; €3eQFFG KIL" Q6 XQTQ WO 02/ 10162 PCT~SA /15081 5 10

N-[5-[[[5- ALKYL- 2- OXAZOLYLj METHYL) TRI O - 2- THI AZOLYL] CARBOXAM DE I NHI BI T

OF CYCLI \OBRHYEENT Kl NASES The i nvention is diremtBusdiaseanmpoun sm)
of fornulal R S S O~ ~(CH-n mﬁ@w wmmgantl omers, di astereoners, E :
sol vates, and pharmaceutically lts ther eof 15 wherein Ris

al kyl; R is hydrogen or al kyI X 1GpeeRZ Or 2R3; *159159* . R~ and R are

o oo STl peges nﬁé%ﬁ&@@?@%@%?}été A"l are

particul ar| yoARS ! 0 RINASES useful in
the treat nent of prollferatlve dlseases for exanple cancer, i nfl ammati on
and. arthritis. They may al so be useful in the treatnment of Al zheiner's 25
~s~se chenntherapy i nduced al opeci a, and cardi ovascul ar di sease. The

et | vothd (st Beltn [ MirdkRANG LRI PRI, Py TRCCUL! Cal
conp S|t|ons enpl oyl ng Such conpounds [N0ds of using such
conpounds. Listed below are definitions of various tenors used to describe
t he conpounds of the 30 _igstant invention. These defIRItIOHS apply to the
terms as they are usegf thijoughout the specification hl ess they are
otherwise limted in/gpeci\ic |n§tance?) ei ther indfvyildyally or as part of

a larger group. Thete a a n aI ent al kane
(hydrocarbon) derived radi cal contai |ng rom 1fjt o Areferably 1 to 6,
and d@re preferably 1 to 4, carbon a 35 unl Bss otﬁerwl se defined. An

al kyl group is an optionally substituted straight, branched or cyclic

sat urated hydrocarbon group. Wen substituted, aIkyI groups can be
substituted with -1_ WD 02110162 PCﬂDUSOl/lSOBl up to four substituent
groups, R4 as defined, at any avail able point of attachnment. Wen the al kyl

group is said to be .substltuted with an al kyl group, this is used
i nt er chardenaptigmens; diastsreamens, solintes; and pbaptacerticaltp laceeptabis sdits thereafed such

group ? Whelelifle nethyl, ethyl, propyl, |sopropyl n-butyl, t-butyl,
i sobu yI pentyl hexyl isohexyl, heptyl, 4,4 5 dinethylpentyl, octyl,

2,2, 4-tR Prﬂlkbfbl pentyl nonyl decyl, undecyl, dod like. .
Exenpl aw,ﬁmgeh@@n@may i ncl ude, but are not Emmmmmwmm e or nore of
t he fol% Ogrcc}_ 3halo (such as F, C, Br or % oal kyl (such as
CC13 or vvwg J§~Ral kyl thio, hydroxy, car boxy, aI kyl'car bonyl ,

al kyl OXRéaﬁ@Rhwleeaaihwhpafd!@ﬁmyh ? BIkD subsiibited RIKY 1, cyé1Ralky PR dinyl, or
thiol. 10 og éi%é ﬁ e o aIkyI containing from3'to 15 car bon
at omg0 vvlthoﬁ bshifut ‘?‘ﬁ]&' esonati ng doubl e bonds between carbon atomns.
It may @d90a1,2dr30m 1 to 4 rings. Exenplary unsubstituted such groups

i ncl ude cycI cl.abut cl.o ohex " . Exenpl ary
substi t uent sq?' ﬁ%ﬁ%%%@fg?'ﬂ?%ﬂe“&%aﬂ}fg‘qu B%fﬁﬁp é’é‘ n, al kyl,
al koxy, inHibiydrs hgdjmaxlye.ﬁlhm the treatiientof pmlri]femnvtefdnschsearm ltydahbéxp 15 The
terms " i enat e roup as
descri b%@%’ acljqu e roualmgﬁ @ﬁgé‘ﬁgﬁﬁ&ﬁagﬂr‘m&% %‘Eﬂrg | i nkage
{-S- )25 dissaseschenuitherafyrindneedalopdcka land yardiolvascylat diseaseused her ei n, denot es
an al koxy group bonded t hrough a carbonyl group. An al koxycarbonyl radical

is represented by the formul a:
The present invention provides for compounds of formula I, pharmaceutical

compositions employing such compounds, and for methods of using such compounds.
. Listed below are definitions of various terms used to describe the compotinds of the
30 instant invention. These definitions apply to the terms as they are used throughout the
specification (unless they are otherwise limited in specific instances) either individually or
as part of a larger group. . |
The term "alkyl" or "alk" refers to a monovalent alkane (hydrocarbon) derived
radical containing from 1 to 12, preferably 1 to 6, and more preferably 1 to 4, carbon atoms
35 unless otherwise defined. An alkyl group is an optionally substituted straight, branched or .
cyclic saturated hydrocarbon group. When substituted, alkyl groups can be substituted with
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20 -C(O ORS, where the RS group is a straight or branched Cl~ al kyl group.
The term "al kyl carbonyl ™ refers to an al kyl group bonded through a carbonyl
group. TReobsidle: al kyl car bonyl oxy", as used herein, denot&SI/Es01/15081

al kyl car bonyl group which is bonded through an oxygen |inkage. As used
herein, the phrase "conpounds of the invention" means, 25 collectively,
compounds falling within formula I and pharmaceutically-acceptable salts,

anfl S ;)I Vaggtd %)ﬁﬁ Jsmgﬂnttwm]tgtdﬁpdt; RS ai befirdf at ah%h%ﬂbldﬁogxﬁ&iﬂatt?ﬂﬂﬁ@_rht | When ﬂ%e
sol vation,.. an ra or ion,ar nown_i.n. t he, ar e ion
al so encoﬂbgls%rggg qﬁtp tkt?tg?l &%‘r‘?bpg SEuP (1S e mirchange a[b:lxl i on.
St gr eoi soi’t:iam% alkydl groub’lit Eadsmp]agt uxisulmtmﬁeld suzh geoupstincingds methg, ?ﬂtyhr ez Irr;er S,
and racengntes, where cepters
st er eoi soﬂ@?gl SPPEIRe @eng%nﬁggtygflsq%ﬁg ’|3$8 rﬂexylﬁyéﬂﬁy%heg%g ‘glgnt enpl at ed,
ei t her 5i ndinetthylpentyl, octyl, 2,24 trimethylpeiityl, aohyladdeyl, pndecyl, alodecyl,aaddied ike. t i on

f th
o ¢ e CORRBHI, ASALAA R Soblee b GEbh AT 65 o TSI BB, o
forms an]ggxtohps :ihatel (@0eidasd)tCIcBY on B dmboatkyh damchgs COd, arpiel,), fallaxky palicyithio,y . Thle
racemc . f0O anpl e,
fiacti onaw cr)f/g Q{lﬁ%ﬁaﬁﬁkmﬁgmﬁ r@xg}hc n@?%@’&%ﬁm@g@xﬁﬁb‘{ag@%&éox“ C
deri vat i vesammidapydrathioh by Chl ral colum chronat ography. The i ndi vi dual

t I th
Bcemmils by conoalo atptd? pE AT it KT R o bW 7T 1€
with an opltqmaﬁngraaonm&@lﬂolef brinds hetwesy carbgls ataflsi itamamonmnlfrom 1to4
f

CONt1 9U e RS s AUPGUR o ity S0y, YO iG],
The defi nFquQhﬁiXMh etso Hxemplasy émbstln@nprm@ onermrmrp ohthedpl} mrmgtgr@msan y

mb d
tr aLE‘C?Zoﬁ%&%ﬂC?&Z SR By oeyitonl ¥ ?‘.ﬁlﬁééﬁd@ﬁ*a 2o on, “sal ts
of conpbunds ofh Mmmrdkoxx "Hat"akkyBhig mupa@ut usef ul
in other p&SRB&d ﬁaovfa‘%n&é&alﬁﬁ ah@ ééiﬁm'kﬁéé @b'—)Qﬂ' a%ﬂfﬂf‘ﬁhﬁdgﬁ@lS-P” of

conpounds of fornula I, are al'so encorrpassed by the invention. 10 The
conpoundsfeéPecﬂll‘féer nvention are defined herein by their chem cal structures

and/ or chemn cairhe g alkMffyBarBosIMRe mh&mﬁﬁﬁeﬁa{e@dﬂhﬂmﬁy *boﬁd&ﬁem cal

structure_and_a chem cal namg, nd t cal struct an em cal nane
confl i ct, throRghacash Wu&qﬂlﬁowgarae% radiealds xﬁeree‘?nt Ey Bﬁ
| dent i b -JIIORF Wete VR graapisa aaldhy ofbaniticdld,g ;" as used herein

i ncl udes, but not aI ts o Ci d ro hat may
be present in JITE% %%%’ﬁw Ptrﬁ S g ‘?‘ﬁ@‘ g‘f@ﬁj%ny group.
phar maceut i c al The eemealkytdatbangloxy”,ias abdddereib) Ltlenafee aﬂ@ﬂcyldaﬂioh?ﬁgrb@p which
hydr ochl or| (gﬁlgro rom de h drochl ori de sul fate, trifluoroacetate,
tartrate, bL?Hg? feate, citrate, methanesul fonate, bromate

and iodate salts amAsmszdhmrmn thla@bmsé"coﬁilxmndsmﬂtheiﬁﬂ/enhm“snéans formed with

aceti o orahenlidorutoRAl full it L 8% MRt IEIDARE Db Bl o ol

e.g., nitsadvates inpludingintdestes thereaf. Meﬂned&oﬁ&ahipm&mur svdvation, sl ydydtat es, and
the |ike. e f ounds of
formul a | fdé%ﬁﬁgg%} "?or@%ﬁwﬁqﬁg% k?ﬁé wﬁ%&og%gamggg%%%&ﬁ%%gggt assi um and

lithium steiealsomerseafroomponnds of theinvention. Sidredisomers includen but anermotdingitedi to,
bases, sughagn}d 6){{3&@&% %&‘f‘aceﬁa&ﬂe?%&{e%% Eb"mpo%ig"fﬂf1 BM{ b{(’:h&%zth nd the
sSuc an

| i ke; and am no a ’as argi ni ne ;;l%lSI ne S o~ .
conpountiscatersh Al sterevisomers of isrpompourds| of shesinstant-inventionare mmeranlated,

st er eoi soei%erm&lﬁame £ eofafﬂsuﬂﬁm, @mmpnﬁfﬂeﬁ%dﬁ' g (for
exarrple Dtartrat artrate salts As use ereln rm

"sol vat e’ awezdm@@emﬁenem rages allmassiblecsterepisqmers prd Q@ntmm@ﬁf It yoryt
. further | &heﬂaﬁy@m%}&bgmca%&m forfifs ah® ieSEd1aied b isofnerd Rivitlg @k one or

nor e sol vent %I ecul es_bound non- coval ent | nternol ecul ar forces

Pr ef er r edSRESIHigd ctVisy. eT%taa@mlceformmntb@%mlveérw/ﬁwﬂa@c@?ﬁba@, guchgs, fo
gg |mv2't gslr éidtnieizirlerar,;ﬂ;acgklﬁﬁ i Sr cryifi0zdtion oT@hééfb?éonheﬁc\Nat er the.

h s of” formul an ared by
adapt i ng %V%%ﬁpgé?°4%¥ﬁlﬁf%°%ﬂ3‘@f% tography. ﬁ?f’?% Mﬁ&‘fﬁﬂsﬁ‘ﬁ?’ﬁ of
whi ch are incorporated herein by reference. Alternatively, the generic
met hod shown in Schene A below, that illustrates synthesis of -3 WO
02/ 10162 PCT/ USQOL/ 15081 -2-



t he broad genus of conpounds of fornmula XV, can be used to synthesize
conpounds of formula |I. The starting conpounds are comercially avail abl e
or may beyprenesed by nmet hods known to one of ordinary skpétyusey/ish| art .
The following terns apply in Schene AA° R, R8, and R are independently
hydrogen or allcyl; 5 Ris alkyl, aryl, or heteroaryl; RO is hydrogen,

al kyl, aryl, or heteroaryl; R and R' are independently hydrogen, alkyl,
aryl, het eambe gitainedhfropethe rdvgniates Py conveatiknal ymetiivds, swhiagdooegample Isily| |

gﬁgl %agkgrk(’em%ﬁél!é‘p”’é@?h%{p ﬁg&# %fr ogend%@%yqd%&arﬁ%a@%m ag;ﬁr ol ée]1 erR >

rangi ng f isomegs afc;:ompogndasofahe present enventionmin gohitempladed, either ih admlxwrs or imbl e

I
wherei o ARG sitiisheifly BRUIEED, Phe SUILARRb il or mEbrid Shveatibvery
a quat er namylcalm'tmmbmcpshoth@wg{z) a(ldqa';zm\(li)rall@aecpemers ¥s wigh-as cisand gonpr i si ng

cyclic al B Med yl enetetram ne; Q is hydroxy,
hal ogen o?ﬁg%glﬁfr@ Qﬁ%)of O%C%DO- %E' , . Yis O S, NH Nalkyl, Naryl

or Naryl: Z i a&/w‘@g selts of q@wpou@d%nf fomﬁil k{hat arophiaymacewtically pnsuitbler
NH2, N-al |ﬁ¥éful lh" oﬂ{e)‘ kes Q(Ets 46r & ’foﬁﬂglsela!h%n dr phdifiCaish 0@ EQthpGIds 8f 9" oup

(Boc Cbz , When a functional group is termed ‘ptotected,” this
means t ha omhléal'gmpésq encoppawed by s lﬂb?nﬂoﬂo precl ude undesired side

reactiq 95 at 1 e BoRbESIAR Gf He ifventish bfdefinkd ﬁéx%ﬁiﬁmeﬂrcﬁéiﬁﬁalféﬁﬁmﬁﬁ%
conmpounds involved in the gresent processes w | recogni.zed fromthe

speci f i cafRYAr ehertior) npES onpppang ds zefereed t<z by bmh 3 Cheﬁllt?qu stragture aad d

with ref e%‘%ﬁ&&cfapnaﬁﬁ@faﬂ@% chemidapekfenfie 6Rd Sifentic sl Hafme chnilict, the eRfitdlVe
G oups in. ﬁ el C Synt esis, 3rd edition (1999), incorpor ated herein by

ref erenceS i¢ deteripativrafdberampquad sidentifeact i on of a-hal o ketones 11
(commerci al | y gheiphrigé ?Mmmdbdlw-&wptmﬂs S8, 035 used heﬂeﬁpmauaast B@dshotv t h

an azide i,ve 0.ketones I'l1. Reduction of, WI th ci ng
FeagentSg fud} é?ﬂtm% S oL BRe b hs ae e Sl il bt LD, Bbeduotng
theI a- amI krimvehﬁm;;z nEﬁanhﬁxe@@ﬁsublri]pnahﬁdewamyembp@me@mtmbmﬂe Hél&flﬁﬁﬁfhil?htew th a
Ccycli1Cc a e uc lexa e m ne L e | Ke,

f ol | owed 6‘3\; awﬁf"{@ glrcﬁ)[r cﬁeggyﬁo% \ﬁ)ﬁgﬂ HAoge 'Fr[}?ﬁqﬂﬁ’ salt 11T .
This r eactfumarateg succihate, Maleatd, emiateyhet}ﬁaemifohite biemateatid iddats suitslaad

Compob iy fral s el S0 mabE et R R Pl aegs Y 1"

coupl i g tsheh a-hydr axgnieﬂiana su;lfdrhb a¢id racetic #vid)dlenzenesudfonicdacid, Wﬁﬁéﬂlﬂﬁﬁa

Ui th o S ag PR i R EE A A MRS mcolel Mop Bud¥ RN
convent i orand thedtked ﬂaaddlgom,@gmceumwh aesspptablemalta pﬁwmmmds offormiulallicke

ZCITEU:I'BI'[ iSSO$ q~glgll’ ocC ‘ﬁﬁyor I C an%ﬁg h OI’ I %?S@kéﬂ%ﬁghﬁ?‘#ﬂe rocess O?le(?%llél 5

present i rsudms Q;lvnpn@n@mmwm; orgzrn@ bases sBeh gea@gycl(plwgbmmw lpmum:ces

excel | eyt o { ter.
Subsequ ntaﬁéti?gﬂ(?'ﬁgyntgn@?{e -03<azo a?ﬁiﬁﬁ sﬁ&lf&%ﬁ?n{ﬂ%r £hd IlPrcé'Ngont ai ni ng
reagent VI 11 orSalfs ef commugdsjgf them@eyon mmw.satveteéoqmﬁ%an

2- oxazol ylsah&oidonfiticfth %ﬁﬁ&mgemaﬁoﬂnés%a*améfmr@ 3Jie geol e X
gi ves 5- (2 oxazoly a Ith| o) 2 10 am not hi azol es Xl . |ng wth
an azacyc|t&Hprieaad &t #ltakri vative X1 affords thi azoI yI anudes XI I,

whi ch may be dexypb&Béeh, {Hdlelhbeso@%@’ MERE 8 cBmpSurdl ¥'tBé Rfvehtitth &'a%dR. €. 9.
?gc)zot 833)9 Ithereof -(ﬂ;at E?t%er mci ﬂ ls%{c\: %memcagran%sit(gc | lél%g cI a?nrgurt]l(t)ct) énaezo?' In:(lac?re X V

solvent molecules bound by non-covalent intermolecular forces. Preferred solvents are

volatile, non-toxic, and/or acceptable for administration to humans in trace amounts. When

the solvent is water the solvate is termed a “hydrate”.

Compounds of formula I can be prepared by adapting the methods set forth in WO
35 99/65884 and WO 99/24416, both of which are incorporated herein by reference.
Alternatively, the generic method shown in Scheme A below, that illustrates synthesis of
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30 35 -5 WD 02/10162 PCT/USOL/ 15081 Schene A' M:iN3 ONOR-3 QL OR9 O
~VRTRBR-LNIIl RN 5 1Rs ~~ ON~R9 Il L N~/ N~ IV R-LN~ R9
111" SM Vomior2Z 9 OR- RBRONL VIIl RNSRNL -' |poru&si/msest R8 Z 7
OORSRRRI~RoO VI ~l W"ZIX 15 VIII' OR- RI0O RIO ~~~ RI1 N ~ ~NH2
ROS~NX~~P/ "SNI LX~\S~X1 20~Rs N2 ROR- X) RO 0 R0 25
RONS/\~ROINS\~-RESNHr RL~~\~-RBSNHr R-7 RORT -~ ~ RI9 R

o] R/\ ~ ;th&&%a&gbn@oﬂ‘donﬁauﬁﬁbldf formula XTIV, ¢éantie\ised to ynflfesi¥® compowi® d¥2/ 10162
PCT/ USOL set forth i aration
of 5 (2 dREDUR D T SerinsompolydtaE Pouflordialy AABRRF Bl e A el 0 05

i nvol ve trhﬂhd)dslldnownrtg dnealﬁsfdmnamshﬂrin theStre pIieafpllowing temss appdic in Saheme A:
a-substi t ¢ l. ; r P‘ﬁﬁ!; , an a-halo 5 ketone, with an
azic~e i aﬁguaﬁﬁﬁgm%es% nglﬁhggﬁ)%ﬁ? m 1?ur es to give an a-azido ketone
111 of, Ruwakdeaysl, a)bhytero(awl) reacting an a-substituted ketone |l like the

a- hal o kﬁiffcigﬁ F aﬁgﬁyaﬂ'l' Srﬂt%rl%ﬁrget etram ne such as, for exanple,

hexanet hy enet a sui ’ solvent or solvent. mixtures to give a
new quat eRmemd;R Lamedndependenitly hydrogen, alkyl, aryl, heteroaryl, halogen, hydroxy, or alkoxy;

R is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, CONR™R", COR", or COOR"S
R, R" R' and R are independently hydrogen, alkyl, or aryl;
10 ris an integer ranging from 0 to 5;

s is an integer ranging from 0 to 5;

L is a sujtable leaving group, such as halogen or sulfonate (R°SO,0", CF,S0,0,
etc., wherein R is alkyl, cycloalkyl, or aryl);

M is hydrogen, Li, Na, X, Cs, or a quaternary ammonium ion, e.g., (R%),N or

15 quaternary ammonium ions comprising cyclic alkenetetramines, such as
hexamethylenetetramine; '

Q is hydroxy, halogen or acyloxy (R°COO", R°0COO0, etc.);

Y is O, S, NH, N-alkyl, N-ary! or N-acyl;

Z is hydrogen, alkyl, aryl O alkyl, O-aryl, S-alkyl, S-aryl, NH,, N-alkyl, N-aryl.or

20 N-acyliand

P is a nitrogen-protecting group (Boc, Cbz, R;Si, ezc.). When a functional group is
termed “protected,” this means that 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

25 skill in the art, and with reference to standard textbooks such as Greéne, T.W., Protective
Groups in Organic Synthesis, 3rd edition (1999), incorporated herein by reference.

The processes generally involve reaction of o-halo ketones II (commercially
available or readily synthesized by well-known methods) with an azide to give a-azido
ketones ITI. Reduction of III with a reducing reagent gives a-amino ketones IV.

30 Alternatively and more advantageously, the a-amino ketones IV are prepared by
reaction of a-halo ketones IT 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%.

35 Thereafter, reacting the a-amino ketones IV with an a-halo acyl halide V in the
presence of a base of, alternatively, coupling the o-amino ketones IV with an a~halo acid,
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The a-hal o ketone includes a-halo aliphatic and a-halo aromati c ket ones.

