ASYMVETRI C PROCESS FOR MAKI NG SUBSTI TUTED 2- AM NO THI AZOLONES
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates

general |y {8 J0QV§kssr 9ani ¢ synthetic nmethodol ogy and i tP?TﬂI%EéOR@%‘)EO”

for providing conpounds that are useful as inhibitors o

steroi d dehydrogenase type 1. 100021 Hydr oxysteroid 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.

Bi ochem 2001, 268:4113-4125. 10003] There exi st numerous cl asses of

HSDs. The 11-bet g- | : IS, an
oxi dor educt ase W%Wﬁmg@ﬁ@gﬁ%@m%%ﬁ@ %fgi‘
active glucocorticosteroid (SUAMINC-YHIASPOLONESOrti costerone), to
the inactive C 11 oxidised netabolites, cortl sone and 11-

dehydrocorticost enone. Ragosh, et al. . Endocri nol ogy, 1997,
type | (I 1P 118DL) I“Zx'pf22@%@%&05&&?@*‘%‘%%@@ sue, brai I ang
and ot her glucocorticoid tissue and is a potential target for therapy
directed at nui@fHusthdipsemdewventioh efatereynerdly dnedvilorganadyiheticeduct i on
of glucocortic o Reaf I = o Loy, 296z 1, ed
cognitive dysf %@?@oﬁy%@d gi#% o 511% &Eﬁg grmnn%l%{?)dgs ,atgtggi, s i

142: 1371-1376. 011U®05]1r03rhe€rmﬂshﬂdaginassma@km is also present in
pancreatic islet cells where it is inplicated to play a role in

control Iing ingshin iRk&E3$60id BRAAIENEsGIISBY) reguihte thl RbQRh
Chem stry, ZOOg’é 275 }%5% 34841 34844, Sg ucgg%gytlecgéi d horm)nes such

as cortisol (aé%"i"@t@nfoéﬁtwiddﬁan@éF@P@@ﬁé’«aﬁcnﬁéﬁvéﬂwQ?WG'F Fpoldl ay a

critical role hfinbh& aﬁ@gymaﬂv@fam@f F&ATRGRYEIAL 8. TedaRe LI $. 1] ncreased
| evel s of cortisol, pronotes uconeogenesi s and inhibits insulin

rel ease. This Beshn: §0(?] 26y: ”dﬁg'éé?%m gl ucose level s characteristic of
[0003] There exist numercus classes of HSDs. The 11-beta-hydroxysteroid
dehydrogenases (11 § -HSDs) is an oxidoreductase whose oxidative component
metabolises biclogically 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-HSD1 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 ghuconcogenesis and

inhibits insulin release. This results in high serum glucose levels characteristic of

1-



di abeti c pathogenesis. Conversely, the known 11 P-HSD | inhibitor
car benoxol one reverses the inhibition of insulin release by corti sol

in a dose ggjo P"g nt._manner and further enhances insulin sensitivity.
These obse a%% (ﬁggslﬁndi cate that 1 | p-HSDI in pancreatlpé: F@F@P’”ﬁ@ﬁls
pl ays an inportant role in regulating glueocorticoid netabolism and
rel ease of insulin. Thus, 11-HSD1 is an inportant enzynme target for

t he devel opnent of anti-diabetic therapeutic agents. [0006] The
CS-substituted 2-am no thiazolinones have been shown to be potent

i nhi bitors of &hndiBphidb¥knestsn Gaﬁﬁf&sife@udhakmown 11$-HSD1 inhibitor carbenoxolone
58-2- (bi cycl e[ 2. 2. 1¥he pt.an- 2-

i sopropyl - 5- nef%?qsﬁsﬁhea}%‘l"“&? %5‘ g]ﬁée?f‘)aWﬁiycFﬂmis%[ i d%%R AR5, mqnger gnd

pot ent nanondl @frihkdahdHctOhsulh sdnbitisitye H&ymbse@iﬁdirﬁl"ﬂdm&}eﬁhdﬁelﬂ HShoiit es
to prepare this 2-am nhot hl§éO| one anal o(gFent ai | i

i ple .ste and
the use of hi oResIyaReRPr S faauite S ra PPy T eRl AP
enanti osel ecti ugi @ﬁ@getofm@ulmf Thie 1 1FSIOPID DR H ingioetaip ehynichegdlid tlat om of
t he parent 2-aHi not hi az %:: %@F %‘T ere appears, therefore, a
need for alter St "‘9816%13? f“ﬁb inbetip MERRAHET 359t hat woul d al | ow t he
facil e and stereosel ective preparation of
53- 2- (bi cycl e[ 2000611 ] Fegtandstiitedtd-moie Sudzelijoresiyre BemhyIa bringieal - 4( 5H
)-one and rel atg 1 1 L arting
atori al's and oy PRERIHEASDECR S nE, el I o
| NVENTI ON [ ooo&-e]opﬂsmel Spmébzéﬂ:eazplrﬂﬁ%ﬂﬂrqnemisﬁw @lfow@sbelpm iga n@@a NEHWEOBE her s

by providing ef rﬁﬁ&eo?mm&m&n@t C&réﬂ@%ﬁ%tlét@ﬁtﬁttﬁ%reﬂ&@ﬂﬁ{i Rein&hBaIReuUNd
of formula 2, its tautoner, stereolsomner pharmaceutical ]y

acceptable s a| tagalqg@ﬁ@gmultiplq'@eqsggnd the use of hlgh equivalents of an expensive chiral
catalyst for the enantioselective addition of the isopropyl group to the C-5 atom of the

parent 2-aminothiazolone.

O
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[0007] There appears, therefore, a need for alternative synthetic methodology that
would allow the facile and stereoselective preparation of 55-2-(bicycle[2.2.1]heptan-
2-ylamino)-35-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 satisties 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.



2 X RbRaN 100091 Thus, one enbodi ment of the invention is a nethod
for maki ng a conpound of fornula 2 by reacting a conpound of formula
1. 100101,w npound of formula RaRbNH. [0011]

and 2, thjewyazﬁalrbg@fsggx is selected fromthe ginp consi s&F&@'[Sg@L@ﬁgé
and NR, whilst Yis either RRC(O)NH, or SR ". In one enbodinment, Xs
a nitrogen atomand Ris selected fromthe group consisting of

hydr ogen, (G -GCs)al kyl, (CrC8)al kenyl, (C2-Cs)al kynyl, (C -C4)al koxy,
(C-C4)al koxy(C -C4)al kyl, (Cl- C8)fluoroal kyl, (Cl-C8)hydroxyal kyl,
(C3-C8) cycl oal kyl, (C4-C8)bicycl oal kyl, - C8) heterocycl oal kyl ,
heterotu-yl, aryl, (C3-Cs)cycloal kyl (C1-@6)=¢kyl, (C3-

Cs) heterocycl oal kyl (G -C6) al kyl, heter

aryl (Cl-C6)al kyl. [00121 In various e nts of the present
invention, R' in leaving group "Y" is octed f¥omthe group
consisting of (C-GCs)al kYl, aryl RbR3NCs)cycl oal kyl, and

aryl (Cl-C6)al kyl. [0013] The C-5 substituents RI and R2 are

i ndependent |y cted fromth roup consisting of hydrogen,
(CI-C8)al kyl i@ﬁl@fwsw@ﬁw?’f}d&%ﬂ ChF GO s« giod formaking & compound
CQal koxy( C( Cl1- GBjcthulat bakdaping alcGhpusd phipehiaxyal kyl |
(C3-Cs) cycl oal kyl

0O

RZ
N\)SL R
pxo

Y
[0010] with a compound of formula R*R"NH.

[0611] Informulae 1 and 2, the variable X is selected from the group consisting of
5, 0, and NR, whilst Y is either R"C(Q)NLH, or SR™, In one embodiment, X is a
nitrogen atom and R is selected from the group consisting of hydragen, (Ci-Cglalkyl,
(Ca-Cylalkenyl, (Ca-Cglalkynyl, (C;-Cyalkoxy, (Ci-Caalkoxy(Ci-Cyalkyl, (Ci-
Cs)fluoroalkyl, (C,-Cglhydroxyalkyl. (Cs-Cy)eycloalkyl, (Cy-Cy)bicycloalkyl, (Cs-
Cgheterocycloalkyl, heteroaryl, aryl, (C3-Cg)eycloalkyl(C,-Cglalkyl, (C;-
Cgheterocycloalkyl(C,-Cg)alkyl, heteroaryl(C;-Ce)alkyl and aryl(C-Cg)alkyl.

[0012] In various embodiments of the present invention, R” in leaving group Y is
selected from the group consisting of (C;-Cgalkyl, aryl, (C3-Cs)eycloalkyl, and
ary](Cl-Cﬁ)alkyl.

[0013] The C-S5 substituents R' and R are independently selccted from the group
consisting of hydrogen, (C;-Cg)alkyl, (C2-Cg)alkenyl, (C2-Cglalkynyl, (C,-
Ci)alkoxy(C-Csalkyl, (Cy-Cg)fluoroalkyl, (C|-Cg)hydroxyalkyl, (C3-Cg)cveloalkyl,
(Cs-Cy)heterocycloalkyl, heteroaryl, aryl, (C;-Cs)eycloalkyl(Ci-Cqalkyl, (Ca-
Cs)heterocycloalkyl(C)-Cealkyl, heteroaryl(Cy-Cgalkyl and aryl{C;-Cglalkyl, with

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



(C3-C8) hct erocycl ool kyl, heteroaryl, aryl,

(C3-Cs) cycl oal kyl (C1-C6) al kyl , (C3- C8)heterocycl oal kyl (G - C6) al kyl
het er oar yl yl and aryl (Cl-C6)al kyl, wth the I Ri
and R2 ar e(vngo 0%2@? ?rguFt aneously hydrogen atons. 10014) ﬁ@?ﬁ"f??‘%ﬁ@b

enbodi ments of the present invention, substituents Ra and Rb of
conpound Rale' NH can either be the sanme or different groups. Thus, Ra
is selected fromthe group consisting of hydrogen, (Cl-Cs)alkyl,
(C2-Cs) al kenyl, (C2-C8)al kynyl, (Cl-CCal koxy,

(Cl-C4) al koxy( Qholdn) Bl veyibys e@@dlﬁ&)té dlulor ek yivent(od] suESieyd ROxmdal®ksy |

25515 oy ST W e i 1
( C3- C8) het er ocy%)hﬁa‘t #yin(cOhsisBBy af Hyylﬁogcmét:élsﬁﬂﬁw K@m&eawkgﬂz -GJutkynyl,

o (05T LR, L PP
(Cl- C4) al Koxy. (@ccg)myoalkkb@(cmmo@alpam\(p;-ce)@t@ggymoga@ylo]mt«wyl aryl, (Cs-
(Gi - Cs) hydr oxyad t:yél@aﬂ(y% @%myzc dg% i‘}%emcﬁc%r % Sgﬁ%ﬁgﬁlgﬁ F%ky_lggé-) Syl

C8) het er ocycl oal ?/
(C3- Cs) het er o&ylelkyband gy (@n-C@eI}q;n kyI het eroaryl (Cl - C8)al kyl and
aryl (Cl-C6)al kyl. [0016i In another enbodi ment, the present invention

provi des a net hedsf ogubemkingg® tsh@e&&ﬁwmg@ﬁp «Idﬂﬁlmﬂg®f@c b}@an@ﬁ@étng a
conpound of fo he vari abl es

r 0
By R | bRt D P ROk, (oGRS o (Roa [ 00171
| n anot her enbayljfienlkylf dﬂ:ﬁ;-C@)h?&efgtalkbrn@r@gb@ﬂoﬂkﬂ\(gge:@bﬁvdwa%re%(535 for
reparing a conpoun er egi somer
Bha?macegtl cal @)% 8@@6505'[5‘13’&%%{?@]?%5 Earls CBHEalkyi(s CiCealky ¢

Cy)heterocycloalkyl(C-Cg)alkyl, heteroaryl(C,-Ce)alkyl and aryl(C;—Cﬁ)aikyl.

[0016] Inanother embodiment, the present invention provides a method for making
the compound of formula I 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 OH
R 'R? 3
[0017] In another embodiment, the present invention provides a process for

preparing a compound of formula 4 its tautomer, stercoisomer, or pharmaceutically

Igﬁ“
R3
M\ 4

A
R"R™N

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

acceptable salt thereof:

4.



R'RmN [ 0018] The process conprises reacting a conpound of formula 5:
HO R3 R4 100191 with a conpound of fornula
6: A H2PI WBQJRPJ 020] In fornulae 4, 5 and 6, the varl '
sel ected from0 0gﬂg‘;?oup consisting of S, 0, and NR5, M%Fllr}si’{gh@gfl&slbﬁ)
sel ected fromthe group consisting of hal ogen, OR6 and SRe6.

