HETEROARYLS AM DE DERI VATI VES AND THEI R USE AS GLUCOKI NASE ACTI VATORS FI ELD
OF THE I NVENTI ON The present invention relates to substituted heteroaryls
and t he uwwe0tinmeswmof as gl ucoki nase activators. BACKCROBNDIBRayei3es: i s a
maj or public health concern because of its increasing preval ence and

associ ated health risks. The disease is charact erized by netabolic defects
in the production and util]Peg pﬂgtol%igpth ol Which result in the
failure to maintain appropriate blo ucose evels Two maj or forns of

di abetes are recogni zed. Type | di abet es, or insulin-dependent diabetes

mellitus (IDDM), is the result of an Egbsol ute defici ency of insulin. Type
Il diabetes, or non-insulin dependent diabetes nellitus (NIDDVM, often

occurs vmthAnr plianeesSyisteargdetirod andr€orresponding s to be
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otherwise it can progress into IDDM As bl ood gl ucose increases,
transported into pancreatic beta cells via a glucose transporter.

| nt r ac F1ELDAO FiBdBANVENTJOIN oki nase (GK) senses the rise in glucose and
activates cellular glycolysis, i.e. the conversion of glucose to glucose-6-

phosphgbe1] arn prezeaditentibnyénerallyeletsss to Gheitieki olbatd Enégptdn pvoe pal |y
in pancreatic b-cells and liver parenchynmal cells. Because transfer of

gl ucoseddeamafiy ety g?é%én@tlﬁv@h’t%ﬁt Selafd tRtAY AﬂﬁlﬁHée' gp/ét'é?r‘r” Mettﬁ’@d)??ﬁte”t 1

di abetics lack 't he ity to utilize glucose adequatelfy which lea o]
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i ncreased Inshjllr B resi stance.. G.uc se also a éas as sen&%r iqq hepati c
par encipe&Ificall. the presentimition igr %é 19 eFRYRIKG dataiiip gSoppnat Rt i aigWehe
rel ease of glucose into the blood. The GK processes are thus critical for
t he maifatr extenca! Qﬂthmdsa@@k@ﬁt@nﬁd@s@erfﬂﬂ’f’eggltt&l@l Rrocessing osxihecereryplegt an
agent that activates cellular (K will facilitate gl ucosedependent secretion
f r om patata edbr exdrapke sedrtisingdor cadenpwithiprtibeénatyphggpdaigl acesil as to indexase
hepati c glucose utilization and potentially inhibit hepatic glucose

rel easqyatfamsseapemt |y, a GK activator may provide therapeutic treatnment for
NI DDM and associ ated conplications, inter alia, hyperglycem a,

dyslipidem a, insulin resistance syndrone, hyperinsulinema, hypertension,
and obesity. Several drugs in five major categories, each acting by

di fferw, are avail abl e for treating hyperglycem a and

subseq : (Moller, D. E., "New drug targets for Type Il diabetes
and the metabol i c syndrome” Nature 414; 821-827, (2001 )): (A) Insulin
secr et d§Bgudzurremy here@re mopkaw sglubigss (tlgatgenatgjepépges(%wg Dnisexinge

gl ybuhde) and neglitinides (e.g., nateglidine and repaglinide) enhance
secr et iand sgarchisg) ofergyypiedidatp, @andtdneryeticeyie asiuallben thecddthdbeinghstoeed toi s

t herapy can decrease bl ood glucose level, it has limted efficacy and

t ol er ala $totage s@aseDNIRicmatigaitransmitted betwdenduogsartiyf dgbptretases bdhdre

Bi guani des (e.g., netformn) are thought to act primarily by decreasing

hepat i gngldae BeoBLesY By ‘ttﬁé‘apﬁtc%@ﬂ'l%ﬁs%é 660@?\%&? gastrointestinal
di sturbances and lactic acidosis, further ing their use. (C
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liver, nmuscle and fat tissues. They regul ate |1 pi d nmet abol i sm subsequently
enhanciBlyinther dagsresaribf provdded this doe sSefbvaree agc i SAEV T (Sagd) i venderequent
use of these drugs may |lead to weight gain and may i nduce edena and anem a.
(B) | ndddwevérsthessdas nsandecs poicantmhbsssensitivieatata) amkinorases vdwerbithertel on
with the above agents. ldeally, an effective new treatnent for N DDM woul d
nmeet the |égkadgumvondnfombe6n arorhathel Saﬂ@ug)lfd)vl’detr ey &8k gnddnifig@ntialsdgte rf f ects
i ncl udi ng i nduction of hypoglycema; (b) it would not cause wei ght gain;

(c) it %%d?‘t | east partially replace insulin by acting via nechani sm( S)
that are 1 ndependent fromthe actions of insulin; (d) it would desirably be
netabolically stable to allow |l ess frequent usage; and (e) it would be
usable in conmbination with tol erable anounts of any of the categories of
drugs listed herein. Substituted heteroaryls, particularly pyridones, have
been inplicated in nediating &K and may play a significant role in the
treatment of NIDDM For exanple, U S. Patent publication No. 2006/ 0058353
and PCT publication Nos. WXR2007/043638, WO2007/043638, and WO2007/1 17995
reC| te certal n heterocycl | c der| vat| ves W|th ut| I | ty for the ‘treatnent of

T . Al 2 1 g, - . - .



one N, O or S heteroatom where said cycloal kyl and said heterocycle are
optionally substituted with halo, (G -C 6)al kyl, (d-C 6)al koxy, -CF3, or
cyano. Mwe 2progRessned, R2 is cyclobutyl, cyclopentyl, cyciraBEngh33924
tetrahydrofuranyl, or tetrahydropyranyl, each opti onal ly substituted with

hal o, ((.-.C_§)al kyl i-C 6)al koxy, -CF3, or, cyanaq. S referred, R2 is
cycl opdi0g” Tee i thm babianl sardakenconioare EbGta bataiendis sarl & gt

Most preferred, R3is H R4 is preferably pyrrolyl, pyrazolyl, imdazolyl,

i soxazcﬂmmabﬂéﬁgﬁmry i Joewewerol @tﬁnd@ﬂﬁ @i@l’&gﬂtlonp§oilﬂpﬁ§l do pwli @él@Wn;fCP

pyri mdinyl, pyrazinyl, or quinolinyl, each optionally substituted with one
to two pRéaesle@r@‘ B deﬂ;a aeordelst:tasbpdrtabb\aanddrdeopem"tiensetike Réarching,
pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimdinyl, quinolinyl, each

opti onaidmugm&mtaﬁwé@mpm.gdsh one to two R4a, where R4a is as descri bed
above. Most preferred, R4 is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl,

DT Gl TR AN neellin duf FEEURRS ol bna ihoedelg (pimpRlved 2,
or é?eﬁ?*%ﬁ\?&ﬂqf#ﬁ%%O%%Lﬁ??f”ﬁ?t%ﬁo%m&c&sa'gﬁ 018 where R1. R ki

are as descri bed above. Preferred conpounds of Fornula ( 1B) include
(S)-3-cycl opentyl -2-(4- (isopropylsulfonyl)-i H pyrazol -
-yl)-L/-(5-nmethyl pyridin-2-yl)propanam de; (S)- 3-

cycl opSIMMARYOF | Tdfp INWENTWONony| ) - 1 H- pyr azol -
-yl)-L/-(pyrazin-2-yl)propanam de; (S)-

3- cycl dpesit yThe-prdsdritsmntipylis ahfapmyibned, dsystemz alméthod and corresponding
-yl)-L/-(5-(thfluoronethyl)pyridin-2- yl)propanam de;

(S)-3- %Wé”&dr‘np@néﬁ‘rs( \‘o'?rOBh@r?ghﬁ 'érﬁ’cﬁ‘y[!)rbtéséhﬁyaé‘tém Akcoding /t4- some
(pyri mdin-4- - pr opanam de; -3-cyclopentyl=2-(4-(i sopropyl sul fonyl)-1

yl)
(<) 5 bty ‘-4 bieBeRh nfrntley SASTE MNL5; proyided @ symbol based

1-yl)-/V- 5rreth razin-2- ropan 3-c o ntyl -2-(4-

(i go)pr gq“qnor%)pﬁy ol_gwy%tggﬂ apper%y)m%qlc!:(afls( ﬁ%{pﬁﬁryai fD t% cYata W|fh|n a
[-1- pyrazol )-propanam de; (S)-3-_c entyl -

U (B ke i s branty rposacion(Big iy T ulﬁﬁ'%ﬁ’)‘a BMTP. IMAGr ROST3, pr AP
propanam de; (S)-3-cyclopentyl- L/-(1 -nethyl-

/-1- pyrreqoestjsoydg)emnem. (‘hiee bptryplidonydy) bd irmayiaaizom a der-syimbagbbapsrand ale;
(S)-3-cycl opentyl -2-(4-(methyl sul fonyl)-1 Hpyrazol -1 -yl)-/V-

(5- (trilghstasopn@ohiHe axta iflithe 2ite/b) B6ERABANINGS refrBlin aegmﬁbb@emwbthews(el
-ethyl-1 Hpyrazol-3- yl)-2-(4-(nmethylsulfonyl)-1 H pyrazol -

1) 37 EIOPERBE Thepnby ko IR bl ¥ Bt 4 Syop! bagsa gggﬁgﬁnb'&
()?|) ) - 3- Céf’(%gfr%ﬁbﬂy% eij érﬁsr&ﬁ@%@é@mﬂ&ﬁnyf% %@'bl'p% %Zo?é 0|;L an encryption key of
o) < Shesni oy slbgrarestean a0 (BeBHbpy S RGAPTSD B4R B Tazol - 1

-yl)- L/ (| soxazol - 3- yl)-propanan de;

(S) 3- dpay vpkaa §luser prorgasizatiopgl mﬂmfmwlye» Providegyyathel user-y| ) - L/ - (pyri di n-
2-yl ) propanam de; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H pyrazol-1

- yl') - 1 00T g UActalrding 2oy fuyther apalvedimaats oSthE8-rgsdntpienention, Léndripticet b la- 1

H pyrazol -3-yl)-2-(4- (isopropylsulfonyl)-i H pyrazol-1 -yl)-propanani de;

(S) - L/ -dymbd@naydrolip léf Ry ribe may\de séectlve and based on a sensitivity evaluatlon

cycl opentyl 2- (4- (i sopropyl sulfonyl -1 Hpyrazol -1 -yl)-propanam de;

oy oSO, A B S AL e pefplrd BT
(: SI)O Y L aeddeatied peter g & @?ﬁiﬁ?@ﬁhﬁf %efﬂ & %orﬁgg REDAELAS: groups of symbols

-yl)-L/- &5 nethylp¥ra2|n 2- propanani de; (S)-benzyl

6 (3- cy m@éha@ 3¢|aiaz |I@4r%q;@gh%j/ag§ﬂqt@ﬁﬂr)dchmwr ag sensitivity classification of

yl ) propanam do) ni cotinate; and (S)-6-(3-cyclopentyl-2-(4-(methylsul fonyl)-1
H pyr azymidols may)ys pgriorard o sedcoan oné or anoirél patameteph seleaieetar dhe group
acceptabl e salt thereof. Another preferred conpound of the present
invention is a conpound of Forrmula (1C) (1C) where R1, R2, and R4 are as
descri bed above. Preferred conpounds & Fornula ( 1C)

i nclude(S)-3-cycl opentyl-2-(4- (isopropylsulfonyl)-i Himdazol-1
-yl)-L/-(5-met hyl pyridi n-2-yl)propanam de; (S)-3-

cycl opentyl - 2- (4- (i sopropyl sul fonyl)-1 Himdazol-1 -yl)-L/-(1 -nethyl-

H- pyr azol 3 yI )pr opanam de (S) - 3-cycl opentyl 2 (4 (| sopr opyl sul fonyl) - 1



(S)-3-Cycl opentyl - N-[ 5-(2-hydroxy- 2-net hyl - propi onyl am no) - pyridi n-2-yl]-2-
(4- trifluoronethyl-imdazol-1 -yl)-propi onam de;

(S) - N- (5-wotzh/qyIeazi n- 2-yl ) - 3- (t et rahydr o- PCT/IB2009/053924
2/ -1 - pyran4y|) 2-(4-(trifluoromethyl)-1 Himdazol-1 -yl)propanan de;
(S)-

met hy| pf%ﬂstﬁt'ﬁgffyﬁyj“%o'(tt“@t PYmpal gaty folfmﬁ;trr%}ﬁnﬁo'ﬁ%”t%t( Angtd UPELSFISREGHhY! ) - 1
[-/-imdazol -1- yl)propananm de; (S)-L/-(1 -nmnethyl -

H- pyr aZ§ICUBtyIByeR- (t et r ahydr o- 2H pyr an- 4-yl ) - 2- (4- (tri fl uoromet hyl ) - i

H i m dazol -1 -yl)propanam de; (S)-3-(tetrahydro-2H pyran-4-yl)-/V-

(thi azdDO8p, Aedobdiipgr icdisorm2- eihbdeiifén(st of ftheiquresenhyriventioht- itme deanooyptibn

-yl ) propanam de; (S)-N (5-nethoxythiazol o[ 5, 4-i b] py

pdi n- 2-pibduld- frie§t behtigpal2br itk éivide thct%rfaﬂ% éésfdcfdté@rthfetdw labpiication
H i m dazol -1 -yl)propanam de; (2S)-L/ (5 met hyl pyri di n-2-yl ) - 3-

(T pr ke P derderttq, Med b ehfithe WIDATE: fetolq. 435??“9? E’@’P%%%Te”t
(é))Gz([éﬁglyéﬁ('” OrOWfﬁfﬁrr?m% Psidé ‘ilﬁelpny-%s)eﬁh@ h?She tryption

yl ) propanam do) ni cotinic acid; or a Phar maceut i cal Ie/ acce tabl e salt
ther eofmoweemayeb%rlrﬁt@er@o%emﬁws&r UstipDplly esgegia eﬁcpga@ﬁeral hardware
(S)-3-cyclopentyl- L/-(1 -methyl-1 Hpyrazol- 3-yl)-2-(4-(thfluoronmethyl)-1
H-i mi deovinettedyio)a pempatediondeplatfgim ®f endppbeatign adapted to generate, view or
(5-methyl pyridin-2-yl)-2-(4-(trifluoronethyl)-1 Himdazol-1
-yI') - pregiithardate file( Feedtd, Eaesagtientorldocument.
L/ - (5-net hyl pyrazin-2-yl)-2-(4-(trifluoronethyl)-1 Himdazol-1 -yl)-

pr opanggbh4§; The encryption module ma be integral or otherwise functlonally associated
(S)-N-(5-nmet hyl pyrazi n- 2- y (tetrahydro-2H pyran-4-yl)-2-(4-

E tS; I U 5%4"%25}{03%5 afﬁ§ E%Q‘ter’ry ld)aPé %%%P@Pé&%ltory or document repository.

tetra ran -2-(4-(trifluoronet mda
Wy or Qéﬂiﬁrﬁ&%@pﬂw Tédlﬁ?f:%)(bé’rﬂ gﬂtegzafa?r Beisefingonay ﬁaﬁﬁ?ﬂ?@é?zol
-yl') propanam do) ni cotinic acid; (S)-6- (4- (cycl obut yl sul f onyl %
H i m da¥ig) -21 gajgwyayste yay (ﬂ%@ﬁt%ﬁﬂ@ﬁﬁﬂ%ﬁ El'@) SVACTE rﬁi&,‘taaﬁﬁcérd reposiory or
(S)-6-(3-cyclopentyl-2-(4-(thfluoromethyl)-1 Himdazol -
-yl) pr ajosnamerd ogposiry.ni ¢ aci d;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoronmethyl)-1 Himdazol -

-yl) pr C{D@MWH&)&I&Wypdbﬁ rﬁode)mgﬁtbélrQ@gfr@I ofltherwise functlonally associated
(S)-6-(3-cycl ohexyl - (4 (thfluororrethy )-1 Himdazol -

yl ) pr ORgRRAGH Apbiést % oﬁ%a?@%‘s@gg}%éé@éﬂvér BFWH%@\N% It a

t her eof . Anot h pre erre ound of the present inventi s a conpound

O of o reUIAE BB eSS %ﬁaﬁiﬁtpnls?%ﬁ Ea%%? f@@ﬂ%@%@% B *¥iGeess

;,TF ; B?hgéugﬁgg\éﬁfcbgybés @Iég@éqwhr lsa;g/rtg nl;%teh ; and w%rs?/%r?bols to select for
(5-methyl pyridin-2-yl)-2-(3-(trifluoronethyl)-1 H pyrazol -

-yl ) pr @nehgRtate Mayndees)d- g-the specific application.

cycl opentyl -L/-(5-nethyl pyrazin-2-yl)-2-(3-(trifluoronethyl)-1 H pyrazol-1
- yl) priopaBiavcadedingr toa sphay matEdimmeatd wf dheeptesbhe isartionhehead mayndieher
preferred compound of the present invention is a conpound of Formula ( 1E)

(1E) Wﬂﬂb@ldbb% B}mbazba@bdd Btién ﬁ%dﬂﬁé%ﬁbb% @Qﬂ“i@e FHRIRiIE e BP@unds

of Formul a i nclude (S) -g-cycl opentyl -

T g{bgzaléég@y@ Sdamenyl @L{b&w%@ 4 rﬂ?i ﬂ]'hm%hs%dtf&l 8% fhon by said |
|(+S§3yr3i3120| %é,ﬁ%q}pdw@/ (ﬂ% {%[!tnslﬂﬁmsbg%?% Aiay. ry??h f'tbg't F‘Wﬁq{g? QGlt@/%mF%f an]am de;

, 4-t hazol - anam de; (S)-3-cyclopenty
L/ ( pyriae |t@1b|QWIﬂ73 QEJPB' oy i IGLdﬁQ'SY@tOrﬁWnPdU@I-mQY d?t%i the apglyption symbols
-yl ) propanam de; (S)-3-cyclopentyl- L/-(5-nmethylpyridin-2-yl)-2-(3-
(trifl dorthmmsmmseretulnedzandtdleawmleswﬂ;wpb@panam de; (S)-benzyl
6- (3-cycl opentyl -2-(3- (trifluoronethyl)-1H1 , 2, 4-thazol -
-yl ) propanam do) nicotinate; (S)-ethyl 2-(3-(3-
cycl opentyl -2-(3-(thfluoronethyl)-1 H3L ,2,4-triazol-1 -yl)propanam do)-1
H pyrazol -1 - yl)acetate; (9S)-6-(3-cycl opentyl 2-(3-(trifluoronmethyl)-1 H 1
,2,4-triazol-1 - yl)propanam do)nicotinic acid; and
(S) 2-(3-(3-cycl opentyl 2-(3-(trifluoronmethyl)-1 H 1,2, 4-thazol -
-yl ) propanam do)-1 H pyrazol-1 -yl)acetic acid; or a pharmaceutically



effective anount of said agents that are useful for the treatnent of a
di sease, condition, or disorder, as described herein. "Al koxy", as used
her ei n, wwbesv/btdser wi se i ndi cated, refers to an oxygenPobilBrwI/hEoag a

further al kyl substituent. The al kyl portion (i.e., aIkyI noi ety) of an

al koxy has t he sane f|n|t|on | ow,, "Alk sed herein

il oo [BDPAFTIE BetarairBadtie Brudes sl & Sinemie Arisioralarssar By

al kane radi cals of the general formula CnH2n+i . The al kane radi cal may be

strai ghftllth)ﬁn tRPRHeREN aqah@ptﬁdyo igengraiabyieim Qi edit the datpdile trgced fileorea®anpl e,
the term"”(d-C ) alkyl" refers to a nonoval ent, straight or branched

al i phattransgicboip ocdotainennhg 1 to 6 carbon atons. Non- excl usi ve exanpl es of
(CrC 6) alkyl groups include, but are not linmted to nethyl, ethyl, propyl,

i sopr opb15SEfe beébylptloh -Thodwk, mﬁf/ WO Pitégranob Wityérwise hmonbnaﬁsy h@éd&.ated
n- pentyl, 1I-nethyl butyl, 2-nethy butyI 3-net hyl butyl, neopentyl,

3, 3 TR HER HKwors 051 RUGFR] ¥ conitalon A Bgtﬁ%dﬁ?pﬁgﬁlﬁ%éﬁﬁeﬁw o
o thgederdles 's%?o%%sgftﬂtﬂi@*?%%orgaw@ﬁ%&%' fensacidondsifreds oo (he

attached to t he chem cal noiety by any one of the carbon atons of the

al i phat!lP@1@lnHe, deerxpyion me@ulesr@aym egraliar &dleryisfe fudienaiiesaeeated: ef er s

to a nmonocyclic, bicyclic, or fused ring systemwherein each ring is

ar onmat iwith an oyganizationay datp e systeny. repbrshrgpositafyarddcunent aeositopy .

10- menber ed carbocyclic ring or ring system The aryl group nay be attached

to the [00¢TiTHw deoiyetiyn byodulyg mag bef intdgrat ar tmeratiserfunvdtionaiy kesodiatged
system Aryl rings are optionally substituted with one to three

subst i tyientss gaRdvaRXo b fémdorbgneahsw a8ty kild @%/ét@hrm Rlkofd GEBbSifory

het er oar yl rlng systent Conpounds of the present invention", as used
herelruddga se indicated, refers to conpounds of For mul a (1A),
phar maceuti ca Iy acce table salts of t he conpounds, as well as, al

st ereoi rs ( enant i gner s taut o nd i.so o i.cal | abel ed

G R L R A g N G R LR
present invention. Solvates and drates of the Formul a ééﬁo conpounds or

a phar W&b@ﬂl&%“%’“%@@’ﬂ%ﬂﬂ by s%lfg‘/”&fﬁéi’se@ﬁeﬂélf?@ SebRsi A idt aaaipway o éns.
"Cycl oal kyl ", as used herein, unless otherw se indicated, includes fully

sat ur at@aftwearepas & iSﬁNiyeaaplinaitoetcBemerbocycl i c al kyl noi eti es, wherein al kyl
is as defined above. Preferred cycloal kyls are 3- to 6-nenbered nonocyclic

rings i[0ol 9didtereing! @Pfaher, erapediadsrity lof Becpepent Yhverdiod, ays@fteyption The
cycl oal kyl group may be attached to the chem cal noiety by any one of the

b Im t |
carbon rﬁb&’ugé m%ﬁé Bdh Fedct reh%%ggelat%tj g%?gtﬁffﬁ]f‘?ﬁtgfi%to éaoﬂ-é‘Pcr?%&F" §g§t% fignal I'y

substitute one ree ere

e 2%'rﬁ*ﬁdaﬁﬁ%e%%tiéﬁs&uSgaUﬁsﬁtgﬁérgﬁ L8 il e BeB R Pk of, Fabdes o

nmet abol i ¢ defects in the production and utilizatjon of c boh dr at

parti cd’P!%t'P?ab eB8ee PIPHESHER SN 8% SeRIEINGPT INOEXHO, FlavchR #eHBMHES t0é95| s.
Preferred forns of diabetes include Type | diabetes, or |nsuI|n dependent

di abet dwtheen¢rypted( laDOMUNGhCYRied eartiens refmthenefieldsol Wosoting cloe dgnhet
insulin and Type |l diabetes, or non-insulin dependent diabetes nellitus

( NI DDMembddintents bétheopraseat im'vehtiamrthete may sy provid ezl atsedrdtegrgisettiliiynsul i n
and appears to be the result of the inability of mammalian cells and

t' Ssuesada(bté&ﬁpgéﬁrcﬁlmfééf hﬂir@'éhchfbted‘?méé rr‘ecd\‘%t reRofd *ﬁferse@ahgsaé\ﬂdﬂ@'\ér
"Di abet es-rel ated di sorder", as used herein, unless otherw se indicated,

refers C}&uﬂlfgrﬂg)%gs' tn%?éﬂg'f@o%@arﬁﬁwﬁﬁgmﬂénc%qt% %?é.S’H%B’f BRAsGh AR Otéﬁns

hypertenS|on em a erinsui 1l nem a

i npaire cose tol eranc fasting .glucose nsulln r.esi st ance,
P o BRSOt A GoaE  SaN B ePubR SRC,
di sease, peripheral vessei disease, |upus, polycystic ovary syndrone,
carcin wation offiesbheatacmay iedfrrshareni tarske rela @?ﬁtrdc%%ttaﬁ? di abetic
retinopathy, diabetic macul ar edema, and hyperpl asia. "Hal o-substituted

al kyl ", unless otherwi se indicated, refers to an al kyl group substituted

wi th one or nore hal ogen atons (e.g., chloronethyl, dichloronethyl,
fluoronet hyl, difluoronmethyl, trifluoronethyl, perfluoroethyl, and the

| i ke. When substituted, the alkane radicals are preferably substituted with
1 to 3 fluoro substituents."Heteroaryl", as used herein, unless otherw se
indicated, refers to an aromatic nonocyclic or fused ring containing one or
nore heteroatons each independently selected fromN, O or S preferably
frontone to three heteroatons hbn exclu5|ve exanples of nDnocycllc rings



invention sufficient to provide circulating concentrations of the conpound
hi gh enough to acconplish the desired effect of |owering blood glucose
| evel s i rwa 20e0m2ed61 " Ther apeutically effective anount”, Pa3/1BReL03324¢€i N,
unl ess otherw se indicated, refers to an anmount of the conpounds of the

pr esent tion that treat reve t rticul ar di sease,
s GRS R AT S E AT ol AT AT P,
nore synptons of the particul ar disease, condition, or disorder, or (iii)
pr eventaNopngaerypted: Hateofrest abeagiea Sortigs @féytﬁppbmor@f d@‘l@efﬂﬁér f eI

di sease, condition, or disorder described herein. "Treatnment", "treating",
and t hdrdriseetiors ansah:oi:dmerﬁi; nenanxnﬂ)teslsbyottheremicxysptimrd'rrmtlw,ande‘s’enrred tan a
reversing, alleviating, or inhibiting the progress of the disorder or

condi t irgratibRaMBataBaselc thedéthgﬁ@besﬁﬁn g PodU& ntdy BRb e HambtedRodbag Ll
di sorder or condition. As used herein, these terns al so enconpass,

depend'sd} %%b EHgny@EEbdeFa{aoﬂoHtf at l’@as’f'%”'ﬁ@#tuonpéfeéﬁét%t Yn@ &“H%Pe o%"t&‘ﬁ%ﬁfs‘ ng

t he onset order or condition, of synpt ons assocl a

di sorder_or .condi.tion, includin r edu t he severit a_ di sorder or
cond ¢ 1 tEQ iibe FenlelBeiThe A e Shi oD prERBheldabaft on W 1 h sai d

di sorder _or condltlon Thus, treatnent can refer to adm nistration of t he
conpourlf82 HfAQQ%d'BQe?eﬁPrﬂ%@é‘qudmeW 8f feemresenainvestiap: the anceyRtione of
adm nistration afflicted with the disorder or condition. Treating al so
enconpasedyepnay betadaptethéo escrypt endel oP, HTAPSeSMFP oiMABNBOR B or WAET
synpt ons associ ated therewith. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

pr esentregogsintwhich pequéstesalrasenanaHTTR, KHTTRSUISMTP oIMARParR@R8ubF GAAPY
acceptabl e salts thereof, conpositions and pharnaceutical conpositions that
are usq@Hﬁedﬂahggdﬂﬁﬁatnent of diseases, disorders, or conditions nediated
by gl ucoki nase activation, in partlcular conpounds that activate

gl ucoki ) t r

Pnvent 1B 2ty egr%re%‘*t)@&?yﬂﬁpﬁse?tﬁﬁtot%%%ﬂtFa‘fi‘fen?'%er e 8l gees
anal ogous to tho | - known_ i chemcal arts ticularly i ght
of 't he RIBYERH 7 e (ERpaR e elRan it apwby "ttt enbdrlbn @eﬁetem 'y
avai l abl e from comrerci al sources such as Aldrich Chem cals (M I waukee,
Ws.) cdapted feererypt @n amer smbeol hgsirsomsaier kel theriaia wilhin askaéa kGorded i n
the art (e.g., prepared by nethods generally described in Louis F. Fieser
and Mardaté&ifiEess@rdocURearg ewherefim theCemyapp ttorSigrinverend 'on alperlymiwl ibagis aeatYor k (
1967, 1999 ed.), or Beilsteins Handbuch der organi schen Cheme , 4, Aufl.

ed. Sprleﬁ@@orr\@bft@e ddtein ihe file bE HosumensiePRaiRTBrécescabieo and alHerdingetiéra t he
Bei I stein online database)). For illustrative purposes, the reaction

schemes, (?‘é ?ﬁﬁﬁgmﬁf‘rh%‘t‘{oﬁqg%ﬂéééé?& BnRRE %ﬂkgff}}ted QLS rﬁ%bo%tht éh %d

SR 8t M P A B B T i P

starting materials, reagents, and synthetlc rout es be used t

synt heegf?ém?H%” CeIRBa MRS ENE R Y Bless U DG I5 Ve B%ﬁ”&ggg‘é %“@(9”%@90'
derivatives thereof. Further, many of the conpounds prepared by the nethods
descri tisdabeh dleccyptionemoduten raynerict case ifermatgntfrasm tﬁﬁl@%@@d@’@ﬂ@'&m ng
conventional chemstry well known to those skilled in the art. Conpounds of
t he pr edsenyptithe entiyptedispabolsdrhchanteilowepobse deatyptegbsimiosis aasyapmiy thec or
chiral center; and therefore, exist in different stereoisoneric forns. The
R and %a%@%trﬁe'trlﬁfdrﬁ%‘ﬁoﬁrtétﬁ@éé&P Jisgkedge of known chiral

i nversion/retention chem stry by hose skilled in the art. For exanple, the
chirality of an internedi ate undergoes an inversion when a neucl eophile
attacks fromthe opposite side of the | eaving group, the product could be

desi gn q A q iorities of the groups attached to
t he st ani ¢ Conpounds , by Ernest L. ENel,
Samuel H. hn Wley and Sons, Inc. (1994)). \Wereas,

nucl eodﬂpz%] -%het é@lhlégf F@ttelﬁéegﬁﬁ%ds@%éh%@\t onééxnat@méatlmmrﬁed (PMt i ty of
internediate is retained. In nost of the exanples, there is an inversion of
t he cordistqetist clarmedheine thee comptudimy waartioR afotifeé gpeatficetion.s Toenirventant o
conmpound with a S configuration as the phorties of the all the four
substituents at the stereocenter is retained. It is further noted that the
internedi ates can al so be racenmic (50:%0 m xture of stereoisoner) thereby
produci ng racem ¢ products. A chiral separation nmethod can be used to
separate these enantionmers to provide the specific Ror Sisonmers. It is
further noted that the internedi ates can al so be racem c thereby producing
racenlc products A nor e detalled descrlptlon of technlques that can be

o o o,y o o -



preparatory nodes known by the skilled artisan can al so be used. Further,
the |l eaving group, L, the protecting groups, Pg 1 and Pg2, X Y, Z Rl, R2,
and R3 arwoasiodes®ni bed herein. In Schene 1, WrepresenPsTar2ad/e3vsuch as
carbon (C), nitrogen (N), or oxygen (O, preferably Cor O and the letter
"m' refers to an integer with a val pe , 1, or. .2 . The letter "L" refers
to a | diTaHS PR RO ORI GB A ch s Besdini dncTetid: tooghesrvii apigets,
nucl eophile, and refers to a halogen (e.g., chlorine, brom ne, fluorine, or
i odi de)features,| ane, agwasyagase theseot, 0¥y apest be edndespopdaby rreferanee tpuiheher
the amno group is protected as a te/t-butoxycarbonyl protecting group (Pg
1) and folmwiogrdetaildd dgsamiptios witert reatewittatheaa cosntnydnyirsg érawings ecwhich: gr oup
(Pg2) . Scheme 1 (11 .5) (1.6) (1.7) ( 1.8) Schene 1 describes the
prepar gboes @§. £/ é@|ooﬂk—cﬁé@gr_@m ecaniexémplarpHangrdceBsihgsysRnaacasHdi d
ester (1 .8) for introduction of an /V-Iinked heterocycle. Al though,
Schene i t ; paration of conpound ( 1 .5),
nﬁ’fl%ﬁ{gfoﬁfrﬁle@tsrﬁ?.tﬁé’ﬂré%tﬁr{%nﬂﬁ

avai | abi amno acid is not restricted to this nethod only.

