;e3ep& '\ #| #YB&Tp&M8 January 2005 PROCESS FOR PREPARI NG
AZACYCLOALKANOYLAM NOTHI AZOLES The present invention concerns new processes
for the preparation of 5-(2 5

oxazol yl al kyl t hi 0) - 2- azacycl oal kanoyl am not hi azol es and anal ogs, inhibitors
of cyclin dependent kinases. The

5- (2- oxazol yl al kyl t hi 0) - 2- azacycl oal kanoyl am not hi azol e conpounds of
formulal RSRNS—~ ,RA/~\'" 1 R SN,~J m RB R O RzI8-January 2805 YN~-Ra
nn 10 or a pharmaceutically acceptable salt thereof, wherein: Ris alkyl,
aryl or heteroaryl; R, RZ, R3, R and RS are each independently hydrogen,

al kyl, aryl or heteroaryl; R6 and R are each independently hydrogen,

al kyl, aryl, heteroaryl, hal ogen, h dro§y or al koxy; 15 R8 is £gdrogen

al kyl, aryl, hdtROGE} FQRW,N%QC GOSNV LAMBROTIRHIAZOBES R12 are
each i ndependently hydrogen, alkyl or aryl; mequals O to 5; and n equals O
to 5, are novel, potent inhibitors of cyclin dependent kinases (cdks). They
are useful in the 20 therapy of proliferative diseases, for exanple,

cancer, i nfl anmat i B, pragnbiinyeiiiee coni@ﬂ%}awwfyce%wordthsdﬁ%sat@ué]ﬁ%}
arthritis, viral disease;& fungal diseases, chenotherapy-induced al opeci a,
neur odegen&r apiazelyldikyiele?-aza Ikgroyhmiphipgoles sandj sgalggse imkitoraplicbligscul ar
di sease. More specifically, the conpounds of forrmula | are useful in the
treat ment of depgedentigeses cancers such as bl adder, breast, colon, kidney,
liver and lung cancers. 5 WO 9924416 and corresponding U. S. Patent No.

6, 040, 321 descri beThehé-([3fcgmfryéqlk%thio@-ﬁ-azacycloalkanoylammothxazole compounds of

5- (2- oxazol yl al kyl t hi 0) - 2-am not hi azol es, key internediates in the

synt hesi s of ®&afigladxazol yl al kyl t hi 0) - 2- azacycl oal kanoyl am not hi azol es of
formula I, by reacting 5-acetylthio-2-acetyl am nothiazole wth a base
followed by trapping the thiolate with a oxazol yl al kyl halide. Hydrolysis
of the resulting 5-(2-oxazolylalkylthio)-I,mo acet yl am not hi azol e conpounds
af forded the 5-(2-oxazol yl al kyl thi-ol,- 2-% nd(hyaz e key internediates. The
requi site 2-oxazolyl al kyl hal i des/l e eiarad b | R®reaction of

(i -hydroxy am nes with a-chloroébyloch$orides e®’ by oxidation of the
resul ting (ihydroxy-a-chloroam des and subseqfent §§2;|e ring formation
(K. S. Kimet al., WD 9924416, May 20, 1899) or (ii) reaction of a-diazo
ketones with a-c Ioronilrile%?%EW§1§§5 ﬁi et. al ., WD 9924416, My 20,

1999; T. FbHat ¥ aRhagpaceutigg]lyjace SalggEeC 8 pa™ 1979, 52, 3597). Although a
variety of 5-(2- zol yl al kyl t hi 0) - 2- am not hi azol es can be prepared by this
met hod, this éﬂ%§§§§°ﬂ§rﬁa?&gﬂenable to large scale synthesis due to the

comeral augl KA ALt SR SR BPRERRAET S " 220

separation

of Rparn%q{u%;[esehch independently hydrogen, alkyl, aryl, heteroaryl, halogen,
hydroxy or alkoxy;
15 R%is hydrogen, alkyl, aryl, heteroaryl, CONR"R'", COR!' or COOR'%;
R?, R' R' and R'? are each independently hydrogen, alky! or aryl;
m equals O to 5; and
nequals0to 5,
are novel, potent inhibitors of cyclin dependent kinases (cdks). They are useful in the

20  therapy of proliferative diseases, for cxample, cancer, inflammation, autoimmune



20 Reaction of a-halo ketones with azide to give a-azido ketones has been
previously reported in the literature (A Hassner et al., Angew Chem Int.
Ed. Engl. 1986, 25, 478; M G Nair el al., J Med. Chem 1980, 23, 899;
H-J. Ha et al., Synth. Conmun. 1994, 14, 2557). Reaction of a-sulfonyl oxy
ketones with azide to give a-azido ketones 2 18 January 2005 has al so
been previously reported (T. Patonay et al., J. Og. Chem 1994, 59, 2902;
G A Revelli et al., Synth. Common. 1993, 13, 1111). Redudanuary@00a-azi do
ket ones to a-am no ketones has been described in the literature (H -J. Ha
et al.. Synth. Common. 1994, 24, 2557; J. P. Sanchez et al., J 5
Het erocycl . Chreswres 30885 aRbirjtisdGigal dSeasts, fuBgn) éiseases, eiemothrap@ingluca@iadopecid, 985,
SO, 3408). Reaction of a-am no ketones with a-halo acyl halides to give the
cor r espondi ngnamddgsemniiie disortidre sudheen Athbgoer b ddedsGand . catdwbhidr discad.. , J
Chem Soc. 1948, 1855; G T. Newbold et al.. J. Chem Soc. 1950, 909).
Reacti on of aMowd spidifiaatpnhenngmhibds ofifdrinuialllaye ushial indiestréatmait wa sarlefyi dfes has
been 10 previously reported (H Chen et al., Synth. Comon. 1990, 20,
3313). React i cincof suah ksyHldddig bsasn colon Beidnegive2andiengebiniesszol e t 0 gi ve
5-al kyl t hi 0- 2- am not hi azol es has been reported (J. B. Dickey et al., J.
Org. Chem5 1959, MO 1¥AR6 Ehd scarmespending riJ.80Peenin Nonend48{3R2i cdwseribepthecesses
for the preparation of 5-(2 IS oxazolyl al kyl t hi o) -2-am not hi azol es. The
processes i nvpkpeeatiorwoss t5-@texgiadalkgrhid)Ieanpneitarohtss] dey ofnt@mediatzsoliy| akky|
hal i des and 5-(2-oxazol yl al kyl t hi 0) - 2-am not hi azol es whi ch include the
met hod of makiynthesieod &Eyoiandelalkeihio) 2 agcatoalkasyyarannin aiolsn of dbrirlaal) dy
2-oxazol yl al kyl sulfide derivatives. This invention further relates to
processes f orrefduieg praeqpdthid-L-acetdiminothiazole with a base followed by trapping the thiolate
5- (2-oxazol yl al kyl t hi 0) - 2- azacycl oal kanoyl am not hi azol es and 20 anal ogs,
inhibitors ofwmyelz oxageyielkgleldlidii ridgledysisTofethprresiiing 3-(vexatdlyalkyldligizes to
new, nore efficient processes for the preparation of
5- ( 2- oxaztl y| skglahidotiddzel2- eompoohdsi affolels thei §42-axapblylakiyltiin)-2-aminhihiagylat hesi s
of 5-(2 3 18 January 2005
oxazol yl al kyl kehimymidiazachiel reqlisiaoxhzbildiol halides were pepdred balip gactionmfi bi t or s
of cyclin dependent kinases. The process generally involves reaction of
a- hal o ket onefhydroxyi ainfined fviehzd-diilofoicyl) EMéridas futloded kebgidfidn lof the rEaRg Bt on of
[1l with a reducing reagent gives a

hydroxy-o-chloroamides and subsequent oxazole ring formation (K. S. Kim ef al., WO

9924416, May 20, 1999) or (ii) reaction of o-diazo ketones with a-chicronitriles (K.S.

15 Kim et al.,, WO 9924416, May 20, 1999; T. Ibata | et al., Bull Chem. Soc. Japan 1979,
52, 3597). Although a variety of 5-(2-oxazolylalkylthio)-2-aminothiazoles can be
prepared by this method, this process is not amenable to large scale synthesis due to the
commercial availability of the starting 5-acetylthio-2-acetylaminothiazole, the use of
haéardous o-diazo ketones and expensive chromatographic separation of products.

20 Reaction of o-halo ketones with azide to give a-azido ketones has been
previously reported in the literature (A. Hassner et al.,, Angew Chem. Int. Ed. Engl. 1986,
23,478; M. G. Nair et al., J Med. Chem. 1980, 23, §899; H.-]. Ha et é!., Synth. Cammun,

1994, 24, 2557). Reaction of a-sulfonyloxy ketones with azide to give a-azido ketones



am no ketones IV. Froma practical standpoint, safety concerns make this
reaction 5 through the azide economcally unfeasible. Alternatively and
nore advant ageously, the a-am no ketones |1V are prepared by reaction of

a-halo ketones Il with a cyclic al kyl enetetram ne such as
hexanet hyl enetetram ne and the |Iike, followed by hydrolysis of the
resulting, new quaternary ammoniumsalt |1l This reaction provides

excel l ent yields of the desired 10 internedi ate conpound!®Vanu@oi2080o, yet
in a safer manner. Thereafter, reacting the a-am no ketones IV with an
a-hal o acyl halide Vin the presence of a base or, alternatively, coupling
the a-anino kbBasgiredesnprgyieuslygepostoh &l Satqpaycp! “’prJoQCRtQé“’fﬂ@‘!}é?ﬂé’géb‘ﬁd?-ng

am des VI. Then, ring closure of VI with a dehydrating reagent affords

2- oxazol yl al kipvellattiadeSyny Comnpre k9%, $oAvEnt i onal dehydrating reagent 15
such as trihal ophosphorus oxide |ike POCO 3 is used, product isolation is
difficult due to tResluétipnmitd-azridoketpresge wapinatketones hapdbese tiessribed dnthe
phosphoric acids. Thus, the process of the present invention preferably
utilizes the BerayeedH.-f.digent!. Wivneh Cpnpaduct94erta15bEnt ByiSehahez ghdlpérmits
easy, safe product isolation fromwater. Subsequent treatnent of

2- oxazol yl &l kifkrehm)dld€enV/I19880i26 OB Kir Bopmteaiahi H@r20Ckepa 88, 50| B408pr VI I |
af fords new key internedi ate conmpounds, 2-oxazolylal kyl sulfides |IX

Coupl i ng of | Keastibhobea-Amino-k2toassi widt d-hala abyd hXlidps wegive the corresponding amides
5-(2-oxazol yl al kyl thio)-2 am not hi azol es XI. Coupling of XI with an

azacycl oal kanpdsCfuhértbed® ideseabddv(@. Xl INeafoblar ésalt b gaok. ySocamddde 3896k Id. , T.whi ch
may be deprotected (in the case where Pis a protecting 4 18 January 2005
group, e.g., Be®dold e @Y Chem. Soc. 1950, 909).