O
HOQJ\ZS
R R4

[0819] with 2 compound of formula 6:

A

M

HoN NRTRA 6
[0020] In formulae 4, 5 and 6, the variable A is selected from the group consisting

of 8, 0, and NR?, whilst Z is selected from the group consisting of halogen, OR® and
SRS,

[0021] In one embodiment, X is a nitrogen atom and R’ is selected from the group
consisting of hydrogen, (C-Cg)alkyl, (Ca-Cglalkenyl, (C,-Cs)alkynyl, (C;-Cylalkoxy,
(C1-Caalkoxy(Ci-Calalkyl, (Ci-Cg)fluoroalkyl, (C-Cg)hydroxyalkyl, (Cs-
Cs)eycloalkyl, (Cs-Cy)heterocycloalkyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted aryl, (C3-Cg)eycloalkyl(Ci-Ce)alkyl, (Cs-
Cg)heterocycloalkyl(Cy-Cg)alkyl, heteroaryl(C-Cg)alkyl and aryl{C)-Cglalkyl.

[0022] In embodiments where leaving group Z is OR® and SR®, R® is selected from
the group consisting of (C1-Cgalkyl, pentafluorophenyl, nitrophenyl, di-nitrophenyl,

CF;phenyl, 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;-Cg)alkenyl, (C3-Cg)alkynyl,
(Ci-Cyjalkoxy(Ci-Caalkyl, (Ci-Cg)fluoroalkyl, (C-Cg)hydroxyalkyl, (Cs-
Ce)eycloalkyl, (C3-Cy)heterocycloalkyl, heteroaryl, aryl, (C,-Cg)eyeloalkyl(C-
Celalkyl, (C3-Cg)heterocycloalkyl(Ci-Cg)alkyl, heteroaryl(C;-Cglalkyl and aryl(C;-
Cs)alkyl; with the proviso that R® and R* are not simultaneously hydrogen 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-Cg)alkyl, (C2-Cg)alkenyl, (C3-
Cglalkynyl, (C;-Cyalkoxy, (C-Cy)alkoxy(C)-Cy)alkyl, (C;-Cg)fluoroalkyl, (C;-
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100211 In one enbodinent, X is a nitrogen atomand R5 is sel ected
fromthe group consisting of hydrogen, (Cl-C8)al kyl, (C2-C8)alkenyl,
(C2-C8)al k C4) al koxy, (C 1 -C4)al koxy(C -4) al

-C8)fl uorowiﬂf%% C8) hydr oxyal kyl, (C3- C8)cycl oal kyIlJ@iJ’rUSZ&)%51929
(C3-C8) het erocycl oal kyl, substitut ed or unsubstituted heteroaryl,
substituted or unsubstituted aryl, (C3-Wycloal kyl (G -C6)al kyl, (C3-
C8) het erocycl oal kyl (G -C6) al kyl, heteroaryl (Cl -C6) al kyl and

aryl (Cl-C6)al kyl. 100221 I n enbodi nents where leaving group Z is OR6
and SR6, R6 is Givéoksdkyl. r(@ﬁCi)h&loglkﬁU@&(ﬂa]’m&ivaélm (af- Cﬁ)@'tcr@);l@b}kyl

pent af | uor ophe [ e 3

p-tol uenesul fo%iemar ﬁ&ryﬁ":{? hgﬁe)g: ll.ﬂa k?ﬂﬁ@ éﬁ?%g%fcﬁﬁ:ﬁfrﬁ %l‘éml Colalkyl,
substituent s R3ewmdryRE -&%)aiBymndpel(€aClalkridependent |y sel ected from
the group consisting of hydrogen, (C -C8)alkyl, (cz 08) al kenyl ,

C2-C8) al k |
§CI - C8§ ﬁydygiyal kY %ﬁ;ﬁh%ﬁxﬁ((;@%aﬁ)oﬂ twém(%gim@)é eroc ﬁ’]ﬁ%yk &y
het eroaryl, ary{s) 31‘6@»@%@V‘6"él(€yp{)@¥%)® 'Fy]ﬂlkOX}’(Cl C4)al yL (Cr-

(C3-C8) het er ocmjfmallomy ﬁ@ @%@f%@atky; k@t@g@%mlg(&b;.@@m#&yémmé -
aryl (Cl Co6) al kyl ; gr oVvi SO are no

si mul t aneous! y 48 W?chﬁoaﬁ?y rl?EterOi‘UbQW&((FBnCSJCé(P’P@JhSé(Cér%BHﬁYHéGRs of the

present lnventlameteﬁ)um&amyl{ent@am%@emrﬂm ) kQMBAYRI CRCORMyEl t her
be the sane or different groups. Thus, Rmis selecte fromt%e gr oup

consi sting of hydrogen, hydroge -C8) al kenyl, (Cr
c8)al kynyl, (C -C. Qal koxy, (Cl @f@g@ﬁ%ﬁéﬁf@o C8) f | uor oal kyl , (C3-
Cs) hydr oxyal kyl , (C3-C8)cycl oal kyl, (C4-C8)bicycloallcyl,

( C3- Cs) het er ocyi@d26h| Refiniti¢nst er oar yI , aryl,

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

heteroaryl (Cl - @Baj kyk us’%ﬂﬂer&h)/thé Qms@ﬁ)f@&gmowﬁq?%édmgﬁl mlarly leis
selected fromthe group consisting of (Cl-C8)a kyI (C2- Cs)al kenyl,

(27, Sl kbbb oty SRl O G0 bl (S,

( C4- Cs) bi cycl oahthpted h{@@cﬁrmhmmgathmmymdtammwbn ofheber aahy | For adayible,
(C3-C8) cycl oal kyl £C I,i Cl-Cs IkI,
het eroaryl (Cl - g) g&k@%’ﬁ%ﬁ#} y‘fcﬁ b&% }"i}’ﬁmll eg%ﬂ,&ﬁﬁﬁ@&kb&@@ﬁr B 4
[0026] Defi ni t ibotys S{@ﬁlﬂ/ﬁ]terﬁcbutmlsB@h’f)ﬂl,esroeennyl xtehm:ntyemml,hwhecyﬂ,laﬁd

fol I ow ng Mean BdR@xyl. An alkyl group can be unsubstituted or optionally substituted with one or

more substituents as described herein throughout,

10029]  The term “alkenyl” as used herein refers to a straight or branched chain
unsaturated hydrocarbon having the indicated number of carbon atoms and al least
one double bond, Examples of a (C,-Cg)alkeny! group include, but are not limited to,
ethylene, propylene, 1-butylene, 2-butylene, isobutylene, sec-butylene, I1-pentene, 2-
pentene, 1sopentene, 1-hexene, 2-hexene, 3-hexene, isohexene, 1-heptene, 2-heptene,
3-heptene, isoheptene, 1-octene, 2-octene, 3-octene, 4-octene, and iscoctene. An
alkenyl group can be unsubstituted or optionally substituted with one or more

substituents as described herein below.

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

unsaturated hydrocarbon having the indicated number of carbon atoms and at least

-6-



[0028] The term "al kyl" as used herein refers to a straight or
branched chain. saturated hydrocarbon having the indicated nunber of
carbon at anple, (Ct-C6)alkyl is neant to in I.S
not limte tzgﬁ)?@é?ﬁé et hyl, propyl, isopropyl, butyl q)lcgg%z%%%}?%g
tert-butyl, pentyl, |sopentyl neopentyl hexyl, isohexyl. and
neohexyl . An al kyl group can be unsubstituted or optionally
substituted with one or nore substituents as described herein

t hroughout. [0029] The term "al kenyl" as used herein refers to a
strai ght or br @nehiets hohdi Bramplesoie Eb-Cedabymil ewap wolndd dutiargnot Hieited to,

i ndi cated nunb t

Exanpl es of a %%:eztﬂéé]slj l%’E@gﬁy’l& Lg{%u%g? ]%l lulé&%% gp(ggqg{e%fng%%x&m 5
et hyl ene, pr opﬁhF -hepiyae.Hhepiene, 2-hbritmgl baeynei %obmeyllﬂﬂme and 4-octyne.
sec- butyl ene, rpﬁ% oupQ%?B@ﬂEmhsht%@@@%‘ﬁHr%ﬂ lub@%f%@%ﬁthgle o?)ﬁ%pc

3- hexene, isohexené, 1 hépt e K tene, iso

1- oct ene, 2- octsé‘?i‘étuclﬂsﬁcieé?ﬁlé@hﬁ%‘?%‘e and |sooctene An aI kenyl
group can be unsubstituted or optionally substituted with one or m)re
substituents agoudepCThdreeh oRy Ths REJIOWeinr80:3Q] anTheuty@ Eidup Rdvinsae "
used herein refers to a, straight or branched chain unsaturated

hydr ocar bon haviig e HEPH ST GBI nberexgrPle &b hs dESrerandnclidey -Qast
one triple bondneﬂﬁxamﬂﬁs -Ofprapyll CRis6Ed@ll kprvtyl, 90oEPbIcoudRe.buitoar e

Lo b LS, 5o BREI R REORIRS o ALY BB, gRepVne

3- heptyne, 1- octyne 2-octyne, 3-octyne and 4-octyne. An al kynyl
group can be ur@\idkt Theuewd" amim@mli ma‘ﬁeldym@mblsfetsttuhedkwigtdmp()usapacamg nmor e
substituents a | koxy" as
used herein ref%ggg%&gda%%g-% &%ﬂg%ggn havi n;e]gbfiﬁﬁec ﬁd"m 'ed hunber
of carbon at ongydrigan ﬂébtrér?‘-‘pllcélﬂcedV(ﬂ@Ian@anapf(fémyulgfl\tﬁﬂb whekinged - O-

met hyl , - 0-et hykoyref: P¥ g I b tyl,

Mo tert-butyl, _oélfrepe%'ﬂ}l ¥ 11_813692%1%9@? 2R, -C aﬂyi lE&XrL lfs oq_a%l_ﬁz%al%

- 0-i sohexyl , aSEPUPDInpladsh BYye not pagito. Tﬁgﬁ{}ér T‘ﬁH"@HnNhha,l RYCH,CHsNIis ed
herein, refers GQC@{C}%EWNHQE@M@}Q@MEPB@MM{ Qﬁ{zbﬁg Itl]gtgf:é‘ﬁt?ﬁﬂwﬁt ons)

wherein fromone or nore of group' s Fogen ‘at 8ms is
repl aced with &HZQ%%N&@Hﬂ@F Prwlammmmbyl ESOWP@WH@WW@MGM ence of
RC i s independently -H or (Cl-C6)al kyl. Exanples of am noal kyl groups
i ncl ude, but aI[(HBﬂ]Ot Tlkel tefint ‘@61t @, usedGick2Mlret2.10 2 £H Cd-mbabEidd monocyclic,

- CH2CH2CH2NH2, 2CHZCHZNH2 CH2 CH2 CH2 CH2NHZ,

; 042042042042019& ICYCh"éﬁ‘é‘Bﬁﬁﬁﬁfé‘ﬁ("éﬁ% Bg sygtesy,, W’%‘%ﬁsﬁéﬁ‘bﬁf}ﬁkﬂf?m

i sopropyl am nonretddybheambhntl hephthiyk en atAQ33i caiht&- un@Ubsituad W optigslius ed

herein refers nogycl.i bi cyclic or
tricyclic aromtssllf?nsauﬁ’d rltgc?g? rmorcr‘furl@tq%e;?rg &r%gcrfg?gﬁﬁf’@g&fi‘fv an aryl group
i ncl ude phenyl and napht hyl . An aryl group can be unsubstituted or
optional |y sub$t0B¢lut & tou TeydderdlyBias peddersubeleistaehtis 1 hmenibg et datnedkd
herein bel ow. ;laplgéﬁlt&raigﬁﬁoﬁ %fﬁhtx&}{&logﬁllg%k écif%%r H&?Q]Crﬂ?&%&a@oon% gl’s E:O a

3- to l1l4-nenbered saturated or unsaturated non-a I C nbnoc
bi cyclic or tr it ilecluded inpbigcliorers ¢yaigalsylerans whinl tra fesetl on belrese cl ass

are cycl oal kyl rigp. W@?esm&tﬁ'@ C?(ﬂ(%lkfypéf%s tlrﬁiu@% Renzens hHthﬂ?to cvcloaro%»yl