The 10 preferred a-hal o ketones are a-hal o pi nacol ones wth a-brono

pi nacol oRGoRss16Pr Ef €rred. A sulfonate, for exanple, RSOZ2fer/guhieiaesIR i S

al kyl, ary? or heteroaryl), CF3SOzO- and the like, 'may be substituted for

t he halogen in the a-position. The azides include both netal azides and

quat ernary anmoni um azides. The netal azides are preferred with sodium

azi de nosproguesesdhe earresgundingramided Ve hhen, ringslastite efoVl/with ¢ delydrating reagent

hydr ocar bossgs Qlolilﬁi ﬂ%}l Hﬁfdes Jﬁ}(f%eﬁﬁﬁm tiofAleh ?&5{1 [ 13 rﬂesugff ones,
ere

etc. or mxtures t etones SUC as ace 5]’6 erre or both

react | Onstr{hg)opagsphpgls)omcglg@ RQﬁ)H iomsli reduct dslationgs difcult dud tadhket one 111
obt ai ned fiimatiePof RrgeMnhdunts diefdcARricead gna%;hene aSids, t’ﬂﬁ fo\ee&t g%
<Eh an

solvent m xtures tqQ give an a-am no keton nor e eS| a Iy,
reacti g PUSEENy weehmpgﬁfqam wiilizesdhe Burgess’ reagent wbw Prodscegexcelient yi

20 aci d | gh@permits 3RdyS s88 byodbt i961a8681 HEAlw4tkrct Ures to give an a-amno ketone
| V. The redu0|nqwﬁea gent “in reactlonbéb i.ncl udes hydrogen in_the presence

of a transiti oRUbREERINt frsatmeptef Z-0xazo halides,¥{I with swlfuyicoptaining reagent

triaryl physply vem difdses ﬁéw ﬁésemyélﬂe@ﬁemo&ﬁmuhw QQB@HOI&T&H%’P%]IEH@SSE@CG of a
transition nEtalfﬁggyﬂ% pre erre w'th drogen’ an al | adi um over

act i vat edCeuRIgP &'P%‘%IBP%@§?E Qf%ﬁzobﬂa thighgt i on (b)

i nclt udeg S%ﬁﬂ;ﬂhﬁz&é&c_ﬂm aCoupli ﬂ @fmlagmn @h@el&ufa@bfccdf&m &erfabﬁﬂ\'&léjglﬁdffc{f@s Ior
m xtures ch as ano re er ernatively,

t he reduc %ﬂé%‘ﬁ\gf C?EIIE &&"‘g’em%g? 9%?605‘6‘95 I&H ﬂE“T’] 3§ PPTOLERLInG BYHUE,

medi um sugg., Bobc) o\o,\%ve5é(mbcezoliflm;rnmb)-wdzscﬁwaﬂcah&yl&ﬁ:hﬂﬂﬁhzdl@s Xrwe a-am no
ket one acid salt ich can be isolated as the acid salt or free am ne
forms. 30 The acid in reaction (b') includes, but is not limted to, protic
acids such as HC, HBr, H, HzS04, H3P04, etc., with HO preferred.
Suitablg solvents) in reaction (b') include solvents such as hydrocarbons,
et hers,*”al cohols and the |ike, or m xtures thereof, with al cohol such as

et hanol preferred. The a-am no ketone product may be isolated as the salt
or free base forns. 3 5 Step (c) involves reacting {acylating) the a-am no
ketone IV or its acid salt obtained in step (b) or (b') with an
a-substituted aryl derivative V such as, for exanple, an a halo WO

02/ 10162 PCT/ US01/ 15081 acyl halide, in the presence of a base and in a

sui tabl e sol vent or solvent mxtures to give an amde VI. The a-hal o acyl
hal i de2¢ i ncludes a-allryl or aryl substituted or unsubstituted a-halo acyl
halide with the latter preferred. The nost preferred a-halo acyl halide is
a-chl oroacetyl 5 chloride. The base used in the reaction includes, but is
not limted to, aromatic and aliphatic organic amines with the |atter
preferred. The nost preferred base is triethylam ne. Suitable solvents)

i nclude apmic solvents such as hydrocarbons, hal ogenated hydrocarbons,
ethers, esters and the |ike, or m xtures thereof, w th hal ogenated
hydrocasbons such as dichl oronet hane preferred. Alternatively, the reaction
can be Carried out using an a 10 substituted acid instead of the
a-substituted acyl derivative and then enpl oying a coupling reagent such as
a water-soluble diimde |ike carbodiimde, haloformate, thionyl halide,
etc. In either reaction, a sulfonate, for exanple, RS020- (where Ris an

al kyl, aryl or heteroaryl), CF3S0z0- and the |ike, nmay be substituted for
the halogen in the a-position of the a-halo acyl halide or the a-halo acid
reactants which are illustrated. 15 Step (d) concerns reacting the am de VI
obt ai néf in step (c) with a dehydrating reagent in a suitable solvent or

. solvent mxtures to give the cyclized 2-oxazol yl al kyl derivative VIl such

" as, for exanple, the 2-oxazolylal kyl halide. Advantageously, the reaction
is carried out using (methoxycarbonyl sul fanoyl) tTiethyl ammoni um hydr oxi de
(Burgess' reagent) as the dehydrating reagent. Suitable 20 sol vents)

i ncl ude hydrocarbons, hal ogenated hydrocarbons, ethers and the like, or

m xtures thereof. Most preferred is the use of the Burgess' reagent in

t et rahydr of uran. Suitabl e dehydrating reagents al so include, but are not
limted to, other bases, acids, acid anhydrides and the |like, such as,
e.g., concentrated sulfuric acid, polyphosphoric acid, etc. Al though |ess
conveniently, the dehydrating reagent, for instance, can be

tri hal ophosphorus oxide 25 such as tribronophosphorus oxide or

trichl orophosphorus oxi de, alone or wisth a solvent like toluene. Step (e)
is directed to reacting the 2-oxazolylallryl derivative VII obtained in
step (d) with a sulfur-containing reagent VIIl or VIII' in a suitable
solvent or solvent nlxtures to give 2- oxazolylalkyl sulfide I X, a new key

Y L 1




30 The sul fur-containing reagent includes N-substituted or unsubstituted
thi oureas, thio acids or salts such as thioacetic acid or its salt, xanthic
aci ds or y@bi/so1gsich as ethyl xanthic acid potassium salt. pégUSANSEsIt ed
thiourea is preferred. Suitable solvents) include hydrocarbons, hal ogenated
hydr ocar bons, ethers, esters, am des, alcohols and the |ike, or m xtures
thereof, with alcohol such as nethanol or ethanol preferred. 3S g WO
02/10162 PCELhLadlAL15081 Step (f) concerns reacting the 2-oxazolyl al kyl
sul fide I X obtalned inMs ep (e)owi th a 5-hal o-2-am nothi azole X in the
presence of a base and a sui flablg sol vent or solvent mxtujes to give

5- (2-oxazol yl al kyl t hi0o)-2-an>Rnotfii azol e Xl. YThe 5-hal o-2- api 'qiole
include5'4-§jﬁ7£stit ted or unsubstituted 5-Hal o-2 50Qani not Les” wi th

met

5- br ono- 2- ami hi azopl e ﬁreferredu A sui tabl g base i cl , but i s not
limted to, al r , netal al koxi des, net aR cafbonates and aqueous
am nes such asRannDnruEZEé roxrge um hydr oxi de |sR$referred Sui tabl e
sol vents) incliude sol yen suchjjas car bgns, hal oggnated hydrocar bons,
ethers, esters, amd h@ks e, or mxtures thereof, with
halogenated hydrocarbons such as chl oronmet hane 10 preferred. Step {Q)

i nvol ves reacting the 5-(2-oxazolylallrylthio)-2-am nothiazole X obtained

in step (f) with an azacycl oal kandilc acid derivative Xl in the presence of
a coupling reagent in a suitable solvent or sol ¥¥nt nixtures to give

t hi azoll§l "ami de X11l. . The azacycl oal kanoi ¢ derivative includes

N- pr ot ect ed d@rrvatkwﬁs, for epmanpl e, %? N-protecFed i | pReot i crd or
N-protected n aci d. The eryed nrtrdﬂgnprotectrn are
Boc, Cbz, skl rtyatTves an iRke witihrBgrtiei n 2 j‘g
preferred. The goupy i ng reagenthnéﬂud%s but or s t I| te

wat er - sol ubl e car pdi i m des, hal of omrat es and t mnthIXarbodrrnrdes
such as al kyl carbodi i m des being preferred. Suit Le solvents) i ncl ude

sol ventls such as hydrocarbons, hal ogenated hydrocalfbons, 20 ewers, esters,

am des, etc., or mxtures .thereof, wth hal ogenated hydrocarbons such as
di chl oronmet hane preferred. Step {h) is directed to reacying the t hi azol yl
am de XITlI obtained in step (g) with a deprotectingre R'n a suitable
sol vent or solﬁéntkﬂgxtures to give a dé%rred /f/R"

h

5- (2oxazol yl al k A -azacycloalkano nothrazole {Where R11 is
hydrogen). 25 T oi ce of Riqe e_iepre g reagent is'based on the nature
of the rotectrng ar gp (R). Fpr\N s’pﬁ ecting_ar8lip. the preferred
deprotggtrng reagent is an agi uc 755 hydrd%hlorrc acid or
trifluoroacetic acid and suitable solvents) for such. deprotecting -reaction
i ncl ude sol vents such as hydrocarbonX! hal ogenat ed hydrocarbons, ethers,
esters, amdes and the |ike, or m xtures thereof, w th hal ogenated

hydr ocar bons such as 30Rﬁicloronethane preferred. A nqpe detailed synthesis
of conpounds of fornutz%wds shown in Schenes 1-5 beIo The starting

conpounds are comrerci a avai |l abl e or naﬁsbe rep Ny met hods known to

one of 28rdi na kil 8 _ﬂhe,mrt. I'n Schenes elfollomnng terns
apply: Lis a a ﬁalseaang r sWifo '{e.g.,
Br, O, |, R8 02%-, R35 CF3S0 1 n R6R|s Al k§ cycl | R
heteroaryl, or aryl); -9 wo 0 2 5 Schene 1: Synthe@rs Equounds

of Formula 11 10 PCT/ USRIV 15081 WM®i's" hydrogen Li, NXIVK, Cs,
guat ernary anmmoniumion, e.g., (R6)gN or quaternary anmoni um i ons
conprising cyclic al kenetetram nes, such as hexanet hyl enet etram ne;

30

35



Q i s hydroxy, hal ogen or acyl oxy (R6C00-, R60C00-, etc.); Yis O S, NH,
N-al kyl, N-aryl or Nacyl; and Z is hydrogen, alkyl, aryl, Oalkyl, Oaryl,
S-al kyl, vioasvdiez NH2, N-al kyl, N-aryl or N-acyl. Schene lpcptsiifisesih a

synt hesi s of conpounds of formula 11. O~ 'L 15 R v 2 20 MitNs. N3 R3 O
~N~ ~NH2 RN-N O ~-N 4 LN~/ ~N~~~ R}I'~L N/ 3 OHR-NL . , O25 N ~>--NH2
. LS1I030 NY\LRO7 SMY "Zor W_ Z8 NNSSN2RO110-~Lg5Y
N S Z R O9 FiAssgst fettk in Seleniend,ahy peocessecior g preparati@bdfes5-@2-subst i t ut ed

ket one 2, n a5 hal 0 k n W . an i LN a sultable.solvent or

Sol vent _nP SRR goRs Aot B ARG anlinb i BB1c8 b S Ge iV BRI FUGTE" .

reacti ng taisforeapions:t h a cyclic al kyl enetetramnmi ne, such as -10 WO

02/ 10162 PCT/ / | ran i i | r

sol vent m xtures t( ﬁg?@g%%%%%r@%%@t? r%{bglglq-ls@h.sag’ ﬁ??{&pﬁg, a}ﬁ%{!ﬁalg
5 ketone, with an azide in a suitable solvent or solvent mixtures to give an o-azido ketone III;

or, more desirably, (a') reacting an a-substituted ketone II like the a-halo ketone with a
cyclic alkylenetetramine such as, for example, hexamethylenetetramine in a suitable solvent
or solvent mixtures to give a new quaternary ammonium salt ITT'.

The a-halo ketone includes a-halo aliphatic and a-halo aromatic ketones. The

10 preferred a-halo ketones are a-halo pinacolones with a-bromo pinacolone most preferred. A
sulfonate, for example, RSO,0- (where R is alkyl, aryl or heteroaryl), CF,5S0,0- and the
like, may be substituted for the halogen in the o-position. The azides include both metal
azides and quaternary ammonium azides. The metal azides are preferred with sodium azide
most preferred. Suitable solvent(s) include solvents such as hydrocarbons, ethers, émides,

15 for example, dimethylformamide, ketones, etc., or mixtures thereof, with ketones such as
acetone preferred for both reactions (2) and (a").

. Step (b) comprises reacting the a-azido ketone III obtained in step (a) with a
reducing reagent in a suitable solvent or solvent mixtures to give an o-amino ketone IV, or,
more desirably, (b") reacting the quaternary ammonium salt IIT' obtained in step (a’) with an

20 acid in a suitable solvent or solvent mixtures to give an a-amino ketone IV.

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

25 reaction (b) include solvents such as hydrocarbons, ethers, alcohols and the like, or 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 a-amino ketone acid salt which can be isolated as the acid salt or free
amine forms.

30 The acid in reaction (b') includes, but is not limited to, protic acids such as HCI,
HBr, HI, H,80,, H,PO,, etc., with HC] preferred. Suitable solvent(s) in reaction (b")
include solvents such as hydrocarbons, ethers, alcohols and the like, or mixtures thereof,
with alcohol such as ethanol preferred. The a-amino ketone product may be isolated as the
salt or free base forms.

35 Step (c) involves reacting (acylating) the a-amino ketone IV or its acid salt obtained
in step (b) or (b") with an a-substituted acyl derivative V such as, for example, an o-halo

-7-



Sui tabl e a-hal o ketones 2 include a-halo aliphatic and a-halo aromatic

ket ones. The preferred a-hal o ketones are a-hal o pi nacol ones with a-brono
pi nacol oRgo §MsdisPreferred. 5 A sulfonate, for exanple, RGESR0so1f{18é82r e, as
defined above, R6 is al kyl, cycloal kyl, heteroaryl, or aryl), CF3S020- and
the like, can be substituted for the halogen {as group L) in the
a-position. The azides include both netal azides and quaternary ammoni um
azides. Tha, !KEIE&J Pk fRSeedRRESIER a stithble SO Entoragivéat mbdireptosdios aed.

Sui tabl e soly s) i ncl ude hydrocar bons, ethers am des, such as
dlnethylfﬁmﬁﬁ e, ketones, etc., or 10 ~~'es thereof with ketones such as

acet one pr ef er Teé oialo &2@1 Ha]Id%&.C inoqm&s caalkylod afyd S'l)bstlﬁitﬁpm( imsubstituted ashalo
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step (a') with an aci n.a. sui ve sol vent ., mi.xtures to..gi;ve an
o ahi o kot A yih bR e prerbrted, TR AR mreerr B o IR B R, SRt
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Al t er nat i vesgent subteas :edatcr-sminblleMd@hk@embd:;blm‘ldﬁ,rhakdonmte,lthlonyﬂdlqhde,mce of

ot one. ac e PlapHoR, sARroRHE OE Gl RSO B (Bneb I th Ay 3 B 1O
forms. Suhetetragylh ERISO;@randgbe like, meayche substithte}l fortbe belegerbim theagosisioniof i t ed
Lo, KO W pitbaptARA, ot BEQ4a15Leg rellablh i ey, Sui abl e

sol vents) I'n reac ude gﬂroocar ons ers, al cohols and

the |i K&, or mStepudpeonchms wrcungvtheranaﬂ@ obtained in ntenﬁc)évmﬁdehyplrmr red.
Th t: f .
1% Gep TRptEiRasuie #“é%%ﬂ??ﬁs&?eﬁ?%ﬁﬁ*ﬁs%% 1BE ook oxiASE> [ 0L
aci d sal t denvativaddI pushaseior G’b‘a}mRiP, szox\%m ﬂaﬁiﬁﬂ halidghst it uted acyl
derivative 5, %H%@ %o%gl fh@@ééeuaﬁyd cabﬁéd@lﬁuéin meth%QyéHrﬁJﬂirlduliﬁnB o), in

the presence of a nd In a suitable s t or solvent mxturés to
gi ve an afiiefeylgmmpgrium hydmox: 5(@1“3%? re&ge %FHMW}FF%?P . it Pbtiﬁ hal o

acyl hajy demertes) iﬁ&ﬂﬁdelﬁﬁﬁbcafbou@%m%tshma Bﬁdroca%éd% éthers Iaaamrmref@bmds The
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inther eé]&ftrPanM%thrﬁf?Ef 190@? upe;of8e Burgesy depgept i phatic
or ganlh CI aifeRRirating re | tb&déciaihbﬁae wuﬁmlrﬁoeﬂmﬂheo rm&bmeejwidsedmﬁaﬂqdrﬂes
triethylamnp ui tabl e sol vents) .inc roti ¢ sol vents,such, as

hydr ocar béﬁg(a" @‘f 29 1P ‘Ué%“ f 75158 lﬁﬁl? fé?féct %céd’ﬁ%}dr‘%@l}ﬂ”%ns
ethers, egdéssicenvenibntipethe Hklg;dratfngr’rbacgdnt,e”& mhtemmpéan b thha]bphmnphmas oglide

Chn b SAniLe Biora Pk B R by RateRre Gl Bhe fvna sef e "

a- substi t ublaeheacyl derivative and then errpl oyi ng a coupling reagent, such

t | o | |
ol e ot o 1 5t (e sy deRfea o sghoring Bl 2R5tar a0y ooty AT SRS iy el (O
is an al kytith a:ylﬂﬂma:mﬂn;dmg magdnt Nﬂﬂmﬁﬁﬂbmrqﬁu}tableﬁels&zm sobmntopixturestoi t ut ed
f the h f ds 5. St
(@ 1 nvol WEFBARyPRRRIY, Shek efinefbediOlnbauldl EOIPOUI o i ng
reagent3d n a Slfﬁhteablfm‘ -guitaining r@ngesranvlsd@s N'ls)lbﬂﬁlﬁléég QbU@Flb@lttﬂhé thigweasz ddo
. 2 oxazol ylaﬁidg% %ﬂ i%ihé’ daic’ c1cf&r1 MRinfhic héls or QNS ER ély kanfiae | de

van 3 out "u

i.e., Lis ageous e reactlon 'S carrie sl ng
(rret hoxy c &ciskpejassiung aﬂmﬂqsubsb@ﬂt ﬂaﬂmlsmﬁqsmi o&mtﬁble(ay&‘reg&g)smclmdagent} as
t he dehyd *y&% ) LsshRes el HTPdma
hal ogenat m&gﬁbggg%gﬁkenaf’éﬂ ers_and ’tﬁﬁeﬁ este?scor ms%ures thglraéegl?e Ol{/bst
preferred WMPﬁethQ@Qf,Gﬂthtﬂ@hBh @gmqt@@gbme a0l piefeRTPder of ur an. Sui tabl e
15 dehygly ating reagents al so include, but are not limted to, other bases,
aci ds, acid anhydrides and the |Iike, such as concentrated sulfuric acid,
pol yphosphoric acid, etc. Less conveniently, the dehydrating can be a
tri hal ophosphorus oxi de, such as tribronmophosphorus oxi de or
trichl orophosphorus oxide, alone or with a solvent |ike toluene. 20 Step
(e) conprises reacting the 2-oxazol ylag kyl derivative 7 obtained in step
(d) with a sulfur-containing reagent 8 or 8 in a suitable solvent or
solvent m xtures to give 2oxazolylal kyl sulfide 9. The sul fur-containing
reagent |ncludes N—substltuted or unsubstltuted thloureas th|o aC|ds or

1—a o I - . v I e e D T o




m xtures thereof, with al cohols such as nethanol or ethanol preferred. Step
(fj~ illustrates reacting the 2-oxazol ylalkyl sulfide 9 obtained in step
(e) withywogdzadiknot hiazole 10 (preferably L is halo) in therpsasssie of a
base and in a suitable solvent 30 or solvent mxtures to give

S- (2-oxazol yl al kyl t hi o} -2-am not hi azol e 11. The 2-am not hi azol e 10 i ncl udes
4 N substituted or unsubstituted 5-hal o-2 am nothi azoles with

5- br ono- 2- ani nStepi(@zmheerps ehetingte 2Axezilyhalityd swfide IX obtaimkddn step(e)iveithnat

limted t ,
ani nee. o s bt AOR ol BleRinol of bhikting iR SR EIPAR bE RIGAR O 2013
sol vent s) mlmfascﬂ@gﬁrﬁ 5h@dmmza]rylalk§dthid)ﬂ mgmw&nmlmr ocar bons et hers,

t 1 d it
ﬁZI gana?rend ﬁ)s/ ocar 6n75 su&ﬁfag@eéﬁéﬁ%eg?'gﬁre ﬁéﬁﬁe %Pfe{ﬁgsﬁl Jute}i"fﬂﬂlo- \
02/ 10162 P@itdiigaiolaserl SSeorma-aninethiazple praferrede Actuitable paschipeludeso but is
compounds ,of 1ih A%, fhetal Kl rokRRCMEANIRExiB, BRta) %mwomeﬁmc@ | dofin@6duh Of

formula 12 1n e presen a coup |ng dgent. Suita ing reagents
i ncl ude, am:nmoemnbhydrpmd@eaodlem hydrosidesisiprefemed oS witable swwcreKS) inelnde or mat es
and the | ls&gentwsﬁcn aﬁﬁg&%@%ebahgiﬁalogat od? c?&éa?dﬁnﬁaétf?&g'ésﬁksdﬁﬁu&@'di&»hols

preferred, for exa

1- ( 3-di nemmmknwrmgms thereohyilnhalegenpied dydiepanbeansushag dichlsoraethanse

Schene&aR%&fgrea IN S NH2 R ON 15 11 RL 1 ~\~CO2H /(CH2)n X 12 coupling
agent . S HI RO~ /(CH)n X N O 25 Schene 3 bel ow
illustrates t h@teﬁ;(ﬁl Wé’j"@S Wcﬁléﬁﬁb@ér@spwow M2-ampinethiazeleX] ebtajped and

RZ is ~H b5t with ABzA&cRaldaRbiacrl detivhtive XAGA @ pibdclicdofk RSuplifgtagent

car boxylic aC|d of fornul"a_13 in the presence of a caqﬁllng agent to form
an N-prot é‘b%é‘ﬂ@lﬁﬁ%‘(ﬁﬁ@bﬁo Ys@tmtmﬂs&owe 14 i s deprotected

to give corrpou s agdcytioniuhaic hcldﬁehvmleena@ml ﬂaté&@ﬂﬁﬁv%tlv&cfdﬂ éfam ut are
not limte ter sol.ubl bodi i m des, dthell
with cdbb Pll'°|tﬁ° sQniRg¢oHE a%‘ﬁl@&%%ffﬁﬁm%%‘@gc Bd ng'kf)?@?@ﬁade‘ﬁ OFHr ex arrpl e,
| (3- di mefptbain pedipeRYd Bod -CHzhsilicsd detlativestad ivsiewith Boddeingthembase. 35
preferred. The coupling reagent includes, but is not limited to, water-soluble carbodiimides,
haloformates and the like, with carbodiimides such as alkylcarbodiimides being preferred.
Suitable solvent(s) include solvents such as hydrocarbons, halogenated hydrocarbons,
20 ethers, esters, amides, efc., or mixtures thereof, with halogenated hydrocarbons such as
dichloromethane preferred.
Step (h) is directed to reacting the thiazolyl amide XIII obtained in step (g) with a
deprotecting reagent in a suitable solvent or solvent mixtures to give a desired 5-(2-
oxazolylalkylthio)—Z-azacycloalkanoylaminothiazole XTIV (where R" is hydrogen).
25 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 such as
hydrochloric acid or trifluoroacetic acid and suitable solvent(s) for such deprotecting
-reaction include solvents such as hydrocarbons, halogenated hydrocarbons, ethers, esters,
amides and the like, or mixtures thereof, with halogenated hydrocarbons such as
30 dichloromethane preferred.
A more detailed synthesis of compounds of formula I is shown in Schemes 1-5
below. The starting compounds are commercially available or may be prepared by methods
known to one of ordinary skill in the art. In Schemes 1-5 below, the following terms apply:
L is a suitable leaving group, such as halogen or sulfonate (e.g., Br, Cl, I, R’S0,0",
35 CF,S0,07, wherein R® is alkyl, cycloalkyl, heteroaryl, or aryl);



-13 WD 02/10162 PCT/US01/15081 Scheme 3 R~ NS S~ ~ ~CO2ZHNH2 \ RO ~ |~
/(CH2)An NNI P11 13 10 coupling agent 15 14 HN Acid NR~ 20 S S H~I N\
RO~ ~ M&dWine N N O 25 In the Schenme above, P is a nip¢posigist ecti ng
group (for exanple, Boc, Cbz, R3Si, etc. ). Wien ~. functional group is
termed "protected,” this nmeans that the group is in nodified formto

precl ude undesired side reactions at the protected site. Suitable

protecting 30 Mrishydrogen, Ittha,dﬁ,rmsmndquatmrwanhnomutmmnpég.sdh‘b,,l\bmocesses
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the protecting group (P). For the Boc protecting group, the preferred
deprotecting reagent is an aC|d such as hydrochlorlc acid or
trifluoroacetic acid ansthg athesis ¢ 3 L gl ot ecti ng reaction
i ncl udgysol vents such as hydrocar bons, halogenated hydr ocar bons, ethers,
esters, amdes and the |ike, or m xtures thereof, w th hal ogenated

hydr ocar bons such as di chl oronet hane preferred. Schene 4 below illustrates
t he synthesis of conp Nds of fernmula I, wherein Xis NRZ and RZ i s

2, 3-di hydr oxypr opyl, &v feactin a,@onpound of formula | whereig X is NR2
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First, step (a) involves reacting a suitable a-substituted ketone 2, such as an a-halo
ketone, with an azide in a suitable solvent or solvent mixtures to give an o-azido ketone 3;
35 or, more desirably, (a') reacting ketone 2 with a cyclic alkylenetetramine, such as
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NR-SSN,I RO,(CH2)n NI N O H HOCHZCH( OH) CHO 20 NaB(02CCH3) 3H CH30H H
N 25 H) CH20H Schene 5 below illustrates the synthesis of conpounds of

formula kyowegigs N X is 30 NR2 and R2 is 2-hydroxyethyl, Byr/osaasesig a
conmpound of fornmula I wherein Xis NRZ and RZ is hydrogen with a

2- (bronoet hoxy)trial kyl silane of fornmula 15 to give internediate 16, and
deprotecting internediate 16 with an acid such as hydrogen fluoride. 35 -15

WO 02/ 10 ﬁﬁ%aﬁ@ﬂﬁ?ﬁﬁet@tﬂﬁﬂe%@%ﬁﬁﬁﬂ@éol%ﬁm boler® mixfukes o @We duaferr NN O H
10 15 16 20 25 "R~ I_. N/(CH2)n N O CHZCH20H
ammonium salt 3‘

Suitable o-halo ketones 2 include a-halo aliphatic and a-halo aromatic ketones. The
preferred o-halo ketones are a-halo pinacolones with a-bromo pinacolone most preferred.

5 A sulfonate, for example, R°SO,0 (where, as defined above, R® is alkyl, cycloalkyl,
heteroaryl, or aryl), CF,SO,0™ and the like, can be substituted for the halogen (as group L)
in the o-position. The azides include both metal azides and quaternary ammonium azides.
The metal azides are preferred, with sodium azide most preferred. Suitable solvent(s)
include hydrocarbons, ethers, amides, such as dimethylforinamide, ketones, efc., or

10 mixtures thereof, with ketones such as acetone preferred for both reactions (a) and (a").

Step (b) involves reacting the o-azido ketone 3 obtained in step (a) with a reducing
reagent in a suitable solvent or solvent mixtures to give an o-amino ketone 4, or, more
desirably, (b") reacting the quaternary ammonium salt 3' obtained in step (a') with an acid in
a suitable solvent or solvent mixtures to give an a-amino ketone 4.

1.5 The reducing reagent in reaction (b) includes hydrogen in the presence of a
transition metal catalyst such as palladium, trialkyl- or triarylphosphines, such as
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 hydrocarbons, ethers, alcohols and the like, or mixtures thereof, with

20 alcohols, such as methanol preferred. Alternatively, the reduction reaction can be carried
out in the presence of an acidic medium such as, hydrochloric acid in ethanol to give an a-

* amino ketone acid salt which can be isolated as the acid salt or free amine forms.
-Suitable acids for use in reaction (b") include, but are not limited to, HCI, HBr, HI,
H,SO,, H,PO,, etc., with HCI preferred. Suitable solvent(s) in reaction (b") include

25 hydrocarbons, ethers, alcohols and the like, or mixtures thereof, with alcohols, such as
ethanol preferred. The a-amino ketone product can be isolated as the salt or free-base
forms.