Al pha- apj cidscan also be p red. by ot her, et hods_known to the

ST edORPR G o2 ol 8 A RBERR  Histi e Bhner ity R | Sgminlary
Sigma-Aldrich (St. Louis, M) ; Acros Organics (Ceel, Belgium; Fulcrum

Sci ent | SNGEYRLOYIRUYRURES tMediR s ATABIERNS AfENIMnarOSCHaIA Qane(&ifn &N, Hong
Kong)).Amno ester ( 1 .2) can be synthesized froman appropriately

f unct i aternageathaing; nopr ot ected (/V-Pgl) and carboxy- protected (O Pg2)
derivative ( 1 .1 ) with a leaving group (L, preferably an iodo group
(Jacksdo02®. IFwilVbe app@ciatedtitat f&vsimplicBy and Clarity 800G iratidry, eehehtsnedi at ed
coupling, for exanple, palladium In a preferred exanple, 3,6-dihydro-

2H- pyT adhrofvryin the HigLHSY IRARE RGNESidsEang iteehdaip, toeRl e dr sy éibrﬁbl@% teet hyl

2- (tertbutoxycarbonyl am no)- 3-iodopropanoate in the presence o

-(tertbut ox ! noate i n the pr i
s di mARgToRRr e Rl SRl BEn s bttt e Bpfle 1S BHer AR 00
Condi ¢ 11BhGRNIA- (VG WApLR BYETARIEG PHAEQGE B aienGE NS aIEaYile ot hanol

wi th hydrogen in the presence of catalytic amount of Pd/C. Further renoval
of t he rerealedABeRE thertowesip indicate correppeading s @NGOJISRIEMEDtS. t he car boxy
protecting group of internediate ( 1 .4) affords the desired amno acid ( 1
.5). For exanple, the te/t-butoxycarbonyl protecting group and the nethyl
ester can be cl eaved under acidic condition (HCI) in water. The activated
ester (1 .8) can be synthesized via treatnment with an activating agent
such as trifluoronethanesul fonic anhydride fromthe a-hydroxy-ester ( 1 .7)
(Degerbeck, F., et.al., J. Chem Soa , Perkin Trans. 1, 11-14, (1993)). In
a typical procedure this reaction can be perforned in an inert solvent such
as anhydrous CH2Cl in the presence of mld base such as 2,6-1utidine by
dropwi se addition of trifluoronethanesul fonic anhydride to the

hydr oxy-ester ( 1 .7). The a- hydroxy-ester ( 1 .7) can be prepared from
the corresponding anmino acid ( 1 .5) via sequence of reactions, first by

di azoti zation of the amno acid with sodiumnitrite in water in presence of
acid (McCubbin, J. A, et.al., Oq. Letters , 8, 2993-2996, (2006)) followed
by acid catalyzed (H2SO4) esterification of the resulting hydroxy-ester ( 1
.6).Schene 2 Method A Schene 2, describes the preparation of

car boxy-protected hetero-substituted-esters (2.4) and (2.7). In Method A,
the internediate (2.3) can be obtained fromcomrercially avail able

hal o- substituted heterocycles (2.1 ) by treatnent with f-butyl [ithium

foll owed by reaction with a dialkyl disulfide (Katritzky, Alan R et al. J.
Chem Soa , Perkin Trans. 1, (6), 1139-45; 1989). The resulting sulfide
(2.2) can be oxidized to the corresponding sulfone with a suitable oxidant
such as potassi um peroxononosul fate (Oxone(r), DuPont Specialty Chem cals
(Deepwat er, NJ)), or mchl oroperoxybenzoic acid (See, e.g., Bernotas,
Ronal d et al. Bioorganic & Medicinal Chemi stry Letters , 14(22), 5499-5502;
2004; Kristof, T.J., et.al., Tetrahedron. 63, Issue 36, 8954-8961 , (2007),
Kul karni, Surendra et al. Australian Journal of Chem stry, 40(8), 141 5-25;
1987). Internediate (2.3) can be converted to (2.4) by nucleophilic
substitution reaction. The nucl eophilic substitution reaction can be
performed in a chiral conpound with iMversion of the stereochenmi stry at the
chiral center. The nucl eophile can be generated by treatnent of an
appropriate internmediate (2.3) with |ithium hexanethyl disilazide and
subsequent addition of the thflate-ester ( 1 .8) thereby generating the

car boxy-protected 2-heterosubstituted- ester (2.4). O her suitable bases

- . o - oy I Y T



or without an organic solvent can be used. See, e.g., Puschl, A, et.al.,
J. Chem Soa , Perkin Transactions 1, (21 ) , 2757-2763, (2001 ) . Oher
sui t abl e wet2hodeessan be used to catal yze the hydrol ysi sPCruB2m9/ngved t hat
conpounds of Formula (2.4) can undergo a simlar acid catalyzed

transam dation reaction or ester hydrolysis for the final sulfonyl
substituted am de transformation. The term "coupling reagent” refers to a
chemi cal reagent that is conmonly enployed as an agent to couple or join
two or nore specific conpounds to nmake a single conbined conpound. Suitable
coupling agents include [O

(7- azalgp¥ Rt Mk QA EadpYbhTi NV LTV et ranethyl uronium ~ 7 77T
hexaf | %E%R LED DES BYI!",}T N - thiocarbonyl di m dazole, and the |ike.

Mor eov tivation .of the acid (3,2) to an acid chlorjide follwed, b

vt eat manp2 B HE rafiviSe detinthidsarioriohy almife et arS Sl B nene
4 (4.1 ) ( 1.7) Schene 4 describes an alternate preparation of the

hydr oxy2reek é@ provide7a thayasgn, ungdersganding of thetinvartien.. Howeven it sdhderosg,
( 1997). Li2CuCl 4, prepared fromCuCl 2 and LiCl in THF, can be added to a
col d Ghywerstoodanetitoseoskiledm ihre BHRhat dine ipnesenicevémticn prasf ke medcteeanpl e
cycl opent yl magnesi um brom de, to formthe al kyl magnesi um cuprate. Upon

addi t i agitidut tHede dpecifi@detdiist ancstharindydndedRivedllkroviairthddy, Ippoestirgs an
aqueous quench, ( 1 .7) is forned. Schene 5 (5-5) (5.4) Schenme 5 descri bes

anot hercdn’é’%drﬁeyrﬁ@ anYtifeRs %%y?icﬁ(?? AsddddiBed In f@e(jciail: 8 85 RAI18 0B stare?hecan be

} €
synt hesi z t he nucl eophi I spl acenent o eavi ng group, such as

brom d (.5. by the anion of heterocycle (2.4) formed by m xing (2.4)
W th aﬁggggﬂﬂﬁvéﬁ%ykcient strength, such as sodium hydride (Liu, Z. -C, et

al . Tetr ron , 2005, 1(33),, 7967-7973.). An al dol _.condensatjon with an
al dehyd@sjé?@ﬂﬁf'@?% §P§@ﬂ%§b’5.5§§ge\¢i aOtgé'fW'a?at%%naBParﬁnﬁyHPHkyt?]ent{Qh%tﬁ‘igat e
(Sawyer, J. S. J. Med. Chem 2005, 48, 893-896.). This reaction is pronoted
by a bagcussignsadt isoapryeriated d1at-througlioyt thespecificationdisangsi@goaitéizisgnd can
form(5.4). This can be acconplished with nethods that include Pd/C

hydr ogesrrgaisuch at 'piogtssingy dcomenting "o hcalgdiatired’y "detbyrdinogg norstbeilike, @etffdrer

t han hydrogen gas is used, for exanple ammonium formate in the presence of
Pd/ C (Ranthe Bctién »arfi/oflprodessk8dbRR eBRPputerOdr cb?PSutingdslstem &) iRt
694.). Form ng (5.5) can be acconplished as detailed in Schene 3 either
directl 1 car i el 0 e e i i on
my be Sea e SRR A BaP fldnip R s i R o T 8 Gy
its pharmaceutical |y acceptable salt,. hydrate nd/ or ,so| vate. For exanple,
i PR R 2o SEETHE ieneRes el RS e e sy RoBters el
conpounds of the present invention into and use themin the formof their
phar madBTOFgs | Pty @dlest dptae sipllarly aepresedted: atn RIAYUSIGR sQuaNyiRs cwiling the

i norgani c acids and bases, acids of am no acids, salts derived formorganic
and i naogeputingaciysteraisd rnamooasc registarshasedtiogr tdushaliki@mation stdcage.ne
earth netals in accordance with procedures well known in the art. Wen the

conpouritnsphis$ibe op st devivesnt i on possess a free base form the conpounds
can be prepared as a pharnaceutically acceptable acid addition salt by

reacti ’IGP?@!IQE%E)S&in?éFﬁ@ of Wé‘br%%ehhiﬁgéﬁtiﬁﬁéﬁ'{é? iﬁgpgﬁg[{)?ﬁ%ﬁ?é‘sef#r igg?fbhﬁing

accept abl ei'norgani ¢ or organic acid, e. hy des suc

hydr oc ri . hyd Fon | ide Ldr oi.odi.de: e 1 I

et ds. ang deREONsCheS o aPlhls MR PE SRR PaR e s AT ..
and alﬁﬁk and nnnﬁar sul fonat es such as ethanesul fonate, .tol uepesul fonate,
and berPHERESE Foth &Y COMPriSe 2 OCHPEAMUPARS §SMBien REPFUIVElY ACh)iREi 9g
salts such as aliphatic nono- and di carboxylic acids, phenyl-substituted
al kanoirecemfigised i BokgMRMIGINRIOgrami storedlik dhe ccameuUtgei dBuChra saMPStelci ds,
aliphatic and aromatic sulfonic acids, etc. Such salts include sulfate,
pyr osulgragem mayubé staredsnld coraputar seddalile storageahediuphesghadse but is not
nonohydr ogenphosphat e, di hydr ogenphosphat e, net aphosphate, pyrophosphate,
t hf | uor|paieRt abe, arly appenet &iiskc ARENMLRIGE flobpYLHIsKE atdhticak adisks, OTRRTNS €,
succi nate, suberate, sebacate, funarate, acetate, nal eate, mandel ate,
benzoat &ﬂﬁpz , _ bﬁﬂ%ﬁ - N ogﬁﬁ% t t
benzenéﬁalﬁgkgée, gd@%&ﬁegﬁﬁ#gﬁ&te, 5@3%§ﬁ§§§?§’e, cipféﬁgFeFaﬁf%ﬁﬁgés

mal ate, tartrate, nethanesul fonate, and the |ike. Al so contenplated are
salts of amino acids such as arginate,” gluconate, gal acturonate, and the
like. See, e.g., Berge SSM, et. al., Pharnmaceutical Salts, J. of Pharnma.
ScL , 66:1 (1977). Conpounds of the present invention that conprise basic
ni t rogen-contai ning groups may be quaternized with such agents as (G -C
4) al kyl halides, e.g., nmethyl, ethyl, isopropyl, and tert-butyl chlorides,

N L - N N o,y




di met hyl ysul f oxi de (DVMBO), ethyl acetate, acetic acid, or ethanol am ne, and
the like. Although pharnaceutically acceptable solvents are preferred,

ot her solwermw/redsibe used and then displaced with a phacrasmod/nisatd y
accept abl e solvent to acquire certain polynorphs. A hydrate refers to the
conpl ex re the solvent nolecule is mater Sol vat e ing .h ates
e e’ colBANT e FeSHEA HbalTHr ek eSS JEREAIEISY AR

al so possible that the internedi ates and conpounds of the present |nvent|on
may exigfasabledrnd eregiemmaanlemead oflvmgmores6REIROMs).emagaets gamwiptical
conpounds that are interconvertible, i.e., when a chem cal reaction results
in a foams, of gnatotber dfpeaopmoedia sd@bigpdon stbring eestonichinsfruetidisngnel bond
and adj acent double bond (e.g., enol/keto, am de/imdic acid, and

am ne/ 'd"éPé@lé 6F hing @bupieditblausdrnplied sheteanSes, e. 9., Katritzky, AR,
et.al. he Tautonerlsntof Fbterocvcles , Academ c Press, New York, (

1976) . éO]?rﬁfé‘%Fo%tsQ éh& df é;% @Jl'eggﬁﬂléﬁgfé?gﬁjt éﬂ‘etrmtnnhe}‘épmpeﬁﬁtte@f

|nvent|on resent I nven es 1sotopica
ound of For mul a

conpounds i den t ho

(o it ElaBhlRn ST REF Sheoi o eriis, S ire” Pl By e maY &
havi ng an atom ¢ mass or mass nunber different fromthe atontc mass or mnass
nunber YsSdaMith PEREKAMSH iMm ACGPElaneRawihe e feadtRGhereiRatorc Anmgy prove

i ncorporated into conpounds of the invention include isotopes of hydrogen,
car bon,conveniegétn constamh 2 posssretiadized apparatus to lpedormdhe idedire@ meihad.
chlorine, such as 2H, 3H, 1 1C, 13C, 14C, 13N, 15N, 150 170, 180 , 3 1P,
32P, 35Mhe d8$iredl@Budturel & d vamety 3 Chese epgtents willl appe@o iponl titks debcristionul a
(1A) which contain the aforenenti oned i sotopes and/ or other isotopes of

ot her HHER. arr\eatwlftlbh”ehjfb%o%@ﬁt% 8f tHdbPeddht SVdrtidn 5@ hat Bescribed W|th
|sotop|cally | abel |'ed’ conpounds of the present invention, for exanp e those

Laeg i Mefdteh rgg aﬁg%%{f%gﬁ%%@ 68, &fayide Mwiite 255 SS'?E&{ fﬂet ;ef
i.e., , 14 4
Lhei + SradgeniPinddRagiaetsifay bs Sed g g e R Fefgrtnigynof t%uﬁ?%ﬁhrste ho

heavi er isotopes such as deuterium i.e., 2H, can afford certain

t her apeaft 1@SCGAREENEAQEs resul ting from greater netabolic stability, for
exanple increased in vivo half-life or reduced dosage requirenents and,
hence, [6891]daurprezmere el shousbipe cndenstosidatiatsanyPopdogyn teohnelogy airE‘hSCDropes
such as 150, 13N, 1 1C, and 18F are useful for positron em ssion tonography

(PET) sdtandas ftapc@mﬁmeﬁaewmtﬁgakﬁowﬁquw@md sotoube@in thel fatigk ethag@epounds
of this invention thereof can generally be prepared by carrying out the

proceduy gb@q% ﬁ(?gdg}’%r Blifveniynsubstituting a readily avail able

i sot opi I reagent for a non-isotopically |abel ed reagent.
Conpounds of the present invention are useful for treating diseases,

condi tions and/ or dlsorders nmedi ated by the activation of glucoklnase
therefore, apg h the present invention is a pharnaceutica
conposi ti on 2 £ G )| s—Al--t|caIIy ef fective amount of a compound of
t he present |nvent|on or a pharmaceutically acceptable salt thereof, and a
phar made082ickne preaeaehwabtlen &xan ppekiancedial systemoa neethed end cmeesp@ﬁﬁmnds of
the present invention (including the conpositions and processes used

t her ei rgoftweye alostpdrents &t eéncriyptingrand fpactessingflata. nedrtionsesftthe dnvériton

t herapeutic applications described herein. Atypical formulation is

prepar efaPhedigddibed iRONPRWIFiGl 11WSICRIiE e Plock MAGHahPBf aRtkx@ns@hFy 84ta
di luent or excipient. Suitable carriers, diluents and exci pients "are wel |l

known t d t a

car boh;}gr %&?ﬁg \Aé)xséésrﬁwa Eshgq qgl 88@%dﬁor SV\BFFEM e p ypr'%rg%.sht @Vgpgohl lic
or hydr o ic material oi ls, solven nd the | i ke. The
par t1 cUIGRRE P Some & rtﬁ@#mgp seReing: asefCuslics. HeitmaiBoRoviee qn?ans
and purpose for which the conmpound of the present invention is bein

appl i eByn®9l paged e@ﬁ@/p@@ﬁé}“@(ﬂlﬂ'? agiaptadt edyRie datasiieve deta racorym Q@@ by
persons skilled in the art as safe to be admnistered to a mammal . In

gener altrarsatctons of vetocunaer ora-panxdymizelssis wudreentne eomhsyesbaelaney bend

ot her non-toxic solvents that are soluble or mscible in water. Suitable
aqueous sol vents include water, ethanol, propylene glycol, polyethylene
glycols (e.g., PE&400, PEG300), etc. d&nd mixtures thereof. The fornul ations
may al so include one or nore buffers, stabilizing agents, surfactants,
wetting agents, lubricating agents, enulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids,
colorants smeeteners perfuntng agents flavoring agents and other knomn

S v T T L o s . - o o o




cataracts, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy,
obesity; conditions exacerbated by obesity; hypertension; dyslipidem a;
hypehnsulwoemnio2¢sxcess circul ati ng bl ood insulin oftenprasapmiogdisd2ai t h
nmet abol i ¢ syndrome and NIDDVM, and diabetic nmacul ar edena. The preferred
di sease, .disorder, or condition to be treated is Type,l| diabetes, .

yper gIARTBRPEAS ZBMEE AN BIRDHSY| 8 UEDe se b Pt oF coardctersypauping

di abetes. Diabetes is generally defined as a syndrome characterized by

di sor deﬁ"l@hﬁﬁtﬁﬂ%’b@phémc%ré i PRV Enguagei ghheterots getactlee data record,
(hyperglycem a) resulting fromeither |Iow |l evels of the hornone insulin or
f r om abireorsaetiom esdslognoent onayniselused mtefdhaogsalsleuptoedhaut this applexgtiiane

| evel s of insulin secretion to conpensate. Diabetes is generally

char act[g033eakbcrdihg teesdrmkNernBbd®rerits 1f thensrebent #Avehd®, &lsyndsl abed
gestational diabetes. Type | diabetes is usually due to autoi mune

dest r uctq a i i I rized
by i nsal I RE, 08B Bl B B RS e Bl NPT o gfermR A 1
hi gh ampunt s _of insulig fnd di_abet es develégﬁ%mhen t he bg{a cel |l s, cannot
meet t K'Y WHERENHONEedt §71%0 95N CHUDLRSSTINIPIAPAF ¢ Hy pd PN an &' i n
that it involves insulin resistance; the hornones of pregnancy can cause

i nsul i rPPRRYIgteAtcBe ModWREA2Y OfdniagsR! §F @ifeayisp dureions!lyasepeipiadyithios
condition, and typically resolves with delivery of the child. However,
Types |coameutatioralepletiowni @n odridh taroeppiigaiion (elgakpdug# or nadchpoh useduioi n i s
not secreted by the pancreas, is directly treatable with insulin, although
di et ar yenrdatetdrgrotedsatdie Yoeuadnts {e1gniveb drevgerrunoihgdhs ehsret sdmabe mit .

Type ||l di abetes may be managed with a conbination of diet and

phar Mgt &idn )PupEU Civheheth: dodlRALSIIEEMENT )by MHedclidrRGirNbbplicdtidhuld the

suppl enent ati on. Di abetes can cause nmany conplications. Acute conplications

i ncl ud T ] i i r. Kk i -

nyper o4 BBl G R T FoBeocda aRBIS MRe! HaRAKES lomarieeliy,
limted tq: cardi pvascul ar disease, renal failure, retinal damage,

decr caslil oBPad AOGTRIFS RS RET &l SENIBAPIRAESF | e ASCBIAING Oy SPMenot her
aspect of the present invention is the treatnment of diabetes rel ated

di sor deanbodimemntsef thetraesentdngiignoseme as @l iod thefusghienaiieof el angegotion

di seases, conditions or disorders such as dyslipidem a, hypertension,

i nsul i Mmodgleshaynbe executed anyorasirgy § ratheease pedplearial (6.9 Ad8Bladewide ) fwinéner e.
For nore detailed informati on on Metabolic Syndrone, see, e.g., Zi nmet, PZ
, et althe pefipRefd hedioincitidSYys eragEenbanrgstiontlbgicogi ¢ Mystery but Far
Froma Myth - Where Does the International D abetes Federation Stand?,”

Vet anor D0 SARAING btne fhEdamietiinhe, ARty Fidaucintay finRlgral orile
{vent ihERVES MladioRY Mgt R eyl SFe AR Sy Bt i ment,,

| east one cardiovascul ar di sease ri sk factor, such as |owering of plasm
| ept i n,"CROFIELY H($Pe IBFBTENHMEOREF MG Y7 CEhBINEUREPBIaN %rsae&@ﬁagéoﬁqr Lokt
vehicl e control containing no drug. The adm nistration of conpounds of the
pr esentsuchvidat iai ndeguyments stprasy Paghea repasiteryi gl excrypigal 8s daey enprothes)
reduction in glucose serumlevels. For a normal adult human havi ng a body
wei ght repositoryt At@0rding tcayetdsdiger embbdienerds gethef presemt inbention) tH¥4ymigolt o
about 10 ng per kil ogram body weight is typically sufficient, preferably
from a%bd%rﬁ:lyﬁﬁfn}‘fgo&Qllgbaﬁﬁy'be%t@gfm/o'ﬁ@thémﬁéé Rihefieh AR assbereRRHan0. 01

ng/ kg to about 1 ng/kg. wever, sone variability in the general dosage
range - i p | : i f bj ect

bei ng (0 SaEalGH SHENERER STRARER (IF IR YRLHen? reb BRI |6
conmpoungd bein adninisteLed nd the.like. Tnﬁéfeternination of. %fﬁ%ge
ranges SRYNEPT MENagETLHL SYBIHM 2 UNRING Of &r UG PERY PEVREN PrOYie t e
ability of one of ordinary skill in the art having the benefit of the

i nst antdQRUERG S@RRSItOryY SeRYICESIHONEERE-9 R0 draLMPENIRIZ &3¢-)+ AECidig:tet

i nvention can be used in sustained release, controlled rel ease, and del ayed
r el easeyeft diuntheatanobedimenis lof f tbenpreseat ahgentioal, 1th& neymbelobased afnooytiomar y
skill in the art. The conpounds of this invention may al so be used in
conjunction with other pharnaceutical agents for the treatnent of the

di seases, conditions and/or disordersdescribed herein. Therefore, nethods
of treatnent that include adm nistering conpounds of the present invention
in conbination with other pharmaceutical agents are al so provided. Suitable
pharmaceutical agents that nay be used in conmbination with the conpounds of
the present invention include anti-obesity agents (including appetite

e e - o . o o v - e



bal agl i tazone, ciglitazone, darglitazone, englitazone, isaglitazone,

pi oglitazone, rosiglitazone and troglitazone), a PPAR a/g agonist (e.g.,

CLX- 0940, wOw/@B8®1 OGN 1929, GW 2433, KRP-297, L-796449CTUBROYIS3MM- 0767

and SB-21 9994), a bi guanide (e g , metformn), a gl ucagon l'i ke peptide 1

(GP-1 oni s . 0. xen xendi n-4 e| n rosi.ne
bhosphahadBeimay it istasral of Rhesmiss TnsTgran PasirieiRdivie enprangeypal
extract, and conpounds di scl osed by Zhang, S., et al., Drug D scovery Today
12 (@atewdy @73 apelicatoqrpyidegiaamsoftwanaiasia sarvice. nyowde@byra/%afmrp asa

di peptidyl peptidease IV (DPP-1V) inhibitor (e.g., sitagliptin,

vi | dagla senvice @boweglerpt i n and saxagliptin), an insulin secreatagogue, a
fatty acid oxidation inhibitor, an A2 antagonist, a c-jun am no-term nal

ki nase [OQB{Bq)Actdaﬁd.hgtw eribititihis an th@SpHekantmin®intion Whetey &8 &heryption
phosphoryl ase i nhibitor, a VPAC2 receptor agonist and a gl ucoki nase

act i vatgrq @fae&sagtew(.;h gliAbia) B PIRDbPaB5IRalBh CBHEr 4ith PREd

inhibitors (e.g., sI p pt i I'pt1n and saxag |pt|n)

Sui t abl e anti e nts_incl ut ar

a1 bhag| TLSUPiTR BB pg Bl B fioh Se%lec,raﬁl?o@e?lJ'ewawﬁ-‘* aloRalig asbtiateul i
secretagogues (i.e., sulfonureas (i.e., gliclazide, Ilne iride, glybuhde)
and norf¥i] @@ﬁmrwréa@thn ”@dweh%ﬁ'%ﬁﬁj e 6%5%%3%‘5%@‘]’ f‘ﬁ ata traffic (€.9. a

t hi azol i di nedi ones (i.e. pioglitazone, r05|gI|tazone) and the Iike.

Sui t ablnetwpgd drdxyhve rlinegcergeninicatian | mddylebnay anaiuae nehworkingdharelwarRIEDsIA
reductase inhibitors, fibrates, mcrosonmal triglyceride transfer protein

i nhi bi trtworlcproltess] egit (¢.5amSPEP staok eaduptadiid rdapivie ard yransmitrtkfte uspigot ei n
inhibitors, lowdensity lipid antioxidants, and the |ike. Suitable

ant i hy paTt RAMOMEsRBBBHEKAARH HStery Bth (Y Benhd I etiadhrbo, di uretics,

adrenergi'c beta-antagoni sts, adrenerglc al pha- ant agoni st s,

angi ot 0

ganal 1 APeSH %ék bl BRI ey P e s e R @t?o%ﬁﬁu'e Bhods
of the |nven when a ound of t sent i nvent nd at ast one
ot her i ey Bree apraiton el T Boorames Sah B Ao on
can be sequentlal in time or simultaneous with the simultaneous nethod

bei ng deanseslions, pdetferecaids i deewnentsi al Thed @naNVeLipat MeAUlea By dPeof t he
present invention and the additional pharnmaceutical agent can be

adm ni suectahally asagcietatdewith latcansmgeicatiah Inyoquie eapted totrateisacnd forward

adm nistration be oral. It is especially preferred that such adm nistration

be or alnandrictatdl tr#e tdithe MBEVOrRed DraURISBIhgOApJliaation e Testdd [N dBdakrd t he
addi ti onal pharmaceutical agent are adm nistered sequentially, the

adm ni %éftal)s%rbé)fun?ﬂ&ﬂalf}ﬁé‘ss% idt¥d W‘tﬁ aS mRInidtiof! %BSuI%’Eddﬁ?éd’Rﬂ%ceI\)%r

exanpl l'et an syr or capsu e a parenteral I njectron or In usi on.

Admi ni s 0 n rescribin

practi trf (ﬁéFk &gli%qpasfﬁ(g Fﬂ@\gﬁgt}g’?’ﬁﬁ%ﬁé@ﬁgggﬁgéﬁ é;ﬂ d in pr epgrl ng these
conmpou re either ailable fromco rcial, su iers such as the

Al grrJ i cﬂgéﬁa 28I P&tk R %V ewmagrkereogwﬂ?oesat@m E)tg%r’PQFIH'@ may) | itiize a

Si gma- Al dhch (St. LOUIS MD), Acros Organics (Ceel, Belgiun), or Lancaster
Synt hegnapping. tapba)tcemai@@ac ok sOME; againgf e &Wbbl@ (ﬁ@pmomls bghnases.ods
well known to a person of ordinary skill in the art, follow ng procedures
descri aanberssetdh) iataaddeurdenieihts ene @smase Ebreespsoramg Eiphee sy bBzadefittesl f or
Organic Synthesis, Vbls. 1- 17, John Wley and Sons, New York, NY, (1991 )

, Rodd'ysy, Ghepped oy &ﬁer@ﬂé@%@sé&ﬁ%%ﬁ th&bin@p ﬁ=1g5ta@>7@I Wé@@l%ln kb SeMhe
Sci ence "Publishers, (1989): Crganlc Reactlons , Vols. 1-40, John WIley and

o JZ%%%*H%”%“% SN R U T S S e

Transformati 989 us

{ et amRIPSHal e ) ey G %@oah%wat&d(cﬁaﬁy y @ﬁa% ncorrelated and

L/, L/- dlnethylfornanlde may be purchased fron1AIdr|ch in Sure-Seal bottles
and uséﬂah§‘a?4@@e¢'\17f§€ﬁnt$6¢%ﬁ9§h%§h€b@”9@|ﬁ| BYBROL sAREPEINEN@LPAGIMRIUS, known
to those skilled in the art, unless otherwi se indicated. Further, starting
mat er i dhe mapEeddhtralholeday have oormearing whatsosvieer 4 mmlsédplwmdwmniorfufr t her
purification, unless otherw se indicated. The reactions set forth bel ow
wer e done generally under a positive pressure of argon or nitrogen or with
a drying tube, at anbient tenperaturelQunless otherw se stated), in
anhydrous solvents, and the reaction flasks were fitted with rubber septa
for the introduction of substrates and reagents via syringe. G assware was
oven dried and/or heat dried. Analytical thin |layer chromatography (TLC)
was perforned u5|ngglass backed S|I|ca gel 60 F 254 precoated plates (Nbrck

——a N\ o, - -~ 4



I nternediate: (R)-nethyl 3-cycl opentyl-2-hydroxypropanoic acid (1-1 a) OH
(-1 a) To a stirred solution of (f?)-2-am no-3-cycl opentyl propanoic acid
(5.0 gramsp20veneionpex | nternational, Inc., Wod Dal e, PCYI/IRING9/053824H2SO4

(45.1 m ) at OC, was added a solution of NaNO (3.1 2 g) in H20 (15.6 m )

drop wi se over m nutes. The reaction mxture was stirred for 3 hours at
000, 1 1B SYTE0L MR, £l BE Vi B EnERpLPE ARG T Angl e Ao e IR et o
(3 tinmes) with diet h%l et her. The conbi ned organic extracts were dried over
MySO4, dfithegnappingriabtenean ibie bygeneeiivena randemt peranytation #ross af igentiv a) .
1H NMR (400 MHz, CDCI3) 4.26-4.28 ( 1 H), 1.99-2.07 ( 1 H, 1.76-1 .81 (4
H), 1. Gerhutdidon(dsif a dsel@lolrandot dettdratorCVS for C8Hi 403 mz 157.1 (MH) .
Internediate: (R)-nmethyl 3-cycl opentyl -2-hydroxypropanoate (Mb) OH (1-1 b)
To a stjDo8&AGRrdihgOld 9ét RurBferdedbolihentsiof ﬂliéhﬁfi@s@rhli inRSMn0ledchlbserl) at

roomtenperature was added SOCI2 ( 1 .64 nL). The resulting m xture was

heat ed : rﬁbg“ . t - er
reduce p/%ﬁékﬁgélzé?[?gzre iEéea\é/\élaosd%ggt\Pﬁﬁoﬁggﬁ%‘eépag@rqcgplﬁl%?hg@%gl{ﬁewand
aqueous_sat.urated NaHCOB3, sol ution.. IThe bi phasi i Xt ure was,.separated and
e aquBaRRHBIREE I Fa® U rAbpOY wPRisdrRiT adel e ST uiERBehtER: rac: s
were dried over I\/PSO4, filtered, and the filtrate concentrated under

r educ e 35NN AR/ REJFNIZRLIQN MY NBYE GUE Gl eReIY PP ke yN £ASR e BrRRRING
chromat ography (silica gel, heptanes/ethyl acetate) to afford 1.5 g of (M
b) as debleds agahdomHpevRtgtpOgeneratetD®IBY adpséudo Fadd0 generapr eactvUs¢r3H) ,
2.62-2.63 ( 1 H, 1.97- 2.05 ( 1 H, 1.49-1 .86 (8 H, 1.06-1 .1 7 (2 H);
LCMVS f arndi®Hbfahizationlmhay. be (gsociatett auithiedi atigud kel to) inttéanizal ther psdudeel y be
prepared by the nethod descri bed below. A 0.2M solution of Li2CuCl4 was

pr epar adndsmf reP¥or. PABYHISg @b@n{a%%eqaa%%rﬁﬂrfﬂ?h#ﬂé%_l@@w@éﬁ&%dy a (

17.0 g, 400 nmol) were dissolved in THF (1 ) e mxture requi'red

ot ut 1 g et Bhd ofRBhy £t PRaMld, Bmerf 4 bShrfigRhizafod Yuts

25.0 mmuol.) was added sl o to a.suspensi on of,. cyc] opent yl magnesi um brom de
(> m i e PRencapRen i apCoBii RiiTe RhAAdR TR br bR T

M | waukee, W) and THF (500 niL) at -50 OC over 2-3 mns. The pale

gr ey/ bribemaripe frhle forias aivemusarasgaaizatomaray i8rloding maprpings fora sekef 30
mns, by which time the col or had devel oped to a dark grey. The m xture was
r ecool eymimwls igelp@ bado@i) {argt siplistiodly ariten2sseal) bothyi doeurfe@dtsuspd Bahermol ;
Al drich Chem cal Conpany, Inc., MIlwaukee, W) was added neat via syringe

over 9QseeoRgulsizatiore Weratduring ratiem Howaviee dthatenchgota heduldldentifes
before renoving the ice-bath and allowing to warmto approxi mately -50 0C

over 325 giér'r?n%gl b Wl ateiHE Ee ﬁaﬁGr’yg?é}Q \Wﬂ):hvfgﬁﬂffé%n%ﬁﬂﬁ@d?(ﬂée@nbhﬁa% xture

stirre 0 mns. The organic l'ayer was c ecte aqueous | ayer
extract i th.diethyl. et : 0 onbi n 0 ni.Cs r.e washed
wth seeueipblioRiazbaboind €rohis Mpdle elr R SRR bR B0 AEier
Distillation o t?e crude residue (68-70 OCfat 0.8 gbar%/ i el ded 65-70% of
(1-1 b)a%QC@tﬁls@ YEre FAMBPANENA HAU 9enGrBien{ioprenagyyey § a@/‘i"r‘% FdPBFPA
remained in the still pot. 1H NWR (400 MHz; CDCI3) : d 4.1 7 ( 1 H, 3.76
(3 H), synepol @enerytor,rdoy ysing @, ericrygtion algerittgnHa cotrespanding igjpher entry

I nternmedi ate: (R)-nethyl

3- cycl apeivhgl update thelmapping tdtyé astdraimg pxVhps, Gpaapping tablelisel YT ugdic)
Internediate (1-1 b) (6.37 g, 37.0 nmmol) was dissolved in dry

di chl Orc?m_iirbéﬁiﬁa(ié’r@onﬁy) Gl Shs T el BBEERT ohi HbeGRRNiN éfcrisiedbagyh. the
2,6-Lutidine (9.0 nL, 77 mmol ) was added. Trifl uoronethanesul foni'c acid

anhydri : ) in dry dichloronethane (75 nL) was added
erdopdertedion e

dr opwi se. stirred in the ice bath for 60 m nutes,

concent d, under reduced pressure taken up in.1N HCI. and h

C°but y O3S Thaf ot ePipEiesls &edestht Bxaiar Brguifionaihes
waswashed with additional 1IN HCl to insure the renoval of all the |utidine.
The corBen&ERAIGGENIADIS aftay e famiarafhstrecRUaMentBei Ndth & | 8YMBQlerbassdi um
sulfate, filtered, concentrated under reduced pressure, and dried under

hi gh vacuumto afford (1-1 ¢) ( 11.3g, 37mol, 100%, which was used

i mredi ately without further purification; 1H NVR (400 MHz, CDCI3) d 5.1 0 -
5.14 ( 1 H, 3.82 (3 H, 2.02- 2.12(1H, 1.79 - 1.98 (4 H, 1.51 -
1.66 (4 H, 1.08 - 1.1 8 (2 H. Interirédiate: 4-(isopropylthio)-1

H pyrazole (l-2a) (l1-2a) To a stirred solution of 4-bronp-1 H pyrazole
(2.49 g, 16.9 mmol; Aldrich Chem cal Conpany, Inc., MIwaukee, W) in THF
under nitrogen at 0 C was added dropwi se n-butyllithium(34.9 M _, 1.6 Min
hexanes). The reaction m xture was slowy warned to roomtenperature and

o T o o v ~ o~ P~ e~



di ethyl disulfide, respectively. Internediate: 3-(nethylsulfonyl)-1 H1
,2,4-triazole (l1-5a) (1-5a) To a stirred solution of 3-nethylthio-4H1

, 2, 4-tri awol2e10(2eX6y; Oakwood Products, Inc., West Col unipCa/iBB@)/033024THF
(201.) and water (201) was added pot assi um peroxononosul fate (Oxone(r),
DuPont Specialty Chem cal s, Deepwater, , USA) (10.7 L After stirring at
Foom ¢ STBER BOISTEryRPTA BT ARy decpists YRR £oaad Attty ladsy
filtercake was washed with THF. The filtrate was partitioned between water
and et Hylto heedemised inHbe Huluay Brayke apelicatigndd theareseat inyeeboR. porti on was
extracted twce with ethyl acetate. The conbi ned organic extracts were

dri ed d0e40Mx04dingitd semedembadintdras bf ther gresectaneemionabdchnsadton raedatae d
pressure. The resulting residue was purified byflash chromatography (Siq 2,

ethyl aeedrf & BLhAEDr a QoduP¥ht t® béférﬁ,gﬂpt@dﬂﬁY gireifod bnBRredIn drady foe
solid mz 148.1 (MtH) +. Internediate: (S)-nethy

3-cycl qpentyiha2ad: 3= f = =Ls A AL S R noat e
(1 <5, e utich BpRmBlts) A Indrensactions i odtEd dbcuniont RBRRNTE
(4 m ) under, nitrogen s, added |ithiumbis(trimethylsilyl)amd 0.261
W T e SERBRE PR T TiGe bR hike & Hel) St P e ac e
(1-1 c) (88.3 nmg) in anhydrous THF ( 10 m ) was added dropw se. After 1
hour, tRedvlgapi¢dal RALHERYER SHNGHANRIMaaEsOCIaed neithvdhe RrfEWtigh M@ act ed
with ethyl acetate twi ce. The conbi ned organics were dried over MgSO4 and
puri f i edhibly dataasensitivityrematigatiophypodule+nay estidaie eodatermie seengitivityolevel

hept ane: et hyl acetate) to give 0.0447 g of (I-5b) as a clear oil; mz 302.2
( M+H) + dfngemneegivei edatd- (iies agynayt | dthigaupl of -dynmibolsiaantiemily- bid)cale te e rr ed
solution of 4-brono-1 /-/-imdazole (5.0 g; Aldrich Chem cal Conpany, Inc.,
M I waukgfyrydoh mBddi@QyimdthePdystt8enchlir il ?h/éﬁ@a'tﬂs?f('ﬂggl‘(gﬁ ané ﬁi%h?pﬁ}lepn_ 3

necked-round bottom fl ask was added t-butyl-1ithium

pent an Wi o] 45. 1N it r tng:f e 0 ete
i £1 oerSl RV IBGRI et B Ha e ol HBBE I B Vs o TN "R hen
it was cooled to -78C an col -7800), sol,ution of dii.sopropyl .di.sulfide
(6. 75 mEnSIfly syalation HOqu TRces Aaniskh i aectod Sast Do Menaenaibt e
for 16 hours allowing the bath to warm The pale yell ow sol ution was
quenchdeveli t Af sa@omet € N Cl sYBPPlswe @ bydraebs r aPfi zaymeeIsn taf 18% d@e. The

| ayers were separated and the aqueous extracted with THF three tinmes. The
conbi ndie/oearditesn saetia/docwdenl Eor kySOplapeoplasi hasteshyaddresdes, account
chromat ography (40+M 100:0, 95:5, 90:1 0 ethyl acetate/nethanol) to afford

3. 3767 igfopmalibn b6tt;) based 148 s pmbblts) data dineatrar Gitieérechtadtesiotdsosudrsad fhenyl ) - 1
/-/-imdazole (1-6b)To a stirred solution of 1.00 g (I-6a) in

di chl e d Ni | ' m
Fol | owet o Ot SfoBRrirTh (e epBfiee BAF g o RO TINET oo deh P -

additio 0 - di chl.oro e 1.X nd..stirring

cont i ngaseripdintsd), CRHEeERb RIS 3R ab SR Bt e R Sl st

stirred at roomtenperature for another 30 m nutes before adding 1

equi val/BRiadsfa BgaRdaMt Anoadicpiar Ingigating k1&g, sengiHY e H%bﬂ’fﬁ*‘&t‘g@fag%(ﬂ‘tt%e

residue purified by flash col um chromatography (Si Q2, ethyl o

acet at €lnge it aray et @ss0g@tedo Valhr drsd the 1datg'sopr (syndpgl's mieaninng . within-He:.