Representative c cl oal oups "I hcl ude, but are not

cycl opropyl, c tﬂ%[hl ﬂ’do'ég“é‘k]@@@%oé?ml cyelopantspEintyylopentadéshpipetobery), |

cycl opent adi enydol olﬁy&!ypﬁ‘@)(:ﬂ:laheﬁycﬁén9h@))&ﬁiﬂ¥ﬂtyl é&cl%hﬁﬂe%krlohg)&?g&{%&x&mn}l

cycl oheptyl, éclohe ten hept adi ényl

1, 4- cycl ohept adieasiph eptaﬂlegyhé‘1éyscqyﬁlﬁEf[ﬁ’faﬁftefl}’le‘i“mmc%iy%@%wl 13-

cycl ooctenyl, lyo%ocﬁmemq%@@lo@aydmnyﬂ 13, Sy e Restaml &RYhydronaphthalene,

-1, 3,5-cycl ooctatri eng gﬁcgh ydr onapht hal ene, octahydr onapht hal ene,
el

hexahydr onapht REf& " F’S‘lh?‘ﬂi‘é‘ﬁéhthaﬁ‘é‘%ﬂ’?%ﬂﬁlﬂ‘éféﬁéwxahv oindene,

-



t et rahydroi nden, decahydrobenzocycl ohept ene,

oct ahydr obenzocycl ohept ene, hexahydrobenzocycl ohept ene,

tetrahydro phept ene, dodecahydrohept al ene,

decahydroh%ﬁ)‘g ﬁgsgoct ahydr ohept al ene, hexahydr ohept aIP&TeUSZ%?RGSHw

t etrahydroheptal ene, (1 s, 3s)-bicyclo[1.1.0]butane,

bi cycl e[ 1. 1. 1] pent ane, bicycle[2.1.1]hexane, Bi cycl e[ 2. 2. 1] hept ane,

bi cycl e[ 2. 2. 2] oct ane, bicycle[3.1.1Theptane, bicycle[3.2.1]octane,

bi cycl e[ 3. 3. 1] nonane, bieycl e[ 3. 3. 2] decane, bicycle [3.3 | undecane,
bicycle[4.2.2]dem&wéwnmmc¢$M3@4mamd¢dbmaMﬁeoéamwﬁma&b&Mthﬁ@ﬂp can be

unsubsti tut ed ' d Wi th uents
as descri bed hﬁe@aﬁﬁﬁﬂgﬂé{ﬁ%&&éﬁﬁ%@%ﬁ etl'rﬁtl‘éy Obe%oqyﬁgp%p%ﬁ%rgoé @yﬁ@ﬁ@ e
refers to -F, -dgahydrBpeptafens, |octah)[d@0131ﬁ§ﬂer“ﬁhmxaleﬂmha;'imérﬁadnﬂyl " as used
herein, refers fr r more of the
Cl- 6 al kyl grc}%tglhgd %HQE“ {%Y%S)O%E)IRS%?% E@ﬁ'ﬁm blcvc?em ?Tﬁlgﬁo gen at om
whi ch can he tHR@CYSlaﬁBl HhexameﬁBeﬁ’(édQZ1Examlwl,bxsvcm[2ha]odaﬂd<yl gr oups

i nclude, but ang..peis it gg r|

2,2, 2- trlfluoroetyh q 41 8 orboc ele[?/z %ﬁ% Eﬁr%l gﬂr}mane

pe nt achl or oet thG}ClaheP 2deparg, bigycle (88 dwdgeaty, biepcldd. éﬁld@cmet hyl . [0037]
The term "het enpakikpls, {]ddd¥nel Liba1®¥ obddp SR net her
term neans, unb?gssmot hervmesesgt at e)(qg%aps ;%ugﬁ) t{r?‘g?%tgg%%a anched
chain al kyl, orsu%ﬂ*fﬁdn‘dﬂlloéﬁgf’F‘Pféﬁ‘é’eﬁlmeﬂésdﬁ§¢ssmhed@cr9mb@hwbon atonms and
fromone to three heteroatons selected fromthe group consisting of
0, N and 8, and0usBpr Bhdrefnhthaldi be @eCReran fSibolriLcatiggE -may optional |y
be oxi di zed and the nitrogen heteroatom nay optionally be quatem zed.

heterontkyr or diusoP T8 BRERoaRN, B8 R AEEH, Bles W AL Pl Wi 15,
- CH2- CH2- N( CI f@)n c@s@r mm@pf 12 CSOCRRY @B’ s-hPird BnGHRs St@)ac@ldi 2

- CH2- CH2- S( 0) 24 i %%H% 0.t wo he 0 ns _can be
consecuti ve, suc%;g %&?Sv;hggxa I bt iTH%ﬁétﬁﬁnpi l%‘ﬁkﬁ Pr% such
as (C2-C8) is udde tht @feﬁ@rlm‘tl@d to, twé]tuenomaﬂhklyftZQﬂIm&lproethhMmblnmeutbe
carbons (2 to %ron\o@rotpbl' ﬁen%ﬁ'imgt%}l %u’@ lrﬁela‘@ltflu&rg 2' 3?&1‘1(%1 g%hfgro thhlet er oat ons
as well. For exanple, het eroa nt to include, for
exanpl e, - 204%9(3 e car bo‘p at om and one het er oat om replacing a
carbon aton) ad E@l‘erin hefernglnl brdsslliprimermbination with prethepigrm,

definition of andh®t ﬁm&ab&yﬂw@rs@téﬁ,,as’f%&%&an&lﬂ%rﬁﬁﬁ&é&%ﬂ@ﬂyﬁ oPXygen, a
het er oal kyl group,.can b 0X grou For i nstance,

RIS AR T HE G R Ry S A R IS —

C3- oxyal Kyl gr atlgcted fdin the@roGREdneistiicd UbNaRds, Qﬂ@wﬁé{ryg% n‘t%%k@&ki@ﬁlﬂ@-
carbon atom, -Cl1-12Cl|2C | ZI?CHZO 1, P‘?fptgﬁt he ke [ 0039 he term

"heteroaryl " adTEEHY RRYWRY heeifizet “‘H‘P*‘iﬁ TtFrBa"H‘ét“@WSEWP’éV ke ng of

5 to 14 menber guasdiziiavihe gettbatb@as d, WAk $1e&1eegatéarm &@rlp@sih&ﬂofftﬁeom
hitrogen, oxyge

[ sul fu and .c a car bon atom
i ncl udi ng m)nocf‘/nt(eimgﬁgyl ?ueyi?f‘?‘?lesé‘h@ﬁ‘ﬁ ¢l&£}% "‘éﬂ% »-CHo-
Represent ati ve Gﬁhﬁ‘éﬁﬁ@@lﬂﬁ (&,68-CHi-aHg)- @H3~CH§S@M3Y-bH2M(@)§'@i‘M|

pyridyl, furyl, of.yr 0 | ,. benzat hio n

qui nol i nyl, pyrr ole(%z[" (f:H Org%/ 3 bhxagv&ef??ématr? ?5&52“8? Tu“"%/ﬁ‘i“i?a"icf?ryl
benzi ni dazol yl exmlfaz(tiﬂayNH-OﬁhzGt'l’anapmlﬁylsuchlasma:mk)a&ed tcpx)éfcazm yl,

i sot hi azol yl I rlm razi tri,azin

ci nnol i nyl , pht ﬁgﬂogﬁflr%ﬁﬁ ’Ihg%(ur?e]abzo P nyf’ﬂS (%"rﬁfl tﬁ%fgxa“?ﬂeebsi A o incuce
oxepi nyl, qui n@i)@ahb'iewgrﬂomndwcika@obmpleéa ﬁemeearm«yygrogf Glﬂﬁaxﬁ&ﬂmh&de for
unsubsti t ut ed Q ﬂm&;pet te nor e ubstl uents
as descri bed he{:el n (%[’o%p%}‘ a%&s% use Qma{%mm@ﬁ(’mgtae%

o
"het er oat onf |§n¢r€éhfbﬂto i ncl ude oxygen (0), nitrogen (N), and sul fur

(S).
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[ 0041] As used herein, the term"heterocycle" refers to 3- to

| 4-menbered ring systens which are either saturated, unsaturated, or
aromatic, {@doWigRscontains from1l to 4 heteroatons IQGE ?@55%
sel ected fron1n|trogen oxygen and sul fur, and wherein the nitrogen
and sul fur heteroatons can be optionally OX|d|zed and the nitrogen
het er oat om can be optionally quatem zed, including, i ncl udi ng
nmonocyclic, bicyclic, and tricyclic ring systens. The bicyclic and
tricyclic ring systenms nmay enconpass a heterocycl e or heteroaryl
fused to a benZ@38l r TnfrtheFhkushet e definitian of ahetirealktl pmohetherithe any

het er oat om or i

defi ned above. Q@&QgggZ%QH%?tEB§§gﬁ%ﬁgﬁﬁ%kﬁﬁéggﬁgﬂﬁ%ﬁ%&ﬁ{ﬁ% e nce’but
are not |imi tedfogs)oxa@krlpwwr to igpkide. Sfpnramplp i GiiaiHs (4 €4- W@ik)ﬂlgmur)
tetrazolyl, aziihR¥b carndfdnts am:l By oxy%gn%lzl’cln@wcarb&?(ﬁ&hf L di nyl,
azetldlnyl, azetldlnonyl oxet anyl hi et anyl, pi peridinyl,

pi perazi nyl, notPKdlCHSEH:08 prishglike. oxazi nyl , thiazinyl, di azinyl,
di oxanyl , tr|a2|nyl tetrazinyl, imdazolyl, tetrazolyl,

pyrrolidinyl, qmnx]azmeyérm ‘ﬂl%ﬁﬁﬁyl”,asﬁﬁtﬂa&aﬂﬂy&fers p)yzrnladjnshyhhetezs@%salrmg

benzoxazol yl , I SO olyl, thiaz benzt hi azo t hi ophenyl ,
pyrazol yl, tri Qgg?yll“ meﬁ’éﬁﬁfhrﬁ“&l’ﬁﬁg a %ﬁ%??erheﬁﬁ)f@méapg%?rﬂ%’loﬁn
i ndazol yl, benaeglicazal delfur iaﬁlrmmfamln@mibast 1 cﬁﬁﬂ&@%ﬁﬁﬁiuﬁing monocyclic,

benzi soxazol yl ,.p n ui no ui nol i nyl and

qui nazol i nyl . ,’Rmﬁ%{c ?Tééﬁcgflec rbnr%ﬁ%e %%B%SGBWEY%? efogﬁ’l]seade Sﬁal%lﬂti onal ly

substituted wi ttdmramitﬁ mdxmﬁ)e, p&tjbﬂlfhtﬂjeﬂ’fzﬁfuaﬁyldﬁib@hdnbeHcrﬂ@thﬁb]ﬁknfd,e| oWw.

100421 The ter e y nbi.nat i W th

other terns, r Bl ngnpgff go"él ’iaﬁo@v\?e Oxa © g:d ﬁldaﬁcﬂ/y(cioli%z‘(?gd}‘%ci?‘gﬂs of
"het er oal kyl . tlﬁatdlyt 'bemaihlayqulalsmet@ylo@trmmamtlmciulpyyltdhﬂnpqghﬁﬁcmm,at

whi ch the heter emal nder o he nmol ecul e.

Exanpl es of hetpgr(r%c 13 153]? Kyﬁn%gpglﬁﬁdﬁ%a]ﬂ s fugl?%?mﬁe?ypgﬂ raﬁer?ﬂyrdyl ),

1- pi peri di nyl , o2eppiybaninehatipyl ancBmpmpﬁr 1Ad1€t¢§da;yl gromp)eranbehnanyshuutﬂor

mor phol i nyl, t { , r

t et r ahydr ot hl e%@%&&?ﬂu%‘)’%ﬁtgﬂw r%ﬁ[e ﬁf ;ngxte Qﬂ}?{tqgrgg 4 dgsrarlg’ed%efeml below.

2-pi perazinyl, and the |ike. [0043] The term?” hydrox IkyI " as used

herein, refers [9980h A5y Rerejpdife R RREPACRE 1S TP instdn orsen (Qf

carbon atons Wagfgid W?:mgdgnfun(g)e of the hydrogen atons in the alkyl
group is replaced with an -OH group. Exanples of hydr oxyal kyl groups

i ncl ude, but ar ot e CH2OH, -Cl12CH20H, . - CH2CH2C1- 120H,
" Geabarc. 16l A3 "%‘r?é ’i@%ﬁfé‘bﬁiﬁ?ﬁﬂ’d‘? 13 Yo PEB Rt e D OH
and branched veyssinerdidhheretibér. sat{uﬁ&dzldnseﬁnrbtsd iof aremitR:, ziiﬂrwkﬁdm&ogﬁlayﬂ@n

referred to as eroa K al ken /nyl
cycl oal kyl , hetlg(]? %?é%;%r At&?%(mijepen&é}ﬁ:ly 51 %#;7 nft Hgt‘ﬂe‘f"é%gi(:%??l 'gﬁ‘\"@?]lyl can
be sel ect ed fr mralnvl@rnlietgﬁn arid sgtfmUperdatmcis u@h e@ption@Rdoxidizdd, ardMR'

N SR 5 N e Rl 3 i B R e oo

- NRd' " C( 0) NRd" Re¥slic, anbiRétyt| RORes R The bibyclic GERRcclic HNHGEMIHRmNH,

- Nn( NH2) =NH, , =S
] Ng((j SO)Z R - %gbgh%ﬂle or ]1§£r§%ﬁjf ?ﬁg_ IEIO %nge & rin %’eé'xetteroc*ch

with those gr Olhfaet‘fﬂh@dlvmgmz beleroatomer cﬂrlbqnw@ns &!ﬁeﬂrwwdeamsud:témmg)aqls as
exenpl ary. Rd' g./Rdd a0 gen,
unsubsti tut ed (%) ccligl% B%,resan%ﬁgg%& Let@ggxegéggg%é gﬁ]ﬁo&@ F]{?HPHM Hed
unsubstitut ed & ¢Firiding. %érrsm Shiyayl triprels, wrrmlybmemmd dlmlrecbnyi diazirinyl,
substi tuent s SLBEIAM iy AL QI HSHREHLL .o tuted
al koxy, unsubsti tutglg |’$I oaf koxy m 9 unsu%stlet u%}E %‘Eéﬂdﬁnyy%}g@}h&l
aryl (G - Ral kyl mo‘memh@mrr%lﬁldommals @@Wla@h@wlatdwxﬁ% saginyl, tiveriagen
atom they canifhigaoeNuaesy VWi flidiie. Bidaid a0l oNat Ayl 8140
7-menbered ri né Folr% exlarerV\f,))&- l\lIng)}q cﬁ rref)}r esgnt 7 Byyru?(l)%f(adzloﬁyl
-9-



