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their use. A continuing need for hypoglycem c agents, which may have
fewer side effects or succeed where others fail, is clearly evident.
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O(l) or a prodrug thereof, or a pharnaceutically acceptable salt of
sai d compound or prodrug, or a solvate of said conpound, prodrug or

salt, wherein: Rl is -(Cl-C6)al kyl, -(Cl-Co6)al koxy,
-(Cl-Co6) aryl al kyI -NRaRb, hydroxy, cyaRse, aryl, or heteroaryl,
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may be optionally fused to aromatic hydrocarbons such as benzene to
form fused cycl oal kyl groups, such as
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Preferably, the conpounds of the present invention have the structure
of Formula (I) 5wherein: Rl is aryl or heteroaryl, optionally
substituted i ndependently with one to three cyano, hal ogen, nitro,
trifluoronet hyI (Cl Co6) al kyl, -(Cl-C6)¥Bal koxy, -(C3-C6) cycl oal kyl ,

or phenyl; or -(C1-C6)al kyl |S-H-ClCG)aIk - and
10HET i s ang? &aiﬂhyﬁbgea. ?feffaaozreﬁg?ﬁemw'ﬁr@rwwom BRFoig RiogE Ay substituents.

5, 6- di hydr oTBHeimniagh gerfoles 2 rahgyelia gn paly@elip bromBtictydrocarbon group, forexample

di hydr o- &kinfadend, fibleh l%&&ﬁr@[ eﬁara{rw:r@%h a.%rtué ljke.OT
7, 8, di hydr o-

it o
conpounds of" E‘%—%'ETY gh 'Peanﬁv'g%fy' %%uPhaé\?Sf%%@er?ﬁbﬁV@t Weée'rb?%gﬁ%lc’ﬁﬁqg' &5
(1A) Whemstoms thReeof h?s beanzabssigted iyl a groupedisdias dsfedepdinabpve dbanpleott Walkyl
| soxazol yhoupsidhae)|mgand, Batlzyl gRVgsazi nyl, pyridinyl, 15pyrim dinyl,

qui noli nyl, Fﬁé’%@‘f)ﬁ@eﬂo%ﬂoa]k}& MS%%B}{Z&B WA re er‘eﬂ%eﬁg HE‘Y herelﬁ)a[bove refers to a saturat%d four-

1, 1-di oxo-1 sot
is pref e Gt mFrB‘Fe’?q{@te&?YFb‘bUHd@‘%ﬂf °Wf'89%f9%f-’d(tq5A"e q ﬁ’é‘i“eF!EerP%a’ﬂW“Fﬂ’l nyl
or pyr i mhetemyrbmaticdngeystempBeineles edetbhatlodiy| graippyunipdsehpmopiperazinyl, piperazinyl,

P%\r/gm)filoﬁwa"d NoyheSiiahy, Hetlayl: L322 picfbe 2 HetanyBza-bicyclo[3. 1 bfetahfi, 2H. £ENt
(3, 3-dif Bl Eﬁﬁyﬁ*}enigwgl 718 GF3hTre-FEmiderol w2 PIRTREY Y § 5T Brisyaydrolt.2 4ltriazolof4,3-

yl ) pi per alpirazinkh 4,58 @ytetrabidragirazoRi ha-glnveseind & ed-teteahydongrdoricdipytimiey. &6t 7,8- or
a phar na@e@rb‘ﬁyﬂ:%ﬁs’nhd@ aapﬁm D b&ar§@byr&id[3,5-8lofhoRDERINPREHIFoIRS, 4-SiB) NI, 6-

grelog:'ltjg d a%a%:cgfno 2. Hcgc?anﬁri @ azaé:l@rt ZqL Ftar'ini‘%%m%FPSBﬁ?’d[.%ﬂé 1 4'%|p%ﬁ)m %H(%ﬁhdene

((2S,'4S) 14~ F{[P\?ﬂiyﬂrr1r‘f"P'@@r’-W[‘n§Nefar§ BagrpipyrgSa- jostenyl 21%49-azol of 4, 3- a] pyr
azin-7( 8|té)ra|35rﬂrbpanm‘[mﬂ H]ebkaae iyl haxalfydro@H-pyrrolal3,4-djisothiazolyl-1,1-dioxide, 2,7-
di f1 uor ogurLal, y%'arén&ayé bz Q‘Feﬁt;g r!sﬁ 412 gtrlazolo 4,3- [1 4]dJaz pln | 5 e ditydro- BH 4 leerl]zo5 2

(3,3-difluorop %
- yOpi per a]fyrﬂmqy ?,ﬁﬁwqrcqu H,% [51 3- abyﬁ@yhg SH ro 5H pyrld 14, 3 a]pyr 1, 7,8-dihydro-
(3, 3- di f Bbpyridgly.Bdipyrintdvh pirgdolol (XA BrimiS)l,-and hdliked - et hyl pyrim di n-2-yOpi p

eraz QU 1 Y hpng i vhedbrBard: ]cﬂe)mtesr@?rh BRRer poiycycllc aromatic heterocycllc ring system. Exanéples of

2S, 4 | fl
|(_|)( yQoer ?rg?ﬂl éro&pwsl?lwgizs% bgnzmgca 'WM%%%V%?ZSH%FWO%Z@] %ep%ﬁ:ﬁa%&ﬁgnzgfuraxgy?
30( (3) - 3bérizettenyl prnFimesiaral. ninnolig A furnglFurapydd). lmi‘laZQl@inlmlle |imigezglteindageil ey
di n- 2- y 1jsoquinBi@l igdthidkoll; 1yol<&mwmr ifdxbfdlyNoxdzaobridyl BXbA@BPINEazoly, (thhalazmyl pteridiny,

3)-3-f I

T kit e L
(3, 3280 1 PaRSE SRS IAaPHRINL (prgzsly] iszoy Bihiadiezoy wmvr@yuﬁh@ne@wg}rtwﬂwhtngmnvl
yl - pi per aizzoly}; 1,4 ylfb)o-‘p’y-i p-obnzaisaizZoly| dxadbppitiflandne ike. - 7. .

[(25, 98) - - frg-Enobpphpmcls ot featy i iifpt: §fadaan%ﬁ bt Shd bt
-pyrrolldln 2-y1] | 'uor o- aze i n-1- anone,

(3, 3- di f P3r o- pyrrolldl n-1-y1)-[(2S, 43) - 4 (2- et hoxy- 7, 8- di hydr o- 5H py
ri do[ 4, 3- dj Prertérmi“glibstitBed) parsyivat @hyd@gmﬂomgda‘m@@dukgﬂnem@en replaced with a different

52- (4o [ ( &3m 55&10@1&37&4 A&, Or rAdRLIE fpREnglinEIRHIBGEMH o B Yérdorl belk Ruydm Pi pe
razin- yI) i cotino

((S)-3-fl uok! E@}‘P o|reﬁ?i?“%a§i‘ja'er(bﬂ%d 43) - 4- ( 4- oxazol o[ 5, 4- b) pyri di n- 2-
yl - pi per azi Herp 7399 Jn|g5} BRI gafans 10 2 Aghenth erTadre of solvents, that does not interact with starting

(3-f 1 uor ez feddents lintgrhediied 3r gr8Juctd inledndnhértatiaers@y died:s tReiBdedidayebbaidaH

-pyrido[ 4, 3Ethe‘? Lk '-“-‘-u%‘tlé&) F}Y {n%h Qédéﬂ.ﬁat Alcmé% RTINS -
102- (44 33, BETS: (P G g Ol RIIBI gPRe - 3-
%er&“??%‘a%“’)y 'IEWP@PPHBWFFWSP@%”““
The phrase "therapeutically effective amount' means an amount of a compound of the present
invention that {i) treats or prevents the particular disease, condition, or disorder, (i} aitenuates,
ameliorates, or eliminates one or more symptoms of the particular disease, condition, or disorder, or (iii)
prevenis or delays the onset of one or more symptoms of the particular disease, condition, or disorder
40  described herein.
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by practitioners that all such salts are within the scope of the
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EXPERI IVEME'A!;‘C:ehc acid A@Eﬁi) %9&?9&\69@%@&9) ‘I'[tlg &Emg ﬁtgrﬁl? b%k été?cﬁ'l eWe%&'ﬂBert solvent,

invegglon wer e enera I%/ rd|n I nt ernati onal
Uni ofP f ofoipRy b2 ﬂﬂ?“ﬁﬁﬁ[‘ JHFCEH‘@: Q"W‘) c%ﬁ%ﬂ‘f&%’t‘? RFHESH ekl at ur e
of O gantewp«itersi sthras 0am80°C Her 2GABblemeiax of tileesich £ epraeeatihoniond to about 24 hours,
6tert- b%b’éxar(-.ag)abe?at 16t D f 1 uor opwr ol i di n- 1- Acar bony11- 4- oxopwr ol i di
ne- 1- carboxyl at e

tert-butvi- 5?%&95 %ff?'%a(&?’FYLP(?rPBeBW?%SIqeiﬂ“Pledlhe(ﬂ“P‘(’:'%‘”r’ BRI 4229 Rt
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mml Synl ett 55 (1995)) in 10 nmL of dICh| ororret hane. After flve
mn, (4R)-1- (tert but oxycar bonyl)-4- hydroxy-L-proline (1.16 g, 5
mml), HOBt (0,74g. 5.5 mmmol ), and EDC (1.05g, 5.5 nmol) were added.
20After stirring the reaction overnight, the m xture was washed
sequentially with saturated sodi um bi carbonate and brine, dried over



- 18 - concentrated. The residue was purified by chromatography

(Bi otages Flash 40M eluting with 1:10 di chl oronet hane: hexanes) to
afford the title conpound 7.85 g (82%yvyield). M5 (El) mz 319.3 (M).
Preparation 2 ' tert-Butvl -13-
(2S)-2-{f(3R*,4S1-3,4-difluoropwolidin-1- Xllcarbonvl} 4- oxopyrrolidi
ne- 1-carboxylate 5Step 1 - tert- Butym

(2S, 4R) - 241( BR* AS*) - 3, 4di f | uor opyr H@| i di n- WLI car bonv1}-4- hydroxvovr
rolidine-1- carfboxyl ate __ Sep!

(4R)-1-(tert-b arbonyl xé hydr o ro\<ne (2.31 g, 10 nmol ),
was coupl ed w thi(3& 48)- %4 di f IFpor@pyr %ol i di ne hydr ochl ori de
(1.44g. 10 mol \Plﬁeparatl &M in a mappay anal ogous to that
described in Prei) ation 1, @t’)ep 1, to afford 2.15 g (67% of the
title product as an off-white foam M5 nf 3ted0321 (M+). Step 2

The product of Step 1 (1.97 g, 6.15 nmmoly was oxidized in a nmanner
anal ogous to that described in Preparation 1, Step 2, to afford 0.749

(38% of the t4tle conpound as a |i &gyt vyel I@@‘\sol id. Mo ZR%J.Q
((MH). .,3Preparqtiopy3 __Stpd Step 4 I:
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Nal -1 0GB and cqnc nt r aked HGep st he m fe was extracted with

di chl or onet hanexydriled over MoSOT, fi N ORand concentrated to
afford 1.0 (61% Pof Ccrude material that sufficiently pure for
further use. M5 378 Preparation 4 (x1)
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at i.ng sodi um bi carbonate. The m xture was stirred at OC for
11 goured into water and extracted with dichl oronethane. The

conb| ned oxt PETE AnRiPRS S IRRPISGIPr Y AL (R ISipteatRied it amipR £¥h £ daeerted
to a colerdreseedi $oh¢Be 359 affct@ 084, whidDBttrep aBylated to afford ketone (V). The alkylation is
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Jorhhane et D6 AR Bt 260 for Ul 20T ELRLBEN T e ek 00
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455 (1991); andP Barraclough etal., Tetrahedron 51, 4195 {1995).

In Scheme 4, Step 5, protected ketoester (X), wherein R represents an alkyl or arylalkyl moiety, Is
25  alkylated under the conditions previously described in Step 4 to afford ketoester (X1),




A solution of the title conpound of Step 3 in dichloronethane (15 ni)

was cooled to -50C and [bis(2- nethoxyethyl)am no]sulfur trifluoride

(1.3 m., 6.9 nmmol) was added. The solution was warned to room

tenmperature over 18 hr then partitionedibetween water and Et 0Ac. The

aqueous phase was extracted again 10 with EtOAc and the conbined

organi ¢ ext Meshemee Stepfastieasteni)Hs wppnified tagialddbe asroRdRfragiowfie acid which, in
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re 27T BioloRhe B PReohh conlbn deliBhd BRABNEL TS Blorfilh, Bhoers] Bt oy
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40  is squeezed or pumped by the patient or as an aerosol spray presentation from a pressurized container or 2
nebulizer, with the use of a suitable propellant, e.g., dichlorcdifluoromethane, trichlorofluoromethane,




N-tert-BOC- 4-oxo-L-proline (458 ng, 2 mml), 3, 3-difluoroazetidine
hydrochl ori de (258 ng, 2 mmol ) (prepared as described in WO

2000/ 47582), and DI PEA (0.35 m., 2 mmol) were m xed i n anhydrous
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40  the compound or of the prodrug, or a solvate of the compound, prodrug or salt; either alone er in combination
with an antidiabetic agent as described above,



((25,451-41443-(Tri fl uoronet hvOphenvQpi perazi n- 1- Apyrrolidin-2-0)-(3,
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The present invention also relates to therapeutic methods for treating or preventing the above described

(
y
(
y

conditions in a mammal, including a human, wherein a compound of Formula {I) of this invention is

25  administered as part of an appropriate dosage regimen designed to obtain the benefits of the therapy. The
appropriate dosage regimen, the amount of each dose administered and the intervals between doses of the
compound will depend upon the compound of Formula (1) of this invention being used, the type of

( pharmaceutical compositions being used, the characteristics of the subject being treated and the severity of
the conditions.
30 In general, an effective dosage for the compounds of the present invention is in the range of

0.01mgl/kg/day to 30 mg/kg/day, preferably 0.01 mg/kg/day to & mgfkg/day of active compound in single or

divided doses. Some variation In dosage will necessarily occur, however, depending on the éondition of the

subject being treated. The individual responsible for dosing will, in any event, determine the appropriate dose

for the individual subject. Practitioners will appreciate that “kg” refers to the weight of the patient measured in
35__ Kilograms

The compounds or compositions of this invention may be administered in single (e.g., once daily) or
multiple doses or via constant infusion. The compounds of this invention may also be administered alone or
in combination with pharmaceutically acceptable carriers, vehicles or diluents, in either single or multiple
doses. Suitable pharmaceutical carriers, vehicles and diluents iﬁclude Inert solid diluents or fillers, sterile

40  agueous sclutions and various organic solvents.
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The compounds and intermediates of the present invention were generally named according to'the
HWIPAC (International Union for Pure and Applied Chemistry) recommendations on Nomenclature of Organic
Chernistry and the CAS Index rules.
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p Preparation 1
K~.c5 i idi Wcarbonyl rrolidine-1-carbo;

Stept - tert-butyl-(2 S,4R)-2-[(3,3-Diflucropyrrolidin-1-ylicarbonyl)-4-hydroxypyrroliding-1-carboxylate
TEA (0.77 mL, 5.5 mmol) was added to a suspension of 3,3-difluoropyrrolidine hydrochloride (0.79 g,
5.5 mmok; Synlett, 55 {1995)), in 10 mL of dichloromethane. After five min, (4R)}-1-{tert-butoxycarbonyl)-4-
hydroxy-L-proline (1.16 g, 5§ mmol), HOBt (0.74 g, 5.6 mmol}, and EDC (1.05 g, 5.5 mmol) were added.
20  After stirring the reaction overnight, the mixture was washed sequentially with saturated sodium
bicarbonate and brine, dried over magnesium sulfate, filtered, and concentrated. The residue was purified
by chromatography (Biotage® Flash 40S (A Dynax Corp.; Charlottesvilie, VA), 9:1
dichloromethane:methanol) to afford 1.07 g of a light pink foam. Additional product (0.26 g) was obtained
by repeated dichloromethane extractions of the agueous fayer to provide an overall yield of 1.33 g (83%).
25  MS m/fz 321 (MH").