Internmediate: (S)-nethyl 3-cyclopentyl-2-(4-(isopropylsulfonyl)-1

H- i m degpnlieation. yAgqordpgrtoajiet fi(rthef @nbodimeatssofi the @re st ivemtionf thefe neayof

(I-6a) in anhydrous THF (4 nl_) under nitrogen was added |ithium

bi s(trigeetdiyliged Yiehaitatds 6P-cdPlgiiationlfilsi Bssddiated AWitRT eSéH Mtypé bff @5ta30

m nutes, a solution of Internmediate (1-1 c) (88 ng in 3 m _ anhydrous THF)

was ad h8e 75 I , eact | ' wat er ,
qﬁ’é’/dgélg@%%a%%éwéat%%s ||H&‘%F§%e?%'@fca"n8ﬁ§ 4&6“3‘3@% 8&@[}%‘%\893 Whith

bri ne was a racted wt acetate twce. conbl ned

or gani Ggs re dried_over. A and.purified by flash chromatog h Si O,
ot Pyl SEEETAES o eafL e oS 69y reiaie By nStaraiit fodhl SPBRLO, S 1
(IvRH) +. Internediates (S)-nethyl 3-cyclopentyl-2-(4- get hyl sul fonyl )-1

H i ni dg@@raqtetigiiospeiopansbagiers et data/symbols fQ@?élr( knefile/docyimenyt-tirpe He jbe
3-cycl opentyl -2-(4-(met hyl sul fonyl)-1 H m dazol- 1 -yl)propanoate (I|-7a3)
m z 30Xlaskifiedr&f senstiee, @oepedieg to thesmmaaainggeitisn tteeapplicaionhat descri bed
for the synthesis of Internediate |-7al , above, from 4-brono-

1/-/-1m dazol e using appropriate starting materials (e.g., diethyl

di sul fide or dinethyl disulfide, respé&gtively). Internediate: (S)-nethyl
3-cycl opentyl -2-(4-(trifluoronethyl)-1 Himdazol-1 - yl)propanoate (I|-8a)
(1-8a)4-T i fluoronethyl-1 /-/-imdazole (5.0 g, 37.0 mml; Apollo
Scientific Ltd., Bredbury, Cheshire, UK) was stirred in dry THF (180 m )
under nitrogen at roomtenperature. Lithium hexanethyldisilazide ( 1Min

— g— ”~ ~ A o S o



To a suspension of internediate (1-8b) (0.25 g, 0.9 muol) in

di chl oronet hane (5 m ) was added oxalyl chloride (0.35 g, 2.7 mml) and
L/, L/-di nwohyimnﬁsmni de ( 1 drop) at roomtenperature. POE/IR2009/053820aAS
st|rred for hours at roomtenperature. The reaction mxture was

concent d in d the residue vva chased wi.t h di chl oronet hane two
e I Shectr PG G et BROIGTSS B (e BESSqr IDHPIIOny GO CAPHAR of |
whi ch was used in the next step directly. Internediate: (S)-nethyl

3- cycl dpedlgls decigiont as fiouwheter g notl teLeneretod -aiven ﬂ%@ﬁd@‘@ﬁba‘ﬂ@y e 9a1 )
(I-9a1 ) To a stirred solution of 3-(trifluoromethyl)-1 H pyrazole (500 ng,
3. 67 nmnflyendledribyc bn Gheicatiard (€Cgnpserydefined) of bl SevanikekeyveWor tha eblirerfile arf
anhydrous THF under nitrogen was added a solution of lithium

hexanmetdyduei &t rzasificeBoR0 Adcordihgly, ithe RexAN 88 ta/SyrBboMBbNsidéretiesertsitivier i Ng

for 40 mnutes at roomtenperature, a solution of Internediate (1-1c) ( 1

.12 9 (ghdPih TEBY)of é‘n%y?ﬂ 2\7 AN RGOS o Td8ou i@ drdgﬁﬂlré?{tt%ﬁ"‘bléé’%ﬁé@ as

stlrrlng was continu OUI’S at room tenperature

guench wi t h,aqueous., s NH401 extracted w acetate. The
dond! ndiPHiART SRTne RYE] RPE et asTBH bl SRSER, Hag S fprRiiad
concentrated. The resultin sidue was purified by flash chromat ography
(Si 02, e TWHB%%W%%?&H&QG'@N%UHW%Qd %‘%P%FY&V&'(I 9al ) ; mz 291
.0 (MtH) +. I nternedi ate (S)-nethyl-3-cycl opentyl -2-(4-di net hyl carbanoyl )-1
H- pyr aZ0042] Agdoydingrto sentaegbodimeni®)qf the presentinyentian, utilizisg @r @aaped i n an
anal ogous manner to that described for the synthesis of Internediate (l-9al
) fromtablepyinpzed et h-arainbanshi encrgptibr( @led prederidhg muection@ity angomerar. all

M | waukee, W) dinmethylam de and Internediate (I- 1c). Internedi ate:

3, 6- di G Qoctimétisdéhcty Mtbdtddtéﬁsyﬁibgf?tﬂé’élﬁéingf)l)%ﬁ% &rlalﬂéﬁhe(f&nétro%)rtyunder

argon, diisopropylam ne was di ssol ved i'n

(11L) d 5 [

n- pur 1 @Y R 54, %rté‘fa@ﬂf 85%%”%0% Sasife %érrﬁc% Méﬁf‘aan.dmrng the
t enper at ur.e_bel mxture was sti bout 00C t o b -5C for
15 nARBUCaIRN BAarE.mey berbesanad S Zealehib BinidR nik SpaPted ven

D hydro-2/-/-pyran-4(3H)-one (A drich Chem cal Conpany, Inc., MIwaukee,

W) wasvieiite enaypiedrlaia filggdasuineaisis\gsived aned ferapP W%H@MW@?@"[ e at
-78C for 1 hour. L/-phenyl-bis-(trifluoronethyl sulfonimde; A drich

Chenmi cgiroCesgeanyy aImwarmaa/\at\ﬂeeeicembplimtonsuscpreeanplenaﬂdéu(rmm sedrch and
added slowy to the m xture while nmaintaining a tenperature bel ow -60 0C.

The m Xdrigite vgrsuliiRy tacdordingn® ithe tdres@ftolnvagtidatmay Vedam Egroligh r 98Bt of
tenperature overni ght. The m xture was concentr at ed under reduced pressure.

The reSiqferHelchcR#ed foldhd ® BioalimBARCol 1 breafy FRiba)and ey, | -

Ilquors were conce reduce pressure 1 Oa
I(n:tD(Ce:Ir rre aﬁ&f&ﬂ_@ %é?ﬂér% gealrchbtterrﬁs 1D%/ ((%Wﬁrst co%?re t%la) the Séq’agrcnth?ms (i.e.
2-(telt rbon di hydr o- ropanoate (I|-10b)
(1-1 Cb%ymtbP?er&%rSUQ'%Q t%aérr@d‘n@pe Sd??'ietﬁ?sugéi chraﬁrx%/t %gﬂoﬁuate”is B nol )
was suspended in anhydrous L/, L/-dinethylformam de (100 mM _), and to the
stirred25dnen iremingra seargn of the deaumentsebassd @n the. comvartsid) symbolsddAd
(exothermto 55C). The mixture was stirred for 20 minutes, during which
time treeasch angiieiotility eaczoediby donembodwhents dhéheriprésart masntior oned bico
settle, and the supernatant decanted off using vacuum The activatedzinc

powder iM@grayashegtheriide/ ¥ssdcigicd® i fanrdurﬁtsurttaﬂawérélpnat@@ﬁuon WiHich thee

super nat ant sol vent becane col orless. (R)-net y
ol umbiSb e P AR AR a0 /92@%%5%‘?@% i "tf“”tﬂgtf HOEHE Feooreftese

under arg ed in ortion to th zi nc |rred
br 1 ki yP 9gGHgie rﬂwax.@mﬁvgstonﬁﬁtheaé & 6F e, e Bt iieatiod it

(21-30 OC over about 15 seconds). The st|rr|ng was stopped and the coollng
bat h i rERgE¢RES0NSAWHItY dBay de tmﬁgf@' tReotBRBYiRe riHnetionadlyt assecialed evite @fled at
500C. As the tenperature subsided, the cooling bath was renoved and the

m xt ur eorgahizattdwaittrambbmmrecendr’ﬁteédmmenérdrreﬂdsitdryrrores aiganiabliongdtemay
settle. The supernatant was syringed into a pre-prepared solution of (I-
Oa) (60 g, 0.26 nol) and PdCl 2(PPh3 (5.44 g, 7.75 mml). The netallic
solids were washed with L/, L/-dinethyl8ormam de (30 nml _) and the washi ngs
added to the triflate/catal yst m xture, which was stirred at 50C overni ght.
The sol ution was concentrated under reduced pressure and the crude product
slurried in water (500 mM ) and 20% et hyl acetate in hexane (500 ml ). The
ntxture was f||tered and part|t|oned and the -agqueous Iayer re- extracted

N NN .. o o o NN o



overnight. The m xture was extracted with ethyl acetate (100 m _). The
aqueous phase was extracted with further ethyl acetate (5 x 100 m ). The
aqueous pNazeivmessetool ed to OC under argon and re- dosedPairtiR20oengsent r at ed
H2SO4 (3.5 nml ) and NaNO>2 (4.6 g, 66.45 nmmol) as a solution in water (25

m ) adstlrred rn| The m.xture extracted with et acetate (6
X 100 10 fn PelAe feas s IR B n o o  ARPEY Gter SOTE
third tine with ethyI acetate (6 x 100n). Al 1800 m _ of organics were
conbi ne@Mbe@dimants gh &te tpbe%ﬂ’fd"r\‘(ﬁr&@ﬂpéhmdeefcmefﬂ@?ew“{lw mayike gdapted. ©® g (91
% as an orange oil. 1H NVR (CD30D, 300 MHz): d 4.20 ( 1 H), 3.92 (2H),

3. 39 ( Hdan throughzHranshaobio(2efrordffil@/doC@ident inderingethtaseuctUr) magtthiyled by

2- hydr oxy- 3-(t etrahydro- 2H pyran- 4-yl ) propanoate (I- 10f) (I1-1 Of)

| nt er megirat Sadtionkeedrd/Reiodurent répayitbryvas di ssol ved in nethanol ( 100 m _)

and stirred. HCl was sparged in to the mxture for 15 mnutes (exothermc

20C to 0 | . The

et JLE) E‘eﬁ?ﬂg@d@@éﬁfg‘;@%&.éﬁiﬂfé’?*ﬁ@qt%%df&% ShE Ao AR ER 00
and extract d Wt th cetate 00.m Th ani cs_were

ot 71 ppd i, BE Rt ekieel SR e ebi}eéwfh AT AT S g 2,

ethyl acetate and hexanes, 10 to 20%) to 3. of (I-1 Of). The aqueous

phase VRECOF@NgNs hecuagtionality ef ¥8te PiRERSHES r@@t%g 50 8NRiyPjed %'i‘q’ HRPREYPES

repurified to a further 1.2 g of (1-1 O): 1H NWR (CDClI 3, 300 WMHz): d 4. 24

( 1 H fiekdoe.g2rpexisg T8 andigrossredereneidg, key. freddg) mawppe areggrvedl H), 1.52-1

.75 (4H), 1.22-1 .42 ( 1 H. Internediate: (R)-nethyl

3- ('t et rjoD44ir Actidrgisig ato- #rhke) -etnliddineinto od e resents nghtiory,) theps opay ot e

(I-10g) (I-1 0g) Internediate (I-10f), ( 1 .21 g, 6.43 mmol) was

di ssol V.&ev.uad%rmtsatb%seud@cw.@satrﬁame(a@%pféaﬂo lmdaéymbbreaé%a m&pBing xture

was stirred in an i1ce bath, dnd |utidine was added. Trlfllc

anhydr i 9 I e h n
i Xreﬁ? (g St hefo B 8 d%ﬁf"%‘?ﬂmﬁ%ﬁ% R G R
washed 3 rine/1 N HC Th ancla r was .d doer
NGSO 4 SOTFS Pﬁi)ﬁgme@%&ﬁa{p@eﬁerﬁwww@ S AGER PhG mIdkc aeseatad BB & - 1
0g), which was utilized in the follow n? reaction without further

puri fi CHYeDENEAPEPREAPHYIE: Mes) begdapted to either use an inverse mapping table
3-(tetrahydro-2/-/-pyran-4-yl)-2-(4-(trifluoronethyl)-1 H m dazol -

1-yl') prre[atinedo ¢h¢ mdpping (dble uskel by- thererdryptiametddyle) erltd perfonm daeverse

(Fl ourine Chem cals, Shanghai, China) (291 ng) was stirred in 20 m _

anhydr agskuldbn &ie s@BMEHHIR @éblé%sﬂﬁd@heﬁusbd Ae ehchjgtibhumibdule. In case
bi s(trimethylsilyl)am de SO?UtI on 1.96 nm e 1.0 |\>|'I n THF) was added

anhyar i FRE/GRD AR g L‘ﬁé‘é’c?f Sl 'ﬁ%"'ﬁ% YRED R oeehRrr facton
thy! dhovaE ol W, Qﬁ%sa%gg?%@&tfo AT A Bl SThen

concentrated. The res due was ified Conbl -flash edi - sep

g, 30%IRYA e%é@faateé‘/dﬁ?é’diaé% '&ﬂ@%f e%tpfi(?b%aétwt'oé‘c@(tt%? @Pﬁ@’ﬂ%(ﬂ@?tat 0
afford (1-1 Oh): mz 307.4 I\/H—I) +. Internediate: 5-(nethylsulfonyl)-1

I -1 -t ethynelremote servige, @Em@r:aa)i/or@p@heatiorhéhe ewnbomﬁsadfdwymdmpdhieo) 1
[-/-tetrazole (300 ng; Aldrich Chem cal Conpany, Inc., MI|waukee, W) in
THF (15mhy beathpied & dé¢criptihe)oveaor addde diphetr 3gsibom Wuﬁbkzdm@ttmlmhfé&deeof
(Oxone(r), DuPont Specialty Chem cals, Deepwater, NJ, USA) (3.1 8 g). After

stirri ﬁﬂe%ab?@@ tpanat W 118&d ffbf«/&h@laémyéthﬁ] beaRbi @ECrPbidr g oMM
filtered and the filtercake was washed with  THF. The filtrate was

concentta redu h a ture
of " dosi S RgEsIeT it 1REUERT Pl WaGnt RehNeR " BER b o, BenrBr;
met hanal and treat, ed wlt t assi um per oxonono one(r) DuPont
Spec: alay et Bl S syt oo B BRuBRARIERon (e s a1 obm
tenperature for five days, the reaction mxture was flltered and the
filterdARESMECORisgda sAn emrasiments ahier preseat BvgAYOR ONETHTPROIRPSEYer
reducedpressure to afford 0.400 g of inpure (1-1 1a) as a solid which was
used i renongptivexdecyeinvinddules pualyf be afunstipnallyz asgéciatedviviih .appticationsdi at e:
(S)-methyl 3-cycl opentyl -2-(5-(nethylsul fonyl)-2Htetrazol-2- yl)propanoate
(1-1 1b) (1-1 1b) To a stirred solution of 200 nmg of (1-1 1a) in anhydrous
THF ( 10 m ) under nitrogen was added4!lithium bis(trimethylsilyl)am de
(0.276 M, 1 Min THF). After stirring for 40 mnnutes, a solution of
Internmediate (1-1 c¢) (414 ny) in anhydrous THF (2 nml ) was added dropw se.
After 2 hours, the reaction was quenched with agueous saturated NH4Cl and
extract ed W|th et hyI acet ate tWI ce. The conbl ned or ganl cs were dried over
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product present. The m xture was conbined for workup with two other runs (
1 g, 6.2mol of 1-1 2b and 1.99 g, 12.4 mmol of 1-1 2b). The conbi ned

m Xt ur es wore10fizbicer ed t hrough a pad of Celite, and thePpadBraghssd2amith
ethyl acetate (2x100 m _), the conbined filtrates were stripped to give the

crude prodyct as ell ow oil 35. 6 _mol , uct
s purieidionoudrieesSi rRPigRRRy ACeoHNG bt Ao alRricatons R
afford (1-1 2c) as a pale yellow oil that was a m xture of dlastereoners
(3.9 g,applicationss emab@PPliGHIAISR spae@Meneettpepigationg, gagmdar mapagement (1
H, 3.73 (2 H, 3.72 (3 H, 1.8- 2.1 (5H, 1.51 ( 1 H. Internediate:
(2R) - n’ea;m}'ibatbr(s, €RM apghtiodtioren eRs. yAgedzdingrto filniioe roereboginwants ohiHeqpngsent
propanoate (1-1 2d) r O (l-12d) Internmediate (1-1 2c) ( 1 .57 g, 9 nmmol)

was addggertna thet R8BI BEESE deddrigtioriascry) Rﬁé@'rﬁ@éulie@ rl%gnbe RRBNOHAS
dICh| ororret hane. The tenperature was brought to O0C and 6-lutidine’ ( 1 .8

14 8 ﬁ@ﬂa}ﬁ" S yesﬁﬁ\&ai%%é ?I on IlV\elésglils F?rgrtlgﬁsEgd\;&é(ff?gm%%%rﬁggéggfgeaddl ng
et her an i ture . of water and 1N HCI (pH=l1 ) . The organic
| ayer \/Uﬁ%ﬁ eogﬁ%ﬁ 'ﬁ&?ﬂéﬁeégﬁdﬁtwgﬁ Sdried over MySO4 and concentrated to
afford 3.40 g of (I- 12d) as a yellow oil that was a m xture of

di astereoners. This was carried on without characterization. |nternediate:
(S)-methyl 3-(tetrahydrofuran-2-yl)-2-(4-(trifluoronethyl)-1 Hi m dazol -

1-yl ) pr opancSeftwaite asa-Senvice {1SdaSiJdRelatad Embodinmerntsi(RsivateSdal)7 ny, 2.9
nmmol ) was stirred in ahydrous THF (4 m ) under nitrogen and |ithium
hexamet[0@4 6l Binbedintknt$ af tHe pesentlinientionTidfating © Saas hrevdssaribdeidbeldhi m was
stirred at RT as a solution for 90 m n before addi ng asol ution of

i nt er megbgioe a{técﬁeo?ﬁbgu(f@@@ tHBugR 69 IFEMIUId bE Lﬁh‘d‘ecstéﬁd‘mgt%‘l’tﬁoﬂ'@ﬁtr@ BEVIS €.

The reaction was stifred as a mxture at RT for hr. The reaction was
guench t te
i co. Crhbla s %ot?"%%%*%@ é*ﬁ?f.?%h %@2 %&%&J‘ﬁ% %‘\%%CF'@%B Ay 2B
concentrate ‘d under re uced ssu due was omato r%{p d (Isco,
12 gr arfi"Reli &P eéleu”ﬂ m\?ﬁsha 'm8 RYPNSLE BFeFﬁBgt ﬁ@fo?o
afford 370 ng (43% of (1-1 2e) as a yellow solid that was a m xture of

di ast er snieelew ggseriptions atevegmplary intnatuied PAE @othing wiieRyhereimaewdypes- (1

H pyrazol -1 -yl)propanoate (1-1 3a) (I-13a) In a 50 m _ round bottoned
flask, inerprete®f lghif @i grterall @nbodiment .db tmevprgsenh thventiazolAay(ovel eagyres 1. 2
rrm)l) were dissolved in industrial nmethylated spirits (25 m ) and refl uxed
for 5 hgruesmbmdliod Bf naeneatues déddridedWherdit I inapedomdstilutee st erhiragbieH NVR,
showi ng all of the nethyl-2R-glycidate was consuned. The reaction was

al | owe t d and codistilled with nethanol (20 m ). The crude
mat er i g?\y&é%@gb @%ﬂ'ﬁ%ﬁ(e 67 g) was conbined with 130 ng of crude naterial

et hyl a&@ém/%@éﬁié S%@?@@F@M%@?ﬁ%ﬁﬁ RO i

the primary s teri cont ai ned .approxi mat e 5% p zol e, and the
seconda[??o%rﬁé Eﬂ arerl@é% rYice dSe8Rd %@Lét p%ﬁa eloNd oBpRIAGel y to

afford (1-1 3a) as a yellowoil. (2.6 g, 15.2 mmol, 62%: 1H NVR (400MHz,
CDCl 3) sergices,5ohile 1cqmﬁdemtlallgy(arm Eyivaey of tpeluq;gr/coxp@@te seneitive4adata 2 H),
3.77 (3 H). Internediate: (R -nmethyl 3-(1 H pyrazol-1

-yl) - 2-drishitédiorayned bybisletf cgdoeding te sopmneabedinderits 8 th& prekgb} Invieatiomdi at e
(1-1 3a) (800 ny, 4.7 mmol) was weighed into a flask and dissolved in dry
di chl Ortﬁéﬁhbﬁ%t(éﬁcr%wn l#@@lﬁ’folcﬁ@} W%P'énaiﬂeefdﬁ SAMIBE ora sl Sidageedf 9aagn i ce

bath, and 2, 6-1uti di ne was added. Trifl uoromet hane

sul f oni 5 t he
reacti {Ppﬁgéﬁo rregJ g%r("’éﬁ] Bgt%rgtlaﬁ‘lyi F{EW% mr‘@%s@ﬁ%ﬁ&o‘?? a‘%gjt her
(50 m sh i e: he or. er was
dri ed #@Jge%@v‘@ ASharding ot diboeineanar e Br%ﬁﬁelmve@aﬁ '&ﬁ re,
and dried under hlgh vacuumto affor (1-1 3b) as a light brown 0|I ( 1 .42
g, 4. 70ﬂﬂ§‘lm31@6l§6 qrnaedhp Sare armicatenrs: éfa%earlﬁntmcrmemn %@f@memmm
(400 MHz, CDCI 3) 761(1H) 7.47 ( 1 H, 6.27 - 6.37 ( 1 H, 5.50 -

5. 54 ( farthr, enable the4uss (Rub the. B Jumhtionakityewimieliras etatg 33 kept ylan3- (1

H pyrazol -1 -yl)-2-(4-(trifluoromethyl)-1 Himdazol- 1-yl)propanoate (1-1
3c) (1-1 3c) 4-(Trifluoronethyl)-1 /-/-imdazole (640 ng, 4.7 mol) was
stirred in dry THF (30 nl _) at roomté&dperature under nitrogen. Lithium
hexanmet hyl disilazide ( IMin THF, 4.2 m _, 4.2 mmol) was added. After 45

m nutes, a solution of Internediate (1-1 3b) ( 1 .42 g, 4.7 mml) in dry
THF (20 ml ) was added. The reaction was stirred for 12 hours. The reaction
was quenched W|th satur at ed ammnl um chI or| de and d| I ut ed W|th bri ne and

R Y | I
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i ndustrial nmethylated spirits ( 100 mM _). Formam di ne acetate (9.9 g, 95
mml ; Aldrich Chem cal Conpany, Inc., MI|waukee, W) was then added and the
reacti on woxpuveeiseated to 80 OC for 2.5 hours. The rea®Cirar20088353vhien
cooled to anmbient tenperature and the solvent renoved under vacuum To the

resi due was t added Na 100 mi. d.the product

ot 1 ac RERIER TR St BeeS EpPHCalsdTay IS P s GEEY ML ed and
t he sol vent rem)ved under vacuum_ The crude product was then purified by

fl ash dBxivahserielSmthe data stares uite/tee r%aasanrewuteé)andgarthmgtlc opegptions®npal e
peach oil, which crystallised on standing overnight. The crystals were then
fil terewmemeIemmw.hAbedraim anfdirttier echb@mdénentghdf the peaseot smvendioaf it aray (1- 1
5a) as colorless crystals (8.73 g, 66 %yield): 1H NVR (400 MHz, DMVSO d6) :

d 8. 81 f(rthetBnablaties GeficEbE andD th))n' of encryzpted elements on various formats
3cyc|openty| 2-(3-(trifluoromethyl)-1 H1 4-triazol -1- yl)propanoate

8 rr‘/%st ed in
dry TH@W&% h‘ }S éé‘ p%ﬁ%?‘tﬁﬁ%‘% ':bt lS %ﬁe%&@fdp@g azi ehgé%ﬁﬁﬂén THF,
1.62 m The reactlon m xture was then stirred at
anbi entfo gﬂg%qaimépnpﬁan%gyﬂqﬁﬁl& "bef or e Int ermediate (1-1 c) (550 ng, 1.8

nmol ) was added as a solution in THF (20 m ), and the resultln? reaction

mi xt ur 40948 ACPrANgdRBANE arabpiments of ke pi%‘%drr“éentm & Y38 8T ONREOT t he
reacti on was quenched by the addition of NH4Cl (aq.) ( 10 mM ) at 0 OC and
t he prodaee devicesxthaict'endetstandet el appdcatian (ojocold Al splectve eiveriant
MSH, filtered and the sol vent renoved under vacuum The crude product was
t hen puricrypstibnbyf SLbstantibiio satyogeagitiye ([atd diemant/ atdyybe adwicat Qerisitivaf f or d
(1-1 5b) as a colorless oil ( 198 ng, 42 %yield): 1H NWR (400 MHz, CDCI 3)

d 8. IAtormtibh ele'?nér@ts(mé\ihb,de?ec?t%d(iﬁ thé a Brleaﬁlon dath 16 besdt to IhdBamsl. 76 (
1 H, 1.74 - 1.47 (6 H), Hf)

| nt er nedi at e:

el ittt@@tEt*%sétdtg"t@trrtg%r&gartﬁe et e

i Cowadnad eBEP Q@Gtmﬁéﬁﬁﬁredé“@mﬁ%55%5%3@%56\%%%3&%#% S8 VRt "BRa o

about 4 . The mixture was diluted with water and ethyl acetate. The aqueous
| ayer vigsuléxhe applcationceataithat ist$ant tadbe siaaS prvidesnbichéptsegidas @ Rer e
washed with brine, dried over sodiumsulfate, filtered, evaporated, and

dri ed ek prrb\gderkuam trtaayatidtmmhtaim-eﬂnﬁse)nsithdezdath7in9ncérlv4ehh:r+ypted1fcmmmdi at e:
(R -met hyl 3-cycl ohexyl -2-(trifluoronethyl sul fonyl oxy)propanoate (1-1 6a)

(1 - 16a)Adc@rdingQQimthe dv@hfldfé)@akégeblfﬁ%@é&b@dﬁé@d@a@d@dr@bq}%'e&b@@uﬂ@
hydr ochl ori de 10 g, 48 mmol; Chem | npex International, Inc., Wod Dale,

|L) was,Qfdpter é%@%@%@é&@a@& Nad‘?gg Bbé’gs@ﬁnrsh%ﬁ &Y b oAV NS CREbGHgD COC

To this solution was a a solution in H2 (5

m.) dr T a r e t

and tnal TRl aBinogabhde oRE 4ESissRl: IR, "Piet bR ygﬁé&et%ersé fhe

overni ght. The sol uti s transferred to epar at or el and

ext r actaRp! 'ﬁ?fﬂq’t“a% teedva %ﬁblﬂé%ﬁ@\“(’@\mqy et?ﬁ’gtﬁétﬁ%rh%g S[é@%\?ﬂtéﬁm)@re
dried over MgSH4 and concentrated to afford 6 g of a m xture of product and
st ar t i rapphiadiéon dataaand deorgotdhem. THeusadiie applicaiipardataseesived dyithe chent
original round bottom flask and another 4 niL cone. H2SO4 was added. After
cool i ngid® 0 dpplicatiem! utanarorof peddeAtd® gltoi n tH2O (0Osér mLjmayas dddedin The
reaction was stirred at 0 OC for several hours before being allowed to cone
sl oW y rfdh-68HpicRitiBahat/tiegr-esgr ni ght and stirred at roomtenp for 16 hours.
The 6 g m xtuire was dissolved in 2N H2SO4 (50 nL), and the stirred

sol utionwas cooled to 0 OC. To this solution was added NaNQ2 (2.5 g, 36.1
mmol) as a solution in H2O (5 m _) dropwi se over 5 min. The reaction

m xt ur eExeanplds forasd casgs:hr at 0 0C and then the bath was allowed to nelt
and cone to roomtenperature overnight. Both reactions were conbi ned and
transferred to a separatory funnel and then extracted with methyl

te/t-bypyhet d&k?d' réll 8- sdhig &ﬁg?dlﬂf'énté’ atﬂecp?e ntern%hﬁr“ﬁ’nz oy Effse%é%rﬁ')ed

concentrate ord (1-1 6 (4.8 g e ol |

LS TR e 4§ Iﬁg 3‘@“8@’@%%@%1%0‘ o ol

met hanol (50 ml ) was added thionyl chloride (4. m _, 54.9 nmol) dropw se
and then the reaction was refluxed fof660 mnutes. It was then cool ed down
and concentraed in vacuo. The residue was partitioned between ethyl acetate
and sat. NaHCO3. The aqueous | ayer was extracted with ethyl acetate and the
conbi ned organics dried over MpSH, filtered, and evaporated to give a
crude 0|I The crude product was purified with silica gel chronatography
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used to transfer to a separatory funnel. The organic |ayer was washed with
wat er (3x) and brine (2x). The organic |ayer was dried over sodium sulfate,
filtered,wandoossentrated to a crude residue. Purifi caPconBzioo/nizescr ude
pr oduct was per formed usi ng a conbi flash/isco conmpanion systemw th a

0
grgﬂrgdgggt mq%ﬁ)ve}ar{{dep giai/ tt‘t?%)ﬁﬂ)zgcﬁlpp? Efeoerx%oged ]fo %%one excgé)te t%r foam
3- cycI opentyl 2-(2-nmethyl-4-(trifluoronmethyl)-1 H m dazol - @Qé} r opanoat e
(1-1 7a)seficompnaptetoserssin prdsd te prayenbany £xXposHse 19§ thia data; the d@\rl 5) may) - 1
/-/-imdazole (Chireach USA LLC, San Diego, CA) ( 197 ng, 1.3 mmol) in
anhydr aiededilife 8nsitiye datiein th2 enedl atttledcrgpsivleseisensibi e ldiatdhelements in the
hexanet hyl disilazide ( 1 .24 niL, 1 Min hexanes, 1.24 muol). After stirring

for 45 dmaivberéthd @m@llti@é@ﬂfo%ﬁeldéofmeslﬁééﬂdo%br@fe hetwIrkestt Sadd etndi) (400
ng, 1.32 nmol) in 8 nL of anhydrous THF was added dropw se and stirring

Aqueous YT oY e é@??%@?@ﬁﬂwﬂ*eﬁss?%'ﬁz“ acedré{tegsn ’%Hﬁﬁ%tﬁ*ed
T
Ceaam rary ey R Rlafibh it P%rea%%%ﬁ'e@ﬁ.taﬁae qelny *?%%tar'%%%gfn%

ethyl acetate, o 509 to afford -1 7a) in 47%vyield; mz 305.4 IvRH)+
InterneQiT‘%'iSefm’(”éPe PGl (SBresre| %ﬂSy'PO?XPQSW&QfWSBﬂC@EW?WWr&'FE&ehyI) 1
H m dazol - 1 -yl )propanam do)nicotinate (1-1 7b) (I1-17b) Internedi ate

(I - 28a)infeamatiakeVopnithe Erail isofetrigtvackhy thahseaor iy awseols #res edriaasalee

i nsol ubl e. Di nethylalum numchloride (0.44 m _, 1.0Min hexanes, 1.19 nmol)
was addeswbrk viai thendestice(e), thbalevidd(ssmalysaprysicthanshdriyeted adleients imethe
observed to be bright yellow green. Wthin one minute, this solution was
added tgnai 8Rd Bfe BEEUNEOWIEH thdbRamedl Bt o thokr whittdbt dny ehcpte@icohfiniene.

