HETEROCYCLI C BORONI C ACI D COVPOUNDS FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to boronic acid conpounds and their use as

i nhi bitors of post-proline/alanine cleaving am no-di peptidases. The
invention also relates to nmethods of enploying such inhibitors to treat
DPP-rel at ed di seases. Thus, the invention has applications in the nedicinal
chem cal, pharnmacol ogi cal, and nedical arts. BACKGROUND OF THE | NVENTI ON

[ 0002] Di peptidyl peptidases (DPP) are a famly of serine protease that

bel ongs to a group of post-proline/alanine cleaving am no-di peptidases.
Wi | e the physiol ogical role of DPPs have not been fully elucidated, they
have been inplicat efETEROUYWELIC! BOROMNIC A@E@?MP(HH&E@ e, DPP-1V
catal yzes the release of an N-term nal dipeptide only fromproteins with
N-terminal penultimate proline or alanine and DPP-1V is believed to play an

inportant role in inpaired fasEIPOF TARIRVENTIONN di abetes. In
particular, DPP-1V has been inplicated in the control of glucose netabolism

because i t(&mﬂ;bs tThapRSent vkt rbldRs to BodbdiOAid SdthsouRed zmariﬁ‘e'ir u& labl rAOrs! dfk e
peptide-1 (GP-1) and gastric inhibitory peptide (G P), which are

i nacti vat é@ﬁtwlmé/ﬁbwap Clﬁﬁww@nmo-damudm%rThena\renta@n #ep relategdo methodsyf | n vi vo
d
adm ni str gﬁr}bfg?l %ﬁlﬁéyﬁﬁlgﬁ%‘bg[b%pbppl a&ad%seﬂDE’llhh 9&1&:&1 Néstag)éﬁ% iB0s in

degradat i resulting In asrra con I ons of
t hese hor temasljcinal plerdcad qrharmmesologicals el reédicad aasad t her efore, inproved
gl ucose tol erance. Therefore, such inhibitors have been proposed for the

treatnent of patients with i characteri zed by
decreased gl ucose tol erancg‘%&gth)lﬁFﬁﬁggEsﬁ‘g%ﬁfﬁ?ﬁoo4l Accordingly, a

d d f |
oo N SubRely’ oDRR TR AR BFBLBER iy Ssstiirolentsdfh P b 4l obep
i nhi bi t or post-padline/alaniaé tleatingy amind-digepaddsag Whilmlnh"e physiologithd toleBDPIs Haeghidtat ed

or nor nal j i nhibjtion of DPPs.. More particu t he j nventi,on
rel ates t eea%*@?#w% they v beem yomliseied gt m‘gﬂah@waﬁ%wweﬂ FIoF GXATRISS ¢ hat

i nhi bit DBPPLIV.catisE & &EQIQE%W&Q%@H%&E& o Photclif QR NtdHid esent
i nvention provides conpounds of fornula
penultimate proline or alanine and DPP-IV is believed to play an important role in impaired

fasting glucose (IFG) and diabetes. In particular, DPP-IV has been implicated in the control of
glucose metabolism because its substrates include the insulinotropic hormones, glucagon like
peptide-1 (GLP-1) and gastric inhibitory peptide (GIP), which are inactivated by removal of their

two N-terminal amino acids.

f0003]  In vivo administration of synthetic inhibitors of DPP-IV prevents N-terminal
degradation of GLP-1 and GIP, resulting in higher plasma concentrations of these hormones,
increased insulin secretion and, therefore, improved glucose tolerance. Therefore, such
inhibitors have been proposed for the treatment of patients with type II diabetes, a disease

characterized by decreased glucose tolerance and insulin resistance.

[0004]  Accordingly, a need exists for compounds that are useful for inhibiting DPPs such as
DPP-IV.



ORS RARBIO BOR2 RANVIL,N(t) HRI1 R1 x n Z including all
enantioners, diastereoisoners, solvates, hydrates and pharmaceutically
acceptable salts thereof, wherein: nis 1to 3; Xis CH2; S; 0; CF2 or
C(CH3)2; Z is H;, hal ogen; hydroxyl; (CLl.6)alkoxy; (G _12)al kyl;

(C3-12)cycl oal kyl ; phenyl; or heteroaryl; where the phenyl and heteroaryl
groups are optionally nono- or independently plurisubstituted wwth R7;, R7

i s hal ogen; (Cyio)alkyl; (G _io)al koxy, (G _io)al kylam no; (Cil-10)

di al kyl am no; benzyl; Dbenzyl oxy; hydroxyl (G -6)al kyl; hydroxynethyl; nitro;

trifluoronethyl; trifluorone : | r i 0; N-hydroxyam no;
cyano; carboxy; acetam do; h&%%?kfsgégﬁgym%]ﬁ%nam do; or carbanoyl;

optionally t og i & n_ad e ri carbon d..Z faorm.a fused

cycl opr opyﬁ’o?a%egnd %%gﬁl{é%e\r/l%a]lnpf/n%ogﬁredvgq%s ?’E‘E "P)hgﬁggs {hﬁt atrﬁgﬁ?cln?ﬁmc n{"éﬁ ?ﬂnang’(s is a
doubl e bondat fily rvdgRated acepabliked bl ynhilitisrOSRDFTSI Mure pdieiRge e idveaBsONI C

aci d prot ec{i ng grou,p; Qr a . grqup capabl e of being Eﬂrpl tyhzed to._a hydroxyl
group in ARG BRENSAFtCPRAIHS gebtddhsir degivatires that iphBitdgf By 11 ui ds;
and 2 CR R' maybe present or absent, and when CR R' is present, then R,

R', R3, R4 and RS are selected from (as) or (bb): (aa) R, R', R3 and R4 are

hydr ogen; and R5 is hyd hid hﬁ;ﬂcﬁ\koalkl; bb) R,
B)\/{, Rg R4 and RS ar eyiir? %ﬁg@%@ﬁ?ﬂ&%é@#ﬁ?ﬁ% enyl ; al>/kyn§/I ;)
m'r gg'y;ly:(@?wc' OFhdVrentMhbentiBh GRS Poundd d3¥Gh2L kY1 al kyl cycl oal kyl;

=
R R? O B— OR?
R%, o

N N )
Ri R L /% n
z

including all enantiomers, diastereoisomers, solvates, hydrates and pharmaceutically acceptable
salts thereof, wherein:

nis1to3;

X is CHy; S; O; CF, or C(CHs)y;

Z is H; halogen; hydroxyl; (Cis)alkoxy; (C;.12)alkyl; (Cs.2)cycloalkyl; phenyl; or
heteroaryl; where the phenyl and heteroaryl groups are optionally mono- or independently
plurisubstituted with R’

R’ is halogen; (C1.j0)alkyl; (C.10)alkoxy; (C).10)alkylamino; (Cy.10) dialkylamino; benzyl;
benzyloxy; hydroxyl(C,.¢)alkyl; hydroxymethyl; nitro; trifluoromethyl; trifluoromethoxy;
trifluoromethylthio; N-hydroxyamino; cyano; carboxy; acetamido; hydroxy; sulfamoyl;
sulfonamido; or carbamoyl;

optionally, X together with an adjacent ring carbon and Z form a fused cyclopropyl; and

optionally, one of the bonds in the ring containing X is a double bond;

R' and R? independently or together are hydrogen; a boronic acid protecting group; or a
group capable of being hydrolyzed to a hydroxyl group in an aqueous solution at physiological
pH or in biological fluids; and



hydr oxyal kyl cycl oal kyl ; hydroxycycl oal kyl ; hydroxybi cycl oal kyl ;

hydr oxytri cycl oal kyl ;  bi cycl oal kyl al kyl ; al kyl bi cycl oal kyl; al kyl t hi oal kyl ;
aryl al kyl t hi oal kyl ; cycl oal kenyl ; aryl, aralkyl; heteroaryl;

het er oaryl al kyl ; cycl ohet eroal kyl or cycl oheteroal kyl al kyl; all optionally
nmono- or independently plurisubstituted with hal ogen, alkyl, polyhal oal kyl,
al koxy, hal oal koxy, pol yhal oal koxy, al koxycarbonyl, al kenyl, al kynyl,
cycl oal kyl, cycl oal kyl al kyl , pol ycycl oal kyl, heteroaryl am no, aryl am no,
cycl ohet er oal kyl , cycloheteroalkylalkyl hydr oxy, hydroxyal kyl, nitro,
cyano, amno, S Gl (N al.kyl.am no, dial kyl am no, thiol, alkylthio,
al kyl car bonyl , eg?yﬁﬁg%?gﬁ§3 gpﬁgﬁ 1%man1nocarbonyl al kynyl am no- car bonyl ,
aIkylan1nocarbommhiﬂFRFkghﬁhﬁmhaocarbonyI alkylcarbonyloxy,

al kyl car bonyl am no, gryl| carhonyl am no, al kyl sul fonyl am no,

al kyl am nocar bonyl - QZ%I @ Q iﬁcﬁ?ﬁ@ﬁ??%ﬁ@ﬁ&mﬂaTQ?Ysulfonyl

' | finyl, ' | i 4 f5
alternatively, when o @‘”?ﬂs Rl S e, SR R C, BRIV,
(cc), (dd)cystoalkad) : (cc) R3 and R4 are hydrogen; and R5 is a) hydrogen
i ded that R5 i i 2.. ] 1S. K b))
?EJ'OTlZ)eaI ky?; (CZI i I kerigl{ Oﬁe%z%‘??a§}ﬁ§@y?end§&@s’?55°§%| ogﬁl?éﬁe%lﬁbgﬁ(mﬂ’
( C3_32) cyctyaidakeh\clycloalkylalieylt bieyaddtinl, majrdi@ﬂg,ll,,all@{ldwmﬂkyl ﬁydrbmlldyyl and

Wt o, By ey SRV e O RO BTN noar or

branched chygj dﬁ@al@mkmkﬂﬁ@&mﬁyﬂtmwm@r 'aﬂ‘l‘a‘ikyliﬁﬁ;alk%il gnmaqukw

(C_6)al koxy cl oa car boxy; acetam cyano; hal ogen;

hydr oxy; i}etaoara’j wwarylﬁk/ﬂr @s@gﬂhetmylkyl @rrqwlpms'ﬁeﬂkylnl}(yl aléoptlonally
trifluorong I QAR Ralo &l wher e
the aryl ang&p)r%%ne ary r%%s%ggnfgge op%ft;[J ﬁ%ﬂ%? Bﬁy@%&lyhaﬂaﬂéyl gfk% &ﬁ en% Bxy,

pl uri subst palyhabeilikexy,lllRx ycaslingb alked s adkynyh eytzimlkbd, qycloalpylalyh polwcucaiallgyl nmono-
conrer - EampreBuit. AR, byt GeiohileiRiRel Ridrpsy Ry alioh
(Cl1.i o) al keaixyg, cvefa, ainﬁ')oakﬂbyﬂlt&mi amino| &kyladino, dialkylamino, thiol, alkylthio, alkylcarbonyl,
acyl, alkoxycarbonyl, aminocarbonyl, alkynylamino-carbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonyl-amino, alkoxycarbonylamino, alkylsulfonyl,
aminosulfinyl, aminosulfonyl, alkylsulfinyl, sulfonamido or sulfonyl,
or alternatively,
when CR'R¥is absent, then R®, R* and R® are selected from (cc), (dd) or (ee):
(cc) R’ and R? are hydrogen; and
R’is
a) hydrogen, provided that R’ is not hydrogen when n is 1, X is
CH,, and Z is H;
b) (Ci.12)alkyl; (Cs.2)alkenyl; (Ca.i2)alkynyt; (Cs.iz)cycloalkyl; or
(Cs.12)cycloalkenyl; where the alkyl, alkenyl, alkynyl, cycloalkyl and cycloalkenyl groups are
optionally mono- or independently plurisubstituted with RS, and where the alky!, alkenyl, alkynyl
portions include linear or branched chains and may include cyclic portions;
Réis (C1.¢)alkyl; (Ci.¢)alkoxy; cycloalkyl; carboxy; acetamido;
cyano; nitro; halogen; hydroxy; hydroxy(C,.¢)alkyl; hydroxymethyl; trifluoromethyi;



di al kyl am no; benzyl; benzyl oxy; hydroxyl (G _6)al kyl; hydroxymethyl; nitro;
trifluoromethyl; trifluoronethoxy; trifluoromethylthio; N-hydroxyam no;
cyano; carboxy; acetam do; hydroxy; sul famoyl; sul fonam do; or carbanoyl;
R8 is (G.io)alkyl; (C2 10)al kenyl; (C2_10)al kynyl; (C3.10)cycl oal kyl;
(C5.i0)cycl oal kenyl ; benzyl; phenethyl; aryl; or heteroaryl; where the

al kyl, al kenyl, al kynyl, cycloal kyl, cycl oal kenyl groups are optionally
nono- or independently plurisubstituted with aryl or heteroaryl where the
aryl and heteroaryl groups are optionally nono- or independently

| uri sub |1y f C3 |,0al kyl ;
br "het or odt D05 sifanebh sffidkent: b Rmey At Blmbin st AT Lt
het er oar y lhe@idiiyl graipe aeppiicmaily h‘)bnolmﬁm&epa{dehtﬂbdﬂﬁﬁm&tﬂhﬂe& witth ®} a&ﬂhst\#ﬁﬁ ed

with R7; d) indanyl; 1234tetrahydronaph |, .(CH2).i adanant in ich ]
is 0-3; 1}‘%131’[“20 grorp igptipnally mqnon pripdenepd %awsﬁw\ahsnwtwlm@ SCX%E W@

(4- pentyl hirers! LIRS -CORERS; M%fm s, yheygs.t he indanyl,

1,2,3,4- tetrahydronapht hyl, " ( ) ‘adamantyl, ’and [2.2.1] or [3.1.1 1
bi cycl i ¢ carbocyclic noietieRds balogeni ﬁhad)alyylnﬁhm)alwan {ciapelkglemirioy (Ci.10)

I bst ) Al S 8 Yo X
(CL. 8 al kSRRt Ut NN hiron i Bt o BRI RRof ot
(C1. 8) al kyhﬂumomatgaqy Mﬂuu{rtemmﬂm) N-kgdk%:@mdirﬁh%ub%c)gm?ﬁﬁ?ca?gdeplgydﬁm |y
nmono- or n uri ituted wit a : _g) al koxy,
hal ogen, 6Pﬁ &ﬁﬁﬂﬁnﬁﬁéﬁﬁﬁ¥ca » and R10 toget her arg ( C3. 6)glkyleng €)
R11(CH2) P where R11 is 2- oxomﬁrlg CONNeTNINY, (szlﬁﬂk@ﬁl(@%y&lky@hﬁf%h)c yé)
ty;

(C1l_e)cycl oal kyl ; LS 3.3] bicycl] c car bocyc pY di nyl napht hyI
cycl ohexerGiw)caeloallienylbenayl: nivpratleyly a5e; o 1; whergihieylkyl, @bsenyd) alkyky

phenyl |
| ndependenﬁ;lgéll | ’.cyggﬁfliﬁn e?gﬁhgﬁelogﬁt ri Zﬂ@rg?l (%}E{l%eg%eh?:y ﬁ%%%bm%ted w:th
phenoxy goobgeioarybphére thel dryl and heteroaryl groupsreaomionkly mimaslos independenthy t h ( a_a

4) al kyl 4)al koxy...or7 hal ogen; and where the [3.3.3] bicyclic carbocyclic
noiety i s(p%& ;‘%ﬁlﬁ?&/ywmn%no- or independently plurisubstituted with

(C_s)alkyl; and p is 0 to 3;c)Rr optiotaily figedto 4 (0 fd)ei@loalkst: htyheterﬁth' nitro;
515 ld r gz(;‘ l( g%lpggrgil? y;sgﬁ m@%{qﬁl}qyiﬁ lwliiyere thg %&Pan)é)flet oa e %rrgugg are ogtlona ¥
mono- or independently plurisubstituted with R’;

d) indanyl; 1,2,3,4-tetrahydronaphthyl; (CH,)jadamantyl in which
j is 0-3; or a [2.2.1] or [3.1.1] bicyclic carbocyclic moiety, including (4-pentylbicyclo[2.2.2]oct-
1-yl)amine; where the indanyl, 1,2,3,4-tetrahydronaphthyl, (CH,); adamantyl, and [2.2.1] or
[3.1.1] bicyclic carbocyclic moieties are optionally mono- or independently plurisubstituted with
hydroxy, (Cy.s)alkyl, (C\.g)alkoxy, (C).g)alkanoyloxy, or R®R'*N-CO-O-, where R® and R'° are
independently (C,.s)alkyl, or phenyl, where the alkyl and phenyl groups are optionally mono- or
independently plurisubstituted with (C,.g)alkyl, (C,.g)alkoxy, halogen, or trifluoromethyl, or R’
and R'? together are (Cs.¢)alkylene;

e) R l(CHz)p- where R'! is 2-oxopyrrolidinyl; (C.¢)alkoxy;
phenyl; phenoxy; (Cyg)cycloalkyl; {3.3.3] bicyclic carbocyclic moiety; pyridinyl; naphthyl;
cyclohexenyl; or adamantyl; where the 2-oxopyrrolidinyl, (Cy.¢)alkoxy, phenyl, pyridinyl, and
naphthyl groups are optionally mono- or independently di- or independently trisubstituted with
R'% where the phenoxy group is optionally mono- or independently disubstituted with (C;-



trifluoronethoxy; sulfanoyl; carbanoyl; sulfonam do; al kyl sufonyl;
phenyl sul fonyl; aryl; heteroaryl; where the aryl and heteroaryl groups are
optionally nono- or independently plurisubstituted with R7; f)