- Step (c) comprises reacting (acylating) the-o-amino ketone 4-or its acid salt obtained
in step (b) or (b") with an o-substituted acyl derivative 5, such as an a-halo acyl halide (i.e.,

30 Qand L = halo), in the presence of a base and in a suitable solvent or solvent mixtures to
give an amide 6.

The o-halo acyl halide 5 includes alkyl or aryl-a-halo acyl halides (substituted or
unsubstituted), with the latter preferred. The most preferred a-halo acyl halide is a-
chloroacetyl chloride. The base used in the reaction includes, but is not limited to, aromatic -

35 and aliphatic organic amines, with the latter preferred. The most preferred base is
triethylamine. Suitable solvent(s) include aprotic solvents such as hydrocarbons,

-11-



Preferred conpounds of fornula | are those wherein: Ris alkyl; 30 RL is
hydrogen; X is NRZ or CHNR2R3; and RZ and R3 are independently hydrogen,

al kyl, swbebsicgised al kyl or cycloal kyl; and nis2. 35 Br CHEH¥Sap6ah! ryl )3
15 Acid R~ | /(CH2)n O N CH2CH20Si (al kyl)3 R ~ ~=~1' -16 WO 021 10162

PCT/ US01/ 15081 A first group of nore preferred conpounds of the present
I nvention are those.of formula lai NS S NN ~CH3~-3C ON O 10 Via) ~ R2 and

enant i Omhﬂog@a&ﬂﬁ@'ﬂﬁﬁﬁibbﬁs e&féi's\{ éﬁt&@‘s andlﬂﬁb e brBeeifds Rirbof, ﬁﬁh‘ﬁ &la@ecﬁ alts

e S by AR AR L orn bl
fornmul a 15utl\isni§ an oSsd’dsﬁkuw&o&q&m{)mNead?Bf the d-@b@tﬂhte@fﬂayﬁderﬁhﬁﬁd gideoners,
sol vates, andm%lp aygnr%ag ce:cl)ﬁpl].mg1 lré el?tccec%ta% %l vsatgrql tlusble Hmmc% (e.g., carbodiimide), a

5 Thaloformate, a thionyl halide, ezc. In either reaction, a sulfonate, for example, RGSOZO'
(where R® is an alkyl, cycloallkyl, aryl or heteroaryl), CF;S0,0 can be substituted for the
halogen in the a-position (i.e., at group L) of compounds 5.

Step (d) involves reacting the amide 6 obtained in step (c) with a dehydratlng
reagent in a suitable solvent or solvent mixtures to give the cyclized 2-oxazolylalkyl

10 derivative 7, for example, the 2-oxazolylalkyl halide (i.e., L is halo).

Advantageously, the reaction is carried out using (methoxycarbonylsulfamoyl)-
triethylammonium hydroxide (Burgess' reagent) as the dehydrating reagent. Suitable
solvent(s) include hydrocarbons, halogenated hydrocarbons, ethers and the like, or mixtures
thereof. Most preferred is the use of the Burgess’ reagent in tetrahydrofuran. Suitable

15 dehydrating reagents also include, but are not limited to, other bases, acids, acid anhydrides
and the like, such as concentrated sulfuric acid, polyphosphoric acid, ezc. Less
conveniently, the dehydrating can be a trihalophosphorus oxide, such as
tribromophosphorus oxide or trichlorophosphorus oxide, alone or with a solvent like
toluene.

20 Step (€) comprises reacting the 2-oxazolylalkyl derivative 7 obtained in step (d) with
a sulfur-containing reagent 8 or 8' in a suitable solvent or solvent mixtures to give 2-
oxazolylalkyl sulfide 9.

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

25 acid potassium salt. Unsubstituted thiourea is preferred. Suitable solvent(s) include
hydrocarbons, halogenated hydrocarbons, ethers, esters, amides, alcohols and the like, or
mixtures thereof, with alcohols such as methanol or ethanol preferred.

Step (f) illustrates reacting the 2-oxazolylalkyl sulfide 9 obtained in step (e) with a
2-aminothiazole 10 (preferably L is halo) in the presence of a base and in a suitable solvent

30 or solvent mixtures to give 5-(2-oxazolylalkylthio)-2-aminothiazole 11.

The 2-aminothiazole 10 includes 4-N-substituted or unsubstituted 5-halo-2-
aminothiazoles with 5-bromo-2-aminothiazole preferred. A suitable base includes, but is
not limited to, metal hydroxides, metal alkoxides, metal carbonates and aqueous amines,
such as ammonium hydroxide. Sodium hydroxide is preferred. Suitable solvent(s) include

35 hydrocarbons, halogenated hydrocarbons, ethers, esters, amides, alcohols and the like, or
mixtures thereof, with halogenated hydrocarbons such as dichloromethane preferred.

-12-



25 wherein R2 is hydrogen, alkyl, substituted alkyl, or cycloalkyl. Athird
group of nore preferred conpounds of the present invention are those of
formul a hgg o8@o152 ~S S N ~C-"~3~3C O N (Ic) 35 N RZR3 -17 pchs0Asdd1162

PCT/ USCL/ 15081 and enanti oners, diastereoners, solvates, and
pharmaceutically acceptable salts thereof wherein RZ and R3 are each

I ndependent|y hydrogen, al kyl, substituted al kyl, or cycloal kyl. In another
enbodi nent, coSphemel2 setf forthr apénardl symthésisief cdmpouadsoifoimulafiviextactiom dfhose

phar maceuPtil 1 Wik EeRbofple 17 BLkpREn H GEREIERNRES o Rl Bbhh: fitbie

| nvent i on capling reqgeds iBcluds bibare nbt imitedites mte[r&%o[up[éeatﬁqdimﬂdmhﬂyfoemhmk )-2

(0 N g g bbbl bl bt s Btk s feram o

oxazol il | thetdopitiination]of 2-Brdimethyldaningpropyh)-S-ethyIpirhediimlide &ydroohboride died 3\ ~/ / N
(f)-1-(2, 8 Fideroxypropyl) N[5-[[[5-(1,1

di net hyl et hyl ) - 2- oxazol yl ] net hyl ]t hi 0] -2- ~~~ N~OH

t hi azol yl ] - 4 pi peri di necarboxamide s s NHN N

[5-[[[5-(1, 1-di met hyl ethyl)-2 oxazoly | Jthin]-2-thiazolyl]-1-{1-

~X, C), N nethylethyl)-4-piperidi necar%(ﬁt—wde / og ~S~—~N\\~//N

1- cyclopropyl N [5-[[[5-(1, 1-di met hyl et hyl)

2- oxazqglgyl ] met hyl ] t hiol-2-ghi azol yl ]-4- . (H3c)3 N pi perl di necar boxam de /
~ S X S~~N\\I|l~//N N{[5- 5(11d|rrethylethyl) 2- ~3RN

2

15 11 | 12

J coupling agent

[ ] 7
20 g J‘\/‘S‘ s _N: LT
R (CHaln

25

Scheme 3 below illustrates the synthesis of compounds of formula I, wherein X is
NR’? and R?is H. First, an amine of formula 11 is reacted with a N-protected carboxylic
acid of formula 13 in the presence of a coupling agent to form an N-protected compound of
30 formula 14. Then compound 14 is deprotected to give compounds of formula I. Suitable
coupling reagents include, but are not limited to, water-soluble carbodiimides, haloformates
and the like, with carbodiimides such as alkylcarbodiimides being preferred, for example, 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and a base.

35
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hydr oxyet hyl ) - 4- pi peri di necar boxam de ~s~~N N -18 WO 02/10162 Table 1:
(Copt.) 5 10 15 PCT/USA /15081 Name Structure (R -N

[5-[[[5- e d2/8u1Et hyl et hyl ) -2 ~3C~-3 oxazol yl ] met hyl ] t hi o]p@rt$v1AZ@1 Y| ] - 3- /
p NgS~N,~ .v NH pi pendnecar boxarnde N N (S)-N

[5-[[[5-(1, 1-dinmethylethyl)-2 ~3C-3 oxazol yl] rret hyl ]t hi o] -2-t hiazolyl]-3- /
p HS S N pipendi necarboxam de N ci s-4-am r}o

[S-[[[5-(1, 1-di met hyl et hyl )-2 MBC~3C 6B8B813y| | met hyl ] thi o] -2 H

t hi azol yl ] cycl ohexyl carboxamde s s NN '~ ~" 0 traps-4-am no-N

[5-[[[5-(1, 1-di nmethyl ethyl) 2-oxazolyl]nmethyl]thin]-2- ~3~3 .,a~z S H

t hi azol yl ] cycl ohexyl carboxam de ~s yN N ~// 0 20 Pr eferﬁed salts of the
above conpounds are t ochl oride, the hydrobrom de t he

di hydr qchl ori de, .the the triffuoroacetate, % t he
e CiJNH e, t e JTE‘tfane ul f onat e,

fumar at’e, the succ
the bromate, and thhe io m xtwres thereo Décﬁaesent
i nvention al so includes nethods based upoff the pharnacdfogi cal 25
properties of the conpounds of the i #on. The conpolinds according to
the invention have pharmacol ogi cal properties; in partilular, the conpounds
of fornmula | are inhibitorsjef protein kijnases such as 4 he cyclin dependent
ki nases (cdks), for exanple, cdc2 (cdkl}, cdkgn cdi c3, dk4 cdk5, cdk6,
cdk7 and cdk8. Thus, the invention enconyaS¥BYi&asent se of compounds of the

invention in the treatnment, prevention, dandlor nmanagenengqof cancer, 30

inflammation or infla i sease, arthritis, Al zheingr's disease and
cardi ovascul ar di sease. [[The ijpventi on al so encogpasses/fma nore specific
enbodi nent, the use of npao Sthe iByentipp to gfgat \ prevent, and/or

feof> { nuépiidon al so
in tihe trelt nent or
ectiods. 35[-19

P

manage prollferatlve Rdi sea®es or synpt{ns t
enconpasses use of conpounds of the inyenti
prevenﬁson of topical and system c fun

14
J Acid
20 “ N $1
/IK/S S n L]
R Yo \[I \If \[r ACHah
N o) H

25

In the Scheme above, P is a nitrogen-protecting group (for example, Boc, Cbz, R;Si,
etc.). When a functional group is termed “protected,” this means that the group is in
modified form to preclude undesired side reactions at the protected site. Suitable protecting

30 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 to standard
textbooks such as Greene, T.W., Protective Groups in Organic Synthesis, 3rd edition
(1999), incorporated herein by reference. The preferred nitrogen-protecting groups are Boc,
Cbz, silicon derivatives, with Boc being the most preferred. Suitable solvent(s) include

35 hydrocarbons, halogenated hydrocarbons, ethers, esters, amides, efc., or mixtures thereof,
with halogenated hydrocarbons such as dichloromethane preferred. The choice of the
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WO 02/10162 PCT/ USCOL/ 15081 More specifically, the conpounds of formula I
are useful in the treatnent of a variety of cancers, including (but not

limted o3¢l ol | owi ng: -carcinoma, including that of pdwukli1AGeer,

breast, colon, kidney, liver, lung, ovary, pancreas, stomach, cervix,
thyroid, prostate, and skin; -hematopoietic tunors of |ynphoid Iineage,
i ncluding acute |ynphocytic |eukem a, B-cell |ynphoma, and Burkett's

| ynphone; dcpr¢te¢tmgapweat isdhasednay the oatuweﬂ tbe¢ grdteatimggmoup @) Hay thgBacut e and

oo RSB GULFIAS BRI ST Uil

mesenchy ori di ng
- ot her t uirifluoroaceti anid and mblﬁ@ﬁbzent@ fprewh deprotesting ma@nmm;ludg selsentsr corm,

neur obl as{ B Eg&og%ﬁﬁ?hal @[d&&‘dth JP Bkl e'é?bé ide9 R the 1fkdSort O e

key role of cd regulatio u ar pro eration I n general,

i nhi bi Sor Bixteies thezeaf, with halpgensiad) }erdefgmﬂwaﬁm a@gh@hl@romﬁl@nem@fwmd be usef ul
in the treat ﬁeséheaie £HY o fesm&@ﬁ&%swe g&%déro?ffmﬁ{ﬁl‘é)f Rleren i il ar

pr olifer atl ., _heur o- bromat 0si's, at heroscl erosis puI nonary

fibrosis, N&ﬁm t1Ss2, ﬂﬁwﬂrqa@p@py Ly by Aeacting acpmpprund of forsulad sdierein &) is HRng

angi opl ashyd R¥ is\h9afdgeR i Lglﬁ%fasrdehwpﬁf {he PRRbfce T red NP deRNsuch A St or y
bowel disease, transplantation rejection, angiogenesis, and endotoxic

shock. 20“?ﬁ@”¥ﬂ%¥@h¥¢ﬂ43&9§6néhe@ﬂﬁ3@%§§mﬁ§@m8f conpounds of the invention
in thejpreatnment of Al zheiner's disease, as suggested by the recent finding
that cdk5 is involved in the phosphor%:atlon of tau protein (J. Biochem
117, 741-749 (1995)). The invention onpasses use of conpounds of
the invention as inhibitors of other protein kinases, e.g., protein kinase
C, her2, raft, MEKI, MAP kinase, EGF receptor, 25 PDGF receptor, |G-
receptor, PI3 kinase, weel, ki nase, Src, Abl, VEGF, | ck, and thus be
effective in the trejat menff of di seases associated wifh other protein

ki nases,_ The inventi bnds of the invention
to inddée or inhi Tp process critical
for normal devel dpnent Gnd honeost is. ter apgdpt oti ¢ pat hways
contribute to the pathogenesis of varilety 3 n di seases. Conpounds
of formula I, as nodul ators of apoptosish wi | 19be useful in the treatnent
of a variety of human di seases with abberations in apoptosis including
cancer (particularly, but not Ilimted to, follicular |ynphomas, carcinonas
wi th p53 nutations, hornone d peﬁﬁéﬁhCHGHBGHoof the breast, prostate and
ovary, 28nd precancerous |esiors sug qglllal adenomat ous pol yposi's),
viral infections (including, Hut no 2I|nffed to, 35 herpesvirus, poxvirus,
Epstein-Barn virus, Sindbis vifruCHs@8 adenovirus), autoi mune di seases
(including, but not limtgd to, system c |upus, eryq@enatosus i nmune

medi ated - 20 WO 07| 1016¢ PCT/ USA /15081 gl onerul onephritis, rheunatoid
arthritis, psoriasi infhannatgry bq¥el dﬂteasesu/dn aut oi nmune di abet es
mellitus), neuro e I bu% ng} limted to,

S di
Alzhei@Br's di sease, APDS—reIated enenila ~E&Eﬁ?n I'sease,
anyotrophic | ateral sclerosis, retiniti plg t osa,| spi nal nuscul ar
atrophy and cerebel | ar degeneration elodgirbﬁﬁ$i?%€¥ndrones
aplastic anem a, ischemc injury a5500|ated nyocar di IQ ons, stroke
and reperfusion injury, arrhythm a, atherosclerosis, toxin-induced or
al cohol induced |iver diseases, henatol ogical di seases (i ncluding, but not

Itihm' ted to, E hlseliu:ﬁe @Beltiﬁhﬁuﬁéﬁhtel’sngaﬁﬁdtﬁegﬁ?ﬂ’l&bt ouﬁtﬁ?ﬂ'@&?ﬁﬂa ¥ ewhérsiaas s of .
€ nmuscu EI em ual n ut no m §0S] S an
oy i 20 NRY i5,2 BRRy bl by Fepb it o St g Kby LiRbERK FANRL M | o
. sclerosi sR?ks hlyaﬁdgdﬂnmseS(bromvi Meilkpisilahe of fordmdh S ko gV aidértiediate 16)e
Lnvent i on e AR S infermod: Pedm"mtﬁ AL 5 %s 5T rdgin Buoride.

_._f\

35
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cell. In particular, the invention enconpasses treatnent or prevention of
di seases associated with cdk nodul ati on by adm ni stering one or nore
conpoundsy@ba/Adig2 i nvention to a mamual in need thereof. IlfcTiso1/18esant i on
enconpasses treatnment of manmals, particularly humans. In addition,
conpounds of the invention can be used for treating chenotherapy induced
al opeci a, chenot herapy-i nduced t hronbocyt openi a, chenot herapy-i nduced
| eukopeni a or nucocitis. In the treatSgemed’ chenot herapy-induced al opeci a,
t he conpounds of the invention are preferably topically applied in the form
of a nedi cament 20 such as a gel, solution, dispersion or paste. The
conpounds of this invention nmay be used in conbi nati on (before, during,
after, including cycling adnjnistration) with known anfj-cancer treatnents
EImjth cytostatic and cytotpxi c agents

such as radiation therppy o

i ncludisng, but not linfited flo, m grotublestabilizing/agepts,

m cr ot ubl e- di srupt nt g7 4| i pgSagentN, an Zgﬁé:§5§$ites, 25
o

epi dophyl | ot oxi n, ant icheopl astic &nzy S M nhi bitor,
procarbazi ne, mitoxantrone, platinumicoord| natiofp compNexes, bi ol ogi cal
response nodifiers, growh inhibitors; Monal /@nt i - hdr nonal t herapeutic
agents, haematopoietic growh factors, and the |ike. C asses of anti-cancer
agents which may be used in conbi hatj i th. the formula I 30 conpounds of
this iqpention include, but are n tg*ﬁﬁfﬁ%hg¥%bﬁ¥he ant hracycline famly of
drugs, ‘the vinca drugs, the mtomycins, fdfie bl eomycins, the cytotoxic

nucl eosi des, the taxanes, the epothil ones, discodernolide, the pteridine
famly of drugs, di N aromatfse inhibitors, an®'the podophyl | ot oxi ns.

Particul ar nmenbers “thqgpe cl asses include, for | e, paclitaxel,
t hi t hyigacl i jsaxel adi scl o [
t eMrp<but PWoxyc -

docet axel , 7-0O net U S. 35 5,646,176),
3'-tert-butyl -3 R | - 3'(CHgphenyl -3" N
debenzoyl - 4- O net hoxycar bonyl - pacl (di sqfl ose Nfﬁ USSN 60/ 179, 965)
filed db -21 WD 02110162 PCT/ USO Febpuary 3, 2000 which is
incorporated herein by reference thereto), C 4 methgH,cR;bSIRAVE,; pacl itaxel
(disclosed in WD 94/ 14787), epothilone p¢ epothilone B, epothilone C

epot hil one D, desoxyepot hil one A, |desoxyepot hil one B,

[1S5] 1R*, 3R*(E), 7R*, | OS*, 11R*, 12R* | .

16S*]]- 7, 11- di hydr oxy- 8, 8, 10, 12, 1- peff8nmet hyl -3-[1 5

met hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] - 4- aza- 17- oxabi cycl o[ 14. 1. O] hept adec
ane-5, 9pdi one (disclosed in WD 99/02514), [ 1 S| 1R*,§R*(E),7R*, | OS

*, 11R*12R*, 16S*] ] - 3- [2= m nonet hyl ) - 4-thi azol yl ] - et hyl et henyl ] -7, 11-
di hydr oxy- 8, 8, 10, 12, 1§- pentjpnet hyl 4, 17- di oxaly cycl o . 0] hept adecane- 5, 9-
di one (disclosed in N 06 fi 1 2000 which is

i ncorporated hereiR by r@ferente th 'nVJQUﬂm~oﬁycin
daunor ubi ci n, am nopterin, nethotrexjte, t hoptleri n, Ndi ch] or onet hot r exat e,
mtonmycin C, porfironycin, 5-fluorou N 6-ne0capto$urine, gencti t abi ne,
cyt osi g ar abi nosi de, podophyl | ot oxi n or podophyl | ot o&HeClH vat i ves such
as etog si de, etoposide phosphate or tenjiposide, nelphal an, vinblastine,
vincristine, leurosidine, vindesine, le sine, and the like. Qher useful
anti-cancer agents which nmay be used in 15 conbination wth the conpounds
of the present invention include, but are not limted to, estranustine,

ci splatin, carBmiéread compoyodopifommiiafartehodel veleergini n, t anoxi fen, ifosam de,
nel phal anp ;b pefhyl mel am ne, thiotepa, cytarabin, idatrexate,
trimetrexate, ddcarbazine, L-asparagi nase, canptothecin, CPT-11, topotecan
ar a- C, 30i Bhisttydragen; f | ut ani de, | euprolide, pyridobenzoindol e derivatives,
_interfero i AHs IS nd the like. In 20 addition,-the~ conpounds

~of t hi s-i?nt\j/isén |:8§@?%1§é%‘§ed- in conbination with inhibitors of farnesyl
prot ei n t Raand Br aredndapendently hiidrogenj @licyl,ispbstitited alksl oncyglonlkykand

. anti-angi ggeni ¢ agents such as angi ostatin and endostatin; kinase

i nhibitors such as her2 specific antibodies; and nodul ators of p53
transactivation. If fornulated as a fixed dose, such conbination products
enpl oy skhe compounds of 25 this invention wthin the dosage range descri bed
bel ow and the other pharmaceutically active agent within its approved
dosage range. Conpounds of formula |I may be used sequentially, in any
order, with known anti-cancer or cytotoxic agents when a conbination
formulation is inappropriate. The present invention also provides

phar maceuti cal conpositions which canyJlse a 30 conpound of this invention
and a pharnmaceutically acceptable carrier. It should be noted that, in the
context of the pharmaceutical conpositions of the present invention, the
conpounds of the invention, or conmpounds of fornula |, refer to the free

. o a 1 . I 1 .y N I L T T T Y 1




WO 02/ 10162 PCT/USO /15081 Al so included are salts formed with other
organi ¢ and i norganic acids such as hydroxynet hane sul fonic acid, acetic
aci d, berggogsisd onic acid, toluenesulfonic acid and varimuusiinessi. €. 9.
nitrates, phosphates, borates, benzoates, ascorbates, salicylates, and the
| i ke. These salts include racemc forns as well as enantioners and

di astereoners (such as, 5 for exanple, D-tartrate and L-tartrate salts). In
addi ti on, phar #efistgrioap of shoecprefetretiicompatnds of ftheprewemt inyentidn drethost af | may
be forned mﬁ&@zﬁékali metal s such as sodium potassium and |ithiumn

al kal i ne gﬁﬂ.a tals such as cal ci um and magnesi um organi ¢ bases such as
di cycl ohexyl am ne, tributylam ne, and pyridines, and the |ike; and am no
acids such as arginine, lysine and the |like. 10 The pharnaceuti cal
conpositions of the present invention may further conppise one or nore
phar mageutical |y accept additional carriers, excypients, or diluents

i ncl udi ng, but not |imffed \o, i ngredients) suygh as tabilizers,
anti m crobi al agents, ffe calS¢in ent Nuggns, and. t he
| i ke. The conmpo(@Hi¥sCind cohposiYi ons t hiys” i nvarfi bwR%adni ni st er ed
orally or parenterally including the i\Wtra¥enous,

<

15 ~tr~uscul ar,

i ntraperitoneal, subcutaneous, rectal N opi calOroutes of adm nistration.
For oral use, the conpounds and conpositions of this invention may be

adm ni shered, for exanple, in the forn1g§)tablets.or capsul es, or as

sol utions or suspensions. In the case of tablets for oral use, carriers

whi ch are commonly used include | actose and corn starch, and |ubricating

agents sughq asmFBARAS iiaSeRtbBRIAESvVAES R w&maxe@_iwﬂf acdePlabRQRald fereof
adm nistration ip capsule form _useful carrlers i ncl ude | actose and corn

starch. VwWhgreiyBeislydeespatkylonds ot 9rgyeloalyl. adnmi ni strati on,

emul si fyi ng andl Qcosdgiep OF Rdredteftnd RbApe AMHEVTItlis AfldRGon Arb i€ of fitthula
sweet eni ng and/or flavoring agents nmay be added to the oral conpositions.
For inﬂﬁaﬂﬁscular, i ntraperitoneal, subcutaneous and intravenous use,
sterile solutions of the active ingredients) are usually enployed, and the
pH of the solutions 25 should be suitably adjusted and b er edr? For

i ntravenous use, the total centration of the solute d be
controlled in order to re der\ he preparation isHtonic dosages for

human admi ni strati Q qi c u f tRis iaNenti i normal |y be
det er m ned by the(§ 2 ri bi 9 physi ci an 'tFﬁfﬁg doBages

eneral ly varying
accordipgg to the age, weight, route of aWm ni/stratipn, and response of the
i ndi vi dual patient, 30 as well as the sever|¥y of tRe patient's synptons. A
formula I conpound of this invention is preferably adm nistered to humans
in an anmount from about 0.001 ng/ kg of @bdy wei ght to about 100 ngy/ kg of
body wei ght per day, nore preferably tom about 0.01 ng/ kg of body weight to
about 50 no/ kg of body wei ght per day, and nost preferablg fromabout 0.1
nmy/ kg of Bodignantioniers, digstgteomers? eolwaes gnd pharougeutiselly acosptabldaglts thereof3 WO
02/ 101 Lepeld i et /&ﬁ%@ 1 cdc2/cyclin B 1 kinase
acti vi ??/’ %&%ﬁ%ﬁei{s'n@r@ée a%hl tori F]JS t e’ i n ofroég?gti on of 32P into histone
H . The reacti énthitdigseun eicmere poefemed epmepaunds of the prgsentinvantiomarediese of7S ng
bacul ovi r ysmexPILessed GST-cyclin B 1, 1 ~. g histone H (Boehringer
Mannheim, 0.2 pG of 5 32P y-ATP and 25 uM ATP in kinase buffer (SO nM
Tris, pH 8.0, 10 MMM 2, 1 MM EGTA, O S mM DTT). The reacti on was
i ncubated at 30 C for 30 mi nutes and then stopped by the addﬁhﬁgﬂ of cold
trichloroacetic acid (TCAL Ly o0 a final concentration nd i ncubated on
i ce fo3020 minutes. Th tion was harvesteg onto nifilter plates
~ (Packard) using a Pac j har vé and the filters
wer e count ed o(Cis) , htillation counter
(Marshak, D.R., Vanderberg, MT., LJ., J. of Cellular
. Biochem stry, 45, 391-400 (1991), inc Nated bgp reference herein).
cdk2/c~rclin E Kinase Assay 15 cdk2/cyckk$ E kinase activity was determ ned
by nonitoring the incorporation of 32P Yo the retinobl astoma protein. The
reacti @g consi sted of 2.5 ng bacul ovirus expressed GST-cdk2/cyclin E, 500
ng bacterially produced GST-retinoblastoma protein (aa 776-928), 0.2 ~. G
32P y- ATP and 25 uM ATP in kinase buffer (SO mM Hepes, pH 8.0, 10 mM Myd 2,
5 mM EGTA, 2 nM DTT). The reaction was incubated at 30 C for 30 m nutes and
then 20 -stopperl~ by ~th~e addition of c~ld-trichloroacetic acid~(TCA) to
a final concentration of 15 and incub&dfed on ice for 20 m nutes. ~ The
reaction was harvested onto G-/ C unifilter plates (Packard) using a Packard
Filtermate Universal harvester, and the filters were counted on a Packard
TopCount 96-well liquid scintillation counter. 25 cdk 4/cyclin D Kinase

