METHODS FOR THE PREPARATI ON OF DI ASTEROVERI CALLY PURE PHOSPHORAM DATE
PRODRUGS FI ELD OF THE | NVENTI ON 5The i nvention rel ates generally to

met hods fwo 2prapasessng conpounds with antiviral activitypcomastoipasisscul arly
to prodrugs of inhibitors of hepatitis C virus RNA-dependent RNA

pol ymer ase. BACKGROUND OF THE | NVENTI ON 10The hepatitis Cvirus (HCV) is a
| eadi ng cause of chronic liver disease worldw de (Boyer, N et al. J
Hepat ol . 32:98-112, 2000) and may lead to hepatic fibrosis, cirrhosis and
hepat ocel | ul ar carcinoma (Cale, P., Gastroenterolgy Cin. Biol. 2009, 33,
958). A si gnMETHUDS BORTHE PREPARABIONDF DIASTEROMERECALIACPERE owar d
t he devel opnent of | nproved net hods of treat ment of chronic HCV infections
in humans 15(Di Bescegli e, A HORAAHDATE PRODREGSE Nt j fj ¢ Aneri can,

Cct.: 80-85, (1999); CGordon, C. P et al., J. Med. Chem 2005, 48, 1-20;
Maradpour, D.; et al., Nat. Rev. Mcro. 2007, 5(6), 453-463). A nunber of
HCV treatnents are reviewed by Bynock et al. in Antiviral Chemstry &
Chenot herapy, 11:2; 79-95 (2000). Currently, there are primarily two
antiviral conpounds, ribaviri FIEADNQEI'BIEINS ENEHANog, and interferon-al pha
(a) (IFN), which are used for the treatnent of chronic HCV infections in

humans. bavirin.alone.is not effective | ucing. vira vel s, has
signifi cglnt t oxi Ehf f/r,wentlo relé%ﬁsn%?/\ﬁratﬁg &9 Hl&}%ogs gc?{éarrr?pa? n%ﬁgmé’&%fn on of IFN
and ri bavi r iantiVies abeety, fr@@@patr@aﬂ&@y 0ered geé 1 iMBibitBrsidTRcHRNIRIE MR RRA -
chronic hepatitis C (Scott, et al. Drugs 2002, 62, 507-556) but |ess
t han hal f tlﬁlépf’ﬁ@?lil é@é@i“?}”éﬁ th| s treatment show a persistent benefit.

Q her patent applications disclosing the use of nucl eosi de anal ogs to treat
hepatitis C virus include 1 057425, WO

02/ 057287, WO 02/ 032920, WO %gﬁﬁgUm%/%QE?&Em@%/ 089105 and

W2008/ 141079 but additional treatnents for

10 The hepatitis C virus (HCV) is a leading cause of chronic liver disease
worldwide (Boyer, N. et al. J Hepatol. 32:98-112, 2000) and may lead to hepatic
fibrosis, cirrhosis and hepatocellular carcinoma (Cale, P., Gastroenterolgy Clin. Biol.
2009, 33, 958). A significant focus of current antiviral research is directed toward the
development of improved methods of treatment of chronic HCV infections in humans

15  (Di Besceglie, A.M. and Bacon, B. R., Scientific American, Oct.: 80-85, (1999);
Gordon, C. P., et al., J. Med. Chem. 2005, 48, 1-20; Maradpour, D.; et al., Nat. Rev.
Micro. 2007, 5(6), 453-463). A number of HCV treatments are reviewed by Bymock
et al. in Antiviral Chemistry & Chemotherapy, 11:2; 79-95 (2000).

Currently, there are primarily two antiviral compounds, ribavirin, a nucleoside

20  analog, and interferon-alpha (o) (IFN), which are used for the treatment of chronic
HCYV infections in humans. Ribavirin alone is not effective in reducing viral RNA

- levels, has significant toxicity, and is known to induce anemia. The combination of
IFN and ribavirin has been reported to be effective in the management of chronic
hepatitis C (Scott, L. J., et al. Drugs 2002, 62, 507-556) but less than half the patients

25  given this treatment show a persistent benefit. Other patent applications disclosing
the use of nucleoside analogs to treat hepatitis C virus include WO 01/32153, WO
01/60315, WO 02/057425, WO 02/057287, WO 02/032920, WO 02/18404, WO
04/046331, W0O2008/089105 and W0O2008/141079 but additional treatments for HCV



WD 2012/ 012465PCT/ US2011/ 044581 i nfecti ons have not yet becone avail abl e
for patients. Therefore, drugs having inproved antiviral and

phar macokwoebiawiptedperti es wit h enhanced activity agai neCTadse@hopssent of
HCV resi stance, inproved oral bioavailability, greater efficacy, fewer
undesirabl e side effects and extended effective half-life in vivo (De
Francesco, R et 5al. (2003) Antiviral Research 58:1-16) are urgently
needed. RNA- dependent RNA pol ynerase (RdRp) is one of the best
studied targets for the devel opnment of novel HCV therapeutic agents. The
NS5B pol yneriagetidns havé astget béwdind 4vhildblé & patiént€aThiteudl@iugshatingal trials
(Sommadossi,, J., WO 01/90121 A2, US 2004/0006002 Al). These enzynes have
been ext ensilPerqyee aaiided and phamaeokingicruppesdereitie snhansef agtiviiregdagt | evel |

with screeni ' i £ Vi | egt. clei ol , E.
(2001) 3. Pisar oo RN Rkl Y B8 R il M) LB bR B

