ASYMMETRI C PROCESS FOR MAKI NG SUBSTI TUTED 2- AM NO- THI AZOLONES BACKGROUND
OF THE | NVENTI ON [0001] The present invention relates generally to novel
or gani ¢ sWYyAt2huyd1¢s8aet hodol ogy and its application for pPEFIUHRMNYEVYRAPOUNdS
that are useful as inhibitors of |Ilp-hydroxy steroid dehydrogenase type 1.
[ 0002] Hydroxysteroid dehydrogenases (HSDs) regul ate the occupancy and
activation of steroid hornone receptors via the interconvertsion between
steroid hornones and its inactive form For a recent review, see Nobel et
al., Eur. J. Biochem 2001, 268:4113-4125. 100031 There exi st numerous

cl asses of HSDs. The 11-beta-hydroxysteroid dehydrogenases (11 p -HSDs) is

an oxi dor educt a%%iﬁnq@apkmggsqg??Mmmlm§T ro@ehea! |y active

gl ucocorticosterol d as cortiso corticosterone), to the inactive

C- 11 oxi di sed netabolites, cor AMDNO-THIAZOIAPNER ocorti costernone.
Ragosh, et al., J. Endocrinol ogy, 1997, 155:171-180. [0004] The isoform
11- bet a- hydr oxysteroi d dehydrogenase type 1 (1113-11SD1) is expressed in

| iver, adipose tissue, brain, ticoid tissue and is a
potential target for Fherap@Aéﬁﬁgg?@gfgﬁgﬂﬁﬁéﬂéﬁ@ﬁgggorders that may be
aneliorated by reduction of glucocorticoid action, such as diabetes,

obgsi ty alnd a@@@t]elﬁteqxﬂesemgmmﬁmeredxyesfgmo a l]y_cll_ﬂnoxfe?dgh?_ilcs e[a')stlnt}raaltic],c I
Endocri nol ogy, 20 142:1371- 137 e - i.soformis also
present in pa%lﬁt%‘gcg(i}?%y PE[RAPR 'é?tl'osn% rf’velglink “PEP Tﬁ%‘étaa(reeh‘ge% ab’l“é&?“&“r ole in
control i ng i esUBiNydicR) et déBp@etermsvygd 1.al ., J. Biol ogical Chemistry,
2000, 275(45): 34841-34844. d ucocorticoid hornones such as cortiso

(active form rtisone.(inactive k f.or lay a critical role in
the regul ati A 32%%%9‘8?0 4%@ : _a%fiSZﬁng)ﬁe&ﬂag@a PRI 3Bf cortisol,
pronotes gl UCHRAGRANE Stefi BlEmbRdHelipk s 118 S ihtdrcbSI @RS R bethMabSst&gRuUl ts in high
serum gl ucose, | evel s characteristic of )

hormones and its inactive form. For a recent review, see Nobel et al., Eur. J.

Biochem. 2001, 268:4113-4125.

[0003] There exist numerous classes of HSDs. The 11-beta-hydroxysteroid
dehydrogenases (11 f -HSDs) is an oxidoreductase whose oxidative component
metabolises biologically active glucocorticosteroid (such as cortisol and
corticosterone), to the inactive C-11 oxidised metabolites, cortisone and 11-

dehydrocorticosternone. Ragosh, et al., J. Endocrinology, 1997, 155:171-180.

[0004] The isoform 11-beta-hydroxysteroid dehydrogenase type 1 (11B-11SD1) is
expressed in liver, adipose tissue, brain, lung and other glucocorticoid tissue and is a
potential target for therapy directed at numerous disorders that may be ameliorated by
reduction of glucocorticoid action, such as diabetes, obesity and age-related cognitive

dysfunction. Seckl, et al., Endocrinology, 2001, 142:1371-1376.

[0005] The 11B-HSDI isoform is also present in pancreatic islet cells where it is
implicated to play a role in controlling insulin release. Oppermann et al., J. Biological
Chemistry, 2000, 275(45): 34841-34844. Glucocorticoid hormones such as cortisol
(active form) and cortisone (inactive keto form) play a critical role in the regulation of
carbohydrate metabolism. Increased levels of cortisol, promotes gluconeogenesis and

inhibits insulin release. This results in high serum glucose levels characteristic of
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di abeti c pat hogenesis. Conversely, the known 11f 3-HSDL1 i nhi bitor

car benoxol one reverses the inhibition of insulin release by cortisol in a
dose depen@aftd/iéy¥ner and further enhances insulin sensPCITiLSEY09/0F2S e
observations indicate that 1113-HSDl in pancreatic islet cells plays an
inportant role in regulating glucocorticoid nmetabolismand rel ease of
insulin. Thus, 1113-HSD1 is an inportant enzyne target for the devel opnent
of anti-diabetic therapeutic agents. [0006] The CS-substituted 2-am no

thi azol i nones have been shown to be potent inhibi t,or%, of 1L3- D1. In
particul ar, 5$abeticippbgednetie. Conmvpiselpttankanw I fHigy L hibitor carbchoxolone

| sopropy1-5- gl fyld @ﬁ%hfo%(& RN lea iy GBriss] 8 hAwR LBkt rhahnd Ot ent
nanonol ar inhibitor of this enzyne. Curfent synthetic routes to prepare
thi s 2-am not Rirthzoinbarseamatlmgpeesiiviiyl Thesetobpreitignsopdicanthat Hd-i2R! Bf hi gh
equi val ents of 2 I i : i 0sela68Ishv e

2adi 1 on o R alERELRIK T Bpofiph ek IR BRI RS

2- anmi not hi azohmeielease[cd@BUlin. THersel 18gP¥aK is an impareniomaymetapgser fhsr  al t er nati ve
synihet o et odRk g dial aiHlclhalii lifi! aci e and stereosel ective
5S-2-(bicycl e[ 2. 2. 1] hept an2-yl am no) - 5-i sopropyl-5- et hyl t hi azol - 4(5H) - one
and rel ated c{9p6luntiss @pibsiiuted 2erine thidzalinopesiiaye begs|sBo%t ke trat eri al s
and smal |l quantities | in | YS% 11 Mg@%e HiE NCI ON [ 0008]
The present i h@ébrll Ofsoorgqg%ﬁsgii é@bﬁ%&h%%%(%ﬁg f g]rhé%ggb%rldon\q/ﬂl}{ :\grll- efficient
synt heti ¢ r ouisepropgrs-mthy it egoé A {5h)-oae,cdngos plebvar befayy, A Botent nanogotagut omer ,
st ereoi soner or .pharpmaceut i cal acce bl e I of .: Thus,
one enbodi menit P ﬂgtglsﬁ%‘/ﬁ%er odnLXIieélt Sgntk%r%t?thljé)ate?%rptf%g%hﬁ%%agngg%%%%g “of
fornula 2 by aeasddnfgl Muldpleprepnghdafe dsonfhigh equivalents of an expensive chiral

catalyst for the enantioselective addition of the isopropyl group to the C-5 atom of the

S

NH

parent 2-aminothiazolone.

[0007] There appears, therefore, a need for alternative synthetic methodology that
would allow the facile and stereoselective preparation of 5S-2-(bicycle[2.2.1]heptan-
2-ylamino)-5-isopropyl-5-methylthiazol-4(5H)-one and related compounds employing

commercially available starting materials and small quantities of a chiral catalyst.

SUMMARY OF THE INVENTION

[0008] The present invention satisfies this nced and others by providing efficient
synthetic routes for the preparing a compound of formula 2, its tautomer, stereoisomer

or pharmaceutically acceptable salts thereof.



[0010] with a conpound of formula RaRbNH 100111 In fornulae 1 and 2, the
variable X is selected fromthe group consisting of S, 0, and NR, whilst Y
is eitherWR2CIOMNES or SR'. I n one enbodiment, X is a nPCTAFHWIALH2Y and R
is selected fromthe group consisting of hydrogen, (G -C8)alkyl,

(C2-C8) al kenyl, (C2-C8)al kynyl, (G -C4)al koxy, (Cl-C4)al koxy(G -C4)al kyl,
(C1- C8)fluoroal kyl, (G -C8)hydroxyal kyl, (C3-C8)cycl oal kyl,

(C4-C8) bi cycl oal kyl, (C3- C8) heterocycl oal kyl, heteroaryl, aryl,

(C3-C8) cycl oal kyl (Cl -C6) al kyl, (C3- CB8)heterocycl oal kyl (Cl - C6) al kyl

heteroaryl (G -C6)al kyl and aryl (G -C6)al kyl. [0012] In various embodi ments
of the present invention, R' in |eaving rcﬁi " Y' is selected fromthe
group consisting of (G -C8)alkyl, aryI 2 )cycl oal kyl, and

aryl (G -C6)al kyl. [0013] The C5 subst uents Rl ,and R2 are independently
selected fromthe group consisting of b>y'd7>69en C| C8) al kyl ,

(C2-C8)al kenyl, (C2-C8)al kynyl, (FHR2a[4)al koxy(Cl-C4)al kyl,

(G-C8)fl uor oal kyl, (Cl-C8) hydroxyal kyI (C3-C8) cycl oal kyl

(S U S SR SR Gy

aryl (G - C6) al kyformula2ibytreetipg a)v(brﬁpbubdilaifoﬁhulamd R2 are not simultaneously
hydrogen atons. [0014] In various enbodi ments of the present invention,
substituents Ra and Rb of conpound RaRQNI -1 can either be the sanme or

different groups. Thus, Ra is sel ectedyfrgmthe group consisting of

hydr ogen, (G -C8)al kyl, (C2-C8)al kenyl +C8) al kynyl, (C -&4)al koxy, (G

-C4)al koxy(C -C4)al kyl, (C1-C8)fluorMalk ( C1- C8) hydr oxyal kyl ,

(C3-C8) cycl oal kyl, (C4-C8) bi cycl oal kyly{( C3- (}?) het er ocycl oal kyl ,

heteroaryl, aryl, (C3- C8)cycloal kyl(C 1-C6)al kyl, (C3

- C8) het erocycl oaI kyl (C -C6)al kyl, h teroarka Co6) aI kyl and

aryl (C1- C6) al k§010] [@Dllﬁ]cmsmmtiwf@emtﬂa%libl‘ﬁ{sel ected fromthe group
consisting of (G -C8)al kyl, (C2- C8)al kenyl, (C2-C8)alkynyl, (O

G afbory, ) g ey i (S SR
S, O, and NR, whilst Y is either R’C(O)NH, or bR” In one embodiment, X isa
nitrogen atom and R is selected from the group consisting of hydrogen, (Cy-Cg)alkyl,
(Co-Cy)alkenyl, (C2-Cgalkynyl, (C;-Cy)alkoxy, (Ci-Cy)alkoxy(C,-Cylalkyl, (C;-
Cg)fluoroalkyl, (Ci-Cg)hydroxyalkyl, (C3-Cg)cycloalkyl, (Cs-Cg)bicycloalkyl, (Cs-
Cg)heterocycloalkyl, heteroaryl, aryl, (C;-Cg)cycloalkyl(Cy-Cg)alkyl, (Cs-

Cy)heterocycloalkyl(C;-Ce)alkyl, heteroaryl(C,-Cg)alkyl and aryl(C;-C¢)alkyl.

[0012] In various embodiments of the present invention, R in leaving group “Y” is
selected from the group consisting of (C,-Cg)alkyl, aryl, (C3-Cs)cycloalkyl, and
aryl(Cl-C6)alky1.

[0013] The C-5 substituents R' and R* are independently selected from the group
consisting of hydrogen, (C;-Cg)alkyl, (C,-Cg)alkenyl, (C;-Cg)alkynyl, (C;-
Cy)alkoxy(C-Cyalkyl, (Cy-Cg)fluoroalkyl, (C-Cg)hydroxyalkyl, (C3-Cg)cycloalkyl,
(Cs-Cg)heterocycloalkyl, heteroaryl, aryl, (C3-Cg)eycloalkyl(C-Ce)alkyl, (Cs-
Cg)heterocycloalkyl(C,-Ce)alkyl, heteroaryl(C;-Cg)alkyl and aryl(C,-Cg)alkyl, with

the proviso that R' and R” are not simultaneously hydrogen atoms.



C8) het erocycl oal kyl, heteroaryl, aryl, (C3-C8)cycloal kyl (G -C6)al kyl, (C3-
C8) hetero c yc lo alk yl(C -C 6)al kyl, heteroaryl (G -C6)al kyl and aryl (C -C
6) al kyl . WOQe®|o1#586anot her enbodi nent, the present inveRCTAR2@WOHI%ALs a

met hod for making the conpound of fornmula 1 by reacting a conpound of
formula 3 with a conpound of fornula Y-CN. The variables X, RL and R2 in
formula 3 are as defined above: 0 HXOH RLR23 [0017] In another enbodi nent,
the present invention provides a process for preparing a conpound of

formula 4 its oper,. stereaqi somer,, or pharnmaceuticall ccept,abl e salt
thereof: 13+ U] OB iomt N R RBE PRt S SF G s BBBL ! of

formula 5: compound R*R°NH can either be the same or different groups. Thus, R*is selected
from the group consisting of hydrogen, (C;-Cg)alkyl, (C,-Cs)alkenyl, (C,-Cg)alkynyl,
(C1-Cyalkoxy, (Ci-Cy)alkoxy(C-Cy)alkyl, (Ci-Cg)fluoroalkyl, (C,-Cg)hydroxyalkyl,
(C3-Cg)cycloalkyl, (C4-Cg)bicycloalkyl, (C3-Cg)heterocycloalkyl, heteroaryl, aryl, (Cs-
Cg)eycloalkyl(C-Cg)alkyl, (C3-Cg)heterocycloalkyl(C,-Cg)alkyl, heteroaryl(C;-
Ce)alkyl and aryl(C;-Cg)alkyl.

[0015] Substituent R" is selected from the group consisting of (C;-Cyglalkyl, (C,-
Cg)alkenyl, (C,-Cg)alkynyl, (C;-Cy)alkoxy, (Ci-Cq)alkoxy(C-Cy)alkyl, (C,-
Cy)fluoroalkyl, (C;-Cg)hydroxyalkyl, (Cs-Cs)cycloalkyl, (C4-Cg)bicycloalkyl, (Cs-
Cg)heterocycloalkyl, heteroaryl, aryl, (C;3-Cg)cycloalkyl(C;-Cg)alkyl, (Cs-
Cg)heterocycloalkyl(C;-Ce)alkyl, heteroaryl(C;-Cg)alkyl and aryl(C;-Cg)alkyl.