B I Y I T T R T = R T T T S T P T,




-24 WD 02/10162 PCT/USA /15081 in cyclin D, and p 16 binding. J. Biol.
Chern. 272.30:18869-18874, incorporated by reference herein). In order to
facilitatyogddgiks her understanding of the invention, the pol/Uswisgiexanpl es
are, presented primarily for the purpose of illustrating specific conpounds
of the 5 invention. The scope of the invention should not be deenmed |limted
by the exanples, but enconpasses the entire subject matter defined in the
cl ains. E a&hqmerp;@p%tpmpmgrs, siflvates, and pharmaceutically acceptable salts thereof

f |
Pycir ochi of PeinS TN WATR iedeR AN T SARRCAI T SORERYE
pi nacol one 0 NB#n9ther meﬁémpﬁnﬁa@mp@n@d%qfégmwaémcmldyms ambnot lnm@qql) tonas
conbi ned yf3sd ik&Pin-T e ?%@fo%dvi‘;ntaﬂho?ﬁ&k UThREStRers ok, %&1]4444 ml, 1.3

eq). The reaction was stirred room t enperature for ours The
resu|tﬁngp%maﬁgut!ﬁdb'4qcpptéb1@@alés1@ewa§hed with acetone (3 x 150 mL). The
filtrate was concentrated in vacuo to provide 154.3 g (98.4% of the title
25 conpound. HPLC 83. 85% at b 7_@0 t0 S( Bhex Inc., Tomance, CA, 5
pm C18 colum 4.6 x 50 nm %&a@@em P er 4" mi nut es

cont ai ni ng 0. 2% phosphoric acid, 4 nL/mn, nonitoring at 220 nm. 30 B.
Preparatipn of a- Hexa.H:et hvl enet etram[no- pi nacol one Prom de O N \* ~N B
LN~/ a-Brpop-pinacolan®7170 g 1 moll 1 eq) was coWM¥ in 2 | of acdtone
wi t h 35ghexgsmgishyl-eashek®ppe-ne (154. 21 g’(“fé 1 nmol, 1.1 eq) and the reaqtion
stirred u %__J;a&h‘gﬁgaturefor ours. The resul tihg™al urry was
filtered, ‘gﬁ{ %etg%]rtﬁlglake wes washed|- 25  JWQ 02/510 /SO 15081
with et herp‘feé‘d’fecg X% and dried in Vacuo at OW r t o provi dd 330
g (100%. pf the title conmpound contaijni ng 7% hexamet h net €& ram ne. HRLC

R T. =0. 17‘Wmmﬁsm—reﬁe%mmeous
met hanol  peE-IXIRithideetylsliPni ng 0)2% phgsphoric acid, 4 ni/piQ,

p
noni torlisngomoly:l{]ﬁlethyl]tl)io]-ﬂhﬁ‘zolﬂmkpar ation of %A@ no- pi nacol,pne Hydr ochl qri de

piperidinecarboxamide ﬁ NH
(#)-1-(2,3-dihydroxypropyl)-N-[5-[[[5-(1,1-

dimethylethyl)-2-oxazolylmethyl]thic]-2- (1 H N/T\OH
Q H
thiazolyl]-4-piperidinecarboxamide S S\ N H
20 T

N-[5-[[[5-(1,1-dimethylethyl)-2-
oxazolyl]methyl]thio}-2-thiazolyi]-1-(1- #HC); N)\
methylethyl)-4-piperidinecarboxamide }—0 s H

S C N

1-cyclopropyl-N-[5-[[[5-(1,1-dimethylethyl)-

2-oxazolylJmethyl]thio]-2-thiazolyl]-4- . . (HOnC, . N~
piperidinecarboxamide / S\/s s g
ZN/ A0
N-[5-[[[5-(1,1-dimethylethy])-2- Hs N
oxazolyljmethyl]jthio]-2-thiazolyl]-1-(2- }——-ﬂ lﬁl /EH
hydroxyethyl)-4-piperidinecarboxamide N)\/ Sv
N

30

35
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O NHZ HC 10 a- Azi do- pi nacol one (128.5 g, 0.911 nol) was conbined in 4.2 L
of nmethanol with 77.1 nL of concentrated HCO and 15.42 g of 10% PdlI C. The
react i on ywg ¥i/i162 Wwas stirred under hydrogen for 1.5 hourspciosoigsssal yst was
renoved by filtration. The solvent was distilled to give a wet solid. The
resi dual water was azeotropically renoved with 15 isopropanol (2 x 500 niL).
Tert-butyl nethyl ether (300 nL) was added and the resulting slurry was

stirred, filtered, washed with t-buEable fCont.) et her (3 X 100 nl) and dried
to give 131.0 g (95.5% of the title conpound. D. Preparation of

a- Am no- p rn'aCCI ere Ajrlr nr-hl nrl rla ’)ﬂ ——— fa NH2
HCl a- Hexpnet hyl enet eNmﬂfm no- pi nacol cl)ne br oni de {409mgnue1 254 ol , I eq)

was 25 co anol W §n IZ N aqueous Ho (439 1L, 5._2'6_ﬂ'0|,
4.2 eq). %R’ﬁgﬁqlé @’ g‘?’ fred at |75 a6, dor 1 hour and the@l owed |t o

cool t& rpoasolydimebyliihiolr2athiagohdl->r esul tiing sl ur ofl Itered, she filfrate
concent r a} gpkriinecerdcamidand 1 sopr opyl TI cohol W Mn was
sir

filtered pgain. Addition~of 1.2 L of |[ether ca¥ised th d material [to
precipitalefromsaolution The naterial was filtered, washed with ether| (2
x 300 ni) is;anq!s -88- (dlud@,dm%. thy@@.uo at LOC overnight to provide 184.1 g (97%

of the titl WO| 02/4@t62 PCT/ LIS01/ 1508
Preparatip &@ﬂﬁ;@ °]d31 no) pl/na? ol ogw *NNCI

—

azol
cet ~rla

conpouRg oﬁ“P“E geatppxeqidd 96 g 0. 8637 |nol | i ggol Jed Tn 3.025 |L of
CH2C z under NZ at -5 C Trlethylamne(301n1_ 2 1 iol,02.5 eq) was
added, foftowed by Titoroacetyt rae—<(T F - - Hn
175 nl of | €xfretipe- T?TE[[Sr(ééﬂWFhM’gthlél)&rr Y MRS stirred at -5 to - @f or |2
hours. WA} emzolyllietbylBhitly2-was added, f ¢l OIEC by 175 i 4of entrated
¥_40% aqugous

HCl . The bh@nileycRliagRadékemid@shed a $econd M
HCl, and fhen wth 500 nL of water. The organ ha dri ed over NdzS04

and concentrated in vacuo to provide|155.26 g (93.8% of tﬂe title

corrpourlé );m,_g:agml'N Lé%%grp Oveﬁ%gﬁ]mmex Inc., 5 ~ mCl8 colum 4.6 30

mm 10- 909 Ut @80 ont ai ning 0. 2% ph e adid,
4 mL/ mn, 520 15 ~). F{ Prepa on of s

5-1t-Butv Wﬂkﬁk@?’wcmﬁm@# Chlorigle. N 2 ’f onpound of
part E (180 13 g, 0 9398 rml 1 eq) VaS corrblbhed Wi t hosghor us

oxychl ori dd at
105 C for 1 hour the mxture vvas cool ed to roomterrperature and quenched

with 128 kg 25Paffertedtsaltd. bEtha gL mipdanes %&ﬂgﬂf@hl&iﬁa%% ty&x‘obﬁ{mﬁﬁ ?hgt e
saturate

(1L, the ani c_extracts, were

aqueous cﬁlﬂnﬁn@ﬁ‘;{%ﬁq @?‘F ‘E?&E%ﬁtﬁ‘%%ﬁe "?’a’ier s sucgmate, dhsy |
acet at e. Takeaty therditeat@gbsmethanésalfonat)i thebomates hﬂdithbi ibdaté sdltslor nfiftudsueous
NaHC03 (5 %e ) followed by saturated aqueous NaCl (300 nL), dried . over
MyS04, an tShcentrated in vacuo to give a brown oil. The crude materi al
was 30 distil | EHe predent idviegtion also invhries #@HOds based aponl thelfharfdbotpgicb%) of the

title o] 18 colum 4.6 X
50 rm 25 P ot HEbsShepindt or Bilhob iRy e BlmbBfias oot S heutite
aci d, 4 nhdveipharmanolagical pg)pattleg;ﬁﬁ particulas)l the corapounds pf fdrinnlat]i dré mhdntqmolmd of
part E ( 1 | :)'n mp
was conbi gmge]gmk% ]saglggg;ﬂ}l} #’ ony su‘#"fn? anyl) s?édléfh 1"a mnnel 8@;{2&@1&3
( Bur gess' cdkdaodth cakHedra) cdbiand @ik§3 Tays, ,th@mnmmcmmpase&thé pseo. 2 ni of
compounds of the invention in the treatment, prevention, and/or management of cancer,
30 inflammation or inflammatory disease, arthritis, Alzheimer’s disease and cardiovascular

:
><

disease. The invention also encompasses, in a more specific embodiment, the use of
compounds of the invention to treat, prevent, and/or manage proliferative diseases or
symptoms thereof. The invention also encompasses use of compounds of the invention in
the treatment or prevention of topical and systemic fungal infections.

35
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WO 02/10162 PCT/ USA /15081 chl orosul fonyl isocyanate, 4.4 nL of nethanol
and 14.8 nL of triethylamne in 100 nL THF). The reaction was heated to 45
C for 1. QudeiHeiez After cooling to roomtenperature, the reagigaAsosas
guenched wth water (50 nL). The organic | ayer was separated and washed

w th saturated NaHC03 (2 x 50 ni) and water (50 nmL), dried over MgSO&4 and

passed 5 through a small silica gel The sol vent was renoved to give
an oi |l which rq speeifically,ithe aompwmgiﬁ @f gnm_ula Trare neafialin éhetentmentaf aof

t-butyl %wa%ghdrl elgagdﬁgggut%mﬁgte&% YinOtAloWi (2 x 25 nl), saturated

brine (25 niL) Filtrati'on and val of solvent gave
10.9 g of the title corrpcqa,rfdnom@l@uqbﬂéﬁm afﬁhshlaﬁlﬂersb{qastsmlpnrlgd@z{a ALy |

Thi our oni um Hydr och Seard 10S, \ conmpound of
part F (1.77 g, 10.1518%170 ?ahlc eqﬂo\zigghccgﬁﬁgy&v(\%?mgt |tgtl§§§n {0.76 g,

9.98 mol, 1 eq) under Nih@matqml?ﬁstsmowsféyraﬂ@léﬂln%;mclndélgraéa@t.on was
heated at reffux fofynphoeytilakemihB- dmw&n\wan@smm'stlymbmterrperature

and 20 concentrated’in vacuo. Trlturatl e resujtjing crude materi al
with t-butyl nethyl et herheBIaIRAOIRHS %Ww&haﬁa&eh@cm@ce&ﬁyéund HPLC
R T.=2.05 mn (Phen&ﬁﬁﬁl@hj'dwgenoﬁs Ieum&aﬁ HyelbcPticleReiza 10- 90%

aqueous net hanol over m nut es. cont ai ni ng 2% ﬁlﬁ ric acid,, 4 nL/mn,

monitoring at 220 nnj; ' FAUREE Qg ﬁ@ﬁ%"‘" ak Ogginging ug,.éhm@:ggm(gn 1H), 4.73
(s, 2Hyo 1.24 (s, OSihabdéh dséardam’;)aﬁ@tlon of

5-[~t-Butyll-2-oxazol yl rrethI t hi ol ; not hiazole N N S S NHy 30 The

title conpound of part G1° IS, g‘c gmplagwa,m&ergtgcgcwp re of

NaOH (3.0 g, 75 mmbsteddéxdbﬂja,nwbblast()ﬂaeaﬁi 1101h@.| uene (10 nL) and

t et rabut yl ammo
5Bt onro- 5 am nOUHOE B ARy Sy abew?l%?[ﬁm i K ol Sl i he rglationsfy and
th ;a r eact édhéat@sod lifetation th géncrai,alﬂhﬂ)ﬁme!baldL%:Bas‘ mveréﬁléc}imwdtib agéhie w]ﬁ? WO
02 101?% US (%ﬁ u uted w hl v%a eﬁ e tW| ce
it etRy Fuak g pa b B e & A sthne et it o4 e Aol
dried ov eprollimmbnaa@ mnmeﬁlbnoaiamtls, athemscelerotis, puiimehaty fibrdsig aftBﬁﬁQ of t he
a6 x S0 Trads. gpmsnitnitl s Buaiig SRERNRty o Srear eSS e s
phosphori hymhrmpmoﬂsaatfonmnom;unﬂammatogy howél2liseasy) trahspldifBion@Ejedidon, b 6. 97
(s, 1H), , , 3.89 (s, 2H) 1.27 (s, 9H). I.
Prepar at i oré‘?ﬁeglgm éﬂ%len@otégc_ g oxazol yI net hyl t hi o] -
i (N-1 - Bat oxycaTb@mlenm@wmmy u;aagﬁcnmphumtscnféhelmvcntmwn thereatpertts The
i et by 1 o ALSelerPRiskadd, S mida ey, fie ?%“8*‘9&“{@5% BaE a1 Hofuchiithe
1- ( 3di et Pyasphomtation of tau moteim/l Biachem 11 T -PAR189Mor i de (13.8 g, 72
mol, 2 ed), Nrheinvention also encompasses use of compounds of the invention as inhibitors of

other protein kinases, e.g., protein kinase C, her2, rafl, MEK 1, MAP kinase, EGF receptor,

25 PDGEF receptor, IGF receptor, PI3 kinase, weel kinase, Src, Abl, VEGF, and Ick, and thus
be effective in the treatment of diseases associated with other protein kinases.

The invention also encompasses use of compounds of the invention to induce or
inhibit apoptosis, a physiological cell death process critical for normal development and
homeostasis. Alterations of apoptotic pathways contribute to the pathogenesis of a variety

30 of human diseases. Compounds of formula I, as modulators of apoptosis, will be useful in
the treatment of a variety of human diseases with abberations in apoptosis including cancer
(particularly, but not limited to, follicular lymphomas, carcinomas with p53 mutations,
hormone dependent tumors of the breast, prostate and ovary, and precancerous lesions such
as familial adenomatous polyposis), viral infections (including, but not limited to,

35 herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), autoimmune
diseases (including, but not limited to, systemic Iupus, erythematosus, immune mediated
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20 but oxycar bonyl - azacycl oal kanoic acid (12.6 g, 55 mmol, 1.5 eq), and

4(di met hyl am no) pyridine (2 g, 16 mmol, 0.45 eq). The clear reaction

m xture ReGepi16l oudy as it was stirred at room tenper at user/6su1/18082 hours.
Water (300 nmL) and ethyl acetate (200 nL) were added and the resulting
precipitate was renoved by filtration. The filtrate was extracted with
ethyl acetate, the organic extracts dried over MySO4 and concentrated in 25

vacuo to gro%r&lSn@ph)‘iﬁE'x‘ﬂ%rﬁﬂbidchrﬂﬁ‘itﬁ NpsbRifsis, QH@éLﬁﬁQtoW B&wélhﬁseaéécaﬂaﬂ tate

obtained By filtration. The solid boi ] e mxture of ethanol,

wa
acet one aA#olBmERe ‘ﬂ‘@\’et%mﬁ*hﬁﬁb:é?quﬁgﬁlﬁ@d’ € %ﬂﬁﬁ(mlﬁﬁn&f@’é potdlineitedis er

m xture angzHithecs diSeade, DK refutél &ﬂ%&@aﬂdﬂ@oﬂ’bﬂis@as@%ﬁ%%hﬁ@te@ﬁ -29
WO 021 1016% PCT/ USQL/ 15081 J. Pr, eq[iar ati.on of

S-[ 5- ( t - BSHISHOPIS Rt ars}mﬁ%m mpscwlay afrophy and gergbelisy deggnerstion), 41BFe

hydr ochl opjydRd }ﬁrasw AdimekiGhlathieaddniib SsEHefO ey Qbsdeffidd g) was
di ssol \?ed Iyﬁ lgls @lyn ; ba10 tri h,d(s) oacetlc afgéd (305?,716;%&\1/1\21 added

dropwi se, infargt 19%%15&3&8“ Rﬁgéls’é’flllwiu@@a&' Qs doximmindycehof 5. The

reaction wikehslandesd haéledisda@esyn@ﬂaologidamleéhsw (&Ihbmﬁﬁ but 880inited tocaﬁbﬁd in
i ce, nmade basic %ivl th sodi um.hydr oxi de dand t resu Qﬁkg Za?lld filtered and
recryst al FrFRE 3 aRlesHG AnGBILa), Gegensratlyrdiseasesy F’b‘sﬁﬂ"ﬁ el ystony (8394 of

the titl e(meluﬁmgnbhtaﬁ)t Hmyted taquteqbordsls dibarthiitish' aspikincsenisitivodindinudigiscoul d
be obt |neduﬁéadd|t| 15 .of .1%& o(fh 1Na ous HO. to 7 g of this
material F¥F cs%‘ﬁTS’[s H;FEY HEERRPEL 15 i (YMC SS ODS

colum 4.6 x 5 annthe‘t&n%%mmehmmvmdm&mbmmm ﬂmethmdtoﬁnlﬁmnhgbﬂkﬁ@ 0.2%

Fh;) S RFF%I' & lfgfn(@nlcugrrﬁp ﬁ’?,‘iegﬁ% tFI?CUEl gFé%eEgzr prevenngn of aisealzrese gseslgggtlec? n of
met hyl | tbmﬂwﬁkhﬁn@tabﬂon]by&dmmehenﬂg nnam:arrrhoneaumnﬂmundsof th¢ invention3o 1 S N NH
~C H3~3C . t - but oxycar bon~pecotic acid 30 35 N pecotic acid
(1.3 g, 1o%gﬁ8€§d%§°§2m ned with 10 nL of dioxane, 2 niL of

acetonilsri |l e, Tbe mvenfiomericompassesitréfiment aﬁmammwumtwﬂmmnﬁénseq) D| -t

butyl . -30 VG162 ETSNISRRE o BRLINA! SedihgdypobaiUP! L 1S

eq) was added an I on m Xxture was rrre over ni g The

reacti on Hiduced dopesia, chemetherapy-tniluced thmmbocb’tmemmnmt@m}emdmedent and 10
% aqueous 46ty th I
a(::et ate (é&k&slégg @'C’?g‘: e ?)irii am%ﬁgﬁproggltfésrﬁ%n% dr| e %@QP% filtered
t hrough srompenngsof thergvantien nteamfembésdmpwauxemhedméhmﬂoau@fm@mam«enwas
recrys 6' gﬁ&le‘gafgeprgbﬁ,rt@x,dl%%tl@ﬁgrﬁg hexanes to provide 2.2 g (96 % of

(f)-N-f-but oxycar bonyl -nj pecot]j c acid as, a white solid. B. 1~1-N-f 5-f f f
5- f The compounds of this invention may be used in combination (before, dunng, after,

1. 1- Di et Brewdingcy@King admbdisiition) With kRdwr ahtilcatcel dbdimets s Krigiafipnv! ~pi pe

ri di necar hoxam de
therapy or w1th cytostatic and cytotoxic agents including, but not limited to, microtuble-

[ TR

stabilizing agents, microtuble-disruptor agents, alkylating agents, anti-metabolites,

25 epidophyllotoxin, an antineoplastic enzyme, a topoisomerase inhibitor, procarbazine,
mitoxantrone, platinum coordination complexes, biological response modifiers, growth
inhibitors, hormonal/anti-hormonal therapeutic agents, haematopoietic growth factors, and
the like.

Classes of anti-cancer agents which may be used in combination with the formula I

30 compounds of this invention include, but are not limited to, the anthracycline family of
drugs, the vinca drugs, the mitomycins, the bleomycins, the cytotoxic nucleosides, the
taxanes, the epothilones, discodermolide, the pteridine family of drugs, diynenes, aromatase
inhibitors, and the podophyllotoxins. Particular members of those classes include, for
example, paclitaxel, docetaxel, 7-O-methylthiomethylpaclitaxel (disclosed in U.S.