This yell ow solution waS stirred at for 2 hours then another 0.3 eq
of 1.0 M di et hyl al um num chl ori de was added and stirred for another hour.
The reaction was cooled to roomtenperature over 1 hour and then saturated
aqueouq0Be0eddordings &b t sgméS embadimeatsadsie theanpreskent riaderition, OtHe habove M _
of ethyl acetate was used to transfer the material to a separatory funnel.

The or G forlRYEScryRfor RROASsSBrURE dehliieviiata BRSNS Thy 358 ddieth €2X)

The organic | ayer was dried over sodi um sul ate filter ed and concentr at ed
d I
Eﬂrﬁimi BAEBIROGA BB inse oS SR P U TRl v R cerely s, o
.. lnt
2 ove %aup@?orgrfﬁ wBefly SR T Rbr %5 osch 519 1o gy er, Smbogineys: o aﬁoat c

(1-1 8a)(l-18a) To a stirred solution of

4- et hyRresentinyentiosy Sireusgn mayy for e;samahetaﬁ@a(qwgﬁhe@ml@ﬁw@d inflee Sags.

Pl easant, SC) ( 197 ng, 1.3 mmol) in anhydrous THF (8 ml _) under nitrogen
was adomfdaiasmermrtfboregmﬂarlairtdmrtsedsﬁ'bvarctataeleﬂhemsaamdjein(;e the edcnyption inayl i n
hexanes, 1.24 mml). After stirring for 45 mnutes at roomtenperature, a

sol uti ase @bné nt er waditabeis( invadant (AP 88aSlerdail aypligation, Sneérresuifs @nigdr ous
THF) was added dropwi se and stirring was continued for 4 hours at room

t enper Féh {TL H&%ﬁééﬁ?ﬁe%%&gfe CO%.H@‘B %‘Eﬁ'énééwé% QaPHsA- e@é‘!ﬂpted

extracte acetate | ne organi c ext act S wer I ed OVE,‘I’

MySH4, t lti

Flash SHBreraeD. 3&% GG s, LR BRI 188 SR SRS B Bbl Ry o7 o
(1-1 8a) in 70%yjeld; mz 305. | nt er nedi

(5 70 rchieraitir fhe. Cavives o s0ptett { bers itk 9Py Geepls dholthg search

yl )propanoic acid (1-1 8b) (I-18b) 6N HCl (2 ml _) was added to Internediate
(1- 1 sdpayest/augry.;anzbenarpphthanmd in he same way ivercrypis thelemail @enEotf dhug.e
hours and then allowed to cool. Solid potassium carbonate was added to

bri ng tthe SadS emabaetrch funétipmadity mdyaieenain asbleahgaed.. Et hyl acetate was
added, and the m xture was stirred until everything was dissolved. The
aqueous | ayer was extracted once with ethyl acetate. The conbi ned organics
were washed with brine, dried over sodiumsulfate, filtered, evaporated,
and dri[@@5linder high vacuumto afford inmpure (1-1 8b) with some starting
material present; mz 290.9 (MH)+. I nternediate:
(2S)-3-cyclopentyl-2-[4-(trifluoronmethyl)-1 /-/-imdazol-1 - yl]propanam de
(1-1 9a) (1-19a) Internediate (I-8b) (150 ng, 0.54 nmol) in dichloronethane
under nitrogen was treated with oxal yl7chloride (0.1 m _, 1.1 mml) and one
drop of L/, L/-dinmethylformam de. The reaction was stirred for 1 hr and then
concentrated. The residue, dissolved in dichloronethane, was treated with
ammonia in dioxane (0.5M 3 m ). The resulting m xture was capped and
stlrred overnlght The reactlon nlxture vas concentrated to afford (1-1 9a)

~ o~ - AaNnA oy P N ] . 1 N . - .



(1-22a) 5-am nopyrazine-2-carboxylic acid (493 ng, 3.54 mmol; Ark Pharm
Inc., Libertyville, IL) was stirred in dry L/,L/-dinmethylformamde (3.0 nl)
at room twopersRedese under nitrogen. Solid potassium carlpomaB®og/FsB22ay, 5. 37
mol ) was added, followed by benzyl brom de (0.43 nL, 3.6 mmvl). The
m'xtureq)ﬁgf] stirred for 22 hours and then diluted with ethyl acetate and
wat er | ayers were separated, and the aqueous |ayer was extracted with
et hyl acetate. The conbi ned organics were washed with brine, dried over
sodi um[903lhecordingt tr éGmeaﬁmt@%m@ﬂ%Et et tharerepent myeniiar, ﬁuﬁumtéﬂtlaﬂy
silica chromatography using a 40Qg pre-packed colum, eluting with ethyl
acet at simTaepmimapdleanay Bpety tonsthee SaaBcsdvices ,suelvasoa WWetd Stared dbn'tedinknder

hi gh vacuumto afford (1- 22a) (161 .2 ng, 0.70 mmol, 20%: mz 229.9 (MH)

+. Intep o t b b BVK 1
-yl) pr opgﬁglﬂ? acrl]tg%r? ﬁgé gﬁ%gcalﬁ%l@la% (?Agsémagﬁrgddet)%mr)nfrgr rregls,a?ig%ﬁa 4a2)

(189 me1639 EH Jp @%tubﬂ%éﬂé‘r’s%cﬁﬂ%é é’é@%{fﬁ% 2 BeREnlLnd Gidipy(s) and

t hen owed to coo 0 roomt enper at ur aSSI um c¢ar bonat e

added t Ling the Hto out te was t he m xture
has st 1BPEA T PRRES e i Stesd anelibaiond 1 @05(5@@0?99%63@%%9 o act ed
once with ethyl acetate. The conbi ned organics were washed with brine,

dried g/emesdindne i iPerequesisseat t@viiFoVePeiores RRPHGIOH. (AL MaY, gtﬁ‘
vacuumto afford (1-23a); mz 286.8 (M-H) +. Internediate:

(S)-3- wep@mte,ncrwt(ﬂneeewdemeetst f dhys,) the HITP requgsbbtructuye ypaopemeainc aci d
(I-24a) 6N HCI ( 1 m ) was added to Internediate (I-7a3) (50 ng, 0.1 7
ol )  asubstdreiatly ddentieahasgitwaptiedaltyoolly B€ Falue b thesensiting ddtgrelehkotsed to
cool to roomtenperature. Solid potassium carbonate was added to bring the

PH to aapliiced wﬂtﬁttﬁéﬂt & oMepypied femantd. t TRUS] theUlBbYibplightid Rthyunti |

everyt hing was dissol ve The aqueous |ayer was extracted once wth éthyl
acet at d t [ ium
2ot 2t Srogfe BRGS0 el e SRl P REAS o et e o8
(I-24a);, mz 284. 9 ter

6- ani nd% A ”t?yy*P%)r?&‘gp&Ho'HatP& ‘C’P f@él%tfor‘zﬁa?%asw (fneepgrypted format.

2- am no- 5- bronopyridine (5 g, 029 nol; Al drich Chem cal Conpany, Inc.

M | wauldgcordingly, gvemn nythefﬁtt’ﬁs@)H%ﬂ‘@g(%@fOQfO@maboﬂif@”rtﬂm weprsteten§ere- ﬁ@e(4 4
g, 0.043 nol), Pd(QAc)2 (0.78 g, 3.4 mol ), triphenyl phosphine (2.28 g, 8.7
mol ) iappdicatimm and @atabageswdiseneefniay xmal nboeprsum)ot sisaridenponater sayesitiveTLC
(Petroleumether/ethyl acetate = 1:1 ) indicated that the reaction was

conpl etigforrhagoresul ting m xture was filtered, and the filtrate was
concentrat ed in vacuo, the residue was purified by prep. HPLC to afford

- 25a) Oéééb]?ﬁt&)or@iﬂpéd‘) i&ﬁ? ?rﬁ‘@é*}ﬁleﬁ@é F'g)s rttlt%qpﬁe/ﬁﬁ m@er(ch en| fhteeDQ@rdisat e:

m dodicar boni ¢ ac

o o e -a%t%%%%ﬁaééé@% %ta'%g@%gﬁggp%& &bt .%ﬁf@%@%ﬁﬂ% G988 m

was added di i so Iet 23. 86 0. 185 dr opw se at

After tihe %@&rqt @eg{g ﬁ VtS b PBS%)rgE" ‘3‘%%1 t[jm "%Set%@ 'r'ﬁﬂtPW @1“? may

di chl or onet hane (50 m ) was added to the m xture, followed

N, Ndi mestaeyyrirthempy Fihes Fe web prge igceyeddy ihel ysertuser-eauser mgy eortain @ was
stirred at roomtenperature for 12 hours. TLC (petrol eum et her/ et hyl

acet at enon-@ndryptednslainategtirdspahsé page eard alb thenasorovatiohgiresentbd toithd user was
washed with ag. NHACl (50 ml ), the residue was extracted with

di chl oragpbBaneldah@extl _ x 3). The conbined organic |ayers were washed with
brine, dried over Na2SO4 and evaporated in vacuo, the residue was purified

by chr qp@%@ (?og)l?él'lpg@o ﬁ!che(f% Carﬁrtnfeﬂfsdof(th%%ﬁé”gen@ invehtién%a uéd eqlSsthgfy te

solid. oni ¢ acl
(1 e DB J%%t%%a erftv-ﬁttt isaruied RSa4 ) lt%éjgan%r '98%3%8% e

N—bronosu00|n|n1 g 6 nmol ), benzoyl peroxide ( 001 6
nol ) i rexegt gewmetttr) o# |retprrt%i tent)ﬂtﬂ MAY\Res PIOSEESRE BY fae de'Cﬁ&ﬁ)r'@ ordtrdo
(petrol eum et her/ethyl acetate 5:1 ) indicated that the reaction was not
conplete. The reaction mxture was filtered and the filtrate was
concentrated in vacuo. The residue was purified by chromatography on silica
to afford (1-26b) (3.1 g, 49.5% as a white solid.Internediate:

| mi dodi carbonic acid, L/-[5-[(diethoxy®phosphinyl)nethyl]-2- pyridinyl]-
C,C-bis(l1, 1 -dinmethylethyl) ester (l1-26c) (l-26c) A m xture of
internediate (l1-26b) (4.0 g, 0.01 nol), triethyl phosphite (5.2 g, 3 1.2
mmol) in THF ( 100 m ) was refluxed for 72 hours. TLC (petrol eum
ether/ethyl acetate =1:1 ) |nd|cated that the reactlon was not conplete

. I o T 1



formam de (25 m _) and cooled to 0 OCin an ice bath. To this was added
chlorotriethylsilane (0.945 m , 5.63 mmol) and i m dazole (871 ng, 12.8
nmol ). Thworwissmiwas stirred at 0 0C and then sl ow y aCrasadonizomarmto
roomtenperature and stirred for two days. The reaction was diluted with
ethyl acetate (75 m _) and washed with brine (50 m ). The aqueous | ayer
was extracted with ethyl acetate (2 x 75 m ) and the conbi ned organic

| ayers were dried over Na2SO4, filtered, evaporated, then purified by
silica gel flash chromatography (5-25% ethyl acetate /heptanes over 40

m nutes) to afford 1.133 g of (l1-27c) as a clear colorless oil; mz 300.0
(MtH) +. Internediate: 1-(2-methyl-2-(triethylsilyloxy)propyl)-1

H-pyrazlol 3- a ne (l;27 | -27d) In a Parr shaker bottle was placed 10%
pal | adi (145 ng) and ethanol (10 m _) followed by a

50' Ut i _CIIOO% ] Adtordingdigt §0|(n|e Ziabodimentd 28f Athe0-fhesdAtPlinvdrtioft hanoksaa40

he bottle vvas then placed on the Parr shaker at 40 psi of hydrogen
sassa;f frelBhidy® LrdPopfOihal e eebaen, kg ﬁ%ﬂgw'*%ﬁ%as%?%ﬂgk éﬁ% of
| -27d I al I
6 am néﬁ%%tsflpﬁa@%rﬁ éﬁa?rﬁaeaeyf'@%)aﬁ??;{ Iné et JunciQieTby Torher, e

6-am nonicotinic acid (100 g, 0.72 nol; Aldrich Chem cal Conpan I nc.

M | waul@RErYREON PhseNHLR ﬁetaqﬂ%erﬂfﬁnmaé kerdonedin ya maﬂﬁpaﬂenéw erntheal
stirring was added potassium carbonate ( 150 g, 1.08 nol) and the reaction
was st iSaafti applicationrpaerspedtvee int brdepdo prevent sebatddiiaiyoanphebdriaythdngasi de
(95m , 0.80 nmol). The reaction was stirred at roomtenperature overnight,
t hen t hg ts®Sads apvlieafion t ered of f and washed thoroughly with ethyl acetate,
and the sol vent was renoved under vacuum The filter cake was dissolved in

vat er %?ﬁ%é)@ﬁ%ﬁg Jkg‘ éﬁag@tg%qoﬁ@gh%t &f thEhSre%eﬁf F’M%nﬂ&ﬁ CtheS YRR (8] hf(ﬁ‘tyot o

N, N- di w th the et acefate extracts

bri ne. (G868 shch B WeBihiand fd STk A A SR,

pressure The crude groduct was refluxed with 1: 1 diethyl et herhexane for

30 ni n HREIPNANY &9 a_arch) C8rRFTOMOrY/RARSE; NASHCYPEAN Bhayt B 1008 &P hexane

(1: 1), and dried. This solid was grem pitated from hot tol uene (hot
filtratéxemplequsingdhe Advenoee Edichygiionl StaadareatAdr$ rencrapiion elgedithrs iafanor d
(1-28a) ( 107.2 g, 659 as an off-white solid; 1H NWR (DVsO-de): d 8.50 ( 1
H , 7. &CB (Elddtronit Gdde BAdkj indde. 16.d¥def © é@arciﬁ:rﬂ&e(tei(t $foredboddhé Bakdp, nl z
229.4 (MtH)+. Internediate: te/t-butyl 5-bronopyridin-2-ylcarbamate (I|-29a)
(1-29 a)prEWld@r §éh4veffé @rﬁb@év@e%y‘&éxﬁﬂ' tﬁ@%@él‘éfﬂ%ﬁﬁb&l%&'@/&ra@ B esuf, THFE (
100 m was ad l'ithi um hexXxanet hyl di sil azi ( 10 _, 105 mmol) under
ni troge. It e m ns
at 0 0 ”i% a1 sErbpmbfifiiisel 685t bInG SheSTotRcbideas, I salst’ on

m xture_an Xture was s ed .for, anot.her 30 00

X et ﬁ&??cé‘t mﬂcﬁaemf%aﬁ'@glt)ﬁ%ar %éa%vﬁﬂ‘e sqﬁqdme&as ikl ete.

The reaction m xture was washed with 1. N HCl (20 m_), and the residue was

ext r act¥aseft: Rventinn. eyeatihthe (r}f@rm@tlowss§torem@ndbem‘?aﬁe%pm\g@ﬁ»r glorageeiss wer e
washed with brine, dried over Na2SO4, and evaporated in vacuo. The residue

was purpdriigty ibwledmtewmaogrpsqmailwencrypﬁedaas onaf beithk CaseagerfaBngnigEBiodY) as

a white solid. Intermediate: butyl phosphenite (1-29b) (I-29b) A m xture of

ani | i nigiaseyporhosphanism(fBy etill Aok bsrre deNcdmayidaitieatedrepnrase tonc.
M | waukee, W) and tetrabutyl orthosilicate (28.23 g, 0 088 nol; Aldrich

Chem cadoHHRABbt Hé’cleaMéxW?l'ﬁ%eand\%le érﬂ:r)TﬁﬂEd(vﬁ% Jﬁte msséa%¢ of or 12

hOUI’SUI’](? ni trogen The resulti ng m Xt ure was cool e 0O grve a

250 SO S o TR B R TSRt PR o

To a sol ugﬁmgr of  crude q|?&}1errred| ate (I- 29b) (400 mM _ THF solution, 0.131
mol ) wadS M Y$PPPIAEde (12. 44 g, 0.087 mol) and n-butyl |ithium (42
m , 0.105 nol) dropwi se at -78 OC under nitrogen. After the addition, the
reaction mxture was gradually warnmed to roomtenperature. The resulting

m xture was stirred at roomtenperature for 12 hours. TLC (petrol eum
ether/ethyl acetate = 1: 1 ) indicated the reaction was conplete. The

m xture was washed with agq. sodi um bicarbonate (50 mM _) and the residue was
extracted with ethyl acetate (50 ml _ %93). The conbi ned organic | ayers were
washed with brine, dried over Na2SO4, and evaporated in vacuo. The residue
was purified by chromatography on silica to afford (1-29¢c) (4.3 g, 24% as
an oil; 1H NWR (400 MHz, CDCI3) : d 7.82 (0.5 H), 6.48 (0.5 H), 3.88-4.09
(2 H, 1 59 1 . 66 (2 H) 1.45-1 .53 (3 H, 1.32-1 .44 (2 H), 0.84-0.90 (3

-,



To a solution of salicylamde (20.0 g, 0.146 nol; Aldrich Chem cal Conpany,
Inc., MIlwaukee, W) in 2,2-dinethoxypropane (300 m ) was added pyridi nium
pt ol ueneswibf2omaresed 1 1.0 g, 0.044 m)l) and t hen heat ed PCo/IBR0D/0839%40r 2h.
TLC (di chl oronet hane: nethanol = 20:1 i ndi cated the reaction was

conpl et he sol vent was repoyed and hen t he resi due was take in

et hyl - ADRsEKAeordig tosORe GRESdGTar Oh NI RESHEYETUATe & SPTR O GlicaRes

bi carbonate and once with brine. The organic | ayer was dried and
concenttexiuabisenadiése d@talﬁt@'aemsfm@mn@t b used Br@nylanateis. @6 @ gresyiltethgir
93.4% as a yellow solid, which was used to next step w thout any

puri fi catarggtionl niasr ne’diazﬂlbet the Sdag @pplicatainmédrigfionalitybe kpo[exiahiple 3]Jroxeazi ne
(1-30b) (1-30b) To a solution of internediate (I1-30a) (42.0 g, 0.237 nol)

i n POCIGudtéRier Relatiowshig dakashgdehént((CRMY ap8lic&tiord GR® Inande &f $ihé duStbnaér r oom

tenperature for 1h. Then the m xture was heated to reflux overnight. The
"ot duc NSRRI FRL eyt bl aRbhen: %Paé’%;mﬁ%%“ GER PR AeTa e
L L

1.60-1 703@&1 .. I nternedi at e: g 1-oxy-pyridin-3-yl)-acetic acid ethyl
ester (he )dt(rﬁt'%@ﬁ”%t%l"‘{ﬁ'ti% e @@WPG 8epGeSay ifaic Kreagalysisans §1aYo. 061
nmol; Aldrich Chem cal Conpany, Inc., MIlwaukee, W) and

m chl oragserdinglyebe dett rati ehC(rsﬁted?ag,they r8ay ras )cohaid'erﬂd ooorserisidive da@0 nl )
was stirred at RT overnight. TLC (dichloronethane: nethanol = 15:1 )

i ndi cateddmehes.reacti on was conplete. The reaction m xture was quenched with
Na2SQ3, and then the solvent was renpved under reduced pressure to give a

crude F{OQS‘Qﬂ%cconiﬁgCtbuﬂﬁthBF ‘éﬂ‘rb‘ddlr\ﬁéﬁtsodf tr'fé Sﬁbslé)ﬁt GAVERHIBR OLrIABN _sHdcHid 1 ca

(d| chI or onet hane: et hanol = dt 0 give cr:Jde (I'-30c) (15.2
g, L
2 &P bzenéztrbﬁf (ML Gy o 10 enati

yI)pyr|d| ac 3Qd Iutlon i nter d|a | -30c)
{167 0 20 semp R bRichaily  Minenbe led 7 08 oem Fﬁeoar&, St Aine

1, 2-di chl or oet hane ( 100 nlL) was heated to reflux for 3 days. TLC

(di chl cyamefhayiger, r@ltﬂa’lmﬂr enlysised tq perfeEnedl serech dndhe ariammapeticRiiost e.
The sol vent was renoved under reduced pressure to afford crude (I1-30d) (
11. 0 g,digliariady, 88/desaicets) may, “widerstands thatetha mequestnisxan sawdp-coimtetet any
purification. Internediate: 2-(6-am nopyridin-3-yl)acetic acid

hydr ochkquéeste drid 2428) attor Bm?ly Ané0kHhhgd the Vallier Rl areserlingOthe Gadsl. 0 g,

0.0324 nol) in cone. HC m.) was refluxed overni ght. The sol vent was
renove hestior B¢EEAaRy essure. The residue was dried by lyophilization to
gi ve crtﬁ@ ﬂtermaglsatey(l 30e) (1 1.0 g) as a solid, which was put into
next step without any purification. Internediate: net hyI

2- (6-am nopyridin-3-yl)acetate (1-30f) (1-30f) To a solution of

i nter I S 1 g, 72.36 nmml) in dry nethanol (80 rrL) was
added S L2 aelementsy (o refl ux overni ght. LC M

i ndi cat c%?& T e ege to pH
8 Ow t[géédjﬂt%CE |h§0c9| um |car (ﬁdﬁ?tn}as Igﬁ %)?ﬁééég?egw%ﬁtt}d{? eEH\ﬁ nl&??ezoﬂgtgf

AT Sk P Ot

(171 Tbagh ity the S5 cidmasg il e dvided £ Watdso At v Beetevateto (2
H) n1 oyl ﬁz?@gwlé) ddn? L&, rdﬁ(?'tﬁé %’eaﬁcﬁ) D tH')_ﬁé; word inside the value of a

2-(6-(3-c entyl-2-(4-(t uor omet azo -1 -
yl ) pr osEmsitivéalahy el e ent}- yI )acetate (I- 309) (I 309) To a soI ution of

Ldued ot B Gaste @ tor biday TepessstayOrgs dedsttth S BiRbd A hada S s oy

3. 36 mmol Yerf to' s8Nt £MPBik.at ure, and the mxture was stl rred for 12 hours at
room tenperature under nitrogen. TLC (petrol eumether/ethyl acetate = 1: 1
) indi ctat ébetfingt 7 bitg willoshefimest @dwlb’ﬂféQreOf biisen theword repregeniadonas
concentrated in vacuo and the residue was purified by chromatography on
silicato afford (I-30h) (220 ng, 46.4% as an oil; 1H NVR (400 MHz,
Ch3OD): d 8.29 (1 H, 812 (1H, 80 (1H, 7.77 ( 1 H, 7.45 ( 1 H),
521 ( 1 H, 3.74 (5 H), 2.25 (2 H, 2080 ( 1 H, 1.70 ( 1 H), 1.68 (3 H),
1.58 (2 H, 1.35( 1 H, 1.22 ( 1 H. Internediate:

2-met hyl - 2- (1- oxy-pyridin-3-yl)-propionic acid ethyl ester (1-31 a) (1-31
a) To a solution of internediate (1-30c) ( 15.2 g, 0.084 nol) in THF (250
m ) was added pOtaSSI umt - butOX| de (18 81 9, 0.1 68 nmol ) sIovay at -20 C

. NN NS ~ oA ~



Internediate: (S)-nmethyl 2-(6-(3-cyclopentyl-2-(4-(trifluoronmethyl)-1

H i m dazol -1 - yl)propanam do) pyri di n-3-yl)-2-nmet hyl propanoate (1-31 e)
(1-31 e woaow/eedeut i on of intermediate (1-8c) (0.26 g, POT8B200w033p24 n

di chl oronet hane ( 10 nlL) was added internediate (1-31d) (0.1 7 1 g, O.88
nol ) an riet m nm., 2. 64 I t roomte rajure, and the
et ur & w3BesE 1Y e BB rerpalad LSngrne s el i G Hedkes Al Taben Tt
(pet rol eupysdaiiestandarf e RIFS F92)) with thedtveed §é’crbf‘!%e>7 §a%d RSy WARI the
conplete. The reaction m xture was ‘concentrated 1 n vacuo, the Tesidue was
purified BY8ditrepeasegtiaphiye wordpbithainputaf ford (1-31 e) (240 ny, 60.2% as

5. 05°( =" T B3 o e AR Hahiht i outineg %Offeﬂﬁws'n%%?ﬁe?@ gt (5"
H), 1.85 6btJa|rH)ate>1tugpolﬁtpihtH) 1.72 (3 H, 1.67 (6 H, 1.61 (2 H, 1.38 ( 1
1.28 Internediate: (S)-3-cyclopentyl -

L/ L (5-tfi t &@[59@ ibapa=c4- wqodzd(wahqet weradsba OReftwgl c)ha;[aqrtev prqﬂm&mz@ne/wvo
“yl 2.13
o) PG R Ealfer QR it Pdast B dtectidi® ik ARNIERNA T ek (2

( 1 .0 g, stfing reveived Alsdespbndeheoinctae S application.serdrl waukee, W) and
trlethylamne at roomtenperature, and the m xture

12 2 1.6 1)

was stifr @‘dloﬁoﬁhelédq%@? of gqefix&g}q%@%tmr@l §'ﬁ‘66rth‘hlfqrf"&ﬁé’rﬁ 2219lehq pet r ol eum
ether et Ml RfiElchbfacior: (ng ol Al GRbSk bG8 4119881F ATRIiGhE by T8
reaction mxture was con entrated rn vacuo residue’ was purified by
chr omatrogiragdse te wotd b:aaltyore@’résnmiat(dn i32adrethan. 1R1gpit Bn7t4s @exddmd witint

| Lid. t te:.. : ts wil def Y
1S)L R 22 zRicHg D Saraiest ojivke o} 428 e Jist 3.8 i FeinedheAumhgr LRy Iy
i m dazol - fhe deDFéiﬁéé@rﬂbﬁ@ﬂ (n' esctPof the c%%@chtWe%@bﬁ?é&@s@ﬁtahaﬁ@r medi at e
(1-32a) (0.62 ny, in N Ndi net hyl f or mam de ) was added
zinc (=1 Toe rg$uluwh&hnma| muttlpﬁe af 529 @terwwraiedﬁ@mgstf‘(ezAEs a@)rltmm @IRGol ) in

hour s unddp” HNG ByBn BB STRahRbdFBG B8ae Wi ifh ¢her SBLELHEY o3 We Kt cat oa

t he react gﬁ@tmm@m@mngg blithes uh@aﬁputon m xture was filtered, and the
filtrate was concentrated in vacuo. The residue was washed with water (20

nL) and t hBemuRuil thedEsSalgapthse issmultinie pi 128 divdiieh codedrusinghaserite
conbi ned with brine, dried over Na2S®™, and
evapor at egﬁgﬁmbgc%ggg g}'@%trﬁg}'\@lﬁgg (I- 32b) (0.58 g, 10 1.29% as a |light
{gl) | owh-s?)rrodhe Waselﬁs4w|a$cddeeld13h£e t(/vleeadwa]plnettwp cﬂhaﬁ@@tet preﬂb(rarmi(rjmpm e:
et hy - c opent yl - 4 I f| uoronet H i m dazo

yI)propanﬁrﬁ?r %ﬁ“ iR- d?'fé’rﬁ‘?ﬁ%th? ({g@@g@}@t@g&:ﬂ%@&?@woggw a-ﬁgxtgagm ution
of i nter i chl oronet hane (20

m ) vvasrrgf(ﬂ{? gélb}lg?%@{ﬁ%?%%%ﬁ@fgf{ge%?% %gplmﬁibh s'ggv éinol Al drich Chem cal
Corrpaanolterhe abditwaudd eeefixnd anflixtis optlcbryalalmoeaethe(iontnatraf 22 @pBs nummric at
roomte tur re was stir or 12 h t room
{ enper Ared i ADfub SEndsa e fisbBing Gt AeE DR wiinye BiBeli o 2T 1
i ndi cated the reaction was conplete. The reaction mxture was concentrated
in vacuo, the residue was purified by chromato rglraphy on silica to afford
i mpur e (006 HAcording do faythezr@nivgdimentsofdhe prasentivireqtion, Imardemp@veyd thed 8. 83
(1H, 852 (1H, 820 (2 H, 802 ((1H, 7.63( 1 H, 7.45 ( 1 H,
4.69 ( ehdr)ptioh. éDrdpatdd wards,Sthedddice adOude a6haghy furctioh. td5ca|Culade, the. 14 (2
H . Internediate: (S)-1 -(6-(3-cyclopentyl-2-(4-(trifluoronmethyl)-1

H i m dazh-a |ue>df)trﬁ>é QR AR MLMtA I Pradh thBI MOPdsnmbhhbvé alisapseRan- 2- yl
acetate (I-33a) I-33a) To a solution of internmediate (I-32b) (cifude 1.0 g,

2.72

e ?r%*c)w%onﬁ?“g%ﬂf ATl el igﬂ{ég@d’&vosdz Thiss-DefoTs, 2 Werdfe i ca
Conpany, In andtrleth 1 17n1 _, 8.1 6 nmol) at
Foom + SnsEe 38 OEﬁw'reQ@X%miz (€Y £rogesSrdy PEAMES: hour's at t oom
terrperature under nitrogen. TLC ( etroI eum et her/ethyl acetate = 1: 1)

i ndi cat®ed Tha&levicgds icaleulaingdbadiashof thewardact i on m xture was concent rat ed
in vacuo and the residue was purified by chromatography on silica to afford
(1-33a) (350 ng, 26.1 % as an oil; 1H NWR (400 MHz, CD3OD): d 8.51 ( 1 H),
8.09 ( 1 H, 7.95(2 H, 7.86 ( 1 H, 513( 1 H, 2220 (2 H, 2.1 0 (3 H,
1.82 (1 H, 1.75 ( 1 H, 1.52-1 .74 (11 H), 1.37 (1 H), 1.18 ( 1 H).

| nternedi ate: (S)-3-cyclopentyl -2-(4-8&thylsulfonyl)-1 /-/-inidazol -

-yl )propanoic acid (1-34a) (l-34a) To a solution of internediate (|-7a2)
(0.63 g, 220 mol) in THF (6.3 mM ) and water (6.3 nl ) was added lithium
hydr oxi de nonohydrate (0.252 g, 6.01 nmol) portionw se at roomtenperature.
After the addition, the mxture was stirred for 2 hours at room



cycl obutyl bromide (5.0 g, 37 mml; Aldrich Chem cal Conpany, Inc.,

M | waukee, W) dropwi se at 50 OC. After the addition, the m xture was
refl uxed woro/h2eisns, at which point the magnesi um appe&cedBumompiselsel y
consuned. The m xture was cooled to 0 OC, sulfur (0.95 g, 29.6 mml) was

added portjonw se .to the m xture, resul ti m xture. was, stirred at
50°0C for ThERENES S Gueninddoihe nas MaIe e D e VAR Bleistair G
hydride (@ 9. 19.95 mmol) was added portionwi se to the m xture.
Theresulting m xture was refluxed for 30 mns. The m xture was quenched
with agq. Hrihehasmvehleogxists ir(tmje hiash) fable NheiCith¢ 28luetin thevhesiatilue entiyds
extracted vm'(%)h ﬁl et h¥ ﬁe(ﬂ 20 M _ x 3). The conbined organic | ayers were
washed wi HR®HAP *éeea YBFDOYEIY Na2so4, and filtered to give a crude sol ution
of i nt e ngdh@hask hakiddodsh'létistanthelipfid thag the vordWy &hcrygdusedefined he
next step directly. Internediate; 1,2-di cycl obutyl di sul fane (1-34e) (I-34e)
To a crudangdgnantrfobtne hasér vadee sﬁ@eete—dandi)e hastTHblenthitevalie beingihenas
added a sg ggéb \%roSOd' um (0.562 g, 0.024 nol) in ethanol dropw se,
fol | owed By 12, 5.6 g, 0.022 nol). After the addition, the m xture
was stirred for 1 hour at roomtenperature. TLC (petrol eum et her/et hyl
acetate = 5: i ndicated the reaction was conplete. The m xture was

quenc hé@OWh"tfPC&’tﬁd'”&lé@t@@%he(r%“?@d'ﬁne&%ofetﬁ?rﬁé%@ iwerHiog; & PRrler éq ARYMZE0 nl

x 3). The conbined organic | ayers were washed with brine, dried over Na
SO, aribeesioonanegiof Hna@e;mmptiometaaifWquypteﬂiwdbtﬁ heshoradt@ graayphy on
silicato afford (1-34e) (2.1 g, 32.6% as an oil; 1H NVWR (400 MHz, CDCl 3)

. d 3. 4 ¢AclipteRa@d efiteréd int@ a0k dohdHashltaBle df4endyyptédiwrdediTatealue of

[V, I V-di met hyl - 1H-i m dazol e- 4-sul fonam de (I1-35a) (l-35a) To a solution of
L1 m dagokiry i the SndrysRHOROAS (4018 oy b TGRS Ting ﬁe.rﬁextfwad

Col unbia, SC)” in dichl ororret hane was added di ne | am ne

hydrochél %Bbg‘?ecf tﬁgﬁe%ﬂcgfﬁ? H and tr| et hylamine ( 1 .3 mM_, 9.0 muol)

r 0O enperatu e was stirred for 16 hours at room

te er TLC. (petrol e mether/ acetate = 0:1 nd cat dth

eaeet St Sl B S a Ce R A SE TE v aice s rﬁ%'%ae QB um
chl ori de (,{30 m_) and extracted w th dichl oronet hane: nethanol 4:1 (3 x 50
m). THe dbaisiesBitiongaadidepsssashing bederpenss ayligh mia texisel Elrtfﬁtt)ef@rf rom

e Coac IR Salds. 18R 4 thaifertexpissich v RaMEAE chliveleg iR adl 40

(SJ S—cyct/vep@mﬂaahédadovetthyzlemht;ﬂe@y\tordsrhdaewahdef@eﬂratma)numeaici d net hyl
ester (I- Sb% gl-35b) To a solution of internediate (1-35a) (0.36 g, 2.045
mml ) in ®- ni _) was added lithium hexamethyl di silazide ( 1 .84 m _,
1. 84 mpl AXee] u ture
was sti rrzvﬁrg%ﬁﬁg%ﬁe%%raoom tggtp%tgr gfeucrlﬁérgﬁﬂ'do r|¥ ﬂ?g?% ’t@é‘lc {:Fgex( 0.622
g, 2.045 Myptemwoaijhm}t vahe andsusesiitrig saammmdhmcsypted Wrdahash)tﬁble

tenperatu for urs etroleymether/ethyl acetate = 1: 1)

| caredl e ShedBIRPHO RS RE BRI e sin o Rle S hen ehif  hank
ammnl um ghﬂrgétg(ﬂﬁ\e LR fExt hafyediobMgt. r esi due was extracted with ethyl acetate
(20 m . The conbi ned organic | ayers were washed with brine, dried

over Na'ZStM isaned feunghiorthe é@shnablge then ﬂnaénqa@@eadecrvatsthpt&nwmedmord

h t | 35b 580 86. 49 l; 1H
ot 00 R0t B LR A e s 50) (550, 56,00 35 am o 1
2.76 (6 H), 2. BRcbde the bdsd B4(entotied vélu@&n(o’-%a H*)ZS bt @ a(rdultiple df%blt)l H,
1.10 ( 1 H. Internediate