[0016] In another embodiment, the present invention provides a method for making
the compound of formula 1 by reacting a compound of formula 3 with a compound of

formula Y-CN. The variables X, R' and R? in formula 3 are as defined above:

O
HX 20H
R R 3
[0017] In another embodiment, the present invention provides a process for
preparing a compound of formula 4 its tautomer, stereoisomer, or pharmaceutically

acceptable salt thereof:

R"R™N

[0018] The process comprises reacting a compound of formula 5:

4-



[0019] with a conpound of formula 6: A HZNNRrnFr 6 [0020] In fornulae 4, 5
and 6, the variable Ais selected fromthe group consisting of S, 0, and
NR5, whi IO 2P10/id4386| ect ed from t he group consisting of RETaRHeH/ O\ and
SR6. [0021] In one enbodinent, X is a nitrogen atomand R5 is selected from
t he group consisting of hydrogen, (G -C8)alkyl, (C2-C8)alkenyl,

(C2-C8)al kynyl, (Cl-C4)al koxy, (Cl-C4)al koxy(G -C4)al kyl,

(G -C8)fluoroal kyl, (G -C8)hydroxyal kyl, (C3- C8)cycl oal kyl,
(C3-C8) het erocycl oal kyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted aryl, (C3- cycl oal kyl (C1-C6) al kyl, (C3-

C8) het erocycl oal kyl (G - C6) al kyl , hﬁ%ﬁﬁoar | (Cig C6) al kyl and

aryl (G -0C6)al kyl. [0022] In enbodi eZeﬁreavi ng group Z is OR6 and
SR6, R6 is selected fromthe group c¢ﬁ%isp$hg of (G -C8)alkyl,

pent af | uor oph I ro phenyl CF3phenyl ,

p-tol uenesul fi‘ﬂijpl h ‘Elﬁ‘é‘fvﬁ‘é‘é)é? [0023] Furthernore, substituents R3
and R4 at G5 are each i ndependent |y sel ected fromthe group consisting of
hydrogen, (G -C8)al kyl, (C2-C8)al kenyl po (C2-C8)al kynyl,

(C1-C4) al koxy(C -C4)al kyl, (G -C8)fl ulgt@al kyl , (CI - 08) hydr oxyal kyl, (C3-

C8) eycl oal kyl, (C3-C8) het erocycl oaiky %

(C3-C8) cycl oal kyl (C1C6) al kyl , (C3- )het erocycl al kyI (Cl Co6) al kyl ,

het er oaryl ( Cl{6@3pp! Kyﬂorramae @,r5ydn(i@ ﬂ;@)fﬁia%}élAls%l%He& ﬂelnpn@gfb@owtnmﬁn R3 and R4

are not sinult usl r n a I n varlous enbodi pents of the
pr esent mvenP?gﬂ(? Ugﬂﬂgés %CECQE&OE%@? 2B HS s il e %ran‘be t he

sanme or differsght groups. Thus, le is selected fromthe group consisting of
hydr ogen, hydrogen, (CI-OB)aI kyl, (C2- 08)al kenyl, (C2- C8)al kynyl

(Cl1-C4) al koxy ’[()()(2?]1 Ino alml%gc)l(l%l(ent Xis ?1 n1trogen atgrn andc%; fslse (e::)crtg(ifJl 1l1'0m the group
consisting of hydrogen, (C;-Cg)alkyl, (C2-Cg)alkenyl, (C,-Cy)alkynyl, (C,-Cq)alkoxy,
(Ci-Cylalkoxy(Ci-Cy)alkyl, (Ci-Cg)fluoroalkyl, (C;-Cg)hydroxyalkyl, (Cs-
Csg)cycloalkyl, (C3-Cs)heterocycloalkyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted aryl, (C3-Cg)cycloalkyl(C;-Cgalkyl, (Cs-
Cg)heterocycloalkyl(C;-Cg)alkyl, heteroaryl(C;-Ce)alkyl and aryl(C;-Ce)alkyl.

[0022] In embodiments where leaving group Z is OR® and SR, R% is selected from
the group consisting of (C1-Cg)alkyl, pentafluorophenyl, nitrophenyl, di-nitrophenyl,
CFsphenyl, p-toluenesulfonyl, and methanesulfonyl.

[0023] Furthermore, substituents R® and R* at C-5 are each independently selected
from the group consisting of hydrogen, (C,-Cg)alkyl, (C,-Cs)alkenyl, (C,-Cg)alkynyl,
(C1-Cylalkoxy(C;-Ca)alkyl, (Ci-Cs)fluoroalkyl, (C;-Cg)hydroxyalkyl, (Cs-
Cs)cycloalkyl, (C3-Cgheterocycloalkyl, heteroaryl, aryl, (C;-Cs)cycloalkyl(Ci-
Ce)alkyl, (C3-Cg)heterocycloalkyl(Ci-Cg)alkyl, heteroaryl(C;-Cg)alkyl and aryl(C;-
Ce)alkyl; with the proviso that R? and R* are not simultaneously hydro gen atoms.
[0024] In various embodiments of the present invention, substituents R™ and R" of
compound 6 can either be the same or different groups. Thus, R™ is selected from the
group consisting of hydrogen, hydrogen, (C;-Cs)alkyl, (C2-Cg)alkenyl, (Cs-
Cg)alkynyl, (C-Cylalkoxy, (C;-Cs)alkoxy(C;-Cylalkyl, (C-Cg)fluoroalkyl, (Ci-
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C8) hydr oxyal kyl . (C3-C8) cycl oal kyl, (C4-CObi cycl oal kyl,

(C3-C8) het erocycl oal kyl, heteroaryl, aryl, (C3-C8)cycloal kyl (C1-C6)al kyl,

( C3- C8) hewverowyuiwal kyl (Cl- C6) al kyl , heteroaryl (C - C6) alPK¥IUS2¢9d/051929

aryl (Cl-C6)al kyl. [0025] Simlarly Rnis selected fromthe group consisting
of (G -C8)al kyl, (C2- C8)al kenyl, (C2-C8)al kynyl, (G -C4)al koxy, (G

-C4) al koxy(C -C4)al kyl, (Cl- C8)fluoroal kyl, (G -C8)hydroxyal kyl,

(C3-C8) cycl oal kyl, (C4-CB)bicycloal kyl, (C3- CB)het erocycl oal kyl ,

het er oaryl , ar C -06)a

| k
C8) het er ocycl W?»i(o ”%é%#l@f?&b%&le@cégﬁih‘c(@%al&l) @3@%%@?%10&1@1
aryl (C1- 06) al kieroaBEBAIL @Fe?@&w @t$ﬂ952&b3@ﬁneﬁf&yaanﬁ@Q2c%}al1&$ used

herein, the terns have t nmeani ngs: The term "al'kyl " as
used herein r OFEREHE! éjﬁ?ﬂl?yéﬁ‘&’rﬁrylé?l wakdhed chal n, satur at ed hydrocar bon
havi ng the indicated nunber of carbon atomnms. For exarrpl e, (G-Co6)alkyl is

geanlt to i ngl qpoins] bSImllaSl} /ROtis del ddiet! Gnt the g@hpydnmﬁﬁgw(cl-@%)@lkw (chls0pr opyl,
uty sec- but y| ter ent i sopent neopent yl exyl,

i sohexyl and 53068y CZ'inanﬂclgé@ﬂbo"é’a ﬁ%g/aﬂ}?%ﬁ(&t@ﬁﬁyédcm optionally
substituted W, TueRaIkL, (OPCEh? 1kw§m;t@g)@%106ﬁ§p(¢4b@gblby%ﬂ&aml t(@{ oughout .

[ 0029] The term "al kenyl " as herein refers fo a strai branched

chain unsatur&ﬁE‘ﬁteWH‘i’l%@ﬂb}ﬁ’l‘Pr%ﬂt #yl {FreCaeygloaksy b -Replsisl ( f car bon at ons
and at |east en@eARY él@al ﬁﬁacﬁ@f@m&%aﬂﬁ(@ d %?ky%@i&l‘?@yg 6)%[<)?up i ncl ude,

but are not limted | ene,” propylene but yl ene yI ene,

i sobutyl ene, sec- butyl ene 1- pentene Epentene |sopentene 1- hexene,
2-hexene, 3-hexene, isohexene, Rl {‘EHE,D S HBPK®he, 3- heptene, isoheptene,
1-octene, 2-octene, 3-octene, 4-octene, and isooctene. An al kenyl group can
be unsubstit uedepr pepbikienal | y substituted with one or nore substituents as
described herein bel ow. [0030] The term "al kynyl" as used herein refers to

b O o (RATIEE g HRBREeaLH. Pk egaReR,fevina e nd

[0028] The term “alkyl” as used herein refers to a straight or branched chain,
saturated hydrocarbon having the indicated number of carbon atoms. For example,
(C1-Ce)alkyl is meant to include, but is not limited to methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, rert-butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl. and
neohexyl. An alkyl group can be unsubstituted or optionally substituted with one or

more substituents as described herein throughout.

[0029] The term “alkenyl” as used herein refers to a straight or branched chain
unsaturated hydrocarbon having the indicated number of carbon atoms and at least
one double bond. Examples of a (C,-Cg)alkenyl group include, but are not limited to,
cthylene, propylene, 1-butylene, 2-butylene, isobutylene, sec-butylene, 1-pentene, 2-
pentene, isopentene, 1-hexene, 2-hexene, 3-hexene, isohexene, 1-heptene, 2-heptene,
3-heptene, isoheptene, 1-octene, 2-octene, 3-octene, 4-octene, and isooctene. An
alkenyl group can be unsubstituted or optionally substituted with one or more

substituents as described herein below.

[0030] The term “alkynyl” as used herein refers to a straight or branched chain

unsaturated hydrocarbon having the indicated number of carbon atoms and at least
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one triple bond. Exanples of a (C2-C8)al kynyl group include, but are not
limted to, acetylene, propyne, 1l-butyne, 2-butyne, 1-pentyne, 2-pentyne,
1- hexyne, WO 2hE¥01#86 3- hexyne, 1-heptyne, 2-heptyne, 3- REBUSAWI03193¢t yne,
2-octyne, 3-octyne and 4-octyne. An al kynyl group can be unsubstituted or
optionally substituted with one or nore substituents as described herein
bel ow. [0031] The term "al koxy" as used herein refers to an -0-al kyl group
havi ng the indi cated nunber of carbon atons. For exanple, a (CI-C6)aIkoxy

group includes y soprop -0-b
“0-sec-butyl, nﬁg{péer?o“g Rﬁm&ﬁs ‘hth o Cs)ﬁlkregﬁﬁg%‘é’y‘im?“deobﬁé‘{’iﬂ%ml FCd“’o hexyl
-0-i sohexyl, abdylefk, ﬂﬁ@hﬂ?lbut}bQQ%)n-Ethérﬁfﬂﬂ J-aentneal kytyne, Aexysed- herein,
refers to an %jK%% gﬁoup é caII one to six_carbon atons) wherein from
one or nore of®f epCy §FW§r6 ﬁ“§wh§69§@%3‘§9@ﬁ%3?§W¥%$@éﬁ@ﬂn%nth an

am ne of for mraalkyﬂgzi?gr@m@eanvya%mb@m@@@ br @feHAIyNERInREd Weh bk drggpendent |y
-H or (CI-CIB)aIk%;]‘l}2 npl es of anlnoalkyl groups include, but are not

limited to, - nts&@@@ﬁ?ﬂl prein hefepip CHO CH2NH2, - CH2 CH2 CH2 CHONHZ,
- CHOCH2CH2CH2CH2NH2, - CH2CH2CH2CH2CH2CH2NH7, - CH2CH2CH2N( CHB) 2,

t-butyl am nongédsy| , Th@@ﬂﬁeﬂy&@maamthb&in Rk b he. biak®1 grb@ORRIng the term
"aryl" as used hereln refers to a 6- _to 14-nmenbered nonocyclic, bicyclic or

tricyclic arorgisaediyimbeicelcBoAn piops Egrcample sdmsissdkosy eenp arofudesnGup

i ncl ude phenylneang - aaramhw-proﬁn R-KbprE5RUP -], s RHRS DL AM IR, 00-
optionally substituted with one or nore substituents as described herein
bel ow. [0034] PIHE, t@isependylciQagapsntyl, d¥herybdOHeghexy). andf-@rnsohasyln 3- to

14- menber ed saturated or unsaturated non-aronmatic nonocyclic, bicyclic or

tricyclic hydqmg bORe tel GarSHSAIRAY ab D&l BeREh, ké?er“b‘a%a@llﬁél%uﬁft? picdl oal kyl
groups which are fused to a benzene ring. Representative cyc oal Kyl groups

i ncl ude, but &Petosst carbas;afeuep) pderepyieqny pacsyrore eltb Blols piky! grge’vbut eny!l |

cycl opentyl . ﬁy&bg&%rﬁmlrcplzfé){@lvﬁﬁ)ﬁl?arﬁﬁ%%p%lrmulﬁyﬁgfgg,e%xér inGY&l ohexenyl,
1, 3-cycl ohexadi enyl, cycl oheptyl, cycl ohepten oheptadlenyl

1, 4- cycloheptaéwgﬁvmCﬁRi“Bngmewkh@héb@dﬁhﬁéh%wllbvumbv@fvhmOdyﬁlooctenyl
| tad | 5-
cycloocta 'Cngto’uPs"mélruﬁé’ %haﬁgg&qfnﬁ{&ﬁ t(haFIlel\%'Iz @Ilfcaclh i %ﬁ{%k@lﬁgHz

decahydr onaph ene, oOct ronapht ene,” hex:
octahydroindeﬁ%hCHéﬂﬁﬁyﬁB@hnﬂéh@Hﬂﬂﬂéﬂb§ﬁwﬂHQ|@HﬁHbCHxﬂbCHﬂﬂbNHx-

decahydr Obenzwg*iofgl?%{(%ﬁe ), th% yql I%l cgggﬁgzlrs)o% ?arll‘l% § en[ﬁ%l and the like.