(R13) 2CH(CH2) g-, where R13 is phenyl; in which the phenyl groups are

I ndependently optionally nono- or independently disubstituted wth R12; and
gis Oto 3; g agroup of the fornula: Rl15 ~ Rla (CHz) ~ where R4 and
R15 are i ndependently hydrogen; (C _$)al kyl; (C.6)alkyl carbonyl;
(C3.12)cycloal kyl ring; (C3-12)cycl oal kenyl ring; benzyl; benzoyl;

pyri di ne; £ i . -phenyl am nos bonvl ;. al kyl sul fonyl ;. o
phenyl sul f4géfhl§){l’?fb\?\f?g$< 8xgﬁgﬂ%ié%epb% YT nglhﬁgj‘?'gf%ﬁﬁl%ﬁgpﬁyc oty ﬁtoggona&,yt h
hydr oxy ( Ciménjoadriydeperaieatiyplerisubititeted @ithyC,.s)alRyiz md p isoys Bdi ne, pyri mi di ne,
phenyl , phenyl am nocar bonyl , al sul fonyl, and phenyl sul fonyl groups are
optional |y mono- or independgnfsllﬁij(‘l%f’r-‘;stﬁﬂ‘é‘trﬁlﬁtb%lCWE’W‘?&;i,CI-@?FIk >4 and R15
t oget her foy X33yl Salen] Cdafidlk idcetainitid;, hddEy: hyd BalPvi: . of the
f ormul a: 1%%83%%’0—9@3 vvhesr% ceR16li\tg)nd?dlén }rapgdrg,é}(%:ﬁ‘ ?%lg%lbg%dégxﬁ%’ydrogen;

(Cl . g) al kyifluqromethpzy; lsylfamoyb saprmoyl; sylfonamide) alkdisfemilpbeayipdfonyl; ayknzyl ;
benzoyl ; L.di : L.m.gi : : 14NO banyl.: | sul fonyl ;
or phenyl Eﬁﬁ%wﬁvh%éﬂree%ﬂ ﬁg&%%%tz}%yér B‘éﬁ%%%gﬂ%%% 'ﬁ?llfr]oef%r %QFR%Q%}%&& phenyl ,
phenyl ani niwanbsiytéd with Ryl sul f onyl , and phenyl sul fonyl groups are optional ly
nono- or independently di-s I ith R12:;0r R16.and R 7 together
forma (C3-12)cycloal kyl ri néﬁgng&ggg\i’%by?‘erﬁﬁ )‘S:Rhﬁ}yﬁd‘bwgpﬁﬁfé’}\egﬁrml a:
(CH2)t-$ groups are independently optionally mono- or independently disubstituted with R'?; and gis0to
3;
g) a group of the formula:
R15

|

N
R4 N(CHg)—$

where R'* and R"” are independently hydrogen; (C.g)alkyl; (C¢)alkylcarbonyl; (Cs.12)cycloalkyl
ring; (Cs.12)cycloalkenyl ring; benzyl; benzoyl; pyridine; pyrimidine; phenyl; phenylamino-
carbonyl; alkylsulfonyl; or phenylsulfonyl; where the cycloalkyl ring is optionally substituted
with hydroxy(C,.s)alkyl, and where the benzyl, benzoyl, pyridine, pyrimidine, phenyl,
phenylaminocarbonyl, alkylsulfonyl, and phenylsulfonyl groups are optionally mono- or
independently di-substituted with R'%; or R and R" together form a (Cs.iz)cycloalkyl ring; and r
is 2 to 6;
h) a group of the formula:
Tﬂ'
Rﬂs/N\(CI%éf
where R'® and R are each independently hydrogen; (Cy.g)alkyl; (C\.¢)alkylcarbonyl; di-(C).
¢Jalkylaminocarbonyl; benzyl; benzoyl; pyridine; pyrimidine; phenyl; phenylaminocarbonyl;
alkylsulfonyl; or phenylsulfonyl; where the benzyl, benzoyl, pyridine, pyrimidine, phenyl,
phenylaminocarbonyl, alkylsuifonyl, and phenylsulfonyl groups are optionally mono- or
independently di-substituted with R'; or R'® and R'” together form a (Cs.12)cycloalkyl ring; and

sislto6;



19 RN (CH2)t U R18 wherein R18 and R19 are independently hydrogen;
(C1_8)al kyl; (G _6)al kylcarbonyl; di-(Cl_ 6)al kyl am nocar bonyl ; benzyl ;
benzot hi azol e; benzoyl; pyridine; pyrimdine;, phenyl; phenylam nocarbonyl;
al kyl sul fonyl ; or phenyl sul fonyl; where the benzyl, benzoyl, benzothiazole,
pyridi ne, pyrimdine, phenyl, phenylam nocarbonyl, alkylsulfonyl, and
phenyl sul fonyl groups are optionally nono- or independently di-substituted
with R12; or wherein R18 and R9 together with the N forman (N, C3_12)

het erocycl oal kyl ring containing the nitrogen atom and each t is

i ndependently 0 to 6; and u |§ %gggﬁ roup of the formul a:

(phenyl -CH2- C(CH3) 2-), where % % is optionally nono- or

i ndependently plurisubstituted mnth R12 or g? g_group of the fornmul a:
(CHA R21-O(CH)t )U where R2' is hydrog ; | kyl ; benzyl; or phenyl;
in which the benzyl and phenyl gégups a ?tlonally nono- or |ndependently
di -substituted on the ring with i ndependently 0 to 6;
andui s 03; and, wherein a bond conﬂﬁ;nlng a wavy line signifies a point of
attachnent; (dd) R3, R4 and R5 areRindependent!y hydrogen; aIkyI al kenyl ;

:: tgln%:/!/cl ogv;lll M héhddr lé%ag‘% @ﬂw&%hgxgdm%nk@'ég%f}lfghkﬁ)%ﬁ(&lﬁxr POy e Aq#gl oal kyl ;

o ki bl oyclpatkyl. CZﬁbEW’fj{mgf By e eyl aryl or
ar a?/kyl d F gylnfgk@“‘g%y ﬂ@%@ﬁﬁé}(ﬂw{} FK%‘ZPBE% 1; Renrex vvlyt h d

hal ogen, ab&mbtmaz@lel mhﬂh&a*;mlm@ ﬂh@f@d, pﬂ&ﬂjrlﬁﬁidé@d??{onylpgllc‘yjrﬁﬁifl&i;‘l llsﬁay

al koxycar bonyl , al kenyl

cycl oa ., 6 cycloal kyl a
pol ycycl oaPRéayisulienyl ERpbAre ﬁy@%ﬂymowmr@%mu@mﬂy %svbs@m%wm a9F Wherein
¥ and R" together with the N form an (N, Ci.12) heterocycloalkyl ring containing the nitrogen

atom; and each t is independently 0 to 6; and u is 0 to 3;
j) a group of the formula:
(phenyl-CH,-C(CH3) 2-),
where the pheny] group is optionally mono- or independently plurisubstituted with R'%;
; or

k) a group of the formula:

(CH)—$
o

R21_0—(CH2)t

where R?! is hydrogen; (Cy.s)alkyl; benzyl; or phenyl; in which the benzyl and phenyl groups are
optionally mono- or independently di-substituted on the ring with R'%; each t is independently 0
to 6; and uis O to 3; and,

~ wherein a bond containing a wavy line signifies a point of attachment;

(dd) R* R*and R’ are independently hydrogen; alkyl; alkenyl; alkynyl;
cycloalkyl; cycloalkylalkyl; bicycloalkyl; tricycloalkyl; alkylcycloalkyl; hydroxyalkyl;
hydroxyalkylcycloalkyl; hydroxycycloalkyl; hydroxybicycloalkyl; hydroxytricycloalkyl;
bicycloalkylalkyl; alkylbicycloalkyl; alkylthioalkyl; arylalkylthioalkyl; cycloalkenyl; aryl or
aralkyl; all optionally mono- or independently plurisubstituted with halogen, alkyl,
polyhaloalkyl, alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl, alkenyl, alkynyl, cycloalkyl,



substituted am no, al kyl am no, dial kyl am no, thiol, alkylthio,

al kyl carbonyl, acyl, al koxycarbonyl, am nocarbonyl, al kynyl am no-carbonyl,
al kyl am nocar bonyl, al kenyl am nocar bonyl, al kyl carbonyl oxy,

al kyl car bonyl am no, aryl carbonyl am no, al kyl sul f onyl am no,

al kyl am nocar bonyl - am no, al koxycarbonyl am no, al kyl sul fonyl,

am nosul finyl, am nosul fonyl, alkylsulfinyl, sulfonam de or sulfonyl,
provided that when nis 1, Xis CH2, the ring containing Xis saturated, and
Z, R3 and R5 are H R4 is not a side chain of a naturally occurring a-am no

acid, and ha the ring containing X is
sa!t ur at ed, ‘Pﬁﬁ’aikzﬁﬂWii CQ\QQ%"TIW? "I@iar&’rﬁ’ﬂ@kk%ye m?xyﬁ’(gﬁ’im“ﬁ’@t ?WP"I*‘H{“‘HOQ’]( ee) ! R3is
hydrogen, qBstititéd @RthoREk 12 R Ak Waintho! ih?olaam%mot Akyleibbnyi Ny, are attached

forma 4 to 8 nenmbered heterocycllc ring of 7 carbons and | nitrogen,
wher ei n t hdkareeabeyamirocaibanyl cailkylaminweasbanyh elkylaminocatbendar bon connect ed

to N and I%%g)l 6, and R22 and
R23 are i nﬁlé%g}é eltrll‘itE bo@ﬁé%gaﬁs&%g’r {E}bo W&xy, J’%%Fﬁg%%ehyl , al kynyl,
cycl oal kyl alk)HaﬂfonylaJmmoalkglmhamcmwxezuamnnndkoxycgtbbrqdﬂnhyd) alkgidulforgy.cl oal kenyl ,

Y1 oot or B et ARG Rl ook S RSN P o when s 1

al koxycar briytE)itering dhitimNg/X & ARfteB a1, R *2ink ®X e TNy hot adidélcRaiy e bony!l
or al kyl am nocar bony| am no; and, optional [ y the heterocyclic ring has_an

aryl, het eragusly ocgprrigg g- %nqa%ﬁﬁ‘ép@aldewabahm isil; Xds CHudkeringrontining X

provi ded tif 8 dRs R st,he n‘feﬂﬁﬁad ning X is saturated, and
Z and R3 1a?ée ’Paﬁl % ana(}jgﬂl% ﬁgiaegt her oglrxgtgnot EfHZ)Z or -(CH2) 3-.

[0015] Oorrpounds of (tfemR?nslla/dtogai,sndRn@rld.msdogdﬂmmﬂmm@omswnﬂnm—msayaﬂae ring
cont ai nin atu ‘?P sent . g are dro and R3, R4
and R5 ha }f‘?g %’?}b‘b moHE ‘3ng?¥° ﬁgmélt‘/ W%%%’Pé‘é H‘ér %ﬂ.jse (cc)b). In
so n}a 3_UC h \ell;ﬂiﬁd thmﬁgtei?ocyaﬁc 1iss @rt(oﬁ)a:]oiaﬁ)oaﬂdﬂ ]zHaln dtie caftlos o&ﬁ)eetym koot Iakd/R“ have l;he 5
|nCU|n,utn2 to, -pro , N-but

i sobut yl , X fompulp %&I j;]erf”?lﬁﬁl‘w 1s ?c";?g é‘ﬁf mépd RC;FE‘T ’BB%/HCWWS%@X‘?‘%%‘M d
cycl ohexyly ydr@c?xphﬂtbﬁflélmtan&hyl ékﬁwplcsm@atwl%kw‘am R suBSRIRA ktkno, [0016] In

sonme enbodi'ne ounds of fornula I, CH2: the ring contalnlng X

i s sat ur avvelgalkyirlkg, cy@oaimhﬂryl Rrylalkd, %ﬂt@oafyldhﬁgreﬁylaawa cgddohaterodkd, R5 have
the sub gen@éfoﬁetelgﬁlﬁ&ﬁﬁ?f 'aﬂc@lcgl'bgﬁﬁaxgﬁﬁo a?&l@&%ﬂ]@anﬁh@%ﬁ%x&&?%@dam?no,

aryloxycarbonylammo, alkoxycarbonyl, aryloxycarbonyl, or alkylaminocarbonylamino; and,
optionally the heterocyclic ring has an aryl, heteroaryl or a 3 to 7 membered cycloalkyl ring
fused thereto, provided that when n is 1, X is CH», the ring containing X is saturated, and Z and
R® are H, then R* and R® together are not -(CHa)- or (CHy)s-.

{0015] Compounds of formula I also include those wherein X is CHy; the ring containing X is
saturated; CRRY is absent, R‘, R? are hydrogen; and R3, R* and R’ have the subgeneric
designations given by foregoing cause (cc)b). In some such embodiments, R’ is a (Cy.12)alkyl or
(C;.lz)cycloalkyl, including, but not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclohexylmethyl, 1-cyclohexylethyl, or adamantyl.

[0016] In some embodiments of compounds of formula I, X is CHy; the ring containing X is
saturated; CR'R" is absent, R, R® are hydrogen; and R}, R* and R’ have the subgeneric

designation given by foregoing clause (cc)d).



[0017] In other enbodi nents of conpounds of forrmula I, Xis CH2; the ring
containing Xis saturated; CRR' is absent, R, R2 are hydrogen; and R3, R4
and R5 have the subgeneric designation given by foregoing clause (cc)e).
100181 In certain enbodi ments of conpounds of fornmula 1, X is CH2; the ring
containing Xis saturated; CRR' is absent; R, R2, are hydrogen; and RS,
R4 and R5 have the subgeneric designation given by foregoing clause (cc)f).
[ 00191 In sone enbodi nents of conpounds of formula I, Xis CH2; the ring
containing Xis saturated CR R is absent, R, R2 are hydrogen R3, R4 and

R5 have th nat i IV, orego ause (c 00201
Conpounds @Pfﬂ dl???frﬂﬂﬁs?f%%‘@gw gﬁ)ﬁm Ise}gfﬁ—@%’ g cRpta E‘H%t’é&%l ng X
is sat Uradaﬁﬁ‘ate@@ﬂ“h%bs%bﬁﬁmRza%hyd%eﬁrﬁdwq{%ﬁfks hiRA thBéul%eﬁim% have the
subgeneric_designation given by for egm ng clause (cc)h. [00Z211 Conpounds of

formul a | dasiepetion gvendydppeoingelaysefer)ont ai ning X is saturated; CR R is
absent, R, R2 are hydrogen; R3, R4 and R5 have the subgeneric designation

gi ven by fORTAZOIIA GertlPeAOiEEN df col g@&%lomnmﬁ RO MRt Sho GRS

of formula I 2: th e ring containin K satura
R, R ar esahlydcd)@@tiR"lRBbsemRad&, 26 hydrogent mal&uBgemlehanémsgbwnerm gi ven by

f or egoi ng y| C enbodi nents of conpounds of formula
I, Xis CHZé: ﬁﬁ%%ﬁli(gﬁge}llg n%rggm%%lawz isr@‘aturat ed;CR R" is absent, R, R2 are

hydrogen; R3, R4 and R5 have the subgeneric designation given by foregoing
cl ause ( ccl))(l19][ 002 égmeremboetiraenteal comipgemnis of forhola X & Cldy) ﬂmfrirtgrwnﬁami@rix ison

when CR R’ ; t. incl ds,of F 11 h
the 1 ol 1 ovieheeF K SaeiepR B G mioREerat by 41 gacs weptpongidinisond T (

) given by foregoing clause (cc)g.

[0020] Compounds of formula I include those wherein X is CH; the ring containing X is
saturated; CR'R" is absent, R', R? are hydrogen; R®, R* and R® have the subgeneric desi gnation

given by foregoing clause (cc)h.

[0021] Compounds of formula I wherein X is CHy; the ring containing X is saturated; CR'R*
is absent, R!, R? are hydrogen; R®, R* and R’ have the subgeneric designation given by

foregoing clause (cc)i).

[0022] In some embodiments of compounds of formula I, X is CHy; the ring containing X is
saturated;CR'R" is absent, R!, R? are hydrogen; R} R* and R’ have the subgeneric designation

given by foregoing clause (cc)j.

[0023] In some embodiments of compounds of formula I, X is CHa; the ring containing X is
saturated;CRiRii is absent, R, R? are hydrogen; R?, R* and R have the subgeneric designation

given by foregoing clause (cc)k.

[0024}] A preferred subgeneric formulation of the invention when CR'R of Formula I is

absent includes compounds of Formula II having the following linear alkyl pyrrolidine formula:



4 R3n Z Il [0025] In enbodinments of Formula I, R3 R4 and R5 are defined
as given for groups (cc), (dd) and (ee) as given above for Forrmula I, and
R and R2 independently or together are -OH, -O M+ wherein M is a cation,
a hydroxyl bearing a boronic acid protecting group, or a group capabl e of
bei ng hydrolyzed to a hydroxyl group in an aqueous solution at physiol ogical
pH or in biological fluids. [0026] In such enbodi ments of Formula Il, R5
may be al kyl, cycloal kyl, optionally nono- or independently
plurisubstituted as descri bed above. [0027] In sone enbodi nents of conpounds
of Formula Il, R3 and R4 are both hydrogen. [0028] In other enbodinents of
Formula I'l, nis 1. [0029] Included also arg conpounds of forrmula Il wherein
X is CH2; the ring containing X is sagurated, BL(-RQ, R and R4 are
hydrogen; and R5 is a group of the for Bfz)i R21-O(CHZ t ' u where
R21 is hydrogen; (Cl_8)alkyl; b@nzyl r phenyl; in which the benzyl and
phenyl groups are optlonahﬁy } dently di-substituted on the
ring with R12; each i s irkiepende gpd uis 0to 3. In sone
such enbodlnents R5 has formnul a: r’mRzi -Q O [0030] Anot her
preferred subgenerlc formul ati onR3f FRST mul / en CR R'" is present

R4

i ncl udes conpounds of formula IIl: R | OB- R RS X-~KNRi R
)/ X n
I
[0025] In embodiments of Formula II, R*R* and R® are defined as given for groups (cc), (dd)
and (ee) as given above for Formula I, and R' and R? independently or together are -OH, -0~ M*
wherein M" is a cation, a hydroxyl bearing a boronic acid protecting group, or a group capable of
being hydrolyzed to a hydroxyl group in an aqueous solution at physiological pH or in biological
fluids.

[0026] In such embodiments of Formula II, R® may be alkyl, cycloalkyl, optionally mono- or
independently plurisubstituted as described above. A

[0027]  In some embodiments of compounds of Formula II, R® and R* are both hydrogen.
[0028] In other embodiments of Formula I, nis 1.

