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (857

15 mg, 3.00 mmol} and diisopropylethylamine (388 mg, 3.00 mmol) in 13 mL DMF was
added. After stirring overnight the solution was poured info EtOAc and washed with H:0
(2X), sat. NaHCOs and 1.0 M HCI. After drying over MgSOs the solvent was remowed in
vacuo. The residual oil was purified via column chromatography (hexanes{EtOAC/CH:Cl.
(5:4:1)) yielding 273 mg (0.65 mmol, low Rematerial) of the (S)-diastereromer as

20  determined by vibrational circular dichroism and 226 mg of a mixture of the (R)-
diastereomer plus an unknown impurity. The (S)-diastereomer was taken on.
"H NMR (CDCI3) 400 MHz 8 7.15 - 7.11 {m, 2H), 7.01 - 6.96 (m, 2H), 5.32 (dt, 1H, J =

51.3,3.3 Hz), 5.20 {d, 1H, /= 9.7 Hz), 5,01 (d, 1H, J= 9.3 Hz}, 4.16 (d, 1H, J= 10.1 Hz),




5 renmoved in vacuo yielding 928 ng (2.86 mml, 37%yi ))of onpgy E. '"H
NVR (d4- MeOH) 400 MHz 8 7.21 - 7.18 (m 2H), 7.00 - 6. . (d, 1
H J= 9.0 Hz), 3.98 (d, IH J=9.0 Hz), 2.68 (d, 1 H J - 13.4 Hz), 2.62
(d, 1 H J=13.3 Hz), 1.45 (s(br), 9H), 0.93 (s, 3H), 0.92 (s, 3H ppm 10
F. Tert-butyl (15)-1-{[(2S, 4S)-2-cyano-4-fluoropyrrolidin-I-yl]carbonyl}-3-(4
- fluorophenyl)-2, 2-di net hyl propyl carbamate. To a DVMF solution (20 nl)

cont ai ni ng conpound E (928 ng, 2.86 nmol) was addl ed diisopropylethylam ne
(406 ny, 3.14 mol) followed by HATU (1.%% g, 3.00 mml|) at RT. After 30
mn (2S,4S)-4-fluoro-2-pyrrolidinecarbonitrile 4-nethyl benzenesul fonate
(857 15 ny, 3.@é”mdﬁ}3é‘§édwiﬂ.s’o=p%3&p1ﬂ-'éizwi7am2ﬁé(f('-é’ér%2&3,me‘.%d-"ﬁﬂbl) in 13
mL. DMF was added. After stirring overnight the solution was poured into

Et 0Ac and wash&f) P8 b ID@5(2 %) PPelt . NaHOB and 1.0 M HCI. After drying
over MgSO4 the sol vent was renoved in vacuo. The residual oil was purified
via columm chromat ography (hexanes/EtQAc,/CH2ClI2 (5:4:1)) yielding 273 ng

0. 65 I, | terial) of t S) - di . 0 det i ned b
(0405 T L0 B 4 LAl i O SRR 0, T o
O eoms P o DGR Bl AL i 5 35t oo s aken on
(dt, 1 H J

0% vy a1 1 Srpcipolyly o7 Sl nbuad epadrh. ShamEy Whslln f 0
3.68 (00 1 05 23y Aarhckho ol oS0 r s ikl ol - 143

(s, 9H), 1.08
Ftor opyr 11 of | 12 SPOE ERMiePYTRErGR PLH B BeNarCo te SRl -4 °
extracted with EtOAc, dried (MgSO4) and the solvent removed in vacuo. The residual oil
10  was dissolved in dioxane (4 mL) and then 4.0 mL of a 4.0 M HC solution in dioxame was
added. The solvent was removed in vacuo and the residue triturated with Et:0. The
resulting solid was collected via vacuum filtration affording 175 mg (0.46 mmol, 79%
yield) of salt G.
'H NMR (de~-MeOH) 400 MHz 5 7.22 - 7.19 (m, 2H), 7.08 - 7.04 (m, 2H), 543 {d{br), tH,
15 =511 Hz), 5.09 (d, 1H, J = 9.5 Hz), 4.05 (s, 1H), 3.97 -~ 3.74 (m, 2H), 2.82 (d, 1H, J = 13.4

Hz}, 2.72 (d, 1H, J = 13.2 Hz), 2.64 - 2.39 (m, 2H), 1.07 (s, 3H), 1.00 {5, 3H} ppm.

Example 5

i
MeO NHZ CN

20  {2545)-1-{(2R)-2-Amino-3-[{4-methoxybenzyl)thio]-3-methylbutanoyl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride




To a CH Ck solution (7 nmL) containing conpound F (242 0.5 | ). _was
added 443 L (10 eq) of TFA at RT. After 30 min and ad i TFA
was added and after a total of 3 hr the reaction m xture was poured into
sat. NaHCO3. The organics were extracted with EtQAc, dried (MgSO4) and the
sol vent renoved in vacuo. The residual oil 10 was dissolved in dioxane (4
m.} and then 4.0 nL of a 4.0 MHCI solution in dioxame was added. The

sol vent was renmoved in vacuo and the residue triturated with EtzO The
resulting solid was collected via vacuum™®iltration affording 175 nmgy (0. 46
mol , 79% y|eld)r of salt 0. "H NWR (d4-MeCH) 400 MHz 6 7.22 - 7.19 (m

2H), 7.08 - f(rhputzlrtuﬂ)-15{[m§4@d%~man9 4-fluopgpyrrolidinsi-vlcarbonyl}=@l(4-5. 09 (d, 1
H J = 9.5 Hz), 4.05 (s, 7 - 3.74 (m 2H), 2.82 (d, 1 H J = 13.4
Hz), 2. 72 (d Inqthoxmbenzvﬂmlo,}zﬂzsthvleroradcarbawagg (m 2H), 1.07 (s, 3H), 1.00
(s, 3H) Exa

(2545) - 1- {(2R) TQaRMFﬁ%lueur{(§ﬂmHéthawy'sé?ﬁﬁrljt@wbﬁ]omarmmmwal-%| | - 4-
fluoropyrrolidine-2-carhonitrile hydroch] ori

A Tert - but yl ( 1R)ethexygepzybithiobys- rzctbvm%qcudd%%ﬁﬁmq'dr%ﬁwwﬁé@#@ﬁyl} 2-1 (

ot pony” zay!-%prpeww%@meﬁ: Pk ot RO 85 (5 10
t hoxybenzyl )t h

Sded NN B i) bt tetea e s vcs@nwé Sy atmi.strr’mimwoeréss 35 oea by

R for 90 nfoﬁ“t'c’ra"afﬁ?dédaéﬁﬁ?ﬁ%ﬂ% é@ nhosh R R et o b (58

45) - 4-fl uor O 2R Hy AUNNSIRpIoiet- 1A tE’P ﬂ;‘l gt.r;il mmol 1.0 eq) and N,N-diisopropylethylamine (864

pl, 4.96 mmol, 1.1 eq) in DMF (12 mL). The resulting solution was stirred at RT for 18 hr

10 and was then quenched with a sat. NaHCOs solution (ca 50 mb). The cloudy solution was
then poured into Hz0 (ca 100 mi) and extracted with EtQAc {3 x 50 mL). The combined
arganic extracts were washed with Hz0 {2X) and brine (1X); dried over MgS0« and
concentrated in vacuo. The resulting amber oil was purified via flash chromatography
using 1:1 hexanes{EtOAc as the mobile phase. Isolated 1.96 g (4.23 mmol, 78% yield) of

15 compound A as a white foam.
'H NMR (CDCls) 400 MHz § 7.29 (d, 2H, J = 8.8 Hz), 6.83 (d, 2H, /= 8.6 Hz}, 5.48 {d, 1H, J
= 51.4 Hz), 5.43 (d, 1H, J = 9.2 Hz}, 5.04 (d, TH, /= 9.3 H2), 438 (d, 1H, J = 8.9 Hz), 4.27
(m, 1H), 4.04 (m, 1H), 3.80 (s, 2H), 3.77 (5, 3H), 2.72 {t, 1H, 15.5 Hz), 2.37 (m, 1H), 147-
1.41 (m, 14H) ppm.

20
B. (25,45)-1-{{2R)-2-Amino-3-[(4-methoxybenzyljthio]-3-methylbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride
To a CH:Cl2 (60 mL) solution containing trifluoroacetic acid (8 ml) was added campound

A (1.2 g, 2.68 mmol, 1.0 eq). The resulting pale yellow solution was stirred at RT for 2 hr



met hyl benzenesul fonate (1.29 g, 4.51 mol, 1.0 eq) and
N, N-di i sopropyl ethyl anine (864 L, 4.96 mol, 1.1 eq) 2#&Degember, 2005 T¢

resulting solution was stirred at RT for 18 hr 10 and was then quenched
with a sat NaHCOa solution (ca 50 nL). The cloudy solution was then poured
into H20 (ca 100 m) and extracted with EtOAc (3 x 50 nL). The conbi ned
organi c extracts were washed with H2O (2)) and brine (1)); dried over MySGCs
and concentrated in vacuo. The resulting anber oil was purified via flash
chromat ography wusing 1:1 hexanes/ Et CAc a8Gthe nobil e phase. |solated 1.96
g (4.23 mol, 78%yield) of 15 conpound A as a white foam 'H NVR (CDCl 3)
400 MHz 8 7.29 glwhichHimgithe s@vedt wasrem@e®B® vociio. Phd reshiting §t/Gsaktiadps cobyey8d(d, 1 H,
J =51.4 H), 543 (d, 1 H J=9.2 H), 504 (d, 1 H J=9.3 Hz), 4.38
(d, 1 H J = 8. thgfree tpsoby addition of +4at. NaHEX s¢lutionlangiextra@ti@Oth¢ squeduis)iayes. 77 (s,
3H), 2.72 (t, 1 H 15.5 Hz]), 2.37 (m 1 H), 1.47- 1.41 (m 14H ppm 20 B.
(2S, 4S) - 1- { ( 2R) XL vith HBAR-The sorminad eraanie ptxacts wareadried over Nie§0dnod anoy | } - 4-

fl uoropyrrolidine-2-carbonitrile hydrochloride To a CH2Cl 2 (60 nL) sol ution
cont ai ni ng tri ffAleAnEatedin vacueThe (egulting)ofiakitefasre wagpnifiediviaiflash (1.2 g, 2.58
mmol, 1.0 eqé. The resulting pale yellow solution was stirred at RT for 2
hr 24 Decenb®r , cHeseptogsephy in Mﬁoﬁi(‘ﬁ@ G W N&lg)lin/ eieClz peibie mebits\pbasei n vacuo.
The resulting T%?%alt was, converted to the free base by addition of a
sat. NaHCOa sol 3t W%d"%@t“ﬁmq"ﬁé%tyﬁw &fom@'@t?sﬂ)?wgform(%@c'm Hhefte@ac. The

conbi ned organic extracts were dried over Na2SO4 and concentrated [n
vacua. The resﬁafq%ﬁt%?ef'-“m I'Ettp‘?“Hé‘Fﬁt%&ﬁ%ﬂ‘PF“ia&&"'!ﬂ?&"‘?el"é t@“'c%@m(%'ography

using 5% MCH (T\I!I\AE&QI‘ vgés%%%ewﬁgpvdis% ugm%%lm%reapsreéig}t%te opni‘leld.eT ehpel!gc:epitate wras then
filtered and washed several times with Et0. The resulting salt was dried under high
10 vacuum.
'H NMR (D=0) 400 MHz & 7.31 (d, 2H, J = 8.6 Hz), 6.88 (d, 2H, J = 8.5 Hz), 5.49 (d, 1H, J =
50.5 Hz), 5.00 (d, 1H, J = 9.8 Hz), 4.02-3.52 {m, 8H}, 2.65 (t, 1H, J = 15.7 Hz}, 240 (m, 1H)},

1.44 (s, 3H), 1.31 (s, 3H) ppm.

15 Example 6

(25,45)-1-{ (2R)-2-Amino-3-methyl-3-[[3-phenylpropyl]thio]butanoyl}-4—

fluoropyrrolidine-2-carbonitrile hydrochloride

A. Methyl (2R)-2-amino-3-mercapto-3-methylbutanoate
20  To amethanol (18 ml, 1.14 M) solution containing L-penicillamine (3.0 g, 20.11 mmol,
1.0 eq) was added thionyl chloride (1.5 mL, 20.7 mmol, 1.03 eq). The resulting mixture

was heated to reflux for 18 hr and the solvent removed in vacuo. The resulting clear



affording 897 ng (2.45 mmol, 95%yield) of a white foam_To formtge HCl
salt, the free base was taken up in EtzO and aceton 2

solids were in solution. 2.0 MHCI in ether was added dropw se until no
nore precipitate forned. The precipitate was then filtered and washed
several tinmes with Et20. The resulting salt was dried under high 10 vacuum
"HNMR (D20) 400 MHz S 7.31 (d, 2H, J = 8.6 Hz), 6.88 (d, 2H, J= 8.5 Hz),
5.49 (d, I H J 50.5 Hz), 5.00 (d, 1 H J= 9.8 Hz), 4.02-3.52 (m 8H),
2.65 (t, 1 H J =15.7 Hz), 2.40 (m | H!, 1.44 (s, 3H), 1.31 (s, 3H ppm
15 Exanple 6 o . :

(2S, 4S) - 1- { ( 2 Rpnizsolifwamused ifdhewext ster] withoghturiherprdfisatipn. Hsolates 3280 (20 - 4-
fluoropyrrolidine-2-carbonitrile hydrochloride A Mt hyl

(2R) - 2- ani no- 3Ry W4Pvisld- net hyl but anoate 20 To a nethanol (18 m, 1.14 M
solution containing L-penicillamne (3.0 g, 20.11 rnnol, 1.0 eq) was added
thionyl chloride (1.5 mM, 20.7 mmol, 1.03 eq). The resulting mxture was

heated to refl u® foréé8 Er and the solvent renoved in vacuo. The resulting
clear 24 Decelb¥ethviigi)=2-Iitert-bulgyycaghonyligminel-3meesepion3-msthyibatencate ep wi t hout

furth i ficatjon. | | ated 3.28 g! 0.1 | ,. 100% vyi el d). B. Methyl
(2R) -2~ [ (1 6r t THACHEG4oA BBGT s Aepeston (Lin B 5mEL FO PN AUEIS To o
CH2Cl 2 (60 nL t aini d A (3.28 g, 20. |, 1.0 e dded
i - tor - but y 5F BUpBlsHAPR GRS, 208 pdel Fhsofind T sBvITRe Ak ORI am ne.
RT for 18 hi . ARG d GaRiab s nalate o abirsoniin i PheTAEE aken up i
Et20. The | ns?ényo%aein ciu%%ndS ‘Rnlv:ire(%id\(lvéatsakvgni Lllpt I?Et%j The insoluble white solid was filtered

and the filtrate washed with brine, dried over MgSQ0s4, and concentrated in vacuo.

10 Resulting white solid was used in next step without further purification. Isolated 5.01 g
(19.02 mmol, 95% yield).

'H NMR {d:«~-MeQH) 400 MHz 5 4.26 (m, 1H), 3.72 (s, 3H), 1.44-1.42 (m, 15H) ppm..

C. Methyl (2R}-2-[[tert-butoxycarbonyl}lamino]-3-methyl-3-[(3-
15  phenylpropyl)thio]butanoate
To a CHaCN (20 mL} solution containing compound B (346 mg, 1.31 mmol, 1.0 eq) was
added sodium tert-butoxide (138 mg, 1.44 mmol, 1.1 eq). The resulting pale yellow
mixture was allowed to stir at RT for 10 min at which time 1-bremo-3-phenylpropane
(219 pl, 1.44 mmol, 1.1 eq) was added. The resuiting solution was allowed to stir at RT
20  for 18 hr. The reaction was then quenched with a sat NH.CI solution, poured intio H:0,
and extracted (2X) with EtOAc. The combined extracts were dried over MgS0s amd
concentrated in vacuo. Purified via flash chromatography using 2:1 Hexane/EtQ:Ac as

the mobile phase, Isolated 376 mg [0.988 mmol, 76% vield).



and the filtrate washed wth brine, dried over MgSO4, _and concentrgted in
vacuo,. 10 Resulting white solid was used in next ste%i\mgéﬁa—oni
purification. Isolated 5.01 g (19.02 nmol, 95%yield). 'H NVR (d4- MeOH)
400 Mz S 4.26 (m 1 H), 3.72 Is, 3H), 1.44-1.42 (m 15H) ppni. C. Methyl
(2R)-2-[(tert-butoxycarbonyl)am no]-3-nethyl-3-[(3- 15

phenyl propyl )t hi o] butanoate To a CH3CN (20 nlL) sol ution containing conpound
B (346 ng, 1.31 mmol, 1.0 eql) was added sodiumtert-butoxide (138 ngy,
1.44 mol, 1.1 eq). The resulting pale yéflow mixture was allowed to stir
at RT for 10 mn at which time 1-brono-3-phenyl prnmpane (219 L, 1.44 mol,

2 17ea) s ad BN (Sl 400 NS S50 i, S, S et GnG b 422 (4, Tk $ 20,1 or
18 hr. The reaction was then quenched with a sat NH4Cl sol ution, poured
into HzO0, andHahdFels B8l 272X 2thi/ =17 4EHIAGE- -2 dm 2b0di8aeScB 2dmt 2HICK44 GOHE dr i ed
over MgSO4 and concentrated in vacuo. Purified via flash chromatography
usi ng 2: 1 Hexaha® (& éhd =48 Ha) pemnobi | e phase. |solated 376 ng (0.988 nmol ,
76% vyield). 24 Decerrber 2005 62 'H NMWR (CDCI 2) 400 MHz 87.30-7. 16 (m
5H), 5.38 (d, 1 H J, 88Hz)429(d 1HJ—90 Hz)371|s 3H),
2.72 (t, 2H, J= 7.4 )258251m] 1.89-1.82 (m 2H), 1.44 (s,
oH), 1.36 ?d, Ddgﬁ) 23[(&(@[80qu5‘{}}?{"|@ B-methyl-3-[(3- phenylpropyl)th|o]butan|o:c

(2R)-2-[ (tert-Butoxycarbonyl)am no] - 3- net hyl - 3-[ ( 3- phenyl propyl ) t hi o] but ano
ic acid. To a®d¥loxane (7.5 nm) / HO (2.5 nL) solution containing conpound
C (376 ng, 0.988 mmol, 1.0.e added |ithi um hydroxj de nong ydrate
(207 ngy, 4.94 mxaBEGSéef;?fﬂz S miLsolitey P@'W@E%%@’@Wéﬁ@’%“ﬂ't%

alloved to sti rrr.1molt g”q) was at}d%d lithium #%ro&%%%ton&ydrate (207 mg, 4.94 mmol, 5.0 eq).
The resulting heterogeneous mixture was allowed to stir at RT for 18 hr. The reaction

10 was then quenched with a sat. NHiCI solution, poured into Hz0, and extracted (2XX) with
EtOAc. The combined extracts were dried over Mg50+ and concentrated in vacuo.
Purified via flash chromatography using 1:1 hexanes/EtOAc (with 0.1% AcOH) as. the
mobile phase, Isolated 230 mg (0.626 mmol, 64% yileld).
'H NMR (CDCls) 400 MHz § 7.31-7.16 {m, 5H), 5.51 {d, 1H, J= 9.5 Hz), 433 (d, 1H. /= 9.5

15  Hz), 3.41(t 2H, J= 6.8 Hz), 2.79 (t, 2H, J = 7.3 Hz), 2.20-2.13 (m, ZH), 1.47-1.44 (m, 15H}

E. Tert-butyl (1R)-1-{[(2S,45)-2-cyano-4-fiuoropyrrolidin-1-yllcarbonyl }-2-methyl-2-
[(3-phenylpropyl}thio]propylcarbamate.

20 To a DMF solution (5 mL) containing compound D (230 mg, 0.626 mmal, 1.2 eq)
was added N,N-diisopropylethylamine (123 pL, 0.705 mmol, 1.35 eq) followed by HATU
(337 mg, 0.887 mmol, 1.7 eq). The resulting amber solution was stirred at RT for 20 min.

To this stirring solution was added a solution of (2S, 45)-4-fluoro-2-

pytrolidinecarbonitrile 4-methylbenzenesulfonate (148 mg, 0.522 mmol, 1.0 eq) :and




10 was then quenched with a sat NI -140 solution, poured into H2O, _and
extracted (2)0 with FEtOAc. The conbined extracts wer 24Pesgmbes, 200881 and
concentrated in vacuo. Purified via flash chronmatography using 1:1
hexanes/ Et CAc (with 0.1% AcOH) as, the nobile phase. Isolated 230 ng
(0.626 mpl, 64%vyield). "HNVR (CDCl2) 400 Mz S 7.31-7.16 (m 5H), 5.51
(d, 1 H 3=9.5 Hz), 4.33 (d, 1lIl, J=9.5 15 Hz), 3.41 (t, 2H, J= 6.8 Hz),
2.79 It, 2H, J=7.3 Hz), 2.20-2.13 (m 2H), 1.47-1.44 (m 15H) ppmE.
Tert-butyl (1 63

R) -1-{[(2S, 4S) - 2-cyano-4-fl uoropyrrolidin-1-yl]carbonyl}-2-nethyl-2-

[ (3- phenyl pr opp-disoprofylethyaminc@pbplatbet mRag, Toeg irDNAF okt The resilBingrl )

cont ai ni ng conmpound D (230 ng, 0.626 mmvl, 1.2 eq) was added

N, N- di i sopr opy s@dutioplwasstiveed (a1 RBfop 18 hiGand @@enntred wjith &.s85NaH00s sadution ks . HATU
(337 ng, 0.887 mmol, 1.7 eq). The resulting anber solution was stirred at
RT for 20 mi n. Thempudhsobition iwas they peuwstdiniodhl (ta g0 mdlknd extrantddinithditDAT (3 K2 S,

4S) - 4-fluoro-2 pyrrolidinecarbonitrile 4-nethyl benzenesul fonate (149 ny,
0.522 mol, 1. 008Y) Teangmbinedergerip extracts @0 washed MithiHed (28banddpint @K giedni ne
(100 L, 0.574 mmol, 1.1 eq) in DMF (2 nL). The resulting solution was
stirred at RT p6F Ma§lsiand gengentasardn sasugv Thi resulting ambeesions pusfiekvaiast cai 5
mL). The cloudy solution was then poured into H2O (ca 20 nL) and extracted
with Et CAc (3 SOromgogiaphy using 14 hsxanesddORsag thei reoblle phasge tisolatesd WOWIREY wi t h H20
(2X) and brine (1XD;, dried 5 over MgSO4 and concentrated in vacuo. The
resul ting anbef™sl: ?ém'g'dbﬂfrqc’ml’%‘ﬂ‘d\fiaaaMhﬁ'“sf?amchromat ography using 1:1
hexanes/ Et OAc as the npbile phase. |sol ated 190 n?i/gg 411 ol , 79%vyi el d)
of conpound E ASNMR {{RLEIA0D S A18-RVHY B4Hc-45) ([d.4d 4zl IRUAM #=(m " 5H)

5.46 (d, 1 H J = 51.4 Hzl_?, 5.37. (d, 1 H J=
9.0 Hz), 5.00 (d, 1H, J = 9.3 Hz), 4.38-4.29 (m, 2H), 401 {m, 1H), 2.77-2.58 (m, 5H), 2.35

10 {m, 1H), 1.92-1.80 (m, 2H), 1.44-1.34 (m, 15H} ppm.

F. (25,45)-1-{(2R)-2-Amino-3-methyl-3-[(3-phenylpropyl)thio]butanoyi }-4-
fluoropyrrolidine-2-carbonitrife
To a CHzClz (10 mL) solution containing triflucroacetic acid (1 mL) was added compound
15 E(190 mg, 0.411 mmo), 1.0 eq). The resulting pale yeliow solufion was stirred at RT for 2
hours at which time the solvent was removed in vacuo. The resulting TFA salt was
converted to the free base by addition of a sat. NaHCOs solution and extracting the
aqueous layer (2X) with EtOAc. The combined organic extracts were dried over N:a2S0s
and concentrated in vacuo. The resulting off-white foam was purified via flash
20  chromatography using 5% MeOH (with 0.19% NHs) in CH:zClz as the mobile phase
affording 134 mg (0.389 mmol, 94% yield) of a white foam. To form the HCl salt, the
free base was taken up in Et:0 and acetone added until all solids were in solution. 2.0 M

HC! in ether was added dropwise until no more precipitate formed. The precipitate was



9.0 Hz), 5.00 (d, 1 H J = 9.3 Hz), 4.38-4.29 (m 2H), _4.01 ( 1
2.77-2.58 (m 5H)', 2.35 10 (m 1 H), 1.92-1.80 (m 2&?&&&5@@&%
15H) ppm F.

(2S,4S)-1-{(2R) - 2- Am no- 3- et hyl - 3-[ ( 3- phenyl propyl ) t hi 0) but anoyl } - 4-
fluoropyrrolid i ne-2-carbon itrile To a CH2Cl 2 (10 nU sol uti on cont ai ni ng
trifluoroacetic acid (1 nmJ was added conmpound 15 E (190 ng, 0.411 mmol,
1.0 eq). The resulting pale yellow solution was stirred at RT for 2 hours
at which tine the solvent was renoved i n6acuo. The resulting TFA salt was
converted to the free base by addition of a sat. NaHCO3 sol ution and
extracting t| héhendiiigred@sd washestseyepakfimes with ER@Abe refiitngcsaltrivasdsidd andetni ¢
extracts were dried over N;a2SO4 and concentrated in vacuo. The resulting
of f-white foamhig@¥agymified via flash 20 chronmat ography using 5% MeOH (with
0.1% NH3) in CH2Cl 2 as the nobile phase affording 134 ng (0.309 nmol, 94%
yi el d) of a whit BMRARR 4000MHizct Ha-het (CEHS 514 (U, tHhé = 5.4 B, $98E, Whad =tSken up
in Et20 and acetone added until all solids were in solution. 2.0 M HC in
ether was addeHz)dt- 04308 ém.2H} B.E8 two 1HL 2.62-B:36 brinSiH], 4178~ 1176 ek, 1PAdd.BHeb+ pi t at e
was 24 Decenber, 2005 64 then filtered and washed several tines with EtzO
The resul tifg 84He)meas dried under high vacuum 'H N MR (D20) 400 MHz 8
7.23-7.11 (m 5H), 5.46 (d, 1 H J =50.4 Hz), 4.98 (d, 1 H J- 9.1 Hz),
4.04-3.96 (m 21-1), 3.68 (m 1 H, 2.62-2.30 (m 6H), 1.78-1.71 (m 2H),
1.29 (d, 6H J= 5 9.7 Hz) ppm Exanple 7 (25,45)-1-{

(2R) - 2- Ani no- 3B@mpiRT - 3-[ (2- phenyl et hyl )t hi o] but anoyl ]-4- 10 .

fl uoropyrrolidi ne-2-carbonitLi | e hydrochl oride A. Methyl (2R)-2-[(tert

(25.45)-1-{(2R)-2-Amino-3-methyl-3-[(2-phenylethyl}thiolbutanoyl }-4-

10 fluorapyrrolidine-2-carbonitrile hydrochloride A. Methy! (2R)-2-[(tert-

butoxycarbonyl)aminol-3-methyl-3-{(2-~phenylethyl)thio]butanoate.
To a CHsCN (50 ml) solution containing methyl (2R)~2-[{tert-butoxycarbonyl)amiine]-3-
mercapto-3-methylbutanoate {as described above) (1.26 g, 4.78 mmol, 1.0 eq) was added
sodium tert-butoxide (597 mg, 6.21 mmol, 1.3 eq). The resulting pale yellow mixture

15  was allowed to stir at RT for 10 min at which time (2-bromoethyl) benzene (718 pL, 5.26
mmol, 1.1 eq) was added. The resulting solution was allowed to stir at RT for 18 hr. The
reaction was then que'nchgd with a sat NH«Cl solution, poured into Hz20, and extracted
(2X} with EtOAc. Combined extracts were dried over MgSOa and concentrated in vacuo.
Purified via flash chromatography using 5:1 hexanes/EtOAc as the mobile phase.

20 Isolated 761 mg (2.07 mmol, 45% yield).
'H NMR {CDCls) 400 MHz & 7.31-7.18 {m, 5H), 5.36 (d, 1H, J = 9.0 Hz}, 433 {d, 1H, /= 9.1

" Hz), 3.71 (s, 3H), 2.83-2.78 (m, 4H), 1.44 (s, 9H), 1.36 (d, 6H, J = 7.5 Hz) ppm.




b utoxyca rbonyl)amino]-3-nethyl-3-[(2-phenyl et hyI)th| 0] __but anoat To a
CH3CN (50 ni) sol ution containing nethyl December, 2005
(2R)-2-[ (tert-butoxycarbonyl)amino]-3- nercapto-3-nethyl butanoate (as
descri bed above) (1.26 g, 4.78 mmol, 1.0 eq) was added sodium
tert-butoxide (597 ng, 6.21 mmol, 1.3 eq). The resulting pale yellow

m xture 15 was allowed to stir at RT for 10 min at which tinme

(2-bronoet hyl) benzene (718 AL, 5.26 nmol, 1.1 eq) was added. The
resulting solution was allowed to stir atéRT for 18 hr. The reaction was
t hen quenched wth a sat NHACI solution, poured into HzO and extracted
(2)Qwith EtQAc. Conbi ned extracts were dried over MJj504 and concentrated
In vacuo. Purified via flash chromat ography using 5:1 hexanes/Et OAc as the
mobi | e phase. 28 [Z%Hﬂt@dlu?lﬁlcart@nﬁlammﬂ ﬁﬂrmthvi-aﬁ%mee?lmvl)thlﬂbwmm 4a&Cl 3)
400 MHz 8 7.31-7.19 (m_ 5H), 1H J 9.0 Hz), 4.33 (d, 1 H J =
9.1 Hz), 3.71 '(ogdlcgcp{)e (20 mgH. }gomm()mlumq)contgmmgcgrgpougm (761 rrmaZQl]mn@H J=
7.5 Hz) ppm 24 Decenber, 2005 65 B.

(2R)-2-[(Tert- bmWV@%?@%WWMM@MBMMWP&WFM Eﬂi&ﬁmm@t%%@tﬁhfo] but ano,
ic acid. To_ a dioxane (20 nL) | H2O (7 m) solution containing conpound A
(761 ny, 2.07 niwlting hitemg@tfpumgtm@"wesiﬁ@ stinah§lofio 18 ife ThropwsHy et e (434
ng, 10.35 muol, 5.0 The 5 resulting heterogeneous m xture was al |l owed
to stir at RT fign %"&'Fd W'Fhésaté%@.s'awqm@u@lwﬁﬁ fuanteacted @N witsat NHAC
sol ution, poure 1;r and extracted (2X) with EtOAc. The conbi ned
extracts were oErtQ‘%d Ingeextrasts avepeiie piver Mﬂ% ang\cqpgenirgted DAY ed vi a

flash chromat 1:1 h / Bt O 1% A th
e T o T T 1o
Mz 6 7.31-7.18 4.32 (s(br), 1 H,
2.87-2.81 (m 42 %Phali_g 4%??36%525‘%%9“1291!6‘0'(§9°’°3'ka52)1 36 (s( gH))ppm K

10 'H NMR (CDCls) 400 MHz & 7.31-7.18 (m, 5H), 5.42 (d, 1H, J = 8.3 Hz), 4.32 (s(br), 1H),

2.87-2.81 (m, 4H), 1.44 (s, 9H), 1.40 (s, 3H), 1.36 (s, 3H) ppm.

C. Tert-butyl (1R)-1-{{(25,45)-2-cyano-4-fluoropyrrolidin-1-ylcarbonyl } -2-methyi-2-
[(2-phenylethyl}thio)propylcarbamate. ,
15  Toa DMF solution (10 mL) containing compound B (502 mg,'1.42 mmol, 1.2 eq} was
added N,N-diisopropylethylamine (278 pl, 1.59 mmol, 1.35 eq) followed by HATU (764
mg, 201 mmol, 1.7 eg). The resulting amber solution was stirred at RT for 20 min. To
this stirring solution was added a solution of (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile
4-methylbenzenesulfonate (338 mg, 1.18 mmol, 1.0 eq) and N,N-diisopropylethylamine
20 (226 wl, 1.3 mmol, 1.1 eq) in DMF (5 ml). The resulting solution was stirred at RT for 18
h and quenched with a sat. NaHCOs solution (ca 5 mL). The clouﬂy solution was then
poured into Hz0 [ca 20 ml) and extracted with EtOAc (3 X 10 mL). The combined

organic extracts were washed with H:0 (2X) and brine {1X}; dried over MgSOs and

concentrated in vacuo. The resulting amber oil was purified via flash chromatography




C. Tert-butyl (1R -1-{[(2S, 4S) - 2- cyano-4-fl uoropyrrolidin-21-yl]carbonyl}-2-ne
t1 hyl -2- [(2-phenyl ethyl)thio]propyl carbamate. 15 To a %ﬁ&ﬁ&sz@ﬁﬁ&%o m.)
cont ai ni ng conpound B (502 ng, 1.42 nmol, 1.2 eq) was added

N, N-di i sopropyl ethylamne (278 L, 1.59 mmol, 1.35 eq) followed by HATU (764
ng, 2.01 mmol, 1.7 eq). The resulting anber solution was stirred at RT for
20 mn. To this stirring solution was added a sol ution of (25,

4S) - 4-fl uor o- 2- pyrrolidinecarl bonitrile 4-nethyl benzenesul fonate (338 ng,
1.18 nmmol, 1.0 eq) and N, N-dii sopropyl et hygd am ne 20 (226 pi, 1.3 nmmol, 1.1
eq) in DV (5 mM). The resulting solution was stirred at R7 for 18 h and
guenched with a usip 1Ntie@Oes/EOAuAs thamle pbased [solatdiz61 egd0.693 molol 8% yieldhs t hen
poured into H20 (ca 20 nm.) and extracted with EtQAc (3 X 10 ml). The

combi ned or gania cempauat € g5 awehite faershed with H20 (2X) and brine (IX); dried
over MgSO4 and concentrated in vacuo. The resulting anber oil was purified
via flash chrondtdtRAEREI:) 200 Iz & A5+7,20 20 0551), 66 (di$H,de 58:01Hzh &:881fs SHEL-OAC as

t he nobi |l e phase. Isolated 361 ng (0.803 nmol, 80Th yield) of conpound C
as a white foam9.2H4),M90R(d, CDAI=3).4 HHOL I 2B(n] 23)04.06 (RD1H)2.87B2P4 (p 44k 2(7d, 1 H,
J =51.0 Hz), 5.38 (d, 1 H J = 9.2 Hz), 501 (d, I H J =9.4 Hz),
4.36-4.25 (m5 2Hh 1H4=06.0(Hz), 2.35 Gy, 1HR 137-122784, (G pp#t) , 2.70 5 (t, IH J=
15.0 Hz), 2.35 (m 1 H), 1.41-1.37 (m 15H ppm D.

(2S,4S)-1-{(2R) - 2- Am no- 3- et hyl - 3-[ (2- phenyl et hyl ) t hi o] but anoyl } - 4-
fluoropyrrolidine-2-carbon itrile. To a CH2Cl2 (20 nlL) sol ution contai ni ng
trifluoroaceti c Da@PdSlb{(ARh2-Aminoattamethyt i@ wbenylethyitholtugseyike- 0. 803 mol ,
1.0 eq). The resulting pale yellow solution was stirred at RT for 2 h at
which time the dgpoeyoligipes2carhovitte.i n vacuo. The resulting TFA salt was

To a CH:Clz (20 mL) solution containing trifluoroacetic acid (2 mL) was added compound

10 C(361 mg, 0.803 mmol, 1.0 eq). The resulting pale yellow solution was stirred at RT for
2 h at which time the solvent was removed in vacuo. The resulting TFA salf was
converted to the free base by addition of a sat. NaHCOs solution and extracting the
agueous layer (2X) with EtOAc. The combined organic extracts were dried over Nia2S0+
and concentrated in vacuo. The resulting off-white foam was purified via flash

15  chromatography using 5% MeOH (with 0.1% NHaj) in CHzCl2 as the mobile phase
affording 223 mg (0.638 mmol, 80% yield) of a white foam. Te form the HCl salt, the
free base was taken up in Efz0 and acetone added until all solids were in solution. 20 M
HCl in ether was added dropwise until no more precipitate formed. The precipitate was
then filtered and washed several times with Et0. The resulting salt was dried under

20 high vacuum,
'H NMR (D20} 400 MHz & 7.20-7.09 (m, 5H), 5.43 (d, 1H, J = 50.5 Hz}, 494 (d, 1H, S = 9.5
Hz), 4.13 (m, 1H), 3.82 (s, TH), 3.71 (m, 1H), 2.84-2.70 (m, 4H), 2.59 (t, 1H J = 15.7 Hz),

2.37 [m, 1H), 1.28 (s, 3H), 1.22 (s, 3H) ppm.



converted to the free base by addition of a sat NaHCO3 _sqlutiop a
extracting the aqueous layer (2X) with Et QAc. The con@fdReceinher, 2005
extracts were dried over NlazSO4 and concentrated in vacuo. The resulting
off-white foamwas purified via flash 15 chronmat ography using 5% MeOH (with
0.1% NH3) in CH2Cl 2 as the nobile phase affording 223 ng (0.638 nmmol, 80%
yield) of a white foam To formthe HCl salt,, the free base was taken up
in EtzO and acetone added until all solids were in solution. 2.0 M HC in
et her was added dropwi se until no nore pfécipitate formed. The precipitate
was then filtered and washed several tines wth EbO The resulting salt
was dried undekxagpleli gh vacuum ' H NVR (Dz0) 400 MHz 8 7.20-7.09 (m 5H),
5.43 (d, 1 H J. 50.5 Hz), 4.94 (d, 1H, J- 9.5 Hz), 4.13 (m 1 H), 3.89
(s, i H, 3.72. (m 1 H), 2.%4- .70 (m 4H), 2.59 (t, 1 HJ = 15.7 Hz),
2.37 (m 1H), 1.28 (s, 3N/, 1 (s, 3H) ppm 24 Decenber. 2005 67 Exanple
8 (25,48)-1-((2@}2%‘91 0-8/A [ 3-(4-fl uorophenyl) propyl)thio}-3-nethyl
but anoyl )-4- fk opyrrol i ine<®- carbonitrile hydrochl oride 5

A. 3- (4- Fl uor ophenyl ) propan-1-ol. To a THE (200 nL) sol ution cont ai ni ng

3- ( 4- f | uor ophe@ykI)pi-(FRIPOARINGI- f3(B BudioghenPpdpyilthip } -3umathydtitimdylp41. 0 M
solution of LIAIH4 in EtbO (200 nL, 0.2 nol) over a period of 0.5 h. The
resul ti ng m xtiuoeopyaslidirel DegbloditeileSitdrochidridlRT for 18 h. The reacti on was
slowy quenched with HzO and the aqueous | ayer extracted (1x) wi th Et20.
The conbi nedl 10 3epdhroiaphenytiprapinsi-oler e dri ed over MgSO4 and concentrated in
vacuo. The resulting oil was used in the next step w thout further
purification. TosdHE{280 nB)sclutign cntAning3-{4-ldP@Henyl)propanoic acid (33.6 g, 0.2 mol)

was added a 1.0 M solution of LiAlHs in Etz0 (200 mL, 0.2 mol) over a period of 0.5 h.
The resulting mixture was allowed to stir at RT for 18 h. The reaction was slowly
quenched with H20 and the aqueous layer extracted (1x) with Etz0. The combined

10  organic extracts were dried over MgSOs and concentrated in vacuo. The resulting oil
was used in the next step without further purification. Isolated 31.4 g (0.2 mol, 100%

yield).

B. 1-(3-Chloropropyl)-4-fluorobenzene.

15  Toa CH2Cl (300 mi) solution containing compound A {31.4 g, 0.2 mol) was added
dichlorotriphenylphosphorane (110 g, 0.33 mol). The resulting mixture was stirred at RT
for 20 min and then concenirated in vacuo, Hexanes (ca 200 mL) was added to the
residue and the resulting heterogeneous mixture was stirred at RT for 30 min. The
insoluble solids were filtered and washed with hexanes. The filtrate was concentrated in

20  vacuo and the resulting oil was used in the next step without further purification.

Isolated 33.3 g {0.193 mol, 96% yield).



yield). B. 1-(3-Chloropropyl)-4-fluorobenzene. 15 To a CH2Cl 2 gSOO L
sol ution containing conpound A (31.4 g, 0.2 nol) was a ecember, 200

di chl orotri phenyl phosphorane (110 g, 0.33 nol). The resulting m xture was
stirred at RT for 20 mn and then concentrated in vacuo. Hexanes (ca 200
m.) was added to the residue and the resulting heterogeneous m xture was
stirred at RT for 30 mn. The insoluble solids were filtered and washed

wi th hexanes. The filtrate was concentrated in 20 vacuo and the resulting
oil was used in the next step w thout f uP® her purification. |Isolated 33.3
g (0.193 nol, 96%.Yield). 24 Decenber, 2005 C .

Met hyl ( 2R) - 2- [ Ft¥rtpyl W‘éﬂ{ﬁ%@ﬂmﬁmﬁ%w)ﬁw%&??33@(%9\‘0&’h?fWB&fH@fHﬁh”a}p?'opy| ]thio
}-3- met hyl but an&g’&e. To a CH3CN (60 nlL) solution containing nethyl

(2R -2-[(tert-BY& W%ﬂag‘bnyl )ami i no] - 3- nercapt o- 3- net hyl but anoate (as

e but gx?léglv?%é&sﬁ@ ?60%?LA%'»ZH%E%?@%a%jh?ﬁ#wf-ﬁ@@%dlﬁ?wgéﬁﬁlgir@%rﬂlTaaW
. . a5y PN
n ?lte,f’ et 3’?3praoHgﬁ““’?e&a@?ﬁ;%%\?%ﬁ%ﬁ%@%%@@ ag‘%@l:f?}-”bﬁ@-éﬁaﬁltv:g')”ﬁ? 0t
, 1.1 T i i . ] i RT
for 18 e “he PhrpraRanS FRTh (e RE D i e Do R SRR syl on, ™
polred Il o Fof, SRR GHLEAELEM (20 Ul 5 0% e CaTN GG SRS ver

10 dried over 04" and”Concen vacuo Sthen’puri Via flash
e o o0r 2Ol RO, P WS Akl 0 00
6.98-&93 (m Zéwoweéto%@r a(t(aﬂ' fdr 1|!_3”hr.I T_heﬁleal'tidﬂzv)a’s then quenched with a sat. NH«ClI

solution, poured into Hz0, and extracted (2X) with EtOAc. The combined extracts: were

10  dried over MgS0. and concentrated in vacuo and then purified via flash

chromatography using 5:1 hexanes/EtOAc as the mobile phase. isolated 700 mg (1.75

mmol, 31% vyield).

"H NMR (CDCh) 400 MHz & 7.14-7.10 (m, 2H), 6.98-6.93 (m, 2H), 5.36 (d, 1H, J=9.1 Hz),

4,29 {d, TH, J= 9.2 Hz), 3.71 (s, 3H), 2.68 [t, 2H, J = 7.4 Hz}, 2.56-2.49 (m, 2H), 1.86-1.79

15  (m, 2H}, 1.43 (s, 9H), 1.35 (d, 6H, J = 6.8 Hz) ppm.

D. (2R)-2-[{Tert-butoxycarbonyl)amino}-3-{[3-(4-fluorophenyl)propyljthic}-3-

methylbutanoic acid.

To a dioxane {20 mL) / H20 (7 mL) solution containing compound A (700 mg, 1.75 mmol,
20 1.0 eq) was added lithium hydroxide monchydrate (367 mg, 8.75 mmol, 5.0 eg). The

resulting heterogeneous mixture was allowed to stir at RT for 18 hr. The reactiorn was

then quenched with a sat NH.Cl solution, poured into Hz0, and extracted (2X) with

EtOAc. The combined extracts were dried over MgSQOs and concentrated in vacuo.




4.29 (d, 1 H J=9.2 Hz), 3.71 (s, 3H), 2.68 (t, 2H 7.4 Hz) 56- 2. 49
(m 2H). 1.8:6-1.79 15 (m 2H), 1.43 (s, 9H), 1352(591'3—€$-M"5—%9§§Hz) ppm
D. (2R)- 2-[(Tert - but oxycar bonyl ) am no) - 3- {[ 3- (4- f| uor opheny! ) propyl ] t hi o} - 3-
met hyl but anoi ¢ acid. To a dioxane (20 m.) J H20O (7 nlL) solution containing
conmpound A (700 ng, 1.75 nmmol, 20 1.0 eq) was added |ithium hydroxide
nonohydrate (367 ng, 8.75 mmol, 5.0 eq). The resulting heterogeneous

m xture was allowed to stir at RT for 18 hr. The reaction was then
quenched with a sat NH4Cl sol ution, pouf®d into H2O and extracted (2)Q
with Et OAC The conmbi ned extracts were dried over N%SOZL and concentr at ed
in vacuo. 24 PwEedyeflashzbrmategaphy ysing i1 hexpnes/BOAe budth Datir AOBt Bgthaphy usi ng
1:1 hexanes/ Et(%& with 0.101b AcCH) as_the bil e phase. Isolated 512 ny
(1.33 ol , 78%RlgP ?S&)'Sﬂ'i@ﬂ@mq f2£6°(9v s 7.13-7.10 (m 2H)
6.99-6.93 (m, Ifx%tb zs |(-1I)‘A 29 (s(br), .68-2.55
(m 4H), 1.8gHN (CPH'F 49 HZ§74§-7(1§(m94'15) o w((ﬂsmleﬁ-ﬁ wﬂ“a’mﬁ(@*z ‘3H ppm
E. Tert-butyl (1R 5_‘5325 48&5 ano-4-f| uoropérrol i di n- %I j.carbonyl }-2-{]
3-(4- fluor Op‘hé{ P'?d BPBia |[@3} --W@t’tﬁﬂ[@r@‘ﬂyﬂ s BHrh8%(s 3t T3eihR k0l ut i on
(15 nL) contai ning conmpound B (512 ng, 1.33 mml, 1.2 eq) was 10 added

N, N- di i sopr odPMet hyl ami ne (261 pL, 1.5 mol, 1.35 eq) followed by HATU (717
ng, 1.89 nmol, 1.7 eq). The resulting anber solution was stirred at RT for
20 min. To this stirring solution was added a sol ution of (25,

™ S GBI R BRI RART g e (17 o
fluorophenyl)propyilthio}-2-methylpropylcarbamate
To a DMF solution {15 mL) containing compound B (512 mg, 1.33 mmol, 1.2 eq} was
. 10 added N,N-diisopropylethylamine (261 pL, 1.5 mmol, 1.35 eq) followed by HATU (717

mg, 1.89 mmol, 1.7 eq). The resulting amber solution was stirred at RT for 20 min. To
this stirring solution was added a solution of (25, 4S]~4-ﬂuoru-2-pyrrdlidinecarh)onitrile
A-methylbenzenesulfonate (317 mg, 1.11 mmol, 1.0 eq) and N,N-diisopropylethylamine
(213 pL, 1.22 mmol, 1.1 eq) in DMF (10 mt). The resulting solution was stirred at: RT for

15 18 hr and quenched with a sat. NaHCOs solution (ca 5 mL). The cloudy solution was then
poured into Hz20 (ca 20 mL) and extracted with EtOAc (3 X 10 mL). The combined
organic extracts were washed with Hz0 [2X) and brine (1X); dried over MgS04 and
concentrated in vacuo. The resulting amber oil was purified via flash chromatogiraphy
using 1:1 Hexane/EtOAc as the mobile phase, Isolated 420 mg (0.872 mmol, 79% yield)

20  of compound C as a white foam,
'"H NMR {CDCls) 400 MHz & 7.14-7.11 (m, 2H), 6.97-6.92 (m, 2H), 5.47 (d, 1H, = 50.9
Hz), 5.36 {d, 1H, /= 8.4 Hz), 5.00 (d,' 1H, J = 9.3 Hz), 4.42-4.32 (m, 2H), 4.01 (m, 1H),

2.74-2.57 (m, 5H), 2.36 (m, 1H), 1.89-1.76 (m, 2H), 1.41-1.37 (m, 15H) ppm.



(213 AL, 1.22 mmol, 1.1 eq) in DVF (10 nQ The resulti sol utjon

stirred at RT for 15 18 hr and quenched with a sat MHM%% 5
m.). The cl oudy solution was then poured into HzO (ca 20 nL) and extracted
with EtOAc (3 X 10 nL). The conbi ned organic extracts were washed with HzO
(2X) and brine (1X); dried over MgpSO4 and concentrated in vacuo. The
resulting anber oil was purified via flash chromatogiraphy wusing 1:1

Hexane/ Et OAc as the nobil e phase. IsoI at 420 ng (0.872 mmol, 79%vyi el d)
20 of conpound C as a white foam 'H NWR(CDCla) 400 MHz 8 7.14-7. 11 (m

ﬁzH%j 2 00 ?dgzﬁgﬁ”'ﬁ’%@{@'ﬂf'ﬁ%’j& {E?Z(*I'“%’QP*FHQJPM‘WE}I?IWE "%”l"lﬂb’u 2 745 87

oot 200 Bophidiidint: £oargonffie( ™ 25, 141137 (m L 5K ppm 24

B O R S G
sol uti on cont 2 g ddr RN OEY e Ao TelouBRcadeckpamang,  C ¢

ng, 0.872, OW SO 'on was stirred at

|RT for 5 2 hynakwifdh %etme%zvgﬁ%mtn\s&a;n Yo, RERKShd fiadfita. The

resulting TFA salt was convert to the free tiron of a sat.

NaHC03 sol uti qgnaRey RXhE A6l uangJaagiaﬁgrvhgsgyﬁﬂ%aué&?m\éactuamlﬁtt@éc The

conbi ned organic extracts were dri concentrated in

vacuo. The r e%dhéoh?lgbé??)ﬂ With rEﬁ)Afc.Oﬁmdi\ﬁﬁnéa%Qch%gtré@tsawéré @ ovés RREOERE 0gr aphy
using 5% MeOH (wmth % NH3) 1n CH2CI 2 he nobi |l e phase 10 affording

275 my (0. 721 ax@edncerdtdih %c‘% Bk r&ul Gfﬁwﬁf?@fﬁhmn‘%s L RAgadiCl salt, the
free base was taken up in Et20 and acetone added until all solids were in

fsglr ﬁ; i}lonTh(Za grcgﬁgpmgllﬁtbgfgy l\ﬁl\%ﬁaﬂg@% KRSH aﬂfﬂmmmpwmmttmé méWile fREE precipitate
10  affording 275 mg (0.721 mmo!, 83% yield) of a white foam. To form the HCl salt, the
free base was taken up in Et20 and acetone added until 2ll solids were in solution. 2.0 M
HC! in ether was added dropwise until no more precipitate formed. The precipitate was
then filtered and washed several times with Et:0. The resulting salt was dried under
high vacuum.
15 'H NMR (Dz0) 400 MHz 3 7.15-7.10 {m, 2H), 6.96-6.90 {m, 2H), 5.48 {d, 1H, J = 5019 Hz},
499 (d, tH, J = 9.6 Hz), 4.07-3.98 (m, 2H), 3.74 {m, 1H), 2.64-2.32 (m, 6H), 1.80-1.68 (m,

2H), 1.30 [d, 6H, J = 6.6 Hz) ppm.

Example 9
Q@
i
00 Me0 o] NH2

(25,45)-1-{(2R)-2-Amino-3-[(4-methoxybenzyl)sulfonyl]-3-methylbutanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride




then filtered and washed several tinmes with Et20 The resulting salt was
dri ed under high vacuum 15 'H NVR (020) 400 MHz S 24 0 ,
6.96-6.90 (m 2H), 5.48 (d, I H J=50i.9 Hz), 4.99 (d, 1 H J = 9.6 Hz),
4.07-3.98 (m 2H), 3.74 (m 1 H, 2.64-2.32 (m 6H), 1.80-1.68 (m 2H),
1.30 (d, 6H, J= 6.6 Hz) ppm Exanple 9 20 MO (25, 45)-1-{

(2R) - 2- Am no- 3-[ (4- net hoxybenzyl ) sul f onyl ] - 3- met hyl buta noyl ]-4-

fl uoropyrrolidine-2-carbonitrile hydrochl oride 24 Decenber, 2005 71

A Tert-butyl (1R)-1-{[(2S, 4S) - 2- (! yano- 4-% uor opyrrol i di n-1-yl ] car bonyl ) - 2-[
(4- met hoxybenzyl ) sul fonyl ] -2-net hyl propyl carbamate. To a CHCI 3 (25 nl)
solution containing tert-butyl (1R)-1-{[(2S,4S)-2-cyano-4 5

fl uoropyrrolidin-1-yl]carbonyl (4- met hoxybenzyl )t hi o] - 2- net hyl propyl car
bamate (as de%&?fT‘Bb'@'](é'HoKré[jzs }A'JT%-CYFQO -44flupaopyrisatiging 1 -\ﬂ}cerbeq»)l}wad& added

3- chloroperoxyben20|c aci d ? 10. 18 mmol, 10 eq). The resulting
m xture was st"i“’r thaxyo eéFY')F@f‘fOFﬂ]rz'I'EﬂWPFOPYfﬁfbamatthact | on vvas t hen quenched with

1.0 NNaC]—I(c k r"?;{-she | ayers separated anic | ayer was dried
over MySO4 an Bf&f* EWption coeiniag %@W‘é@bﬂtﬂ[%"r -evanord- | uffy solid
(6: 808 mmoP, 3@%@%&@& PR s R 2B PR ETHE 5. 5 k)
6.92 (d, 2H, J =

9.1 Hg) 4. 99{*(5d’°5°i§ﬁlﬂ|H%é“€) @7%"9:2‘)“175'“?&‘@ e@hw%ﬁ?éiﬂﬁy‘gh‘@%i"xr‘é"“"'%m 2.73

gf") él Em J = ]égd ?1 %Zg} 10. FB mmol( ﬂ] eq} 1Hze reanJITtmg m:&ﬁjre was'stirred a%?ﬂ (‘or 18]3'nH) The 1.42 (s,

reaction was then quenched with 1.0 N NaOH (ca 5ml) and the layers separated. The
organic layer was dried over MgS0s and concentrated in vacuo. The resuiting white

10 fluffy solid was used in the next step without further purification. lsclated 400 myg
{0.805 mmaol, 80% yield).
'H NMR (CDCls) 400 MHz 8 7.35 (d, 2H, J = 8.8 Hz), 6.92 (d, 2H, /= 8.8 Hz), 5.48 (d, 1H, J
= 51,0 Hz}, 5.04 (d, 1H, /= 9.1 Hz), 4.99 (d, 1H, = 9.4 Hz), 4.34-3.98 (m, 4H), 3.81 (s,
3H), 2.73 (t, 1H, J = 15.0 Hz}, 2.38 {m, 1H), 1.58 [s, 3H), 1.53 (5, 3H), 1.42 (s, 2H} ppm.

15
B. (25,45)-1-{{2R)-2-Amino-3-[(4-methoxybenzyl)sulfonyl] -3-methylbutanoy! } —4-
fluoropyrrolidine-2-carbonitrile.
To a CH:zClz (40 mL) solution containing trifluoroacetic acid (4 mL) was added compound
A {400 mg, 0.805 mmol, 1.0 eq}. The resulting pale yellow solution was stirred at RT for

20 2 hr at which time the solvent was removed in vacuo. The resulting TFA salt was
converted to the free base by addition of a sat. NaHCO: solution and extracting the
aqueous fayer {(2X] with EtOAc. The combined organic extracts were dried over Na2504
and concentrated in vacuo. The resulting off-white foam was purified via flash

chromatography using 5% MeOH (with 0.1% NHa) in CHzClz as the mobile phase



15

B. (25, 45) - 1- { (2R) - 2- Ani no- 3- [ (4- met hoxybenzyl ) sul f ongfiDecember, 2005, 14y 1. 4
- fluoropyrrol idine-2-ca rbon itrile. To a CH2Cl 2 (40 nmL) sol ution
containing trifluoroacetic acid (4 nL) was added conpound A (400 ng, O0.805
mmol, 1.0 eq). The resulting pale yellow solution was stirred at RT for 20
2 hr at which tine the solvent was renoved in vacuo. The resulting TFA salt
was converted to the free base by additiﬁ%n of a sat NaHCO3 sol ution and
extracting the aqueous Iayer (2)() Wi t ' “Et OAC The conbi ned or gani C

1 1 i ed The | t
o T o A e A6 g B ok, PSS e HEmala o OF B B0 W crt (i L&
0. 1% NH3 2Cl 2 h 2 2005 72 ffardi 296
o o T e e §55055 e"wt%bmf) etepe e %’?FE?WWF&E Reslition: 24Me' T 1 ce

b t ak Et 20 t dded

SO 5, 3SR i B PRE aHP h TRABE a
f d. Th then filt hed th
E 0, he r oo HistelisRy Wahed SR i Eh 0. haﬁe“@ﬁasiﬁ@%{% ﬁlﬁf‘&é’?eDgo;M 400
Mz S 7.28 Hawamsst)agz(d 2H 88Hz)547(d 1H J-=
50.6 Hz), 06'9? H J = 10.0 Hz), 4.66 s, 1 H, 4.51 (s, 4.05 (m

o e gl 2 e m
(25 4501 kot By RS B DB s ) -

fluoropyrroli r
3.69 (s, 3H}, 2.64 (1, 1H, J= 15.7 Hz), 2.42 (m, 1H), 1.62 (s, 3H), 1.48 s, 3H) ppm.’