hexahydr obenzocy
dodecahydr ohept al ene, decahydroheptalene octahydroheptalene
hexahydr ohept #1033k, Thanidrm &aryidlay dyed herpinat g a (1 tosl 43symbdradmbmictclit, 0] but ane,

bi le[l.1.1 J: : [ t
b1 cyol of 2. 2. 27 REdAA B Bty bigH BN ARG svs Bl NS 5r SRR
bi cycl e[ 3. 3. 1jmbdanpksnybamciymblgh@d. An2kydecapean b asabseitftal @.optimdégane,
]
b le[4.2.2 [ le[4.3,1]d . A | oal kyl b
b ovel el 4.2 ZLdekans Baol sl b BRl sashaTli, Zioup can be

descri bed herein belomL [ 0035] The term "hal o" as used herein refers to -F,
-G, -Br or -10034] Theterm “cycloalkyl” as used herein refers to a 3- to 14-membered saturated

or unsaturated non-aromatic monocyclic, bicyclic or tricyclic hydrocarbon ring
system. Included in this class are cycloalkyl groups which are fused to a benzene
ring. Representative cycloalkyl groups include, but are not limited to, cyclopropyl,
cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl,
cyclohexenyl, 1,3-cyclohexadienyl, cycloheptyl, cycloheptenyl, 1,3-cycloheptadienyl,
1,4-cycloheptadienyl, -1,3,5-cycloheptatrienyl, cyclooctyl, cyclooctenyl, 1,3-
cyclooctadicnyl, 1,4-cyclooctadienyl, -1.3,5-cyclooctatrienyl, decahydronaphthalene,

octahydronaphthalene, hexahydronaphthalene, octahydroindene, hexahydroindene,

-



[0036] The term "hal oal kyl ," as used herein, refers to a Cl-C6 al kyl group
wherein fromone or nore of the Cl-C6 al kyl group's hydrogen atomis

repl aced WPt2h10P180ogen at om whi ch can he the sanme or @#CETBREE0S19BX anpl es
of hal oal kyl groups include, but are not limted to, trifluoromethyl,
2,2,2-trifluoroethyl, 4-chlorobutyl, bronopropyl, pentachloroethyl, and
1,1,1 -trifluoro-2-brono-2-chloroethyl. [0037] The term "heteroal kyl," by
itself or in conbination with another term neans, unless otherw se stated,

a stable strai ra ch d, chain |nat|on t her eof
consi sting of t el ect ed from
NN NN YN A L TR
atoms. may 88??3?‘?‘”@"%‘?’?;’}"5*‘“% o e R dor ot ar pat am nay ot i onal |y
be quat er ni zedieca%ﬁ Wé’f@‘?n(‘ia?%"f??’%‘)oh@)talwea%a@d&‘g‘ﬁptﬁ‘éniaIaé‘il:ed at any position
of the heter oaétm&drem%wgenemwghﬁ@cwopp ol]@@tanecbt%v% 10rgéﬂ%m CH2- CH2- NH-C1
13, -CH2- CH2 - -Cl12 8
- CH2- CH2- S( 0) i’lcﬁiﬂsglaHHexaﬁvlﬁ@Hl—%@ %ﬁhSPtaf@pblﬂﬁl‘%%Qﬂfé{t@Foatons can be
consecutive, $HSHeASH | hQfaRXGERIES 21 fddRndE; &n@ prefix such as
(C2-C8) is useé&’t Sgre]eﬁf%o agsﬁee?erog—%n é:roup, me Runber of carbons (2
to 8, in this bexeapleldeunerbisyiele{H3. ﬂumémd@ ichideHét Heeraroons as wel | . For
Cone: car bon at iy Sha Hesepd SPRINETERRD cibe R A PpEAD & osn.
[ 0038] To fur tSﬂ@tltWtddl\uﬁtcrratoenIOkresuueftuqmtStancscobeddlem beloal kyl group, where
the heteroatomis oxygen, a heteroal kyl group can be an oxyal kyl group. For
i nstance, (C26iB5PX¥ad k¥th - haio%aa@édﬁepelm?ér%% forppyanpl e - CH2-0-GH3 (a
atom - éﬂ'zc%i‘é%&“z“&é‘m and Che 11 ke, [0038] The verm ~peter osryl® as
ato an e like e term"heteroaryl" as
used herein r&U3pk The i ahabordleilc ahused hereipeteicry forigCof's Bkylgraup Weendier s and
having at | easfonfifie PRIRI S8ROM-E4I8ALRD fr}@mogéﬁgt&g%e Bf:‘éé%ﬂb@nd sul fur,
and containing at least 1 carbon atom 1 ncluding rmnoc C icyclic, and
Er ![ cycl : cI ri ngalalgﬁsltaéimtl WlF@p‘?aéiy)éEl%@mvejn ﬁéf?@ﬁbéifxymsleaffehas}ad@tﬁﬂoyps
etrazoly 4Bz ¥, )|
benzot hi opheni‘ﬁ1 qﬁl?lno elnﬁpﬁy@tpﬁ ’rt(r)lF‘H(;;rX Bthglb?é(% tHgg(%}zgotR/l_l , @gngg%azol yl,
i m dazol yl , bémm@mk@h}tachlqrmtmmnyll 1 lb@mqom brooloyd-¢hloreekdzol yl ,
pyrazolyl, isothiazolyl, pyridazinyl, pyrimdinyl, pyrazinyl, triazinyl,
ool . PSR, b0y RUBARSL WM ARy B B P
optional |y subwaist unless Ovhet\hlsmtete@a stableestraighist btanehwtshas aldtelsorl bed herein
o {OP40) SRR, NBKEL bt P SR B TR T 05,
"het er ocycl e" selafal fson theFroupaodsistime vbOr Bdnd 5 rayd syhetetnbe whnog&h axieuirt her

saturated, unsaturated.. o con ns from to 4
het er oat onms | n%epérhadé)ﬁ ?ri?ﬁlggia 8%1?585 ?"]’da}ﬁ?'ﬁ‘ %‘f&g@ﬁm i%?ﬁ/ﬁ@%o%ltl?ﬁa W% ur, and
wher ei n the nitaegesd ane Iettkdatsm@0 .Y aad Do telacbatopy besiadnl of daxi di zed, and

the nitrogen heteroatom c be, opt | naly uat erni zed ncludln i ncl udi ng
monocycl i c, bF‘éffé’?lggl gr%‘deaE?"raang?EFqch‘% géé@e 3 QIH@CHFNE g

tricyclic ringHsYSCERECHRYCHNS THACHE;, aCHeCHS-9aycte;, C’(CHP@H?JS@)EBUHJ used to a
benzene ring. IE,‘re het er oc cle can be attached via any heteroatom or carbon

atom Het er oc§¥ sty QEH)T CHet €p BdivpIhstematogscpm biconpisviave, Reprgdent at i ve
exanpl es of he{LiCYCHENH- @@h'ﬁld%elb%reﬁ&@udﬂ% (C ) Eeded Ry reRE{od di Nyl
oxiranyl, thiiranyl, triazoly tetrazo azirinyl, diaziridinyl,

di aziri _nyI oRetsropliyi gig4p, the Femberi Qf)?ﬁfbonfz(éttq ﬁjllm@mﬂxameb@étsamﬂ}m tofrigluge any| |
pi peridi nyl Ble REfeR%Al oMY as WERT pg‘toﬂi'x'axﬂ}flle’a e ﬁgté}l)é{‘élgrl %é B td"lmlﬁ&% Ry

di azi nyl , d| oxanyl, trrazinyl, tetraziny a , tetrazo
pyrrolidinyl, eXW@z@H;@H (cng canhgn atOmwnézmMCYOWnrmlngacms&az@to;zi)

benzoxazol yl , ?Hxazolyl t hi azol yl, benzthi azolyl, thiophenyl,
pyrazol yl, trlazoly pyri m di nyl, benzinidazolyl, isoindolyl, indazolyl,
benzodi azol yl, benzotriazolyl. benzoxazolyl, benzisoxazolyl, purinyl,

i ndol ylI , |squ|noI|nyI qui nol i nyl and qU|nazoI|nyI A heterocycle group

can be unsubstl tuted or optionaliy subst$tuted with one or nore
substituents as descri bed herein bel ow.



[0042] The term "heterocycloal kyl,"” by itself or in conbination with other
ternms, represents, unless otherw se stated, cyclic versions of

"het er oal WQI12010/04¢$6t | onal | y, a het eroat om can occupy t hE&CHasre06m1932 whi ch
the heterocycle is attached to the remai nder of the nol ecul e. Exanpl es of
het erocycl oal kyl include 141, 2,5, 6- tetrahydropyridyl), 1-piperidinyl,

2-pi peridinyl, 3-piperidinyl, 4-norpholinyl, 3- norpholinyl,

t et rahydr of uran- 2-yl , tetrahydrofuran 3-yl, tetrahydrothien 2-yl,
tetrahydrothi - -y . ~L-pi perazi erazin and the |ike. [0043]
The term" hydﬁ@?@al Ifumgéglufféaé?jth\ﬁlg?%ql%&(Béfhé‘iegoa 1 HU%IW¥etlj? oup havi ng

t he indicated helum@e,fn i9bx pRahONe1EbOKE oWup e 151: @nﬁymyl@m %r inB@nday dr ogen

atonms in the é ﬁ(é{r)lsrelaced with a F Ies of

hydr oxyal kyl 3 sa%“ia ijgeantip inchde f%%xa]inp}‘h FE‘erOrGHa ac% Ylmzm,

- C1- 12CH2 CH2 Oith twhb G SR bhe ox SiteHaHdA G m
-CI—|ZCHZCI—|ZCI—|ZCHZCHZO—| and branched%\%?glﬁons t her eof . )[ 0044] Substituents
for the groupsCHeflEaGlbEHe@Haanddhaike. het er oal kyl, al kyl ene, al kenyl |

al kynyl, cycl oal kyl, heterocycl oal kyl, cyploalkenyl and het erocycl oal kenyl
can be sel ect ¢6030] omh@teﬁﬁr‘h@érya@lﬁ a@ﬁ&ﬂﬂh@relﬂl@fek&db agaronfaﬁ?@lhetem cm d,
=N-ORd', - NRd'Rd", -SR', -halo, -SiRd' Rd"Rd" C(o

_CO2Rd’ . - CORRATREmempres edNRYINRA least Rpghetsopia Seleﬂ m@(t@)%NRd Rd .
NRd" 302 NRd"' R@xygen Wsu@@g Bgd comtd W@QstN@rboﬂ%n%%}ﬁgMdnoc clic,
NHC( NH2) =NRd" , 25( 0) R C2Rd’ 2NRd' Rd", - NRd CN'and -NC2, in
a nunber rangibkycHc @rﬁtﬂé&‘célctrl@gwﬁt% Reprepentaioe betepoanygrhiaigaly, zer o, one or
refer To hydrooanadRerr i (B s PRlapr (ibhepuPRERabpRRS T dent 1Y
het er o( G - C8) ahikglinyl.uveralys tidolpt eckazniyll beanekazaglyll msdzbzstyll that@dudmzctl}’i one to

three substit k unsu tituted
al koxy, unsubgtglg%oﬁg'soghzgﬁloa &&%Qaé‘nnﬂ %ﬁ%}é!}gﬁ%ﬁ% e p%(5%521 lﬂyfl '&ﬁ) al kyl .
Wien Rd and Rpgmrenglt traszldclhmoltnlyéphthmle1mltq1mgaemium pmimidyyzepinyl,be conbi ned
with the nitraq i exarrple
-NRd' Rd" can rg gg’eqﬁlfnofa pyT eFncﬁll leazon)f/l go}}e%ﬁoaﬁ%rgb%&cfuhg? unsﬁ‘@s&t%“é{q an al kyl
or het er oal kylbptiymallpsubstithtel aidh ohe onmae sobstiehth hede ssrided thetelhebl Sy, with those
groups havi ng two or fewer substituents being exerrpl ary of the present

i nventi on. ero Ladi cal .can unsu stl t ut

nonosubsti t ut gghb‘ynAg) Sela%te gqel%gm{ heteroa%ni g Tne I}? t(hlélflél %ffyl%ﬂ &gadl cal wll
be unsubsti tuhMgerF(Mmﬂdhelfatisye di scussi on of substituents, one of skill
in the art will understand that the term"alkyl" is rreant to i ncl ude groups

:Eggt Iatsute::]![ ga:[ t(yAS (l%ﬁglrél‘e ng C?lgtg.% B&f IrSE:thgéJI lr?c en(:j er%u ngar e not
limted to - CE&j;‘te,mswmlch:d‘del‘ther sdshraiRd unsatidRdd, R(tl ‘iromaBRdind whitdlcontains from

-SiRd' Rd"Rd" ', CONRd' Rd" 0),NRd' Rd"
L NRA" C(0)Rd' , 110 ﬁ%‘%e Nﬁz&‘dﬁ%"%‘ﬁ&ﬁale“%ﬂﬁd’“ﬁ&m OXK RSP R

- NHC( NH2) NH vﬁeﬂéﬂ&h&ﬁﬂb@én—alﬂﬁhulﬁhdﬂi@(ef‘dhﬁ)m NBdbe, optlsﬁﬁl)y%iudlzed;?@aﬁﬁb

- SO2NRd" Rd" NRd" C%I ‘?02 d'., Rd" and Rd'" are as
defined above™! el I?Féﬂm@?fﬁﬁri q,%pﬁlpgal &Hatﬁﬁl‘@éllﬁ‘ﬂ?‘gﬂg firedine egypcyclicha| o,
-0 0) Rd' C@%Rdlc; arrdct:leyc)lNRﬂg Rebtems: Qh@()i@})d}l&incﬂilcy clrcNB% Gl Rehay

- NRd" COZRd - NRd'"S 0SO2Rd' , -SO2NRd' Rd", -NRd-S02Rd' -CN and - NQO2.

encompass a heterocycle or heteroaryl fused to a benzene ring. The heterocycle can

be attached via any heteroatom or carbon atom. Heterocycles include heteroaryls as
defined above. Representative examples of heterocycles include, but are not limited
to, aziridinyl, oxiranyl, thiiranyl, triazolyl, tetrazolyl, azirinyl, diaziridinyl, diazirinyl,
oxaziridinyl, azetidinyl, azetidinonyl, oxetanyl, thietanyl, piperidinyl, piperazinyl,
morpholinyl, pyrrolyl, oxazinyl, thiazinyl, diazinyl, dioxanyl, triazinyl, tetrazinyl,

imidazolyl, tetrazolyl, pyrrolidinyl, isoxazolyl, furanyl, furazanyl, pyridinyl, oxazolyl,

-9-



[0046] Simlarly, substituents for the aryl and heteroaryl groups are
varied and selected from -halo, -ORe', -0C(0)le., -NRe' Re", -SRe',-CN,

-NO2, - CORRa010/014860) NRe' Re" , -C(0)Re' , -0C(0)NRe' RePCT/USRIRENE929 Re'

, CO2Re', - NRe'"C(0)NRe' Re", -N e"SO2N e- NHC( NH2) =NH, - NRe' C(NH2) =- NH, -

NH- C(NH2) =NRe', -S(0)1le, -SOQ2Re', -SO2NRe' Re", -NRe"SQ2Re', -N3, -CH(Ph)2,
per fl uoroal koxy and perfluoro(Cl-C4)al kyl, in a nunber ranging fromzero to

the total nunber of open val ences on the arorrati c ring system and where

Re', Rc" and Re"' i.ndependent | \ eI rom.h dr gen nsubstltut ed

(Cl- c8) al kyl , L A A E‘.?{aéﬁ ?W P hiaisex psa Laryl |

unsubst i t ut ed tﬂfeeb@r cpgﬁlyﬁdmyn r&uﬂﬁﬁdawpeeomam Qd@ib)ly’zﬂ erxﬁko@mlyunsubst ituted
ically, an ary het eroaryl group. will have from

aryl oxy(Cl -C4)al k
zero to three E?Fﬁéta?? Mﬁﬁ?@o"%’% bFWéa@Béwﬁgnﬂa\?ﬁﬂél S\R&U‘B‘?IIWEWer

substituents ReinBEnye%eNRliRdYlihyD KhRicRI8EBloup BUERLINOMbstitukdRPEptRRAdi ment  of
the invention, an aryl or heteroaryl group wll be unsubstltu]ged or

nonosubst i t ut é‘éPS“‘i“F‘FdaﬁB’c%roréWffoﬂlPﬁé‘Fﬁms 2 dessrihad hspeimbdlewoaryl group will be
unsubstituted. [0047] Two of the substituents on adjacent atons of an aryl

or heteroaryl [604DP TRe @An 8kdfdro@clARYET BRRYIL 08 UMbt GEHAh beteQ! €i n
t hr oughout may optionally be réeplaced with a substituent of the formula

- T- C(0) - ( CH2) depessentiwiidless %hqrwaSﬁdta@da«‘rYéh? Yraeprerd ebatergalk i} Addigonally.@H2- or a

singl e bond, aa@mgtohﬁca%cwgy%elfosa%nLtrmapth& Retérocfild S LMLV BldHe two oOf the
substltuents on adjacent atonms of the aryl or heteroaryl ring may

optional | y berqmgindgeedhoinofecales iyarplesd heterstyal ¢pekyl tnchde 4-(1.3-5¢6€H2) r - K-,
wherein J and; r . -S(0) 2-,
-S(0) 2NRf * - oréﬁé‘ﬁys“?nﬂgyﬁ‘%g fipaidu. At éerglﬁn}?r?t% Sl Emomhihl 35 - 3L 0) 2
the single bon@gpmflnxlh@trﬁewqfumrg%’b tétmhm@dfumﬁ plptetramalrdtiiein@-yl.epl aced with

a doubl e bond, e“éil}a%tﬂ'%}l“ ng Eﬁﬁﬁ’m fy h&&a%n@sgndttﬁeﬁt(es on adj acent atons of

the aryl or eteroary e rep‘faced Wi th a substituent
of the formula - g@ CHZt-, wheres and t are independently integers
of fromO to #04 ‘qegn “]@Ldroxyp\]lqyl' "as us@-hereiig €f¥rs to arS(IRYl Zrqupdirving the

S(0) 2NRa' -. T%é{ég b ed from

hydr ogen or unsubst ﬁlut{)egﬂ%%@n&%ﬁf E}Nﬁem[oglgg%ﬁn%(&)f %Egrogéé?}ﬁ efr%g[bood t hat

if a -CO2H subkyl greramis réptacpd egkat ;OH geup CORPesauhydraryabpt goopd | y be

repl aced wi t ;b 0L SQ8LETE8SHEN0 ASH,0H, -CHLCHLOH, -CH,CH.CH,OH. -
CH,CH,CH,CH,0H, -CH,CH,CH,CH,CH,0H, -CH,CH,CH,CH,CH,CH,0H, and

branched versions thereof.