[0046] Simlarly, substituents for the aryl and heteroaryl groups are
vari ed and selected from -halo, -OR, -0C(0O)Re', -NRe' Re",

-Re', - Re' , -C(O)NRe'Re", -C(0)12", -0C( .
~NRe" C( 0) d\Qﬁiﬁ % - NR "C(0)NRe' Re", -NRI" solep%)e‘J\{E%“Bﬁsmg
- NHC( NH2) =NI - -NRe' C( NH2) =NH, - NH-C(1\11-12)=-Ne, -S(0)Re',
S02Re- SO2NR, Re", -NR "' SO2Re', -N3, -CH(P11)2, perfluoroal koxy and
perfluoro(G -C4)alkyl, in a number ranging fromzero to the total

nunber of open val ences on the aromatic ring system and where R,
Re" and Re", artendorarelybhegirorazolyk thiszolel bérzbrmedlyldthoghenyl. nyrsaohdt | t ut ed

(CL-Cs)al kyl URSHRE bidHiaes, B@&eﬁle&gﬂ gaﬁqaél}ﬂy!&fi%ggmgéﬁw% f,gd aryl,

unsubstltutcd hcteroaryl, unsubstrtutéd ary
unsubstitut ed dEyEBRgqlD baagardyl benaispspzobll.ipyrinydrindoty isagrinpletykr oar y|

group w Il haveyfbrm Zlﬁf idafolin il %eheﬁa'x'&%ik Etldﬁllma%’bc Y}ﬁstulg'shﬁlm%%? %{095{815

havi ng two or fewer "substituen bei ng'exénplary in t res
i nvention. In éﬁ@“@ﬁf’édﬂi FBREL 'Bfffc substifuensiy defeiiksd hergin baloyt  or
het eroaryl group will be unsubstituted or nonosubstituted. |In another

enbodi ment, an [614¢] The thet GeeaiydlogiyDupy itdelfbr RRoMBiHAHS Wit W@ fernk0047 1
Two of the substituents on ad‘lnacent at poe of an ar\é?:ﬂl%fi?f[] het er oar yl

ring in an ary“BFHetBIESORA VST S g ‘d%"é'%?qsﬂéc}‘e PAAEeRHY Gt
may optional | y eercaepl ;s ectupy ﬁhhp@l’fﬁ)ﬂlﬁS‘i’hIﬂLlﬁﬂhet@f)cytlb% d‘tt@d]ﬁ&l{o&he

-T-C(0) - (CH2) g- U- erein T and. U are i ndepe

or a single boﬁﬁ“dl%&r%goﬁg‘? 13015%1?‘?' ﬂ?‘@@@?s ?flfhetfliog‘fﬁ?%ﬁ?b é“de,&l' @@Pﬂﬁatl veI .
two of the subsetrahyms]iysdﬁ}; la:djjeactmylt ZWMﬂB-ﬂlMdawh-nM-phhﬁﬁyemoaryI
ring may optlonall tituent e formul a
IR U SRR R N S S R S e
-S-, - 9( 0) , - S{BhRrgthieSE §), 2 Nk razingl, 2-girstanig)leardaiedikeand r i s an
integer of fromlto 3. One of the single bonds of the newring so

formed may opt i8] | Yndigm! %B@Qﬁ%\’\* Jhhsé 1{1%!0&%?8%93&69 grﬁfé,m%h%ﬁky’

two of the substituents on adjacent atons of the ary tero

ring may opti ofliqaiFd Bumbasf eeked aigmsvharesypse o wenfthemdmen fltommmlth:

- (CH2) , - X- ( CHR)alky} £ Rphedndtit a@ﬁ ki e@%%afow d&- fromo0
to 3, andX|s-u{ygré‘\'ﬂ)q pcslan 9 ((:g}ép y(my N%ga . The
substituent Rf nouge. byRgre notdimited & @Nﬁ -G Iéact%cﬁe drogen or

unsubstituted (BLeGRRICKYOH, TP048CH,tH GO0, baLe by @
-0041 substitu rzﬂge the - C2:OO5—| g?'roup ca;{m&gﬁ}gggfd@@%{éé@

repl aced with fE‘BF]Egé"?félP%%f Eerth as: 0000000 R Ist” '1 HHH O
[0044]  Substituents for the groups referred to as alkyl, heteroalkyl, alkylene,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl and heterocycloalkenyl
c¢an be selected from a variety of groups including: -OR%, =0, =NR?®, =N-OR", -
NRYR*’, -SR®, -halo, -SiR®R*’R™*, -OC(O)R™, -C{O)R™, -CO,RY, -
CONR™R™, .OC(ONRVR®”, -NR**C(O)R", -NR""C(O)NR¥R®", -
NRY"SO,NR™R®?, -NR"*CO,RY, -NHC(NH,)=NH, -NRC(NH,)=NH, -
NHC(NHz)=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. RY, R®* and RY’** each independently refer to
hydrogen, unsubstituted (C;-Cgalkyl, 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-



700cF,

,OH\ HOH CF3N-S\ CHN' N, N CF3N CH 00

WO 2010/014586 PCT/US2009/051929

aryl(C;-Cq)alkyl. When R* and R™’ arc 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 [-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 heteroalkyl 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 alky!l and hetcroalkyl radicals include but are
not limited to -OR™, =0, =NR®, =N-OR®, -NR*R¥"’, -SR® | -halo, -SiR*RI’ R -
OC(O)R?, -C(O)R™, -CO2R”, -CONRPR®, -OC(O)NR®R®>, -NR*’C(O)RY, -
NR*”C(O)NRR®*, NR®"SO,NR¥R®", -NR¥’CO,R%, -NHC(NH,)=NH, -
NR¥C(NH,)=NH, -NHC(NH,}=NR™, -S(O)R®, -SO,R™", -SO,NRTR?, -
NRd”SOERd’, -CN and -NQs, where R, R’ and R*” are as defined above. Typical
substituents can be selected from: -OR", =0, NR*R*", -halo, -OC(O)R", -CO,R®,
~C(O)NR®R®”, -OC(O)NR*R®”, NR"’C(O)R™, -NR**CO,R", -
NR*“SO,NR¥R?’, -80,R", -SO,NR@R®”, -NR®*S0,R** -CN and -NO,.

[0046] Similarly, substituents for the aryl and heteroaryl groups are varied and
selected from: -halo, -OR™, -OC(Q)R®, -NR”R*®’? -§R*, -R®’, -CN, -NQ,, -CO,R®,
-C{ONR”R*’, -C(O)R*, -OC(ONR®R®”’, -NR**C(O)R*", -NR**CO,R®, -
NR®”C(O)NRR*”’, -NR®””SO,NR*R®”’, -NHC(NH,)=NH, -NR“C(NH,)=NH, -
NH-C(NH,)=NR®, -8(0)R”, -SO,R*, -SO,NR"R®"”, -NR®’SO;R”, -N3, -CH(Ph);,
perfluoroalkoxy and perfluoro(C,-Cy)alkyl, in 2 number ranging from zero to the total
number of open valences on the aromatic ring system; and where R®, R®"* and R®*’
arc independently selected from hydrogen, unsubstituted (C-Cg)alkyl, unsubstituted
hetero(C,-Cgalkyl, unsubstituted aryl, unsubstituted heteroaryl, unsubstituted aryl{Cy-
Ca)alkyl and unsubstituted aryloxy(Cy-Cq)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-



S-4HN-4 OHOHNHNH C7, O fI ,..""E1/470H ; OH [0049] and the like. See,
e.g., The Practice of Medicinal Chemstry; Wermuth, C. G, Ed.;

Academ c Ppess:, g York, 1996: P. 203. [0050] It is a%%@n%ﬁﬂﬁ%ﬁBﬂpd
t hat coupling o{ Wo reagents frequently requires a functional gfoup

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

car boxyl group Buibsaniipnyeneryhenpelomanyterowmvidde pysubstinged @@ monefubsinanid ar d

activating age er St 44 o | ori de,
dii m dazol car b%lisflh, %Rlﬁﬁlci?%itb%cﬁﬁ%a&%%%%ﬁﬁ%ﬁ? ?*%1&1 %)%B’?%%QN, NL1-

di i sopropyl carb 9iinide DI C) or i o

0- benzotri azol -lg-"il - PROMERE sk tFenternpgiaernbieranedion it erdsiemsrbaphiaee

(HBTL1), with akylei mmwy;@dibraeada&ibaarh@ai@%&%hmm(aPB/ﬁBLany be replaced

I-hydroxybenzottlazoﬁf ( 1), benZﬁ:rlazol- - ]

yl oxy-tris(di metiyAs “Hﬁﬁgﬁg§6ﬁﬁﬁﬁu THEXEH Ao hEpRare Uesop) |

P D SO o o B S 5
- et hoxy- or XY) s enzo . ri azi n-4-one), :

(- bromo. |- ot pyNERRRTK. B boub ARG bbbt Eriatoms ot ery] o heletoary g

(N, N, NR- t et r anetdyyptichally bazplbend 2oth hisatz et of % fo@Rild M- (CH,)-K-, wherein J

hexaf | uor ophosphat.e

(N, N, NIl AP- t et r afe ﬁ)iféli?g?%%dé‘ﬁﬂz"o‘tcﬁ‘a“z%r NS YD M) -S(ORNR - or a
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-(CHa)y-, where s and t are
independently integers of from 0 to 3, and X is -O-, -NR"-, -8, -S(0)-, -S(O)»-, or -
S(0):NR™-. The substituent R” in -NR"- and -S(O);NR"- is selected from hydrogen
or unsubstituted (Cy-Cglalkyl.

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

group can optionally be replaced with bicisosteres such as:
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tetrafl uoroborate), PyBop (benzotriazol- |

-yl oxy)tripyrrolidi nophosphoni um hexaf | uorophosphate), and the |ike.
[ 0051] Th of fornmula 2 can also exist in vari I j.C
forms, i ng\vﬁgﬁ}n&gﬁ%g%fi gurational, geonetric and conf orlﬁg?}?]g%@ﬁg%ig
isoners, as well as existing in various tautoneric forns,
particularly those that differ in the point of attachnent of a

hydr ogen atom As used herein, the term"isoner” is intended to
enconpass all isoneric forms of a conpound of formula 2, including
tautoneric forms of @he conpouryd,e [ 0052] Qpppgunds of forrula 2 have
asymetric centers gnthdherefor€-gx st i nahf ﬁen’t énang-+iteri ¢ and
di astereoneric forms. A conpound tan exist it the Tormof an dpti cal
i soner or a di astereiﬁazr\er.R Accordi@gly, the iclnventi on eggonpasses
conpounds of formnul in_the foris ef theid optd cal i soners,

di ast ereoners and m%xt Lﬁ"ggbt her gfm,?i i nct udh)njﬁﬁgéacem c/$m\f9ﬁ ur es.

[ 0053] As used herein and unless otherw se indicated, the term
"stereoi somer" neans one steraofsoner ol a co nd t hatNHs
substantially free pfkdther,stleptoi soderd of , that™ cogpduptt-ofFor
exanpl e, a stereonericafiy &ure conp undé havil‘%ng tone’ chiral center
will be substantially free of tR& opposite enantiomer of the
conmpound. A stereonerically pure conpound havismmg two chiral centers
wi |l be substantiallyyf®ee of othenr diastere rs of tqa,e/{corrpound. In
some enbodi nents, a,ste ri %a p ore g@gﬂmd conpdi ses greater
t han about 80% by V\éi ght of oné stereoisoffer of the éorrp und and | ess
t han about 20% by wei ght of other stereoi somefs of the c8npound, for
exanpl e greater than gbout 90% by wei ght of one stereoi soner of the
conpound and | ess th:thTo out 10% by wei ght of the other stereoisoners
of the conpound, or greater than about 95% by wei ght of one

st er eoi soner ofl0kple adnipdikadSends.| HePridianc/aiftitnabPadmysmeivghiutgf t he
ot her stereois rs, 0 on o &K gr than about 97% by
wei ght of one g’%f%%é@&%&%?@ﬁ%@%%éﬁ%ﬁ?ﬁa | ess t han about 3% by
wei ght of the other stereoisoners of the conmpound. 10054] It should
be noted that 405¢Ihel i ajse undegiteod thap epvplinand tikisaeeals Gepicataidasts uct ur e

and a name gi V@hclidhal d1adp hlohbl 6f 4 Ragehf¥8 b ERVEELH o5t dEfIHEC I GRRL r Ol S.
In addition, if the stereochem suy of a structure or a portion of a

structure i s n&ENANYF 5P e?FIHFHOR, denpies Bk sapipe uspdicanvepimaladtivagng dashed

lines, the struabdke rof cxp@blel Mriﬂ&yl%ﬂ_@xp%dbﬁ%ﬁédrvﬁl d'a?ooig@ aBRatilil.gLdy et ed
as enconpassi nggal | stereopl sorrgrs of it, Process of r epar ation
100551 The pr eS&EHEM RABHEISA SHPEYT HaW Ry PR YL sstivelse by pEariel] e

synthesi s of 5stasdabisdctitatibg GgeRes atatilb@2 o1 Qe Sphaghsiyuiriel ow i n

Schemes | and 2y dusolcarbonyl, 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 (DMALD), I-hydroxybenzotriazole (HOBT), benzotriazol-1-
yloxy-tris(dimethylamino)phosphonium-hexafluorophosphate (BOP), bis(2-ox0-3-
oxazolidinyl) phosphine chloride (BOPCI), DEPBT (3-(Diethoxy-phosphoryloxy)-
3H-benzo[d]{123]triazin-4-one), BEP (2-bromo-1-ethyl pyridinium tetrafluoroborate
), HATU (N NN, N -tetramethyl-O-(7-azabenzotriazol-1-yDuronium
hexafluorophosphate), TBTU (¥, N, N N'-tetramethyl-O-(benzotriazol-1-ylJuronium

-13-



[ 0056] As would be readily recogni zed by a skilled artisan, the
processes described herein allow the synthesis of various
heterocycl&a JRRLasgNt ed by fornula 2. Thus, in one en‘%%qh@d&mmg(wl S
a sul fur or "oxygen atom In yet another embodi ment ,

substituted or unsubstituted am ne, such as an al kyI am ne or a
substituted or unsubstituted aryl amne. [0057] The identity of
substituent groups RI and R2 at position G5 of the 2-am no

t hi azol one anal og depends on the choice of the starting ketone (1).