10 Example 10

F
O

QAXH“?
MeC 0 NR CN

{25,45)-1-{{2R)-2-Amino-3-{(4-methoxybenzyl)suifinyl]-3-methylbutanovl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride

A. Tert-butyl (1R)-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yl]earbonyl}-2-[(4-
15  methoxybenzyl)sulfinyl]-2-methylpropylcarbamate
To a methanal (10 mL) solution containing tert-buty! (1R)-1-{{(25,45)-2-cyano-4-
fluoropyrrolidin-1-ytlcarbonyl }-2-[(4-methoxybenzyl)thio]-2-methylpropylcarbamate
(as described above) {660 mg, 1.42 mmol, 1.0 eq) was added a solution of NalOs (334 mg,
1.56 mmol, 1.1 eq) in H20 (10 mL). The resulting mixture was stirred at RT for 18 hr. The
20 resulting heterogeneous mixture was partitioned between CH:Clz and Hz0. The arganic

layer was dried over Mg504 and concentrated in vacuo, Resulting white fluffy solid was



A Tert-butyl (1R)-1-{[ (25, 4S)-2-cyano-4-fluoropyrrolidin-1- yI car bgnyl }-2-[(
4 15 met hoxybenzyl ) sul finyl]-2-methyl propyl car bamat e m )
solution containing tert-butyl (1R)-1-{[(2S, 4S)-2-cyano-44- £l uor opyrrol
i di n-1-yl]carbonyl}-2-[(4-methoxybenzyl)thio]-2-nmethyl propyl carbamate (as
descri bed above) (660 ng, 1.42 mmol, 1.0 eq) was added a sol ution of Nal 04
(334 ng, 1.56 mmol, 1.1 eq) in HO (10 mM.). The resulting m xture was
stirred at RT for 18 hr. The 20 resulting heterogeneous m xture was
partitioned between CH2Cl 2 and H2O. The ganic |ayer was dried over M504
and concentrated,in vacuo. Resulting white fluffy solid was 24 Decenber,
2005 5 73 uselFed i1 theexhsdsn wishoubfusihennyification. tlsalated,00ing (3.25 mevl. 87%o| at ed 600
ng (1.25 mol, gZ% yield) as a m xture of diastereoners. 'H NVR (CDCl 3)
400 Mz 8 7. 27 2‘53("%“@!16*1*33#@@165 88 (m 2H) 5 87 (s(br) 1 H, 5.40 (m
1H, 503495”& 9- 3. 66 7H) , I? 6 (m 1 H,
1.49-1.38 (m @iﬁ’ CBgﬂﬁO(BMHzE?Z? -7.2 [m 2H), 690—688 (m 2H) 58 (s[br) IH] .'540[m,
(2S,49)-1-{(2R)-2- Ami no- 3- [ (4- met hoxybenzyl ) sul finyl]-3-methyl butanoyl } - 4-
f1 uoropyrr ol i WP ALAmpYNi 4-19-3-6&(m. Tid), 265drR B2 36500 W) 1450138 (ri5dont ai ni ng
trifluoroacetic acid (5 m.) was added connpound 10 A (600 ng, 1.25 mol,
1.0 eq). The P84l ting pale yellow solution was stirred at RT for 2 hr at
which time the solvent was renoved in vacuo. The resulting TFA salt was
converted to the free base by additi on of a sat. NaHCO3 sol ution and
extracting th eo yer (2 wi t h. Et OAc e comhi ned organic
extracts wereeB Psgé 3@'?1 ﬁ[ é?fﬁhmﬁﬂﬂﬁu?@ﬁ@a -methouneYisfive resul ting
of f - vvhltefoarﬁ Pvrlfled V|aflash

uoropyr olidine-2-carbonitrile.

To a CHzClz (50 mL) solution containing trifluoroacetic acid (5 mL) was added compound

10 A (600 mg, 1.25 mmol, 1.0 eq). The resulting pale yellow solution was stirred at RT for 2
hr at which time the solvent was removed in vacuo. The resulting TFA salt was
converted to the free base by addition of a sat. NaHCOs solution and extracting the
aqueous layer (2X) with EtOAc. The combined organic extracts were dried over Nia2S0s
and concentrated in vacuo. The resulting off-white foam was purified via flash

15  chromatography using 5% MeOH (with 0.1% NHa) in CHzCl2 as the mobile phase
affording 368 mg (0.965 mmal, 77% yield) of a white foam. To form the HCI salt, the
free base was taken up in Etz0 and acetone added until all solids were in solution. 2.0 M
HCl in ether was added dropwise until no more precipitate formed. The precipitate was
then filtered and washed several times with Etz0. The resulting salt was dried under

20  high vacuum.
"H NMR (D20) 400 MHz 8 7.25-7.21 (m, 2H), 6.93-6.90 m, 2H), 5.42 (m, 1H), 5.02 (m, 1H),

4.48 (m, 1H), 4.24-3.70 {m, 7H), 2.68-2.31 {m, 2H), 1.52-1.32 {m, 6H) ppm.



15 chromat ography using 5% McOH (with 0.1% NH3) in CHzClz as the npbile
phase affording 368 ng (0.965 mol, 77%yield) of a 4 Dgcember. 3005,
the HCI salt" the free base was taken up in EtzO and acetone added unti |
all solids were in solution. 2.0 M HCl in ether was added dropw se until
no nore precipitate forned. The precipitate was then filtered and washed
several tinmes with Et20 The resulting salt was dried under 20 high vacuum
"H NWVR (D20) 400 MHz S 7.25-7.21 (m 2I—I)7 6.93-6.90 m 2H), 5.42 (m 1H),
5.02 i(m 1H), 4.48 (m 1 H), 4.24-3.70tm 7H), 2.68-2.31 (m 2H),
1.52-1.32 (m 24 Decenber, 2005 74 Exanple 11 (2S,4S)-1-((2R) -2-Am
I no- 3- net hyl - E’{—m![gzé—)ari fl uoronet hyl ) benzyl]thi o} buts noyl)Il-4-
fluoropyrrolidine-2-carbonitrile hydrochloride 5 A

(2R)-2-[(Tert-butoxycar bon;@) m no] - 3- mer capt o- 3- net hyl butanoic acid. To a
THE (300 ni) sol utiQ t g L-penicillamne (5.0 g, 33.51 mml, 1.0
eq)!l was added B@%S\ISU hy OXI de (1.88 g, 33.51 mmol, 1.0 eq). The
mxture was th&s c6oled tG 08 and di-tert- but yl di car bonat e (7.31 g, 33.51
mml, 1.0 eq) was added. The resulting stirred mxture was allowed to warm
to RT over ni ghgzsd$)er-((eRicd-Aamovyameth1 e { [4QtrifQbroRethiieRryiiR @} blanopQ-nl) and
extracted (2X) with Et QAc. The conbined organic extracts were dried over
MyS04 and conciuttrapytrekiliinen2-¢sbonttrile hipdroéimidb ti Ng white solid was used in the
next step without further purification. Isolated 7.68 g (30.80 nmol, 92%
yi el d). ' HNVR.(ZEP2b)(TeACEktddyizarionyllaminol-dyrerddpto = nidthgibiahoic deiB3 (d, 1 H J=
9.6 Hz), 1.55 (s, 3H), 15 1.45 (s, 9H), 1.41 (s, 3H) ppm

To a THF (300 mi) solution containing L-penicillamine (5.0 g, 33.5? mmol, 1.0 eq) was

added potassium hydroxide (1.88 g, 33.51 mmol, 1.0 eg). The mixture was then cooled
to 0°Cand di-tert;butyldicarbonate {7.31 g, 33.51 mmol, 1.0 eq) was added. The
resufting stirred mixture was allowed to warm to RT overnight. The reaction was then
poured into Hz0 (ca 300 mL) and extracted {2X) with EtOAc. The combined organic
extracts were dried over MgS0s and concentrated in vacuo. The resulting white solid
was used in the next step without further purification. Isolated 7.68 g (30.80 mmol,
92% vield).

'H NMR (CDCl3) 400 MHz & 5.51 {d, 1H, /= 9.6 Hz), 4.33 {d, 1H, J= 9.6 Hz}, 1.55 {s, 3H),

1.45 (s, 9H), 1.41 (s, 3H) ppm.

B. (2R)-2-[{Tert-butoxycarbonyl)amino]-3-methyl-3-{[4-
(trifluoromethyl)benzyilthio} butanoic acid.

To a CH:CN (40 mtl) solution contalning compound A (1.0 g, 4011 mmol, 1.0 eg) was
added sodium tert-butoxide (810 mg, 8.42 mmol, 2.1 eg). The resulting pale yellow
solution was allowed to stir for 10 min at which time 4-{trifluoromethyl}benzylbromide (

1.05 g, 4.41 mmol, 1.1 eq). The resulting mixture was heated to 50 °C and allowed to stir



B. (2R)-2-[(Tert-but oxycarbonyl)am no] - 3-net hyl - 3- ([ 4-
(trifluoronethyl)benzyl]thio}butanoie acid. To a CHaGfDegembers 2005, o
cont ai ni ng conpound A (1.0 g, 4.011 nmol, 1.0 eq) was 20 added sodi um
tert-butoxide (810 ng, 8.42 mvol, 2.1 eq). The resulting pale yellow
solution was allowed to stir for 10 min at which tine
4-(trifluoronethyl)benzylbiromde 1.05 g, 4.41 mol, 1.1 eq). The
resulting m xture was heated to 50 C and allowed to stir 24 Decenber, 2005
75 for 18 hr. The reaction was then pdured into H20O (ca 50 nlL) and
extracted (2X) with EtOAc. The conbi ned extracts were dried over MgSH and
concent r at edfdra8 bradhereadtion was o pouredgntodizQ thaw mlLznddxiractad 2 mitht st ep

wi t hout further purification. Isolated 1.45 9 (3.55 mmol, 89%yield). 5 "'H
NVR (CDCl 3) Ei@6c Miag c@nbinegiexiragts wese dided oger MgSBdand zoakgnitated ipnMicug=Tt8. 1 Hz) ,
5.39 (s(br), 1 H), 4.44 (s(br), 1 H, 3.85 (s, 2H), 1.45-1.43 (m 15H)

pm resulting solid was used in the next step without further buriﬁcation. isolated 1.45 g
C. Tert-butyl &1R) -1- 25, 4S) - 2- cyano- 4-f | uoropyrrolidin-1-yl]carbonyl)-2-nme
thyl-2- { [43E6mmaa. Jhyl ) benzyl]th io} propyl carbamate. 10 To a DVF

solution (30 ni) containing conpound B (1.45 %3. 55 mpl, 1.2 eq),was
added N, N°di H¥} CRCEIACAMHES 165 (d.088/ = 8.1 Ha, T (fadh. J 4 83312839 BB owed by
HATU (1.92 . 5.05 mol, 1.7 eq). The resulting anber solution was stirred
at RT for 20THli4#4 {sfer).t1H). 3.85 4% 2H)r 1451 4dmui5HAras added a sol ution of (2S,
4S) - 4-fl uor o- 2- pyrrol i di necarbonitirile 4- nmethyl benzenesul fonate (849 ng,
2.97 mol, 1.0 eq) and N, N-diisopropyl ethylarm ne 15 (569 pt, 3.27 nmol,

1.1 eq) in DME (25 mh. TBe resulting solution vvaﬁ stirred at RT for 18 hr
and t hen quehdbbuty (K- {E2845)-Repvinost-Suarepyrrelidin-d=y! @rtrﬁﬂw;-.?-mﬁev‘cﬂ-oudy

sol ution was Itl]tB_en our ed inﬁo_HZO gca 20 mL) and extracted with EtOAc (3 X
10 nL). The Ukt gnethyllbenzyl thio}propylcarbamate.

10 To a DMF solution (30 mL) containing compound B (1.45 mg, 3.55 mmol, 1.2 eq) was
added N,N-diisopropylethylamine (698 plL, 4.01 mmol, 1.35 eq) followed by HATU (1.92
g, 5.05 mmol, 1.7 eg). The resulting amber solution was stirred at RT for 20 min. To this
stirring solution was added a solution of {ZS. 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-
methylbenzenesulfonate (849 mg, 2.97 mmol, 1.0 eq) and N,N-diisopropylethylamine

15 (569 pl, 3.27 mmol, 1.1 eq) in DMF (25 mt). The resulting solution was stirred at R for

18 hr and then quenched with a sat. NaHCOs solution {ca 5 ml). The cloudy soluttion was

then poured into Hz0 (ca 20 ml) and extracted with EtOAc (3 X 10 mL). The combined

organic extracts were washed with H:0 (2X) and brine (1X); dried over MgS0s and

concentrated in vacuo. The resulting amber oil was purified via flash chromatography
20  using 1:1 hexanes/EtOAc as the mobile phase. Isolated 682 mg (1.35 mmol, 45% vield}

of compound C as a white foam.

"H NMR (CDCls) 400 MHz & 7.55 (d, 2H, J = 8.1 Hz), 7.50 (d, 2H, J = 8.8 Hz), 5.48 (d, 1H, J

= 50.8 Hz), 5.42 (d, 1H, /= 9.9 Hz), 5.03 {d, 1H, J = 10.0 Hz), 4.40 (d, 1H, J= 9.5 Hz), 4.32




organi c extracts were washed with H20 (2)Q and bri ne (1xg I dried g%gr MySO4
and concentrated in vacuo. The resulting anber oil 4 | ash
chromat ography 20 using 1:1 hexanes/ Et OAc as the nobile phase. |solated 682
ng (1.35 nmmol, 45%yield) of conmpound C as a white foam 'H NVR (CDCl 3)
400 Mz S 7.55 (d, 2H, J =8.1 Hz), 7.50 (d, 2 H J =8.8 Hz), 5.49 (d, 1
H J =50.8 H), 5.42 (d, 1 H J - 9.9 Hz), 5.03 (d, 1 H J =10.0 Hz),
4.40 (d, 1 H J =9.5 Ht), 4.32 24 Decenber, 2005 76 (m 1 H, 4.04 (m 1
H, 3.88 (s, 2H) 2 74 (t 1 H J = 15.1 H9, 2.38 (m 1 H), 1.47 (s. 3H),
1.42 (s, 9H), (s, 3H)

(2S,4S)-1- ((2R) - (Mr% ﬁﬁ‘l@%ﬂrﬂ)th@ﬂ (s@H{ RZ4 (& tH,# Eus: diie-38/0m) bnt47 i3 J)4But anoy
|)-4- 5 fluoropyrrolidine-2-carbonitrile. To a CH2CI2 (70 mL) sol ution
containing trifl@EdHbdddds ¥aemnd (7 nl) was added conpound A (682 ngy, 1.35
mmol, 1.0 eq). The resulting pale yellow solution was stirred at AT for 2
hr at which time the solvent was renoved i n vacuo. The resulti ng TFA salt

was converted toqk)zr%e Lrié base by additign of a sa CO3 _sol ution and
extracting tthe Aglide 5'? 59‘&0 ?(Q‘YE“V'V\#T{W'(Eﬂf@Q@meﬂ‘M@’eﬁﬁ’Hﬁ'Mébta@j‘P\@eﬂﬂ c

extracts wer ed ovel (é and concentrated in vacuo. The resulting
off-white fo m r%ﬁrf‘ﬂdlnéé @rognifilssn  chr omat ogr aphy using 5% MeOH (wi t h

0. 1% NH3 CH2Cl bj | h fford 67 72%

yield) of & wnit a%ga[ﬁﬁ&%ug&”!r'ﬁ"ﬁ}? taﬁséﬁeg el fottsgd Fy U VBadied BniARE o
Et 20 and t d HCl

i n ot hor was aadSAOHBe i) B TBE FspEd Wifcveﬂm sobfoq rsabized sy Yor 7

prect p tate vas  Laf AL ot edid, YESheS SEUs! Hhe TR LML 20 The

resulting salt VA

converted to the free base by addition of a sat. NaHCOs solution and extracting the
10 aqueous layer (2X) with EtOAc. The combined organic extracts were dried over Naz504
and concentraied in vacuo. The resulting off-white foam was purified via flash
chromatography using 5% MeOH (with 0.1% NH3) in CHzClz as the mobile phase
affording 390 mg {0.967 mmol, 72% vyield) of a white foam. To form the HC! salt, the
free base was taken up in Et20 and acetone édded until all solids were in solution. 20 M
15 HClin ether was added dropwise until no more precipitate formed. The precipitate was
then filtered and washed severa! times with Et20. The resulting salt was dried under
high vacuum.
"H NMR (D20) 400 MHz & 7.57 (d, 2H, J = 8.1 Hz), 7.49 (d, 2H, J = 8.5 Hz), 5.46 (d, 1H, J =
51.4 Hz), 4.98 (d, 1H, J = 9.5 Hz), 4.05-3.53 (m, 5H), 2.62-2.28 (m, 2H), 1.40 (s, 3H), 1.31

20 (s, 3H) ppm.




'"HN MR (D20) 400 MHz S 7.57 (d, 2H, J= 8.1 Hz), 7.49 Ded 2H J =5 Hz) ,
5.46 (d., 1H, J- 51.4 Hz), 4.98 (d, 1 H J= 9.5 Hz), 4. :
2.62-2.28 (m 2H), 1.40 (s, 3H), 1.31 20 is, 3H ppm 24 Decenber 2005 77
Exanpl e 12

(2S,45)-1-[(2S)-2- Ami no- 2- (1-vi nyl eycl opentyl ) et hanoyl | - 4-fl uoropyrrolidine
-2- carbonitrile hydrochloride 5 A

Tert-butyl (1S)-2-[(2S, 4S)-2-cyano-4-fluoropyrrolidin-1-yl]-2-oxo-1-(1-

vi nyl cycl opentyl ) et hyl carbamate. To a DWFTgolution (25 nL) contai ni ng
racem c [(tert-butoxycarbony)lam no] (1- vinylcyclopentyl)acetic acid (as
described in RoBampleck? rey A: Sul sky, Richard B.; A ugeri, David J.;
Magni n, David R_; Hamann, Lawence G ; Betebenner, David A Preparation of
10 fused cyclopF pyl pyrrolidi ne-based inhibitors of dipeptidyl peptidase
IV, WO 20016860 1.07 g, 3.97 mmol) was added Hfnig's Base (0.835 ni,
4.37 mmol |) and N1.66 g, 4.37 mol ). The resulting solution was
stirred for i5 m put at RT, an then a solution of

(25, 45) - 4-f| uor @ 2-pyrrol i di necarbonitrile 4-methyl benzenesuilfonate (1.14
g, 3.97 mol) and Hoarg's base (0.835 nL, 4.37 nmmol) in 10 nL of DMF was
added 15 dropw se gr 2-3 mnutes. The resultlng solution was stirred at
RT for 18 hr them enched with H20. The solution was poured into H2O and
t he organi cs extracted mnth EtCﬁc (2)? After mashlng mnth sat NO and 1.0
N HO the orgard2¥4Shiel(2s)-drAmin ‘ peidytle ‘ spliginec®-i n vacuo to

provide a dark oil, V\/m ch was pur|f| ed on sillica gel using a Biotage
Fl ashEl ut e Systtaibpnislekydrgschiorideyr adi ent fashion with hexanes / EtQAc 3:1 20

to 1:1 to afford 2 products, diastereonmeric at the al pha-am no position
(c), in 5 A Tert-butyl (15)-2-[(2545)-2-cyano-4-fluoropyrrolidin-1-yi]-2-oxo-1-(1-

vinylcyc!opentyl)ethylcarbgmate.
To a DMF solution (25 mL} containing racemic [{tert-butoxycarbony)lamino){1-
vinyleyclopentyl)acetic acid (as described in Robl, Jeffrey A.; Sulsky, Richard B.; Augeri,
David J.; Magnin, David R.; Hamann, Lawrence G.; Betebenner, David A. Preparation of
10 fused cyclopropylpyrrolidine-based inhibitors of dipeptidyl peptidase IV, WO
200168603A2) (1.07 g, 3.97 mmol)} was added Hiinig's Base (0.835 mL, 4.37 mmoll) and
HATU [1.66 ¢, 4.37 mmol), The resulting solution was stirred for 15 niinutes at RT, an
then a solution of (25,45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate
(1.14 g, 3.97 mmal) and Hiinig's base (0.835 mL, 4.37 mmo!) in 10 mL of DMF was added
15 drop\‘fvise over 2-3 minutes. The resulting solution was stirred at RT for 18 hr them
quenched with H20. The solution was poured into H20 and the organics extracted with
EtOAc (2X). After washing with sat. NaCl and 1.0 N HCl the organics were dried (IMgS0.)
and the solvent removed in vacuo to provide a dark oil, which was purified on sillica gel

using a Biotage FlashElute System, eluting in gradient fashion with hexanes / FtOAc 3:1

20 to 1:1 to afford 2 products, diastereomeric at the alpha-amino position (C1), in




24 Decenber

H J =92 H),

, 2005 78 approximately a 1:1 ratio (582 of) di a%ter%)b‘rgr ,
628 ngy of diastereoner 2, 53% overall yield). The s|g\%eh—%$%%—ﬁ&—

di astereonmer was determ ned to have the (S) absolute
the basis of vibrational circular dichroismanalysis of the final product
5"HNW (CDCla) 400 Mz 8 5.92 (dd 1 H J = 10.8, 17.3 Hz), 5.38 (m 1 H),
5.22 (dd, 2 H J= 10.8, 27.4 Hz), 5.02 (d, 1 H J = 10.3 Hz), 4.23 (d,
4.06 (m 2H), 2.63; (t, 1 H J = 15.5 Hz), 2.40-2.23 (m

ppm 10

2H) 1.85 (m 1 H), 1.75-1.52 (m 6H), 1.743 (m 1 H), 1.37 (s, 9H)

(2s 49) - 1- [ ( 2S)reroximptely.a1:1 retie (589 Moyt Hiepereanyer 1,626 maef Hipstareomerds 83%r r ol i di ne

-2- carbonltrlleh_ chlorlde To a flask containing

tert butyl (1S) -oyerpif yeld 4§)‘5 SQM@WJHBUM‘*‘@SFWBTOWWSHEWF?ﬁ’-tmhy‘fej’thISb&t?fDmte
1- (1-vinylcycl oPentH%l )et hyl car bamate (70 mmol) in 1 n of
1, 4- di oxane waster é’&t%Oﬁihecwsmofr\\f'mona'ﬁ'rcylandlahre&raﬁ@alrsélofMma'by 1 m of 2

N HCl in Et20. The resulting 15 solution was stirred at RT for 3 hr at
whi ch tine starpfqdﬂﬁ‘ mat eri al had been consurred as Judged by TLC. 3 nL of
Et 20 was added,to t?e reaction m Xx

resulting I ghtH{\'%ﬁ

collected via vacuum fi on and dri under vacuumto afford conpound

B as a cream cdpﬁ'?@&ﬂz]sép? (%3"6@3 HFbe}'ozi’/[deVHY=92(J"Z)aﬁoﬁlm HhaeRdoll). 400 Mz

8 5.83 (dd

hexanes.

GEp v gakd i fwumw@dmza b e IR -

, 1H, J= 2H J- 110.7 ,
(d, 1 H J = 917‘%%'01 %14%2%%%’-01 35§"7‘§ ﬁ%‘ﬁh} 6”&’6%“('{1”1-11—3@(5-551?
Hz), 2.45 (m pp1ml-|) 1.86-1.58 (m 7H), 1 36' (M 3H) ppm 24 Decenber,

10

15

20

B. (25,45)-1-[(2S)-2-amino-2-(1-vinylcyclopentyljethanayl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride,

To a flask containing tert-buty! (15)-2-[(25,45)-2-cyano-4-fluoropyrrolidin-1-yf]-2-oxo-
1-{1-vinyleyclopentyl)ethylcarbamate (70 mg, 0.19 mmol) in 1 mL of 1,4-dioxane was
added 2 mL of 4 N HCl in 1,4-dioxane followed by 1 mL of 2 N HCl in E&0. The resulting
solution was stirred at RT for 3 hr at which time starting material had been consumed as
judged by TLC. 3 ml of Et:0 was added to the reaction mixture followed by 3 mL of
hexanes. The resulting light tan precipitate was filtered, triturated with Et:0, colllected
via vacuum filtration and dried under vacuum to afford compound B as a eream-—colored
solid (35 mg, 70% yield).

"H NMR (ds-MeOH) 400 MHz & 5.83 {dd, 1H, /= 10.7, 17,6 Hz), 5.36 (dd, 2H, J = 10.7,

27.7 Hz), 5.07 (d, 1H, J= 9.7 Hz), 4.16 (m, 2H), 3.79 (m, 1H), 2.63 (t, 1H, J = 16.2 Hz}, 2.45

{m, 1H), 1.86-1.58 (m, 7H), 1.36' (M, 3H) ppm.

st er eochem st ry on



79 Exanple 13 ome (25,45)-1-[(2S)-2-Am no-5-(4-neth

oxyphenyl ) - 3, 3-di net hyl pent anoyl [ -4- fl uoropyrrol i di ne24-R¢g¢imher, 2005
hydrochl ori de. 5 A 4-(4-Methoxyphenyl)-2, 2-di net hyl butanal. To a tol uene
solution (80 nL) containing 4-(4-nethoxypheny|)-2,2- di met hyl butanenitrile
(3.65 g, 18.0 mmol; see: Knochel, P. et al. Og. Lett 2000, 2, 3285 for
the preparation of this conpound) cooled to -78 C was added 18.0 nlL of a
1.5 M toluene solution of DIBAL (27.0 mmol ). After 3 hr at -78 C the
reacti on was quenched 10 with a H20/ THF sgbution (75 nlL/ 15 nL) contai ning
sodi um acetate (4.6 g) and acetic acid (4.6 nL) at -78 C. To this solution
was added cel it Ednglld dved by EtzO The solutioln was allowed to warmto RT
at which tinme it was filtered through a bed of celite. The celite was
rinsed thoroughfy with Et20 and then the filtrate washed with H2O After
drying over My t? sol vent was renoved in vacuo and the residue
purified via col chromat ography (hexanes/EtOAc (9:1)) yielding 3.55 ¢
(17.2 mmol, 960/ compound A. "H NWR (CDClI 3) 400 MHz S 9.47 (s,
1H), 7.07 (d, 2H . . 6.81 (d, 2H J- 8.4 Hz), 3.78 (s, 3H), 2.48
- 2.4 (m 2H, 1.7 1. e 2H), 1.11 (s, 6H) ppm 24 Decenber, 2005 80
B. 1 1, 1-Trichl oro-5- 4 nethoxyphenyl) 3, 3-di net hyl pentan-2-ol. To a THE
sol ution (10 nmL§2342Int-H2¥ envl)-3rdingetndpentaenyll-4end anhydr ous

chl oroform (311 ng, 2.60 nnDI cooled to -78 C was added 2.6 nL of a 1.0 M
THE flucropyrrolidine~2-carbonitrile hydrochloride.

5 A 4-(4-Methoxyphenyl)-2,2-dimethylbutanal.

To a toluene solution (80 mL) containing 4-(4-methoxyphenyl)-2,2-
dimethylbutanenitrile (3.65 g, 18.0 mmol; see: Knochel, P. et al. Grg. Lett. 2000, 2, 3285
for the preparation of this compound) cooled to -78 °C was added 18.0 mLofa 1.5 M
toluene solution of DIBAL {27.0 mmol). After 3 hr at ~78 °C the reaction was quenched

10 with a H20fTHF solution (75 mL/15 mL) containing sodium acetate (4.6 g) and acetic acid
(4.6 mL) at -78 °C. To this solution was added celite followed by Etz0. The solution was
allowed to warm to RT at which time it was filtered through a bed of celite. The celite
was rinsed thoroughly with Etz0 and then the filtrate washed with Hz0. After drying
over MgSOs the solvent was removed in vacuo and the residue purified via column

15  chromatography (hexanes/EtOAc (9:1)) yielding 3.55 g (17.2 mmol, 96% vyield) of’
compound A.
"H NMR (CDCis) 400 MHz & 9.47 (s, 1H), 7.07 (d, 2H, J = 8.6 Hz), 6.81 (d, 2H, /= 8.4 Hz),

3.78 (s, 3H), 2.48 - 2.44 [m, 2H), 1.77 - 1.73 (m, 2H), 1.11 [s, 6H) ppm.



solution of LiHVDS (2.60 nmol) dropw se over 5 min. The reéutlzti gg sgt Eéion
stirred at 5 78 Cfor 30 mn at which tine the reactio i th
H20. Upon warnming the organics were extracted with Et QAc and after drying
over MgSO4 the solvent was renobved in vacuo. The residual yellow oil was
purified via colum chromat ography (10%t OAc/ hexanes) yi el ding 588 ng
(1.81 mol, 73%vyield) of conpound B as a white solid. 10 "H NWMR E(Cj::DC13)
400 MHz 8 7.10 (d, 2H, J = 8.7 Hz), 6.82 (d, 2H, J= 8.4 Hz), 4.05 , 111,
J =5.7 Hz), 3.78 (s, 3H), 2.95 (d, 1 H, 8= 57Hz) 264- 2.59 (m 2H),
1.95 (m 1H§,173( H, (1 125& ppm C.

2- Azi do- 5- ( 4- netBhoxybﬂﬂ?@??%%“ﬁf‘?ﬁé?’ﬁW s ea*enﬂ-olw To a DMVE
solution (4 nl) onpound B (581 nmol vvas added 7 niL
of an aqueous sg?ﬁﬂgﬁﬂmb@% @'”ﬂ??@%‘&ﬂ ‘i&’PPP?H‘n%‘ewUZ’B@ 24| ’""33'5’8‘1 ApfyFeUBaNd
sodi unn hydr oxi at RT. Aft stirring overnight the
sol ution Wgs poﬁ'ﬂ%’é}& ﬁ%ﬂq@ éG%M%%W&Of% "Coraga ﬁ?f{eegaé%qfégtoé\ﬂnﬁth Et 20. |
The aqueous | ay at NaHSO4, and t he organjcs extracte
B one: (25 Sl as PoS It somP) degesr oms e Tbp o TSos BirSVe- | 1
vacuoandth resi I |e vi a_.col um mat ogr a

( 59%veCOH CH2C 2) ?u |°n"d'“fég’ﬁﬁbft *gfemwasw%w; h’@ Up‘gd‘%ﬂfﬁ‘iﬂ‘ﬁ&‘ec 'H
g!vgl( (CECI i) H)400 Wﬁ%«f?ﬁ Q%ﬁétgd 5%%50%(:@%@%&{@1@%& %lﬂggﬂfhﬁ'z lee%tlwaemfs ?ZHg
1.10 (s, 6 ) . .

(25,48 - 1-1 - hoPnef PGREEHE s8R IBY obluas nyrifid vi sobumn reatgeraphy
fluoropyrrolid hﬂ@Et%A@lﬁE)Bﬂ&] Jibiik} Ses mg (1.81 mmol, 73% yield) of compound B as a white

solid,
10 'H NMR (CDCls) 400 MHz & 7.10 (d, 2H, J = 8.7 Hz), 6.82 (d, 2H, J = 8.4 Hz), 4.05 (dl, 1H, J
= 5.7 Hz), 3.78 (s, 3H), 2.95 (d, 1H, J = 5.7 Hz), 2.64 - 2.59 (m, 2H), 1.95 (m, 1H), 1.73 {m,

TH), 1.32 (s, 3H), 1.25 (s, 3H) ppm.

C. 2-Azido-5-(4-methoxyphenyl)-3,3-dimethylpentanole acid.

15 To a DME solution (4 mL) containing compound B (581 mg, 1.79 mmol} was added 7 mL
of an aqueous solution containing sodium azide (232 mg, 3.58 mmol) and sodium
hydroxide (286 mg, 7.15 mmol) at RT. After stirring overnight the solution was poured
into 2.0 M NaOH and the organics extracted with Et20. The aqueous layer was acidifed
with sat NaH50. and the organics extracted with EtOAc (2X). After drying over MigSO.

20  the solvent was removed in vacuo and the residual oil purified via column
chromatography (5%MeOH/CH:Cl2) yielding 186 mg (0.67 mmol, 37% yield) of
compound C.

'H NMR (CDCls) 400 MHz § 7.09 (d, 2H, /= 8.4 Hz), 6.82 (d, 2H, J = 8.6 Hz2), 3.91 (s, 1H),

3.78 (s, 3H), 2.58 - 2.52 (m, 2H), 1.71 - 1.61 (m, 2H), 1.10 s, 6H) ppm.




To a DVF solution (15 nmL) containing conpound C (696 ng, 2.52 npol)_and N, N
5 dii sopropyl ethyl ami ne (358 ng, 2.77 mvl) was added I—MQD—?%B%,A{@N

mmol) at RT. After 20 min a DMF solution (8 nL) containing
(2S,4S)-4-fluoro-2- pyrrolidinecarbonitrile 4-methyl benzenesul fonate (755
ng, 2.64 mol) and N, N- diisopropyl ethylamne (341 ng, 2.64 mmol) was
added. The solution stirred overnight at which tine it was diluted with

Et OAc and washed with H20 (3X), sat. NaHCOsand 2.0 M 10 HCI. After drying
over MgSO4 the sol vent was renoved in vacu®. The residual yellow oil was
purified via columm chromatography (initially hexanes/Et OAcJCH2C 2 (6: 3:1)
then hexanes/EtQAc/CH2CI2 (3:1:1)) yielding 605 ng (1.62 mol, 64% vyiel d)
of conpound D as a white solid that by 1H NVMR was a 3:2 m xture of

di ast er eoners. Th&SdSkit2AddorEd4-methoniphenm)es Indimethalpentarol]-415 E.

(25, 45)-1-[(25) - 2- Am no- 5- ( 4- met hoxyphenyl ) - 3, 3di net hyl pent anoyl | - 4-

f1 uoropyrrol i di fbwmpyselidisai2tqarbositfis.dr ochi ori de. To an Et OH sol ution (8 nL)
cont ai ni ng 10% Pd/ CNEEZOO ng) was added a 1:1 THE/EtOH solution (10 nl)
cont ai ni ng conpd@Ad@Mb spiytian @mthqosginmmpomné(@@|m 2.6hmwal agdNMegassed 4X
and then placed under a balloon of hydrogen. After 6.5 hr the solutiion was
filtered thrdugliseripdethylamiae (358 mg 21 mmel) wad dddest HATY (g5 d. BZ@ehmolct Blighl y
with CH2Cl 2. The_ sol vent was renpved in vacuo and the residual solid
purified via cof\ii¥h20 Bk selyFiamiSyml) soiaining?8At-flaess-2+2C1 2) yi el di ng 251
nmg (0.72 mol) of coppound, E as the freebase. This material was then

di ssolved in 2 H{r"‘g'ld'"mﬁf’%ﬁﬂ“@h@eﬁﬁ‘"ﬁﬂf%aﬁ @55mg. péé evmdand Bdbs g2 M

di oxane sol utiorr]_,of H?I was, aldded. The so|lvent was then imredi ately
renoved) in lisopropylethylamine (341 mg, 2.64 mmol) was added. The solution stirred overniglit at

which time it was diluted with EtOAc and washed with H20 (3X), sat. NaHCOzand 2.0 M

10 HCI. After drying over MgSO. the solvent was removed in vacuo. The residual vellow oil
was purified via column chromatography (initially hexanes/EtOAc/CH:Clz {6:3:1} then
hexanes/EtOAc/CH:Clz (3:1:1)) yielding 605 mg (1.62 mmol, 64% yield) of compound D as
a white solid that by 'H NMR was a 3:2 mixture of diastereomers, The diastereometic
mixture was taken on.

15
E. (25.45)-1-[(25)-2-Amino-5-(4-methoxyphenyl)-3,3dimethylpentanoyl]-4-
fluoropyrrolidine-2-carbenitrile hydrochloride.
To an EtOH solution (8 mL) containing 10% PdfC (200 mg) was added 2 1:1 THF/EtOH
solution {10 mL) containing compound D (593 mg, 1.58 mmol). The solution was

20  degassed 4X and then placed under a balloon of hydrogen. After 6.5 hr the solutiion was
filtered through a bed of celite with the celite being rinsed thoroughly with CH2Cl. The
solvent was removed in vacuo and the residual solid purified via column

chromatography (5%methanolic NHs/CH:Cl2} vielding 251 mg (0.72 mmol) of compound

E as the freebase. This material was then dissolved in 2 mL of CHzClzand 3.0 mL of 3 4.0




vacuo and the residual oil triterated with EtbO The resulting solid_was
collected via vacuumfiltration yielding 231 ng (O. GM er nd E
as the hydrochloride salt. 'H NVR (d4-MeOH) 400 MHz 8 7.13 (d, 2H, J = 8.6
Hz), 6.81 (d, 2H, J = 8.7 Hz), 5.31 5 (d(br), 1 H J =51.1 Hz), 5.09 (d,
1H J= 9.5 Hz), 4.10 (m 1 H), 4.01 (s, 1H), 3.86 (m 1 H, 3.74 (s, 3H),
2.65 - 2.42 (m 4H, 1.76 - 1.72 (m 2H), 1.20 (s, 6H ppm Exanmple 14 10
(2S,4S)-i-f(2R)-2- Ami no- 3- et hyl - 3-[ (3- phenyl propyl ) sul f onyl ] but anoyl } - 4-

fl uoropyrrolidine-2-carbonitrile 82

A Tert-butyl (1R)-1-{[(2S, 4S)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl}-2-nme
t hyl - 2- [ ( 3- phéhdityenomiutios of HElovey kdded. Ay dobantivas then dmmadiately @GV 050 nl)
solution containing tert-butyl (1 R-1-{[(25,4S)-2-cyano-4- 15

f1 uor opyrrol i divatua and the sasidual pil Yriterated with [E:20-Th¢ Bsyitiearspildowasppllectetivia] pr opyl car b
amate (as described above) (830 ng, 1.79 mmol, 1.0 eq) was added

3- chl or oper oxy beHwn fitiragion dielding 28 Dmg (0.6070Bolhofebmpaudd & @) the Tirsoohieside saltng

m xture was stirred at RT for 18 h. The reaction was then quenched with
1.0 N NaOH ( ca'HSMR1c-Nafil) #oeMHa§ 813 (ds2H d e &tedit), 63M &, 2/ id2).I581er was
dried over MyS04 and concentrated in vacuo. The resulting white 20 fluffy
solid was u$ed/dtn), f he/ =rfdxit Ha, t58)9 (ahit a5 Azl 10dm, PHir4Mi(s adk 386 (v, Jb). at ed 800
tiny of conpound 2%61- 62 mmol, 91%yield). 24 Decenber, 2005 83 B.

(2S, 4S) - 1- { ( 2R}72(s3H). 12853 Tt (hny #H) 3L 7631 THen gH) pt. 20y 6HErA. ony | | but anoyl } - 4-

fl uoropyrrolidine-2-carbonitrile To a CH2ClI2 (50 m .) sol ution containing
trifluoroacetic acid (5 m.) was added conpound A (800 ng, 1.62 nmmol, 1.0
eq). The resulting pale yellow solution was stirred at RT for 2

Example 14
F
SRE
e d

h=0

o

10 (2545)-1-{(2R)-2-Amino~3-methyl-3-[(3-phenylpropyl)sulfonyl]butanoyl }-4-

18]

fluoropyrrolidine-2-carbonitrile

A. Tert-butyl (1R)-1-{[(25,45)-2-cyano-4-flugropyrrolidin-1-yilcarbonyl} -2-methyi-2-
[(3-phenylpropyl)sulfonyl]propylcarbamate.
To a CHCIs (50 mL) solution containing tert-butyl (1R)-1-{[(25,4S)-2-cyano-4-
15 fluoropyrrolidin-1-yflcarbonyl }-2-methyl-2-[(3-phenylpropyl)thiolpropylcarbam:ate {as
described above) {830 mg, 1.79 mmol, 1.0 eq) was added 3-chloroperoxybenzoic acid
(3.09 g, 17.9 mmol, 10 eq). The resulting mixture was stirred at RT for 18 h. The:
reaction was then quenched with 1.0 N NaOH (ca 10 mL) and the layers separated. The
organic layer was dried over MgS0+ and concentrated in vacuo. The resulting white
20  fluffy solid was used in the next step without fﬁrther purification, Isolated 800 mg of

compound A (1.62 mmol, 91% yield).



5 h at which time the solvent was renopved in vacuo. The resulting TFA salt
was converted to the free base by addition of a sat. nd
extracting the aqueous layer (2X) with Et QAc. The conbi ned organic
extracts were dried over Na2SO4 and concentrated in vacuo. The resulting
off-white foamwas purified via flash chromatography using 5% MOH (with
0.1% NH3) in CH2CI2 as the nobile phase 10 affording 532 ng of conpound B
as the freebase (1.35 mol, 83%yvyield). To formthe HO salt, the free
base was taken up in Et20 and acetone add&d until all solids were in
solution. 2.0 MHC in ether was added dropwi se until no nore precipitate

formed. The pr@d?S l"é't{ém}vasa"t"l"féﬁ'mqfhvi*ér[(@dpfumlpfmﬂﬁlﬁénﬁbv@h@l} -4 mes with
EhQ. The resul t]l g salt was dri ed under high vacuum 15 'H NWR (Dz0) 400
Mtz S 7.26-7.13 L(stswodmef? %bf("&”fq H J= 50.7 Hz) 5.00 (d, 1 H J— 9.7
th ) ’ 2& 6? (:5’7 170@‘3“23 2 (50 B'glszluysn E%ta"m trfggore@:t;) i (B %n% tgafﬁqed camwn(i s, 5 7 1
(1 2%542,)3 13{H% 2%)%05%9 23"%& h9 ra3Theresulting pajg vehemsajytios eﬂaﬁ eﬂfsﬁ# rb%I Bhdyl } - 4-
(2R~ 2 L Tert - BTSN AFisa NG HAS Pers b BMpoGITE opch RN BBHBS/ASTISHE] but ano
R goﬁyﬁ)tgmerfsq%%“ewt BEITERATER I i
ol 1. 1 eq) . e By e IR e S ST E AR 2 e 8 KT for 18 h.
The reaction mcéﬁc%ﬁat‘e’@i% v%cr&%.r The resulting off-white foam was purified via flash
chromatography using 5% MeOH (with 0.1% NHs) in CH2Clz as the mobile phase
10 affording 532 mg of compound B as the freebase (1.35 mmol, 83% yield). To form the
HCl salt, the free base was taken up in Et:0 and acetone added until all solids were in
solution. 2.0 M HCl in ether was added dropwise until no more precipitate formed. The
precipitate was then filtered and washed several times with Et0. The resulting salt was
dried under high vacuum.
15 'H NMR (D:0} 400 MHz & 7.26-7.13 (m, 5H), 5.48 (d, 1H, J = 50.7 Hz), 5.00 (d, 1H, J=9.7
Hz), 4.63 (s, TH), 4.02 (m, 1H), 3.81 (m, 1H), 3.20-3.15 (m, 2H), 271 {t, 2H, J = 7.5 Hz),

2.65-2.33 (m, 2H), 2.09-2.01 (m, 2H), 1.50 (s, 3H), 1.35 (s, 3H) ppm.

Example 15
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(25,45)-1-{(2R)-2-Amino-3-methyl-3-[{4-methylbenzyl)sulfonyl]outanoyl}-4-

O

20

fluoropyrrolidine-2-carbonitrile.




poured into a seperatory funnel and washed with EtzO (%)) to reny y
unreacted chloride. Concentrated HOJ was added to theMntil
the pH reachedl 2-3. The aqueous | ayer was then extracted with EtzO (2X).
The conbi ned organic extracts were.dried over MgSO4and concentrated in
vacuo. The resulting white fluffy solid was 10 used in the next step

w thout further purification. Isolated 1.29 g of conpound A (3.65 mmol,
91%ield). 1H NWR (CDClI 3) 400 Mz 8 7.21 (d, 2H, J= 7.9 Hz), 7.11 (d, 2H,
J=8.3 Hz), 5.46 (d (br), 1 H J =85 H8# 4.40 Is (br), 1H, 3.83 (q,
2H, J= 11.7 Hz), 2.31 (s, 3H), 1.48-1.42 (m 15H) ppm 15 B. Tert-butyl (1
R) - 1- ([ (25, 45) - A @RhAd{ert-outogycapynylarhindi-3xmathyl-3-E@srivdinydedzyRthindtiutan oicacid

[ (4- et hyl benzyl )th io0] propylcarba mate. To a DMF solution (25 nli)

cont ai ni ng conpound T { 1.0 BNagH (.ndbsatativh corftaifing (PR}-2;[list- added

N, N-di i sopropyl ethylamne (715 L, 4.1 mmot, 1.35 eq) followed by HATU (1.96
g, 20 5.17 mmobutosycarbenyilamifiek3-mesaptoigethnbetanaoidd (axslesoribesl above) (e@ig.at RT
for 20 mn. To this stirring solution was added a sol ution of (25,

4S) - 4- f | uor o- 2- By momadl,di.0vend wesEddhdt4-methgbebzyl mhibtidd (B8 ehtisuinblohae. (I869 ny,
3.04 mmol, 1.0 eq) and N, N-diisopropylethylarmne (582 L, 3.34 mol, 1.1
eq) in DVF (35 mdshlting teixture svas dlfoveyd to otinadtiRbforwad. $leireacich mixtuRTwisdhen 18 h and
guenched with a sat. NaHCO3 solution (ca 5 ml). The cl oudy sol uti on was

t hen 24 Decenbeppur@Din® 8&perploorfethei ant ovabiROwith =2 1019 remondt apx umreasttesdd wi t h
EtOAc (3 x 10 m). The conbined organic extracts were washed with H20 (2X)
and brine (IX); chierided ConaentravefSi®l waratidesbiedemaquaous dpyer untilthe pld reathsd 2-2sul t i ng

anber oil was purified via flash chromat ography using 1:1
The aqueous layer was then extracted with Etz0 (2)(){. The combined organic extracts

were dried over MgS0sand concentrated in vacuo. The resulting white fluffy solid was
10 used in the next step without further purification. Isolated 1.29 g of compound A (3.65
mmeol, 91% yield).
'H NMR (CDCls) 400 MHz 8 7.21 (d, 2H, J = 7.9 Hz), 7.11 (d, 2H, J = 8.3 Hz), 5,46
(d (br}, 1H, J = 8.5 Hz), 4.40 (s (br), 1H), 3.83 (g, 2H, J= 11.7 Hz), 2.31 (5, 3H), 1.48-1.42
{m, 15H) ppm.
15
B. Tert-butyl (1R)-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yllcarbonyl } ~2-methyl-2-
[(4-methylbenzyl)thio]propylcarbamate.
To a DMF solution {25 ml) containing compound A (1.29 g, 3.65 mmol, 1.2 eq) wias
added N,N-diisopropylethylamine (715 ul, 4.1 mmol, 1.35 eq) followed by HATU 1(1.96 g,
20  5.17 mmol, 1.7 eq). The resulting amber solution was stirred at RT for 20 min. To this
stirring solution was added a solution of (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-
methylbenzenesulfonate (869 mg, 3.04 mmol, 1.0 eq) and N,N-diisopropylethylamine
(582 pl, 3.34 mmol, 1.1 eq} in DMF (15 mL). The resulting solution was stirred att RT for

18 h and quenched with a sat. NaHCOs solution (ca 5 ml). The cloudy solution was then




hexanes/ Et OAc as the nobile phase. Isolated 1.14 g (2.54 mmol, 84%yi el d)
of 5 conpound B as a white foam 1H NVR (CDCl 3) 400 4 esab ,2 AN
8.4 Hz), 7.10 (d, 2H, J= 7.8 Hz), 5.48 (d, 1 H J =51.9 Hz), 5.44 (d, 1
H J =9.5H), 5.04 (d, 1 H J=9.2Hz), 4.37 (d, 1 H J=9.0 Hz)" 4.25
(m 1H), 4.04 (m 1 H), 3.81 (s, 2H), 2.72 (t, 1 H J = 15.2 Hz), 2.45-2.28
(m 4H), 1.47'-1.41 (m 15H ppm 10 C tert-butyl (1

R) -1-{[(2S, 4S) - 2- cyano- 4-fl uoropyrrolidin-1-yl]carbonyl}-2-nettuyl -

[ (4-met hyl benzyl ) sul fonyl ] propyl ca rbama?-'b. To a CHCI 3 (75 m.) solution
cont ai ni ng conpou added ]

3-chl oroperoxyb%‘?‘l‘f‘g "E,toziajéq EF?@”’@Q’"S e"t![a)’teg Wﬁﬁﬁo""c%" Hh')") Tfﬁé‘”f‘@%@lqrﬂmf

m xture was 15 stirred at L?I ég)s he reaction was then quenched with
1.0 N NaOH (ca T%% tms‘re&’ﬁﬂ'e# With a?/ a"é@ﬁ%f’r(é’f)e‘éf'ed% Mgp G concantggted as
dried over MJS4 a ﬁ,loncelntratg '?F}f gﬁresultla%v\,hltefluffy
solid was used 'Fr‘fa(iuﬂ gaSPItng ay W’t'wam"f Yigdgsh chypmptegrapy wig 19lso) at ed

(4, 20 *3="5. b YBeORe i Mppe e ol 14%55% P 9720 5 43 (o 1

H J = 50.7 &) J—92Hz)499(d 1H J= 9.7 H),
4.32-3.97 (n%r|Z "z?ﬂ%"‘%aBﬁhP‘i}“tef"aﬁ J = 15.7 Hz), 2.46-2.29 (m 4H), 1.58 Is,

(2543 1. {  2r) AN shonapc 8 o %@@%ﬁ&ﬁ% EA %ﬁfanw} .
cont i ning. Ui 1116y BREAHE ThleSls by 0 bl Saghi A8 bR Keb Rfladh! O

(m, TH), 4.04 (m, 1H), 3.81 (s, 2H), 2.72 (t, 1H, J = 15.2 Hz), 2.45-2.28 (m, 4H), 1.47-1.41
{m, 15H) ppm.
10
C. tert-butyl (1R}-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yfjcarbonyl} -2-methyi-2-
[(4-methylbenzyl)sulfonyl]propylcarbamate.
To a CHCI; (75 mlL) solution containing compound B (1.14 g, 2.54 mmol, 1.0 eq} was
added 3-chloroperoxybenzoic acid (3.09 g, 17.9 mmol, 10 eg). The resulting mixture was
15  stirred at RT for 18 h. The reaction was then quenched with 1.0 N NaOH {ca 15 mL} and
. the layers separated. The organic layer was dried over MgSOs and concentrated in
vacuo. The resulting white fluffy solid was used in the next step without further
purification. Isolated 1.03 g of compound C (2.14 mmol, 84% yield).
'H NMR (CDCis} 400 MHz & 7.32 (d, 2H, J= 8.0 Hz), 7.19 (d, 2H, /= 7.9 Hz), 651 {m, 1H),
20 548 (d, 1H, /= 50.7 Hz), 5.04 (d, 1H, /= 9.2 Hz), 499 (d, 1H, J= 9.7 Hz), 432-3.97 (m,
4H), 272 (t, 1H, J = 15.7 Hz), 2.46-2.29 (m, 4H)}, 1.58 (s, 3H), 1.52 (s, 3H), 1.41 (s, 9H)

ppm.



conpound C (1.03 g, 2.14 mol, 1.0 eq). The resulting gal e yell ow sol ution
was stirred 5 at RT for 2 h at which tine the sol vent2 vacuo.
The resulting TFA :salt was converted to the free base by addition of a
sat NaHCO3 sol ution and extracting the aqueous |layer (2X) with EtOQAc. The
conbi ned organic extracts were dried over Nla2SO4 and concentrated in
vacuo. The resulting off-white foamwas purified via flash chromatography
using 5% MeOH (with 0.1% NH3) in CH2CI2 as the nobile phase 10 affording
577 mg (1.51 nmol, 71%vyield) of conpoun® D freebase as a white foam To
formthe HC salt he free base was taken up in Et20 and acetone added
until all soliBd2S 1e{[?"ﬂrzs&m'%R'?@Pﬁthvk'3d(wH@Ylbﬂﬂﬁv])@{lﬂﬁeﬂ]hhmo‘dh-ded dr opwi se
until no nore precipitate forned. The precipitate was then filtered and
washed sever al YorepyeoNginer2-earbenityilse  resul ting salt was dried under high

vacuum 15 'H N%g NEO—l) 400 MHz 8 7.38 (d, 2H, J =.8.1 Hz), 7.24 (d,
2H, J = %\‘ 5(1pQmL) Sq'uw" epnta'w mﬂwaracetgayéfkodﬂtwawddsd— 9.7 Hz),
4.74 (s, 1 % Z . 3.94 (m
1 H), 2.70-2. 4%’"tpﬂla"déi/jl>3 39 Zéé"e@ol Tfemul@@g p%aﬁrf"ons%wwasgwdppm

(Eéé.”ﬁ's? i6(5(2 Opé)%% Pe%% Wich [ﬂme (f%%ﬁqmtd!@mﬁem Yasus-16RYISYIEE0 FRACRY MBYt anoy! )
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(2R 2.1 (tort 2R ey BoBig Fdak NERoabich FuicsReret PR o (as

descri bed above rgcer%rated in vacuo. The resulting off-white foam was purified via flash
chromatography using 5% MeOH (with 0.1% NHa) in CHzClz as the mobile phase

10 affording 577 mg (1.51 mmol, 71% yield) of compound D freebase as a white foam. To
form the HCI salt, the free base was taken up in Etz0 and acetone added until all solids
were in solution. 2.0 M HCI in ether was added dropwise until no more precipitate
formed. The precipitate was then filtered and washed several times with Et20. The
resulting salt was dried under high vacuum.

15 'H NMR (d.-MeOH) 400 MHz & 7.38 (d, 2H, J = 8.1 Hz}, 7.24 (d, 2H, J= 7.7 Hz}, 5.56 {d,
1H, J=50.7 Hz), 5.12 (d, 1H, J = 9.7 Hz), 4.74 (s, 1H), 4.64 (ABq, 2H, J = 19.7, 13.3 Hz),

4.12 (m, 1H), 3.94 (m, 1H), 2.70-2.43 (m, 2H), 2.36 (5, 3H), 1.76 (s, 3H), 1.58 (s, 3H} ppm.

Example 16
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ng, 2.01 mol, 1.0 eq) was added 4-benzyl oxybenzyl chl gride (5%5 ﬂi § 21
mmi, 1.1 eq). The resulting mxture was allowed to s Dege h.
The reaction m xture was then poured into a seperatory funnel and washed
with Et20 (1)) to renmove any 10 unreacted chloride. Concentrated HCl was
added to the aqueous |ayer until the pH reached 2-3. The aqueous | ayer was
then extracted with Et20 (2X). The conmbined organic extracts were dried
over MgSO4 and concentrated in vacuo. The resulting white fluffy solid was
used in the next step without further purigffication. Isolated 700 ring of
conpound A (1.57 mmol, 78%yield). 15 "H NVR (CDClI 3) 400 Mz 8 7.42-7.31
(m 5H), 7.24 (&S43H1-((2R}=2-mfinok-f[4-(ben@@oxylbenzgduifonil }=3-thethybiathnoyl-46 (s(br),
1 H, 503 (s, 2H), 4.39 (s(br), 1 H, 3.81 (q, 2H J = 11.5 Hz), 1.47-
1.41 (m | SH) pfnorogrrolidging-2knatbphitrild
R) - 2- {[ 4- (benzyl oxy) benzyl )t hi n}-1-{[(2S, 4S) - 2-cyano-4- 20
f1 uoropyrrol i di A-(2Ry3-Halbboaylpkybedzylthid) ya-fiteaphittoqcdmmpiomine]6- a DVF sol uti on
(20 nmL) containing conmpound A (700 ng, 1.57 nmmol, 1.2 eq) was added
N, N- di i sopr opyl| sethylbatansieaéi®08 L, 1. 77 mmol , 1. 35 eq) foll owed by HATU (847
ng, 2.23 mmol, 1.7 eq). The resulting anber solution was stirred at RT for
20 min. To fhis stilori HHNdeOkh{I5m) swhtiomdedainieg @8)-adltatr of (2S,
4S) - 4-f 1 uor o- 2- pyrrol i di necarbonitrile 24 Decenber, 2005 88
4- et hy| benzenebilprysirbere)emingl-3niercapte-B-metbyloutanodr asig)asalessribed above) {500
N, N-di | sopropyl ethyle mne (251 L,1.44 nmol, 1.1 eq) In DVF (10 nL). The
resul ting sol ut W&rz%smglt 1.8 p@avaa addedr-bengyloxybenzid chieddglgthendad wmel Bl sat .
NaHCG3 sol ution o&ca 5 m). The cloudy solution was then poured into H20
(ca 20 m-) andt®@xthedestlbing fixturemasaliowedstosting Riifgr 18k dheigralipm Bixtue g ani ¢
extracts were washed with H20 (2X) and brine (,1?10; ?ri ed over MpSH4 and
then poured into a seperatory funnel and washed with Etz0 (1X) to remove any

10  unreacted chloride. Concentrated HCI was added to the aqueous layer until the pH
reached 2-3. The aqueous layer was then extracted with Et:0 (2X). The combined
organic extracts were dried over MgSQOsand concentrated in vacuo. The resulting white
fluffy solid was used in the next step without further purification. Isolated 700 mg of
compound A (1.57 mmol, 78% vyield).

15 "H NMR {CDCls) 400 MHz 5 7.42-7.31 {m, 5H), 7.24 (d, 2H, J = 8.6 Hz), 6.20 (d, 2H,
J = 8.6 Hz), 5.46 (s(br), TH), 5.03 (s, 2H), 4.39 (s(br), 1H), 3.81 (q, 2H, J = 11.5 Hz), 1.47-

1.41 (m, 15H) ppm.