[0044] Substituents for the groups referred to as alkyl, heteroalkyl, alkylene,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl and heterocycloalkenyl
can be selected from a variety of groups including: -ORY%, =0, =NR®, =N-OR®, -
NR®R®>, -SR®, -halo, -SiR"R*’R¥**, -OC(O)R®, -C(O)R™, -CO,R®, -
CONR®R®’, -OC(O)NR”R®’, -NR**C(O)R", -NR*”C(O)NR¥R®”, -
NR*”SO,NR”R®", -NR**CO,R", -NHC(NH,)=NH, -NR”C(NH,)=NH, -
NHC(NH,)=NR®, -S(O)R®, -SO,R?, -SO,NR¥R®’, -NR¥*SO,R?, -CN and -NO,,
in a number ranging from zero to three, with those groups having zero, one or two
substituents being exemplary. R, R*” and R**’ each independently refer to
hydrogen, unsubstituted (C;-Cs)alkyl, unsubstituted hetero(C;-Cg)alkyl, unsubstituted
aryl and aryl substituted with one to three substituents selected from -halo,

unsubstituted alkyl, unsubstituted alkoxy, unsubstituted thioalkoxy and unsubstituted

-10-
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aryl(C;-Cy)alkyl. When R®” and R®* are attached to the same nitrogen atom, they can
be combined with the nitrogen atom to form a 5-, 6- or 7-membered ring. For
example, -NR”R®’ can represent 1-pyrrolidinyl or 4-morpholinyl. Typically, an
alkyl or heteroalkyl group will have from zero to three substituents, with those groups
having two or fewer substituents being exemplary of the present invention. An alkyl
or heteroalky] radical can be unsubstituted or monosubstituted. In some
embodiments, an alkyl or heteroalkyl radical will be unsubstituted. From the above
discussion of substituents, one of skill in the art will understand that the term “alkyl”

is meant to include groups such as trihaloalkyl (e.g., -CF3 and -CH,CF3).

[0045] Exemplary substituents for the alkyl and hetcroalkyl radicals include but are
not limited to -OR%, =0, =NR®, =N-OR®, -NR¥R®”’, -SR®, -halo, -SiR*R¢’R®**, -
OC(O)RY, -C(O)R™, -CO,R®, -CONRYR®’, -OC(O)NR¥R®”’, -NR*’C(O)R?, -
NR®”C(O)NRPR?” -NR®”SO,NR"R?’, -NR®*CO,R®, -NHC(NH,)=NH, -
NR*C(NH,)=NH, -NHC(NH,)=NR?, -S(O)R"", -SO,R*, -SO,NR®R®”, -
NRd”SOsz’, -CN and -NO,, where R®”, R’ and R*” are as defined above. Typical
substituents can be selected from: -OR", =0, -NRTR®”, -halo, -OC(O)R®, -CO,R?,
-C(O)NR*R®’, -OC(O)NR¥R®’, -NR*’C(O)R®, -NR**CO,R?, -
NR®”SO,NRR®”, -SO,R?, -SO,NR*R®’, -NR¥’SO,R®’ -CN and -NO,.

[0046] Similarly, substituents for the aryl and heteroaryl groups are varied and
selected from: -halo, -OR®, -OC(O)R®, -NR“R®’ -SR® -R®, -CN, -NO,, -CO,R®,
-C(O)NR®R®”*, -C(O)R®”, -OC(O)NR®R®, -NR*’C(O)R®’, -NR*>CO,R", -
NR®”C(O)NR“R®”, -NR””SO,NR*R®’, -NHC(NH,)=NH, -NR®”C(NH,)=NH, -
NH-C(NH;)=NR®, -S(O)R", -SO,R®, -SO,NR®”R®’, -NR*’SO,R®, -N3, -CH(Ph),,
perfluoroalkoxy and perfluoro(C,-C4)alkyl, in a number ranging from zero to the total
number of open valences on the aromatic ring system; and where R®, R®* and R®*”’
are independently selected from hydrogen, unsubstituted (Cy-Cg)alkyl, unsubstituted
hetero(C,-Cg)alkyl, unsubstituted aryl, unsubstituted heteroaryl, unsubstituted aryl(C;-
Cyq)alkyl and unsubstituted aryloxy(C;-Cs)alkyl. Typically, an aryl or heteroaryl
group will have from zero to three substituents, with those groups having two or

fewer substituents being exemplary in the present invention. In one embodiment of

11-
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the invention, an aryl or heteroaryl group will be unsubstituted or monosubstituted. In

another embodiment, an aryl or heteroaryl group will be unsubstituted.

[0047] Two of the substituents on adjacent atoms of an aryl or heteroaryl ring in an
aryl or heteroaryl group as described herein throughout may optionally be replaced
with a substituent of the formula -T-C(O)-(CH,)q-U-, wherein T and U are
independently -NH-, -O-, -CH,- or a single bond, and q is an integer of from 0 to 2.
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring
may optionally be replaced with a substituent of the formula -J-(CH;)-K-, wherein J
and K are independently -CH,-, -O-, -NH-, -S-, -S(O)-, -S(0),-, -S(O)zNRf’- ora
single bond, and r is an integer of from 1 to 3. One of the single bonds of the new
ring so formed may optionally be replaced with a double bond. Alternatively, two of
the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally be
replaced with a substituent of the formula -(CH,);-X-(CH,),-, where s and t are
independently integers of from 0 to 3, and X is -O-, -NRf’-, -S-, -S(0)-, -S(0);-, or -
S(0),NR™-. The substituent R" in -NR"- and -S(0),NR"- is selected from hydrogen
or unsubstituted (C-Cg)alkyl.

[0048] It is to be understood that if a -CO,H substituent is present, the -COOH

group can optionally be replaced with bioisosteres such as:
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0 11 Pcs,--- 0 HOH[0049] and the like. See, e.g., The Practice of

Medi ci nal Chem stry; Wernuth, C G, Ed.; Academ c Press: New York, 1996; p.
203. [ 0059P 2p10/G1458a] so under st ood that coupling of two PERGSAWS/0FYYJuent |y
requires a functional group on one of the reagent to be activated prior to
coupling. In this regard, the term"activation" denotes the standard use of
conventional activating reagents. For exanple, a carboxyl group is
activated via carboxyl activating agents. Reagents conprising a carboxyl

group substituent may g be activ t%d by a vabrl ety of standard,activating
agents, such as thiowyl chlori osphoryschloride, ,dii m dazol car bonyl ,

N, N - di cycl ohexyl cé{bodml m de ?1( N, N ’7{ mwfﬁsf\wropyl%ar@odl imde (DC or
0-benzotriazol -1-yl-N,N, N , N teframet hyl ur5'n| um hexaf | uor 8phosphat e
(HBTU), with or vvith ut |4dIITEt am nopyrid ne(DI\/AP) CF3

1- hydr oxybenzotri a;La (HOBT) , ZObH i azo

yl oxy-tris(di met hyl am Ho)oohoSph ni ¢im hexaf | uorﬁbphos’pha e {'Bop),

bi s(2-oxo-3- oxazolidinyl) phosphine chloride (BOPCLl), DEPBT

(3- (Di et hoxy- phosphocy oxy) R benzo[nd]f 123] t m*amzl n- 4- @ﬁé’ BEP
(2- br ono- 1- et hyl /qu‘Phl u }ﬁ\{)’&fl ﬂbbé*atqi HATU OH

(N, N,/ V', N-tetrarret yl'b’(? azaberizotri dzol’ yd\irom ’
hexaf | uor ophosphat e), TBTU OH
(N, N, Nr, N -tetranet hyl-0-(benzotriazol -1-yl)ur onl um 0

LLQ/[}“OH ’ a/lr}\w /S( %NH ’

\

0
?{P OH

[0049] and the like. See, e.g., The Practice of Medicinal Chemistry; Wermuth,
C.G., Ed.; Academic Press: New York, 1996; p. 203.

[0050] It is also understood that coupling of two reagents frequently requires a
functional group on one of the reagent to be activated prior to coupling. In this
regard, the term “activation” denotes the standard use of conventional activating
reagents. For example, a carboxyl group is activated via carboxyl activating agents.
Reagents comprising a carboxyl group substituent may be activated by a variety of
standard activating agents, such as thionyl chloride, phosphory chloride,
diimidazolcarbonyl, N,N'-dicyclohexylcarbodiimide (DCC), N,N'-
diisopropylcarbodiimide (DIC) or O-benzotriazol-1-yl-N,N,N',N'-
tetramethyluronium-hexafluorophosphate (HBTU), with or without
4-dimethylaminopyridine (DMAUP), 1-hydroxybenzotriazole (HOBT), benzotriazol-1-
yloxy-tris(dimethylamino)phosphonium-hexafluorophosphate (BOP), bis(2-0xo0-3-
oxazolidinyl) phosphine chloride (BOPCI), DEPBT (3-(Diethoxy-phosphoryloxy)-
3H-benzo[d][123]triazin-4-one), BEP (2-bromo-1-ethyl pyridinium tetrafluoroborate
), HATU (V,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
hexafluorophosphate), TBTU (N, N, N’ N'-tetramethyl-O-(benzotriazol-1-yl)uronium
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tetrafl uoroborate), PyBop (benzotriazol-1-yloxy)tripyrrolidi nophosphoni um
hexaf | uor ophosphate), and the |ike. [0051] The conpound of formula 2 can
al so exi sWOi201HE#380us i soneric forns, including confi guP&TIUSAN/0SHadetric
and conformational isonmers, as well as existing in various tautomeric
forns, particularly those that differ in the point of attachment of a
hydrogen atom As used herein, the term"isoner” is intended to enconpass
all isomeric forns of a conpound of formula 2, including tautomeric forns

of the conmpound. [ 0052 ounds of fornula 2 have a tric centers and
therefore exi é%faﬂh"fag‘f%‘8?@%%@8%%“&%8%{' o ﬁamarrgg«f‘ig?p%%plgmf orms. A
conpound can éxiaSluotophdsbeaté)psnad thd liken optical isoner or a diastereoner.
Accordi ngly, the invention enconpasses conpounds of forrmula 2 in the forns
of their opti S rs, diastere rs and m xtures thereqg i ncl udi ng
Cacemc et st SBE S mEhfSLERRET 2 i SRt S B R dR il cat ed” ¢ he
term "stereoi smiRling JBRARFatUNR], §E@E@O] SdTBhifofhatidng PR Es HElBds dxfting

substantially .free of other stereaqisoners of that .conmpound, For exanple, a
st er eoneri cal 'YVPRFEEER5BE ﬁ‘?fimﬁé\?m‘f@l"lgﬁ éhoé%'ifh?‘%f{%&%té’ﬁ ﬁwé‘rpowt pf atjgghment oA

subst anti al | y ahi@egaf atéhe AQpR@ATicteth, Bitafii ‘Q8ikerofs itthiRle Q@RRMShss Al
stereonerically pure corrEound having two_chiral centers wll be
£

subst anti al | y 'orEEC frme pharorgpoyad el oppwe & 18 s taEEmsHE fIms PAthg o e

enbodi ments, dospsimgonerically pure conpound conprises greater than about
80% by wei ght of one stereoisoner of the conpound and | ess than about 20%
by wei ght of her stereoisopers of the conpound, for exanple greater than
about 90% by 5g]nt BERPAHs 8t lopagR 2 dasrasynmeis celEp atthersfie PELd t han about

10% by wei ght dferdn éna@tibi@ériSdn@ R 1 FRRRHS fois.t RRoAPSRALRLexiQlin G &&ker t han
about 95% by wei ght of one stereoisoner of the conpound and | ess than about

5% by wei ght &f 21 PRéiceltisraper 8f plidgpreemerr Acerdingly. e ySHIHE cNEYMpRsEat er t han

about 97% by \&hgihd0bs BARISE & BOFRRARSE thek o%tbﬁl sonpoudicAnthet €88 than about

3% by wei ght of the other stereoisonmers of the compound. [0054] It should

be noted that nixturehéeeeof snudipgseeapaneyiutset ween a depi cted structure and a
name given to that structure, the depicted structure controls. In addition,

i f the stereoguen] SKL Ysc@heRiSiHaUmleW &hQisd iliated Ofe REm@selebidGhire 1s not
indicated with, for exanple, bold, wedged, or dashed |ines, the structure

or portion of MeAR Wesigeprer of acgmpeundibaipubitetiaby renelotprissing al |
St er 00i SOMEI S «@feolsbone RLPASES oy L GRREAAAN kARG TS REESEBbuiIvENt | on

provi des two Erqcesses_ or the facile synthesis of 5- uted

2- ami not hi azobhanesorgshgpleancbelldw substdeihlbnizes df thenpposite[co@B®Mmensf twoul d be
readily recogni y il i ) : l.bed herein

all ow t he syntQ ﬁégﬁlgp’of&as\t/%éﬁ%bggh}:ﬂ{ug %"?&é’r‘@;ﬁaﬁ g{%ﬁg]§§$\1§%§gﬁ§r§ (1)1?%“| a 2. Thus,
i n one enbodi rEntantiilyifeeaf sihbrf diastapeonmexyefehe @ngound. Nnypene ambédieenteabodi ment ,

X is a substituted or unsubstituted am ne uch as alkyl .am ne or a
substituted o Isterljeﬁrsrla 1csatlly bRt ézamg(r)liﬂd COmPHISES gfeatser ﬁlan a ou?ﬁ‘o 90 bevelg%p‘cl) one
stereoisomer of the compound and less than about 20% by weight of other

stereoisomers of the compound, for example greater than about 90% by weight of one
stereoisomer of the compound and less than about 10% by weight of the other
stereoisomers of the compound, or greater than about 95% by weight of one
stereoisomer of the compound and less than about 5% by weight of the other
stereoisomers of the compound, or greater than about 97% by weight of one
stereoisomer of the compound and less than about 3% by weight of the other

stereoisomers of the compound.
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[ 0057] The identity of substituent groups R and R2 at position C5 of the
2-am no thiazol one anal og depends on the choice of the starting ketone (1).
I n one en¥OAPIHENE386R1L and R2 are both independently (G PCIRRMQIOSHRDUpS.
Exanpl es of such groups include nmethyl, ethyl, propyl, and isopropyl

groups. In one enbodi nent, the C5 carbon atom bears a nethyl and an

i sopropyl group. Alternatively, the present invention also contenplates the
preparation of a compound of formula 2 where Rl and R2 are the sanme group
or a compound where Rl is alkyl and R2 is an optionally substituted aryl,
het eroaryl, allf4¥y [tshpuié hgmote%ghéil igereyt @ digpreppnpebdvedicdepislaryirugesup.