Virol . 22:73m8&)rabBisachdfecsalnd teategétdsefBugtihe bl {-NESR rarce Denfrandeasy, Ri. Bt

devel opi ng H rapi es, since es not replicate in the | aboratory and
t here arg diﬂ?@%ﬁﬁ“@é’“%ﬁﬁé%hgg{ﬁg&éﬁ e eé%iays and preclinical

ani mal systens. leBd A 3 IRGAL d i been
extensi vely st ud@l&?elgéﬁg:eg?%ﬁé ﬁ@@éﬂ%ﬁ@@% @%&3\%@%‘% ?cg%l:e %‘?%%??“

i ncl udi ng nuke éoysiogaent dfatovehHCH theRp®Rytic a@emter Ahé WSSBh@lantisd is altargett i vi ty

of these nucgl eosides .are.attributed.to.t conyer.si o nucl egsi des to
Chel 1 nucl a8t AEUP T GebRArReT el roaih En aetye e bt bBFaSE BRa and
RNA pol yner 29e5/0006083 A aTheicednFMad R tebh bavhdeel) BERLAGEAHiPhel Nt O the 20
| engt heni ng viral DNA or RNA strand. However, magy NTPs | ack adequate

or

speci fi dPty bieshemjcehndyirugivsaldeed, wighgrasaaing asshisSor identifyingaskestiemd, as a
It Sy i al ~ toxi ciit y.o Thi l.ed tn-ef fo dify th
Core st ruot ouges BOREt FHGLY prilb ol tia Bfer R QO By of

the struct ur2001yVoditic atirdne: Maee). Sbisthdndog aaghy sGaY 035 e iNPBrtaitqeuct i on
in the cells (Yamanaka, Antim crob. 25Agents Chenother. 1999: 190-193).
The poor cord§usianips oY theespigicinssd1G¥ does Mtperisatedn thalaberatery pidoiliersd to t he

inability of i I . j: nucl eosi de
5 monophosahar s LR (TS bl Sbls BB BT RLRR bl or

nucl eosil@e ki nasénlabition iof yirgdlSeplidatian bBnocegsiddvids bédmemten2BOB;, stildied @85) .
Anong these prodr hQs 1 dat es have been reported to

i ncr gase i nt g&%l¢g$%l§80§ﬁ/gn 1F(§t f%ﬂé%g}mc B pides that nhibitRiineosi de

al one (M QUiCgaBrally, thé/%ﬂivngp@éﬂviéﬁ%%eséﬁuc]é&ﬁ&s ahil@éc%%buté&\eﬁﬂééqnv%}a GNP

prodrugs are substrates for estérases and phosphodi esterases in the bl ood
and ot her bdlenuciessidestothéic hudeesidd teabesphites OV BRYy) irhitlvach ag ihitgeds ool el cul e

EREAGU LN R P R TN (7
20 lengthening viral DNA or RNA strand. However, many NTPs lack adequate
specificity for viral polymerases compared to host polymerases and, as a result, cause
substantial toxicity. This has led to efforts to modify the core structures of
nucleosides to achieve higher selectivity but many of the structural modifcations have
simultaneously compromised NTP production in the cells (Yamanaka, Antimicrob.
25 Agents Chemother. 1999: 190-193).

The poor conversion of the nucleoside to NTP can often be attributed to the
inability of nucleoside kinases to convert the nucleoside to the nucleoside 5°-
monophosphate (NMP). NMP prodrugs have been used to bypass poor nucleoside
kinase activity (Schultz, Bioorg. Med. Chem. 2003, 11, 885). Among these prodrugs,

30  NMP phosphoramidates have been reported to increase intracellular concentrations of



phosphoryl ated i ntracellul arly. The devel opnent of a highly
effective, non-toxic NMP prodrug is largely an unpredictable trial and
error exewoise/mesdi ri ng the bal ancing of the stabilityPofi/ush@iM3spr odr ug
in blood with the ability of the prodrug to reach a target organ or cell,
10be absorbed or actively taken up by the target cell, being efficiently
cleaved to the NMP intracellularly and subsequently converted to a NTP that
is selective for inhibiting the viral polynerase (Perrone, J. Med. Chem
2007, 50, 1840-49; Gardelli, J. Med. Chem 2009, 52, 5394-5407). For the

case of an oVl tomgedréent thy auBRehydd abidiMaGuifat, 1t Meat Clign. HOY3 i 36f €648-on, the
NMP prodr ug mnuld need to be _chemcally 15stable to the conditions of the
upper intest 10p2) Hovagser, tb“’e’*eé\f]‘f’l?@ir%ﬂg%ﬂfﬁmﬁﬁ@éi fqriesteraspeandnt esti nal tract,

survive t he o8GRk gfagéseﬁ tﬂé Lb& aﬁ@&tﬁéﬁﬁd&ihﬁ%ﬁé ! 13994n3§1é)c199 ﬂ}]é;gﬁ%ga d

efficiently ex racte y the epatocytes e cl eave
subsequent | yo e ohmarged modldlanl@aoNbPh¢ mudiepaicoeypasivelgatlhe shapatinbleculk dg

i nhibitipg the HCV NS o] yner ase. the anti-HCV activity of
phosphatg pt rlwgﬂe%%'?eﬁ% tiz%tfrgftﬁtgaa@be%ﬁ %Jp@ﬁ nUREOLHs aSé?PP% of the
phosphor ous phsghbe 1RE@ iR del 11, J. Med. Chem 2009, 52, 5394-5407
Meppen, Abstracts of Papers, 236th ACS National Meeting, Philadelphia, PA,