B. Tert-butyl (1R})-2-{[4-(benzyloxy}benzylithio}-1-{[(2545)-2-cyano-4-

20 fluoropyrrolidin-1-yl]carbonyl }-2-methylpropylcarbamate.
To a DMF sofution {20 mL) containing compound A (700 mg, 1.57 mmol, 1.2 eq} was
added N,N-diisopropylethylamine (308 pL, 1.77 mmol, 1.35 eq) followed by HATU (847
mg, 2.23 mmol, 1.7 eq). The resulting amber solution was stirred at RT for 20 mim. To

this stirring solution was added a solution of (25, 4S)-4-fluoro-2-pyrrolidinecarbonitrile



concentrated in vacuo. The resulting anber oil was purified via flash
chromat ography using 1:1 hexanes/ Et OAc as the nobi | e%mg@(%d 340
ng (0.628 mmol, 48%vyield) of conpound B as a white foam 'H NVR (CDCL13)
400 MHz S 7.42-7.27 (m 7H), 6.91 (d, 2H, J= 8.8 Hz), 5.46 (d, 1H J= 10
50.9 Hz), 5.43 (d, 1H, J= 9.3 Hz), 5.05-5.01 (m 3H), 4.37 (d, 1 H J =29.0
Hz), 4.26 (m 1H), 4.03 (m 1H), 3.80 (s, 2H), 2.71 (t, 1H, J= 15.2 Hz),
2.36 (m 11-1), 1.47-1.41 (m 15H) ppm C. Tert-butyl (1

R) - 2-{[ 4- (benzyl oxy) benzyl ] sul fonyl } - 1- { B§ 2S, 4S) - 2- cyano- 4-

fl uoropyrrolidin-1-y(]carbonyl}-2-nethyl propyl carbamate. 15 To a CHCI 3 (30
m.) solution c&ﬁ%%ﬁ?ﬁ"@é‘ﬁ%’éﬁﬁ@”@!{d@@"ﬁm!- 10 ealzmd fdbfilsopropylesiyfamiiess  added
3-chl oroperoxybenzoic acid (1.08 g, 6.28 mmol, 10 eq). The resulting
mxture was st2pf pled44mnmt 1flsg) mOMEF (100, Theaestition solwtion waestirgdenBTfed wi t h
1.0 NNaOH (ca 5 mL) and the |ayers separated. The organic |ayer was
dried over MyStih andiugrshedwith asasdNaHROs splatiervlca Thd). Mescidudy sejutiohivtas tiehuf f y
solid was used in the next step without further 20 purification. Isolated
280 ny of conpkAYFd ito HeD le8 20 midsind extgted with &1C#e (3 x 9 RTHeGDEOLBY! 400 MHz S
7.43-7.32 (m 7H), 7.00 (d, 2H, J =8.8 Hz), 5.51 (s(br), 1 H, 5.48 (d, 1
H J = 50. 7 H"9amse eybacts were washed wjth HaD (34).apd brdne((ip(); driepl ovp MpSOxand | H, J =
15.2 Hz), 2.38 (mt 1H), 1.59 (s, 3H), 1.53 (s, 3H), 1.42 (s, 9H) ppm 24
Decenber, 2005°°8¢h rgted in vacuo. The resulting amber oil was purified via flash chromatography

(2S,4S5)-1-((2R) - 2- Ami no- 3-{[ 4- (benzy| oxy) benzyl ] sul f onyl } - 3- net hy| but anoyr |
)-4- fluoropyrfthe 'f‘d‘ei‘ar'i'és@B ‘é?sdbﬁmpg'hphﬁ- hyelated %&qzww(ﬁéﬁimmoy 4%“@Iyl§{d$)on
containing trifl uoroa&_ﬁt ic acid (3 m.) was added conmpound C (280 ng,
0.488 mol, 1.9 @gRoundfias ? whils foffy pal e yel | ow sol ution was stirred at: RT

for 5 2 h at 'W ch tinme the solvent was rempved in vaguo. The resulting
TEA salt was MR (CDCls) 400 MHz & 7.42-7.27 (m, 7H), 6.91 (d, 2H, /= 8.8 Hz), 5.46 (d, 1H, J=

10 50.9 Hz), 5.43 (d, 1H, /= 9.3 Hz), 5.05-5.01 (m, 3H), 4.37 (d, 1H, J = 9.0 Hz}, 4.26 (m, 1H),

4.03 (m, 1H), 3.80 (s, 2H), 2.71 (t, 1H, J = 15.2 Hz), 2.36 (m, 1H), 1.47-1.41 (m, 15H) ppm.

C. Tert-butyl (1R)-2-{[4-{benzyloxy)benzyllsuifonyl }~1-{[(25,4S)-2-cyano-4-
fluoropyrrolidin-1-yl]carbonyl}-2-methylpropylcarbamate.

15  To a CHCls (30 mL) solution containing compound B (340 mg, 0.628 mmol, 1.0 eq) was
added 3-chloroperoxybenzoic acid {1.08 g, 6.28 mmol, 10 eq). The resulting mixture was
stirred at RT for 18 h. The reaction was then quenched with 1.0 N NaOH {ca 5 mL) and
the layers separated. The organic layer was dried over MgS0s and concentrated in
vacuo. The resulting white fluffy solid was used in the next step without further

20  purification. Isolated 280 mg of compound C (0,488 mmol, 78% yield].

"H NMR (CDCls) 400 MHz & 7.43-7.32 (m, 7H), 7.00 (d, 2H, J = 8.8 Hz), 5.51 {s(br), 1H),
5.48 (d, 1H, J = 50.7 Hz), 5.06-4.97 {m, 4H), 4.34-3.99 (m, 4H), 2.73 (t, 1H, /= 15.2 Hz),

2.38 (m, 1H}, 1.59 (s, 3H), 1.53 (s, 3H), 1.42 (5, 9H) ppm.



converted to the free base by addition of a sat NaHCO3 sol uti on and
extracting the aqueous layer (2)) with EtQAc. The co 12005
extracts were dried over Na2504 and concentrated in vacuo. The resulting
off-white foamwas purified via flash chromatography using 5% MeOH (with
0.1% NH3) in CH2Cl 2as the nobile phase 10 affording 182 ng (0.385 mml, 79%
yi el d) of conpound D freebase as a white foam To formthe HCl salt, the
free base was taken up in EtzO and acetone added until all solids were in
solution. 2.0 MHC in ether was added dr@pwi se until no nore precipitate
formed. The precigitate was then filtered and washed several tinmes with
EtzO The r esubt2AgS)slal(2R)zefenine-Be{j4-(braatoxbabylmaomipB-ndhylbutanoyl)-4-

" HNMR( d4- McOH) 400MHz87. 44-7.29(m 7H), 7.05 (d, 2H, J= 8.8Hz),5.56(d"1H, J=
50.0 Hz), 5. 11- Bu@opynolididi--cardonndle(s, 1H), 4.61 (ABA, 2H, J - 16.1. 13.5
Hz), 4.13 (rrn, 11-1), 3.92 (m 1 H, 2.70-2.42 (m 2H), 1.75 (s, 3H),
1.58 is. 3H) ppiAa EkEh{A7anll Plion M@ iy trifluoroacetic acid (3 mL) was added compound

4S) - 1-{(2R) - 2- am no- 3-[ (4- cyanobenzyl ) sul f onyl ] - 3- net hyl but anoyl }-4- fl
uoropyrrol id iBé&82mg®seammelr 1.0 eqd. Thedeshitiog pdeye)io@ @0Fiod Was Airred at: RT for
(2R)-2-[(tert-butoxycarbonyl)am no] - 3-[ (4-cyanobenzyl )t hi o] - 3- net hyl but anoi
ic acid To ad1.dhmt maicHine thesslyentwbaremoved dovaca. havgsultbR)TFRsalt(vasr t - .
but oxycar bonyl ) am no] - 3- mer capt o- 3- met hyl but anoi ¢ acid (as descri bed above)
(500 ng, 2.01 ¢ARwiried fo thedigy baspby addition ofi 2 sardfabiBRasalytionand exigestica 88 ngy, 2. 21
mol, 1..1 eq). 5 The resultin%m'xture was allowed to stir at RT for 18 h.
The reaction ni3augeus ayerd2X) midth EfOAc. The combined organic extracts were dried over NlazS0«

and concentrated in vacuo. The resulting off-white foam was purified via flash
chromatography using 5% MeQH (with 0.1% NHs) in CH:Clz as the mobile phase

10 affording 182 mg (0.385 mmol, 79% yield) of compound D freebase as a white foam. To
form the HCI salt, the free base was taken up in Et20 and acetone added until all solids
were in solution. 2.0 M HCl in ether was added dropwise until no more precipitate
formed. The precipitate was then filtered and washed several times with Et:0. The
resulting salt was dried under high vacuum.

15 'H NMR (de-MeOH) 400 MHz 8 7.44-7.28 (m, 7H), 7.05 (d, 2H, J = 8.8 Hz), 5.56 (d, 1H, J =
50.0 Hz), 5.11-5.09 (m, 3H), 4.72 (s, 1H), 4.61 (ABg, 2H, /= 18.1, 13.5 Hz), 4.13 (m, 1H),

3.91 (m, TH), 2.70-2.42 (m, 2H), 1.75 (s, 3H), 1.58 (s, 3H) ppm.

Example 17
F
0 0]
1
SX‘)LN;<
O NH

20
(25,45)-1-{(2R)-2-amina-3-[{4-cyanobenzyl)sulfonyl]-3-methylbutanoyl}-4-

fluoropyrrolidine-2-carbonitrile.




poured into a seperatory funnel and washed with Et20 (1)Q to renove any
unreacted chloride. Concentrated HCl was added to the %@Q@Gﬁﬂﬁy&@émil
the pH reached 2-3. The aqueous |ayer was then extracted with Et20 (2X).
The conbi ned organic extracts were dried over MgSO4 and concentrated in
vacuo. The resulting white fluffy solid was 10 used in the next step

w thout further purification. Isolated 792 ng of conpound A (1.72 mol,
86% vyield). B. Tert-butyl (1

R) - 2- [ (4- cyanobenzyl )t hi o] - 1.. ([ (25, 4S) - 298yano- 4-fl uoropyrrolidiin-I-

yl ] car bonyl } - 2- m&thir propyl carba mate. 15 To a DMF solution (25 ni)

cont ai ni ng conpuRB- [@%Qutﬁ;@rcarggonyﬁarwﬂqjﬁ [(4-cyanehgnzyviitiio])- 3amethylbutanoic acid

N, N- di i sopr opyl et hyl am ne @37 L, 1.93 mml, 1.35 &2 foll owed by HATU (924
ng, 2.43 mol, 1.7 eE’)a 2PH &5 el) sRlptiansentaining (2R1-ani(tedkrs sti rred at RT for
20 min. To thi stlr sol ution was added a sol ution of

45) - 4-f | uor o- 2- S T S R B mﬂth%{t@mwo?éﬁz(@rﬂé@uhwd@ﬁa\tew@aog g,
1.43 mol, 1.0 e ) and N I\l-d||soprop%/_1§eth$/F am ne 20 1.57 nmo], 1.1
eq) in DVE (10 M)20HRmol 18 ge)was added,fGyang %Qr"ﬁ't'qer(f' d“Qa?zh'F"Pbﬂ 1eg8' h and

hed t | oud | ut

'? ﬁgﬂc Sou\rMedgl npg" r%@"?&%‘@ W?E?'E"é'ﬁﬂitoe%?f ?tefgtf d”Wr tTPF '%?‘%lé&x‘(’%&?%i’lé%g? \)NésThe

nbi ned t d bri 1).Q dried
corbl e 0o A S BH TR RS (30 SRRt £

ia flash ch 1 b 005 t CA

the nobil ecpLSZQ‘HOfﬁéiﬁﬁﬁfﬁsa?ﬁ%%aiéﬂﬁ SR Gy Rafidpe OF SRR dotnd B o
2H 9= 5. 4 ey, TSRy ey hem sl 20 bl 75 hopbrgo By Bhnch 1) 1
5.03 (d, I H ‘]were gl'léj Jdé) N’Igﬁ)q élriltl c%nézgtr:gtga in val_guo. 'ilhe resuFtnb white fluffy soliid was

10 used in the next step without further purification. Isolated 792 mg of compound A

(1.72 mmof, 86% vyield).

B. Tert-butyl (1R)-2-[(4-cyanabenzyl)thio]-1-{[(25.45)-2-cyano-4-fluaropyrrolidiin-1-
yllcarbonyi}-2-methylpropylcarbamate.

15 To a DMF solution (25 mL) containing compound A (792 mg, 1.72 mmol, 1.2 eq) was
added N,N-diisopropylethylamine (337 pl, 1.93 mmol, 1.35 eq) followed by HATU (924
mg, 2.43 mmol, 1.7 eq). The resulting amber solution was stitred at RT for 20 min. To
this stirring solution was added a solution of (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile
4-methylbenzenesulfonate (409 mg, 1.43 mmol, 1.0 eq) and N,N-diisopropylethylamine

20 (274 pl, 1.57 mmol, 1.1 eq) in DMF (10 m1). The resulting solution was stirred at: RT for
18 h and quenched with a sat. NaHCO; solution (ca 5 mL). The cloudy sclution was tﬁen
poured into Hz0 (ca 20 mL) and extracted with FtOAc {3 x 10 ml). The combined organic
extracts were washed with Hz20 (2X) and brine (1X); dried over MgS0+ and concentrated

in vacuo. The resulting amber oil was purified via flash chromatography using 1:1




= . .46-1.41
(Sml T)SH) 3b§§1(s, 2H), 2.75 (t, 1 H J = 15.7 Hz), 2.39 2;4%8&;1)5%123%51
C. Tert-butyl (1R)-2-[ (4-cyanobenzyl)sul fonyl]-1-{[(2S, 4S)-2-cyano-4-fl uoropy
rrolidin- 1-yl] ca rbonyl }-2-m ethyl propylcarba mate. To a CHCI 3 (50 nL)
sol ution containing conpound B (572 ng, 1.24 mol, 1.0 eq) was 10 added
3-chl or oper oxybenzoic acid (2.14 g, 12.4 mol, 10 eq). The resulting
mxture was stirred at RT for 18 h. The reaction was then guenched with
1.0 N NaOH (ca 5 mL) and the layers sepatlat ed. The organic |ayer was
dried over an ncentrated in vacuo. The resulting white fluffy
solid was used%ﬁ"ﬁﬁgﬁéﬂst&? BRbilg Rhpsusolated ﬂ?é?‘g (1@dmmal. 83t visid) of sol at ed 487
ng of conpound C E?O% yield). 15 "H NWR (CDCI 3) 400 MHz S 7.70
(d, 2H J=18.5 74 P°”7' 5(’&"“”2 amj— 8. 4 Hz) 5.53 (s(br), 1 H), 5.51 (d, 1
H J 50.7 Hz), .99 (d, 1 H J=09.8 H),

4 43-4.29 (m ) éﬁi}rq!"‘%z{.cé&ﬂ(‘ﬂ? Mz ﬁ1)7-,59 @I_, ?"1’- J(=t8,—4 PiZl.m;Soﬁd.zH.lJa—-. B4 H@-)&-BGZM:B.% m 1
H, 1.61 (d, 6H J = 5.8 Hz), 1.44 (s, 9 pm 20 D.

(25,4S)-1-{(2R) =25°;§rHZié4§11 0B ﬁ%ﬁﬂﬁeﬁwﬂygu&%ﬁw}43’L—ﬂé@&g«|25hﬁ%(w|} 4- f1
uoropyrrol i itr To a CH2Cl 2 sol uti on cont ai ni ng
trifluoroacetdc Hﬁ?gg%GﬁﬂLZ;_"f\/\d&éHaﬁﬁW R 238 (md! ](14@4%47‘ (g 15H)PBO nmot, 1.0
eq). The resulting pale yellow solution was stirred at RT for 2 hat whi ch
time the solvent was renoved in vacuo The resulti ng TFA salt was 24

Decenber, 2005 on ddi tion sat,, NaHCGs
sol uti on and ext%zrggqﬁ ﬁ’é?lﬁgq[‘%ﬁfﬁ% %Z‘/ SH&/W d %ﬁﬂﬁ' - f?”"'iqﬁlér"@@ffblrﬂed
organic extracts dni 2S04 an concentrate I n vacuo e
resul ting off-wliiv %ar?oﬁgéf%eﬂgggﬁ@mpwaaé@"\ﬂa flash chromatography using 5%
MeOH (with 0. 1%”@03' [EO 9[}259“ fon conttalmngrrc%mpound%Z mg, 1.24 mmol, 1.0 eq) was

10  added 3-chloroperoxybenzoic acid (2.14 g, 12.4 mmol, 10 eq). The resu!tmg mbcture was

stirred at RT for 18 h. The reaction was then quenched with 1.0 N NaOH (ca 5 mL) and
the layers separated. The organic layer was dried over MgS0s and concentrated in
vacuo. The resulting white fluffy solid was used in the next step without further
purification. lsolated 487 mg of compound C (0.989 mmol, 80% yield).

15 'HNMR (CDCs) 400 MHz § 7.70 (d, 2H, J = 8.5 Hz), 7.57 (d, 2H, J = 8.4 Hz), 5.53 (s{br),
1H), 5.51 {d, 1H, J = 50.7 Hz), 5.04 (d, 1H, /= 9.9 Hz), 4.99 (d, 1H, /= 9.8 Hz), 4.43-4.29
(m, 3H), 4.04 (m, TH), 2.77 {t, 1H, J = 15.0 Hz), 2.42 (m, 1H), 1.61 (d, 6H, J = 5.8 Hz}, 1.44

{s. 9H) ppm.

20  D.(25,45)-1-{(2R)-2-Amino-3-[(4-cyanobenzyl)sulfonyl]-3-methylbutanoyl }-4~
fluoropyrrolidine-2-carbonitrile.
To a CH20)2 (54 mL] solution containing trifluoroacetic acid (6 mL) was added compound

C (487 mg, 0.989 mmol, 1.0 eq). The resulting pale yellow solution was stirred at RT for

2 h at which time the solvent was removed in vacuo. The resulting TFA salt was




5 affording 285 ng (0.726 mmol, 73%yield) of conpound D freebase as a
white foam To formthe HC salt the free base was € and
acetone added until all solids were in solution. 2.0 MHCl in ether was
added dropwi se until no nore precipitate forned. The precipitate was then
filtered and washed several tines with EtzO The resulting salt was dried
under high vacuum 10 'H NWMR (D20) 400 MHz 8 7.72 (d, 2H, J= 8.6 Hz), 7.51
(d, 2H, J= 8.5 Hz), 5.49 (d, 1 H J= 50.6 Hz), 5.02 (d, 1 H J = 9.7 Hz),
4.72-4.67 (m 3H), 4.08 (m 1 H, 3.859%n 1 H, 2.66-2.35 (m 2H), 1.66
(s, 3H), 1.51 (s, 3H ppm Exanple 18 15 (25

45) - 1- (( 2R) - 2cqmmgrted 16 thedtelphse Dy plditiqnroe b batl NaCDoseitipio emizxtdding tleny| } but anoy!
)-4- fluoropyrrol id i ne-2-carbonitri |e.

A (2R) - 2- [ ( t erquepstiayrsy/@QritirEi0Aca ThaesmbBedrergani¢ emgl{:were dried over NazS0s

(et hyl sul fonyld) benzyl ]t hi o}butanoic acid 20 To a 1.0 N NaCH (25 nl)

sol uti on cont #dfeeRgniraRy inpvagyo; Ele resulting off-white foam was punf‘ed via flash

but oxycar bonyl ) am no] - 3- mer capt o- 3- et hyl but anoi ¢ acid (as described above)
(500 ny, 2. o@rquramvwsw'ﬁ%mwwﬂe@1%Nhle)tam9m=§ta|a$tbnwnb@vbgqe chlori de (452
mg, 2.211 pmol, 24 Decenber, 2005 93 1.1 eq). The resulting m xture was

al | owed t 0° st #ffording 286 me{0.726 mpmol, Th% Y\e@h'@ftCP@HOWPtfmeb‘*Sﬁ Heswhigdepmhdar ed into
a seperatory funnel and washed with EtbO ( 1>8a to renove an unr eact ed
chloride. ConfPEmthediChepltthe fige base wariaken op imftzChad@gtiany agged un 5}ﬂ'iuq0"t!5he pH
reached 2-3. The, agueous | ayer was then extracted with EtzQ (2X). The

conbi ned 5 or‘@‘?ﬁﬁ!"cs Wiipn. 20 MRk insther Mespddidronvisssnting rease pisripiiake ed in vacuo.
The resulti ngfo‘r’r@e'd. ?he precipitate was then filtered and washed several times with Et0. The

resulting saft was dried under high vacuum.
10 'H NMR (D:0) 400 MHz & 7.72 {d, 2H, J = 8.6 Hz), 7.51 (d, 2H, = 8.5 Hz), 549 (d, 1H,J=
50.6 Hz), 5.02 (d, 1H, J = 9.7 Hz), 4.72-4.67 {m, 3H), 4.08 {m, 1H), 3.85 (m, 1H}, 2.6:6-2.35

(m, 2H}, 1.66 (s, 3H), 1.51 (s, 3H) ppm.

Example 18

15
(25,45)-1-((2R)-2-amino-3-methyl-3-{[4-(methylsulfonyl)benzyllsulfonyl }butanoyl}-4-

flucropyrrolidine-2-carbonitrile.

A. (2R)-2-[(tert-butoxycarbonyl}amino]-3-methyl-3-{[4-
(methylsulfonyl)benzyl]thio }butanoic acid

20 To a 1.0 N NaOH (25 mL) solution containing (2R)-2-[{tert-
butoxycarbonyl)amino]-3-mercapto-3-methylbutancic acid (as described above) (500

mg, 2.01 mmol, 1.0 eq) was added 4-methylsulfonylbenzyl chioride (452 mg, 2.21 mmol,




fluffy solid was used in the next step w thout further pﬂl‘lfl ati
| sol ated 768 rng of conpound A (1.84 mol, 92% y| eld ) 400
Mz S 7.87 (d, 2H, J = 8.5 Hz), 7.54 (d, 2H, J 8.5 Hz), 5.39 (s(br), 1
H, 4.44 (s(br), 1 H), 3.88 (s, 2H), 3.03 Is, 3H), 1.46-1.43 (m 15H) ppm
10
B. Tert-butyl (1R)-1-{[(2S, 4S) - 2-cyano-4-fl uoropyrrolidin-1-yl]carbonyi}-2-nme
tl hyl-2- { [4-(nethylsul fonyl)benzylJth io}propylcarbanmate. To a DW
solution (25 mL) containing compound A (788 ny, 1.84 mmol, 1.2 eq) was
added N, N-dii sopropyl ethylam ne (361 pl, 2.07 mmol, 1.35 eq) foll owed by
HATU (989 15 rrS‘ eg). §loe refwifing mixtoreangy 2llowee ta stis atl RTiferg 8 A fike readblon mibgarewa s
stirred at RT for 20 min. To this stirring solution was added a sol ution of
(2S, 4S)-4-fl uowaitbcrpwfeéuntaa FRPE RO RINDEl iandwashedwithiHOJ & Ao rsanye ABhat e (438
ng, 1.53 mol, 1.0 (Faé and N, N-dii sopropy Ieth%l am ne 5293 A, 1.68 mol,

)ch &

1.1 eq) in DVF {nrege *OfltﬁeCPI&cgmﬂr%tF%C'@@Feﬁdﬁ tawusqqs avendl thRPH or 18 h
and quenched with a sat NaHCO3 sol ution %’ cl oudy sol ution was
then 20 poured feﬁ‘ihsd Rrdo Theaquenys Iwer)waamsné%farcﬁéﬁvet Ewm ﬁt*@@nf('@@ 10 m).

The conbi ned ani c _extracts were washed wth H20 (2X)_and brine I)Q
dried over I\?gS 8%‘&]"‘“@%\‘5%’!’;'19?%%’8' Mﬁ%ﬁ@d@“ceﬂﬁ@@@giﬂ“ﬁ%’%’@g "‘ff'lfg

Phase. I'sol at od GHESHLE LT HRAPX SEPWRIGHRE Pl o SARIFAORE R l E
ng?m 7238D?§enbzﬁ?1¥*f 2%@%«2’}“%%‘% oh 9 TS H§§3, ‘S 4:2),H( d,J _1& )
?t 1 ?—l §_4§5463a2)(%y%g%)q Mo%"lw%@ 7. g?l_Pgﬂl-ﬁJ ﬂf"r‘ﬁlr 7%—%} 2%5%28.5(@:]. 5I.33§H) 274
(s(br), 1H), 4.44 (s(or), 1H}, 3.88 (s, 2H), 3.03 (s, 3H), 1.46-1.43 (m, 15H) ppm.
10
B. Tert-butyl (1R)-1-{[(25,4S}-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl } -2-methyl-2-
{[4-(methyls;uIfony!)benzyl]thio}propylcarbamate.
To a DMF solution (25 my) containing compound A (768 mg, 1.84 mmol, 1.2 eq) was
added N,N-diisopropylethylamine (361 pl, 2.07 mmol, 1.35 eq) followed by HATU (989
15 mg, 2.60 mmol, 1.7 eq). The resulting amber solution was stirred at RT for 20 min. To
this stirring solution was added a solution of (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile
4-methylbenzenesulfonate (438 mg, 1.53 mmol, 1.0 eq) and N,N-diisopropylethylamine
(293 pL, 1.68 mmol, 1.1 eq) in DMF (10 mL). The resulting solution was stirred at RT for
18 h and quenched with a sat. NaHCOs solution (ca 5 mL). The cloudy solution was then
20  poured into H20 (ca 20 m) and extracted with EtOAc (3 x 10 mL). The combined
organic extracts were washed with Hz0 (2X) and brine (1X); dried over MgSQOs and
concentrated in vacuo. The resulting amber oil was purified via flash chromatogrraphy
using 1:1 hexanes{EtOAc as the mobile phase. Isolated 683 mg (1.33 mmo!, 87% yield)

of compound B as a white foam.




5 C Tert-butyl (1
R) -1-{[(2S, 4S) - 2-cyano-4-fl uoropyrrolidin-I|-yl]carbon € L 05{

[ 4- (et hyl sul fonyl ) benzylJsu | fonyl} propyl carbamate. To a CHCI 3 (50 mQ

sol ution contai ning conpound B (683 ng, 1.33 nmol, 1.0 eq) was added

3-chl oroperoxybenzoic acid (2.30 g, 13.3 mmol, 10 eq). The resulting

m xture was stirred at RT for 18 h. The reaction was then quenched with
1.0 N NaOH (ca 5 nL) and 10 the | ayers separated. The organic |ayer was
dried over MgSO4 and concentrated in vac4o. The resulting white fluffy
solid was used in the next step without further purification. Isolated 581
my of conpound "CNMR (OBCI¥00 MH8O ¥8§ [detH] Y = 8.5-HzNVRS (dCR4)1/2)8. 3400 sialdd AH7 98 (d,
2H, J = 8.6 Hz), 7.66 (d, 2H, J = 8.5 Hz), 5.53 (s, 1 H, 5.51(d, 1 H J
= 50.5 Hz), 5. 6305z}, 5481(d,IJH~ =199 Bz)H443,4.30 B92H) k.03 H),B.90 (£ 28), BLOR s,
4.44-4.32 (m 15 2H), 4.03 (m | H), 3.06 (s, 3H), 2.77 (t, 1 H J =16.0
Hz), 2.41 (m BHKR74 1t 88695634 2.39(n6OHX $.47-13Hjm, 18H4Bm(s, 9H) ppm D.
(25,4S)-1-((2R) - 2- Ami no- 3- et hyl - 3-{[ 4- (net hyl sul f onyl ) benzyl ] sul f onyl } bul t
anoyl)- 4-fluoropyrrol id ine-2-carbon itrile. 20 To a CH2CI 3 (63 nlL)
solution containing trifluoroacetic acid (7 m.) was added conpound C (581
nmg, 1.06 mdl, Caleg-tdpyl 1R el (@284 2 tvanp-pdiueropwetdidio: 1sdlcarbony}-2vmstrsd2r r ed at
RT for 2 h at which tinme the solvent was renoved in vacuo. The resulting
TFA salt was cdvigethwisuifangbeneyilsulforyl ipeopelcashamedeli t i on of a sat. NaHOO3
solution and extracting the aqueous |layer (2X) with EtOAc. The conbi ned
organi ¢ extracf®a Wé?lé(ﬁm@'”@%?mmmﬁwd 68309 138 mmop  @xqbwas
concentrated in, vacuo. The resulting off-white foamwas purified via flash
chr omat ogr aphy24f&f Aghissapriorrenzgicegid (30, NH-Bmok 1&sp.dhe resultipeixiweiwae phase
af fordi ng 296 Qgreggf%%rml ’I‘h63% yi el d) of conmpound D freebase as a white

foam To 18 h. The reaction was then quenched with 1.0 N NaOH {ca 5 miL) and
10 the layers separated. The organic layer was dried over MgS0s and concentrated in
vacuo. The resulting white fluffy solid was used in the next step without further
purification. Isolated 581 mg of compound C (1.06 mmal, 80% yield).
'H NMR (CDCls) 400 MHz & 7.98 {d, 2H, J = 8.6 Hz), 7.66 (d, 2H, /= 8.5 Hz), 5.53 (s, 1H),
5.51 (d, 1H, /= 50.5 Hz), 5.08 (d, 1H, J = 10.0 Hz}, 4.99 {d, 1H, J = 9.5 Hz), 4.44-4.32 [m,
15  2H), 4.03 (m, 1H), 3.06 (5, 3H), 2.77 {t, 1H, ./ = 16.0 Hz), 2.41 (m, 1H), 1.63 (s, 3H), 1.60 s,

3H]}, 1.43 (s, 9H) ppm.

D. (25,45)-1-({2R)-2-Amino-~3-methyl-3-{[4-(methylsulfonyl)benzyllsulfonyl }butanoyl)-
4-fluoropyrrolidine-2-carbonittile.

20 To a CHzClz (63 mL) solution containing triflucroacetic acid (7 ml) was added compound
C (581 mg, 1.06 mmol, 1.0 eq). The resulting pale yellow solution was stirred at BT for 2
h at which time the solvent was removed in vacuo. The resulting TFA salt was converted
to the free base by addition of a sat. NaHCOs solution and extracting the aqueous layer

{2X) with EtOAc. The combined organic extracts were dried over Naz2S0« and



formthe HCl salt, the free base was taken up in EbO a Qgﬁcetone aﬂda
until all solids 5 were in solution. 2.0 MHJ in ethefdJRecember, Fopw se
until no nore precipitate formed. The precipitate was then filtered and
washed several tinmes with Et20. The resulting salt was dried under high
vacuum 'H N MR (D20) 400 MHz S 7.91 (d, 2H, J - 8.1 Hz), 7.63 (d, 2H, J =
8.2 Hz), 5.49 (d, 1 H J= 50.3 Hz), 5.02 (d, 1 H J=9.7 Hz), 4.77-4.68
(m 3H), 4.09 (m 1H, 3.85(m 1 H), 3.14 (s, 10 3H), 2.66-2.36 (m 2H),
1.67 (s, 3H), 1.53 (s, 3H) ppm Exanple 195

(2S,495)-1-f(2S)-2- Ami no-2-[i-(4-fl uorobenzyl)cycl opentyl ] et hanoyl }-4- 15
f1 uor opyrrolidi sencsnigated b Mace.| The resyiting effiivdvte Eram was pyrified yia agh

or obenzyl ) cycl opgnt anec%bonl tri le. To a stirred solution of

4-f 1 uor obenzyl 5PGFAtggraphdising g% %@F@Wﬁf’r@i?% Wﬂ} ip ik aethe mbilephase was added
cycl opent anecar g%mtrl The m xture was_stirred

t hor oughl y and fding 2?%’“&%“&"%@8% Vdﬁ’f”@f"‘@‘%“%%‘l@" Pha White foRw- le159 m |
T S b o e G ks B
The | ayer s ver o Mo SRIES %M‘ﬁ&%ﬁ%ﬁ%@ﬁd GE QG B BRIt Onc,
D ne. a1 ed 35@"?%&& WG RAERS P St B L P R e RERERC. AR 1 cat s on
e AT SR b o o o 61 0 (80

yi el d) of conpoun as a

-7.24 (m 2‘?? N () dob M 3501 (§Tom, Ay nd: 7 §3m, 22181, 846 0, 10,4

50.3 Hz}, 5.02 (d, 1H, J = 9.7 Hz), 4.77-4.68 (m, 3H), 4.09 (m, 1H), 3.85 (m, 1H), 3.14 (5,

10 3H), 2.66-2.36 (m, 2H), 1.67 (s, 3H), 1.53 (s, 3H) ppm.

{2S,4S)-1-{{25)-2-Amino-2-[1-{4-fluorobenzyl}cyclopentytlethanoyl } -4-

15 fluoropyrrolidine-2-carbonitrile hydrochloride.

A. 1-(4-Fluorobenzyl)cyclopentanecarbonitrile.

To a stirred solution of 4-fluorobenzy! bromide (10.0 g, 52.9 mmol) in toluene (100 ml}

was added cyclopentanecarbonitrile (6.1 mL, 58.2 mmol). The mixture was stirred

thoroughly and cooled to 0 °C. A solution of 0.5 M KHMDS in toluene (159 ml, 79.35
20  mmol) was added slowly via an addition funnel, and the reaction mixture was then

warmed to RT and stirred for 14 hours. The reaction mixture was then quenched with



2.01 (m 2H), 1.89-1.66 (m 6H) ppm B.

1- (4- Fl uor obenzyl ) cycl opent anecar bal dehyde. 10 A sti r rdfdiDegembern 2905
conmpound A (8.61 g, 42.36 mMmvol) in toluene (150 nL) was cooled to -78 C.
Neat diisobutylal um num hydride (DIBAI. 11.3 ni, 63.54 nmmol) was added
dropwi se via syringe and the reaction m xture was stirred at -78C for 2
hours. A solution of THF (100 m), water (30 nlL), acetic acid (8 m), and
sodi um acetate (7 g) was carefully added and the reaction m xture was
warned to RT and stirred one additional %5 hour. After adding EtzO the

bi phasi c thu{JﬁNﬁa vac umfiltered through a pad-of Celite, poured into

a separatory f ”5&"(9 tﬂe”&dﬂ’é@ﬁ‘@’q%@P&teﬁ?%ﬁﬁ”@ﬁ'a‘few&‘ rST‘thé‘i‘ﬁEd | ayer
was washed V\nthsh a[&l 3, water, brine, dried og 4:\%

filteredl, anol‘“““&gt 3% F 59 ﬁf&?ﬁ'&wﬂs Beeiwashed it satyraty E'P'r" RYEN
s 20 SR RSOOSR S a1
7.07 (dd, J=8.

1.93- (1 87 (m %ﬁﬁmat%’r@?y P% ‘8"‘*{‘%‘?{35 %Pé\é aﬁ?ﬁdedzwé@amﬂ’ 0%6@30‘53 Aﬁ"a')

Am no[ 1- (4§‘I g Fnug}l/))cyclopentyl]acetonltrlIe To a stirred solution of
conpound B 7( a 76 mmol ) in nmethanol (30 nL) and water (18 m) was

33, 35 ﬁ'?.?‘ﬂ* (”%W*Wéﬁf)&'%“é?%z%ﬁﬁ% )ﬂﬁtri%?ﬂ’ ot shet o7 rln7x?are 5

was heated to 70 u After cooling to RT, the reaction m xture
was dil uted 1& Eﬁ’&&% ge(ﬂbQWé’ﬂmwth saturated NaHCO3, water, brine,

dried over l\/gSO4, flltered, and concentrated in vacuo. Flash
chromat ography over silica gel (4:1 hexanes: EtQAc) afforded 5.99 g (81%

yield) of COnqspulnﬂ—F?uor&enzyﬁgtcl%engnedarbal hy%us oil.

10 A stirred sofution of compound A (8.61 g, 42.36 mmol) in toluene (150 mL) was
cooled to -78 °C. Neat diisobutylaluminum hydride (DIBAL, 11.3 mt, 63.54 mmol) was
added dropwise via syringe and the reaction mixture was stirred at -78°C for 2 hours. A
solution of THF (100 mL), water (30 mL), acetic acid (8 mL), and sodium acetate (7 g) was
carefully added and the reaction mixture was warmed to RT and stirred one additional

15  hour. After adding Etz0, the biphasic mixture was vacuum fittered through a pad of
Celite, poured into a separatory funnel, and the aqueous layer drawn off. The organic
layer was washed with saturated NaHCOs, water, brine, dried over MgSOs, filtered}, and
concentrated in vacuo. Purification via silica gel chromatography (10:1 hexaneszEtOAc)
afforded 6.55 g (75% vield) of compound B as a colorless liquid.

20 'H NMR (CDC}:) 400 MHz § 9.53 {5, 1H), 7.07 (dd, J=8.4, 5.5 Hz, 2H), 693 (t, J=8.7

Hz, 2H), 2.88 (s, 2H), 1.93-1.87 {m, 2H), 1.67-1.48 (m, 6H) ppm.



"H NVMR (CDCI 3) 400 MHz S 7.23-7.19 (m 2H), 6.98 (t, J--8.7 Hz, 2 54
(d, 10 J=3.5 Hz, | H), 2.97 (d, J=13.6 Hz, 1 H), 2. 63%@%55}9—%%—1 H) |
2.08 (br s, 2H), 1.75-1.57 (m 8H) ppm D.

Am no[ | - (4-fl uorobenzyl)cycl opentyl]acetic acid hydrochloride. To a stirred
solution of conpound C (5.99 g, 25.79 mmol) in glacial acetic acid 15 (20
m.) was added concentrated HCI (100 ml). The reaction m xture was heated to
a gentle reflux (130 C) for 16 hours. After cooling to RT, the reaction

m xture was concentrated in vacuo to dryn®s producing a white soli.d. The
solid was washed with EtzO on a glass frit via vacuumfiltration and dried
under hi gh vacuuﬁwf"ﬁ'"ﬂﬂﬂ&f@@o#’@ﬁ cyclopegtgiaretpritriiy of corrpound D as a Wmte
solid. 20 "H NWR (CD30D) 400 M&z S 7. 30 de J=8. nl;? :
J=8.8 Hz" 2H), 3. 89T?§5t"1‘fd|55"“t‘@‘8°5‘~0129% BI{§.55$1 761mm9l)mmghq fSQFr}J ppm 24
Decenber, 2005 98

[(tert-But oxycar%r’l‘ﬁ?itﬁfgrﬁrﬁ%]”ﬁslad@ﬂd W\?@r(mfawpﬁﬂbﬂf‘)mﬁ%’%@tm'@o{hm d. To
a stirred sol utllg(@1 of corrpound D (6,33 ? 21. 99 I]) 1, 4- d| oxane (100
m) was added a SOl @7 &ri3gp mnah. achlikest (T47 ardd a4 mpols I'PFC"’”"?/HC hnsitre
fol | owed by reaction mxture was stirred at RIfor

te .
several m nutéla ‘ﬁﬁthfg-ﬁtedaﬁf’ﬂ)ﬂ&fw %h@r%tﬂeﬁet?%@gﬁaﬁéﬁhwamgméﬁ%wéw!uw

di ssol ved. Solid 31 téﬂ:rt but yl di car bonat e EBOCZl nmol ) was
added and the r&4EtEtOM andwaslied wikhsataratedNal Qe watgr, #”H'F dmd Hbfurh@soﬁ ﬂtﬁfﬁd
Concentrated HCl s then added s until pH< 7 follo I lution
with EtOAc. The™ ﬁa Hfeated a[%%cu%a'léaséé r&F‘éﬁ”@ap*E{r?dErtsﬂ%gﬁlb‘ °1w| th two

portions of Et d _or gani S were dl’] ed over MB504,

filtered, and co@%&‘#?g? gt %'3‘3&56‘"& % %9?[?6'5957"59‘845@' ((90% vyi el d) of
E whi

conpound E as a whi t g, {02Mnc1,) 400 Mz 5 7.23-7.19 (m, 2H), 6.98 (t, J=8.7 Hz, 2H), 3.54 .

10 J=3.5Hz, 1H), 2.97 (d, J=13.6 Hz, 1H), 2.63 (d, J=13.7 Hz, 1H), 2.08 (br s, 2H), 1.75-1.57

{m, 8H) ppm.,

D. Amino[1-(4-flucrobenzyl}cyclopentyl]acetic acid hydrochloride.
To a stirred solution of compound C (5.99 g, 25.79 mmol) in glacial acetic acid
15 (20 ml) was added concentrated HCI (100 ml). The reaction mixture was heated to a
gentle reflux (130 °C) for' 16 hours. After cooling to RT, the reaction mixture was
concentrated in vacuo to dryness producing a white solid. The solid was washed with
Et:0 on a glass frit via vacuum filtration and dried under high vacuum to produce 6.33 g
(85% vyield) of compound [ as a white solid.
20 'H NMR (CDs0D) 400 MHz & 7.30 (dd, J=8.7, 5.4 Hz, 2H), 7.04 (t, ./=8.8 Hz, 2H),

3.89 (s, 1H), 2.85-2.76 {m, 2H}, 1.79-1.43 (m, 8H) ppm.



"H NVR (CDCl 3) 400 MHz 8 7.20 (dd, J=8.6,5.5 Hz, 2H), 6.96 (t, J= Hz,
2H), 5.00 (d, J=9.1 Hz, | H), 4.28 (d, J=9.0 Hz, 1 H)&Eiﬁﬁkﬁ&l—%ié 2H)
1.63-1.35 (m 8HL, 1.45 (s, 9H ppm 15 F. tert-Butyl (1

S)-2-[(2S, 45) - 2-cyano-4-fluoropyrrolidin-1-yl)-1-[1-(4-

uor obenzyl ) cycl opentyl ] -2-oxoethylca rbamate. To a stirred sol ution of
conpound E (1.90 g, 5.41 mmol) in DVF (54 nlL) was added

(2S, 4S)-4-fluoropyrrolidine-2-carbonitrile 4-nethyl benzenesul fonate (1.5.5
g, 5.41 mol), HATU (2.06 g, 5.41 mol), “nd di i sopropyl et hyl am ne (2.83
md 16. 23 nrnol) he 20 reaction Q& {ure was itlrred at RT for 16 hours.
After adding weltditertBgtonycproorylaminalii-{4-typrotenzypeyrlareiiylacssie peitht ed with five

portions of EtOAc. The conbi ned extract re washed wth water, saturated
NH4CI, saturat ed I\la-ljjﬁfﬁt"mgb?'w&'" F?@W”Bag\r?e%@)hag el @ﬂe‘hﬁ“’"@ﬁ&i

d h fl h
ﬁﬁ??ﬁgi %Sﬁ Ephiyj” 135 Sued F SR of ) é‘iéﬁwiﬁlﬁé%ré?@iﬁ%?%ﬁélffgv g o (2%
Lorort o or1 - Rk Al PRISERG s Bes e e FE SR R R pTAR ST B T 2° 2
SLDaStErEE’”?Lf At B 53°WP@%'V“@Z%E% sk g p kbl BiGd, bas 120 7
I'::)Z: 5 78’ 5 52 (%QTM%NZ %d%édf!ﬁ?{ remn mf(%l,y‘ w_aLs(ng t%‘atwl"f%raf%%u }13 Eg], éH)
(55, 49 - 1- (25 R e et soutrenslnd 7 iguet iy lon i B0pe

fl lid trile .
Fuor by oL | d thaso i HyPOfks bk and thel e-Bucikle WA niphoribd br BDAEOfFROUN

combined organic layers were dried over MgSQs, filiered, and concentrated in vacuo to
10 produce 7.95 g (90% vyield} of compound E as a white foam.
'H NMR (CDCls) 400 MHz & 7.20 (dd, J=8.6, 5.5 Hz, 2H), 6.96 (t, J=8.7 Hz, 2H),
5.00 (d, J=9.1 Hz, 1H), 4.28 {d, /=9.0 Hz, 1H), 2.72-2.64 (m, 2H), 1.63-1.35 {m, 8H}, 145

(s, 9H} ppm.

15 F. tert-Butyl (15)-2-[(2S,45)-2-cyano-4-fluoropyrrolidin-1-yl]-1-[1~(4-

fluorobenzyl)cyclopentyl}-2-oxoethylcarbamate.
To a stirred solution of compound E {1.90 g, 5.41 mmoi} in DMF (54 mL) was

added (25,45)-4-fluoropyrrolidine-2-carbonitrile 4-methylbenzenesulfonate (1.55 g, 5.41
mmol), HATU (2.06 g, 5.41 mmol), and diisopropylethylamine (2.83 mL, 16.23 mmol). The

20  reaction mixture was stirred at RT for 16 hours. After adding water (50 mL), the reaction
mixture was extracted with five portions of EtOAc. The combined extracts were washed
with water, saturated NH«Cl, saturated NaHCOs, brine, dried over Mg50., filtered|, and
concentrated in vacuo. The two diastereomers were separated via flash chromatography

over silica gel (2:1 hexanes:EtOAc) to afford 586 mg (25% yield of the desired



added TFA (1.00 m4 13.1 mmol ). The reaction m xture vvas stlrrsg gt RT for
14 hours. After concentration in vacuo, the react

re-di ssolved in Et OAc and washed with saturated NaHCO3, dried over MgSOH4,
filtered, and concentrated in vacuo. Purification via silica gel flash

chromat ography (5% MeOH (with 2% NH3) in CH202) 15 afforded 160 ng (35%
yi el d) of conmpound Gas a white solid. 'H NI\/R (CDCla) 400 MHz S 7.21-7.17

(m 2H), 6.99 (t, J-8.6 Hz, 2H) 5.24 (br d, J=51.1 Hz, 1 H, 4.93 (d,
J=9.3 Hz, 1H) 353340(m 1 H, 3934 (s, 1 H)), 329320(rm1H),
2.92 (d, J=13.6 Hz (d, J-13.7 Hz, 1 H, 2.63-2.49 (m 2H),
2 31-1. 32 (dﬁlstergpmr’] prqqrnpgwmdﬁasacolorless oil. Compound F was the more polar |(Iower

(2S, 4S)-1- E)R g% no 2-[1-(4-fluorobenzyl)cycl opentyl]ethanoyl}-4--
f I uor opyr r &9 hﬁéw% %?'B‘B’FI‘T'%H |l e hydrochloride. To a stirred sol ution of

d G (160, Et 2 added | uti f 2.0
VRO Et 20 (ﬂ”@nmﬁtpﬂw wgéata%ovnmméruﬂeo&wm Fih s o for s

m nut es, durln which t lid precipitated lid was

col l ected 3! tﬂc’e’rﬁo@ﬂﬂ ?@@5”&6@3 (ddéﬁ?@d'fﬁ 1H)i 4.368liJoh7 Hh‘ﬁn-éﬂé'ss frit and

dri ed overni ght u der h vacuumto give 139 9% d) of conmpound H
25 o w268 PR lp PR 25272 8 by 2071 ¥522{w H¥ 15 (8,

J=8.8 Hz, H} 30(br,J511 1 H, 501 (d, J9 H, 4.04 is,
1 H), 3.56M4 [ffsgﬂm’mi ,'3.20-3.11 (m 11H), 2.90 5 (d EIPERN He, | H),
2.73 (d, J=14.0 Hz, lH) 2.60-2.30 (m 2H), 2.14-1.37 (m 8H) ppm Exanple
20 (2S,49)-1-((2S)-2-Anmi no- 2-{

F1 tor opyr 81 ae 2eokroema til G RpRstnd SHPRED tathatop e 7r. 1)
uor onet hyl }Igor}gprwm;mcl}/e% cg{gom ecar bonitrile.
10 To a stitred solution of compound F (586 mg, 1.31 mmol) in CHzClz (13 mL) was
added TFA {1.00 mL, 13.1 mmol). The reaction mixture was stirred at RT for 14 hours.
After concentration in vacuo, the reaction mixture was re-dissolved in EtOAc andl
washed with saturated NaHCOs, dried over MgSO0s, filtered, and concentrated in vacuo.
Purification via silica gel fiash chromatography (5% MeOH {with 2% NHs) in CHzCl2)
15  afforded 160 mg (35% yield) of compound G as a white solid.
"H NMR (CDCls) 400 MHz § 7.21-7.17 (m, 2H), 6.99 {t, =8.6 Hz, 2H), 5.24 {br d,
J=51.1 Hz, 1H), 4.93 (d, /=9.3 Hz, 1H), 3.53-3.40 {m, 1H), 3.34 (s, 1H), 3.29-3.20 (m, 1H),

292 (d, J=13.6 Hz, 1H), 2.66 (d, /=13.7 Hz, 1H), 2.63-2.49 (m, 2H), 2.31-1.32 (m, 8H} ppm.

20 H. (25.45)-1-{(25)-2-Amino-2-[1-(4-fluorobenzyl)cyclopentyllethanoyi}-4--
fluoropyrrolidine-2-carbonitrile hydrochloride.
To a stirred solution of compound G (160 mg, 0.460 mmol) in Et20 (5 ml) was added a
solution of 2.0 M HCl in Etz0 (1.0 mL). The reaction mixture was stirred at RT for 5

minutes, during which time a white solid precipitated. The solid was collected via




To a stirred solution of 4-fluorobenzotrifluoride (5.0 g, 30.47 1) in
toluene (4-0 nL) was added cycl opentanecarbonitril - 55 Mol )
followed by a solution of 0.5 MKHVDS in toluene (92 m_ 45. 71 rrm)l) The
reaction m xture was heated to 70 15 C and stirred for 14 hours. After
cooling to RT, the reaction m xture was quenched with 1 MHC until pH <
7. The | ayers were separated and the organic | ayer was washed wth
saturated NaHCO3, water, brine, dried over MgSO™4, filtered, and
concentrated in vacuo. Purification vi® silica gel chronmatography (6:1
hexanes: Et OAc) afforded 7.53 g of a m xture of conpound A and residual
cycl opent ane@sHYB AltEEN ¢ a glass g{&@éd firislauerpight upder highopenim toiye 339 mg

conmpounds we easi ly separabl e by chromat ography, this m xture was
carried di r@é‘i"’l%ﬁ‘{]a PRROYH asavehite selid

1-[4-(Trifluoronethyl)phe cIo entanecarbaldeh stlrred sol ution
of conpound A (gﬁng@[ﬁg %M/ %bb@e()'" 2H). %@I(Eé?%ﬂ U&?UIDSH‘P_}W was cool ed
to -78C. A's UtIOF of 1.5 Mdiisobutyl al um num ¥| ide in toluene (D BAL
32.0 niL, 47. %&%@eﬁd@d‘@lﬁwww A5&343 freyd bﬁéotf’n’é ('f“eH!@t?%h m xture
was stirrged c‘f ﬁ F rs. A solution of THE(7 wat er (20
m), acetc ctat b ﬂmxa I 40 H AR08 163 (Wa§H)cP&F"efully added
and the reactlon m xture was warmed to RT 10 and stirred one additional
hour. After adding Et20, the biphasic m xture was vacuum filtered through
a pad of Celite ured into a separatory funnel, and the aqueouis |ayer
drawn off. ‘Eﬁé—gﬁgﬁni c layer was washed with saturated NaHC03, water,
brine, dried. over MySH4, filtered, and concentrated in vacuo. Purification
via silica ge hr omat ogr aphy (10: 1 hexanes: Et OAc) afforded 3.91 g (53gb
yi el d over th\m two 15 steps) of conpound B as a colorless |iquid.

Q NH,

F

dF

(25,45)-1-((25)-2-Amino-2- { 1-[4-(trifluoromethyl)phenyl]cyclopentyi } ethanoyl)—4-

10  fluoropyrrolidine-2-carbonitrile hydrochloride.

A. 1-[4-(Trifluoromethyl)phenyi]cyclopentanecarbonitrile.
To a stirred solution of 4-fluorobenzotrifluoride (5.0 g, 30.47 mmol) in toluene (40 ml)
was added cyclopentanecarbonitrile (10.5 mL, 100.55 mmol) followed by a solution of
0.5 M KHMDS in toluene (92 mL, 45.71 mmol). The reaction mixture was heated to 70
15  °Cand stirred for 14 hours. After cooling to RT, the reaction mixture was quenched
with 1 M HCl untif pH < 7. The layers were separated and the organic layer was washed
with saturated NaHCOs, water, brine, dried over MgSQ,, filtered, and concentrated in
vacuo. Purification via silica gel chromatography (6:1 hexanes:EtOAc) afforded 7.53 g of

a mixture of compound A and residual cyclopentanecarbonitrile. Because these two




"H NMR (CDCI3) 400 Mz 8 9.41 (s, | H), 7.61 (d, J=8.1 Hg, 2H) 7 38 (d
J=8.2 Hz, 2H), 2.58-2.52 (m 2H), 1.93-1.65 (m 6H) ppim&—o;
1-[4-(trifluoronethyfphenyl]cycl opentyl}acetonitrile. 20 To a stirred
solution of compound B (3.91 g, 16.14 mmwol) in nmethanol (20 m.) and water
(12 nL) was added NH4OH (. 30% anmmoni a content, 2.20 m, 16.95 nvnol), KCN
(1.11 g, 16.95 mol ), and NH4C (950 ngy, 17.76 mml). The cloudy reaction
m xture was heated to 70 C for 6 hours. After cooling to RT, the reaction
mxture was diluted with Et OAc and washed@i t h saturated NaHCOB, water,
brine, dried over OV-gS04, 24 Decenber, 2005 102 filtered, and
concentrated in SRIHGBNASMeESIot BasioRparal tvshiematasrapky. thigmixiyes was zartied

hexanes: Et OAc) afforded, 2. 16 g (50% vyield) of conmpound C as a white solid.
'"H NVR (CDCl a) 496HHP the nexbsed, J=8.4 Hz, 2H), 7.54 (d, J=8.4 Hz, 2H),
3.74 (s, 1 H, 2.43-236 (m 1 H, 2.32-2.25 (m 1 H), 2.15-2.08 (m 1 H),
2.01-1.93 (m 1 H), 1..85-1.72 5 (m 4H), 1.54 (br s, 2H ppm D

R e L A
201010, 10 v e G s 5P B B
e Lo O S SRRt o kB S R BN
(1000 1 e19) of SETBOUS, 8 Sl s S D 20l °,
I(_Dm’ 22?_")2: 2 13215 %]_t S?ZLBFD((;ﬁurz % ﬁgu-r% 'Fﬁ]{q%lugigt]l of]THIIj)(fOO%ileﬁv;t%'r [%3 m&}r.r}';xce%c gé)id (GjiﬁS,Ga—ngi" 9
sodium acetate (6.6 g) was carefully added and the reaction mixture was warmed to RT
10 and stirred one additional hour. After adding Etz0, the biphasic mixture was vacuum
filtered through a pad of Celite, poured into a separatory funnel, and the aqueous layer
drawn off. The organic layer was washed with saturated NaHCOs, water, brine, dried
over Mg50s, filtered, and concentrated in vacuo. Purification via silica gel
chromatography (10:1 hexanes:EtOAc) afforded 3.91 g {53% vyield over the last two
15  steps} of compound B as a colorless liquid.

'H NMR (CDCis) 400 MHz & 9.41 (s, 1H), 7.61 (d, J=8.1 Hz, 2H), 7.38 (d, J=8.2 Hz,

2H), 2.58-2.52 (m, 2H), 1.93-1.65 {m, 6H) ppm.

C. Amino{1-[4-{trifluoromethyl)phenyl]lcyclopentyl }acetonitrile.

20 To a stirred solution of compound B (3.91 g, 16.14 mmol) in methanol (20 mi)
and water (12 mt) was added NH:OH {~30% ammonia content, 2.20 mL, 16.95 mmol),
KCN (1.11 g, 16.95 mmol), and NH:Cl (950 mg, 17.76 mmol). The cloudy reaction
mixture was heated to 70 °C for 6 hours. After cooling to RT, the reaction mixtuire was

diluted with EtOAc and washed with saturated NaHCOs, water, brine, dried over MgS0s,



E. [(tert-Butoxycarbonyl)am no]{
1-[4- (trifluoronethyl)phenyl]cycl opentyl}acetiic aci d24 December, 3005
solution of conpound D (2.61 g, 8.05 mmol) in 1, 4-dioxane (20 nL) 20 and
water (20 nmL) was added solid NaOH (1.08 g, 27.06 nmol). After stirring at
RT for several mnutes, solid di-tert-butyldicarbonate (BOCzO, 3.94 g,
18.04 nmmol ) was added and the reaction mxture was stirred at RT for 14
hours. Concentrated HCI was then added slowy until pH < 7 foll owed by
dilution with Et OAc. The aqueous |ayer W separated, saturated with Nad,
and then re- eﬁilraﬁt elg with two portions of Et OAc. The 24 Decenber, 2005 103
conbi ned or gani€ref e rancenstated dn yasuo. ash chveystagrantiy loves sitick, gebi@d concent r at ed
in vacuo to produce 3.0 (86% yield) of conmpound E as a col orless,
vi scous oil . %Fi‘am%?%btf}%?e%@ H\%&%B'ezﬂl ofompound £2s gwhite sofi¢) | 7. 40 (d,
J=8.2 Hz, 2H), 4.8@ d J=8.5 Hz, 1 I-g 4.55 (d,1=8.5 Hz, IH), 2.43-1.59
(m 8H), 1.42 (s, lﬁ;ppls)g(oqtmﬂzazea[ . J=8.4 Hz, 2H), 7.54 (d, J=8.4 Hz, 2H), 3.74 (s,
tert-Butyl (1S)-2-[(2S, 45) - 2-cyano-4-fluoropyrrolidin-I-yl)-2-oxo-1-{1-[4-
(trifl uoronet Hi?-g‘ -ﬁéﬁw-)@wﬁéﬁéﬁt{w TH).@t1RyA084mr BB R1el.93Tm, sH)s1.85-1.22)
solution of compound 1:01 g, 2.61 nmmol) in DW (26 nL) was added

51 uBr gy 1o Er &

(2S, 4S) - 4- iZHEREM-car boni tril e 4- met hyl benzenesul fonate (747
ng, 10 2.61 nmol), HATU (993 ng, 2.61 mmol ), and dii sopropyl et hyl am ne
(1.40 nm, 7.83 Mol ). The reaction m xture was stirred at RT for 16 hours.
After adding water (20 nL), the reaction mxture was extracted with five
portions of EtOAc. The conbi ned extracts were washed with water, 1.0 M
NaHSO4, saturstﬁrgmo - bri ngi }&}r?i ‘ad ?ver E/QSO4 filtered, and
concentrated in vVacuo PromeyPRsmiiceelapentyl gacelifaciddwdrophleniigr aphy (11: 1 15
: o .
hexanes: Et OAc) pr %‘ ) gtlergedl}s&atiowof(cgn?p/gu%a 8'[2@6 gc,n;}.ott? pn?noBrinOg gc(i:atl a&%ic gcid 1)((}t ure of
10 ml) was added concentrated HCI (50 mL). The reaction mixture was heated to a gentle
reflux (130 °C) for 16 hours, After cooling to RT, the reaction mixture was concentrated
in vacuo to dryness producing a white solid. The solid was dried under high vacuum to
produce 2.61 g (100% yield) of compound D as a white solid.
"H NMR (d«-MeOH) 400 MHz & 7.69 (d, J=8.4 Hz, 2H), 7.60 (d, J=8.4 Hz, 2H), 4.20
15 (d, J=2.4 Hz, 1H), 2.42-2.34 (m, 2H), 2.27-2.19 (m, 1H}, 2.14-2.07 (m, 1H), 1.86-1.79 [m,

2H), 1.61-1.51 (m, 2H) ppm.