[0029] Included also are compounds of formula II wherein X is CHp; the ring containing X is
saturated; R', R% R’ and R* are hydrogen; and R’isa group of the formula:

ht
/Q/)(CH )

R2-0—(CH,) u :
where R?' is hydrogen; (C,.g)alkyl; benzyl; or phenyl; in which the benzyl and pheny} groups are
optionally mono- or independently di-substituted on the ring with R'%; each t is independently 0

to 6; and v is 0 to 3. In some such embodiments, R® has formula:



Z 111 wherein R and R2 independently or together are -OH, -O Mt wherein
M+ is a cation, a hydroxyl bearing a boronic acid protecting group, or a
group capabl e of being hydrolyzed to a hydroxyl group in an agueous
solution at physiological pHor in biological fluids; and, R3, R4, R5, R
and R' are the sane as are designated for groups (aa) and (bb) of foregoing

Formula I. [0031] The invention also relates to nethods for preparing the
above-descri bed conpounds. As shown bel ow and as described in the EXAMPLES,
t he conpounds of formula Il and Il are prepared by reacting a cyclic am ne

(e.g., pyrrolidine or piperidine), suitably protected with a standard

protecting group such as Boc- peg-, CBz- or the ecsz—%h sec- BuLi / TMEDA
foll owed by B(OCH3)3, to prag t he nethyl bo
hydrolysis of the nethyl es wi t f7 2N HCI (

ester derivative. Acid

es the boronic acid
intermediate 1. ReactiR¥@f 1™With (+) p& deprotection of the
am no protecting group, and recrystallization pI’OVI des the " pi nanedi ol ester
2 as an isonerically pure salt. [0032] Internediate 2 is useful for the
synthesis of both series A and series B conmpounds. For exanple, N-acylation
of 2 wth chloroacetyl chloride provides the a-chloro amde 3. 10 Treat nent
of 3 with Na2CO3 and cycl opentyl am ne, and hydrol ysis of the pinanedi ol

boronic ester, proyides a conpound of fornula I, 4. Alternatively, coupling
of internddf3Me WW’F@“B%%WWW&W@“% P@‘@A@%@Rpﬁms%s ani de 5.
Depr ot ectllgauggsc&ﬁgmﬁmapfo%ggmand hydrol ysis of the boronic esters,

provi des a conpound of forrmula I'l, 6. 1) s-BulLi, TMEDA -40C HO B- OH CNBoc 2)

(MeO)3B r 1) (+)-Pinanediol, Et20 3) H30' L,NBbc 1 /// 2) HO, Et20 then re
crystallize (2X) |eaving onIy R i songr g3 Bo0 ClgA=Ce Lj NH HCI

),

RS

N
ﬁ Ri Ri \_ /_ X
z

11
wherein R' and R? independently or together are -OH, -0~ M" wherein M" is a cation, a
hydroxyl bearing a boronic acid protecting group, or a group capable of being hydrolyzed to a
‘hydroxyl group in an aqueous solution at physiological pH or in biological fluids; and, R*, R?,
R®, R and R" are the same as are designated for groups (aa) and (bb) of foregoing Formula L.

[0031] The invention also relates to methods for preparing the above-described compounds.
As shown below and as described in the EXAMPLES, the compounds of formula II and 111 are
prepared by reacting a cyclic amine (e.g., pyrrolidine or piperidine), suitably protected with a
standard protecting group such as Boc-, Fmoc-, CBz- or the like, with sec-BuLi/TMEDA
followed by B{(OCH3)s, to provide the methyl boronic ester derivative. Acid hydrolysis of the
methyl esters with 2N HC provides the boronic acid intermediate 1. Reaction of 1 with (+)
pinanediol, deprotection of the amino protecting group, and recrystallization provides the

pinanediol ester 2 as an isomerically pure salt.

[0032] Intermediate 2 is useful for the synthesis of both series A and series B compounds.

For example, N-acylation of 2 with chloroacetyl chloride provides the a-chioro amide 3.

10



2 ~CI-NNOBpNOOBO 3~pO5 1) Na2C33 a-NH2 1) HC, Et20 2)
Phenyl Boronic Acid 2) Phenyl Boronic Acid Hexane / H20 Hexane / H20 (JH
YN~/ HN OHO 1B OH OHOB OH 4 6 11 [0033] This synthetic schene is
adaptable for the preparation of all the conpounds of the invention, by
reacting the appropriate cyclic amne (pyrrollidine, piperidine, and other
cyclic amnes) wth sec-BuLi/B(OCH3)3, and coupling the boronic ester
intermediate with the desired acid chloride or acid via routes A or B,
respectively. The appropriate cyclic amine may either be conmmercially

avail able Qr is easil. esiized t hrough kn rocedures, f.or. exanpl e,
Those.pr obeameat vt SUEE ARt roremyanii, oot bt

6, 380, 398; es&r,éa?&d@e% :h;coﬁ?&ﬁﬂ d18SmulDl, 3 2A1tSRatively, hiplifg 8f inferhbifate 2 Hiith N-

6, 011, 155; and 6, 395, 767, which are hereby incorporated bfy reference in

their entiBer§rhqnybBuusing FDAGRQHEprogdpeamides. Drerofeptjanfithnamipe giogeand
process f QfuiRiiERESH b drlific ERIRPRATes a BbmbRAIHI W PortmuladS. | R4 R3X 001 B-OR2

1) s-Buli, TMEDA -40°C HO‘B«OH
NBoc  -2L{MeO)B 1) (+)-Pinanediol, Et,0
3} H0" NBoc
1 2) HCI, Et,0 then re crystallize
{2X) leaving
only R isomer
o]

O
: o .B-
0/&o o 9
3 /‘\ ’a
5
1) Na,CO;
1) HCI, Et,0O
Q‘NHz ) 2
2) Phenyl Boronic Acid
2) Phenyl Boronic Acid Hexane / H,O
Hexane / H;0 ¢
iy D0
N N
H/\[or B~ H H 0 B
Mo © o S OH

4 6
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RANNN NC (I) HRR - )n x z by coupling a reactive conpound of fornula:
ORS 4 31 RROB-OR L//~La) R R ~x nwith an am ne of formul a:

R5- NH2; optionally deprotecting the boronic acid ester; and recovering the
resultant conpound as a free acid or as an acid addition salt; wherein L is
a leaving group. R, R2, R3, R4, R, R', n, X, and Z are as defined herein.
Preferred enbodi nents are those where R3 and R4 are hydrogen, L is hal ogen,
including but not limted to C, and R5-NH2 is cycl opentylam ne. 12 [0035]
The conpounds of the invention may be prepared in the form of
pharmaceutically acceptable salts, especially acid-addition salts,
including salts of organic acids and m neral acids. Exanples of such salts
i ncl ude saljos3pf DKig ayttietia aitieSs/alap@ble FQHS Sregeatfbn of HINtHe BmPEIfds ofEEL i C
acid, propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid,
succi ni ¢ adPEntiopaby teactingithe apprapriateicycligcmine @yrrellidingatiperidingnsng athen gydic
salicylic I e i it B i . a6i.d- _1ncl ude
R e e S R e T A
| i ke. Furt hed chieddpdresidofia phies daardR) réspedtively aTbegipadyiriate aycicmmne may eitireghai c

acid addition salts 1. ude th har maceutical |y acceptabl.e salts |isted in
Tour nal of “PREFRALE v RGe S5% RSN EETRS Hphg B R RUP  SRRP B iR
skill ed ar pideadures dieBBEd hNE S Aldteht Naglicld10/346;99,432,968Y6, b&0, 3381 6 TIS08126,166)€63;

di rect products of caonpound synthesis. 1In the alternative, the free_base
may be di s§dP6é85;i6n118’9§$i%58b3§7‘s%9\}e¥&5; A 30Smohgvhisars berebpincerpratedbyd,  and
the salt i sglRh&dn MEireH@RALating the solvent or otherw se separating the
salt and solvent. [0037] “The conpounds of this invention nay form sol vates

with standard | ow nol ecul ar ) ) ) i
[003 Thus, another aspect of the invention provides a process for preparing the compounds

of formula I:
o
R R? O B—OR?
R®, (n
R R \_ /‘X n
z

by coupling a reactive compound of formula:

OR!
B—OR?

L&L“Q} )

R R n

with an amine of formula: R’-NH,; optionally deprotecting the boronic acid ester; and recovering
the resultant compound as a free acid or as an acid addition salt; wherein L is a leaving group.
R, R% R}, R* R, R n, X, and Z are as defined herein. Preferred embodiments are those where
R and R* are hydrogen, L is halogen, including but not limited to Cl, and R>-NH; is

cyclopentylamine.
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wei ght sol vents, including water to yield hydrates, using nethods known to
the skilled artisan. [0038] It is to be understood that the invention
extends to all of the stereoisoneric fornms of the clainmed conpounds,

i ncl udi ng enanti omers and di astereoners, as well as the racemates.

Phar maceuti cal Conpositions [0039] Pharmaceutical conpositions containing a
conpound of the invention of the invention may be prepared by conventi onal
techni ques, e.g. as described in Rem ngton: The Science and Practise of
Pharmacy, 19th Ed., 1995. The conpositions nmay appear in conventional forns,

for exanp apsyl es, table aer psol s, sol utions, suspensions or topical

appl i cat i o&@sg COWQ“@BH]E)%'G ipysntign may:benrgrarrd;ip e fomn Hr}’éﬁﬂqwcﬁg)’ DPP- | V
i nhi bi ti Ona&\éﬁﬁblé‘séﬂsd& eciHISAG1A-AAREOR salFQEclﬁdiﬁ%PJlﬁ ofb@aﬁlbsmag SRlRRE Lldsadul t
hunans, dosages from about "0.05 to about , preferably from about 1

to about 5BEAmRes qfsuchcaljs malydwtltagfe@rgamc acwsusgm ascfomnig acif sfumatioanid, Boetiey t o
about 500 f uently
be necess%fqy%?((;?“gjwwd %}y%ﬁﬁ&%% emaa(r%l(’ﬁ1 vﬁaglﬁ%?]hésug‘}')lm |b'§11§1|9°s under
control t oadiddartaeic tid, cmhoaalgﬁbeni'cheaﬁd,&ﬁlﬁcyﬂ@ﬁd@&ndl\lhb likeleprdtable wp@ganidweidyode of

admnlstrat on, on the.th farmjn whi ch,adm ni st t he
subj ect t o?4siEfiqnsalty includg 53 tf ﬁyyﬂbﬁsf dr@[ﬂ’f"%W“E ﬁprg'd‘B(j dphpgphprc act“fef'&g & and

the pref er s Fuahét R¥Rpled SR cedtRelPY It AhoRanié OF Sighiia héid AddifforFHHRE g€
[0041] Cenerally, the conmpounds of the invention are dispensed in unit

dosage f or i#rludethsphamageufically asprptablepalislistes laﬁwalpéﬁbmmgcwﬂcai@m@, 66, 2

I ngr edi ent thcally acceptable carrier per unit
dosage. DEEP?P#%% ﬂgftﬁe{mlsubst antially pure" in relation to conpounds
of the invention such as, but not limted to, those of formula VA and VB,

it is meani0086lat Theacidadditien salts sy boobtained aytbe digkeoh produdts ofgemppimsheynthesis.

di ast er eoi ' L alts
thor cof - BANEURmaR0L (¥ e boll Bh00E ocoa8 PN BHRE A o Bl G L AR s
enbodi ment &id)aad the cateisolated py ee@ntaﬂngthelselamt ob 8ermisevsepagitingahe daltend solvent.
conposition. [0043] The term "boronic acid protecting group” as used herein

refers to | et bl ock or rotect th

functi onal t% 11%5 hé%ﬂéons fsr%l\]/‘f) f/?nnraa)('){) A |o%2?°%§4]§e%agﬁm%rhe
conpound aweightablvesis] incliding watectlyiald hydistes) omgwmethads lcho@l tg) thespibled arisan.
protected as boronic

[0038] It is to be understood that the invention extends to all of the stereoisomeric forms of

the claimed compounds, including enantiomers and diastereomers, as well as the racemates.

Pharmaceutical Compositions

[0039] Pharmaceutical compositions containing a compound of the invention of the invention
may be prepared by conventional techniques, e.g. as described in Remington: The Science and
Practise of Pharmacy, 19th Ed., 1995. The compositions may appear in conventional forms, for

example capsules, tablets, aerosols, solutions, suspensions or topical applications.

[0040] The compounds of the invention are effective for DPP-IV inhibition over a wide
dosage range. For example, in the treatment of adult humans, dosages from about 0.05 to about
1000 mg, preferably from about 1 to about 500 mg, per day may be used. A typical dosage is
about 10 mg to about 500 mg per day. In choosing a regimen for patients it may frequently be
necessary to begin with a higher dosage and when the condition is under control to reduce the

dosage. The exact dosage will depend upon the mode of administration, on the therapy desired,
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acid esters derived from al chohols such as (+)-pinanediol; pinacol;

1, 2-di cycl ohexyl - et hanedi ol ; 1, 2-et hanedi ol ; 2, 2-di et hanol am ne;

1, 3- propanedi ol ; 2, 3-butanediol, diisopropyl tartrate; 1,4- butanediol;
di i sopropyl et hanediol; (S,S,)-5, 6-decanediol;

1,1, 2-triphenyl -1, 2- et hanedi ol ;

(2R, 3R) -1, 4-di net hyoxy-1, 1, 4, 4-t et raphenyl - 2, 3- but anedi ol ; net hanol ;

et hanol ; isopropanol; catechol; 1-butanol; and the like. As will be
under st ood by those skilled in the art, alcohols having only a single
hydr oxy gr up, s, nmeth noI form d| esters having the structure -B(OR)2

'h whi oh RIS g §BIcY 1 BHter |ﬂ<1ﬁ5§/‘bFFtdﬁ1bt3 freated andibe body wright obtherehiss to sy
conpar i SoNreatél, Bhthe Preferéiite Mé&,@ﬁer{c%me%ﬁw&mb%e@gwggﬁg gﬁa}% w th -B(OH 2

in which the organic noiety e. to both
oxygens. [0044} The term "N-protecting group” or "N-protected" as used
herein ref H041k o Genseadlygheeqmapounds afiraigvensiop prstdispensed in wit daspgerfosn of an

am no acid t desirabl e
Feact i ons. PR un b8 B B0 lo0d el Dl eth A Ben AARELARTR (7 oups

ar e di scl opimsimaceufically acseptable carfrer fér udititlssagé.Pr ot ecti ve Groups I n Organic
Synthesis, 3rd Ed." 14 (John Wley & Sons, New York (1999)), which is hereby

i ncorporated by reference. N- prote s conprise acyl groups such as
fornyl, acetyl, pr opi onyl, pival oyl %#mﬁgﬁetyl , 2-chl oroacetyl,

2- br onpacetyl t fluporoac » iri,choroacet hal yl

o-nit ropheh%’ﬁ]a X; |Substanty Eﬁ]f %‘f‘rf‘)b refptign tot?g'ﬁ'?%%ds ggghﬁ H}%’P‘B’é‘e“ﬁ%ﬁ but not

4- br omobenkimjted todthbsel SfERRIMIOYA and V®B, tthembdrk Giat 61 iEhit lor theotheR Sndhutiitl 8B
benzenesul f on I p tol uenesul f onyl and the |jke; carbapate form ng groups

such as bEKZ fERipomers. ?F'IINaéﬁSOIB@FPZ‘}FI’ E}}M‘l&m}%‘ﬁgﬁ}cally acceptable salts thereof,

p- met hoxy bFeB?eX&f?sxéf %Et%%l!)y wc1Ehter Ttﬁe%ﬁﬁéﬁh&i( VIR @6RE B¥bodiments one isomer
2-ni trobenzyl oxycar bonyl, "p-bronobenzyl oxycarbonyl,

3, 4- di et hwmfﬁzﬁlle@ﬁtﬁ%(vhowvghtQﬁﬂﬁhtm'lwetlhmybenzyl oxycar bonyl ,

2, 4- di met hoxybenzyl oxycar bonyl , 4-nmet hoxybenzyl oxycar bonyl, 2- n|tro-4,5-
dinethoxybenzyloxycarbonyl, 3,4,5-trinethoxybenzyloxycarbonyl,

1- (p- bi phe[op43il ) -The terei prhmtdunﬂmaﬂed:‘tm@éroupﬁ ,aausfﬂ herein refers to a moiety employed

[ buty1 oy P PO e BpRSiy e A aiey By ecerang B Dy Eetom e

et hoxycar befjié contfuhd ¥¢ Gaied Birtl ,T ichIy, %WMY& OH groups are protected as boronic
2,2,2, trlchloroethox ar bonyl , enox car bony nltrophenoxycarbonyl

f1 uor eny| - Tid sRbarnesay, B’é‘rﬁ}‘}h"h‘@%‘}cbﬁé ;nlwg@alp B’@h‘iﬂl: 1, 2rdisnelphepylosthansdighny | |
cycl ohexyl Rébéﬁéﬁéa@&yi,z diethanolamine; 1,3-propanediol; 2,3-butanediol, diisopropyl tartrate; 1,4-

butanediol; diisopropylethanediol; (8,8,)-5,6-decanediol; 1,1,2-triphenyl-1,2-ethanediol;

(2R ,3R)-1,4-dimethyoxy-1,1,4,4-tetraphenyl-2,3-butanediol; methanol; ethanol; isopropanol;
catechol; 1-butanol; and the like. As will be understood by tho_se skilled in the art, alcohols
having only a single hydroxy group, such as methanol, form diesters having the structure
-B(OR): in which R is the organic moiety from the alcohol (e.g., -B(OMe);). By comparison,
diols such as pinacol form cyclic boronic diesters with -B(OH), in which the organic moiety

(e.g., -C(Me),-C(Me);-)is attached to both oxygens.