United States, AJ@)IQS}EV@WP@QI}'C of @ beh( @ 68)ive MEDH0ABNYP prodrug isBatpely a0 S. |

W2008/ 089105 d 200 1079 di
yr rol of 1, 2 AP CHc i PP 51 G raer o LT R AR R £F e bty o, and

anti - RARp 25@@? |pVédng uﬁblbb@f)sflthetﬁe Mility MORON3d Jt§5eacﬁl lh$6bOSRedn orsdéfst i t ut ed
ri bosi des and prodrugs conprising pyrrolo[1,2-t][1,2 4]tr|a2|ne nucl eobases

whi ch hale &gepsored @rmtlaﬁf/utfrh@mpéwtthmatgpt belt, b@@@@ﬁi@@ntw dedved éo tgeci es of
the 3'-0- ac)ﬂh\%{) ?ﬂrﬁ%ﬁ%ﬁ& 'a}{(? ?1%1%&11%@@? g(i %%ihodae g]g?rth 1€ GRS ed properties

of such derivatives di'$C1'08es -U- acyl at ed

| ' subst i t ut ethibitibg shetheigal pbg&rﬂm&@m&dmg&@@ﬁpml 30079 50,840-49; Gardelli,
2012/ 012465PCT/ US2011/ 044581 E%Irolo[l 2-11 4]triazjine nucl eobases t hat
have anti - HOVMEEtGhaM-OPRaY?: & é‘i(ﬂ)cfewthwawf a@@r«éb/q fectiveReRper after

o o "SR R R Ot AR i v
i nportange ofabkrtd |thd—&aﬂdithms aﬁémtupper ihteatinah krectiNdMPefbicadtlygssorbed from the
intestinal tract, survive the many esterases of the intestinal cells and blood, be
efficiently extracted by the hepatocytes, and be cleaved to the NMP and subsequently
converted to a NTP in hepatocytes that is specific for inhibiting the HCV NS5B
polymerase. Notably, the anti-HCV activity of phosphate prodrugs can markedly
20 depend upon the chirality of the phosphorous in the prodrug (Gardelli, J. Med. Chem.
2009, 52, 5394-5407; Meppen, Abstracts of Papers, 236th ACS National Meeting,
Philadelphia, PA, United States, August 17-21, 2008 (2008), MEDI-404.).
Babu, Y. S., W02008/089105 and W02008/141079, discloses ribosides of
pyrrolo[1,2-f][1,2,4]triazine nucleobases with antiviral, anti-HCV, and anti-RdRp
25  activity.
Butler, et al., W02009132135, disclose 1’ substituted ribosides and prodrugs
comprising pyrrolo[1,2-f][1,2,4]triazine nucleobases which have anti-HCV and anti-
RdRp activity but does not disclose species of the 3’-O-acylated derivatives of those
ribosides or the expected properties of such derivatives. Cho, et al., US 61353351,
30  discloses 3’-O-acylated 1°substituted ribosides phosphate prodrugs comprising



5with chiral phosphorous atonms such as those described by Cho, et al.,
Gardelli, et al., Perrone et al., and Meppen, et al., new efficient nethods
of producwogoctiiesls phosphat es of these prodrugs are neededlS28WMARY OF THE
| NVENTI ON 10Provi ded are methods for preparing conmpounds that inhibit
hepatitis C virus. The conpounds are prodrugs of nucl eosi de nonophosphat es
that, when adm nistered to animals, are intracellularly converted to

nucl eosi de tri phosphates. The chirality of the phosphorous atom detei m nes
the efficiency of the conversion to the nucl eoside triphosphate in the

ani mal . The pyebhgt,2di|[g ¢, q&ﬁﬁlnepmﬁlébH@Ss thatRawceng etV sytivibesiasaref 15t hese
singl e di astereoneric. praodrug ich is an inprovenent over the previously

di scl osed cHiiosigtthgicdivaice t‘PrﬁPHkYﬁrsa%qr osd pdmaipiyfion- dibggliecientdstiverrofie from
For pr epar | Ho LCEoanBONEw 3 dpsndens oh A iR Ah Mg RV bRty £ @ 05 "
2012/ 012465PCT/ U201ty 026 8dportance of anti-HCV therapeutics that are NMP prodrugs
5  with chiral phosphorous atoms such as those described by Cho, et al., Gardelli, et al.,
Perrone et al., and Meppen, et al., new efficient methods of producing chiral
phosphates of these prodrugs are needed.

SUMMARY OF THE INVENTION

10 Provided are methods for preparing compounds that inhibit hepatitis C virus.
The compounds are prodrugs of nucleoside monophosphates that, when administered
to animals, are intracellularly converted to nucleoside triphosphates. The chirality of
the phosphorous atom determines the efficiency of the conversion to the nucleoside
triphosphate in the animal. The method disclosed, provides a convergent synthesis of

15  these single diastereomeric prodrugs which is an improvement over the previously
disclosed chromatographic methods of separating a single diastereomer from a
mixture of diastereomers.