E. {(tert-Butoxycarbonyl}amino]{ 1-[4-(trifluoromethyl)phenylleyclopentyl }acetic acid.
To a stirred solution of compound D (2.61 g, 8.05 mmol) in 1,4-dioxane (20 mL)
20  and water (20 mL) was added solid NaOH (1,08 g, 27.06 mmol). After stirring at RT for
several minutes, solid di-tert-butyldicarbonate (BOC:0, 3.94 g, 18.04 mmol) was :added
and the reaction mixture was stirred at RT for 14 hours. Concentrated HCl was then
added slowly unti! pH < 7 followed by dilution with EtOAc. The aqueous layer was

separated, saturated with NaCl, and then re-extracted with two portions of EtOAc. The



di astereonmers. Further silica gel chromatography (2:1 hexanes: Et CAc
separated the diastereomers and afforded 145 ng of coﬁﬁ&@ﬂ@&b—@&ite
foam Conpound F was the nore polar (lower Rr) of the two di astereoners.
"H NVR (CDClI 3) 400 Mz S 7.63 (d, J=8.4 Hz, 2H), 7.56 (d, J=8.6 Hz, 2H),
5.27 (d, 20 J=9.7 Hz, | H), 5.08 (br d, J=50.9 Hz, 1 H), 4.84 (d, J=9.5
Hz, 1 H, 4.49 (d, J=9.9 Hz, 1 H, 3.63-3.50 (m 1 H), 2.77 (dd, J=23.6,
12.0 Hz, 1 H), 2.48 (t, J=15.5 Hz, 1 H), 2.25-2.210 (m 2H), 2.10-2.03 (m
21-1), 1.77-1.71 (m 2H), 1.52-1.48 (m 39%), 1.41 (s, 9H ppm 24
Decenber, 2005 104 G

(25, 45) - 1- (( 25)0BYiRgd ereanc layersywerg dried pyas MoSte filteyed) midengdeniegted pento/o} et hanoy
|)-4- fluoropyrrol idine-2-ca rbonitri le. To a stirred solution of
conpound F ( 14%5"9¢4ce $013p(BR%kwicld) pfrompound E 3 3 cofpriess, vissaus eldded TFA (0. 116 ni,
1.50 mmol). The reagtion m xture was stirred at RT for 14 hours. 5 After
concentration in vadlVR {QDEI}408 MHz7.55i (skt/a7-@HnaH), 7.40 [di 588 |Hzeth)i48Hd.0Ac and
washed with saturated NaHCO3, dried over Mg504, filtered, and concentrated
in vacuo. Pur 8% 8% 1 dn4-55 . BBiHzal 437 1.50m, Sl 1ot2ds Oldrrephy (5% MeOH (with
2S NH3) in 2Cl2) afforded 62 ng (54%yield) of conmpound G as a white
solid. "H NMR (CDCI3) 400 Mz 8 7.62 (d, J=8.2 Hz, 2H), 7.54 (d, J=8.6 Hz,
2H), 5.12 (br _10 d J:SS%_.é Hz, 1 H), 4,86 (d, J=9.S Hz, 1 , 3.57 (s, 1
H, 3.55-3.42 FniertiByyl (15-2d@S4S)ekcyanp-47tlygropymoligiy-{-vi[-2pxa-91-l4z, 7 H)

2.24-2.10 D, 1.9 r s, 2 1.76-1.77 21-1), 1.54- 1.41 2
ppm H. (m ﬁm”°"°’"ethl)&’EEHV’?CYCIOP@anI}ethyicarbamate.( m ) (m 2H

215" Uor bpyr rB AT Wbt e R o G R HeatByes ot hor (3
m-) was addedan}d%d ?25f4g)§§-|§|ugrgrpytrr%iimaer-l-g-cgr%QBgHenﬂmgthglgghzgr}%éuIf%hél't:e)’?ﬁg’nn%.) '
10 2.61 mmol), HATU {993 mg, 2.61 mmol), and diisopropylethylamine (1.40 mL, 7.83
mmol). The reaction mixture was stirred at RT for 16 hours. After adding water (20 mL),
the reaction mixture was extracted with five portions of EtOAc. The combined extracts
were washed with water, 1.0 M NaHSOs, saturated NaHCOs, brine, dried over MgS0s,
filtered, and concentrated in vacuo. Purification via silica gel chromatography (1:1
15 hexanes:EtOAc) produced 442 mg (35% yield} of the product as a mixture of
diastereomers. Further silica gel chromatography (2:1 hexanes:EtOAc) separated the
diastereomers and afforded 145 mg of compound F as a white foam. Compound F was
the more polar (lower R of the two diastereomers.
"H NMR (CDCls) 400 MHz & 7.63 (d, J=8.4 Hz, 2H), 7.56 (d, J=8.6 Hz, 2H), 5.27 (d,
20 J=9.7 Hz, 1H), 5.08 (br d, /=50.9 Hz, 1H), 4.84 (d, J=9.5 Hz, 1H), 4.49 (d, J=9.9 Hz, 1H),
3.63-3.50 (m, 1H), 2.77 (dd, /=23.6, 12.0 Hz, 1H), 2.48 (t, J=15.5 Hz, 1H), 2.25-2.200 (m,

2H), 2.10-2.03 (m, 2H), 1.77-1.71 (m, 2H), 1.52-1,48 (m, 2H), 1.41 (s, 9H) ppm.



A few drops of acetone were added to allow the solution_to becone
homogeneous. A solution of 2.0 MHC in Et20 (1.0 ni) f&decsmber, 2005,
reaction mxture was stirred at RT for 5 m nutes. The solvent was renoved
in vacuo and the resulting solid was dried 20 overni ght under high vacuum
to afford 55 ng (98% yield) of conpound H as a white solid. 'H NVR (D20)
400 MHz S 7.62 (d, J=8.8 Hz, 2H), 7.58 (d, J=9.0 Hz, 2H), 5.113 (br d,
J=51.1 Hz, 1 H, 4.86 (d, J=9.5 Hz, 1 H, 4.37 (s, 1 H, 3.54-3.40 (m 1
H, 2.95-2.86 (rn, 1 H, 2.44-2.18 (m 4H4 1.92-1.64 (m 2H), 1.64-1.58

2H), 1.33-1.2 2 24 December, 2005 105 Exanple 21
E r2n S, 422 -1-{(25) -Gz?%ﬁr(ﬂghé:@ﬁ-%q-méﬂ%%éﬂ&wm@pmyﬂwo;egptyl}gt#ew}k%- 5

fl uoropyrrolidine-2-carbonitrile hydrochloride A
1- ( 4- Fuor obenzy My ergpyrefidingarratoariBni trile. A stirred sol ution of
cycl opropanecarbonitrile g4. I n toluene 2100 nLE was

) 3 L, 58.2 mol >
cooled to 0 C. A sol §dYredsolytion Ommﬁ(h‘z&ram-@éﬁ@mﬂsg HClz (3mal}yes ol )
was added slowy via (an addi tion funnel and the reaction m xture was
stirred at 0 C f¢led 3 93 16mbJ80dnmal). Jhe sgaction mixturg was siwed BEHAON 1410815 de
(10.0 g, 52. ngglw)é@i n tol uene C%O n.) was then added d[oEtV\/i se at 0 C. The
reaction m xtur NCRARRNAY 1P ¥ace: theractiph mpxaye wasge-dissqlysd i EtOARNd: e act i on
m xture was then guenche i th HCl until pH < 7. The |ayers were
separ at ed and a?ffﬁ%‘S‘ﬁ‘g’ﬁﬁ' éﬁ?‘ﬂm‘:ﬁé’?%& %/li?f’ PYE ﬁé%ﬁ'?ﬁdﬁ’@@!’mﬁ@e@% ¥BfYeed
organi c | ayers re washed. wt atur at ed , ter rin I ed over
MyS04, 15 fi l te%&ﬁﬁat&’ﬁd"*‘éﬂﬁ%gﬂ%ﬁ’%&%@ﬂa 9@8&@%‘@% @ﬁi \V%ﬁ"g% i ca gel
0 i 0 i
o a0 Sefofhcd S A b a5 BP oty s A5 s, 9 (BT eld) of
"H NMR (CDCls) 400 MHz & 7.62 (d, J=8.2 Hz, 2H), 7.54 (d, /=8.6 Hz, 2H), 5.12 (br
10 d, /=511 Hz, 1H), 4.86 (d, /=9.5 Hz, 1H), 3.57 (s, 1H), 3.55-3.42 (m, 1H), 2.97-2.88 {m,
1H), .50 (t, J=15.2 Hz, 1H}, 2.24-2.10 (m, 5H}, 1.99 {br 5, 2H), 1.76-1.71 {m, 2H), 1.54-

1.41 (m, 2H) ppm.

H. (25.4S)-1-{(25})-2-Amino-2-{1-[4-(trifluoromethyl)phenyllcyclopentyl }ethanoyl)-4-
15  fluorapyrrolidine-2-carbonitrile hydrochloride.

Diethy! ether (3 mL) was added to a flask containing compound G (51 mg, 0.133 mmol).

A few drops of acetone were added to allow the solution to become homogeneous, A

solution of 2.0 M HCl in Etz0 (1.0 mL) was added and the reaction mixture was stirred at

RT for 5 minutes. The solvent was removed in vacuo and the resuiting solid was «dried
20 overnight under high vacuum to afford 55 mg (98% yield) of compound H as a white

solid.

"H NMR (Dz0) 400 MHz 5 7.62 (d, J=8.8 Hz, 2H), 7.58 (d, ./=9.0 Hz, 2H), 5.13 (br d,
J=51.1 Hz, 1H), 4.86 (d, J=9.5 Hz, 1H), 437 (s, 1H), 3.54-3.40 (m, 1H), 2.95-2.86 {m, 1H),

2.44-2.18 (m, 4H), 1.92-1.84 (m, 2H), 1.64-1.58 {m, 2H}, 1.33-1.25 {m, 2H} ppm.



'H NMR ( CDCl 3)
(s, 2H), 1.28

66. 43 Mol ) was
stirred at -78
acetic acid (8
reaction m xtur

400 MHz 8 7.25-7.22 (m 2H), 7.03 (t, J=8.7 Hz, 2H),
(dd, J=7.1, 5.1 Hz, 2H), 0.94 (dd, J=7.129Decembe
24 Decenber, 2005 106 B. |-(4-Fluorobenzyl)cycl opropanecarbal dehyde
stirred solution of conmpound A (7.76 g, 44.29 muol) in toluene (150
was cooled to -78 C. Neat diisobutylalum num hydride (DI BAL, 11.8 ni,

added dropwi se via syringe and the reaction m xture
Cfor 2 hours. 5 A solution of THE (700 niL), water (4
m.), and sodi um acetate (718 g) was carefully added
e was warned to RT and stirred one additional hour.

2. 77

m
A
m )

WwWas
0 ni),

and t he

After

adding EtzO the biphasic m xture was vacuumfiltered through a pad of

celite, poured

into a separatory funnel, and the aqueous | ayer drawn

The organic | aygEmmadiwashed with saturated NaHCO3, water, brine, d

over MySQGa, 10

filtered, and concentrated in vacuo. Purification via silica

gel chromat ograd: % EtOAc in hexanes) afforded 7.20 g (910k Yi el
conpound B as a cplofless liquid. "H NWVR (CDCI3) 400 MHz 8 8.71 (s,
7.16-7.13 (m 2H), W6. (t, J=8.8 Hz, 2H), 2.96 (s, 2H), 1.20-1.17

n-F15 C.
| opropyl]acetonitrile. To a stirred sol ut

of f.
ried
d) of
1 H,
(m

i on of

nol ) in nethanol (40 nL) and water (25 nL) was

added NH4OH (-30% ammni a content, 5.51 m, 42.42 mnol), KCN (2.76 g,

42.42 mol ), anSMEKG{(25R2-3imn-241{#Aduorsbehy)cydlbgropl]ethdyoylleact i on ni xt ure
was heated to 70 C for 14 hours. After cooling to RT, the reaction m xture
iierbpyFiniiiee-2+earbowis gy drsichitrideat ur at ed NaHCO3, wat er, bri ne,
dried over MgS04, filtered, and concentrated in vacuo. Flash

was diluted 20

chr omat ogr aphy

10

15

8v dr(4diliorabanzghyc! ¢ RO Etaacitiin
A stirred solution of cyclopropanecarbonitrile (4.3 mi, 58.2 mmoi) in toluene (100 ml)
was cooled to 0 °C. A solution of 0.5 M KHMDS in toluene (159 mL, 79.35 mmol} was
added slowly via an addition funnel and the reaction mixture was stirred at 0 °C for 30
minutes. A solution of 4-fluorobenzyl bromide (10.0 g, 52.9 mmol) in toluene (20 mL)}
was then added dropwise at 0 °C. The reaction mixture was warmed to RT and sttirred
for 3 hours. The reaction mixture was then quenched with 1.0 M HCl until pH < 7. The
layers were separated and aqueous layer was re-extracted with EtOAc. The combined
organic layers were washed with saturated NaHCOs, water, brine, dried over MgS5:0s,
filtered, and concentrated in vacuo, Purification via silica gel chromatography (5%
EtOAc in hexanes) afforded 7.76 g (84% yield) of compound A as a yellow liquid..

'H NMR {CDCls) 400 MHz & 7.25-7.22 (m, 2H), 7.03 (t, J=8.7 Hz, 2H), 2.77 (s, 2H),

1.28 (dd, J=7.1, 5.1 Hz, 2H), 0.94 (dd, J=7.1, 5.1 Hz, 2H) ppm.



hexanes) afforded 2.21 g (27%yield) of conpound C as a col orl ess,_ viscous
0i | . 24 Decenber, 2005 107 'H NMR (CDClz) 400 MHz 5 723Xecember,2005
6.98 (t, J=8.6 Hz, 2H), 3.62 (d, J=3.3 Hz, 1 H), 3.12 (d, J=14.3 Hz, 1 H),
2.56 (d, J=14.3 Hz, 1 H), 1.93 (br s, 1 H, 1.82! (br s, 1 H, 0.78-0.76
(m 2H), 0.67-0.64 (m 1 H), 0.54-0.51 (m 1 H ppm 5 D

Am no[ 1- (4-fl uorobenzyl ) cycl opropyl )acetic acid hydrochloride. To a stirred
solution of conpound C (2.21 g, 10.82 nmmol) in glacial acetic acid (10 mi)
was added concentrated HClI (50 nlL). The f&action mxture was heated to a
gentle refl ux %30 Ci)r for 16 hours. After cooling to RT, the reaction
mxture was c&hcetriiugrebenaDeydeneperesatitlgeiyds produci ng a white solid. The
solid was washed with 10 Et20 on a glass frit via vacuumfiltration and

dri ed under hi gh valstgdseiufieroefisempang A (376 ¢, #0.294nmol) inctolwnedd 5ccrobipdand D as
a white solid. "H NVR (d4-MeOH) 400 MHz 5 7.18 (dd, J=8.8, 5.5 Hz, 2H),
7.01 (t, J=8.8cepled toxg °C. Nratdilspbytylalunmiym pydgide (TBALIHA rol, 66:43 mirpl) wds 89- 0. 84
(m I H, 0.70-0.59 (m 2H), 0.51-0.47 (m 1H) ppm 15 E.

[ (tert - But oxycaddsddydpyésaiviacyrinpe dnii-the mactiob etbetyle may stireep aoAgl°f darathonrsaci d. To
a stirred solution of conpound D (2.81 g, 10.85 mml) in 1, 4-di oxane (50
m.) was ad@edAaolgtibrusfiToh (10D ml), Gatet (MY, boativadid{ n{LE 3nddodiuBAcBter(Mb k)

foll owed by water (17 nL). The reaction m xture was stirred at RT for
several m nut eYaugardllyzidedend theoeGorsmixture wep wenhed follT andstired o et el y

di ssolved. Solid di-tert-butyldicarbonate (BOCzOO, 3.60 g, 16.52 mmol) was
added and t he pdsttianpidpuny Aften pddingdt:0sthe biphadicanixtife was vacliym Fitiered through a
Concentrated HCl was then added slowy until pH < 7 followed by dilution
with Et OAc. pad of celite, poured into a separatory funnel, and the aqueous layer drawn off. The

organic layer was washed with saturated NaHCOs, water, brine, dried over MgSOa,
10 filtered, and concentrated in vacuo. Purification via silica gel chromatography (5%
EtOAc in hexanes) afforded 7.20 g (91% yield) of compound B as a colorless liquid.
"H NMR (CDCls) 400 MHz § 8.71 (s, TH), 7.16-7.13 (m, 2H), 6.94 (t, J=8.8 Hz, 2H),

2.96 (s, 2H}, 1.20-1.17 (m, 2H), 1.00-0.97 (m, 2H) ppm.

15 €. Amino[1-(4-fluorobenzyl)cyclopropyl]acetonitrile.
To a stirred solution of compound B {7.20 g, 40.40 mmol) in methanol {40 mi)
and water (25 mL} was added NH:OH (~30% ammonia content, 551 mL, 42.42 mmoi),
KCN (2.76 g, 42.42 mmol), and NH.CI (2.38 g, 44.44 mmol). The cloudy reaction mixture
was heated to 70 °C for 14 hours. After cooling to RT, the reaction mixture was diluted
20 with EtOAc and washed with saturated NaHCOs, water, brine, dried over MgS0s, filtered,
and concentrated in vacuo. Flash chromatography over silica gel (20% EtOAc in

hexanes) afforded 2.21 g [27% yield) of compound C as a colorless, viscous oil.



The aqueous | ayer was separated and then re-extracted wi_th two Eortions of
Et CAc. The 24 Decenber, 2005 108 conbi ned organic | aye er
MySO4, filtered, and concentrated in vacuo to produce 4.06 g (112% yi el d)
of conmpound E as a viscous, light yellowoil. "H NWR (CDCls) 400 MHz 8
7.19-7.15 (m 2H), 6.95 (t,1=8.7 Hz, 2H), 4.98 1[d, J=7.0 Hz, 1 H), 3.98
(d, J=7.5 Hz, 11-1), 2.85 (d, J=14.5 Hz, 1 H), 2.60 (d, J=14.2 Hz, 11H).
1.45 5is, 9H), 0.79-0.72 (m 21i1, 0.51-0.47 (m 2H) ppm F. tert-Butyl
(1S)-2-[(2S, 4S)-2-cyano-4-fluoropyrrolidid0d-yl]-1-[1-(4-
fl uorobenzyl ) cycl opropyl ] - 2- oxoet hyl ca rbamate. To a stirred sol ution of
compound E (4.06 g, 19NWB (Ghfb 300 MHLNE2Z-1.25(my2H), 6108 (t, J&816 Helcd#l) 3.62 (d,
(2S,4S)-4-fluoropyrrolidine-2-carbonitrile 4-nmethyl benzenesul fonate (3. 60
g, 12.56 nmol) ,/=BAtR it 328 (d) /=183, He61 Hirae)d, Jardd i, 1 901a3dpyd, eihidzafsi ne (6. 60
md 37-68 mmol). The reaction mxture was stirred at RT for 16 hours. After
addi ng wat er ( 126). 078y0.76t(me2H) it 6l b U4e0.506n, dWkppact ed wi t h four
portions of Et OAc. The conbined extracts were washed with saturated NH4Cl,
saturated NaHCO3, water, brine, dried over 15 MgSO4, filtered, and
concentrated in vacua. Purification via flash chromatography over silica
gel (1:1 hexaned- Aminef}-laflnaselenzyilayclogrogylegsivnsid bydmchlofide he product as a
m xture of diastereponers. Additional silica gel flash chromatography (2:1
hexanes: Et OAc) separ K &dirred priution #§ caspounes €.23 ad10:82frevalldn oRgal asgticortidc onpound
F as a white foam nmpoiund F was the nore polar (lower Rr) of the two
di ast er eoners. 21 miwppddedesneenfrated diCh{30 mb). Thormagtign mixiurg was hested tpp o) |
7.03 (t, J=8.7 Hz, 2H), 5.15 (d, J=9.3 Hz, 1 H), 5.14 (br d, J=51.1 Hz, 1
H, 4.76 (d, J=9enfleppflux{139)°C) for 1@hques. Afitecoglingzto RT, thepactign mitige wes (m 1 H),
3.15-3.11 (m 1 H), 3.07-2.98 (m | H), 2.52 (t, J=15.2 Hz, 1 H),

coricentrated in vacuo to dryness producing a white solid. The solid was washed with

10 Et20 on a glass frit via vacuum filtration and dried under high vacuum to produce 2.81 g
{100% yield) of compound D as a white solid.
'H NMR (d--MeQH) 400 MHz & 7.18 (dd, J=8.8, 5.5 Hz, 2H), 7.01 (t, J=8.8 Hz, 2H),
3.54 (s, 1H), 2.84 (d, J=4.9 Hz, 2H), 0.89-0.84 (m, 1H}, 0.70-0.59 (m, 2H}, 0.51-0.47 [m,
1H} ppm.
15
E. [(tert-Butoxycarbonyl)aminoj[1-(4-fluorobenzyl)cyclopropyi]acetic acid.
To a stirred solution of compound D (2.81 g, 10.85 mmol) in 1,4~dioxane (50 mL)
was added a solution of 1.0 M NaOH in water (33 mL, 33.03 mmol) followed by water
(17 mL). The reaction mixture was stirred at RT for several minutes untit ali of the
20  starting material was completely dissolved. Solid di-tert-butyldicarbonate (BOC20, 3.60
g, 16.52 mmol) was added and the reaction mixture was stirred at RT for 14 hous.
Concentrated HC! was then added slowly until pH < 7 followed by dilution with EtOAc.

The aqueous layer was separated and then re-extracted with two portions of EtQ'Ac. The



2.24-2.17 (m 1 H), 2.14-2.07 (m 1 H, 1.44 is, 9 2H),
0.56-0.45 On, 2H) ppm 24 Decenber, 2005 109 6. 4 peccniver/30b8

(25, 45)-1-{(25)-2-Ami no-2-[1- (4-fl uorobenzyl)cycl opropyl ] et hanoyl } - 4-
fluoropyrrolidine-2-ca rbonitrile. To a stirred solution of conpound F (853
ng, 2.03 mol) in CH2CA12 (20 mMJ was 5 added TFA (1.56 nL, 20.4 mmol ). The
reaction mxture was stirred at RT for 18 hours. After concentration in
vacuo, the reaction mxture was re-dissolved in EtOAc and washed with
saturat ed NaHCOa, dried over MyS04, fl0Btered, and concentrated in vacuo.
Purification via silica gel flash chromatograp (5% MeOH (with 2% NH3) in
CH2Cl 2)  af $oHtbinsd omganic H@er{wo/étgwdéwm!wgﬁﬂ»éﬁﬂp@@ cogeestratedfinl Yagustsl i d. 10 ' H
NVR (CDCb) 400 MHz S 7.27-7. 24 I—é)?OOijt,J86Hz 2H), 5.17 Cbr d,
J=51.3 Hz, PIPﬁUCEAD‘?S(T(1a%V$Hb2fWPOW) as3 viggug, dght yeligy oil3. 32-3. 01 (m . 3H),
254(tJ15 2-2.05 (m 2H), 1.74 (br s, 2H), 0.79-0.71
(m 2H), 0.53-0. lj;yM(lr{QDC;i_ﬂDOMSMB 7.15 (m, 2H), 6.95 (t, J=8.7 Hz, 2H), 4.98 (d,
(2S,4S)-1-{(2S)-2- Am -[1- (4-fl uorobenzyl)cycl opropyl ] et hanoyl }-4- 15

f1 uor opyrr ?ﬁlfhelHﬁﬁ‘@ﬁr{%é‘rﬁ&Hﬁl@ Maddoth- B Hi. AW, 2.68 @t fy#-2BeHE). ¥8 m ) was
added to a flask containing conpound G (401 ng, 1.26 nnnol). Approximtely
1 nL of Jaceh8HEOFES73 &), 8@1195{‘Rémt%@?8@4 uti on honpgeneous. A solution of
2.0 MHCl in EtbO (6.0 nm.) was added and the reaction mxture was stiirred
for 5 mnutes. Renoval of the solvent in vacuo produced a white solid that
was 20 triturat rtion of the HC./EtzQ solution. The solid was
col | ected Vi é%ﬁ&'ﬂm-% ﬁffsao“ghﬁcm%ﬂamgnvgg%d'ﬁ-ﬂwv{ -Udéhed with several

portions of_ Et dried overnighit under high vacuumto give 376 ng
(84% i el d)ugie %E'BH%%& MlZeoractrleatoamats | o

To a stirred solution of compound E (4.06 g, 12.56 mmol) in DMF (125 mL) was

10 added (25,45)-4-fluoropyrrolidine-2-carbonitrile 4-methylbenzenesulfonate (3.60 g,
12.56 mmol), HATU (4.78 g, 12.56 mmol), and diisopropylethylamine (6.60 mL, 37.68
mmol). The reaction mixture was stirred at RT for 16 hours. After adding water (125
ml}, the reaction mixture was extracted with four portions of EtOAc. The combimed
extracts were washed with saturated NH4Cl, saturated NaHCOs, water, brine, dried over

15  MgSO0s, filtered, and concentrated in vacuo. Purification via flash chromatography over
silica gel {1:1 hexanes:EtOAc) afforded 1.29 g (25% yield) of the product as a mixture of
diastereomers. Additional silica gel flash chromatography (2:1 hexanes:EtDAc) se:parated
the diastereomers and afforded 853 mg of compound F as a white foam. Compownd F
was the more polar (lower R of the two diastereomers.

20 *H NMR (CDCls) 400 MHz & 7.29 [dd, J=8.6, 5.5 Hz, 2H), 7.03 (t, J=8.7 Hz, 2H),
5.15 (d, J=9.3 Hz, 1H}, 5.14 (br d, J=51.1 Hz, 1H), 476 (d, J=9.3 Hz, 1H), 442 (d, /=33 Hz,
1H), 3.29-3.16 (m, tH), 3.15-3.11 (m, 1H)}, 3.07-2.98 (m, 1H), 2.52 (t, J=15.2 Hz, IH],

2.24-2.17 (m, 1H), 2.14-2.07 (m, 1H), 1.44 (s, 9H), 0.86-0.76 (m, 2H), 0.56-0.45 (m, 2H)

ppm.




24 Decenber, 2005 110 'H NWR (D20) 400 MHz S 7.29-7. 234 II;Q 7 7.01
(m 2H), 5.22 (br d, J=50.6 Hz, 1 H), 4.82 (d, J=9.1 I—M 1
H, 3.25-2.92 (m 3 H), 2.28 (t, J=1 6.0 Hz, | H, 2.32-2.21 (m 2H),
1.16-0.43 (m 4H) ppm 5 Exanple 22 (2S,4S)-1-[(2R)-2-Am no- 3-

(benzyl sul fonyl) - 3- et hyl but anoyl ] -4-fl uoropyrroliriline-2- carbonitrile

hydr ochl ori de A

(2R) - 3-(benzyl thio)-2-[(tert-butoxycarbonyl)am no] - 3-net hyl butanoic acid 10
To a 1.0 N KOH solution (50 nlL). contai ni n’é

(2R)-2-[(tert-butoxycarbonyl )am no]-3- nercapto-3-nethyl butanoic acid (1 g,
0.00401 nole) was added benzyl bromde x(755 ng, 0.00441 nole) at RT.

W Lh di eyl ot Rl RE PGaArT bl URbe R P O EbLS | ayer vas

cooled to 0-5C us on was made acidic (pH 3.5) using
concentrated HC ?Jﬁ@yﬁﬂl EZZC%%"EUE was extracted into Et OAc. The organics

were dried over MB5Q4 @ﬂg rat ed r of 1.1
g (81% of corrpoundq A?35 é’ sg@ﬂé'?gﬁompou"%?&ég '%Ff@f)ﬂ"’t’%éﬁﬁﬁ QBB‘EMIE
7.32-7.20 (nmy 5 H J =
8.0 Hz), 3.80 (And;hedz]%()“%ié 'ﬂ%% 4&5’"%“&1’515?’“ mHQ""ZBaSz‘i%Eé %%9 Bhofse 110 g
Tert-butyl ( 1 RiﬂeZ u&#& oh fH tboltl'{e[réagéondhﬁ)(tu?e a4 A Bbivhd MQkGRYRG O 1 di n-1-
yl ] carbonyl }- propyl car banst e.

washed with saturated NaHCOs, dried over MgSOs, filtered, and concentrated in vacuo.

Purification via silica gel flash chromatography (5% MeOH {with 20 NHa) in CH:Cl2)

afforded 401 mg (62% yield) of compound G as a white solid.

10 "H NMR (CDCls) 400 MHz & 7.27-7.24 {m, 2H), 7.00 {t, J=8.6 Hz, 2H), 5.17 (br d,
J=51.3 Hz, 1H), 4.76 {d, J=9.3 Hz, 1H), 3.48 (s, 1H), 3.32-3.01 (m, 3H), 2.54 (t, }=15.0 Hz,

1H), 2.22-2.05 (m, 2H), 1.74 (br s, 2H), 0.78-0.71 (m, 2H), 0.53-0.39 (m, 2H) ppm.

H. {25,45)-1-{(25)-2-Amino-2-[1-(4-fluorobenzyl)cyclopropyllethanoyl }-4-

15  fluoropyrrolidine-2-carbonitrile hydrochloride.
Diethyl ether (8 mL) was added to a flask containing compound G {401 mg, 1.26 mmel).
Approximately 1 mL of acetone was added to make the solution homogeneous. A
solution of 2.0 M HCl in Et:0 (6.0 mL) was added and the reaction mixture was sfiirred
for 5 minutes. Removal of the solvent in vacuo produced a white solid that was

20 triturated with a portion of the HCIfEt:0 solution. The solid was collected via vacuum
filtration on a glass frit, washed with several portions of Et:0, and dried overnighit under

high vacuum to give 376 mg (84% yield) of compound H as a white solid.



To a DVF solution (20 m ) containing conpound A (1.1g._ 0.0032_ nol eé and
N, N- dil sopropylethylamne (1.4 g, 0.0107 nole) was a € erg2 5g,
0.0049 nole) at RT. 5 After 30 mnutes the reaction mxture was m xed with

(2S, 45)-4-fluoro-2 pyrrolidinecarbonitrile 4-methyl benzenesul fonate (1.0g,
0.0035 nmole). After stirring overnight the reaction was quenched with
NaHCO3 and the organics extracted with EtOAc (2X). The organics were
washed with sat. NaCl and dried over MgSO4. Renoval of the solvent in
vacuo and purification via colum chronatl8graphy (1/1 hexanes/Et OAc) 10
yi el ded 445 ny (3201/% of conpound B. "H NVR (CDCI 3) 400 MHz S 7.36-7.18 (m
5H), 5.37 (d (br), HHNMR(B:0440Q MHz 7-29-728((m,PH} 1.06-7.00id, 23, 502 (grdd, J4508. J =
9.2 Hz), 4.35 (d, 1 H J=8.8), 4.27-3.92 (m 4H), 2.67-2.59 (m | H),
2.40-2.23 (m Ha#y), 432 Wel-9.1 36, (Hig4. 19551y HippPa-2.95(nC3HT2 28 bkt §:0 HE TH),

H) - 2- (benzyl sul fonﬁl Z 1-{%28, 4S) - 2- cyano- 4-f | uoropyrrolidin-1-

yl ] car bonyl } - 223e2BY inp 2t} {1 €848 et pPm.To a CH2CI Z sol ution (75 )

cont ai ni ng conpound B (445 ngy, 0.00102 nol e) was added

3-chl oroper oxybenzoic acid (57-86% (1.8g 0.0102 nole). The reaction

m xture was, allowed to stir at RT for a period of 16.0 hours followed by
neutral i zath or24PPB22A N 20 KOH. The organi cs were separated, dried over
MySO4 and concentrated to dryness to afford 421 ng of crude conpound C
(88% . The reéyl\tbijﬁg solid was used without further purification. 24
Decenber, 2005 %1% (2S, 4S) - 1- (( 2R) - 2- Ai no- 3-

(benzyl sul f onyl %ZJS nmef hyl but anoyl ] -4-fl uoropyrrm idine- 2-carbonitrile
hydr ochl ori de. 22 Cl 2 solution (45nmL) containing conpound C (421 ny,
0. 00102 nol e) was

(25.45)-1-[(2R}-2-Amino-3- (benzylsulfonyl)-3-methylbutanoyi]-4-fluoropyrrolidine-2-

carbonitrile hydrochloride

A. (2R)-3-(benzylthio}-2-[(tert-butoxycarbonyl)amino]-3-methylbutanoic acid
10 Toa 1.0 N KOH solution (50 ml) containing (2R)-2-[{tert-butoxycarbonyl)amino]-3-
mercapto-3-methylbutanoic acid (1 g, 0.00401 mole} was added benzyl bromide (755
mg, 0.00441 mole) at RT. After 17.0 hours the reaction mixture was diluted with water
and washed with diethyl ether. The organics were discarded and the aqueous layer was
cooled to 0-5°C. The aqueous solution was made acidic (pH 3.5) using concentraited HCI
15 and the product was extracted into EtOAc. The organics were dried over MgS0s and
concentrated to dryness to yield a total of 1.1 g (81%) of compound A as a pure oily
solid.
'H NMR (CDCls) 400 MHz & 7.32-7.20 (m, 5H), 5.44 (d (b}, 1H, J = 7.2 Hz), 4.38 (d (br),
1H, J = 8.0 Hz), 3.80 (m, 2H), 1.45-1.43 (m, 15H) ppm.

20



TFA (5 nL). The reaction mxture was allowed to stir at RT for a period of
16.0 hours 5 followed by neutralization with sat. NaH@&M@—"é-ﬁggggés wer e
dried over MySG a and concentrated to dryness to afford a crude solid. The
resulting solid was purified using silica gel chromatography (99 Vo
CH2Cl 2/ 1% MeOH with 2.0 M NH3). The pure tan solid was dissolved into an
acetone/ether mxture (1/1) and precipitated using 2.0 NHCl in ether. The
resulting solid was filtered in vacuo and washed with ether. After drying
10 under hi gh vacuumthe reaction yieldetiila total of 96 ng of conpound D.
"H NMR (d4- MeOH) 400 MHz S 7.49-7.35 (m 5H), 5.47 (d (br), 1H J=50.8 Hz),
5.10 (d, | H, BAe8-BityHEIR)-24bOi2yIthicha-{[125,49)-cyado-AFtudroPylrrdfiom-12H) , 2. 71- 2. 43
(m 2H), 1.77 (s, 31H), 1.60 (s, 3H ppm 15 Exanple 23 (25, 45)-1-{
( 2R) - 2- am no- 3yljcedonp}-Bemsttndorapyichdbahiteny| ] - 3- net hyl but anoyl | - 4-
fluoropyrrolidine-2-carbonitrile hydrochloride. A
(2R) - 2- [ (t ert - Fua BMY ecdurtivor{gd 1B edmaihin® ednfDuntA (odgy @032 yo)e) inidr,N-3- met hyl but an
oic 20 acid. 24 Decenber, 2005 113 To a 1.0 N KOH solution (50 ni)
cont ai ni ng ( 2RYiisoprpgyietindaniio (3:¢0c@0 198 mole) aad addid BATURS @ PO4Betet HRT.but anoi ¢
acid (1 g, 0.00401 nol e) was added 3-nethoxybenzyl chloride (691 ng,
0. 00441 nol €) #&fteri3¢ minytessthe reactninddurs wahwixe@ with (25 Sadflugroe2-war s di | ut ed
with water (50 m_l_ and washed with diethyl ether. The organics were
di si carded 5 ab¥rotidieccaoeityitsmethwlvenzanestnobte d1.600.0035 ndle). TAfter stimisous | ayer
was made acidic (pH 3.5) using concentrated HCl and extracted into EtOAc.
The organi cs vRFEIE thegeastion wasayaohed withiNai9c ant theproenitsexitactedadith to yiel d a
total of 1.35 gOAQ(lo/? of conpound A

cl2x]. T

he organics were washed with sat. NaCi and dried over MgSQOs. Remmoval of
the solvent in vacuo and purification via column chromatography {11 hexanes/FtOAc)
10 vyielded 445 mg (32%) of compound B.
'H NMR (CDCls) 400 MHz 5 7.36-7.18 {m, 5H), 5.37 (d (br), 1H), 5.45 (d {br}, 1H, J=51.6
Hz), 5.00 (d, TH, J = 9.2 Hz), 4.35 {d, 1H, /=8.8), 4.27-3.92 {m, 4H), 2.67-2.59 (m, 1H),

2.40-2.23 (m, 1H), 1.46-1.36 (m, 15H) ppm.

15 € Tert-butyl (1R)-2-(benzylsuifonyl)-1-{ [(25,45)-2-cyano-4-fluoropyrrolidin-1-
yllearbonyl}-2-methylpropyicarbamate,
To a CH:Clz solution (75 mL) containing compound B (445 mg, 0.00102 mole} was added
3-chloroperoxybenzoic acid (57-86%) (1.8g 0.0102 mole), The reaction mixture was
allowed to stir at RT for a period of 16.0 hours followed by neutralization with 2.0 N

20 KOH. The organics were separated, dried over MgS0s and concentrated to dryness fo
afford 421 mg of crude compound C (88%). The resulting tan solid was used without

further purification.




"H NVR (CDCI3) 400 MHz S 7.19 (dd, 1 H, J=7.8 Hz), 6.90 (d._ | H.  J=7.2 Hz),
6.86 (s, 1 H, 6.76 (dd, 1 H J=8.4 Hz), 5.43 (d (br), 2ftDecembeg, 2005
4.39 (d (br), 1 H J =6.8 H), 3-82-3.74 10 (m 5H), 1.45-1.35 (m 15H)
ppm B. Tert-butyl (1
R -1-([(2S, 4S)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl}-2-[(3- nmeth
oxybenzyl)th io]-2-nmethyl p ropy) ea rba mate. To a DVMF solution (25 m)
cont ai ni ng conpound A (1.3 g, 0.0035 nole) and N, N 15 dii sopropyl et hyl am ne
(1.36 g, 0.0106 nole) was added HATU (2.0 ﬁm 0.0053 nmole) at RT. After 30
m nutes the reaction mxture was mxed with (2S, 4S)-4-fluoro-2-
pyrrolidi necar bopj (s id)€- 1 en Q] P 2.
After stirring ov[gr ni]gh[ﬁﬁewgggt ?’gﬁrﬁg@gﬂgh’?h@% “&u"%q’r']] ﬁé’ﬁ%@@”@ﬁﬁfﬁ% he
organi cs extract 2qabiitile HytIWorddeX) - The organics were washed with sat.
NaCl and dried over MgSO4- Renoval of 20 the solvent in vacuo and
purification vi alCHCHRsoition (EhROdoRRiing(cbmboUn® XA Td-b obh mofd) Rafefed17 o
(38% of conpound B. 'H NMR (CDC13) 400 MHz 5 7.18 (dd, 1 H J=7.8 Hz),
6.95 (s, 1 H ), TAI®m(0 TKexredctioh mbtturd wds sHbwed t@-sﬁn“at@?]@oraéerlﬁad oFT80%oliE) . 5. 41
(d (br), ' H J =28.8 Hz), 5.39 (d (br), 1 H 1=51.2), 5.00 (d, 1 H 24
Decenber, 2005 lfbflowelt9 nbuttdlijatiodt with sdtNaHt0s 1 Thd orgarfies SvefdZdkied dved BiySoudd (M
7H, 2.71-2.52 (m | H), 2.46-2.27 (m 1H), 1.%2-1.39 (m 15H) ppm
C. Tert - but yl ( 1R)echednkrabtoidryness 16 yfo@-aerdde YSIHO P resalting sdlid Wa blrivb ReiRy | } - 2- [ (
3- 5 met hoxybenzyl ) sul fonyl]-2-met hyl propyl carbamate. To a 2Cl 2 sol ution
(100 m .) cont aisificagel clropetogdpy (054 CHIOH 19OMESH @it &) NMRSThagéte tan solid
3-chl oroperoxybenzoic acid (57-864b) (2.3g 0.013 nole). The reaction
m xture was al | waselfsdved Bito an acktoRd]ether migtupes(i f1dhd @fecibfatOd heng 20 K 6iCt mwed by
neutralization with 2.10 N

ether. The resulting solid was filtered in vacuo and washed with ether. After dryiing

10 under high vacuum the reaction yielded a total of 96 mg of compound D.
'H NMR (d:-MeOH) 400 MHz & 7.49-7.35 (m, 5H), 5.47 (d (br), 1H, /=50.8 Hz), 5.10 (d,
1H, J = 8.8 Hz), 4.92-4.59 (m, 3H), 4.15-3.91 {m, 2H), 2.71-2.43 {m, 2H), 1.77 (s, 3H), 1.60

{s, 3H) ppm.

15 Example 23

(25,45)-1-{(2R)-2~-amino-3-[(3-methoxybenzyl)sulfonyll-3-methylbutanoyl}-4-

fluoropyrrolidine-2-carbanitrile hydrochloride.

A. (2R)-2-[{tert-butoxycarbonyl)amino]-3-[(3-methoxybenzyl)thio]-3-methylbutanoic

20 acid.



KOH. The organics were dried over MgSO4 and concentrated to drynes

afford 647ng 10 of crude solid (98% . The resulting of 244 + 49085
used wi thout further purification. 'H NVWR (CDCI3) 400 MHz S 7.30-7.25 (m
1 H, 7.01-6.98 (m 2H,), 6.92-6.88 (m 11H), 5.49 (d (br), 1 H, J=8.4
Hz), 5.39 (d (br), 1 H J =50.8 H), 5.03 (d (br), 1 H 1=9.2), 4.96 (di1,1
H J= 9.2 H), 432-3.80 (m 4H), 3.79 (s, 3H), 2.71-2.54 (m 1 H),
2.46-2.24 (m 1 H), 1.59-1.39 (m 15H) ppm 15 D

(25, 45)-1-{(2R) - 2- Ami no- 3-[ ( 3- mret hoxybenzyj3) sul f onyl ] - 3- net hyl but anoyl } -, 4-
fluoropyrrolidine-2-carbonitrile hydrochloride. To a CH2Cl 2 sol ution (45

n -) containi ngT@@ﬂf.DNmsGIu&i@ﬁ’r(Eol?ﬂl)cdﬂta@@r%_ﬁﬁ!@-ﬂ%e%%x?&%ﬂyl)a%}(ﬁm)- The
reaction mxture was allowed to stir at for a period of 16.0 hours 20
foll owed by neutrerhptaa-inothybithkvicald (Ng 8001 MAE) v BRRY S SnetRsgbengpar at ed,
dried over MJSO4 and concentrated to dryness to afford a crude solid. The
resul ting sol i dchiagie (§a1md, D604 SiokyatSRTL iAGter TR hoGRRITR4cOOK Apdiyre (WAO01a

CH2Cl 2/ 1W MeOH with 2.0M NH4.. The pure solid was dissolved into an

acet one/ et her niliuted it ddtdn (Samt) apd eashad with didthiisdting e Orgbhizdwdlediecdpdd, 2005
115 HC in ether. The resulting solid was filtered in vacuo and washed

Wi th ether. &ftandthelaguems layaciess chslghto\iaE L Mhetdgeeci ek wasmydeakidiedpl3spt al  of
221ng of conpound D. 'H NWMR (d4- MeOH) 400 Mz 8 7.31 (dd, 1 H, J=8.0 Hz),
7.18-7.06 (m 2tiing ®n&strétdd HClniHextdeted thtdEY0AC. SThé Brgbnics(Waee driell oktr MgsB0. 8 Hz) ,
5.10 (d, 1 H J- 9.2 Hz), 4.72-4.58 (m 3H), 5 4.15-3.88 (m 2H), 3.81 (s,
3H), 2.69-2. 44 {nthcoRidnirattd fEirfress 18 ipld akotBBof (1S5 g3Hpo) ppampenadpl e 24 (2S
45)-1-{(2R)-2- Am no-3-[ (1

1' - bi phenyl - 4- yHi¥ R (ODLE)A0D dizIS| 7- 13-{ddx t Hy=-ha Hanegd ¢ 14k /=7.2 Hz), 6.86 (s, 1H),

6.76 {dd, 1H, J=8.4 Hz), 5.43 (d {br), 1H, J= 6.4 Hz), 4.39 (d (br), 1H, J = 6.8 Hz), 3.82-3.74

10 (m, 5H), 1.45-1.35 (m, 15H) ppm.

B. Tert-buty! (1R)-1-{[(25.4S)-2-cyano-4-flucropyrrolidin-1-yljcarbonyl }-2-[(3-
methoxybenzyl)thio]l-2-methyipropylcarbamate.
To a DMF solution (25 ml) containing compound A (1.3 g, 0.0035 mole) and N,N-

15  diisopropylethylamine (1.36 g, 0.0106 mole) was added HATU (2.0 g, 0.0053 mole} at RT.
After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-
pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.1 g, 0.0038 mole). After stirring
overnight the reaction was quenched with NaHCOs and the organics extracted with
EtOAc (2X). The organics were w.ashed with sat. NaCl and dried over MgS0Os. Remnoval of

20  the solvent in vacuo and purification via column chromatography (1/1 hexanes/EtOAc)
yielded 617 mg (38%) of compound B.

'H NMR (CDCla) 400 MHz & 7.18 (dd, 1H, /=7.8 Hz), 6.95 (5. 1H,), 6.92 (d (br), 1H, J=2.8),

6.74 (dd, 1H, J=8.2 Hz), 5.41 (d (b}, 1H, J = 8.8 Hz), 5.39 {d (br), 1H, J=51.2), 5.00 {d, 1H,



10 fluoropyrrolidine-2-carbonitrile hydrochloride A
2R)-3-[(1,1' - Bi phenyl -4-yl net hyl )thio]-2-[(tert-butoxy*hPssamber, 2005 3.
met hyl butanoic acid. To a 1.0 N KOH solution (50 m.) containing
1,4-dioxane (10 mM.), and (2R)-2-[(tert-

but oxycar bonyl ) am no] - 3- mer capt o- 3- et hyl butanoic acid (1 g, 0.00401 nvol e)
was 15 added 4-phenyl benzyl chloride (894 ng, 0.00441 nole) at RT. After
17.0 hours the reaction mxture was diluted with water and washed w th

di ethyl ether. The organics were discardad and the aqueous | ayer was
cooled to 0-5C. The aqueous solution was mnade acidic (pH 3.5) using
concentrat ed HCU=%a14k), 14138 (hnBAl<8.8 Was4. 1843 78(a, ®id), 2. 1-2.52 (k) & H), 2.48827 gngani cs
were dried over MgSO4 and concentrated to dryness to yield a total of 1.4 g
20 (82% of conpduhée-A3abndaskivpre solid. 24 Decenber, 2005 116 'H NMR
(CDC6) 400 MHz 87.59-7.31 (m 9H), 5.49 (m 1 H), 4.32 (d (br), 1H, J = 9.6
Hz), 3.88-3.71 (m 2H) 1.57-1.40 (m 15H) ppm B. Tert-butyl (1

R -2-[(1, 1" -bi phenyl - | methyl)th io]-1-{[(2S, 4S)-2-cyano-4- 5 fl

uor opyr rol i di n- Q—Tyntiba'arf éBhi’-l{181524Si<éb¢vyﬂop4-ﬁmrbwa'nhmmaﬂcarﬂ’mvé -BiF sol ution
(25 mJ) containing conmpound A (1.4 g, 0.0034 nole) and N N

di i sopropy! ef hymgtheavhenzylsulfonyll- %mamwnrom@ymm added HATU (1.9 g. 0.0051
nole) at RT. After 30 minutes the reaction m xture was m xed W|th (2S,
45) - 4- | uor o- 2- TonfH: solitiee WP hrantaining compestnd Bl (BEP® HH91A melplaas added] g,
0.0037 nole). After stirring 10 overnight the reaction was quenched with
NaHCO8 and t he %‘F’@i&rﬁPQf@xVBWPiaéﬁ'éWvﬁ% 23002 mplz))The ﬁ@'%r"@j’gwﬁwsmre
washed with sat NaCl and dried over MOSO4. Renoval of the solvent in vacuo

and purificati oHloyrhtosHr iR fenrwrrsred oigBApRYs folipwedtynsnisdipationwith 20 N

KOH. The organics were dried over MgS0Os and concentrated to dryness to afford 647mg

10 of crude solid {98%). The resulting off white solid was used without further puriffication.
'H NMR (CDCla) 400 MHz 8 7.30-7.25 (m, 1H), 7.01-6.98 (m, 2H,), 6.92-6.88 (m, 1H), 5.49
(d (br), 1H, /=8.4 Hz), 5.39 (d (br), 1H, J = 50.8 Hz), 5.03 {d (br), 1H, J=9.2), 4.96 (d, 1H, J =
9.2 Hz}, 4.32-3.80 [m, 4H), 3.79 (5, 3H), 2.71-2.54 (m, 1H}, 2.46-2.24 (m, 1H), 1.59-1.39
{m, 15H) ppm.

15
D. (25,45)-1-{(2R)-2-Amino-3-[(3-methoxybenzylsulfonyl]-3-methylbutanoyl } -4~
fluoropyrrolidine-2-carbonitrile hydrochloride.
To a CH:Clz solution (45 mL) containing compound C (647 mg, 0.0013 mole) was :added
TFA (SmL). The reaction mixture was allowed to stir at RT for a period of 16.0 hours

20 foliowed by neutralization with sat. NaHCO:. The organics were separated, dried over
MgS0s and concentrated to dryness to afford a crude solid. The resulting solid was
purified using silica gel chromatography (99% CHaClz/1% MeOH with 2.0M NHs).. The

pure solid was dissolved into an acetonefether mixture (1/1) and precipitated using 20 N



yi el ded 828nmg (48% yield) of extrenmely pure product 'H NMR (CDCl 3) 400 MHz
S 7.57-7.30 (m O9H), 5.47-5.33 (m 2H), 5.03 (d(bir), 12%Decemberg200S , 39
(d, 1 H J =18.8 Hz), 4.31-3.97 tm 2H), 3.89 (s, 2H), 2.68 (dd, 1 H,
J=15..6 Hz), 2.44-2.28 (m 1 H, 1.58-1.41 (m i5H ppm C. Tert-butyl (1
R -2-[(1, 1" - bi phenyl - 4-yl net hyl ) sul fonyl ]-1-{[(2S, 45) - 2- cyano- 4- -
fluoropyrrol id i n-1-yl)carbonyl}-2-nethyl propylca rbamate. 20 To a CH2Cl 2
solution (100 nlJ) containing conmpound B (828 ny, 0.0016 nole) was added
3-chl or oper oxybenzoi ¢ aci d(57-86% (2.8 0;;@8. 0162 nole). The reaction

m xture was allowed to stir at RT for a period of 16.0 hours followed by

neutralization Wefilethe® Tht r sdREwa FRerRl ﬁﬁra)%{aﬁd dhdnedwRl BheVpset and
concentrated to dryness to aftford 867 24 Dece 2005 117 ng of conpound

gu§ ??i%f: )é't .6132) . J&ﬁ%ﬁwcgtgh Q&uﬁ\m 'tltutere&@ibh g.em&sa w%ggf 23«]1 ﬁugep&onfgag%d%( —
J=8.4 Hz), 5.42 (d(b T , 99
TRt )J_ 2 &Z § Hzlvn%ﬂg(htiméomméﬂrﬁsﬁ@i (du51|?’1_a£61ﬁ£9r7)1s 7lod1m iﬂj9?3é (¢

2.47-2.34 (m 1k}, - - H
(28 28 -1 { (o Whoio BE: sl iin it B0, ‘Preﬁh*'y:f')*zs?u47fzo%§“|3“‘%’rrethy| buta

noyl }- 4-fluero | L 130§ h @8 {s, FH) pPmCH2Cl 2

sol ution (455)ntfy%gg%gﬁnz?lﬁ8%1c§ﬁ§plga{lﬁg i“@%hmd{?ézfeaﬂ ] Em I“e))pﬁvvas added 10
TFA (5 nL). The reaction mxture was allowed to stir at RT for a period of
16.0 hours followed by neutralization with sat. NaHCO3. The organics were
separated, driegapy&riaq MJISO4 and concentrated to dryness to afford a crude
solid. The resufting solid was purified using silica gel chronatography

(99% CH2CI 2/ 1% mﬁwg 2. OM NH3). The
HN N

Aso, I
U

{25,45)-1-{(2R)-2-Amino-3-{{1,1"-biphenyl-4-yImethyl)sulfonyl]-3-methylbutanoyi}-4-

10 fluoropyrrolidine-2-carbonitrile hydrochloride

A. 2R)-3-{(1,1'-Biphenyl-4-ylmethyl)thio]-2-[(tert-butoxycarbonyl)amino]-3-
methylbutanoic acid.
To a 1.0 N KOH solution (50 mL) containing 1,4-dioxane {10 mL), and (2R)-2-[(tert-
butoxycarbonylJamino]-3-mercapto-3-methylbutanaic acid (1 g, 0.00401 mole) was

15 added 4-phenylbenzy! chloride (894 mg, 0.00441 mole) at RT. After 17.0 hours the
reaction mixture was diluted with water and washed with diethy! ether. The organics
were discarded and the aqueous layer was cooled to 0-5°C. The agueous solution was
made acidic (pH 3.5) using concentrated HCl and the product was extracted into ether.
The organics were dried over MgSO« and concentrated to dryness to yield a total of 1.4 g

20  (82%) of compound A as a white solid.



pure solid was dissolved into an acetone/ et her mxtgr!g!égl/ li aaggp;
precipitated using 2.0 N 15 HCl in ether. The resul I iltered
i n vacuo and washed with ether. After drying under high vacuumthe
reaction yielded a total of 307ng of conpound Di. 'H NWVR (d4- MeCOH) 400 MHz
S7.66-7.32 (m 9H), 5.48 (d(br), 1 H J=50.4 Hz), 5.10 (d, 1 H J=B.0),
4.86-4.64 (m 3H), 4.19-3.86 (m 2H), 2.70-2.41 (m 2H), 1.78 is,. 3H), 1.63
is, 3H ppm 20 24 Decenber, 2005 118 Exanple 25
(28 4S) - 1-{(2R) - 2- Ami no- 3- [(2 met hoxybéhzyl ) sul f onyl ] - 3- met hyl but anoyl } - 4-
fluoropyrrolidine-2-carbonitrile hydrochloride 5
A. (2R) - 2- [ ( Te NIMROD T wo@MBlD 8y J59-313i1 o] 9HB 5[40 Zmmi), rar Ydie 2, Y £ Bied)z),3- net hyl but
anoic acid. To a 1.0 N KOH solution (50 nlL) containing
(2R) - 2- [ ( t erstesbaiichny 2l hemy.h) ey s)pp@d: ner capt o- 3- net hyl butanoic acid (1 g,
0. 00401 nol e) was added 2-net hoxybenzyl chloride (691ngy, 0.00441 nole) at
RT. After 17.0 hours the reaction mxture was diluted 10 with water and
washed with diethyl ether. The organics were di scarded and t he aqueous
| ayer was cd@oleedbitty (TR}2-[{1,1" biphergyrdabmeshyd)etialt i- fi(eSws)s 2nyede-4aci di ¢ (pH 3. 5)
using concentrated HCl and the product was extracted into Et OAc. The
or gani cs swe ffleospyretidinetvglcaibyd42-anethytlpoopglearbaradted to dryness to yield a
total of 1.1 g (749 of conpound A. 1H NWR (CDC13) 400 MHz S 7.25-7.21 (m
2H), 6. 90- 6188 Dpisolatifn, {ZSmGROGEEBtQ(CﬂmPﬂlWA(H43.110954(n§l€)cﬁﬂ)’NN.- H J= 9.2 Hz),
3.88-3.79 (m 5H), 1.58-1.33 (m 15H)
B. Tert - butyﬂqspm)opwetpmmuse@@ggnwame)mww@cﬂBbm(ﬂ@mpww mojg) EBE bony! }- 2- [ (
2-

After 30 minutes the reaction mixture was mixed with (25, 4S)-4-fluoro-2-

pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.1 g, 0.0037 mole). After stirring
10 overnight the reaction was quenched with NaHCO: and the organics extracted with
FtOAc (2X). The organics were washed with sat. NaCl and dried over MgSOs. Remioval of
the solvent in vacuo and purification via column chromatography (1/1 hexanes/E£OAc)
yielded 828mg (48% yield) of extremely pure product.
'H NMR (CDCls) 400 MHz § 7.57-7.30 {m, 9H), 5.47-5.33 (m, 2H), 5.03 {d(br), 1H,
15 J=9.6)}, 439 (d, 1H, = 8.8 Hz), 4.31-3.97 im. 2H), 3.89 (s, 2H), 2.68 (dd, 1H, J=15.6 Hz),

2.44-2.28 (m, 1H), 1.58-1.41 (m, 15H) ppm.