(SJ- S cycl openPgcnpt thg e ki valwerusing the AE S algarithmyandsinesiayinecsageetdkey - 35¢)
| - 35 T THF
(5 200 ) Car” Bt fle dth6E GbiEk et sbpdabh hd 158 Boite BB 1 T T

ng, 3.1 8 mmol mapgrhbiiscshwiutebatuseddront énpdeatyptes bltﬁétneg the addition, the
m xture was stifred for 2 hours a rature. ol eu
Ot hor ! ot bt e dhgreeuant bits Sbrirelates M Gt LErsaRIkLS S ERSIETE PgHaext

reaction m xtupg ﬁas acidified with 0.5 N ag. HC and the m xture was
extracted with et acetate (20 ml _ x 3). The conbi ned organic | ayers were
washed with brine, dried over Na2SO4, and evaporated in vacuo to afford
crude (1-35c) (0.32 g, 95.5% as a light yellow solid. Internediate:
(S)-3-cycl opentyl - 2- (4-di net hyl sul fanoyl -i m dazol -1-yl)-propionyl chloride
(1-35d) (1-35d) To a solution of intekdediate (l1-35c) (0.33 g, 1.04 mol)
in dichloronmethane ( 10 m ) was added oxalyl chloride (0.397 g, 3.1 3
mol) and L/,L/-dinethylformam de ( 1 drop) at roomtenperature. The

m xture was stirred for 2 hours at roomtenperature. TLC (petrol eum
ether/ethyI acetate =1 1) |nd|cated the reactlon vas conplete The

o, . o T T e 1 o



1H i m dazol e- 4- car bal dehyde (Ryan Scientific, Inc., M. Pleasant, SC), and
this solution was then cooled to 0 C. To this solution was added 0.5
equi val erw® 20fo/qeseassi um t but oxi de as a 1 M sol uti on i nPTHEB2@M053vhe
reaction was allowed to slowy warmto RT. After 18h the solution was

acidifi id i!'th 1IN HC .br.'i ne was added, and extracting three tinmes with
et hyl 1 C g organic |ayers were then conbi ned, dried over
sodi Um[é%i]@&&o@cﬁ‘iﬁg‘%@{?&%ﬂ &ths8diierdd bptHd Grrezé,gﬁt_ mctaﬁtﬁ}?) 1n thiss BBéeRs @l was

t aken forward crud nternmedi ate: methyl 3-
Himd | =4- 2= (4= A - My arkifid
(1 - 360 it oberslion s GhbraioHIhAER et R ERE Dbk, UY SRERRRG
t hi tion. t hen. added 3 i val ent f t 10 i val ent. f
o SR iR S LS SR e b A F 1S OB s
This m xture was then heated to reflux. After 60 mn the reaction was
wor ked-lawebgase.| ki meay ensuse dratdhe perrdewili be ease ngensitive wiln RraarHanibie,
dryi ng over nagnesium sul fate, and concentrating down to afford crude (I-
36¢cl ) deuryitionas this takt topreservesthe case gensitikibyof themrigiredtexae.gl wosd)nined at es
met hyl 3-(4-ethylthiazol-2-yl)-2-(4-(trifluoronethyl)-1 Himdazol-1 -
yl') pr oprvec(s) mégrr?&ﬁ&ize_ WARhBraRadteBis UbpefBAdy And which is lower case in a bit
H pyrazol -3-yl)-2-(4-(trifluoronethyl)- 1Himdazol-1 -yl)propanoate

| - 36¢C r - ’ ' I cribed for the
( ectst tﬁ?tpué%%%egidaaét %h ?Pg@@@éﬂ?&ﬂbﬁaﬁ@m@ en&ﬂﬁ%@@%o‘fj@.s !

synt hesi's of I'nterne from4-eth I azol e- 2- car bal dehyde

(Aces R | ne. . .Branford ) and l-nethyl-1 H pyrazgl e- 3- carbal dehyde
(Ryan S0a8TAGGeRing 1 NG crmpEingiE oEED R entiob b e s e @i
conpounds provi ded bel ow nay be prepared usit\?\]’g procedures as descri bed

her ei n {ITYRFINGPEOPPICatleMa Haneh tengtbgr\{%t%r f epntgins ¢ damEleciippgrcase

avai l abl e, prepared using preparations well-known to the skilled arti san,
or prepaiterd charagteranaed Guial dowers case rletiee shaeaatenshetigite aaidiorErddibpesl 1- 24
of general Formula (1A-1 ) are provided below (1A-1) Exanple 1:

(S) - 3- aragtery. yThe2 n(ighber 96 theopiyd imthé driyectdr apyoazepedd toy/the-numbér of

nmet hyl pyri di n-2-yl ) propanam de, Formula (1A-1 ) wherein Rla ; is ;

! sogr ORMaraéterdidné §ofd ﬁosthbfb'it%‘ﬁil‘ﬁg)hiéﬂl'dbeég)éﬁde%‘\@im P&o3THH 6‘43ﬂ>i|'c Qﬁcddiﬁ% 284

0.531 nmol ) in anhydrous tol uene was ad AlMe3 (2.0 Min toluene,

m , 0.867 i I [ for 35

m nut esﬁ%a%d %%%e;{@g% upftg'r’elgtg}w‘lﬁarf%rﬁ@@?%{%i&{%ﬁ&%%@k%f 0.25 mmol ) in
di chl or e m s added. The action mxture S ated. at 80 C
for " ag 1106 EAzetdioRar i SEeTmsdis of fcrastn sl Cnpiien B8 Cayirebes
potassium sodiumtartrate tetrahydrate was added. The m xture was extracted
wi t h cHpdesrypting awerd Aedesgtibed Hover ik MaY algoslespdebihrpes enedes t h
flash col um chronmat ography (Sig 2, 0-100% et hyl acetate/heptane) to afford
t he ti twerddbatie @djlstddHoNkR gneaptétHvord griohaB@ording @o v {’s In tHe deadszd(bitl H) ,
8.15( 1H, 7.85- 7.89 (2H), 7.57-7.60 ( 1 H), 5.33-5.37 ( 1 H),

3. 23- 3.\&8tdr the Hpprébride btiths iy be 28edb upbd@acelettdrs. 1. 43-1 . 65 (5H),

1.32-1 .43 (2H), 1.20-1 .29 ( I H), 1.1 3-1 .16 (6H), 1.02-1 .10 ( 1 H);
mz 405.0 (M+H) +, 403.1 (MH . Exanple 2:

(S)-3-cycl opentyl -2-(4-(isopropyl sulfonyl)-1 H pyrazol-1

-yl) - L/Erfgryption of Bmajitaddregsesan de, Fornula (1A-1 ) wherein Rla is

i sopro nd R4 .is N . Exanple, 2 S nt hesi zed i n an anal ogous nanner to
et onoRaEacd ding, Bsame & hesaels of e Hitedt vy Aase ok MR ( 400
Mz, CDCI3) d 9.48 ( 1 H, 9.37 (1 H, 838 ( 1H, 827 ( 1H, 809 (1
H), 7. gsldress,Hp, ondepdopresefve theistiugtune pf theg email addegss, shedevice gwy(2 H),
2.04 (2 H, 1.45- 1.69 (4 H, 1.33 (6H), 1.25 (2 H); mz 392.2 (MtH) +.
Exanpl ergrygtSacB-paycdidperanydil 2dqrés$ by disetpyid oidyonginyaia the piruetzod ofithe
-yl)-L/-(5- (trifluoronethyl)pyridin-2-yl)propanam de, Formula (1A-1 )

wher ei rerfidifad@relss ONcedidin@ istiudhet 8nfBodlimExigrgiltiee Bredamit fwvehties thedevitean

anal ogous nmanner to that of Exanple 1 fromliInternediate |-4al and

5 56 ( oY STy BbisETSo 16 PR 1 St ete St
71" ( Afyrinigebiohdknofre.poh o AT b Skl g The By i

459.1 (MtH) +. Example 4: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1

H pyrazol -1 -yl )-L/-(pyrimdin-4- yl)p8opanani de, Fornula (1A-1 ) wherein
Rla is isopropyl and R4 is N N Exanple 4 was synthesized in an anal ogous
manner to that of Exanple 1 fromlinternediate |-4al and 4- am nopyri m di ne.
1H NVR (400 MHz, CDCI3) d 9.39 ( 1 H, 88 ( 1 H, 865( 1H, 810 ( 1
H, 801 ( 1H, 798 ( 1 H, 49 (1H, 3.20( 1 H, 2.37 ( 1 H, 2.20 (

a a1 a — a o~ A o~ 7 a1 a ”~ ~ a1 a A~ a ~ ~ P a1




in an anal ogous manner to that of Exanple 1 fromlInternediate |-4a2 and
3-am no-1 - nethyl pyrazole. 1H NVR (400 MHz, d6-DVSO) d 10.98 ( 1 H), 8.51
(1 H, 7\2&79(20(0/0]26%) 7.53(1 H), 6.38 ( 1 H, 5.1 8-5.22prCTABPY0BXL (3H),
3.19 (3H, 2.1 1-222 9 ( 1 H, 1.99-2.06 ( 1 H, 1601 68(2H) 1.45-1

322 (()3( t}the gggr-qaw%fqlgltse?f@%gﬁg% go%r%urg naml_ei)by |%se?f3 and may récom'ﬁgée tm he

(S)-3-cycl opentyl -2-(4-(nmethylsulfonyl)-1 Hpyrazol-1 -yl)-L/-(5-

(trifl Lrtﬁ*/brr@mﬁj}l podress nising/| ther evgrdiede #ueauLh (hEA-USES-Nae cad RI® i s
methyl and R4 is CF3. Exanple 10 was synthesized in an anal ogous manner to
t hat ofddEnainpiaenmd. from I nternedi ate | -4a2 and

2-am no-5-trifluoronethyl pyridine. 1H NVR (400 WMHz, CDCI3) d 9.31 ( 1 H),

8. 55 ( [0068) Acbording t88urthér é%bo&nﬁb?‘r@o@?hé Ql'ésenhrﬂﬁm?omth@ detEltiorft 4.96
( 1 H, 3.17 (3H), 230240 1H, 8-2.28 ( 1 H), 1.44-1 .85 (7H),

1 15 1 bgﬁoﬁ?@{"é_reé ope s|<§n F% a%ﬁc%&@vél%@eﬁ&wﬁég Bifd¥ Hhe
Fsziooe&m%'ﬁ TR f’f}%ﬁ%"’% fﬁé?'ﬁﬁ‘ téﬁoé) o vabes! g AREMEBES

synt hesi zed i n an anal ogous. manner to that of Exarrpl e 1l from] nterrredl ate

| - 4a2 AB2iBaddiess l@'%ﬁ“ﬁyﬁ"ﬁ‘y‘rtﬁ%bﬁ‘lue%f@rlﬂwU@Qbﬁama”%ﬁ?@ dymaingn@nes. 1 Hy,
8.06 (1 H, 798 ( 1 H, 729 ( 1 H, 6.60 ( 1 H, 584-4.88 ( 1 H,
4.00-4.08 (2H, 313(3H) 2.1 8-2.35 (2H), 1.39- 1.82 (10H), 1.01 - 1 .24
(2H); z 380, 0 (M- 8.1{!\4 L Exanple 12: (S)-L/-(1 -benzyl -

H pyra I NSy | sul fonyl)-1 Hpyrazol- 1

-y1) pr qpeegActordifgrtoigomd dibbdimaheritie Brésertehvirtioanth Eades wNarpie 12

was synt hesized in an anal ogous manner to that of Exanple 1 from
's”éir?%?jpﬁ%ﬁt'% PR P Bt pPRF KRR8I PSR ) ¢
> o4 folégz‘?m?‘%” k&8l gzl pr (a tled)e'fahonf n%@b%gﬂ}we dois fog 31b&?5°a

C22H27NSOBSI m z 442.0 (MrH) +, 440. I—I|) gfl e 13: N

(S) - 3- RREMBiAN PN g Lﬁg@hﬁ@ ﬁselﬂdf‘dﬁ%/ *)e Re IEPLH?F'%& rancryping the ssnsitivedi n- 4-
yl ) propanam de, Fornula (1A-1 ) wherein Rla is nethyl and R4 is N Exanple
13 was c@atemerzteand thewmnvense pgoustatian frthe slechgtiopfofthadptaelenfardm

Internediate |-4a2 and 4- am nopyrimdine. 1H NVMR (400 MHz, CDCI3) d 9.25 (
1 H), §06B0J(Adcorfiing8o6RrtBebBnibdditdents 68k prdsdnt linvdntiod, A3 (parinutatiodt- 4. 91
(1 H), 3.15 (3H, 2.30-2.39 (1 H, 2.1 7-2.24 ( 1 H, 1.75-1 .83 ( 1 H,

i444' uséd rh8¥bnaBleddr & segth(dithesBhvaluiEobe pdrtdrnied, 3beréad MeNaluedFHRNPI €
(S) 3- Ctgﬁgéé)gfe%éﬂt aYeé UWELF%W L%Ed%&'ﬂ e%c)af@éﬁaﬁ&% hyl sul fonyl ) - 1Hpyrazol

Fopana a erel a s rnethyl and R4 is

Exarrpl e 14 was synthesized in an anal ogous manner to that of Exanple 1 from
Internmediate |1-4a2 and 2-amno > ipyrazine. 1H NVR (400 MHz, CDCI3) d 9.35
(1 H) ,THe Qéndrafioiibs tHe dselido rhndbm Seuttidn:) . 8.02 ( 1 H), 4.89-4.97 ( 1

5T (3H), 2.28-2240 ( I H), 2.1 9-2.25 ( 1 H), 1.75-1 .82
(1 [0Q7£1]2°-@ormag(m4)sorrm enepadimenty of tHp, presept invergion, 1aHexemplay7s. 0
(MH—|) +, 376.0 (MH . Exanple 15:
(S)-3- calgd)rtiipanthdt-rﬁay fehesatpr pelautdtionydf) n itebkpyunidamodly Jat random without
-yl)-L/-(isoxazol -3- yl)propanam de, Formula (1A-1 ) wherein R is isopropyl

and R irgtrids, kimdwn a5tAERitH ShufRe rﬁé(y‘b@%%béelﬂs!a'ﬂts%ltfﬁﬂ@ i8Rty ﬁ@ﬁﬂ%@?dtldno t hat
of Example 1 fromInternediate |-4al and 3-am noi soxazole. mz 381 (MtH) +.

Exanpl eorga@%&ﬁ)ar Bgﬁ%ﬁ#a)%ﬁ“ég#] ’ér?n?rgé (tlh_r%%%onﬂé p})}éllt%(ﬁ)@y%hr §h RLqazp! eajch

-yl)-L/ R1a

d. t hes d t
Lhat 3?3@% avvﬁpftﬁsE’f?rﬁFef ﬁ%ﬁ?ﬁ&tffevrﬁaw'ﬁahﬁe%rb'teaﬁ%ﬁ8@9??@%%4“6% 5'%51 °
( MtH) mple 17: (S)-3-cycl opentyl -2-(4-(isopropyl sulfon

H pyr azRﬂSJt!PnSyltb‘fq_U/gh(rQUPﬁéﬁlVﬁ at's 913%&%]{)%!’1'1‘&&'5‘@@”)1:@@%”’[6’['@1 ¥m glem@tSeu n
Rla is isopropyl and R4 is Exanple 17 was synthesized in an anal ogous
manner wib kehprodoice@byniblisealgofithomwitit erprebdabitity of- Wall, tng Pielighaquniiioomi ne.
mz 441 (M+H) +. Exanple 18: (S)-3-cyclopentyl- L/-(1 -ethyl-

H pyrazol - 3-yl)-2-(4-(isopropyl sul fonyl)-1 Hpyrazol- 1 -yl)propanani de,
Formula (1A-1 ) wherein Ris isopropyR4and Ris \=/ . Exanple 18 was

synt hesi zed i n an anal ogous nmanner to that of Exanple 1 fromlInternedi ate

| -4al and 3-anmino-1 -ethyl pyrazole. 1H NWVR (400 MHz, CDCI3) d 9.1 6 ( 1 H),
912 (1 H, 805 ( 1H, 790( 1 H, 7.26 ( 1 H, 6.59 ( 1 H, 527 (1
H, 4.93 -4.97 ( 1 H, 4.00 - 4.05 (2 H, 3.10- 3.1 8 ( 1 H, 2.14 - 2.28

7~ 1IN a ~ A a -— ya a 1 N a ~ a p— - f = I\



portions of 1,2-dichloroethane and evaporated to renpbve excess oxalyl
chloride, and then dissolved in dry dichloronethane (4m ). Internedi ate
(1-28a) (WO=nw,/0265646nmol ) and pyridine (0.1 Or, 1.24nmepCY/IBE0g0B024red in
dry dichl oronet hane (6nmL) and added to the acid chloride solution. The
reactlf)d;l wgs | eft to stir for 18 hours, | ut ed W|thd hl or onet hane and
10% aqUESHIBULRR assi unP¥&r bonat e@and t h&Y Brr'ganl c IP&)® ESsepar at

washed with brine, dried over sodiumsulfate, fil tered and evapor at ed. The
resi duétttna/éwwmtephe@ewtgamdwwglﬂn R bmat ogr aphy, using a 12g pre- packed
colum, eluting with 10% et hyl acetate/heptane, linear gradient to 70%

et hyl a(Neiteat ‘€he Timeerpe guuciutdticacts corspuEdeby exchaeging esagionainber asdther i ed
under h| vac af d the title compound ( 182.9 ng, 0.368 nmmol, 80%
as a wHl b%ﬂ ggepiﬁew{ﬂé E‘AUEPW Skpci3) d 9.28 ( 1 H), 893 ( 1 H), 8.30
- 833 (1H, 819-821(1H, 807(1H, 803 (1H, 7.34- 7.44
(5H, 536 (2 H, 490- 494 (1 H, 3323 (s, 3H, 2.31-2.35(18H,
2.21 - [0022] According ta further embaaitnEnky) of the@resert.itvent@nHhe drvicelgay2iseMtH)
+. Exampl e 24: (S)-6-(3-cycl opentyl -2-(4-(nmethylsulfonyl)-1 H pyrazol -

yl ) pr othizadigdidthm toyeneratatialsedret putnutafién Whersinethei ranidm élemeeitdhyiayand R4
is . The conpound of Exanple 23 ( 182 ng, 0.367 mmol) was dissolved in
ethyl agetRéser QS@E_&) g@@@d@%t@d&h drﬁst?hg)thhf‘rr%yzl?@ tg@herd?é’d rus%fdeeAEéo%

Pal | adi um on carb ng) was added nd the m xture was s en under 50
psi hy r t i

dried SE!@&%HHI g]hc\%g;cﬁ?%gt\gﬁha 4188\”?%?&[0? corrpound\?fbf;iﬁg%{%@é%Ik%)qgﬁtérfEH

90%) . 1H|VR d6)d1144(1H) 8.83 857(1H)
8.23 - (éq.e(%'qugl%'t'@g%s%rll(ll-l) 7.93 (1 H), 538-542(1H),
3.20(3H) 2.21 - 2229 ( 1 H, 2.03- 2.1 0( 1 H, 1.38 - 1.88 (7 H),
1.20- 1 .31 (1 H, 1.04- 1212 (1 H,; mz 404.9 (MH . Exanples 25-27
of gengs Al Bor lr%i . are provided bel ow. (1A-2) Exanple 25:

(S)- B-M—M < o-net hyl pyridin-2-yl)-2-(3-(nmethylsulfonyl)-1/-/-1
, 2, 4-  t[0022]Accbrding o soprnembdeimdnts otithe fredéntdhveitrgimcdseline; ZIPscode
rretuhy il DRA 1iSs of 2- am no-5-picoline (33 ng, 0.307 nmol) in anhydrous
t ol ueneg wasigiedaied itAd Mqired 18 Phbddivé %é’@l@)%rrﬁatl tHteRtryptih AHAUBTRIaY-usEn

m xture was stirred at roomtenperature for m nut €s, and then added the
sol ut| 4 (2
HeSeudteetporiy @A bothe Bl St@taerdo OlpTodhsdLEapibeng (2
to roomterrEerat yre and sat ur at eg gql\gous ssr ua}esodr umtartrate
t et r ahydh §PEC$480 JaR KLy SrseRSTR YRR IECTyR &'8&‘0 th c2C 2. The conbi ned
extracts were dried over MgSH and fl ash col um chromat ography (Si O
hept andP@{HiAceesdipgite furtheriemisedignents af therrfesert inygntions mﬁ)@mm ptiaHmMavR (400
MHz, d6-DMBSO) d 11.13 ( 1 H), 9.08 ( 1 H), 818 ( 1 H, 7.85-7.92 ( 1 H),
7. 58- 7.@3dona dy)r,ef@’.em:inQSthEOpeérmtapion mit%trm—aip ®dfeot02bejer(cnyﬁ)ted and the2. 20 (
1 H), 1.46-1 .68 (5H), 1.38-1 .46 (2H), 1.21-1 .32 ( 1 H, 1.02-1 .19 ( 1
H) ; mmaﬁiéoﬂthtd\@émmthefpéﬁnmta(t%h& the EXéyptedl 2 co(:l&) memeﬁrpmwﬁmbyble’ (1

-nmethyl -1 H pyrazol -3-yl')-2-(3-(nmet hyl sul fonyl 1,2, 4-tri azoI
-yl) pr r%?ereﬁ@fn?ih@rr( s peMGaBbRN withithe Eﬂ/}() edafEtg chb%n va@éa”pl e
26 was synt esi ze an anal ogous manner to t rom

| nt er medi NVR (400 M—|z, CDCl 3) d
9.18 ( 0(1“@% ”é’gp’leaq’q’ﬁ%%%?%tgtioﬁ @gﬁ?@r’%ﬁt%ﬁ% C%&éz_z - 5.28 (1 H 3.79 (3
H ) 3.30 (3 H 2.1 9- 229 (2 H 1.42 - 1 .76 (5H 1.02 - 1.15(2 H; mz
365.4 (MH +. Example 27: (S)-3-cycl opentyl -

L/-(5- r@ﬂ&gﬂ#%fé@fs&igrgééqrg;ﬁg-’ng%%gggﬁul fonyl)-1 H1,2,4- triazol-1

-yl)pr Rla is nethyl and R4 is Exanpl e 27
was syri00és]i Azadriingda mmé@gdmmimmentseof the pmenbfnvtémaonpl e the dasenof the
Internediate | -5b and 2-am no-5- nethyl pyrazine. 1H NVR (400 MHz, CDCl 3) d

9.1 23 dnclytion dtaOQSN cledﬁ) card. rﬁJ?nlﬁerltHé)strtﬁ:tl(j)r% df tie BBN shatdd be@ré?é@rvédl H) ,
3.33 (3 H, 2.49 (3 H), 27-232(2H), 1.42 - 1 .81 (7 H, 1.08 - 1.24

brov) ge‘&g?r@@f%éﬁ%ﬂ?’”‘?a@@@'%@?C@F‘éﬁgﬁt fegergmB i | i:ﬁ\' Fony1) -1
H F 1A-3
ner ei - REACVRY e L R sto e Be bt PRABEETIGR, o7 2 @ ¢ M)

am no-5-picoline (36 ng, 0.332 mvl ) in anhydrous toluene was added Al M3
(2.0 Min toluene, 0.1 77 m _, 0.354 &dol). The mixture was stirred at room
tenperature for 45 mnutes, and then a solution of 52 ng (0.1 58 nmol ) of
Internmediate |-7al in dichloroethane (2 m ) was added. The reaction

m xture was heated at 80 C for 16 hours and then cool ed to roomtenperature
and saturat ed aqueous pot a55| um sodi unt artrate tetra hydrate was added The
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H, 7295 ( 1 H, 7.92 ( 1 H, 5511 (1H, 3.30(2H, 2.52 (3 H, 2.08 -
2.24 (2 H, 1.38- 1.79 (7 H, 1.32 (3 H, 1.04 - 1.20 (2 H; mz 390.4
(MH . Bxarzpiosn2askl PCT/IB2009/053924
(S)-3-cycl opentyl - /V-(5 met hyI pyrazi n-2-yl)-2-(4-(nmet hyl sul fonyl)-1H m dazo
I

-1 | ) F A-3 i t hyl d R4
Exanpl g 3 F‘a/éfg @W?ﬁ’é‘ép%{? &Tﬁ p%’rr»m &SB%@éWdegcr?Bed i nI SExarrpl e

28 f VHz,
DI\/SOr ggbb%]%é@%ﬁhé de‘rﬁ*@ﬁatﬁigé_a% w@ﬁ‘tﬁ@g@ﬂ@@é&%ﬂ@j’ frﬁfé‘réheper%'fht%'w%é g'{?%@( 1

. 1 73]9@;’ {@“'E%edzés &"llg%a)abf%’ﬁ) 1. 0(2) -271 1% (H) I2—|)05n1-z 376. El (1MH)I—|) 1 >

Exanpl e 35: (S)-3-cyclopenty
L/ - (5-net hyl pyridin-2-yl)-2- (4 (et hyl sul fonyl)-1 H m dazol - 1

-yl) pr anegdiicior &saMRLR) AGmWRE. synt hesi zed according to the procedure
described 1n anpl e romIinternediate | -7a3 and 2- am no-5-picoline. 1H
NMVR ( 4d00THAcaor@ag dto poanes enrbodirdentsgo( the Hyresento®ventio) in 8as® df thi) ,

7.93 ( 1 H, 7.60 - 7.65 ( 1 H, 5.23 ( 1 H, 3.13 (3 H, 2.25 (3 H, 2.05
- 2. 21 drgrybtionlofdd credlt. oakd (huntter, the24tructdre3sr the erédlit cardddumbér dHould beH) ;

mz 377.5 (MtH) +. Exanple 36: (S)-3-cyclopentyl- L/-(1 -nethyl-

H pyr azp%sérvlébl) A%cé@rﬁ L% lcpedif %M'rﬁﬂﬁbé’r"rﬁbf@é @Jli\ndEeidanr%cli @g%p@ggﬁ}%s

Forrmula (1A-3) wherein Is nethyl and Ris _
?%?L?ﬁédﬁe? By 5768, M B’ AR CHAG § PGPLESRY | S BER g0 HiegS @
g\/?? ?é} ﬁﬁreﬁﬂe@”‘é@%‘%ﬂwﬁ’ Q?G%SQQUHH@ 4L é?%‘%&ag p&or ‘?H]‘Qe%%&g’(‘%ﬁ/ﬁﬁw

Exanmpl e 37: (S)-benzyl 6-(3-cycl opentyl 2-(4-(methyl sul fonyl)-1

Him da#ed)1 - yl)propanani do)nicotinate, Formula (1A-3) wherein Ris
methyl and Ris Internediate (I-24a) (852ng, 2.98 mmol) was stirred in dry
di chl or[6688]hEreeprios6ssrbf Yeraratiog the peeretcatamdenuperenutation sgevplaidee adoe@. of
DMF was added, followed by oxalyl chloride (0.65m _, 7.5mml). After

bubbl i fIQO}Sgﬂb%dd)@Gﬁn tH urtiesrcdrnbadinesnts ef thespriesehniaveatioGr shabt B Aait hen
evapor ated. The residue was re-di ssolved and re-evaporated with two

SuCCesSyERDRLI Bl 3%igh % dERRIORR)ARealided SIE 1akeACh adugitrbo, |

chl ori e residue I”sso i chl or onet han

ool ) Var TR ihg sége&tﬁf?iﬂ%"% a e é%gﬁ%gens%ﬂﬁ” Shosth B el uﬁag‘we

ni trogen for 18 hour s, hed e with water and once with prine, dried
over sdBRVAPHY {hg & a”ﬁfqrfr@it'ga toe@@;sfaﬁ Sigts. exeRptr B8 lask diglls ansk Mmavethesy
silica gel chromatography, using a pre-packed SOfg colum, and eluting with
10% et Heglcuiatetthe dasisligibaecarding ta the keawngigaritbrt for ther s didily |

acet at e/ hept ane. The product fractions were conbi ned, evaporated, and dried
under HOQ&O]\M@teumiate Giere thapbafoatistiridtientin theforomap betwiedn dleabtexg creditl 7
mml, 73% as a white glass. 1H NVR (400 MHz, CDCI3) d 8.92 ( 1 H), 8.88 (

1H, 9oa$é nun@oe"r”ar(d éné‘t‘)ypte% éreaut ca8d %%m(be1= b%d |f7th%9se(rvér ﬂie a?pﬁéat(onlisH),
7.33 - 7. , 2 H, 1 H), H, 2.1 5 -

2.1 9 109-1182 n14969|v+r+.
Exanpl e (r@?weflé? 2 ?gﬁte:égp@pentyl 2- (4- (et hyl gul 1|‘_?)nyl )-Zl Him ((:Iazgil)-l -

yl ) propananmi do) ni cotinic acid, Formula (1A-3) wherein Rla is nmethyl and R4
is . The conpound of Exanple 37 ( 1 .08 g, 2.1 8 nmol) was dissolved in

et hyl goedrabtor oflfatds:) and ethanol (20 ml_) in a Parr bottle. 10%

Pal | adiium on carbon was added (200 ng), and the mi xture was shaken under 30
psi  hydP8gErAdeerdiog tei spmesembpdimenis oF dhevRsesanttiayentionetae eneradionasld
dried under high vacuumto a clear glass. The glass was triturated with

di et hyldat¢henapnptesenver &tk fformdt bbdwate Buehr as uDDHMYI-VYEYeS,i whemnathef bhiyer ed,
washed with ether, and dried under high vacuumat 60 OCto afford the title
conmpou rrést(r@ﬁén 1slth@ﬂ it wlm @@htﬁﬁ@dﬂlglts? fate mfbeﬂ&rb gaféW&rexaHrb@lMth éQQld&Hz
DVSO-d 6) 11.45 ( 1 H), 2 (1
H, 8.00 - 802(2H), 524- 528( 1H, 310(3H) 210- 219(2
H, 1.29 - 1.64 (8 H, 1.01 - 1.08 ( 1 H; mz 406.9 (MH) +. Exanple 39:
(S)-6-(3-cyclopentyl-2-(4-(ethylsulfonyl)-1 Himdazol -

yl ) propanam do)nicotinic acid, Formula (1A-3) wherein Rla is ethyl and R4
is . To a solution of intermediate (1284c1 ) ( 100 ng, 0.1 96 mml) in 30
m_of a %1 mxture of ethanol : ethyl acetate was added Pd(OH) 2/C (50
ng) at roomtenperature, and the m xture was stirred for 12 hours under 50
psi of H2. TLC ( 1 : 1 petroleumether/ethyl acetate) indicated the
reactlon was corrpl ete The reactlon mxture was. flltered and t he f||trate

o, 1IN N 1 Y B




1 -yl)propanam de, Fornula (1A-4) wherein R4 is \==/ . To a stirred
solution of 2-am no- L/-nethylpyrazole (49.1 ng, 0.506 nmmol) in 3 m _
anhydr ouswoabuwenesewas added a sol ution of Al Me3 (0.270 ®mCT/IBROYOS3ML4 N
toluene, 0.54 mmol ). After stirring for 35 m nutes at roomterrperature a

vas. acdgavernd- L2 1O (a3l Ehdy s oPmotelom o 8O RADIRS Orvftis Fet M

m xture was cool ed and stirred for several mnutes with saturated

Rochel 1ke @s&thlt and extracted twice with ethyl acetate. The conbined
organics were dried over MgSH4, filtered, and the filtrate was concentrated
under r[6082lekcqoraing unefurtiibe endxidilnentsasf her pfesedt bywehtiashwbbendhatsegvephy on
a Biotage columm (Siqg 2, ethyl acetate/hepatane, 50 to 100% ). The purified

fracti afige WelyeeHIreshastic GANASNG eaNferyRSir @ preseBRbEfsélN a
di et hyl etheryq%o afford the tltlef%@rr?ound fﬁé%Nﬁ/‘I'!@Ja?y 408 VHz, DI\)EO 10. 97 (

&D H) 3 -Ple? éﬁﬁgod_%]aéﬁbégaélb%j ?‘% DI_[g Vg t%ﬂséﬁ) a%cgoﬁgh%yea%g déeﬁ.z([\%ozté. 91% ( 1
¥ 0?5 rlii‘?ﬁ% %Pfag?cﬁ zorfﬁti'ﬁﬁ aPQ(M Qu'n aﬁi%%ﬁvf&%)( ALY L anc

-yl') propanam de, Formula (1A-4) wherein R4 iiss Exanple 44 was synthesized
in an aﬁaiiho‘ﬁﬂi&e %ﬁﬁﬁ@?u’[ttﬁetma‘f Cap reaiinelaig texgm | nt er nedi ate |1 -8a and

2- am no- 5-net hyl pyridine. 1H NWVR (400 WMHz, CDCI3) d 9.02 ( 1 H), 8.07 (2H),
7.69 ( [@08§] Accopding 2oHyrthar embod&merzts(oﬂtne) presens inventpn, ®hendhe seroer (2
H, 1.45 - 1.67 (7 H, 1.10 - 1.1 2 (2 H; mz 367.0 (MH) +. Exanpl e 45:
(S) - 3- idd o pgHorrh/stétisticeddoul piisrasz per tronth - Pre( ottt hfdyuloe presdryed ol / -/ -

i mdazol -1 -yl )propanam de, ornula (1A-4) wherein Ris TVN F N Exanple 45

was sy S R agm; I r
I nter ngfc?:é gtab%ﬁngfhéﬁg rgggh‘lgno Srﬁg? Hwiﬁt{)‘sﬁdam nenﬁi%'@ﬁ%ﬁ@(%ﬁﬁ%%@&d 3)

9.34 ( H, 811 (1H, 7.72 ( 1 H, 7.53 ( 1 H, 4.83 -
4.86 %Heye%g)gésﬁﬂf L 221 - 2.24(2H, 217 ( 1H, 1.27 - 1.50 (6
H) , 1 08 - 1.14 (2 H; mz 368.0 (MtH) +. Exanple 46: (S)-nethyl

6- (3-cyclopentyl -2-(4-(trifluoronethyl)-1 Himdazol-1 -

yl') pr oY ROd A¥aClb higait @n fisha (1A-4) wherein R4 is . To a stirred
solution of Internedrate (I- 80) (328.5 ng, 1.189 mmol) in anhydrous

di chl or[66&4senerding tersomembedimenépithetaneseniiniantiont inayder inanabirite
oxalyl chloride followed by 1 drop of DMF. The reaction bubbled and then
subsi desha$ tappticaticef to staker hometior artilysis ront gensitive tuemeriy aplaest(edchurader
reduced pressure. 1, 2-dichloroethane was added and concentrated two tines.