5- (2- oxazol yl al kyl t hi 0) - 2-azacycl oal kanoyl am not hi azoles |, where R is
hydr ogen, i nhi bit ®d&ac@h Hallytthioglepiendand with AaRgERaliddshe giosidfidie ey baesd
reactions are illustrated in the bel ow Schene 1. Schene 1 MN _o NR 3 O

10 previously reported (H. Chen et al,, Synth. Commun. 1990, 20, 3313). Reaction of
alkylthiols with 5-bromo-2-aminothiazole to give 5-aliylthio-2-aminothiazoles has been

reported (J. B. Dickey et al., J. Org. Chem. 1959, 24, 187).

This invention concerns new efficient processes for the preparation of 5-(2-

15  oxazolylalkylthio)-2-aminothiazoles. The processes involve new strategies for the
preparation of 2-oxazolylalkyl halides and 5-(2-oxazolylalkylthio)-2-aminothiazoles
which include the method of making new key intermediate quaternary ammonium salts

and 2-oxazolylalkyl sulfide derivatives. This invention further relates to processes for

the preparation of 5-(2-oxazolylalkylthio)-2-azacycloalkanoylaminothiazoles and

20  analogs, inhibitors of cyclin dependent kinases.

The present invention relates to new, more efficient processes for the preparation

of 5-(2-oxazolylalkylthio)-2-aminothiazoles with application to the synthesis of 5-(2-



L1I1lIl RRE - ~~N~ NIl LNW/NONONL_ _RLN/ R Il" OLP X~VI" S 3
R~ NHZ rRt NSMt Y~Zt YOR- Ry RNLWVIIIl RNSN~\b~\~3ZRR O
L~RORZRor SRORZRWV VII W ZIXVIII" R N\>NHR L S XRS5 R
/I"INN~SJ SSNHR RORz RXI O~ RB\/ ~(\"~~"~mM~ R7 X Nn P XIl 5 xm
5 18 January 2005 In formulas I-XII1 of Schene 1, the followng terns

apply: Ris alkyl, aryl or heteroaryl;

10

15

20

18 January 2005

oxazolylalkylthio)-2-azacycloalkanoylaminothiazoles and analogs, inhibitors of cyclin
dependent kinases. The process generally involves reaction of a-halo ketones II with an
azide to give a-azido ketones [II. Reduction of III with a reducing reagent gives o-
amino ketones 1V. From a practical standpoint, safety concermns make this reaction
through the azide economically unfeasible.

Alternatively and more advantageously, the ci-amino ketones IV are prepared by
reaction of wo-halo ketones II with a cyclic alkylenetetramine such as
hexamethylenetetramine and the like, followed by hydrolysis of the resulting, new
quaternary ammonium salt III'. This reaction provides excellent yields of the desired
intermediate compound IV, above 90%, yet in a safer manner.

Thereafter, reacting the a-amino ketones IV with an a-halo acyl halide V in the
presence of a base or, alternatively, coupling the a-amino ketones IV with an a-halo
acid, produces the corresponding amides VI. Then, ring closure of VI with a dehydrating
reagent affords 2-oxazolylalkyl halides VII. When a conventional dehydrating reagent
such as trihalophosphorus oxide like POCl; is used, product isolation is difficult due to
the formation of large amounts of hydrochloric and phosphoric acids. Thus, the process
of the present invention preferably utilizes the Burgess’ reagent which produces excellent
yields and permits easy, safe product isolation from water.

Subsequent treatment of 2-oxazolylalkyl halides VII with sulfur-containing
reagent VIII or VIII' affords new key intermediate compounds, 2-oxazolylalkyl sulfides
IX. Coupling of IX with 5-halo-2-aminothiazole X gives 5-(2-oxazolylalkylthio)-2-
aminothiazoles XI. Coupling of XI with an azacycloalkanoic acid derivative XII affords

thiazolyl amides XIiI, which may be deprotected (in the case where P is a protecting



R-, Rz, R, R and RS are each independently hydrogen, alkyl, aryl or
heteroaryl; R6 and R are each independently hydrogen, alkyl, aryl,

het eroaryl, hal ogen, 5 hydroxy or al koxy; R' is hydrogen, alkyl, aryl,

het eroaryl, CONROR~, COR~~ or COOR~2; R9, R~, R~~ and R~Z are each

i ndependently hydrogen) al kyl or aryl; L is halogen or sulfonate (RSOzO-,
CF3S0z0-) etc.); Mis hydrogen) Li, Na, K, Cs or quatern éy anmonj (RgN) ;
10 X i s hydroxy, hal ogen or acyl oxy (RCOO, ROCOO ) etc.? anparny 6@ NH
N-al kyl, N-aryl or Nacyl; Z is hydrogen, alkyl, aryl) Oalkyl, OGaryl,

oroup (Boc, - PR B Y BB 2 clesk B DL BB BRSS! 1O

Li sted bel ow aier 40T Yl 0 Sl bR b SHATR: KiRRA, 0 descri be t he

conpounds involved in-t processes © present invention. These
definitions apply i ed throu { he

speci fication (unIgﬁg%gﬁg%gﬁﬁ%%ﬁﬁvggﬁ%F@% gﬁadﬁﬁggﬁﬁgb Réﬁﬁher 20
individually or as part of a larger group. It should be noted that any
heteroatom wi th unsati sfied val ences is assuned to have the hydrogen atom
to satisfy the val eppgss4 The term"alkyl" or "alk" (i.e., derivative forns
of alkyl) refers to optional Ly, substiduted strai ght chain, branched or

cyclic nonoval ent al kane (safurated drecarbon) 6 18 January 2005
ons. Wen sustitbt ed)

derived radicals confainindg froml Ro 2 carbon
al kyl groups may be |substitiuted with up to four substitgent groupg'gat "any
%%ﬁa uasﬁﬁnﬂﬁude,_huLware

n-butylls t-butyl)

avai |l abl e point ofr & nt Ng%anple of al kyl
not limted to, nethyk! et yW) propyl, isqpropyl, 1

i sobutyl, pentyl, hegyl, iqol , hépty[7 qctyl, nonyl,'% decyl, undecyl)
dodecyl and the |ike. The rkjﬂ;ﬁﬂﬁgjunﬁl substitNted with one or
nmore hal ogens or al kyl groups such as, dt exanpl e, trifluoronethyl,

4, 4- di net hyl pent yl , 2,2,4-trinethy|penP%I, etc. The term"aryl" or
derivative fornms thereof refers to mono®yclic or bic¥clic aromatic rings,
e.g., phenyl, substituted phenyl and the |ike, as | as groups which are
10 fused, e.g., napthyl, phenanthrenyl and the |i ke gontaiqing from¥ to
30 carbon atons. Antryl @fetp can tilysncontain at ygast o NNQg ha%ing 6
atons, with up to fi N [ i ngs.bei b p+§égnt,43uuiu1ung P or 30
atons therein, dependipg !upon option P ah%%rnatLngﬁgeso t1®g) Rdoubl e
bonds between carbon Storft or suitable hej er oat ons. npl es of paryl groups
i nclude, but are not |thited to, phenyl , naphthyl , %ﬁntﬁyl, I S bi phenyl and
the like. The term"acyl"” refers to the radi cal RCO " aken al one or in

conmbi nation, for exanple, wth oxygen, nitrogen, sulfur, etc. The term
"hal ogen" or "halo" refers to chlorine, bromne, fluorine iodine, with

brom ne being the prﬁierred hal ogen. The tens "het er oafy! " . 5;3 to a
nonocyclic aromatic %pgrbpn group having 20 5 or 6.f1 s, or a
bi cyclic aromatic groyn aNlg 8 wo 10 atong ~rcont ai ni hg at/d éast one
heteroatom O S or N, i'n ®»hich a cgrhon/or gﬁkro en atonkis the point of
attachnment, and in which one or t di H;Rdnal wﬁgbon'ﬁfﬁﬁﬁ_r§“6btionalIy

repl aced by a het er oat om sel ected®romOor S, and in which from1 to 3
addi tional carbon atons are optionally 7 XI 18 January 2005 repl aced by
nitrogen heteroatons, said heteroaryl group being optionally substituted as
descri bed herein. Exenplary Reteroaryl groups include, bys are not limted
to, thienyl, furyl, pyrrclyl, ridinyl, imdazalyl, pyrrglidinyl,
pi peridinyl, thiaz&yly ox y’?/, Lriazolyl, pyazalyls 'éq"azlgl yl,
i sot hi azol yl, pyraziﬁ?ﬁr—§¥§i azynyl mandLné@i\ ga!rﬁxk z éﬂ}*,
Y
ol yl, benzofurazanylo, e .NJ%e

i ndol yl') isoindol ylg” o@i nd'i nyl , i i
benzoxazol yl , benzi m dazol yl, benzoxadth
het er oaryls groups can be optixanal |y bs?ituted by one ar nore gr ﬂp§ whi ch
i nclude, but are not Iimted to, hal ogen, alkyl, al koxy, hydroxy, carboxy,
car banoyl, al kyl oxycarbonyl, trifluoronethyl, cycloal kyl, vitro, cyano,

am no, alkylS(Om (where m=0) 1 or 2), thiol 10 and the |ike. Wen a
functional group is terned "protected,' ¢his neans that the group is in
nodi fied formto preclude undesired side reactions at the protected site.
Sui tabl e protecting groups for the compounds involved in the present
processes will be recognized fromthe specification taking into account the
| evel of skill in the art, and with reference

i nyl ,R"DERZORNI azol y




15 to standard textbooks such as T. W Geene et al., Protective Goups in
Organic Synthesis, Wley) NY. (1991). The term "pharmaceutically
acceptable salt” refers to those salts of the biologically active conmpounds
whi ch do not significantly or adversely affect the pharnaceuti cal
properties of the conpounds such as, for exanple, toxicity, efficacy, etc.
20 and include those salts which are conventionally enp |Oéed in t,géa
phar maceutical industry. Suitable exanples of salts incl i@ danpaty 205 not
limted to, those fornmed with inorganic or organic acids such as
hydrochl ori de, hydrobrom de, sulfate, phosphate, etc. Al so included,
particul arly for ItfermuldsdrXtaif ttemed mpo tolidwingfiertrhepplytventi on, are salts 8
18 January 2005 which are unsuitable for pharmaceutical utility but which
can be enpl oradaleyihaylerdeterchot; exanpl e, for isolation or purification of
free active conmpounds or their pharmaceutically acceptable salts. Al
st er eoi soner ®' @, RHR* anhpoundsh ofdegechdentin sydrogen, alkpdraryl onhaerearglont enpl at ed, 5
either in adm xture or in pure or substantially pure form The definition
of the conpomidad khgpt i thdepentidnaly hydrogeasaieyl afrylf ieteroanylclmogem enbr aces al |
possi bl e stereoi soners and their m xtures. The definition further enbraces
the racenmsc for mshyairskytopelkixgol at ed optical isomers having the specified
activity. The racem c forns can be resol ved by phy5| cal nmet hods such as,
for exanpl e, R isagttiogankikgl ¥t abtbiozrgt, CONR’R EpEORY o0BOOB “or crystal | i zati on
of diastereoneric derivatives or separation by chiral colum
chr omat ogr aplgy, R'TIRE! dnadi'Vard eah imjppdndaitly hgdnpmsalkdmr bel;obt ai ned from t he
racenmat es by conventional nethods such as, for exanple, salt formation with
an opti cal | y Lashdlyen acsulfohat {(ROMO-,I0F; S Psteal)t i zation. |t shoul d be
understood that solvates (e.g., hydrates) of the conpounds of formula 15 |
and the i nt eMBRdiyddogenC DIYP@UKAS drgeatahapammbiiiun (RIY; scope of the present
i nvention. Methods of solvation are generally known in the art. Therefore,
t he conpaondx jgagfredly, hdlogeh@r oyixe SBEBOHROIGS, &rnkenti on may be in the free
or hydrate form As set forth in Scheme 1, the processes for the
preparation afis®; § V1@ ezl Nadrdyor tNedcgl) - 2=azacycl oal kanoyl am not hi azol es and
anal ogs involve the following 20 transformations: (a) reacting an
a- substi t ut e@ ikrjdedpen,|alkys Wy, Gralkyl OrardXSralpyleS-agh NHA B latkykN-amber Noi t h an
azide in a suitable solvent or solvent mxtures to give an a-azi do ketone
I11; or, noracyesirably, (a') reacting an a-substituted ketone Il Iike the
a-hal o ketone with a 9

P is a nitrogen-protecting group (Boc, Cbz, R38i, etc.);

15 mequals Oto5; and
nequals Oto 5.