C. Tert-butyl (1R)-2-[(1,1"-biphenyl-4-yimethyl)sulfonyl]-1-{[(25,45)-2-cyano-4-
fluoropyrrolidin-1-yl]carbonyl}-2-methylpropylcarbamate.

20 To a CH:Clz solution (100 ml) containing compound B (828 mg, 0.0016 mole) was added
3-chloroperoxybenzoic acid(57-86%) (2.8 g 0.0162 mole). The reaction mixture was
aliowed to stir at RT for a period of 16.0 hours followed by neutralization with 2.0N

KOH. The organics were dried over MgS0s and concentrated to dryness to afford 867




met hoxybenzyl ) t hi 0] - 2- net hyl propyl carbamate. To a DMF _sol utio 2 )
cont ai ni ng conpound A (1.0 g, 0.0027 nole) and N,N 20 M%Mam ne
(1.05 g, 0.0081 nole) was added HATU (1.5 g, 0.00405 np)le) at RT. 24
Decenber, 2005 119 After 30 mnutes the reaction mxture was mxed with
(2S, 45)-4-fluoro-2-

pyrrolidinecarbonitril ed4-nethyl benzenesul fonat e(851ng, 0. 003nol e). After
stirring overnight the reaction was quenched with NaHCO3 and t he organics
extracted with EtOAc (2X). The organics Weére washed with sat. NaCl and
dried over MgSH. Renoval of 5 the solvent in vacuo and purification via
col um chr onat o efshppgund T (5% xiekly/ The t<@dting whitieabllods 668 witho(tSB8heri el d) of
compound B. "H NWR (CDCI 3) 400 MHz S 7.31 (dd, 1 H, J=7.6Hz), 7.19 (dd, 1
H J=8.0 Hz), 6ougficatign.83 (m 2H), 5.47-5.31 (m 2H), 5.03 (d(br), 1 H,
J=9.2), 4.34 (d, 1 H J =28.4 Hz), 4.26-3.66 (m 7H), 2.68 (dd, 1 H, J=1
5.2 Hz), 2.43- ZHMNYR(GPCI4 480 MHZ 558347, 331m( ), SE3 K§(bnhiHh J=88 Hz), 5.42 (d{br), 1H, J

C. Tert-butyl (1R -1-{[(2S, 45) - 2- cyano- 4-f | uoropyrrolidin-1-yl]carbonyl}-2-[(
2- et hoxybenzyt 56AHZ), 60y I (brd-1hiet=92), B198 o/ Il 16, o =192 Hih 439418 (m, GH2ZIW{ddi0l ut i on
(75 nL) containing conpound B (668 ng, 0.0014 nole) was added

3- chl or oper dxy éni=45.2 Hac2-4i{-3.34 86,08H), (1323 .49 (0. 'GEMPmol ). The reaction

m xture was 15 allowed to stir at RT for a period of 16.0 hours foll owed
by neutralization with 2.0 N KOH. The organics were dried over MgSO4 and
concentrated to dryness to afford 678 ng of conpound C (95% . The

resul ting of f \Whi2P&S)slof 2R)-RamingstH(1.Ar-biphson-4rimethelsulfosyll3Fmethybuwbanoyi+ NVR

(CDCI 3) 400 MHz & 7.44 (dd, 1 H J=7.6Hz), 7.34 (m 1 H), 6.99-6.91 (m
2H), 5.61- 4-fluoropyrrolidine-2-carbonitrile hydrochloride.

To a CH:Clz solution (45 mL) containing compound C (867 mg, 0.0G16 mole) was added
10 TFA(5mb). The reaction mixture was allowed to stir at RT for a period of 16.0 hours
followed by neutralization with sat. NaHCOs. The organics were separated, dried over
MgS0s and concentrated to dryness to afford a crude solid. The resulting solid was
purified using silica gel chromatography (99% CHzClz/1% MeOH with 2.0M NHs}. The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated using 2.0 N
15  HClin ether. The resulting solid was filtered in vacuo and washed with ether. After
drying under high vacuum the reaction yielded a total of 307mg of compound D.
"H NMR (d+-MeOH) 400 MHz 5 7.66-7.32 (m, 9H), 5.48 {d(br), 1H, /=50.4 Hz), 5.10 (d,

1H, J=B.0), 4.86-4.64 (m, 3H), 4.19-3.86 (m, 2H), 2.70-2.41 (m, 2R), 1.78 (5, 3H), 1.63 (s,

3H) ppm.




20 5.57 (m 1 H), 5.40 (d(br), 1 H 00495(m 2
4.49-3.85 (m 7H), 2.6t5 (dd, 1 H, 4 ,5
1.62-1.37 (m 15H) ppm D.

(25, 45)-1-{(2R) - 2-am no- 3-[ (2- met hoxybenzyl ) sul f onyl ] - 3- net hyl but anoyi } -4
fluoropyrrolidine-2-carbonitrile hydrochloride. 24 Decenber, 2005 120 To a
CH2ClI 2 solution (45 nlL) containing conpound C (678 ng, 0.00136 nole) was
added TFA (5 m). The reaction mxture was allowed to stir at RT for a
period of 16.0 hours followed by neuttilization with sat. NaHCO2. The
organi cs were separated, dried over MSO and concentrated to dryness to
afford a crudgarmd 251. The resulting solid was 5 purified using silica gel
chr omat ography (99% CH202/ 1% MeOH with 2.0 M NH3). The pure solid was

di ssolved into a acepne/ ether mxture (1/1) and precipitated using 2.0 N

). S.
), 2.

HC( in ether. H esulting solid was filtered in vacuo and washed w th
ether. After diyi ng~under high vacuumthe reaction yielded a total of 313
ng of corrpound/f\’ ' ENNVR (d4- MeOH) 400 MHz S 7.45-7.38 (m 21-1), 7.06 (d,

1H, J=8.4 Hz), 6. .99 (dd, 10 IH, J=7.2 Hz), 5.49 (d(br), I H J=50.8
Hz), 5.09 (m I H, 92) 4.13-3.84 (m 6H), 2.67- 2.44 (m 2H), 1.74 (s,
3H), 1.58 is, Exanpl e 26 15

(2S,4S)-1- {(2R) - Am no- 3- net hyl - 3- [(py(dln 3-yl et hyl ) t hi o] but anoyl } - 4-
fl uoropyrrol j . )

(2R)-2-[(Tert ' . $ AP iy e
tanoic acid u‘lr'g ?fd (% Kg]—||ts] uti 0 0r{dSO mL) cont ai ni ng
(2R) 2-[(ter 0 mercapt o- 3- et hyl butanoic acid (1

g, 0040} ”Rlﬁﬁ] 2Wﬁ1%rt% q(%gca"r;bonyl)ammo]Q [{(2-methoxybenzyl)thio]-3-methylbutanoic

met hyl )t hi o] bu

acid.
To a 1.0 N KOH solution (50 mi) containing (2R)-2-[(tert-butoxycarbonyl)amino]-3-
mercapto-3-methylbutanoic acid (1 g, 0.00401 mole) was added 2-methoxybenzyl
chioride (691mg, 0.00441 mole) at RT. After 17.0 hours the reaction mixture was diluted
10 with water and washed with diethyl ether. The organics were discarded and the aqueous
layer was cooled t(; 0-5°C. The aqueous solution was made acidic (pH 3.5) using
concentrated HCl and the product was extracted into EtOAc. The organics were dried
over MgSOs and concentrated to dryness to yield a total of 1.1 g (74%) of compound A.
'H NMR (CDCls) 400 MHz & 7.26-7.21 {m, 2H), 6.90-6.85 (m, 2H), 5.63-5.55 (m, 1 H), 4.31

15 (d(br), 1H, )= 9.2 Hz), 3.88-3.79 (m, 5H), 1.58-1.33 (m, 15H) ppm.

B. Tert-butyl {1R})-1-{[(25,45)-2-¢yano-4-fluoropyrrolidin-1-yl]carbonyl }-2-f(2-
methoxybenzyl)thio]-2-methylpropylcarbamate.
To a DMF solution (25 mL) containing compound A (1.0 g, 0.0027 mole) and N,N-

20 diisopropylethylamine (1.05 g, 0.0081 mole} was added HATU (1.5 g, 0.00405 molle) at RT.



(bromonet hyl ) pyri di ne hydrobrom de (1.1 g, 0.00441 nol eg at RT. After 17.0
hours the 24 Decenber, 2005 121 reaction m xture was r
and washed with diethyl ether. The orgainics were discarded and the
aqueous | ayer was cooled to 0-5C. The aqueous solution was nade acidic (pH
4.0) using concentrated HCl and the product was extracted into | EtOAc. The
organics were dried over Na2SO4 and concentrated to dryness to yield a
total of 403 S ny (300) of compound A as a pure oily solid. "H NVR (CDCl 3)
400 Mz S 8.77 (s, 1 H, 8.56 (d, 1 H J3%6 Hz), 7.80 (d, 1 H J=8.0 Hz),
7.37 (dd, 1 H J=8.0 Hz), 5.47 (d(br),1 H J = 9.6 Hz), 4.53 (d(br), 1 H,
J = 956 le),( 3. Ater @0l ehinuds the rdmbion Mixkizg waslmiR€ Wlithd@s, @8)-4-fibdp-20pm 10 B.
Tert-buty 1

R) - 1- {[ ( 2S, 4S) -@rrolidinvoarberfifrilcor-mpyylbank¢rdsulfodaty (8 0rad, 0003/dle )2 Afet stinging 2-

[ (pyridin-3-ylnmethyl)thio] propylca rbamate. To a DMF solution (20 nl)

cont ai ni ng conpemighithé 4@0tionyyas Quddcried with| NaHCamald kheldrgadics sapctepwitat hyl am ne
(456 ngy, 0.0035 nole) was added HATU (670 ng, 0.0018 nole) at RT. After 30
m nutes the redd@Acd@X)nifhet argamicorrere miashed with s4t. aBband4itipd ehef MyS0soR@uaB! of
pyrrolidinecarbonitrile 4-methyl benzenesul fonate (370 ng, 0.0013 nole).
After stirriSng thospleni igkacup kel pusfication wia welsmu deomftegraptivi( 1 NenaGEKLOMY t he
organics extracted with EtOAc (2X). The organics were washed with sat.

NaCl and dri ed Yislded 66ms(58% yieidhotedmpofind B.he sol vent in vacuo and
purification via colum chromatography (1/1 hexanes/Et QAc) vyielded 314 ng
(61% of conmpound BH @R {GRCRMROMEREI 731 (dd) OHMHE:6182),F. 19 8dd( 81, ¥=8) Hz).86.9%5 (d, 1
H J=4.8 Hz), 7.71 (d, 1 H, J=8.0 Hz), 7.21 (dd, 1 H, J=8.0 Hz), 5.45
(d(br), 1 H J583Mmi2H), 5.48-43 (2503 [dbs, 1H) E82), 24.34AY."1H5 9 8.4 Hel), 4.26-386 J=9. 2
Hz), 4.41 (d, 1 H J =09.6 Hz), 4.37-3.79 (m 4H, 2.70 de, 1 H J=15.6
H), 2.46- {m, 7H), 2.68 (dd, 1H, J=15.2 Hz), 2.43-2,26 (m, 1H), 1.57-1.37 {m, 15H) ppm.

10
C. Tert-butyl (1R)-1-{[(25.45)-2-¢cyano-4-fluoropyrrolidin-1-yl]carbonyl }-2-{(2-
methoxybenzyl)sulfonyl]-2-methylpropylcarbamate.

To a CH:Clz solution (75 ml) containing compound B (668 mg, 0.0014 mole) was added
3-chloroperoxybenzoic acid(57-86%) (2.5 g 0.0140 mole). The reaction mixture was
allowed to stir at RT for a period of 16.0 hours followed by neutralization with 20 N
KOH. The organics were dried over MgS0s and concentrated to dryness to afford 678
mg of compound C (95%). The resulting off white solid was used without further
puriﬁcatiori.

'H NMR (CDCls) 400 MHz & 7.44 {dd, 1H, /=7.6Hz), 7.34 (m, 1H), 6.99-6.91 (m, 2H), 5.61-
557 (m, 1H), 5.40 (d{br), 1H, J=51.2 H2), 5.00-4.95 (m, 2H), 4.49-3.85 {m, 7H), 2.65 {dd,

1H, J=15.6 Hz), 2.45-2.28 (m, 1H), 1.62-1.37 (m, 15H) ppm.

D. (25.45)-1-{(2R)-2-amino-3-[(2-methoxybenzyl)sulfonyl]-3-methylbutanoyl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride.



2.29 (m 1H), 1.55-1.39 (m 15H) ppm 24 Decenber, 2005 125 C.
(25,49)-1-{(2R) - 2- Ami no- 3-net hyl - 3-[ (pyri di n- 3-yl yl}-4-
fl uoropyrrolidine-2-carbonitrile hydrochloride. To a CH2Cl 2 solution (22

m .) containing conpound B (314 ng, 0.720mmvl) was added TFA (3 nL). The
reaction mxture was allowed to stir at RT for a period of 16.0 hours 5
foll owed by neutralization with sat. NaHCO3. The organi cs were separ at ed,
dried over Na2S04 and concentrated to dryness to afford a crude solid. The
resulting solid was purified using 80lica gel chromatography (99%

CH2Cl 2/ 1e/0 MeOH with 2.0 M NH3)., The pure solid was dissolved into an
acet one/ et hée a (it soletigh ¥4 5Lin L )anctaiping eangicuad € (678 FighWoA 3O mdle) wisladiidl et her . The
resulting solid was filtered in vacuo and washed with ether. After 10

dryi ng undefFAB git). The teaction mextueacs bllwed tostidstcRTdortaqieeibd off 166%og of conpound
C. "HNWR (CDCI3) 400 MHz S 8.57 (s, 1 H), 8.46 (d, 1 H, J=5.2 Hz), 7.71
(d, 1 H J=bllaweddy neqiraigatiopckdth sat. NsHCO=Th otganics vierelstpdratethyd)ied dveH, J=51. 2
Hz), 4.97 (d, 1 H J=9.6 Hz), 4.20-3.58 (nn, 5H), 2.66 (dd, 1 H, J=15.2
Hz), 2.39-2Ma50:«@and cancedtratet. t¥ §ryaess trafford2i-frydelsolts Theres\Btig,solid v@® (s, 361) ppm
15 Exanple 27 (2S

45) - 1- { (2R) purifingrising sHicerael lehromatopapiyr (999 RHZLYMMeOH With B0 0 Mk dihey | } - 4-
fluoropyrrolidine-2-carbonitrile hydrochloride. A

(2R) - 2- [ ( Tepure glit Wrsdisspivestiptojan reaterieletenmixtiyt (181) aopyretipitatedsiph @36tMy | ) t hi o] bu
tanoic 20 acid. 24 Decenber, 2005 123 To a 1.0 N KCH solution (50 ni)
cont ai ni ng &) cther Theapsultingselidyras filtesedin vagvo gty wasBed with ether. After

drying under high vacuum the reaction yielded a total of 313 mg of compound D.

'H NMR (d+-MeQH) 400 MHz & 7.45-7.38 (m, 2H), 7.06 (d, 1H, J=8.4 Hz), 6.99-6.99 (dd,
10 1H, J=7.2 Hz), 5.49 (d(br), 1H, J=50.8 Hz), 5.09 (m, 1H, J=9.2), 4.13-3.84 (m, 6H), 2.67-

2.44 (m, 2H), 1.74 (s, 3H), 1.58 (s, 3H) ppm.

Example 26

rw\_/ﬂ\,,gj i

MTs on
N

P

15  (2545)-1-{(2R}-2-Amino-3-methyl-3-[(pyridin-3-yimethyl)thio]butanoyl }-4-

fluorepyrrolidine-2-carbonitrile.

A. (2R)-2-[(Tert-butoxycarbonyl)amino]-3-methyi-3-[(pyridin-3-yimethyijthioJbutanoic
acid.
To a 1.0 N KOH solution (50 ml) containing {2R)-2-[(tert-butoxycarbonyl}amino]~-3-

20  mercapto-3-methylbutanoic acid (1 g, 0.00401 mole) was added 3-

(bromomethyljpyridine hydrobromide (1.1 g, 0.00441 mole) at RT. After 17.0 hours the




mer eapt o- 3- net hyl butanoic acid (1 g, 0.00401 nole) was_added 2-

(bronomet hyl ) pyri di ne hydrobronide (1.1 g, 0.00441 nol QM 17.0
hours the reaction mxture was diluted with water and washed wi th di et hyl
ether. The organics 5 were di scarded and the aqueous | ayer was cooled to
0-5C. The aqueous solutions was mnade acidic (pH 4.0) using concentrated
HCI and the product was extracted into EtoAc. The organics were dried over
Na2SO4 and concentrated to dryness to yield a total of 557 ng (41% of
conpound A as a white solid. "H NWR (CDCld) 400 Mz 8 8.53 (d, 1 H, J=4.8
Hz), 7.75 (dd, 1 H, J=7.6 Hz), 7.34-7.30 (m 10 2H), 5.73 (d(br), 1 H, J=
8.8 Hz), 4.47 (ahetidn mixtud-was diitedryith watédand wddhed with 2iebhyllethds. Thd'orddrlids . ppm B.
Tert-butyl (1 R-1-t

[ (25, 45) - 2- cy aweredliskdrdeorapph heraqlidods kayet wab fooked ot PG TRe apptdusisoltion was

[ (pyridin-2-ylnmethyl)thio] propyl carbanmate. 15 To a DMF solution (20 nl)
cont ai ni ng conpadnatidic (p&3.9) usipg con@BtBedidl ehd thn drotldkiwasiéxitrsctpd by FeARY | ani ne
(635 ng, 0.0049 nole) was added HATU (912 ng, 0.0024 nnole) at RT. After
30 ninut es t heThesuganicowemidsied aver NeaSDs pinek eatheantrated (RdByness3p yigldfd total of 403
pyrrolidinecarbonitrile 4-methyl benzenesul fonate (504 ng, 0.00176 nol e).
After stirrfngmadingef epmpotndA assarind ety solils quenched with NaHCO8 and t he
organics extracted with 20 EtOAc (2X). The organics were washed wth. sat.

NaCl and dri edHoNMR ((RERI08 MHRSB7F\(a 1R 8.56 tdhEH, d-il.6 kzh 7.80 fd, V Holr8.0 drixdi 7.37
purification via colum chromatography (1/1 hexanes/Et QAc) vyielded 466 ng
(65% of conpoldAd Ha/=8:0tHizNRRY (dfts), Adet=0he )z} 4R (Abth 18, b= 26 HEd3.93 (dll, 2H.=4. 4 Hz) ,
7.71 (dd, 1 H J=7.6 Hz), 7.:48 (d, 1 H J=8.0 Hz), 7.21 (dd, 1 H J=7.6
Hz), 6.25 (d(bf=p2.6H2)1.60:185 an.pEH) ppB. 60 (d(br), 1 H, J=50.8 24 Decenber,
2005 124
10 B. Tert-butyl {1R)-1-{[(25,4S)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl } -2-methyl-2-
[(pyridin-3-yimethyl)thiolpropylcarbamate.
To a DMF solution {20 mL) containing compound A (400 mg, 0.0012 mole} and N.N-
diisopropylethylamine (456 mg, 0.0035 mole) was added HATU (670 mg, 0.0018 mole) at
RT. After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-
15  pyrrolidinecarbonitrile 4-methylbenzenesulfonate (370 mg, 0.0013 mole). After stirring
overnight the reaction was quenched with NaHCOs and the organics extracted with
EtOAc {2X). The organics were washed with sat. NaCl and dried over Na:50s. Removal of
the solvent in vacuo and purification via column chromatography (1/1 hexanes/EtOAc)
yielded 314 mg (61%) of compound B,
20 'H NMR (CDCl3) 400 MHz & 8.58 (s, TH), 8.46 (d, TH, J=4.8 Hz}, 7.71 {d, 1H, J=8.0
Hz), 7.21 (dd, 1H, J=8.0 Hz), 5.45 {d(br), 1H, J=8.2 Hz), 5.43 (d{br), 1H, J=51.2 Hz}, 5.02 (d,
1H, J=9.2 Hz), 4.41 (d, TH, J = 9.6 Hz}, 437-3.79 (m, 4H), 2.70 (dd, 1H, J=15.6 Hz), 2.46-

2.29 (m, 1H), 1.55-1.39 (m, 15H) ppm.



Hz), 5.05 (m 1 H), 4.61 (d, 1 H J =8.8 Hz), 4 43-3.83 (m 4H), 2.83-2.52
(m 2H), 1.50-1.35 (m 15H ppm C 24 December, 2005

(2S,4S)-1-{(2R) - 2- Ami no- 3-net hyl - 3-[ (pyri di n- 2-yl net hyl ) t hi o] but anoyl }-4- 5
fluoropyrrolidine-2-carbonitrile hydrochloride. To a CH2Cl 2 sol ution (45

m ) containing conpound 8 (314 ngy, 0.00107nol) was added TFA (5 m). The
reaction mxture was allowed to stir at RT for a period of 16.0 hours

foll owed by neutralization with sat NaHCO3. The organi cs were separat ed,
dried over Na2SO4 and concentrated to dryzmess to afford a crude solid. The
resulting solid was 10 purified using silica gel chromatography (99%
CH2C12/ i % MeOH Wi 254%)-B{ @RNHAminoTSvmettpl3-Hpgialn-shyivashyilintdinitaned }i4pt 0 an
acetone/ether mxture (1/1) and precipitated using 2.0 N HC in ether. The
resul ting sol i dfluespyrididie¢-@ctarbonidle wadraahldridkashed with ether. After dry ing
under high vacuumthe reaction yielded a total of 127 ng of conpound C. 'H
NMR (D20) 400 MHza 8HELSdutiah (22 mt) codtaming chinpaund B M 4(ntpl 0.7 A0hmav@&s @dddd) , 7. 92
(d, 11-1, 15 J=8.4 Hz), 7.21 (dd, 1 H, J=6.4 Hz), 5.44 (d(br), 1 H J=50.4
Hz), 5.02 (d, 1T (3Jnld(heiPactich, bidture(was aliived t@stis 2t Ridkdy a gerield o0 HXBheBIr7 ) |
2.54-2.34 (m 1 H), 1.40 is, 6H) ppm Exanple 28 20

(2545)-1-{(2R) - Zoﬂam‘d\wr&uh'elizhycm\Biti[s(appdahf(lﬂan'ﬁhﬁoyganm Wk paphiatsfolied ower| - 4-

fl uoropyrrolidine-2-carbonitrile hydrochl oride 24 Decenber, 2005 125 A
(2R -2-[(tert- bUazédercmmratadﬂormn@immyhc@df(Odjqrﬂuurﬁuwng/mhéwml )t hi o] bu
tanoic acid. To a 1.0 N KOH solution (50 m.) containi

(2R) - 2- [ (t er t - bawriiey asing ¥ IgpkahramstoamphnEP% A 86 hhphwtgatod\hﬂﬁd qeid (1 g,

0. 00401 nol e) was added 4
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated usimg 20 N

HCl in ether. The resulting solid was filtered in vacuo and washed with ether. After

10  drying under high vacuum the reaction yielded a total of 69 mg of compound C.
'H NMR (CDClz) 400 MHz & 8.57 (s, 1H}, 8.46 (d, 1H, J=5.2 Hz), 7.71 (d, 1H, J=6.4 Hz}, 7.23
(dd, 1H, J=8.0 Hz), 5.44 {d(br), 1H, J=51.2 Hz), 4.97 (d, 1H, J=9.8 Hz), 4.20-3.58 (m, 5H),

2.66 (dd, 1H, J=15.2 Hz), 2.39-2.22 (m, 1H), 1.78 (s(br), 2H), 1.48 (s, 3H), 1.39 {5, 3H) ppm.

15 Example 27

HENJLN;(F

(25,45)-1-{(2R)-2~-Amino-3-methyi-3-[(pyridin-2-ylmethyl)thio]butanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride,

A. (2R)-2-[{Tert-butoxycarbonyl}aminol-3-methyl-3-[(pyridin-2-yimethyl)thio]butanaic

20  acid.



5 (brononet hyl ) pyridi ne hydrobromde (1.1 g, 0.00441 g‘lgg at !RT gé&tser
17.0 hours the reaction mxture was diluted with wat < h

di ethyl ether. The organics were discarded and the aqueous | ayer was
cooled to 0-5 C. The aqueous solution was nade acidic (pH 4.0) using
concentrated HCl and the product was extracted into Et OAc. The organics
were dried over Na2SO4 and concentrated to dryness to yield a total of 482
10 mg (35% of conpound A as a white solid. 'H NVR (CDC13) 400 MHz S 8. 48
(d, 2H, J=6.0 Hz), 7.40 (d, 2H, J--5.6 3 5.48 (d(br), 1 H J =09.2 Hz),
4.41 (d, I H J =9.2 Hz), 3.82 (s, 2H 1.52-1.38 (m 15H) ppm B.

Tert-butyl (1 15310 _
R)-1-{[ (28, 45) 1% LONKOH solufion (50 mb) confaining (20)-2-[tert-butoxycqrbonylaminglsd- 5 15

[ (pyridin-4-yl %Fc'aytb)stmtﬂg[@ﬁ@mém@g%w 8e)d d;,'?'é(!s’&alzutlon (20 ni)

cont ai ni ng conpound A N, N- dii sopropyl et hyl am ne

(549 ng, O. 004@)r6@&n%kh%ﬁﬁudﬁﬂ¢n?&’roﬁé{nrlde %@06&41%@%%@% WpleP17.0 Rdurdthe AfLEr

30 minutes the reaction mxture was mxed wth (2 4-11 uoro- 2-

pyrrolidi necar hagtidnmiiktBredvaBiiftyd RRNESBEMM Watea Wwin Grtth IéEHer PheQfdanfes ol €) .
After stirring 20 overnight the reaction was quenched wi th NaHCO3 and the

organi cs ex$r agkRdistdrded anEHQ%Gue(oa?% er Wa€coBled 80-6 °C. \RE Syudahadtion Wi sat Nadl
and dried over Na2SO4. Renoval ¥he solvent in vacua and purification

via col um chr pgad Lercpiny.of vsing cﬁ%%&f@l%&e pdotl Gt dRslexdrabredintd Fi6X9, Of
compound B. 24 Decenber, 2005 126 'H NWR (CDC13) 400 MHz 3 8.51 (d, 2H,

J=4.4 Hz), 7. 3ﬂhe(o®gan2i’kveré dleddoviiZNa: SR adBednetnBrated toldriphess tbida 108 of 56743
(d(br), 1 H J=51.2 Hz), 5.01 (d, 1 H J=9.6 Hz), 4.39 (d, | H J=9.6 Hz),

4.35- 3.96 (m mgd1ok) 3f fhposnd Rida whltedBlid dd, 1 H, J-15.4),2.46-2.29 (m 1
H, 1.45-1.41 (mISH) ppm

" 'H NMR (CDCl3) 400 MHz & 8.53 (d, 1H, J=4.8 Hz), 7.75 (dd, 1H, J=7.6 Hz), 7.34-7.30 (m,

10 2H), 573 {d(bn), 1H, J = 8.8 Hz), 4.47 (d, 1H, J = 8.8 Hz), 4.41-4.01 {m, 2H) 1.55 (m, 15H)

ppm.

B. Tert-butyl (1R}-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yllcarbonyl}-2-methyl-2-
[(pyridin-2-ylmethyl}thiclpropylcarbamate.

15  To a DMF solution (20 mL} containing compound A (557 mg, 0.0016 mole) and N,N-
diisopropylethylamine (635 mg, 0.0049 mole) was added HATU {912 mg, 0.0024 mole) at
RT. After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-
pyrrolidinecarbonitrile 4-methylbenzenesulfonate (504 mg, 0.00176 mole). After stirring
overnight the reaction was quenched with NaHCOs and the organics extracted wiith

20  EtOAc (2X). The organics were washed with sat. NaCl and dried over Na250s, Removal of
the solvent in vacuo and purification via column chromatography {1/1 hexanes/EtOAc)
yielded 466 mg (65%) of compound B.

"H NMR (ds Acetone) 400 MHz & 8.46 (d, 1H, J=4.4 Hz}, 7.71 (dd, 1H, J=7.6 Hz), 7.48 (d,

1H, J=8.0 Hz), 7.21 (dd, 1H, J=7.6 Hz), 6.25 (d(br), 1H, J=8.4 Hz), 5.60 (d(br), 1H, J=50.8




5 C

(25, 45) - 1- { ( 2R) - 2- ani no- 3- net hyl - 3-[ (pyri di n- 4- yl et h4Paeember, 2005, 4
fl uoropyrrolidine-2-carbonitrile hydrochloride. To a CH Clx solution (45
mL) containing conpound B (476 ng, 0.00109nol) was added TFA (5 nL). The
reaction mxture was allowed to stir at RT for a period of 16.0 hours 10
foll owed by neutralization with sat NaHCO3. The organi cs were separated,
dried over Na2SO4 and concentrated to dryness to afford a crude solid. The
resulting solid was purified using sil iﬁg gel chromat ography (994b
CH2Cl Z/ i % MeOH with 2.0 MNH3).. The puie solid was dissolved into an

acet one/ et her g 1 / n rec .pit Si i er. The
resulting sol i@'%wg @l f@'e%‘éqd%f ﬂi'gagﬁoﬁgﬁgg%%ss Krgdﬂgﬁzt%ﬁgeﬁl{@rg)ﬂlf%ﬁQS

dryi ng under t‘{'kﬁg%ﬁﬁlgumthe reaction yielded a total of 107 ng of conpound
C. "H NWR (d4- 0O Mz S 8.81 (d, 2H, J=4.8 Hz), 8.08 (d, 2H, J=6.4
Hz), 5.51 (d(br), 1 H J=51.2 Hz), 5.10 (d, 1 H J=9.2 Hz), 4.35-3.96 (m
4H), 2.65-2.43 (m 2H), 1.62-1.42 (m6H) ppm Exanple 29 20 24 Decenber,

2005 127 (2S, @ 5k:ab)-1-{(2R)-2-Aming-3-methyl-3-[(pyriin-2- i -4
(2R) - 2- ani no- 3- [ CA-T1 Uot Gbenayl ) st oy (Y g A s o4

fl uoropyrral i Gudkit hebil ) ride . A
(2R)-2-[(tert- guﬁzgi?@ggngéﬁgga}rgdgh]m%EY@%&HW[A@}C | uor obenzyl )t hi o] - 3- net hyl but an(

c)ic acid. Tqod ch.l Shuliciiss altpdoh i hélo)
(2R)-2-[(tert- gut oxycarugé)“r_lqyl )é}rii n%fhf@i%m&ﬁée"ggg?gﬁg@ﬁgtg'r?ﬂ"ﬁﬂt"ésn%‘i’dédaci d (1.0

g, 0.00401 noited (sWAg. Atdetidr hRAATRIERISWDto dtir ot RERF 9P&G1dE 3P $6.4 Refrs MO
0.00441 nole) at RT. After 17.0 hours the reaction m xture was
followed by neutralization with sat. NaHCOz. The organics were separated, dried over
Na:S04 and concentrated to dryness to afford a crude solid. The resulting solid was
10 purified using silica gel chromatography (99% CH:Clzf 1% MeOH with 2.0 M NHs)..‘ The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated using 2.0 N
HCl in ether. The resulting solid was filtered in vacuo and washed with ether. After
drying under high vacuum the reaction yielded a total of 127 mg of compound C.
'H NMR (Dz0) 400 MHz § 8.54 (d, 1H, J=5.6 Hz), 8.34 (dd, 1H, J=8.0 Hz), 7.92 (d, ¥H,
15 J=8.4 Hz), 7.21 (dd, 1H, J=6.4 Hz), 5.44 (d(br), 1H, J=50.4 Hz), 5.02 (d, 1H, J=10 Hz), 4.60

(m, 5H), 2.62 (dd, 1H, J=15.6 Hz), 2.54-2.34 {m, 1H}, 1.40 (s, 6H} ppm.

Example 28
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20  [2545)-1-{(2R)-2-amino-3-methyl-3-[{pyridin-4-yimethyl)thiclbutanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride




diluted with water and washed with ether. The organi cg ﬁre gli scir;&%g and
the aqueous |ayer was cooled to 0-5 C. The aqueous s

acidic (pH 3.5) wusing concentrated HCO and the product was extracted into
Et OAc. The organics were 10 dried over MgSO4 and concentrated to dryness to
yield a total of 1.2 g (86% of conpound A as an oil. "H NVR (CDCI 3) 400
Mz S 7.29-7.26 (m 2H), 6.99-6.94 (m 2H), 5.40 (d(br), 1 H Am8.0 Hz),
4.40 (d(br), 1H, J= 8.0 Hz), 3.80-3.74 (m 2H) 1.50-1.40 (m 15H) ppm 15
B

Tért butyl (1R)-1- {[(28,48)-2-eyano-4-f|t}%sropyrrolidin 1-yl)carbonyl }-2-[(4-

fl uor obenzyl )t -[Ba I car 25 m
contar ni ng corodhg e Bt hsBhER SRS LS Fwdm%rﬂegyﬁf%ﬂﬁwé@w ar ne
(1.3 g, 0.010%L 4ol e) was added HATU (1.9 g, 0.0051 nole) at RT. After 30
m nutes the reaction mxture was ni xed W|th (28 4S) - 4-f | uor o- 2 20

N ter stirringd aualkofdhilfR i 2&?@“‘? el En Gt R o e
t hed th t
Re na ari eq Bt E%L&% g4 taﬁ*c’%@%s%ﬁ?é%evﬁﬁﬁoeané“ >

puri ficatign Yaramorﬁ&hww.d;m:ﬁ, HRbRAH r@lﬁtwg.(oldohﬂﬁaga%ﬁ(. Eﬁf/gﬁ?c%@(mrgmed 9291y

(61%vyield) of conmpound B Dece 2005 12 400 MHz 8

7.33 (dd, 2H, relarcﬁorﬂmk%}ewéo(ﬁ@te@ @F{h w%i'c'ranh‘m@asﬁhd'ﬂ% dlélgfflgthérdﬁ'ﬁ’éargamés H  J=9.2
Hz), 5.43 (d(br), 1 H J=51. , (d. 1 H

J=9.2. Hz 9 4 Hz
> 162, 28) (m ﬁf@%s,@aragdfgmfh%ﬁheoug’lai@ @cogﬁ?toﬂ% . Th(aqgueo&s Jolutidim bras ),

made acidic (pH 4.0) using concentrated HCl and the product was extracted into EtOAc,

The organics were dried over Naz250s and concentrated to dryness to yieid a total of 482
10 mg (35%} of compound A as a white solid.

'H NMR (CDCls) 400 MHz 5 8.48 (d, 2H, J=6.0 Hz), 7.40 [d, 2H, J=5.6 Hz), 5.48 (d(tor), 1H, J

= 9,2 Hz), 4.41 (d, 1H, J=9.2 Hz), 3.82 {5, 2H) 1.52-1.38 (m, 15H) ppm.

B. Tert-butyl (1R}-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yljcarbonyl }-2-methyl-2-
15  [(pyridin-4-ylmethyl}thio]propylcarbamate.

To a DMF solution {20 mL) containing compound A (482 mg, 0.00142 mole) and IN,N-

diisopropylethylamine (549 mg, 0.0042 mole) was added HATU (810 mg, 0.00213 mole]

at RT. After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-

pyrrolidinecarbonitrile 4-methylbenzenesulfonate (447 mg, 0.00156 mole). After stirring
20  overnight the reaction was quenched with NaHCOs and the organics extracted with

EtOAc (2X). The organics were washed with sat. NaCl and dried over Na2S0Os. Removal of

the solvent in vacuo and purification via column chromatography (1/1 hexanes/EtOAc)

yielded 476 mg {77%) of compound B.



C. Tert-butyl (1

R) - 1-{[ (2S, 4S) - 2- cyano- 4- f | uor opyrrol i di n- 1-yl ) car bo#} Pecembgr, 2005

uor obenzyl ) sul fonyl )-2-nmethyl propylca rba in ate. To a CH2ClI 2 sol ution
(100 nL) containing conpound B (929 ng, 0.0019 nole) was added

3-chl oroper oxybenzoic acid (57-86% (3.3 g 0.0191 nole). The reaction

m xture was 10 allowed to stir at RT for a period of 16.0 hours foll owed
by neutralization with 2.13 N KOH. The organics were dried over MgSO4 and
concentrated to dryness to afford 678 {?gg of conmpound C (97% yvyield). The
resulting off white solid was used wi tffout further purification. "H NWMR

CDCI 3) 400 7.40 (dd, 2H J=8.8 Hz 7.07 (dd H, _J=8 , 5.52 (;
((j(br),) 15 1%“”?@@@“}'”@%’ Qlidﬁt.h‘w)zpﬁ} ?dsl'gf?%ﬁ&’)s,-“d#@gv Fé) 1 H, (
J=9.6 Hz), 4.97 1 H J=9.GHz), 4 .36-3.74 . 2.70 (dd, 1 H,
Jo16. 2 1), o sg8 (e a1 B 038 e Vel o 8 L A35-

25,4S)-1- ((2R): 2-Am. no- 3- [ (4-f] I | |) - 3- et hyl hut | }-4-
1£I uorog)yrrt()l(?a% H%-zéiné'ggﬁo%ﬁ)g?r?q@Eﬁggg‘%{:}‘éﬁo ?%%9 (O”En%mzl'b‘}%”q%-lg‘é sglna%/i E)n (45
m .) containing conpound C (678 ng, 0.00140 nole) was added TFA (5 nl).
The reacti on"xture was allowed to stir at RT for a period of 16.0 hours

foll owed by neutralization with sat NaHCO3. The organi cs were separated,
dried ove MySO4 and concentrated to dryness to afford a crude solid. The

resul ting solli rjfi.ed usi ili.ca qgel togr (99% CH2C1 2/ 1
a/o MeOH wit @"ﬁﬁﬁ{@)Z'WBO'QZI"T@@@%W@"”f%%gﬂ%%ﬁgjgLt'ﬁagwgg?%/d was

di ssol ved into_an acetone/ et her m xt.ur 1/1) and precipitated using 2.0 N
HCl in et her?‘”%?Pé”‘?'é‘g’lfr?ﬁg"'ﬁ'ﬁhdd" hlsfor}%fi'l(ter)ed in \I?acuopand washed \?vith

her. Af j hi . . ; g
eLner . ATt or ro ALDSHINRs ) SRR UMbl & 36 b Uootbithaliks dadgt al of 254

TFA (5 mL). The reaction mixture was allowed to stir at RT for a period of 16.0 hours

10 followed by neutralization with sat. NaHCOs. Th.e organics were separated, dried over
Naz2S0s and concentrated to dryness to afford a crude solid. The resulting solid ﬁras
purified using silica gel chromatography (99% CH2Cl2f 1% MeOH with 2.0 M NHs).. The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated usimg 2.0 N
HCl in ether. The resulting solid was filtered in vacuo and washed with ether. Afiter

15  drying under high vacuum the reaction yielded a totat of 107 mg of compound C.

'H NMR (d«-MeOH) 400 MHz § 8.81 (d, 2H, J=4.8 Hz), 8.08 (d, 2H, J=6.4 Hz), 5.51 (d(br),
1H, J=51.2 Hz), 5.10 [d, 1H, J=9.2 Hz), 4.35-3.96 (m, 4H), 2.65-2.43 (m, 2H), 1.62-1.42

(m,6H) ppm.
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5 "H NWR (CDCI3) 400 Mz 5 7.39 (dd, 2H, J=8.4 Hz), 708{)dd % 5
Hz), 5.41 (d(br), ™M J=50.8 Hz), 4.94 (d, 1 H J-9.6 , 095,
J=13.2 Hz), 4.35-3.55 (m 4H), 2.70 (dd, 1 H J=15.4 Hz), 243226(m
1H), 1.80-1.39 (m 8H ppm Exanple 30 10 (25,4S)-1-{(2R)-2-am

- 4-

I no- 3- met hyl - 3-[ (3- phenoxybenzyl ) su | f onyl ] but anoyl }
fluoropyrrolidine-2-carbonitrile hydrochloride. A
(2R)-2-[ (Tert - but oxycar bonyl ) am no] - 3- net hyl - 3-[ ( 3- phenoxybenzyl ) t hi o] but an
oic acid. 15 ToalONKO—Isqutlon(SO ) containing

(2R)-2-[(tert-but oxycarbonyl)am no] |;l pt o- 3- rret hyl but anoic acid (1 g,
0. 00401 nol e) Was q ] h 964 ng, 0.00441
mol e) and 1, 4- di“6%E A t: PROVEEECt i on mi xture

e 0t w LGB RSN BRI eLher The_ orgenic vere

vas extract ed 24 BEElE BBkt S RET Rl e e o B o

Compound A as. a ki o Ko b6 O qiRER Bl EhGt Tl VBt %5

? gg_ g_dgo %mbo'" 1&%%8%‘%Eth§lbé’én&&mdlﬂﬂ)g 0&)46%3 mo(f:mas.]adtmi l-t%ro%mm(emyl)-zib '

B4 0 o R o AR sl AL
diluted with water and washed with ether. The organics were discarded and the

>0 P
D ¢
=

aqueous layer was cooled to 0-5°C. The aqueous solution was made acidic (pH 3.5)

using concentrated HCl and the product was extracted into EtOAc. The organics were
10 dried over MgS0s and concentrated to dryness to yield a total of 1.2 g (86%) of

compound A as an oil.

'H NMR (CDCls) 400 MHz & 7.29-7.26 (m, 2H), 6.99-6.94 (m, 2H}, 5.40 (d(br), 1H, J = 8.0

Hz), 4.40 (d(br), 1H, J = 8.0 Hz), 3.80-3.74 {m, 2H) 1.50-1.40 (m, 15H) ppm.

15  B. Tert-butyl (1R)-1-{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl }-2-[(4~
flucrobenzyl)thio]-2-methylpropylcarbamate.

To a DMF solution (25 mL) containing compound A (1.2 g, 0.0034 mole} and NN~
diisopropylethylamine (1.3 g, 0.0101 mole) was added HATU (1.9 g, 0.0051 mole) at RT.
After 30 minutes the reaction mixture was mixed with (2S, 45)-4-fluoro-2-

20  pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.1 g, 0.0037 mole). After stirring
overnight the reaction was quenched with NaHCOs and the organics extracted wiith
EtOAc (2X). The organics were washed with sat. NaCl and dried over Na250s. Removal of
the solvent in vacuo and purification via column chromatography (1/1 hexanes/EtOAc)

yieided 929mg (61% yield) of compound B.



To a DMFsolution (20 m.) containing conpound A (1.4 0. 0032 I and

N, N- diisopropyl ethylamine (1.3 g, 0.0100 nole) was Mﬁiﬁg g.
0.0048 nole) ;at RT. 10 After 30 minutes the reaction m xture was m xed
with (2S, 45)-4-f| uoro-2 pyrrolidinecarbonitrile 4-methyl benzenesul fonate
(1.0 g, 0.0035 nole). After stirring overnight the reaction was quenched
with NaHCO3 and the organics extracted wiith EtOAc (2)Q The organics were
washed with sat. NaCl and dried over Mg504. Renoval of the solvent in
vacuo and purification via colum chr ol%ﬁ/Rogr aphy (1/1 hexanes/Et OAc) 15
yieldedllg(65% of conpound B. ' CDCl a) 400M—|z8734697(m

01,35 (g o e sl A (720
55 "e r i Fefd égaﬁﬂé@, 7 50061 ot P 2L bt a2 (M 1.

1.52-1.38 (r

Lyt (SRR BT P uf ol PR R By vl 2o i on

(50 m) cont E“ﬂ% corrpound B (600 ng, 0.0011 nol) was added

3-chl or oper oxybenZoi'c acid (57-86% (2.0 g 0.011 nole). The reaction

m i xture 24 Decenber, 2005 131 was allowed to stir at RT for a period of
16. 0 hours followed by neutralization with 2.0 N KOH The organics were

oS0t N SRR Spb 3 AR, AP, o, commoune
purificatio “°’5’be'*?¥'5¥9‘§z’§&%@‘ﬁ’%‘mm§&7 34-7.00 (m 9H), 5.40 (d(br), 1

H J=51.2 Hz
To a CHzCl2 solution (100 mt) containing compound B (929 mg, 0.0019 mole} was: added

3-chloroperoxybenzoic acid (57-86%) (3.3 g 0.0191 mole). The reaction mixture was
10 allowed to stir at RT for a period of 16.0 hours followed by neutralization with 2.0 N

KOH. The organics were dried over MgS0: and concentrated to dryness to afford 678

mg of compound C (97% yield). The resulting off white solid was used without further

purification.

'H NMR (CDCls) 400 MHz 3 7.40 (dd, 2H, J=8.8 Hz), 7.07 (dd, 2H, J=8.6 Hz), 5.52 (d(br),
15 1H,J=9.2 Hz), 5.43 (d(br), 1H, J=51.2 Hz), 5.03 {d, TH, J=9.6 Hz}, 4.97 (d, 1H, J=8.6 Hz),

4.36-3.74 (m, 4H), 2.70 (dd, 1H, J=15.2 Hz), 2.47-2.28 (m, 1H), 1.72-1.35 (m, 15H} ppm.

D. (25,45)-1-{(2R)-2-Amino-3-[(4-flucrobenzyl)sulfonyl]-3-methylbutanoyl}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride.

20  Toa CH:Cl: solution (45 mi) containing compound C (678 mg, 0.00140 mole) was added
TFA (5 ml). The reaction mixture was allowed to stir at RT for a period of 16.0 hours
followed by neutralization with sat. NaHCOa. The organics were separated, dried over
MgS0: and concentrated to dryness to afford a crude solid. The resulting solid was

purified using silica gel chromatography (99% CH:Cla/1% MeOH with 2.0 M NHs). The




J=8.8 Hz), 4.93 (d, 1 H J=9.6 Hz), 4.62 (d, 1H J=13.2 Hz), 4.46-3.55 (m
4H), 2.69 (cld, 1H J=15.4 Hz), 2.42-2.25 (m 1 H), Mm
ppm D.

(2S,4S)-1-{(2R) - 2- am no- 3- et hyl - 3-[ ( 3- phenoxybenzyl ) sul f onyl ) but anoyl } - 41-
10 fluoropyrrolidine-2-carbonitrile hydrochloride. To a CH2Cl 2 sol ution (45
m.) contai ning conpound C (678 ngy, 0.00106 nole) was added TFA (5 nlL). The
reaction mxture was allowed to stir at RT for a period of 16.0 hours

foll owed by neutralization with sat NaHGZ3. The organi cs were separ at ed,
dried over MSO4 and concentrated to dryness to afford a crude solid. The

resul ting soli gyrkestid ia (220
CH2Cl 2/ 1% l\/t:C]—Iguvl\r/l t hi 2. ?)M*Blbéd e dds"'cée{gner?)él}llrléer%@g&?d”f/jvgg@gi?gg%tve “}gnt 0 an -

acet one/ et her AEM4 ihe, ﬁﬂe/r&ltﬁ@%lmﬁsIfﬂ&hk@tnaﬂcdé%hmas%e@whh effel. Arprether. The
resulting solid was filtered in vacuo and washed with ether. Arter drying

under high Vanlﬁgbﬁtﬁrﬁngﬁ%uﬂﬁth@r@édﬂiﬁﬁﬂg@ldéﬁt@lal GHZSZ% d‘ffﬁorﬁﬁouﬁ@mund D as
a white solid. 20 'H NWR (dc- DMSO 7.42- 9H), 5.54

(d(br), 1 H Jwhilesdlidiz), 5.04 (d, 1H J=9.2 Hz), 4 70 (m 2H) , 446 (m 1
H, 4.16-3.79 (m 2H), 2.55-2.30 (m 2H), 1.55 (s, 3H), 1.47 (s, 3H ppm

24 Decenbers 2QMNMHARBCEP400MEE 5439 (8, 2H, J=8.4 Hz), 7.08 de 2H, J=8.6 Hz), 5.41 {d(bn),
4S) - 1- {(2R) - 2- am no- 3- met hyl - 3-[ ( 3- phenoxybenzyl ) t hi o] but anoyl } - 4-

f 1 uoropyrrol i dig=s3a8, BOP(d 11, /L0 5UEN DEWOM, 183 5 HI04.95-85E Goh, 415 2 A8l(deon
(45nL) contai ni ng tertrbutgll' (iR)- lfﬂ{%ﬂh Hﬂ??’-cyaﬁo- ; frh, a5 @ 7014

f1 uoropyrrol i diH)1disWiHzE 880008 (m} 1HE-108eL 134 (m2sH) pgnphen oxybenzyl)th
i o] propyl carbaimate (500 ng, 0.0010 nol) was added TFA (5 nL). The

reaction mxture was allowed to stir at
Example 30
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(25,45)-1-{{2R)-2-amino-3-methyl-3-[(3-phenoxybenzyl)sulfonyllbutanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride.

A. (2R)-2-[{Tert-butoxycarbonyl)amino]-3-methyl-3-[{3-phenoxybenzyl)thiolbutanoic
acid.

15 Toa 1.0 N KOH solution (50 mL) containing (2R)-2-[{tert-butoxycarbonyilamino]-3-
mercapto-3-methylbutanoic acid (1 g, 0.00401 mole) was added 1-(chloromethy)-3-
phenoxybenzene (964 mg, 0.00441 mole) and 1,4-dioxane (15 mL) at RT. After 17.0
hours the reaction mixture was diluted with water and washed with diethyl ether. The

organics were discarded and the aqueous layer was cooled to 0-5°C. The aqueous

20  solution was made acidic (pH 3.5) using concentrated HC| and the product was extracted




RT for a period of 16.0 hours followed by neutralization wth sat NaHCO03.
The oirganics were separated, dried over My504 and c ryness
to afford a crude solid. 10 The resulting solid was purified using silica
gel chromat ography (99% CH2Cl 2/ 1% MeOH with 2.0 M NH3). The pure solid was
di ssolved into an acetone/ether m xture (1111) and precipitated using 2.0
N HCl in ether. The resulting solid was filtered in vacuo and washed with
ether. After drying under hi gh vacuum the reaction yielded a total of 132
ng of the title conpound. 15 'H NWR (DzO}3 400 MHz 87.17-6.71 (m 9H), 5.38
d(br), 1H, J--50.4 Hz), 5.00 (d, 1H, 86Hz) 4.16-3.60 (m 4H)

(
G (25, 45) 1. ( (oS B n%@%@@?@f@bﬁ"&%ﬁ%&ﬁ*%9'2 SR, er‘?%”p' ¢

yl ) met hyl ] sul ffb@a‘ri'ch@g'iﬁ%]ﬂf%ﬁ;%ﬂﬁ’&’/ﬂsaw[’in{eléglfu‘?pyr rolidine-2-carbonitrile
hydrochl oride 5 A

(o Lot AR PR 38bee I RRELAY i IppAB i g o )

2R)-2-[(tert- t 3 t hyl but ' id (1 g,
000401 ol &) (e EAESH %Wbr-“@?éﬁi”r'h?w ?af:’h?or ofrﬁ- benzot i ophene (1.2 ¢

0. 00441 nolg) and 1, 4-dioxane (10 nmL) at RT. After 10 17.0 hours the
reaction mxture was diluted with water and washed with diethyl ether. The

organi cs were digaa,dRtRndyt zggslgg%{éwg_dgg%ﬁ@m pﬂﬁg@gn@oz 3“:5 5_The

aqueous sol ution was made I ng cohcentr and t he

product was exﬁi—ﬁﬁén@ﬂbeﬁz?lﬁtﬂloﬁir{bgfcarbéﬂrﬁe organics were dried over I\/gSO4 and
concentrated to dryness
To a DMF solution (20 mL) containing compound A (1.4 g, 0.0032 mole) and N,N-
dilsopropylethylamine (1.3 g, 0.0100 mole) was added HATU (1.8 g, 0.0048 mole) :at RT.
10 After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-
pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.0 g, 0.0035 mole). After stirring
overnight the reaction was quenched with NaHCOs and the organics extracted wiith
EtOAc (2X). The organics were washed with sat. NaCl and dried over MgS0s. Removal of
the solvent in vacuo and purification via column chromatography (1/1 hexanes/EtOAc)
15 vyielded 1.1 g (65%) of compound B.
'H NMR (CDCl3) 400 MHz § 7.34-6.97 (m, 8H), 6.84 (dd, 1H, J=8.0 Hz), 5.44 (d(br}, 1H,
J=9.2 Hz), 5.39 (d(br}, 1H, J=51.2 Hz), 5.01 {d, 1H, J=9.6 Hz}, 4.36 (d, 1H, /=9.2 Hz]), 4.29-
3.90 (m, 2H), 3.80 (s, 2H), 2.66 (dd, 1H, J=15.4 Hz), 2.43-2.26 (m, 1H), 1.52-1.38 (m,15H)
ppm.
20
C. Tert-butyl (1 R)-1-{[(25,45)-2-cyan0—4—ﬂuoropyrrolidin-'l-yl]carbonyl}-Z-rﬁetlth-Z-
[§3—phenoxybenzyl)sulfonyl]propyicarbamate.

To a CHzClz solution (50 mL) containing compound B (600 mg, 0.0011 mol) was

added 3-chloroperoxybenzoic acid (57-86%) (2.0 g 0.011 mole). The reaction miixture



J=8.4 Hz), 5.44 ( 1H, 445 (m 1 H J=7.6 Hz), 4.07-4.00 (m 2H),
1.55-1.40 (m 1 SH) ppm
B. Tert-butyl (1R)-2-{[(5-chloro-I|-benzot hi en-3-yl)nethyl]thio}-1-{[(25,45)-2
-cyano- 20 4-fluoropyrrolidin-1-yl]carbonyl}-2-nmethyl propyl carbanate. 24
Decenber, 2005 134 To a DWMF solution (20 m .) containing conmpound A (1.0
Zagsa s T1h e ool oo e 50 Moo St
adde .3 g, 0. nolle) a : er m nut es e reaction
m xture was m X ¥ )iq s £l i Ldi necarboni t r.il
4- et hyl b_enzenesuij%‘mg‘r?g% éeczs?ﬁtéﬁnfgﬂa %"Ing(gé@ Gi%rlol’lt]g% .%]&M: éej?ﬂgefj ﬁ?hrzi'" 'Od' nghogoe'r“ni ght
B OAC (2%) . The organ B dRETREPUPRA shdon Rl ERariti BEHEH % o
Removal of the £ ¥SHlouhd C YRR 6l RN 4 ogr aphy
(1/1 hexanes/ Et OAc) Y1 el Acs 7382% Q%g%%ﬁ“g?ﬁt&“}gﬁgé%ﬁg’aﬁ%ﬂW}N@Ew 13) 400
M9z, 4 te). 540 e R (m 24, 504 (d, T H 9-9.6 Hz). 441 (d, 1H

) = . ) . - . m ) . ) ] - . ) . ) ]
)92 1), 4535 RuRfeol) aoh g 87887, o o HTRR, 1802 W S dd P M 1
(1R) - 2-{[ (5 chl gugr iy hrodi@ARn fHRERBOIIERAS: ad -
{[ (158%48) - 34%?25' 4|—Z?I gor(og;%/(rabolrﬁi) ;ﬂélﬁgfga@ﬁyﬁF’?&Q%ﬁ‘]%#ﬁg?)@% é%'r 88r1r2t e
- 0a 13Q/1, 2992050, 11, 1Ns2C0R Al conpoun mg, 0.0014-
nol e) was added 3- ch} oroperoxyber}zegiolgﬁe{m gm?%?- 86% (4.8 g 0.028 nole).
The reaction mxture was allowed to stir at RT for a period of 16.0 hours
foll owed by neutralization wiith 2.0 N

D. (25:45)-1-{(2R)-2-amino-3-methyl-3-[(3-phenoxybenzyl)sulfonyl]outanoyl }-4-

total of 1.0 g (59% of conpound A as a tan solid. 15 'H NVR (CDCl 3) 400
Mz 8 7.84 (s, | H, 7.72 (d, | H, J=8.4 Hz), 7.39 (s,w?e . 051
5 m

10 fluoropyrrolidine-2-carbonitrile hydrochloride.
To a CHzClz solution (45 mi) containing compound C (678 mg, 0.00106 mole) was added
TFA (5 mL). The reaction mixture was aliowed to stir at RT for a period of 16.0 hours
followed by neutralization with sat. NaHCOa. The organics were separated, dried over
MgS04 and concentrated to dryness to afford a crude solid. The resulting solid wias

15 purified using silica gel chromatography (99% CH2Clz/1% MeOH with 2.0 M NHs).. The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated usimg 20 N
HCl in ether. The resulting solid was filtered in vacuo and washed with ether. Afiter
drying under high vacuum the reaction yielded a total of 268 mg of compound D asa
white solid,

20 'H NMR (ds-DMSO) 400 MHz 8 7.42-6.99 (m, 9H), 5.54 (d(br), 1H, J<51.2 Hz}, 5.04 (d, 1H,
J=9.2 Hz), 4.70 (m, 2H), 446 (m, 1H), 4.16-3.79 (m, 2H), 2.55-2.30 (m, 2H), 1.55 (s, 3H),

1.47 (s, 3H) ppm.