[0044) The term "N-protecting group” or "N-protected” as used herein refers to those groups
intended to protect the N-terminus of an amino acid or peptide or to protect an amino group
against undesirable reactions during synthetic procedures. Commonly used N-protecting groups
are disclosed in T.W. Greene, P. G. Wuts, "Protective Groups In Organic Synthesis, 3™ Ed."
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phenyl t hi ocar bonyl and the |ike; alkyl groups such as benzyl,

tri phenyl net hyl, benzyl oxynethyl and the like; and silyl groups such as
trimethylsilyl and the like. Preferred N-protecting groups are fornyl,
acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl,

9-fl uor enyl met hyl oxycar bonyl (Fnoc), t-butyloxycarbonyl (Boc) and

benzyl oxycar bonyl (Cbz). [00451 The term "alkyl"™ or "(CG _12)al kyl", al one
or in conbination, refers to linear or branched chains and nmay i ncl ude
cyclic portions having fron11 12 (the use of 1-12 herein inplies each of
1, 2, 3, 4, 5, 1 and_ 12) carbon atons, such as but not

linited to(JO}@ B’ﬂeﬁéctw\ﬁ N%’f Nylrk(ls‘ff?))gwﬂﬁus herehyjpessparatedbpieference e - but i |
butyl, S , b
IAfS(r)re'tJ hg;l pe tyI r%lger%%’esr?? PH{EQ&%} %-&#g‘% Eaﬂypr op acg'txl B;%h@‘#d EW]B{’IOQ "g?é tyl
E: g:m mls nag %\bl;blbtoyﬁééyl Z-S@nga?wlkwﬂhom@tﬂ(tﬁchlﬁl)r?atdtxll ﬁhtha:hsﬂmamtmphmnxyacetyll a-
0 1i,n c ai, n e cyclic
portions, ﬂ% P%”SY‘?/L §ﬁ92f¥£16',° rcg’en%)ly o %q’é r"lf)(%’ a?ngﬁgenz?)ésaaggl}eli ?X{:Eﬂch as
but not | igfbﬁlﬁd;uﬂﬂas lﬁn@nesﬁﬁﬁbﬂﬂ]p t(ﬁddﬁb’dulfoﬁlylﬁhd)ﬂwlﬂceIc‘ifb@ﬁl@ﬁ)ﬂ)r{mﬁlggﬂ@ syduch

sec- butyl, |so tyl, ert huty n- pent yl met hyl butyl , 3-nmet hyl butyl,
n- hexyl , 4aSReRTRaxyeRboayl, m@@%@bﬁnyyloxyzmi’owlr@ﬂ?ﬁogsybfagrxloxyaﬁaormke like. 15

00471 Thep.piofibizd ok HaRbotyl, Zamt?clbgﬁh%rldi&cdrﬁbxﬁprﬁmr&%ﬁéﬁﬁ'yloiy%fn‘%éylt o linear or

br anched ai ns include cyclic t'ions, having from1-4 carbon
atons, such4diméhaxyhoey oxmark@nylt, &3 Cblngthoxmmx)’c@bdwl,, n- propyl, isopropyl,

n(g'”l/lZ) al engﬁ#&y xp{gén%?@yc%gﬂ eny‘%ﬁ%&¥ qnzﬁtngycaﬁ)%nyi Lp 481 The ter m

e or RiSona ion, refers to a
strai ght otimethaxyheetlloxynshdnm aeﬂﬁmdhmhemmxgmzhdnthp-b@héﬁmn 2-12 or 2-10
carbon atons S tivel S ubl e bond, such as, but not
limted tometwlﬁ@‘P %f%ﬁpgp‘éﬁff me&vf@é ~dith ?‘g@ﬁ’g ﬁ?‘P’caﬂ??nH at enyl , n-pentenyl,
n- hexenyl beﬂﬂ@dﬁﬁl@{yhhrb&ayl,[t%‘ﬂ)%xyxﬁﬁoﬁﬁrdﬁﬁopr%ﬁméﬁb@cﬂ@ﬁl)} 1, and

"(C2. |o)alkynyl , alone or in conbjnation, refers to an wunsaturated
hydr ocar boOrepRiloxyRabenYY cthopbisashonyl, Brethexyqarbonyl aliylenystrionyles pect i vel y, and

VS, PSRRI g A 8 RS 9,
"(C3-12) cwobtbevtyicgrbbnﬁmyclbp@ylgu)cely)omdaadlayﬂaﬂtyloaﬁ@r@nwbcxszfﬂ:élemloxmmbos)di ur at ed
Yol Y Qe AR AT LRl o T 10n LD Rl By GSABEHGH

such as cyc cyc bpen
cycl ohexyl andaltelitenind s;lylagduﬁsh;ac}i asltﬁmethylsxlyl and the like. Preferred N-protecting groups
are formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl,

9-fluorenylmethyloxycarbonyl (Fmoc), t-butyloxycarbonyl (Boc) and benzyloxycarbony! (Cbz).
[0045] The term "alkyl" or "(C,.;2)alkyl", alone or in combination, refers to linear or branched
chains and may include cyclic portions, having from 1-12 (the use of 1-12 herein implies each of
1,2,3,4,5,6,7,8,9, 10, 11 and 12) carbon atoms, such as but not limited to, e.g. methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, 2-methylbutyl, 3-
methylbutyl, n-hexyl, 4-methylpentyl, neopentyl, 2,2-dimethylpropyl, and the like.

[0046]  The terms "(Cy.0)alkyl", "(Ci.g)alkyl” and "(C,.g)alkyl", alone or in combination,
refers to linear or branched chains and may include cyclic portions, having from 1-10, 1-8, or 1-6
carbon atoms, respectively, such as but not limited to, e.g. methyl, ethyl, n-propyl, isopropyl, n-
butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, 2-methylbutyl, 3-methylbutyl, n-hexyl, 4-
methylpentyl, neopentyl, 2,2-dimethylpropyl, and the like.
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[ 0051] The term "(C5_10)cycl oal kenyl" refers to a radical of one or nore
cyclic hydrocarbon having at |east one doubl e bond having from5-10 carbon
atons such as, but not limted to, cyclopentenyl, cyclohexenyl, and the

| i ke. [00521 The term "cycl oal kyl ene” refers to a "cycl oal kyl"™ group which
has single bonds for attachment at two different carbon atons. [0053] The
terms " (Cl.6)al kyl am nocarbonyl"” and "di-(C _6)al kyl am nocarbonyl" refer to
straight or branched chain hydrocarbon groups having 1 to 6 carbon atons
connect ed to NC(=0). Exenplary alkyl groups include but are not limted to
met hyl, eth propyl, |sopropy n-butyl, t- but i sobutyl, pentyl,
hexyl , andl na ||R@tem6"({3005k11 wrmetoerrmorr(bmaugn) arrégsrt@hnmnwmnqhed ehagnst o

| i near or y r 6_car bon
at ome. connang ey Befle PRloft e ot SR QRS Bk PAnted @, Co

i mted tomethivhythyl, etphotyl, rsmpmpyll n-bus«hpe@bytm, isobuiyit ;ekt,butyl,tnmﬂyﬁe, likesobut yI ,
pentyl, hexyl, and the Iike. [00551 The term (C3_8)cycl oal kyl car bonyl

refers to cyclic hydrocarbon groups having 3 to 8 <carbon atons connected to

=0 . USYr Y TheGERR I, ,) kP Sanid™ gIkBMA", @fofle B chinBink@sh, feers t
cycl opr opy[m ?ycl obutyl K%y’%:) e Ed‘ztl@ o%g?(yl , gtnd he |ike. [%rSOSOGal The

opentyl,
terns " (C,straaghtpilyggehed, urlatmtatﬁ) kxﬁrw@n@halp@aweg &pm@xw or 23] &ysebopratqnes,
conbi nati o r I ched
comD! nat | ShapeciIE e b PonSAUREBDRS o 2t bt 1IN VRS PRRIENES,
at ons, resrsepn'bpe\nel y:buEngalnprpesnerqrﬂ d-haxesyl, emldlthbd;ke groups include but are not
limted to nmethoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, and the |ike.
Exanpl es of branched al koxy include but are not imted to isoprpoxy,
sec- but oxy[ooﬂqrt-T}iélﬂérﬁ?sWCzi@ﬁlRﬁM'Cﬁhﬂ "((tzg@blky@yi‘*/,aloaedrinrwmlbinls@on fagp a5 of
cyclic al koxy inclu t are not limted to cycl opropyl oxy, cycl obutyl oxy,
cycl opent y%ﬁswatwéﬁ ghain haying frome2117 06 2-1P Geybon ates, respech velyy g9dateast
refers to & Mboﬂf,@ﬁ% a@%ﬂﬂ%@hﬁﬁe&o-@@ﬁ-ﬁ] C2OH,E IR, A NOY]-CH,-2= or as
part of anot her roup, refers to alkyl linked to a carbonyl group [0059]
The term "QH@H:&%ECHr@ﬁéh%hkeo al kyl groups whi ch have single bonds for
attachnment at two different carbon atons.

[0050] The terms "(Cs.jz)cycloalkyl” and "(Cs.jo)cycloalkyl” refers to one or more saturated
cyclic hydrocarbons having from 3-12 or 3-10 carbon atoms, respectively, such as, but not

limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, and the like.

[0051] The term "(Cs.i0)cycloalkenyl” refers to a radical of one or more cyclic hydrocarbon
having at least one double bond having from 5-10 carbon atoms such as, but not limited to,

cyclopentenyl, cyclohexenyl, and the like.

[0052] The term "cycloalkylene" refers to a "cycloalkyl" group which has single bonds for

attachment at two different carbon atoms.

[0053] The terms "(C;.¢)alkylaminocarbonyl” and "di-(C,.¢)alkylaminocarbonyl" refer to
straight or branched chain hydrocarbon groups having 1 to 6 carbon atoms connected to NC(=0).
Exemplary alkyl groups include but are not limited to methyl, ethyl, propyl, isopropyl, n-butyl, t-
butyl, isobutyl, pentyl, hexyl, and the like.

16



[ 00601 The term "al kenyl ene" refers to al kenyl groups which have single
bonds for attachenent at two different carbon atons. [0061] The terns

"al kynyl ene" refers to al kynyl groups which have single bonds for
attachenment at two different carbon atons. 17 [0062][ The term"aryl" refers
to monocyclic, bicyclic, or tricyclic carbocyclic aromatic ring systens
having 6 to 14 carbon atons in the ring portion. Exanples of aryl groups
include but are not limted to phenyl, naphthyl, biphenyl, anthracenyl,
azulenyl, and the like. Aryl is also intended to include the partially
hydrogenated derivatives of the carbocyclic systens including

1, 2, 3, 4- t M3y dTbe ieapn{Guysdalkylashonyl” r %tyﬁdt‘t h@arpq@ancpgb@@]naeﬂamﬁx%s of "aryl"
i ncl ude b t
(1 haapht hyraRisEbB o Hal il 148 SRR somS R0 1o CORATEkemiIaD ! broups

3 ant hr ac englhqe buannd nohlémitéd thenetfyQ @Y1, proreyl, ipropyl, atbptyd tibetyy,lifobatyt] pentyl,
"aryl al ky or as part of another group refer to alkenyl and
rno/eﬁ’bis

aIkynyI S d Crlbed above having an aryl substituent. [0065] The
terns halogen and "hal o" refers to chloro, fluoro, bronD or iodo. [0066]

The term | am no" ar " am no" al one_or, as part of
anot her dﬁ@ﬁ% i haf U&Bécaﬁgycg’l‘ﬂkﬂ?érb&bﬂ\%feﬁIt‘kerChC &V@chaél?c’naET%PthR‘QPg QFQF))% ps
l'inked t0 @rghhioRBeBn@lREYo C-2H6 Bkent {:]ertc%lmﬂ el b@ﬂ"&rﬂﬁot 1Adtel P! oyed

herein al one or as part of another ers 0 am no substituted with
one or tmﬂW@Qb@pﬂtu@hbn%&wmﬂemmn&ywﬁbhvnba&&&slwt different, such as al kyl,
aryl, arylal kyl, heteroaryl, heteroarylal kyl, cycl oheteroal kyl,

cycl ohet er oal kyl al kyl , cycl oal kyl, cycl oal kyl al kyl hal oal kyl, hydroxyal kyl,
al koxyal ky[0os5j thhe&hhyi’(cll'mmysut&ts)aﬂktﬁm and "(ﬂb(g)df)ﬁ)xfyuraldmem BiLdogibirdatibgd

with any of the, L as. s ove. 0 The t yl t.hio",

"aryl t hi o'refgps o5 ‘ftﬁ‘ﬁ?aﬁﬁfllg'ﬁgnﬁ e Obét‘ ?‘5‘% chainseR Fnaéll eci”ﬂlﬂ udes any
of the abaygigak, Iﬁéhng %ﬁi kydy 103 orl-§ barBorPH s, Irésp@FlelyO ERarfipled oflinedr@MiRoxly 0069]
The term "acyl" by Itsel art of another group refers to an organic

radi cal | |aﬁ%walmbldeburcaa¢ mirhym ef tomgthoxy K. Prappxn dPloxymEniesY; hsexydendany of
th : I,
2 Eanap e lphopRERRRO LKy UG o e BN g B S0t

ar al kanoyl ", ot et 0ar
butoxy, isopentoxy, isohexoxy, and the like. Examples of cyclic alkoxy include but are not

limited to cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the like.
[0057) The term "aryloxy" refers to an aryl group bonded to O.

[0058]  The term "alkanoyl", alone or as part of another group, refers to alkyl linked to a
carbonyl group.

[0059] The term “alkylene” refers to alkyl groups which have single bonds for attachment at

two different carbon atoms,

[0060] The term “alkenylene” refers to alkenyl groups which have single bonds for

attachement at two different carbon atoms.

[0061] The terms “alkynylene” refers to alkynyl groups which have single bonds for

attachement at two different carbon atoms.
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the like. [0070] The phrase "naturally occurring a-am no acid sidechain”
refers to the noieties (sidechains) attached to the a-am no carbon in the
following naturally occurring a-am no acids: glycine, alanine,

2- am nobutyric acid, valine, |eucine, isoleucine, tert-|eucine, serine,

t hreoni ne, cysteine, asparagine, aspartic acid, glutamne, glutam c acid,
phenyl al ani ne, histidine, tryptophan, tyrosine, phenylglycine, |ysine,

met hi oni ne, and argi nine. The side chains of these am no acids are well
known in the art. For exanple, the a-am no acid sidechain of alanine is
nmet hyl ; the sidechain of phenylal anine is benzyl; and the sidechain of

tert-l euci ne is tert-butyl. [0071] The term "pol yhal oal kyl" refers to an
“al kyl " 62125 BRI dryRORKRs W dldcydie] BilRRe, of ERTLIR dafhodyclRiafinediRiYpy from
2 to 5, ha 0 substltuentsy{11 such as pr Sﬁp%eirﬁggﬁ'é%ogﬁch as 2#%

CF3 or CFS@F@@HZWIPQG wpl4 cPrtwntatomms i el Iytgenouwlnk (Exyrnpheb&rxl grmlmmdllaielbob(y" or

"al kyl oxy" whi.,ch |ncI es. fr rably
from 2t o SOy BherdE BaPRO dpuCahehgiontt ERcP Bpdipp Pee -ARLf o5
CF?CHZO, Ghodear toGE&ﬂE_ElG-ﬁ%&allbﬂi@&ereﬂEfbﬁ dtﬂfdﬁive dﬁll?/@ylliﬂlgy&lmls?ﬂdns ihlﬁﬂuﬁﬁgd e"
refer tot or re rin e. oal kyl s, cycl oal kenyls, aryls,
heteroarylgg’éﬁ'('jtlaﬁ*iL Yg%flla@ﬂ@f P’Sg‘lﬁﬂﬁ-ﬁl‘g ﬂiewm ch two or nore carbons are
common to two adjoining rings, e.g., the rings are "fused rings." Fused
rings that are joined through nonadjacent atons, are al so known as

"bridged" 10P6Ys. Exawmplespf tand” inchide bgfara int limited gnqgh@md b:ahﬂnmbu@amdmwhﬂlﬂd with
h substj; |
ool kyl, O, SRalRN. . BEE BRI anRacefl, SARRLEY, WhtRI, B )

i mno, an1Mm phosphonat e, phosphi nat e, arbonyl arboxyl, silyl, ether
al kylthi o, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic
or heteroaromatic noiety, trifluoronethyl, cyano, or the like. 19 EXAMPLES

[00741 A favédier TORt@ink edyErRssyt d '@fylﬂfcyntyh'ehlddé\b?&i @fbﬂaﬁotﬂéﬂ@éh;ﬂefehto

reference to the following non-limting exanples. anple 1 Synthesis of
(2R) - boroF#”éﬁnQ’h‘S‘dZ’g(yBﬂ%@)PSé?ﬂ%ﬁﬁ’é*éﬁd@PO aé'rngaﬁy'lﬂilé‘&ﬁ%‘ﬂ?tde (2) [0075] A

flame dried round bottom fl ask equi pped with a nagnetic stir bar was charged
with
[0065] The terms "halogen" and “halo” refers to chloro, fluoro, bromo or iodo.

[0066] The term "alkylamino”, "arylamino", or "arylalkylamino"” alone or as part of another
group includes any of the above alkyl, aryl or arylalkyl groups linked to-a nitrogen atom.

[0067] The term "substituted amino” as employed herein alone or as part of another group
refers to amino substituted with one or two substituents, which may be the same or different,
such as alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloheteroalkyl, cycloheteroalkylalkyl,
cycloalkyl, cycloalkylalkyl haloalkyl, hydroxyalkyl, alkoxyalkyl or thioalkyl. These substituents
may be further substituted with any of the groups as set out above.