I n one enbodi négitaflu@pbozaie), RBoa(tenpmtizol hlepemdentlidinopokphCe)aml Kyl
groups. Exanpl %@xa%m%{(;)‘r%@p}ﬂ{ kgl ude nmethyl, ethyl, propyl, and

i sopropyl groups yodi nent, the C-5 carbon atom bears a

nmet hyl and an |€(§? Eﬁ/ group. AIternatlver the present invention
al so cont enpl atl soamarstof Simple 2 s2eiRsEiha vaFious spRencdomwher e Rl

and R2 are the jSRhg@bilRrabnad LENRAEH MWTEMHR Ml ;sénaL lﬁybvelﬂﬁd:kﬁgno' S
an optionally substituted ar heteroaryl, alk al keny

I
cycl oal kyI or 'BVREPEAYeET aﬂnk*ywaﬂgw@dpsthombgg]fyar%ﬁmeﬁﬁacwm of
formula 2 i s ohthgdrogs Jbyn. dh SREOKHE 16 téﬁrﬂfi@ohiae ;&ﬁféﬁ&um@'e&&mfam qula 1
usi ng an unsubstl t ut g)d or_substi tu&@ ﬂm ne r} one
enbodi ment, t h&PBFBF &rmigf 4 cgmgo e aﬂmi IF%I‘R““P%E”& e rbBe kyl or
a bicycl oal kyl caspsl@gcri bed herel nabove. Thus, in sone enbodi nents,
Rh is an unsubstituted bicycl oal kane such as, for exanple, a

nor bornyl grou 0(‘59 Cégrjnﬁc[ug%f }JIQBBE%P@ afLrgrgg’tgl cenp:& zin]zl H{e}el?ore Fx1st in

enbodi nent, le VI nb group
Al ternatively, diffeeent eavmmlgersg amimasneseoannafokryst A)conamyhd ¢ah|emlst in Phiﬁn'm

[0060] In stilly %‘n@ﬁr ol ne @Feom%ﬁ%ch(m{ﬁ I(,tMee PJnﬁng&%?lB%aQqekdes a

conpound of formu via an intranb
reaction. Thus compdunds driprmuie 24niths feimsieétheinopighlfispmerst djmtermmmgen

atomor a substityted Rbs %ﬁgﬂqg%w;ﬁ%ﬁﬁg‘ ne obtained by reacting an
appropriate guanidine noiety wt eac hal i de of fornula 5.

[ 0061] As rrentl%n d abovgh t he |d nt i of subsé‘ltuent roups R3 and
R4 at positionl of*s b§58 heig aichign ‘iSFlPt %FSBH@“: \i I”E?derﬂ’eﬁ FFASOBH t he
choi ce of the sieafiddnBgiekbk@ne of 4 Fordendih akiubRtiallyf Bk of REérance, R3 is

methyl and R4 is an iso yl grouyp, [006 | n anot her enbodi msnt
the I eaving gr SUF°ZOPHS Bé@%ﬁ?lﬁg%“y-sp‘ﬁ[e pi‘i];éﬁtere%fﬁer%fﬁ YRt eatpapnd

nesol ate, a todyiAf éneehird ciiiiirO8S besubsiChinly frélbif t}abb@sitee@vmmegmhms
are well known in th rt and.are contenﬁn t ed her V\hen.]Zbis a
nters wil

hal ogen, Z can “BEPRROPFIRECTETGHY REC 6y ReH™ fiogavo © hiral ce

substantially free of other diastereomers of the compound. In some embodiments, a
stereomerically pure compound comprises greater than about 80% by weight of one
stercoisomer 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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[ 0063] The 5-substituted-2-am nothi azol ones prepared using the
inventive methodol ogi es involve the asymetric hydrocyanation
reaction o priate ketone to give a cyanohydri to
one aspect 5?%#%@ |ﬁvent|on a netal catal yst and an apg?gﬁﬁﬁ&%@hg%
chiral ligand is used for preparing the chiral cyanohydrin. Wile
several catalyst-ligand pairs are well known in the art, in one
enbodi nent the transition netal is alum num having a formal oxidation
state of +3. [0064] Ligands suitable for use with the netal catalyst

i ncl ude nonoderipésde Hmﬂomiﬂjibdﬂodﬂlﬂtaaifﬁlefdlga&d&epahd'y ehece i bidBicumhen

the ligand i s mpnodent at e, 0 nodent at e a
typically utilized Foreed ?go{]g?ftﬁrﬁ%%y?ﬁg‘aﬁ%’fcé'fm CO[“@@%S% alqg‘“on if the
accordance wt htdrdmehemstnya:lf a giefciund dirla@brtloﬁl of heruaie,is novitldichde nttatie”

refers to a li r.di het ansition tal or its

i on t hr ough tv\%@%ﬂp] gfd &?ﬂ% 51 %Ee% Im? € étruc%.lr?%rp(){twg F‘i%&gtﬁ’ﬁmﬁedﬁmb e
bi dentate or trheetemlateéﬁwmoramimeﬁlsmm@dmnf;,t the ligand is

bi dentate. An exenplary bidentate ligand is a phosphine that

coordi nates to fh&s{RipdbpaPhtidsON through two phosphorus atons. O her
exanpl es of bi dent ate Ilgands conprise, for exanple, various pairings
of phosphorus, (&4} ufh EHPSP’Ptd@‘@H“liQﬁWOCGEFﬁ  the Gole syniesit ofist

anot her enbodi nERtintdae-HifeMhRldRed ds IR He®wah saRALPP M. br onophenol
blue. [0066] The anount of catal yst can range in one enbodi nent from

about 0.001 nol}? bout ot h nhodi anount
can range from[ﬁ%ﬁt gf)w yid #BTG@% [ycfecﬁﬁ’lﬂﬁ%%g aﬁg‘ﬁgo&"ﬁ‘ﬁns@e ?rPceésr%&ﬁ‘é’rbed
enbodi ment, t hédeaimiliot t}&amnthan@évﬁoﬁmmﬂeﬁeﬂreﬁﬁde%& Roadeut ThisGn
mol % An exerrpl ar al i S 10067
Conmpounds of for ?ru&fl&%o ! fsﬂs'%i © ?ﬂi’et“ EBOW t BYE%H‘?{B?" ei"ﬁﬁd‘%‘ﬂ}t’r%# ity at
C5, may cont ai nulstigtedor nppistiotdiamist ereachelkycatincantsalbstiutede t her eby
provide for the %Sﬁ’ﬁP&%ﬁ]Of Igl astereoners. The invention contenpl ates
the preparation o St er eocheni cal isorrers of a compound of
formul ae 2 and 4 {0068] | f needed, further purification and
separation of a9t i Sreefentined selishEens poup} né Rhatipesitati-6vEde Bymino

routine procedyfigsded Qi eldapdnh€orfthd ch -EQHfsth §Q% %@dﬁg
separation of enlantl omsrs% Ilg a %orrp%ﬁn © tornr1ré’1§i l(g cﬁ(ﬂ] can be

achi eved by t hémiadmgtt. %rﬁnfl&f mﬂbﬁ‘@lfﬁiﬁwniﬂ@ﬂaﬂ%ocm%mm‘ﬁgﬁaﬁhﬂ@s of
techni ques. Di a8dhkARNRERICRAMPACN FrdfH, lmyd iSRRG ALEs. s e dimeny,

i nstances, however, djastereoners can Sinply be separated g’l ySli ca 1y,
such as, for edifppear Wt%ﬁfafftﬂrfl@él-vlﬁ?cbflﬂlfﬁpfoét’ll&B?Ppoﬁl‘é@?fs‘te e zat i on.

[ 0069] The Pr 0gesént Hverte alsWWdRfHn pRibs MMPRPaGasd dradoRbdund 8t BfnfSLS | bed
herein, can be c¢on \ﬁga{l ngly perforrred at tenperatures that are

routinely acces Ri 4 thgsqme groppgya cuntogay whsse R ‘t‘sﬁ’é‘ﬂrﬂ“é@e§§nl s

perforned at aopmw@burtﬁed Ayl Rferb=2 a8k a5, aROYL Rl Qoppout 110C.
I n anot her enb rre)gé & tenperature is in the range of about 40C
to about 100C. PFHFOGHOUNFRY enbodi ment, the temperature is in the
range of about 50C to about 95C. [0070] As general |y descri bed above,
t he process i s [(&BF o’fhve:dmbwrmihéfopndsemmfcd by hxa;smng'l?‘l&oha&eomﬁﬂmbe

t the b
any conven ent 9 gaNk ¢ uAfe LIBLIRME GAIROHRT: o TUBNEAL Yy, Lhe Dase s

not nucl eophilic one Séfected from
carbonates, p h@mpmameg thextfkioxR te s hydaomn shild B® ioh cxdimikybrrabiscloalkyl as

described hereinabove. Thus, in some embodiments, R" is an unsubstituted

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

[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.
-15-



[0071] The process of the invention, when perforned as descri bed
herein, can be substantially conplete after several mnutes to after

sever al howomg[ﬁﬁggggl ng upon the nature and quantity oI |éorﬁﬁ8‘¥ﬁ§@§f2 and

reaction tenperature, for exanple. The -17- deternina

the reaction is substantially conplete can be conveniently eval uated
by ordinary techni ques known in the art such as, for exanple, HPLC
LCMS, TLC, and 1H NVR. Exanples [0072] The present invention is not
to be limted in scope by the specific enbodi nents disclosed in the
exanpl es, whi cH0@0e Imttidmdaber embixbment] thsinyeativeqnscesfpravidee weengoast sfent s

of the inventi QB ?HtﬁnetdQ?a elnri%{t?ag}okegﬂar sg}r%?cn{xme‘!np] ﬁ%ic% b“Yhus é\( in fmgfu]atfthi s

enbodi nents that are tunctionally equiva the scop
i nvention. | ndeeelthenamguifousompdiokyacattionnsa afbstithied pmmeristitond mmnaddi tion

to those shown cﬁ&ﬂleﬁj 9?&5&@%91'}] %ﬁlﬁteﬁ%&#dg?ﬁ&%@ iR Blt%ragﬁ liml o% E')

skilled in the art and ar hin scope o
appended clainms To this end, it should be noted that one or m)re
hydrogen atons or nethyl groups can be omtted fromthe drawn

structures congd@IENAs ﬂkﬁttbne&.%ﬁé ﬂﬁ, iR ohameinat ?En!uﬁ R & BUE Position
organic corrpoucr?d? tg S that one skilled in the art of or gani c
cheni stry woul d-r 858F £y shiaeofons analagiepentss eadlschgice P%‘é?tﬁ’ﬂil%'@éﬂn&rm

di spl acement apjpe eakddian, ihtansaned, R SinsetB and-rdiisdssdptdpyt @6lmp2 -
am not hi azol ones [0073] I n one enbodi nent of the present invention,

Syt o o LBy By VB ASRELSL b P e A SRR ©
correspondi ng RxZuchgderoxyelatet plath ot athieestdrr Diher suAettIc keatingogrogk athe

hydr oxyl by for@g&g @]mﬁ&%ﬁa{%ﬁ él&c{&m% Ql'm?cP %ecgr?gt

W th sodi um sul results 1n Ion hé "torT spon
2- mer capt o- 2, 3-chiories, hspkmstompriodingr i | e havi ng opposite (Si-)
stereochem stry at C-2. Hydrolysis of the cyano group followed by

reaction of thqmree}suirﬁeasngubgtaﬁt@@wntn%%u@neeépepz\.%mmg the inventive
met hyl i sot hi ocyanate and cycljzation of the resultant adduct gives

(S) - 5- met hy 1- 2 {HEENGRERT S Y FBreatis ybemienatie) ractine ot aragepppound

i's obtained by ke@achiph@ alcGanodidrin. ﬁ'&w@dﬂ;g‘t@@% Qﬁécﬂé‘ﬂﬁe inddhtisn £ @Gt | on
sequence is |IIustrat d in Schene | below, and the follow ng exanpl es

refer to the niABE! R a‘b"c?ﬁ@ﬁ‘ém‘é%‘iabkfé‘ad I8 HSed ey Preparing tB?IC}’éré]chéff?é wrin.