Listed below are definitions of various terms used to describe the compounds
involved in the processes of the present invention. These definitions apply to the terms as
they are used throughout the specification (unless specifically indicated otherwise} either

20  individually or as part of a larger group. It should be noted that any heteroatom with
unsatisfied valences is assumed to have the hydrogen atom to satisfy the valences.

The term *alkyl” or “alk” (i.e, derivative forms of alkyl) refers to optionally

substituted straight chain, branched or cyclic monovalent alkane (saturated hydrocarbon)



18 January 2005 cyclic al kyl enetetram ne such as, for exanple,

hexanmet hyl enetetram ne in a suitable solvent or solvent mxtures to give a
new quaternary ammoniumsalt I11. The a-hal o ketone includes a-halo

al i phatic and a-halo aromatic ketones. The preferred a-hal o ketones are

a- hal o pi nacol ones with a-brono pinacol one nost 5 preferred. A sulfonate,
for exanple, RSOzO (where Ris alkyl, aryl or heteroaryl), CF3SOzO-_ and
the |ike, may be substituted for the halogen in the a-pod t4epHanyTie0%zi des
i nclude both nmetal azides and quaternary anmoni um azi des. The netal azides

are preferred with sodi um azi de nost preferred. i tabl | vent s) i ncl ude
sol vents suchdeayehipdicals SPHynas %Qf“hbfos& rhogeloms ﬂi’e&ig%ﬁ?“zefa’ Y gidups

di et hyl f or mam de, ketones, etc., or mxtures 10 thereof wibgh ket ones such
as acetone prBfedEcbiiied it pR A fPYndptlyent &S af anyp3vajiable pORY o e
a-azido ketone II1l obtained in step (a) wi.th a reducing.reagent, i

sui t abl e sol vaRehent rapglss ofialky i peups Gcbp%g“hﬁreaqoéﬁi‘?f%dlfg’t %ﬁtg’ylr ﬁ{hygr, nor e
desirably, (b') reacting the quaternary a njum sal t | ' obtained in step
(a') with an Bepy: lﬁwrtwg&r':tua'bﬂém%l'%\ﬁ '@%J%@@WL EF%%I’ ?Ccfﬁg?‘{%”an
a-am no ketone IV. 15 The reduci ng reagent. in reaction (h) includes
hydrogen ih t#&yprisdserhdodesy! ?i‘dtt'f'ealﬂ@i ffggﬁ‘k#éﬁ%Pe E'ﬁ‘(oa‘f!@ssi‘gsé%]’é‘?‘fp‘é%h P41F adi um
trialkyl or triaryl phosphines |ike triphenyl phqsphi ne rogen, in the

" presence of amP'iedﬂ%’EﬁlﬁQhalhﬂtgéﬂ“l’%%ﬁ%é‘@ qxg%/q;géﬁilfogwtwggﬂv%ﬁy&gﬁw nd

pal | adi um over activated carbon nost preferred. Suitable solvents) in
reaction (b) #A4tGHEhYBINMAS such as hydrocarbons, ethers, al cohols and
the like) or 20 mi xtures thereof, wth al cghol such as net anolb. rﬁferred.
Al ternatively, thdhedemeiadn o SEYauyn RN BRelaFlrely BAPOYHIS e ‘g¥° Sence of

an acidic nedium such as, for exanple, hydrochloric acjd in ethanol to give
a-am no ket on¥omeYcrings| a8 vithe otk Sé%‘n‘nﬁ'b“éi Rhﬁéi ap @egge’taﬁ(‘é”e & ﬁmgﬁl‘?h‘ U ree

amne forns. 10 18 January 2Q05 The aci.d in reaction (b)) includes, but
is not it etesedpegppathd. Rbepaptiranypnd the L«gﬂ contgiping frpm %%s@t?a’?‘ﬂ?ﬁg%?s- etc.,
with HCl preferred. Suitable sol vents% in reactio ol vents

i ng') jncl%ldgs
such as hydr obBaEbEEuP Sah Bug contain ahisps 0aHFng ARYiNg & atoms; with YR i B PR eof |
wi t h al cohol such as ethanol preferred. The a-am no ket one product may be
ol at ed as SRS PREBEABL FHPHA) S HRise ARG P P  he

a-am no ketone 1V or its acjd |t obtained in ste b) or. (b') with an

a- subst i t ut eddlisEpHing EFsopatingl S"“\S??es ER’HS i{’gt}"eflb Farg%ﬁtﬁﬁgﬁ ,(Or QH’% lch%t%oaé%"fﬂ‘

halide, in the presence of a base ,and in a sui.tagble solvent or saol vent

m Xt ur es o gPVRE ArirHoEopss mejodt dun 2ty AR aphate: JoPHIBREYE. ol Kyl
or aryl substituted qr Lf_nsubstitut ed a halo acyl halide with the latter

pr ef erredl3 Th'é'P'i‘ﬁ%l(a“Bﬂ@f’é‘F'r ed a-halo acyl halide is achl oroacetyl chloride.

The base used in the reaction Jincluydes,. is not limted t arogati c and
al i phatic organi c BfitFBs 4Tt FeferRée #‘ﬁtrfcg?a?gﬁ%& ’e'tageé‘aa.k’“fh"é 1M§T&B?tlé:p ’efrgr’ré1 ed base
is triethylam ne. Suitable solvents).inclu rotic salvents.such as

hydr ocar bons)e’TS‘p}?al“’btéé’l’féﬁeéd“‘ﬁ%‘i“oé fpoHE qﬁfﬁ s,hag’gfnerosr gﬁ% trl{grslt‘?ke, or
m xtures thereof, w th hal ogenated hydrocarbons such .as .di ch| or omet hane
preferred. Al ?@?‘Hﬁmr%'l ,a{{“f’ﬁ‘é" o dogine; Bih &’3?1“"5 e'é'ﬁ?}‘e' e

FPICE Y08 g an

a-substituted acid_ instead of the a-substituted acyl [lvati v t hen
enpl oyi ng a coupl i 1§ §®a %‘ﬁ‘?a@téﬁerééo 5"\2}&?%151?536?“(‘1?'?5&}’9??%?“3’ r?u:%khgﬂgg

bodi i m de, _hal of ormat e, thianyl halide etc. ' eact i
Sl Tonat 6201 of 956 08 A& <SS o o P § G ChbHE ol Bk LPlda 2

het 1), CF~SQZO and the Ii be substituted f i
he. o posi 11 oM Oha bRyt ate it i sbHEF el bIRaBRDST L T

are illustrated.. 11 . 18 January. 2005 (d) reactin e ined in
Step (c) wi ¢ no e ph P Refy SrhdCial bl R s M S

m xtures to giye the cyclized 2-qgxazol yl.al kyl .derivatiyv , for
exanpl e, the Y"&?ﬂgﬁﬂ"ﬁsa‘ﬂr Ry Pn%lgl‘%dcgl. @Oﬁé\}g?\!ts é&%‘gﬁ’éﬁ‘ 3?%{)%%%0%{%%&% h&gﬂ]alﬂi
carried out using (nethoxycarbonyl sul famoyl) 5 triethyl anmoni um hydroxi de
(Burgess' reagent) as the dehydrating reagent. Suitable solvents) include
hydrocar bons, hal ogenated hydrocarbons, ethers and the Iike, or mxtures
thereof. Most preferred is the use of the Burgess' reagent in
tetrahydrofuran. Suitable dehydrating reagents al so include, but are not
limted to, other bases, acids, acid anhydrides and the |like, such as,
e.g., concentrated sul furic acid, polyphosphoric acid,



|0 etc. Although | ess conveniently, the dehydrating reagent, for instance,
can be tri hal ophosphons oxi de such as tribronophosphons oxi de or

trichl orophosphorus oxide, alone or with a solvent |ike toluene. (e)
reacting the 2-oxazolylal kyl derivative VII obtained in step (d) with a
sul fur containing reagent VIII or VIII' in a suitable solvent or sol vent
m xtures to give 2 | S oxazolylal kyl sulfide I X, a new keé i nternedi ate

conpound. The sul fur-containing reagent includes N subst ilButasgasy 2005
unsubstituted thioureas, thio acids or salts such as thioacetic acid or its
salt, xanthic acids or salts such as ethylxanthic acid potassiumsalt.
Unsubst i t ut edeplhded by enitrdgsn petefoetnmedsaidSeteralny eermipl begtaplionatly [subkgituted as

hydr ocar bons, hal ogenat ed hydrocarbons, ethers, esters, am des, alcohols
and t he 20 | ideesribed hereint UBxemplatychietodarylvgraups ddcbadhdiut swgotot dsitad tdy dmeaiyl,or

et hanol preferred. (f) reacting the 2-oxazolylal kyl sulfide |IX obtained in
step (e) w t husl5pfradiyd; Dyddihyiotimidazayle prblidityhe piperdieylc ehiedold, baselyhnd in a
sui tabl e solvent or solvent mxtures to give

5- (2- oxazol yltahdopllt pytareldt ambruabdlyl, asothéazalyl, fyazinyl8 pyadarinyy, 290bididab

5- hal 0- 2- am not hi azol e i ncludes 4, N-substituted or unsubstituted 5-hal o-2
am not hi azol asaxiidrefBngly oimdel2t, ansaaiohil,azqlilipylef &oquéthling, s betabiizolyhse

i ncludes, but is not limted to, nmetal hydroxide, netal al koxides, netal

car bonat es arw@nagueblsbaginiésoyl Henasadiaabyh bimzdfyedraayl, da:.  Shei hererdaysdr oxi de
is preferred. Suitable solvents) 5 include solvents such as hydrocarbons,
hal ogenat ed hyéupeear boggionsitynaibsituted be bss oranbrd @squpaivbzh Ghudanbhittakeendti ke, or
m xtures thereof, wi th hal ogenated hydrocarbons such as dichl oronet hane
preferred. (djmitedae] halggdnhalkyt, (Rkooyahedrytyal daytoky)i @ybathogiyi aliidxyeariaingl, Xl
obtained in step (f) with an azacycl oal kanoic acid derivative XIl in the
presence of arifieii@héthyd, syeRakpl nitio, eyaid) agino, alky18(GQl(wikamt mor 0sbbvBnthioli Xt ur es
to give thiazolyl amde Xl I1. The azacycl oal kanoi c acid derivative includes
N-protectmd dadiheaikéves, for exanple, N-protected isonipecotic acid or

N- protected nipecotic acid. The preferred nitrogen-protecting groups are
Boc, Cbz, siliconwdiehiaviahdtiees gang it lemed Kgotattedy” Biscmbees migat the group is in

modified form to preclude undesired side reactions at the protected site. Suitable
protecting groups for the compounds involved in the present processes will be recognized
from the specification taking into account the level of skill in the art, and with reference

15 to standard textbooks such as T. W. Greene et af., Protective Groups in Organic
Synthesis, Wiley, N.Y. (1991).