In one embodiment, provided is a method for preparing a compound of

Formula Ia or Ib:

Formula la



Formula I'b or a pharnmaceutically acceptable salt or acid thereof; wherein:
5each Rl, R2, R7, R22, R23 or R24 is independently H OR', NRL1R12,

C(0) NRL1RYD 202000845 NR11R12, C(0) OR', OC(0)0OR11l, S(0)R pCHUSr@MNBIEFERIL2, N3,
CN, hal ogen, (Cl-C8)alkyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylal kyl,
(C2-C8) al kenyl, (C2-C8)al kynyl or aryl(Cl-C8)al kyl; or any tw Rl, R2, R7,
R22, R23 or R24 on adj acent carbon atons when taken 10 together are
-0(C0)0- or -0(CR11R12)0- or when taken together with the ring carbon atons
to which they are attached form a doubl e bond; each Base is

i ndependently a naturally occurrlngﬁmr nodi fied purine or pyrimdine base
linked to the furanose ring through a“capbbn or nitrogen atom each nis

i ndependently 0, 1, or 2; 15each 3§C8;¢Dor R6 is independently
(Cl-C8)al kyl , (C2-C8)al kenyl, (CR | kynyl, (C3-C8)carbocyclyl,

(C4-C8) car bocycl yl al kyl aryIéCl CB)%IkyI O+mﬂ ;pcycIyI(O C8)a|ky|
(C6-C20) aryl, (C2- C20)heteroc lyl or heteroar | ; B&®h Re or Rd i's

i ndependently H, (Cil- C8)a|ky| E kalkeF¥ al kynyl ,

(C3-C8) carbocyclyl, (C4-Cq ogﬁblylalkyl j Kyl ,

20het erocycl yl (G - C8)a|ky| )ar Y1, ocyclyl or

het eroaryl provided that Re and Rd are not the s each R5 is

i ndependently H, (Cl1-C8)alkyl, (C2-C8)alkenyl, (%ﬁ G%ﬁalkynyl (C3-
C8) car bocycl yl , (C4-C8)carbocyclylalkyl ar¥l G -C8) al kyl,
het er ocycl yl (Cl -C8) al kyl, (C6-C20) aryl, )heterocyclyl or heteroaryl;

or a pharmaceutically acceptable salt or acid thereof;
wherein:
5 each R', R%, R, R*?, R® or R* is independently H, OR'', NR''R'?,
C(O)NR''R'?, -OC(O)NR''R'?, C(O)OR"!, OC(O)OR", $(0),R* S(O),NR!'R'2, N3,
CN, halogen, (C~Cg)alkyl, (Cs-Cs)carbocyclyl, (C4—Cs)carbocyclylalkyl,
(Cy—Cy)alkenyl, (C,—Cs)alkynyl or aryl(C;-Cg)alkyl,
or any two Rl, R2, R7, R22, R® or R on adjacent carbon atoms when taken
10 together are ~O(CO)O- or -O(CR" 1RI(Z)O- or when taken together with the ring carbon
atoms to which they are attached form a double bond;
each Base is independently a naturally occurring or modified purine or
pyrimidine base linked to the furanose ring through a carbon or nitrogen atom;
each n is independently 0, 1, or 2;

15 each R®, R* or R% is independently (C;-Cy)alkyl, (C,-Cg)alkenyl, (C,-
Cyg)alkynyl, (C;-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(Cy-Cg)alkyl,
heterocyclyl(C;-Csg)alkyl, (Ce—Cyo)aryl, (C,—Cyo)heterocyclyl or heteroaryl;

each R® or R% s independently H, (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-
Cg)alkynyl, (C;-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(Ci-Cg)alkyl,

20 heterocyclyl(C;-Csg)alkyl, (Cs—Cag)aryl, (C2—Cyo)heterocyclyl or heteroaryl provided

that R® and RY are not the same;
each R’ is independently H, (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cs)alkyl, heterocyclyl(C,-Cg)alkyl,

(Cs—Cyp)aryl, (C,—Cy)heterocyclyl or heteroaryl;



each R11 or R12 is independently H, (G -C8)al kyl, (C2-C8)alkenyl, (C2-

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)al kyl,
het er ocycWwol20oa@85al kyl , (C6- C20) aryl, (C2- C20) het er ocyciryusotheisssoar yl |
-C(=0)(C1cB8)al kyl, -S(0).(C -C8)alkyl or R* and R12 taken together with a
nitrogen to which 5 they are both attached forma 3 to 7 nenbered

het erocyclic ring wherein any one carbon atom of said heterocyclic ring can
optionally be replaced with -0-, -S(0)"- or -NRa-; and wherei n each
(G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl, (C3- C8)carbocyclyl,

(C4- C8) car bocycl yhal KYlor RAf Mlifdapeidhal &y l(C;- U@)taggypqmqgaﬂ@ny@@zal kyI

10( C6- C20) ?@ﬁl (C2 C20) het erocycl y1 or heteroaryl each Rd, Rl R2,

R22, R23, alamy r@; arbRyyclR] nﬁsm@opzsclylalﬂmb@eﬁﬁérﬁﬂd)g'lkylopt| onal | y

St Luted L0 SRBCOIC TBER. QaE Ok B 10 NEZ R e

0) OR Il a 2 T 1 1r
ggogZNaZ o S%%?ssal g%g{)al?@ c?n%%%?e ngééaga%%%ng éggozmgtnd of

Formul a bl Iﬂ@}’@?@bmzﬂtmd IﬁrnF@lBrmWanftrmbewdjh@@r@b})clncrrmgtwhﬂgem laey onerpound of
Formula 11 Vgar %n %o 0 sald@eterocyc(?lc nng can op? ona[illgf b2 rgp aced vx(f)n P -O-, -S(O),- or
~NR?-; and
wherein each (C;-Cg)alkyl, (C,-Cyg)alkenyl, (C,-Cg)alkynyl, (Cs-
Csg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cs)alkyl, heterocyclyl(C-Cg)alkyl,
10 (Cg—Cyg)aryl, (Co—Cog)heterocyclyl or heteroaryl of each R®, R, R, R%, R*, R%, R*,
R* R® RS, R’ R'" or R? s, independently, optionally substituted with one or more
halo, hydroxy, CN, N3, N(R"),, NH(R?), NH,, NO,, C(O)N(R?),, C(O)NH(RY),
C(O)NH,, OC(O)N(R"),, OC(O)NH(R*), OC(O)NH,, C(O)OR?, OC(O)OR? C(O)R?,
OC(O)R?, S(O),R?, S(0)N(R™;, S(0),NH(R"), S(O),NH,, OR" or RY;
15 said method comprising:

(a) providing a compound of Formula II

HO—CH,
s} B
R24 1 R7
R23 R
Formula II
and
20 (b) treating the compound of Formula II with a compound of Formula IIla and

a base

. J\/\

Formula II1a

O~——Ar



F),z R6IN 7,0 RdRe R4d Fornmula ilia thereby form ng a conpound of Fornula
la or (c) treating the conmpound of Formula Il wth a conpound of Fornula M
and a baswoO28Ranmesa Mo thereby form ng a conmpound of FecEmisaoiilog4seher ei n:
each Ar is a (C6-C20) aryl or heteroaryl wherein said (C6-C20) aryl or
heteroaryl is substituted with one or nore hal ogen, NO2, or

(G -C8) hal oal kyl and 10 optionally substituted with one or nore CN, N3,
N(Ra) 2, C(O)N(Ra)2, OC(O)N(Ra)2, C(O)OR', OC(0)ORa, C(0)Ra, OC(0)Ra,
S(0)nRa, S(0)2N(Ra)2, OR or Ra with the proviso that Ar is different from
R4. I'n another asfeeby fBateg h SoMpdundrdEotmulaiaanot her aspect, Base is not
cyt osi ne. I n anot her aspect, the invention al sogprovi des novel

i nternedi ates di $®)ItEeEn i wamsrpd ah @rmuls B witet eompamndni EpanriladiliFendrul a | a
or Formula I,

5 Formula IIb
thereby forming a compound of Formula Ib;
wherein:
each Ar is a (Ce—Cyp) aryl or heteroaryl wherein said (Cs—Cy) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
10 optionally substituted with one or more CN, N3, N(R%),, C(O)N(R"),, OC(O)N(R?),,
C(O)OR’, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R? S(0),N(R?),, OR? or R* with the
proviso that Ar is different from R*. In another aspect, Base is not uracil. In another
aspect, Base is not cytosine.
In another aspect, the invention also provides novel intermediates disclosed
15  herein which are useful for preparing Formula Ia or Formula Ib.
In other aspects, methods for the synthesis, analysis, separation, isolation,
purification, and characterization of the novel intermediates of this invention are

provided.

20 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying description, structures and
formulas. While the invention will be described in conjunction with the enumerated

25  embodiments, it will be understood that they are not intended to limit the invention to

those embodiments. On the contrary, the invention is intended to cover all



In other aspects, nethods for the synthesis, analysis, separation,
isolation, purification, and characterization of the novel internedi ates of
t hi s i nvewoi2ore/|esspr ovi ded. 20DETAI LED DESCRI PTI ON OF BXRENBRAR¥44581

EVMBODI MENTS Ref erence will now be nmade in detail to certain

enbodi nents of the invention, exanples of which are illustrated in the
acconpanyi ng description, structures and fornulas. Wiile the invention wll
be described in conjunction with the enunerated 25enbodi nents, it will be

understood that they are not intended to limt the invention to those

enbodi ment s .alteMaliNs, SOALTcalidhs, iltteduRla@itd, hidbSmhPbeRWRAcd ViGAVEBE s@pe VO
2012/ 012465PCT/ US2011/ 044581 al ternatives, nodifications, and equival ents,

whi ch may bef thearergatingprtifion t he scope of the present invention. Typically,

t he net hod of for rd Q f Fornul [ Fpraula 11 and

Formula Illa or Egg&nﬁﬁg’ tbg%fer?ng%oggrr#%?%a%lnlg aacr?glpﬁg?érufgm%o%?%%nperfor med

in a suitablFermokVbnid Farheilslid@Hoemshal [y €fim FermprleliemdHoyman IHBhy dr ous,

nonaci d, _non- hydroxylic _sqolvent. Non-limting exanples of suitable solvents
P

are ethers, Pf A1 sitallp selngrt. dibmapitably sl dpyricatbhedn andiydroupropr
ether, tetrafydiof W8y QXARE ﬁ&ghﬁgﬁﬂ%‘;&%@#é’s@ sgf?géb\ffggl%nts are ethers,

di met hyl f ormam de or dinet hyl acetam erre olvent Is
t et r ahydr of deraxamPphee detnd etiter, aliisaropfl eBwir,ndil-dutyll ethar, tétenhgdlofiernt, dicxane

typically 10about 0.01 to about.1l le per..liter of solvent. The nmethod is
per f or ned atan‘gv?%‘?’rﬁ %Pﬁ??gvg?ts’élﬂaﬁtg%éo 4y dg g timestylesctamide %lpé“ff@ir%‘{nl y

about 20 C tevahaytet@lydroful e 198lcHhdeARaRin SOF AN 1 in 118 sbVBAGREpYcallf eat ed
wi th a hindered base or a non- nucl eophilic base. Typical, but

non- | i milfi ngbowsWdhipoaboef] miokedwsr btkr bbs@xendr d'he ethddis périfarmed at a
sec-isobutyllithium Jithi r ,sodi di i sopropyl am de and t: 15