[0058] The conpgy Héln@éw@rptrorfhﬁt@tn?ctﬁr% tﬁ’@&e?idfb%@trk?&tux@'céﬁh%'I'Bgldaf (tibif, hd he
conmpound of forrmula 1 using an unsubstituted or substituted amne (Ninth).
In one enbodi risrochantgretrieuctmes or g pertiey df deetuihisinet inficited witeyfed oal kyl or
a bi cycl oal kylexag, 106361 w@%dh&ro«agﬂaamyset he HtRure bff o%{?gﬁaot‘%ﬂé’ﬁ My RIS
an unsubstituted b|cyc oal kane such for exanp a norbornyl "group

(bi cycl o[ 2. 2. bk hegrpegied)as e@@@@@ismgrallatem@wpmem ogftbodi nent, |eaving group Y in
formula 1 is an alkyl or aryl amde. Alternatively, the leaving group is an
al kyl or aryl pipie®d of Préparatibf060] In still another embodi ment, the
inventive process provides a conpound of fornmula 4 obtained via an

i ntranol ecul ad0W§Sk piThepierant iInverdion peryideT ypsprogesien fgrahaatite AnthesivdftSher a

sul fur atom %ﬁbsﬂﬁﬁ(&l@aﬁ%%a%loﬁes%y%Wntb.l& %vdln% héfﬂe%qba%hbt uted am ne .

obt ai ned by reacting an appropriate guani di ne i ety wth the acyl halide
of formula 5. &5 061] As nentioned above, the |dent|ty of substituent
groups R3 and [#856ht Appwnidihsicadils respenited by aahillad artivina thlpersessandesoipedepends
on the choice ARt ce, R3
is methyl and h%l .@%‘é’ﬁf‘?{sﬁ&%@ g?)gf‘;agirla gsu}bew(fcgggiﬁmgggnot hfgrrrﬁlg%‘r%ogﬁ}r?’gﬁt t he

| eavi ng gr oup oFe ¢mbddynent] % iss susfugortvalygagertom. ain yokangeher esb@nmera, ersaol at e, a
tosyl ate or te i ou known in
the art and arSEé@(t:lg%t%e %%H%%%gin%%asa leggrg %Eleb%mu? Oan be

chl orine, br ormnmbstautedmryimdmne. [0063] The 5- substl t ut ed- 2- am not hi azol ones
prepared using the inventive nethodol ogi es involve the asymetric

hydr ocyanati o c 1 n drin.
Aocording to onsTEe sheReRly BBRRLARELALS KEURCH: AdudhyE: By 2ARM
appropriate chhlatzazlonleagt&lo’gjdqpsndsmdhefahmcppéqhastanggﬂ(bten@ﬁ)rh:loneyanohydr| n.

Wi | e several d s are in the_art
embodi ment t h&™ r@ﬁlé?tt Bo%l%?rfgt ‘TDgOtﬁ lndqu&dg\%%(%bv?%\l\{gylagr?%s n‘EFW'fSchtl on state
of +3. such groups include methyl, ethyl, propyl, and isopropyl groups. In one embodiment,

the C-5 carbon atom bears a methyl and an isopropyl group. Alternatively, the
present invention also contemplates the preparation of a compound of formula 2
where R! and R? are the same group or a compound where R’ is alkyl and R? is an
optionally substituted aryl, heteroaryl, alkynyl, alkenyl, cycloalkyl, or a
heterocycloalkyl group.

[0058] The compound of formula 2 is obtained by displacing Y from the compound
of formula 1 using an unsubstituted or substituted amine (NR?R®). In one
embodiment, therefore, R* is a hydrogen while R is a cycloalkyl or a bicycloalkyl as
described hereinabove. Thus, in some embodiments, R® is an unsubstituted

bicycloalkane such as, for example, a norbornyl group (bicyclo[2.2.1]heptane).

[0059] In a further embodiment, leaving group Y in formula 1 is an alkyl or aryl
amide. Alternatively, the leaving group is an alkyl or aryl thiol.
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[ 0064] Ligands suitable for use wwth the netal catal yst include nonodentate
and nultidentate |ligands. In one enbodi nent, when the ligand is

r nonodent\WPa010/i3#86t han one nonodentate |igand is typi cRCIUSAW00FRY f or
coordinating to the metal. [0065] In accordance with the normal definition
inthe art, "multidentate" refers to a ligand that coordinates to the
transition netal or its ion through two or nore atons. Thus, for exanple,
the ligand can be bidentate or tridentate. In another enbodi nent, the

L L L RO e BB s P ™

exanpl es of bifoleniad ebthingbvialan Gapbics@ar diplacexeTRdalionV AHUOUSinFaintdlags of
phosphorus, sulfur, nitrogen, and oxygen donor atons. In stil] another
embodi ment thés‘ﬂff’afe&hi% BAPMy IheRYeen AN ona FELigted 5 BiyptieHe! aBnge. [ 0066]
The anount of oB@atndl ¥ teabil MAPPBpiiftc pMRIERRAsERRA hé 2N RIRELr BnRQd Mol % to
about 10 nol %_ I n anot her enbodi nent, the anobunt can range from about 0.01
nmol % to about 55 mol % In still another enbodi nent, the amount can range
fromabout 0.1 nol%to about 1.0 nol % An exenplary anount of catalyst is

about 0.5 nol %061] 0B HenforivrabAESthe fdchOl Mokt e Rehufls R shaaddk bds@fbnt O
exhi biting chiral] contain one or nore other stereochem cal

ty_ at C5, may . :
centers, and tthe P@S? 2507 Giszelgre orlog dereadnensthe Fhaisesd ther sitig ketonph

i nvention contgaphRidsediNGr REGRRT R f's%thg/i arfdl R i§5ﬁ§ﬂoﬁkﬁr1%%g.em cal isoners
of a compound of formulae 2 and 4. [0068] If needed, Turther purification

and separati og of epantioners and di astereoners can be achieved by routine
procedures kndd2| nin4pathst gmbogiment, theleadinggrprrs it foamula §ds abalegengm

enant i OmMers obxpref QEOH AfdsAhte fOLH M@0 BI3Esid. CARLr BEALNERYRLB)ps e use of
chiral HPLC and rel ated chromatographi c techni ques. Di astereoners can be

simlarly sepafHteewn imheakand e eepicrenatedbsigine Whey Zistdelossre Zsaehn si npl y

be separated RRYSAEBldnYine SUGNoAS.. for exanple, by controlled precipitation
or crystallization. [0069] The process of the invention, when carried out

as prescribed herein, can be conveniently perfornmed at tenperatures that
are routinel y [U68ks shep-aubstitufedel-apipothiarolprs Pesppisdramthe inveeliyer ocess i s

performed at anctiRAPBERL Mi6IvE thelalBnh@NIByREcyaRRE rPfor & 2R RRMtbpAdOC. I N
anot her enbodi rerent, %lhe tervrpereatgsﬁl?e IS }I/I’l Ct'he raﬁ e of gbogt%%%%%@to about

100C. I n yet &pfepterieirydichuatn. A¢rerdingipeopatned of iejiinventen ametgle of about
50C to about | i i
o abou %égysthgggﬁ%pﬁrﬁgwgm ﬂgxurﬁgﬁ d'fQSQ%%%gg&ae cﬁyln@gﬁifm%’ﬁyd%ﬁl 'S

performed in the pr . ase. ase Cc n veni ent organic
or inorganic COnscevedl caglybtdigand paitshiees welbleoivs imtie artuinlopepinbédiment Theus, i n
one enbodi nent., & i f nat es hosphat es,

al koxi des, an&agsgp'?ls[pég?q%%@?lﬁigll?}%ls.ga[fé)rg%fﬁq‘%egnﬁtra%cdefgg' of the invention,
when performed as described herein, can be substantially conplete after
several m nut é96dlo hizpwrds sgigapla faf vigovithghdmpiehwiatgt mplude theodeatateraed and

quantity of r %ﬁid@ﬂt&l% li%%s.r %%ci c%o&img (N%Erp{hg ’ligzin%ris gl)élal‘(m?zlngte, IIlgr% than

onc monodentate ligand is typically utilized for coordinating to the metal.

[0065] In accordance with the normal definition in the art, “multidentate” refers to a
ligand that coordinates to the transition metal or its ion through two or more atoms.
Thus, for example, the ligand can be bidentate or tridentate. In another embodiment,
the ligand is bidentate. An exemplary bidentate ligand is a phosphine that coordinates
to the metal or ion through two phosphorus atoms. Other examples of bidentate
ligands comprise, for example, various pairings of phosphorus, sulfur, nitrogen, and
oxygen donor atoms. In still another embodiment the bidentate ligand is an analog of
bromophenol blue.
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-17- determnation of when the reaction is substantially conplete can be
conveniently evaluated by ordinary techni ques known in the art such as, for
exanpl e, WRRAV/AIEWS, TLC, and 1H NVR. Exanpl es [0072] TRETAISa¥MF1%RNhvent i on
is not to be limted in scope by the specific enbodi nents disclosed in the
exanpl es, which are intended to be illustrations of a few enbodi nents of
the invention, nor is the invention to be limted by any enbodi nents that
are functionally equivalent within the scope of this invention. |ndeed,

vari ous nodifi io of the invention in addition to_those shown and
descri bed heré{i@%a/vi [}Se BB chAl sy TaRgs *?H%%Gél@»@imqnééromi?ﬁ@ Wt and are

i ntended to f ahdloewb bbdud 10 hﬁmcmeﬂlter ¢t dARRE EtELh G Bd B angE robdUbsuend, 1t
shoul d be noted that one or nmore hydrogen atons or methyl groups can be

omitted from tHE elEWA 2BeH Garlreedn é%h@ﬁog‘leéﬁ?bwl?w BT EpLBl A anae Ry

notation of SuehtONIARNYFIGEFRAUNGSI.. adeteRfpt aﬁoﬁkbua@ﬂlysmab&ﬁ oart of
organic chem stry would readily appreciate the| r presence. Internolecul ar

di spl acenent &fproach to the synthesis of 5-disubstituted-2-
am not hi azol ones [00731 I n one enbodi nrent of the present invention,

synthesis of 4#@7} atggbosRIBLLAHUIGEN LAY, |11Yaddﬂi6‘ﬁ'té(@;§nl§1’ﬂ%@l§%ﬁ%¥ £kC
hydr ocyanati on of 3-nethyl butane-2- one (1), ive the correspondi ng

R- 2- hydr oxy- 3 CAYRInNEE Gheafetother sterepghemicat ‘Fe@WrS@ﬁnCt‘lﬁéfth/EFPw@forW formng a
mesol ate pri OIi)retsQlCQ'dPJil@QQ@&JnérQ ﬁheslabaﬁemaﬁmlét& tﬁQHx‘eHﬁht?#boff'aH@ucﬁlesm ts in

the formation of the correspondi ng 2-nercapto-2, 3- utane nitrile
havi ng opposi ts@re()gle)m@?tléP@@@WéﬁFgmpvlﬂépf@lzuladedﬂyS| S of t he cyano group
foll owed by reaction of the resultant carboxylic acid (5 wth

met hyl i sot hi og«mspt £ rRARACHifthérZakifOMoR ind Jesaraﬁﬁltﬁftea&ﬁma@%ﬁ& gi ves
(S)-5-nethyl nmet hyl t hi o) t hi azol e4(5H)-one (6). The target conpound is

obt ai ned by réé‘étﬁeﬂ@‘e’(s@)mm%th%@éﬁmnme’d@?%éwe* “Ph‘insmlf@a?@t ildps. d@quence i s
illustrated l@xaicaﬂ@m?e s%paahmfemoﬁq@ﬁ o?gurgﬁmun@o%ﬁﬂ%%na glglod 0 the

nunberi ng schene e oyed in the reaction sequence
achieved y the use of chiral HPLC and related chromatographic techniques.

Diastereomers can be similarly separated. In some instances, however, diastereomers
can simply be separated physically, such as, for example, by controlled precipitation

or crystallization.

[0069] The process of the invention, when carried out as prescribed herein, can be
conveniently performed at temperatures that are routinely accessible in the art. In one
embodiment, the process is performed at a temperature in the range of about 25°C to
about 110°C. In another embodiment, the temperature is in the range of about 40°C
to about 100°C. In yet another embodiment, the temperature is in the range of about
50°C to about 95°C.

[0070] As generally described above, the process is performed in the presence of a
base. The base can be any convenient organic or inorganic compound. Typically, the
base is not nucleophilic. Thus, in one embodiment, the base is selected from

carbonates, phosphates, alkoxides, and salts of disilazanes.