The term *pharmaceutically acceptable salt” refers to those salts of the
biologically active compounds which do not significantly or adversely affect the
pharmaceutical properties of the compounds such as, for example, toxicity, efficacy, etc.

20 and include those salts which are conventionally employed in the pharmaceutical
industry. Suitable examples of salts include, but are not limited to, those formed with
inorganic or organic acids such as hydrochloride, hydrobromide, sulfate, phosphate, ezc.

Also included, particularly for the intermediate compounds of the invention, are salts



the nost preferred. The coupling reagent includes, but is not limted to,
wat er - sol ubl e 15 carbodii m des, hal oformates and the like, with
carbodii m des such as al kyl carbodi i m des being preferred. Suitable

sol vents) include solvents such as hydrocarbons, hal ogenated hydrocarbons,
ethers, esters, amdes, etc., or mxtures thereof, wth hal ogenated

hydr ocar bons such as di chl oronmet hane preferred. (h) reacting the £§b§20|yl
am de Xl Il obtained in step (g) with a deprotecting 20 rd ggﬁw

sui tabl e solvent or solvent mxtures to give a desired

ﬁK((erOgéﬁ)zol ¥'L§L18ﬁ|8‘}°2’és%ﬁag’- za é’B‘Poal %‘?P'ﬂé s'ét “ag?t{{};a? o4 %ﬁmﬂ%‘ﬁl@e’rﬁ%ure of
Gopr ot ect | ng. Frdgtinior iseliian G Heaion of Bt 4 bodss “b ek PO or i

acid or trifl uor o et | c acid and suitable solvents) for such deprot ecting
reaction incl BIEPEYT Pt s such as hydrocar bons, hal ogenat ed hydrocar bons,
ethers, esters, amdes and the : res ereof, with hglo enat ed
hydr ocar bons such 2% S‘GTCBﬁP’B‘Frﬁ)HﬁfI}?eFI‘fE‘PB‘f"g’F 8??*@0‘““"“5"1*?1"8“‘5’(%?? CAYe ‘E@Wf} unds of
Schene 1 are commercially avail able or are t hods. known to
one of or df nafifes Ry |2Amixgirg (o8 1, pure pp Sf"fffat“ﬁ@g’ PYF ?5“%8‘7?8%@ n9f §' process
to make 5-(5-t- butyI 20xazo| yl met hyl t hi 0) - 2- azac cloal kano m not.hi azol es
and anal ogs t fREPROSRS P Oé“i?arﬁ)n;g é?%?ﬁe% ?/&2 the ﬂféa%‘t‘ﬁ“oﬁmgfﬁ% B ot e

i nacolone Ii (R = Bu-t, w t.h sodluml e an

g azi do pi nac%ﬂ(’fﬁ‘h‘é""l'eﬁ a’(jlﬂ‘w 'B’Eit“fes Iihe irﬁ"“"@éﬁﬁﬁf’[‘%ﬁ“&f eéacﬁf'i‘cd%mﬂﬁg”ﬂ col one
1l (R = Bu-t with a reduycin .gi ve aamn(% |nac%lonelv
(R = Bu-t " Rotbe e e iherer b 1 B ST b | e THEPS toie g

i nacol one 1V (R = epared by reaction.of. a-

BI nacol one || “%‘FQ" ’BLPWS'C%me‘hOQ S‘Eh"£ Ig?rl)oexﬁﬁ‘ﬂﬁ %ﬁ’é %(Wﬁ.f‘ﬁi}‘lr"lg?fé'?‘étsl”%f'ﬁ?twg

fol | oned ba/ hydr ol éSls of the resultln quaternar 15 anmon rps 1 (R
=Bt . cpstliaion of HAHEPTSHC o0 HEHES Y A RN

H) with an a- chI oroac%tyl chI orl de uces

amide VI (R =S Qtogr Fgldual thc{l lsoméfs)canl%e F%ralg?c{)fé?ﬂ) éheor]aéeg{% ¥h a

dehydr at t aff - t - but hl
By " R 9 Ceatong) methods ) 55 Ape i S OoR N 1 SRR A5 A g
reagent VIII or VI II ?h as th| ourea 20 affords 5-t-butyl-2-oxazol yl al kyl
sul fide 1 X (ROl chﬁ!«a =H Y=NH Z=NH). Coupling of IX
th 5-b 2- R

b (5 but vl 2 oxadbTHEE A °f$ﬁ°§3l§’aés°iﬁ|?ﬁé‘fﬁq§%‘5ﬂ%é)‘365‘“(?3‘“9"%{?5?”“&"“'3 _—
= R4 = RS = H | f X with N
o e ot o T gy Cfﬁ‘lm‘"f‘é S ?Eff?aw N sPe §P DR igiesR yqplign
hi azol yl de X

o e Dottty 4t shioaiop Si SshsP bt BebT e g E‘%ﬂr‘?f?‘g’e‘h? SRy

t

n

5- 5t butyl2 oxazol I | t hi o) - 2- clo nolamnothlazolel(R—
Bu-t, R~ = RZME O?Eﬁgx ’}’ )ée'nﬁﬁfmg—oia—]’yla % n = 2), or an anal og
thereof 5 The prese i.n entl n further include navel.. ke

i nt er medi at e corrpd°tf‘n(§§ 5‘? n%h%e ‘} e Hr&c?s%‘c’\/\imc%h%’e%argggnxforso@uced

fromthe new ize .
5( 2- oxazol yI a "I?§? %ﬁh ‘Q)Oza?zé lc?:’lag(grf“f ﬂ%i%oﬁ(s)taﬁq anslogs, invglve fhe fOlowing  The

m= 0,

"II_

fol |l ow ng r’r;) % agem)nstrate certain aspects of the present invention.
However , i e B der st ood that t hese exanples are for illustration
only and do not ort to efinitive as tg co s and
scope of this mvéﬁt e?ﬁ‘l‘ g asﬁ‘i‘B%ﬁ'&V\‘ﬁgﬂ%%p uc}'a%s 't a"fplﬁi\ﬁgr? " zgcﬁ)?étg

reaction conditions, enperature, reaction t| nes, % ha[Z[e been
gi ven, the coWtheq ‘B&tsﬁ’ta&l!foi?é"“&trfﬂ SpsPrE RIETHiES ?p%\em%am °ah TS 'taff> al so be
used, though generall i;ft | ess conveniently. The exanpl es are conducted at

r oom t enper at Upws desipbl (PBIcagtins 5 Susubsgetrd éiﬁtﬁ“"all e b privlo; keigseedth g o, AL1

parts and



15 percents referred to herein are on a weight basis and all tenperatures
are expressed in degrees centigrade unl ess otherw se specified. A further
under st andi ng of the invention nay be obtained fromthe non-limting
exanpl es which follow below. IS 18 January 2005 EXAMPLE 1 A. Preparation
of a- Azi do- pi nacol one 0 N3 a- Brono- pi nacol one (199.07 g, 1.111% nol) 1 eq)
was conbined in 1.785 L of $ acetone with sodium azi de (33.9 , | ~4444 nol ,
1.3 eq). The reaction was stirred at roomtenperature fo ﬂ?ﬂ%aﬂb%Q%ﬁ The
resulting slurry was filtered and washed with acetone (3 x 150 nL). The
filtrate was concentrated in vacuo to provide 154.3 g (98,4% of the title
conpound. HPL@Cks alglepatstraming7sugh 95t W5 crppRindirspasthylenetelramise rigric guitebla, $ pm
Cl18 colum 4.6 x $0 mm 10-90% aqueous net hanol over 4 m nutes contai ning
0. 2% 10 phospPRBEMET SRV mixtyrey lRighe 2 W R BePey ammepny salfll. EXAMPLE 2 A
Preparati on of a-Hexanet hyl enetetram no-pi nacol one Bromde \ ~ ~N - ~ N Bf
~LN~/ | $ a- Br onnTpt adadn e(inchiplgs g-halo phaticiand (p-halp gromwtie keterpsi The | of
acetone with hexanethyl enetetramne (1$4.21 g, 1.1 nmol, 1.1 eq) and the
reaction sti rpreferedndehald\Zemnesr emnmthaip pmataleres fwith 26btamor pinacbhomer meyl t i ng
slurry was filtered, the filter cake was washed with ether (3 x $0 nL) and
dried in vacyoefatedb@Csaltomntn) fpntextraplgr RSOAe (3BEedR (s hIRPYJanydfor tHeeerdantl), e
conmpound containing 7% her -tethylenetetramne. HPLC R T =0.17 20 min
(Phenonenex ITRSQ,Ch ahd theQik8, 0] bersabdinfedfob the MatpgéhOn A% -pogiaUTha®Adzanol
over 4 mnutes containing 0.2% phosphoric acid, 4 nL/mn, nonitoring at 220
nm . EXAVPLE iscific fiepastatadzdes afd quafimiddpapinfoanel afides HyThcosblaDazige fe NVZ

HCl 2% 16 18 January 2005 a- Azi do- pi nacol one (128.5 g, 0.911 nol) was
combi ned in 4referkedabithRuRARIde Wobtbreférreld. Nuible 6E1RGRBY ihalh®bolVehts ddl ad 5. 42 ¢
of 10% Pd/ C. The reaction m xture was stirred under hydrogen for 1.5 hours.

The cat al yst h%@c;r@dmyl r¥midkd, Fdr @kdnle, dmﬁflellﬂ{a@rme, wa&:ae@{/mé%,ihdrhﬁﬂu&p give a

wet solid. The residual water was azeotropically renove
10 thereof, with ketones such as acetone preferred for both reactions (a) and (a").

(b} reacting the c-azido ketone III obtained in step (a) with a-rcducing reagent in
a switable solvent or solvent mixtures to give an a-amino ketone 1V, or, more desirably,
(b") rreacting the quaternary ammonium salt III' obtained in step (a') with an acid in 2
suitable solvent or solvent mixtures to give an a-amino ketone IV.

15 The reducing reagent in reaction (b) includes hydrogen in the presence of a
transition metal catalyst such as palladium, trialkyl or triarylphosphines like
triphenylphosphine. Hydrogen in the presence of a transition metal catalyst is preferred
with hydrogen and palladium over activated carbon most preferred. Suitable solvent(s)
in reaction (b) include solvents such as hydrocarbons, ethers, alcohols and the like, or

20  mixtures thereof, with alcohol such as methanol preferred. Alternatively, the reduction
reaction can be carried out in the presence of an acidic medium such as, for example,
hydrochloric acid in ethanol to give o-amino ketone acid salt which can be isolated as the

acid salt or free amine forms.