but yl magnes it%nﬁ}?eﬁ%t}lfeaoeésal.bo% (gﬁa%earblp ggé(ﬁ:?ﬁ qaye 8Pegg}§?'glyi a? O‘fﬁtg)ulefﬂo @3@%96& Gim
chloride. Typi calTheRulutio@Bf Foruld Nds typXANp hieste@fwitho hindGLEPRRBIE s RBRES are
sodi um hydri de, potassium hydride, lithium hydride and cal cium hydride. The

hi nder ed” bagegeenhilipbirgc Tepishl Butnesdiniviag, pempesdaindsediasesmse I-n or as
o s o, PSR E LAYy By i B Sod B UiflBprB bl RNRal anhydrous,
15 butylmagnesium halides. A preferred hindered base is ¢-butylmagnesium chloride.
Typical, but non-limiting, examples of non-nucleophic bases are sodium hydride,
potassium hydride, lithium hydride and calcium hydride. The hindered bases or non-
nucleophic bases may be used as solutions in or as undiluted bases. Preferably, the
bases are used as solutions in anhydrous, non-hydroxylic solvents wherein the
20  concentration of the base in the solvent is about 0.5 to about 3 moles per liter. The
molar ratio of base to the compound of Formula Il is about 1:1 to about 3:1, preferably
about 1.1:1 to about 1.5:1. The solution of the compound of Formula II is typically
treated with the base for about 5 minutes to about two hours, preferably less than 30
minutes.
25 The mixture of the solution of the compound of Formula II and the base is
treated with a compound of Formula Ila or Formula IIIb for about 30 minutes to
about 24 hours, preferably about one to about four hours. The molar ratio of the

compound Formula II to the compound of Formula IIla or Formula IlIb is typically

about 1:1 to about 1:4. Preferably, the molar ratio is about 1:1.1 to about 1:2.



20concentration of the base in the solvent is about 0.5 to about 3 noles
per liter. The nolar ratio of base to the conmpound of Formula Il is about
1:1 to abwotoBrai246pr ef erably about 1.1:1 to about 1.5: 1PCThis2610lows8on of

t he conpound of Fornula Il is typically treated with the base for about 5
m nutes to about two hours, preferably I ess than 30 m nutes. 25The m xture
of the solution of the conpound of Fornula Il and the base is treated with
a conmpound of Forrmula Illa or Formula Il1b for about 30 minutes to about 24
hours, preferably about one to about four hours. The nolar ratio of the
conpound For nul a Ih knéthert dhebodngn 6 theahethod fotipeepatih g a @omboHb fF dduiasla

typically about 1:1 to about 1:4. Preferably, the nolar ratio i s about
1:1.1 to ab®tb ar pharperetisahoseiassrienibesed Foroaleds s Formula Ip, Sasewar

enbodi nent qﬁf%ﬁKﬁﬁQﬁfV%%ﬂ@¥anﬁ Q?Eﬁﬂgm%EFQUPOUHd of Formula la or Ib or a

pharmaceutically salt or ester thereo ormula la is Formula IVa, Formula
Ibis Formula I'Vb and Fornmula ol is ﬁérnula V: OR5 N' 0//0 Rd " RC R40

RG

5
,%22 éz
Formula V
10 In one embodiment of the method for preparing a compound of Formula IVa

or IVb from a compound of Formula V, R' is H, halogen, optionally substituted
(C,—Cg)alkyl, optionally substituted (C,—Cjg)alkenyl or optionally substituted
(C,—Cg)alkynyl. In another aspect of this embodiment, R' is H. In another aspect of



R22 Formula IVb Formula V 10l n one enbodi nent of the nethod for preparing
a conpound of Fornmula IVa or IVb froma conpound of Fornmula V, Rl is H,
hal ogen, wptomnmak4éy substituted (G -C8)al kyl, optional | PCTIsSei10e458T
(C2-C8)al kenyl or optionally substituted (C2-C8)al kynyl. In another aspect
of this enbodinent, RI is H In another aspect of this enbodinment, Rl is
optionally substituted (Cl-C8)al kyl. In another aspect of this enbodi nent,
Rl is methyl. In another aspect of this enmbodinent, RL is optionally
substituted (C2-C8)al kenyl. In another aspect of this enbodinment, Rl is
optional Iy sHRehibbiineat, RC3s &fadlally Bybstitdted @othRIkyBSREeRbHRE addlof this
enbodi nent, RL is F. In anot her 5aspect of this enbodi ment , is F. In
anot her as p@mbodfmfmﬁ,l& ie Medil. nEmanotire apmecOpt this| qm@dun«trérRalsp@mnadﬂbf this

another - Qtspégsweﬂzs—dé?ﬁﬁa e OB FeS A Anan Py Sstet fupgealy.
(Cl- ) al kylsubétﬂut@@@(F @fg)aﬁﬁfﬂ tln%ﬁoﬂ‘l@f & @&t&%lggﬁbﬂdl%?en’t %lgfpf*‘l ﬂ{@do@%

substituted (C2-C8 yny anot spect 0 i s ertbodi nent is CN.
I n 10ano® herasp@peﬁﬂhlmuoldlmerem diRTEntapotREr dspedtof Hiis anbbdiercna RPECORVE t hi s

enbodi nent, one of Re or _Rd is RO r .aspect of this. enbodinent, one
of Re or Rd ngnﬂggrﬂﬁp?%gf@g%@b%m%g SF@I?II gné?ﬁh‘?fr?éﬁc&ogﬁﬂfstl t ut ed