While several catalyst-ligand pairs are well known in the art, in one embodiment the

transition metal is aluminum having a formal oxidation state of +3.

[0064] Ligands suitable for use with the mctal catalyst include monodentate and
multidentate ligands. In onc cmbodiment, when the ligand is monodentate, more than

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

10065] 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 phosphinc 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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(3) AEt3 (0.5

nmol %9, THF 2) cat, canp horsul fonic add 100751

Exanpl e 1: Preparation of (2.)-2,3-Di nethyl-2-

(trimethyl utanenitrile (4) 10076] TMSCN (28. 8§ | 1)
and N, Ndlﬁgtzﬁloﬁ)gm}fjl ne oxide (0.2 g, 0.0015 na!) mere%S?@ég‘i"ﬁsd%n
THF (75 nl) and the resultant solution was stirred for Ih at 23 C
under an atnosphere of nitrogen. 3-Methyl butan-2-one (50.0 g, 0.58

nol ) was added

24(E) - ((1S, 29) -

via syringe and the m xture was cooled to -30 C.
2-((E)-5-

br ono- 2- hydr oxy#fsal yThedemearmf nojlyst cih-raigp fresngleibbdimédrifiom)ab@itloyb) - 4- br o

nmophenol (1.67
nol ) were adde

gt FRERR, Bl RN B PP il on e

m xt ure was vvarﬂrﬁéahcﬁ‘b t@&o hmdi%;dnst?dmwdnmeaahb(ﬂﬁmemﬂﬂg}modﬁmanrrmh toe

(88% of the ti t gbéén%wqg%og{ le%%% ‘%“368‘6‘% fégatlagy%sgé&n g5 2

was distilled

(septapl et, |Hmal% 4 ru) 1.53 (s, 311), 1.04 (d, 311, J= 4 Hz), 1.

(d, 311, J = 4

| 1z), 0.25 (s, 9111); 13C NMR (100 MHz, CDCl13) 5

121.5, 73. 4 3900%7) 2@61%%OUHS of formB1ad2 gfndlﬁ in JdatlQﬁﬁ%gcﬂlbmggg%aht]v%? s,

1254, 1160, 991, 841

cull; Exact Mass
may coniain one or more other stereochemical centers, and thereby provide for the

presence of diastereomers. The invention contemplates the preparation of all such

stereochemical isomers of a compound of formulae 2 and 4.

[0068] If needed, further purification and separation of enantiomers and
diastereomers can be achieved by routine procedures known in the art. Thus, for
example, the separation of enantiomers of a compound of formula 2 and 4 can be
achieved by 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 s 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

-17-
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(C91-119NCsSi + Na): cal cul ated = 208. 1128, neasured = 208.1130. [43
at 23 Cand 21.0 g/L in CDCI 3= + 12.19. Chiral GC. 85.8%ee. [0077]
Exanpl e 2: on of (R)-2-Cyano- 3-nethyl but an- 2-

yl met hanes‘ﬁﬁ o% igsf 0078] PCT/US2009/051929
(R -2,3-Dinmethyl-2-(trinmethylsilyloxy)butanenitrile (11.0 g, 0.059
nmol) was dissolved in 2-MeTHF (110 nlL) under an atnosphere of
nitrogen. Water (2.2 nL) and CSA (0.68 g, 0.00295 nol) were added and
the solution was stirred for 3h. The reaction mxture was treated

wi th sat ur at ed daigumnion Rﬁmh%rmmomﬂ_}ubsmliph%@ge welrbe covpaerdlyed and
t he aqueous ph

conbi ned or gan?gﬁ%a@?g?&ﬁa?g{e\%gé%%&ognaﬁ ér_i‘ﬁ}]%%h %2%?5? and
concentrat ed unddfS, TefuerddHpMBsure (-1 mHg) . [0079] The resi due was
di ssolved in 2-MeTl IF (100 nmL) under an atnosphere of nitrogen. Et3N
(10.9 nL, 0.077 rml) and MsCl (5.98 nt, 0.-077 nol|l were added via
syringes and t reaction mxture was stirred for 2h. The m xture was
treated wWith s ?‘B{eéd aqueous NaHCO3 (100 ni), the phases were
separat ed and t[ﬁtazpqumﬂesemhxa&enmsn@mHea@rtueaimvycépla baﬂix!e.ﬁddﬁc(B x 50

mL). The conbi ne ani,.c ses wer dr| ed
(Na2SO4) and c SRoRbPa 45 GRG R Santeu E%gfg de it BifHec
purification (7o~ gnkidirhaas afee, mvkﬁ)hcﬁmo%rﬁtt%ﬁﬁdd&mehs)nmﬁéd Eyf‘@yresi dual

material yielded,10.3 he ti ound. . 1HNVR 400 M—Iz
CDC13) 53.17 ( smb%erﬁﬁgétfre( %\/%cutord% v é‘ﬁmvaﬁqt wgl%nt sf—%’f of isgrgfexet
1.14 (t, 6H, J Imled,Mzjqus k3@ibiveny dfOk: ihdationGbakBjonSo thbée. sﬂowr&ﬂldG 39 7,

T v e e

nmeasur ed = 214 .fgbdithin {h4 Scapt o2Be Hpamidd d2int. @b this and GDGbBd be rotddh 8ne

R I 1 TR A —
(1.2 g, 0.097 MS)startamﬂdmossmd\ﬁé@hhmﬂ weegttion of @gh drpdnic @ngotride asd)iha:tme)n
was warnmed to - i - > f. the
aqueous sol uti gﬁn{%alg r;.% %%gl%%g@%&qugé%dﬁ %%?eg{‘at%. 1&%{1%8.]:
concentrat ed aqueous HCl
(R) - 2- Cyano- 3- SP@EW feseieradisphacg e eppiprsy (f fromathesis & Sxligbsiiguetd nol ) was
added vi a syri ngfoaidolhg reaction mxture was stirred for 20 h. To
the resultant solution was added KOH (62 g, 1.1 nol) as a solid and
the m xture was warned to 95 C. The solution was stirred for 18 h and
concent r at ed ﬁé"“ﬂ"a T Loy e
resul tant aqued Qg%ﬂﬁ'é‘??lxﬁ‘é"’lﬁﬁﬁge ??WB@F“‘S%YQ’}?CY“‘FH Sormehd hutres?-
ext L agt ed Es;) N@né BA\SO £ie the D6lrd¥bdnding Re2-Ipyarai, ek tR g%mea%mbaﬁagfamge
R MO RS S
Et 0Ac/ Hex anes) soifidé feeulk asthe foahativao@ht adrreyponlidg dnleR)pd-2(Feditiapiibdane
3d|rrethylbutan iate: 80.6 %
e [008%] - Aqudtile PEuna i S Reae B R iR R ips Boncler
an at nosphere déildNeﬁbp@eﬂ1on©Sﬂme ?esﬁhhﬂﬂﬂbmiz,aadqﬂ)mhnd}butoﬂﬁmﬂ& was
added as a solid,an sol ution
was cooled to fﬁd %‘fcsza Y r%I(??u ‘8““3@‘?“%@%&%% Igeti’l(y]%@(mnﬁ‘)y Jh’%ﬂlé 288mbi ned
organic phazes 4@%)@nweﬁs h@l(rjh iwigttrotnpoune js aﬂmmdib;( Na2isER) véth d- (
concentrated u uce ridd.cation (15
g silica gel, f%‘ nﬂ}%} %F E&&c )%eg?]tgél)se%?n Sn%g%%ﬁ%ﬁﬁ‘:ﬁeﬁ%tule?ﬁ ar ydl 8f ded
1.41 g (59% offoltdmmgtwtamﬁlemftp@umumbwd(me@mMﬁlz@d ICDEIrSrti@ 125
L), 0 08 (e 5L 4iey: 130 MR (100 M, CDCL3) 8 1815,
53.9, 36.4, 20.2, 18 2 17.3: IR (neat): 2968, 2877, 1693, 1404,
-18-



[0084] (S)-2-Mercapto-2,3-dinmethyl butanoic acid (1.5 g, 0.01 nol) was
di ssolved in toluene (15 nL) under an atnosphere of nitrogen.

Activated i (1.5 g) and IvleSCN (1.1 nm, 0.015

added and Hezﬂﬂgo\s(%?? ant m xture was warned to 110C Thé’%f%@éﬁms
stirred for 2h and cooled to 23 C The m xture was treated with
saturated aqueous NaHCO3 (20 nmL), the phases were separated and the
aqueous phase was extracted with EtOAc (3 x 15 nlL). The conbi ned
organi ¢ phases were washed with brine, dried (Na2SO4) and
concentrated u@db@mqbduced pressure. Chromatographic purification (10
g silica gel, % Et OAc/ Hexanes) of the residual material yielded
(S)-5- |sopropyl thyl 2-(methylthio)thiazol -4(5H)-one. This

mat eri al was di ssol ved in MeOH (15 nL) aﬁ]d) (S) - exo-am nonor bomane
(1.35 g, 0.015 nol, 99.3% egar)wsmm@ﬂ under an at mosphere of
nitrogen. The soly tion was stirred for?4h and concentrat ed.

Chr omat ogr aphi c fication (10 g si 1Pca gel , %)EQCQAC/ Hexanes)
of the residual Mﬁen al i ) of g-tg;e—'conpound
1H NMR (400 MHz, ODCI3, 90.15/9.8% il xture of du@,steremers signal s
for the major di astereorrer) 63./33- 3.4 (m 1H), 2.36-2.45 (m 2H),
2.21 (septaplct. 1H J= 88!—|z %] [11), 1.60-1.83 (m 1H),
1.42-1.68 (m 3H), 1.62 (s ‘:' 30 (m 4H), 1.05 (d, 31-1,
J= 8 Hz), 0.90 (d, 3H J= 8 ;,j?%vaR (100 MHz, CDC13, 90.15/9.85
m xture of diastereoners; S|g 'dlrno or the mgjor d| astereoner) 8
191.1, 180.9, 70.9, 59.5, 43caleampdSsifmicasd- 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 cm1; act |va s (Cl41-122N20S ] I1).:

cal cul ated = 267. , measured = 267. 1525.|,,ChLL ne 90. 15/ 9.85 dr.
[ 0085] In anot h%@ﬁdm"ﬁ‘é’ht, synt hes} f t)%ggr{‘giogrbglw%e subst I\?t ed
am not hi azol ones 5' s achieved via't g)a tric hydroc 1o o

3- net hyl but ane2¥6ne (1) to afford|a Gyanohydrin which is hyqi;r)ol yzed
to the corresponding acid (4), as shown iniScheme 2 bel ow. Activation
of the carboxylate group followed by reaction of the resultant acyl
chloride with Te@xp0 RV 385046 L£cul ar cyclization
of the adduct u%ilde]? bagll)‘(;:1 COI’ldiI)tI 6631:01‘31%}1%?%&1@&%_2%_

(bi cycl e[ 2. 2. 1\ wepsthlsiblogy)butanenitrile (4 opr opy 1- 5- net hyl t hi azol - 4(5H) - on
e as the product. [0086] Schene 2

[0076] 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-((£)-((15,28)-2-((£)-5-
bromo-2-hydroxybenzylideneamino)-1,2-diphenylethylimino)methyl)-4-bromophenol
(1.67 g, 0.0029 mo}) 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 residuc was distilled under reduced pressure (30
mmHg, 80 °C) to yield 47.2 g (88%) of the title compound. "H NMR (400 MHz,
CDCl3) & 1.86 (septaplet, 1H, J=4 Hz), 1.53 (s, 3H), 1.04 (d, 3H, J =4 Hz), 1.02 (d,
311, J = 4 11z), 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, 991, 841, 755 em™’; Exact Mass
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[ 0087] Exanple 5: Preparation of (S)-2,3-D nethyl-2-
(trimethylsilyloxy)butanenitrile (b) [0088] TMSCN (28.8 g, 0.29 not)
and N, N-di get i,line oxide (0.2 g, 0.0015 not) were di i.n
THY (75 niL airqy"o?%eskresul tant solution was stirred for Pgiﬁﬁ%?d%@ﬂgg
under an atnosphere of nitrogen. 3-1vlethyl butan-2-one (50.0 g, 0.58
nol) was added via syringe and the m xture was cooled to -30 C.
2-((B)-((1 R 2R)-2-((F)-5-

br ono- 2- hydr oxybenzyl i deneam no) - 1, 2- di phenyl et hyl i m no) net hyl ) -4-bro
mophenol (1. 67 (GH:iN@Wd 2N aywhlpulamd= £08. BEByheatuued el 11 80. B3lo gt 230C0O29
nol ) were adde : eact ' ) stirred for 24 h. The

m xture was vvarq}rggg“t%@;% g%%?%%&gtrﬁt;g%g@%{:go mHg) . The resi due
was distilled under reduced pressure (30 nmHg, 80 C} to yield 45.6 ¢
(85% of the til497d cBrminé. Prepppen AR -Fiyanoshustylgtan-B6