KOH. The organics were dried over MgSO4 and concent ed theqrﬁ gs to
afford 803 ng of conpound C (97% yield). The resulﬁb&—gﬂ—vm—pe—sol id was
used without further 20 purification. "H NWR (CDClI3) 400 MHz 5 8.05 (s, 1
H, 7.96 (d,1 H, J=7.6 Hz), 7.48 (m 3H), 5.45. (d(br), 1H J=10 Hz), 5.44
(d(br), 1 H J=50.8 Hz), 5.02 (d, 1 H, J=10 Hz), 4.95 (d, 1 H J=9.6 Hz),
4.77-3.96 (m 4H), 2.70 (dd, 1 H 1=14.8 Hz), 2.46-2.30 (m 1 H), 1.70-1.37
(m 15H) ppm 24 Decenber, 2005 135

D. (2S,4S)-1-((2R)-2-am no- 3-{[ (5- chlorg 1, 1- di oxi do- | - benzot hi en- 3-

yl ) met hyl ] sul f onyl } - 3- net hyl but anoyl ) fl uoropyrrolidine-2-carbonitrile
hydr ochl ori cga( Tg a CHa02 solution (45 nL) containing conpound C (500 ng,

0. 0010 nol e ded 5 TFA (5 nL). The reaction mxture was allowed to
stir at RT for perlod of 16.0 hours followed by neutralization with sat.
NaHCO3. The 4 g were separated, dried over MSO4 and concentrated to
dryness to af for crude solid. The resulting solid was purified using

raphy (990k CHzCI3/1% MeOH with 2.0 M NH3)- The pure
solid was dissol tegan acetone/ether mxture (1/1) and precipitated

using 2.0 N 10 Hd n r. The resulting solid was filtered in vacuo and
washed with ether. After drying under hi gh vacuum the reaction yielded a

silica gel ch

total of 132 _pu of 0 [ ; 99 (s, 1 H),
7.81-7.56 ( 2 A 2d | R J-aming 2 -~ Cthl_‘ l -0 -.J. gpben ; 1 H J=9. 6 HZ) 1
4.19-3. 80 rop {olﬁmeg carbomtrlghydzrtl;cbnron%e 58 (s, 3H) 1'43 (S’ sH  ppm 15

Exanpl e 33 ( .
-{(2R) - 2 AmTo a CIS-'I (Elz so!’u%‘ on (49 ﬂ%&ﬁgg nﬁ‘%é?—l-suc‘c‘yp’(llﬂﬁt—ﬂ%hﬁltﬂ@aﬁ@—“l—”ﬂ hyl but anoyl } -

fluoropyrrolidin-1-yl]carbonyl} -2-methyl-2-[(3-phenoxybenzyl)thio]propylcarbamate
(500 mg, 0.0010 mol} was added TFA (5 mL). The reaction mixture was atlewed to stir at
RT for a period of 16.0 hours followed by neutralization with sat. NaHCOs. The oirganics
were separated, dried over MgSO4 and concentrated to dryness 'to afford a crude solid.

10 The resulting solid was purified using silica gel chromatography (99% CH:Clz{1% MeOH
with 2.0 M NHs). The pure solid was dissolved into an acetonefether mixture (1/1) and
precipitated using 2.0 N HCI in ether. The resulting solid was filtered in vacuo amd
washed with ether. After drying under high vacuum the reaction yielded a total of 132
mg of the title compound .

15 'H NMR (D:0) 400 MHz & 7.17-6.71 (m, 9H), 5.38 (d(br), 1H, J=50.4 Hz), 6.00 {d, 1H,

J=9.6 Hz), 4.16-3.60 (m, 4H), 2.62-2.30 (m, 2H), 1.38-1.29 s, 6H) ppm.




4-fl uoropyrrolidine-2-carbonitrile hydrochloride 20 A

(2R)-3-[ (2, 1, 3- Benzoxadi azol - 5-yl net hyl ) t hi 0] - 2- [ (t er t2hResember, 2005 i o
]-3- methyl butanoic acid. 24 Decenber, 2005 136 To a 1.0 N KOH sol ution
(50 nmL) containing (2R)-2-[(tert-butoxycarbonyl)am no] - 3-

mer capt o- 3- net hyl butanoic acid (1 g, 0.00401 nole) was added

5-(brononet hyl )-2, 1, 3- benzoxadi azol e (940 ng, 0.00441 nole) and
1,4-dioxane (5 m) at RT. After 17.0 hours the reaction m xture was
diluted with water and washed with diethyhsether. The 5 organics were

di scarded and the aqueous |ayer was cooled to 0-5C. The aqueous solution
was nmade aci di cg R e@20) using concentrated HCI and the product was

extracted |nto he organl cs were dried over NazSGCs and concentrated
to dryness to yield of 622 mg (419 of conpound A as a brown

sol i d. lHNIVR(,g;)C 0M—IzS776(d | H, J=9.2Hz),772(s 1 H,
7.44 (d, 1HJ9 10 5.40 (d (br), 1 H J =8.0 Hz), 4.46 (d (br),

1 H J =8.4 H), &g

3 2H) 1.47-1.40 (m 15H) PPM B. Tert-butyl (1
R-2-[(2, 1, 3-benz xa(‘jl

5y|rrethy|)th|o) 1-{[(2S, 4S) - 2-cyano-4- fl
)yl }-2-methyl propylca rbamate. 15 To a DWF
ng conmpound A (622 ny, 0.00163 nole) and N N

di i sopropyl et hyl am ne (%632 ng, 0.0049 nole) was added HATU (930 ng, 0.00244

nole) at RT. | nut.es t e . eacti xture was_m xed with (2S,
45) - 4-f | uoro- 2 =L x i ogl %Eﬁm%ﬁb%ulfonate (514 Ny,

0. 00180 nol e).

washed wi th SS at (2&?9 [(te np gu g)r(ycaGrgony“amlmlJ\f?BZ—ﬁ%dchloroJ benzot]?mn-3-yl]methyl]thlo}-

3-methylbutanoic acid.

To a 1.0 N KOH solution (50 mL) containing {2R}-2-[(tert-butoxycarbonyl)amino]-3-
mercapto-3-methylbutanoic acid {1 g, 0.00401 mole) was added 3-(bromomethyll}-5-
chloro-1-benzothiephene (1.2 g, 0.00441 mole) and 1,4-dioxane (10 ml) at RT. After

10 17.0 hours the reaction mixture was diluted with water and washed with diethyl ether.
The organies were discarded and the aqueous layer was cooled to 0-5°C. The aqueous
solution was made acidic (pH 3.5} using concentrated HCl and the product was extracted
into ether. The organies were dried over MgSOs and concentrated to dryness to yield a
total of 1.0 g (59%) of compound A as a tan solid.

15 'H NMR {CDCls) 400 MHz § 7.84 (5, TH), 7.72 (d, 1H, J=8.4 Hz), 7.39 (s, 1), 7.30 {d, 1H,
J=8.4 Hz), 544 (m, 1H), 4.45 (m, 1H, J=7.6 Hz}, 4.07-4.00 (m, 2H)}, 1.55-1.40 (m, 15H]

ppm.

B. Tert-butyl (1R)-2-{{(5-chloro-1-benzothien~3-yllmethyl]thio}-1-{[{25,45)-2-cyano-

20  4-fluoropyrrolidin-1-yl]carbonyl}-2-methylpropylcarbamate.



the solvent in vacuo and purification via colum chronato raeph fill
hexanes/ Et OAC) vyiel ded ng 444 ng (45% yiel d) of como&ﬂﬁMﬁ&NMDd 3)
400 MHz 8 7.78 (s, 1 H), 7.76 (d, 1 H J=9.2 Hz), 7.48 (d, 1 H, J=9.2 Hz),
5.43 (d (br), I H J=9.6 Hz), 5.45 (d (br), 1 H J=50.8 Hz), 5.02 (d, 1 H,
J=9.6 Hz), 4.44 (d, 1 H 24 Decenber, 2005 137 J=9.6 Hz), 4.39-3.89 (m
4N), 2.72 (dd, | H, J=15.2), 2.48-2.32 (m | H), 1.60-1.40 (nn, 15H ppm
C. (25,49 -1-{(2R) -2-Am no-3-[ (2, 1, 3-benzoxadi azol -5-yl nethyl )thio)-3- 5
met hyl but anoyl ) - 4-fl uor opyrrolidi ne-2-carjfagnitrile hydrochloride. To a
CH2Cl 2 solution (45 nL) containing conmpound B (444 ngy, 0.770mmmol) was added

TFA (5 mQ The reactr&@Dmndatwh@mapaﬂqtbiﬁmﬁ%:ﬁ&u Ngﬂé%oﬁ&zaf Rblcard n-od of

16.0 hours followed by neutralization wih sat The organi cs were

separ ated, dri aefisspvipylethiNamineiboand, C.O0CRAE)IWAS 8dlied AATY (1 BYSG.003As #olghdl a crude
solid. The resulting solid was 10 purified using silica gel chromatography

(99D o CH2CI 2/ THIK AleQd nivihites the febbtihitgixturkviis middd Rith Risi 4%)-warhyofd-3s0l ved into
an acetone/ether mxture (1/1) and precipitated using 2.0 N HCl in ether.

The resul ting giblinsesbdnitile @rmethfifeny@u@oRAd (79055 @bovs hbleBtATRF stithhd er

dryi ng under high vacuumthe reaction yielded a total of 105 ng of conpound
C. 'H NMWVR (ds- DhaighttBOrebdtion BraBgitBehbd Hth(NFHC@:Hhd thé .oBgdnicSlextlactet width9. 6 Hz) ,
5.55 (d Cbr), 1H, 15 J=51.2 Hz), 5.07 (d, 1 H J=9.2 Hz), 4.22-3.98 (m
5H), 2.58-2. 32 EtGAc (28) The brgdBicy ere Rbdhed with 6at. Nagl and diedogvar MESGRNREr@vAlof20

(25,4S5)-1-{(2R) - 2- Ami no- 3- et hyl - 3-[ (pyri di n-4-yl met hyl ) sul f onyl ] but anoyl ) -
4- fl uor opyr r oltivekiolvent2r vamudoadi purifitadiomnyid caarhh chrorokttography (1/1 hexanes/EtOAc)
yielded 738 mg (60%) of compaund B.
'H NMR (CDCls) 400 MHz 8 7.91 (s, 1H), 7.72 (d, 1H, J=8.8 Hz), 7.47 {5, 1H), 7.30
10 (d, 1H, /=8.4 Hz), 5.49-5.35 (m, 2H), 5.04 (d, 1H, J=9.6 Hz), 4.41 {d, 1H, /=9.2 Hz), 4.35-

3.98 (m, 4H), 2.69 (dd, 1H, J=15.2 Hz), 2.46-2,29 (m, 1H), 1.47-1.40 (m, 15H) ppm.

C. Tert-butyl (1R)-2-{[(5-chloro-1,1-dioxido~1-benzothien-3-yl)methy!]sulfonyl }-1-
{[(25,45)-2-cyano-4-fluoropyrrolidin-1-yllcarbonyt}-2-methylpropylcarbamate.
15 To a CH:Clz solution (100 mL) containing compound B (738 mg, 0.0014 mole} was
added 3-chloroperoxybenzoic acid (57-86%) (4.8 g 0.028 mole). The reaction mixture
was allowed to stir at RT for a period of 16.0 hours followed by neutralization wiith 2.0 N
KOH. The organics were dried over MgSOs and concentrated to dryness to afford 803
mg of compound C (97% vyield). The resulting off whit.e solid was used without further
20  purification.
"H NMR (CDCls) 400 MHz 8 8.05 (s, 1H), 7.96 (d, 1H, J=7.6 Hz), 7.48 (m, 3H), 5.45. (d(br),

1H J=10 Hz), 5.44 (d(br), 1H, J/=50.8 Hz), 5.02 (d, 1H, J=10 Hz), 4.95 (d, 1H, J=9.6 Hz),

4.77-3.96 (m, 4H), 2.70 (dd, 1H, /=14.8 Hz), 2.46-2.30 (m, 1H), 1.70-1.37 (m, 15H) ppm.




24 Decenber, 2005 138 To a CH2Cl1 2 solution (90 nl) containin% te&&-gutyl
(1R) - 1-{[ (2S, 4S)-2-cyano-4- fluoropyrrolidin-1-yl]ca 24December, 200
rbonyl)-2-methyl-2-[(pyrid in-4-yl nethyl)th io] propylcarb,anmate (500 ng,
0.0011 nol) was added TFA (10 m ). The reaction mxture was allowed to stir
at RT for a period of 16.0 hours followed by the addition of

3-chl oroper oxybenzoic acid 5 (2.0 g, 0.0114 noles). The reaction was
stirred for a period of 4.0 hours followed by neutralization with 2.0 N
NaOH. The organics were separated, dried;fver Na2SO4 and concentrated to
dryness to afford a crude solid. The resulting solid was purified using
silica gel chromatography (99% CH1IClI 2/ 1% MeOH with 2.0 M NH3). The pure
solid was dissolved into an acetone/ether m xture (1/1) and precipitated

using 2,0 N HOb. (stlibgsn LTS (ESHI NLaRQb A ingfisiered Tn vacuo and

washed with ether. After drying under vacuum the reaction yielded a

total of 22 ' . QU )- | 4 (d,
ot - 6y Y micthMfohi - SRBHAHR -+ PSR cA oot Mdfocgital? (9,
(d, 1 H J=9. 61d#¥¢H.Ci¥soltich s rﬁ%'ﬁbn mae campdbad C%ﬂ@%‘ 30.0070 fidle) @ds dbbed 2- 71
(dd, 1 H J=15.6 H) o2 a3 2 a9 g cppoand G 0] e P00 o Hespied T 62 (s,

3H), 1.46 (5, BH)(5 PDMThelRadton Mdltere #8s ddRedR)stilatlHT 26 pRridi BB Polr i d |

n-4-yl propa n oyll -4-fluoropyrrol idi n e-2-carbon itrile hydrochloride
24 Decenber, 2f0Swelid9 nediralization with sat. NaHCOs. The organics were separated, dried over
(2S,45)-1-[(2S) - 2-am no- 3-pyridi n-4-yl propanoyl ] - 4-f | uor opyrrolidine-2-carl
nonitrile hydvugshlant tcrt€entrated to dryness to afford a crude solid. The resulting solid wias

purified using silica gel chromatography (99% CHzCl2{1% MeOH with 2.0 M NHs)- The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated using 2.0 N
10 HClin ether. The resulting solid was filtered in vacuo and washed with ether. After
drying under high vacuum the reaction yielded a total of 132 mg of compound [3.
'H NMR (D20) 400 MHz 5 7.99 (s, 1H), 7.81-7.56 (m, 3H), 5.44 (d(br), 1H, 4=50.4
Hz}, 5.01 (d, 1H, J=9.6 Hz}, 4.19-3.80 (m, 4H), 2.66-2.22 (m, 2H), 1.58 {s, 3H), 1.43 (s, 3H)
ppm.

15

Example 33

(25,45)-1-{(2R)-2-Amino-3-1(2,1,3-benzoxadiazol-5-yImethyl)thio]-3-méthylbuttanoyl } -

4-fluoropyrrolidine-2-carbonitrile hydrochloride

20 A (2R)-3-[(2,1,3-Benzoxadiazol-5-yimethyl)thio]-2-[{tert-butoxycarbonyl)aminol]-3-

methylbutanoic acid.




To dry DVF (25 nmUJ was added

(25)-2-[(tert-butoxycarbonyl ) amino] - 3- pyri di n-4- yl FAbResembese 2005705 ny,

2.65 nmmol ), HATU (1.0 g, 2.65 mmol) and NN 5 di isopropylethyla mne (0.46
m, 2.65 mmol). After stirring at RT for 30 mn (2S, 45)-4-
fluoro-2-pyrrolidinecarbonitrile 4-m ethyl benzenesul fonate (581 ng, 1.99
nmol ) and additional N, N-diisopropylethylamne (0.35 nL, 1.99 nmol) were
added. This solution was allowed to stir at RT for 12 hours. Then was
added saturated sodi um bi carbonate (10{3smQ and the m xture was extracted
with ethyl acetate (2 X 100 nQ and the 10 organics were washed with

sat urat ed NaClo§ 108 KoRslghr {5 At) @IS S AR ouERRBRBAIBRGALLO dryness to

give the crude solid. The solid was purif chromat ogr aphy

(silica gel, h@m@sizﬁtm&t-ﬂw@acde grmmqn%wé ey BliGbmdicna bined 0 a

di oxane sol ution containing M for 2 hrs fol [ owed by the

addi tion of  téreésayibzoRiG®Im dg,@@@uﬂraole)mﬁ maﬁdnews.ai)%tiaﬁmftemmamﬁpl I ect ed
by filtration and dried un 15 high vacuumyielding 388 ng (1.3 mml, 65%

yi el d) of conpeusetion nfisture wis dllEed @lth Water ddl WHRd With vl thdOfheMHz 8 8. ‘92
(s(br), 3H), 8.84 (d, 2H J= 6.2 Hz), 7.96 (d, 2:H J= 6.2 Hz), 5.45 (d, 1
H J = 51 §)orginidd@elediscakddd, and tie fuébukiByer wis bblel i ®5YC. The bueods 05- 3. 78 (m
oH), 3.41-3.36 (m 2H), 2.42-2.25 (m 24) ppm 24 December. 2005 140

Exanpl e 36 ( 28)ib) wasdja(dasguduafpﬂno)mﬁngcq@.wmtrdtemﬂeraﬁupﬁeqymuaaws.ektréctédl u
oropyrrol id ine-2-carbomtrile hydrochloride 5 A
(2S, 49) - 1- [ ( 2BYo-E20AEnThemr@njry wedi diedovel Na:SPandsdnkertrated ue tapass toofidldla ne- 2- car b
onitrile hydrochloride To dry DMF (25 nlL) was added
(25) - 2- [ (t er ttotahiofdRy og (Mol yampanod A3s phrowaliatie.3-
"H NMR (CDCls) 400 MEz 5 7.76 (d, 1H, J=9.2 Hz), 7.72 (s, TH), 7.4 (d, 1H, J=0.2 H2),
10 5.40(d {br), 1H, J= 8.0 Hz), 4.46 (d (br), 1H, J=8.4 Hz), 3.89 (5, 2H) 1.47-1.40 {m, 15H)

ppm.

B. Tert-butyl (1R)-2-(2,1,3-benzoxadiazol-5-yimethyl)thio)- 1-{[(25,45)-2-cyano-4-
fluoropyrrolidin-1-yilcarbonyl }-2-methylpropylcarbamate.

15 To a DMF solution (20 mL) containing compound A (622 mg, 0.00163 mole) and N,N-
diisopropylethylamine (632 mg, 0.0049 mole) was added HATU (930 mg, 0.00244- mole)
at RT. After 30 minutes the reaction mixture was mixed with (25, 45)-4-fluoro-2-
pyrrolidinecarbonitrile 4~-methylbenzenesulfonate (514 mg, 0.00180 mole). After stirring
overnight the reaction was quenched with NaHCQs and the organics extracted with

20  EtDAc (2X). The organics were washed with sat. NaCl and dried over Na;$0s. Removal of
the solvent in vacuo and purification via column chromatography {1/t hexanesfEtOAc)
yielded mg 444 mg (45% yield) of compound B.

"H NMR {CDCls) 400 MHz & 7.78 {s, 1H}, 7.76 {d, 1H, J=9.2 Hz), 7.48 (d, 1H, J=9.2 Hz},

5.43 (d {br), 1H, J=9.6 Hz), 5.45 (d (br), 1H, J=50.8 Hz}, 5.02 (d, 1H, J=0.6 Hz}, 4.44 (d, 1H,



yl propanoic acid (534 ng, 2.0 nmmol), HATU (0.76 g, 2.0 mmol) and N, N

di i sopropyl ethylamine (0.35 nL, 2.0 nmol ). After stirri%@—nﬁmwmn
(2S, 45)-4 10 fluoro-2-pyrrolidinecarbonitrile 4-nethyl benzenesul fonate
(438 mg, 1.5 mmol) and additional N, N-diisopropylethylamne (0.26 nL, 1.5
mmol ) were added. This solution was allowed to stir at RT for a total of
12 hr and then saturated sodi um bi carbonate QL50 nmL.) was added. The

m xture was extracted with ethyl acetate (3 X 100 nL) and the organics
were washed with saturated NaCl (100 nlL), ;gried over MJSO4 and concentr at ed
to 15 dryness to give the crude solid. The solid was chromatographed

15 dryness to give the cru he’Sol i d vas ohro phed
i oxane- 10 (4.0 oy b 2 BAN 55D, 2R HARTBET Bl FE, o
m.)

di et hyl ether (236f. . The precipitated solid was collected by filtration
and dried under high vacuumyielding 266 ng (0.89 mmol, 59%vyield) of
conpound A as a white solid. 20 'H NVR (de-DVsO 400 WHz S 8.88 (s, 1 H),
5.51 (d, 1 H J=51 Hz), 5.01 (d, 1 H J - 88 Hz), 4.45-4.38 (mbr), 1
H, 4.00-3.86 (0)(2949)-1-R2R8-Amigd-a([p,1, 250 édé%-g;yﬁnﬁ’elﬂl higjfd.) ppm 24
Decenber. 2005 141 Exarrgl e 37 (25,[?5)-1-?‘(’25)-5 fethyie !_épi peri d

| n-4- yl| pr opanoy inkthfiblitahe ORNbBpyriofldihe-ARaBoiidiiokiibdge. 5 di hydrochloride
A (295)-2-[(tert butoxycarbonyl)ani no]-3-piperidin-4-ylpropanoic acid acetic
acid salt To afvaCHCR Soluitivh M5(rEll) ashitahing &npdlind B @94 Wb, 0070RMol) was added
(2S)-2-[(tert-butoxycarbonyl)am na]-3- pyridin-4-ylpropanoic acid (0.69 g,
2.58 mol) was HAdeLLIMreRdibimb@fte MaidivedioBr LRT (A PelboctiragenaLRd at 60
psi under a hydrogen atnosphere. The solution was filtered 10 through

celite and conchhtwatigaeitealiption with sit. NdHCDL TEObrgshics WaRReghtited] diwadsver i gh
vacHum Na:S0s and concentrated to dryness to afford a crude solid. The resulting solid wras
10 purified using silica gel chromatography (99% CHzCl2/1% MeQOH with 2.0M NHs). The
pure solid was dissolved into an acetonefether mixture (1/1) and precipitated using 2.0 N
HCl in ether. The resulting solid was filtered in vacuo and washed with ether. After
drying under high vacuum the reaction yielded a total of 105 mg of compound C.
"H NMR (ds-DMSO0) 400 MHz & 8.02-7.99 (m, 2H), 7.63 (d, 1H, /=9.6 Hz), 5.55 (d (bx), 1H,
15 J=51.2 Hz), 5.07 (d, 1H, J=9.2 Hz), 4.22-3.98 (m, 5H), 2.58-2.32 (m, 2H), 1.48 (s, 3H), 1.40

(s, 3H) ppm.

Example 34

20  (25,45)-1-{(2R)-2-Amino-3-methyl-3-[{pyridin-4-yimethyl)sulfonyl]butanoyl} -4~

fluoropyrrolidine-2-carbonitrile hydrochloride




yielding 822 ng (2.48 nmol, 964'o yield) of conmpound A as the ace |8 acid
salt 'H NWVR (do-DVBO) 400 Mz 5 10.5 (s(br), 1H), 6. 21%%&@%9&#——@ H),
3.69-3.62 Cm 1H), 3.19-3.06 (m 2H), 2.75-2.65 (m 2H), 1.92 (s, 3H),
1.80-1.45 (m 6H), 1.35 (s, 9H), 1.21- 1.05 (m 1 H) ppm 15
B.(2S)-2-[(Teri

but oxycar bonyl )am no] - 3-[| - (tert-butoxycarbonyl) pi peridi n-4- yl propanoic
acid. To a CH2C12 (150 m .) solution of (2S)-2-[(tert

but oxycar bonyl ) anm no] - 3- pi peri di m4- yl prigpanoi c acid acetic acid salt (1.0
g, 3.00 mmol) was added triethylamne (1.52 g, 15 20 nmol) and

di -tert-butyl dicarianati®ioh | 2 hr. Then
was added H20 (50 i) Wiion g%"ﬁggﬁgm%yc'ﬁgf te[[ggr@q e A

HCl . 24 Decembefluoratslidid 2yl GerayiptL Alndlo-(fRdigiad h}f%etﬁﬂﬁﬁt@]}; Vg@%ﬁémd(tgl | owed

by drying over MgSO4 and filtration and removal of the s I n vacuo

yi el ded a cl ear (500 ig, 000€1 ) wasRgdedITEed 0 I She fR5EBN WM‘HWas Mloﬁrl&dﬂd@nr 4t 06
(2.86 Mol , 95%vyield) of conmpound B as a white solid. d6- DVBO) 400

MHz 6 12.4 (s(bRT)for dlpetipd of716Q5houeh, followkd bthhcatﬁht%n'ﬂ?hvch%ro%gmﬁybgﬂzofc%ﬁr) S
3H), 2.78-2.59 (n(br), 2H), 1.68-1.42 (m 6H). 1.39 (s, 16H). 1.02-0.89 (m

2H) ppm C. 5 (209,00114mofes] The reaction was stirred for a period of 4.0 hours followed! by
(25, 45)-1-[(25)-2- Ami no- 3- pi peridi n-4-yl propanoyl ] - 4-fl uoropyrrolidine-2-

carbonitril e hyeroaiztonivih. 2.0M0NSDH, ThMbrgiiE wite)sepinsted dBRIbVEAR)SOLahd t ert
but oxycar bonyl )am no]-3-[1-(tert 10 butoxycarbonyl ) pi peridi n-4-yl] propanoic
acid (0.85 g, 2Zo@@ntmated fo,dniiasElto 6ForB 3 caude lid 8The M3DItihg soNid was purified wising
N, N-di i sopropyl ethyl am ne (0.40 m, 2.28 nmol). After stirring at RT for 30
mn (2S, 4S)- 4-sflicagst gwemasograpyi(@Hom Ed8LMeid0H With 2o MeNHa)y IThepresviid waé onat e
(500 rng, 1.71

dissolved into an acetonefether mixture (1/1) and precipitated using 2.0 N HCl in ether.

10 The resulting solid was filtered in vacuo and washed with ether. After drying undler high

vacuum the reaction yielded a total of 22 mg of the titie compound.

'H NMR (ds CDCls) 400 MHz & 8.64 (d, 2H, J=5.6 Hz), 7.37 (d, 2H, J=5.6 Hz), 5.42 {d (br},

1H, J=51.2 Hz), 494 (d, 1H, J=9.6 Hz), 4.77 (d, 1H, /=13.2 Hz), 4.39-3.75 (m, 4H), 2.71 (dd,

1H, J=15.6 Hz), 2.43-2.29 {m, 1H), 2.06-1.86 (s (br), 2H), 1.62 {s, 3H), 1.46 (s, 3H) ppm.

15

(25.45)-1-[(25)-2-Amino-3-pyridin-4-ylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile
hydrochloride




mmol ) and additional N, N-diisopropylethylamne (0.30 m, 1.71 mml) were
added. This solution was allowed to stir at RT for 2feDecemher, 2005
saturated sodi um bi carbonaite (100 15 nL) was added. The m xture was
extracted with ethyl acetate (2 X 100 nL) and the organics were washed
with saturated NaCl (50 niL) followed by drying over MgSO4. Evaporation in
vacuo gave the crude solid which was chronmat ographed (silica ge:l,

hexanes/ Et QAc 4:1) to provide a solid which was stirred in a di oxane- HCl
(4.0 M 20 m) solution for 2 hrs fol]owed by the addition of diethyl
ether (100 nL). The resulting 20 preci]&?tate was collected by filtration

and dried unde cuum yi el di_ ng 432 %1. 26 mml , 74%vyi ql d) of
conmpound C ag i“c‘ 8rqnan°~3wvm4tﬂmm%4- W"W"‘B”@??Gﬁr@.‘%@'?s(br),
2%,880860%8%%( 552(d 1H J= 51 Hg), 506 (d, 1 H J =
8.8 Hz), 4. 0MOB®e ). 1 H), 3.94-3.81 (m 2H), 3.23-3.210 (m 24

Decenber, 2.46-2.37 (m

2H) , I1 9281 ﬁﬁF&Z%Eg” W‘;leaf‘?e‘ﬁégl%'“(?ﬁﬁ b“t@ﬁ\ﬂﬁa'b"gﬁl&? "_r%’]l"élpw('ﬁlr' 4IH|) ppm.

Ex I n- r n u

' OSSP rol id Y 'H%d"f'%‘é{& Hbéﬂgz 2%8 Qhﬁ’bﬁ'dgﬂg 31;‘% gp?( b )én% Z
(ol a6 at > SoH PP ERGFirR B8 mfosBp %ﬂ"é@% DT e e pamy B0, S0
pyridin-3- ylﬁ? d? Ilé&g{e}lgﬁ%ﬂﬁ'IQEg 49rhetﬁ e&éelnesg fﬂr\;'gge Q‘plngfQJQOm/&(E éc& (50 %o W w,

0.40 g) and nosphere.

sol ution was ce‘dit. 'Nr».eg s %?#@ganggé b SRS A BB AGR 20 Uncir

hi gh vacuumvyi el
was allowed to stir at RT for 12 hours. Then was added saturated sodium bicarbonate

{100 mL) and the mixture was extracted with ethyl acetate (2 X 100 mL) and the

10  organics were washed with saturated NaCl (100 m}) and dried over MgSO« and
concentrated to dryness to give the crude solid. The solid was purified by columm
chromatography (silica gel, hexanes/EtOAc 4:1) to provide a solid which was stirred in a
dioxane solution containing HCl (4.0 M, 20 mL) for 2 hrs followed by the additiom of
diethyl ether (100 mL). The precipitated solid was collected by filtration and dried under

15  high vacuum vielding 388 mg (1.3 mmol, 65% yield) of compound A as a white solid.
'H NMR (ds-DMSOQ) 400 MHz 8 8.92 (s{br), 3H), 8.84 (d, 2H, J= 6.2 Hz), 7.96 (d, 2H, J=
6.2 Hz), 5.45 (d, 1H, J= 51Hz), 5.00 (d, 1H, J = 8.8 Hz), 4.47 (m(br), 1H), 4.05-3.78 (m,

2H), 3.41-3.36 {m, 2H), 2.42-2.25 (m, 2H) ppm.




mol , 95% vyi el d) of conpound A as the acetic acid salt. 'H NVR (d -ngBO)
400 Mz 8 10.2 (s(br), 1 H), 6.15-6.05 (m 1 H), 3.69%&5?—'#.%'—29,— 15
3.21-3.07 (m 2H), 2.67-2.61 (m 1 H, 2.39-2.31 (m(br), 1 H,1.95 (s, 3H),
1.91-1.41 (m 61-1), 1.91 (s, 9H), 1.08-1.01 (m 1H ppm

B. (25)-2-[(Tert-butoxycarbonyl)amno)-3-[1-(tert

but oxycar bonyl ) pi peri di n-3- yl]propanoic acid. 20 To a CHZC12 (150 ml)

sol ution containing compound A (1.0 g, 3.00 mmol) was addled triethylam ne
(1.52 g, 15 mmol) and di-tert-butyl di c%gonate (786 ng, 3.6 Mol ) and 24
Decenber, 2005 144 stirred for 12 hr. reacti on was then quenched with
H20(50 m) andExCHZ .2 (300 mM.) added. The organic | ayer was separated and
t he agueous Iayggﬂgéﬁdified to pH4 with 1.0 MHC followed by extraction
wth Et OAc. Thg conbi ned organic |ayers were dried over MSO4 and the

sol vent renovediH+x vacuo yielding a clear oil. The oil was dried under 5

hi gh vacuum yi ed dj 1.07 g (2.87 mol, 95%yield) of conpound B as a white
solid. 'H NWR (de- O 400 MHz 8 12.15 (s(br), I H, 7.17 (d, I H J= 8.3
Hz), 3.95-3.87 0¥ 3H), 2.61-2.45 (m(br), 2H), 1.73-1.40 (m 6H), 1.35
(s, 16H), 1.2-0.8%k ppm C.

(25,45)-1-[(25)-2- Am - pi peri di n-3-yl propanoyl ] -4-fl uoropyrrolidine-2-
10 carbonitrile di"flR’/drochI oride. To dry DW (25 nL) was added conpound B
(0.85 g, 2.28 L .
N, N- di i sopr op xppysioliding-2carpepitile RT for 30

m nutes (2S, iS!-é!fluoro- Zbyrol di necarbonitrile

4- et hyl benze te (500 ng, 1.71 mmol) and additi onal

N, N- di i sopr.opyl |l amipe (0,30 m,. . 1.71 mol re. added. 15 This
Sout i on_ude” By SIS brindes-Restin S iErob Pl R0 BBV FU RS 2B BRER, ¢ i e

sat ur at ed

hydrochloride

To dry DMF (25 mL) was added (25)-2-{(tert-butoxycarbonyl)amino]-3-pyridin-3-
ylpropanoic acid (534 mg, 2.0 mmol), HATU (0.76 g, 2.0 mmol) and N,N-
diisopropylethylamine (0.35 mL, 2.0 mmol). After stirring at RT for 30 min (25, 45)-4-

10 ﬂuoro-z-py;rolidinecarbonitrile 4-methylbenzenesulfonate (438 mg, 1.5 mmol) and
additional N,N-diisopropylethylamine {0.26 mL, 1.5 mmol) were added. This solution was
allowed to stir at RT for a total of 12 hr and then saturated sodium bicarbonate {150 mL)
was added. The mixture was extracted with ethyl acetate (3 X 100 mL) and the organics
were washed with saturated NaCl (100 ml), dried over MgS0Qs and concentrated o

15  dryness to give the crude solid. The solid was chromatographed {silica gel,
hexanes/EtOAc 4:1) to provide a solid which was stirred in a dioxane-HCI (4.0 M, 25 mL}
solution for 2 hrs followed by the addition of diethyf ether (200 ml). The precipittated
solid was collected by filtration and dried under high vacuum vyielding 266 mg (0.89
mmol, 59% yield} of compéund A as a white solid.

20 'H NMR (ds-DMSO0) 400 MHz 5 8.88 (s, 1H), 5.51 (d, 1H, J= 51 Hz), 5.01 (d, 1H, /= 8.8

Hz), 4.45-4.38 (m(br), 1H), 4.00-3.86 (m, 2H), 3.38-3.27 (m, 2H), 2.42-2.30 (m, 3H} ppm.




sodi um bi carbonate (100 nL) was added. The m xture %S extr&ct eg ﬁ'th et hyl
acetate (2 X 100 nL) and the organics were washed L a (50
m) and dried over MSO4. Renoval of the solvent in vacuo gave the crude
solid. The solid was chronmat ographed (silica gel, hexanes/EtOAc 4:1) to
provide a solid which was stirred in a 20 dioxane-HCI (4.0 M 20 nL)
solution for 2 hrs followed by the addition of diethyl) ether (100 m).
The resulting precipitate was collected by filtration and dried under high
vacuum yi el ding 419 ng (1.23 mol, 2%8‘y| el d) of conpound C as a white
solid_ "H NWR (ds-DVsO) 400 Mz S 9.0- 843 (s(br) 2H), 8.60-8.50 (s(br),
3H), 5.52 (d, 1 H | =51 Hz), 5.02 (d, 1 H, J 8.8 Hz), 4.13-4.08 (nm(br),
1 H, 3.99-3.87 (m 2H), 3.37-3.31 (m 24 Decerrber, 2005 145 2H),

3. 05-3. 01 (m 15“ ; 87 (m 2H), 2.46-2.37 (m 2H), 1.95-1.91 (m 5H),
1.22-1."11(m ppm Exanple 39 2H C 5

(2S,49)-1-[(29) - 2- Am no- 3- pi peri di n-2-yl

propanoyl ] - 4- ropyrrolidine-2-carbonitrile dihydrochioride

A (2S)-2-[(Terk.: oxycar bonyl ) am no] - 3- pi peri di n-2-yl propanoi ¢ acid 10 To
an acetic acid (gl a®ial, 50nL) solution of

(25)-2-[(tert-dbu rbonyl)am no] - 3- pyridin-2-yl propanoic acid (1.6 g,
6.0 mmol ) was add@d 10% Pd/ C (50 %ww, O SO g) and hydrogenated at 60 psi
under a hydrogen @&k here. The solution was filtered through celite,
concentrated and then dried under high vacuumyielding 951 ng (2.85 nmmol,

95% yi el d) of(258NdESH2-Anfifo-8-peAdifial dpragahviSakiliorapyrrolidine-2-carbonitrile

5>  dihydrochloride
A. (25)-2-[(tert-butoxycarbonyl)aminol-3-piperidin-4-ylpropanoic acid acetic aciid salt.

To an acetic acid {glacial, 50 ml) solution of {25)-2-[(tert-butoxycarbonyl}amina]-3-
pyridin-4-ylpropanoic acid (0.69 g, 2.58 mmol) was added 10% Pd/C {50 % w/w, 0.35 g)
and hydrogenated at 60 psi under a hydrogen atmosphere. The solution was filtered
10 through celite and concentrated to provide a white solid. Then dried under high vacuum
yielding 822 mg (2.48 mmol, 96% yield) of compound A as the acetic acid salt.
'H NMR (de-DMS0) 400 MHz 5 10.5 {s{br), 1H), 6.21-6.19 {m(br), 1H), 3.69-3.62 (m, 1H),
3.19-3.06 [m, 2H), 2.75-2.65 (m, 2H), 1.92 (s, 3H), 1.80-1.45 (m, 6H}, 1.35 (s, 9H), 1.21-
1.05 (m, TH) ppm,
15
B. (25)-2-[(7ert-butoxycarbonyl)amino]-3-[1-(tert-butoxycarbonyl) piperidin-4-
yllpropanoic acid.
To a CHzClz (150 mL} solution of {25)-2-[(tert-butoxycarbonyi)amino]-3-piperidin-4-
ylpropanoic acid acetic acid salt (1.0 g, 3.00 mmol) was added triethylamine (1.52 g, 15
20  mmol) and di-tert-butyl dicarbonate (786 ma, 3.6 mmol) and stirred for 12 hr. Then

was added Hz0 (50 mL) and CH:zCl2 {300 mi), acidified to pH 4 with 1.0 M HCl.



15 'H NVR (ds-DVMSO) 400 MHz S 10.15 (s(br), 1 H), 6.21-6.19 1
3.69-2.64 (m. 1 H, 3.61-3.56 (m 2H), 3.27-3.12 (mi-’i@lei;eﬂ?éiﬁ?(m 1
H, 1.89 (s, 3H, 1.81-1.63 (m 5H), 1.52-2.42 (m 1 H), 1.91 (s, 9H ppm
B. (25)-2-[(Tert-butoxycarbonyl)am no]-3-[1-(tert-butoxycarbonyl)pi peridin-2
- 20 yl ] propanoi cacid. 24 Decenber, 2005 146 To a CH2Cl12 (i50 nmL) solution
of conpound A (1.5 g, 4.50 mpl) was added triethylamne (2.27 g, 23 nmmol)
and di-tert-butyl dicarbonate (1.18 g, 5.4 nmmml ). After stirring for 12 hr
H20 (50 nmL) and CH2CI 2 (300 nmL) were added followed by acidification to pH
3 with 1.0 MHC . Separation of the orgaffZ |ayer followed by drying over
My504 5 and renoval  of the solvent in vacuo yielded a clear oil. The oil
was dried undertRirajign Of/H'GGMmtéqedamgfﬂow@wwmwvmﬁm %WUW'@F@P‘J of
compound B as a white soljid. '"HN %‘sdGDI\/SO 400 MHz 8 12.2 (s(br), 1 H,
7.15 (d, 1 H, Jemoval of thesp 'Vewwr@ e@ﬁ(ctﬁaw Thegil way diesl underchighyasyam o) |

2.68-2.58 1.79- (s, 16 1.2-1.14 2 m
(m vil_Pding 1.06 gJ[2 86 mmni' 95% weld)lof compound B als_Da white solid. (m 2H pp

10 C

2S, 45) - 1- [ (25) m no- 3- eridin-2-yl| propanoyl)-4-fl uoropyrrolidine-2-
Carbort 11116 d.mwé@mmﬁgfmaazg - 02500 Hhas 2l aSE BB, B (550
ng, 2.28 nmmol), HATU &869 nmmol ) and N, N-dii sopropél et hyl am ne
(0.40 mt 2. %8 Ap?-78-2,59 {ralpr) ), ﬂﬁﬁﬁgﬂa{m-  139r(s, 36H). 103-Q8Hmy 27 ppm.

4S) - 4-f 1 uor o- 2- pyrrol i di necarbonitril e 4-nethyl benzenesul fonate (500 i nyg,
1.71 mmol ) and additional N, N-diisopropyl ethylam ne (0. 30 mM 1.71 mol )

wer e added. Thij S n was allowed to sti ]a RT for 12 hr and then
sat urat ed sodi hﬁ?%}ﬁ [&ﬂ;ﬁgtﬁénncoﬁ_-@rperldln-4-ylpropanoyl 4—ﬂuoropyrrol|d|ne- -

carbonitrile hydrochloride,
To dry DMF (25 mL) was added (25)-2-[(tert-butoxycarbonyl}amino)-3-[1-{tert-

10 butoxycarbonyllpiperidin-4-yl]propancic acid (0.85 g, 2.28 mmol), HATU (0.87 g, 2.28
mmol) and N,N-diisopropylethylamine (0.40 mL, 2.28 mmol). After stirring at RT ffor 30
min (25, 45)-4-fluore-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (500 mg, 1.71
mmol) and additional N,N-diisopropylethylamine (0.30 ml, 1.71 mmol} were added. This
solution was allowed to stir at RT for 12 hr and then saturated sodium bicarbonaite (100

15 ml) was added. The mixture was extracted with ethyl acetate (2 X 100 ml) and the
organics were washed with saturated NaCl (50 mL) followed by drying over MgSOx.
Evaporation in vacuo gave the erude solid which was chromatographed (silica gell,
hexanes{EtOAc 4:1) to provide a solid which was stirred in a dioxane-HCl (4.0 M, 20 mL)
solution for 2 hrs followed by the addition of diethyl ether (100 mL). The resulting

20  precipitate was collected by filtration and dried under high vacuum yielding 432. mg
(1.26 mmol, 74% yield) of compound C as a white solid.
'H NMR (de-DMSO) 400 MHz § 9.0-8.83 (s(br), 2H), 8.80-8.60 (s(br), 3H), 5.52 (d, 1H, /=

51 Hz), 5.06 (d, 1H, J = 8.8 Hz), 4.07-4.01 {m{br], 1H), 3.94-3.81 (m, 2H), 3.23-3.20 (m,



m ) was added. The m xture was extracted wth ethyl acgtabe (2.X égg 51_)
and the organics were washed wth saturated Nad (50 er
MySO4. Renoval of 20 the solvent in vacuo gave a crude solid. The solid was
chromat ographed (silica gel, hexanes/EtOAc 4:1) to provide a solid which
was stirred in a dioxane-HCl (4.0 M 20 nmL.) solution for 2 hrs followed by
the addition of diethyl ether (100 nL). The resulting precipitate was
collected by filtration and dried under high vacuumyiel ding 365 ng

(1. 07mmol, 63%yield) of conpound C as a white solid. 24 Decenber. 2005 147
"H NMVR (d6-DVBO) 400 MHz 8 9.32-9. 10 (s(bF‘Bs, 2H), 8.79-8.53 (s(br), 3H),

103 53 (A3 Ao D gLy 2ot 8- oy -1 58S, (5,

H, 2.71-2.63 (E}x"aﬁ‘g?“é'ﬁéi“(‘ﬁ' 14 (m 1 H, 2.05-1.97 (m 1 H), 1.81-1.40

(m 5H ppm 5
(2S) - 2- Ami no- 3-[ 1- (i sopropyl suI fonyl )pi perid i n-4-yl]propanoyl }-4-
fl uoropyrrolidine-2-carbonitril ehydrochloride 10 A (2S)-2-[(Teri

but oxycar bonyl ) am no].:.3-[ 1- (i sopropyl sul f onyl ) pi peri di n-4-yl ] prcpanoi c
acid. To an CH3 m.) solution of conpound A fromexanple 12 (1.0 g,
3.00 mmtl) was fradded triethylamne (1.52 g,15 mmol) and i sopropyl sul fonyl
chloride (513 ng,3..6 mmol). After stirring for 6 hrs the acetonitrile
was renoved in v and H20 (50 m) 15 and ethyl acetate (300 nlL) were
added. Separation jof the ethyl acetate layer followed by drying over MgSO4
and renoval of tdre- t in vacuo yielded a solid which was
NH,
5 2HCI

(25,45)-1-[(25)-2-Amino-3-piperidin-3-ylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile

dihydrochloride

A. (25)-2-[{tert-butoxycarbonyl)amino]-3-piperidin-3-ylpropanoic acid.

To an acetic acid (glacial, 50 mL) solution of (25)-2-I(tert-butoxycarbonylJamino}-3-
10 pyridin-3-ylpropanoic acid (0.8 g, 3.0 mmo!} was added 10% Pd/C (50 % wiw, 0.40 g)

and hydrogenated at 60 psi under a hydrogen atmosphere. The solution was filtered

through celite, concentrated and then dried under high vacuum yielding 946 mg {2.85

mmol, 95% yield) of compound A as the acetic acid salt.

't NMR (ds-DMSQ) 400 MFiz 8 10.2 (s(br), 1H), 6.15-6.05 (m, tH), 3.69-2.64 (m, 1 H),
15 3.21-3.07 (m, 2H), 2.67-2.61 (m, 1H), 2.39-2.31 (m(br), 1H),1.95 (s, 3H), 1.91-1.41 {m,

6H), 1.91 (s, 9H), 1.08-1.01 (m, 1H) ppm.

B. (25)-2-[(Tert-butoxycarbonyl)amino]-3-[1-(tert-butoxycarbonyl)piperidin-3-
yllpropanoic acid.
20  Toa CH:Clz (150 mL) solution containing compound A (1.0 g, 3.00 mmol) was added

triethylamine (1.52 g, 15 mmol) and di-tert-butyl dicarbonate {786 mg, 3.6 mmol) and



washed with ether and dried under high vacuum yi el di ng 860 ny (2 26 _mmol ,
75% vyield) of conmpound A as a white solid. 24 Decenb 00 NMR
(ds-DVMsO) 400 MHz 8 12.4 (s(br), 1H), 7.15 (d, 1 H J = 8.3 Hz), 4.37-4.29
(m 1 H. 3.99-3.95 (m(br), 1 H, 3.85-3.80 (m 1 H, 3.62-3.58 (m 1 H),
2.97-2.92 (m 1 H), 2.42- 2.37 (m 1 H, 1.91-1.89 (m 1 H 1.87-1.46 (m
7H), 1.37 (s, 9H), 1.19-0.89 (d, 4H) ppm 5 B.

(25, 45)-1-{(2S)-2- Ami no- 3-[ 1- (i sopropyl sul fonyl ) pi peri di n-4-yl ] propanoyl }-4
- fluoropyrrol idi ne-2-carbon itri |lehyd roch loride. To dry DVF (25 nli)
was added compound A (1.75 g, 4 62 mol ) 4HATU (1.76 g, 4.162 mml) and

NN—dllsoproperthIamne 4.62 mmol ). After Stll’l’ln(]J RT for 30
mnutes (2S, 48§rredfor WroT@-rﬁVF'?'bW?sthF%%WtﬂF H40g50 mL) and CH:Cl2 (300 m'-)

4- et hyl benzene nate .10 3.47 nmmol ) and addi ti onal

N, N-di i sopr opyle'@'il 5H79ﬁ@° @WW‘S@S tRparated and Winpnycoyidiver agidified to pHHAWSthsIR ut i on

was allowed to %'r RT for 12 hr and then saturated sodi um bi carbonate
(110 ) was a&’g Q 0'%%"!%*{%*6?*@"\)0&@ E0AG Hiscambingdiorgapic layers yewedied oy X 100
m.) and the e washed with saturated NaCl (50 nlL) and dried
over MySO4. Reh@S§1a"§f’fhe SPE(@"%'I‘%N" veeraMEding agereoly TEWH@%S%'F# yndefhe sol i d
Wht ch s, st r PBB TPoHE NGB SER7 rch e >iohRRcomBs BiogA WHGE Doy s
fol |l oned byth f diethyl he precipitate was
col | ected by fﬁ@ﬂﬁé JeuiPsof focthefie a'aﬁaf;fﬁm%wvawtjmw%ﬁa.%@t% 386 ny (2. 35
0,
e S 6 1. 5. A baHh e s Ih 0 kraS ham. G0, B8 GiabH, B2 (heard pam ) 20 =
8.8 Hz), 4.04-4. 01 (s(br) 1H), 3.96-3.84 (m 2H), 3.72-3.61 (m 2H),
3.51-3.37 (rm(br), 2H, 3.35-3.27 (m 1H), 2.79-2.76 (m 2H), 1.82-1.69

(m 5H), 1.17 é r&s &5_01 - -Ammo-3 piperidin-3-ylpropanoyi]-4-fluoropyrrolidine-2-

10  carbonitrile dihydrochloride.
To dry DMF (25 mL) was added compound B (0.85 g, 2.28 mmol), HATU (0.87 g, 2.28
mmol) and N,N-diisopropylethylamine {0.40 mL, 2.28mmol). After stirring at RT for 30
minutes (2S, 45)-4-flucro-2-pyrrolidinecarbonitrile 4-methylbenzenesuifonate (500 mQ.
1.71 mmol) and additional N,N-diisopropylethylamine (0.30 mL, 1.71 mmol) were: added.

15 This solution was allowed to stir at RT for a total of 12 hours at which time saturated
sodium bicarbonate (100 mL) was added. The mixture was extracted with ethyl acetate
(2 X 100 ml) and the organics were washed with saturated NaCl (50 mL} and dried over
MgS0a. Removal of the solvent in vacyo gave the crude solid. The solid was
chromatographed {silica gel, hexanes/EtOAc 4:1) to provide a solid which was stirred in a

20  dioxane-HCl (4.0 M, 20 mL) solution for 2 hrs followed by the addition of diethyll ether
(100 mL).. The resulting precipitate was collected by filtration and dried under high
vacuum yielding 419 mg {1.23 mmol, 72% vyield) of compound C as a white solid.
*H NMR (ds-DMS0) 400 MHz & 9.0-8.83 (s(br), 2H), 8.60-8.50 (s(br), 3H), 5.52 (d, 1H,J

=51 Hz), 5.02 (d, 1H, J = 8.8 Hz), 4:13-4.08 (m(br), 1H), 3.99-3.87 (m, 2H), 3.37-3.31 (m,
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(254S) - 1- f (25) - 2- Ani no- 3- [ 1- (4- met hyl phenyl sul f onyl ) pi patDecgmber, 200350y
4}-4- 5 fluoropyrrolidine-2-carbonitrile hydrochloride A
(25)-2-[(Tert-butoxycarbonyl )am no] - 3-[ 1- (4- et hyl phenyl sul f onyl ) pi peri di n-
4- yl]propanoic acid. To a CH3CN (150 m ) solution of conpound A from
exanple 12 (1.0 g, 3.00 mvbd) was added triethylamne (1.52 g, 15 nmol)
and tol uenesul fonyl chloride (686 ng, 3.6: mml). 10 After stirring for 6
hrs the acetonitrile was renoved in vacuo_and H20 (50 nL) and ethyl acetate

(300 nL) were added. Separation of the etHVI acetate | ayer followed by
I n vacua yielded a solid

drying over of the sol vent

whi ch was vvasheg% ﬁﬂg%ﬁﬁéﬁ?&ﬁa (rﬂ-rlega“@rﬁ&é'r(mrﬁ"@)H A5 U W)él?@rhéﬂ(mr 09
(2.56 Mol , 85% @leld) of conpound A as a mhlte solid. 15 'H NWR (de- DNSC»
400 Mz S 12.4 % : 7.61 (d, 2H, J 8.2 Hz), 7.42 (d, 2:H, J=
8.2 Hz), 7.13 (d, | H J 8.3 Hz) , 4.27-4.21 (m 1 H, 3.98-3.95 (m 1 H),
3.58-3.52 (m 1 H, 2. 98- 2 91 (m 1 H), 2.42 (s, 3H), 2.21-2.20 (m 1 H,
181150m6mi163’§9(s 94, 1.21- 1.08 (m 1 H) ppm 20 B.

(2S,45)-1-{(25)~ - 3-[ 1- (4- et hyl phenyl sul fonyl ) pi peri di n-4-yl ] pr opano
yl }-4- 1luoropygrolidine-2-carbonitrile hydrochloride. 24 Decenber, 2005
150 To dry DWMF m.) was added conpound A (2.13 g, 5.0 nmmol), HATU (1.90

g, 5.010 nmol). an N- di izB@pr opyl ethylamne (0.87 m., 5.0 mol). After
stirring at RT foilr N

(25,45)-1-[(25)-2-Amino-3-piperidin-2-ylpropanoyi]-4-fluoropyrrolidine-2-carbonitrile

dihydrochlotide

A. (25)-2-[(Tert-butoxycarbonyl}amino]-3-piperidin-2-ylpropanoic acid

10 To an acetic acid (glacial, 50mL) solution of {25)-2-[(tert-butoxycarbonyljamino]-3-
pyridin-2-ylpropanoic acid {1.6 g, 6.0 mmol} was added 10% Pd/C (50 % w/w, 0.80 g)
and hydrogenated at 60 psi under a hydrogen atmosphere. The solution was filtered
through celite, concentrated and then dried under high vacuum yielding 951 mg (2.85
mmol, 95% yield) of compound A as the acetic acid salt.

15 'H NMR (de-DMSO) 400 MHz & 10.15 (s(or), 1H), 6.21-6.19 (m, 1H), 3.69-2.64 (m, 1H),
3.61-3.56 (m, 2H), 3.27-3.12 [m, 2H), 2.72-2.65 (m, 1H), 1.89 (s, 3H), 1.81-1.63 (m, 5H),

1.52-2.42 (m, 1H), 191 (s, BH)_ ppm.

B. (25)-2-[{Tert-butoxycarbonyl)amino]-3-[1-(tert-butoxycarbonyl)piperidin-2-

20  yllpropanoic acid.



m nutes (2S, 4S)-4-fluoro-2-pyrrolidinecarbonitrile

4-met hyl benzenesul fonate (1 .1 g, 3.75 mmol) and adkftBeggmber. 2005

N, N-di i sopropyl ethylamne (0.65 m, 3.75 mmol) were added. 5 This sol ution
was allowed to stir at RT for 12 hr and then saturated sodi um bi carbonate
(110 m.) was added. The m xture was extracted with ethyl acetate (2 X 100
m.) and the organics were washed with saturated NaC (50 ni) and dried
over MgSO4. Renoval of the solvent in vacua gave a crude solid that was
chromat ographed (silica gel, hexanes/Et(QAc 4:1) to provide a solid which
was stirred in a dioxane-HCl (4.0 M: 20 ) 10 solution for 2 hrs foll owed

Eé |t oot od by 107 et Eh Rl eafir e fomaaut A aﬁh‘%ﬁ% Srefirbo s S0 o (2
S 8. 216:31 ?5%?%@"91 '5&3)5%3533‘"("3 g - Wﬁ]tl_t“%' ‘}"“‘#‘ A@IN%G‘{%%PI%O :4(7).09'\/HZ
). 3,515% Sl oo B ok b el i (1
(25,49 1 ﬁé??p"}'ﬁ@ﬁ i b 3001 A S RRR R Yot s 5502

151 A (25) - gulrbh&A
but oxycar bonyl )e!{rra}'noI]Ofg’;he sf V‘Ents'%‘ﬁ?cgwlf] %er?il BHP%@W&] died un ef prgopan0| c

acid. 1o a Gﬁ@'ﬂm(%é&%nms%gfn@ggwwgg@gwg&%@gw% wmée@osﬂuB (1.0 g, 3.00

mmol ) was added triet i sopropyl sul f onyl

chi or i de (5131 e BuB0) B £43. 21008117 18%, AT Fo S 5568 TABRL 111 © Vs

renoved i n vacuo and t
3H), 3.89-3.78 (m(br}, 2H), 2.68-2.58 (m, 1H) 1.79-1.40 {m, 5H), 1.35 (s, 16H), 1.2-1.14

(m, 2H) ppm.
10
C. (25.45)-1-[(25)-2-Amino-3-piperidin-2-ylpropanayl]-4-fluoropyrrolidine-2-
_carbonitrile dihydrochloride.
To dry DMF (25 mL) was added compound B (850 mg, 2.28 mmol), HATU (8869 myg, 2.28
mmol} and N,N-diisopropylethylamine (0.40 mL, 2.28 mmol). After stirring at RT for 30
15 min (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (500 mg, 1.71
mmol) and additional N,N-dilsopropylethylamine (0.30 mL, 1.71 mmol) were added. This
solution was allowed to stir at RT for 12 hr and then saturated sodium bicarbonate {110
m!) was added. The mixture was extracted with ethyl acetate (2 X 100 mL) and the
organics were washed with saturated NaC! (50 mL) and dried over MgS0Os. Remowal of
20  the solvent in vacuo gave a crude solid. The solid was chromatographed {silica gel,
hexanesfEtOAc 4:1) to provide a solid which was stirred in a dioxane-HCl (4.0 M, 20 mL)
solution for 2 hrs followed by the addition of diethyt ether {100 mL}. The resulting
precipitate was coliected by fittration and dried under high vacuum yielding 365 mg

{1.07mmol, 63% yield) of compound C as a white solid.