Step 2
DMSO (0.57 mL, 8 mmol) in 3 mL dichloromethane was added dropwise to a solution of oxalyl

(__ chloride (0.38 mL, 4.4 mmol) in 10 mL dichloromethane at — 65 °C. After five min, a solution of the product
of Step 1 (1.28 g, 4 mmaol) in 20 mL dichloremethane was added, After 15 min, TEA (2.79 mL, 20 mmol)
30  was added. The reaction mixture was allowed to warm fo RT. After 2 hr, the mixture was poured onto ice.
The organic layer was separated, washed sequentially with 10% NaHCO4 solution and brine, dried
(MgSO.), and concentrated. The residue was purified by chromatography (Biotage® Flash 408, 95:5
dichloromethane:MeOH) to afford 765 mg (80%) of the title compound. MS m/z 319 (MH").
Alternatively, tert-butyl-(25)-2-[(3,3-difluoropyrrolidin-1-yljcarbonyl]-4-oxopyrrolidine-1-carboxylate

35___may be prepared.according.to.the.following-procedure
1-{tert-Butoxycarbonyl)-4-axo-L-proline (6.88 g, 30 mmol), HOBt {4.46 g, 33 mmel}, EDC (6.326 g, 33
mmel), and 3,3-difluoropyrrolidine hydrochloride (4.52 g, 31.5 mmol) were dissolved in 100'mL of
dichloromethane and the reaction mixture was cooled to 0' C in an ice bath before adding TEA (8.4 mL, 60
mmol). The reaction mixture was then allowed to warm to RT. Aiter stirring overnight, saturated sodium
40  bicarbonate (100 mL) was added and the aguacus layer was extracted with dichloromethane. The
combined organic layers were washed with brine, dried over magnesium sulfate, filiered, and
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((3R*, 4S1- 3, 4-difluoropyrrolidin-1-yl1l)-((2S,4S)-4-(4-(pyrimdin-2-
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((2S,48)-4-(4- Trif] uoromneth henyppi perazi g-111 rrolidin-2-
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(28, 4S) - 4-
i pyrrol oS éﬁeﬂﬁt%@&%%ﬁﬁ%@h el el 20 A e By
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1-yl) pyr Hexchitat m-FRepakatioet,Bepon e a5d@ 228 g (67%) of the title product as an off-white foam. MS miz
(3, 33 bk SRS yrrolldln 1-y1)- ((28 4S3) - 4- (4- (8 met hyl -
[1,2,4]tr] azol o[ 4, 3-al pyrazi n-3-yppi perazin-1-yl)pyrrolidin-2-yl)-

met hanon&ed31
The product of Step 1 (1.97 g, 6.15 mmol) was oxidized In a manner analogous to that described in

Preparation 1, Step 2, fo afford 0.74 g (38%) of the title compound as a light yellow solid. MS m/fz 319
(MHH.
N3 Preparation 3

1-(tert-Butoxycarbonyl)-4-oxo-L-proiine (1.0 g, 4.4 mmol), 2-piperaz]n-1-ylpyrimidine'(.o.73 g, 4.4
mmol), and acetic acid (275 pl, 4.6 mmol) were dissolved in 20 mL of anhydrous 1,2-dichloroethane and
sodium triacetoxyborohydride (1.85 g, 8.7 mmol) was added. After agitating at RT for 24 hr, the reaction

20  mixture was quenched with saturated NaHCO3. The pH was adjusted to pH 7 by addition of solid NaHCO;
and concentrated HCI, the mixture was extracted with dichloromethane, dried over MgSQ,, filtered, and
concentrated to afford 1.0 (61%) of crude material that was sufficiently pure for further use. MS m/z 378
(MH™.

Preparation 4
25 (3R 48)-rel-3 4-Difluoro-pyrrolidine hydrochloride

Step 1 - 2,5-Dihydro-pyrrole-1-carboxylic acid benzyl ester
3-Pyrreline (10 g, 0.145 mol) was added to a slurry of sodium bicarbonate (14 g, 0.17 mol) in toluene

( (100 mL). The mixture was cooled to 0° C and benzy! chloroformate (23 mL, 0.16 mal) was added dropwise.
After stirring overnight the solution was diluted with dichloromethane, washed with cold water and brine, dried

30  over magnesium sulfate, and concentrated to a pale yellow oil that was distilled in vacuo. Bp i19—126 °C (0.32

mim).

Step 2 - 8-Oxa-3-aza-bicyclo{3.1.0lhexane-3-carboxylic acid benzyl ester

The title compound of Step 1 (3.0 g, 15 mmal) was dissolved in a mixture of acetonitrile (100 mL) and
water (70 mL) containing ethylenediamine tetraacetate, disodium salt dihydrate (11 mg, 0.03 mmol). The
35 solution was_cooled to 0°C.and 1,1, -trifluoroacetone.(14.5.mL 160.mmol).was-added.-over-10-min.

Potassium peroxymonosulfate (45 g, 74 mmol) was added portionwise over 40 min while maintaining the pH
at 7 by adding sodium bicarbonate. The mixture was stirred at 0°C for 1.5 hr then poured into water and
exiracted with dichloromethane. The combined extracts were dried over magnesium sulfate and
concentrated to a colorless ofl (3.45 g, 100%).

40  Step 3 - (3RS 4RS)-3-Flugro-4-hydroxy-pyrralidine-1-carboxylic acid henzyl ester
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10 with EtOAc and the combined organic extracts were washed with brine, dried over magnesium sulfate, and
concentrated. The residue was purified by flash-chromatography (dichloromethane} to give the product as a
brown il {1.14 g, 40%).
Step b
A solution of the title compound of Step 4 (675 mg, 2.8 mmeol} in EtOH (10 mL) containing 10% Pd/C
(-,-. J (200 mg) was hydrogenated at 40 psi in a Parr apparatus for 18 hr. The solution was filtered over
diatomaceous earth and the filtrate was concentrated to dryness, leaving a yellow solid (400 mg, 100%).

Preparation 5
{8)-2-(3-Fluoro-azetidine-1-carbonyl)-4-oxo-pyrrolidine-1-carboxylic acid teri-butyl ester

Step 1 - Benzhydryl-3-fluoro-azetiding hydrochloride
20 1-Benzynydryl-azetidin-3-ol (5.0 g, 20.2 mmoal) was dissolved in 50 mL of benzene, the solution cooled to
15 °C, and (diethylamino)suifur triflucride (10.1 g, 62.7 mmol) was added dropwise. After sfirring overnight at
room temperature, saturated sodiurn bicarbonate was added, The mixture was extracted with EtOAc, dried
over magnesium sulfate, filtered, and concentrated. The residue was purified by chromatography (Biotage®
408, 10% EtOAc/hexanes). The product was dissolved in EtOAg, treated with HCI (15 mL, 2N in ether),
25  heated briefly, and concentrated. The solid was triturated with ether, filtered, and dried to provide 2.58 g of the
title compound. MS miz 242.3 (MH").
Step 2 - 3-Fluorp-azetidine hydrochloride
A solution of the product of Step 1 (2.58 g, 9.3 mmol) in 30 mL of methanol containing 10% FPd/C (0.38 g)
was hydrogenated at 30-50 psi in a Pamr apparatus for 60 hr. The solution was filtered over diatornaceous
30  earth and the filtrate cancentrated to dryness. The solid was recrystallized from MeOH/EtOAS to fumish 0.62
g (60%) of the fitle compound.
Step 3
N-tert-Boc-4-oxo-L-proline (917 mg, 4 mmol), the title compound of Step 2 (446 mg, 4 mmael), and HATU
{1.673 g, 4.4 mmol} were mixed under nitrogen in anhydrous methylene chloride, The solution was cooled in

I

35 ___an ice bath before the addition of DIEA (1.4 mL,.8 mmol)_The.reaction_mixture_ was.allowed:to.warm-to-RT.

and stirred overnight. Saturated sodium bicarbonate was added, the phases were separated and the aqueous
phase was extracted with methylene chloride. The combined organic portions were washed with brine and
dried over magnesium sulfate. The crude product (2.11 g) was purified by chromatography (Biotage® Flash
408, 95:5 EtOAc:MeORH) to give the title product as light pink foam (1.06 g, 92%). MS m/z 287.3 (MH").

40 Preparation &
{8)-2-{(8)-3-Fluoro-pyrrolidine-1-carbonyl)-4-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester
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carboxylic acid benzyl esfer ™
To a solution of the title compound of Preparation 1 (1.59 g, 5 mmol) and 1-

(benzyloxycarbonyi)piperazine (1.21 g, 5.5 mmol) in 1,2-dichloroethane (20mL) was added AcOH (0.3 mL,
1.05 equiv.), followed by sodium triacetoxyborohydride (2.119 g, 10 mmol). The reaction mixture was stirred
+9  atRT for 4 hr, Saturated sodium bicarbonate was added and the product extracted with methylene chloride.

The organic phase was washed with brine and dried over magnesium sulfate. After evaporation, the crude
product (2.28 g yellow foam) was purified by flash chromatography eluting with EtOAc to give title compound
as white foam (1.28 g, 49%). MS m/z 523.3 (MH"). '
Step 2
20 The product of Step 1 (1g, 1.91 mmol) was dissolved in EtOH (50 mL) and 10% Pd/C (1g, 1 equiv. wiw)
was carefully added, followed by 1,4-cyclohexadiene (1.81 mL, 10 equiv.). The mixture was stirred gently in a
tightly-capped flask at RT overnight. The reaction mixture was filtered through diatomaceous earth and
concentrated to give the product as yellow semisolid (758 mg, 100%). MS m/z 389.4 (MH™).
Preparation 8
25 {S)-2-{3 3-Difluoro-azetidine-1-carhonyi}-4-oxo-pyrrolidine-1-carboxylic acid fer-butyl ester
N-{eri-BOC-4-oxo-L-proline (458 mg, 2 mmol), 3,3-diflucroazetidine hydrochloride (258 mg, 2
mriol){prepared as described in WO 2000/47582), and DIPEA (0.35 mL, 2 mmol) were mixéd in anhydrous
methylene chloride (10 mL) and cocled to 0°C. HOBT {405 mg, 3 mmel) was then added in one portion
followed by EDC hydrochloride {422 mg, 2.2 mmol). The resulting mixture was allowed to warm to RT and
30  stirred overnight. Saturated sodium bicarbonate was added, the organic layer was separated, and the
aqueous phase extracted with methylene chloride. The combined arganic extracts were washed twice with
brine, dried over magnesium sulfate, filtered, and concentrated. The crude product (570 mg) was triturated
with hexanes:methylene chloride (10:1), filtered, and dried in a vacuum oven to afford 510 mg (84% yield) of
the title product as a light orange powder. MS (m/z): 305.1 (MH™).