[0068] The terms "alkylthio", "arylthio" or "aralkylthio" alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups linked to a sulfur atom,

[0069]  The term "acyl" by itself or part of another group refers to an organic radical linked to

a carbonyl group; examples of acyl groups include any of the groups attached to a carbonyl, such
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N Boc-pyrrolidine (20 g, 117 mol, 1 eq) and dry THE (60 nL) under a
nitrogen atnosphere. The clear colorless solution was cooled to -78C and a
solution of s-BuLi (100 nL of a 1.4 M solution in cycl ohexane, 140 mmol)
was added slowy over a 30 minute period. The |light orange colored solution
was stirred at -78C for 3 hours followed by treatnment with B(OWw)3 (39 ni,
350 mmol ) after which the cooling bath was renoved and the clear colorl ess
solution slowy warmed to OC. Upon reaching 0C, the reaction was quenched
with a small anmount of water ( 2 m), allowed to warmto roomtenp then
extract ed into 2 N glaO-l (25 and backwashed w th additional EtOAc (150
The affpdeneylpdl e@yh/agoYheratirappxldhqteoasprlscsﬁtpathq@oy&cmlﬁhezsqro@kanzyl adHCl and
then extraghb@few th EtOAc (3 x 120 nmL). The organic extracts were conbi ned
and dried over Na2SO4 and concentrated to produce the free boronic acid
(22.08 g, 103 nmol) as a sticky white solid in 88%yield. Wthout further

purificati roni c.acid. was di ssolved i.n..tertsbut th et her (150
m.) and w @Epldéonsﬁ‘a s i'taﬁtfﬁg ‘("%‘%‘ﬁﬁaﬁ?@&? 5?18flfei°%§1ngfe¥%g’ tggrﬁlloilt has added
at room t e@sfdectainsy sttackéd te thelBathinotch®or ifhe follSingaiRtiall ctBshrihs 8-amino acids:

i i ol umm chr omat ography (silica

(+) - pi nanedi ol ronces er was pu‘rrfredb (f
gel, 1:3 h Xdhe t"&ﬁée)‘mtne ‘&W%a"é velings feUeifp.dso %ictne(t%‘ Qging, seiree, dupgpite, 76%
yield Rf &sif %ﬁbﬁﬁﬁmvgﬁa&ém@%ﬁftﬁﬁlm( | ghR&RTcaER, fleHARbnine, rﬁ’s‘ﬁ@m\é' sual via |2

and/ or PI\/A stai n of the Boc prot ecting group was achi eved by
di ssol vi ngtrmhenaltyrpsrnehp}wleﬂgiemne dysiiei mgthmm@ndmramnc c&dmderphamloﬁ\ﬂxm

t ant t
conStant Skt i kel Sl 5t BRSS! BB 6o RRLUEAI LRt LU0
excess HChnelherﬂieercbotmm mfrphvmdalmme)xsdnfcrﬂm dind ke sidaclaim af ttﬂGleuslab ts tas;-batyl. white

solid. Crystallization and isolation of the desired isomer was perforned by
dissolving the HO salt in a mninml anount of dichloronethane (250 nl)

wi th gent|mofgat iThe térth "palyhilbdlRY1e refers twmgﬂt?mgsoms%ﬁm ab&¥d vhiEHinBdes
a

continuous_stirring for 8 hours_to yield luffy white precipitate that

was col | ecen 259/91\/15@73{?#13?&9“? P& ﬁsd’f‘t‘lo %}Pi‘tﬁ@ﬂéﬁﬂmbﬁéﬁ ofCh pesferakly Frsush As nal 2 20

pr opanol (Cl%%zné 38{3‘6}:‘?C92@ﬁ2| e heating until honogenous. The al coholic
solution was stirr over night and the resulting white precipitate was

collected by vacuumfiltration affording isonerically pure 1 as a white

sol d 7. 2 . A7y 2 . 8.0
7 oy 2 AR v VA0 A RN it s

2H) 1 21 ¥hich B)Ich.ldeslﬁ'(ﬂﬁ 2(torp, gréferably. fioin @ dy 5,JmlbZubltituentd) sucEas?H.o(Gl,, piidrablP. 62

(S 3H)- b cuch as CF;CH;0, CF;0 or CFCF,CH,0.

[0073)  The terms “polycyclic” and “polycycle” refer to two or more rings (e.g., cycloalkyls,
cycloalkenyls, aryls, heteroaryls and/or cycloheteroalkyls) in which two or more carbons are
common to two adjoining rings, €.g., the rings are “fused rings.” Fused rings that are joined
through nonadjacent atoms, are also known as “bridged” rings. Each of the rings of the
polycycle can be substituted with such substituents as described above, as for example, halogen,
alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde,

ester, a heterocyclyl, an aromatic or heteroaromatic moiety, triflucromethyl, cyano, or the like.
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Example 2 Synthesis O Series A Conpounds:

(2R) - 1- (2- Cycl opent vl am no-acetyl)-boroPro-OH (4) Step 1:

(2R) - 1- (2- Chl oroacetyl ) -boroPro- (1S, 2S, 3R 5S) - pi nanedi ol ester (3A). [0076]
To a solution of 2 (36.7 g, 129.3 mmol ) dissolved in dry CHCI 2 (200 nL)
cooled to OC was added chl oroacetyl chloride (12.34 nL, 155.2 mmol) under a
bl anket of N2. To this was slowly dripped 4-nethyl norpholine (42.4 ni, 182
mmol) to give an alnost clear |ight orange solution that was warnmed to room
tenp. After 30 minutes the solution was cooled again to OC and 200 nL of a
0.2 N solution of HC was added and the organic |ayers separated, dried and
concentrated to give a dark red oi| EXMMRBESa single spot by TLC (2:1

hex/ Et OAc, Rf = 0.22, made visual via 12 and/or PMA stain) and was used in

the next st08@4hi t4buther datailed dessuplidr efahd iovention i gitR Withoeferdrize toGhCiolpwiR. 80

. 3 H, . 1.26 (s, 3 H), 1.42 (s, 3H), 1.75-1.96 4 H,
(1.598-2.H)10 %"n‘%z'ﬁ‘?&ﬁ?,e*ai‘mf?:z.zo Ersn 1 E)D 2.29-(2.535 (H)m 1 H, 3. 12-g.m16 (2 1

Hy, 3.47- 3.53 (m 1 H), 3.58-3.63 (m | H), 3.97-4.05 (g, 2 H), 4.30-4.32
(d, 1 H. Step 2:

(2R) - 1- ( 2- Cycl opent yl ani no- acet yl ) - boEgPMBlei s 25 3R 5S) - pi nanedi ol ester
(3B). [0077] Cg §6l o SARYBSr P 5N 2EIR 5 ¥neldill ested HydRdehidrRie! d by

addi tion of K2 g) and coodle 0 efore additron o

cycl opent yjoamsine A Bim8drighl rodBodtion] flask TBppe@Hith ddfagn@lict{tid ber WRSThhigedwith! oved
to warmto roomtenperature and stirred overnight. TLC indicated all

starting neltRacRrroligise €8s i kbamobHeeaynd diy dHE{80 mb) uadesd nitrgengimosphees. i t e
and sili Caﬂ%&ear‘é@i%ﬂ@s@ solWiérl"wé%oB%@t‘éT-'?@'él}%? s%hﬁi%ﬂgfélh}xug(@% ﬁx?;gﬁ‘?ﬂt.z{ pted to
I'1 ght e re y sol1d was

yield a sticky, orange solid. Th stic I ssolved in
CH2Cl 2 ( 15®lution if ciclaherane biAOanidol) wenadsled BoRly (veP0B80 minutepriodt The lgbt eragen was

stirred overnight... The resul ti ] | whi t,e spl ution S i Ltered and

the preci ‘f)oll?ra SeOh\]/\t/}'fgl kY ssﬁrer%‘J %-ﬁcg‘%ﬁ %H‘Hscf&@"‘(’ %ﬁ%ﬁﬁﬁ&?&r@g Fg“’x 50

m.) and dr359cminel) gfistavhidRhé 26192 bath wias Genfovietiand thaslear dolddfebsysoWtioh elosdyt | d. The

dark red not her Iﬁ,lglr fiItr_at@A wall% concentrated _and subjected to th%—

orevi ous rWERELa G Paen sacling 31 Ce emeaction Wik aierchd Sath amall apguBo BReS G2 6 17

g, - (M@l ali®weEo ltd) Rfan ¢ M e¥ i 3 Bl C 0 0
25.7 g ). of GO R Ach atirfhal il 29ONaBH 080 BL) I ShcleBhia Of  73%

yield. Rf= 0.45 (10%/ECH in CH2CI 2).' H NVR (400 Mz, 13) S 4.18 (d, IH),
3.95 (d, Jwithglditignal EtQAc (35¢miy The aquegusphasq wps acilifieg} tp g 33 the addition(afi2 1H) |

(2;5 ?Gl (H)m '1%0 %f‘n& &fﬂ)@%ﬁ%@ Zvi'?léé}éég&?‘m f_ﬂb;%ﬂ,e.ﬁr%g)ﬁé@ico&gécts ferbtomPine®la 1- 61
dried over Na;SO4 and concentrated to produce the free boronic acid (22.08 g, 103 mmol) as a
sticky white solid in 88% yield. Without further purification the boronic acid was dissolved in
tert-butyl methyl ether (150 mL) and with constant stirring (+)-pinanediol (17.5 g, 103 mmol)
was added at room temperature. After 18 hr the ether was removed and the (+)-pinanediol
boronic ester was purified by column chromatography (silica gel, 1:3 hexanes/EtOAc) to give a
clear thick oil (26.84 g, 76.8 mmol, 76% yield, Ry= 0.6 using a 2:1 hexane/ethyl acetate eluant,
made visual via I, and/or PMA stain). Removal of the Boc protecting group was achieved by
dissolving the oil in dry ether, cooling to 0°C in an ice bath and with constant stirring dry HCI (g)
was bubbled into the solution for 10 minutes. After 2 hours a white precipitate developed in the
flask and the ether and excess HC] were removed in vacuo to afford the racemic HCl salt as a
white solid. Crystallization and isolation of the desired isomer was performed by dissolving the
HCI salt in a minimal amount of dichloromethane (250 mL) with gentle heating to facilitate a
homogenous solution followed by continuous stirring for 8 hours to yield a fluffy white

precipitate that was collected by vacuum filtration, dried and then dissolved in minimal 2- |
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(s, 3H). Step 3: (2R)-1-(2-Cycl opentyl am no-acetyl)-boroPro-OH (4) [0078] To
a solution of 3B (40.59 g, 108.5 mml) in H20 (200 nm., adjusted to pH 2 by
addition of 2 N HCl) was added hexane (200 nlL) and phenyl boronic acid
(13.37 g, 109.5 mol) and the bi-phasic m xture was stirred vigorously. The
hexane | ayer was periodically renoved and replaced with fresh hexane 6
times over a 24-hour period. The aqueous |ayer was separated and applied to
a Dowex 50- X2-100 ion exchange colum (H+ forn) and eluted with water until
the eluate was neutral. Elution wth agueous amoni um hydroxide (2 wt %
foll oned by Iyophilization of the appropriate fractions yielded 4 (23.91 g,
99.6 mMmol) as \(@é stal Lne solid in a 92%vyield. 4TFA salt 'H NWR
(400 Mz, Oé 0 gﬂ() gratighegting until og@osamﬁﬁlcqhq}w sgution e stipteg | 3. 28
(m 1H), o%n{ anh"ﬂile re%ulaﬁ (ESI)
Ty 223 (M Z%ft eg (é/l’ﬂte é#ﬁﬁgé{%% @gs édtect€by vabufid fildkdion 4Hbrdidd>

1- (2- Oycl oeﬂomwaélmpn@ laafs@whl;esa (B0 @i 2emRR23%aridd). 51 AMRI (400A2hz, DAY079]

The title a th e of le 2
usi ng appPag e SRR RS LA RO i L EB) 255 2 et aa B8,
H, 3.54 (aH),1t,(s, 3H381.05 Gh, SH) 0.848(d0T=(THz L), 0.21 BE21)10.6218, 303 09 (m  2H),
194(m 1H), 1.71 (m iH), 0.88 (s, 4H: M5  (ESI) mlz 195.13 (M4 - H2O).
Exanpl e 4 Synthesis of 1-[2-(3-Hydroxy-adamant an I-vI am no) - acet vl | -
nvrrolidine-(2R)-boronic acid (A3): (ﬁ!‘&ﬂjpel'%e title conpound was prepared

according t ocedur e of Exarrple 2 u5| ng approprlate startl ng
rr&tel’la's \__'"rr a.a 4‘0‘ -11‘1;’0 ‘L o DUOD ] 1 :

3.09 (m 1 3H) . 1. 93‘ 1.87 7
1 71 (m 6 °P 11%%) f{#“&"‘ﬂﬂ“%‘s"?@%ﬂ lﬂ%ﬁ)ﬁ%mﬂmml EB)GAExarrpl(ren 5 v
Synt hesi s 11f07 (BI%Hwﬁwn-df\zr(!s@’VFd&@%—:ﬂ:&gﬂk&ﬂﬁéﬂhﬁ Hmu %oom()%&)mb@rom c

acid (6): Step 1: NB henyl Pr o- ( 2R) boroPro I nanedi ol
ester (5): 0°C was added chloroacety. chlorlde (123 mL, 155.2 mmotl} underablanket of OthlS was
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slowly dripped 4-methylmorpholine (42.4 mL, 182 mmol) to give an almost clear Ilght orange
solution that was warmed to room temp. After 30 minutes the solution was cooled again to 0°C
and 200 mL of a 0.2 N solution of HC] was added and the organic layers separated, dried and
concentrated to give a dark red oil that was a single spot by TLC (2:1 hex/EtQAc, R¢= 0.22,
made visual via I; and/or PMA stain) and was used in the next step without further purification.
'"H NMR (400 MHz, CDCl;) 50.80 (s, 3 H), 1.25 (m, 1 H), 1.26 (s, 3 H), 1.42 (s, 3H), 1.75-1.96
(m, 4 H), 1.98-2.10 (m, 3 H), 2.12-2.20 {m, 1 H), 2.29-2.35 (m, 1 H), 3.12-3.16 (m, 1 H), 3.47-
3.53 (m, 1 H), 3.58-3.63 (m, 1 H), 3.97-4.05 (q, 2 H), 4.30-4.32 (d, 1 H).

Step 2: (2R)-1-(2-Cyclopentylamino-acetyl)-boroPro-(15,25,3R,55)-pinanediol ester (3B).
[0077] Compound 3A was dissolved in dry THF (~150 mL) followed by addition of K,COs
(35 g) and cooled to 0°C before addition of cyclopentylamine (21.93 g, 258 mmol). The reaction
mixture was then allowed to warm to room temperature and stirred overnight. TLC indicated all
starting material was consumed. The mixture was filtered through a celite and silica pad, washed
with 5% MeOH in CH>Cl, (200 mL} and concentrated to yield a sticky, light orange solid. The
red sticky solid was dissolved in CH,Cl, (150 mL) followed by addition of Et;O (~200 mL) and
the solution was stirred overnight. The resulting milky white solution was then filtered and the
precipitate was washed with cold EtOAc (2 x 60 mL) and hexane (2 ¥ 50 mL) and dried to give
3B (28.92 g, 120.5 mmol) as a fluffy white solid. The dark red mother liquor filtrate was

concentrated and subjected to the previous recrystallization conditions to obtain a second crop of
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[ 0081] To an ice-cooled (0C) solution of N Boc-5-phenyl-Pro-OH (0.84 mol)
in dry CH2Cl2 was added EDAC (174 ng, 0.91 mmol) and HOBt (105 ng, 0.775
mol ). The reaction was stirred at 0C for 15-minutes and then 2 (200 ng,
0.7 mol ) and N-nethyl norphiline (0.25 nl, 2.1 mmol) was added and the
reaction was slowly warned to roomtenperature and the reaction continued
for 8 hours. The coupling reaction was then quenched with the addition of
NaHCO3 (10 nli), extracted into EtOAc (2 x 15 nL), washed with brine (15 nL),
dried over Na2SO4, concentrated and further purified via colum

chr omat ogralg g/ §S| lica gel, eluted with a gradient of Et OAc in hexanes,
30-50% t 03B4.5% & 25.7(emol) fay,2 combinedwsrall pighlof 3B (3H0DEfBviimel) 0§ Fb%gicldt ep 2:

[0082] An e 0us ey MeBFL A TR Clp B s e EDEA S R P, ol UL

saturat ed M85 (d, bielldfga IBII),CBtfdan\BH(ﬁ 2m(ﬁi llH) fzofs\l&n , MBI, 161(Re 2HY/2W04 on was
t hen concentrated under vacu ite solid that was

t aken up i @D (ABDEAMH), é&f‘é@t@@ ﬂélb‘H”ﬂ) B)ﬂﬁé@d?HYdrﬁ“d#: N -3He 3HaAd8 hexane
(10 ) an@ m)enyl boronic acid (74 nmg, 0.62 nmmol) and the bi-phasic mxture
was stirred vigorously. The hexane |ayer was periodically renoved and
replaced with fresh hexane 6 tinmes over a 24-hour period. The aqueous | ayer
was separ ablep 3andRab-CrdopentydamingeacetyoboroPrcoOH @) exchange col umm (H+
form and ed a I

cont) nued (T e olther sHthd 30 byTes S pHRIE 1A QB i Tpdpuat 8 gk OIS

fracti ons addgroa of 2 OpHCDiwas ddded hekdre(2D0hB) dndeheriyd banohic agidi(iB. Hg,(IDB Srrg 0. 26

Ty 344 TV LR gl v oSl ARy e Rl el Ty g, (1
éx 06 I( m GZﬂS)nOEréd &4 réphaced H%tg filesip hexiane 6 fifgs oWeba CERbYr periad. Zht aql(eMIﬁ }aij'ﬂ’@aSZ_B
a e n eri car Qon VI -poroni c
A ra ( B2y . sebpss ead spmtied g MO bR 00ia6 st b BB lormh A Eonth
procedure wételEasﬁame%ruﬁtews raﬁutraamﬁﬁwm{ u&h@raiﬂxﬁlﬂnmhﬁfrbﬁh§(z th/ojWBoﬁEE 0) S

4.07 (m 1 HR 1H, (m 2H), 1H,
2.03 (m 2y yonhﬂszptlem tiar—vpprqpr@ee %ﬁﬁlonﬁayeldqu @E@ﬂﬁ,%éﬂm a(SWMteHzo)

crystalline solid in a 92% yield. 4-TFA sait 'H NMR (400 MHz, D,0) & 3.88 (dd, /= 8.0 Hz,
2H), 3.54 (m, 1H), 3.42 (m, 1H), 3.28 (m, 1H), 2.96 (m, 1H), 1.96 (m, 4H), 1.85 (m, 2H), 1.63
(m, 7H); MS (ESI) m/z 223 (M+H-H,0)".

Example 3

[0079]  The title compound was prepared according to the procedure of Example 2 using
appropriate starting materials. 'H NMR (D;0) § 4.08 (dd, J = 12 Hz, 2 H), 3.54 (m, 1H), 3.38
(m, 1H), 3.07 (m, 1H), 2.26 (m, 1H), 2.09 (m, 2H), 1.94 (m, 1H), 1.71 {m, 1H), 0.88 (s, 4H); MS
(ESI) m/z 195.13 (MH"-H,0).