10




5 isopropanol (2 x 500 mL). Tert-butyl nethyl ether (300 nL) was added and
the resulting slurry was stirred, filtered, washed with t-butyl nethyl
ether (3 x 100 m.) and dried to give 131.0 g (95.5% of the title conpound.
EXAMPLE 4 10 B Preparation of a-Am no-pinacol one Hydrochloride O ~NNy HCl
a- Hexanet hyl enet et r am no- pi nacol one brom de (400 g, 1.254 rml 1 eq) was
conbined in 2 L of ethanol with 12 N aqueous HCl (439 nL a m)é

eq). The reaction was stirred at 75C for 1 hour and then S MRBYRY qg)cool to
roomtenperature, the 15 resulting slurry filtered, the filtrate
concentrated in vagug.and i,soprapyl,,alcohol, yas, added. The,soluti ga, ves

filtered again. Lalfe esi

to
precipitate from he mat. ed vvlth her (2
X 300 mi.), 'ﬁg c!'ﬁi gﬁ%‘n%"%‘u&“’at‘““gd@o‘%}%ﬁ h%“‘ﬁ[’l%p%y/\‘%?fg“} gacupn ? 97% of
the title co EXAMP
or N 2- Gl o OBCU o GYE I PGPS SR Fechal a"{jhebkerﬁémﬁtwrf%ths%ﬁfpound of

Exampl e 4 (130.9 was dj ssol ved i n 25 of

G20 2 under o dectiobicl 3 PRy s TSTomnD WaoRePTe: may B BAR4S addeq)
f ol | owed b chl oroacetyl chloride (75.7 nmL, 0.450 nol, 1.1 eq) in 175 nL of
CHzCl z. ‘E%Eﬂ‘tquﬁfﬁeésﬁ ¥¥PS-was stirred at -5 to -10C for 2 hours. Water (
1.575 L) mas 17 18 January 2005 added, followed by 175 nL of concentrated
HCl. The organic &ﬁé@ét‘%@cﬂﬁﬁlﬁb‘éeﬁwnﬁwfﬁﬁw sltphtaineg fn siepofbhqueous
HCl, and then with 500 nL of water. The organi c phase was dried over Na2S04
and concent r sardl’} ivithvanc grsulsttuped gy laderiy@sre 26 sych 83 f@ogxamplet pre atliatg ecyl
conpound. HPLC R T =2.27 min (Phenonenex Inc., 51rmC 18 5 colum 4.6 x 50
mm 10- 90% adubduisn tretpheasgnot obabase aAnchinrausuiablessinteal arisplyed nE88ish dsghoai ¢ aci d,
4 mL/mn, nonitoring at 220 nn). EXAVPLE 6 D. Preparation of
5-(t-Butyl)-2miga¥ol yl methyl Chloride N1 10 The title conpound of Exanple
5 (180.13 g, 0.9398 nmol, 1 eq) was conbined with phosphorus oxychl ori de
(262 L) P 8109 nibhg aala@qa)cyiumtiwv N ludFhe-atkghortand sulstiBitddam wesibstitutdD&C for 1
hour, the m xture was cooled to roomtenperature, and quenched with 1.3 kg
of ice. The dgleyishabida swith wieslaget tptefertedd Thetrwseplafekred oetait &£y[ Ralide it ben 2 X
500 15 nL). The organic extracts were washed with saturated aqueous NaHCO,
(4 x 1 L) whichloroasaylbétdeidex Theabdse disskitethal redctitie snchided) bet fry hotligitedtte, The
organi ¢ phases were conbi ned, washed wi th saturated agqueous NaHCO- (500 mni)
foll owed by siadnuitiatedlaligtbteostganiNadlinds3QMh thd httergidf@tbdaThe mvlrSoerreditdse
concentrated in vacuo to give a brown oil. The crude material was distilled
under hi gh vac wisthyddmidd) O Quitabld kadueinte ihblodO 2prgtid Sd¥entsOfuch e Hytiokabons,

15 halogenated hydrocarbons, ethers, esters and the like, or mixtures thereof, with
halogenated hydrocarbons such as dichloromethane preferred. Alternatively, the reaction
can be carried out using an a-substituted acid instead of the a-substituted acyl derivative
and then employing a2 coupling reagent such as a water-soluble diimide like
carbodiimide, haloformate, thionyl halide, etc. In either reaction, a sulfdnate, for

20 example, RSO,0- (where R is an alkyl, aryl or heteroaryl), CF3S0,0- and the like, may
be substituted for the halogen in the a-position of the a-halo acyl halide or the o-halo

acid reactants which are illustrated.

11



20 conpound. HPLC R T=3.62 m n (Phenonenex Inc., 5 pm Cl8 colum 4.6 x 50
mm 10- 90% aqueous net hanol over 4 m nutes containing 0.2% phosphoric acid,
4 m./mn, nonitoring at 220 nm. Alternatively, the title conmpound of
Example 5 ( 10.0 g, 52.17 mmol, 1 eq.) in 50 nL of tetrahydrofuran (THF)
was conbi ned wi th (methoxycarbonyl sul fanyl)25 tri et hyl amoni um hydr oxi de
(Burgess' reagent, 105.70 mmol, 2.03 eq., generated in ﬁ{éa from mL of
chl orosul fonyl isocyanate, 4.4 nL of nethanol and 14.8 anyany am ne
in 100 nL THF). The reaction was heated to 45C for 1.5 hours. After cooling
to roomtenperature, the reaction was quenched with water (50 nL). The
organi c | ayer was(dhepetrat thel amitd VWash@uedant steps@) withtactbh k@@ regg2nixin50) nl) -
and water (50 nL)) 18 18 January 2005 dried over MgSCa and passed t hrough
a smal |l sili sdtablelsolgtnigr sdlhent soktuento gias theenyohized 2taagpinadkedniedvdtiveiMlch was
taken up in a mxture of 15 nL heptane and 90 nlL of t-butyl nmethyl ether,
and t hen washet awiférrex@mpe Mhdbxaz&tybalk@bhalitly., saturated brine (25 nL) and
dried (MgS04). Filtration and renoval of solvent gave 10.9 g of the title
conpound. 5 EXAVRAdvaitageouftyctharattionnis chrisd (it Burgy(netidxpoaabol ikl fastoliyd

Thi our oni um Hydrochloride NH1 N~S~ HC. \ NHy O The title conpound of
Exanpl e 65 ( L#éthylarb@hnAinmipdrodidO 2B@gdss'Wasgea)) ndi the dellydraning hredganto Suibld 0. 76 g,
9.98 nmol, 1 eq) under NZ in 10 nL of absolute ethanol. The reaction was
heat ed at r efdlwent(f)oinclbd® Hydiotsbondhkalogenited dydvasartoons| @bert aind abenlikemyer at ur e
and concentrated in vacuo. Trituration of the resulting crude material with
t-butyl net hpixtetheherepf MosdegtfePred 2 the LSE6S theButdess’ reagtre o asviabydaalfurabiPL C

R T.-2.05 mn (Phenonenex Inc., 5 pmCl8 colum 4.6 x 50 nm 10-90% aqueous
met hanol oveRuidbitidabytdesing deagamd Asonineigdd) it Ureudvo Bipiited tocother tdses dacids/ awidn,
nmonitoring at 220 nm; '"H NVR (db DVMSO: b 9.48 (s, 3H), 6.85 (s, 1H), 4.73
(s) 2H), 1. 24nhf6ride®kihd tHeXAWPhuch 8s, Fe.g. Rroaparrated eulfudik acid, pelyphosphoric acid,
5-[S-(t-Butyl)-2-oxazol yl net hyl t hi 0] -2-am nothiazole NS\~ S NHy O 20 The
title compousrd ofAlbkmgipless Tofvkni2htlyg, the dapdrating egpentyaforaddanke; @am e xt ur e
of NaCH (3.0 g, 75 mmol, 15 eq), water (10 niL), toluene (10 nL) and

t et r abur yl amgihsloptosstisinisaixéle odh aatjbrénéifiosphomb pxife @hdcherpphosphorus oxide,

5- Br onp- 2- am not hi azol e hydrobrom de (L70 g, 5 nmol, 1 eq) was added and

t he react i onalwmsorsiithrarsetvesttlike @ben®5 t enperature for 14.5 hours. The m xture
was diluted with water and extracted twice with ethyl acetate, the organic
extracts washed Welieactag ére A-dkaxolylQkyil derivalive I chranedNy S@ (dneithl Dsulfur-

containing reagent VIII or VIII' in a suitable solvent or solvent mixtures to give 2-
15 oxazolylalkyl sulfide IX, a new key intermediate compound.

The sulfur-containing reagent includes N-substituted or unsubstituted thioureas,
thio acids or salts such as thioacetic acid or its salt, xanthic acids or salts such as
ethylxanthic acid potassjum salt. Unsubstituted thiourea is preferred. Suitable solvent(s)
include hydrocarbons, halogenated hydrocarbons, ethers, esters, amides, zlcohols and the

20  like, or mixtures thereof, with alcohol such as methanol or ethanol preferred.

(f) reacting the 2-oxazolylalkyl sulfide IX obtained in step (e) with a 5-halo-2-

aminothiazole X in the presence of a base and in a suitable solvent or solvent mixtures to

give 5-(2-oxazolylalkylthio)-2-aminothiazole XI.

12



18 January 2005 concentrated in vacuo to provide 1.1 g (82% of the title
conpound. HPLC 86.3% at 2.75 mn (Phenonenex Inc., 5 pm Cl8 colum 4.6 x 50
nm 10- 90% aqueous mnet hanol over 4 m nutes containing 0.2% phosphoric acid,
4 m./mn, nonitoring at 220 nm; ~H NWVR (CDCI3): & 6.97 (s, 1 H), 6.59 (s,
1 H, 5.40 (br s, 2H)) 3.89 (s, 2H), 1.27 (s, 9H). 5 EXAMPLE 9 G
Preparati on of

5-[5- (t-Butyl)-2-oxazol yl met hyl t hi o] - 2-[ (N- t - but oxycar boh§ Vea¥a294%1 kanoy
| ] am not hi azole N S~~ O,Y s N O N N~O O 10 The title conpound of Exanple 8

9.6 g, 35.6 | | i hyl f 1 d . d CHzCl Z
(106 0y 210 w0 tathe gl aolf ot TR bt B “%5%8{“3*3747%3’3% i de
AEEECTEE Ol T ey B

|, 0.45 t. i
;Tio rred at e%hl P’Bﬁcbér Efllé)?c?g’f‘“ljgrﬁ?%a\&ﬁ’gg&sv&%@f‘a&(%*ﬁ@ %HEP"&%WV’IES acet at e
(200 1) e e B A S5 AR EEARUA L B A B,
i i , i
t t d.o SCa trated id yel l
x50 153 04 IS Ol L DR Lo 9SS o0

solid was boile n ure of eth noI et qne an ter, 20 fqr 20
Ut en S Dt el dRL Bk o Pt At Rt b o RRS e i 6 gi ve
16.6 ¢ (979@ f the itle cogpound 20 18 January 2005 EXAMPLE 10 H.
Prepar at i on djlg) hloromethane preferre;