N

35 Preparation-9
{2 5.4 8}-4-Tlugro-pyrrolidine-2-carbonitrile hydrochloride
Step 1 - (25,4 5)-4-Fluoro-pyrrolidine-1,2-dicarboxylic acid 2-tert-butyl ester 1-(2,5-dioxo-pyrrolidin-1-yl) ester
To a solution of N-fert-BOC-cis-4-fluoro-L-proline (700 mg, 3 mmol} in anhydrous DMF {8 mL) was at
0°C added N-hydroxysuccinimide (380 mg, 3.3 mmol) in one portion, followed by 1,3-diisopropylcarbodiimide
40 (391 mg, 3.1 mmol) In small portionis. The reaction was allowed to warm to RT and stirred overnight. The
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)
2 né‘S) s{ég(a%@,&sﬁibyafnbusﬁn&&?}rm r)entt%mm RAbAbR ds! ) pyrrol i di n-2-
)-(3 oa sorutlc}?l of {he itle compoungo Steqaez (Q&nng)gr,]gﬁ?zln%r%olﬁgnd dry pyridine {0.4 mL, 2 equiv.)in
anhydrous methylene chioride {15 mL) at 0°C was added a solution of TFAA in 2 mL of methylene chloride
under nitrogen. The solution was stirred at 0°C for two hr and then at RT for one hr. The reaction mixture was
- washed with saturated aqueous sodium bicarbonate and brine, dried over magnesium sulfate, filtered, and
('I 9  concentrated. The residue was purified by flash chromatography on silica gel to give 458 mg (90% yield) of an
oil that solidified on standing. MS m/fz 215.3 (MH").
Step 4
The title compound of Step 3 (400 mg) was dissolved in dry acetonitrile (8 mL) and 0.5 mL of 4N HCl in
dicxane was added under nitrogen. The resulting solution was stirred at RT overnight and the white
20  precipitate that formed was filtered and dried In a vacuum oven to yield 128 myg (46% yield) of the title
compound. MS m/z 115.1 (MH). Additional product could be obtained from the filtrate.
Preparation 10
(28)-4 4-Difiuoro-pyrrolidine-2-carbonitrile hydrochloride
Step 1 - N-tert-BOC-4.4-Diflugropyrralidine-2-carbonitrile
25 To a solution of N-tert-BOC-4, 4-difluoropyrrelidine-L-proline amide (250 mg, 1 mmol) and dry pyridine
(97 pL, 1.2 equiv.} in anhydrous methylene chloride at 0°C was added a solution of TFAA (252 mg, 1.2
equiv.} in 1 mL of anhydrous methylene chloride. The solution was allowed to warm to RT and stirred for 36

yl
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(._ hr. The reaction was quenched with saturated ammonium chloride, the organic phase was washed
successively with 1N HCI, saturated sedium bicarbonate and brine, dried over magnesium suifate, filtered,
30  and concentrated to afford 252 mg of a white semisolid. MS miz 233.1 (MH™.
Step 2
The title compound of Step 1 (245 mg) was dissolved in diy acetonitrile (10 mL) and 0.5 mL of 4N HCI
was added. The resulting solution was stirred at RT for five hr and the sclvents were removed. The residue
was triturated with EtOAc, the solid was filtered, and then dried under high-vacuum to afford 105 (59% vield)

——35—of-the-litle-compound-as-a-white-solid-MS-m/z-133:2-(MHY):

The compounds of formula (1), the sterecisomers thereof, and the pharmaceutically acceptable salts of
the compounds and sterecisomers, may be prepared as described in the following Examples. The free base
compounds of the present invention may be obtained from their salt forms by conventional means such as
disclosed in Example 113, herein.

40 Example 1
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(3,3-Dif EHE&&Q%F&WHHQ 197 tha, b@mrﬁél%é@ed ﬁﬁérﬂs’fn('lgq tﬁ@FeQéﬁBrpé(trﬁ'lqér@hﬁhe reaction
yOpi per a%vas quené(u%) \Xl[h sajuraged sod2 un¥ g’ 2arbonate exfracted will EtOAc washed Wlth brine, dried over

magnesium sulfate, filtlered, and concentrated. The crude material was purified by chromatography (Biotage®
10  Flash 403, 95:5 dichloromethane:MeOH) to afford 126 mg (79%) of the title compound as a white foam, MS

m/fz 533 (MH"). :
Step 2

The product of Step 1 (120 mg, 0.225 mmol) was treated with 4N HCI in dioxane {5 mL), After two hr
at RT, the mixture was concentrated to dryness, triturated with ether, filtered, and dried in vacuo to provide

(.d 92 mg of the title compound as a white solid. MS m/z 433 (MH™).

Using appropriate starting materials, the hydrochloride salts of the compounds of Examples 2 to 112,

disclosed In Table 1 hereinbelow, were prepared in a manner analogous to that described in Example 1.

20 Table 1
Example Name MS (M+1)
{(25,45)-4-(4-{5-(Trifluoromethyl)pyridin-2-yl)piperazin-i-
2 yhpyrrolidin-2-yl)-(3,3-diflugropyrrolidin-1-yh)-methanone 434
{(25,48)-4-(4-(5-(Trifluaromethyl)pyridin-2-yl)-1,4-dlazepan-1-
3 ylpyrrolidin-2-y1)-(3, 3-difluorepyrrolidin-1-yl)-methanone 448
((2S,4 S)-4~{4-(3-(Trifluoromethyliphenyl)piperazin-1-yl)pyrrolidin-2-
) 4 y)-((3R*,4.5")-3 4-difluoropyrrolidin-1-yl)-methanone 433
- {{25,4 5)-4-(4-(2-(Trifluoromethyl}quinolin-4-yl)piperazin-1- 484
5 yhpyrrolidin-2-yi}-(3, 3-diflucropyrrolidin-1-yl)-methanone
{3,3-Difluoropyrrolidin-1-y})-({2 S,4 S)-4-{4-(5-nitropyridin-2- 411
B yi)piperazin-1-yl)pyrrofidin-2-yl)-methanone
{(28,48)-4-(4-(3-Cyanopyridin-2-yl)piperazin-1-y))pyrrolidin-2-yl)- 391
7 {3,3-difluoropyrralidin-1-yl)-methanone
{(25,45)-4-(4-(5-(Trifluoromethylypyridin-2-yl)piperazin-1-
§————yhpyrrolidin-2-y})-((3R*48*)-3:4=diflucropyrrolidin=1=yi)=methanone 434
((25,48)-4-(4-(3-Cyanopyridin-2-yl)piperazin-1-ylpyrrolidin-2-yl)- 391
9 ({3R*,45%)-3,4-difluoropyrrolidin-1-yl)-methanone
((28,45)-4-(4~(3-Cyanopyrazin-2-yl)piperazin-1-yl)pyrrolidin-2-y}}-
10 ((3R*,48%)-3.4-difluoropyrrolidin-1-yl}-methanone 392
((28,45)-4~(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)pyrralidin-2-
i1 y)-{(3R*,458%) -3 4-difluoropyrrolidin-1-yl)-methanone 433




((23,48)-4-(4-(Benzo[ d] oxazol - 2-yf| pi perazin-1-yl)pyrrolidin-211)-
(3,3-difluoropyrrolidin-1-yl)-nmethanone 406 55
(3,3-Difluoropyrrolidin- 111H(23, 48) - 444- ( 6- phenyl pyri di n- 2-
yppi perazi n- 1- yfl pyrrol i di n-2-y1)- rret ha?i’tme 442 56
(3, 3- D ifworopyrtel patRTEoit) Amrﬁeth e T O o e e
(4, 6-di fethy1-1, 3, é( R o grfel P o azm ETP? T -y1) -
nmet hanome 424 57 BH)-yl)pyrrohdnn-z-y H(3R*48%)-3,4- dlﬂuoropyrrolldln 1-yl)- 394
[ (2S, 4S)-4_421_2q/cl opropyl 718 d| hydrhahaﬁa&nel pyrl do[4 3-cliplyrimdin-6-
¥ é) - pyr ot di 2=y Sty R o G e e A A i T -4
(3, 3-Di fil uor'd- pyrlr ol i di n- | GPrdluprepygoligy-yi-mediepgiie hoxy - 7, 8-(di hydr o-|5H
pyri do[ 4, 3- d] pyr I{m{@spaskd-21 Trfipgromelhyi)disrtitddryimiberoet Fasyeram- 368. 3 59
(3, 3-Di il uor,@- pyrir 0'7d8ﬂ @'P%rro)fdm-z {nf@% dﬁ?&r pﬂfrrc(h@m@%ﬂ%&ar?on@ di hyshy,o- gH
pyri do[ 3- rﬂ n\/r| hanon 60
(3,3-Dif | uor o- pyr r df%f‘ﬁﬂ i“ﬁ)’or‘fp(ﬂé@d‘ﬂr@‘)"l Ei2~°(‘h9J-6>(‘h%l"a<f'ar25 - cl pyddijn- 2-
yl - pi pefazi 161-y1) - pyr r ol v)piperazih-pipyrritindylomdhad@ie. 4 61 367
(|3, 3- Di ftuor Olpy']'aésgggﬁpmﬂuwmwmmd pyridi- 2-
{3, gl ICIZ))ﬂ ?ﬁl)g - p{r%owdl n- !'K?’%) |lr1%/r fr ‘@quﬁ) BAPN8 _+ ot r ahyldr 02
[ 1, 21bi pyrazi ny1-|4- ¥2s, 4@%‘(“@1Wh@-amylbﬁ-an@bmdo{&n@]hexaﬂ%-
17 yl)pyrrolidin-2-yi)-(3,3-difluoropyrrolidin-1-yl}-methanone 301
C {(2S5,45)-4-(4-Cyano-4-phenylpiperidin-1-y)pyrrolidin-2-yl)-(3,3- 389
18 diftuoropyrrolidin-1-ylymethanone
((25,48)-4-(4-(1,1-Dioxo-1H-1,2-benzo[d]iscthiazok-3-y)-plperazin-
19 1-yl}pyrrolidin-2-y1)-(3,3-diflucro-pyrrolidin-1-yl)}-methanone 454
(25,4 S)-4-(4-{5-(Trifluoromethyl}-1,3,4-thiadiazol-2-yl) piperazin-1-
20 yhpyrrolidin-2-yl)-(3,3-difluoropyrrolidin-1-yl)-methancne 441
(3,3-Diflucropyrrolidin-1-yl){(2 S,4S)-4-(4-(isothiazol-3-yl)piperazin- 372
21 1-y)pyrrolidin-2-yl)methanone
(3,3-Difluoropyirolidin-1-yl}-((2.5,4 S)-4-{4-(8-methyi-
[1,2 4)triazolo[4,3-a]pyrazin-3-yl)piperazin-1-yl)pyrrolidin-2-yl)- 421
22 methanone
({2 5,4 5)-4~{3-(Trifluoromethyl)-5,6-dihydro-[1,2 4ltriazolof4,3-
ajpyrazin-7(8H)-yl)pyrrolidin-2-yl}-(3,3-difluorcpyrrolidin-1-yl)- 395
: 23 methanone
( (3,3-Difluoropyrrolidin-1-yl)-((28,4 8)-4-(4-(2,6-dimethylpyrimidin-4-
24 ylpiperazin-1-yDpyrrolidin-2-yl)-methanone 395
({2S5,45)-4-(4-(Benzo[d]isothiazol-3-yl)piperazin-1-yl)pyrrolidin-2-yl)-
25 (3,3-difluoropyrrolidin-1-yl}-methanone 422
({28,48)-4-(4-(4-(Trifluoromethyl)-6-methylpyridin-2-yl)piperazin-1-
26 yl)pyrrolidin-2-yl)-(3,3-difluoropyrrolidin-1-yl}-methancne 448
(3, 3-Diflucropyrrolidin-1-yl}-((25,4 S)-4-{4-{oxazolo[5,4-b]pyridin-2-
27 ylipiperazin-1-yljpyrrolidin-2-yl}-methanone 407
(3,3-Diflucropyrrolidin-1-yl)-{(2 S,4 8)-4-{4-(4-methylpyrimidin-2-
28 yiipiperazin-1-yi)pyrrolidin-2-yl)}-methancne 381
((28,48)-4-{4-(4-Cyanopyridin-2-yl)piperazin-1-y)pyrralidin-2-yl)-
29 (3. 3-difluoropyrrolidin-1-yl)-methanone 391
30 (25,4 8)-4-(4-(7-(Trifluoromethyl}quinolin-4-ylipiperazin-1-




367.4 63

{(2S,48)-4-[4-(3,5-Dichloro-pyridin-4-yl)-piperazin-1-ylJ-pyrrolidin-
2- yI) (3,3-difluoro-pyrrolidin-1-yl)-nethanone 434.2 64

(3,3 D'fluoro pyrrolidin-110- [(28 43) - 424-4- qui noxal i n- 2-yl - pi per azi n-
1-yl)- 17 4 65
44( 35, 5<>) 5(3, 3- ! Y [3c?”°l*ﬂ§l°riﬁyff%{'%8ﬁl}ﬂefhﬁ'§ﬂ“?o| i di n-%4yIK
pi per azi ne- 1- sui flor{28.43e#-t-@iQyerohyyitiaiyiiire G&6-1-3)yBolidin-2-yi)- 391
[ (25, |48 4,— 4- (032- f{n no- 7 8 dl rsmnfmor%ﬁrrawnuw}ﬁ&h%nd%pyrI m di n- gqglzz- a
pyrro I (‘I n - \I_‘_ f\V‘f'\_l’\\ll“l“f'\ 1 I n RACARES >
(3,3-Difluor 0- pi/r r gal’s %ffr%mfyr&oﬁlﬁlz?b“zzlgg)srﬂ[m((ﬁyr%?H’Qﬂpeﬂ?zﬁi}f i|ri o8- 2-]y! -
pi perazin-1391) -dyrrolidin-2- ylrkrpidhanosthagBe. 4 68
(3,3-Di Iuorolgnyrrm l((ldsasmwa tﬁlﬂuékém@ﬁiw)qﬂkndhﬁlﬁﬂmpﬁiaﬁﬁh pyTimdin-2-yl)
pi per az Ryrroj
{(2S,4S -44i¥(5- ronDI%%mmmgﬁ%ﬁ&EQE@Ta%ﬁggpggﬁﬁFTgVTi-pvrrol?%in-2-
y11- (3, B- di f | uor 4- py@EBIMuerpRyralidipdyyi (@S ARrd A metayinyriding2-[ (38, 538 5 (3, 3
Difluoreg pyre.n ol i E' ne-1 - Cq;n)h@d’ﬁ:)ﬂn)‘l-)myy’rrbﬁinLZCUI)ﬂne'ﬂraM&lé-
Pi per az et ear Hoxy i R R T R bm & S il Syhiperazin--

35 " yhpyrrolidin-2-y1)-(3,3-difluoropyrrolidin-1-yf}-methanone 435

P




423.4 71

((28A5) -4-(2-(4-Chl orophenyl) -7, 8-di hydropyrido[ 4, 3-d] pyri m di n-
6(51-1)-yppyrrolidin-2-y1)(3,3-di fluoropyrrolidin-1-yOrethanone 448. 4
-27- 72 (3,3-Difluoropyrrolidin-1- y1) (4925, 48) - 4- (7, 8- di hydr o- 2-
propyl pyri do[ 413-d] pyri m d| n- 6(51 1) yOpyrroI i di n- 2 yOrret hanone 382.4