(septapl et, 1lyhknethineéutdgiee 1.53 (s, 3H), 1.04 (d, 3H J= 4 Hz), 1.02
(d, 31-1, J = Z Hz), 0.25 (s, 9H); 13C NWR (100 MHz, CDC13) 5 121.5,
73.4, 39.1, 26.0, 17.1, 16.9, 1.15; IR (neat): 2969, 1375, 1254,
1160, 992, 841,[0035 @002 13 DiEXAGL2- MBS Sthy &G ANt NeD.0 ¢, 056 HloBkad

AR S
5,2 S o e st .
gtione () Eaty St Hirifrn il RS o
. no was wa afhes ewas esttacte e X ). The
solution was cooled to 23 and extracted using .| PAC (.3 50 nL The
Conbined or gamcglﬁfﬁﬁanﬁ?@s?ggﬁég GE‘HHB?Tn%f?edﬁﬁFgQO(ﬂﬂé?g&t‘t}?%%d( -
concentrat ed unédit r eeessupr (@$ smileg). Chr omat ogr aphi c purification

g silica gel, 10-50% Et OAc/ Hexanes) of the residual material yielded

1.75 499 of et . ‘ - 02
g (49% o {06}?)98'1‘1}52%5%%%9?}22(:% Jln[é-ywlm g@@ ulé%i e_m%%é)]er?gf

«

(septaplet, 1H = J= 1), 1.00 ; Hz), 0.93
(d, 3H, J= 8 Hzitrog¢3ELNR-{ mbo0-MizmollcmdMf-l 69880l 9,077 mol) wegmdded vipg | 3,
17.2, 15.8; le%ﬂ%@st and 3R tiordRikane walamedlftLth. TR wrd Bdshreatt @Gn
1164, 1120, 1045, "948, 855, 737 - cm|; Exact Mass (C6F1i 203 + Na):
cal cul at ed = 155uBREF8JuepB ALY (WO1EE, hppigses wg[gpeparated 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) § 3.17 (s, 3H), 2.24 (septuplet, 1H, /=8 Hz), 1.89 (s, 3H), 1.14 (t, 6H, /= §
Hz); PC NMR (100 MHz, CDCl3) § 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 {CaH3NO;5 + Na):
calculated = 214.0508, measured = 214.0510. [alpat 23 °C and 12.5 g/L in CDCl3 =
+14.98. Chiral GC: 85.44 % ee.

[0080] Example 3: Preparation of (5)-2-mercapto-2,3-dimethylbutanoie acid (5)
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at 23 Cand 17.0 g/L in CDC13 = + 2.83. Chiral GC. 87.34% ee (neasure
usi ng correspondi ng ethyl ester). MP = 47-49 C. X-ray Crystal

Structure {\Wz]% aI t of (R)-2-hydroxy-2,3-dinethylb i L
and R-a- Ry en%’f} am ne is appended. [0091] Exanple %&E&%@%@%ﬁ&on

of 58-2-(bicycle[2.2.1] heptan-2-yl am no) - 5-

i sopropyl -5-nmet hyl t hi azol -4(5H)-one (d) [0092]

(S)-2-hydroxy-2, 3-di net hyl butanoic acid (0.3 g, 0.0023 nol) was

di ssolved in DI\/FBél 5 m_ and 2-MeTHF (4.5 nlL) under an at nosphere of
ni trogen. POOVEE4S] (DaHd Jgdrate(le?baﬁ Ofbmpl) wasdissatyedlingiager §2rmiiRged ad t he

sol ution was stk tatmedto OB a ea
(0.27 g, 0. 00163b1%%%9 Bedio 195C endir b pre RPN plllbpHE o2,

i Pr2Et N (0. 84 rfgueops Dbdien et adiusted 1d hrrbriadsitien pf Gallied ofirapsitrated wduepus
syringe and t hq{(f]e@{;)] b@@ﬁo-fﬂr?é{h?fbﬁa%@%lrﬁ&ﬁaﬁés%ﬁorfa&r@ :1'? (51016% Mshdss e

was treated with saturated aqueous ses were
separated and tHeSYHUEB S Hialce %@'feéy@ts Ffaﬁdé@f %ht o EFMEITEGBSOMQISWM)

The combi ned OrAARTDOIPRAIES.1 )% WRSAGH Ik bl WACwadleh bs(NaFR04)

and concentrated under reduced pressure. - r omat ogr aphi c
purification (501gt1€31 W&S@Brrgiefbr lSl@@@%lelltOA&fwmamyre@fas pdm@droealchm@d

material yield ound HNI\/R

CDCI 3, 90. 8/ 9. 30 Orafilects dpeplra®) Do ko v RRTRE e ef“l*?&‘a?fé Qe

di ast er eoner) 53uBdt aqué&s(lﬂﬁtufbhi)as kéht Bxﬁieﬁsmd@).(’lrﬂe s@trlion whs Bﬁtra@{i@p&@' et,
1H, J= 8 Hz), 4-1. 1 1.60-1.83 (m | .A42-1.68 (m
3H), 1.62 (s, %’ﬁ(gc (3% %mgﬁbe ‘I(‘R‘??b”lfﬁ)orga’iw B@S?Sd’t’er%ﬁiH%Shﬁé‘“g'zhrf@%,dﬂeé 90 (d,
3H, J= 8 Hz); IB&SNNRn{ d0eribizd ukdieduced PreBi@. Chrotbatihicfurification (15

di ast ereoners nal.s. f or di.astereaner). 6. . 180.
70.9, 59.5, 43%‘% ei10-Ses ’%*?’%gm?a“e?@fg{e r?é*%g‘,maé%’.ag‘,”é%(%ﬁi’ﬁ’f%‘?m‘
18.4; IR (neat)23- tﬂﬂlﬁtﬁy[b@%?mdelb‘@l&l GUS8 Butarbddd?, intdidid diate 1R66% 2.090,

1017, 834 cn¥; Exact Mass (Cl4H22N20S + H): cal cul ated = 267. 1526,

nmeasured = 267 [é{ﬁgﬁ A%yoﬁsaéonéegratgooklé{ (%O %Lﬁi&ras warin@l %5 °C under an

atmosphere of nifrogen. (5)-2-Mercapto-2,3-dimethylbutanamide was added as a solid
and the mixture was stirred for 24 h. The solution was cooled to 23 °C and extracted
using IPAC (3 x 20 mL). The combined organic phases were washed with brine, dried
(Na;S0O4) and concentrated under reduced pressure. Chromatographic purification (15
g silica gel, 10-40% EtOAc/Hexanes) of the residual material yielded 1.41 g (59%) of
the title compound. 'H NMR (400 MHz, CDClz) & 2.25 (septaplet, 1H, J =4 Hz),
2.22 (s, 1H), 1.43 (s, 3H), 1.09 (d, 3H, J =4 Hz), 0.98 (d, 3H, J = 4 Hz); *CNMR
(100 MHz, CDCl3) 6 181.5, 53.9, 36.4, 20.2, 18.2, 17.3; IR (neat): 2968, 2877, 1693,
1404, 1276, 1110, 925 cm'l; Exact Mass (CgHy120,5 + Na): calculated = 171.0450,
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 55-2-(bicycle[2.2.1]heptan-2-ylamino)-5-
isopropyl-5-methylthiazol-4(5H)-one (7)
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1. A process for the preparation of a conmpound of formula 2, or a
taut omer, stereoisoner, or pharmaceutically acceptable salt thereof:

conpri sing (‘ﬁﬁ'ﬁ};’dlﬂ%ﬁa conpound of formula 1. wth a cq;@:}ﬁys EhofL1020
; i S |r9|g gt S,

formul a Ra wherein X is selected fromthe group cons
0O, and NR, Yis R C(O)NH, or SR'; Ris selected fromthe group
consi sting of hydrogen, (C1-C8)alkyl, (C2-C8)alkenyl, (02-

[0084] (S)-2-Mercapto-2,3-dimethylbutanoic acid (1.5 g, 0.01 mol) was dissolved in
toluene (15 mL) under an atmosphere of nitrogen. Activated 3A sieves (1.5 g) and
MeSCN (1.1 mL, 0.015 mol) were added and the resultant mixturc was warmed to
110 °C. The mixture was stirred for 2h and cooled to 23 °C. The mixture was treated
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;S0Q4) 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(5H)-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, CDCls, 90.15/9.85 mixture of diastereomers, signals for the
major diastereomer) & 3.33-3.40 (m, 1H), 2.36-2.45 (m, 2H), 2.21 (scptaplct, 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, J=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 (Ci4HzNzQS + T1): 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-ecxo norbornylthiourca and
intramolecular cyclization of the adduct under basic conditions afforded 558-2-
(bicycle]2.2.1]heptan-2-ylamino)-5-isopropyl-5-methylthiazol-4(5H)-one as the

product.
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C8) al kynyl, (G -C4)al koxy, (G -C4)al koxy(Cl-C4)al kyl,
(G -C8)fluor oaI kyl, (C C8) hydroxyal kyl, (C3-C8)cycl oal kyl,

(C4-C8) b| (C3-C8) het erocycl oal kyl , heteroar

(C3-C8) cyc azl @hﬁﬁ&i C8) al kyl, (C3-C8)heterocycl oal kyl %EI@)E%PIQ??N
het eroaryl (G -C6)al kyl and aryl (Cl-C8)al kyl; R' is selected fromthe
group consisting of (Cl1-C8)al kyl, aryl, (C3-C8)cycloal kyl, and

aryl (Cl-C8)al kyl; RL and R2 are each independently selected fromthe
group consi sting of hydrogen, (Cl-C8)alkyl, (C2-C8)alkenyl,

(C2-C8) al kynyl ,[f?('@@l C4) al koxy(Cl-a4)al kyl, (Cl- C8)fluoroal kyl,

(G - C8) hydroxyal kyl, (C3-C8)cycl oal kyl, (CS- C8) am noal kyl , (C3-

C8) hal oal kyl , (S%@&) het er oal kyl , (C3- C8) het er ocycl oal kyl ,

het eroaryl, aryl, (Cr C8)cycl oal kyI (CI C8) al kyl ,

(C3-C8) het erocycl oal kyl (G - C8) al kyl zefer oaryl (O C8) al kyl and

aryl (G -C8) al kyl ; wher ei R 0ded re not sinultaneously hydrogen;
Ra is selected fromythe group consi ling of hydroger;4 e )aI Kyl ,
(C2-C8) al kenyl , ( al kynyl , (Cl- C4) al kowgo-. o1l ) 2 K

(G -A)al koxy(Cl-&A4) al kyl , (C]m,OB),,II uor oal kyl ; ([C1- C8) hydr oxyal kyl,

(C3-C8) cycl oal kyl , (aCA- C8) bi cycteal kyl, (C3- C8):)het erocycl oal kyt®,
Br O OH HO Q Br

3
AIEE3 (0.5 mal%), THF

1) SQCi2, DMF

/0

Jr;l\,g/

2) Base, Lb\ “y
S

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 (he 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,;) 8 1.86 (septaplet, 1H, J=4 Hz), 1.53 (s, 3H), 1.04 (d, 3H, /=4 Hz), 1.02 (d,
3H, J=4 Hz), 0.25 (s, 9H); “C NMR (100 MHz, CDCl3) 8 121.5, 73.4, 39.1, 26.0,
17.1, 16.9, 1.15; IR (ncat): 2969, 1375, 1254, 1160, 992, 841, 755 cm"; Exact Mass
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het eroaryl, aryl, (C3-C8)cycloal kyl (G -C6)al kyl,
(C3-C8) het erocycl oal kyl (C1- C8)al kyl, heteroaryl (Cl1-C8)al kyl and

aryl (Cl- %%{d@fﬁﬁd Rb is selected fromthe group co%ﬁ{sb&%ﬁt)”

(C1- C8) al kyl )al kenyl, (C2- C8)al kynyl, (C-C4)a

(G -CA)al koxy(Cl-C4)al kyl, (G -C8)fluoroal kyl, (C C8)hydr oxyal kyl ,
(C3-C8) cycl oal kyl, (C4-C8)bicycl oal kyl, (C3-C8)heterocycl oal kyl,
heteroaryl, aryl, (C3-C8)cycloal kyl (G -C8)al kyl,

(C3-C8) het erocycl oal kyl (C1- C8)al kyl, heteroaryl (Cl-C6)al kyl and
aryl (Cl- C8) al kst iNOse Now: G@leslsted)F 208. Hi2Ba measifredt 28r1 12D hplbsi3iig ande

formati on of t o g r|5|ngreact|nga
conpound of thﬁ%ﬁﬁﬁ@@ I—é(ﬁ—l?ﬁﬁ%% &, %n} a’ conpound of fornula

Y-CN; wherein X and Y are as defined in cI aim 1.
[0089] Example 6: Preparation of (S)-2-hydroxy-2,3-dimethylbutanoic acid (c)

[0090] Aqueous concentrated HCI (50 mL) was warmed to 85 °C under an
atmosphere of nitrogen. (8)-2,3-Dimethyl-2-(irimethylsilyloxy)butanenitrile (5.0 g,
0.027 mal) 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;S0.) 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 MLz,
CDCly) 6 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); *CNMR (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'l; Exact Mass {CsH ;03 + Na): calculated = 155.0678, measured = 155.0679. [u]p
at 23 °C and 17.0 g/L 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-o-methylbenzylamine is appended.