(50 nmL) and ethyl acetate (300 nL) were added. Separatiogn of .the gﬁ gyl
acetate layer followed by drying over MJSO4 and re L ent in
vacuo yielded a soliid which was washed with ether and dried under high
vacuum yielding 926 ng (2.43 nmol, 81%yield) of conpound A as a white
solid. 10 "H NWR (ds-DvsO) 400 MHz S 12.2 (s(br), 1 H, 7.18 (d, 1 H J =
8.3 Hz), 3.94-3.89 (m 1H), 3.55-3.49 (m(br)" 2H), 3.35-3.30 (m 2H),
2.89-2.85 (m 1 H), 2.62-2.57 (m 1 H), 1.91- 1.42 (m 5H), 1.39 (s, 9H,
1.19 (d, 6H ppm B.
(25,45)-1-{(25)-2- Am no-3-[t- (i sopropyi 3] fonyl ) pi peri di n-3-yl ] propanoyl } -4
- 15 fluoropyrrolidine-2-carbonitrile hydrochloride. To dry DVF (25 nl) was
added conpound? AMR{de7B}S0)40@ MHz$$13p-9. 19450r). @), $39-§,53 4562 3HMHE (. thhd
N, N- di i sopropyl et hyl ami ne (0.80 niL, 4.62 mmlrlr% After stirring at RT for 30
m nutes (25, Z%8)bH#.594/8 Bl 3= BpHzbs-2E#a0 frelbd.om), 419t 388 (m, 2H), 3.58-3.46 (m,
4- met hyl benzenesul fonate (1 .0 g. 3.47 mmlz_l and addi ti onal
N, N-di i sopr opW)e?-ﬁ%rPéﬁi('ﬁe?(W-@:aé@« ), 2.74-263 fmal) 2.2%244 el dHH 2.0820.9THMs sol ut i on
was allowed to stir at RTl_&or 12 hr and then saturated sodi um bi carbonate
(110 ) was ABHERI-1FALnFHPRMe was extracted with ethyl acetate (2 X 100
m.) and thg organi cs were washed with saturated NaCl (50 nmi) and dried
over MgSO4” Renoval of the solvent in vacuo gave a crude solid. This solid
was chr omat ogEaghFd §Si lica gel, hexanes/EtOAc 4:1) to provide a solid
whi ch was sti a dioxane-HCI (4.0 M 20 nlL) 24 Decenber. 2005 152
solution for 2 firs followed by the addition of diethyl ether (100 nmL). The
resulting pregiRitate was collected by filtration and dried under high
vacuum yi el di n%%g (2.46 mol, 71 %yield) of conpound B as a white
solid. 1H NM R (de- O 400 Mz S 8.42-8.39 (s(br), 3H), 5.51 (d, 1 H J

J

=51 Hz), 5.06 g
NH,
HCI ‘s)\

o” o

(25,45)-1-{(25)-2-Amino-3-[1-(isopropylsul fonyl)piperidin-4-yl]propanoyl } -4-

fluoropyrrolidine-2-carbonitrilehydrochloride

10 A (25)-2-[(Tert-butoxycarbonyl}amino}-3-[1-(isopropylsulfonyl)piperidin-4-yl] propanoic
acid,
To an CHiCN (150 mt) solution of compound A from example 12 (1.0 g, 3.00 mmol} was
added triethylamine (1.52 g, 15 mmol} and isopropylsulfonyl chloride {513 mg, 3.6
mmol). After stirring for 6 hrs the acetonitrile was removed in vacuo and H20 (50 m1}

15  and ethyl acetate (300 mL} were added. Separation of the ethyl acetate layer followed
by drying over MgS0: and removal of the solvent in vacuo yielded a solid which was
washed with ether and dried under high vacuum yielding 860 mg {2.26 mmol, 75%

yield) of compound A as a white solid.



= 1 H)1
41-3.27 (nn(br), 4H), 3.09-3.02 (m 1 H, 2.98-2.80 cge 2.61
m 1 H, 1.77-1.63 (m 6H), 1.18 (m 8H ppm Exarrple 43 10 (25 45) 1-f
25) - 2- Ami no- 3- [ 1- (4- et hyl phenyl sul f onyl ) pi peri di n- 3-yl ] propanoyl | } - 4-

| uoropyrrolidine-2-carbonitrile hydrochloride A

25)-2-[(Tert-but oxycar bonyl ) am no] - 3-[ 1- (4- net hyl phenyl sul f onyl ) pi peri di n-
:3- 15 yl]propanoic acid To an CHaCN (150 mL) sol ution of compound A from
exanple 13 (1.0g, 3.00mvol) was added triethylamne (1.52 g,15 mmol) and

t ol uene sulfonyl chloride (686 ny, 3.6 ##bl). After stirring for 6 hrs the
acetonitrile wgs renmoved in vacuo and then HO (50 nl) and ethyl acetate
(300 ni) were ad&MR (dsSRSOIA00 dFLzGY 124{ebbiiHy 7. 156kt e ﬂlaetjzémzazadmt owed by
dryi ng over MyS04 and renpval of the solvent in vacuo yielded a solid 24
Decenber, 2005 115399395 dmbaatHbaida0 b, 11, 2629368 bm aAHK 2% 2. Vrlwet)R481 vacuum
yielding946 2.22 mol, 74%yield) of conpound A as a white solid. 'H
NMVR ( ds- DVSO) (WHiUS 9121&?l(rsq*t9r1)87 114B+(w;7H7 1631? (%, 8H). prg-082 . H)ppPpz) , 7. 41
(d, 21H, J = 8.2 Hz), 7.15 (d, 1 H J 83Hz)398391(m1|—|)
345341(m2H) 2.42 (s, 3H)"221 5220(m1H) 205 1.95 (m 1H),

8.8 Hz), 4.07-4.01 (s(br), 1), 3.98-3.84 (m 2H), 3 52-3 49

5
3.
(
(
f
(

1.87-1.45 (m l_Pﬁ%nég H, 1.21-1.08 (

(25, 45) - 1- ((525)3 335%h 12 Mmm-%&mmrmvéh%@bwe@ﬁwf Hipﬁ‘mﬂl‘@’ﬂ}n‘i‘s yI ] pr opano
yl }-4- fluoropyrrolidj 2-carbonitrile hydrochlorlde To a dry DVF (25 nl)
was added corrp%ﬁ?fapyﬂot' ner§- cgrbﬂwtréehafwewon fATU ( 1.90 g, 5.00

To dry DMF (25 mL) was added compound A (1.75 g, 4.62 mmol), HATU (1.76 g, 4.62
mmol} and N,N-diisopropylethylamine (0.80 mL, 4.62 mmol). After stirring at RT fior 30
minutes (2S, 45}-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesuifonate {1.0 g,

10 3.47 mmol} and additicnal N,N-diisopropylethylamine (0.60 mL, 3.47 mm'ol] were added.
This solution was allowed to stir at RT for 12 hr and then saturated sodium bicarbronate
(110 mL) was added. The mixture was extracted with ethyl acetate (2 X 100 ml} and the
organics were washed with saturated NaCl {50 mL) and dried over MgSOs. Removal of
the solvent in vacuo gave a crude solid. The solid was chromatographed (silica get,

15  hexanes/EtDAc 4:1) to provide a solid which was stirred in 2 dioxane-HCl {4.0 M, 20 ml)
solution for 2 hrs followed by the addition of diethy! ether (100 mL). The precipitate was
collected by filtration and dried under high vacuum yielding 969 mg (2.35 mmo, 68 %
yield) of compound B as a white solid..

'H NMR (de-DMSO0) 400 MHz & 8.51-8.44 (s(br), 3H), 5.15 (d, 1H, J= 51 Hz), 5.06 (d, 1H, J

20 =88 Hz), 4.04-4.01 (s(br), 1H), 3.96-3.84 (m, 2H), 3.72-3.61 [m, 2H), 3.51-3.37 (m(br),

2H), 3.35-3.27 (m, 1H), 2.79-2.76 (m, 2H), 1.82-1.69 (m, 5H), 1.17 (m, 8H) ppm.



10 mmol ) and N, N-di i sopropyl et hyl am ne (0.87 ni, 5.2% %I “eAféQ()ssti rring
at RT for 30 mnutes (2S, 4S)-4-fluoro-2-pyrrolidi

4- et hyl benzenesul fonate (1.1 g, 3.75 nmol) and additi onal

N, N- di i sopropyl et hyl am ne (0.65 nL, 3.75 mmol) were added. This solution
was allowed to stir at RT for a total of 12 hr and then saturated sodlium
bi carbonate (110 nQ was added. The m xture was extracted wth ethyl acetate
(;2 X 100 15 nL) and the organics were washed with saturated NaCd (50 nlL)
and dried over MgpSO4 and concentrated to dryness to give a crude solid.
The solid was chromat ographed (silical4yel, hexanes/EtOAc 4:1) to provide a
solid which was stirred in a dioxane-HCl (4.0 M 20 nl) solution for 2 hrs
foll owed by the addition of diethyl ether (100 mL). The resulting
precipitate was collected by filtration and dried under high vacuum
yielding 1. Erampl¢2155 20 nmmol, 51 Sb yield) of conpound B as a white
solid.. "H NWR (d6-DvsO) 400 MHz 8 8.50-8.43 (s(br), 3H), 7.61 (d, 2H, J=
7.9 Hz), 7.48 (d, 2H, J = 7.9 Hz), 5.51 (d, | H J= 51 Hz), 5.07 (d, 1 H,
J = 8.8 Hz) én4.01 (brm 1 H, 3.91-3.83 (m 1H), 3.48-3.40 (m 2H),
3.17-3.05 (m "2H), 2.57-2.51 (m IH), 2.38 (s, 3H), 1.84-1.23 (m 8H),
1.07-1. 05 (= 24 Decenber. 2005 154 Exanple 44

(25,4S)-1-[(2S)m2- né? 3-(1-benzot hi en- 3-yl ) propanoyl ] - 4-fl uoropyrrolidine

-2,- 5 carbonitrile h,y | oride A

(2S,4S)-1-[(25)-2- Am no - benzot hi en- 3-yl ) propanoyl ] - 4-fl uoropyrrolidine
-2- carbonitrile hydrochloride. To dry DVE (25 rrL) was added

(25) - 3- (1- bersa ¢ _3_%.,)0_2.{ 4Rk heth peridih ppdytpenoi ¢ aci d

(1.92 g, 6.0
5 ﬂuoropvrrol|dme-2-carh0n|trlle hydrochlonde

A (25)-2-[[Tcrt-butoxycarbonyl)am_ino]—3—[‘| -(4-methylphenylsulfonyl)piperidin~4-
ylpropanoic acid.
To a CH:CN (150 mL) solution of compound A from example 12 (1.0 g, 3.00 mmol) was
added triethylamine (1.52 g, 15 mmol) and toluenesulfonyl chloride (686 mg, 3.6 mmol).
10  After stirring for 6 hrs the acetonitrile was removed in vocuo and H:0 (50 ml) and ethyl
acetate (300 mL) were added. Separation of the ethyl acetate layer followed by drying
over MgS0s and removal of the solvent in vacuo yielded a solid which was washed with
ether and dried under high vacuum yielding 1.09 g (2.56 mmol, 85% yield) of compound
A as a white solid.
15 'H NMR {de-DMS0) 400 MHz 5 12.4 (s(br), 1H), 7.61 (d, 2H, /= 8.2 Hz), 7.42 (d, 2H, /=
8.2 Hz), 7.13 {d, 1H. J= 8.3 Hz}, 4.27-4.21 (m, 1H), 3.98-3.95 {m, 1H), 3.58-3.52 (m, 1H),
2.98-2.91 (m, 1H), 2.42 (5, 3H), 2.21-2.20 (m, 1H), 1.81-1.50 {m, €H), 1.39 {5, 9H), 1.21-

1.08 (m, 1H) ppm.

20 B. {25.45]-1-{[25-2-Amin0—3—[1-(4-methylphenylsulfonyl]piperid'm—4~yl]proparnoyl}-d,-

fluoropyrrolidine-2-carbonitrile hydrochloride.




10 N, N-diisopropylethylamine (1.05 nL, 6.0 mmol ). After stirrjin for
30 min (25, 4S) 4-fluoro-2-pyrrolidinecarbonitrile 4-Mwate
(1.31 g, 4.5 mol) and additional N, N-diisopropylethylamne (0.78 m, 4.5
mol ) were added. This solution was allowed to stir at RT for 12 hr and

t hen saturated sodi um bi carbonate (110 m-) was added. The m xture was
extracted with ethyl acetate (2 X 100 ml-) and the organiics were 15 washed
with saturated NaCl (50 nlL), dried over MgpSO4 and concentrated to dryness
to give a crude solid. The solid was chromat ographed (silica gel,

hexanes/ Et OAc 4:13 to provide a solid wh#&h was stirred in a di oxane-HCl
(4.0 M 20 nm.) _solution for 2 hrs followed by the addition of diethyl

et her (100 mi) TO'#Hé)Mfr é%mbhwaaﬁ@iedvatynmmé&ww B mnfol)| HATH(3.9hg. 0@ dri ed
under hi gh vacuum y| eI di ng %2 84 muol, 63 Wa %{(I el d) of 20 conpound A

as a white sol fgnoliand Bé\b@ﬁ%?pvle mines(§.87 miy 5\vmnglH A Fenwideng aORY kR0 S
2H), 7.45-7.36 (m 3H), 5.21 (d, 1 H,

870861(s(bf? I—%%OSSOO
J= 51 Hz) '("aes Se fip %ﬂ%r%*?s’m')dmeaarwwleZemctmlbmzqqysulfgnarqﬁ(wd ii H,
J= 41.1, 12.3, .55-3. 51 1 H, 3.30-3.24 (m 1H), 2.73 (q, 1
H J=12.1 Hz)375 Q'm'g»g an@ |0(1ﬁI]N wsoB@ﬁyletgylmaMﬂeémgk@nmoD were added.
(2S,45)-1- {% @m no- 3- met h %&1 (trifluoronethyl)phenyl]butanoyl}-4-
f1 uoropyrro |d|'H%so UB%FVB%?{’PY“Fq °ét"h%f SEHR b prefihen satyrate sodlum bicarbonate

A. 2- Met hyl - Iuor hyI henyl ) propanal . To a tol uene solution (90
m.) cont ai ni ngﬂéﬁrﬁ’ﬁ‘ \Vane aﬂ‘?e[dART(et'P' ‘BTWG I“)'ﬁbﬁéwwcfta’fﬂ {2 X 100 mL) @and the

organics were washed with saturated NaCi (50 mL} and dried over MgSQ.. Removal of
the solvent jn vacuo gave a crude solid that was chromatographed (silica gel,
hexanes/FtOAc 4:1) to provide a solid which was stirred in a dioxane-HCl (4.0 M, 20 mL)
10 solution for 2 his followed by the addition of diethyl ether (100 mL). The resulting
precipitate was collected by filtration and dried under high vacuum yielding 1.10: g (2.4
mmol, 64 % yield) of compound B as a white solid.
'H NMR (ds-DMSO0) 400 MHz & 8.21-8.05 (s(br), 3H), 7.60 (d, 2H, J= 7.9 Hz), 7.43 (d, 2H,
J=7.9 Hz}, 3.91-3.88 (m, 2H), 3.07-2.99 {m, 1H), 2.43 (s, 3H), 2.09-2.03 (m, 1H), 1.94-

15 1.29 (m, 8H), 1.12-1.02 (m, 1H) ppm.

Example 42
F
E&\N
" % 0}‘8’8(
NH,
Hel

{25.45)-1-{(25)-2-Amino-3-[1-{isopropylsulfonyl)piperidin-3-yllpropanoyl } -4-

20 ﬂuoropyrrolidinc—é-—carbonitrile hydrochloride




propanenitrile (see: J. Am Chem Soc. 2000, 122, 712, on, S. . for
the preparation of this conmpound) (5.54 g, 26.0 m"ml)2 was
added 26.0 nL of a 1.5 M toluene solution of DIBAL (39.0 nmol). The
resulting solution stirred at -78 '"C for 2.5 hr 15 at which tine it was
guenched with an aqueous THF solution (105 nL/20 nL) containing sodium
acetate (6.6 g) and acetic acid (6.6 m.). After 5 mn the cold bath was
renoved and stirring continued for 20 mn at RT when celite and Et 20 were
added. Upon stirring an additional 30 mn, the heterogeneous solution was
filtered through a bed of celite. The cHllite was rinsed thoroughly with
EbO and then the aqueous | ayer separatedl. The 20 organics were washed with
H: O dried (l\/gécﬁﬂ"?aﬁtffﬂ-mowmrb@wﬂamreq}ﬁv[édlsqmonva@lfrmyliﬁmdma flsowpatise , 2005
156 residual oil was purified via colum chronmat ography (5%t OAc/ hexanes)
yi el ding 4.22 @C'd(lg 5 rrrml 75% yi el d) of conpound A as a clear oil. 'H
NVMR (CDCl 3) 400 MHz H, 7.63 (d, 2H, J= 8.2 Hz), 7.39 (d, 2H,
J=8.2 Hz), 1l93C 'ﬂ=§N (@H)mlﬂ)m'tl@ cpmpand\Aifran-c3ame (1.0, B.20 (ntnpl)Mas
uor onet hyl ) ph e L butanen itri le. To a MeCH sol utlon%glo m .) containing
conpound” A (1 Sdly o riefhylaming 359 ovkbanmeiling isopropylsulfenybehl @id o4 5NBungH-- GHzo (6 n)
and pot aSSI étgppg@ (592 ng, 9.09 m"rDIP. To this solution was added
anmoni um ch orP1 - AftenStirgng @rﬁérWﬁﬂFe)tO"&f‘eP{'Fs repyoyesyin yaqyp afchiven wlded i@ i on was
heated to 70 C for. 6 hr ooling, the reaction was diluted with Et OAc
and t hen washePOfH #dethy! Ngﬁéﬁ(éﬂ%ﬁ@ Wasaddoss Separdiedioh hesHwt askigsdaYet he
sol vent was re I,n._vacuo dt resi due ur Ified via colum
chr omat ogr aphy Otréf (‘f/jﬂ’é"ﬁ?eﬂ’(gr Mg%@ Q‘{I'fm9Yaé?fdP%i§’VE“th vecupieliod 3508l 7200
yield) of COW\QHH’I was'washed with ether and dried under high vacuum yielding 926 mg (2.43 mmol,
81% yield} of compound A as a white solid.
10 'H NMR (ds-DMSO} 400 MHz § 12.2 (s(br), 1H), 7.18 {d, 1H, /= 8.3 Hz), 3.94-3.89 (m,
1H), 3.55-3.49 {m(br),, 2H), 3.35-3.30 {m, 2H), 2.89-2.85 (m, 1H), 2.62-2.57 (m, 1H]}, 1.91-

1.42 (m, 5H), 1.39 (s, 9H), 1.19 (d, 6H) ppm.

B. (2545)-1-{(29)-2-Amino-3-[1-{isopropylsulfonyl)piperidin-3-yl]propanoyl}-4—
15  fluoropyrrolidine-2-carbonitrile hydrochloride.
To dry DMF {25 mL) was added compound A (1.75g, 4.62 mmol), HATU {1.76 g, 4.62
mmol} and N,N-diisopropylethylamine (0.80 mL, 4,62 mmol). After stirring at RT fior 30
minutes (2S, 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.0 g,
3.47 mmol) and additional N,N-diisopropylethylamine (0.60 mL, 3.47 mmol) were added.
20 This solution was allowed to stir at RT for 12 hr and then saturated sodium b‘icarbona;ce
(110 mL) was added. The mixture was extracted with ethyl acetate (2 X 100 mL) and the
organics were washed with saturated NaCl (50 miL) and dried over MgS0s. Remowal of
the solvent in vacuo gave a crude solid. This solid was chromatographed (silica gel,

hexanes/EtOAc 4:1) to provide a solid which was stirred in a dioxane-HCl (4.0 M, 20 mL)



"H NWR (CDCla) 400 MHz 8 7.63 (d, 2H, J. 8.4 Hz), 7.55 (d, 2H J =85 Hz),
3.80 (t,2 H J 15 =7.9 Hz), 1.56 (s, 3H), 1.53 (s, Decembe , 2H,
J =6.9 HZ) ppm C 2-Am no-3-nethyl-3-[4-(trifluoronethyl)phenyl]butanoic
acid hydrochloride. To a flask containing conpound B (2.96 g. 12.2 nmol)
was added 10 nlL of acetic acid followed by 60 nL of concentrated HClI. The
solution was then heated to reflux 20 overni ght and upon cooling the bul k
of the solvent was renoved in vacua. The resulting white solid was
triterated with an Et20/hexanes (2:1) slol ution and collected via vacuum
filtration. After punping on under high Yacuum 3. 13 g (10.5 mmol, 86%
yield) of co un was ,obt.ained as a white solid. 24 Decenber, 2005 157
"H NMR (d4- Me "’Hg‘lf%l\ﬂ%%!i"wﬁ.dg@?he 29diggn ?frﬂ'ﬂh!ﬂﬁt,he&ﬂ%%m'(%s?‘e wsHtng 57 (s, 3H),
1.53; (s, 3H D. 2- ri.- byt oxycar bonyl )am i no] -3-nmet hyl -3-[4-(trill
uor onet hyI)ph%rﬁgﬁgt%wfﬁcﬁufi[“%}gy!ﬁgraﬁ?ﬂ d éﬁdb'é“ i%ﬂ W@”'{'Lﬁdﬂ'ﬁ/i-'ébg(? m.)

sol ution contgi,nin aund .C (3.0 10.2 rnpnol) was added 12.8 nL of a
2.0 M NaCH so ﬁ‘?imonﬁoi'(clggp‘ggmF‘)’"("?"(')'P‘Fr’gaﬁ%ﬂw%;)?SB{IJ-?t-butyI di carbonate (3.13
g, 14.4 mol), . LUt N erni.gh tg{{}' h_ti jt  was
poured into sﬁ@%ﬁh@g\k&ﬁggﬁ"ﬁﬂ&QE%ﬁ' 5[546(94'—15"2%51 L%'Dﬁ/h%qala}shed W th
sat 10 Na 3 h queous | ayers conbined. After acidjfication
wih 1.0 M opiel AP Red ST B e Bua 6 A5 ol S AR Blteler ar i ng
over MgSH th ol v empved, |,h.vacuo yielding 3.58 (9.,92 mmol,
o706 yieta) of PonBEimD D2 SRR e Rt ol Rhie (sbimy ool § 7. 57

(d, 2H J= 8. 2.k}, 7.49 (d, 2H, J= 8.3 Hz), 4.99 (d(br),

Example 43

F
b\;\N
07y 0%9
N, \Q\

10 HC

(25,45)-1-{{25)-2-Amino-3-[1-(4-methyiphenylsulfonyl)piperidin-3-vyllpropanoyll } -4-

fluoropyrrolidine-2-carbonitrile hydrochloride

A. (28)-2-[(Tert-butoxycarbonyl)amino]-3-[1-(4-methylphenylsulfonyl)piperidin-3-

15  yllpropanoic acid
To an CH:CN (150 mL) solution of compound A from example 13 (1.09, 3.00mmol) was
added triethylamine {1.52 g, 15 mmol) and toluene sulfonyl chioride (686 mg, 3.6
mmol). After stirring for 6 hrs the acetonitrile was removed in vacuo and then Hz0 (50
ml) and ethy! acetate (300 mL} were added. Separation of the ethyl acetate layer

20  followed by drying over MgSOs and removal of the solvent in vacuo yielded a solid



15 1 H J= 9.2 Hz), 4.63 (d(br), 1 H J. 9.3 Hz), 1.45 (s, 3 1. s,
3H), 1.36 (s, 9H) ppm E. Tert-butyl 2£Decel;gber_._g%%é
(1S)-1-{[(25,4S)-2-cyano-4-fluoropyrrolidin-I-yl]carbonyl}-2-nmnethyl-2-
{4-(trifluoronethyl)phenyl]propylca rbanate. To a DVMF solution (45 nL)

cont ai ning conpound D (2.0 g, 5.54 mmol) was added N, N- 20

di i sopropyl ethylamne (788 ng, 6.09 mml) followed by HATU (2.21 g, 5.82
mml) at RT. The resul‘ting solution stirred for 30 min at which tine a DV
solution (27 nL) containing (2S,4S)-4-fluoro-2-pyrrolidinecarbonitrile

4- net hyl benzenesul fonate (1.66 g, 5.82 mh) and N, N-di i sopropyl et hyl am ne
(752 ng, 5.82 %L&% vvasagldded. After stirring overnight the solution was
diluted with Et Affa Wearheth wih giherandidisd undyr highaecuupvyightiag9§ear, (228 mnol5 8
NaHCO2 and 1.0 :yl@Cl A,Fter dryi ng over MgSO4 t he sol vent was renoved in
vacua and the re&VRAAPT PIPRUNSA asAhitesdid vi a col um chr omat ogr aphy

(hexanes/ Et OAc/ (5:4:1)). Alow R material (610 , 1.37 mmol ) was
obt ai ned whi ch %@ﬁﬁ%ﬁr'ﬁ@?@ @%éi%r@rﬂ-wl: 7.6 HdNNR! =8 FrL%’f}r (§s2H35 ny of a
high Rr materi al %Lch ﬁjont ai ned desired produict, but 5 was contai m nated
with another cofBéthd:!S PndH /e 8-3z)3dBe91dm. tH)rIrsd3-Hllm, 21, B2 .13H). 2.21-
(S)-di ast eregner [tehin vitro testing. Low Rfdiastereoner: 'H NVR (CDCl 3)
400 Mt S 7. 85 2280 lfﬁm°521rfb5,(m-7‘-!f§g-31"1ﬂ5515" BHh 14245, 9HE 1.25-108 {m 1H} ppo=_ 9. 9
Hz), 5.06 (dt, 1 H J =51.1, 3.3 Hz), 4.85 (d, 1 H J- 9.4 Hz), 4.34 (d,
11-1, J= 9.9 Hz)I, 3.55 10 (ddd, 1H, J = 3.4, 12.1, 36.2 Hz), 2.70 (dd,
114, J = 12.3, .53

(s, 3H), 1.51 (%-,7(2 ﬁgz{piﬁﬁg@‘lgg 1-(gbﬁlﬁytp%gﬁyﬁuIlfgn)\ll)pipe%idiel:?S-\glmromeclx_Pl}-4—1
(2S,4S)-1-{(2S) z2- Am no= 3- et hyl.- 3-[ 4- (,;tr f | uor onet hyl ) phenyl ] but anoyl } - 4-
f1 uor opyrrolidi ﬂ%qr%yﬁrgpdb@ﬁ%rwr@t”%ﬁirS((:Iﬁ?rE'F'i de.

To a dry DMF (25 mL} was added compound A {2.13 g, 5.0 mmol), HATU ( 1.90 g, 5.00

10 mmoel) and N,N-diisopropylethylamine (0.87 mL, 5.0 mmol). After stirring at RT for 30
minutes (25, 45)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.1 g,
3.75 mmol) and additional N,N-diisopropylethylamine (0.65 mL, 3.75 mmoi) were: added.
This solution was allowed to stir at RT for a total of 12 hr and then saturated sodiium
bicarbonate (110 mL) was added. The mixture was extracted with ethyl acetate (2 X 100

15 ml} and the organics were washed with saturated NaCl (50 mb) and dried over MigSQO«
and concentrated to dryness to give a crude solid. The solid was chromatographed (silica
gel, hexanes/EtOAc 4.:1] to provide a solid which was stirred in a dioxane-HCi (4.0 M, 20
mL) solution for 2 hrs followed by the addition of diethyl ether (100 mL). The resulting
precipitate was collected by filtration and dried under high vacuum yielding 1.17 g {2.55

20 mmol, 51 % yield) of compound B as a white solid..
'H NMR (ds-DMSO) 400 MHz & 8.50-8.43 (s{or), 3H), 7.61 (d, 2H, J= 7.9 Hz), 7.43 (d, 2H,
J =79 Hz}, 551 (d, 1H, J= 51 Hz), 5.07 (d, 1H, J = 8.8 Hz), 407-4.01 (brm, 1H), 3.91-3.83

(m, 1H), 3.48-3.40 {m, 2H), 3.17-3.05 (m, 2H], 2.57-2.51 {m, 1H), 2.38 (5, 3H), 1.84-1.23

(m, 8H), 1.07-1.05 (m, 1H) ppm.




15 To a CH2Cl1 2 solution (10 nmL) containing conpound EE 643 ob A mol ,
low Rr isomer) was added TFA (1.65 g, 14.4 nmol) ce an
additional 5 eq of TFA was added and after a total of 2 hr the solvent was
renoved in vacuo and the residual oil dissolved in 5 nL of dioxane. To
this solution was added 10 nL of a 4.0 M dioxane solution of HCl. The

sol vent was renoved in vacuo followed by the addition of CH2Cl 2 and EbO.
This 20 process was repeated 3X until a consistent solid fornmed. The solid
was collected wia vacuumfiltration yielding 406 ng (1.03 nmol, 72%yi el d)
of conpound F. 'H NWR (d4-MeOH) 400 MHA4S 7.74 - 7.66 (m 4H), 5.13 (d(br),
1H J=51.3 H), 4.97 (d, 1H J=9.3H), 425 (s, 1 H, 3.52(m 1 H,
2.74 (dd, 1 H J =22.0, 11.9 Hz), 2.47 - 2.22 (m 2H), 1.67 Is, 3H), 1.60
(s, 3H) ppm 24 Decenber. 2005 159 Exanple 46 (3R)-3-Am no-4-[(2S,4S

- 2- cyano- 4- f Bampleddr r ol i di n- 1- yl ] - 2- net hyl - 4- oxobut ane-2- sulfonic acid 5
A (4R -2,2,5,5-Tetranet hyl -1, 3-t hi azol i di ne-4-carboxylic acid. To a .
suspensi on of Leni ci | | ami ne (0.300 g, 2.01 mol) in methanol (2 mL) was
added acetone (4??55@54.5 mol ). The sol ution becone clear and was stirred
for,ca. 3 hours t &fw whi it becane cloudy again. The sol ution was
concentrated t8“aftord 0.377 g of conpound A as a white solid (99%
yield)." 10" (dc-DVMSO) 400 MHz 5 3.74 (s, 1 H, 2.48 (m 2H), 1.54
(m 6H, 1. s, 3H, 1.18 (s, 3H ppm B.

(25,45)-4-Flu | -{[(4R)-2, 2,5, 5-tetranet hyl -1, 3-thi azol i di n-4-yl) car bonyi
} pyrrolid i 2-ca rbon itrile.

{25,45)-1-[{25)-2-Amino-3-(1-benzothien-3-vl)propanoyl]-4-Auoropyrrolidine-2.-

5  carbonitrile hydrochloride

A. {25.45)-1-[(25)-2-Amino-3-(1-benzothien-3-yl)propanoyl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride.
To dry DMF (25 mL} was added (25)-3-{1-benzothien-3-yl)-2-[(tert-
butoxycarbonyl}aminolpropanoic acid (1.92 g, 6.0 mmol), HATU (2.28 g, 6.0 mmol) and
10 N,N-diisopropylethylamine (1.05 mL, 6.0 mmol). After stirring at RT for 30 min (25, 45)-
4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.31 g, 4.5 mmol) :and
" additional N,N-diisopropylethylamine (0.78 mL, 4.5 mmol} were added. This solution was
allowed to stir at RT for 12 hr and then saturated sodium bicarbonate (110 mi) was
added. The mixture was extracted with ethyl acetate (2 X 100 ml) and the organiics were
15  washed with saturated NaCl (50 mlL), dried over MgS0s and concentrated to dryness to
give a crude solid. The solid was chromatographed [silica gel, hexanes/EtOAc 4:1)) to
provide a solid which was stirred in a dioxane-HCl (4.0 M, 20 mL) solution for 2 hirs
followed by the addition of diethyl ether (100 mL). The precipitate was collected by
filtration and dried under high vacuum yielding 1.0 g (2.84 mmol, 63 % yield) of

20 compound A as a white solid.




15 A solution of conmpound A (0.256 g, 1.35 mmol),
(2S,4S)-4-fluoropyrrolidine-2- carbonitrile tosyl atmﬂi&b@—%@ nol ) ,
1- hydr oxybenzotri azol e hydrate (0.182 g, 1.35 mmol) and
N, N - di cycl ohexyl carbodiimde (0.279 g. 1.35 muvl) and N, N
di i sopropyl ethylam ne (0.280 nL, 1.63 nmmmol) in tetrahydrofuran (13 m) was
stirred for ca. 48 hours and then concentrated. The residue was taken up
with ethyl acetate and 20 filtered. The filtrate was washed w th aqgueous
NaHCO3 and brine. The organic | ayer was 24 Decenber, 2005 160 dried over
My504 and concentrated. The crude mxtléﬁe was chromat ographed on silica
gel (5% IVEO—J/ 95% CHCI to afford 0.171 of conpound B as a white solid
(44! myiel d)H 'Vts) mmaamams(bg BH) ARD5C8I00 92074736 (M) | 5.02 (m
1 4.05-3.85 (m m 1 2.42 1 1.54 (m 5 1. 47
(SH) 3H), 2‘&4].(532(1 (Q.Hﬁ MHZQ;S@ fd H,J/= l_:la)e Hz],423-4(20(m :_12) 3.71 (ddd, 1(.H J= v
(2S,49)-1- [(2R) - Am no- 3- ner capt o- 3- net hyl but anoyl | - 4-f1 uor opyrroli di ne- 2-
carboni tril t41HyEHf%éP¥I Hgh 3 h6-3- Effémva"‘%@ﬁlﬁt?q BrimotH) cotdad o/ -813.DHA4B3Yy,
0.501" mmol ) in 50%v v waterf neithanol (20 nQ was added 1.0 N HCl (0.550
nL, 0.550 mﬂﬂ")m ISPl uti on was mi xed at ca. 500 10 mbar at ca. 35 C for
ca. 1 hour. The solution was concentrated, taken up with tetrahydrofuran,
dried over MJSO4 and concentrated again to afford 0.163 g of conmpound C as
an off-white solid (100%yield). '"H NWR (de-DvsO 400 MHz S 8.61 (s, 1 H),
5.54 (d, J—%ﬂﬂﬁ—llllS.OS (d, J =9 Hz, 1 H, 4.28-3.89 (m 4H), 2.47
(m DVSO overlap, 1 H, 1.74 (m 3H), 1.43 (m 64), 1.33 15 (s, 3H) ppm
D.
Tert-butyl -( tN{[ (2S, 4S) - 2-cyano-4-fl uoropyrrolidin-1-yl]carbonyl}-2-ner
rcapt o-

O

N
He CF,

(25,45)-1-{(25)-2-Amino-3-methyl-3-[4-(trifluoromethyl)phenyl]butanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride .

10 A.2-Methyl-2-[4-(trifluoromethyl)phenyi]propanal.
To a toluene solution (90 mL) containing 2methyl-2-{4-{trifluoromethyl)phenyl]
propanenitrile (see: J, Am. Chem. Soc. 2000, 722, 712, Caron, S. et al. for the preparation
of this compound) (5.54 g, 26.0 mmol) cooled to -78 °C was added 26.0 mLofa 1.5 M
toluene solution of DIBAL (39.0 mmol). The resulting solution stirred at -78 °C for 2.5 hr

15  atwhich time it was quenched with an aqueous THF solution (105 mL/20 mL) containing
sodium acetate (6.6 g} and acetic acid (6.6 mL). After 5 min the cold bath was removed
and stirring continued for 20 min at RT when celite and Et20 were added. Upon stirring
an additional 30 min, the heterogeneous salution was filtered through a bed of celite.
The celite was rinsed thoroughly with Et:0 and then the aqueous layer separatedl. The

20  organics were washed with Hz0, dried (MgS04) and the solvent removed in vacuo. The



2- met hyi propyl carbamate. To a sol ution of conpound C (Q.141 g, 0.501 mmol)
and N, N 20 dii sopropyl et hylam ne (0.090 nL, 0.526 mol 4 hane
(3 nL) was added di- (tert-butyl)-dicarbonate (0.120 g, 0.551 nmol)

foll owed by additional N, N- diisopropylethylamne (0.100 nm., 0.584 mmmol).
The solution was stirred for ca. 2 hours and then concentrated. The crude
m xture was chromat ographed on silica gel 24 Decenber, 2005 161

(29%ve0OH 98% CHCI 2) to afford 0.088 g of conpound D as an oil which
crystallized into a white solid (51%yield). 'H NWR (do-DVSO 400 MHz 8

6.99 (d, J- 9 Hz, 1 H, 5.53 (d, J=51 H& 1 H, 4.97 (d, J=7 Hz, 1 H),
4.37-3.74 (m 3H), 2.95 (s, 1 H, 2240 (m 1 H, 1.35 (m 15H ppm 5
E. (3R) - 3- Ani nosidyaf gligvasgyrifledyeaobimb-chiomaton myhy GHELDAafhkxaybs) vieding by - 4- oxobu
itane-2- sulfopic acid. To a solution of conpound D (4.412 g, 12.8 mml) in
met hanol (18 {195 sl 76 risie) eOssmaguredes akigairaligen per oxi de (5.9 nL). The
solution was stirred for ca. 30 10 hours, concentrated, |yophilized and
dried over P20Y NMR [ERCIAGOTMHa 6 94 (4 Hist63U@ 2Hol 8.2 HEhR3TTHe S ABXtHI), € wWas
taken up with a 20% net hanol / 80% chl orof ornf acetic acid solution and a
sol i d precipi t'4%d#@3Hmpe. suspensi on was filtered to afford 0.607 g of
conpound E as a pink solid (16%ield). 'H NWR (d6-DvsO 400 MHz 8 8.12 (s,
3H), 5.50 (d, J= 50 Hz, 1H). 5.07 (d,. 9 Hz, 1 H), 15 4.27-3.30 (m 6H),
2.30 (m DVSO overlap, 1H, 1.26 (s, 3H, 1.15 (s, 3H ppm BIO.OG CAL DATA

B. 2-Amino-3-methyl-3-[4-(trifluoromethyl)phenyi]butanenitrile.

To a MeQH solution (10 mL) containing compound A (1.87 g, 8.66 mmol) was addled 1.2

mL of 30% NH4OH, H20 (6 mL) and potassium cyanide {592 mg, 9.09 mmol). To this

solution was added ammonium chloride (510 mg, 9.53 mmol} at RT. After 1 hr the

10 solution was heated to 70 °C for 6 hr. Upon cooling, the reaction was diluted with EtOAc

and then washed with sat. NaHCOs and Hz0, After drying over MgS0« the solvent was

removed in vacuo and the residue purified via column chromatography (EtOAc/hexanes

(3:2)) yielding 1.52 g (6.27 mmol, 72% yield) of compound B.

'H NMR (CDCl2) 400 MHz 5 7.63 (d, 2H, J = 8.4 Hz), 7.55 (d, 2H, J = 8.5 Hz), 3.80 {t, 1H, J

15 =79 Hz), 1.56 (s, 3H), 1.53 (s, 3H),-1.40 (d(br), 2H, J = 6.9 Hz} ppm.

C. 2-Amino-3-methyl-3-[4-(trifluoromethyl)phenyl]butanoic acid hydrochloride.
To a flask containing compound B (2.96 g, 12.2 mmol) was added 10 mL of acetic acid
followed by 60 mL of concentrated HC), The solution was then heated to reflux

20  overnight and upon cooling the bulk of the solvent was removed in vacuo. The resulting
white solid was triterated with an Et:Ofhexanes {2:1) solution and collected via vacuum
filtration. After pumping on under high vacuum 3.13 g (10.5 mmol, 86% yield) off

compound C was obtained as a white solid.




Materials: H Al a-Pro-pNAHCI was purchased from BACHEM Bi osci ence | nc.
(product no. L 20 1115). A 500 nmM stock sol ution was2 : S

di met hyl sul f oxi de and stored at -20 C. A y-Pro- AMC was purchased from
Enzyme System Products (product no. AMC-39) and stored at -20 C as a 10 nM
stock solution in dinmethylsul foxide. Test conpounds were dissolved to 10
nmM i n di methyl sul foxide and this was used as a stock solution for DPP-1V
titration assays. Athens Research and Technol ogy, Inc prepared the purified
24 Decenber, 2005 162 human DPP-1V. The material was isolated from human
prostasones using the nmethod of DeMeestist et al., J. Imunol. Methods 189,
99-105. (1996). DPP-1V Assay: Two-fold serial dilutions of test conpounds
in 100 % di methyiMBUH+MOH)c00EHES 789 parsBon, el 4i38 (DfH)ves7 (s, pR), Y83 Yo se fl at
bottom pl ates (Costar, #9017). The average enzymatic activity fromwells
cont ai ni ng di wewhyl sul f oxi de but |acking test conpound was used as a
control value for calculating percent inhibition. DPP-1V (20 ng/nL,) was
mxed in mcrotiter plates with test compounds, substrate and assay buffer
to yield 100 MH A a-Pro-pNAHCI in 25 mM Tris, pH 7.5, 10 nMKCl, 140 niM
Nad . The i nt Red-[(iant-pusprycateonyliamiadl3smethp- 1[4 frofplormetiaNpHendBuwhbieh, when
hydrol yzed by DPP-1V, releases the absorbant p-nitrophenylaniline. The
absorbencysvvaéc“imnitored in 20 mnutes intervals at a wavel ength of 387 nm
usi ng a Mol ecul ar, Devi ces_SpectraMax 250 absorbency plate reader. The
enzymatic act 194 ¢igxane GOmi/B0r7 mabisolyyiow sanitaisiog cogpoirel GESS 9) It2emdlit to t he
data. Values for enzymatic activity were taken directly fromthe linear fit
det er mi ned byWaspgded, -%‘f?f\ﬁa?#b'“c&hoﬁﬁ@uﬁﬂndﬂeﬁ meald étlowed by di-t-butyl

dicarbonate (3.13 g, 14.4 mmol) at RT. The solution stirred overnight at which time it

was poured into sat. NaHCOa and washed with Et20. The Et:Q layer was washed with sat.
10 NaHCOs and then the agueous layers combined. After acidification with 1.0 M HCl the

organics were extracted with EtOAc (2X). After drying over MgSO4 thé solvent was

removed in vacuo yielding 3.58 g (9.92 mmol, 97% yield) of compound D as a white

solid.

'H NMR (CDCls) 400 MHz  7.57 (d, 2H, J = 8.2 Hz), 7.49 (d, 2H, / = 8.3 Hz), 4.99 {d(br),

15 1H,J=19.2 Hz), 463 (d(br}, 1H, J= 9.3 Hz), 145 (s, 3H), 1.44 (s, 3H), 1.36 (s, 9H) ppm.

E. Tert-butyl (15)-1-{[(25,45)-2-cyano-4-fluoropyrrolidin- 1-yllcarbony! }-2-methyl-2-

{4-{trifluoromethyl)phenyi] propylcarbamate.

To a DMF solution (45 mL) containing compound D (2.0 g, 5.54 mmol) was added N,N-
20  diisopropylethylamine (788 mg, 6.09 mmol) followed by HATU {2.21 g, 5.82 mmol) at RT.

The resuiting solution stirred for 30 min at which time a bMF solution (27 mlL)

containing (25,4S)-4-fluoro-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (1.66 g,

5.82 mmol) and N,N-diisopropylethylamine (752 mg, 5.82 mmol) was added. After

stirring overnight the solution was diluted with EtOAc and washed with Hz0 (3X), sat.



Data Anal ysis: The enzymatic activity was determ ned by estimting the best
linear fit to the data. Data reduction -was perforned c € of t
Excel RoboSage. Determ nation of |1Cso values: The enzymatic activity was
pl otted agai nst the 20 concentration of test conpound, including [I] = O,
and the I Csodetermned froma fit of equation 2 to the data. RATE - Vm ./
(1 + ([I']I 1Cso )) (2) Vm was the best fit estimate of the nmaxi nal
enzymatic activity. 24 Decenber, 2005 163 Determ nation of Ki values: Ki

val ues were cal cul at ed from I Cso val ues using equation 3 assumng a
conpetitive nodel. KJ = *[i - S] 18+K) (3) The apparent pKi val ues

were > 5.0 for (51 of the exarrpl es. 5 DPP-11 Assay: The internediate plate
contai ned 5.3 Elalg(? 2B {.0 MHHEI AftR1 diying 2ver MadOetbe sabent vetis kamidvern vagriaas t he

pl ate. A vol u .@09 L of buf f er flOO mM sodi um acetate pH 5.5)

cont ai ni ng sub al(q“\f %}sﬂuﬂf el iaalupchromatagepby (hevanest Bt QAR CIBH: BV

Bi osci ence 10 ded to each well of the internediate plate, then

m xed. The rea f lr?‘f %‘E‘a' @?’9 0032 gl wes obfeined whish @s 20inglEBEerdoisofnet tye
o ution to the assay plate containing 20 L of

substrate/test;
enzyne. Final co ‘55@5 A of mblo Brpaferipbwhich Gmtaingd desired product, but

5 was contaiminated with another compound. The low Rr material turned out to be the
(S)-diastereomer after in vitro testing.
Low Rrdiastereomer:
'H NMR (CDCls) 400 MHz & 7.65 - 7.60 (m, 2H), 7.59 - 7.55 (m. 2H), 5.29 (d, TH, /=99
Hz), 5.06 {df, 1H, J = 51.1,3.3 Hz), 4.85 (d, 1H, /= 9.4 Hz), 434 (d, 1H, /= 9.9 Hz), 3.55
10 (ddd, 1H,J=3.4,12.1,36.2 Hz), 270 (dd, 1H, J = 12.3, 17.8 Hz), 2.48 (t, 1H, /= 15.4 Hz),

2.15 (m, TH), 1.53 (s, 3H), 1.51 (s, 3H), 1.40 (s, 9H) ppm.

F. [25,45)—1-{[25)-2-Amino-3-mcthy|—3-[4-(trifluoromethyf}phenyl]butanoyl}—4-
fluoropyrrolidine-2~carbonitrile hydrochloride,

15 Toa CHClz solution {10 mL) containing compound E (643 mg, 1.44 mmol, low Rr isomer}
was added TFA (1.65 g, 14.4 mmol) at RT. After 1 hr an additional 5 eq of TFA was added
and after a total of 2 hr the solvent was removed in vacuo and the residual oil dissolved
in 6 mL of dioxane. To this solution was added 10 mL of a 4.0 M dioxane solution of HC.
The solvent was removed in vacuo followed by the addition of CH:Cl2 and Etz0. This

20  process was repeated 3X until a consistent solid formed. The solid was collected wia
vacuum filtration yielding 406 mg (1.03 mmol, 72% yield) of compound F.

'H NMR (ds-MeOH) 400 MHz § 7.74 - 7.66 (m, 4H), 5.13 (d(br}, 1H, J= 51.3 Hz), 4.97 (d,
1H, /=93 Hz), 4.25 (5, 1H), 3.52 {m, 1H), 2.74 (dd, 1H, J= 22,0, 11.9 Hz), 2.47 - 2.22 (m,

2H), 1.67 {5, 3H), 1.60 (s, 3H) ppm.




enzynme and 1000 pM substrate in 100 nM NaQOAc, pH 5.5E 2. 5% %0 IE% finall
volunme of 200 L The absorbance was nonitored every hour s
at 387 rimusing 15 a Ml ecul ar Devi ces SpectraMax 250 absorbance pl ate
reader. Data Analysis: The enzymatic activity was determ ned by estimating
the best linear fit to the data. Data reduction was perforned using the
M crosoft Excel RoboSage. Determ nation of |ICmvalues: The enzymatic
activity was plotted against the 20 concentration of test conpound,
including [I] = 0, and the ICrdetermned froma fit of equation 2 to the
data. 24 Decenber, 2005 164 RATE = Vmax¥39(1 + ([1]/ 1C50 )) (2) Wax was
the best fit estinate of the nmaxi mal enzymatic activity. Determ nation of

Ki val ues: Ki were cal cul ated from | Cso val ues using equation 3
assumng a cogpetitive nodel. 5 (3) Certain conpounds of the present
invention showgd activity for DPP-11, for exanple pKi values > 6.0, while

ot hers denonstyated selectivity for DPP-1V, discussed herei nabove. In vivo
studies: 10 Ag naChei ght matched nale CD1 m ce were housed individually
at 72 F and 50% relative humdity with a 12 h light/dark cycle. Aninals
wer e dosed by g e with 10 m/kg vehicle (0.5% et hyl cel | ul ose
(HPMC) with 0. 1% jyeen 80) or 1 ng/ kg test conpound in vehicle. The

ani mal s were anestHetized with isofluorane for bllood

(3R}-3-Aminc-4-[(25,45)-2-cyano-4-fluoropyrrolidin-1-yl]-2-methyl-4-oxobutane-2-

sulfonic acid
5 A (4R}-2,2,55-Tetramethyl-1,3~thiazolidine-4-carboxylic acid.
To a suspension of L-penicillamine (0.300 g, 2.01 mmol} in methanol (2 mlL) was
added acetone (4 ml, 54.5 mmol). The solution become clear and was stirred for ca. 3
hours after which it became cloudy again. The solution was concentrated to afford
10.377 g of compound A as a white solid (99% vyield). "
10 "H-NMR (de-DMSOQ) 400 MHz 5 3.74 (5, 1H), 2.48 (m, 2H), 1.54 (m, 6H), 1.43 (s,

3H), 1.18 (s, 3H) ppm.

B. (25,45)-4-Fluoro-1-{[(4R)-2,2,6 5-tetramethyl-1,3-thiazolidin-4-yflcarbonyi}
pyrrolidine-2-carbonitrile.

15 A solution of compound A (0.256 g, 1.35 mmol), (25,45)-4-fluoropyrrolidine-2-
carbonitrile tosylate (0.387 g, 1.35 mmol), 1-hydroxybenzotriazoie hydrate (0.182 g, 1.35
mmol} and N,N'-dicyclohexylcarbodiimide (0.279 g, 1.35 mmol) and N,N'-
diisopropylethylamine (0.280 mL, 1.63 mmol) in tetrahydrofuran (13 mL) was stirred for
ca, 48 hours and then concentrated, The residue was taken up with ethyl acetate and

20  filtered. The filirate was washed with aqueous NaHCQs and brine. The organic fayer was



collection at the specified tines (0-6 hours). Plas - |V act i W was
nmeasured using 15 the fluorogenic substrate dy- ProMi ng to
t he manufacturers; specification (Enzyne System Products, Livernore CA).
The substrate was m xed with 50 mM Tris, pH 7.8 and 20% pl asma. The
sanples were incubated for 20 mn at 30?C and fluorescence neasured using
a cytofluor spectrofluoreneter with the filters set at 360 nmexcitation
and 460 nm em ssion. 20 COVWARATI VE EXAMPLES The conpounds of the present

i nvention denonstrate a nunber of prefeirred characterisitcs. Not to be

| i mbed thereby, but the preferred charact®istics of the 24 December, 2005
165 conpounds of  the present invention are believed due to the unexpected
benefits gai neded ¥epMgpO«pam rasceniretedn Thsicrudg aniguis aves chuariatenraniied em piicaof ¢ he

conpounds of For mul . The results of conparative testing illustrate
several surpri §F'H§°’°Z‘{1F$? it OafRe L7l gof conpnuad & p@cwhlte@alndg (f49ntyield).
conparative tests ipdjcate that the conpounds of the present 5 invention
denonstrate: (i) i n¢t-NMELd-DMSOLAROMHZES. iy brciodtzi HBE.08Ym DPR-406-3-8fmbi ti t on

activity measured fr?m gl asma; (ii) increased selectivity; (iii) increased
duration of alth A8 (mil) 32 fm.uf), 264 (mSHbAde & B8i wi2ys, pilafom. e. 24 Decenber

2005 166 Cog:()ari son Exanpl es 5 Conpari son Exanple 1 Conparison Exanple 2
Conpari son

anple 3 F F
C. (25,45)-1-{(2R)-2-Amino-3-mercapto-3-methylbutanoyl]-4-fluoropyrrolidine-2-

carbonitrile hydrochloride.

To a solution of compound B (0.143 g, 0.501 mmol) in 50% v:v water/metthanol
(20 mt) was added 1.0 N HCI (0.550 mL, 0.550 mmol). The solution was mixed at ca. 500

10 mbar at ca. 35 °C for ca. 1 hour. The solution was concentrated, taken up with

tetrahydrofuran, dried over MgSO: and concentrated again to afford 0.163 g of
compound C as an off-white solid (100% yield).

"H-NMR (de-DMSO) 400 MHz 5 8.61 (s, 1H), 5.54 (d, J= 52 Hz, 1H), 5.05 (d, J=9
Hz, 1H), 4.28-3.89 (m, 4H), 2.47 (m, DMSO overlap, 1H), 1.74 (m, 3H), 1.43 (m, 6H), 1.33

15 {s,3H) ppm.

D. Tert-butyl-(1R}-1-{[(25,45)-2-cyano-4~fluoropyrrolidin-1-yl]carbonyl }-2-meircapto-
2-methylpropylcarbamate.
To a solution of compound C [0.14] g, 0.501 mmol} and N,N-
20  diisopropylethylamine (0.090 mL, 0.526 mmol) in dichloromethane {3 mL) was added di-
(tert-butyl)-dicarbonate (0.120 g, 0.551 mmol) followed by additional N.N-
diisopropylethylamine {0.100 mL, 0.584 mmol). The solution was stirred for ca. 2 hours

and then concentrated. The crude mixture was chromatographed on silica gel




.CNCNNINO O4 » ~~ v "OH NH2 NH2 Conpari son Exanple 4 10 npari son
Exanpl e 5 p-carbon Conpari son Exanple 6 24 Decenber%“—%éﬁ%éﬁéarator I
- Potency/Duration Surprisingly, with regard to inhibtion of dipeptidyl
pepti dases, in particular with DPP-1V, conpounds that denonstrate high
affinity for the enzyne (i.e. potent) do not necessarily possess the
duration of action desired for therapeutic effectievness. 5 Duration of
action, as used herein, includes the ability of the conpound to nmaintain
effectiveness, preferably therapeutic effectiveness, over a sustained
period of tinme. A conpound denonstrati®lg the preferred | evel of duration
of action provides theralpeutic effectiveness with once-daily dosing. A
once- a- day dg@%“eo*y%fﬁ? s toafford 0.688% 0 ef cpmpasnd Pras an pibwhithoerystedlizad ikl art s,

may be advanta eogoii %ver multiple daily dosing reginmens for 10 reasons such
as patient caﬁ‘glt? g &% eldonveni ence. " Thus, preferred conpounds shoul d
not only be sufficient Ic?/ potent but should al so denonstrate desired | evels

of duration of aBtNMH(d-OMSE} 400Nz 649 (ds=iodzalir5eBilditedrt by 1HhE88 skil | ed

in the art, there is no necessar
(d, J= 7 Hz, 1H), 4.37-3.74 (m, 3H), 2.95 [s, 1H), 2.40 (m, 1H), 1.35 [m, 15H) ppm.

E. (3R)-3-Amino-4-[(25,45)-2-cyano-4-fluoropyrrolidin-1-yll-2-methyl-4-oxobutane-2-
sulfonic acid.

To a solution of compound D [4.412 g, 12.8 mmol} in methanol (18 mi) was
added 30% aqueous hydrogen peroxide (5.9 mL), The solution was stirred for ca, 30

10 hours, concentrated, lyophilized and dried over P20s at ca 40 °C for at least 12 hours.

The crude mixture was taken up with a 20% methanol/80% chloroform/acetic acid
solution and a solid precipitated. The suspension was filtered to afford 0.607 g of
compgund‘ E as a pink solid {16% yield).
"H-NMR (de-DMSO0) 400 MHz & 8.12 (s, 3H), 5.50 (d, /= 50 Hz, 1H), 6.07 (d, /= 9 Hz, 1H},

15  4.27-3.30 (m, 6H), 2.30 (m, DMSQ overlap, 1H), 1.26 (s, 3H}, 1.15 (s, 3H) ppm.