I aro—benzeo a\vyy (2S 4S) -
[4 4408 2oyD) - (ROAOHR BT B B ar o )T (RO REHBRE | 72 |
(3, 3-Di fil uor8- pyrirol i di n5¥) Ellie)"d'RZ"ﬁ nys)idiar2-gl-petpgnoneli n- 2- y 1)) - 73%8- di|hydr
s o o o T o U e ST T
g3’53 Elyr i 38}{ 5 1 pyrinidi g p’%’&mf’@"i‘%&%epyw ket ha%one1 415 y76
(3, 3- Di {1 uor o- pyr|r of3HPiAc1apyIoidiy-{-9B((26Z0)- 44 @-meoRpydPt2- benzooxazdl - 2-
y1) - pi pé¢razism- 1- yl] pyrr off) pnﬁ@rﬁhrﬁ%ﬁﬂ&ﬂrm@tﬂ%nﬂuﬁanw 4 77 { ( 283963) -14(6
Chl or o- benzooxszat s e pNda i Nt A G e 2 S A R it 2 T okadiador [ TO-
39 3-yl)piperidin-1-yl)pyrrolidin-2-yl)-methanone 370
(3,3-Difluoropyrrolidin-1-y)-{(2S,4 8)-4-(4-(quinclin-8-yl)piperazin-1- 416
40 - -« - Ypymolidin-2-yt)}-methanone
(3,3-Diflucropyrrolidin-1-yl}-((23,4 8)-4-(4-(1-phenyl-1H-imidazol-2- 430
41 yiipiperidin-1-ylipyrrolidin-2-yl)-methanone
. {3,3-Difluoropyrrolidin-1-y1)-((2 5,4 S)-4-(4-{quinoxalin-5-yl)piperazin- 417
(, 42 1-¥D)pyrrolidin-2-yl}-methanone
{(25,45)4-(4-(Benzo[d]isoxazol-3-yi)piperazin-1-yl) pyrrolidin-2-yl)-
43 {3,3-difluoropyrrolidin-1-ylimethanone 406
(3,3-Diflugro-pyrrolidin-1-y)-[(2 5,4 8)-4-(8-trifluoremethyl-3,4-
dihydro-1H-benzo[4,5]imidazo[1,2-a]pyrazin-2-yl)-pyrrolidin-2-yl]- 444
44 methancne
(3,3-Diflucropyrrolidin-1-yl)-{(2S,4 8)~4-(4-phenylpiperidin-1- 364
45 yl)pyrrolidin-2-yl)-methanone
(28,4 8)-4-(4-(3-(Trifluoromethyl)phenyl)piperidin-1-yi)pyrrolidin-2-
48 yi)-(3,3-diflucropyrrolidin-1-yl}-methanone 432
(25,4 8)-4-(4-{3-(Trifluoromethy)pyridin-2-yl)piperazin-1-
47 yl)pyrrolidin-2-yl)-(3, 3-difluoropyrrolidin-1-yl}-methanone 434
) (25,4 S)-4-(4-(4-(Trifluoromethyljquinclin-2-yl)piperazin-1-
(_h 48 ylpyrrolidin-2-yl)-(3,3-diflucropyrrolidin-1-yl)-methanone 484
{(25.4 S)-4-(2-(Trifluoromethyl)-7,8-dihydropyrido[4,3-d]pyrimidin-
49 8(5H)-vl) pyrrolidin-2-yl)-(3, 3-difluoropyrrolidin-1-yl}-methanane 408
{3,3-Diftucropyrrolidin-1-yl)-{(25,4 S)-4-{4-(4-methyl-6-
50 phenylpyrimidin-2-yl}piperazin-1-yl)pyrrolidin-2-yl}-methanone 457
((25,48)-4-(4-(1H-Benzo[d][1,2,3]triazol-1-yl)piperidin-1-
51 ylpyrrolidin-2-yly-(3,3-difluoropyrrolidin-1-yl)-methancne 405
—(3;3-BDiflueropyrrolidin-1-yl)((28,4 8)-4-{d-(thiazol-2-yl)piperazin-1-— 372
52 yl)pyrrolidin-2-yl}-methanone
{3,3-Difluoropyrrolidin-1-yi)-((2S,4 8)-4-{4-(3-methylpyridin-2- 380
53 yl)piperazin-1-yl)pyrrelidin-2-yl)-methancne




2-y1)-(3,3-ditluoro-pyrrolidin-1-yl)-nethanone 78
(3,3-Difluoro-pyrrolidin-1-y1)-[(2S, 4S)-4-(7, 8-di hyd
di pyri mdin-6-yl)- pyr:rgsol I di n-2-y1] - et hanone 338. 4

ro- 5H pyrido[ 4, 3

79

((S)-3-Fl uoro- pyrrolidin 1- yl) [(28 48) - 4- (4- oxazol o[ 5, 4-c] pyri di n- 2-

nmat hanana 29Q 4 9N

r n7| a W IV |
I 1(35.58 5 (5] ST P Aa e R Ba 15 BPol | i A ) 1 -
3, 4,5, 64t et BAhydr|o- 2H11, 21G3fuaepwrpitingtdyemetigomet ri |l e 374, 4 81
(('S) - 3- Fruor o- pyT| Of (8 BiDTudropykbidnt i30GS S 4e-Rrenyigyhidin-2l0T OTET Mgl - Py i d
o2l pegeraz i Ly Ll piaAL oA yEkARgne 416. 4 82
((S) - 3- Fl uor o- pyr|r oBidifhorppyjrpliding-1-gIS(2EE)-41((3BEF)-3,6-dimethyl-4-
yl - pi perazi n- 1- y1) - pyeraivhdtigi-n3, 24rigdn-2-Apipbrano ne)pyrBdin-2-yl)- 424
2-(4-[(BS. 5§§ S) - 3- Fl uor o- pyrrqhé}ﬁiaingr%- 1- carbonyl)-pyrrolidin-3-yll
- pi perazin- M-nicotinonitrile 3.4 84
((S) - 3- Fl uor o- pyr r SR -AL2 Cxpippropy-3.8-dimgye-Hheyrget 3-HIPHrmidy S et hy ! - pylri di
n- 2-y1)-pi per azi|n- 1-yiHplreqbyin-2-eli-{3cdkatfiudre-pymplidret-yijamieeordl 6. 5 8378.4
(3,3-Diflucro-pyrrolidin-1-yl)-[(2S,4 8)-4-(2-methoxy-7,8-dihydro-5H- -
58 pyrido[4,3-d]pyrimidin-6-yi)-pyrrolidin-2-yl}-methanone 368.3
(3.3-Diffuoro-pyrrolidin-1-y1}-[{25,4 S)-4-(2-phenyl-7,8-dihydro-5H- 414.4
. 59 pyrido(4,3-d]pyrimidin-6-yl)-pyrrolidin-2-yl}-methanone
C. (3,3-Difluore-pyrrolidin-1-yI)-[(2S,45)-4-(4-oxazolo[4, 5-c]pyridin-2-
60 yi-piperazin-1-yl)-pyrrolidin-2-yl}l-methanone 4074
{3,3-Diflucro-pyrrolidin-1-yl)-[(2 8,4 5)-4-{4-0xazolof5,4-c}pyridin-2- 407.4
61 yl-piperazin-1-yl)-pyrrolidin-2-yll-methanone
(3,3-Difluoro-pyrrolidin-1-yl)-[(25,4 5)-4-(2,3,4,5-tetrahydro-
62 [1,2'|bipyrazinyl-4-yl)-pyrrolidin-2-yl}-methanone 3674
{{2 5,4 8)-4-]4-(3,5-Dichloro-pyridin-4-yl)-piperazin-1-yl}-pyrrolidin-2-
63 yI}-(3, 3-difluore-pyrrolidin-1-yl}-methanone 434.2
(3,3-Difluoro-pyrrolidin-1-yi)-{(238,4 8)-4-(4-quinoxalin-2-yl-piperazin- 417 .4
64 1-yl)-pyrrolidin-2-yll-methanone
4-[(38,58)-5-(3,3-Difluoro-pyrrolidine-1-carbonyl)-pyrrolidin-3-yl-
65 piperazine-1-sulfonic acid dimethylamide 398.3
{(25,4.5)-4-(2-Amino-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-y()-
(_ 66 pyrrolidin-2-y)-(3,3-difluoro-pyrrolidin-1-yi)-methanone 353.3
(3,3-Diflucro-pyrrolidin-1-y1)-[(2S,48)-4-(2-methyi-4-pyrimidin-2-yl-
87 piperazin-1-yl)-pyrrolidin-2-yi}-methanone 381.4
(3,3-Difluoro-pyrrolidin-1-yl)-{(2 3,4 8)-4-[4-(5-ethyl-pyrimidin-2-yl)-
68 piperazin-1-yl]-pyrrolidin-2-yl}-methanone 395.4
{(25,4 8)-4-{4-(5-Bromo-pyrimidin-2-yl)-piperazin-1-yl]-pyrrolidin-2-
69 yl}-(3,3-difiuoro-pyrrolidin-1-yl)-methanone 4454
—4-[{38;58)-5-(3;3-Difluero-pyrrolidine-1-carbany}-pyrrolidin-3-yi]-—
70 piperazine-1-carboxylic acid henzyi ester 4234
{((28,48)-4-(2-(4-Chiorophenyl)-7,8-dihydropyrido[4, 3-d]pyrimidin-
71 B(5H)-yl)pyrrolidin-2-yI)(3,3-difluoropyrralidin-1-yl)methancne 448.4




U2S, 43) -4- (2-(Trifluoronethyl)-7,8-di hydropyri do[ 4, 3-d] pyri m di n-
6(5H) -yl )pyrrolidin-2-y1)((S)-3-fluoropyrrolidin-1-yl)nmethanone 388. 4
86

((S)-3-Fluoro-pyrrolidin-1-y1)-{(2S, 48y2444- ( 4- et hyl
pi perazin-1-y1]-

pyrrolidin 2- yl} nethanone 363.5 87

-pyrimdin-2-yl)

((S) - 3- Fuerepy+otdin yBL2S 4 Hazln I perazin-1-
yOpyr rolli di n- 2 yChethaﬁ%ﬂ%mﬁﬁﬁwqﬁa {¥§?§m§4(zéegw%§%1opropy1-7,8-d
i hydr o- 5H- py#2i do[ |4, Boelfgysdci4n- @ipwﬂﬁld@ﬁ(51'@}55)PyﬁTO)Idlrp%'V|}ntﬁtﬁad¢ﬂ¢ 2| 3824
(ERS P LR v R
é&i%olin-z?y )PY oera2|nz%ﬂx%i8@$%§$ﬂ§%mqﬁln%%a&$ haﬁone 462M@4
(3- Fl uoroazet i di n-@3yifupiopgroiciy-I4)-(A 4Pl @2y HD 2017 Blitydeayi n- 1-
yI ) pyrr (?I i dim- 2- ¥| ) rrEil—f—'Qﬂjﬂdﬁ[l@S ﬁiﬁﬁam‘fhmgslyl)-pyrrolld|n-2-yl] methanone . 44'15.4 )
B O T e A R
( 3- Fl uof 0- aZét i di|n- 11 PY["{W digyyimigineEa)pyrechdt-gybmetbargmsyy r i di #1241-|375.
4 92pi pé¢r azi n- 1- Y1}, 3 mynsrolpyreblidin- 2y Zams)-h-are-aethyl-benzooxazol-2-
75 yh-piperazin-1-yl]-pyrrolidin-2-yi}-methanone 420.4
{(25,48)-4-[4-(6-Chloro-henzooxazol-2-yl)-piperazin-1-yi]-pyrrolidin-
77 2-yl}-(3,3-difluoro-pyrrolidin-1-yl}-methanons 440.4
o {3,3-Difluoro-pyrrolidin-1-y1)-{(2S,4 8)-4-(7,8-dihydro-5H-pyrido[4,3-
\ 78 dlpyrimidin-&-y()-pyrrolidin-2-yl]-methanone 3384
{(8)-3-Fluoro-pyrrolidin-1-y1}-[(2 8,4 8)-4-(4-axazolo[5,4-c]pyridin-2- 389.4
79 yi-piperazin-1-yl)-pyrrolidin-2-yl}-methanone
4-[{38,58)-5-((S)-3-Fluoro-pymrolidine-1-carbonyl)-pyrrofidin-3-yl]- 374.4
30 3,4,5,6-tetrahydro-2H-[1,2'bipyrazinyl-3'-carbonitrile
{(S)-3-Fluoro-pyrrolidin-1-yl)-{(2 5,4 S)-4-[4-(5-trifluoromethyl-pyridin- 416.4
81 2-yl}-piperazin-1-yl]-pyrrolidin-2-yl}-methanone
{(S)-3-Fluoro-pyrrolidin-1-y|)-[{2 S,4 8)-4-(4-oxazolo[5,4-b]pyridin-2- 3894
82 yl-piperazin-1 -yl}-pyrrolidin-2-yl}-methanone
2-{4{(38,598)-5-((S)-3-Fluoro-pyrrolidine-1-carbenyt)-pyrrolidin-3-yi]- 373.4
83 piperazin-1-yl}-nicotinonitrile
{( S)-3-Fluoro-pyrrolidin-1-yl)-{(2 5,4 5)-4-[4-(3-triflucromethyl-pyridin- 416.5
- 84 2-yl)-piperazin-1-yl]-pyrrolidin-2-yl}-methanone
L-w {(28,4 8)-4-(2-(Trifluoromethyl)-7,8-dihydropyridof4, 3-d)pyrimidin-
85 6(5H)-yl)pyrrolidin-2-yl)({ S)-3-flvorapyrrolidin-1-yl)methanone 308.4
((S)-3-Fluoro-pyrrolidin-1-yl)-{{2S,4 5)-4-[4-(4-methyl-pyrimidin-2-y[}- 363.5
86 piperazin-1-yl)-pyrralidin-2-yl}-methanone
{(S8)-3-Fluoropyrrolidin-1-yl}{(2 5,4 S)-4-{4~(pyrazin-2-yl)piperazin-1- 349.4
87 ylpyrrolidin-2-ylmethanone
[(28,4 5)4-{2-Cyclopropyi-7,8-dihydro-5H-pyrido[4,3-d)pyrimidin-&-
28 yh)-pyrrolidin-2-yi]-(£8)-3-flucro-pyrrolidin-t=yl)-methancne 360:4
{(S)-3-Fluoro-pyrrolidin-1-y)-{(2 5,4 8)-4-]4-(2-trifluaromethyl- 466.5
89 quinolin-4-yl)-piperazin-1{-yl}-pyrrolidin-2-yl}-methanone
{3-Fluoroazetidin-1-y)}{(2S 4 5)-4-(4-(pyrazin-2-y\)piperazin-1- 335.4
90 yhpyrralidin-2-ylimethanaone
4-[(38,55)-5-(3-Fluoro-azefidine-1-carbonyl}-pyrrolidin-3-v1]-3,4,5,6- 360.4
91 tetrahydro-2H-[1,2'|bipyrazin-3'-carbenitrile