35 5,646,176), 3'-tert-butyl-3'-N-tert-butyloxycarbonyl-4-deacetyl-3'-dephenyl-3'-N-
debenzoyl-4-O-methoxycarbonyl-paclitaxel (disclosed in USSN 60/179,965) filed on
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10 15 S S NN (CH3~-C ON O ~ BCC

1- (3- Di net hyl am nopropyl ) - 3-et hyl car bodi i m de hydrochl oride (383 ng, 2

mol , 2 Qg o¥afispdded to a m xture of 2-am no-5-[[[5-(1, lpci/gsiingest hyl ) -2
oxazol yl ] methyl Jthio]thiazole (270 mg, | mml, 1 eq),

N-t - but oxycar bonyl - ni pecotic acid (344 ng, 1.5 mmol, 1.5 eq),

4- (di met hyl am no) pyridine (61 ng, 0.5 nmmol, 0.5 eq),

- 20- N, N- dFetrtuiny!3f aomﬂawhﬂ:h i§ ilncntp)oraedih@bi%y&efeﬁenﬁh)her&b (-8 afethyd Bartoidte r €

ndded, - anbestie] iteflosd D a7k 0Y uRifoRg égwﬁ%ﬁd?%%’ceq) "

N: t- bgt oxypmmmme)w,-dcsm@pbuhdomAddc{saxfepngl)lpne Bh[eltgqyl am ne (0. ZgorrL) ) andr .

addod.  Asi s R RREROS IR A P S P B D g pcptiggetf {12

(~e(~j—y| 3mi mﬂM—Qr(ﬂmﬁhyMNudzdﬂbdt&MyﬂMmm—Hkgxabnoyeidﬁw M]h@tﬁammtﬁg-gédg?t .
wer e

bl ack. sof (Ried A% PBRERe RPearRil TRE N EU R B TR Zr el 2302t o i 1

CH2G z. T(eemuorgahhvb dethiazatyill 1 westhyldihersd]-7,1¢ alilysinexya8 8l 0} 12, Lapentamethyl

o L7l PR ARHCBRRKCAR 53 bibfe ol i LSRN Saledl Al B Bt o

[1[3[ 5- I(1 1Fd?fﬁ%1'6’ﬂ)7l. 2000 which ipingexpioat mbytmmpceﬂletat@)z dd):gdrqlm(:ilﬁ-t \?\;J)t oxyca

rbony! S Rt AAC AP KR, dfifishtétin) Bckibiteld h¥ndlehi]; dioro?®

021 101
f ~) - N- f S=meflmirexate, mtomyein |G poyirpmyciok Sflvorduraed; fyhdredpteurines genacitabink; 3

aa Fg“[@f@ﬁﬁgm’%ﬁﬁéﬁh&é‘lﬂ'&‘%’“@% EEpSh il coryaimes b apctoposider (¢

but oxycar BioRgsige phasphate Py ena@alﬂsdx (vBBdastige, incristingdpurosidisg) was
di ssol vedyindesindtebsifid; 464 the ]ﬁfe‘ fdtu&ngeﬁmtﬁcﬁﬁbld rgeﬁts%c Hamy dded: inand the
m xture was stlrred at ‘rt for 20 reacti om m xture s concentrated

in vacdd sembigatien with M%RW@%?W&P@@%Q%@H@D jughydesbut prenat dimiteditag
m Xt ure Wesragitisting; cRPlatin! SarBéplxtin, 3¢E1bFH Bphahiife, YN dn, tamExitd; nfaﬁ*os?anﬁﬁé e

d Ryl
gglet? gt gv;a rgxem@agél Conr?t}ygtn{e%nwr e, Ve%g,uc?ytargbnlg, 121§trcerx>;1§e:[ tarlmlnéu'zeiate, crle(lchrb%tzm%,
( )dN [5- Lidsﬁméémisedcﬁﬁptgﬁetehhmltlgm%g&baﬁ hfﬁBCfBil:ilhﬁhlﬁ_l‘:lDi %utaimdgég/l ylt] 3312' p
eri di neca e Aas. a Wi i ; 0 a
mn (YMC E@P@%@ '&Mrﬁﬂhe% ogdg %%erf e‘%ﬁf&%ﬁgﬂﬁhﬁﬁtﬁérﬂ& kg, dp 4 ninutes
cont ai rzongddin&a,%@dmﬁ;nhmds 6f thigidventionlnhdyi beruse® it donitingtion! witldinRitorddf

Ot 2 S peD R Busitmse fuch as fhose deporibed ind1-8/5 QL RS 2B GRBRBAYE | et hy! ]

t hi 0] 2- t hagentd gulchaslaxrglpﬂatudamhmﬂoﬁmﬂmnke imBibitold €ch /as-her spedifit antitdies) /| ~O

N O30 N Lﬁ_’d {.ﬁ%&@&ﬁ%%@%@ ) - 2 oxazol yl ] met hyl ] t hi o] 2-t hi azol yI ]-4

pi peri di néca | eq) was conbined with
gl yceral de hy d eIi(fﬁﬁnmlgtedcas 2 Tixeddbse, mldh aqu)bmatlonl produtisieampddyothy bompbwdisiof e

Susponp oft EyEitn vl (5 d0dRE mbeé aelBb Ul A gl phargpeflcaly | ,c°

reaction mb&lewgmt\m its approved dosagerapgai Girhpownds of farmalalimayb&bsedacuo and
purified géé]iu Qﬁt%ﬁ’lgr ﬁltdngreorﬁ'%%tﬁ B A el Gafidr Sﬁgcygcﬁgm@aggﬁts when a combination

1-(2
N-%S [E[qunll an@nmatnnpprepnw) 2-oxazol ylJmethyl Jt hi-e]-2-thiazolyl]-4 -32

The present invention also provides pharmaceutical compositions which comprise a
30 compound of this invention and a pharmaceutically acceptable carrier. It should be noted
that, in the context of the pharmaceutical compositions of the present invention, the
compounds of the invention, or compounds of formula I, refer to the free base, enantiomers,
diastereomers, solvates, as well as pharmaceutically acceptable salts. Examples of such
pharmaceutically acceptable salts include, but are not limited to, hydrochloride,
35 dihydrochloride, sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride,
tartrate, fumarate, succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.
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WO 02/10162 PCT/ USOL/ 15081 pi peri di necar boxam de as a white solid. M. 455
[ MtH] +; HPLC. 100 % at 3.06 min (YMC SS ODS colum 4.6 x 50 mm 10-90 %

aqgueous RRbhgnAk2 over 4 m nutes containing 0.2 phosphori cp@fiusor/bogil/ m n,
nmonitoring at 220 nn}. 5 Exanple 4: Preparation of

N-[5-[[[5-(I,1-D met hyl et hyl)-2-oxazolyl]methyl]thin]-2thiazolyll-I-(1-nmeth
yl et hyl) - 4- pi peri di necar boxam de 10 (CH A
Et hyl - I - (Alsouhdlydest dre s3ltsHopnabwithl bther oxgatiosapt dncrgarhc i su\dh%@ Et hyl

o PECONMS ol s oSS SRS g DR BE 0

1, 2d| chl ovarmuk athery, 2@Q mitrjtes, ﬁhe‘sphetagthomtesrrbmhzoa&s vassorbhies rsaﬂcyMtesr and tire 72

i th orcl el BB E R RPN Bl OR B GBI oo

pad, afd froezampleaDdartiate ansdutarirate palts).i Headshtfcm phar@mcegticatly ecdeptable salts

V0 021 10165 oA GPORANAT R IFTORANY nh AR Ao SR el oltpati Y,

PCT/ Uslo 1/ asighiung aﬂcahpb em:th metady swhes h@lcl)lmzlaqsh pagriediumy organicbagesatuch 68, 633 ,
18 mn(ﬁﬂ ,
rrrm1 8 egajlnn am )(ture Oaphf}% aﬁﬁbﬁ%gﬁl@ﬁeﬂﬁ( Aﬁﬁ&%ﬁg{o e@ﬁa‘r}]%. The

m xt ur e werginiesadysineandgbe like.for 1.3 h. The reacti on mi xture was

concenypat ed 'F'é/ aB8fticel dd ggﬁgxg%é OF th pidsefinVi@iSh md) RRRLUBGAEL 8R! ©

(6.9 g, S7 ec~ was ortlo W se xture was
15 sti rr etr merephagnagentigply acqepsable daﬁa@ml\a@nm exqipigntsoralilyents inelusing eous

th, j
1 et hy ey Ty g pr PR IR, Qa8 uhidobitieth Bl

N- f 5- f f f 5CQlpring agemds, Hpyeng-agentsAnd the qnﬁmnynwmzd@qmmﬁmowpf@s 120

met hyl et hiﬂvbﬂi&ﬁhhﬁb@s&ﬁfn@a&&bﬁﬁ 0N8§e§tew slakiy ke Qltaé!véaous,

1-(3-D ne | am nopropyl ).- 3-et hyl carbodi i m hydr ochl ori de (1. ,5.2
mTl()I 15 ! tr%muscu arpgntr%%;entoneal sugcutaneous rectal and tg;ﬂcal routes of adngm

For oral use, the compounds and compositions of this invention may be

administered, for example, in the form of tablets or capsules, or as solutions or suspensions.
In the case of tablets for oral use, carriers which are commonly used include lactose and
corn starch, and lubricating agents such as magnesium stearate are commonly added. For

20 oral adiinistration in capsule form, useful carriers include lactose and corn starch. When
aqueous suspensions are used for oral administration, emulsifying and/or suspending agents
are commonly added. In addition, sweetening and/or flavoring agents may be adc\led to the
oral compositions. For intramuscular, intraperitoneal, subcutaneous and intravenous use,
sterile solutions of the active ingredient(s) are usually employed, and the pH of the solutions

25 should be suitably adjusted and buffered. For intravenous use, the total concentration of the
solute(s) should be controlled in order to render the preparation isotonic.

Daily dosages for human administration of the compounds of this invention will
normally be determined by the prescribing physician with the dosages generally varying
according to the age, weight, route of administration, and response of the individual patient,

30 as well as the severity of the patient’s symptoms. A formula I compound of this invention
is preferably administered to humans in an amount from about 0.001 mg/kg of body weight
to about 100 mg/kg of body weight per day, more preferably from about 0.01 mg/kg of
body weight to about 50 mg/kg of body weight per day, and most preferably from about 0.1
mg/kg of body weight to about 20 mg/kg of body weight per day.

35
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2 e~ was added to a m xture of 2-am no-5-[[[5-(1, 1-di nethylethyl)-2 30
oxazol yl ] nethyl]thio]thiazole (0.7 g, 2.6 mmol, 1 ec~,

1- (1- met Rydh 83/904k2 - 4- pi peri di ne carboxylic acid (0.78 g, 3p&rovmlisesi. 5 e~,
4- (di met hyl am no) pyridine (0.16 g, 1.3 nmol, 0.5 e~, N, N-dinethylformm de
(2.6 nL) and CHzC12 (7.8 nlL). The reaction mxture was stirred at rt for 1
h, diluted wwth 30 nL of water and extracted with ethyl acetate (2 x 70
m). The organi ¢ extracts wer ecdi2icyalimBdKinassAssayconcentrated in vacuo,

and purified 3%
gr adPent ?0&%}’%“ gt]hl&{;gsm neﬁg{l@et cetléa?flg1 gﬁ#‘ﬂr‘r@%er | Q@ri&bnaof
recrystal ?Pz@e histene HE. hmaneacstm qnasletledp SQnsba@éowaxgre(sw GSiﬂcdczx\@S ng

02/ 10162 E&M&@%/%@yl eo(%s clmBl lughlstone t nheim yﬁl"(fl?lmat h

N'[5[[[5§, oxazolyb
yl et hyB) - 4P TP ped e e almlmasabuﬁer 8D mavi nH|8 10I\78MM8§12[

HPLC.  100pgtra3 olﬁmm DTYMPhSreablibh ﬁzﬁ& %ﬁbﬁe@at@da@} 5130 fl:%ngtgs ;{ﬂcfﬂ%o“s

met hanol over m nut es cont ai_ni.n phosphoric aci 4
noni t or i n§OBRe ?thhﬁ aqlditign pf lgoroF‘ifélﬁé‘P@{(T%)dﬁ a final concentration of 15 %

1- Cycl opr Qm'incﬁba[tér&x{ {céf&rlzolmﬂiumt Pmbeéd&ﬁbﬂ w%s h&!vé.&e& oﬁto%mtﬂiﬁt‘e? fardd A
1- Cycl oprg&y - -p| peridine carboxylic¢ acid hyl 1 soni pecot ate

(1.57 g, ) using a Backard Fg@%@tﬁ dinivgrsal heJ{vgster and the ﬁlters were counted on a

et Pﬁxyqpcm%kraﬁmb PCotaL Dgiwemtl id ﬁlﬁtﬁ[h@loﬁ%f)ﬂntﬁ'o (OVPASHEOD.R. 5vaﬁae|rbé} g 0L of
met hano e gci mol ecul ar~si eves
wer e addegae &? ge&“@é e”i“f“%@éﬁeﬁ’lﬁt’fyp f‘évc.é D@@QA?%’S;/H‘FP@@M(‘@ By g, 40

mol , 4 efpference syl and the reaction m xture was heated at 65 C

over ni ght. The reaction m xture was cool ed and NazC03 (20 g) was added. The
m xture was stirred at rt for 2 h and filtered through di atomaceous earth.
The di at omaceous earth was waskdk2/evélin BiiRasoAssayhe filtrates were

nmbi ned, t di, | ut ed th t and extracte th
cthyl " deet at o. SHNsTGE Fusth AR ALY e reinrd by moARpE HeHOBAIICE & T8 ca
%ﬁl pad, el theastissblsistimap rolmmﬁib'g@re‘ammrmnsﬂ&d%fé SgngJISaouRivﬁbd $ egsredsedui d.

i s mat e C iu ra

5 s ydtBiey i B, SCns backrily itk BT eipetiathats 5 g{l&%ﬁé%%&e
m xt ur e wag pt(éla{‘fRew-AéRP &6l 25 uMoATR ihkinddecbuffen (30 mM HiepésupH 8: 9 0OanividdgCl,at ed
e t 5 n

Qgsvggggdgw on&l ggﬂ%n hg%?ga%c%ll %&”agm;ﬁé"%é?tcé\w (Ft fgllIl %Eﬁ.mi%% 9
m xt ur @owsieppéd hihe dddition wfbolditnichdonesestio sickla(TOA) tova fimahepnaerttatiof 5f 15 WO
02/ 10162 e at e.
Concent r agg {#&g@ é‘%g]?%ueous g%e Tfhr 5%/40' Bﬁ%gg@ﬁi&%‘éﬁg%@ﬂa %fa%
1-cycl opr Gsgkaud) ping  Pesired Eiliemunly Univeresl dacreter, St wermiouiedonad. 5
B.
1 -Cycl opr oplg/a]rd To}fgowgg-weil liquéd thlla‘tlonﬁosmtsr oxazol ~l -met hyl Jthiol -2-thiaz
o~l | 4- pi peri di necarboxanide N 10 i! v S S N (CH3~C p

25 cdk 4/cyclin D1 Kinase Activity
cdk4/cyclin D1 kinase activity was determined by monitoring the incorporation of

%2P in to the retinoblastoma protein. The reaction consisted of 165 ng baculovirus expressed
--as-GST-cdk4, 282 ng bacterially expressed as S-tag cyclin D1, 500 ng bacterially produced

GST-retinoblastoma protein (aa 776-928), 0.2 pCi **P y-ATP and 25 pM ATP in kinase

30 buffer (50 mM Hepes, pH 8.0, 10 mM MgCl,, 5 mM EGTA, 2 mM DTT). The reaction
was incubated at 30 °C for 1 hour and then stopped by the addition of cold trichloroacetic
acid (TCA) to a final concentration of 15 % and incubated on ice for 20 minutes. The
reaction was harvested onto GF/C unifilter plates (Packard) using a Packard Filtermate
Universal harvester, and the filters were counted on a Packard TopCount 96-well liquid

35 scintillation counter (Coleman, K.G., Wautlet, B.S., Morissey, D, Mulheron, J.G., Sedman,
S., Brinkley, P., Price, S., Webster, K.R. (1997) Identification of CDK4 Sequences involved
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O 15 1-(3-Di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochloride (1.0 g,

5.2 mol, 2 eq) was added to a m xture of

2- am no- §ybbbAei6d. 1- di net hyl et hyl) - 2oxazol yl ] met hyl ] t hi o] pdri/eg8ali8010. 7 g,
.6 mol, 1 ec~, 1-cycl opropyl-4-piperidine carboxylic acid (0.77 g,. 3.9

mmol, 1.5 eq), 4-(dinethylamno)pyridine (0.16 g,1.3 mol, 0.5 eq),

N, N-di net hyl formam de (2.6 nL) and CHzZClz (7.8 nL). The reaction m xture

was 20 st i cyedindd,-ant pll 6 bintidg. Kl Bialt ki 272,3051886941387 4 lincorpditked ki r act ed

wth et hy%ﬁ#acet a%e léﬁ] X 70 mL).  The conbi ned organic extracts were dried

over anhy i) sul fate, concentrated in vacuo, and purified by flash

chr omat ogr aphy Imordet td fasiligatd a GirtHer noderstiniding of the ievention, the fdllo%ing

triethyla e t hyl et.at e he mat eri al.. rystaldized fromet hyl
acetars ante REpH iRl Bl on By kBl ) Balihy Sebin BEpolhddBihe
1- cycl épr opehtion.[ Bhed §dope (fthe imientiomstioatdgdt)beateemed limited by the examples, but

cryatals, Rt i sl Eanls el Blp R, VR3S OBzl umm 4. 6 x

50 mm 10-90 % aqueous net hanol over 4 minutes containing 0.2 % phosphoric

acid, 4 L TOx jtori ratiof o (4 33 -oxafo 1362
i i L

PCT/ USQ / o-thia
N[5-[[[5-(1, 1-Di et hyl e -
azo~|I-6-I2-hydrox~ethy|)-4-pi peridin ecarboxamide /OHN 'NS ~s S HN
(cH3)3¢%0 10 A N-f 5-f f f

5-(1, 1- D net hvl et hyl | - 2- oxazol yl
but yl si | yl oxyet hyl ) ~- pi ~er idi
(CH3)3C o IN | NH o HCI
N-[5-[[[5-(1, 1-di et hyl et hyl ) - 2- oxazol yl ] met hyl ] Thi o] -2-thi azolyl]-4

pi peri di necarboxam de (1.4 g, 3.68 mmvl, 1 eq) was dissolved in 30 nL of 20
N~N-di et hyl f or mam de and 100 nL of tetrahydrofuran. 2-(Bronpethoxy)-t

but yl dildethy! sipk@aeatiod of 8- Aido-3ifa8oleH®! -+ 1 eq), and NaHCO3 were added and
the reaction mxture was stirred a C for 23 h. Additional

2- (br onoet hoxy) -t - but yl di net hyl si | ane 60. 9 nmL) was added, and the reaction
m Xture was stirred at 50 C for 22 h,l!cool ed, concentrated in vacuo and

/7 N o
PNt oL 2- t hi azol vi | - 1- (2- di met hvl - t
rboxam de M (CH3) ZC{CH3~ S S N 15

diluted with water (25 nL). The re Nsqueous mi xture was 25 extracted
with ethyl acetate (SO nL). The organic extract was dried over NazS04,
concentrated in vacuo, and purified by flash chromatography on silica gel
elutingowith-a gradient of 0-5 %triethylamne in ethyl acetate to provide
.79 (84 %9 of NN[5-[[[5-(1,1"
di met hyl et hyl ) «ZBronazpingédlomt (199.D7 gj D]l 1 25 inbl, dzeg) Wab cdmbided iR 788/Lof - but yI si
| yl oxyet hyl).-4- - pi per.i di ne xam de: aswa-yell solid. M. .5 MEH] +;
oo g Bdipte Bl Sﬂé‘ﬁm(a?‘%%égg g5 %@W%ﬁ%%"#@b"ﬁﬁ” i@%gat([%%ueous
met hanol ¢amperdturs fou22.$ hoorst Bhewesvjtifg Sluptyosastfilterad andivwiashéd with atetone (3 x
nonitorin 2 - 21101 PCT1 15 ) fa,D-f f f
S (1.1 %?#&%éﬁﬁ’eﬁ“f??& %‘i‘%‘? S\{%gh"# ﬁ‘.sf%?’%‘cldﬁ%-”a&@%@ﬁ% title

compound. HPLC 83.85% at 2.57 minutes (Phenomenex Inc., Torrance, CA, 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).

B. Preparation of a-Hexamethylenetetramino-pinacolone Bromide
30

N
0

*@ﬂv\"‘ B

a-Bromo-pinacolone (179 g, 1 mol, 1 eq) was combined in 2 L of acetone with
35 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
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h~vet hyl ~~neri di necarboxamde "OH _/ ~-N S S N ~CH3)3C OIN O 10
N-[5-[[[5-(1, 1- D net hyl et hyl ) - 2- oxazolyl]rrethyl]thl o]-2-thiazolyl]-1-(2-dim
et hyl -t buy{gloshdigs oxyet hyl) - 4- pi peri di necar boxam de (1.45 geT/@sod/isml ., 1 eq)
was di ssolved in 100 nL of acetonitrile and conbined with aqueous HF (48 %
aqueous, 2.5 nL). The reaction m xture was stirred for 4 h at rt. An
additional 2.5 nL of aqueous HF was added, and the reaction m xture was

stirred owithethgh(3 x &0 mil) aadekriati én ¢dd0 atrs)° @ oderaightitorirevidé 330gU00%) HEthe03

(50 ) e added Adtlo sol i 3was t kethe m xture
bosi o ThifspgREPEa salteihne Mnen ety BRI RBEE Ky . The
organi c e@henmhmemdne ﬁpneﬁl&u@lumﬂatseésom 1606% etdilé@usghethamﬂdvam silica

gel, and ¢ ho uo, The.resulting white sol] s crystallized
P om ot hafaiLia en Btz b2o¥ B0nerll il i uioymplibfing 8 20 i

N-[5-[B[5-(1, 1-di rrethyl ethyl) 2- oxazol yI]rrethyI]thl o]-2-thiazolyl]-1-(2 ~20
- hy~' oxythyli, 3 T f] oa}ilte solid. MsS: 425 [ MtH| +;
HPLC. 100 at 370 '
met hanol over 4 m nutes containing O.
nmonitoring at 220 nnm). 25 30 35 --38 Wa; OMC10162 PCT/ USOL/ 15081 Exanpl e
7: Preparation of (R -N[5-[[[5-(%¥L- D net hyl et hyl ) - 2oxazol yl ]

met hyl ]t hi o] - 2-t hi azol yl ] - 3- pi peri di necar boxam de hydrochloride HC "",..
NH ( baC ON O A fR

-~fS~[5-[[[5-(1, 1- D net hvl et hvl | - 2- oxazol yl ] met hYl ~t hi 0] - 2-t hi azol Yl -~10

t - but ox~r car boﬁy‘tzlldfsplpﬁgd@nftma&é% l@c%énmigwas ®mbiked in'4.2 L of theth8OCwithH~sC O

T(Osl% ol YP?ﬁ%%%lﬁ%‘%“y AU RE1 282 BRI, TR rcion mixture g stirred
gm}/ Lougs. X'Bm c@tagyst was removed by filtration. The solvent was
2" ari no- Sdisﬁﬂén@ xﬂeaiwepwﬁnl qthexfésxd&@m?e?%mahgg éﬁﬂe&l&‘?agmﬂ e (270

10 mol, 1 ec~, but oxycar bonyl - ni pecoti c_aci

ec~, NI HPPP@PWK%P‘#Q - (eot-batyl metbyletber(30Q md.) wap adgademdéb%tq%lﬁnm xt ure
was stirrg dn?wstsuﬁed, fitebed, mgaeaemi -buigl Ihkmgketﬁaiéyumlﬁ%mﬁp&% brgdfecd i n

30 vacuo, t'h _wat er (90 and extracte acetate (100
m., then 2&03595?1{3/ °ﬁ'ﬂ\§tﬁkg>&mpeu¥é‘;<tracts were dried over NazCI)S

concentrat ed |n vacuo, and purified by flash chromatography on silica gel
eluting wth rad| ent of 50- 100 te in hexanes to provide 3.8
g (79 % a """ ' GPIMALDUIACH.ONF L1Y separated by chiral HPLC
(Chi raboPeak- AD—S—x—SE)-cm?G—*-——-eI uem 10 %(0 1 %triethylamne in 35

i sopropanol) in hexanes; 45 ni/m t el omept 254 nm | oading 300 ng in
5 m' of -39

Xx-50 mMm 10-90 % aqueous
%phosphorl c acid, 4 nL/mn,

o-Hexamethylenetetramino-pinacolone bromide (400 g, 1.254 mol, 1 eq) was
25 combined in 2 L of ethanol with 12 N aqueous HCI (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
resulting slurry filtered, the filtrate concentrated in vacue 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. T‘hg material was filtered, washed with ether (2 x 300 mL), and
30 dried in vacuo at 50°C overnight to provide 184.1 g (97%) of the title compound.

35
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WO 02/10162 PCT/ USA /15081 i sopropanol) to give each of the two optically
pure isonmers: 1.65 g of the Risonmer and |.65 g of the Sisoner. 5 10 B.
R~- N-[ 5- Wb 92/00k62L- D net h~yl ) - 2- oxazol yl ] net hyi ] t hi n] - 2-t hp@gosatlkes3pi peri di
necar boxam de hydrochloride S S NNH .(CH3)3C ON O HOA The (R isoner of
Part A (1.65 g, 3.43 mol, 1 eq) was dissolved in 10 nL of CHzCl2.
Trlfluoroacetlc acid (6 rrL) was added, and the m xture was stirred at rt
for severBl hokrep Dl 2-:(2-Chlompacetylaminakpinacalensd r at ed i n vacuo and
neutralized with saturat ed 15 aqueougp NaHC03. The resulting m xture was

stirred with ethyl acetate for 1 g}g&;ﬂrgamc extracts were dried over
pr
f 1IN

NazS04 and concentrated in vacuo t a~giel | ow sh solid. The solid
was di ssolved in nethanol and 1 eq ueous HCl was added. The
resulting solution was |yophilized to provide 1 g (77 % of

(R -N-P5-[[[5-(1, 1-di net hyl et hyl ) - 2oxazol yl ] met hyl ]t hi o] - 2-t hi azol yl ] -3-pi p

FPLC 00 o at T4 §UEURAGRONr b 110130 6%, B EShoL Db vas e fig d YR T
net hanol M, widerNa gt c501¢t aTllﬁth)Qaml@ (30brds Brémiel, 35iad) was addedi n,

t a 1
l”?g mce)'[ w%taﬁela)w cH%ﬁ}(zagEﬁ&?B}ﬂbﬁd@(%WﬁB b %O B:R)l C’1 (3:59 in IgS mL of Ic—:fng]ﬁ] The(-

i somer ofre H-Pr&ﬁ ‘wasgtirred at -6 tg51¢,°C @r@j:q%NVatgr (éq5)75\lé§ﬂﬁ§|a§§@ﬂ,\f@lpwqfl 10
mL of 2631?75 il & c@ﬁééﬁm&w}@cﬁm Jrariid-Phade a8 4ASitbd AR odd\EmEIwifnl, %5 Yias

stirre rt for several hours., The redction was concentrated in vacuo and

neutral i z‘éfdl% paneons HCl: and then with S60 solnafwater. Theorganic phasegvasidried o¥etnas

il; l g B id VINGSC} Tah&lfoﬁ’d‘eﬁiéak& it Mcud tdts1 proVitR 1350 @w%ymiﬁéuﬂ'e&gmﬂédngd 0%
z a ntrate vacuo to provi ow sh sol i
02/ 10162nﬁ&f7§5@§ 4 8bin Ghendimmes Tages &Pls§§$ e@ﬁmprﬂ Oréto0amen 1090%maBeoust 1N
gqg igus (H%thgm/foaa ofa;éﬂeﬂnnmbecmguinglm@absﬁhbﬂa a¥ids4 I oM, ndidrihg aP22evi de

0
(S)-N ’[“P '5- (1, 1 -di nmethyl ethyl)-2oxazol yl ] methyl ] thi o] -2-thiazolyl]-3-pip
eri di necar boxani de hydrochl oride as a yeI | ow solid. MS: 381 [ MtH +; HPLC:
100 % at 3.15 ﬁ] '10-90 % aqueous met hanol
over 4 nihut esEXeR¥EH ; aics ¥ m_Llnmin, nonitoring at
220 nm . Exaraple 9: Preparatlon of
cis-4-Am no-N-[5-[[[5-(1, 1-di met hyl et hyl - 2-oxazol yl Jmet hyl ] thi o] - 2-t hi azol
yl ] cycl ohexyl car boxam de hydrochl ori de |a
trai-n-20Am no-N-[5-[[[5-(1, 1-di net hyl ) -@j oxazol yl ] met hyl ] t hi o] -2

The title compound of part E (180.13 g, 0.9398 mol, 1 eq) was combined with
phosphorus oxychloride (262 mL, 2.8109 mol, 3 eq) under N,. The reaction was heated at
105°C for 1 hour, the mixture was cooled to room temperature, and quenched with 1.3 kg

25 ofice. The aqueous phase was extracted with ethyl acetate (1 L, then 2 x 500 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 NaHCQO, (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

30 distilled under high vacuum at 100°C to provide 155.92 g (96%) of the title compound.
HPLC R.T.=3.62 min (Phenomenex Inc., 5 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 part E (10.0 g, 52.17 mmo], 1 eq.) in 50 mL of

35 tetrahydrofuran (THF) was combined with (methoxycarbonylsulfamyl)-triethylammonium
hydroxide (Burgess’ reagent, 105.70 mmol, 2.03 eq., generated in situ from 9.2 mL of
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10 thiazol yll-cycl ohexyl car boxam de hydrochloride NH2 S S NH' HC (CH3)3C
~N15 O~ ,NH2 ~'"S S NH' HC (CH3)3C Q20 N O A

4- (t - But ¢y egidaeny! am nowcl ohexane carboxvlic acid 25 NH R Usddasisio a
solution of 2.86 g (20 nmol) of 4-am nocycl ohexane carboxylic acid in 40 nL
30 of 0.5M aqueous NaOH solution, 20 nL of dioxane and 4 nL of acetonitrile
was added a total of 6.5 g (30 mml) of tBoc anhydride at room tenperature.