The 1 esdfps)dne H'é@%e%é? %%)ﬁﬂa 'ré‘vé\fgwéj hQHﬁarFé' tﬁaﬂs%t%@dd?ﬁ@# trﬁes]é)véme%

Met hyl 6-am noni coti nate drich Chem cal Conpany,

nc.., NrkpankBRyic i ndinalsed: Q{;a' gwﬁdom@yaéﬁe %eér%%%{eﬂe nds Gyfgo! )

The reaction was s |rre roomterrper ure ting with
et hyl acetate and water M a eous SSi mdlh hosphat e was
St SRR Gt Rty Bt i ARESS Bt i %e%@ﬂwﬁ &h
brine, dried over sodium sulfate filtered, and concentrat ed under reduced
pr essurteansforangdyqldee onasy Mé'ﬂiefqaé@@t@gr%e I ﬂué&fﬁj bythe arplicatien, thsdeyiasy|
acetate/ heptane) to afford the title conpound as an off-white glass. 1H NWR
(400 Mtnay @PRly3ihednBerde t(arbfedmat®nsah (heseH)gluds,3And thBis3 g ndmiefic values ( 1
H, 7270 ( 1 H, 7.51 ( 1 H, 476 - 4.82 ( 1 H, 3.92 (3 H, 2.16 - 2.21
(2 H), predéntedlo B (€etthay belthd reallndefi@viluesm z 4 11.1 (MH) + EX&WD' e
47: (S)-benzyl 6-(3-cyclopentyl-2-(4-(trifluoronethyl)-1 Himdazol-

yl) propanam do) ni coti nate, Fornmula (1A-4) wherein R4 is . To | nternedl ate
(1-8b) (16.28 g, 59.8 mmol ) stirring in dry dichl oromethane (4001) at room

terrpera franefoomaton wntnurgenwealuasided 2 drops of DMF. Oxalyl chloride ( 11
L, dded dro ft t he bupbl b d.th t
s 1 eitodBTAdoRe g0 S enthactRans ohie' esetnrhanfon Rcnel w anahe™! ' O

pressure, Two successive portions of 1, 2-dichl oroethane were added and
evapor @BaMelC rpriaHons one e JWINeRg Jlelc@nl%ﬁhdés hé iBr dRievayilimitad ¢ei de
was taken up in dichloronethane ( 150 m _) and stirred at roomtenperature.
| nt er nedivaneey, lsaBiel; driaridhmeticaparksiomudtionsonithegeival ues nia beiperfotrddéd miol )
were stirred in 4007 dry dichl oromethane. This was added to the acid

chl oride solution, using another 50rL dry dichl oronethane to conplete the
transfer. The mixture was left stirriAg at roomtenperature under nitrogen
for 18 hours. The reaction was diluted with dichloronethane and water, and
1M aqueous phosphoric acid was added. The organic | ayer was separated and
washed sequentially with dilute aqueous potassi um carbonate, and brine.

Th| S was then dr| ed over sodi um sulfate flltered and concentrat ed under

.. o
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Formula (1A-4) wherein R4 is . To a solution of Internediate (1-1 4a) (75
ng, 0.1 6 mmol) in THF (2.5 M ) was added 1IN HCl (2.4m ) and this was
stirred avonowm2t®mperature for 18h. After 1 day, the reaTiuBDNI/OESS24
extracted vvith ethyl acetate twi ce. The conbi ned organics were washed with
aqueous sat H d dri ed ove urification by sili gel
It o RSB P ETIORe SRS B S5 apE AR TP DY Ao sOR Rt ddheT0 o
of ExaaneSOasanmI 1H NVR (400 MHz, CD30D) d 9.28 ( 1 , 8.50 (1
H), 7. @dvaniageg) of thlsggaqsfqrnpgtlomlsih@t its invense ig sgBPlymufiplymgrlyy therinmprses. 77 -
3949 (1 H, 3.66-3.77 ( 1 H, 2.1 0 - 2.34 (2 H, 1.40 - 1.89 (7 H, 1.22
- 1. 36 dfzhelsecrdtzcotistarit. (Mbtiel+Yhe trErsiopmhatidn bf nfB)ipl$ingylby apsadrgt eonstant
L/-[5-(nmethyl sul fonyl)pyridin-2-yl]-2-[4-(trifluoronethyl)- 1Him dazol -

- yI'] pr aprnaddidg aFseoiet orisidivtdnayherf 8é 0s&d, difice whehahasaiwristareladdedave( 80
ng, 0.29 mmol ), 2- brono-5-(nmethyl sul fonyl)pyridine (69 ng, 0 29 rrrml)

cesium 4 @(ﬁ@(g HEMRL,

tri s(diﬁﬁgﬁﬁﬁgn@%@é@ﬁ@%t%h’%?@ é?qgg%tmlt)ag rte co [;Sr?ed in
anhydrqus ger%éa;se toluene (4 m ). The m xture was stirred at 100 OC for
12 hrs. on was diIuted wth et hyI acetate (50 m ) and washed
wth HZOélo m , saturated, , and brine 10 M ), and
dried (R@ @dﬁcord'f‘gl E%rféldhﬁhde@!?ﬁ%mﬁrﬁét af. th?h@%&%@e'”ﬁ?ﬁ%t WMHF)'MlE\gl fied
by chromat ography (silica gel, 0 tol00% Et OAc gradient in heptane) to give
a gunmiransforasionaiay maintainedei namedcusidey PEtween the numeric values

20 Hept ane/ Di chl oronet hane) to afford the title conpound as white solid (55
gy, 44%resdivetiMe.d.40@ IdrigestCEXThry3yerdaBis8the( latgédt, sélakh Howlevdr, sthcdSthe 1 H),
8.22 (1 H, 770 ( 1 H, 7.50( 1 H, 48 (1 H, 2216 - 2.25 (2 H),

1.68 - dtevf?& Kts !?hcryéx he etm&c'ﬂyéé’s H)amels 42 may n%@kﬁéw't})ho itiD8nd we Athy( S H)
mz 430.9 anple 5 6-1(5)- 3-cycl opent yl - 2- 4tr|fluoronethyl

[-/-im ) 0] , 4 rei n
R4 Qs ncdqztﬁteorv\?'new ttgeprrfggfg'%‘le?"%%7 Tﬂhg %ﬁﬂtﬁf coﬁﬂd%?ﬁ ﬁtr# Jm%y )stl (1
.2 m ) %&2 ooled in an ice water bath. To this was added NH4C]-| (0.8 m )
and thid sedal lowed to slowy warmto roomtenperature overnight. The
reaction mxture was partitioned between water and ethyl acetate. The
aqueoudOP@fler was extracted with a second portion of ethyl acetate and the
conmbi ned organi cs were washed with brine, dried over MgySO 4, filtered, and
evapor d0e88ltAcaprdiag do tdtheragrabodimeritéios thmpmsieat inmaatiqmrinfdréelr tnyprbtv%h
chromat ography (Si O 2, dichloromethane / nmethanol, 4 to 10% to afford 67.7

(45 fa%euoéecﬁmmd nuﬁtén@s/amésanterg;vbudq thH t%&%ld@é ﬁiﬁtﬂon&haﬂ b% 70 -
8 73 (1H, 809 - 8109 , 7.68 ( 1 3(1H, 49 (1

2 )
f gg ( ] ﬂgr?’e Zsb'l:h '&S@% %ﬁ Fé"bo%%tzaﬁe%tg iirv(er %ld@)a&ngrar]%?erng%d'&ate %\{)@gz;”
oo Sﬁai'rﬁf%%%%eyﬁih%@%%ﬁ ﬁt%ﬁfe Md‘?ﬁﬂiﬁdﬁtﬂpﬁs GEPeiG datp dhat is

Internmediate (I -8b was di ssolved in dr

di chl or%}?éYFHﬁé\@ ?éiﬂ* nar V‘ém’dtoégg ‘?%'dla'ﬂat@ oiﬁ%ﬁﬁ@ﬁ’ﬁéﬁmﬁ&p iGRRN {’tﬁ%@é’ﬁ‘ One
drop of DMF was added, followed by oxalyl chloride (0.1 0 _, 1.1 8 mmol).
Af ter tibbtarithrgeheaabulﬁlpde@n thedadryptad evuneeria date, enfmaniheroenggpiiheut es
and then evaporated. The residue was dissolved in two successive portions
of 1, 2-fihat hesultoesihgriee @pchponepd vhbead sdlatioeoies esngemenk alayl resiteoat e, and
the resi due was dissolved in dry dichloronmethane (4 m ). Internediate

- 22a)servéibside Hd rﬁaY Qebuly c&ﬂ%tﬁﬁédté'vﬂﬂt {He- deicdTbn thd eAferBREe Jorvih

dlssolved in dry dichloronethane _) and added to the solution of acid

Gays. | TEnsQEnpRERLAime] %”%E‘%‘?%ﬁ R R LE MY B Pl 8 1 e
I h d d di | f
{1 U or G0 THRS SR aI At Y BaadrhAe U reBR Bt ca gel

chr omat ography on a 4Qg pre-packed colum, using 25% et hyl acet at e/ hept ane,
| i near gradient to 100% et hyl acetate. The product fractions were conbined,
evapor | el h vacuumto afford the title conpound (145
ny, Gappl h ¥ fé glass. 1H NWR (400 MHz, CDCI3) d 9.57 ( 1
H) , 896-897( 1H, 830-832(1H, 7.69 ( 1H) 7.50 ( 1 H, 7.39
- 7.47 (2 H), 7.32 - 7.38 (3 H), 5.45 (2 H), 4.80 - 4.85 ( 1 H, 2.04 -
2.25 (2 H), 1.49 - 1.81 (7 H), 1.1 1 281.18 (2 H; mz 487.9 (MH)+.
Exanpl e 54: (S)-5-(3-cyclopentyl-2-(4-(trifluoronethyl)-1 Himdazol-1 -
yl ) propanani do) pyr azi ne- 2-carboxylic acid, Forrmula (1A-4) wherein Ris .
The conpound of Exanple 53 (145 ng, 0.3 mmol) was dissolved in ethanol (6
m _) and ethyl acetate (3 nt_) |n a 250 nt Parr bottIe 10%pa||adi um on

o, . o o



stirred at roomtenperature for two days before partitioning between ethyl
acetate and water. The aqueous | ayer was extracted with ethyl acetate and
t he conbiwieaomvigessiics dried over MgSO4. Purifi cati on by PSITIBz@I/gE24
chromat ography (40g |1 SCO, 20-100% Et OAc in heptane), followed by filtering
t hr oug se frit tore trlturatl everal tjmnes
wtt i eBREIAR AR P soed CTRPURRNISE L he SRR Y STt TS %@twg@o%ound
asavvhltesolld(01563g2 1H NVR (400 Mz CDCI3) d 9.03 ( E? 7.80 (
1 H, 7®a&b qppliceion may3og differgnt andrihe(meaning of diferentifieigls nEyobe differpnt 3. 93
(1H, 2220- 2.30( 1 H, 2.07 - 2.18( 1 H, 1.49 - 1.88 (7 H, 1.09 -
1. 21 ( 8nldachrdpplidatich, 3hé Mekicetmaiphanpladiiérent encryption-policy for each SaaS
(S)-2-(3-(3-cyclopentyl-2-(4-(trifluoronmethyl)-1 Himdazol -

yl') pr opsspagheen. ﬂHdrspvdrac?éHarlfundtubaﬁmyltﬁe devide rﬁQ* l@ td be-familwdreriti theR4 i s
. The conpound of Exanple 55 ( 153 ng, 0.358 mmol ) and |ithi um hydroxi de

50.6 i / wat er
(010 eog aBHiHIBNordfice), Wold: hedindifladus BAMGE Blotblol flay e GaRiCIBB Ty 0 s
and 1N HC re_adde 0_achi eve I‘OXI mat e A thick

o piaet B Brfeeass by BB p i haR s AR e af miay b Phdptenas
washed with brine and dried over sodi um sulfate The m xture was filtered,
evapor @S%ene grtitydio aehieyRiaddiiogal serMitm and aplydhe nanee of the fileoshilade 31 . 5
nmy, 22%. 1H NVR (400 MHz, CD3OD) d 7.91 ( 1 H), 7.78 ( 1 H), 7.52 ( 1 H)
6. 56 ( encrjpted. oding mGOEim(ar'nant-l)encryBﬂor( BOHEMER. 1H@wev2r,17or( Badole B -
1.81 (7 H, 1.21 - 1.28( 1 H, 1.11- 1.18( 1 H,; nmz 398.0 (MH .
Exanpl eagplicat{d) weiezichydat4 elehFerttyie trpaodurhert-shébuld bé Ehogpteeadid prederve

Him dazol -1 - yl)propanam do) pyridi n-3-yl ) met hyl phosphonate, Formla

(1A' 4) tWeessh e'ﬁ’ods’sfuncT@néIlthI It !a@ FitiOh, GHoBIeTRMpat Srolldedca Veby 2iétdiled0

nmol ) i n di chf or onet hane ) was added internediate (I-26d) (O. 223 g

msst.ré%%%?ﬂomfﬁé oG Asfhce RaPh P daits & 89%65%138%'&/8@@%?8“)?? xture

ours room-t ure undeér ni gen petrol eum
ether/eth acet at i.ndi cat ed th i on.wa ete.
enct | GPRRTILO0LED 8%&%93% AP0 St g imBFIH SN LIt Rie Heeitbed by
chromat ography on silica to afford the title corrpound (270 ny, 58.7% as a
i ght yasid dhe ssamanticl |9f Nk#eEh 4B0ameier CD@B) S®I® qpplicaijon,gepables 1the) |
803 ( 1H, 7.62 ( 1 H, 7.58( 1 H, 7.45 ( 1 H, 473 ( 1 H, 4.01 (4
H), 3. q@eparatipn cﬁ.a)@et(aﬁecﬂ-lppliayfwe(azhl-e}‘poogje%)p(ieatid)n, ahd4®r eachppplicgon( 6 H),
1.1 0 (2 H; mz 503.3 (MH)+. Exanple 59: (S)-diethyl

6- ( 3- cydEverpEdydn B dF Gbogik! AR e devide maydazptest the calls to the APIs
yI ) pr opanam do) pyri di n- 3- yI phosphonate, To a solution of internediate

i or ALY APbE e p Y. pé%y‘i*b‘%ﬁéﬁim?‘@%ﬁ%%géﬁﬁdﬁ%*eO A
f“eWLS??@hﬁé’B%ﬂi%f*’fsnapﬂﬁsﬁ%f# SRl eI ki BRI B p26& s ape,

i ndicated the reaction was conplete. The reaction mxture was concentrat ed
in vacueP- S@ﬁée;em due was purified by chromatography on silica to afford
the title conpound (360 ng, 66.2% as a |light yellow solid. 1H NMR (400
MHz, CieP%0] Acrding (to1furher @ngsodiments of ghel pregent ipyent®m and ag aAother. 63 (
1H) 7.44 (1 H, 471 ( 1 H, 407 (4H, 2210 (2H, 1.70 (2 H, 1.58
(2 H), exaddlé3inHhaseltheBd«B bpplichtibnls ()érfbi)mingiazfoqr&%t&a(idﬂﬂtbmat theasgpier 60:
(S)-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 Himdazol -

yl) pr O@d@%ﬁqmﬁarﬁl §thamd gt bbés@%%pﬂ@umaa@néineht forfrial rmbg delaséd
wherein R4 is . To a solution of the conpound of Exanple 5 ny,

0.27 +Wevé} H&ﬁ@%&&@hmm%n( i€ dBhé offafie %ﬁ%ﬁt% &8 qg@ﬁ ‘EHéTBé\ﬂ%fé rﬁgh %@8 a%z .

at room efatu was stirre
The

terrperatur nder ltro en indi,cated th actlon s _conpl ete.
bt 1 VAT T Evor, SR ARl FREVAT REFEIVE nf oAl ih{ho Y b, FaSifas
concentrat ed |n vacuo the residue was purified by prep-HPLC to afford the
title SOHERIAB meﬁﬁ@enutw impleragnta white solid. 1H NVR (400 MHz, CD3QD):

d 823 ( 1H, 800 ( 1 H, 7.98 ( 1 H, 7.81 (1 H, 773 ( 1 H, 512 (1
H, 3.06 (2 H, 2.18 (2 H, 1.75 ( 1 H, 1.70 ( 1 H, 1.61 (3 H, 1.51 (2
H, 1.30 ( 1 H, 1.18 ( 1 H; mz 445.5 (MH . Exanple 6 1:
(S)-6-(3-cyclopentyl-2-(4-(trifluoronethyl)-1 Him dazol -

yl ) propanani do) pyri di ne-3-sul fonic ackd, Fornula (1A-4) wherein Ris . To a
solution of internediate (1-8c) (0.40 g, 1.35 nmmol) in dichloronethane (10
m ) was added 6-am nopyridinesul fonic acid (0.236 g, 1.35 mol; Toronto
Research Chemicals, North York, Ontario, Canada) and pyridine (0.32 nml _
4.1 mmol ) at roomtenperature. The m xture was refluxed for 12 hours under



510 ( 1 H, 3.54 (2 H, 2211 (2H, 1.75 ( 1 H, 1.63 ( 1 H, 1.55 (3 H),
1.48 (2 H, 1.22 (1 H, 2.18( 1 H; nmz 441 .4 (MtH +. Exanple 65:

(S) - 2- (6-Wo-20yi26gent yl - 2- (4- (trifluoromethyl)-1 Him daewliB2009/053924

yl') propanamni do) pyri di n-3-yl) - 2-met hyl propanoi ¢ acid, Fornula (1A-4) wherein
R4 is Aisol ution, of internediate (1-31 e) (220 ng, 0.486 nmol) and Lil
(647 M—&&B&M&Q@m ) was refluxed for 72 hours. LCMVB

i ndi catjggoi] h@cc%fré‘iﬁ?'té'goﬁ%té‘rﬁbédilrﬁ’@ﬁs BPtheGRBESEHEAY BRI §§ ébbfh ofgHHi2R—I ON
mxture was concentrated in vacuo, the residue was purified by prep-HPLC to

cDeoD) 5%99% ? %M@V%f"? e BebiR3ey Yeb tﬁ%'e'?gereé%w@%“%eo%wﬁzm

T 20 togpr sacly booyiprus € bsic Sy %é@%&wrtg 8- s(ecr&% arts o

(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoronethyl)-1 Him dazol -

yl ) pr opeR@nfad) plyPedoh- S2auriam PRICY 288 x Sackddresacing, eniemRiisa PTIWQV) afker ei n
R4 is . Amxture of internmediate (I-32c) (280 ng, 0.599 mol) and lithium
i odi de qon@entiplity réfuirementsi rFartdxample etoatad ¢rganidation waat neetiirex ecedtmg 24
hours. LCMS indicated the reaction was conplete. The reaction m xture was

concentH Eped régUIéfW itk WNEbE e edVa$ ap\wm%fth@tdelhﬁln@fé%pdéipbﬁdtrﬁoﬁﬂhf ord
the title compound ( 1 19.1 ny, 45.3% as a ite solid. 1H NWR (400 MHz,

CD30D) 1 H)

5 o1 (Zar% I%a%g%ih%y?%r vglu% Lg]a(,(‘w% %%ﬂhl% tge( 8"Q%n|231t%@8 Téy:[%avesa%gge(s

1.18 ( z 440.2 (M+H) +. Exanple 67:

(S)-3 ‘Hlﬁrg -N-[ 5- (2- hydr oxy- 2- net hyl - pr opi onyl am no) - pyri di n-2-yl ] -

2-(4-tri fI uororret hyl -i m dazol - 1-yl ) - propi onam de, Formula (1A-4) wherein R4

is . To a solution of internediate (l1-33a) (350 ng, 0.70 mol ) in methanol

(87> MhefgndBimtind of AdBiicateh S BIRAHPBARY U car fonate (146 4 mg, 1. 05
stirred for 12 hours at room

t errper d0092). Addotihgdorsunes engidoimeatshgl thecetesest invéntidn,) ini ordec & ddndlee

reacti on was conplete. The reaction m xture was washed with ag. anmmoni um

chl or i dgkhdWnmappkdiohbeard Xinkhewwashandasafi egpitdtionet Siybstaswdligt witbod0 mL x
3). The conbi ned organic | ayers were washed wth brine, dried over Na2804

G111 ca ToRiof fulfon ARHGENIOE (RESIAN®, 55 A ahZHpRCBIE, R IRTGEY kK
glwlf4( ?O%r%%tej%%%e\‘_? %63%5?51 fy%rrenily ﬁ l_gaara%% @%dn?gl?qjg{e '

1.47 (6 1.20 m z -70 of
For mul a["ﬁ'(f_%%& §5‘dg¥ éh%»rg?ﬁt@&r ”E?él(SvG g@lﬁ%@r&ﬁ”@@ €8 't'ﬁ(eci?tﬂhb’pﬁ n%)) IVg)L/
-nmethyl -1 H pyrazol -3-yl)-2-(3-(trifluoronethyl)-1 Hpyrazol- 1

-yl ) pr cxanmpte dié therpananiete( nams)is wieaikeaddrrgs jos any-similarmearameater paressidut | on
of of 1-nethyl-3- am nopyrazole ( 1 .21 9 g, 1.25 mml) in dichl oroethane
(2 m thatfofdnata$ tiae dedlicAlof Che J)a8eterlis. BnMmail Zddnkss thar? Thenugvjceaisd
stirred for 15 mnutes. A solution of Internediate |1-9al (50 ng, 0.1 6
mol ) 'dl'aé%lﬁ}lr@ ia@fanler%aﬂ“a@mﬁsoﬁﬁd‘%&ﬁﬂﬁ@ &)h@fbréééﬁﬁeeaeénﬁdlﬁaﬂ&@%?ﬂé?ln

m xture was stlrred at roomterrperature for 16 hours. The m xture was

guench t 0 efeh y and
t hen dﬁcbdt?%%] \%gt%f&%@\%g) dc'sﬁ rac te Htﬁ?ﬁg%%(*?gﬁeﬁ?s @4 Wh
organic_|ayer was dri.ed over I\% sS4 _and co centrat ed. The resjdue

puri 11 S BRETERGAGEINIGY DAE WO VaPEEREES A atialinumbet ae%“ﬁ}ar to
afford the title compound. 1H NVR 400 MHz, CDCI 3) d 8.99 ( 1 H, 64( 1
H, 7. 2eg<p(req8|<pq) th@ng e(ga;q)met@rgg a$|qu)d ag @\npr(eg, nHynbez ZHO(I\@VQD‘ |§ thpg

H, 1.44 - 1.58 (6 H, 1.10 - 1.20 ( 1 H), 1.02 - 1.07 ( 1 H; rT123562
(M-H) “par&etgy] sase: is( $pH Adurptivopand yhe format matches a time period regular
L/-(5-methyl pyridin-2-yl)-2-(3-(trifluoromethyl)-1 /-/- pyrazol -

- Y1) pr aheredsicls, thearimgl defilhbé- a9 cahpeadd wiich sorEBRWPhpplicatiohss %wnhb@%szed in
an anal ogous manner to that of Exanple 68 fromlInternediate |-9al and

2 amn yr 8rad (1
Cho'i_ﬁ %@rﬁl@tﬁéeo 'I*hq% '?:?ess?‘fléa%df%% Q'ﬁw%én@er@ 8§1bé ﬁgr@lﬂ |n5t0h%(3 ",

221-238(2 ,168-181(1H) 1.44 - 1 64(4H) 1.07 - 1.30 (4

H; mz 367.0 (MtH) +. Exanple 70: (S)-3- cyclopentyl

L/ - (5-net hyl pyrazin-2-yl)-2-(3-(trifluoronethyl)-1 Hpyrazol- 1

-yl )propanam de, V N Formula (1A-5) wBérein Riiss TNl . Exanple 70 was

synt hesi zed in an anal ogous nmanner to that of Exanple 68 fromlInternedi ate

| -9al and 2-ani no-5-net hyl pyrazine. 1H NVR (400 WHz, CDCl 3) d 9.31 ( 1 H),

894 ( 1H, 812 (1H, 7.63( 1H, 6.62( 1 H,4.95- 4.99 ( 1 H,

250(3H), 221- 238(2H) 168- 1.81 ( 1 H, 144- 1 64(4H) 1. 07

a ”~ T N Y NSNS N p— o -— — p~ o a A ~\



Autovial filter to renove insoluble material. The organic | ayer was
filtered through an Alltech filter and dried under nitrogen.

Chr omat ogwaphiom26sel urm: Phenonmenex Luna (2) C 18, 150x2C®Ma009033020 . 2x1
50mm 5m gradient 0.1 %formc acid in water and 0.1 % formc acid in

acetonitrile 5% rification of the crude ct to afford, the

(il e éﬂm b oy oA eg S Laaeﬂgs%nha@p%%ra@ca? o 16 egsdieter - thg o6
7.70 1H) 7.50 ( 1 H), 492&) H, 3.89-3 94(2H),327333(2

H) , ssqustmftetzemgh Qecyrenges ittmagbe d@ermlsed)autwatmiw by thendgvice.

Exa rrpl e 75:

('S) -/ V-[0693isAdrorgingitdifortRery einbdd(rmentsadfytie grasemyinaentbny the Zrafditing of a

(trifluoromethyl)-i Himdazol-1 -yl)propanam de, Fornula (1A-7) wherein R4

i s Exargdramétervyaay Sdéf)@hésdriﬂﬁ cld%sﬁi@aﬁ@@lanamtwgéwntpqJe\IéMteﬂﬁéd Fyamel e 74
fromlnterrredlatel Oh and 2-am no-5-net hyl pyridine. 1H NVR (400 MHz,

7. 58 7.0 oA For ki Bosicy évf‘ftx“%oi'cﬁo% oy stgsivgge %aﬁd'e‘* T%.3. 33
(2 H, éaz%gncr(ygfel_c‘{wr‘teiea%pﬂypvé pal_gmeilers m%y be engryt)')téd onFy %%ﬁe%e\(/éw (l)_P

Exanpl

H pyrazol - 3-yl ) ﬁtetrahydro 2H pyran-4-yl) (4- (trifluoronethy

H i ni ddiidence f’)aé RepaREMPERN WGIGhRHSE fﬂywdﬁ/ﬁ'&%ﬁ eGi4S ﬁgbstaymtlally@@hm e 76
was synt hesi zed in an anal ogous manner to that of Exanple 74 from

| nt er b weeer] fardhpsrdres patityboth sensitive ayd higblyesensgitivavpareatsens-nay GB30D) d
7.9 (1 H, 778 ( 1 H, 7.42 ( 1 H, 6.47 ( 1 H, 510-5.14 ( 1 H,
3.85-3.éhbryptett) , 3.78 (3 H), 3.28-3.35 (2 H, 2.07-2.1 0 (2 H, 1.31-1 .69
(5 H; mz 372.2 (M+tH) +. Exanple 77:

(S)-3- (b@M]Wr@iné"fOpWrtﬁ@r ‘éTTYdelnMn(st BF @D bfbsorft- m%lrﬁbbrn' @!I'n@ r%e&fll'némgm( 4-

(trlfluoronethy -1 H-|m azol -1 -yl propanamde ormJ a A- wher ei n

B e
l(_DAstaTech“c'tr.'c%}Lir(mdBﬁo pbu%ﬁ]quA?V@c pJ)\‘c':\{/Rqrgg"@ chqq%t%gqe aW'%tl?nySage 511 ,

- 517 (1 H 91 - 4 (2 H, -353& H, 2.24 - 2.31 ( 1 H),

2.06 - lpmayialsozenable ih%suevw@ t@thrmlﬁ)chang@sm he applisgtion sEshaplaE Ney:

(S)-/V-(5-nmethoxythi azol o[ 5, 4-

b] pyri dranaeyer) bg-classtiyiaptde patiineter as-idisydeing @s€al- (tri fl uoronmet hyl ) -1

H i m dazol -1 -yl)propananm de, Fornula (1A-7) wherein R4 is Exanple 78 was

synthesi zed in an anal ogous manner to that of Exanple 74 fromInternediate

| -1 Oh and 5 rrethoxythl azol 0[5 4 b] pyr| di n-2-am ne (Maybridge, Tevillett,
g aged 7.79 - 7.81 ( 1 H, 7.78 ( 1 H,

5 o7 Eééﬁéﬁl %&fﬁ"g ”9§93§9m§ %j!&@dé”%lf%ﬁ o, t@%*’@iﬂ”@“tﬁ% P gt ot -
o ovi aeaﬂ%mtfsn@awm%n Puthe dbyice o MEndoNiCS Y, Ao fhomir B additing 2"

H pyrazol - 3-yl) 5- (net hyl sul fonyl ) - 2H et razol - 2-yl) propanam de, Formul a
( 1A- 8) ugseedf ﬁh@Saas\&npllcatpmm e anterrstsSeys-a20me e(mn@angreagoa@mﬁym )

was stirred in anhydrous toluene (2 m _). Trinethylal um num solution (0.21
m _, 2.i0dude: t ol uene) was added, and the reaction was stirred at room
tenperature for 35 mnutes. A2 nl_ aliquot of dichloroethane was added to

60 my (0. PReveminy 1ebkady ef Begkiale iffoAndtion Tt sholdihbobe Want asldesi Saag t he
stirred at 80C for 16h. The reaction was cooled and stirred for several

m nut es wREAYidRjudSi $xaanle. dhe gntseries pelicy isdhat thegredil,egardimbiers sAovlg ce
with dich e; - n' ri fe and
concent r anSLBERIORANRE §345 SORM AEHRBATAAS, AREREN s UE e R o
crude prodetiit edrddondedbet 35 pat of thdeatli déa:rmﬂopodmd delldeNIvR déﬂﬁ:tl\ihhs

O s e A T
1.55 - 1.44 - 1.54 (2 H, 1.02 - 1.27 (2 H; mz 366.4 (MH)
Exanpl e 8 (S) 3 cycl opentyl -

L/ -(5- rrethyl pyridin-2-yl)-2-(5-(nethylsul fonyl)-2/-/-

tetrazol - 2-yl ) propanam de, Fornula (1A-8) wherein R4 Exanpl e 80 was

synt hesi zed in an anal ogous manner to that of Exanple 79 fromInternediate
1-1 1b and 2-ami no-5-nethyl pyridine. 8H NVR (400 MHz, CDCI3) d 9.02 ( 1 H),
8.17(1H, 7.97 ( 1 H, 6.96 ( 1 H, 562 - 574 ( 1 H, 3.43 (3 H,
2.58 - 2271 ( 1 H, 2.39 - 2.48( 1 H, 2.37 (3 H, 1.45 - 1.85 (7 H, 1.05
- 1.25 (2 H; mz 379.5 (MrH) +. Exanple 8 1:

(S) 3 cyclopentyl /V-(5 rrethyl pyra2|n 2 yI) 2- (5 (rrethylsulfonyl) 2Htetrazo

o o . A N SN\ o o o -




stream The residues were checked by LC-M5 to | ocate the desired product
mass. The material containing the product was purified by LC (Phenonenex
Gem ni C w6 28101028561 50mm 5um nodi fier 0.1 % anmoni um REENBAI0LIE53985%
wat er / 5% acet oni tri I e | i near gradient to 5% water/95% acetonitrile) to

200 5 21 base efoar setiain TandienalitesHar shagld npt be dvayabis 1o 51l (e USers 5 _

7.14 (1| th@e?até?prls@ ﬂﬂé Ge%c@ma? @Jablétéjerﬁor%e"ﬁn Eﬁ)t%lZ&tﬂﬂ%CéSé-— H) ,
4.54 - 4.59 . Exanpl es” 84-

repr esent edntml peiicmhahemengeb)‘ tfw SapScapp(HeaItlcmal ow. (1A-1 1) Exarrpl e 84:

(S)-3- ent a2| iflyoronethyl)-1 H.1

5 4t B, Yo perisTisht Bfnland ghifcadeirigyfrom ¥ RERH, persbeciive, the

Tri met radvaddmayuiibhiforMatorenerze, b0t Ml Way linditdd taRé JavadsoiRgded te a

sol ution of 2-am nopyrazine (97 ny, 1.02 nmml) in dry toluene (4 m _) under
argon despongg timgefthe SeeSuannliegtieract i on mixture warnmed to anbi ent
tenperature and stirred for 30 mnutes. After this time, a solution of
internediate (1-1 5b) (99 ng, 0.34 mol) in tetrahydrofuran (4 m _) was
added oanmb&os bbtlididevicecsperationgt ure and the reaction heated to reflux
overnlﬁ After cooling to anbient tenperature, the reaction was quenched
with tHE0 %@Iﬁqqoéwneftoaﬁ%& emPedineenta of . ?r%nh'n\éent'gﬁd”ﬂ%@'%%m&y
extracted with ethyl acetate (2 x 10 m ), washed with brine ( 10 m ),

dri ed duectiovgsos, prioxytatedeanbe tSaaSs appligationeshient (Usualg ruraiogumthe end
Purification was then achi eved by flash chromatography (2:1 hexane/ et hyl
acet at a)ser brafvber darichthel 8bh8 aptication sesver gide, oflinei®) vhIhe Baas brd\Bdemy, 67
%yield). 1H NVR (400 Mz, CDCI3) d 9.46 ( 1 H, 8.63 ( 1 H, 8.41 ( 1H),

E') ,38 (7s%er\I/'&r? ?&9@3 g('oﬂy llt*}nafm%nQoKth% tI"ﬁfﬂc?eégre%L%sQavﬁa ré’@pon%e@Ef;g%tﬁAibeeﬁg A 1

S) - 3- I

D azoWd“C?I&e é@%ﬁ%&y k& é.hsza&%ﬁ?‘*%e%grdeé.“)f%*ﬁ’éﬂ@na#p

was S hesi.zed i ana er to that Exanpl e 84 f

Intery 5 afpﬁ%aafma%oaﬁm §°$h%59ﬂwrb9@m'ﬂ3heiw (‘\&eemﬁﬂ%% ®8a3) d
8.54 (1 H, 841 ( 1H, 3(1H, 1 (1 H), 3(1H, 504 (1
H, 2. 34RLe device may, dqtegbthegeﬂyestiy@% andlacmrqmgtwhe rﬁqwgsttymeslgﬁ(aﬂ H) ,
1.54 - 1.47 (2 H), 1.23 - 1.08 (2 H:; mz 367.9 (MH)+. Exanple 86:

(S) - bertkgowb wWhaH sposdivendath-dem@nig thetl shmutdnbehghryptedt dre, ciudedi inzihe -

yl ) propanani do) ni cotinate, Formula (1A-1 1) wherein R4 is . Internediate

(1-1 5akqledB8&ings tHe. regueseimayies HITF ree@ieb s, drwtr@rﬁéqwmlhgm@y%me_) at
room tenperature under nitrogen. One drop of dinethylformm de was added,

foll O‘é‘gga ifdy F]I‘Féxd"é\%e Qfété'@c tﬁ? tréIévéﬂt-parém%téFH‘E)g)ther%%ﬁ'fesbé@@trﬁhé;ﬂ'e*b%e

subsi e reactlo was | e stirring m nutes an

?ZaESQE*h?ﬁtvghfé? B8 P EROL RSP ey R B B BERAHERERS

resi due | ol ve di chl or onet hane m ). Internedi I - 28a)

( 180 ﬁﬁ'vﬁéﬁé'e% %eaaﬁws%m%%ewa&sei%g; &E/.”SBEI)&I%W Apéfean %&éH tlo the
acid chloride solution, and the reaction was stirred for 18 hours. The

r eact i dhewadualpf theegiensitive datehelenmanis Radeealageviaesrplamiexbvajues withaiper was
washed with brine, dried over sodiumsulfate, filtered, evaporated, and the
r esi dueeneagptpdviafiesd by silica gel chromatography, using a 12g pre packed
colum, eluting with 25% et hyl acetate/ heptane. The product fractions were

conbi ”E{QOQIZIVWr@Ihg% f@ﬂﬁ'erdérinégdlhﬁ@lﬂé LIy Vé’ééﬂﬁrﬁ\iéhtl@ﬁf Fr’lréirdbh@o bhbbl%
conpound (262 ny, 537 mmol , as a Wmte glass. 1IH NMR

510 ( el vy Byl ey e, e ﬂgmrgdgg 17
éxgrml Pri 2 awﬂgﬂwfa% Tr @88&,5%@995 (Giuths eRBiadr it baden,

,2,4-triazoM - yl)propanam do)-1 yrazol -1 -yl )acetate, Internedlate(ll
5c) ( itg@tugbse@*cbgar}mtpn\,@gegqqteq eld@Véﬁey'ScﬂQ’SthﬂgoW@ttﬁéW@I {ext igaqyesht room
tenperature under nitrogen. One drop of dinethylformam de was added,
foll owed by oxalyl chloride (0.1 2 m _, 1.3 nmol). After bubbling subsi ded,
the reaction was left stirring for 90 m nutes and then evaporated. The
resi due was re-dissolved in 1, 2-dichl oroethane and re-evaporated twice to
renove unreacted oxalyl chloride, and32hen taken up in dry dichl oronet hane
(5.0 M _). Ethyl 2-(3-amno-1 H pyrazol-1 -yl)acetate hydrochl oride
(Cakwood Products, Inc., Wst Colunbia, SC) ( 160 ng, 0.78 mmol) and
pyridine (0.1 6 m_, 2.0 nmol) were added, and the reaction was stirred for
18 hours The reactl on was d| I ut ed Wlth d| chI ororret hane and wat er, and t he

I Y




Exanmple 9 1: (S)-3-cyclopentyl-2-(2-nmethyl-4-(trifluoronethyl)-1
Himdazol -1 -yl)-L/-(5- nethyl pyhdi n-2-yl)propanam de, Fornmula (1A-1 3)
wher ei n REOi28108268t1 hyl pyri di n-2-am ne (96 ng, 0.88 mmvl pCraB2oak®sm24up in 4
m _ of dinethoxyethane and cooled to 0 OC. Di nethyal um niumchloride ( 1
.48 mol , 1Min heﬁTaneé was added ogwi Ee. The re uIti n mxttﬁre was
war med A1J PBYARANLHE BamMSF YR IO IRy SeRCh gEMS & © reae6l UFi 5V ot
intermediate (l- 17a) ﬁ90 ng, 0.3 mmol) in di nethoxyethane (2 mM_) was then
added tside peargbifuneliandlibfyi ne sol ution via canula. The conbined sol ution was
heated to reflux overnight. The reaction was cooled to roomtenperature and
sl ow y [§0@8icHexisdnye tphiacihadb maydesaaoplieddo sehstigaenuseriRodtdtaldlernentsahat are
(concentrated, 10 ml ). The mixture was stirred for 20 m nutes before

separ ateﬁg{éta@ dsmgﬁésfurfféfﬂ: PAESBAaliGY e WHES aWRFh&EL ¥é4rehaspepsmBaohel | e' s

salt (1 ) and en brine (30 m ), dried over magnesium sul fate, and

t
EﬁPSﬁQttﬁgfﬁﬁﬁfd%( A2 oIS HEDRIRAMEY QHfCoRHE rnietic Yecteh sEBe ang
hept ff dt tit d 1% | d. 1H NVMR (400 MHz, CDCl 3
0B, 30 Thay ‘f"ﬁBaCé?) rlf‘a"a S%S Ii‘ﬁtmﬁg&ﬁ%sg}&édn -?“$ 46 ( 1H, (4 64 ( 1H, )
2. 42 3|—% 00 - 2.13 ( 1 H, 1.43
- 1.78 [@Q %Accpr@z;g to iurﬁ@pr(egnbgdlrr}enis g@t{ge meeemimwentgpame@ the- response

(S)-6-(3-cyclopentyl-2-(2-methyl-4-(trifluoronmethyl)-1 Himdazol -

yl ) pr opametuinioy rfﬁomrottheaScanplicafmrrmf is niayzbe Byvehipagei nRrier to eaﬁeefheedi ate
(1-1 7b) was dissolved in nethanol (2 m ) and then hydrogenated with an

H- Cube(detgetiorf ol textdal @ndrypted-élenments, eadhderergatetréldgent ay HavEO&wnique

met hanol / di chl or omet hane) showed nost of the starting material had reacted.