(3-Fluoro-azetidin-1-y1)-{(2S,48)-444-(3-trifluoronethyl-pyridin-2-yl
)-402. 4 93pi per azi n-1-ya-pyrrolidin-2-yll-methanone
(3-Fluoro-azetidin-1-y1)-[(2S, 48)-4-(4- ozazol o[ 5, 4-c] pyridi n-2-yl -375
. 4 94pi perazi n- 1I yl) - pyrrol [ d| n- y1) r'r%‘i*nanone L
e Sy p sl @*ﬂéfwgi)%wgrdﬁgone P
2-{4-[(38, 58%- 5-(3 Fl uoropﬁiré%"P ttherplidEZraitena gy r r ol i di p- 3- yl i -[359.
4 96pi per azi n- 1- yI3-Flboaketiniy){(R$ 85)-4-[4-(3-trifluoromethyl-pyridin-2-yl)- 4024 |
S vt TSR L iy L
( 3- Fl uon o- azet i di|n- & Fﬁ?’ -apptsine] ASP S 4S) (4 RrazppBdripiginvt- 7, 8-38hydr o-
985H pyir i do[9413 d] pyr| m dlpipelﬁzuy1 )rl)—moliummyﬂ-nmﬂ@ﬁdylél - met hanone374 4
( 3- Fl uoro=azetith ll[-(zjs-‘j@}_h_(z_& j%a‘f‘ Ct{lo-5H Eﬁlb‘dfd s_mwnhﬁauﬂs_u- 2=y1)=349. 4
99pi per azi n-1-yll|-pyrraolidin
(3- Fl uotf o- a8t i di|n- 1- y¥¥ py{'("ﬁ'@ @zf -uoropzetoingl ) methiaiBiet hyl | qdfhdl i|n- 4-
452.5 100y1l) - pi pgr a244i35;58)-5-(PHluaredzettime-12apd)ylpptoidmdye -| 3594
96 piperazin-1-yl}-nicotinonitrile
(3-Fluoroazetidif-1-yl){(2S,4 8)4-(4-(5-{triflucformethyl)pyridin-2- 402.4
97 vl piperazin-1-y|)pyrrolidin-2-ylymethanone
(3-Fluoro-azetidin-1-yl)-[(2 5,4 3)-4-(2-triflucromethyl-7,8-dihydro-
( 98 BH-pyrido[4,3-d)pyrimidin-6-yl)-pyrrolidin-2-yl]-methanone 374.4
(3-Fluoro-azetidin-1-yl)-{(2 $,4 S)-4-[4-{4-methyl-pyrimidin-2-yI)- 349.4
99 piperazin-1-yl}-pymolidin-2-yl}-methanone
(3-Fluoro-azetidin-1-yl)-{{25,45)-4-[4-(2-trifluoromethyl-quinolin-4- 452.5
100 yl-piperazin-1-yl]-pyrrolidin-2-yl}-methanone
[(25,48)4-(4-Benzooxazolo-2-yipiperazin-1-yl}-pyrrolidin-2-yi}- 406.4
101 ((3R*48%)-3 4-difluaro-pyrrelidin-1-yl}-methancne
{(3R*,45%)-3,4-Diiluoro-pyrrolidin-1-yl}-[(25,45)-4-{2-frifluoromethyl-
7.8-dihydro-5H-pyrido[4, 3-d]pyrimidin-S-yl)-pyrrolidin-2-yl]- 406.4
102 methanone
((3R*,45")-3,4-Difluoro-pyrrolidin-1-y1)-[(2 S 4 S)-4-(4-oxazolo[5 4~
103 c]pyridin-2-yl-piperazin-1-yl)-pyrrolidin-2-yi]-methanone 407.4
((3R*,45%}-3,4-Difluoro-pyrrolidin-1-yi}-[(2 S,4 5)-4-(4-oxazolo]5,4-
(»- 104 b]pyridin-2-yl-piperazin-1-yl)-pyrrolidin-2-yl}-methanone 407.4
b {{3R*45%)-3,4-Difluoro-pyrrolidin-1-yl)-{({2 S,4 S)-4-[4-(4-methyl-
105 pyrimidin-2-yl)-piperazin-1-yl}-pyrrolidin-2-yl}-methanone 381.4
{3.3-Difluoro-azetidin-1-yl)-{(2 S,4.3)-4-{4-(3-trifluoremethyl-pyridin- 420.2
106 2-yl}-piperazin-1-yl]-pyrrolidin-2-yl}-mathanone
2-{4-[(35,55)-5-(3,3-Difluoro-azetidin-1-carbonyl)-pyrrolidin-3-yl}- 3772
107 piperazin-1-yl}-nicotincnitrile
(3,3-Difiuoro-azetidin-1-yI}-[(2 S,48)-4-(2-trifluoromethyl-7,8-
108 difiydro5H-pyrido[4,3-d]pyrimidin-6-yl)-pyrrolidin-2-yl]-methanone 392.2
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102net hanone
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Step 1 - (8)-2-{3,3-Diflucro-pymolidine-1-carbonyl}-4-oxo-pyrroliding-1-carboxylic acid tert-butyl ester
(8)-4-Oxo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (6.6 kg, 1.0 equivalent) was charged to a
reactor, followed by addition of dichloromethane (15 volumes). The reaction mixture was cooled to 0°C.
( 7 Triethylamine (4.82 liters, 1.2 equiv) was added over 30 minutes. The mixture turned from suspension to
' a clear solution at the end of triethylamine addition. The mixture was held at 0°C to 5°C for 10 minutes,
Fivaloy! chloride (3.65 kg, 1.05 equivalents) was added slowly while keeping the reaction temperature at
0°C to 5°C. The reaction mixture turned back to aslurry. The reaction mixture was sampled for
completion by HPLC {using diethylamine to derivatize} after held for 1 hour at 0°C to 5°C. 3,3-Diflucro-
15  pyrrolidine hydrochloride (4.13 kg, 1.0 equivalent) was charged to the above mixture over 10 minutes at -
10°C to 0°C. Triethylamine (4.0 liters, 1.0 equiv) was introduced slowly over 70 minutes at -10°C to 0°C.
Upon completion of triethylamine addition, the mixture was stirred for 1h at 0 to 5°C. The reaction was
compléte by HPLC assay (~1% starting material). The reaction was quenched with water (10 volumes) at
0°C to 5 °C. The mixture was heated to 20°C to 25 °C. The layers were separated, and the organic layer
20  was washed with 0.5 M HCI (5 volumes). The organic iayer was again washed with combined 5%

NaHCOQ; (2 volumes) and half saturated brine solution (1.64 M, 3 volumes), The organic solution was
concentrated atmospherically to a low stirrable volume (approximately 20 liters). Ethyl acetate (12.6
volumes, 82.8 liters) was added, the solution was concentrated atmospherically to ~6 valumes. The
mixture was held at 60°C to 65 °C for 2 hours and cooled to room temperature over 3 hours. The mixture
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35C t 0 4BBWE wisderlediB §°GlodAts. do tiermysture tvabiRided BRkk NeQH a@odéolution slowly with
agitation to pH 10 to pH 11. The pH was monitored with a pH meter closely during the neutralization. The -
total volume of 50% NaOH added was 12.45 liters. The mixture was warmed to 20°C to 25°C and
extracted with ethyl acetate twice (115 liters, 12 volumes and 57 liters, 8 volumes, respectively). The
40  sample from agueous layer after second extraction was analyzed by HPLC and showed only 1% of the
product in that aqueous solution. The organic layers were combined and treated with magnesium sulfate



Step 2 -
(23,43)-2-(3,3-Difiuoro-pwolidine-1-carbonyl)-4-(4-pyrimdin-2-yl-pi
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reactor was charged wi th-THF (20 vol unmesd,

2- pi peraz y. I e k ui.val ent s) an the.
bt Hekaria it O g whrug he e e b A 2o B O e e
20C t o 25ftraimyas|s QE?" Bagk I@rtheaqeawgla@ﬂﬁmmw ligs,ter faUePATHfier oRerating efThe

acid (0. 7e@wiog opdratdbs eertiperidreat sHeraspedkdde condifidne.) Ming kolitdn was cpbdnkratedio 20

for 1 houjfes rvblﬂﬂeé’)’@h@é? phiiif véc.%@rﬁhl QJF’b {5' *d"ﬁe H‘r!c‘id?@\g fc%ﬁlgc!i RUEK: to 25 over 30

reaction m ur e é)g 5refl uxe

concent r '8 esat "ﬂ to &S”lfﬁw‘fratﬁrescﬂ"éﬁ’m?“?'b‘??ﬁweﬁt EP%”‘BW%’@S@@C’ 880
observed minutei’neﬁe@sWﬁ (RSditess, R noliiroes) ivasgrddechghivéyt ceen idwon dlhe ofixtumawasr grénulated for 2
gggez y tsgerféhrsl\/ﬁﬁeﬁsoﬂ! producy@ss c%ﬂ’éﬂ:ﬁed b@ﬁtré’ir@ﬁﬂﬁﬁi%éﬂ w1tﬁhe£ah€sléﬁ{}gacef£!éﬁ1 Mﬁés 1:1
limt rea‘p\r nﬁ% ﬁltﬁ'gvatrsgg‘év? F'g(r%" %ﬁﬁ?% é°f6\'/£‘é””8%§%f’@d’°t”8 E‘ﬁ:pr?%' ?stgﬂ%f’ n aFay
sanpl ed fOer gigist et &2 foytenieldon 7 59, 75-Ren 81.ro JESPHRLIES (VISR GV OdiHMMR (400 MHz,
tri ackt oxgbprohysi) 2k J 6.0 e OB ef pyfinidrRe), 8.580Ei1HM £ 4. Bm&tmdf)ph@ﬁlahewe7%1

(5.33 201& g% IQ ﬁ@ﬁ"dh}{@lnﬁ&%é%}n\ﬂ@§ S%QWQHDIQEH &&y%hﬁ@ﬂé’%é ?%@uﬁlﬁ)g\rﬁ

at -5Cto

for 12 hdiﬂeéaz'"ﬂpi@ (et ¢ § 184S 'f"r'rlé’é}"f W@"“?)e%réff%% Ml 5. e RTArAN®. 4RP (dd. 1H
99. 8% SalH 19, Bil diar Hre ofapradin @ R18562120 (80 i toveriapirb0¥e iy ofipipd@zing ICHRE Py rrolidids and
added. Theg, &lpkikey, V@S, @qﬁ,cm\tga Qiidep renmove 10 vol unes of THF under
par{i al vac E at e 0 volu ed to
the(sg’spensggeﬁnag & etge F'E‘Vd&%@?@a sgl 9%'5%% 80"%’ WlaﬁngB?rﬁ?ﬁ)c?fd' Wﬁﬁ@d of
25separ at®@@p8 t he aqueous phase was checked by HPLC. It cont ai ned

| ess than 2% of the product The or ggrinlddhase was washed with water

(5 vol unesy,g SRt4h 8k, rgtasq)t SRR ALES to

a snall vog_uma:%

slurry was added hept ane (10 vol uneﬁﬁlif-&—@s@ to 50C over 30 ninutes.
on T\ raeiveh -Opr2a (B 4-etlafiliaropyRolidin e S .

Solid vvagnga%h!@@&,@ﬂ,ngy_cggb[,;nra@t| on rinsed with hept ane (2 vol unes).
?rgill gog/() 3 O:c npﬁ’gﬁ\rfﬁé { g @{nggwgs addec? c%p%wsggo ass%scpe%gondfo?tci%e)(tlleeclorcrllpt?mg gf Piﬁegparatlon 3

(3.3-Di f (Udms. @;anon HATUL128 1) .23l adkd 3,34, pigtritiybrdpyrolRing hydpichlenida t4mg10.3
-y1) - pw @drialliin G At WEHiorsPRStRAR QREr stirrin cwéﬂh@ﬁt Jagzi%tdd's&ﬁﬁrﬁ bma?vbdh% YoRen wé(%%ded

char ged 0

1o 88 3’%”3’%%'@%%%%% Sl Yeibe 1 o0 el Puruaone S5 2l 5
wat er, 19oneentiated The residyavasrpadfied by %Wniﬂfoatapmﬁlﬁfﬁ@? 3Beh PpeFtOAcHwifion. theTikie
slurry wesrpound MSs@t sasimRafter 12 liters of HC was 35added After
thegaddl tion conpletion, the reaction was conplete by HPLC

assay. The.reaction m xture was cooled to 5Cto 15C. To the m xture
was added 50% NaOH aqueous solution slowy wth agitation to pH 10 to
pH 130 TBep@H was monitored with a pH meter closely during the

neutralizat hl‘?@tOAaRn@OFI %Iﬁdon \Sﬂhé’}ﬁfgdugtffro;%rt%wq\%'r ga(#égig@h Ef-hcq'ia d%?zlnla ggeﬁrrﬁlt)

The m xt %gee 1¥\F f

twice (1 SRSV RS S S e ot e aren g Y GFUFILS and concentaie. Thesod
respect i vestghen umm@examsafﬂﬁ@ dndairieco efool &9 nig(§3%6, tarf steps)  éedittecbompound. MS miz
extracti g @y, anal yzed by HPLC and showed only 1% of the product in

t hatl 384 ueo%sm%%é&één%e! sta-rlgﬂg g%{e %Gn &C QMM&% %@I%QE 122, .

filteredscised it Tatles. weripeeraied el rsael 20dlashusde gt desarieacdn BxapB M4t er s) .
The filtrate was charged back to the reactor via a 0.2 mcron in-line
filter for speck free operation. (The follow ng operations were
performed under speck free conditions.) The solution was concentrated
to 20 liters (2 volunes) under partial vacuumat 50C to 60C. The



concentrated. The residue was purified by chromatography (Biotage(r)

Fl ash 406, Et0Ac) to afford the title conpound. M5 nmiz 503 (MAN.