Example 4

Svynthesis of 1-[2-(3-Hydroxv-adamantan-1-vlamino)-acetvl]-

pYyrrolidine-(2R)-boronic acid (A3):
[0080]  The title compound was prepared according to the procedure of Example 2 using
appropriate starting materials. 'H NMR (D,0) § 3.94 (d, J = 8 Hz, 2H), 3.54 (m, 1H), 3.40 (m,
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Exampl e 7 Synthesis of

1- (2. 3-Di hydro-| Hi ndol e- 2S-car bonyl ) - pyrrolidine-(2R)-boronic acid (B3):

[ 00841 The title compound was prepared according to the procedure of Exanple
5 using appropriate starting materials. '"H NVR (D20) 8 4.54 (m 1H), 3.73
(m 1H), 3.58 (m 1H), 3.34 (m 1H), 2.48 (m 11-1), 2.37 (m 1H), 2.06 (m
3H), 1.83 (m 3H), 1.58 (m 4H), 1.32 (m 4H); M5 (ESI) mz 249 (M -H20).
Exanpl e 8 Synt hesi s of

1- (4S- Phenyl - avrrolidi ne ZS-carbonyII-ovrroIidi ne- (2R)-boronic acid (B4):

[0085) The title co was_ prepared accordi n? o the procedure of Exanple
5 u5| ng appr &P (me t?éﬂ {3 AEDs e, 4y 1.934mnRHD), (1e5dm, 8Hy, 13U (g 6H) 15613 1z,

727%711_9 f’ESﬁ?mfz”BOSﬂi"%ﬂ 8H§(§(m IH),3.59 (m 11-1), 3.34 (m 2H)
306(m1 m " 2H) I-(I H)177(m 1H, 1.64 (m 1H; M
(ESI') mz 271 (M—l H20). Exanple 9 Synthesis of Series C Conpounds:
(2R)-1-1(2S.4S)-4- Antino- pvrrolidines 2 ca&%nvl | - boroPro-OH (15) Step 1:
(2R)-1-[(2S,4S)-1-tert-Butoxycar bonyI | oxycar bonyl anmi no- pyrrolidi ne-2
- carbonyl | - el oPro- 3 _ 3 00861 The prot ocol
descri bed f&en : B rrolidine (k) horanic agid |

4-am no-i-boc-pyrrolidine-2- carboxyllc aC|d (628 ng 2.2 mml) I n place of
azet i di ne-StepR 12 N-Boc-5-phenylPro~(2R)-both Rra+(h828 BRSppirchnddibbésterlgf)t y| ester.
Compound 13 was obtained as a clear colorless oil that was used in the next
step w t hd088tur tTean ig@ueooiad (a0 eolutidst &fiN-Boc-5-phenyl- Pro OH (0.84 mmol) indry

oo (15, 25, ety BRG LRt P myiop s HORFS IS ey R simeh 1 HipeieB) ved
in DCM ( 10wa stire@st 0oddad 5diiitty hnded2 (400 nig, 0. 7ahm61) 6fd Nansthl Reorpiesad (01259
colorless solution was stirred overnight at roomtenperature. e reaction

was  evapdPhtZebmmeldyaprdded anddhesagrtion 3a Flombiy Hensd iee teaperaisang ghe
evapor at i qR, @bk orﬁiﬂﬁéd‘foP ths{s y@ﬁéﬁmpﬂﬁ%reﬁ&ﬁ»ﬂlwtals B@n QuénchBbwititne hidifloPyr cOl UM

chr omat ogr aphy l1ca gel, elute
NaHCO, (10 mlL), extracted into EtOAc (2 x 15 mL), washed with brine (15 mL)}, dried over
Na,S04, concentrated and further purified via column chromatography (silica gel, eluted with a
gradient of EtOAc in hexanes, 30-50%) to afford 5 (320 mg, 0.62 mmol, 88%) as an off-white

solid.

Step 2: 1-(5R-Phenyl-pyrrolidine-2S-carbonyl)-pyrrolidine-(2R)-boronic acid (6):

[0082] Anice-cooled solution of 5 (320 mg, 0.62 mmol) in dry ether was saturated with dry
HCI (g) and allowed to stir for 1-hour. The solution was then concentrated under vacuum to
afford a sticky white solid that was taken up in H,O (10 mL, adjusted to pH 2 by addition of 2 N
HCI) and hexane (10 mL) and phenyl boronic acid (74 mg, 0.62 mmol) and the bi-phasic mixture
was stirred vigorously. The hexane layer was periodically removed and replaced with fresh
hexane 6 times over a 24-hour period. The aqueous layer was separated and applied to a Dowex
50-X2-100 ion exchange column (H' form) and eluted with water until the eluate was neutral.
Elution was continued with aqueous ammonium hydroxide (2 wt%) and the appropriate fractions
were lyophilized to afford the free boronic acid B1 (76 mg, 0.26 mmol) as an amorphous white
solid. 'H NMR (D20) & 7.46 (m, SH), 3.65 (m, 1H), 3.44 (m, 1H), 3.04 (m, 1H), 2.54 (m, 1H),
2.38 (m, 2H), 2.20 (m, 1H}), 2.06 (m, 2H), 1.86 (m, 1H), 1.66 (m, 1H); MS (ESI) m/z 271

(MH'-H,0).
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gradient of 2.5 to 5% MeCH in DCM nuade visible by 12 and/or PVMA) to give 14
as a clear colorless oil in a 48%yield over 2 steps. Step 3:
(2R)-1-[(2S, 4S) - 4- Ami no- pyrrolidine-2-carbonyl]-boroPro-OH (15) [00881 The
protocol described above for the N-Boc deprotection and pi nanedi ol ester
hydrolysis in the synthesis of conpound 12 was applied to 14. Conpound 15
was obtained as a white solid. 15TFA salt 'H NMR (500 MHz, D20) S 4.42 (dd,
1H, 3.87 (m 1H, 3.5 (dd, 1H, 3.28 (m 2H), 3.07 (m 1H), 2.73 (m 1H)),
2.64 (m 1H, 1.86 (m IH, 1.72 (br m 2H), 1.55 (br m 2H), 1.34 (m 2H).
M5 mz (rel intensity) 228 (M+ 1) (55), 210 (M+ 1 - H20O (95). Exanple 10
Synthesis of Series D Conpounds: (2R)-1-1(2S1-4-Methanesul fonyl -
pi per azi ne- 2- car bonyl | - boroPro-OH (19) Step 1:
(2R)-1-[(2S)-1-tert-Butoxycarbonyl - 4- Eesraple@xycar bonyl - pi per azi ne- 2- car bonyl
]- boroPro-(1S, 2S, 3R, 5S)-pinanediol ester (16) [00891 The protocol described
above for the syghthesis 8f D{Pipdridine-28 ahtimiel)-pyetlidin-2R)bétonidacid (B2):
1- Boc- N- 4- Cbz- 2- pi perazi ne carboxylic acid (1 g, 2.6 nmol) in place of
azeti di ne-[0083]- dhetdtldeotypduad sas prefared sicordhngity thegsdoedure CORRmjdel5 héing 690 ny,
1.5 mmol) was qgbtained in 57%'(’1&{%& as an oil after sili

t

; ca_ gel col um
chor mat ograptepriaty garing matesials. n P3O B07 fin1 )3 -al @, AH), 3-%@@“’(2@,12-% +

(100), 49 . S ' . +
(2R) 1-[ (35 2028 Xmt R 22 (m 20 L7, 20 1,50 (. 403 MS (RSP e 208 (M
(1S, 2S, 3R, H®)- pi nanedi ol ester (17) [00901 To a sol ution of compound 16 (314
nmg, 0.53 mml) in MeCH (6 nL) was added Pd/C (40 ng). The m xture was
stirred under a H2 atnosphere for 2 h xéﬂq@gﬁonpl etion of the reaction, it
was filtered through a plough of Cel iF‘e. e solvents were renoved under

pur 11 cat | ovuutpiet o 3la et heo SRR R Bpy b iSuEs R Bl pal 7Y
Step 3: . . .

(2R) - 1- 1( 249341 Zhs ke omrorad BanpreY et aceprding o e Srarrduss SERARIS BS0E  honyi 1 -
bor oPr o- ( ppRfxidEstafing matantdi' HINMR(BEOY 514854 (r0,09] 3. T0(n, 1$1)) 158 @ 161), TBhpound

17 (214ng, 0. 46 1) jn CH2C12 (5 cooled to . Q C
( M (m, 1H), Z.Tg?m), 1H), 2.37 (m, 1H§, 2.0%1&):1, 3H), 1.8% (m, 3H), 1.58 (m, 4H), 1.32 (m, 4H);
MS (ESI) m/z 249 (MH'-H,0).

Example 8

[0085])  The title compound was prepared according to the procedure of Example 5 using
appropriate starting materials. "H NMR (D;0) & 7.34 (d, J = 13 Hz, 2H), 7.27 (m, 3H), 4.79 (m,
1H), 3.83 (m, 1H),3.59 (m, 1H), 3.34 (m, 2H), 3.06 (m, 1H), 2.53 (m, 2H), 2.08 (m, 2H) 1.77 (m,
1H), 1.64 (m, 1H); MS (ESI) m/z 271 (MH'-H,0).

Example 9

Synthesis of Series C Compounds: (2R)-1-[(25,45)-4-Amino-
pyrrolidine-2-carbonyll-boroPro-OH (15)

Step 1: (2R)-1-[(25,45)-1-tert-Butoxycarbonyl-4-benzyloxycarbonylamino-pyrrolidine-2-
carbonyl]-boroPro-(15,25,3R,55)-pinanediol ester (13)

[0086] The protocol described for the synthesis of 11 was followed employing (25,4S)-Fmoc-

4-amino-1-boc-pyrrolidine-2-carboxylic acid (628 mg, 2.2 mmol} in place of azetidine-1,2-
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was sequentially added N-nethyl norpholine (204 L, 1.9 mmol ) and

nmet hanesul fonyl chloride (72 L, 0.93 mmol). The reaction m xture was
allowed to warmup to roomtenperature and stir for 3 hours. The reaction
was then diluted with CH2CI2 (6 m) and water (6 nL). The organic phase was
I sol ated and dried over MgSO4. After filtration, solvents were renoved under
reduced pressure. The oily residue was purified by col um chronmat ography
(silica gel) using a m xture of EtQAc/ Hexanes as el uent. Conpound 18 (112
ng, 0.21 mml) was obtained in 45%yi eId I\/S n12 (rel intensity) 562 (M +

23)" (14), ,540 ( 1) (1 388 (75).

(2R) - 1- [(2%3&9@%%&%88@?8&51 ‘ERA?%PEPMS ?ﬁ%al?%?ﬁ/ﬂ&%@r enpdesepi! thabyvas

[ 00921 Theu&ﬁqﬁglgg[ext(;@g%ﬂhgaq:um;gpﬁ&ﬁ&[m he N-Boc deprotection and

pi nanedi ol ester hydrolysis in the synthesis of conpound 12 was applied to

18 (112 ng, 0.21 nmg). Conpound 19 (32 ng, 0.11 mmol) was obtained in 53%

y| el d. 19TPpal @R) HE@SASF1oe tiButoxyonbpng-4amino-gyrdoliding 2-carbosyl-beiroPrpH) |
4.05 (m 1652833835 pinankdjol eker7(#4Y m 1H), 3.60 (ddd, J= 10.5, 8.0, 2.5 Hz,

IH), 3.47 (ddd, J= 12.5, 3.0, 3.0, 1H), 3.35 (m 2H), 3.16 (m 2H), 3.02

(dd J= 13[887h 1. B a galytionelf 13 disgdveddn DEN (109 @/a§ adde@ Hiethyl arBibe (Snl)kkPncel. 72

(m 1H), I nt nsi L 575 23f (6),
288 (M - 173‘;"?436%}“1}@%"% %@t&’&}&ﬁi |°ﬁ’§ aHP%‘Eé%ﬁ)*déas‘“ %gfffcgf”éa’aébove,
It he fgl | ﬁmmommmdumh s hid atdﬂﬁ;o“ﬁamemmsaddqﬂrfewﬁd;yawdp@hﬁhméﬁgagﬁg usi ng

i quid chrgnat spect.f 0SC oun eries
St ?uct ure Er@n glthﬁg SYIE’ZgR‘ m’é’fs%ﬁe(dﬁmﬁ ‘%f%%‘ogfé?qg(“E W'@ 23 A B
OH 227 ( M+goalibof 23Q8 5%(NOOH in BN, Brhde visible by I, and/or PMA) to give 14 as a clear

colorless oil in a 48% yield over 2 steps.

Step 3: (2R)-1-[(25,45)-4-Amino-pyrrolidine-2-carbonyl]-boroPro-OH (15)

[0088] The protocol described above for the N-Boc deprotection and pinanediol ester
hydrolysis in the synthesis of compound 12 was applied to 14. Compound 15 was obtained as a
white solid. 15-TFA salt 'H-NMR (500 MHz, D,0) & 4.42 (dd, 1H), 3.87 (m, 1H), 3.5 (dd, 1H),
3.28 (m, 2H), 3.07 (m, 1H), 2.73 (m, 1H), 2.64 (m, 1H), 1.86 (m, 1H), 1.72 (br m, 2H), 1.55 (br
m, 2H), 1.34 (m, 2H). MS m/z (rel intensity) 228 (M + 1) (55), 210 (M + 1 - H;0) (95).

Example 10

Svnthesis of Series DD Compounds: (2R)-1-[(25)-4-Methanesulfonyl-
piperazine-2-carbonyl]-boroPro-OH (19)

Step 1: (2R)-1-[(25)-1-tert-Butoxycarbonyl-4-benzyloxycarbonyl-piperazine-2-carbonyl]-
boroPro-(15,25,3R,55)-pinanediol ester (16)

[0089] The protocol described above for the synthesis of 11 was followed employing (25)-N-
1-Boc-N-4-Chz-2-piperazine carboxylic acid (1 g, 2.6 mmol) in place of azetidine-1,2-
dicarboxylic acid 1-tert-butyl ester. Compound 16 (690 mg, 1.5 mmol) was obtained in 57%
yield as an oil after silica gel column chormatography. MS m/z (rel intensity) 618 (M +23)" (17),
596 (M + 1) (100), 496 (38).
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NN-O 24 A OH 229 (M#1)(18), 211 B (100) HOH TIN O 25 A OH 215

(M) (12), 197 B (100) HOH /N O 26 A OH 263 (M1)(5), 245 (100) B \ |
Nv OH 27 A/ OH 277 (M1)(4), 259 (100) N it HI OHI % |1 0 28 A OH 283
(Mr1) (22), 265 C'NAB (100) ~ NH O OH 29 A OH 277 (M+1X5), 259 (100) IN H
OH 27 Conpound Series Structure LCGM5 No. 30 A OH 283 (M1)(21), 265 N -B
(1000 HOH NO

Step 2: (2R)-1-[(25)-1-tert-Butoxycarbonyl-piperazine-2-carbonyl}-boroPro-
(15,28,3R,55)-pinanediol ester (17)

[0090] To a solution of compound 16 (314 mg, 0.53 mmol) in MeOH (6 mL) was added Pd/C
(40 mg). The mixture was stirred under a H, atmosphere for 2 h. Upon completion of the
reaction, it was filtered through a plough of Celite. The solvents were removed under reduced
pressure and the oily residue used in the next step without further purification. MS m/z (rel
intensity) 462 (M + 1)" (100), 406 (12), 362 (11).

Step 3: (2R)-1-[(25)-1-tert-Butoxycarbonyl-4-methanesulfonyl-piperazine-2-carbonyl]-
boroPro-(18,25,3R,55)-pinanediol ester (18)

[0091] To a solution of compound 17 (214mg, 0.46 mmol) in CHCl, (5 mL) cooled to 0 °C
was sequentially added N-methylmorpholine (204 pL, 1.9 mmol) and methanesulfonyl chloride
(72 pL, 0.93 mmol). The reaction mixture was allowed to warm up to room temperature and stir
for 3 hours. The reaction was then diluted with CH,Cl; (6 ml) and water {6 mL). The organic
phase was isolated and dried over MgSO,. After filtration, solvents were removed under reduced
pressure. The oily residue was purified by column chromatography (silica gel) using a mixture of
EtOAc/Hexanes as eluent. Compound 18 (112 mg, 0.21 mmol) was obtained in 45% yield. MS
m/z (rel intensity) 562 (M + 23)" (14), 540 (M + 1) (100), 388 (75).

Step 4: (2R)-1-[(25)-4-Methanesulfonyl-piperazine-2-carbonyl}-boroPro-OH (19)

[0092] The protocol described above for the N-Boc deprotection and pinanediol ester
hydrofysis in the synthesis of compound 12 was applied to 18 (112 mg, 0.21 mg). Compound 19
(32 mg, 0.11 mmol) was obtained in 53% yield. 19-TFA salt 'H-NMR (500 MHz, D,0) & 4.32
(dd, /=11.0, 3.5 Hz, 1H), 4.05 (m, 1H), 3.93 (m, 1H), 3.77 (m, 1H), 3.60 (ddd, /= 10.5, 8.0, 2.5
Hz, 1H), 3.47 (ddd, J=12.5, 3.0, 3.0, 1H), 3.35 (m, 2H), 3.16 (m, 2H), 3.02 (dd, /=13.8,11.3
Hz, 1H), 2.93 (s, 3H), 1.96 (m, 2H), 1.81 (m, 1H), 1.72 (m, 1H), 1.56 (m, 1H). MS m/z (rel
intensity) 575 (i2), 328 (M + 23) (6), 288 (M~ 17) (100).

‘Example 11

[0093]  Using the procedures illustrated above, the following compounds in the Table were
prepared and characterized using liquid chromatography-mass spectroscopy (LC-MS).