5-[5-(t-Butyl)-2- | t hi | gal k t hi |

v ochl or i de. H S TEEH TR -t @ﬁx%ﬁ%ﬁﬁ?@m@oﬁﬁa‘%&e ?I%PL f)eeg
16.6 d | ved 150 trifl t d mL
tas. adg?ed“ﬁfaﬁ'e)f%gazg%ﬁ@'a@ﬂpc AR B F PREST oF BETPUGHEG B 1o 2

was cQ ncentrated jn vac ed with water (300 niL),

h |

ool 2 T nfy ¢S ER e & wnfw%tzs‘aﬁtam"ﬁ%ﬂrzaﬁfﬂ@gé e asurt Thgt oot
filt d 10 d t d. f t.h d t.h d
5% 00 Tor 1 R Mt Houbgis, AT s @nﬁ%’wﬂs@? P.P?Qte';r%i st Jp5 V' 4
hyd hi d b bt d b f N HCl to 7
B R I i g A O LT v 5 AN

SS ODS | 4.
containing 07 nﬂsﬁogsmfgsﬁ%'?%%vé.a i B (b o ﬁ°“"%“’ 3% PR 0B Reime | ¢ e

st I AR A Sl T ol e
pg}n :c : (r:na: ghgngﬂ%m@%ﬁ%] § icr Qrma, ers]g%{/ﬁlsﬁ e, wt a(;grbgclillml ésr]sggh as ﬂ(y caa%aéumlges
being preferred. Suitable solvent(s) include solvents such as hydrocarbon.‘s, halogenated
hydrocarbons, ethers, esters, amides, efc., or mixtures thereof, with halogenated
hydrocarbons such as dichloromethane preferred. |
(h) reacting the thiazolyl amide XIII obtained in step (g) with a deprotecting
20  reagent in a suitable solvent or solvent mixtures to give a desired 5-(2-oxazolylalkylthio)-
2-azacycloalkanoylaminothiazole I (where R’ is hydrogen). |

The choice of the deprotecting reagent is based on the nature of the protecting

group (P). For the Boc protecting group, the preferred deprotecting reagent is an acid
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20 those having skill in the art based on this disclosure are intended to
be included within the scope of the invention as clainmed. 21 18 January
2005 CLAIMS What is claimed is: 1. A process for the preparation of a
conpound having the formulal RS R~\ NNS~ Ra\~7 SNR6 R~R-Rm
Rr "Re N or a pharmaceutically acceptable salt thereof, wherein: Ris
al kyl) aryl or heteroaryl; R, RZ, R3, R and RS are each independently
hydr ogen, al kyl, aryl or heteroaryl; R6 and R are each ﬂﬁd’@ﬁéﬁﬂé%@q)@
hydrogen, al kyl, aryl, heteroaryl, hal ogen, hydroxy oral koxy; R$ is
hydrogen, alkyl, aryl, heteroaryl, CONROR , COR' or COOR Z; R9, R, R' and
R 2 are eachsichdspéntterhldric mjdrageifiporadckijé 2oid andypuitable splveniwl forouelo 5; and
n equals 0 to 5; which conprises the steps of-. (a) reacting an
a- subst i t ut edeftettoing rératiomigclistiesoheninsheh dsihydrofRbdrs, e agtmsgddiydrocRbensd R are
as descri bed hereinabove; and L is hal ogen or sulfonate; 22 18 January
2005 ethers, esters, amides and the like, or mixtures thereof, with halogenated hydrocarbons
such as dichloromethane preferred.
5 The starting compounds of Scheme 1 are commercially available or may be
prepared by methods known to one of ordinary skill in the art.
To further illustrate Scheme 1, a process to make 5-(5-t-butyl-2-
oxazolylmethylthio)-2-azacycloalkanoylaminothiazoles and analogs thereof, for example,
starls with reaction of c-bromo pinacolone II (R = Bu-t, R' = H, L = Br) with sodium
10 azide to give an a-azido pinacolone Il (R = Bu-t, R' = H). Reduction of a-azido
pinacolone [1I (R = Bu-t, R! = H) with a reducing reagent gives a-amino pinacolone IV
(R = Bu-t, R' = H). Alternatively and more desirably, the a-amino pinacolone IV (R =
Bu-t, R' = H) is prepared by reaction of a-bromo pinacolone If (R = Bu-t, R'=H, L =Br)
with hexamethylenetetramine followed by hydrolysis of the resulting quaternary
15 ammonium salt [II' (R = Bu-t, R' = H, L = Br). Coupling of a-amino pinacolone IV (R =
Bu-t, R' = H) with an a-chloroacetyl chloride V (R?=R*= H, L = X = Cl) produces
amide VI (R = Bu-t, R' = R? =R* = H, L = Cl). Ring closure of VI with a dehydrating
reagent affords 5-t-butyl-2-oxazolylmethyl chloride VII (R = Bu-t, R'=R’=R’=H,L=
CD). Treatment of VII with sulfur-containing reagent VIII or VIII' such as thiourea
20  affords S-t-butyl-2-oxazolylalkyl sulfide IX (R = Bu-t, R'=R*=R’=H, Y =NH, Z =
NH,). Coupling of IX with 5-bromo-2-aminothiazole X (R*=R*=H, L=Br) gives 5-(5-t-
butyl-2-oxazolylmethylthio)-2-aminothiazole XI (R = Bu-t, R' = R? =R’ = R* =R’ = H).

Coupling of XI with N-Boc azacycloalkanoic acid XII (X = OH, RE=R'=H,m=0,n=
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with a cyclic alkylenetetramne in a suitable solvent or solvent mxture to
forma quaternary ammonium salt; 20 (b) reacting the quaternary ammoni um
salt with an acid in a suitable solvent or solvent mxture to form an

a-am no ketone; (c) reacting the a-am no ketone with an a-substituted acyl
derivative having the fornula VO X~ L R2 "R3 V 25 wherein: R2 R3 and L
are as descri bed herei nabove; and X i s hydroxy, hal ogen 8 on¥ %h t he
presence of a base in a suitable solvent or solvent m xt Bdap o9

am de; or, alternatively, reacting the a-am no ketone with an a-substituted

acid in the ps eﬁﬁﬁgﬁ ﬁt‘foré‘s rﬁ%z&%%h@ﬂl&fﬁ?’é%mt L fzmﬁﬂ‘lﬁ =10 ROPR ndi ng

am de; (d) redcti rating reagent in a sui able

sol vent or Sog"%nt H‘Jﬁ g[ﬁa L9 d&héﬁe Ivg%e%ﬁ?o{l é! %(s%togi%rd YakisY8i bl

reacting the 220xazol riva uf - ot ar ni'hg rgé ent in
a suitabl e solvent t xazol yl al,kylks S lflde
conpound; 35 % 5‘32015 t:[lhy‘i)tk“ F 2 &Y 339(%%361 P)S'/l ﬁﬁ%ﬁmﬁe }2 Ii|)d§%\c/%vl ¥ h I& R

5- hal o- 2- am ngt hi,azgke sorpoun in, ence of a base |n a suitable
sol vent or so veﬁt %ixgﬁrggto give ;oﬁmﬂﬁe% CWOP

Ao anlno an

azacycl oal kangi ¢ aci.d_derj vati 2@V|n th fornula X] | ~4m-~ R7
R P a0 bl a R YR K1 %ucaﬂif“aaéh& B et ARIOE T s a

ni trogen-prot 5%&'32”0%1&9&39%1’1%) 2- azacgrul%alﬁanoyFamm%thlazg'l s rﬁ%ormu?qual s 0tosS

The following examples demonstrate certain aspects of the present invention.

oxazol yl met hyl t hi am not hi azol.e compound; 1 I g)
reacting the 5- (Zﬁﬁgﬁeé?rﬂ/llnrrﬁ? Hm ﬂhcrjm 0“ pAS %rw(f# C(}lmpoun So(f

However, it is to be understood that these examples are for illustration only and do not

10 purport to be wholly definitive as to conditions and scope of this invention. It shoﬁld be

appreciated that when typical reaction conditions (e.g., temperature, reaction times, efc.)

have been given, the conditions both above and below the specified ranges can also be

used, though generally less conveniently. The examples are conducted at rooﬁ

temperature (about 23°C to about 28°C) and at atmospheric pressure. All parts and

15  percents referred to herein are on a weight basis and all temperatures are expressed in
degrees centigrade unless otherwise specified.

A further unde;rstanding of the invention may be obtained from the non-limiting

examples which follow below.
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in the presence of a coupling reagent in a suitable solvent or solvent

m xture to forma thiazolyl amde; and (h) reacting the thiazolyl am de
with a deprotecting reagent in a suitable solvent or solvent mxture to
forth the conpound of formula I. 2. The process as recited in Caim1l,
wherein the a-substituted ketone in step (a) is an a-halo ketone. 3. The
process as recited in Caim2, wherein the a-halo ketone s an_a- 2@%?

al i phatic ketone or an a-halo aromatic ketone. 4. The pr é@QUQQ' ted in
Claim 3) wherein the a-halo ketone is an a-hal o pi nacol one. 5. The process
as recited in Caim4, wherein the a-halo pinacolone is a-brono pinacol one.
24 18 January 2005 6. The process asEXaMRIddl in Claim 1, wherein the
solvent in step (a) is a hydrocarbon) an ether, an am de, a ketone or a

m xture thereof. Preparitdonpif acksddo-pisacooeted in C aim6, wherein the sol vent
is the ketone and the ketone is acetonegy 8. The process as recited in Caim

1, wherein the cyclic alkylenetetramneliin step (a) is
hexanet hyl enet etram ne. 9. The proce§§E£§VTéC|ted in daiml, wherein the
acid in step (b) is HC, HBr, H, HzSO H~PCa. 10. The process as

recited in daimgg rmgrﬁlla&ﬁml%vdgu; 1H§'m01'1' qam‘; BBES T R9ss egrted in

Claim1l, wherein the sofvent I n st rocarb an et her, an
al cohol or5 a apgtetelwith sohiemaieide (982 g,THlé‘l‘melc éésq)asThee@Ftl@dwisrﬁtl@bfhﬂtmm

wherein the §O| ;%é?agﬁre 'fcﬁ' @Eﬁoﬁ\l GHP:SIJF uﬁﬂxg shi \@&5?’19(@1%!1 aﬁér%p@(@ﬂh ce d?w (QThe

process as reci &3t rising isolatin
ket one pr oduct!sasnlt) h@heshltrate ovas f:cur@altt;mgn fwumotmﬁudqal Sders 98 44%) gf @m ke (c).

14. The process asirGhid §59s49 al>3h Mikutes PENGhhek 1. ArotREL AU geh B!

derivative
column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

10 phosphoric acid, 4 mL/min, monitoring at 220 nm).

EXAMPLE 2

Al Preparation of a-Hexamethylenetetramino-pinacolone Bromide

N
O

15 a-Bromo-pinacolone {179 g, 1 mol, 1 eq) was combined iﬁ 2 L of acetone with
hexamethylenetetramine (154.21 g, 1.1 mol, 1.1 eq) and the reaction stirred under N; at
room temperature for 26 hours. The resulting slurry was filtered, the filter cake was

“washed wit:h cther (3 x 50 mL) and dried in vacue at 50°C overnight to provide 330 g
(100%) of the title compound containing 7% hex -1ethylenetetramine. HPLC R.T.=0.17
20  min (Phenomenex Inc., 5 um C18 column 4.6 x 50 mm, 10-90% aqueous methanol over

4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm).