BIGLOGICAL DATA

Materials:
H-Ala-Pro-pNAeHCI was purchased fram BACHEM Bioscience inc. {produsct no. L-
20 1115). A 500 mM stock solution was prepared with dimethylsulfoxide and stored at -20
°C. Gly-Pro-AMC was purchased from Enzyme System Products (product no. AMIC-39)
and stored at -20 °C as a 10 mM stock solution in dimethylsulfoxide. Test compounds
were dissolved to 10 mM in dimethylsulfoxide and this was used as a stock solution for

DPP-V titration assays. Athens Research and Technology, Inc prepared the purified



correl ati on between potency and duration of action. In_other words

al t hough a 15 conpound denonstrates high affinity for HMMTE

t he conpound does not necessarily have appropriate duration properties to
be considered for preferential once- daily dosing. The foll ow ng
illustrates this lack of correlation between potency and duration of
action. The following data illustates the invention but should not be
interpreted to limt the invention. 20 Age and wei ght matched male CD rats
were housed individually at 72 F and 50%relative humdity with a 12 h
lightidark cycle. Animals were dosed by ol gavage with vehicle (10 mv
acetic acid) or 1 ng/kg test conmpound in vehicle. After 6 hers

admi ni stration &FmE8RNGlndhe maerial wesisoletedfrem bundarostasemssiusing itheanetheskefne f or
cardiac bl ood g}gl | ection. DPP-1V activity in serumwas neasured using the
f 1 uor ogeni ¢ subeMagster olal-Ge el Methyds188639- 108 (4296} 0- AMC (50 mM) accor di ng
to the manufacturers sgecification (Enzynme System Products, Livernore CA).
The substrate was m t 50 MM Tris, pH 7.8, in plasma (20%final v/v)
and the sanples were infg: baiﬂ?d_ for 5-20 mn at 30C. DPP-1V activity was
det ermi ned by neasur 4P sl diltiontef tesd porppoundsn 100y dimetipyisulfoxide Wit enet er
with 5 the fi5I te&/_? set. 3% 3630 nm excijtation and 460 nm em_ssi on. Averages
and st andard’ d8YTHPFHAIETIH RPRSRNG S Gpttrmelates (Gastar. #9091 BuiThg ¥808i ng
students t-test and conpayed to  vehicle treat rats to determ ne percent
b it on s SO RRNTm well KBRS (st prRy R ERnS Rk egbound

DPP- 1 VDPP- 1V i n%sb l!is%& & control value for calculating percent inhibition. DPP-IV {20 ng/ml} was

mixed in microtiter plates with test compounds, substrate and assay buffer to yield 100
pM H-Ala-Pro-pNAeHC! in 26 mM Tris, pH 7.5, 10 mM KCl, 140 mM NaCl. The intact

10 peptide contains a p-nitrophenylanilide which, when hydrolyzed by DPP-1V, releases the
absorbant p-nitrophenylaniline. The absorbency was monitored in 20 minutes intervals
at a wavelength of 387 nm using a Molecular Devices SpectraMax 250 absorbency plate
reader. The enzymatic activity was determined by estimating the best linear fit to the
data. Values for enzymatic activity were taken directly from the linear fit determined by

15  the software on the plate reader.

Data Analysis: The enzymatic activity was determined by estimating the best
linear fit to the data. Data reduction.was performed using the Microsoft Excet |
RoboSage.

Determination of ICso values: The enzymatic activity was plotted against the

20  concentration of test compound, including [[] = 0, and the |Csodetermined from a fit of

equation 2 to the data.
RATE == Viax [ (1 + ([1}/ 1Cs0))) (2)

Vmax was the best fit estimate of the maximal enzymatic activity.



At 6 hrs In Rats Conparison Exanple 11.332 3 Cbnparisog!ﬁéawol 2 3
Conpari son Exanpl e 45.62.80.1 Conparison Exanple 5371 4%§%5gé§§% t 4
Exanpl e 97264 12 10 As shown, Conparison Exanples 1, 2, and 4 are very
potent, each having Il Cso values of <5.6 nM The conpounds illustrative of
the present invention, Exanples 2 and 9 denonstrate adequate potency,
nanmely | CEval ues of 22 and 72 respectively. Wen 15 the Conpari son Exanpl es
1, 2, and 4 were tested for duration of action, however, they 24 Decenber,
2005 169 each denonstrated a poor |evel of_ duration. The conpounds of the
present invention, although |ess potent,1ﬁ§esent a duration of action

preferred for overal h 1__t her apeut i c %ép_rofi | e. Conparison Exanple 5 is
i ncl uded to further dERSHAERPER¥alusy Kiyplues wara s quiatsg from IgayveleswsiBst ency and
duration of action.. Myre specifically, npari son Exanple 5 illustrates one
conpound havingeﬁ%?ﬁ”ﬁFﬁHmE@ﬁﬁPWﬂgQW¥Wﬂ$¥y and duration of action. Thus,
the relationship of potency to duration of action can not be characterized
strictly as either a parallel or an i nverse rel ati onshi p. Rather the
relationship is not predictallellJhls-tack—0f correl ati on bet ween potency
and duration of action presents a | acKS +#6.)of predictabf}ity anong
I nhi bitors of dipeptidyl peptidases, specifically DPP-1V. This

The apparent pKi values were > 5.0 for each of the examples.

DPP-Il Assay:

The intermediate plate contained 5.3 pL of test compound in 2-fold serial
dilutions across the plate. A volume of 209 pl. of buffer (100 mM sodium acetate pH
5.5) containing substrate (H-Lys-Ala-pNA-2HCl; product no. L-2085; BACHEM Bioscience
10 Inc.) was added to each well of the intermediate plate, then mixed. The reaction was
initiated with the transfer of 180 ul of the substrate/test compound solution to ‘the
assay plate containing 20 pl of enzyme. Final concentrations in the assay were 1100 oM
enzyme and 1000 pM substrate in 100 mM NaOAc, pH 5.5, 2.5% DMSO in a finall volume
of 200 pL. The absorbance was monitored every 20 minutes for 5 hours at 387 mm using

15 a Molecular Devices SpectraMax 250 absorbance plate reader.

Data Analysis: The enzymatic activity was determined by estimating the brest
linear fit to the data. Data reduction was performed using the Microsoft Excel

RoboSage.

Determination of ICso values: The enzymatic activity was plotted against the

20  concentration of test compound, including [I] = 0, and the ICsedetermined from .a fit of

equation 2 to the data.




unpredictability has not heretofore been recogni zed. gﬁlihomnqabOégpg

bi ndi ng data, alone, nmay or may not be enough to asc ege L peutic
utility of such conpounds. The conpounds of the present invention
denonstrate desired |l evels of both potency and duration of action in
addition to the other properties herein discussed. 15 Conparator Il -
O-substitution and Cyclization As descri bed herein, the conpounds of the
present invention have at |east two identical O-substitutions, nanely, R
and R2 are the sanme. As referenced herein_ the conmpounds of the present

i nvention are di-R-substituted, as illustf8ted with Exanples 1 and 10,

respectively: 11 OT N..2 CN ' ,20 p-carhon (Exanmple 1) R-carbon
(Exanpl e 10). 24 Decenber, 200§A{]¥E_7Tc)b“‘""ﬁu+s&”/3§5Pﬁg Exan@ e 10 as an exanpl e,
one preferred enbodi nent is described when R and R2 are each al kyl, nore

preferably G -Cg_ alkwl. bgpﬁﬁesg?ggﬁ%r@gﬁxiwgﬁ%%%ﬁ @é'tﬁv'itger preferred

enbodinment is illustrate W and RZ are each
aryl, nore preferably phenyl, and, as illustrated in Exanple 2, nore

preferably phenyktemmisatintof kivaRes: W Jallic@re 80iatl] &R I@RANed dsitg bdd3fion 3

General ly, di-(3-substituted conpounds, such as those of the present
invention, do nesuhingd chRpkificé mg® Wi th the nitruile warhead to formthe
cyclic amdine, and, therefore, are stable.

s
K, =ICH* {1~ —
. ; VAL o

Certain compounds of the present invention showed activity for DPP-I1, for example pKi

values > 6.0, while others demonstrated selectivity for DPP-IV, discussed hereinabove.

In vivo studies:

10 Age and vyeight matched male CD1 mice were housed individually at 72° F and
50% relative humidity with a 12 h light/dark cycle. Animals were dosed by oral gavage
with 10 mi/kg vehicle {0.5% methylcellulose (HPMC) with 0.1% Tween 80} or 1 mg/fkg
test compound in vehicle, The animals were anesthetized with isofluorane for bllood '
collection at the specified times (0-6 hours). Plasma DPP-IV activity was measured using

15  the fluorogenic substrate Gly-Pro-AMC (50 pM) according to the manufacturers:
specification (Enzyme System Products, Livermore CA). The substrate was mixed with 50
mM Tris, pH 7.8 and 20% plasma. The samples were incubated for 20 min at 30%C and
fluorescence measured using a cytofluor spectrofluoremeter with the filters set at 360
nm excitation and 460 nm emission.

20 COMPARATIVE EXAMPLES

The compounds of the present invention demonstrate a number of preferred

characterisitcs. Not to be limtied thereby, but the preferred characteristics of the




On the other hand, nono-(-substituted conpounds, for exagﬁle, Conpgisfon
Exanples 3 and 4 illustrated herei nabove, where the (32

carry two 10 identical substituents tend to cyclize and, therefore,
denonstrate relatively short stability half-lives, as measured by t 1, 2.
In addition, generally conmpounds with the gem substitution pattern on the
(3- carbon denonstrate increased selectivity as well. Stability studies for
DPP 1V conpounds 15 Typically 0.2 - 0.5 ng of conpound is dissolved in | nL
of Phosphate Buffered Saline (PBS) in a HPLC sanple vial and placed in an
aut osanpl er thernostatically controlled d6537C. An initial time point HPLC
chromatogramis obtai g.ed followed by successive HPLC chromatogranms at tine
poi nts of 24, 4&°mpaun %‘iféh"rRSEﬁe%t.'“‘ﬂP{@ e beliserd dpptocthe Uﬂﬁﬁﬁectﬂﬁén@%ﬁ'@iﬂe{una
C18(2), 3., 100 4.6 mm thernpstated at 40 C Mbile Phase A: 95:5:0.2M
Water: Acet onit }Frpggh RaniRuiagen shibe sybstityonpatisrs picthprrmpsumis of Famule Bolheat er :
Acetonitrile: Tri f} U(%I’ oacetjc acid Flowrate: 1 ni/mnute 24 Decenber,
2005 171 Gradi eftHEP compsiptygtesting itiusirate seveeal sugnisipg prebunesnectrd beneliligt h: 215
nm The area und t he . rmg subst ance peak i s conﬁgred to thﬁﬁinitial area
for each chr onetgtPaT AN 15 camPasetive deshddicat thatdimsameaends obeirrFsetal ti ne

to). 5 Co ri son .of .the cl l,zati on/ degradation reaction half-lives (t
i(reg of Pg invention demons{:rXte: [h%ncreaseg potency, as ¢ arac‘cenrzetji by ISP%—IV inhibitlon (

activity measured from plasma; (it) increased selectivity; (iif} increased duration of

action; andfor (iv) an increased safety profile,



conpounds show i ncreased stability for the di-(3-substituted, co ds,
such as Exanples 2 and 9. Increased t,n is related éﬁi@@ﬁ$¥ﬂ¥§ﬂgﬁégeased
stability of the conmpound. TABLE 2 Conpoundt v. at 37 C Exanple 91733 hrs
Exanpl e 2266 hrs Conpari son Exanple 433.5 hrs Conpari son Exanple 323 hrs
(calci* 47 hrs at 23C 10 *Note: For Conparison Exanple 3 the autosanpler
was not thernostatically controlled as described herei nabove, rather the
aut osanpl er was | eft at anbient roomtenperature. Typically an increase in
10 Cincreases the reaction rate two-fold, thereby decreasing the t in by
two-fold. As will be apprciated by thosdé&killed in the art, a reasonably
15 calculated t n for Conparison Exanple 3 would be one half (or |ess) of
t he measured value at room tenper&ompadsohZ&n@jes 24 Decenber, 2005 172
Thus, in addition to potency and duration of action, the conpounds of the
present invention denonstrate desired stability as well. Conparator Il -
Saf ety Profil &omparisgprampled comfismparisan Badwelet2 speomparisonBiameley3 used to
satisfy regulatory 5 requirenments. The beagl e was chosen to exam ne the

saf ety of the Fonpounds of the F
N
4
N~ CN b~ _C(,

N N o NH,
M F
0™ 0" OH :
NH, NH, B—carbon
5
Comparison Example 4
F
b\::N
o]
NH,
- B-carbon
Comparison Example 5 Comparison Example 6

D




present invention because of the know edge of this strajn s ner a|

pat hol ogy and response to a wi de variety of drugs. ne
Inc., North Rose, NY, USA) from9 to 12 nonths (5 to 12 kg) were dosed by
oral gavage at 10 nt/kg/day with vehicle (10 mM acetic acid, pH 3.3) or
test conpound in vehicle. Each dose was followed 10 by a flush of
approximately 10 nL of water, once daily with 24-48 hours between each
subsequent dose. If limting gastrointestinal toxicity was not observed,
the dose was increased 3-fold no sooner than approximtely 24 hours after
the preceding dose.. Linmiting G toxicit§7includes diarrhea, |oose or
mucoi d feces, blood in stool, and/oir sloughing of the gut epithelium
dinical obser \EAmpayawr lvPetenewiaration | east three times 15 daily during
treatment (once prior to dosing, approxinmtely one hour post dose, and
once in conjunct i onSWprislaynwith ebird it iphibtiaprpdipeptidyk ieptidages, im pastieulan wikhs
nmeasured using the fluorogenic substrate @y-Pro-AMC (50 mV according to
t he manuf act ur &P%IV. sprenaundscihati dsmopsieatehinh afinity dontim endyres (5¢- potientbdordete CA) .
The substrate was m xed with 50 mM Tris, pH 7.8, in serum (20%final v/v)
and the sanpl e8eSREPY Pereashibe duration ofmctonGiesifed for shesapeatineffepiemmessy activity was
determ ned hy neasuring fluorescence using a cytofluor spectrof| uoreneter
with the fiPtePdratieq ofgctiofses yiad asrein.dnpluderiheshility eOtha preneuadiogrpintaithe
conpound il ustfrat,ed above as Conparison Exanple 5 contains a relatively
smal | P2 porti Bifecti¥engss: Repfrsaply dhasspetin ciectivanessaryerm sustpingd period ghiMEs®n Exanpl e
I'5 and conpounds of  the present invention, which are herejn descrjbed as
havi ng | arge PPBRAURL ting dtsrpreferted leyshof duration ¢f gplanprasidshiirepedticang 9o
for iIIustratio% were each t stﬁd,in t he descri bed _dose escal ation

studi es. Based ORISR Wi earesHily dostiay fionce-3-AavAgsrge regimennds SApPHEiatss ihar i son

Exanple 5 .
mp the pharmaceutical arts, may be advantageous over multiple daily dosing regimens for

10 reasons such as patient compliance and convenience. Thus, preferred compounds should
not only be sufficiently potent but should also demonstrate desired levels of duration of
action.

Unfortunately, as is appreciated by those skilled in the art, there is no necessary
correlation between potency and duration of action. In other words, although a
15 compound demonstrates high affinity for the DPP-IV enzyme, the compound does not
necessarily have appropriate duration properties to be considered for preferential once-
daily dosing. The following illustrates this lack of correlation between potency and
duration of action. The following data illustates the invention but should not be
interpreted to limit the invention.
20 Age and weight matched male CD rats were housed individually at 72° F and
50% relative humidity with a 12 h lightfdark cycle. Animals were dosed by oral glavage
with vehicle {10 mM acetic acid) or 1 mg/kg test compound in vehicle. After 6 hrs
administration of compound, the rats were anesthetized with isofluorane for cardiac

blood collection. DPP-{V activity in serum was measured using the fluorogenic stibstrate



caused | oose/nmucoid feces with traces of bl ood whereas 1 ng/ kg a
conpound of the 5 present invention, Exanple 9 cal?£9—e-ﬁ5£;§ Saffects.
Upon escal ation to 3 ngj kg, however, Exanple 9 caused | oose/ nucoid feces
with traces of blood. In contrast, 12 hours after oral dosing 0.2 ng/kg of
Conpari son Exanple 5, Conparison Exanple 5 inhibited DPP4 by 2%
Surprisingly, 0.2 ng/kg of Exanple 9 inhibited DPP4 by 76% i ndi cati ng that
Exanple 9 significantly inhibits DPP4 activity in 10 serum Likewi se with
ot her conpounds of the present invention, 10 ng/ kg of Exanple 2 had no
adverse affects on gastrointestinal tasd city and 0.5 ng/ kg of Exanple 2
inhibited DPP4 by 45% 12 hours after oral dosing. Based upon dose

escal ati on SGlydiceAME (50cddgiaccadinphlindnamfactunes pedBatibn (Enyertystiem 15 as
illustrated by Exanples 2 and 9, that have a | arger nol ecul ar wei ght P2
portion are Preiuas tiverethre G)niersalisbate wds mixEd with 5oaMellis,\pH 78oin-plasmer | nat ed When
conpounds of the present invention were tested in vivo at tine periods
rangi ng frorf2@ fiel ¢/0) dnduhssampleewére incorated dtreid 2@ o imed 30°Es DBT-Mdetvipr esent

i nvention 20 denonstrated a significant increase in DPP-1V inhibition over
t hei r non- f Iwaedéteraired by oeasating {hressncelising a cythBuc opretrofiicsemster Mt pr esent

i nvention provide an unexpected potency that was not heretofore

appr eci atded.thefiterssgtat3be nmExctativreard 46hom emissioro fverapesend standed ver si on,
Conmpari son Exanple 6, were conpared to determ ne the benefit of the

4-fl uoro sulgstiaticosiem e®bgpaipdi=3yivgre caltwatetl dsing studendsibtest and @propasedoPongs t he
duration of 24 Decenber, 2005 174 the enzyne inhibitor conplex

dramat i cal | yehide ieated rats todeseiminerngreantdnhiiticnias shewniim&abledse i n

TABLE |

ICs0 (nM) Percent
Human DPP-IV  DPP-IV inhibition
At 6 hrs In Rats

Comparison Example 1 1.3 3213
Comparison Example 2 3 32+3
Comparison Example 4 5.6 28+0.1
Comparison Example & 3 71113
Example 2 22 68+ 4
Example 9 .72 64£12

10

As shown, Comparison Examples 1, 2, and 4 are vety potent, each having ICe
values of <5.6 nM. The compounds illustrative of the present invention, Examples 2 and
9 demonstrate adequate potency, namely ICso values of 22 and 72 respectively. When

15  the Comparison Examples 1, 2, and 4 were tested for duration of action, however, they



pot ency. These beneficial properties have not heretoégre been aggﬁgfiated.
TABLE 3 I Cso (nM Hunman DPP-1 VWA DPP-1V I nhibition m Exanpl e
22268+4 Conpari son 15115+1 Exanple 6 5 Al research conplied with the
principles of |aboratory animal care (NIH publication No. 85-23, revised
1985) and d axosm thKline policy on animal use. Although specific
enbodi nents of the present invention have been illustrated and described
in detail, the invention is not limted thereto. The above detail ed
description of preferred enbodi ments is provided for exanple only and
shoul d not be 10 construed as constitutlidg any limtation of the invention.
Modi fications will be obvious to those skilled in the art, and al
nmodi fi cat i onstachdemabstraiesta phopleval of dusationh Ehespinpoundodf theresepiventipmn ar e
i ntended to be included within the scope of the appended clains. 24
Decenber, 2008thoyglt less gotentapresout 4 duratipn ofactionprsfaned tor ovesditherapeuliy: 175 X R
O' Y\R3 INH lI) 12

profile.

Comparison Example 5 is included to further demonstrate the unpredictability
5  between potency and duration of action. More specifically, Comparison Example 5
ilfustrates one compound having both high binding affinity and duration of action.
Thus, the relationship of potency to duration of action can not be characterized strictly
as either a parallel or an inverse relationship. Rather the relationship is not predictable.
This lack of correlation between potency and duration of action presents a lack
10 of predictability among inhibitors of dipeptidyl peptidases, specifically DPP-IV. This
unpredictability has not heretofore been recognized. As shown above, binding data,
alone, may or may not be enough to ascertain the therapeutic utility of such
compounds. The compounds of the present invention demonstrate desired levels of both

potency and duration of action in addition to the other properties herein discussed.

15  Comparator |l - B-substitution and Cyclization

As described herein, the compounds of the present invention have at least two
identical B-substitutions, namely, R' and R? are the same. As referenced herein the
compounds of the present invention are di-B-substituted, as illustrated with Exarnples 1

and 10, respectively:

20 p—carbon (Example 1) B-carbon {Example 10).



CR including salts, solvates, and pharnaceutically fung&H&nal geﬂiégives
thereof, wherein XisForH, R and R each are either EMPex yl;
(iii) optionally substituted aryl or heteroaryl; or (iv) conmbine to forma
3 to 14 nenbered ring sytem optionally containing one or nore

het er oat ons, and optionally containing one or nore degrees of

unsaturation; when R and Rl are (iii), then R is Hor alkyl; when R and
R are (i), (ii), or (iv), then R is where nis 0-5; mis 0-12; Y is
S(0)p, 0, alkylene, alkenylene, alkynylene, or a bond;, pis 0-2; 24
Decenber, 2005 176 R is R5 when Y is S, 1 al kyl ene, al kenyl ene,

al kynyl ene, or a bond, where R is optionally substituted alkyl, alkenyl,
al kynyl , aryl, M5l usian iByamplaia asensxayble, aw prdtred capadiment iskidscribedRehent®én Y i s
S(0) or S(0)2, where Rs is optionally substituted al kyl, aryl, cycloalkyl,
het eroaryl, ani # R'aragacaaidanoreprofeeshiy §o-Cs 4ot anaseaprefesativrmosthydyAnabhdrky | ani no,
or hydroxy. 2. The conpound of claim 1l wherein the optional substitutent

i s one or nore BEfegrgmoodingrtbsifpstraied Aydkgmpln &) regely, whea Rband&) bre eggheard,

al kyl sul fonyl, or aryl.
more préferably phenyl, and, as illustrated in Example 2, more preferably phenyl

5 substituted with halogen, preferably fiuorine. Generally, di-B-substituted compounds,
such as those of the present invention, do not tend te eyclize with the nitruile warhead
to form the cyclic amidine, and, therefore, are stable.

On the other hand, mono-B-substituted compounds, for example, Compa rison
Examples 3 and 4 illustrated hereinabove, where the p carbon does not carry twa
10 identical substituents tend to cyclize and, therefore, demonstrate relatively short:
stability half-lives, as measured by £ 1.
In addition, generally compounds with the gem-substitution pattern on the p-
carbon demonstrate increased selectivity as well.

Stability studies for DPP IV compounds

15 Typically 0.2 ~ 0.5 mg of compound is dissolved in 1 mL of Phosphate Buffered
Saline {PBS) in a HPLC sample vial and placed in an autosampler thermostatically
controlled at 37°C. An initial time point HPLC chromatogram is obtained followed by
successive HPLC chromatograms at time points of 24, 48, 72, etc hours.

HPLC method:

20 Column: Phenomenex Luna C18(2), 3p, 100 x 4.6 mm, thermostated at 40 °C

Mobile Phase A: 95:5:0.2% Water: Acetonitrile: Trifluoroacetic acid

Mobile Phase B: 5:95:0.2% Water: Acetonitrile: Trifluoroacetic acid

Flow rate: 1 mUminute




3. The conmpound of claim2 wherein the optional subst';tuent i S 2{)}& or nore
of C -Cs alkyl, C -Cs al koxy, phenoxy, benzoxy, fl € , GGCs
hal oal kyl, cyarso, Cl-Cs al kylsul fonyl, phenyl, or benzyl. 4. The conpound
of claiml1l wherein R and R are each aryl, and R is H 5. The conpound
of claim4 wherein each of said aryl is phenyl. 6. The conmpound of claimb5
wherei n each of said phenyl is substituted with halogen. 7. The conpound
of claim6 wherein each of said halogen is fluorine. 8. The conmpound of
claiml wherein R and R2 are each alkyl and R is 9. The conpound of claim
8 wherein each of said alkyl is C-Cs #lkyl. 10. The conpound of claim?9
wherein each of said alkyl is nethyl. 11. The conpound of claim 10 wherein
nis 0, misGadieah®-VOPSHESAOFMinut@. The conpound of claim 11 wherein p is
O, R is Rs, and R5 is optionally substituted aryl. 13. The conpound of
clai m 12 wheM¥Ppteripniwavgibnatlyl218obst i tuted with al koxy. 14. The conpound of
claim 13 wherein said al koxy is nethoxy. 24 Decenber. 2005 177 15. The
conmpound of cl ai nMhg 2reakedesihs doug sybstanoe peak isRdmpazed@ theainitialRéeaifer ayoh i onal | y
substitued aryl. 16. The conpound of claim 15 wherein R6 is phenyl
substituted Wiremetagreepd plomg)amq@emﬁmummfrm initiahtime ft8. wher ei n sai d al koxy
is methoxy. 18. The conpound of claim 17 wherein p is 1. 19. The conpound
of claim §7 wher diofpprispe obthe pyrlizating/degmdptianraactipn balflives t wlieer i n t he
depicted NHz group is cis to the depicted

compounds show increased stability for the di-B-substituted compounds, such as

Examples 2 and 9. Increased t s related directly to increased stability of the

cornpound.
TABLE 2
Compound twat37°C
Example 9 1733 hrs
Example 2 266 hrs
Comparison Example 4 33.5brs
Comparison Example 3 23 hrs (calc.)*
47 hrs at 23°C

10
*Note: For Comparison Example 3 the autosampler was not thermostatically controlled
as described hereinabove, rather the autosampler was left at ambient room temperature.
Typically an increase in 10 °C increases the reaction rate two-fold, thereby decreasing
the t 12 by two-fold. As will be apprciated by those skilled in the art, a reasonably

15  calculated t 12 for Comparison Example 3 would be one half {or less) of the measured

value at room temperature (23 °C).



nitrile warhead. 21. The conpound of claim1 wherein the_depicted gr oup
is trans to the depicted nitrile warhead. 22. The co@%@@ﬁ&iﬂggé+%ﬁhgl
wherein Ais H 23. The conpound of claiml1l wherein the depicted Fis cis
to the depicted nitrile. 24. A conmpound of formula (1): X1 rc - R3 [1INH2
(0, including salts, solvates, and pharmaceutically functional derivatives
thereof, wherein Xis For H R and Rz each are optionally substituted
aryl or heteroaryl; and R is Hor alkyl. 25. A compound of formula (I):
24 Decenber, 2005 178 X OR3 ~ NH2 (1), including salts, solvates, and
pharmaceutical ly functional derivatives tHereof, whierein Xis For H R

and R2 each are either
Thus, in addition to potency and duration of action, the compounds of the
present invention demonstrate desired stability as well.

Comparator Ill - Safety Profile

The dog is a common non-rodent species routinely used to satisfy regulatory
5 requirements. The beagle was chosen to examine the safety of the compounds of the
present invention because of the knowledge of this sf;rain's general pathology and
response to a wide variety of drugs. Dogs {Marshall Farms Inc., North Rose, NY, USA)
from 9 to 12 months (5 to 12 kg) were dosed by oral gavage at 10 mL/kg/day with
vehicle (10 mM acetic acid, pH 3.3) or test compound in vehicle. Each dose was followed
10  byafiush of approximatel_y 10 mi of water, once daily with 24-48 hours between each
subsequent dose. If iimiting gastrointestinal toxicity was not observed, the dose was
increased 3-fold no sooner than approximately 24 hours after the preceding dose.
Limiting Gl toxicity includes diarrhea, loose or mucoid feces, blood in stool, andfor
sloughing of the gut epithelium. Clinical observations were made at least three times
15  daily during treatment (once prior to dosing, approximately one hour post dose, aind
once in conjunction with pm viability). DPP-IV activity in serum was measured using the
fluorogenic substrate Gly-Pro-AMC (50 mM) according to the manufacturers
specification {Enzyme System Products, Livermore CA). The substrate was mixed with 50
raM Tris, pH 7.8, in serum (20% fina! v/v) and the samples were incubated for 5-210 min
20 8t 30°C. DPP-IV activity was determined by measuring fluorescence using a cytofluor
spectrofluoremeter with the filters set at 360 nm excitation and 460 nm emission.
The compound illustrated above as Comparison Example 5 contains a relatively
small P2 portion as determined by molecular weight. Thus, Comparison Example 5 and

compounds of the present invention, which are herein described as having large P2



(iii) alkyl; or (iv) conbine to forma 3 to 14 nenbgr rinB Sy,
optionally containing one or nore heteroatons, and ‘ ai ni ng
one or nore degrees of unsaturation; R is where nis 0-5; mis 0-12; Y
is S(0)a, 0, alkylene, al kenylene, or alkynylene; pis 0-2; RA is R5 when
Yis S, 0, alkylene, alkenylene, or alkynylene, where R5 is optionally
substituted al kyl, al kenyl, al kynyl, aryl, cycloal kyl, heteroaryl, or
heterocyclyl; R is R when Y is S(0) or S(0)2, where Rs is optionally
substituted al kyl, aryl, cycloal kyl, heteroaryl, am no, alkylam no,
aryl am no, heteroaryl am no, cycl oal kyll@n no, or h ydroxy. 24 Decenber, 2005
179 26. The conpound of claim25 wherein pis 1 or 2. 27. The conpound of
cl ai m 26 whehotions, pamely BxanpBs 2 Thé9 fw itlusitatidn, eferecdach trstebinthedesdribed? and R
each are alkyl. 29. The conpound of claim28 wherein R and R are each
Ci - Cs al kyl .dosg3gcalafipe sigdiepound of claim 29 wherein R and R are each
met hyl . 31. A conpound selected from and 32. A conpound selected from
Meo, v ". .Z CN Rascyl on dose escalation studies in dogs, 0.3 mg/kg of Comparison Example 5
caused loosefmucoid feces with traces of blood whereas 1 mg/kg of a compound of the
5 present invention, Example 9 caused no adverse affects. Upon escalation to 3 mgyfkg,
however, Example 9 caused loose/mucoid feces with traces of blood.
In contrast, 12 hours after oral dosing 0.2 mg/kg of Comparison Example 5,
Comparison Example 5 inhibited DPP4 by 2%. Surprisingly, 0.2 mg/kg of Example: 9
inhibited DPP4 by 76% indicating that Example 9 significantly inhibits DPP4 activity in
10 serum.
Likewise with other compounds of the present invention, 10 mg/kg of Example 2
had no adverse affects on gastrointestinal toxicity and 0.5 mg/kg of Example 2 inhibited
DPP4 by 45% 12 hours after oral dosing.
Based upon dose escalation studies in dogs, compounds of the present invention,
15  asillustrated by Examples 2 and 9, that have a larger molecular weight P2 portior: are

preferred.

Comparator |V - Fuarinated v. non-fluorinated

When compounds of the present invention were tested in vivo at time periods
ranging from 0 to 10 hours, the flurorinated compounds of the present invention
20 demonstrated a significant increase in DPP-IV inhibition over their non-fluorinated
counterparts, Thus, the compounds of the present invention provide an unexpected
potency that was not heretofore appreciated. For example, Example 2 and its non-
fluorinated version, Comparison Example 6, were compared to determine the benefit of

the 4-fluoro substituent. Surprisingly, the 4-fluoro substituent prolongs the duration of




noo 33. A conpound selected from MASH 5

[ (2S) - 2- Ani no- 3, 3- di phenyl propanoy! | - 4- f | uor opyr r ol2%Dggember, 2005, . | ¢
hydr ochl ori de;

(2S,4S)-1-[(2S) - 2- Ami no- 3, 3- bi s(4-fl uorophenyl ) propanoyl ] -4-fluoropyrrolidi
ne-2- carbonitrile hydrochl ori de;

(2S,4S)-1-[(2S) - 2- Ami no- 5- (4-fl uorophenyl) - 3, 3-di net hyl pent anoyl ] - 4-f | uor o-
2- pyrrolidinecarbonitrile hydrochloride; 24 Decenber. 2005 180
(2S,4R)-1-[(2S) - 2- Ami no- 4- (4-f 1 uor ophenyl ) - 3, 3-di net hyl but anoyl | - 4-
fluoropyrrrolidine-2-carbonitrile hydrddhl oride;

(25,49)-1-{(2R) - 2- Am no- 3- [ (4- met hoxybenzyl ) t hi o] - 3- met hyl but anoyl } - 4-

f | uor opyr r ol i Hie Aezyme bhibitontompiex drampaticaliy b vaflias providing a significant increase in

(25, 45) - 1-{(2R) - 2- Am no- 3- net hyl - 3-[ (3- phenyl propyl ) t hi 0) butanoyl }-4-

f | uor opyr r ol i Bfiteney- Thesgbposiiciel prorertiey Have bt herdtefere been appreciated.
(25,45)-1-{(2R) - 2- Ami no- 3- net hyl - 3-[ ( 2- phenyl et hyl ) t hi o] but anoyl } - 4-
fl uoropyrrolidine-2-carbonitrile hydr 6&HE8ri de;

(25 45)-1- ((RR=-2-Anmino-3- {[3-(4-fl uorophenyl ) propyl ]t hi o} -3- nethyl but anoyl
)-4- fluoropyrrolidine-2-cadfobiitHuiman DR of 8 BPR-t¥dnhibition @ 6 Hrs. in Rats
(
}-4

(

f

25 45) - 1-{ (RR)-2- Ami no- 3-[ (4- met hoxybenzyl )su 1fonyl)-3-nethyl but anoyl
-4- f1 uor opyr r xamle®e- 2-{car boni t 221 e hydrothl ori de; (8% 4S) - 1-{
2R) - 2- Ami n0=-3-[ (4- net hoxybenzyl)su |[finylJF3-nethylbuta n oyl }-4-
I

uor opyr r ol |i di Geewparisear bgni tri | e Hidr ochi or | de; 1541
Example 6
5 All research complied with the principles of laboratory animal care (NIH

publication No. 85-23, revised 1985) and GlaxoSmithKline policy on animal use.
Although specific embodiments of the present invention have been illustrated
and described in detail, the invention is not limited thereto. The above detailed
description of preferred embodiments is provided for example only and should not be
10 construed as constituting any limitation of the invention. Modifications will be obvious
to those skilled in the art, and all modifications that do not depart from the spirit of the

invention are intended to be included within the scope of the appended claims.



(2S5,45)-1-((2R-2-Ami n o-3-nethyl-3- { (4-(tr ifl E 3 rom!eth}é!gﬁggae nzyl ]
th io )b uta noyl) -4- fluoropyrrolidine-2-carbonitr e;
(2S,4S)-1-[(25)-2-Am no-2-(1-vinyl cycl opentyl)ethanoyl ] -4-fl uoropyrrolidine
-2- carbonitrile hydrochloride;

(25, 45)-1-[(25)-2- Am no- 5- (4- met hoxyphenyQ 3, 3-d i net hyl penta n oyl ]-4-

fl uoropyrrolidine-2-carbonitrile hydrochl oride;

(25, 45)-1-{(2R) - 2- Am no- 3- et hyl - 3-[ ( 3- phenyl propyl ) sul f onyl ] but anoyl } - 4-

fl uoropyrrol idi ne-2-carbon itril e;

(25, 45) - 1- { ( 2R) - 2- Ami no- 3- net hyl - 3- [ (4- A&t hyl benzyl ) sul f onyl ] but anoyl } - 4-
fluoropyrrolidjne-2-carbon itrile; 24 Decenber, 2005 181
(25,45)-1-((2gwwiﬁéﬁmﬁéﬁs-{[4-(benzy|oxy)benzyl]squonyI}-S-nethyIbutanoyl)
-4- fluoropyrro]idine-2-carbonitrile;

(2S, 4S) - 1- { ( 2R sompepneRfdomule By anobenzyl ) sul f onyl ] - 3- met hyl but anoyl }- 4- 1
u oropyrro) i di ne-2-ca rbonitrilg; (2S5 4S)- 1 -((2R)-2-am

i no- 3- et hyl - 3-{[ 4- (net hyl sul f onylp bgnzyl j sul f onyl } but anoyl ) - 4- fl uoropyrro
| id ine-2-ca rbonitrile;
(25,45)-1-{(25)-2- Ami no-2-[1-(4-fl ug@robegn
fl uoropyrrolidine-2-carbonitrile hydrq fde; (2S,4S)-1-((2S)-2- Am no- 2-{
1-[4-(trifluoronethyl)phenyl]cycl opentyl anoyl ) - 4-

fl uoropyrrolidine-2-carbonitrile h 0 irde;

(25,45)-1-{(25)-2-Am no-2-[i-(4-fl uorobgnzyl)cycl opropyl ] et hanoyl } - 4-
fluoropyrrolidine-2-carbonitrile hydrocNHmridﬁﬁ

) cycl opentyl ] et hanoyl } - 4-

including salts, solvates, and pharmaceutically functional derivatives thereof, wherein
XisForH; |
R and R? each are either
(i) H;
(i) alkyl;
(i) optionally substituted aryl or heteroaryl; or
(V)  combine to form a 3 to 14 membered ring sytem, optionally containing
one or more heteroatoms, and optionally containing one or more degrees of
unsaturation;
when R' and R? are (jii), then R® is H or alkyf;

when R’ and R? are (i}, (if), or (iv), then R® is

where n is 0-5;
mis 0-12;
Y is S{O)p, O, alkylene, alkenylene, alkynylene, or a bond;

pis 0-2;




(25,45)-1-[(2R) - 2- Am no- 3- 05
(benzylsulfonyl)-3-nethylbutanoyl]-4-f|uoropyrrolidi%%4§5£@g¥3%§¥¥r1le
hydr ochl ori de; (25, 45)-1-{

(2R) - 2- am no- 3-[ ( 3- met hoxybenzyl ) sul f onyl ] - 3- net hyl but anoyl }-4-

fl uoropyrrolidine-2-carbonitrile hydrochl ori de;
(2S,49)-1-{(2R)-2- Ami no-3-[ (1, 1' - bi phenyl -4-yl nethyl)sul fonyl]-3-m ethy
butan oyl }-4- fluoropyrrolidine-2-carbonitrile hydrochlori de;

(25, 45)-1-{(2R) - 2- Am no- 3-[ ( 2- met hoxybengzyl ) sul f onyl | - 3- net hyl but anoyl } - 4-
fl uoropyrrolidine-2-carbonitrile hydrocﬁﬁ%ride

(25, 45) - 1-{( 2?{5%&@‘%:1 Fgéfreliqp%/nel agke% %r L Qine{t};' arE%nJ]whererH g]opggga noyI b4

fl uoropyrroli

TH gp?ﬂ oF; SiBbE AR 'E‘@Vlh%' b %6‘)@03@‘40 ﬂ&?%%ﬁ%@)r’]oylzooylsz
{Fuor opyrr ol 0 R SRt ol B whramo ShpdarmyauskyBied iyl o0, sl " )
Tl o S BN A ol
L8 ARG A O s -

S, 45)-1-{(2R) -, g“’%@g’ﬁ'g J@Ep%éloﬁlkh(% 'E’P%% pzyajr‘)it hi o] but anoyl } - 4-

I2uor opyrrolidin or|
25,45)-1-((2 3
| ) met %yl ] gfj Ff ony@ﬂpgg‘d hl%&f%ﬁlpégg’éq?%pﬁ- l?":l %értg&ipk Irsglﬁgépl ne%gth%r bonitrile

alkyl, C:-Cs alkoxy, phenoxy, benzoxy, fluorine, chlorine, Ci-Cs haloalkyl, cyamo, Ci-Cs

f
(
f
(
y

alkylsulfonyl, phenyl, or benzyl.
4. The compound of claim 1 wherein R' and R* are each aryl, and R® is H.
5. The compound of claim 4 wherein each of said aryl is phenyl.
6. The compound of claim 5 wherein each of said phenyl is substituted with halogen.
7. The compound of claim 6 wherein each of said halogen is fluorine.

8. The compound of claim 1 wherein R' and R? are each alkyl and R® is

L GPAgEL

9. The compound of claim 8 wherein each of said alkyl is Ci-Cs alkyl.

10. The compound of claim 9 wherein each of said alkyl is methyl.

11. The compound of claim 10 wherein nis 0, m is 1, and Y is S{O.

12. The compound of claim 11 wherein p is 0, R* is R%, and R® is optionally substituted
aryl.

13. The compound of claim 12 wherein R® is phenyl substituted with alkoxy.

14. The compound of claim 13 wherein said alkoxy is methoxy. -




hydr ochl ori de; . 0
(2S, 4S) - 1- { (2R) - 2- Ani no- 3-[ (2, 1, 3- benzoxadi azol - 5- ABesember, 2009 o by hu
tanoyl }- 4-fluoropyrrolidine-2-carbonitrile hydrochl ori de;
(25,45)-1-{(2R) - 2- Am no- 3- et hyl - 3-[ (pyri di n-4-yl met hyl ) sul f onyl ] but anoyl } -
4- fluoropyrrolidine-2-carbonitrile hydrochloride; (2S,64S)-1-[(25)-2-Amin
0-3-pyrid in-4-yl propanoyl]-4-fluoropyrrol id i ne-2-carbonitrile
hydrochl ori de; (2S,4S)-1-[(25)-2-Ami no-3-pyridi n-3-yl propanoyl]-4-fl
uoropyrrol idine-2-carbonitrile hydrochl oride;
(2S,4S)-1-[(2S)-2- Am no- 3-pi peridi n- 4YV]propan
oyl ]-4-fluoropyrrolidine-2-carbonitril hydrochl
(2S, 49) - 1- [(QE) QCWﬁOH@@CB%éWWﬁnBM %ﬂdb&%@wﬁ =aDPﬂ'q5'6’I'Yopyrro| id
i ne-2-carbonitrile dlhydrochlorlde 24 Decenber, 2005 - 183
(2S, 4S) - 1- [ ( 2SpsuBtingd A3k 3- pi peri di n- 2- yIpropanoyI] 4- quoropyrroIidine-Z-ca
rbonitrile dihydrochloride; 52 45) - % ? L
- (i sopr opy! suff ‘h?ﬂ”)PﬁP’Hé-‘fflCBi"h ﬁ“’@qrf bﬁdﬁ&'ﬁﬂ\/’llsu"}“'t“tfd with alkoxy.
fl uoropyrrolidi carpbaonjtrile hydrochl orj de;
(2S, 4S) - 1- ((iéTﬂ‘?mKWPWIS’ Qic'[a![" Qlw'i‘ﬁé?'ﬁ% ‘f)ﬂ'é’ﬁ!/!sgﬁfh%‘hyl ) pi peri di n-4-yl ] propano
yl }-4- quorgg*Lrolldlne caronltrlle hydr ochl ori de;
(28 48) - 1-{( SCORPPH I[alm 17 wherein pis 1.

1 vor opyr 1o ?%Lfﬁ%%%@r'wiﬁ% ﬁ@h%@}%ﬁg@ﬁf‘?,??b? N

fl
§,|2}S 218) 1- {(%é)l'hc compoun% O§CIL gwher%y% ¢ pi%t@Xhﬁzdrgllopqyugg eea‘j:pﬁjciitgd 3-yl]propano

nitrile warhead.

21. The compound of claim 1 wherein the depicted NHz group is trans to the depicted
nitrile warhead,

22. The compound of claim 1 wherein A is H.

23. The compound of claim 1 wherein the depicted F is cis to the depicted nitrile.

gt
CN

N R‘f R2

24. A compound of formula (1j:

o R3
N,

including salts, solvates, and pharmaceutically functional derivatives thereof, wherein

Xis ForH;

R' and R? each are optionally substituted aryl or heteroaryl; and

R*is H or alkyl.

25. A compound of formula (I):




10 fluoropyrrolidine-2-carbonitrile hydrochl oride;

(2S, 4S) - 1-[ (2S) - 2- Ani no- 3- (I 24 December, 2005

- benzot hi en- 3-yl ) propanoyl ] - 4-fl uoropyrrolidi ne-2- carbonitrile

hydr ochl ori de; (2S,4S)-1-

{(2S) - 2- Ami no-3-net hyl -3-[4-(trifluoronethyl)phenyl ] butanoyl}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride; and 15

(3R) - 3- Ami no-4-[(2S, 4S) - 2-cyano-4-fl uoropyrrolidin-1-yl]-2-methyl -4-oxobuta
ne-2- sulfonic acid. 34. A pharnaceutical fornulation conprising a conpound
of claims | to 33. 20 35. The pharmacedf$cal fornulation of claim34
further conprising a pharmaceutical _ acceptable carrier. 36. Use of a
conmpound of clains | to 33 in the nuf acture of a nedi canment for the

i nhibition of a post proline/anali eavi ng protease. 25 37. The use of

cl aim 43 wherein the postproline/a e ¢l eaving protease is a serine

prot ease. 38. The use of claim44 el 4 'EQe serine protease is a

di peptidyl peptidase. 30 39. The use jof I m 45 wherein the dipeptidyl
pepti dase is DPP-11. 24 Decenber, é@ésj;ggﬁxﬂo. The use of claim45 wherein
t he di peptidyl peptidase is DPP-1V. 41| Use of a compound of claims | to 33
in the manufacture of a nedicament for Mhe 5 !reatnent or prophyl axi s of

met abol i ¢ di sorders, gastrointestinal disordef's, viral disorders,

i nfl ammat ory irdiuaig 6ffs SolvAttARRE SarmRBRRA fundd¥RPidARWIER: Ror, ARERT Ol ogi cal

or nucous

XisForH;
R' and R? each are either
(i) alkyl; or
(iv)  combine to form a 3 to 14 membered ring sytem, optionally containing
one or more heteroatoms, and optionally containing one or more degrees

of unsaturation;

Rdis

@Y%R“.

where n is 0-5;

mis 0-12;

Y is S(0)e. O, alkylene, alkenylene, or alkynylene;

pis0-2;

R*is R® when Y is S, O, alkylene, alkenylene, or alkynylene, where R® is optionally
substituted alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, or heterocyclyl;

R*is R® when Y is S{0) or S(0)z, where RS is optionally substituted alkyl, aryl, cycloalkyl,

heteroatyl, amino, alkylamino, arylamino, heteroarylamino, cycloalkylamino, or hydroxy.




menbrane di sorders, psoriasis, intestinal distress,:fggs%iﬁgtkoaoos
aut oi mune di sorders, encephal onyelitis, conpl enent ders,
gl onerul onepritis, |ipodystrophy, tissue damage, psychosonatic,
depressive, and neuropsychiatric disorders, H YV infection, 10 allergies,
inflammation, arthritis, transplant rejection, high blood pressure,
congestive heart failure, tunors, and stress-induced abortions. 42. A
conmpound according to clainms 1 to 33 for use as an active therapeutic
substance. 15 43. A conpound accordingﬁh? clainms Ito 33 for use in the
manuf acture of a nedicanment for the i bition of serine protease. 44. A

conpound accosding to clains 1 tq 33 for use in the manufacture of a

medi canent foﬁrbq;”hegcofnpg'ﬁidr?éﬂg'mogs‘aiﬁgﬁh@/|sé>?f & of netabolic disorders,
gastrointesti 2 i.sqrder.s, viral djsorders, inflammatory disorders,

di abet es, obé§?b§fgwgggﬁpfgffﬁﬁﬁWTF?"H%FﬁatoIogical or nucous nenbrane

i sor dor s, erdeRaPRrsa pf T B iR Pt el sordere.

gl orrer ul oneprigt H1S,cnh| . i ssue mage, p, hosomati c, depressive,
and neur opsy%h?%tc?!lnka@?}séﬁ&r%@%?{"hﬁte{? ?ﬁ?%%%%?“ gl‘l"rs“)éé'ﬁ(& es, inflanmation,
arthritis, trgngpl [;&Clgl - |.ood or ure, congestive heart
failure, tunors, éﬁ‘ﬂ%‘%?gﬁ%"ﬁn l@g‘g'nmaggdr?iagenegqp@%% ecenmber, 2005 - 185 45.

A conpound: B3y QNedmfin@scRBted from@! vate, or pharmaceutically functiona
derivative thereof. ) .

F

e
N

32. A compound selected from:

F

F
o (o]
MeO NH, CN  MeO 0 NH,

CN and

=0

l47]

M0

MeO O N on

33. A compound selected from:
(25,45)-1-[(25)-2-Amino-3,3-diphenylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;
(25,45)-1-[(25)-2-Amino-3,3-bis(4-fluorophenyl}propanoyl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride;
(25.45)-1-[(25)-2-Amino-5-(4-fluorophenyl)-3,3-dimethylpentanoyl]-4-fluoro-2-

pyrrolidinecarbonitrile hydrochloride;



5 46. A pharnmaceutical conposition conprising: r or alt..sol , or
phar maceutically functional derivative thereof. 47. g%sgg%em 2 §nd as
defined in claim45 in the manufacture of a medicanment for 10 the
treatment or prophylaxis of netabolic disorders. 48. The use of claim47
wherein the nmetabolic disorder is diabetes. 49. The use of claim47 wherein

di abetes is type Il diabetes.

180
(25.4R)-1-[(2S)-2-Amino-4-(4-fluorophenyl)-3,3-dimethylbutanoy(]-4-
fluoropyrrrolidine-2-carbonitrile hydrochloride;
(25.45)-1-{(2R)-2-Amino-3-[(4-methoxybenzyl)thio]-3-methylbutanoyl } -4
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-methyl-3-[(3-phenylpropyl)thic]butanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-methyl-3-[(2-phenylethyljthiolbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25.45)-1-((2R}-2-Amino-3-{[3-(4-fluorophenyl)propyl]thio} -3-methylbutanoyl)~4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{{2R)-2-Amino-3-{(4-methoxybenzyl}sulfonyl]-3-methylbutanoyi}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25.45)-1-{(2R)-2-Amino-3-[(4-methoxybenzyl)sulfinyl]-3-methylbutanoyl } -4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
[25,45)—1—((2R)—2—Amino-3-methyl-3-{[4—-[triﬂuoromethyl]benzyl]th.io}butanoyll=—4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
{25,45}-1-[(25)-2-Amino-2-(1-vinylcyclopentyl)ethanoyi]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride;
{25.45)-1-[(25)-2-Amino-5-(4-methoxyphenyi)-3,3-dimethylpentanoyi]-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(2545)-1-{(2R)-2-Amino-3-methyl-3-[(3-phenylpropyl)sul fonyl]butanoyl }-4-
fluoropyrrolidine-2-carbanitrile;
(25,45)-1-{(2R}-2-Amino-3-methyl-3-[(4-methylbenzyl)sulfonyl]butanoyl } -4-

fluoropyrrolidine-2-carbonitrite;
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(25,45)-1-({2R)-2-amino-3- { [4- (benzyloxy)benzylJsulfony! }-3-methylbutanoyl)-4-
fluoropyrrolidine-2-carbonitrile;
(25,45)-1-{(2R)-2-amino-3-[(4-cyanobenzyl)sulfonyl]-3-methylbutanoy! } -4-
fluoropyrrolidine-2-carbonitrile;
(25,45)-1-((2R)-2-amino-3-methyl-3-{[4~(methylsulfonyl)benzyl]sulfonyl }butanoyl)-4-
fluoropyrrolidine-2-carbonitrile;
(25,45)-1-{(25)-2-Amino-2-[1-{4-flucrobenzyl)cyclopentyl]ethanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;

(25,45)-1-((2S)-2-Amino-2-{ 1-[4-{trifluoromethyl)phenyllcyclopentyl }ethanoyl)-4-
fluoropyrrolidine-2-carbonitrile hydrochioride;
(25,45)-1-{(25)-2-Amino-2-[1-(4-fluorobenzyl}cyclopropyllethanoyi } -4~
fluoropyrrolidine-2-carbonitrile hydrochloride;

(25,45)-1-[(2R)-2-Amino-3- {benzylsulfonyl)}-3-methylbutanoyl]-4-fluoropyrrolidine-2-
carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-amino-3-[{3-methoxybenzyl)sulfonyl]-3-methylbutanoyi } -4~
fluoropyrrolidine-2-carbonitrile hydrochlaride;
{25,45)-1-{(2R)-2-Amino-3-[(1,1'-biphenyl-4-yimethyl)sulfonyl]-3-methylbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochioride;
(25,45)-1-{(2R}-2-Aminc-3-[(2-methoxybenzyl)sulfony!]-3-methylbutanoyl} -4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R}-2-Amino-3-methyl-3-[(pyridin-3-ylmethyl)thio] butanoyl }-4-
fluoropyrrolidine-2-carbonitrile;
(25.45)-1-{(2R)-2-Amino-3-methyl-3-[{pyridin-2-yimethyl)thic]butanoyl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
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(25,45)-1-{(2R)-2-amino-3-methyl-3-[(pyridin-4-yimethyl}thio]butanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-amino-3-[(4-fluorobenzyl)suifonyl]-3-methylbutanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25.45)-1-{(2R)-2-amino-3-methyl-3-[(3-phenoxybenzyl)sulfonylJbutanoyl}-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-amino-3-methyl-3-[(3-phenoxybenzyl)thio]butanoyi }-4-
fluoropyrrolidine-2-carbonitrile hydrochioride;
{25,45)-1-((2R)-2-Amino-3-{[(5-chloro-1,1-dioxido-1-benzothien-3-
yilmethyl]sulfonyl}-3-methylbutanoyl)-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;,
(25,45)-1-{{2R)-2-Amino-3-[(2,1,3-benzoxadiazol-5-yimethyl}thio]l-3-methylbutanoyl } -
4-fluoropyrrolidine~2-carbonitrile hydrochloride;
(25,45)-1-{(2R)-2-Amino-3-methyl-3-[(pyridin-4-ylmethyi)sulfonyl]butanoyl }-4-
fluoropyrrolidine-2-carbonitrile hydrochloride;
(2549)-1-{(25)-2-Amino-3-pyridin-4-ylpropanoyl]-4-fluoropyrrolidine-2-carboritrile
hydrochloride;
(25.45)-1-[{25)-2-Amino-3-pyridin-3-yipropanoyl]-4-fluoropyrrolidine-2-carbonitrile
hydrochloride;
(25,45)-1-[(25)-2-Amino-3-piperidin-4-ylpropanoyl]-4-flucropyrrolidine-2-carbonitrile
dihydrochloride;
(25,45)-1-[(25)-2-Amino-3-piperidin-3-ylpropanoyll-4-fluoropyrrolidine-2-carbonitrile

dihydrochloride;
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(25,45)-1-[(2S)-2-Amino-3-piperidin-2-ylpropanoyl]-4-fluoropyrrolidine-2-carbonitrile

dihydrochloride;
(25,45)-1-{(2S)-2-Amino-3-[1-(isopropylsulfonyl)piperidin-4-yl ] propanoyl }-4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,45)-1-{(25)-2- Amino-3-[1-(4-methylphenylsulfonyl)piperidin-4-ylJpropanoyl } -4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
(285,45)-1-{(25)-2-Amino-3-[1-(isopropylsulfonyl)piperidin-3-yl}propanoyl } -4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,48)-1-{(25)-2-Amino-3-[1-(4-methylphenylsulfonyl)piperidin-3-yl]propanoyl } -4-

fluoropyrrolidine-2-carbonitrile hydrochloride;
(25,48)-1-[(2S)-2-Amino-3-(1-benzothien-3-yl)propanoyl]-4-fluoropyrrolidine-2-

carbonitrile hydrochloride;
(25,45)-1-{(25)-2-Amino-3-methyl-3-[4-(trifluoromethyl)phenylfbutanoyl}-4-

fluoropyrrolidine-2-carbonitrile hydrochloride; and
(3R)-3-Amino-4-[(28,4S)-2-cyano-4-fluoropyrrolidin-1-yl}-2-methyl-4-oxobutane-2-

sulfonic acid.

34. A pharmaceutical formulation comprising a compound of claims 1 to 33.

35.  The pharmaceutical formulation of claim 34 further comprising a pharmaceutical

acceptable carrier.

36.  Use of a compound of claims 1 to 33 in the manufacture of a medicament for the

inhibition of a post proline/analine cleaving protease.

The use of claim 43 wherein the postproline/analine cleaving protease is a serine

37.
protease.
38.  The use of claim 44 wherein the serine protease is a dipeptidyl peptidase.

39.  The use of claim 45 wherein the dipeptidyl peptidase is DPP-II.
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40.  The use of claim 45 wherein the dipeptidyl peptidase is DPP-IV.

4]1.  Use of a compound of claims 1 to 33 in the manufacture of a medicament for the
treatment or prophylaxis of metabolic disorders, gastrointestinal disorders, viral disorders,
inflammatory disorders, diabetes, obesity, hyperlipidemia, dermatological or mucous
membrane disorders, psoriasis, intestinal distress, constipation, autoimmune disorders,
encephalomyelitis, complement mediated disorders, glomerulonepritis, lipodystrophy,
tissue damage, psychosomatic, depressive, and neuropsychiatric disorders, HIV infection,

allergies, inflammation, arthritis, transplant rejection, high blood pressure, congestive heart

failure, tumors, and stress-induced abortions.

42. A compound according to claims 1 to 33 for use as an active therapeutic substance.

43. A compound according to claims 1 to 33 for use in the manufacture of a

medicament for the inhibition of serine protease.

44. A compound according to claims 1 to 33 for use in the manufacture of a
medicament for the treatment or prophylaxis of metabolic disorders, gastrointestinai
disorders, viral disorders, inflammatory disorders, diabetes, obesity, hyperlipidemia,
dermatological or mucous membrane disorders, psoriasis, intestinal distress, constipation,
autoimmune disorders, encephalomyelitis, complement mediated disorders,
glomerulonepritis, lipodystrophy, tissue damage, psychosomatic, depressive, and
neuropsychiatric disorders, HI'V infection, allergies, inflammation, arthritis, transplant
rejection, high blood pressure, congestive heart failure, tumors, and stress-induced

abortions.
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45. A compound:

or a salt, solvate, or pharmaceutically functional derivative thereof,

5 46. A pharmaceutical composition comprising;

5

or a salt, solvate, or pharmaceutically functional derivative thereof.

47.  Use of a compound as defined in claim 45 in the manufacture of a medicament for

10  the treatment or prophylaxis of metabolic disorders.

48. The use of claim 47 wherein the metabolic disorder is diabetes.

' 49.  The use of claim 47 wherein diabetes is type 1I diabetes.