26



31 A OH 269 (M+1)(16),251 N ~B (100) H OH N O 43 A HO- 271 (M1)(100), 253
N(16) N HO HO B-CH 44 A 2N~ ¢ 270 (M+1)(100), 252 N (17) N H O HO
B-OH 47 A 721 (10), 361 '. 0. (M+1)(100) N H O HO B OH 48 A 285
(M+1) (100), 267 OCL Ng (12) N H O HO B-OH 95 B 201 (M+1)(100), 183 N
(22)" N H OHOB OH 96 B 255 (M+1)(100), 237 1 N (10 (100) H O HO B-OH 97 B
,OH 187 (M+1)(5), 169 (100) N B
TABLE
ﬁgmpound Series Structure LC-MS
22 A 255 (M+1)(13), 237
QB/OH (100)
H OH
P
23 A 227 (M+1)(10), 209
e (100)
H OH
D/N O
24 A 220 (M+1)(18), 211
. JOH (100)
B
H OH
25 A 215 (M+1)(12), 197
(LBDH (100)
g N R
OH
\I/N O
26 A OH 263 (M+1)(5), 245 (100)
N~ B
QAL
N 0
27 A [\ o 277 (M+1)(4), 259 (100}
_. N
o HO oH
.o N g
\
28 A on 283 (M+1)(22), 265
(e (100
O
N o
29 A oH 277 (M+1)(5), 259 (100)
"
LA Ny o
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HOH N~-O 28 Conpound Series Structure LCGMS No. 98 B OH

243(M+1) (5),225(71) N B OH O NH 99 B COH 449(5), 243(M:l)(7), g 225(100)
OHO ~ NH 100 B Hz 223(M23)(3), 183(48) Me n HzNN O ,B-OH 101 B 2H
223(M+23) (4),183(10) M \ Q NHz OHO OH 17) 102 C H2N 228( M+l1) (55), 210
(M 17)(95) N NHB-OH HQ OH

Compound

No Series Structure LC-MS
30 A o 283 (M+1)(21), 265
Ty B (100)
H
OH
N ’ o
31 A oH 269 (M+1)(186), 251
- ~p (100)
) b N
"~ OH
43 A HO 271 (M+1)(100), 253
\O\ 'Q (16)
E/ﬁ( B-~oH
O ho'
44 A HaN 2170 (M+1)(100), 252
Oy P
ﬁ/\( B-oH
0o
a7 A T 721 (10), 361
b e O (M+1)(100)
Ty N
SN T A
H OHo'B OH
48 A o 285 (M+1)(100), 267
; O L (12)
H ,B~
Cho
a5 B 201 (M+1)(100), 183
L B
g
N B-oH
H O HO/
96 B 255 (M+1){(100), 237
Q N {100)
N B
. O HO' OH
07 B OH 187 (M+1)(5), 169 (100)
B\/
H OH
/N O
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103 C H 210(M 17) mgj or,
228( M+1) m nor
i OH O ~NfO NH. HC

210( M 17) nmaj or,
(M-23) (6),

"N g 288(100)

CH N 228( M+1) m nor

O HO B-OH 104 C H2N

N NHOHO 13-0OH 105 D OH 575 (12),

LC-M5 No. 106 D of f 452 (Mr1)(3), 434 (100)

D OH 368 (M+1)(2),

350 (100) N g N N OH

..1.,O0 N

29 Conpound Series Structure
NOH NS OCF3 O O 107

ggmpound Series Structure LC-MS
98 B & OH 243(M+1)(5), 225 (71)
- >N B
s \
: OH
0
NH
99 B OH 449(5), 243(M+1)(7),
Q‘B\’ 225 (100)
OH
0
_NH
100 B HCOH 223(M+23)(3), 183(48)
Me
HyN N
* o,  B-OH
101 B HCO,H 223(M+23)(4), 183(10)
“"‘*WQ
102 c H,N 228(M+1)(55), 210 (M-
Q 17)(95)
N
b B
0 Lo OH
103 Cc H 210(M-17)major,
EN 228{M+1)minor
0 108 OH
104 Cc HoN, 210(M-17)maijor,
- 228(M+1)minor
»
N
H ,B~0H
0o
105 D OH 575 (12), 328 (M+23)(6),
B 288 (100)
O \
/i OH
1)9 N o
L_NH.HCI
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OO0 108 D O- O 428 (M 17)(100) N BOH SO P OH I, 'N O O NH. HCl 109 D F OH
386 (M17)(100) NB OOH O F OL.NH HCO 110 D PH 436 (M1)(10), 418 N %
(100) F, H o N C WHO 111 D F OH 436 (M-1)(4), 418 (100) F | N- OH O N~

/NO ~NH. HCI 112 D HO 627 (25), 332 (M+1)(10), B OH 314 (100) N ~o NH HOMO

Ol NJ J formc acid sett 30 Conmpound Series Structure LC-MS No.

ﬁgmpound Series Structure LC-MS
106 D Com 452 (M+1)(3), 434 (100)
WoNOE
N . o OH
N
s OCF,
>
107 D S OH 368 (M+1)(2), 350 (100)
HoN %H
N o
N
§
°%
0 R
108 D ?:\S/’ OH 428 (M-17)(100)
N B
\Q\ P OH
TN o]
© NH.HCI
109 D M-17)(100
. OH 386 ( )(100)
Ty ¥
’r OH
OUS‘N 0
F L NH.HCH
110 D H 436 (M+1)(10), 418
O—B\ (100)
F3 N OH
(g o=
5 N\\/NH.HCi
11 D Vi 436 (M+1)(4), 418 (100)
JOH
}@,9 v
P OH
O,)S “N o
NH.HCI!
112 D HQ 627 (25), 332 (M+1)(10),
B0 314 (100)
CSTO
| e
| NH Ho™ o
N \) formic acid salt
[¢]
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113 D OH 368(M1)(38), 350 (100) ON B S OH OHN,. 0 NH HCG 114 D OH
350 (M- 17)(100), 332 O N "B (22) SOH OHNl 0 NH Hrj 115 D O NH
332(M+1) (4), 314 (93) IN, NHO HO HOB OH 116 D o 338(M1)(3), 320 (98)
NHSN HCO HO B OH HO 117 D 0 332(Ml)(27),314(100) NH 60NR H CI H OHO
B, OH 118 D NH 338 (M+1)(21), 320 (100) HNHC H OB

ﬁgmpound Series Structure LC-MS
13 D o | '368(M+1)(38), 350 (100)
v ~B
SO N om
OHN"" o
. NH
Hel
114 D o 350 (M-17)(100), 332
) (22)
0 N B
. 8 OH
OHN— ¢ ©
NH
HCI
115 D 0 332(M+1)(4), 314 (93)
N{* o
wo 05 on
116 D o 338(M+1)(3), 320 (98)
S NH
Yo P
- S v
HO H g HO_B— OH
117 D 0 332(M+1)(27), 314 (100)
NH
= 00
N B
HC| 0 HOI \OH
118 D 0.;,\ 338 (M+1)(21), 320
ST - (100) -
"N"\ri'N A
HCOO W g HO__B. OH
130 G . 623 (28), 312 (M+1)
N o (100), 294 (30)
T L L N
SN
H Ho B-oH
131 G @ H 819 (20}, 410 (100}
SOV,
o
m B~0H
132 G H 374 (M+1)(100), 356
N\Q (67)
N
o u/ﬁ( -
Opg™ ©
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OH HO 130 G H 623 (28), 312 (M+1) N i (100), 294 (30) ( N OHNO HOB-CH
131 GO 0 H 819 (20), 410 (100) )a HHoB OH 132 G/ | H 374 (Mt1l)(100), 356
N(67) NI /I\ N HO HO8 OH 31 Conpound Series Structure LCMs No. 133 G
7; H 759(57),380 N~-N~Nn (M+1)(100), 362 (64) OH OH HO BB-OH [0094] Wile
the invention has been described and exenplified in sufficient detail for
those skilled in this art to nake and use it, various alternatives,

nodi fications, and i nprovenents will be apparent to those skilled in the
art w thout departl ng fromthe spirit and scope of the clainms. [0095] All
pat ents nd- publicati-ons sane
extent as COMPEYEH |sgi-|e\é| dual I'QQH&GH on was speci fi ¢pplpgand i ndivigdual Iy
i ndi cat ed N® be indor parated b reference. [0096] Thé terns and expressions

whi ch havVe bd8d enmjl oyedGare uge s terns of desgri pt 7#57), 380
N fi> (M+1)(100), 362 (64)
N
0 N

H o HO,B“OH

[0094]  While the invention has been described and exemplified in sufficient detail for those
skilled in this art to make and use it, various alternatives, modifications, and improvements will

be apparent to those skilled in the art without departing from the spirit and scope of the claims.

[0095]  All patents and publications are herein incorporated by reference to the same extent as
if each individual publication was specifically and individually indicated to be incorporated by

reference.

[0096] The terms and expressions which have been employed are used as terms of description
and not of limitation, and there is no intention that in the use of such terms and expressions of
excluding any equivalents of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention claimed.
Thus, it should be understood that although the present invention has been specifically disclosed
by preferred embodiments and optional features, modification and variation of the concepts
herein disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the appended

claims.

[0097] In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby
described in terms of any individual member or subgroup of members of the Markush group.
For example, if X is described as selected from the group consisting of bromine, chlorine, and

iodine, claims for X being bromine and claims for X being bromine and chlorine are fully

described.
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and not of limtation, and there is no intention that in the use of such
ternms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various

nodi fications are possible within the scope of the invention clainmed. Thus,
it should be understood that although the present invention has been
specifically disclosed by preferred enbodi nents and optional features,

nodi fication and variation of the concepts herein disclosed may be resorted
to by those skilled in the art, and that such nodifications and variations
are consi L.t.hin the scope of this invention as defined by the
appended d@ﬁﬁgﬁbfcpgggkquh addition, where features or aspects of the
invention are ASfbliARcdnipdud BBfofthula Mar kush groups, those skilled in the
art will recognize that the invention is also thereby described in terns of
any individual nenber or subgroup of nenber%méf t he Markush group. For
example, if X is described as sel eg ed fg omghgrgroup consisting of brom ne,
chlorine, and iodine, clainms for ei g brlom ne and clains for X being
brom ne and chlorine are fully Ragstribeth 3 WHAT IS CLAIMED IS 1. A
pyrrolidine conpound of fornula I H | E% O B-ORZ RS~N~\~ xN (~) H
R" Rl LI nx Zincluding all enantioners, di*Xastereoi somers, sol vates,
hydrates and pharnaceutically acceptable Salts thereof, wherein: nis | to
3; Xis CH; S; 0; CF2 or C(CH3)2; Z is H halogen; hydroxyl; (C _6)al koxy;

(G _12)al kyl; (C3 12)cycloal kyl; phenyl; or )
including all enantiomers, diastereoisomers, solvates, hydrates and pharmaceutically acceptable

salts thereof, wherein:

nis1to3;

X is CHj; S; O; CF; or C(CHs),;

Z is H; halogen; hydroxyl; (Ci.¢)alkoxy; (Ci.12)alkyl; (Cs.1z)cycloalkyl; phenyl; or
heteroaryl; where the phenyl and heteroaryl groups are optionally mono- or independently
plurisubstituted with R”;

R’ is halogen; {Ci-10)alkyl; (Cy.19)alkoxy; (C\.j0)alkylamino; (Cy.1) dialkylamino; benzyl;
benzyloxy; hydroxyl{C,.¢)alkyl; hydroxymethyl; nitro; trifluoromethyl; trifluoromethoxy;
trifluoromethylthio; N-hydroxyamino; cyano; carboxy; acetamido; hydroxy; sulfamoyl;
sulfonamido; or carbamoyl;

optionally, X together with an adjacent ring carbon and Z form a fused cyclopropyl; and

optionally, one of the bonds in the ring containing X is a double bond,;

R' and R? independently or together are hydrogen; a boronic acid protecting group; or a
group capable of being hydrolyzed to a hydroxyl group in an aqueous solution at physiological
pHorin Bio]ogical fluids; and

CR'R" may be present or absent, and

when CR'R" is present, then

R\ R" R, R* and R® are selected from (aa) or (bb):

(aa) R, R R*and R* are hydrogen; and R? is hydrogen, (C,.12)alkyl or (Cs.12)
cycloalkyl;

(bb) R} R R} R*and R’ are independently hydrogen; alkyl; alkenyl; alkynyl;
cycloalkyl; cycloalkylalkyl; bicycloalkyl; tricycloalkyl; alkylcycloalkyl; hydroxyalkyl;
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het eroaryl ; where the phenyl and heteroaryl groups are optionally nono- or
I ndependently plurisubstituted wth R; R7 is halogen; (Cl1_10)alkyl;

(C, _10)al koxy; (Cl_1o0)al kylam no; (Cl 10) dial kyl am no; benzyl; benzyl oxy,
hydr oxyl (C _6) al kyl ; hydroxymethyl; nitro; trifluoromethyl;
trifluoronmethoxy; trifluoronethylthio; N hydroxyam no; cyano; carboxy;
acetam do; hydroxy; sulfanoyl; sulfonam do; or carbanoyl; optionally, X
together with an adjacent ring carbon and Z forma fused cycl opropyl; and
optionally, one of the bonds in the ring containing X is a double bond; R

aroup: o B olky ey Fiobtes Apsing i HaRisy erl ko psrosycygPURES | o

aqueous  sobiliienkAhlkphyiky el élbélﬁl alRyltHidalkt f CR R' may
be present o? absyzlntfal y 09 i{ F\’{;i )mea?él%%(ﬂ%myl Aﬁogﬁm%ggylm and R5

are sel ect awllyl; dmﬁe(caa)l lwrcerwﬂylkyl( &‘BQlOI'RterO lom'cwhaemalkala&yhyﬂ Dptylmlly and R5

hyd I 4 _and R5
o o ioak R BBl A1 8L L ol fhpy Rt
cycl oal kyl ablyhdlpalknxyyakoatihdnyl talkenyic hlhyxlyk,Wy«;loslkylyd:;&}dall@aﬂMIpplybycﬂdsabkw al kyl ;

hi’d%%? )r(lygl lé‘|y 6&?/%19‘% | k%mg%grsﬂgﬁégéiﬂk I’Cy%qhﬁw%ﬂ%%%’géﬁy F‘Y’%é{%m“mlom kyl

aryl al kyl thin%al:}lﬁ% ;ardiNG; k@t dmind falilylamisd, ﬂiaWarmﬂ@ttﬁBPﬁlkyﬂtlno alkylcarbonyl
het er oaryl al kyI cycl ohet er oal kyl or cycl ohet eroal optionafly

k
nono- or | ﬁ%@@f%@%@gﬂy b eminosarbanyli alkeyaylapginoncakangly eﬂ/fy a@nn@yarborw yhal oal kyI
al koxy, ha foba I | kynyl ,
cycl oal kyl mgﬁd} lfbﬂ}rlﬁ@]%m F’%y l,an@§¥W£§?3 A y%%%moaaryl am no,
cycl ohet er elkt,'llsyllfqnyta;rmhm h&whnmamk@bwuayﬁuo hgkdxmgbpnﬂmdmxglwlwonyl nitro,
cyano, amng, S stituted n |aIk no, thiol, alkylthio,
al kyl car boAfnos \Hﬁ ’Ia,mlg?sl? ’aq?lf)"gﬂ‘gliil’(ﬁly m Qo%fr'f | kynyl ami no- car bonyl ,
al kyl am nocar bOdﬂ-)dltemaﬁ\"dKﬁnyl am nocar bonyl, al kyl car bonyI oxy,

al kyl car bonyl am no, alr y| carbonyl ani ky ul f onyl ami no
al kyl ani nocar oWy GRRnis a%saanélgpy Bo?ﬂ’i@rﬁ%ﬁ? °°?F1%59’F§(|§F)F (sid pr (ee):
(cc)  R®and R* are hydrogen; and

RYis

a) hydrogen, provided that R is not hydrogen whenn is 1, X is
CH,, and Zis H;

b) (Ci2)alkyl; (Cr.12)alkenyl; (Cz.12)alkynyl; (Cs.12)cycloalkyl; or
(Cs.12)cycloalkenyl; where the alkyl, alkenyl, alkynyl, cycloalkyl and cycloalkenyl groups are
optionally mono- or independently plurisubstituted with R, and where the alkyl, alkenyl, alkynyl
portions include linear or branched chains and may include cyclic portions;

R® is (C1.6)alkyl; (Cy.)alkoxy; cycloalkyl; carboxy; acetamido;
cyano; nitro; halogen; hydroxy; hydroxy(C,.¢)alkyl; hydroxymethyl; trifluoromethyl;
trifluoromethoxy; sulfamoyl; sulfonamido; carbamoyl; aryl; heteroaryl; where the aryl and
heteroaryl groups are optionally mono- or independently plurisubstituted with R’; amino, where
the amino group is optionally mono- or independently plurisubstituted with R%; -SOR®; -SO.R%;
-COR®; -CO,R®, -CONHR?; -CON(R®) 5; -OR?; or -S-R%;

R is halogen; (C|.i0)alkyl; (Cii0)alkoxy; (Ci.10)alkylamino; (Cy-10)
dialkylamino; benzyl; benzyloxy; hydroxyl(Ci.)alkyl; hydroxymethyl; nitro; triflucromethyi;
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am nosul finyl, am nosul fonyl, alkylsulfinyl, sulfonam do or sul fonyl, or
alternatively, when CR R' is absent, then R3, R and R5 are selected from
(cc), (dd) or (ee): (cc) R3 and R4 are hydrogen; and Rs is a) hydrogen,
provided that R5 is not hydrogen when nis 1, Xis CH2, and Zis H b)
(Cl_12)al kyl; (C2_12)al kenyl; (C2_12)al kynyl; (C3_12)cycl oal kyl; or
(C3_12) cycl oal kenyl ; where the al kyl, al kenyl, al kynyl, cycloal kyl and
cycl oal kenyl groups are optionally nono- or independently plurisubstituted
with R6, and where the al kyl, al kenyl, alkynyl portions include |Iinear or
branched chains and may include cyclic portions; R6 is (G 6)a|ky|;

(G _6) al koxys K¥lq. € Q et.am do. . cya nitro | qoen;. .

hydr oxy; h?@uoox%"?%ﬁ%) %’Iﬂi%‘?f"?‘{ﬁ%‘} i&(@ﬁ%’fj ﬁ’xpfa‘m‘??‘i #’ﬂo gﬁ%’f}h ??eltam‘go’qg’%mxy’

trifl uor ometlfumoyl; ssifddaaiiayy lor cabdnicamam do; carbarmyl aryl het eroaryl ; where
the aryl and heteroaryl groupg.are ﬁtlona y. NMONo- Oor nde&endentl

plurisubstituted with R7; ani is \fheoadkyly (G ket (EoollkyaYlpveiorvaiealkviiono-
or i ndepen@% ch&ilkhrn&gg%l tpHEchRtha d?fﬁetem%%her 25@1 alil(%Ealkynng%