EXAMPLE 3

B. Preparation of a-Amino-pinacolone Hydrochloride
8]

>T,l\/nnzoucz
25
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in step (c) is an a-halo acyl halide. 15. The process as recited in Caim
14, wherein the a-halo acyl halide is a chloroacetyl chloride. 16. The
process as recited in Claiml, wherein the base in step (c) is an aromatic
organic amne or an aliphatic organic amne. 17. The process as recited in
Claim 16, wherein the base is the aliphatic organic amne and the aliphatic
organic amne is triethylamne. 25 18 January 2005 18.,_.The as
recited in Claiml, wherein the a-substituted acid in sfg%J?wﬁﬁggﬁgﬁ a-hal o
acid halide and the coupling reagent is water-soluble. 19. The process as

recited in Claim1l8,_. rei i I e og 1 o a
hal of ormate or a t h’i‘%n"yﬁ" cgﬁn%zﬁsyﬁ%lg%élggrgggs%%ﬁ?cgg ?Ee ?fr#n%] gakl%}n 1,
wher ei n t he detyzitiinl.ng coeagaictd HO asd 47 gpf 18% Ed/CacThe, reatiommidduramay dr i de
or a base. 21.. The process as.recited in iml rehn,. ating
reagent in stsgﬁe{]'ﬂ}dgﬁ %y%é‘)@ﬁ%g)ﬁtl?s 3‘ ea g'?ﬁ ?Hﬁsﬁwaﬁéfﬁ?‘%ﬁgy ;?'Igﬂagé%ﬁc})'??@y%gi d,

t ri chl or ophosphaitstifiedio gleg a tvei fidndjhh osspivalnsataxvaieazentropically removed with

(et hoxycar banyl sul f tyi y| anmopi h oxi.de. T rocess as
oci ted i onppee hRMe) iRt e (PR aNRs s ol e PARRRS

(met hoxycar banytyswdsfserred; [filteded, et dsyid dawido nbuyh nieyidd ethed@. x 2B mLhandpdred éss as
recited in d ai in.the solvent in step (d) is tetrahydrofuran. 24.
The process %"%iﬁ%ﬁ%tﬁ‘ § WHlecomppidai n the dehydrating reagent in step
(d) is (nethoxycarbonyl sul fanmoyl)triethyl anmoni um hydr oxi de and t he sol vent
is tetrahydrofuran. 25. The process g t4ed in CQaim1l, wherein the

sul fur-containing reagent in step (ew N-substituted thiourea, an
unsubsti tt eds 't hi prpaatondfthAginagimdcdsncdydachlotider eof , or a xanthic acid or

a salt thereof. o

>l)1\/ NH; » HCI

a-Hexamethylenetetramino-pinacolone bromide (400 g, 1.254 mol, 1 eq) was

combined in 2 L of ethanot with 12 N aqueous HCl (439 mL, 5.26 mol, 4.2 eq). The

reaction was stirred at 75°C for 1 hour and then allowed to cool to room temperature, the

15 resulting slurry filtered, the filtrate concentrated in vacuo and isopropyl alcohol was

added. The solution was filtered again. Addition of 1.2 L of ether caused the desired

material to precipitate from solution. The material was filtered, washed with ether (2 x

300 mL), and dried in vacuo at 50°C overnight to provide 184.1 g (97%) of the title
compound.

20
EXAMPLE 5

C. Preparation of a-N-(2-Chloroacetylamino)-pinacolone

S

The title compound of Example 4 (130.96 g, 0.8637 mol, | eq) was dissolved in

25  3.025 L of CH,Cl; under N at -5°C. Triethylamine (301 mL, 2.16 mol, 2.5 eq) was
added, followed by chloroacetyl chloride (75.7 mL, 0.450 mol, 1.1 eqg) in 175 mL of
CHCl;. The resulting slurry was stirred at -5 to -10°C for 2 hours. Water (1.575 L) was

17




26. The process as recited in Caim25, wherein the sulfur-containing
reagent is thiourea, thioacetic acid or the salt thereof, or ethylxanthic
acid potassiumsalt. 27. The process as recited in Caim1, wherein the

5- hal 0- 2- am not hi azol e conpound in step (f! is 5-bronp-2-am nothiazole. 26
18 January 2005 -27 28. The process as recited in CQaim1l, wherein the base
in step (f) is a nmetal hydroxide, a netal al koxide, a netal carbonate or an
aqueous amine. 29. The process as recited in Oaim28, whdanHaieOlmse is
the netal hydroxide and the netal hydroxide is sodium hydroxide. 5 30. The
process as recited in Claim1, wherein the solvent in step (f) is a

hydr ocar bon, aaddagfadgeaatbed 7hysll of asdeemtrat@nHEL h8he ofganie Shese, wANwahtdde, an

al cohol or a mxture thereof. 3 The pr ss.as recited in.Cl ai 0,
therei n ¢he. SBDLHTE Mt h Hffi S Eeriyah Gt BB G A0 M Oh AP B erEF ed
hydr ocar bon iogaadic GibseriedrRanser %8,582 and BenchiiRGRASSS vasuo ©Cirbwd: 135.28 @i m 1,
wherein the nitrogen-protecting group in_ st eg (,19) I's Boc ar %z. g The
process as ré¥-$%ehof e ¢itlgicrmpoungn B G R hig2- <o aplt i Plgnpraeigd dee-i » HEt is(g) i s
a carbodi ism dgp,n@ N@lx05@ iRt £0-92 dadubhRMéthdiR] bd&. 4 Itnutdd ConddiNIfE BRIRS
recited in Claim33, wherein the caoupling reagent is the 15 carbodiim de
and the car belpspherigacids? %’@PW‘P%‘&P‘%&W&P@% 35. A process for the
preparation of a conpound having the formula I'll" r~~ N~N~~ R-L N -,/ 20
R~ Itl" or a salt thereof, wherein: 25 Ris alkyl; R~ is hydrogen, alkyl,
aryl or heteroaryl; and L is hal ogenE%fMELE® fonate; with the proviso that

when Ris CHy R-peaiiRh oP8 (tButyl)-2&xdNRENyI1ZHRide 28 Whi ch conpri ses
reacting an a-substlﬁdt?ut eg két ount)é)ha\}/‘i%gqﬁheyfornul all 0 SRR

X[t?_—\m
10

The title compound of Example 5 (180.13 g, 0.9398 mol, 1 eq) was combined
with phosphorus oxychloride (262 mL, 2.8109 mol, 3 eq) under Nz. The reaction was
heated at 105°C for 1 hour, the mixture was cooled to room temperature, and quenched
with 1.3 kg of ice. The aqueous phase was extracted with ethy! acetate (1 L, then 2 x 500

15 mL). The organic extracts were washed with saturated aqueous NaHCO; (4 x 1 L) which
was back-extracted several times with ethyl acetate. The organic phases were combined,
washed with saturated aqueous NaHCO; (500 mL) followed by saturated aqueous NaCl
(300 mL), dried over MgSO,, and concentrated in vacuo to give a brown oil. The crude
material was distilled under high vacuum at 100°C to provide 155.92 g (96%) of the title

20 compound. HPLC R.T.=3.62 min (Phenomenex Inc., S pm C18 column 4.6 x 50 mm,
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm).

Alternatively, the title compound of Example 5 (10.0 g, 52.17 mmol, 1 eq.) in 50
mL of tetrahydrofuran (THF) was combined with (methoxycarbonylsulfamyl)-

25  triethylammonium hydroxide (Burgess' reagent, 105.70 mmol, 2.03 eq., generated in situ
from 9.2 mL of chlorosulfonyl isocyanate, 44 mL of methanol and 14.8 mL of
triethylamine in 100 mL THF). The reaction was heated to 45°C for 1.5 hours. After
cooling to room temperature, the reaction was quenched with water (50 mL). The organic

layer was separated and washed with saturated NaHCO; (2 x 50 mL) and water (50 mL),

18



R~ wherein: 10 R R~ and L are as described hereinabove; with a cyclic
al kyl enetetramne in a suitable solvent or solvent mxture to formthe
conpound of forrmula II1'. 36. The process as recited in Claim35, wherein R
is t-butyl. 37. A conpound having the formula IIf 15 o r~ R~L JH ~Rr 11’
20 or a salt thereof, wherein: Ris alkyl; R~ is hydrogen, alkyl, aryl or
heteroaryl; and 25 L is hal ogen or a sulfonate. 38. The conpound as recited
in Claim37, wherein Ris t-butyl. 39. The conpound as r&ﬂ@@ﬁaW@a@ i m 38,
wherein R~ is hydrogen. 40. The conpound as recited in Claim39, wherein L
i s halogen. 41. The caonpound as recited in. C aim 40)
a- hexanet hy| &red e Mﬂ%@@d pastEddbiPester el miliga selms NDE RV RSP RAMOKES) Na
6 Njg N‘é 1 NP/ Ny £iNE g7 DInwhhdy/ N 141l ipNEY Neifni¥ienof NiSTrhépidiit Bind 94 MWL/ dXlt -l N4 F
( @Yy 99x 98y x e erhesp b erpyseshed yisln)-g AHGL2 225 bl patusalsd brins @3 "o 8%bpoox 0" 8
X" "7 0" <Op8>pR@ad paastxr @BRAEPXandTetRovaPf Blvent gave 10.9 g of the title compound.
<8xxp8p0pp8xp?8y| p<>| O><~ww<c<c<ap<< 0" <p0<p<’ | 0<8? p0<?’ p0?8p0?8>p0p<ppOp
<p80p<<0x888<8° pp8p0 08p@?8<| p| 8?p><8<| 0" ?x. <x8<| x?pp088<88?2x>x~x~8yyp;
p8?078??2@>>?0pp 8<<?<><<???2?<<?<? N RNPPR94: 0-45 C
(08] || <800ppp " . p‘?‘t<?xp‘xc‘p>p088x8x8xE8xx8‘00<88 0. >&xs7x>| 8| pp~0~>8>>
X' >xx| 8 y>X8F§YOOYB@WWQI§VB%ﬁ%§@ﬁW%Tﬁ y! Thiouronium Hydrochloride
>p>p<pp p?0p<8p<p~p<p<<>p<~p<pxagr 0?ppDB<xxM><<xpp8_>00 0@p88<80pp?@ <| ~?8
90px<x| | <<<p<x<<?p8x88pp pOpp88p8ppppx 888YPO>#8Jl| >| G-XxECWMUIY] " di kmgr t Czupkf
a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢la ] ca¥ca] cal] ca] cal] ca] cal] ca] ca] caU
] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca '
06H e$, Cl | vpj e” ZWkf a\ W caV] ca] ca] caV] cal] caV] ca] ca] ca] ca] cal] caV] ca] cal] caV
] ca] caV] caU] caV] ca] c a el MY LW A4s :
i +zupke’ [ Vkfa\ W] ?Aa @ta g%@%{%%g}"caﬁggﬂ] g’aﬁwéz; cg\}]q%a“j\@:-g]z‘ég?glg{ﬁdcaw caV]
ca] caV] cdl] cavfhchivhra)(¢2eEcaP% aviob ] e |uaddr dhVp J-mrlerbeRsolute ethanol. The
¥68K0- 6r { vql ?Qalcf&ld +& 9@% th'}lﬂﬁj]f&al]. ahral firkaddicalL_lda zeaame&?rsa}ecal ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] caV] ca] caV] cal pu*knoz| ~| vpj e_ZT{vql gb] U] ca] c
aU] ca] cal] calahdenpadraled &) waid. c?érjr@famg]ncm}edaw}t@a]cwwe@p@aﬁhd&w wptb%U] cal] ca
]caUl ca] ca]c qg% -~ =2, ‘
{sni d_YT]j e_zﬂ”%ﬁl’g@}’f@%ﬁa@% ] cgﬁ ca )égm 0513 'cléIB]LgaII{]'Tc'a% g%l!lrj]mcg)]h%ng]mggeﬁ] ca] cal
ca] cal] cal] catd,cayint JBcafwaiUp dat)]5@amm, 10-90% aqueous methanol over 4 minutes

15  containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm); 'H NMR (ds-

DMSO): & 9.48 (s, 3H), 6.85 (s, 1H), 4.73 (s, 2H), 1.24 (s, 9H).