The r ea&eflﬁﬁné Qb %e@én@é’ﬁf%g% L3 %s%”&ehi@@n@rsﬁﬂ’& é’@tto%etéét theseual f 1 ed

by silica gel chromatography (4g columm, 0-1 5% net hanol

di chl or f:
11,73 (&W%?e&sﬁ@?@ﬁ fhfe%%‘b‘ﬁﬂb%%hﬁ)@&%%% Mtwa@ B%‘P? %ue@%? (3

, 2.17 - 1.74
I(% H, Sfr@e/maylaf%%’ Eok%w-r)do%'“@ﬁnzts hatiﬁ&trk%d AP 2 rﬁFQoﬂsel?r é&@% ‘;L'wes af?)garrpl es
93-95 of Formula (1A-14) are provided bel ow Exanple 93:
('S) - 3- dpoupians {hat 2re dowpiaadedsTemthe SaaSoprovider SeveR pyrazol -1 -yl ) - L/ - (5-
met hyl pyhdi n- 2-yl ) propanam de, Formula (1A-14) wherein R4 is
5- et hy{DAYO0]di n- %mrdieg(tdufarthgr, embddimemis)ofihe pgragent inpemntiord imloraddr to
di met hoxyet hane and cooled to O OC. Di nethyal um niunchloride (2.22 nmol, 1M

i N hexarypatnasiitedalde apvibseat doretragrid vdlngs WhidruimayWwie haee egrefiR dndl
anbi ent terrperature and stirred for 30 mn. A sol utlon of internediate (I-

18a) ( shiifix, Wﬁed@vi%§ oW Whed fﬁ%%@%)’ 4«%@ SRPsNES th 0 the

activated am ne solution via canul a. e C I ned so Utl on was ﬁeate

refl ux n Th e an (o]e]| o.r re wa
quencheg’ngé) %%eﬁ%f B&pét r%(ég(ﬂe[ V%%?Bq? %tg%r% mf‘eﬁ"@‘?@[ f(‘)”ggtegéhe Y%}H% %r at ed,
10 M ), The m xture was stirred for 20 m nutes b re se aratin the

| ayer s.deMRe BlAYARRY thEae PalRMRderRe rﬁ?@%%@e@ﬂﬁ&% ginsgneryptetiont )
and then brine (30 m_), dried over magnesi um sul fate, and concentrated in
vacuo. VENeES eoddl enasyiied value rerdeteetad iyeit walummanbe fransfpraynyie @ singa gel |
gradi ent of ethyl acetate from 20-100% in heptane) to afford the title
corrpourtdeimvelrsé%arfséd)rmatfblﬁ HiIVRe( iQBrddperntildgtidn ), dandl. e radsfedbmed vafues 8.1 1
(1 H, 7299 ( 1 H, 7.45- 7.50( 1 H, 739 ( 1 H, 484 ( 1 H, 3.66 -
3.74 ( rﬂfag'b (p?acjeoﬁln&de tR8 rés'fpdf*)se 2I'hjd% the2re]3p6n§é’5ré?9elve7d H}thfe Hro%ef D .

1.01 - +. Exanple 94: (S)-benzyl

6- ( 3- cycg }) A rfféxpethyl 3 (trlfluoronethyl) 1 Hpyrazol-1 -

yl) pr opanam nP Inate, Formula (1A-14) wherein R4 is . Internediate
(1-1 8b) (65 ng, 0.22 mmol) was stirred in dry dichl oronethane (5m ) at
roomtenperature under nitrogen. One drop of dinethylformam de was added,

f ol | owerhdyegical pdsitiBhahitie ddipBfatél netwdrk®é mmol ). After bubbling subsided,
the reactron was strrred tor 90 mnuies and then evaporated. The residue
was re-dissolved in 1, 2-di chl oroet hane and reevaporated twi ce to renove
unreacted oxalyl chloride, and then the residue was taken up in dry

di chl oronethane (2.5 mM ). Internediate (l1-28a) (61 .4 ng, 0.269 nmol) and
pyridine (0.048 ml _, 0.48 mml) were added, and the reaction was left to
stir for 18 hours. The solvent was evaporated and the residue was purified
by silica gel chromatography, using a pre-packed 12g colum, eluting with
10% et hyl acetate/heptane with a |inear gradient to 50% ethyl acetate. The
product fractions were conbi ned, evaporated, and dried under high vacuumto
afford the t|tIe corrpound (68.4 ny, 0.14 rrrml 62% as a V\/mte gI ass. 1H

1 N oA ~ 7 N NS NN N A ~ oA ~




ot her reagents were purchased from Sigma-Aldrich (St. Louis, MJ). Al
assays were perforned in a Corning 384-well plate using Spectramax PLUS
spect r ophwoanressei Mol ecul ar Devi ces, Sunnyval e, CA) at PCOOBR200®N§3e24at ur e.
The fi nal assay volume was 40 nL. The buffer conditions used in this assay

were 0 mvl HEPES, 5 5 nmM ATP, 3.5 Cl 2 .7
NADHO0SO i i (ARCSTAInG: o oms ebdtiepts o e Pisras iveRboar He Systém °

dehydrogenase (PK/LDH), 0.2 nmM phosphoenol pyruvate, and 25 mM KCl. The

buf f er P&y ReLmbadied The nedwerkeshemsupetatianai pietfemm slifevge dier S¥pIPI®AS @as

added to the buffer and m xed by a plate shaker for 7.5 mnutes. The final

concentpraky batwdendhewlibgi sSdé bpplickionnmunoidgasdallnabtheheea's bagwaersartd &%

G ucoki nase was added to the buffer mxture to initiate the reaction in the

presen patighsenes side AMTAMSY BA. thENSaaS arbYiear ve e NiFiQired Pivrabigiviebance
at 340C6r?rrr)1ﬁdue to the depletion of NADH The initial reacgg)\rI on vel ol(t:p?ty was

”easureét’toW%}?onta%X%nn@Bftdpbﬂﬁés \tthF] 'ﬁﬁgrb%% 0- 300 seconds. The

percentage o tivation was cal culate by the foll owi ng equati on:

% Maxi tivation = (Va/ i n_eac

def 1 nedU0:08he T hEPsF of EXaPainid bty mﬂvmr%kepﬁeéesﬂeeoogrfenatﬁsa% of the
tested conpound, respectively. To determ ne the_EC50 (half naxj mal

ef f ect |'0§“%6W@9F&t?éﬁt\dﬂ')k REftNeiRaLioRa te 18 freuallon he&ﬂYﬁBtﬁ&?sOf\ﬁétsém%tqnal |y
diluted in dinmethyl sul foxide by 3-fold. The gl ucoki nase activities were
measur g8l that anlyf usersitioat wérkowithio trelenienerise netwosk san Wesk withdhe@peli¢ationed t o
the equation below to obtain the EC50 and %rax activation values: Va/Vo =1
+ ((%reoncretally aridoanyl uge)d thht ar&GRo/peespguhtbwymttentiedte ondy Briwa oBBl the

G ucoki nase His-Taq Purification Gowth and I nduction Conditions: BL21
(DE3)  cdryptbl Matd CRIRENSOIRGS MdyoBnatsiarthe %@e Pﬁé@ t&%DHﬁ'th‘é BgcRRCIHC or N

Hi s) vector were grown at 37C (in 2XYT) until was between 0. 6 1

. 0. Ex I I 0

final SSRGS TR onb%%éttn%n%ﬂﬁh 288 oo TP IREN @Hbé&fe%?rﬁ BB it oo
over ni at 23 were harvested via centrif a i on at
5000 r 3ﬁf—'108rp°raterﬁ%wp9§ eaenﬂ%ﬁé t*ﬁ%r *&%‘? POPENPWE YRENAME ALY RASSWEG

future purification. Purification: A N -NTA (Quigan, Gernmantown, I\/D) col um
( 15- S@Qﬂ"c§lt|%s used for separation. Two buffers were prepar ed, 1) a

| ysi s/ nickel equilibration and wash buffer and 2) a nickel elution buffer.
The | yqdD81@3jui | i bkeording wea surtharfenebodianenis efthe griesent smamtion SthisviodBRIES
buffer at pH 7.5, 250 MM NaCl, 20 nM i m dazole, and 14 nmM b-

mer captragy hanale ssenfarivglof %ﬂ@@éﬁrfpﬁiye@rtﬁat hae et thd ongabiration, Masiopsemer ed as
such: 25 mM HEPES at pH 7.5, 250 mM NaCl, 400 mM i m dazole, and 14 nM b-

”?rcaptr%_ﬁétghimnfl deldtal fr‘d?ﬁ‘?r?é‘é'éﬁé' |cat§}fu9é%fl%tsghﬁrtﬁp§%@?ure ra%roed

with a ter prior to use. pell et

resusp i S| a fer. re
then_ |y LLefe % Sreusoutiers S B -@%Jécr RO TR PO
(Mcrofluidics Corporation, New on, slurry was centrifuged with a
Becknaﬁ”%dﬁt’@@'e%géln YrAUBRRIZRC SR LS ﬂ?@ggﬁ gRie -Coul ter, Fullerton,
CA) at 40,000 rpmfor 45 mnutes at 4C. The supernatant was transferred to
a chil I[6@104]ask. Acopndingetoofurtherngmipadimnente off he gegseandnyiition, Amekenaci a
AKTA (GM, Inc., Ransey, MN) purification systemwas used for separation.
The priadvahtagesofnbistapaladmalytde thasitlsé eqgterprive abs doll bohtrelron HeedéiiedTA
colum was equilibrated with 200 m _ of the lysis/equilibration buffer at a

flow ragmy ok @vﬁdé@dﬂé‘ﬁl@ays?@ﬁta%ﬂﬂh@ﬁé‘bﬁ@rp%'R@@ﬁ laheRf adiR theldewiteat 4
m./ mnute and the fl ow—through was col lected in a flask. The unbound

prot ei Hay*8hdb @ﬁﬁﬁ%@ mr hy??‘ @é%m thgb\‘ff&Pr QHBét%ﬁtré\Qfﬁlct)ﬁt?’olr&}et‘?hg‘; 5

rrL/mn eun I ravi o ase

el uted E]romthe CIO um i m. dazol e elution buffer via imdazole

gr adi erdf©20VAKY P8 ‘AR Htﬁe&&é\f €. The colum was then stripped of any
addi ti onal roter nwth 80 m _of the elution buffer. The elution fractions
were edffl AQﬁor@tngd@aturt?ereeatb@rdIre@tt:e}a#ﬁhegorew&dﬂv%@mem Oraeraloy zed
by sodi um dodecyl sul fate pol yacryl am de (SDS-PAGE) and the fractions

cont ai rénaplerarnetierusels inwerkepropady avithdbe &shashabpp matenthey mdy needinrthisusi ng
ultrafiltration cell with a 10,000 nol ecul ar wei ght cut-off (MACO

M I 1ipore nmenbrane (Sigma-Aldrich, St. Louis, M) under nitrogen gas (60
psi). Protein was further purified by34ize exclusion chronatography (SEC)
using a Sedex 75 evaporative light scattering detector (320 nL) (Amersham
Phar maci a, Uppsal a, Sweden). SEC was equilibrated with 450 nL sizing buffer
cont ai ni ng 25mM HEPES pH 7.0, 50 MM NaCl, and 5 mMdithiothreitol.
Concentrat ed pr ot ei n was then Ioaded over SEC and eI utr on vvrth 400 m_

T  r r Y o, ~ -~ o



SUMMARY CF THE | NVENTI ON [ 006] The present invention is an appliance, a
system a nethod and correspondi ng software conponents for encrypting and
pr ocessi nyoaatoza26wecor di ng to some enbodi ments of the pPeTaR2009/n38ent i on,
there nmay be provided a synbol based encryption nodule to encrypt on a per

synmbol basi s sorre or of the data w n a_dat a re ord

+Y aneadBpaRaySoFonareRlo e pBteTDaRA penY ke Srepnd %LVR&» Ader

docunent. The encryption may be invariant on a per symbol basr S and at

| east dbeen&@rprine n@gnl@r ki nfhigerexy rearzsral%bem@ﬁtemmyee @ﬁ@orﬁt\/\é?éﬁrf ¢ih2iBg ®Nand
ot herwi se processable. The encryption nodule may utilize either a synbol
based rhp@ndeuderisl desktopdlapyorh)dd abdeesd tervongpmiecomarkgori t hm  The mappi ng
tabl e or an encryption key of the algorithm my be either user or

organi zation specific. The encryption algorithmmy utilize a user or

or gani zat i onal specrfr C k(ex provi ded by the user. [007] According to

f ur t herPetential rRrvate§aash Hanee lmp_ém_reta,tl_oanclnyppp@waaﬁeawstpnﬁ@rneor a
group o t on a sensitivity evaluation of
t he sy &ﬁ{ﬂ?wﬁngg%gp%et%g vrrtése@gglvgﬁﬁcﬁgn nodul e may be provi ded, and
t he nodul Fhempptienes willnse mr&erﬁg;Lmuw(bg itced®) of sone or all synbols or
groups of synbaols within the data file, record, transaction or docunent.

The serfsi Qr\/tn?}'e%é@ﬁr?hwtra@dn@roeymdpsaw Qf@xbéﬁfv@rrned based on one or
nore para t tle, synbol
data for naﬁcﬁé%rn%mlloﬁf%nt eétrO%%Bgﬁlgg@ge%r%C@@ !e téeédgrs]e urr ty +del%/|%1 [ 008]
Accor dimgThe &p@h&n(mnzvdldnamtaa svalf badesl Gldbsent i nvention, the encryption
nodul e may be integral or otherw se functionally associ ated with an
application adapted to generate, view or edit the data file, record,

t T ansaqhipite8hadoREphsed AN iPEERSERAS WRnfddrid BkeARRYIcRRRIcmehts b
present” TNVeNntrton, e encryption nmodul e may be integral”or otherw se
functi dhalpl@seﬂm@tﬁratped peripheral hardware connected to a conputati onal

S e e T

i nt egr ahe devieRioretsey Thetdevitdl gy 2eseisat ed Wi th an organi zati onal data
file system data record reposrtoré‘hor docunent reposrtory [001 1] The

encrypti oh rfbaeset hay W&W@U abwibevpyailFale enlydralary miBistdi at ed wit h
a gateway tq gani zational file system data record repository or
docunent reposr?ory L%[eg%l 2] The encryption nodul e may be integral or

gt Per W sesf mtgyonamagememuatrwd Wﬂrltbb availatpplto Catlicp adpricigirdids by g

of t war a Service server or wt at ewa oftware as a Service
2ppl | cAOPERIoer v ror SashianGagan pueparied b e ke AL BaVS Adastiaigd Ak h
tables or algorithmkeys to use nay and who synbols to select for
encryptthah\{vl”gﬁg/ta(ﬂ@mm toe spesificppplicatiorppl i cati on. [001 3] According to
some enbodi nents of the present invention, there may be provided a synbol
based deot@pti on Thelpbkcyademgeadwilloendbl¢ ithe polionEantigistratdretoadefmed@bichpt i on
al gorithm associated with the table or algorithmused for encryption by

sai d eru:gtg@térﬁ@ntgtgjglsgnsﬂ'ngdtaeggpeaﬁéﬂgr ated may nean either the sane or the
inverse of the table or the algorithm The decryption nodule nmay detect the
encryption synbols in the response returned and decrypt these

synbol s. [ 0014] The decryption nodule nay be integral or otherw se

functi d?ratréteSaaSod?aﬁs&ldle\MAdvmtaqesl andt Bemefiiept ied acoogianeeatvith goew or
edit the data file, rd file, record, transaction or document. [001 5]

The de&*FHiRIBY %BG@'@T‘ § OhHe PrEs§PLINVERtiN her wi se functional |y associ at ed
perrph K pjHcati on
bt e B e B B e R 3 IR HincR o 30 Mot e

t ransadocemontheleotemerse): [ 001 6] The decryption nodul e nay be |ntegral or
ot herw se fun i.qnal | Ci ted W th an organj zational data file system
Fecor d ¥ oBEVTR A G BL e i Eiudn BRS Se6 Uy T CeHBTadS SRErBIRSodu e My
be i ntegr abnirk @b e Bhas argo.abr g@bbﬁtrélsrﬁﬁgt' ?@gor& e 9a§§fa‘n$ﬁ/yhét° an
extra-organi zational data ystem recor pository or cunent

r eposi t or ganf@ are] mirieizéeibeygxpiosuraoienterprisg domfidankegrddtaor ot her wi se
functionally associated with an application provided by Software as a
Service server or with a gateway to a Software as a Service application
server. [001 9] According to further enbodi nents of the present invention,
the encryption nodul e may be adapted 89 encrypt at least a portion of one
or nore fields of a data file, record, transaction or docunment stored to a
rel ati onal database. One or nore rel ational database processes, such as
searching or indexing, nmay be perforned on both encrypted and unencrypted
portions of the fields. Accordrng to further enbodrnents of t he present

o o o . v o




di rensi ons of sone of the elenments may be exaggerated relative to other
el ements for clarity. Further, where considered appropriate, reference
nuner al s wayolyg2sspeat ed anong the figures to indi cate ®OCTABHPOYNTIONG oOr
anal ogous el enent s. DETAI LED DESCRI PTI ON [ 0027] In the foll ow ng detail ed

descriptiaon, nunerous specific details are set forth in grder to rprovi de a
t hor ough EHHQ{P%F%GPW@D b¥e €al8 RrivasMolRY. aqslhenakie the complianee aiger & ood by

t hose ski hé@ wi@ﬁ@éﬁf&‘g@h@@@%ﬁ&my ,ieggpd?,q%on may be practiced

wi t hout t speci et al n er “i nStances, well-known net hods,
procedur es, *cobabtanthat caared eiporigd extasnady rahelseenrigésonplizdyioifickrtcanl so as

t t b th t.i i . 0028 | ifi | | t at ed
ot her vi 0. ac dEfite B CERain G318 Se PO @b dredh caronERBeis) sEOUthe e Mot
that thr oughoumdshed HRRseiehg semt olitsiats 81 PRSeritbigrissi (B0e t6PM-BYSh as

"processing”, "conputing", "calculating", "determning", or the like, refer
to the action go@pdangf)ocesses of a computer or conputing system or

simlar electrenic,c ti Vi , t iLpul ate an r sform dat a
S Lo el e« B RO TRBLIG) SEIER . d DR RS AU BB
conputi ng syst eﬁhf@qréﬂkbﬁb%éns_’ﬁtﬁ\(h{ Oatarsiémentssfor Gtﬁér@rﬁt@éa@@b@lié&ltmﬁbﬁﬁex
represented as physical quantities within the conputing system s nenories,

regi sters or of@elrityigemnlianey pEiCEbRaR Mdifird it te tailoritda it epteraiiss ay

devi ces. [0029]$egjrm?§iongynts of the present invention may include
apparatuses for pertormTng the operations herein. This apparatus may be
speci ald y Thensidwatibadradle tHeeCxEstor gk $aEP 6 Sduce costs BRYusHBEaSe a
general purpose conputer selectively activated or reconfigured by a
conput er PPBIfEARNYI eXRO$IRg cepfipential datg,anrd as @ipsutt &¥itheubHEKRY ey be
stored in . readabl e storage nedium such as, but is not limted
to, any t g%gﬁ%%@'oﬁ%m uding fl oppy disks, optical disks, CD ROV,
magnet i c- opt« célalldinsksresdetion aefinitivarand smpliROds)uce raaitoeyaicerassts.

menori es(RAMs) el ectricall rogr anmmabl e read- onl ries (EPROV),

ol oot 11 ol 1y bHIEANAS BRI GH AR LEoRR o) SHaM 1o BEEPROFRYCEs

magnetic or 0p¥Hé3ﬁéed3ﬁir%ditgfg &%ﬁ)sg dr¥R8ef nedia suitable for storing
e

el ectronic instructlions, and capa of "being coupled to a conmputer system
bus. [0030] *"Thin passcekawsSaal rdiasgd ageurpy bseanhe dohwtidicatien willee réquiiredent | y
related to any, particular conputer.or other. apparajus I ner al

pur pose systen\t;ooﬁléﬁ}owgr%%%or r}gnvaﬁpéjérrg%l%f['ﬂngg%'grQA]%@Y%(% m?t eachi ngs
her ei n,e OMdriitoFBNd ALRMES£4BViSAGEBhdISLAONSt ruct a nore speci al i zed
apparatus to performthe desired nmethod. The desired structure for a

vari ety of thedenapiasemeniiping appead appieatians uregerhptheentedrioe. | n

addi ti on, -erpofigRples ol e Al ES ENterhAYEBhLARC AEE AT RRIGAGH Yokl
reference to any parti cular” progranm hg T anguage. W '~ be &ppr eci at ed
that a varietyusbgebeasersr ng | anguages may be used to inplenent the

teachi ngs of the i1nventions as described herein. [0031] Furthernore, it
shoul d be urfdetehdiftesiAabnoRNal UPRISETSage @RRESHRNSand/ or st andard for

conmput er network] k1M alg i i ; future, may be
applicable to [tﬁg&gpersent ?%@@IPQEV%&%%\HE’%%%%W%I [ 0032] The present
invention is an appliance, a system a nethod and correspondi ng software
corrponert.s f pt.i Ng é1d Qr 0CEessi i of . the i.nvention
may be TALRUE SIR\e SHdvaryaces , angd, litg, to.,the, 3aag, provider,, 0| ary
dat a PracerRfdrte WS t6MeasehslhRterhBodiPiEntS BPad pRBEAt Rlehtish:Pr esent

i nvention. According to sonme enbodi nents of the present invention, there
may be %r bnhdecdng atiyatitvenbas etitheircsolptioro ibyragucemingagnedf the reajorypt a dat a

file, a data record. .a dat.a transaction af a.doc nt . on er symbol

basi s, - whBrBPRCEn iy b PG skt el rS tATLb B BB, &7 "o phr ase,
a nunber Redabingdbil®f ircOREE ®Rits expesueél MBinaé FsemEtiveintdraiaphass i n any
known | anguage. The terns data file, data record, transaction and docunent

may be us@HCIYRtast @¥Rhi&dindornationgralthatis sogamagsst Abroughob 3@ n@lccor di ng
to sone e ' Y/ ' Lon
modul o, ool D eng ofler ey TRk ARl oitlic Be RIS by IS SAiERRt B
anywher e glilbthg lasidd¢fengeirecadd alhthe otbes defepsetiaysrgdavbdaired. According to an
enbodi ment, the nodule nay be integral or otherw se functionally associ ated
with a conputational platformon which an application (e.g. plug-in or
add-on) used to generate or process tfB@ docunents (e.g. web browser running
the client side of a web application) runs. Wen the docunent is sent by
the client-side application to the server-side application for further
processi ng and/ or storage, it nmay be automatically synbol based encrypted
as part of the sending process. According to sone enbodi nents of the

oy S - S Y b1 - B Y b1




pernutation using a pseudo random generator. [0038] According to yet
further enbodi nents of the present invention, each user and/or organi zation
may be aswochareeseni th a different and substantial ly uniPGuaBroappiazt t abl e.
In case the mapping table is inplenmented as an encryption al gorithm each
user and/or organization may have a unique encryption key. In case the
mappi ng table is a random pernutati on generated using a pseudo random
gener alygdercAfitheiRiat A& Ruthio Ratith | RAd T d1Fedfites il dtbbhag; uni que key
dynani da01§8JupdatAdsiosding o eomﬁjerrrvb)pdhmerda mmareq@datrw@ndom; argadpleoaah on.
For exanple, when a user/organi zation starts using an encryption nodul e
accor digegutity sfeaturenifordigntevpsisef applcqtiorsemhay nvenusen, authentiepipnngnidabl e
for the given user/organization nmay including mappings for a set of synbols
likely étﬁh@r@zéti%”ﬁ el @cBesS lcdhtrdl) CThby¥e WdcBRtyW fllired fialyNcAFITRRG Tansed by

t he user/organi zati on. \Wen durlng oper ati on,” however, the encryption

modul & el khd g5 Bﬁyﬂgplrda{?roﬂn@ﬁm%tr&ﬁgQggmét%ﬁ@ﬂona‘r@ Srasiggl {1 e

synbol s no respondi ng na in
t he encr tion no e Or .another assocl a sof t V\B.r onent ener at e
e St e Bl s et A Dse e et 2S gnay Ror S50 A B ot | on

algorithm a correspondlng ci pher entry and may update the nmapping table
accor diafgerprisgrapplicatioraisraydedn e '\iﬁﬁe%f’fweb Hewever, vdiegaihieannlisatiomip gr ow
as the body of docunents encrypted by the user/organi zation grows. [0039]
Accor diprgvidedsione Sadas diodahttbe assuehef pises emndgevmariti and usae atoess rightsl ity
of the mapping table nay be replaced or augnented with a synbol

basedmapahageraest KPbecammgoar iisdUB, e BaES iept@dtise EROlo RrFRGeatdonnt hm
known today or to be devised in the future may be application to the

t t
nvent 1507 51t et HecSTRPE AboinBURSTRRCT (B B S holerdl o

encrypte first alyz t S ol s
wihih eﬁggﬁt%ﬁ@ac%wfﬁfre% e aa PR SleE RS uRB R e
encrypted There ndy provi ded a data sensrtrvrty eval uation nodul e

i nt egr VYR e RREAPaRE ’F%IW@F K 8REI'S Panseee iLXtBe SRS Emaypekes Iabdlul e,
whi ch data sensitivity evaluation nodule nmay estinmate or determne a

sensi t iseNsg¢ lhatePrivatesmas grvilleentica tHe eentewphisel poficyyrfoupusdsr eyifgans) and
may indicate to the encryption nodule whether or not to encrypt the given
dat a/ syadtlebrizdtionThe hi gher the sensitivity | evel of the given data, the
nore likely it will be encrypted. The data sensitivity eval uati on nodul e

may be jpdapaied t &Rk @ing tért@lrtﬁeraéﬁibbkﬂnﬁét@tsscﬁ’rtﬁetprésér)t iheeorfin Spo® @ al |
synbols or groups of synbo s of a data file/record/transaction/ document

(for e r C f t. t sed
{he sy?a.?d%% 8% TRguRERRe BRI iAEPaRB: Alarlcl B @0 @tht o
synmbol w thin the tion ordin further,. e i of the

b e eneFRPERE ST FeHRBRHStaR 2P ) BOIEEPTaF EDAP or dckiE GirEEler), BRd Whed
filel/transaction/record/ docunent may be netadata tagged with an |ndrcator

i ndi catthAdisenés %’)é'ﬁgltt)lG@ﬁf‘?C‘l toviee a3 ﬁ@pd%ﬁt@ﬂstiﬁﬁﬁﬁwa PRSP Mmasjirshaerify
associated with it's the data's or synbol's neaning wthin the application.
Accor dithg user yaentity agaiest thebentenprgesusdr ddiebase s Hriheiusee meandity ist Yenfeednay be
provided tenpl ates or configuration files associated with each type of data

fil el dopgrmivateSaaSpidy claédlomshe ukser wedntalepl tocadd rRsSaad ppicatidn| TRRt | ons,
whi ch tenpl ates of configuration files may indicate to the eval uation

modul e R/ S¥APOboChRRC SidiRk AheCToraiARE! Ustro ddaiateyTBQ) S Litad. i n

the fil ocunent type to assi fi sensitive, accor to their

of ¢ ho e Pe G AT br ik Baacl it dﬁ*ﬁlﬁéﬂ*ﬁ%gg&%@yﬁ@"%ﬁ%@? g Beher o

not to encr en d ta/s nbol y_be infl uenced icatiagn (e.g.
Lser  QarItHy ushaly dGeerid o5 HeRaT ol TR, EfvpiESas waenable e secuity
application. Accordingly, the same data/synbol considered sensitive and in
need ofofierittosisfion agpess fighisduies far daabrapplicationgptdoceing da the Hseli el as
havi ng a high security | evel may be considered non-sensitive, and thus not
encrypted, when found in a docunment having a | ower indicated security

| evel . [0042] According to some enbodi nents of the present invention,
utilizing a mapping table may result 8h an invariant encryption (i.e
preserving functionality) of sone or all of a docunent's encrypted

dat a/ synbol s. Accordingly, sonme or all of the functionality (e.g. textua
search, arithnetic operations) of a renpte service, server and/or
applrcatron based may be preserved and applred to the dat a mhrle

o, o o o e



associated wth "Software as a Service" applications provided by third
parties over the internet or other distributed data networks. Software as a
Servi ce (WBaa@®6é¥el at ed Enbodi nents (PrivateSaaS) [ 0048 THRogIsemt s of
the present invention relating to SaaS are descri bed below, in view of
attacheg Fhﬁures 2 bﬁrough 6 . It should be underﬁtoad hhat(?lthou h the
bel ow dBEETHIATES- r ENQedNtPSEag4Ch RpHeRe AESRTSHHENSafGeRE e IQEsAtuF St
descri bed may apply one of nunerous other enbodi nents and inpl ementations
of the fpiveiepaad masnpiayife theealyjlily do ndeRags psersnaceases rishismy Briyatedaa&ur e,
and nothing witten therein should be interpreted to limt a general
enbodi neraddiiont toeerporesenaciasseightofar edch apmliedtidre dhel Peivate Saadbmagtallow of
novel features described herein may constitute a clainable invention in and
of itseabfmahdftddhd AefREd nittelPan@BE abtdxdi Q,ti%.%fccéﬁﬁrigﬁt%&_@ﬁ@n(tt@h%ﬂ%ﬁ on,
t he usage of external resources such as 'Software as a Service' (SaaS)
app! | cahiinthEafoflRYA. CRRRUIIAESS AEKIsIASy A dEodiRNGh HRILLA ble/ and

ta 1s ensu

privacy of the USer/corporate sensitive red may be enabl ed.