- CONHR8; - I's hal dogen;
(G _10) al keyaealsdicydloylkeny sronphioe oyet@nalbor)nonwmdppmmly plursnlzmtutecbwmmybxy,

hydr oxyl (C| h

trifluor onefﬁo%égﬂ[wm?%uo% (?ﬁ%f%rﬂargf ér kﬂlﬁ a?]é flﬁgzﬂn{ynng?mc%%'ﬁggbe%%n g%xy;

acet ani do; phyidutstituted vt Ranoyl ; sul f onani do or carbamoyl; R8 is
(S S TRl R bl A5 e 11
al kenyl , ly fus€dtelaqel lydyclogikgl; %krkmydr 138 YBteroaye #88ptldhallpno- or

[ ndependent p|}{,ll‘l SUbSSI tttogeyd Wi ? tﬁ o¥ het erroar y?ggll%er e&% hea?r)yl and

het er oar yl rr@nwrssn@v endgnily phesubsttasdwith®’; i ndependent Iy pl uri substi t ut ed
with R7; c¢) aryl optionally f g%,g%
optlonal I y)fusgd tg a (C3. >1/0) gﬁﬁ%‘ﬁky?@%& %eﬁﬂ% (sz aﬁt?{)%l?;&l?{éh

groups ar ej B¥&3;ona(3.3:1] or {3.1.1] bicyclic carbocyclic moiety, mcluchng (4—penty1blcyclo[2.2 2]oct-
1-yl)amine; where the indanyl, 1,2,3,4-tetrahydronaphthyl, (CH,); adamantyl, and [2.2.1] or

[3.1.1] bicyclic carbocyclic moieties are optionally mono- or independently plurisubstituted with
hydroxy, (C1.s)alkyl, (C).s)alkoxy, (C;.s)alkanoyloxy, or R°R'*N-CO-O-, where R® and R'® are
independently (Cy_g)alkyl, or phenyl, where the alkyl and phenyl groups are optionally mono- or
independently plurisubstituted with (Cy.g)alkyl, (Ci.s)alkoxy, halogen, or trifluoromethyl, or R
and R together are (Ca_)alkylene;

e) R''(CH,),- where R'" is 2-oxopyrrolidinyl; (C\.¢)alkoxy;
phenyl; phenoxy; (C;-s)cycloalkyl; [3.3.3] bicyclic carboeyclic moiety; pyridinyl; naphthyl;
cyclohexenyl; or adamantyl; where the 2-oxopyrrolidinyl, (C)¢)alkoxy, phenyl, pyridinyl, and
naphthyl groups are optionally mono- or independently di- or independently trisubstituted with
R'?; where the phenoxy group is optionally mono- or independently disubstituted with (C,.
a)alkyl, (Cj4)alkoxy, or halogen; and where the [3.3.3] bicyclic carbocyclic moiety is optionally
mono-or independently plurisubstituted with (C;.g)alkyl; and p is O to 3;

R'? is halogen; trifluoromethyl; cyano; nitro; (Cy.¢)alkyl;
(Ci.¢)alkoxy; cycloalkyl; carboxy; acetamido; hydroxy; hydroxy(Cy.s)alkyl; hydroxymethyl;
trifluoromethoxy; sulfamoyl; carbamoyl; sulfonamido; alkylsufonyl phenylsulfonyl; aryl;

=']@ﬁromyl where the aryl and heteroaryl groups are optlonally mono- or independently
plurisubstituted with R;
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nono- or independently plurisubstituted with R7; d) indanyl;
1,2,3,4-tetrahydronaphthyl; (CH2)iadamantyl in which | is 0-3; or a [2.2.1]
or [3.1.1] bicyclic carbocyclic noiety, including

(4-pentyl bicyclo[ 2.2.2]oct- 1-yl)am ne; where the indanyl,

1, 2, 3, 4-tetrahydronaphthyl, (CH2)i adamantyl, and [2.2.1] or [3.1.1]

bi cyclic carbocyclic noieties are optionally nono- or independently
plurisubstituted with hydroxy, (C _s)al kyl, (Cl_8)al koxy,

(Cl _s)al kanoyl oxy, or RORILON-CO- O, where R9 and RlO are independently

(C _s)al kyl, or phenyl, where the aI k%/ and phenyl groups are optionally
mono- or i ndependent |y pl uri sfllb%t]zgﬁ (é[tﬂz)w‘t’hﬁf?& 13? {/)anklldﬂﬂ@)ﬂhﬁmd)xy

RL1( D) P P e feparRb opthlinarnth Micheh 8l AR dhed i RP Ui €105 ©
(Cl _3)cycl8al kyl; [3.3.3] bi cycl iC car bocycl ic noiety,; ’ pyridi nyl; napht hi/l ;
cycl ohexenyl ; or adamantyl; re the rrolidinyl, (Cl-6) aI koxy,
phenyl, pyridinyl, and napht |a%?‘15’&5§‘1 a’?'@?‘gﬁtl onal | y mono- or

i ndependently di- or independently trigubstituted with R12; where the
phenoxy group is optionally nono- or i ddependent |y disubsti tut ed with (C.
4) al kyl, (Cl-a)al koxy, or hal ogen; rz?{ e [3.3.3] bicyclic

car bocycl | c noi ety is optionally rﬁ)no or de e;ndent l'y plurisubstituted

th (C | kyl, 0Ot . R12 i n, trjfl th
by o( (T ¥ gffm{‘yfm qf’ %9%9@9&%%9 Y yeresm 6y p)aﬁfaﬁy(‘sm)%lkylaalfr@{r&%bg)%wlg%/@wy,

hydroxy(C 5gg cyclBMﬁ&B?f )‘iﬂﬁtﬂéﬁyl behtdyl; |p¥ﬁ&19§%5yhﬁﬁd’me,%&fﬁrﬂﬂ¥ﬁylarﬁﬁ5 baroyl ;

k)
sul f onam do; yl Suf ony I"sul f on Wwhere the aryl

and heter oami)vn}@praawwlfamé Q;p!bpmﬁlllﬁoyyl e ﬂv@rcycln@léximgemptwnaﬂy substituted
| uri subst gnyl n
\R/muclh 'ltJhe %@?}@&r X\%( arglgd %‘%ﬁég‘éﬁ%&ﬂ-‘ %QPPB“&P?;? rrgjrﬁdgné §h£lpndgpen:jent |y

di subst it upbﬂxymmncﬁibﬁnylaaik&lq;lfonyl@aﬂ&phe@ls@ﬁonﬂ gmqmpreafphbim&lyfmmubla R15
R14

~ ere R1L RL he de dent | en; (G al k
(CL. 6) al kyfr@sp%\@m Y. dl-(s@;? W 51 lgazﬂ cr{;){l alﬁlelg ? i fovm E) 83-12)Cy£loalkﬁ)nng, %d T
is 2 to 6;

h) a group of the formula:

><

R (CHy)

where R'® and R! are each independently hydrogen; (C.-g)alkyl; (Ci-g)alkylcarbonyl; di-(Ci.
¢)alkylaminocarbonyl; benzyl; benzoyl; pyridine; pyrimidine; phenyl; phenylaminocarbonyl;
alkylsulfonyl; or phenylsulfonyl; where the benzyl, benzoyl, pyridine, pyrimidine, phenyl,
phenylaminocarbonyl, alkylsulfonyl, and phenylsulfonyl groups are optionally mono- or
independently di-substituted with R'?; or R'® and R together form a (Cs.12)cycloalkyl ring; and
s1s1to6;

1) a group of the formula:

(CH2y—3
o O

lTI—-_(CHZ)t
R'I 8

wherein R'® and R' are independently hydrogen; (Ci.¢)alkyl; (Cy.¢)alkylcarbonyl; di-(C;.
sjaikylaminocarbonyl; benzyl; benzothiazole; benzoyl; pyridine; pyrimidine; phenyl;
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ring; (C3-12)cycloal kenyl ring; benzyl; benzoyl; pyridine; pyrimdine;

phenyl ; phenyl am no- carbonyl; al kylsul fonyl; or phenylsul fonyl; where the
cycloalkyl ring is optionally substituted wth hydroxy(Cl -6)al kyl, and
where the benzyl, benzoyl, pyridine, pyrimdine, phenyl,

phenyl am nocar bonyl , al kyl sul fonyl, and phenyl sul fonyl groups are optionally
nono- or independently di-substituted with R1l2; or R14 and R 5 together
forma (C3.12)cycloalkyl ring; and r is 2 to 6; h) a group of the formula:
R17 N s R16~ ~(CHz)s where R16 and R 7 are each independently hydrogen;
(C-e)al kyl; (G _6)al kyl carbonyl; di-(d- 6)al kyl am nocarbonyl; benzyl;
benzoyl : pphenylasanogeshonyk; atksieufaskyls ﬁyphenmh@lfguyhmmwhq: banayl, benzaglky| sul f ony! ;

or phenyl sy V\QSF e i, di henyl ,
pheﬁyl a?/n no%{azr% o%‘)?‘e ‘ﬁ %Eﬁ?‘l %ﬁfﬁ/ henﬂd&%ﬁél *’ gnr?@laﬂaﬁ%yﬁrglaarn opf [ onzll |y
][m no- oE C3 |p1182d'g¢salf0igrl :g’rqulpsi ar_e&ptmtallg utoao- ammd”eFRiﬂgntl)pc;xnsMnﬁé\ﬂwﬂ% R;zt 619»?11&’1161‘1 I
orma oa ILing.. an i 0 6; i roup o or nmul a:
(CH2) i V\f{“%é—iz ,Eg W NOED An P dﬁeﬁi@w%lkﬁm;?@ﬁfa@mgﬁge FireRSgen:
(C1.8)al ky|aﬁorrf,@ﬂd SRt keih@epeRRAlY 0 166, 20&his 0 A Kyl ami nocarbonyl ;- benzyl ;

benzot hi azol e; benzoyl; pyridine; pyrimdine; phenyl; 36

phenyl ani nocar bonyl ; _al kyl sul ﬂbmypup@ﬂthpfv@nyllasul fonyl: where the benzyl,
benzoyl, benzot hi azol e, pyridi ne,y |6hqb@ Fenyl phenyl am nocar bonyl ,
al kyl sul fonyl, and phenyl sul fonyl ups2 a %g i onal |y nono- or

i ndependenwhyredhembsltgromledpmmﬂy Rbﬁo-annndn{mdmthr fRirBubstitiut&l Sith Bet her wi t h
the N forman (N, C3-12) heterocycloal kyl ring containing the nitrogen
atom and &%ch t is i ndependently 0 to 6; and uis 0 to 3;

k) a group of the formula:

h—
/Q/)U(CH )

R21_0—(CH2)i

where R is hydrogen; (C\.¢)alkyl; benzyl; or phenyl; in which the benzyl and phenyl groups are
optionally mono- or independently di-substituted on the ring with R'?; each t is independently 0
to 6; and wis 0 to 3; and,

wherein a bond containing a wavy line signifies a point of attachment;

(dd) R? R*and R are independently hydrogen; alkyl; alkenyl; alkynyl;
cycloalkyl; cycloalkylalkyl; bicycloalkyl; tricycloalkyl; alkylcycloalkyl; hydroxyalkyl;
hydroxyalkylcycloalkyl; hydroxycycloalkyl; hydroxybicycloalkyl; hydroxytricycloalkyl;
bicycloalkylalkyl; alkylbicycloalkyl; alkylthioalkyl; arylalkylthioalkyl; cycloalkenyl; aryl or
aralkyl; all optionally mono- or independently plurisubstituted with halogen, alkyl,
polyhaloalkyl, alkoxy, haloalkoxy, polyhaloalkoxy, alkoxycarbonyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, polycycloalkyl, arylamino, hydroxy, hydroxyalkyl, nitro, cyano, amino,
substituted amino, alkylamino, dialkylamino, thiol, alkylthio, alkylcarbonyl, acyl,
alkoxycarbonyl, aminocarbonyl, alkynylamino-carbonyl, alkylaminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
alkylsulfonylamino, alkylaminocarbonyl-amino, alkoxycarbonylamino, alkylsulfonyi,
aminosulfinyl, aminosulfonyl, alkylsulfinyl, sulfonamido or sulfonyl, provided that whennis 1,
X is CHjy, the ring containing X is saturated, and Z, R® and R® are H, R* is not a side chain of a
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J) a group of the fornmula: (phenyl-CH2-C(CH3) 2-), where the phenyl group
is optionally nono- or independently plurisubstituted with R12; or k) a
group of the formula: (CH2)t R21-O(CHZ}1 ' u where R21 is hydrogen;
(Cl_e)al kyl; benzyl; or phenyl; in which the benzyl and phenyl groups are
optionally nmono- or independently di-substituted on the ring with R12; each
t is independently O to 6;anduisGo03;and, wherein a bond containing a wavy
line signifies a point of attachment; (dd) R3, R4 and R5 are independently
hydr ogen; al kyl; al kenyl; al kynyl; cycloal kyl; cycloalkylalkyl

bi cycl oal kyl ; trlcycloalkyl aIkyIcycIoaIkyI hydro ral k

hydr oxyal kiaterglly SSHIORE 0-amiap asige@p p@wd@rhat when igylbXds Hiathwmg containing
hydroxytr| 4 y al kyl ; al kyl t hi oal kyl ;
aryl al kyl t ?sg%ﬁ'@t%wld%%/%l%g é‘%ﬁ lR # J:ren&!%@%f?& 510 optionally nono- or
i ndependent |y pI uri Qewm lsthyﬂmgewahdh a’ndjgsemgetlﬁrhwﬂl-nthe gomy fvaklael thgy areal koxy,

hal oal kox hal oQ car cycl oal kyl
cycl oal ky?/ %ﬁd}% @F%@Pﬁ%lfgégﬁpﬂc ﬁ?‘ﬁ%"fﬂy’kf@v’nsmﬁe}ﬁ&?&w% ni t?/o
cyano, am Wisrein &wb@taédy&mragnmn s R EHAR thelaroki b aEcRa to NRhOR? have the
al kyl t hi o, alkylcagpgpyl acyl, . alkoxycaﬁbonﬁh am _nocar bonyl ,

al kyny!| ami feBoearEEn Mbﬂeﬂ'rﬁlr*ﬁ)%@r% R’ and R g e enendrndly bydrpgen,

al kyl car bgﬁhﬁ}-&ﬁl}’ alkakyk E&Faﬁ&ﬂw AR W@}&@{iﬁ%ﬁpﬁgﬁr@ﬁm tuted amino,

al kyl sul f am nocar oxycar bonyl am no,

al kyl sul fmyyloplkylaﬂth@sdba‘lkmbd, ﬂa'ﬂnarbddkljrlf hﬂhgrbqrylahﬂylbwlaﬂkym;dyglobanmdhﬂm do or
sul fonyl , de t hat rin con aLning Xis
sat ur at ed, %, ? q@%ﬁh%{%ﬁywﬁﬁﬁ arrglc?{g?n gdngp%éll%?ﬁ%rl%ﬁbogy Ay natural | y
occurring ﬂyl@ﬂ?cﬁﬁboﬁﬂhﬂmoﬁﬂﬁo;@tﬂﬁbr@@,dﬁlbb@tcm\bhﬂﬂ diall@laimndéatb@nﬁuamothel ring
cont ai ni ng turate Z an? R5 are H _R3_a R4 are?aot bot h

X
met hyl ; OPtle@f'élfv thsaahqtfgowg? He% Faeteronyl Rsaéa@%m&bemcmd klgingng t o
which t heyfu%dqnerabtﬁsheeh ﬂletr\mea n4s 10X & OBYRRNRE cHALRINROY il shitraiddNhdOf asti t O 7

car bons and3 1 ni trog; s
R’ are H, then R* and R together are not -(CHy),- or -(CHz)s-.

2. A linear alkyl pyrrolidine compound of formula I according to claim 1 wherein CRIR"is
absent, R*, R* and R® are as given in clauses (cc), (dd) and (ee), and the linear alkyl pyrrolidine

compound has formula II:

ZX

RS

Z IL
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wherein the heterocyclic ring carbon atons other than the carbon connected
to N and R4 have the formula -(CeR23)m- wherein mis 2 to 6, and k22 and
R23 are i ndependently hydrogen, hydroxyl, al koxy, alkyl, alkenyl, alkynyl,
cycl oal kyl, hal o, am no, substituted am no, cycloal kyl al kyl, cycl oal kenyl,
aryl, arylal kyl, heteroaryl, heteroaryl al kyl, cycl oheteroal kyl,

cycl ohet er oal kyl al kyl , al kyl carbonyl am no, aryl carbonyl am no,

al koxycar bonyl am no, aryl oxycarbonyl am no, al koxycarbonyl, aryl oxycarbonyl,
or al kyl am nocar bonyl am no; and, optionally the heterocyclic ring has an
aryl, heteroaryl or a 3 t0 7 nenbereg cycl oal kyl, rigg_ fused thereto,

provi ded t Ra® psarbetp nysrokidingrampaynd of fpsmpla] gecohingiortlaiyg Iyheredn R Riidd, and z
and R3 ar t 4 1ENge R Fgg? (SR Bi - o 2. A

| i near al k FH%$#?§Fi§?%e coﬁ%%ﬁﬁgﬁg E%%?%ﬁ a b%ccoré?ﬁgg?gﬁégggﬁﬁﬁymherein
CR R' is cabpend hasormitd Ind R5 are as given in clauses (cc), (dd) and
(ee), and the linear alkyl pyrrolidine conpbund has formula Il: 2 0 Rg RH
R5-" NN R3nz Il. 38 3. Alinear beta pyrrolidine conmpound of formula I
according to claim|l wherein CR R R’s QO pre$enk? R3, R4 and R5 are as given
in clauses (aa) and (bb), and khe B ne beta pyrrolidine conpound has

formula Ill: Si R4 R3OL Rz Qﬁ ~ N'R' R X"z 1l. 39
Rl Ri Y /X n
z IIL.
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