Step 2

treated with 4M HCl in dioxane (ca. 5 m3%- After 18 hr,
was renoved and the residue was taken

30

An Et OAc/ MeOH sol ution of the product from Step 1 was
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(5)-4,4-Difluoro-1-[(25,48)-4-(2-trifluoromethyl-7,8-dihydro-6H-
pyrido[4, 3-d]pyrimidin-6-yl)-pyrrolidine-2-carbonyl}-pyrrolidine-2- 431.2
121 carbonitrile
(25,48)-4-Fluoro-1-[(28,4S)-4-(2-trifluoromethyi-7,8-dihydro-6H-
pyridol4,3-d]pyrimidin-6-yl}-pyrrolidine-2-carbonyl]-pyrrolidine-2- 413.3
122 carbonitrile
(Azetidin-1-y){(28,48)-4-{4-(pyrimidin-2-yl)piperazin-1-yl}pyrrolidin- 317
123 2-yl)methanone
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Example 124
({25 3R 48)-4-(4-(3-( TriflucromethyNpyridin-2-yl)piperazin-1-y))-3-methyipyrrolidin-2-y1}(3, 3-difluoropyrrolidin-

Step 1

The title compound of Preparation 1 (5.6 g, 20 mmol) was dissolved in benzene {50 mL) containing 4 A

1-ylimethanone dihydrochloride

molecular sieves (7.9 g) and treated with pyrrolidine (2.0 mL, 24 mmol). The solution was filtered and
concentrated to dryness, leaving an orange foam (7.0 g, 100% yleld).

Step 2

A solution of the product of Step 1 (7.0 g, 20 mmol} in acetonitrile (100 mL) was added to crushed
potassium carbonate (5.2 g, 38 mmol} and treated with methy! iodide (1.5 mL, 24 mmol). The mixture was
heated to 90°C for 16 hrs, cooled to RT, and concentrated. The residue was taken up in chioroform (150 mL)

and.a-mixture-of ACOH-(5.mk)-and-water-(45-ml:)- was-added-After-three-hr-at- R the-layers were separated

the aqueous layer was extracted with chioroform (3 x 25 mL}, and the combined organic phases were
washed with saturated sodium bicarbonate (2 x 25 mL) and brine, and concentrated to a brown oil. The ofl
was dissolved in ether (75 mL), filtered, and concentrated to a pale brown solid (0.97 g, 16% yield).

Step 3

To a mixture of the product of Step 2 {74 mg, 0.25 mmol), 1-(3-triflucromethyl)pyridin-2-yi-piperazine (63
mg, 0.28 mmol), AcOH (16 pL), and sodium acetate {23 mg, 0.28 mmol) in MeOH (1 ml) was added sodium
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(S)-4,4-Difluoro-1-[(2S,48)-4-(2-trifluoronethyl-7, 8-di hydro-5H
pyr|d0[4 3-d] pyrimdin-6-yl)- pyrrolrdrne 2 carbonyll-pyrrolrdrne 2-
carbonrtrrle 431.2 122

(2S,49)-4 &Br‘&dr?degé ‘J@s nﬁno()ZThUrrI d.lrér‘»ﬂés TfE ?% LW q&an: ?J"ﬁtraéed The
pyr|d0[4 | n- o% rroll car yrro d
car boni t rrefr e gta nltygn tOAc 20 L) and the solution was washed wrth 1N sodrum hydroxide (2 x 3 mL)

(Azet i di nend-brre)($ (nQISsiRBG)ovﬂn(agne(Spytrsulfdedachncymatepe:rcarmesrr THelrpgidue wed putiied by

EXW ) met hagRRaveHPLC (Shimadzu, Columbia, MD; 30 x 50 cm Waters-Xterra® C18 column - Waters Instrument
anp .

(( 26/ 3, a5t oy pep e Ty SR e e R
hvl pvrrolﬁf@dﬁ-cﬁoﬂﬁfﬁ jd G5dimg &0 ¥99r r ol i di n51- v1) met hanone

di hvdrochétend de Step 1 The title conpound of Preparation 1 (5.6 g,

20 I

. e\r/rgg % 7""8%(?(4&2@5’6%9%(}@5 REWaﬁQ@deé Oﬁ %}on%?t?%&%&”ﬁsgﬁém gﬁélij rithot) in
sol uti on %ﬁﬁg et Bheiften %hrcfarr@@w?er“&ﬁ gopyalgs ©qaaess andiag fepiguedtps 8&*%@’"*‘
f oam 107. Cethgpr (2100 titkel odinpouhd Baseqbtaihed as a sold §Dmptosyielf. MShe'z pdsadelt). of

Sg te gsgl l(J 7. 2 Uing agsa,raarmé étam.r@ rﬁ&@rra@.r\hé rrye.loanro(na&é&um)he\e@rﬁpo@ﬂ&%# Ekdthpfel rr%h@rin,
S 25 o | R EhE sRrefnslo et hepb G oih 8 Spebislf in g Gert e i 2t
to RT, and concentrated. The residue wigbetfaken up in chlorof orm (150
m.) Example Name MS (M+1)

and( ani xtu#e_ot-AcEH 2331?‘48 ‘il' EapAS ‘STtrrquorofne‘h 04?!55.- ARger—three-hr
at - R- Tht|hel ayer s- rver sep a e((J2v iEWle aq ueous“nlpgaze Wwas extracted

with chioroform (B x QZFEI”’FTEW*'YQPIEFWZWé Y@@rfﬁﬁ“’rﬂ?ﬂm@qﬂ'g%rﬂl $3-phagesiifér e
washed withrzaturat ed sodi unﬂ:moﬁ@yrtmmwt-ﬁ)rr(eﬁramm% m_) and brine, ahd

concent rfated—to—arbro W’* ether—&5—) ,
filtered, and concent Dmé]bro(?wﬂd'mgl owml 3‘:‘:&9&1?15210[% ’L6‘V§4>§r4el 1) .

Step 3 o 4t Lr?r%eﬁw‘éww? n-¢-HePinsraBia vt Plﬁﬂo"dgr%ﬂ 2 (T4 ny, 0|25
mol ), 1-(3-1e6ifl uororret hyppyrr di n#@thyon@i per azi ne (63 20mg_, 0. 28

mmol ), A 39|H&br&b&¥rblﬂiﬁ R R T i T vetH (1
m.) was addq& sodj um - %“5 f @h{' h éﬁ? ng, 0.28 nmpl).| The
mi xt ure irrled at R‘I”"P'B?ra TRV 28BNt 1 at ed] THE4
resi due was taken up in EtOAc (20 m.) and the solution was washed
wi t h 16N sodi um hydroxi de (2 x rrL) @Qé;ln 1|251e (5 m), dried over

r Th j d

magnesi um s If nd : ‘
purified byéﬁwﬁ%% C= e 5 000 T BIDS.
Waters-Xterra(r) C18 colum - W n j SCo leord MA 30

m_/m'n grswﬂhemwﬁAWM@f&bﬁfbedl- izkh -

r ss solid (35.7 rrg, 26% yl e
(4 2ol i ool (Fs added to a solution of the product of

Step 2@ (35 Ree t'f'ecwmwrﬁm Pyeparation @ é4767a. £-2% meol], 24riflyorobnzoisraciy §40rmg, 0.25Hemol)
m Xt ur e \wERSHATUNORIAY, 068 Mol Werél xBER %nt@ﬂtdustrmqyreﬁ&tmw@e Mﬁ@r rﬁtrogén%éléo%féd to o o}

wi th 10e n@(ﬁ % gat%fﬂﬁ% add}ﬁgofigﬂ %AR@CO%OH ’6‘3 mmoﬁ 'ﬂ'le reacg%n mistire was e&?lowe(a to warm

ng, 96%y
to RT and stirred overnight, The reaction was quenched with saturated sodium bicarbonate and the aqueous

layer was extracted with methylene chloride, The combined organic extracts were washed with brine and
25  dried over magnesium sulfate. The crude product was purified by flash chromatography using methylene
chlorideMeOH (95:5).to_give.the.final.product.as.white- powder.(132-mg,~100%).-MS.miz-529.4-(MHZ):

Step 2 - An acetonitrile solution of the product of Step 1 (120 mg) was treated with 4N HCl in dioxane (1 mL).
The reaction was stirred at RT overnight and evaporated. The residue was dissolved in water, filtered, and
lyophilized overnight to afford the title product as white powder (110 mg, 96%). MS m/z 429.2 (MH+).
30 Using appropriate starting materials, thehydrochloride salts of the compounds of Examples 129 to 133,
disclosed in Table 4, were prepared in a manner analogous to that described in Example 128.
Table 4



Usi ng ap

propriatestarting materials, the hydrochloride salts of the

conpounds of Exanples 125 to 127, disclosed in Table 3 hereinbel ow,

were pre
Tabl e 3

pared in a manner anal ogous to that described in Exanple 124.
Exanpl e Name M5 (I\/Hrl) 125 -34-

a2s, 3R, 4Q\ ~A-(A-(2-tert-But \/I (f rifluoronet h\/l \ pyr azaol nf 1 5-
a] pyri m di i ¥R il per azi n- 1- yl ) 3- me#% pyrrolidin-2- y1) (3, HS (1)
di fl uoropyrrol i di h- 1&3\BHDifvetokraimaicie-15¥-125H45)-24-(toluene-4-sulfonyl)- 443.2
(3,3-Dif uorggpyr f ol Ld. n- 1p.ye1=azrn(ﬁy%3p}r$&ﬁam’@}:y.%embml -444 (3- g

et hyvy l’\ll“l e nLn nvrrolidin-2-\v =
J;nralt L;gg;ﬂe 2148)' 4 1 7 ' (3-Aming- p{rraim-f-ylj'?rﬁs 53)- F (3’.3-d|ﬂud“ d-pyrrolidine-1- e
(3, 3-Di f| uor@lpyriol | di earbonyiigyrplidpn3.yB-Riperdin- Bylrredttrepbned - (4- gyr #1@di n- 2-
yl - pi pe][ ?ZI n-"1- Kl i ?gsjlslqsrs—mwoypvm.m@énm ﬁ‘ohdﬁ@i}a P 5:44:1 bo
(2.4-D ff uor 1 Phenvl di fluoro-pyrrolidine-1-ca
nvh- pyrriali dﬁn 3-v11-pj Der%%gmgijry]%%owé?ﬂg‘ﬁ%‘ﬁ%"?ﬂl hydr ochllori de
Step 1 - 4-[(35,58)-5-3,3- ~Diflucro-pyrrolidine-1-carbonyl)-pyrrolidin-3-yl]- 360.2
(23,48)-|1444-162,4-pi f I uor o- b@srzﬂ\élﬂcamow@mw&m}dal 2- (3 34di f ! uor 0- py
rrolidi ne—t—ecarbepv} Sri—hut-yd—est er
20The tiftl e conpou n%l_ﬁ%?g%rsésg;ué@&aﬁy@ %-qmérbo"ya pyg:‘l‘%%-y; 4262
2, 4-di f | luor dB&nzo| c aC|PéPe(aZl‘Oe frieroqylip gei 9r0-afmy!l-m@9 (95 gy, 0,3
mmol ) were m xed I n anhydrous nethylene chloride undefr nitrogen and

cool ed t
0.3 mol
ove nlgh

%l&&tb&@@%éﬁ&d{ﬁé@ before addition of DI EA (32 ng, 454,
f mxiure was_allowed to warmto RT and stirred
m%“t téacig? CHRRAIS S Rl e PAdragsind stpreaisuerys tigreof, and the

t

bi car bonathemaerititaieacsepierssaits el commeunds prodiupe dnditérboispatelsy Indimedreatment or
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filtgped” rnight to affordthetltle product as

whi t e powdePPR-IMlithititign rr@ﬁ% deridBstrales iAo thé Idibwing aS@\Jsyhite) sadaprtaiTroimatathods of
starting SGPaTrngr ét%l =Y cﬁnhét%ﬁf ré%@é‘h@és‘) %ﬁ H%@é sz%EhoE!E\?‘ak‘ﬁ/%HPﬁ’éJ ?9?(159(8}7&50 1l ofan
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ﬁrﬁtft@' wgl@g»f a q%yr@nggs-weli plate, and maintained at
4°C, The enzyme-substrate solution comprises 50 uM Gly-Pro-4-methoxy-B-naphthylamide hydrochloride in

50mM Tris assay buffer pH 7.3 containing 0.1M sodium chleride, 0.1% (v/v) Triton and 50 wW/mL DPP-IV
(MP Biomedicals, Livermore, CA; DPP-IV & mU/mL stock). 5 pL per well of the compound of formula {1} is
added, bringing the final concentrations of the formula (1) compound to between 3 pM and 10 nM per well,

Controls, Enzyme is omitted from four (4) wells, as a reagent blank. 5 pL of 3 mM Diprotin A {Bachem
Bioscience, Inc.; King of Prussia, PA) is added to four wells as a positive quality control, prE){/iding a final
Diprotin A concentration of 100 uM. Te measure total enzyme activity (i.e., a negative control), without the
influence of any compounds of formula (1), 5 pL of distilled water is added to four wells.

The entire assay is incubated overnight {between 14 and 18 hours) at 37 °C. The reaction is quenched
by adding 10 uL of Fast Blue B solution (0.5 mg/mL Fast Blue B in a buffer comprising 0.1M sodium acetate

25

pH 4.2 and 10% (v/v) Triton X-100 to each well, followed by shaking for approximately 5 min at room
temperature. The plates may be analyzed on a Speciramax spectrophotometer (Molecular Davices;
Sunnyvale, CA), or equivalent equipment, (absorption maximum at 525 nm). ICs, data for compounds may be
obtained by measuring the activity of DPP-IV over a range of compound concentrations from 10nM to 3.