[0691] Example 7: Preparation of 5S-2-(bicyclef2.2.1]heptan-2-ylaming)-5-
isopropyl-5-methylthiazol-4(5H)-one (d)

[0092] (S5)-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. (§)-exo-Norbornylthiourea (0.27 g, 0.0016 mol, 99.2% ee) was added
as a solid to the solution. /PrEtN (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 NaHCO, (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;S0,) and concentrated under reduced pressure.
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3. The process of claim?2, wherein the conpound of formula 3 is
(S)-2-nmercapto- 2, 3-dinmethyl butanoic acid and the conpound of formula

Y-CN is naag%%g@ﬁ%¥gnate. 4. The process of claim1, Wgshﬁhﬁwgﬁa ggs

R2 are indepe y selected from (Cl- C8)al kyl. 27
of claim1, wherein the conpound of forrmula "I is (S)-5-isopropyl-5-
met hyl - 2- (nmet hyl t hi o) t hi azol e-4(5H)-one. 6. The process of claiml,
wherein Ra is H
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, CD(Cls,
90.8/9.2 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 (i, 1H), 1.60-1.83
(m, TH), 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, 90.8/9.2 mixture of
diastereomers, signals for the major diastereomer) 8 191.1, 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»nN>OS + H): calculated =
267.1526, measured =267.1525. Chiral LC: 90.8/9.2 dr.
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7. The process of claim®6, wherein RaRbNH i s (S)-exo-am nonorbor nane.
8. The process of claim1, conprising reacting
(S)-5-isopropyl-5-nmethyl-2- (nmethylthio)thiazol e-4(5H)-one with
(S) - exo-am nonor bornane. 9. The process of claim1, wherein the
conmpound of fornmula 2 is 10. A process for the preparation of a
conmpound of forrmula 4, or a tautoner, stereoisoner, solvate, or

phar nac&%hin(s:al |y acceptable salt thereof: 0 R4

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

sterecisomer, or pharmaceutically acceptable salt thereof:
RZ
N R’
\
) X 2
RPR2N

comprising reacting a compound of formula 1:

with a compound of formula RaRbNH; 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, (C1-Cg)alkyl, (C>-Cs)alkenyl, (C,-
Cg)alkynyl, (C4-Ca)alkoxy, (C1-Cqlalkoxy(C4-Ca)alkyl, (C4-Cs)fluorcalkyl, (Cs-
Cs)hydroxyalkyl, (Cs-Cg)cycloalkyl, (C4-Cg)bicycloalkyl, (C3-Cs)heterocycloalkyl,
heteroaryl, aryl, (Cs-Cg)cycloalkyl(C+-Cg)alkyl, (C3s-Cg)heterocycloalkyl(C-
Cslalkyl, heteroaryl(C+-Cs)alkyl and aryl{C1-Cg)alkyi;

R is selected from the group consisting of (C4-Cs)alkyl, aryl, (Cs-Cg)cycloalkyl, and
aryl(C1-Cs)alky!;

R! and R?are each independently selected from the group consisting of hydrogen,
(C4-Cg)alkyl, {Cx-Csglalkenyl, (Ca-Cslalkynyl, (C4-Ca)alkoxy(Ci-Cqlalkyl, (Cq-
Cg)fluoroalkyl, (C1-Cg)hydroxyalkyl, (C3-Cg)cycloalkyl, (Cs-Cg)aminoalkyl, (Cs-
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R3 4 IR'Rm N conprising reacting a conpound of formnula 5: with a
conpound of fornmula 6

Cg)haloalkyt, (C3-Csg)heteroalkyl, (C3-Cs) heterocycloalkyl, heteroaryl, aryl, (Cs-
Cg)cycloalkyl(C+-Cg)alkyl, {Ca-Cs)heterocycloalkyl(C1-Ce)alkyl, heteroaryl(C+-
Cs)alkyl and aryl(C4-Cs)alkyl; wherein R' and R? are not simultaneously
hydrogen;

R%is selected from the group consisting of hydrogen, (C4-Cg)alkyl, (C2-Cg)alkenyl,
(Co-Cg)alkynyl, (C1-Cy)alkoxy, (C1-Cs)alkoxy(C4-Cy)alkyl, (C41-Cg)fluoroalkyl, (Cq-
Cs)hydroxyalkyl, (Cs-Cs)cycloalkyl, (C4-Cs)bicycloalkyl, (C3~-Cs)heterocycloalkyl,
heteroaryl, aryl, (Cs-Cs)cycloalkyl(C4-Cglalkyl, (Cs-Cs)heterocycloalkyl(Cq-
Ce)alkyl, heteroaryl(C1-Cg)alkyt and aryl{C+-Cg)alkyl; and

R is selected from the group consisting of (C4-Cg)alkyl, (Co-Cg)alkenyl, (C»-
Cg)alkynyl, (C1-Cs)alkoxy, (C¢-Ca)aikoxy(C1-Cqa)alkyl, (C1-Cg)fluoroalkyl, {Cq-
Cs)hydroxyalkyl, (Cs-Csg)cycloalkyl, (C4-Csg)bicycloalkyl, (C3-Cs)heterocycloalkyi,
heteroaryl, aryl, (C3-Cs)cycloalkyl(C+-Cg)alkyl, {Cs-Cg)heterocycloalkyl(C-
Ce)alkyl, heteroaryl(C4-Cg)alkyl and aryl(C4-Cg)alkyi.

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

formula 1, comprising reacting a compound of the formula 3

o)
HXJ\OH 3
R "R?

with a compound of formula Y-CN; wherein
Xand 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 (Cs-
Cg)alkyl.
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H2NN Rnl1Rn 6; wherein Ais selected fromthe group consisting of S,

0, and NR5; Z is selected fromthe group consisting of a hal ogen, OR6
and SR6; R3 and R4 are each independently selected fromthe group
consi sting of hydrogen, (Cl-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl,
(Cl-C4)al koxy(Ci -C4)al kyl, (G C8)fluoroal kyl, (C1-C8)hydroxyal kyl,
(C3-C8) cycl oal kyl, (C3-C8)am noal kyI (C3- C8) hal oal kyl,

(3 Coret el Kt asd (PR DR SOl b PRSP EE  Has P oS
het er oahgihly ﬁi%ﬁialﬁhlo)m@oﬂié! w—%r@) aI kyl; wherein R3 and R4 are not
rogen;

si mul t aneously hy R5 i 5 selected fromthe group consisting of
hydr ogen, (Cl-C8)al kyl C{%)lal ken I (C2-C8)al kynyl ,

(C1- c4)&l kox eR@ﬁG@%ﬁ* §,( ergin R Iy, (G- C8) fiuoroal kyl, (COr
C8) hydr oxyal kyl , (C3-C8)cycl oal kyl, (C3-C8)heterocycl oal kyl,

het er oar yl , 'Iafe)’ﬂ)rocé@of G8hreE ok Rkl RSN PR @) l@f!<b+am|nc:norbomane
(C3-C8) heterocycl oal kyl (C1- C58 al kyl , heteroary (C1- C8)al kyl and
aryl (C1- CG)aIk |; R6 is sel ected from the group consi sting of

(C1- C8)%l kyl T %ﬁ?% AR IFhErGAMPIIING BFTERY I5)-eisaprenyiStaatiyl-2-

CF3phe H.@Td,ﬂ Ir is selected
fromt Hﬁe&?@%&tﬁéﬁiﬁ%ﬁ é@ﬂé’r# wﬂg?oﬁg%\@g (%?&?I‘En? (C2-C8) al kenyl
(C2-CB) al kyr%y (C1-C4)al koxy, (G -C4) aI koxy( Cl- C4) al kyl ,

(G - C8)%l uor MINQDBSS( clag) hydh@ﬁyaﬂhﬁwomqmdm)‘wwl@allkyI

(C4-C8) bi cycl oal kyl, (C3-C8)heterocycl oal kyl, heteroaryl , aryl,
(C3-C8) cycl oal kyl (C1-Co6) al kyl, (C3-C8)he erocycl oal kyl (O

C8) al kyl, heteroaryl (G -C8)al kyl and aryij( C1- C6) al kyl ; and

N\ "r,(
)
NH

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

stereoisomer, solvate, or pharmaceutically acceptable salt thereof:

R3
R"R™N

comprising reacting a compound of formula 5:

O
HOQLZS
R® "R*

with a compound of formula 6
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Rn is selected fromthe group consisting of (G -C8)alkyl,

(C2-C8) al kenyl, (C2- C8)al kynyl, (C1l-C4)al koxy,

(G -C4)al koxy(Cl-c4)al kyl, (G -C8)fluoroal kyl, (Cr 29

C8) hydr oxyal kyl , (C3-C8)cycl oal kyl, (C4-08)bicycl oal kyl,

(C3-C8) het erocycl oal kyl, heteroaryl, aryl,

(C3-C8) cycl oal kyl (C1-C6) al kyl , (C3-C8) heterocycl oal kyl (C1C8) al kyl
het eroaryl (Cl-C8) al kyl and aryl (G -C6)al kyl. 11. The process of
claim 10, wherein Ais 0. 12. The ocess of claim11l, wherein R3
and R4 are independently selected fpom (01- C8)alkyl. 13. The
process of claim10, wherein RntlpBl H NRAR™TRe process of claim 10,
wherein the compound of fornula 5 is (S)-2-hydroxy2, 3-di met hyl

but anoi ¢ acid, and the conpound of fornula 6 is

(S) - exoWEIBEY nyl t hi ourea. 15. The process of claim8, wherein the
conpound of forrmula 4 is

A is selected from the group consisting of S, O, and NR?;
Z is selected from the group consisting of a halogen, OR® and SR5;

R® and R* are each independently selected from the group consisting of hydrogen,
(C4-Cglalkyl, {C2-Cg)alkenyl, (Co-Ca)alkynyl, {C1-Cy)alkoxy(C4-Cylalkyl, (Cq-
Csg)fluoroalkyl, {C4-Cg)hydroxyalkyl, (Cs-Cs)cycloalkyl, (Cs-Cg)aminoalkyl, (Ca-
Cs)haloalkyl, (Cs-Cg)heteroalkyl, (C3-Cs) heterocycloalkyl, heteroaryl, aryl, (Cs-
Csg)eycloalkyl(Cq-Ceg)alkyl, (C3-Cg)heterocycloalkyl{C4-Cg)alkyl, heteroaryl(Ci-
Ce)alkyl and aryl(C1-Cg)alkyl; wherein R® and R* are not simultaneously
hydrogen;

R® is selected from the group consisting of hydrogen, (C4-Cs)alkyl, (Co-Cglalkenyl,
(C2-Cglalkynyl, (C1-Cys)alkoxy, (C1-Cy)alkoxy(C+-Cylalkyl, (C1-Cg)fluoroalkyl, (Cy-
Ce)hydroxyalkyl, (Cs-Cs)cycloalkyl, (Cs-Cg)heterocycloalkyl, heteroaryl, aryl, (Cs-
Ce)oycloalkyl{C1-Ce)alkyl, (Cs-Cg)heterocycloalkyl(C1-Cg)alkyl, heteroaryl(C-
Ceg)alkyl and aryl{C+-Cg)alkyl;

R® is selected from the group consisting of (C4-Cg)alkyl, pentafluorophenyl,

nitrophenyl, di-nitrophenyl, CFsphenyl, p-toluenesulfonyl, and methanesulfonyl;

R™is selected from the group consisting of hydrogen, (C1-Cs)alky!, (Co-Cg)alkenyl,
(Co-Cg)alkynyl, (C4-Cy)alkoxy, {C1-Cyslalkoxy(C4-Ca)alkyl, (C1-Cg)fluoroalkyl, (Cs-
Cg)hydroxyalkyl, (Cs-Cg)cycloalkyl, (C4-Cs)bicycloalkyl, (C3-Cg)heterocycloalkyl,
heteroaryl, aryl, (Cs-Cg)cycloalkyl(C1-Ceg)alkyl, {C3-Cs)heterocycloalkyl(C4-
Cs)alkyl, heteroaryl{(C4-Cg)alkyl and aryl(C1-Cs)alkyl; and

R" is selected from the group consisting of (C4-Cg)aikyl, (Co-Cg)alkenyl, (Co-
Cglalkynyl, (C4-Cas)alkoxy, (C4-Cs)alkoxy(C1-Ca)alkyl, (C+-Cs)fluoroalkyl, (C4-
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Cs)hydroxyalkyl, (Cs-Cg)cycloalkyl, (C4-Cg)bicycloalkyl, (C3-Cg)heterocycloalkyl,
heteroaryl, aryl, (Cs-Cs)cycloalkyl{(C4-Cg)alkyl, (C3-Cg)heterocycloalkyl{C+-
Cs)alkyl, heteroaryl{C4-Cs)alkyl and aryl(C4-Cg)alkyl.

11.  The process of claim 10, wherein A is O.

12.  The process of claim 11, wherein R® and R* are independently selected from (C+-
Ca)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

@

NM(

v
S
NH
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