After 20 bhlobeblforlyl isocpinas, 4AcaL af eettitgloll 8 1.8 BT, dfGridthgRuansin WotkI.c aci d

sol ution troduced. .Th Q I rwhi formed was separated and
ext ract ed)f%w h TR Feaguatwag heg gep?cﬁgﬁ Eger ]:3/ ﬁ‘?\“s @é{ééf’%olmﬂ?@ IB‘PIBéS’YE‘) RETYHEEs e S
wer e conbiheedaction weas q(lsmﬂledl withubdtet 8P nilt)d The oiganic e trak 3 Ieﬁ&t&@@d&wﬁéﬁe@l ve

s a’col onibeatined YHEC, (M RIY G e CDTOr HEed o MERG, edioreset, © °'

PCT/ US@1/ ﬂtﬁsﬁligh aBmall {itieBpdl plug. The solvent was removed to give an oil which was taken up

i ol 5.« B SbielheioT, 1 ok b Ph Bt e s enciil woigiewia 2

O To a soNHCD 025 mly), saturated beind (73 mb) ek griat DogSO AnFiloaotcdrdhemens of

gagﬁfﬁgl '5&{1?%%%011@@2 nglltg#?}%&gg;;zgryl ]methylJthio]thiazole in 13 ni

of N, N-dl met hyl f ormam de and 36 nL of nethylene chloride was added 5.0 g
(26 of 1 |- 2A1 K rbodi i m de hydrochl oride at
roomng er at u?&%m‘% :gﬁ?’giéﬁ. J'1?,IQI? g?%%“l"@vﬁ@%@?“’ O0E%d di | ut ed
with 100 nL of water. The aqueous | ayer was separated and 15 extracted

w th.two-150 nL portions of ethyl acetate. Jje conbi ned orgaui c phases were

dried (sodiumsulfate) then filteredythrg a, pg of silica gel. The
filtrate was concentrated in vacuolt for gm orange solid. The crude
material was recrystallized (9 anol) to give

4- (t - but oxycar bonyl am no) - N-[ 5- [5 (1, 1-di net hyl et hyl ) - 2- oxazol yl ] met hyl ]t
hi o] - 21lAi azol yl ] cycl ohexyl carboxani de as a yellow solid. The nother |iquors
were also '20 ~-concentrated-in-vacuo to give additional

4- (t-butoxycarbonyl am no)-N-[5- [%{5- 1, 1di met hyl et hyl ) - 2- oxazol yl ] met hyl ] th
i 0] - 2- t hi azol yIhelde eprarqund afipastantlde 402 n@meﬁ/d @cﬁq)avasgemhmeémmz WO

02/ 10162
i, ;%ﬁ ol Pe) uiii10; 10901 bf ascohutd efiaflt) T teaction was

- 2- 0X azolng ! E ?A
traps- 4A tr & was cooled to room temperature and
- 2- 0 aaol coneeithated iniaeko. ZTHt\ﬁétiUn“dftEe’ﬁh\ﬂhﬁg Vi@ it bt asdthletifte S

N~ provl_c{ed 2'39 g &%)o§%1e%tle compound. HPLC R.T.=2.05 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 mI./min, monitoring at 220 nm); 'H NMR (d,-DMSO): § 9.48 (s, 3H),
6.85 (s, 1H), 4.73 (s, 2H), 1.24 (s, 9H).

25
H. Preparation of 5-[5-(t-Butyl)-2-oxazolylmethylthio]-2-aminothiazole

>(["\>J°‘{im
30 o

The title compound of part G (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 mL) and tetrabutylammonium
35 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 temperature for 14.5 hours. The
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NOI10O N~,, NHZ ~~S S NH' HC UH3~3C Q N O 15 To a suspension of

4- (t-butoxycarbonylam no)-N-[5-[[[5-(1, 1-di net hyl et hyl )-2

oxazol yl webhydiki hi o] - 2-t hzazol yl ] cycl ohexyl car boxam de (p¢©osdiasés1B not her
i quors) suspended in 15 nL of nethylene chloride was added 5 nL of
trifluoroacetic acid at roomtenperature. The reaction mxture was stirred
fox 2 h then concentrated in vacuo to renove 20 vol atiles. The residue was

di | ut ed wiittumawas dihited with ehtesiané emmmaﬂa sthiyliddetute, tthesrghtie extesond ti ng

h nbi ned j
oatraces SateGhm et 30t Hikdove Man Rl Aol er e dd gL The
crude mat gi(82h) aﬁh;: hitie |ci6mpdmtd/ H]PIECE 186 3B% aﬂﬁ;’ib@m@hﬁ??ﬂ@mxﬁn&i b ipeaCl ;25i<ﬁ f:m
1:9 t te then y e 1 S nel e
acotare) PR S/ Bn 160l ideh i bl bt RS doRRRIRRY PR 0000 %0 o
of thest rpwphmmmd,aﬁbnﬁ,/mnnmnﬂommgjat 2Dhent); éHWCD@§ 81699 ¢4, 1ET), 6.59

th I dded. Th | ut
(r:rgncgzg)rat n vagj[lr1s ﬁff\% hegg(g’\/%ﬁfezﬁﬂé ZI ?ut :d W tﬁ j\/gt grl gzdwas
I yophilized to afford 0.80 g of
ci s-4-ani po- N- b%ghi%klﬁn%ésgs gtggﬁ%i%k%%)%%é%;gﬁ E&%?-b![&%ﬂ%l- | gv%%é%& ]-2 '
t hi azol yl cycl | : . 395
[ MFHI+; 30 H ' ezacytloald : (YI\/CSSCDScqunn46x50mn 10-90

%aque;ws met hanol over 4 m nutes containing 0.2 % phosphoric acid, 4
~mL/ m nmoni toring at 220 nn). Thea:{zps |sorrer was di ssol ved i n nethanol

then 0.24 nL of 5N aqueous HCI vaass sol ution was concentrated in
vacuo, washed with ether, | yophilized to afford 0.$4
g of traps-4-amino N-[5-] éldlrrethy ethl) 2 3S

oxazolyl ] methyl]Jthio]-2-thi azol yl ] cycl ohexyl car haxangde hydrochl oride as an
orange solid. Ms: 395 [M+H] +; HPLC-H 96 % at 3. 22\n/n‘i YMC S5 ODS col um
4.6 x 50 mm 10-90 - 43 WO 02/ 10162 PCT/ USA / 15981 laqueous net hanol over
4 mnullés containing 0.2 % phosphoric acid, 4 nL/min, nmonitoring at 220
nm . Exanple 10:

N-[S-[[[5-(1,1 ethyl 2-Qxazol y rreth ]thlo] 2th|azolyl] 4pi perid
i necar boxam deTEl‘FTBrTﬁ ‘gf ? :ﬁ] wdiDN.N-N o HHG To a
sol uti on @im lfﬂrm@fm @Ian @nmpabe%mntoa«ambﬁwabaa&wmg added acetyl

O ek by GBSl (101 A Bt
N- [ 5- [ bp Sbitbxjlcathorsi-azdcgtloalianolc eoi@21D.¢ k) Siatol 115 bqpimd £

2oL SRR ORSRRRRTAE, abby Dol e TP oS Reld 200
added unt cloudipaxiy) sras stised stenomdemperatued for 3iSrhovssc Waterd300 wd.)and eth§badeaite

Ut o confmDl Gyt SR B6 HAUABASHREN s ta O Rutaron) e efiaedr ¢ 1"
C17H24NAOwa? extracted witlgethgl acekates; thi@/orgatic &8ra¢s: drisd over M&SOthd &Iﬁ@ntrdtﬂﬂm

-qul[:gujn ﬁ? 59?‘%%55% ﬁ#%éyaﬁgvy%h %?ndxazgis cqr%ﬁn%c}zmtﬁﬂh ééﬁ%tgé e Ib%14p| perid

i necar box&Mtation. Fbe e@i;xhwesabmtqddn a pixfire-of-4Bmok a@et@ne\and wﬂbsfeﬁzmmes
filtered, washed with an ethanol/water mixture and dried to give 16.6 g (97%) of the title
compound.

30
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30 To a solution of IMHBr in EtOH (0.5 m,) was added N-[5-[[[5-(1,1

di nmet hyl et hyl ) - 2- oxazol yl ] net hyl ] t hi o] - 2-t hi azol yl ] - 4- pi peri di necar boxam de
(190 ny, Woe82MGi8d . | eq) then~coolerl to -40C overni ght. ddgusAlises:
precipitate that forned was collected on a Buchner funnel, washed with
absolute EtOH then dried under vacuumat 35 100C to afford the title
conpound (72% as a fine white powder, np 235-237 C . Al\nal y5|? calc'd for

C17H24N40» S2 HEPreparationm o O3+ 5-(1-BevHe2-0x ethyltlho]-2<ammyclE Eound

C, 44.16; H, Qh@oleﬂigag%&des 13.91; Br, 17.70. q4 WO 021 10162

PCT/ USO01/ 15081 anp

N-[5-[[[5-(1, 1- D net hyl et hyl ) - 2- oxazol yl ] met hyl ]t hi n] -2-t hi azol yl ] -4pi perid
i necar boxam de. 0.5-L-tartaric aC|d sgty ~N S S SN (CHa)aC Ov N OHO.5

L-Tartrate To a warm sol utio

N-[5-[ B[ 5- (1, 1- di met hyl et hy! )i 2\}m(azo|§/
~~0l yl ] - 4- pi peri di necar bo @ (1.7S g, 46 in absolute EtOH (70 nlL)
was added a solution of L<tlartaric acid (345 NI.3 HEbl, 0.5 ec~ in
absolute EtOH (5 nm.). A precipitate started to formafter several m nutes.
The m xture was allowed to stand for 4 hr at roomterrperature t hen the

solid precipitagte.was coll ected Buchney fun wash h absol ute
Et OH and dri ed%E%H@ac%EQ}H’ﬁluqﬂ’aﬁgg ?68) vas yssqlgecglpflgp ggﬁv\ﬁze conpound
15 (94%% aFhdedRetiCAdi®@BOCHLYy was %deﬁmr&ﬁﬁsé%ﬁ&lthe‘iﬁﬁcwé iwfas Geired dtfbem

C17H24N402820 L}gr% r| c cid:

Found: C, teRypeaur erg@tij_)g wSag cog%em;rgtei w(gépgyédlilgedz thh water (380
ﬁo[g [D[[I_5n{[;), éooﬁdfiﬁﬁébyhﬁﬁbhhélw ?xtﬁ&@daﬁhﬂﬁ)]dré}@de, Pndthe resulindsdidRitdrmd\N O
artra ol u

of N[ 5- [ [ JoSTYPialized e RpRBAlyRPt Fmatbgnshts BEVIAR Yiche (G399 #8585 1 | - 4- pi per

i di nfac ?r baommlﬂﬁtaéky@now soBd. 631(1%& solid lqggaﬁhuﬁrlmelibﬁld Heddbtithed byls«licﬁﬁorag?%ql

a sol ution o o

(4”0 150 PRt b 2 P mates Sbuhanl M At IMGER"

was al | Omw%&tStlalnlﬂnf(YMCtSS IOD&ébolﬁmm .6 erﬁpema; w-e?]%guqueédsen%thh}odl tover é o
recipitate was ¢ uchner nne she sol ute

gnd dPl ed TNt Srcc"\?C cut ﬁ]b;t’%gg?fppg? &% ‘Pg‘ ?Wég?%ém@oWound (73%

as a white solid, np 232-233C. AnaIyS|s calc d for

017H24N40% p—Tﬁ é i 3 BN & P intdmGefiliro: 9; S, 14.07.

Found: iégﬁe [{f_é%)ﬁ[ mecaéﬁalw@ﬁf 162

PCT/ USQJI)/ 15081 Exa
N-[5-[[[5-(1,I-Di rrethylethyl) 2- oxazol yl ] met hyl ] thi o] -2-thi azolyl]-4pinerid

i necar boxam de. 0.5-funmric a'&:l d salt - '
’ T /[}\/s S ﬁ NH
(CHa)sC o \@/
25 N o

A. (&)-N-z-butoxycarbonyl-nipecotic acid

hi 0] - 210

COzH
30
N
BOC
35 Nipecotic acid (1.3 g, 10 mmol, 1 eq) was combined with 10 mL of dioxane, 2 mL

of acetonitrile, 10 mL of water, and 10 mL of 1N aqueous NaOH (1 eq). Di-t-butyl
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'"N.HS S N (CH3)aC ON O HO. 5- Fumarate To a warm sol ution of

N-[5-[[[5-(1, 1-di et hyl et hyl ) - 2- oxazol yl ] met hyl ]t hi o] - 210

~~ol yl ] - 4v@loPed16s1 necar boxam de (1.75 g, 4.6 mol) in absptpusoiksédd (100
m.) was added a solution of fumaric acid (276 ng, 2.3 nmol, 0.5 eq) in
absolute EtOH (5 nmL.). A precipitate started-to formafter 10 m nutes. The
mxture was allowed to stand for 2 hr at roomtenperature then at 5C for 16
hr. The séicaopgte3.-pig 48 oumgl; hﬁ efpwasaded and the reaction mixture Bias ktireed dtunnel |

hed

BT ord t noyerERROTHE Codehiohnfed WhContBlEled ASHLD Rlrehinh bilinit bollepraal O

cal c' d f ot0 Viagusanss iGWHS) d&hammw@vasgxmtedmﬂseMI acnsxatc](z ><77 S,

14. 62. FOP@TUij? ThRd o Fg@:uc%xn%c@@er% ver] N %04 ﬁlt%x%d ﬂﬁ%ﬁ%%%h?%%@/bzﬁgl on (95%

aq EtOH) afforded, the e -conpound cont s large
col or | 8sscqucqatFaiedin vasuo.1 Thogmde matemhwysregrxsalhzed fram ethyl acetate and
C17H24NAR52Redro PrEHARE 9.2 %1335%%5%53 5@.;@7‘?% 2fb gglﬁ%e i setd % whtte sofia’ - 22

Found: C, 52.03; "H 6.06;
N-[5-[[[5-(1, 1- D met hyl et hyl) - 2- oxazolyljrrethyl]th|01-2 titiazolyl]-4piperi

di necar bogani d&)—l@-@{&?ﬂlﬂlfﬂ)i% heth 9ot oxaSol M i6)-2 tiaPb iy B ~-C O O 30
Succi nate To war m sol ut1.on, o

N-[5[[[5(1 Mmmthymmo]-2thiazo|y|]-4-piperid
i necar pgxam de {50 ng, 0.13 nmol) in absolute Et (2 was added a

sol ution of succinic aci 7 mg, 0.065 mol, e bsol ute Et CH

(0.25 nmL). A precipitat statedtoformafterHlom utes.| The m xture was
all owed to stand for eci pitate was
col l ected on a BUETesEr funfhel washed and &8¢ ed under
vacuum at 100 C for 24 hr to afford th ound {70% as a white
solid, np 190-192 C. Analysis calc'd for S20. 5-Succinic - 46

WO 02/ }79—162 PCT/ USOL/ 15081 aci d0. 46H20: C, 50.96; H, 6.28; N, 12.51; S,
14.32. *¥ound: C, 50.96; H, 6.20; N, 12.49; S, 14.23. Exanple 16:

N-[5-[ L[ 5-{I, 'K B-Mﬁygnmbpreﬁylgzaaglwr&mmub hifioehloRdé 8 z;g%)gl ﬂ,m@r. uerid
P N R e e
01;I N-[5-] L@ﬂz()lyl]m%yiﬁhlbithmd)liy (37 2mgxbmaio}) | f@% Nytl-ﬁlttdsuy(mbrb%hbl!-ﬁpéﬂoﬁg gmg pi EE/I r
i di necar n. absol ut e s .added a
aqg soluti @n (E)E}gdﬁ S(I"u '0] -3 gﬂ)dé((gﬁ%é%y ?’FI 8’}'6]6"33 émﬁfa)om?%)pr ecipitate
15 for2@cN é‘i—dmthylﬁommnade(lymL)‘m 6H>‘<(f,‘]|,| (@mids The ndaetioﬁ mixtufe wdsatiredd Brrt t hen
t he preci A ! e th apsol ut e
Et OH and @??g‘fun%eryvacuug atlﬂgt)%" &@i&#%%ﬁéd‘g‘\fﬁg%ag DIUXHEE Watpound
(799 as Sirgdiferells opfditiongd I‘Qﬁbu@mca@om(haipps@tm asid (340 nig)y triethylamine
17H24N4 Qg“fo? ound:
C 46, 2?2@%@ ﬁ?%ﬁ:@%gﬂ%ﬂ é@ ﬁgt&?ﬁ%bodﬁm#%h}%ochﬁmdje%%mg
N-[ 5- [ [ [ 5vere added. rafter Binedusther chageovas qhserwnsﬁ Additiopal®-t hi azo~yl ] - 4pi ueri d
| necar pox@ithétylafino)piridinG, NN dnfetlyifobnaldd; fiefy1ninaid Gt acid were
- added and the reaction was stirred overnight at rt. The resulting black solution was diluted

with saturated aqueous NaHCO, and extracted with CH,Cl,. The organic extracts were

dried, concentrated in vacuo, and purified by flash chromatography on silica gel eluting

with a gradient of 50:100% ethyl acetate in hexanes to provide 397 mg (83 %) of (£)-N-[5-

30 [[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]jthio]-2-thiazolyl]-(N-z-butoxycarbonyl)-3-
piperidinecarboxamide as a yellow glassy solid.

35
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Citrate 30 To a warm sol uti on of

N-[5-[[[5-(1, 1-di met hyl et hyl) - 2-oxazol yl ] met hyl ] t hi o] - 2t hi azol yl ] - 4- pi perid
i necar boxggysf1690 my, 0.13 mmol) in absolute EtOH (2 nl)popEsaaded a
solution of citric acid (8.3 ng, 0.043 mml, 0.33 eq ). The solution was
cooled to 5 C for 18 hr then the preci pltate whi ch formed was col |l ected on
a Buchner funnel, washed with absolute Et OH and dried under vacuum at 100 C
for 24 hrCto atf)NdS{Hs-(11MDimneRtylethyirenap mmthyilthib]-2 ehiagdlykh3- Mp 214- 216
C. Analysis caM@SZO 5-Citric acidO | OH0: C, 50.21; H,
5.94; N, 11.71 C5021H601N118381344 -47
WO 02/ 10162 PCT/ USOL/ 15081 Exanpl e 18:

N-[S-[[[S(1,1-D methylethyl)-2- oxazolyl]nethyIJthl 0] -2-t
i necar boxam de, nethanesul c acid salt "N5 SS Nv
HVeSO03Bl To a slurry

of N-[5-[[[5-(1, 1-dimethy thy\ - 2-oxgzol yl b

pi peri di necar boxangigct10 Wpr ol (0.75 L)
was added 10 net hanesul f oni ¢ aci d (0. 017\nL { 26 |, 1 eq ). The slurry
was heated to 70 Cto give a clear soluti hen mehyl t-butyl ether (1.5

m.) was added. Wthin I5 mnutes a precipitate formed. The resulting
m xture was stirred at 55 C for 2 hr then at roomtenperature for 14 hr.

vacubmid: 50" CEP ATy R TSmOk P 61 PRI AES, CT e
powder , 18utapycatonyl)-3apinegdinecaghaxemide 355 g Pv4mpebl vehmag disylveBin0;  H,

EX ;rlrp | g 1&1;, FLH,B1,. 1rifidbrodceO5kid B ntt3 widadlibd, Snd the Nxtubd whe stirred ot 9t fbp-

N[ S- [ [ [ S°Q muin-- Brevspefiananirjiry was seuceairgied evaeyo pd pojtratized with seuratedspi per i d
| necar boxayiedes NOIBOD, {rhéFhfing kst é’-)&raV&vaﬁt]f&hffl a%étaﬁ:o The$f d#d on of

iazolyl]-4piperid
~§ .ONO

olyl]-4

N[ 5- [ , 1-di Iet%@%- -oxazolyl]nethyl]thlo azoly
4- pi pe Qr"b% gver congep@atathin yacup, 4“5165%5 &emths(lo 80 nl)
was addeda&taw\toypraﬁd304ﬁ3n1% (SO'%btdeﬂ)-Nf-[Sf[iﬂé =(T8ll-Hieneey16th 1§é ng, 0.13 nmol,

0.5 t d di at el
The T osul PR RADN kd Berat D pipebnesaboxaidsyasa e b M- 38bm

t enper at upd+HP: HPLG1100 Vot mrmmmsmmnm 50 nivh,| 10090 96QUquébdian
dri ed under VaQC\[ngFT t 50 C afford Ih tIe conpound (75% as

r t
a col or | 2&thAY Hﬂn'fi%c%?mﬂﬂépi}sﬁ/é’%eéﬂ@nﬁ aF’(Slr /mm monitoring at
Cl7H24p4 0228fimp- C4AH605H20: C, SO0.98; H, 6.08; N, 12.51; S, 14.32. Found: C,
50.55; H, 6.17; N, 12.29; S, 14.05. 35 - 48 WO 021 10162 C ai ns

Example 3: Preparation of (+)-1-(2,3-Dihydroxypropyl)-N-{5-
[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio}-
2-thiazolyl]-4-piperidinecarboxamide

/ A o N/\OH(\OH
(CHakc/(o)\/ \{J{/N\D)/O

30 N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]}-4-
piperidinecarboxamide (66 mg, 0.17 mmol, 1 eq) was combined with glyceraldehyde (69
mg, 0.77 mmol, 4.5 eq), sodium triacétoxyborohydride (163 mg, 0.77 mmol, 4.5 eq) and
1,2-dichloroethane (4 mL). The resulting suépension was stirred at rt for 4 h. Methanol
(1 mL) was added and the reaction mixture was stirred at rt overnight, concentrated in

35 vacuo and purified by preparative HPLC to provide 69 mg (59 %) of (£)-1-(2,3-
dihydroxypropyl)-N-[5-{[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-4-

25
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What is claimed is: 1. A compound of fornmula I 5 PCT/USO1/15081 R~ S S N
RO x/(CHzln N\O 10 and enantioners, diastereoners, solvates, and
phar macewyd eshdiy2 accept abl e salts thereof wherein: 15 R igcgUsMlisosR i S
hydrogen or alkyl; X is NR2 or CHNRZR3; RZ and R3 are each independently
hydr ogen, al kyl, substituted al kyl, cycloal kyl or substituted cycl oal kyl ;
and 20 nisO, 1, 20r3, 2. The conpound accordin to claim1l wherein: Ris

al kyl ; R Pipsrifijseaseramidease whitpolido M4 RATRING: H® %rab3&Gamin (YMC

|ndependest5l YEILRRENG x )
30 35 - 40" U o ey S0 1090 “%%Bﬁﬁaﬂ%mé“ﬁg&{eaﬁéﬁ%.@%%ﬁﬂ@%@ “houP
PCTI US01/ Phesghorc EP@‘]—NLWWOREO’G@-M -(1a) and enantiomers,

di astereoners, sol vat es and pharmaceutical ly accept abl e sal ts thereof 10
wher ei n Rid‘ S %ro al k substituted all or cycloal kyl. 4. The
conpou 3d g‘mﬁ% ]?;Z]%i{ap i _i_)lf r%If;[sf-[[[rsr-,(],l,]anget};yletlxyl)-jlg)xazolyl]methyl]thm]-z-

ethyl)-4-piperidinecarboxamide

0 8
10 e 0)\/ S\{_?/N\L(Q

A, Ethyl-1-(1-methylethy])-4-piperidine carboxvlate

15
0,Ft

N

Ethyl isonipecotate (3.2 g, 20 mmol, 1 eq) was combined with acetone (5.8 g,
100 mmol, 5 eq), sodium triacetoxyborohydride (10.5 g, 50 mmol, 2.5 eq) and 1,2-
dichloroethane (200 mL). The reaction mixture was stirred at rt for 72 h. Saturated
25 aqueous NaHCO, was added, and the mixture was extracted with CH,CL, The organic
extracts were dried, filtered through a silica gel pad, and concentrated in vacuo to provide
3.72 g (93 %) of ethyl 1-(1-methylethyl)-4-piperidine carboxylate as a colorless liquid.