In Vivo Assay for Glucose L.owering

The glucose lowering effects of DPP-IV inhibitors, including the compounds of formula (1), may be
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3-Difluoro-pyrrolidin-1-yl)-{(2S, 48)-444-(tal uene-4-sul fonyl)-

pi perazin-1-A-pyrrolidin-2-yll-nethanone 443.2 130

( 3- Ami no- pyrazi n-2-yl )-{4-[ (38, 5S)-5-(3,%8-di f| uoro- pyrrolidine-1-

bonyl i h 41
(D03 M e s A e e
pl per azi N®®@QENeH{ui nol i n- 4- yl - met hanone 444.3 132
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final corftENEr His SSred sontrplgeoup [SdRsRdyith watere AHFSG . the ”w'é’taﬁﬁe@ﬁ'“ legh B diaseribed
10 nM perabevel The blood sa@ples pelcsntriftged \tinepldssia odtfiediddetid Bialypad fortiucdsé eomenk bris

as a reaggie- %&ﬁ'éﬂz gﬁ[cé:se aﬁgl zgr ﬁMh?bEﬁ!%tsﬁcQ C@I‘p( ﬁ@lﬁrﬁsgﬁs Eﬁdp?ﬂé oeaféqﬁ'ay bb Bpressed

Ki ng.of Prussi é a] positive

cont 3 BP%%”EC’/%‘“ 't'?wﬁarm%acbfﬁ'a@ ﬁeﬁwﬂt%teweﬁ?f}ﬂakgrwns (57 HBUORRA vt the

measure @0tk regeiyigongiucagst Hubict tgst ¢ampaund represerjiag D% énhibiort and ke gluvast hoaentritve in

_ the animals receiving only water representing 100% inhibition).
(, The compounds of formula (1) generally exhibit inhibitory activity, expressed as ICso's, against DPP-IV
that are <1,000 nM. Generally preferred compounds have 1Cse's <100 nM. For example, ((28,48)-4-(4-(3-
30  cyanopyrazin-2-yl)piperazin-1-yl)pyrrolidin-2-yl)-((3R* 45%-3,4-diflucropyrrolidin-1-yl)-methanone
dihydrochloride has an 1Cgg of 3.5 nivi,
Comparative Rat Pharmacokinetics Experiments
Rat Pharmacokinetics experiments were performed to demonsirate the improvement in plasma

concentrations maintained over time for a compound of the present invention as compared to a structurally

35 similar prior art compound generically disclosed in International Application WO, 02/14271._Specifically,

plasma concentrations over time were measured for rats administered (a) the dihydrochloride salt of (3,3-
difluoropyrrolidin-1-yi)-{(2 5,4 S)-4-(4-(pyrimidin-2-ylpiperazin-1-yl)pyrrolidin-2-yi)-methanone {(hersinafter
"CPD 1137), which was prepared as described in Example 113, and (b) the comparative dihydrochloride salt
of (28,4 8)-4-{4-(pyrimidin-2-yl)piperazin-1-yl)pyrrolidin-2-yt}(pyrrolidin-1-ymethanone (hereinafter

40  ‘“comparator”), which may be prepared according to the method of Example 1 or as generally described in
WO 02/14271.



i nfluence of any compounds of formula (1), 5L of distilled water is
added to four wells. The entire assay is incubated overnight
(between 14 and 18 hours) at 37C. The reaction is quenched by adding
10 L of Fast Blue B solution (0 5 ng/nt:ﬁast Blue Bin a buffer
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Lower i ng (BertondhickineereMicepiainer@ig Thsf fiasd sampigs wBRreh Vertriildeth Bt 18969, rom foe I Urdinuiep).
the conpougpes aﬁﬁuofs%féﬂél@n fof aleteriﬁﬁah(tlohef compé’uﬁd plagteRdRdehtfdi6 (rarmfxineRek

ol d KKIJHLJ m. Jackso ar in the context of an
oral gl ucagg%s"sﬁe]_h(e ﬁc%s?'@lsﬁﬁts Vere froze” EH%&% "'na F%)S'ge tol erance tests
(OGIT) have The@hrlasmasgapipsivaigipngiyzedder seranoungt coneshleationstol ECAMSAUS(ApRiigd Biosystems

desc r‘idDedﬂ\FbW(ﬁim’a@sJ@ectﬁne&\' In bAER coﬂnpo%@tanc@&j curvdSieré BroRAd,in EbRGb! Ak Blasma with
routinel y, ngtcl?'? OQP@ﬂﬁ@ﬁaig ots Kd"ééﬂ‘@.%&? %tﬁ‘%éa% 5 ana{E%nglgs \%)r%fzgged into

eval uat e t |cac s 1n I en
have beed‘“a&%“‘dfuieeé %%WP&P@C*( Pfot@mﬁweéﬁznﬁwtwmaﬁ te?nemmt @P@rﬁ@bé@talmm

|(3 198ﬁ) FrdimLWRih&makstandard., 'ZH?EI sahel g&ks &5{490&%&33 therpddeltrifugadat SOO@Ipm%r Sminutes.
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. T$ap.un9igniragesisirearh éﬁemduefwe(em@agﬂtuaﬁw mapiiesigse (83% BiMM ampeniun acetate and

CI in. Nutdos,ac@drse) 154230 X 0.0 1@ fhwére Wkn RpttERonRAROIOAAS/ME fcﬁfaﬁ@}étss of

sul fonyl ureas (Kaneda, et 10al., Arznelm Forsch./Drug Res., 39044
(1982) and Muller et al., Horm Metabl. Res., 469 (1990)). KK
mce are derived froman inbred line first-established and descri bed
by Kondo, et al., Bull. Exp. Anim, 107 (1957). These m ce

spont aneously devel op a hereditary form of pol ygenic di abetes that
progresses to cause renal, retinal, and neurol ogical conplications
anal ogous to those seen in human di abetic subjects, however, they do
not require Insulin or other nedication for survival. Anot her
aspect of the invention is directed to the use of KK mce to evaluate
the effects of insulin secretagogue agents in the context of an oral
gl ucose tolerance test. The mce are fasted overnight (about 14 to
about 18 hr), but allowed free access to water. After fasting, (tine
"t" =10), 251.1 of blood is drawmn fromthe retro-orbital sinus and
added to 0.025% heparini zed saline (100 L) on ice. The mce (10 per
groUp) are then orally dosed with a solution of a conpound of fornula
(I') in 0.5% net hyl cel lul ose (0.2 nlL/nouse). Two 20control s groups
receive only 0.5%nnethylcellulose. At t = 15 mn, the mce are bl ed,
as descri bed above, and then dosed with 1 ng/kg glucose in distilled
wat er (0.2 mUnouse). The first control group is dosed with glucose.
The second control group is dosed with water. At t = 45 mn, the mce
are again bled, as described above. The bl ood sanples are
centrifuged, the plasma collected and anal yzed for gl ucose content on
a Roche-Hitachi 912 glucose anal yzer (Roche Diagnostics Corp.;
Indianapolis, IN) The data may be expressed 25 as percent (@6

ht-bi-t-ton—of—ghucose—excursron—Tetative to thetwo—TtontTot—groups
(i.e., the glucose level in the animls receiving glucose but no test
conmpound representing 0% inhibition and the glucose concentration in
the animals receiving only water representing 100% i nhibition).

The conpounds of fornula (I) generally exhibit inhibitory activity,
expressed as 1C50's, against DPP-1V that are <1,000 nM GCenerally
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4000 mass spectroneter).
were prepared in control

In brief,

conpound standard curves
rat plasma with a dynam c range of

1. 0-2000. ng/nL: Aliquots (0.02m) of both st andards and sanpl es were

pl aced into Marsh(tm tubes in a 96-wel13

bl ock. Proteins were

preci pi tat el q‘hgé(ve%gg 5& off QatugfrFE’Lm%gﬁrteg% o!n!ie% it Foﬁd | grf'a%l 0 1 g/m
of inter - 0CkS v%\e[e MQ[%exéH! anﬁ t hen
cent ri f ude¥PaENdB000; pmPPBr! 1S [ nut B 9oV * The $BPEIAY nd suFsrdsut ant was
renoved |amde phaced | ntean®lasery 96- wel | bl ogiveand t akernl to dryness; at
50C 15under a nitropen gtfpam [Residues wepg hecqpstijtuted in nobile
phase (60% 5mM anmohi um acet ate and 40% aget onl trile). Aliquots
(0.01nmL)| were then |njef¥E4 onto the L MBP¥E for andlysis. - 37 -
The averlage pizasma conce@bplati pns, 3/BAsured ar é46pr ovi|ded iThit he
fol | ow N tatygF-—ConmpoEdt s 11 (g PO T3 Vg PHgsme gyet—Tig/ ni
Std dev —Gara??pa-t-a V10,25 _1406
338.0 446 71%1°0.5 1322°8%359. 9 425%%hs 075 957@.2 137.0 31% 50.]8 1
768.2 314.0 1 768.2 314.0 283 13.3

2 289.2 71.8 128 40.4

4 97.8 1692 27.3 11.2

6 49.3 19,1 12,7 1.2

8 32.8 25.5 6.16 2.62

As shown by their despective plasma concentrations, CPD 113 achieved and maintained significantly
higher plasma concentrations than did the comparator compound.




283 13.3 2 289.2 71.8 128 40.4 4 97.8- 692 27.3 11.2 6 49.3 19.1 12.7

1.2 8 32.8 25.5 6.16 2.62 As shown by their despective plasm
concentrations, CPD 113 achi eved and nmi ntai ned significantly higher
pl asma concentrations than did the conﬁ&?étor conmpound. - 38 -
CLAIMS Vi agh@ai m 51. A conpound of formula (1) (1) RI-Q...(-IET)R2
1 NR3 (ig27,(1'y HOZ or a pharmaceutically acceptable salt of said
conpound, or a solvate of said conpoundor salt, wherein

We claim:

5 1. Acompound of formula ([)

()

R‘l.-'Q
HET R?

N R3 afﬂzﬁ\(
N\<
N 3 %

or a pharmaceutically acceptable salt of said compound, or a solvate of said compoundor salt, wherein:
(‘ ‘0 R'is <{C1-Ce)alkyl, -(C1-Ce)alkoxy, -(C1-Celarylalkyl, -NR°R®, hydroxy, cyano, aryi, or
heteroaryl, wherein said -(C4-Cg)alkyl, said aryl, or said heteroaryl is optionally substituted
independently with one to three -COOH, -C(0)(C4-Cs)alkoxy, -C{O)(C-Cs)alkyl,
-C{O)NR?R”, cyano, halogen, nitro, triflucremethyl, -(C4-Cg)alkyl, -(C4-Celalkoxy,
-(Cs-Ce)oycloalkyl, or phenyl, wherain:
15 R® and R"are, independently, hydrogen, -(Cy-Cglalkyl, aryl, or heteroaryl, or
R® and R® taken togsther with the nitrogen atom to which they are attached, form a four- to six-
membered heterocyclic ring, wherein said ring optionally incorporates an additional one or two nitrogen,
oxygen, or sulfur ring heteroatoms;
R? and R® are, independently, hydrogen, halogen, -(Cs-Cs)alkyl, or -(Cs-Cg)cycloalkyl:
20 Q is a covalent bond, -C{O)-, or -50,~;
HET is a heterocycloalkyl ring moiety, optionally substituted with: (A) one to four -(C4-Ce)alkyi, optionally
substituted with one to six halogen atoms, -{C,-Cg)alkoxy, cyano, halogen, hydroxy, or
NRRP, or (B) -(C-Cg)arylalkyl, optionally substituted with one to six halogen atoms, -(C-Cglalkeoxy,
cyano, halogen, hydroxy, or -NR*R®:
25 nisOor1;
when n is 0, X is -CHy-, and Y is -CHz~, -CHF-, or -CFz-;
orwhen nis 1, Xis -CHg-, -CHF-, or -CF»~; and Y is -CHg-, -CHF-, or -CF;-, provided that X and Y are not
both -CHo-; and
Z is hydrogen or cyano.