(Cl-Cg)al kylemwoan@a@tlti’qg HASRGEbhef asﬁobét%f%np&qw&ﬁ;em IR6 ;d gptﬁ)%nynal ly
substituted (C -C8)al kyl. I'n another aspect of this errbo ment, R4 is

optional Iy subsitutbd{@eCh@BeyC2) @mofter aspecaridhisembatpeatt, Bfis biieally

15enbodi nent i pLi.o aIIy substituted nitrophenyl. |n another aspect
of this enbéB"sr’i‘é‘l‘FF‘?((cF)%Zé )iﬂg Iha%% THEPCch S hibit craFodimpRy, %ﬂﬁ&ﬁ mtht, R22 is

OR11. | noanghb@kr %%Qﬁft}ﬁ’g erhm(ﬁm%mbﬁd'lmntln aktARer! a§1%egf|of fh é}?’%&iﬂﬁé aspect of

this enbodi nment, . I'n anot her aspect of 'S e R24 is H
| n anot her aDslpeéR of R{ kits Tepbatbiemenect oBiseembodimkat brdof Rom RdheHgamiup

consi sting (%he other of R® or R is optionally substituted (C;-Cg)alkyl. In another aspect of this
embodiment, R® is optionally substituted (Ci-Cyg)alkyl. In another aspect of this
embodiment, R* is optionally substituted (Cs—Cyo)aryl. In another aspect of this
15  embodiment, Ar is optionally substituted nitrophenyl. In another aspect of this
embodiment, R is H. In another aspect of this embodiment, R* is OR'!. In another
aspect of this embodiment, R* is OH. In another aspect of this embodiment, R** is
N;. In another aspect of this embodiment, R** is H. In another aspect of this

embodiment, Base is selected from the group consisting of:

R8 R8 RS R8
x X2 1 1
] NT RS N~ TR w/ N7 OR?
RB R8 R8

wherein:

each X' is independently N or CR'’;

10



R8 NRO 20 R8R8R8 , X2NXI, ---NX1,-, --N X11X2)( , a_--N, 1 / NRONR-NR a
VWWMW  RSR8R8 XINNN N OR9
WO 2012/012465 PCT/US2011/044581

each X? is independently NR'!, O, or S(O)n;
each R® is independently halogen, NR''R'2, N(R')OR!!, NR''NR!'R'?, N3,
NO, NO,, CHO, CN, -CH(=NR'"), -CH=NNHR"!, -CH=N(OR'"), -CH(OR"),,
-C(=0)NR''R™, -C(=S)NR''R'?, -C(=0)OR", (C,-Cy)alkyl, (C,-Cs)alkenyl, (C,-
5 Cylalkynyl, (C4—Cg)carbocyclylalkyl, (Ce—Cag)aryl, (C,—Cpo)heterocyclyl, heteroaryl,
-C(=0)(C;-Cy)alkyl, -S(0),(C;-Cy)alkyl, aryl(C;-Cg)alkyl, OR' or SR/
each n is independently 0, 1, or 2;
each R’ or R' is independently H, halogen, NR''R'? N(R'OR",
NR'"'NR''R'?, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH=N(OR"),
10 -CH(OR'),, -C(=0)NR"R'%, -C(=S)NR''R", -C(=0)0OR'!, R!!, OR'! or SR!;
each R'! or R' is independently H, (C1-Cy)alkyl, (Cy-Cg)alkenyl, (Cy-
Cyg)alkynyl, (C3-Csg)carbocyelyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C-Cg)alkyl, (Cs—Cao)aryl, (Co—Cpo)heterocyclyl, heteroaryl, -C(=0)(C;-
Cy)alkyl, -S(0)a(C;-Cs)alkyl or R'! and R™ taken together with a nitrogen to which
15  they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S(O),- or
—NR®; and
wherein each (C;-Cg)alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
20 (Ce—Cao)aryl, (Co—Cho)heterocycelyl or heteroaryl of each R¢, R, R, R?, R, R®, R*,
R*, R’ R R7, R®, R° R R!! or R"? is, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R*), NH(R®), NH,, NO,, C(O)N(R%),,
C(O)NH(RY, C(O)NH,, OC(O)N(R®),, OC(O)NH(R?), OC(O)NH,, C(O)OR?,
OC(O)OR?, C(O)R?, OC(O)R?, S(O),R? S(0),N(RY,, S(0),NH(R?), S(0),NH,, OR*
25  orR" In another aspect, Base is not uracil. In another aspect, the Base is not
cytosine.
In another aspect of this embodiment, Base is selected from the group

consisting of:

11



and wherein: each X1 is independently N or CR16; each X2 is independently
NR', 0, or S(0)n; each R8 is independently hal ogen, NR11R12, N(R11l)O0R11,
NR11INR11RYO 2004312440, NO2, CHO, CN, -CH(=NR11l), - CH=NNHRPCT/USCHEM{ORLL),
-CH(OR11) 2, -C(=0)NR11R12, -C(=S)NR11R12, -q=0)0R11, (C1-C8)alkyl,

(C2-C8) al kenyl, (C2- 5C8)al kynyl, (C4-C8)carbocyclylal kyl, (C6-C20)aryl,
(C2-C20) heterocyclyl, heteroaryl, -C(=0)(GC -C8)al kyl, -S(0)(C -C8)al kyl,
aryl (G -C8)al kyl, OR" or SR'; each n is independently 0, 1, or 2;

each RO or Rl is independently H, halogen, NR11R12, N(R11l)OR11,

NRI'TNRI 1R12, N3, N&, NO2, CHO, CN, -CH(=NmRil), - CH=NHNRIH,, - CH=N(MOR11)