30
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S s NU3-3 ~v NO~) 20 Rz and enantioners, diastereoners, solvates, and

phar maceutically acceptable salts thereof wherein R2 is hydrogen, allryl,

substi t utegopldiyd or cycloalkyl. . 5. The conpound accor dpcgused/1€ésai m 1 of

formula Ic 256 NRzRs HS S N Ov O 30 and enantioners, diasteroners,

sol vates, and pharnmaceutically acceptable salts thereof wherein RZ and R3

are each |ndependently hydrogen aIkyI, substituted al kyl or cycloal kyl.
-50 W OBp2| 18 EMethyile pmending X idund according to claim1l
sel ected fromthe group conS|st|ng of N

[5-T[[5-(1, 1-di et hyl et hyl ) - 2- oxazolyl]q&hﬁyl]thlo] 2-thiazolyl]-4

pi peri di necar boxam de; (~)-N
[5-[[[5-(1, 1-di net hyl et hyl ) - 2- oxazol yl ]

32 LL’.:A’:'

thyl Jthio]-2-thiazolyl]-3 5

pi peri di necar boxam de; (~)-1-(2, 3-di hyd propyl) N

[5-j[[3- (1, 1-di net hyl et hyl ) - 2- oxazol y yl]thioJd 2-thiazolyl]-4

pi peri di necar boxam de; N

[5-[[[5-(1, 1-di net hyl et hyl ) - 2- oxazol yI] ¥t hyl Jthio]-2-thiazolyl]-1-(1
met hyl et hyl ) - 4- pi peri di necar boxam de; 1- cycl opr opyl -

[5-[[[5-(1, 1-dinethylethyl)-2-oxazolyl hylJthio]-2-thiazolyl]-4

pi peri di necar boxam de; N

[5-[[[5-(1, 1-di methyl ethyl)-2-oxazol yl]nethyl]thio]-2-thi azonI] 1-(2
hydr oxyet hyl ) - iy p1 indéthlethr ) axpiise ﬂ&ne(:ﬁboﬁillate (3.6 g, 18 mmol, 1 eq)

L:SpEaE |[g g ‘Plgllsge tliﬁtl)%) eh?'é’})dﬁ?xﬁexgc%aqn)ydlra‘]tg?ltoh AY Ig,] 313han0121 égclq)airzlca).lr%xlure o% °
[5-[[[5- (IOMdomathyWHthﬁLafetkaKﬂl'Eﬂe]manhylu}atsﬂteabthdmmﬁll;BIH -Bhe
pi peri di nfc?trlboxa {8119 0 £

[5-[[[5-( Wl%acsr?i?ﬁe“?a a5 B?WWQth;‘}f‘*Ft"Hﬁﬂ . of water. Ammonium
t hi azol yl tarbohatéré6x9 g R inorod . 8leq) waschdded portionwise and the reaction mixture was

15 stirred at rt overnight. The mixture was filtered through diatomaceous earth, concentrated,
and lyophilized to provide 3.1 g (100 %) of 1-(1-methylethyl)-4-piperidine carboxylic acid
as a white solid. -

20 methylethyl)-4-piperidinecarboxamide

| PN
25 (CHa)aC[o%s{YH\“/O

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.0 g, 5.2 mmol,
2 eq) was added to a mixture of 2-amino-5-[[[5-(1,1-dimethylethyl)-2-
30 oxazolylJmethyl]thio]thiazole (0.7 g, 2.6 mmol, 1 eq), 1-(1-methylethyl)-4-piperidine
carboxylic acid (0.78 g, 3.9 mmol, 1.5 eq), 4-(dimethylamino)pyridine (0.16 g, 1.3 mmol,
0.5 eq), N,N-dimethylformamide (2.6 mL) and CH,Cl, (7.8 mL). The reaction mixture was
stirred at rt for 1 h, diluted with 30 mL of water and extracted with ethyl acetate (2 x
70 mL). The organic extracts were dried over Na,SO,, concentrated in vacuo, and purified
35 by flash chromatography on silica gel eluting with a gradient of 5-10 % triethylamine in
ethyl acetate. The material was recrystallized from ethanol and water to provide 0.93 g (85
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20 traps-4-amno-N [5-[[[5-(1, 1-di net hyl et hyl ) - 2- oxazol yl ] met hyl ]t hi o] -2

t hi azol yl ] cycl ohexyl car boxam de; and enantioners, diastereoners, solvates,
and phar RRggsidiga! | y acceptable salts thereof. 7. N PCT/US01/15081
[5-[[[5-(1, 1-di methyl ethyl)-2-oxazol yl ] nethyl]thi o] 2-thiazolyl]-4 25

pi peri di necar boxam de and enanti onmers, diastereoners, solvates, and

phar maceuti cal lﬁ/ﬁe[t?cce ptabl e salts thereof. 8. f )-N

[ 5-[[[5-{V)of Wy(lel ﬂyn@thszle@yaz%owpbéM>ﬂ thiopR~thiazblyllzlb(ds | - 3

e S s g, (PO

[5-[[[5- (% a3 §)D§L®J<m1456|>1ﬁ%ﬁmll]ot%%ﬂa@emmtbmlpvw

(3N (5. "“té*?éfﬁl R R 2P0 By Sl 113

pi peri @i necar boxami de and pharnmaceutically acceptable salts thereof. -51

WO 02/ 101@¢akifle 3:SOPrdpiiddiod bf 1€ win«a VIOR=[BL{[[5-(1,1-dimethylethyl)-2-
(5 115 (TR et R e Lo ki TethylethyD
t hi azol yl ] cycl ohexyl car boxam de an enan I OMer s,

I ast er eomeps, sol vates
and pharmaceutically acceptable salts thereof. 12. traps-f;éfipo N
[5-[[[5-(1, 1-di net hyl et hyl ) - 2- oxazol yl ] net hyl ]t hi 0]

t hi azol yl ] cycl ohexyl car bgxanjde and enanti oners, dilastergoners, solvates,
and phgpmaceutical ly acc pt abl e sakts t)sreofn, 13. maceut i cal

conposi tion conprigi, o] of [ armaceutically
acceptable carrier. *14. A phar maceut i I on conprising a conpound
of claim1l1 in conbination with a phar ticall% acceptable carrier and an
anti-cancer agent formulated as a fixed dose. 15 15. A pharnaceuti cal
conposition conprising a conpound of claiml in conbination with a
pharnaceutical Q!e earner .nd a nmpdul at or of p53 transactivation
fornulg%e "as o i dzpiperiding carboxylicacid ¢ modul ati ng apoptosis

conpri srng adn1n|ster|ng to a nannallan specie in need thereof au effective
apopt osi s nodul ati ng amount of a conmpoung,pf claim1. 17. A nethod for

I nhi biting protein kinases conprising adn1n|ster|ng to a 25 | n~~~ specie in
need thereof an effective protein kinas nhi bi ti ng anount of a conpound of
claim1l.

20 | i
Ethyl isonipecotate (1.57 g, 10 mmol, 1 eq) was combined with ((1-
ethoxycyclopropyl)oxy)trimethyl silane (8.7 g, 50 mmol, 5 eq) in 100 mL of methanol.

25 Acetic acid (5.7 mL, 100 mmol, 10 eq) and molecular sieves were added. After 30 min at
rt, sodium triacetoxyborohydride (2.5 g, 40 mmol, 4 eq) was added and the reaction mixture
was heated at 65°C overnight. The reaction mixture was cooled and Na,CO, (20 g) was
added. The mixture was stirred at rt for 2 h and filtered through diatomaceous earth, The
diatomaceous earth was washed with methanol. The filtrates were combined, concentrated

30 4 vacuo, diluted with water, and extracted with ethyl acetate. The organic extracts were

dried, filtered through a silica gel pad, and concentrated in vacuo to provide 2.4 g of

colorless liquid. This material was combined with barium hydroxide octahydrate (5.7 g,

18 mmol, 1.8 eq) in a mixture of 38 mL of water with 24 mL of ethanol. The mixture was

heated at 60°C for 1 h. The reaction mixture was concentrated in vacuo and diluted with

38 mL of water. Ammonium carbonate (3.8 g) was added portionwise and the reaction was

stirred at rt for 2 h. The mixture was filtered through diatomaceous earth, washing with

35
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18. A nmethod for inhibiting cyclin dependent kinases conprising

adm nistering to a mammal i an specie in need thereof an effective cyclin
dependentwéiofya@gz | nhi biting 30 anobunt of a conpound of cleerudo1/1dés1 A

met hod for inhibiting cdc2 (cdkl) conprising adm nistering to a nmanmal i an
specie in need thereof an effective cdc2 inhibiting anount of a conpound of
claiml. 35 -52 WD 02110162 PCT/ USO1/ 15081 20. A nethod for inhibiting
cdk2 conpwatst.nfhefiltatd waswashgd watheetind noethica Conpentiation nf theauédus pade an

effective [ l a net hod for
it bi 1 RO 8 R PRSP RigURae Carbontie Fﬁ%ﬁ%ﬁ»@wrw need

t her eof awhi#é §adisk i ve cdk3 inhi biting anount of a conpound of claim1. 22. A
met hod for inhibiting cdk4 conprising adm nistering to a nanmal i an specie
in need thereof an effectlve cdk4 |nh|b|t|ng anDunt of a conpound of claim
1. 10 23. BA nelitvdlopm G ] ety xeezo byd jamiaths &
manmmal i an spechﬁlﬁe%dﬂgggbé{ﬁlﬂgf an effectl ve cdk5 i nhibiting amount of a
conmpound of cl od for inhibiting cdk6 conprising

adm nistering to a manmmal i an specie in need thereof an effective cdk6

i nhi biting amount of a conpound of claim11. 15 25. A nethod for inhibiting
cdk?7 conprising adm nistering to a manmmal i an specie in need ereof an

ef fective cdk7 inhibiting anount of a conpound of c¢ A et hod for
inhibi?bng cdk8 conpri si O specie in need

thereof "an effective cdkg inRibitigg amgunt df a cgmpound of claim1. 27. A
nmet hod for treati I at di se 0 i dm nistering to a
manmal i an specie in *heed thereof a th rapel tically effective anount of a

conposi tion of claim13. 25 28. A net or tr@ating cancer conprising

adm ni stering to a mammal i an specie in need thereof a therapeutically

effective anount of a corrposition of claim13. 29. A nmethod for treating
bowel di sease, or,. 3Q transpl antation rejection

fl t
corpr | 33ng. acml - DA PN BOBFOR PP agslionide FAmalarion e b5i5- ol
2 eq) was added to a mixture of 2-amino-5-[[[5-(1,1-dimethylethyl)-2-

oxazolyllmethyl]thio]thiazole (0.7 g, 2.6 mmol, 1 eq), 1-cyclopropyl-4-piperidine
carboxylic acid (0.77 g, 3.9 mmol, 1.5 eq), 4-(dimethylamino)pyridine (0.16 g, 1.3 mmol,
0.5 eq), N,N-dimethylformamide (2.6 mL) and CH,Cl, (7.8 mL). The reaction mixture was
20 stirred-atrt-for-1 h, diluted-with water (30 mL), and extracted with ethyl acetate (2 x 70
mL). The combined organic extracts were dried over anhydrous sodium sulfate,
concentrated in vacuo, and purified by flash chromatography on silica gel eluting with a
gradient of 0-10 % triethylamine in ethyl acetate. The material was crystallized from ethyl
acetate and hexanes to provide 0.7 g (65 %) of 1-cyclopropyl-N-[5-[[[5~(1,1-dimethylethyl)-
25 2-oxazolylJmethyl]thio]-2-thiazolyl]-4-piperidinecarboxamide as white crystals. MS: 421
[M+H]"; HPLC: 100 % at 3.13 min (YMC S5 ODS column 4.6 % 50 mm, 10-90 % agueous
methanol over 4 minutes containing 0.2 % phosphoric acid, 4 mi,/min, monitoring at
220 nm).

30
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t herapeutically effective amount of a conposition of claim13. 30. A nmethod
for treating arthritis conprising admnistering to a mammal i an specie in
need t herng@bzdnigher apeutically effective anount of a conpeckus@NsER
claiml3. 35 -53 WD 02] 10162 PCT/ US01/ 15081 31. A nethod for treating
proliferative di seases conprising adm nistering to a mammal i an specie in
need thereof a therapeutically effective amount of a conposition of claim
14. 32. A nethod for treating can i adrg ni st

mammel | afXappde 6 | Preparations mstiah Te‘i”f’@& Yﬂ%gawi‘&ml Bt a
conposi tion of cl aithiazalyllghs : Sty -‘r'““ I8€rative di seases
conpri sing adm nistering to a nannallan specie in need thereof a

t herapeutically effective amobunt of a comnposition OW. 34. A
met hod for treating c R conprising adm ni sterifng tolYa ma | i an specie
in need thereof a theyfapeftically eff CthG—l anourjt of @ conposition of

dependent
ki nase- associ at@ts@li sor@ér conpri si i nistlering to a subject in need

t hereof an amount effective theref t one conpound of claim1l
36. A nethod for treating chenotherapy-induced al opecia, chenotherapy 20

i nduced t hronbocyt openi a, chenot herapy-i nduced | eukopeni a or nucocitis
conprising adm nistering to a manmmal i an specie in need thereof a
therapeutical ly effective amount of a conpound of cla|n11 37. The conpound

of cl ajgn difkfoked

fromthe : )

[ dme ) : goarbo 'eand hydrochlorlde tartrate,
fumarate, succinate, rral eate C|trate met hanesul fonate, bromate and i odate
salts. 38. The conpound of claim2 wherein said phar maceuti cal |y acceptable
salt is 30 selected frgmthe group consistin F'&%)

di hydrochl ori de, s fage, trifluoroacetate, of trif ?’og\cﬁ ate and
hydrocgoride, taryrat maj eate, citrate,
e conmpound of claim3

Ssuc
net hanesul f qaafe” b dat\Eth
wherei n said pharmaceutically cepa bl e |s 35 selected fromthe group
Rhlori®%e, sulfate, -54

consi sting of hydrochloride, di

f upmr at ate

N-[5-[[[5-(1,1-dimethylethy])-2-oxazolyljmethyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide (1.4 g, 3.68 mmol, 1 eq) was dissolved in 30 mL of
20 N,N-dimethylformamide and 100 mL of tetrahydrofuran. 2-(Bromoethoxy)-z-
butyldimethylsilane (0.79 mL, 3.68 mmol, 1 eq), and NaHCO, were added and the reaction
mixtﬁre was stirred at 50°C for 23 h. Additional 2-(bromoethoxy)-z-butyldimethylsilane
(0.9 mL) was added, and the reaction mixture was stirred at 50°C for 22 h, cooled, .
concentrated in vacuo and diluted with water (25 mL). The resultant aqueous mixture was
25 extracted with ethyl acetate (50 mL). The organic extract was dried over Na,SO,,
concentrated in vacuo, and purified by flash chromatography on silica gel eluting with a
gradient of 0-5 % triethylamine in ethyl acetate to provide 1.7g (84 %) of N-[5-[[[5-(1,1-
" dimethylethyl)-2-oxazolyljmethyl]thio]-2-thiazolyl]-1-(2-dimethyl-z-butylsilyloxyethyl)-4-
--piperidinecarboxamide-as-a-yellow solid. MS: 539 [M+H]"; HPLC: 98 % at 4.01 min (YMC
30 g5 ODS 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).
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WO 02/ 10162 PCT/ USOL/ 15081 trifluoroacetate, m xture of trifluoroacetate

and hydrochloride, tarlrate, fumarate, succinate, naleate, citrate,

met hanesuybesyadigz bromate and iodate salts. 40. The conpoporiusil/sésai m 4

wherein said pharnmaceutically acceptable salt is selected fromthe group

consi sting of hydrochl oride, dihydrochloride, sulfate, trifluoroacetate,

m xture of trifluoroacetate and hydrochlorlde tartrate, fumar at e,

succi nat eB. mal MaiSel[[Se(lt I-Bimethplethyh2-oxddodyi} 1 -thia ‘

41. The conpou Qhﬂiy"ﬁfﬂiﬂ&% i&gé%h%0§d' pharnaceutlcally accept abl e salt

is | Oselected Tromtne grou ST St g of hydrochl ori de,

di hydrochl ori de, sulfate, trlfluoroacetate m xture of trifluoroacetate and

hydrochl ori de, tartrate, fumarate, succinate, nal eat C;LLSLE%’OH

met hanesul fonate, bromate,and iodate salts. 42. T un claimé6
cted fromthe group

wher ei & sai d pharmace |c |y accept abI e sal# IS
consi sting of hydrochlorid di ri sul riffuoroacetate,
m xture of trifEmgpeoac e a ochI I de,

e, funmarate,
succi nate, maleate, citrate, net ham sul f ¢inat e,

bromat e and i odate salts.
43. The conpound of claim7 wherei n“sard™har n®eutically acceptable salt
is 20 sel ected fromthe group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mxture of trifluoroacetate and hydrochl oride,

tartr agg fUnBNa[Ge[i[ﬁHCFDﬂﬁétﬁyleﬂBhdﬁﬁbﬁazoWI]rﬁahm Iﬁmgqﬁg—gﬁ pmt e
and i odat ls he conpoun claims8 erein sal mac |caI |y
accept abl ulgg lyloxyethyl)-dpipendipecarhoramide ({dg s 2 dnmobthqqg\ﬁsdwalweém ori de,

di hydr ochlgu inllfof ssetohitiiR, anahbﬁabﬁféﬂ%ﬂﬁq%&s HF X48/9aqdbous! 250y, Opgeet at e and
hydrochloride, tartrate, .funarate, uégaagitlogglz mal eate, citrate,

met hanes uFeeEHoR ixtEresyas stirrad dori4 gk & Sl efaayeensdiowag pdded) o
wher ei n s ahdithe hedctios eiikuteowhy/stifedae x’h@%tﬂ Byl atétat@@l@tﬁhﬁ hfdlsshira®dt he group
orl

o ur 5 oo YBRRH 80 3 veert ot At hﬁtﬁa}fééx‘@as Hirtmabe e o ©

chcil'ﬂgt go‘ eﬁl?sng T?Ieal ewﬁ@é:ktﬂd&fbﬂlﬁéilftméthz?ceﬁt u g?aﬁﬂg ggggf jlat:alt

i sI ?5 sel 8%&)% ?rgmgvz)r}%%ﬁ&hgﬂgﬁf&tﬁwgg g’? B'Eiﬁ‘l‘ S?Clr @é&lc E’F%ﬁ‘ﬁl or :c de,
, The V€3 fhlatiel

flrji f?Lgr Ovad'uE e %ﬁ%ﬁmoﬁﬁergwarmt ; ﬁdmg)g %tmd@ﬁtéﬁteﬁ rdVId’d,C u6rr§| gat .

citrate, @e‘%@gmgf é LA l&hb‘”ﬁ%‘ﬂgﬁ@e ﬁﬁ’éo ﬁ-;hlazpﬁfgl 3 bound of

claim?20- h&xkpmyeth)d}implpﬂmmmbuanb la;faadnxe[sbhchIMSs:tﬂﬂt[M-aHF HeLEc1ea% rom

h
E r Ief ?Lgll’-lgaﬁé; aﬁﬁ wnﬁgur %9 |4UOI’ oace y&%ﬂﬁ#@%ﬁggﬁﬁﬂ q(%er‘% artrate,

f umar at e, minuges Maemng@rze%tmosphmcam, 4mﬂt/nmesemmmgta922(bnm)mt e and i odate
salts. 48. The conpound of claim 12 wherein said pharmaceutically
acceptable salt is

25
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10 selected fromthe group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mxture of trifluoroacetate and hydrochl ori de,
tartrat ewhysidigs €, succinate, naleate, citrate, methanespdif/osaisesibr omate
and iodate salts. 49. The pharmaceutical conpositjion of claim 13 wherein
sai d pharmaceutically 15 acceptable salt is selected fromthe group

consi st nﬂ of hydrochl oride, dihydrochloride, sulfate, trifluoroacetate,

m xture oExemple Tior BEeparatian oh (RnNdSd HAH(dA-Bimethylethyli-2-  unarat e,

succi nate, mal eat e, 9¥3z0fyl}rge NHEM%%W@MHI%P‘PSF'GMe and iodate salts.

50. The pharmaceuti b | ai m 14 wherein said

phar maceutically -20~cep~ble salt'is seI ected romthe group consisting of
hydr ochl ori de, di hydrochloride, sulfate, trifluoroac e, ,fture of
trifluoroacetate and hydr Noride, tartrate, fumarfate, juccinate, naleate,
citraté, nmethanesulfonat }%?{@nd | ateNsaIt . 51. L The pharmaceuti cal
conposi tion of cl aigg, In ar eut accept able salt is
selected fromthe group COI’]SI sting of hI or de di hydr ochl ori de,
sulfate, trifluoroacetate, m xture of Nuor oaket ate and hydrochl ori de,
tartrate, fumarate, succi nate mal eate CI trate, methanesul fonate, bromate

and i odate sal [! pgg ng (?j ““fal |y
ng

accept abl € sal =3 =

of hydngchl ori bgtodym MB pged@esalbci g trlffuoroacet ate, m xture of
triffuoroacetate and hydrochloride, tartrate, fumaratg, succinate, naleate,
citrate, methanesul fonate, vomat e and i odate sal tfs. The net hod of
claim 18 wherein said pha rrac uti caI |y agcceptrabl e |salt pf 35 said conpound
is selected fromthe N) i derNd| hé/dr ochl ori de,

- 56 WO 02/ 10162 P aEJSOl/ ?5081 sulf te, r| or oacet at €°° ni xture of
trifluoroacetate and hydrochl ori de, fumar ate, succinate, naleate,
mtrat; nmet hanesul f onate, bromate and |odate salts. 54. The nethod of
claim 8 wherein said pharmaceuti call yg?ccept able salt of 5 said conmpound
is selected fromthe group consisting hydr ochl ori de, di hydrochl ori de,
sulfate, trifluoroacetate, mxture of trifluoroacetate and hydrochl ori de,
tartrate, fizmarate, succinate, naleate, citrate, nethanesul fonate, bronate
and iodate salts. 55. The pd of claim 27 wherei pharmaceutical ly
acceptable salt of | O sai /co ound i s sel ectgd fr m t he group consi sting
of hydrochl oride, dihydrag or ¥ acebate, mxture of
triflu@Poacetate and Hyeh ochlori de, tar ratd, fu . suc®Fnate, nuleate,
citrate, methanesul fonate, bromate and e salggs. 56. The nethod of
claim 28 wherein said pharmaceutically acceptable salt of 15 sad conpound
is selected fromthe group consisting of hydrochloride; dihydrochloride,

sul fate, trifluoroacetate, nixture of trf8iuoroacetate and hydrochl ori de,
tartrate, fizmarate, succinate, nmaleate, citrate, nethanesul fonate, bromate
and iodate salts. 57. The et hod of claim 31 wherein said pharmaceutically
accept gl e sal - (QfDli’& l)methglcﬁmb&ﬁhﬂé dfEhlofide ¢3.8 P20 fimsdist | ng

?Ilprgg?gg&gjlde%% rochl OB#? E $ trif ulr%([ﬁ)yftate m xt ure of

oxazolyl]methyl]th10]th1azole (2.7 g, 10 mmol, 1 eq), N-t-butoxycarbonyl-nipecotic acid
(3.4 g, 1.5 mmol, 1.5 eq), N,N-dimethylformamide (10 mL) and CH,Cl, (30 mL). The
reaction mixture was stirred at rt for 4 h. The resulting black solutlon was concentrated in

30 vacuo, di diluted with water (90 mL) and extracted with ethyl acetate (100 mL then2 x 75
mL). The organic extracts were dried over Na,CO,, concentrated in vacuo, and purified by
flash chromatography on silica gel eluting with a gradient of 50-100 % ethyl acetate in
hexanes to provide 3.8 g (79 %) of a yellow solid. The enantiomers were separated by
chiral HPLC (Chiral Pak AD 5 x 50 cm 20 p: eluent 10 % (0.1 % triethylamine in

35 isopropanol) in hexanes; 45 mL/min, detection at 254 nm, loading 300 mg in 5 mL of
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succinate, naleate, citrate, methanesul fonate, bromate and iodate salts.