[
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2.__Thecompound.of.claim.1,.a.pharmaceutically.acceptable-salt-ef-the-compoeund;-or-a-solvate-of-the

compound or salt, wherein;

R'is aryl or heteroaryl, optionally substituted independently with one to three cyano,

halogen, nitro, trifluoromethyl, -(C,-Cglalkyl, -{(C4-Cg)alkoxy, -{Cs-Cg)cycloalkyl, or phenyl;
35 R%is-H or-(Cy-Cg)alkyf;

R*is -H or -(C1-Cg)alky; and

HET is azetidinyl, piperazinyl, piperidihyl, pyrrolidinyl, 5,6-dihydro-8H-imidazo{1,2-a]



( 4 RLis -(C1l-Co)al kyl, -(C1-0C6)al koxy, -(Cl-Co6)arylalkyl, -NR3R3,
hydroxy, cyano, aryl, or heteroaryl, wherein said -(Cl-C6)al kyl, said
aryl, or said het eroaryl is opti onal |y %tdbstl tuted independently with
one to three -COOH, -C(0)(Cl-C6)al koxy, -C(0) (C1-C6) al kyl ,

- C(0) NR3R3, gyRne7-yhsib-aigmio-sH|1i2l4Rsiazbibth 5L pREMTRH RY ¥ 8-dnfdrelsiB)iad Kyl
(L ha kocpy ])&é% c?%f;oél olal |<43| o[r pjﬁgny . wher elﬁn % and Fe
ar e, |ndepen ?Io 011 ogen, -(Cil-Co6)alkyl, aryl, or heteroaryl, or

R3 and Rb, taken together with the nitrogen atomto which they are
at t ached, 3.f aneeanpbowdrof cléia 15é phanedcbetfigadseii ey & tieompdigd, ondi&ihvele Bf the
z)a(u de:? ngroggmﬂ,@ﬁc} dr¥al @F:Qg,por ates an additional aege ?Ldemgnge;t Iogen
i ogen | hE GGTIsC e R RGON, brherolsEe ORi eI, DOy
coval ent bomeimidingf, @)nolinys auing@aRy!; thiddiEFolyl Srizainfiet & f-dioxee1Hbh-kgrzoisdtiiegolyl;

noi ety, I Iopt IROARI R WreSHPSt i tﬁt ed with: (A%} Ione to four -(E:é-lcgé?l Ikil ,
optionally Wi th one to six hal ogen atons, al koxy,
cyano, hal ogqpﬂ&n&%ﬁtg&d r -NR3Rb, or (B) -(Cl-C6) aryI al kyl ,

opti dlal Iy Eﬁﬁﬁpgtéﬁ'%l with one to six hal ogen atoms, -(CL-08)al koxy,
C.cyano, hal ogen, hydroxy, or -NRalib; 25nisCQor1,; V\,hen nis 0, Xis
:$§: g?‘rd ¥nd &mp&]ﬂg of Clalg'H: aﬁh&ﬁa%%ﬂy acé%léta%%noﬂhé ‘?)D\ﬂ]p ur@:?r %ﬂf%of th
Y are not b8‘t“PP°”@I§‘Esa't ‘é{'?‘ﬁ'je"ZR SPYHgEH FEWGW: cyano. 30 2. The corrpound
of ¢laim1l, a pharmaceutically acceptable salt of the conpoundror a

sol vate @f theomBsmRednslaifr, §§ta¥mac@@]ﬁ£l[§éd&ept£ﬂe s'a[t;of%{e}{:lam%ung'%t SERAR Y the
optionally sub%tlldtolrjt d |end|§) gn %y "@;g] %Ee to three cyano,

hal ogen, ni {78 Cr 4 u‘%ﬁ‘ ONE ﬁ31 A dGikal i) Y (Cl C6) al koxy,

-(C3-C6) cycl oal kyl, or phenyl; 35R2|s -H or -(CI C6)al kyl; R3is -H
or -(Cl-@6) aattetcwnpomdfcbﬂﬁm1|ss[eaaﬁtdndh@gfbupcms@wg®m nyl, piperidinyl,

D At
7, 8- dPhydr o- BRARH-6 S@Qﬂl’aﬂoﬁw’i'q*ﬁ‘@l' 3. The conpound of

cI aim1l, a phaGifeatpycaldny ﬂ)qczepnsab[womdldts olﬁ]pttribie-zqmmbmmd,-yl)p‘ytrolﬂin-zwl)-
sol vate of thenagaepound or salt, wherein: Rl is benzoisothiazolyl,

benzi soxazol yl 0 oxaz oxazol opyr.id yrazinyl,
pyridinyl, pyr €3rﬁd§tiﬂf9tv"°t?t5wh@r<f2??¢§ @dx Hlsstafryr"ﬁw-%t %ﬁrnatzsgtpwomm 2y
triazinyl, omethanbneli oxo- 1H 1, 2-benzol sothiazolyl; R2 and R3 are -H, Q
i s apgoval ent RMHQ@@HHLQHE&W)ST @@i@@fo%ﬁdﬁé’% d]pﬁ;mu]FMsrﬁa&}m%Haﬂ 2% 33

Claim3 , accepta | e sal he conpound
sol vat e of tﬁﬁl%mB %ﬁ ”' g P® Wwherein RL is pyr| di nyl or

pyr| m di nyl . 565+ @O@Wﬁiﬂénﬁdﬂ-ﬂ?s ) dilar34rilugromethyl-pwidie gty - olabrazin-1-yl]-pyrrolidin-2-
accept abl e sa}hetedhoddie conpound, or a solvate of the corrpound or

sal {, wherein @% 3~°ﬂu3m pﬁdmﬁm-ﬁ-gy -g A% ttnfluorom(%q 7:8-dhyard BB SRR i 6-4)-

Claim1 sel ect
((2S°%s9) - 4- (@’r’("{dinrszltﬂ’éﬂﬂﬁﬁ%’tehyl )-5, 6 d| hydro (1,2, 4] triazol o[ 4, 3- a] pyr
azin-7(8H) - (3,3-difluoro-pyrrolidin-1-y!)-{(2S,45)-4-(4-oxazolo[4,5-clpyridin-2-yl-piperazin-1-yl)-pyrrolidin-2-yij-
methancne,
((25,45)-4-(2-cyclopropyl-7 8-dihydro-5H-pyrido[4, 3-d]pyrimidin-6-yl}-pyrrolidin-2-yl}-(3-flucro-
azetidin-1-yl)-methanone,
35 (3,3-difluoro-pyrrolidin-1-yl)-[{2 8,4 5)-4-(2-ethoxy-7,8-dIhydra-5H-pyrido[4,3-d]pyrimidin-6-yl}-

pyrrolidin-2-yl]-methanone,
2-{4-[(35,58)-5-(3-fluoro-azetidine-1-carbonyl)-pyrrolidin-3-yl}-piperazin-1-yi}-nicotinonitrile,
((S)-3-fluoro-pyrrolidin-1-y!)-[(25,4 5)-4-(4-oxazolo[5,4-b]pyridin-2-yl-piperazin-1-yi)-pyrrolidin-2-yi)-
methancne,
40 (3-fluoro-azetidin-1-yl)-{(2 8,4 8)-4-(2-trif uoromethyl-7,8-dihydro-5H-pyrido[4, 3-d]pyrimidin-6-yl)-
pyrrolidin-2-yi]-methanone,



20yl ) pyrrolidin-2-yl)-(3,3-difluoropyrrolidin-1-yl)-methanone,
(3,3-difluoropyrrolidin-1-y1)-((28, 43)-4-(4-(oxazol o[ 5, 4-bl pyri di n- 2-
y1) pi perazi n-1-yfl pyrrolidin-2-yl)- nethanone,

(3, 3-difluoropyrrolidin-1-yl)-((2S, 4S)- A0¢ 4- (4- et hyl pyri mi di n- 2- yppi

1-yfl
FZ)EE ?g ;3 n43) Y4 E)%—{g f&é %Lf)% (fsg-g-ﬂzl?{o-wrtb@ﬁgqggrﬁonap Blgl'dldln d3 *I] ZP:pgraélf %!I} mﬁc]:tlaclan itile;
(5H) -yl ) pyr r ol (HiUZZGHAN- 18-S 4§ ‘TWIE%F'E‘}BWP@V'IQH‘FW%W'PP‘?YH@I ArRymeidin-2-yl}-
((S)-3-fluor aefipnane] i di n-1-y1)-{(28,48)-4-(4-(3-trifluoronethyl-pyrid

i n-2-y1) - pi per ggknskyy/A- Js.nd% b kel -5H-pyr

((S-3-fl uorg SW r.ol ; 5& %/F% b 1%2} 2‘%&/ E{%ﬁ?dr?)l ﬁlg‘r708rrc|is’=rt'ydm 5ny'§j°

dr o- 58 pyri d&F AT AV g: 'T)eta@"b)?? oI|d|n2yII-rrethanone

(3, 3-di f | uor o- PHREAIFTH-Aiflubropl RIS 148(2 34 3) 4-(bsomzad D4 -AlpBidio gyl pipehizin-134)y 1

- pi per azi n- 1 pytdbldidif-RéthahoRs; Zr ¥ prlarmABB1iH0A &ddBptable salt of said compound.

[ (23, 4S)-4- (2 cycl opropyl- 7, 8-di hydro- 5H pyrido[ 4, 3-d] pyri m di n-6-y1)

-pyrrolidin 1] -¢( 3f|uoroazet|d|n | -y1) - met hanone,

35(3, 3-diff | (?@?r%ﬂuﬁSPPYFES’H"HFﬂl -{2SAS)4{l4-pginidiy2-v)piperazin-rdeyrolidig 2di hy dr o- 5H-

pyri do[ 4, 3- dinmstandtiedir 8-pbarmbckuti@yyracaibiable Sait2herédi.- met hanone,

2-(4-[(33,58)-5-(3-fluoro-azetidine-1-carbonyl)-pyrrolidin-3-yl]-pipe

razin-l-ylynicotinonitrile

((S)-3- f|8uof‘8°WP?dofrfP&frﬁ1 J? 3 1) 2 925 2 pegrmaceptially ReceBiEle 2L ] pyri di n- 2-

yl - pi per azi malcoym;vunpycrr Beblvatk of s2d gdmipoundertshla foome, in therapy.

40(3 fl uoro-azetidin- yl) [(28,43)-4-(2-trifluoronethyl-7, 8-dihydro-
yr.l d%[4 Y] na dllc - 3 ?(rrol i di n-2-y1Fnet hanone, - 40 -

4?38 &p%a %?Cg)' Sl Plﬁ [8 VEJ ' di ne- 1- car bonyl) - pyrrolidin-3-yll

- pl per azi n- B IPORPLE of Fleii % £.13 4 5 or 7, or a pharmaceutically acceptable salt of said compound, or a
(3-fl uor o- azetsoMitgofsay tdmfdurorsdy atil4- (2-tri f I uor onet hyl - qui nol i n-4-y

1) - pi perazi -

((3R*, 4S1- 3655 %ﬁ%’#ﬁg‘%{%&g écgé Icﬁ%%ﬁ%%?@[b?%@t%%m%m( 2-trifluoronethyl
-7, 8-di hydro-5H pyrido

5[ 4 30dj po.r Theicdinprubd yQiaimpyir 2, 84, 8 b7 A-ayphbrmasduiaiyeneptadls dalt of said compound, or 2
((3R* 4S%) oxazol o[ 5, 4- bl
pyri di n-2- ysl%wgfegfe{aglzélgﬁg?lﬂyBgsglﬁ%;urggg1n|h %%g-%éﬁfl%%ld%aeﬁ\gne or a
pharmaceutically acceptable salt of said conmpound.

(3, 3- Di f fiuidrecpypeuod pidiiam 1. %1|3)4,(3@Qfsorzhsylarmaéemhc(amwwemadiersalﬂafyénq @inpemdzr a
- 1-yl') pyr r obdngliefs id cbRABbunaeE RABARE In t@,atm@a Qshaﬁamﬁé%ﬁétédwh b%t.@ﬁ&%%éé%e
salt ,thereof. 8. A conpound of Claim1l, 2,

pharmaceutical |y acceptabl e salt of sal d corrpound or a soI vate of

sai d conpbuligdre GHrrcompeyind eisisins, 2iet. 8997 o5Lphamapeutieainersertitisehlt of said

CONpPOSi t i ONcopPBIKj & laRGVatd &)said cehBRLLA SalItaf théhaviufctlire ofa mddicaenor®e tréatment
or & phar ”H&%%Héﬁl@r]! \;vlyerf]ﬁ:ﬁ:lg Qnsngmnl(zlﬁtge%@b ks nge Zsa?a'bg?sc Qﬁ;ﬁgq l{J‘%g@tes mp%bqsdg‘u\é%% €

of %aid conpoun

carrier, veRP@EN%E: vgrBlesAte. Wtag%'éﬁyﬂﬁré'ﬁ? (syrslepis X appigr 'E%‘HWGﬂﬁ@f‘CBFV”@O@]P)m
1, 230 3, 4, giigosuria, Metabolicacidbeis; arthditsitatcamls| glabat&nembp‘dﬂlyedlmiidneﬁffrop&aly‘dhabetlc
co gre)gglng&l Or'étm%E dﬁ@&eﬁc &qu&n@b iy OSHRHY R by siRhdefr@fed Hf&eélg Hyﬁléhla%kog'r "9
or a phar ma@g A ngal ?iheé%sc?éﬁf'ﬁl?ls@c’@%? °8tF°p§5'?gl &Wﬁdﬁa b°69rﬁ3§f“§eo?°\';’t§t e
of sai d comeous sydrogigl shpdstaturedug ta gtopviidbinege defidenyliinférdity duetipalyastic byary
di pepti dyl @ﬁtﬁ&méjaﬁ)@tyl Nepre%&orﬂ-%sorﬂméalcr}i&ﬁ: t8gud, Qﬁleﬁs‘}rﬂa%%o@@rs %@hlgﬁalnl

a

di hy

sal d

2, 4, 5 .a_ph

e Sne—cieond st Gty S mitB ol s P un 3P oot
a rredl carreri'@ﬁamﬂlabfyl’?@w?'rs@ﬁfwmhoﬁf’o‘@'%Ym‘i@m% pastihentteveation ot dirsassmgiessiarinType
treated is Zigqrec? di abetes, Type 1 di abetes, inpaired glucose

tol erance, hyperglyceni a, rret abol i c syndronme (syndrone X and/ or

insulin resrl st anct;g syndr one
heuseo Ialm 12 wherein the condition treated is Type 2 diabetes.

40



30gl ucosuria, netabolic acidosis, arthritis, cataracts, diahetic
neur opat hy, di abetic nephropathy, diabetic retinopathy, diabetic
cardi onyopat hy, obesity, conditions exacerbated by obesity,
hypertensi on, hyperlipidem a, atheroscléflesis, osteoporosis,

ost eopeni railt S e fractur acute coronar

syndr one, 4 Tof e s BRE 26 o8 e RGP ol gorpnopm g7
due to p(ﬂogvﬁysftsﬁié covrauyd engaltier opein treglind @abgtes.depr essi on, i nsomi a,
chronic fatigue, epilepsy, eating disorders, chronic pain, 35alcohol

addi cti ony CH,@ %?tﬁe %@gﬁﬂdao? ﬁgw\é\n‘gl{%S 4, %&gt gkanﬁgceuncaly)éﬁceptj Ll%salto said

|rr|table bome

syndr Gne; aﬁ?i“&f’HR‘-f}/ B’raeiPé’ﬁ‘FPbﬁﬁ“dc?PmERU%%@é“ 'bﬂﬁag\a@wwf@m%ﬂ@tfﬁr treating
di abet es. 18iabefdse use of Claim 12 wherein the condition treated is
Type 2 di abetes. -41 - 14. The conmpound of Caiml, 2, 3, 4, 5 or
7, or a pharmaceutically acceptable salt of said conpound, or a

sol vate of said conpound or saltfor use in treating di abetes. 15.
The use of the conpound of clainms 1, 2, 3, 4, 5 or 7, or a
pharmaceutically acceptable salt of said 5conpound, or a solvate of
sai d compound or salt in the manufacture of a nedicanent for. treating

di abet es.
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