EXAMPLE 8
F. Preparation of 5-[5-(t-Butyl)-2-oxazolylmethyithio]-2-aminothiazole

>([:>_/ s{i NH;
20

The titie compound of Exampie 7 (1.25 g, 5 mmol, 1 eq) was added to a mixture
of NaOH (3.0 g 75 mmol, 15 eq), water (10 mL), toluene (10 mbL) and
tetrabutylammonium sulfate (50 mg, 0.086 mmol, 0.017 eq). 5-Bromo-2-aminothiazole
hydrobromide (1.70 g, 5 mmol, 1 eq) was added and the reaction was stirred at room

25  temperature for 14.5 hours. The mixture was diluted with water and extracted twice with

ethyl acetate, the organic extracts washed with water (4 x 10 mL), dried over MgSQ, and
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Ul cral] cal] ca] ca

| ##GBLP\ $&&' X) }) +++t ---f0n01122223g333! 4t 45zupkf a\ W gb] ] c] ca] ca] ca] ca] ca] ca
] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca
\4 ca] caV] ca 56n6666777*80888) 999996: 9: »; " ;

; <<s>>DAJAZAAA=DEGzupke [ V] ] ca] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca] ca] cal] ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal GGHH- 11 K
KKKK+LLLM MVNNNNOLOROhOOP_PPzupkfa\ W] ] ca] ca] ca] ca] ca] ca ﬁ%@%oﬁﬂ cal ca]
ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca\/] ca! PQZQUQQQQ
RARRS\ SSTf TTTTT7UUU VxV~VWWAKYYYSY{ upj e_Zkfa\W ] ] c] caU] ca] cal] ca] cal] ca] ca]
ca] ca] ca] ca] c@]lcfal]refa]l dayeavie ajordt dd] £ 628 of A ifecedmpaindy UHBESE B4Ptaitca) ca] ¢

a
SYWY| Y2) [11] > PR henomenes tng. 2 B ffeiumn A0 4 5P mm. 10 OVRABEN 118208 o) cayy
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The title compound of Example 9 (16.6 g) was dissolved in 150 mL of CH;CL,
trifluoroacetic acid (30 mL) was added dropwise, and the mixture was stirred at room
temperature for 2 hours. The reaction was concentrated in vacuo, diluted with water (300
mL), cooled in ice, made basic with sodium hydroxide, and the resulting solid filtcred

10 and recrystallized from ethanol, water and methanol to provide 11.2 g (83%) of the title
compound as a yellow solid. The white solid hydrochloride could be obtained by
addition of 18 mL of IN aqueous HCl to 7 g of this material in methanol. MS: 381
[M+HT"; HPLC: 100% at 3.12 min (YMC S5 ODS column 4.6 x 50 mm, 10-90%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,

15 monitoring at 220 nm).

In the foregoing, there has been provided a detailed description of particular
embodiments of the present invention for the purpose of illustration and not limitation. It
is to be understood that all other modifications, ramifications and equivalents obvious to

20  those having skill in the art based on this disclosure are intended to be included within

the scope of the invention as claimed.
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1

or a pharmaceutically acceptable salt thereof, wherein:
R is alkyl, aryl or heteroaryl;

5 R R} R R*and R® are each independently hydrogen, alkyl, aryl or heteroaryl;
R® and R’ are each independently hydrogen, alkyl, aryl, heteroaryl, halogen,

hydroxy or alkoxy;
R® is hydrogen, alkyl, aryl, heteroaryl, CONR®R'’, COR"' or COOR";
R’ R'%, R'! and R" are each independently hydrogen, alkyl or aryl;
- 10 mequalsQ to 5; and

n equals 0 to 5;
which comprises the steps of

(a) reacting an a.-substituted ketone having the formuta II

15 wherem:
R and R' are as described hereinabove; and

L is halogen or sulfonate;
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{c) reacting the a-amino ketone with an a-substituted acyl derivative having the

formula V

25  wherein;
R?, R? and L are as described hereinabove; and
X is hydroxy, halogen or acyloxy;
in the presence of a base in a suitable solvent or solvent mixture to form an amide; or,
alternatively, reacting the a-amino ketone with an a-substituted acid in the presence of a
30  coupling reagent to form the corresponding amide;
(d) reacting the amide with a dehydrating reagent in a suitable solvent or solvent
mixture to give a 2-oxazolylalkyl derivative;
(e) reacting ‘the 2-oxazolylalkyl derivative with a sulfur-containing reagent in a
suitable solvent or solvent mixture to give a 2-oxazolylalkyl sulfide compound,
35 (f) reacting the 2-oxazolylalkyl! sulfide with a 5-halo-2-aminothiazole compound
in the presence of a base in a suitable solvent or solvent mixture to give a 5-(2-

oxazolylmethylthio)-2-aminothiazole compound;
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40

wherein:
R® R’ and X are as described hereinabove;
P is a nitrogen-protecting group;
mequals 0to 5; and
45 nequalsOto5;

in the presence of a coupling reagent in a suitable solvent or solvent mixture to form a
thiazolyl amide; and

(h) reacting the thiazolyl amide with a deprotecting reagent in a suitable solvent
or solvent mixture to form the compound of formula 1.

2. The process as recited in Claim 1, wherein the a-substituted ketone in step (a)
is an a-halo ketone.

3. The process as recited in Claim 2, wherein the a-halo ketone is an a-halo
aliphatic ketone or an «-halo aromatic keigane.

4. The process as recited in Claim 3, wherein the a-halo ketone is an a-halo
pinacoleone.

5. The process as recited in Claim 4, wherein the a-halo pinacolone is a-bromo

pinacolone.
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ketone is acetone.

8. The process as recited in Claim 1, wherein the cyclic alkylenetetramine in step
(a) is hexamethylenetetramine,

9. The process as recited in Claim 1, wherein the acid in step (b} is HCI, HBr, HI,
H2504 or H;PQy.

10. The process as recited in Claim 9, wherein the acid is HCL.

11, The process as recited in Claim |, wherein the solvent in step (b) is a
hydrocarbon, an ether, an alcohol or a mixture thereof.

12. The process as recitt;d i Claim 11, wherein the solvent is the alcohol and the
alcohol is ethanol.

13. The process as recited in Claim 1, further comprising isolating the a-amino
ketone product as the salt or free base form before performing step (c).

14. The process as recited in Claim |, wherein the a-substituted acyl derivative
in step (c) is an o-halo acy! halide.

15. The process as recited in Claim 14, wherein the a-halo acyl halide is a-
chloroacety! chloride.

16. The process as recited in Claim I, wherein the base in step (¢) is an aromatic
organic amine or an aliphatic organic amine.

17. The process as recited in Claim 16, wherein the base is the aliphatic organic

amine and the aliphatic organic amine is triethylamine.
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& ()-19 carbodiimide, a haloformate or a thionyl halide.

20. The process as recited in Claim 1, wherein the dehydrating reagent in step (d)
is an acid, an acid anhydride or a base.

21. The process as recited in Claim 1, wherein the dehydrating reagent in step (d)
is concentrated sulfuric acid, polyphosphoric acid, trichlorophosphorus oxide,
tribromophosphorus oxide or (methoxycarbonylsulfamoyl)triethylammonium hydroxide.

22. The process as recited in Claim 21, wherein the dehydrating reagent is
(methoxycarbonylsulfamoy)triethylammonium hydroxide.

23. The process as recited in Claim 1, wherein the solvent in step (d) is
tetrahydrofuran.

24, The process as recited in Claim 1, wherein the dehydrating reagent in step (d)

is (methoxycérbonylsulfamoyl)triethylarrunonium hydroxide and the solvent is

tetrahydrofuran.

25. The process as recited in Claim 1, wherein the sulfur-containing reagent in
step (e) is an N-substituted thiourea, an unsubstituted thiourea, a thio acid or a salt

thereof, or a xanthic acid or a salt thereof.

26. The process as recited in Claim 25, wherein the sulfur-containing reagent is
thiourea, thioacetic acid or the salt thereof, or ethylxanthic acid potassium salt.

27. The process as rccited in Claim 1, wherein the 5-halo-2-aminothiazole

compound in step (f) is 5-bromo-2-aminothiazole,
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and the metal hydroxide is sodium hydroxide.

5 30.  The process as recited in Claim 1, wherein the solvent in step (f) is a
hydrocarbon, a halogenated hydrocarbon, an ether, an ester, an amide, an alcohol or a
mixture thereof.

31.  The process as recited in Claim 30, wherein the solvent is the halogenated
hydrocarbon and the halogenated hydrocarbon is dichloromethane.
10 32.  The process as recited in Claim 1, wherein the nitrogen-protecting group in
step (g) is Boc or Cbz.
33.  The process as recited in Claim 1, wherein the coupling reagent in step (g)
is a carbodiimide, a haloformate or a thionyl halide.
34.  The process as recited in Claim 33, wherein the coupling reagent is the

15 carbodiimide and the carbodiimide is an alkylcarbodiimide.

35. A process for the preparation of a compound having the formuta III'

20 R

or a salt thereof, wherein:
25 R is alkyl;
R'is hydrogen, alkyl, aryl or heteroaryl; and

L is halogen or a sulfonate;

with the proviso that when R is CHj, R' cannot be H;
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wherein:
10 R,R'andL are as described hereinabove;
with a cyclic alkylenetetramine in a suitable solvent or solvent mixture to form the
compound of formula I
36.  The process as recited in Claim 35, wherein R is t-butyl.

37. A compound having the formula III'
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R
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or a salt thereof, wherein:
R is alkyl;
R' is hydrogen, alkyl, aryl or heteroaryl; and
25 L is halogen or a sulfonate.,
38, The compound as recited in Claim 37, wherein R is t-butyl.
39. The compound as recited in Claim 38, wherein R'is hydrogen.
40.  The compound as recited in Claim 39, wherein L is halogen.

41.  The compound as recited in Claim 40, o-hexamethylenetetramino-

30 pinacolone bromide,