[0071] The process of the invention, when performed as described herein, can be
substantially complete after several minutes to after several hours depending upon the
nature and quantity of reactants and reaction temperature, for example. The
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AlEt3 (0.5 nmol %9, THE 2) cat, canphorsulfonic acid [0075] Exanple 1:
Preparation of (R)-2,3-Dinethyl-2- (trinethylsilyloxy)butanenitrile (4)

[ 0076] TNBONR0[02B4B6g, 0.29 nol) and N, N-di net hyl ani | i ne PEX{U$@00005 D2,
0.0015 nmol) were dissolved in THF (75 nL) and the resultant solution was
stirred for | h at 23 C under an atnosphere of nitrogen. 3-Mthyl butan-2-one
(50.0 g, 0.58 nol) was added via syringe and the m xture was cooled to -30
C. 24(E)-((151,2S)- 2 ((B)-5-

br ono- 2- hydro benz i deneam.no) -1, 2- di.phep th m n rreth 4 br onophen
ol (67 o 0 KRBy AR I ey TR Come s gt B e ver e
added and the emem:éd mrﬁinxﬂyw@nwa& lsmbwnﬁxeﬂhefmrsuczléhsrfor ddaephe, KPUCE was war nmed
to 23 C and c tIrégI ngW) The resi due was distilled under reduced
pressure (30 m ld 47.2 g (88% of the title conpound. 1H
NVR (400 WHz, CDCl13) 6 1 86 (septaplet, 1H J= 4 Hz), 1.53 (s, 3H), 1.04
(d, 3H, J= 4 Hz) 1 02 (d, 31, 3=14 Tiz) *0.25 (s, 9H); 13C NMR (100 MHz,
CDC13) 6 121. 39.1, 26.0, 17.1, 16.9, 1.15; IR (neat): 2969, 1375,

1254, 1160, 9 amglfi 755 cm 1; Exact Mass (C9Hi 9NOSi + Na): calculated =
208. 1128, neagan7ef FhZPBschilib®entloals rak toXZ 1fhitedGn ?cfbp@bgfhb spadifleDC13= + 12. 19.

Chiral GC. 85.8% [0077] Exanple 2: Preparation o

(R) - 2- Cyano- 3¢ Pﬁwﬁafi&ﬁb%d lglﬁm‘ﬁaﬁe% &Flfcgﬁaetlétefl%sfmre illustrations ofa

(R) -2, 3- Di net iyl edbddimbi®bhyié Sivbatloaxsor Rubhanesitohid B Kmitedbydny 0. 059 nol) was
di ssol ved in 2- MeTHF (110 mL) under an at rmsghere of nitrogen. Water (2.2

nL) and CSA (emegdlglemeﬂ@eggﬁu%w)aﬂmwvaéﬁﬁév Hribe toRee Qfghistnvsiiamas stirred

for 3h. The reagkd Qs M I RaWES JrirRah R M Mad&ﬁwo%&fé sRAHeRMS NaHCOB (100
m.), the phases were separated and the aq ueouz@g ase was extracted with

2- MeTHF (2 x 9escrbyd hergie wilbbaspime dprsrahiei thosp ikidedsingles ast spdgineidtonflado br i ne,

dried (Na2SO4 r u onk 0079]
The resi due vva{fagp\g?hslggﬂ\%g |0Er%tﬂ§edd é]l'ﬁlg:&%lgfg% ﬁ%lgﬁ eﬁggﬁlkg?e]nsp earte %)

ni trogen. Et 3N (0B 1gdrigen @007 or mothy! @ewps wﬂle (nBiiteBirorh theglr@viy strotuyeswer e

added via syri, m xture
was treated vm S§e ura%&gp trgﬁg@té%ls ngl—%% fi‘%\ﬁ%@” C{)ﬁgoun asegth\?\/erg
separ at ed and %klhei mqhmuasf qngmmhﬂastremOmhio‘eaidy\apprbc@eN@ﬂplFesér&ex 50 nmL). The
combi ned organi c phases were washed with brine, dried (Na2SO4) and

concentrat ed %{ ¢, %VB giePJn?%? % Qth% b sl £aton (70 g
silica gel, 13’” = Ac% xarfesézgp (fac gg;SI P}a Feria yi el ded 10. 36 g
(929 of the wmidoghieopeund. 1H NMR ( 400 MHz, CDC13) 6 3.17 (s, 3H), 2.24
(septuplet, 1H, J=8 Hz), 1.89 (s, 3H), 1.14 (t, 6H J--=8 HZ); 13C NWR
(100 MHz, CDC13) 6 116.7, 82.6, 39.7, 37.8, 23.1, 16.7, 16.6; IR (neat):
2979, 1466, 13E83] 13fhe eD4BimeBil the3fssenthdentitox agithdvB$ t}(e@?rgli:BN@S +Na)
((::%lcigl 2L %g'ndl'poun géne@ﬁ% 1nvo?des fhezajé)efmr(x)lgt%g hy&rloéb}\f[gnz%mn 0:133 meahy(i] butane 2—9/ Lin

one (1), to give the corresponding R-2-hydroxy-3-methyl butanenitrile. Activation of

the hydroxyl by forming a mesolate prior to nucleophilic displacement with sodium

sulfide results in the formation of the corresponding 2-mercapto-2,3-dimethylbutane

nitrile having opposite (S-) stereochemistry at C-2. Hydrolysis of the cyano group

followed by reaction of the resultant carboxylic acid (5) with methylisothiocyanate

and cyclization of the resultant adduct gives (S5)-5-methyl-2-(methylthio)thiazole-

4(5H)-one (6). The target compound is obtained by reacting (6) with S-

aminonorbornane. This reaction sequence is illustrated in Scheme 1 below, and the

following examples refer to the numbering scheme employed in the reaction

sequence.
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+ 14.98. Chiral GC. 85.44 %ee. [0080] Exanple 3: Preparation of
(S)-2-nmercapto-2, 3-di net hyl butanoi c acid (5) [ 0081] NaSH hydrate (1.2 g,
0. 097 nmolYoraw/Mdi#Bsol ved in water (62 nL) and the sol ut PEH/UMYINGIRED to 45
C under an atnosphere of nitrogen. The pH of the aqueous sol ution was
adjusted to 8-9 by addition of 0.31 nL of concentrated aqueous HCl.

(R) - 2- Cyano- 3- net hyl but an- 2-yl met hanesul fonate (3.1 g, 0.016 nol) was added
via syringe and the reaction mxture was stirred for 20 h. To the resultant
sol uti on was %qgedefa—l (62 g, 1.1 nol) as a solid and the m xture was
warmed to 95 C Thé solution was stirred for 18 h and cooled to 23 C. The
m xture was pgwd@yl on a chilled (0 C aqueous concentrated HC1L (60 m)
solution (the internal tenperature of thq resul tant aqueous m xture was
kept under 50 C). The solution was ex t®d using I PAC (3 x 50 nL). The
conbi ned organi ¢ phases wenemvsw@sired), brine, dried (Na2SO) and
concentrated under reduced pressure. romat ographi¢c purification (15 g
silica gel, 10-50%FEt0Ac/Hexanes) of the residubf: T8t e vad yi el ded
(S)-2-nmercapto2, 31di net hyl but angm de, — Chiral GC of |out apady de i nter medi at e:
80.6 % ee. [008%]) Aqueous concent afeéd HCl (30 my) wasawanrmed to 85 C under
an at nosphere of 'nitrogen. (S) eapt o- 2, 3- di net hyl but anam de was added
as a solid and the m xturge @ ‘ H 24 h. The solution was cooled to
23 C and extracted using iPA % 50w The conbi ned organi c phases were
washed with brine, dried (Na2S04) ®and concentrated under reduced pressure.
Chr omat ogr aphi ¢ purificati 6 (°P5°g" & i ca gel, 10-40% Et 0Ac/ Hexanes) of the
residual material vyielded 'Cé}]Can%ﬁLSSU %.,9f the title conpound. 114 NWR (400
MHz, CDC13) 8 2.25 (septapflet, TH J= 4 Hz), 2.22 (s, 1H), 1.43 (s, 3H),
1.09 (d, 3H J= 4 Hz), 0.98 (d, 3Hr J= 4 Hz); 13C NWR (100 MHz, CDC13) 5
181.5, 53.9, 36.4, 20.2, 18.2, 17.8; IRdneat): 2968, 2877, 1693,° 1404,
1276, 1110, 9252t | mxast Mass (361N&§;02§S$'am3”?rb°é'ﬁl’ecul at edV=\171. 0450,
nmeasured = 171.04%49. fapb)—at—23—€ and/ 2870 g‘/—I:—T'ﬁ_CDCl%\b'L,@/Ll /MP =
78-80 C. [0083] sExanpl e 4: Preparalfon®of/ ™ H

5S- 2- (bi cycl e[ 2. 2. 1] hept an- 2- y| ani ho) 8- it

i sopropyl -5-net hyl t hi azol -4(5H)-one (7) [0084]

(S)-2-Mercapto-2, 3-di net hyl butanoic acid (1.5 g, 0.01 nol) was dissolved in
t ol uene (15 ml807§hdExampledt Rpenanatian i Rh28rimethyl-Act i vat ed 3A sieves (1.5
g) and MeSCN (dinh fﬁ;ﬂ %giﬁ added and the resultant m xture was
warned to 110%& es%g?( retm‘)vf/!a“étr}si\%{4 red for 2h and cooled to 23 C. The

m xture was treated with saturated aqueous NaHCO3 (20 nL), the phases were
separ ated and a S sextracted w.th.Et X m.). The
conbi ned or gamdgg]phgg@gﬁ@mggg%gszﬁgnd) Dvﬁnfl fq rd ?Hrllcé},lyl%ilrl lilrgd)%éégéng‘&@r?d
concentrat ed undlerere eédioded ipTHESUT L) Shirtbometdgnegphition puas ktirreddbn drat (10 g
silica gel, 20Q:3Q% Et 0Ac/ Hexanes) .of the resjdual materjal yielded
(S)-5-isopr Opgﬁ_‘g}w&r RY FURsp et?'f)ﬁ“f‘?ﬁe'b?jfl}#ﬁi%m-aﬂ(zﬂli)(%%%v.0' ¢ Wat eri al
was di ssol ved a&d&d'\/ﬁa@dﬁﬁ%&mﬂkﬂe B Whs &%R:‘d%713'@0’@92-?@5@@@95%—_%-((%-59, 0.015

mol , 99.3%cc) was added under an at nbsphere of nitrogen. e Solution was

stirred for 4hromeel-bpheerenzlidencatinebatdiapempethdimpioeinfethydt4-bremopi@ngl si | i ca
el, 10-40% E - ' terial - Wi : 64% of
Phe titl e combburti Ley AR Tt Lkl TR B i ahdyd (040

di ast er eoner s reastiquaixsird ons ftined fiej2d h. Thasixereonewimizddo 38:Ba®0 (m 1H),
2.36-2.45 (m 2H), 2.21 (septaplct, 1H, J=- 8 Hz), 184-1.91 H ),
1.60-1. 83 E m Cafl?f?trai?dzé() %."g%g)?ﬁ?e rajiguc was distifled ufsd)rir) 265119ei3265511re(3@b( m : 4H)
1.05 (d, 3H, Jii, 90)C) @800 712 g34kos o i thie)comband VR NiRQ4dH,, CDC13,

90.15/9.85 mi xture of diastereoners, signals for the major diastereoner) 8
191. 1, 180.9, CP§I9 3 1599, (septaphet.oH, 38 BH2)3559(s. 38). 7,048 381, /28 122), b2 @, 25. 6,

1000, 1017, 839 Erl LA WBsse IR OB RORT 1210 e BB A0L 267" 1526

measured = 2677.1502%, 1Qh| IRalnedt£298%) 115, 9285 1 th0, 991, 841, 755 em’™'; Exact Mass
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[ 0085] In another enbodi nent, synthesis of the target 5-substituted

am not hi azol ones i s achieved via the asymmetric hydrocyanation of 3-nethyl
but ane2- MO 20W0)01¢B6af f ord a cyanohydri n which i s hydrol PeEUSE¢I0RL29
corresponding acid (4), as shown in Schenme 2 below. Activation of the
carboxyl ate group followed by reaction of the resultant acyl chloride with
S-cxo norbonyl thiourea and i ntranol ecul ar cyclization of the adduct under
basi ¢ conditions afforded 5S-2-

(bicycle[2.2. - 2-yvl am -5z 1 1-55n | | 5 -

{ne. product . (TUBBToSeNUnrg s 1308088 IRy FEDBL @E A ok, o
ornyl t hi ou real peASHICHEXAFD B. 8. CRir&@ar: 85i805ec0f (S) -2, 3- Di met hy1- 2-
(trimethylsilyloxy)butanenitrile (b)

[0077] Example 2: Preparation of (R)-2-Cyane-3-methylbutan-2-

ylmethanesulfonate

[0078] (R)-2,3-Dimethyl-2-(trimethylsilyloxy)butanenitrile (11.0 g, 0.059 mol) was
dissolved in 2-MeTHF (110 mL) under an atmosphere of nitrogen. Water (2.2 mL)
and CSA (0.68 g, 0.00295 mol) were added and the solution was stirred for 3h. The
reaction mixture was treated with saturated aqueous NaHCO3 (100 mL), the phases
were separated and the aqueous phase was extracted with 2-MeTHF (2 x 50 mL). The
combined organic phases were washed with brine, dried (Na,SO,) and concentrated

under reduced pressure (~1 mmHg).

[0079] The residue was dissolved in 2-MeTHF (100 mL) under an atmosphere of
nitrogen. EzN (10.9 mL, 0.077 mol) and MsCl (5.98 mL, 0.077 mol) were added via
syringes and the reaction mixture was stirred for 2h. The mixture was treated with
saturated aqueous NaHCO; (100 mL), the phases were separated and the aqueous
phase was extracted with 2-MeTHF (3 x 50 mL). The combined organic phases were
washed with brine, dried (Na,SO,) and concentrated under reduced pressure.
Chromatographic purification (70 g silica gel, 10-20% EtOAc/Hexanes) of the
residual material yiclded 10.36 g (92%) of the title compound. 'H NMR (400 MHz,
CDCl3) 6 3.17 (s, 3H), 2.24 (septuplet, 1H, J = 8 Hz), 1.89 (s, 3H), 1.14 (t, 6H, J= 8
Hz); *C NMR (100 MHz, CDCl5) 5 116.7, 82.6, 39.7, 37.8, 23.1, 16.7, 16.6; IR
(neat): 2979, 1466, 1358, 1180, 1048, 901, 805 cm’"; Exact Mass (C7H;3NO3S + Na):
calculated = 214.0508, measured = 214.0510. [a]p at 23 °C and 12.5 g/L in CDCl; =
+ 14.98. Chiral GC: 85.44 % ee.