58. The nethod of claim 32 wherein said pharmaceutically acceptable salt of
25 said qegpowiegr 1 S selected fromthe group consisting ofpdiygsiaakiseri de,

di hydrochl oride, sulfate, trifluoroacetate, m xture of trifluoroacetate and
hydrochl ori de, tartrate, fumarate, succinate, naleate, citrate,

met hanesu] fonate, bromate and iodate salts. 59. The nmethod_of claim 36

wher ei n sHPRFOBMAHREAYA pachiof thedwooptisallyepusa isomsrs: 3¢65zptthe Brigpnerdnd d .65

sel ect ed §ppiRetdigoEQUP consi sting of hydrochl oride, dihydrochloride,

sul fate, Trifluoroacetate, m xture of trifluoroacetate and hydrochl ori de,
tartrate, fumarate, succinate, naleate, citrate, nethanesul fonate, bromate
and i odatB, sal {R)-N35-[F[541.14Dimethylethyl)-2-oxazolylimethylJthio]-2-thiazolyl]-3-
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overnight and d11uted with 100 mL of water. The aqueous layer was separated and

15 extracted with.two-150 mL portions of ethyl acetate. The combined organic phases were
dried (sodium sulfate) then filtered through a pad of silica gel. The filtrate was concentrated
in vacuo to afford an orange solid, The crude material was recrystallized (95 % ethanol) to
give 4-(t-butoxycarbonylamino)-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyljmethyl]thio]-2-
thiazolyl]cyclohexylcarboxamide as a yellow solid. The mother liquors were also

20 ~concentrated in-vacuo to give additional 4-(¢-butoxycarbonylamino)-N-[5-[[[5-(1,1-

OET

dimethylethyl)-2-oxazolyl]methyl]jthio]-2-thiazolyl]cyclohexylcarboxamide as a brown
solid.
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15
To a suspension of 4-(¢-butoxycarbonylamino)-N-[5-[[[5-(1,1-dimethylethyl)-2-
oxazolyljmethyl]thio]-2-thiazolyl]cyclohexylcarboxamide (from Part B mother liquors)
suspended in 15 mL of methylene chloride was added 5 mL of trifluoroacetic acid at room
temperature. The reaction mixture was stirred for 2 h then concentrated in vacuo to remove

20 volatiles. The residue was diluted with water, basified with aqueous NaOH solution then
the resulting aqueous solution was extracted with ethyl acetate. The combined organic
extracts were dried (sodium sulfate) to give a crude cis/trans product. The crude material
was purified by flash chromatography (Merck silica, 25x3 cm, 1:9 isopropylamine/ethyl
acetate then 1:2:7 methanol/isopropylamine/ethyl acetate) to afford 0.74 g of the cis isomer

25 as a yellow solid and 0.50 g of the trans isomer as a brown solid. The cis isomer was
dissolved in methanol then 0.34 mL of 5N aqueous HCl was added. The solution was
concentrated in vacuo, washed with ether, diluted with water and lyophilized to afford 0.80
g of cis-4-amino-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2~
thiazolyl]cyclohexylcarboxamide hydrochloride as a yellow solid. MS: 395 [M+H]';

30 HPLC-HI 98 % at 3.17 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, monitoring at 220
nm). The trans isomer was dissolved in methanol then 0.24 mL of SN aqueous HCI was
added. The solution was concentrated in vacuo, washed with ether, diluted with water and
lyophilized to afford 0.54 g of trans-4-amino-N-[5-[[[5-(1,1-dimethylethyl)-2-

35 oxazolyl]methyljthio]-2-thiazolyl]cyclohexylcarboxamide hydrochloride as an orange solid.
MS: 395 [M+H]*; HPLC-HI 96 % at 3.22 min (YMC S5 ODS column 4.6 x 50 mm, 10-90
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To a solution of 40 mL of absolute EtOH cooled in an ice-bath was added acetyl
chloride (0.28 mL, 3.9 mmol) dropwise. The reaction mixture was allowed to warm to
room temperature over 30 min then N-[5-[[[5-(1,1-dimethylethyl)-2-0xazolylJmethyl]-thio)-

15 2-thiazolyl]-4-piperidinecarboxamide (1.50 g, 3.94 mmol, 1 eq) was introduced in one
portion with stirring to give a thick slury. Water (~4 mL) was added until homogeneous
then concentrated in vacuo to give a crude pale yellow solid. The crude material was
recrystallized (aq EtOH) to afford the title compound (70%) as a white solid, mp 256-258°,
Analysis calc'd for C17H24N402S2+HCI: C, 48.96; H, 6.04; N, 13.43; S, 15.38; Cl, 8.50.

20 "Found: C, 48.69; H, 5.99; N, 13.24; S, 15.27; Cl, 8.31.

Example 11: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyllmethyljthio]-2-thiazolyl]-4-

iperidinecarboxamide, monohydrobromide

N\ . .

To a solution of 1M HBr in EtOH (0.5 mL) was added N-[5-[[[5-(1,1-
dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-4-piperidinecarboxamide (190 mg, 0.5
mmol, 1 eq) then cooled to ~40°C overnight. The solid precipitate that formed was
collectedon a Buchnér funnel, washed with absolute EtOH then dried under vacuum at
100°C to afford the title compound (72%) as a fine white powder, mp 235-237° C.
Analysis calc'd for C17H24N402S2°HBr: C, 44.24; H, 5.46; N, 12.14; S, 13.89; Br, 17.31.
Found: C, 44.16; H, 5.40; N, 12.12; §, 13.91; Br, 17.70.
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(94%) as pale yellow crystals, mp 234-236°C. Analysis calc'd for C17H24N402520.5-L-

Tartaric acid: C, 50.09; H, 5.97; N, 12.29; S, 14.07. Found: C, 49.85; H, 5.90; N, 12.12;

S, 13.75. '

Example 13: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyljmethyl]thio]-2-thiazolyl}-4-
20 piperidinecarboxamide, 0.5-D-tartaric acid salt

- | | N NH<0.5 D-Tartrate
/O\/ N
(CHa)C 0 \O/
25 \ r{ 4

To a warm solution of N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thic]-2-
thiazolyl]-4-piperidinecarboxamide (1.00 g, 2.63 mmol) in absolute EtOH (40 mL) was
added a solution of D-tartaric acid (198 mg, 1.32 mmol, 0.5 eq) in absolute EtOH (4 mL).
A precipitate started to form after several minutes. The mixture was allowed to stand for 18

30

hr at room temperature then the solid precipitate was collected on a Buchner funnel, washed
with absolute EtOH and dried under vacuum at 65°C for 6 hr to afford the title compound
(73%) as a white solid, mp 232-233°C. Analysis calc'd for C17H24N40282+0.5-D-Tartaric

35 acid: C, 50.09; H, 5.97; N, 12.29; S, 14.07. Found: C, 49.75; H, 5.81; N, 12.04; §, 13.37.

-45 -



10 10=109%&' ()-!0"10%We%& ()-%"10% ; & ()-%?{\=! 10! #"10%

& ()-10"10%' ()-! 109 ()-y10%& ()-yf109%& ()-f s109%& ()-+Pyz[ 9{\=!

10! " 109080 0310149 90& () -1 " 10% PCT/US01/15081

& ()-10"10%& ()-!"10%& ()-"10%6& ()-BHWWUB{\=!1"10%& ()-!"10%& ()-!"10%& ()

-1"10%EES ()-!1"109%& ()-!"10%

& ()- 7TNzXo{\ =! I F7109@& ()-!d’ f9*&$10%6f 6f & ()-! nf 9*&$10% - & () - (L0%& () -

| hf " Mb10YR2@Nple-14: 1H%5k[{-ﬂ58(1(I)Dlmethylzellﬂﬂ)?zZ(o)xazc)lyl]ﬁﬁﬂh)(l}thiki}%ﬁth@azolﬂp4-10

10=10%&' ()-f 810%& (pipetidiiicahaexs @

10%& ()-s109%& ()- f109%& ()-!_ ;

dBbCl 1 1 y$10%&' () - @O%& ()-s 10%& ()-y10%&' ()-S10%&' () -af 109& () -

z[ 9bCL ! T, #10% #- #& ()-Y+40%& ()- lc f"$10%& ()- @Y,

10%&'()-!{‘y$10‘y&'()- \ =T 1098 () - 100

101 =108&' ()-!'w f, #109 6&&-\1\/)3#100/ 0)

) - 3109%& () - yy@AYE-() - §/

I'm f YMBLO966& ()-'fYI\/$10%36& ()-c,200\<{\# 11 h°

L& ()-@F %10% : & () - @LOY& () -f #10% s! 109&q()-! Y yZ"10%& () - y9CN} ASH=!

!!! 10 10

10=109%&' ()-!c f1$10%EE& ()-! hf 1$10%@@& () - &0310%&' () - 10%& ()-P }[9SH=! 11 f

3°$10% - & ()-!1 0% ) 7 O () - LOVR
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9' 710% 9b1azgiyﬂ]34-9 m@p@ Q);aml gl\ 7 840vanel) in absolute EtO 00 mL) was
added a solution of fumaric acid (276 mg, 2.3 mmol, 0.5 eq) in absolute EtOH (5 mL). A
precipitate started to form after 10 minutes. The mixture was allowed to stand for 2 hr at
room temperature then at 5°C for 16 hr. The solid precipitate which formed was collected
on a Buchner funnel, washed with absolute EtOH and dried under vacuum at 65°C for 24 hr

15 {0 afford the title compound (84%) as a white solid, mp 206-207° C. Analysis calc'd for
C17H24N40252+0.5-Fumaric acid: C, 52.04; H, 5.98; N, 12.77; S, 14.62. Found: C,
51.74; H, 5.76; N, 12.57; S, 14.19. Recrystallization (95% aq EtOH) afforded the title

~compound containing 1 mol EtOH (83%) as large colorless crystals, mp 212-214° C.
Analysis calc'd for C17H24N402S52+0.5-Fumaric acid*EtOH: C, 52.05; H, 6.66; N, 11.56;

20 S, 13.23. Found: C, 52.03; H, 6.06; N, 11.50; S, 12.99.

Example 15: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyl] methyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide, 0.5-succinic acid salt

/ r{ S | S , NH05 Succlnate.
gy

To a warm solution of N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-
thiazolyl]-4-piperidinecarboxamide (50 mg, 0.13 mmol) in absolute EtOH (2 mL) was
added a solution of succinic acid (7.7 mg, 0.065 mmol, 0.5 eq) in absolute EtOH (0.25 mL).
A precipitate started to form after 10 minutes. The mixture was allowed to stand for 1 hr at
room temperature then the precipitate was collected on a Buchner funnel, washed with
absolute EtOH and dried under vacuum at 100° C for 24 hr to afford the title compound
(70%) as a white solid, mp 190-192° C. Analysis calc'd for C17H24N40282+0.5-Succinic
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"109&Z& ()-y!s10%Z& () - 10%& ()- 10 10 10
:10ty&()-!‘7#10%(&'() : @!!!!!vy@#lo%f&() S109Z& ()
& ()-'y 10%& ()-f
109Z& () - OYf ZX9~ AN
> sl:10%z5z8& (§kfs!: 1

s! 100«&152 10Z 10z

10Z=10%Z¢&" () -y8109%Z& () - #¥% 1k} "?b@!!s
Y109&' ()- S10%& ()-

lyy109658& () -kvxs$(zX6b@!! " S& MB10%@& ()-!q S& MB1OYEE& ()-! S& Mp10YXX& (
)- % 10%& () - l'hgawamgtmluppn oENH[5-{[[5-(1,1- dlmethy ethyl)-2-oxazolyl]methy1]th10]-2-

109 () - (thfazolyfKpipttibineSirboihBite (Shmid 9”8 fadiol) in absolute EtOH (2 mL) was
added a 1M aq solution of sulfuric acid (0.065 mL, 0.065 mmol, 0.5 eq ). A precipitate
formed almost immediately. The mixture was cooled to 5° C. for 2 hr then the precipitate
was collected on a Buchner funnel, washed with absolute EtOH and dried under vacuum at
100° C for 24 hr to afford the title compound (79%) as a white solid, mp 256-258° C.
Analysis calc'd for C17H24N402S52+0.5H2S04+0.68H20: C, 46.22; H, 6.01; N, 12.68; S,

18.14. Found: C, 46.21; H, 5.95; N, 12.71; S, 18.23.
20

15

Example 17: N-[5-[[[S-(1,1-Dimethylethyl)-2-0xazolylJmethyl]thio]-2-thiazo)yl]-4-
iperidinecarboxamide, 0.5-citric acid salt

A T

To a warm solution of N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyljmethy!]thio]-2-
thiazolyl]-4-piperidinecarboxamide (50 mg, 0.13 mmol) in absolute EtOH (2 mL) was
added a solution of citric acid (8.3 mg, 0.043 mmol, 0.33 eq ). The solution was cooled to
5° C for 18 hr then the precipitate which formed was collected on a Buchner funnel, washed
with absolute EtOH and dried under vacuum at 100° C for 24 hr to afford the title
compound (68%) as a white solid, mp 214-216° C. Analysis calc'd for
C17H24N40282+0.5-Citric acid*0.10H20: C, 50.21; H, 5.94; N, 11.71; S, 13.40. Found:
C, 50.21; H, 6.01; N, 11.83; S, 13.44.
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oo () - STosekmy ol 1ol idm@wéhyl o hyivaeth] thic) Sehizgoly])<4-
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precipitate formed. The resulting mixture was stirred at 55° C for 2 hr then at room
temperature for 14 hr. The precipitate which formed was collected by filtration then dried
under vacuum at 50° C for 14 hr to afford the title compound (85%) as a colorless powder,

15 mp 105° C. Analysis calc'd for C17H24N402S2-MSAH20: C, 43.70; H, 6.11; N, 11.32;
S, 19.44. Found: C, 43.53; H, 6.14; N, 11.15; S, 19.15.

-yl Ty #1009 () -y

Example 19: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyl] methyl] thio}-2-thiazolyl]-4-
iperidinecarboxamide, 0.5-D.L-malic acid salt

/ r{ S S | n | NH+0.5 Malic acld
A

To a solution of N-[5-[[[5-(1,1-dimethylethyl)-2-0xazolyllmethyl]thio]-2-thiazolyl)-
4-piperidihecarboxamide (100 mg, 0.26 mmol) in isopropyl alcohol (0.80 mL) was added
slowly at 70° C a solution of D,L-malic acid (35 mg, 0.13 mmol, 0.5 eq ) in isopropyl
alcohol (0.3 mL). A precipitate formed immediately. The resulting mixture was stirred at
55° C for 2 hr then at room temperature for 14 hr. The precipitate was collected by
filtration then dried under vacuum at 50° C for 14 hr to afford the title compound (75%) as
a colorless powder, mp 216° C. Analysis calc'd for C17H24N402S2+0.5-C4H605-H20:
C, 50.98; H, 6.08; N, 12.51; S, 14.32. Found: C, 50.55; H, 6.17; N, 12.29; S, 14.05.
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N o]

10
@

and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof,
wherein:

15 Ris alkyl;
R! is hydrogen or alkyl;
X is NR? or CHNR’R?;
R? and R? are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl or
substituted cycloalkyl; and

20 nis0,1,2o0r3.

2. The compound according to claim 1 wherein:
R is alkyl;
R!is hydrogen;
25 Xis NR? or CHNR?R?;
R? and R? are each independently hydrogen, alkyl, substituted alkyl or cycloalkyl; and
nis2.
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4. The compound according to claim 1 of formula Ib
N | ' N Re
; ,_/[ )\/ ® ° u\H/O
(CHa)s 0 \<-?/
\ / |
| (b)

20
and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof

wherein R? is hydrogen, alkyl, substituted alkyl or cycloalkyl.

5. The compound according to claim 1 of formula Ic
NRZR3
N : .
/[}\/ s S n
(CHa)g o ?/
]
' (Ic)

and enantiomers, diasteromers, solvates, and pharmaceutically acceptable salts thereof

25

30

wherein , _
R? and R? are each independently hydrogen, alkyl, substituted alkyl or cycloalkyl.
35 '
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11 109! () - 5109 ()- 10 h 10 h 10 hi =10% h& ()-° f4$10%
h& ()-!r" f4$108& () TR & bt @bla.lmlselected from the group consisting of;
0@1{&} DR

| ngl\(%g?{e&@f? - I&S{%[gé 10(V w&qﬁ%ﬁﬂ%wﬁ(l?iyﬁ () - RFY+++G
fi/%l)g/éof(’/(;(h épﬁ%gﬁ%cﬁ{hm&;Ylo% & (()e)& 0 5 6 7.8.D.S..._ =l 111§ Xfy _
1002 ) T il E e R P apa 20700
1099 ) &5( )piﬁaﬁ&n&raaﬁ&a&maiwx nbCl !
(%)-1-(2,3-dihydroxypropyl)-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyl]methyl]thio]-
2-thiazolyl]-4-piperidinecarboxamide;
N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-1-(1-
methylethyl)-4-piperidinecarboxamide;
10 1-cyclopropyl-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide; ‘
N-[5-[[[5-(1,1-dimethylethy])-2-oxazolylJmethyl]thio]-2-thiazolyl]-1-(2-
hydroxyethyl)-4-piperidinecarboxamide;
(R)-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-3-
15 piperidinecarboxamide;
(S)-N-[5-[[[5~(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-3-
piperidinecarboxamide;
cis-4-amino-N-[5-[[[5-(1,1-dimethylethy])-2-oxazolylJmethyl]thio]-2-
thiazolyl]cyclohexylcarboxamide; and
20 trans-4-amino-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolylJmethyl]thio]-2-
thiazolyl]cyclohexylcarboxamide; and enantiomers, diastereomers, solvates, and
pharmaceutically acceptable salts thereof.

7. . NJ5-[[[5-(1,1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-
25 piperidinecarboxamide and enantiomers, diastereomers, solvates, and pharmaceutically
acceptable salts thereof.

8. (£)-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl}-3-
piperidinecarboxamide and enantiomers, diastereomers, solvates, and pharmaceutically
30 acceptable salts thereof. '

9. (R)-N-[5-[[[5-(1,1-dimethylethyl)-2-oxazolyljmethyl]thio]-2-thiazolyl]-3-
piperidinecarboxamide and pharmaceutically acceptable salts thereof.

35 10. (S)-N-[S-[[[S-(l_,1-dimethylethyl)-2-oxazolyl]methy1]thio]-2-thiazolyl]-3-
piperidinecarboxamide and pharmaceutically acceptable salts thereof.
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1> -2 $10% - & ()13, - : $A phdinfacenticabddinposition)cotitioig aqomyad@fotaim 1 and a

10 pharmaceutically acceptable carrier.

14. A pharmaceutical composition comprising a compound of claim 1 in
combination with a pharmaceutically acceptable carrier and an anti-cancer agent formulated
as a fixed dose. '

15

15. A pharmaceutical composition comprising a compound of claim 1 in
combination with a pharmaceutically acceptable carrier and a modulator of p53 '
transactivation formulated as a fixed dose.

20 16. A method for modulating apoptosis comprising administering to a
mammalian specie in need thereof an effective apoptosis modulating amount of a compound
of claim 1.

17. A method for inhibiting protein kinases comprising administering to a
25 mammalian specie in need thereof an effective protein kinase inhibiting amount of a
compound of claim 1.

18. A method for inhibiting cyclin dependent kinases comprising administering
to a mammalian specie in need thereof an effective cyclin dependent kinase inhibiting
30 amount of a compound of claim 1.

19. A method for inhibiting cdc2 (cdk1l) comprising administering to a
mammalian specie in need thereof an effective cdc2 inhibiting amount of a compound of
claim 1.
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specie in need thereof an effective cdk4 inhibiting amount of a compound of claim 1.

10 23. A method for inhibiting cdk5 comprising administering to a mammalian
specie in need thereof an effective cdk5 inhibiting amount of a compound of claim 1.

24. A method for inhibiting cdk6 comprising administering to a mammalian
specie in need thereof an effective cdk6 inhibiting amount of a compound of claim 1.
15
25. A method for inhibiting cdk7 comprising administering to a mammalian
specie in need thereof an effective cdk7 inhibiting amount of a compound of claim 1.

26. A method for inhibiting cdk8 comprising administering to a mammalian
20 specie in need thereof an effective cdk8 inhibiting amount of a compound of claim 1.

27. A method for treating proliferative diseases comprising administering to a
mammalian specie in need thereof a therapeutically effective amount of a composition of
claim 13.

25

28. A method for treating cancer comprising administering to a mammalian

specie in need thereof a therapeutically effective amount of a composition of claim 13.

29. A method for treating inflammation, inflammatory bowel disease or
30 transplantation rejection comprising administering to a mammalian specie in need thereof a
therapeutically effective &mount of a composition of claim 13.

30. A method for treating arthritis comprising administering to a mammalian

specie in need thereof a therapeutically effective amount of a composition of claim-13.
35
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34. A method for treating cancer comprising administering to a mammalian
specie in need thereof a therapeutically effective amount of a composition of claim 15.

15 35. A method for the treatment of a cycliil dependent kinase-associated disorder
comprising administering to a subject in need thereof an amount effective therefor of at
least one compound of claim 1.

36, A method for treating chemotherapy-induced alopecia, chemotherapy-
20 induced thrombocytopenia, chemotherapy-induced leukopenia or mucocitis comprising
| administering to a mammalian specie in need thereof a therapeutically effective amount of a
" compound of claim 1.

37.  The compound of claim 1 wherein said pharmaceutically acceptable salt is
25 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate saltsT

38.  The compound of claim 2 wherein said pharmaceutically acceptable saltis -
30 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
triﬂuoroacetéte, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate, .
maleate, citrate, methanesulfonate, bromate and iodate salts.

39.  The compound of claim 3 wherein said pharmaceutically acceptable salt is
35 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,

-54.-



Y410%&' ()- 1 109%&' ()- / 10%& ()- kkkkkkk$lIbCl''10%& ()-3-109%& () -

1°109%&' ()-s10%& ()- 10 10

10F=10%&'W¢ o2/k@agIMMNdEDLC! " 109%&' () - f SLO%&' () - @ 109%& () - 108€r(301/180810%& () -
1098 () - nnnCoo08pdEbC! (10%&' ()- ~$"109%& ()-f@, 109%& ()- 109%& ()-310%&' ()-
S10%&' () - 8ppppDghgqdELC! Y410%&' ()- f110%&k ()-0@ 109%&' () -

109&' () - +S10%&' ()-S& M 10%& ()- g rrrrrr$r3rbC ! s109%& ()-10% ()- 10 10
10=10%& ( yrifhgoroacetate, mgxtureofirifiporoaestate and bydiopigorie agate) famarate, succinate,

L %? f/f‘NﬁﬁgJE“ %ﬁ%@&%‘%pﬁ ﬂ%@ﬁ%‘ﬁd lgﬁgﬁfé&() 109 ()- vy, " 109%& () -

uu8vvvAWDAIEDC! L* 109 ()- & ! 10% () - @AO%! () "1109&' ()- L!&L0%& ()-

S109 () - Downvidoxxy et ComBMRPAE cigiariPwd cdily acclfthild&al - 3 ¥
109 () - +109%& %r) yl yoytygyvy wyyy ¥ % Ig%% @?’
5 selected from the group consisting of hydrochlonde d1hydroc oride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,

maleate, citrate, methanesulfonate, bromate and iodate salts.

41.  The compound of claim 5 wherein said pharmaceutically acceptable salt is
10 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

42.  The compound of claim 6 wherein said pharmaceutically acceptable salt is
15 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

43.  The compound of claim 7 wherein said pharmaceutically acceptable salt is
20 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

44.  The compound of claim 8 wherein said pharmaceutically acceptable salt is
25 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

45.  The compound of claim 9 wherein said pharmaceutically acceptable salt is
30 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

46.  The compound of claim 10 wherein said pharmacentically acceptable salt is
35 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
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48.  The compound of claim 12 wherein said pharmaceutically acceptable salt is
10 selected from the group consisting of hydrochloride, dihydrochloride, sulfate,
triflnoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate, succinate,
maleate, citrate, methanesulfonate, bromate and iodate salts.

49.  The pharmaceutical composition of claim 13 wherein said pharmaceutically
15 acceptable salt is selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

50.  The pharmaceutical composition of claim 14 wherein said pharmaceutically
“~90 " acceptable saltis selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

51.  The pharmaceutical composition of claim 15 wherein said pharmaceutically
25 acceptable salt is selected from the group consisting of hydrochloride, dihydrochloride,
- sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

52.  The method of claim 17 wherein said pharmaceutically acceptable salt of
30 said compound is selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts. |

53.  The method of claim 18 wherein said pharmaceutically acceptable salt of
35 said compound is selected from the group consisting of hydrochloride, dihydrochloride,
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56.  The method of claim 28 wherein said pharmaceutically acceptable salt of
15 said compound is selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

57.  The method of claim 31 wherein said pharmaceutically acceptable salt of
20 said compound is selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

58.  The method of claim 32 wherein said pharmaceutically acceptable salt of
25 said compound is selected from the group consisting of hydrochloride, dihydrochloride,
sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, famarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.

59.  The method of claim 36 wherein said pharmaceutically acceptable salt of
30 said compound is selected from the group consisting of hydrochloride, dihydrochloride,

sulfate, trifluoroacetate, mixture of trifluoroacetate and hydrochloride, tartrate, fumarate,
succinate, maleate, citrate, methanesulfonate, bromate and iodate salts.
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