Accor di sone, enbodi of the present. invention, the i|nyariant

encr yptDEh Becnnat GEyThayBahanR: bRl bR Feretlnygdio) RLtVe
application's features, while substantially maintaining user/corporate

pr i vacyuaePnahht inRntenable . Piaierasagia ¢encenasr PEMBOHIRAYRY sthef iBheSeir esent
invention, little or no need may exist to change the SaaS applications; the
i nvar i alepeadent;pité.otiepriteion Hagr falet dieusenaleparttentuséhist maysenable BbgasS
functionality while his data is kept in anencrypted format. Such Saas

appl i cagritemsisetty Jemeratdeseganhteagreoups withimalye kentarpese iheréiaxdnipimerabesh on
the data stored wth the SaaS provider and arithnetic operations on nuneric
el ementigom A \Zérg%ﬁwptrﬁa\} BB PRI to8Ra theRRbe s MioFhStich §88Eatd M@ Mat 88me t MRy

further enab e detection and decryption of encrypted el enents on

e T TRl S R SBT3 D
T b R S0RES S S, B R ek AEDI ) oRlersBF S0 °

i nvariant encryption of substantially only sensitive data el ements nay be
done. deipsmatior to Reseasable®nyy t@d@ﬁf@b%wl’fg@ hetfingnea areur-héogspiavedhison
data to be sent to the SaaS provider. According to further enbodi nents of

t he prd¥ivateSaz® mayunse ahbfferent ey $r theyinance goous aot asdifferant \key doetnent s
before they are sent to the SaaS provider. As a result the application data

that i sesedttthé entdrgrisdathua, oniydee finatcé hrsug s nthash Privdte8as8 afapusyinéer
servers may not contain any sensitive data in non-encrypted format.

pccor didgglela o) 1bhenENRRbnRleoR diBAIDO O RARSHRY RidsdasodRtamiarer 45

t he exposure user/ent rise Sitive data's e msuse may
be prevented. cor di o further enbodi nents of the present invention,
when tﬁgﬁﬁingﬁ%@ Fgégguéhe application data via the device(s), the device
may det he encrypted el enents in the a i cation data, apd decrypt

t hem iﬁﬁii ht he qrélaeit%wrgiqra@mm?\?@&ﬁ gﬁh?%eﬁ‘ﬁté%\fe@%e Hb%tle%é@gi on
and/ or presented to the user may be in non-encrypted-format/clear-text.
Exanpl ¢8ay @isqssableseutlti higyaghyAcEor géxagrie it dhe rsevods rexemplefthe HeEQr esent
i nvention, a user/corporate nay use a SaaS email (e.g. gmil) Fig. 1. The

i nf or meghionid beabke toaead hothrtid Hessygesdenarateeiisy theviinamedl grovmbs walitas t hat
shoul d not be exposed to anyone except the user/corporate-users. In order

L0 prevRBSsRES @H@%H%y@théh&%}&%éﬂtst he skvbeelsd PRRateSabsThay (8e for

sensitive data 1n the efmail and encrypt these sensitive data elenents in

th I t i j i K t

the Saals SHEDEAN s TR, nah G Y eB T A ey BT CRRdHE UhBobEr | '
t tai iti i,nf ion | e

non- encteyp: eRne e dRe kR ior G e Ptend SRR LNaRSRRS SPneYRll™ & Ffom ¢ he

SaaS emai|l servers, there is no exposure of user/corporate sensitive

i nf or nedGcHYRiegyEHa tHlemMenhils clearrigst. dhed. By heeChse Friatanaas may tyntor he
corporate network via the device(s), the device(s) may decrypt the

encr yptastrghtdhe mfeormatiernesiagedne keydandd the elecrgpied emerties eohicleaasexilitai n
text without any encrypted content. [0050] According to sonme enbodi nents of
the present invention, the above encryption/decryption process of the
sensitive data elenents may be done i88a transparent way fromthe SaaS
emai | application perspective with substantially all its application
functionality remaining as is. According to further enbodi nents of the
present invention, the user may, for exanple, search in the emails stored
in the SaaS emai|l systemfor regular and/or sensitive data el enents, and

- M ~ o~



exanpl e, using the Advanced Encryption Standard (AES) encryption algorithm
in an ECB (El ectroni c Code Book) node. In order to search in the text

st ored orwOhle10Bae®1pr ovi der servers, the device may encrPgpliB0ogo3seznr ch
synbol /word/ phrase. As a result, if the search synbol /word/ phrase exists on
t he SaaS proyide sto e, the SaaS proyider search nechanismmy find it.
Accor divl T PeeRAd Kb odi AeHuas Mayhioe SSart PRERIoTdhmak &Pt ke
information is stored on the SaaS provider storage is partially in clear
text, &f@rgmierMaIsing ealbrkgysaind ragy Heg apOR peetnd heiween the waererpiesn
phases, this nmechanismmay still work, as the device may nodi fy the search
phr ase dearceternls. f or both the clear text value and the encrypted val ue.
Since the search phrase is not saved by the SaaS application provider,

t here ijgone2jdamagend mveRBors eederibed RérdimlusiratedBdme B tHe Beddis @ReBing0058]
According to sone enbodi nents of the present invention, in sone or al

cases, heXyilant SRENTIUR et BatbrSBAS Um0 shendited fiahedly AaRl y¥ o

and as a resu rencryption nay t appl’i cation

functionality. FEor exanple, in stoner Rel ationshi nagement M

appl | calrBHS 2ellin s, Paleaiols TR R BehRRRCP T gtit ey, glod

i nportant to analysis of the call center, thus, the fact that it is

encr ypt@INRRINONARA FHEMNEhUSaas CAME ericequitfin e enéererRe 4p protest fvndaten

contrast, the call duration, and the waiting tine may be necessary for the

anal ysistorgddvitip the otgatiizajlon Herdgef fromanyaumaufiperizedagse.hey may be

consi dered non-sensitive data el enents. [0059] According to further

enbodi Me01 $3jof t N&/hits esertdini featuresoof thenigiveotiors pepief ivzedalliseratedy pindon

(persistent ver. transient): may be used in order to enable auto-conplete

functi qpalhb¥d HarBme ey YRddifSations, ShbStteHGHR! chardes, BAH SquvAEnRt wiihe

SaaS provider, but rather only used to periorn1a searsh in the SaaS .

appl i catqon, ‘éhf%%é‘é&l ’ﬁl&lféec‘l gf"{ﬁ&%(rﬁ)n @Ythqlﬂ@%%,skoa d um@rtsﬁc;c;betﬁaetqf‘ﬁeéﬁ 'S
ete requést, and may accordi ngl'y C t

an auto-conﬁi , ho ange the value, thus

preserving th aaS appli,cation functipnal jty. The.encryption of textua
flat o el AHHEACSS | SRRT T Luried fe SoUsHaN S RANCLGHS PHE csPRggRas el
invention, the encryption of textual elenments may be achi eved by perform ng
t he folWiBUD e BXespIriof the bweson.To begin with, the data el enent will be

di vided to words. Each word will be encrypted by itself (this is done to
enabl e the search of a single word inside the value of a sensitive data
elenent). In case the word binary representation is less than 12 1 bits
than it will padded with zero to obtain 12 1 bit. The first 7 bits wll
define the nunber of bits in the word representation These 128 bit are
encrypted using the AES algorithm (e.g. Federal |Information Processing
Standard - (FIPS 197)) with the device secret key as the key, and the 128
bit representing the word as the input. The output of the AES algorithmis
128 bit which coded using base 64 encoding to obtain a textual output. To
t he base-64 encoded val ue we add a one/two character prefix and one/two
character suffix in order to ease the detection to the encrypted word in a
textual string received as response fromthe SaaS application server.

(Note: the addition of prefix and suffix is optional since the format of 22
al pha nuneric characters (the output of base-64 encoding on 128 bit) is
unique by itself. In case the word binary representation is nore than 12 1
bit than it is padded with zero to the smallest nultiple of 128. The first
7 bits will define the nunber of bits in the word representation in each of
the consecutive 128 bit representations. The result which is a nmultiple of
128 is encrypted using the AES algorithm (FIPS 197) in C pher Bl ock

Chai ning (CBC) node, with the device secret key as the key, and the
multiple of 128 bit as the input. The output of the AES algorithmis
multiple of 128 bit which coded using base 64 encoding to obtain a textual
output. To the base-64 encoded val ue we add a one/two character prefix and
one/two character suffix in order to ease the detection to the encrypted
word in a textual string received as response fromthe SaaS application
server. (Note: the addition of prefix and suffix is optional since the
format of 22 al pha nuneric characters (the output of base-64 encoding on
128 bit) is unique by itself [0061] According to further enbodi nents of the
present invention, In order to avoid 8%e encryption of repeated words, the
device may use a hash function to cal culate the hash value of the word and
mai ntain a hash table of words that have al ready been encrypted; the val ue
in each entry may be the encrypted word. Thus, before a word is encrypted
the foll ow ng exenplary process may be performed: The device is

o Y I T T



vector that is added as an additional word after the encrypted word. [0065]
According to further enbodi nents of the present invention, when the device
i s encrypvongiodesenord, it nay generate a bit vector thaCTaBmosdise241l f or

t he upper case letter characters and O for |ower case |letter characters,
digits and/or additional characters. The nunber of the bits in the bit
vector may correspond to the nunber of characters in the word, and the bit
string may be padded with zeros for 64 bit encoding. The 64 based encoded
bi t ved@b&"ﬂﬁy be added after the encrypted word. [0066] According to
further enbodi nents of the present invention, when the device(s) is
decrypti ng. A detadpracedsing rsiybiedn abwpeisingt nay al so decode the 64 based
encoded word that is adjusted to the encrypted word, and according to the

1's in the desadpdl hadedvaidrpsticrn@oaniRy Sdptad €o bAER/PBE 8n ERYertyneed| bagisupper
case letters. Encryption of Enmail-addresses [0067] According to sone

embodi ment s fjnd B??H’b?ﬁfé"&%th'?k/iﬁﬂﬁ ia%t%?éé&d%?%gﬁlgWbbc%@hﬁ%erbﬁ‘w fhgder to

preserve the structure of e enal | address, evi ce may ‘encrypt each
part of the enmil,. address. by itself nd .may. maintain, the structure of the
bt | *addr eSS CRIEBSIRERTEDY Pl Her eRBO A 10 B el ZE e BHGERC | on.
the device nay divide the email address to the user-nane and the
domai n- nane, e fite ondesurmaniyemaies RIQEERBaRIEm (or any other suffix e.g.
.co.il). The nodul e mayencrypt the user-nane by itself and the donmain nane
by itself and may reconpose the new enai|l address using the encrypted
val ues of the user-nanme and the domai n-nane. [0068] According to further
embodi mens Tie $ysterprazsonding teaim dnwheten daidenidrpstiomyiolieledaiigedgitiaer
regul ar expression such as encrypted-val ue(5)encrvpted-value . The
decrypti on @%Eol@é‘se‘éj%éw%?%ﬂ'& &Ha éﬁ&?/ﬁﬂ&rﬁ YRjoRithM aldéed RAGyRBRPIPOSE
the emai| address using the plain-text valfues for the user-nane and the
donain-nane%acﬁ@ﬁﬂﬁq constraint data el enment encryption : [0069] According
to sone enbod At of the present invention, in cases where the
application required that the format of the sensitive data elements wll be
preserved, for exanple in case of a zip code or a tel ephone nunber, the
device may build a pernutation on the |egal values and use the pernutation
for encr yét i e sypderdaansording tegledmel, avhaiein thadnapring ke o6 threkeyifait thén f or
the decryption of the data el enent. [0070] According to further enbodi nents
of the preseamcrypiioeralgonthm fseugssromorganizatiarsspkaiiy enabl e for a search on
t hese val ues to be performed, whereas the values of these el enents are not
usual |y used for nunerical calculations. The generation of the pseudo
random pernutation: [0071] According to sone enbodi nents of the present
i nvention iHQ % n.th } n

4. AhEXRIBN ckordif tt?.E% NherBih iy ﬁgﬁoﬁ@%%@‘%@ﬁpﬁfe ey

itens uniformy at random out retries, e’ Knut

be used, it tS. W e_ i i e Llan_or_..any r tation,
and then go s[ilhf%%gﬁ\'\%%{%c%v%ﬁrﬁngﬁ%éé&? %r%%&hﬁ’ﬁmty%@&’@é'?”&ém@g%@ﬁﬁ( i swap
the elenment currently there wwth an arbitrarily chosen el enent from
positions i through n, inclusive. It's easy to verify that any pernutation
of n elenents will be produced by this algorithmwth a probability of 1/n!
, thus vyi 8l dihegsystemi desonding te claimiudhercamprising B ada sanaitivibhs. (see
http://ww.techuser. net/randperngen. htm ) (Note: The inverse pernutation is
conput ed by evetlatiogi mgdalecdapted &y detedmtineea senditivityolevehef qonae er ahi ch it
occupies.) [0072] According to further enbodi nents of the present

invention, tdygpiay b??rdiﬂ)‘é HEYNiBHIS withBothiet d¥h recsHaNga @i e bRBoEGHERE.
permutati on wherein the random el enents nmay be chosen using a pseudo random
bit string that nay be generated using the AES algorithmin CBC node with

t he devic C \ : . fQr : l.00r | : I fiined

i el vBor 016 S PAERAg 1 65 3, whele S PRI BT (o Bt B
enbodinents(g% t he Erese t invention, in case tge é@P code is 5 digits and
it is requi rEICTINEH QST OIS 9F MOfe PREAMEIERR SEREIEIITPHANEORNR nay use a
pseudo random pernutation on the values in the range 00000-99999 to encrypt
the zi p code®naistingioé sympet tiie, sgpmibot aatedarnnat ansba yper satrcted seewdysevel 0074]
According to further enbodi nents of the present invention, the encryption
may be done by referencing the pernmutation with the zip code to be

encrypted and the value of this cell in the pernutation is the encrypted
zi p code. The decryption may be done #§ referencing the inverse pernutation
with the encrypted zip code and the value of this cell in the inverse

pernmutation is the original zip code Encryption of Social Security Nunbers
(SSN) [0075] According to sonme enbodi ments of the present invention, in the
case of the encryption of a SSN credit card nunber, the structure of the
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[ 0084] According to sone enbodi nents of the present invention, in order to
enabl e the SaaS application to nmake nuneric analysis on sensitive nuneric
val ues (swohoss2emliiari es) the device may apply a rever siPbiraBroomwes3n
transformati on on these values. (This nunmeric transformati on may depend on
t he device secret key). Thus, the application may performthe analysis on
the transforned nuneric val ues. Wien the transfornmed val ues or any val ue
cal cul at ed- athe PYEeMASEORIING iR Claip | T, vviarein, saithengpiier madrie piniedrakor
i nverse transformati on on these values, and thus, the nuneric val ues
present ed t othérviss &mnatiapaleassorciated iwithuare applicadioneadapledtsgengratd,on on
nunmeri ¢ val ues: [0085] According to sone enbodi nents of the present
invention, Iview)p@cesooenadiblite daiatfilericcordpedaturoast.on the nunmeric fields,
such as, but in no way limted to, revenues, salaries; an arithnetic
transformation on these values may be perfornmed. Apossible arithnetic
transforngti G0k yi Y ret: ; of
Mg TH eﬁ%%d@g&h%b@itc{ eR8mPY whetef i %ﬁg@pﬁﬁ@ irrgﬁﬂ}ﬁ% gsduﬁgét{rﬁg&r

this transfornaiion s invérse I's sinp

i nverse of t secret constant. (Note: the transformatian, of, multiplying by
2 secr et cortiaRea i REAh sl P Per BHEE FERG TR BEELEE 51 hoe wnen
the values are added, we do not know how nmany el enents have been added and
may not applGPrEpidation PifarmeisaneRRliGabAN adepiRsbio IRNGAE: NPV PreerssHT
enbodi nents of the present invention, nultiplying transformation may
mai nt ai n t heedituiverdata filed eecdsdtonsiocutiemt.nuneri ¢ val ues preserved, e.g. the

| argest salary remains the | argest salary, however, since the device has
encrypted the enpl oyees' nanes, we may not know who it is, and we may not

know what ot Mehg gadtemaéc@bmﬁ%% elainihiu sviarEisit 2 eAbryDaoH intteiilé & intagramor stil |
be achi eved. [0087] [0088] According to further enbodinents of the present

i nvention, i ; } : L i i
| nt ogr at i on Sy ENIER SrRIBNAN SR U SR Sidanie Rl BB e KPP or o1
i ntegration sible than the server side apmay communicate with a
conponent oﬂeﬁﬂ@ﬁ%¥%g@ﬁﬁrﬁﬁ9§ Yon that may decrypt for it nunmeric data
that is encrypted in a simlar way to the textual data. The server side
application may performthe arithnetic cal culations on the decrypted

nuneri c daPalheasystemaccheding e e\ain T nereinaaid esanyptior mefuleés ivkrgiaket of
our solution. This conmponent may reside at the server-side and may securely
conmruni cat e athétwisddurddionaky assdadrted nittr @ gatavdyoto degxinawoaganeational hus it
may enabl e the application to continue to function normally, while

provi di ng sulhsh i sydltém drirebordatunienteBposiryon to the numeric dat a.

Per - Appl i cation Privacy Policy[0089] According to some enbodi nents of the
present invention, since the usage of each application nmay be different and

e eani 99 e cJLRT b bELIBATA WHILH S8 BhohBUBASILAREN Sl t e

devi ce may have rentencrypti on- ollc§ ac ation
Thus, for certain functionality the deyice have ta be fam.liar with the
Saa appl | cAhgvIas BiTGuBnaNY RExasialss 8kl ke aulla Bh Fradss g SoaNaRRS e
gathered by an off-line process). For exanple, a file that is attached to
an emai | ma)BPEHECE SEFURHIOEAVIEa gAatEVERIt foran aRPliePR\Beta@ae Proded gsdurity, and
only the name of the file should be encrypted using the invariant
encrypti on sehneoesen@rever, for Google docs application we each data

el enent in the docunent should be encrypted as to preserve the Googl e docs
functionality. In addition, Google Apps provides a very detailed
Application Programm ng Interface (API) that enabl es devel opers to devel op

thei r ownqappld érﬂr},ﬁ;gem%ﬁg)& é}?ain@?ﬁjrﬁe@@@@p?i@fn i&%b&ma%eﬁ%e%rymloglh

defines the neaning an e semantic of each paraneter 1 n each Goog

application, I reparation. of t.aj j . ogl e
applicationfn§ﬂ®g5§%p&%ﬁﬁﬂggggf@é?ﬁgwgégggﬁ%ﬁggégﬂp@%tb@%”&ﬁé&gg&ﬂﬁﬁg si nce
the device may intercept the calls to the APls and nmay apply the privacy
pol i ¢y o t HEUpHIRBEPEAIGERaHAGY (S aneyRii BearfGrenaEnyagdae: 8ad AR s,
and the policy security level (e.g. basic security, high security and
top-secret). [0090] According to further enbodi ments of the present

i nvention, and as another exanple, in case the SaaS application is
performng a format validation at the server side, an invariant schene that
preserves the data elenment format may be used. However, if the format
validation is done on the client side41then the device can use an invariant
encryption schene that doesn't preserve the format which may be nore secure
and nore efficient to inplenent. Policy-driven Privacy Enforcenent: [0091]
According to sone enbodinerits of the present invention, as each

organi zati on may have its own privacy policy, the device nmay enable the

. - v 1 T T . T S JE




usage of the SaaS application by the enterprise users. Sonme exenplary
reasons may include: 1. Preventing | eakage of sensitive infornmation that
shoul d novoRzelmsenicit o t he SaaS provi der. For exanple, tReTAR2009/03395%€e policy
is that the credit card nunmbers should not be stored in the SaaS CRM
application, and. once the user re entering a credit card nunper as part
of "the cal | e (6 (BT ASHECAIRA KEaRP B ESATR P e RV €T enent 1
the call description and will mask it according to the conpany policy.2 .
In case therderiyed fedPtain functionalities that should not be available to
all the users in the enterprise, the device may be able to enforce an

aut hori zation/ accesscontrol policy on the usage of the SaaS application. In
addition, to benefits of nonitoring and auditing fromthe security
perspective, the device may nonitor factors such as, but in no way limted
to, the aygitbifstém ReErdiRgtd GaRPASBwhbiEh ShidldeRnFARR rAGIIE tthtddtal or

Princi pals of the device operation: [0096] Accordihg to sone enbodi ments of

the present JRUEIE AhcbRl S eG B AR LLARAB B RLRKY PELNGER, | he Saas

application Clien usua runnitng in user owser he SaaS

| icati id ' t he SaaS ' . As
ity nont t4ee HECERsPt PEt the ddartle recod Gt uRRnses) between t he SaaS

application client side and the SaaS application server side. The device
may detect the application according to the donmain nane in the request.
Accor di ng14olhehsystith ackherdiry tacdaimay 2 debersin said desouption nggwe isindegiecor di ng
to the request type, it may "know' what sensitive data elenents that should
be encrypt ebthsrvis® Ginotiedallynasduziated pesipheSil haedwire coemeetddstoramy be HTTP
requests, or other requests using key value pairs, the device nay detect

the rel eva”tcdh%lﬁﬁﬁér%l%lé}‘ibrhhi@ﬁ an Blﬁﬁfﬁ%ftioﬁ%a@éﬂ g std, DRIW, ﬂf?&é&% o the

request with the encrypted value. In case it is a post request (e.g. with a
XM. body), t V| - (e.g. XM. parser) to query and
extract the va1ﬁ§(%ﬁgpﬁgxggﬁgfﬁfgghﬁg%a el enents and replace their

pl ain-text values with the encrypted values. [0097] According to further
enbodi nents of the present invention, in order, to enable the detectjon of
the text ué\ﬁ-mﬂs&@@c&amﬁ@tq ¢latnh 2 r WERSIE 82Id1AGENRIPNTBOGHIG iniéPHaRTef i x
and a suffix to each encrypted elenent (as will be explained later). In
case a text wiherygse dnatinoalpassnciated agthean etganizationel dale filg systestoi ng t he
textual text request,and may apply the sane encryption to search terns in
order to preseondddéhiensemrepositorge search functionality. [0098] The sane
principal may be applied to sensitive nunmeric data el ements that are
encrypted using a nunmeric transformation. Wien a nuneric search is

per f or med ; ; i J i oL ric
18."THJ‘§§Serﬂ%6fd?n ﬂiéaﬁr‘&‘?vh ﬁére‘ir%alﬁ%zé'ﬁgﬁg[tl;ﬁgﬁg%@%lntt algie

search request may replace t ues wt med val ues.

[ 0099] Accordj . further odi.nent. f_th resent, I nyent.i en the
Fesponse. | < Gading bRl KGRI F oald i oA Plrar SRl Atnal " Dage.

I n order to(g%%% t he detectionﬁgf textual encrypted el enents, each
encrypted el {e MR RTCEOIMI UG HEPPRSIERY suffi x. The device may is
use these prefix and suffix as to detect the textual encrypted elenents in
t he web page and replace themw th their clear text values. The sane may
appl y to XKLTrdosystemtaccording teetlainméd, wbemin saif @eseypiiontroodwe isiatedral @s and
docunents that are downl oaded fromthe SaaS provider server. [001 00]

Accor di ng t wtherdise furiiibagiyasictiatbd Wit a7 858atibn \RoNiH 6 asisBitaaes bs 20
decrypt nuneric value or format constrained val ues which may not have a

prefix and %@cr\‘?i%:ﬁ sehfé‘?,dﬂ%ih‘:@?é{@%%t'b Mﬁbﬁida%ﬁ%r&ﬁhéﬁ%s%@tﬁ%r ela8 4 he

response, i.e. e device contains ‘a pattern that nmay be used for a pattern
mat chi ng tosgﬁ%gégebng val ue. The device may apply these patterns to the
response to che I hey contain encrypted values, and if encrypted val ue
are detected their value nay be transforned (e.g. using the inverse
transformation or the inverse pernutation), and the transfornmed val ues may
be placed inside the response. Thus, the response received by the browser
may contain only plain text. The device position in the corporate
networ k: [ 001 01] According to sone enbodi nents of the present invention
the system may be enbodied in a networked conputational platform of device,
for exanple as a proxy between the client side application running usually
at the user's browser and the applica#2on server side running on the SaaS
provi der servers. Figures 3 through 6 show vari ous exenpl ary topol ogi es

whi ch nmay be used. [001 02] In case of a corporate network it may nake
sense to position the device in the corporate network perineter close to
the firewall. The advantage of this position is that only users that work

.



Privat eSaaS Possi bl e Advant ages and Benefits: , in accordance with sone
exenpl ary enbodi nents of the present invention: Follow ng are the possible
benefits Wwoaviodeesesy the innovation to its user (wth tireTABDOFOIIN24 he
enterprise): Provide full control of the inforrmaiton that is sent out-side
fromthe terprise network to the Saa rovider. (i.e. control what can go
Lo the Sald THPURIET REGRUNG 6 Shim A dpeh ey et PR se
confidential data Enforce the enterprise data privacy policy, and enable

t he conpl i arf@piRd faceearch oagser MorgeengiErigddilesreeerdsHrapcypientebpol i cy
regarding: Data that can be exported externally - the security/conpliancy
of fi cer can amivertengt dedrclt &rtres intaaterypteshesrsioné @f the seadhttecas.d nunber s)
shoul d be nmasked before being sent out side of the enterprise (due to
PCl - DSS conpliancy). Data that should be secured - although the device
provi des poerps sa8mCaRbrdiHg 3 cRiinofg, SiHevbin 948q dabrndrRymLgith 8 di fferent
SaaS applications, the security/conpliancy officer can™nodified it to
tailor it t LRk L r nal ' ' t he CXO
to use saas ARk EBRLRRETRY 2k ol adaneda Sl SRNHARILRATBIE |
confidential_data and as, a result w thout riskin riv regul ations It
2l lows | ur U LIPBAOSE RCHTIERTS AL SIPHEH PR YIE Briateral daabasEqui r erent s. |
reduces recurring conpliance audit costs of SaaS sol utions, and reduces t
need for auditing on the SaaS provider. |In case of any SaaS rel ated
security BPeHwhsystemrandofdingto olaimil, lfurtkencanupnisiag Balata presassinganodulgi ng
various regulations (e.g. CA SB1 386 (2003)). Monitor and Audit SaaS usage
and SLA |t sizpbdée rezd drat prigess ebeaptepphd cathoryptasdga flymidme @nt er pri se
It enabl es enforcenent of enterprise specific access control policy on SaaS
usage by usepsre ditaGids JBEGES RRIBRIARINIEBYSaRl crRAARIGHIRLUGRE 1 Ons It

noni tor SaaS application availability and response tine PrivateSaaS
Possi bl e Advant ages and Benefits to the SaaS provider, in accordance with

some exe i ment f the sent _invention: Enhancin :

attract | vehete SEERAGER TG to SlHimEle STBebiAE b oor SRS e 5 ospect s
inhibitor which is the privacy and confidentiality of the data. . Reducing
liability i ﬁueagrea%ptatt%r%a&%@@p@cegsmrxméd QéF%TFPWé”@ AF BYRRCREh i s
encrypted even if the information |eak that is no damage. Although it wll
not el i m natfieldmef idesgecertsuon docunenisicadryoted by keid endsgptierkeredble. t he
enterprise, it is still the last defense in case all the other defense

| ayers have fail ed. User Authentication & Authorization - Additional

features 0P Tiid yaite@hasssordifg lo GRIMAT aigie Raid enGr9pEore Myl RNidapéd tdie

present invention, an additional security feature for enterprise

appl i cat i onSe YOt |4kE8 5 FAIESE dibs rﬂBré"{i‘Qd?B&E%@téﬁibi Ritokd oPﬂo&ﬁﬁ@ﬁts

control). These security features nay contro 0 can access the enterprise

application t t] el what functionality is avail able for each
user (aut horﬁg@gpﬁg%%&%?@%ébg??%g?ty features may al so be required when the
enterprise application is provided in a SaaS nodel. However, when the
application is provided in a SaaS nodel the issue of user mana?emant and
user acceg3. Meyhrstemeafegeding to chimes hegeiarrnesei@ore relaidonad datalaser pri se
has to manage its own users as well as their access rights according to its
pol i cy (therprocesaesiat Ipgrioomgdmeruienpoypted pphansadiettsf afranedorbyotehileSaaS
provider). Since the PrivateSaaS usually resids within the enterprise

net wor k and regoreaaRtuberitd sirsd enhe seatidnaltda@yaggake a | ot of sense that
PrivateSaaS will enforce the enterprise policy for user autheand

aut hori zation. [001 09] According to further enbodi nents of the present

i nventiongyi t : Rnﬁ{gﬂ" i ppl i ance
may i nt eg?gt@éﬁﬁéﬁnh%cg@éggééagﬂﬁ%ér r e%l(rr)]y I&@m@ﬁ[ﬁgﬁéﬂ{@ﬁl E@%%S%r prise
LDAP or active direct ord% ana when t he useb IS Tr(%/ll n%fto connectf. to the
SaaS appl i cAPEFEIHRABHIAVET LD FASTYPeAoTeps Pf/' fie Of08% o HINEISS agai nst
the enterprise user database. If the user identity is verified the

Pri vat eSaaS "Ragrdsrsdecumanie stesed ondherglptipedl dadakase .t he SaaS appl i cati on.
This check may be done against the enterprise users database (e.g. LDAP,
Active-Directory or a user database) that contains the access privileges
for each user, and nmay usually depend on the user role. Thus, PrivateSaaS
may enabl e the security officer to define access rights rules for SaaS
applications according to the user ro#@ inthe enterprise. (Note: In case
such a user access rights database doesn't exist PrivateSaaS nay provide
the ability to nmanage users' access rights in PrivateSaaS). In addition to
enforcing access rights for each application, the PrivateSaaS nay allow to
manage and enforce nore granul ar access rights, i.e. access rights to

—yr o o N e o N 1
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1. A data processing system conprising: a synbol based encryption nodul e
adapted to encrypt on a per synbol basis sone or all of the data within a
dat a recowg,2ot&nessfii | e or docunent, wherein the encrypt POCR/IBROY/NBAL4 ant on
a per synbol basis and at |east sone of the data in the file or docunent

remai ns p ssable. 2 . The, system accor di to claiml ei L d
Crcrypti bABHIRR Pt AaoRedNG 1S KR, Siepen Baskte (Reded I MG ST TS,
encryption al gorithmadapted for synbol encryption. 3 . The system

accordi ng t ©oMITR, AP, W‘iﬁ?%iQﬁWﬁE ®APPSthg table or the key for the
encryption algorithmis user or organization specific. 4 . The system
according to claim1l, wherein encryption of a synbol or group of synbols is
sel ect i ve2arthdagtemaitcardieg s tiaintly wheadindhé datafedohe issymbidTs HTTEPS, The
system according to claim4, further conprising a data sensitivity

eval uati on redype aapPPesP3 rd@ner i@idi8d &apghstdrn.vity | evel of sone or all
synbol s or groups of synbols within the data record, data file or docunent.
6 . The system according to claim5, wherein sensitivity classification of
synbol s iz ggte m ned based on gne ar. npre paraneters selected fromthe
group con ? Pﬂ %Fm§§ﬂ88Fy§eFP8?”EVﬁE@r data format and a user sel ected
security level .7 . The system according to claiml1l, wherein said
encrypti on rfbaUNEO} Raseg: ruptics MedHis sffapied GQ]@FPWHBPF@ RAIYENRAI&@S(H t h an
application adapted to generate, view, process or edit the data file,
record or deounent all 8f theTthatasyilitie i daia vechrdgdata fie ar socyument véiereisathe
encryption nodule is integral or otherw se functionally associ ated

peri pheral hatoystion isdmvigizinedntzoper syonpol taisisoaad apleatf somef taedatepihi cat i on
adapted to generate, view, process or edit the data file, record or

docunent. 9 the FlEoBYISEAIERACGERIAING BrdcRsSARNEMAd WHRREIRIBt&rAldbedBRAYPL i ON
modul e is integral or otherw se functionally associated wth an

or gani zati o A fl ument repository. 10. The
systen1accog@#ﬁégpgng%%ﬁ%ﬁ%g}ﬁﬂgﬁg?@ﬁgg%%hgﬁéryption nodule is integral or
otherwi se functionally associated with a gateway to an extra-organi zati onal
data file_system or record/ docupent_repository. 11.The system according to
claim1, #Reths SYSAMAGRETIBLP S1RMeluMEErein; SYMRRIB 0 BE eHChEtGH gee first
functionally associated with an application provided as software as a
servi ce serwanvertediinth lawgacasalgtters, encaymied.cand hensssevarmeatntorm@éionas a
service server. 12. The system according to claim2, further conprising a
synbol basedekgiagiptheanencypedsianbad is thent éndotledaomatipe sgcriyptddedata. a
decryption al gorithm associated with the table or algorithmused for
encryption by said encryption nodul e, andwherein the term associ ated neans

ei ther thegs } i L iQ; i ccordi ng
fo ol i m 13, TARSTSeh" SStAURIGE Ghim 28, KRhpL EBbliRRy A dpopusy pinET
functionally | a it | i i.on ed e Vi ew,
process or ez?ﬂ%%?(%ﬁ«[ﬂo %%%&Wfaiq%g,gr??@ﬁ%trla%g&aﬁ%ﬁ%@ﬁ%h_e %ﬁ&yﬁ%@ %@él?%ﬁ\ accordi ng
to claim12, wherejn said decryptjon nodule is integral or otherw se
functional | W%M&i‘%@@&wﬁé@‘{f §YI£B8‘S *?%ﬁdeé’r'QW@!Sﬁﬁ%%?gBWPBGéS%E%'éta&H onal

pl atform of an application adapted to generate, view, process or edit the
data file, ray &eociaaﬁof@anehmformtmetoépgtd@mymetcbsmmhgSt o claim 12, wherein
sai d decryption nodule is integral or otherw se functionally associated

wi th an organi zational data file systemor record/ docunent repository.

16. The system according to claim 12, wherein said decryption nodule is
integral or otherw se functionally associated with a gateway to an
extra-organi zati onal data file systemor record/ docunent repository. 17.The
system according to claim 12, wherein said decryption nodule is integral or
ot herwi se functionally associated with an application provided as software
as a service server or with a gateway to an application provided as
software as a service server.18. The system according to claim?2, further
conprising a search engine/utility adapted to search one or nore encrypted
files, records or docunents by converting search terns into encrypted
versions of the search ternms. 19. The system according to claim 18, wherein
said search engine/utility is functionally associated with a rel ati onal

dat abase and searchabl e encrypted files, records or docunents are stored on
the rel ati onal database. 20. The system according to claim2, further
conprising a data processing nodul e adhpted to read and process encrypted
and unencrypted data fromone or nore data files, records or docunents eby
said encryption nodule. 2 1. The system according to claim20, wherein said
data processing nodule is further adapted to read and process encrypted
data fromone or nore data fields of files, records or docunents encrypted
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