[0080] Example 3: Preparation of (S)-2-mercapto-2,3-dimethylbutanoic acid (5)
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[0088] TMSCN (28.8 g, 0.29 nol) and N, N-di nethylaniline oxide (0.2 g,

0. 0015 nol) were dissolved in THF (75 nL) and the resultant solution was
stirred f\¥O20W/ME#S883 C under an at nosphere of nitrogen. PSTNSRMI0BIRAN- 2- One
(50.0 g, 0.58 nol) was added via syringe and the m xture was cooled to -30
C 2-((B-((1R 2R -2-((E)-5-

br ono- 2- hydr oxybenzyl i deneam no) - 1, 2- di phenyl et hyl i m no) net hyl ) - 4- br onophen
ol (1.67 g, 0.0029 nol) and triethyl al um num (0.33 g, 0.0029 m)l) wer e
added and the t r§ ed for .2 ture was war ned
to 23 C and cdg@gﬁt FEEHE;IY?%% §O§il'ﬁ‘°{)rwea§fh hoeve\?\iéréw}eé 2Inillé ﬁ’ger reduced
pressure (30 nnidgon 86k \@mtedtcy«uia?(dulﬂﬁrﬁl@m()%%z oofxltﬁ)@@x Thé pie ocspound. 1HNWR

(400 MHz, CDCls 5 1.86 pt.a S , 1.04 (d,
3H, J= 4 Hz), ES i"&““‘%(l!i“ j‘EJ“ tei&bg &gy %‘%ht(oél of g1y ; mh%%"ﬂmﬂtre%eqw CDC13)
8 121.5, 73.4 H@9(R;2 Cfan0-3-rhethylibutdif2 im ckhah®sul foffaté (Berag )0.01896Y) wdshéged 1254,
1160, 992, 841, 755 crn-1; Exact Mass (C9I]]9NOSI Na): cal cul ated =

208. 1128, neadifryHnes adghereadion migHreayas 33red fapd) h?TOGh‘@VEEultaﬂt ehtezwas 12, 13.
Chiral GC: 87.,48%88H (60289 t o
(S)-2-hydroxy- al2 3-di rre% hgl burpglﬁlg%rggoglg%dBc%%%%g%%%ag%ee%ﬁs%cgn?entrat ed HC1
(50 nmL) was waoltich was ﬁ&edlfmdﬂérandnomdm@bHeereomxmret wagenred on a chilled
(5)-2,3-Dirret 1-2-(trimethylsi )hutanenitrile .0 g, 0.027 nmol) was
added and the 'S:()taﬂﬁl%o%%mg J&%&E@L@S ‘ﬂu“ eéBtFU‘gaFtSWpa%%“ec% %d to 23 C
and extract ed rugiuRg ad ROG re&tase 505 #p) undEPSH €OMDLNGH.i0F 9A0EGrPRASES, Ver e
washed with brine, dried (Na2SO4) and concentrated under reduced pressure

Chhr omat ogr alphllP:A%l(ﬁ KPP advi i cogbingd sighnie ghaged werd Qaggdoviththtios Brietanes) of
H N
E 480r E/IS-IIZ , ua %,@bhﬁln %b\?éeg@%% nZlér Igdv.&%(? g?ess(?% bn%ﬂai(}glrai)h%g)mgﬁﬁgn &135 00 ?/5,

3H, J- 8 Hz) 261188 g¢ld] 0-36%5 EnaAe/Helza)nes)bS(hemﬂl(am@temwlelmm mered@e- 1

77.1, 35.5, 2 3 973 ‘o 1725 1460
1377, 1247, %63431‘1““%%@’“3%%2@ (Lgﬁéagg’g%“‘?%%‘gem g el (CBE11203 +
Na): cal cul ated = 155. 0678, neasured = 155.0679. tab at 23 C and 17.0 g/L
in CDC13 = + 20082] @higomb cment&’iedm%@mw weawsnmed uis BhtC soder @spondi ng et hyl
ester). I\/P—47 t.ur

(R 2] hydr oxy TGPy bR Bl S AR RO o SR A e el
appended. | OOQﬂd thEXIﬂﬂﬂ)i‘eﬁNE% stiffé®foaPahi T sblution was cooled to 23 °C and extracted

5S- 2- (bicycle 2. 11hept an- 2-yl am no) - 5-

i sopr (()py1y5 m[ggzlﬁg,{l?ﬁﬁ $P0 Qp@-’y%heﬁﬁ@bl(x%g orgmg]ases were washed with brine, dried

('S) - 2- hydr oxy(%a,806) 48 hdeRdi@n@ider R&icdd f)lgss%regCth)nQ%?’apmlp)Jrlﬁ@&?wﬁiU%SOl ved
in DM (1.5 nlL) and 2- MeTHF under an atnosphere ni trogen.

Poovec:éz (0. 34 sfica eelob?zéo%@téf\v@éxa@eﬂ@éiﬂ\%f%ﬁl@@rmﬁgealazwdﬁefiﬁéﬂgdﬁ%) eh vvals

23 016
59, 206 ee) e o RpRu: N RMEAMNITIRI K e 15834 BP0 ooae
mol ) was i ng?dIQQt(Ell%l]i) Adtbed, d)op o &k 3H| a—éﬁz)mg%(dnﬁ{UhﬁiHebdﬂwMR lTSX}\lg.”é@
TR e AR e S g R o i ket

Et OAc (3 x 15144) 12780@1 WoRS Gt Magandss (QRRTES +1ef) e RasRad- Witdaskr i ne,

dried (Na2504) and concentr at ed under r educed pressure. -24-
measured = 171.0449. [a]pat 23 °C and 26.0 g/L in CDCl; = + 3.18. MP = 78-80 °C.

[0083] Example 4: Preparation of 5S-2-(bicycle[2.2.1]heptan-2-ylamino)-5-
isopropyl-5-methylthiazol-4(5H)-one (7)
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Chr omat ographic purification (5 g silica gel, 10-30% Et 0Ac/ Hexanes) of the
residual material yielded 0.28 g (66% of the title conpound. NVR (400 MHz,
CDC13, 90v@/201001#38%t ure of di astereoners, signals for tRETABRYO/051929

di astereomer) 6 3.33-3.40 (m 1H), 2.36-2.45 (m 2H), 2.21 (septaplet, 1H,
J =8 Hz), 1.84-1.92 (m 1H), 1.60-1.83 (m 1H), 1.42-1.68 (m 3H), 1.62
(s, 34, 1.13-1.30 (m 4H), 1.05 (d, 3H, J° 8 Hz), 0.90 (d, 3H, J = 8 Hz);
EC NWVR (100 MHz, CDC13, 90.8/9.2 m xture of di astereoners signals for the

e I e s M T S
1440, 1327, 1zZHene LG9AL) dddtran zﬁﬁiéspthaﬂe of fiwagdn. NaswitddCIRARN2IO0S, rantt)
GLAIM 1A pr BESCA R ik ETS b e e G e ERUBLAUTGIe YBARI S or 2
pr i r or a
tautoner, stenep!SamFBmixfe PRAGABRLRHDE &l doYleatseri@he nialde Jhataaf :
with saturated aqueous NaHCO; (20 mL), the phases were separated and the aqueous
phase was extracted with EtOAc (3 x 15 mL). The combined organic phases were
washed with brine, dried (Na;SOy4) and concentrated under reduced pressure.
Chromatographic purification (10 g silica gel, 20-30% EtOAc/Hexanes) of the
residual material yielded (S)-5-isopropyl-5-methyl-2-(methylthio)thiazol-4(5 H)-one.
This material was dissolved in MeOH (15 mL) and (S)-exo-aminonorbornane (1.35 g,
0.015 mol, 99.3% ee) was added under an atmosphere of nitrogen. The solution was
stirred for 4h and concentrated. Chromatographic purification (10 g silica gel, 10-40%
EtOAc/Hexanes) of the residual material yielded 1.73 g (64%) of the title compound.
'H NMR (400 MHz, CDCl3, 90.15/9.85 mixture of diastereomers, signals for the
major diastereomer) 8 3.33-3.40 (m, 1H), 2.36-2.45 (m, 2H), 2.21 (septaplet, 1H, J =
8 Hz), 1.84-1.91 (m, 11I), 1.60-1.83 (m, 1H), 1.42-1.68 (m, 3H), 1.62 (s, 3H), 1.13-
1.30 (m, 4H), 1.05 (d, 3H, /=8 Hz), 0.90 (d, 3H, J = 8 Hz); °C NMR (100 MHz,
CDCls, 90.15/9.85 mixture of diastereomers, signals for the major diastereomer) &
191.1, 180.9, 70.9, 59.5, 43.0, 38.5, 35.9, 35.7, 35.6, 28.2, 26.6, 25.6, 19.0, 18.4; IR
(neat): 3168, 2959, 2869, 1696, 1585, 1440, 1327, 1256, 1090, 1017, 829 cm'; Exact
Mass (Cy4HzaN,0S + ): calculated = 267.1526, measured = 267.1525. Chiral LC:
90.15/9.85 dr.

[0085] In another embodiment, synthesis of the target 5-substituted
aminothiazolones is achieved via the asymmetric hydrocyanation of 3-methyl butane-
2-one (1) to afford a cyanohydrin which is hydrolyzed to the corresponding acid (4),
as shown in Scheme 2 below. Activation of the carboxylate group followed by
rcaction of the resultant acyl chloride with S-¢xo norbornylthiourea and
intramolecular cyclization of the adduct under basic conditions afforded 5S-2-
(bicycle[2.2.1]heptan-2-ylamino)-5-isopropyl-5-methylthiazol-4(5H)-one as the

product.
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wi th a conpound of fornula RaRbNH, wherein X is selected fromthe group
consisting of S, 0, and NR Y is R'C(O)NH, or SR'; Ris selected fromthe
group cor¥P2010A/448p hydr ogen, (Cl-C8)al kyl, (C2-C8) al keR¢II/USR@2O88RAI kynyl ,
(G -A)al koxy, (G -C4)al koxy(G -C4)al kyl, C8)fluoroal kyl
(C1- C8) hydroxyal kyl, (C3-C8)cycloal kyl, (C4-C8)bicycl oal kyl,
(C3-C8) het erocycl oal kyl, heteroaryl, aryl, (C3-C8)cycloal kyl (G -C6)al kyl,
(C3- CB8)heterocycloal kyl (G -C6)al kyl, heteroaryl (G -C6)al kyl and
aryl (C1- C6) al i(yds' R' is selected fromthe group consisting of (Cl-C8)alkyl,
aryl, (C3-C8) ycF]oaI kyl, and aryl (C t-C6)alkyl; R and R2 are each
i ndependently sel ected fromthe group consisting of hydrogen, (Cl-C8)alkyl,
(C2- C8) al kenyISchep@22 C8) al kynyl, (C - C4)al koxy(G - C4) al kyl ,
(G C8)fluoroal kyl, (C 1-C8)hydroxyal ky| . (C3-C8)cycloalkyl,
(C3-C8) am noal kyl , (C3-C8) hal oal ky @? C8) het er oal kyl , (C3-C8)
het er ocycl oal kyl , het er HP§N 07t y| C3-C8)cycl oal kyl (C -C6)al kyl, (C3 -C
8) het erocycl oalkyl GC 1- C6) al kyl, hekeroaryl (G - C6 alKMng@gh
aryl (G -Ce) al kyl ; ein Rl_and R2 are notT@Pj@raneously y'éﬁya@g,

b) (¢

{

(a)

AIEt3 (0.5 mol%), THF

1) SOCI2, DMF

(0]
i
- / .
2) Base, b
¥
(d)

S-exo-norbornylthiourea

[0087] Example 5: Preparation of (S)-2,3-Dimethyl-2-
(trimethylsilyloxy)butanenitrile (b)

[0088] TMSCN (28.8 g, 0.29 mol) and N,N-dimethylaniline oxide (0.2 g, 0.0015
mol) were dissolved in THF (75 mL) and the resultant solution was stirred for 1h at
23 °C under an atmosphere of nitrogen. 3-Methylbutan-2-one (50.0 g, 0.58 mol) was
added via syringe and the mixture was cooled to -30 °C. 2-((E)-((1R,2R)-2-((E)-5-
bromo-2-hydroxybenzylideneamino)-1,2-diphenylethylimino)methyl)-4-bromophenol
(1.67 g, 0.0029 mol) and triethylaluminum (0.33 g, 0.0029 mol) were added and the
reaction mixture was stirred for 24 h. The mixture was warmed to 23 °C and
concentrated (30 mmHg). The residue was distilled under reduced pressure (30
mmHg, 80 °C) to yield 45.6 g (85%) of the title compound. 'H NMR (400 MHz,
CDCl;) 6 1.86 (septaplet, 1H, J=4 Hz), 1.53 (s, 3H), 1.04 (d, 3H, J=4 Hz), 1.02 (d,
3H, J= 4 Hz), 0.25 (s, 9H); °C NMR (100 MHz, CDCl3) & 121.5, 73.4, 39.1, 26.0,
17.1, 16.9, 1.15; IR (neat): 2969, 1375, 1254, 1160, 992, 841, 755 cm™'; Exact Mass
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le is selecte
(C2-C8) al keny
(

(C4-C8) bi cyc

d fromthe group consisting of hydrogen, (Cl-C8)alkyl,

|, (C2-C8)al kynyl, (CI -C4)al koxy, (G -C4)al koxy(C -4) al kyl,
Cl- C8)ﬂNQdﬂﬂdH#¥5, (C -C8)hydroxya|ky|, ( C3- C8) cycl 0alPK¥IUS2009/051929

oal kyl, (C3-C8)heterocycloal kyl, heteroaryl, aryl,

(C3-C8) cycl oal kyl (Ci -C6) al kyl , (C3- C8)heterocycl oal kyl (G - C6) al kyl

het eroaryl ( Cl-

group consi st
(G -A) al koxy,
- C8) hydr oxya
C8) het er ocycl
C8) het er ocycl
aryl (C1- C6) al
formation of

defined in cl

fornmul a Y-CN
and R2 are in

ing of (Ci-C8)al kyl, (C2-C8)alkenyl, (C2- C8)al kynyl,

5 ) B U e P BB st o
9abky! in dt@@@r:aamh, canlGe-GE3z @B)cycl oal kyl (CL- CB) al kyl

oaIkyI(O Co) al kyl , heteroaryI(CI-CB)aIkyI and

%@ 2. The rocess of cl urther, conprising the
{059 clmarnels SoPremsr ! OO LB RSP Ag medel

C6) al kyl and aryl (G -C6)al kyl; and Rb is selected fromthe

(C3-

hutapeilc adhisbund of

the formula 3 with a conpound of formula Y-CN, wherein X and Y are as

aim1l. 3. The process of claim2, wherein the conpound of
formula 3 is (®@POb- ﬁﬁWﬁHb@%@ﬂgmﬁﬁﬁﬂﬂNV?@bﬁdﬁﬁW@nﬁé“d&%damvhémbonpound of

aepg@‘;&:pey (%flrﬁtg)(gg%ﬁr@i gé I¥1 trlrlé'rf(]%(t?b%g?gﬁklg%y)ﬁut%ﬂtdl’e (%%f ein Rl

0.027 mol) was added and the mixture was stirred for 12 h. The solution was cooled
to 23 °C and extracted using IPAC (3 x 50 mL). The combined organic phases were
washed with brine, dried (Na>SO,) and concentrated under reduced pressure.
Chromatographic purification (30 g silica gel, 10-50% EtOAc/Hexanes) of the
residual material yielded 1.75 g (49%) of the title compound. 'H NMR (400 MHz,
CDCl,) 8 2.02 (septaplet, 1H, J = 8 Hz), 1.44 (s, 3H), 1.00 (d, 3H, J= 8 Hz), 0.93 (d,
3H,J =8 Hz); ">C NMR (100 MHz, CDCl:) § 182.1, 77.1, 35.5, 23.3, 17.2, 15.8; IR
(neat): 3433, 2973, 2882, 1725, 1460, 1377, 1247, 1164, 1120, 1045, 948, 855, 737
cm’!; Exact Mass (CeH205 + Na): calculated = 155.0678, measured = 155.0679. [u]p
at 23 °C and 17.0 g/LL in CDCl; = + 2.83. Chiral GC: 87.34 % ee (measure using
corresponding ethyl ester). MP = 47-49 °C. X-ray Crystal Structure Image of salt of
(R)-2-hydroxy-2,3-dimethylbutanoic acid and R-a-methylbenzylamine is appended.

[0091] Example 7: Preparation of 5S-2-(bicycle[2.2.1]heptan-2-ylamino)-5-
isopropyl-5-methylthiazol-4(SH)-one (d)

[0092] (S)-2-hydroxy-2,3-dimethylbutanoic acid (0.3 g, 0.0023 mol) was dissolved
in DMF (1.5 mL) and 2-MeTHF (4.5 mL) under an atmosphere of nitrogen.
POOMeCl, (0.34 g, 0.0023 mol) was added via syringe and the solution was stirred at
23 °C for 2.5 h. (S)-exo-Norbornylthiourea (0.27 g, 0.0016 mol, 99.2% ee) was added
as a solid to the solution. iPr;EtN (0.84 mL, 0.0046 mol) was immediately added
dropwise via syringe and the resultant mixture was stirred for 12 h. The mixture was
treated with saturated aqueous NaHCOj5 (10 mL), the phases were separated and the
aqueous phase was extracted with EtOAc (3 x 15 mL). The combined organic phases
were washed with brine, dried (Na,SO,) and concentrated under reduced pressure.
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5. The process of claim1, wherein the conpound of fornmula 1 is (S)-5-

i sopropyl-5-nethyl-2-(nethylthio)thiazol e-4(5H)-one. 6. The process of
claiml, WAepWH4Ra is H 7. The process of claim6, WRETAISROMRABIIRMH | s
(5) - exo-am nonor bor nane. WD 2010/ 014586PCT/ US2009/ 051929 8. The process
of claim1, conprising reacting (S)-5-isopropyl-5-nethyl-2-

(met hyl t hi o)t hiazol e-4(511)-one with (S)-exo-am nonorbornane. 9. The
process of claim1, wherein the conpound of formula 2 is

Chromatographic purification (5 g silica gel, 10-30% EtOAc/Hexanes) of the residual
material yielded 0.28 g (66%) of the title compound. 'H NMR (400 MHz, CDCl;,
90.8/9.2 mixture of diastereomers, signals for the major diastereomer) & 3.33-3.40 (m,
1H), 2.36-2.45 (m, 2H), 2.21 (septaplet, 1H, J = 8 Hz), 1.84-1.91 (m, 1H), 1.60-1.83
(m, 1H), 1.42-1.68 (m, 3H), 1.62 (s, 3H), 1.13-1.30 (m, 4H), 1.05 (d, 3H, J= 8 Hz),
0.90 (d, 3H, J = 8 Hz); °C NMR (100 MHz, CDCls, 90.8/9.2 mixture of
diastereomers, signals for the major diastereomer) & 191.1, 180.9, 70.9, 59.5, 43 .0,
38.5,35.9,35.7,35.6, 28.2, 26.6, 25.6, 19.0, 18.4; IR (neat): 3168, 2957, 1696, 1587,
1440, 1327, 1256, 1090, 1017, 834 cm'l; Exact Mass (C14H>;N20S + H): calculated =
267.1526, measured = 267.1525. Chiral LC: 90.8/9.2 dr.
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10. A process for the preparation of a conmpound of formula 4, or a
taut oner, stereoisoner, solvate, or pharmaceutically acceptable salt

t her eof : WRRAN/W&WPri sing reacti ng a conpound of for nul CHUSQO0IRFLIRI a
conmpound of forrmula 6 A HZNN Rm Rn 6;

WE CLAIM:

1. A process for the preparation of a compound of formula 2, or a tautomer,

stereoisomer, or pharmaceutically acceptable salt thereof:

R 2
N R
b
RPR2N
comprising reacting a compound of formula 1:

0O

R2
N&/ R1
fx !

Y
with a compound of formula R*R°NH: wherein

X is selected from the group consisting of S, O, and NR;

Y is R”C(O)NH, or SR,

R is selected from the group consisting of hydrogen, (C,-Cg)alkyl, (C;-Cg)alkenyl,
(C2-Cy)alkynyl, (Ci-Cy)alkoxy, (Cy-Cs)alkoxy(Ci-Cy)alkyl, (Ci-
Cg)fluoroalkyl, (C,-Cg)hydroxyalkyl, (C3-Csg)cycloalkyl, (Cs-Cg)bicycloalkyl,
(Cs-Cg)heterocycloalkyl, heteroaryl, aryl, (C3-Cg)cycloalkyl(Cy-Cg)alkyl, (Cs-
Cg)heterocycloalkyl(C-Cy)alkyl, heteroaryl(C;-Ce)alkyl and aryl(C,-Cq)alkyl;

R” is selected from the group consisting of (C;-Cg)alkyl, aryl, (Cs-Cg)cycloalkyl,
and aryl(C-Ce)alkyl;

R! and R? are each independently selected from the group consisting of hydrogen,
(C1-Cy)alkyl, (C2-Cg)alkenyl, (C2-Cs)alkynyl, (C-Cyq)alkoxy(Ci-Cylalkyl, (C;-
Cg)fluoroalkyl, (C(-Cg)hydroxyalkyl, (C3-Csg)cycloalkyl, (C3-Cg)aminoalkyl,
(C3-Cg)haloalkyl, (C3-Cg)heteroalkyl, (C3-Cs) heterocycloalkyl, heteroaryl,
aryl, (Ci-Cg)cycloalkyl(C-Cg)alkyl, (C3-Cg)heterocycloalkyl(Cy-Ce)alkyl,
heteroaryl(C;-Ce)alkyl and aryl(Ci-Ce)alkyl; wherein R' and R? are not

simultaneously hydrogen;
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wherein Ais selected fromthe group consisting of S, 0, and NR Z is

sel ected fromthe group consisting of a halogen, OR6 and SR6; R3 and R4 are
each i ndeyendwmifydésel ected fromthe group consisting ofPCHILSROIOMI2{C 1-C
8) al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl, (C -C4)al koxy(C -C4)alkyl, (C -
C8)fluoroal kyl, (G -C8)hydroxyal kyl, (C3-C8)cycl oal kyl, (C3-C8)am noal kyl,
(C3-C8) hal oal kyl, (C3-C8)heteroal kyl, (C3-C8) heterocycloal kyl, heteroaryl,
aryl, (C3 -C8)cycloal kyl(C -C6)al kyl, (C3-C8)heterocycloal kyl (C -C6)al kyl,

het | (C1- | (C1-C6)al kyl ; .wh in_ R3 4 t
oi mul ¢ aneous] y Y ar Sy st IR by Gt big Y MPRE™ G Gop KON S GG

h)c/:lqr (égeni k( d - g) alkyt, )alk@@zz,@) @L)%??;{ (C G@al@by@(t kGlJ)Mkyl (CQ d?gz(aglkﬁxly

(G- GB) eyl oal i, et eyl g o sl epereirl o cypeluful
(C3-CB) cycl oal kyl (@ a@érlswcloa&szﬁhetg%mﬁtaﬁyn qey@g)@fﬂdwfaxnb(l@ t%h@l kl-»
het er oaryl ( C1- C6) alég% and aryl C6) a I's selec fromt e group

consi sting of (Ci girregycloaley 'fcidi‘H?&bﬁﬁ'é’f??{yl(cm%}a@‘ﬁhWryl((ﬁrcaﬁﬂf}flophenyI
CF3phenyl , p-t ol uengsul fonyl, and net hanesul f onyl ;

R’ is selected from the group consisting of (Ci-Cyg)alkyl, (C,-Cg)alkenyl, (C,-
Cyglalkynyl, (Ci-Cy)alkoxy, (C;-Cylalkoxy(Ci-Cy)alkyl, (Cy-Cg)fluoroalkyl,
(Ci-Cg)hydroxyalkyl, (Cs-Cg)eycloalkyl, (Cs-Cs)bicycloalkyl, (Cs-
Cg)heterocycloalkyl, heteroaryl, aryl, (Cs-Cg)cycloalkyl(Ci-Ce)alkyl, (Cs-
Cg)heterocycloalkyl(Cy-Ce)alkyl, heteroaryl(C;-Ce)alkyl and aryl(C;-Cg)alkyl.

2. The process of claim 1, further comprising the formation of the compound of

formula 1, comprising reacting a compound of the formula 3

@

HX>2J\OH 3
2

R "R

with a compound of formula Y-CN; wherein

X and Y are as defined in claim 1.

3. The process of claim 2, wherein the compound of formula 3 is (S)-2-mercapto-

2,3-dimethylbutanoic acid and the compound of formula Y-CN is methylisocyanate.

4. The process of claim 1, wherein R' and R? are independently selected from
(Ci-Cyalkyl.
S. The process of claim 1, wherein the compound of formula 1 is (S)-5-

isopropyl-5-mcthyl-2-(methylthio)thiazole-4(5 )-one.
6. The process of claim 1, wherein R* is H.

7. The process of claim 6, wherein R°R"NH is (S)-exo-aminonorbornane.
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RI' is selected fromthe group consisting of hydrogen, (G -C8)alkyl, (C2-
C8) al kenyl, (C2-C8)al kynyl, (Cl-C4)al koxy,i -C4)al koxy(C -C4)al kyl, (C -
C8) f | uor A&PRYP10/014386 - C8) hydr oxyal kyl , (C3-C8) cycl oal kyl , PCT/US2009/051929
(C4-C8) bi cycl oal kyl, (C3-C8)heterocycl oal kyl, heteroaryl, aryl,

(C3-C8) cycl oal kyl (Cl -C6) al kyl , (C3- C8)heterocycl oal kyl (G - C6) al kyl,

het eroaryl (Cl- C6) al kyl and aryl (G -C6)al kyl; and Rn is selected fromthe
group consisting of (Cl-C8)al kyl, (C2-C8)alkenyl. (C2- C8) al kynyl ,

(Cl-A4) al koxy,, (C1 al koxy(Cl - 1- fI uor oa |k

(L oyt ony o (L rRABLOEY G OB bl ol Gl SO L SR v 2,

C8) het er ocycl c@mhﬂhyllth1o)ltl&ﬁz©tee43(5Mb—oneawiyﬂ (S){e&arﬁ&))mybdr@aiekyl (Cl-06)al kyl, (C3-
C8) het er ocycl oal kyl (Ci - C6) al kyI het er oaryl (G - C6) al kyl and

aryl (G - C6) al kyl 1. Th of . C ein,Ais 0. 12. The
process of cl gg?/m lIﬁ O%ersgofld élerﬁﬂl a5 %Ompob’fé%%@rémflﬂzllssel ected from
(G -C8)alkyl. 13. The process of claim10, wherein Rrn is H 14. The
process of claim 10, wherein the conmpound @ formula 5 is (S)-2-

hydr oxy- 2, 3-di net hyl butanoic acid, and theg/ c ound of fornula 6 is
(8) - exoNor bor nyl t hi our ea. N .,,,<

\

)=

10. A process for the preparation of a compound of formula 4, or a tautomer,

stereoisomer, solvate, or pharmaceutically acceptable salt thereof:

R4
N: R®
N

R"R™N
comprising reacting a compound of formula 5:

0O
S
: O>2L z
R® R?
with a compound of formula 6

A

HoN™ “NRMR" .

wherein

A is selected from the group consisting of S, O, and NR’;

Z is selected from the group consisting of a halogen, OR® and SR,

R’ and R* are each independently selected from the group consisting of hydrogen,
(Ci-Cyalkyl, (C5-Cylalkenyl, (C;-Cglalkynyl, (C;-Cylalkoxy(Ci-Cyalkyl, (C;-
Cg)fluoroalkyl, (C,-Cg)hydroxyalkyl, (C;-Cg)cycloalkyl, (C;-Cg)aminoalkyl,
(C;-Cg)haloalkyl, (Cs5-Cy)heteroalkyl, (C3-Cy) heterocycloalkyl, heteroaryl,
aryl, (C3-Cg)cycloalkyl(C-Cg)alkyl, (Cs-Cg)heterocycloalkyl(C-Cg)alkyl,
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15. The process of claim8, wherein the conpound of fornmula 4 is -29-

2010/ 014586PCT/ US2009/ 051929
WO 2010/014586 PCT/US2009/051929

11.

12.

heteroaryl(C;-Cg)alkyl and aryl(C,-Cg)alkyl; wherein R* and R? arc not

simultaneously hydrogen;

R’ is selected from the group consisting of hydrogen, (C;-Cg)alkyl, (C,-Cg)alkenyl,

(C2-Cy)alkynyl, (C-Cylalkoxy, (C;-Cq)alkoxy(Ci-Cy)alkyl, (C;-
Cs)fluoroalkyl, (C;-Cy)hydroxyalkyl, (C3-Cg)cycloalkyl, (Cs-
Cs)heterocycloalkyl, heteroaryl, aryl, (C3-Cg)cycloalkyl(C;-Cg)alkyl, (Cs-
Cg)heterocycloalkyl(C;-Cq)alkyl, heteroaryl(C-Cg)alkyl and aryl(Cy-Cg)alkyl;

R® is selected from the group consisting of (C;-Cs)alkyl, pentafluorophenyl,

nitrophenyl, di-nitrophenyl, CF3phenyl, p-toluenesulfonyl, and

methanesulfonyl;

R™is selected from the group consisting of hydrogen, (C-Cg)alkyl, (C,-

Cylalkenyl, (C2-Cyg)atkynyl, (C;-Cy)alkoxy, (Ci-Cqalkoxy(C-Cy)alkyl, (C,-
Cg)fluoroalkyl, (C1-Cg)hydroxyalkyl, (C3-Cg)cycloalkyl, (C4-Cg)bicycloalkyl,
(C5-Cg)heterocycloalkyl, heteroaryl, aryl, (C3-Cg)cycloalkyl(C;-Cg)alkyl, (C;s-
Cg)heterocycloalkyl(C-Cg)alkyl, heteroaryl(C;-Cg)alkyl and aryl(C,-Cg)alkyl;

and

R" is selected from the group consisting of (C;-Cgalkyl, (C»-Cg)alkenyl, (C,-

Csg)alkynyl, (C;-Cy)alkoxy, (C;-Cq)alkoxy(C;-Cy)alkyl, (C;-Cy)fluoroalkyl,
(Ci-Cg)hydroxyalkyl, (C3-Cg)cycloalkyl, (C4-Cg)bicycloalkyl, (Cs-
Cs)heterocycloalkyl, heteroaryl, aryl, (C3-Cg)cycloalkyl(C-Ce)alkyl, (Cs-
Cg)heterocycloalkyl(Ci-Ce)alkyl, heteroaryl(Ci-Cg)alkyl and aryl(C;-Cq)alkyl.

The process of claim 10, wherein A is O.

The process of claim 11, wherein R? and R* are independently selected from

(CI-Cg)alkyl.

13. The process of claim 10, wherein R™ is H.

14.

The process of claim 10, wherein the compound of formula 5 is (S)-2-

hydroxy-2,3-dimethyl butanoic acid, and the compound of formula 6 is (S)-exo-

Norbornylthiourea.

15

The process of claim 8, wherein the compound of formula 4 is

9.
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