10- CH(OR11) 2, - \9) NRL]' s 2, _C(=g)NRLLR12- C(=0) OR1 R', }:{CR

each R' or %2 ‘s i Ndepengient NA H, @ )\olNkyI, A2+ )}k y

C8) al kynyl C8)garvocycl yl, (4- ar pacycl yNal kyl , _ar 1

het er ocycl yl ('b - %I kW’, (@g\éw')garirl , - CRB) het'er oaycl yl ,| hetnroaryl,
-C(=0) (G C8)al kyl, -S(Q)"(CG -C8)alkyll or R and R12 taken together with a
nitrogen to which 15°they are both’attached forma 3 to 7 membered
heterocyclic ringnmherein any,one carhgp atom ofygaid hetempgyclic ring can

optionally be replaced with!:0 -S(0)'- or -NR-| and H
O 7" SN /=7 N N/N | SN
N\ _N \ —
A G

\N \N,

NH, NH,
N " SN <" N
L J

In another aspect of this embodiment, Base is selected from the group

NH, 0 0
F HsC F N CONH
ﬁN \[”\NH 3 \kaH \[ I 2
T/&O T/&o N&o N o
5 consisting of e , nannan | |

> b b

In another aspect of this embodiment, Base is selected from the group

o) o) O
F ‘ NH H3CﬁNH F\[NICONHZ HN/U\NH
r]\l/l%o T/&O T o ‘ﬁ/&o

5 3

consisting of

12



wherein each (Cl-C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl, (C3-

C8) car bocyclyl, (C4-C8)carbocyclylal kyl, aryl (G -C8)alkyl,

het er ocycoWgl202101885al kyl , 20( C6- C20) aryl, (C2- C20) het er @cyaisgdi 1044581

het eroaryl of each Rc, Rd, R, R2, R22, R23, R24, R4, R5, R6, R7, R8, R9,
R1, R' or R12 is, independently, optionally substituted with one or nore
hal o, hydroxy, CN, N3, N(Ra)2, NH(Ra), NH2, NO2, C(0)N(Ra)2, C(0)NH(Ra),
C(O)NH2, OC(0)N(Ra)2, OC(0)NH(Ra), OC(0)NH2, C(0)0le, OC(0)ORa, C(0)Ra
OC(0) Ra, S(0)nRa, S(0)2N(Ra)2, S(0)2NH(Ra), S(0)2NH2, ORa 250r Ra. In

anot her aspect, Bag® is not uracil. In another aspect, the Base is not
cyt osi ne. I nl anot her aspect of this enbodinent, Base is selected from
t he group consipyi gy of : NH2 N~ ONH2 NI NH 22
X 0
and nann . In another embodiment of the method for preparing a

compound of Formula IVa or IVb from a compound of Formula V, R'isH, halogen,
optionally substituted (C;—Cjs)alkyl, optionally substituted (C,—Cg)alkenyl or
optionally substituted (C,—Cg)alkynyl; R* is OR'" or halogen; R?? is OR!! and each
5 R’ R*and R*is H. In another aspect of this embodiment, R' is H. In another aspect

of this embodiment, R' is optionally substituted (C1—Cy)alkyl. In another aspect of
this embodiment, R' is methyl. In another aspect of this embodiment, R' is optionally
substituted (C,—Cg)alkenyl. In another aspect of this embodiment, R’ is optionally
substituted (Co~Cg)alkynyl. In another aspect of this embodiment, R' is F. In another

10 aspect of this embodiment, R? is F. In another aspect of this embodiment, R?is OH.
In another aspect of this embodiment, R* is OH. In another aspect of this
embodiment, each R* and R*? is OH. In another aspect of this embodiment, R” is H.
In another aspect of this embodiment, R’ is optionally substituted (C;—Cs)alkyl. In
another aspect of this embodiment, R’ is optionally substituted (Cy-Cy)alkynyl. In

15  another aspect of this embodiment, R” is CN. In another aspect of this embodiment,
one of R® or R is H. In another aspect of this embodiment, one of R® or R is H and
the other of R or R? is optionally substituted (C1-Cg)alkyl. In another aspect of this
embodiment, R® is optionally substituted (C1-Cg)alkyl. In another aspect of this
embodiment, R* is optionally substituted (Cs—Cao)aryl. In another aspect of this

20  embodiment, Ar is optionally substituted nitrophenyl. In another aspect of this

embodiment, Base is selected from the group consisting of:

13



J1.11. A A 7 NH 2NH2 JVIttoVWwWWi at.RANVI .alliftf 7
t hi s enbodi nent ,
t Al NA. O NMD 2012/012465

10

15

20

Base is selected fromthe group

PCT/US2011/044581
R8 R8 R8
1 1
N /)\ N/)\ RO NN N//k R9

wherein:

each X' is independently N or CR'’;

each X* is independently NR'!, O, or S(O)p;

each R® is independently halogen, NR''R'?, NR"OR'", NR"'NR'R'? N;,
NO, NO,, CHO, CN, -CH(=NR'"), -CH=NNHR", -CH=N(OR'"), -CH(OR'),,
-C(=O)NR''R", -C(=S)NR"'R"?, -C(=0)OR ", (C,-Cg)alkyl, (C,-Cs)alkenyl, (Ca-
Csg)alkynyl, (C4—~Cyg)carbocyclylalkyl, (Cs—Cao)aryl, (Co—Cy)heterocyclyl, heteroaryl,
-C(=0)(C1-Cy)alkyl, -S(0),(C;-Cy)alkyl, aryl(C,-Cg)alkyl, OR'! or SR';

each n is independently 0, 1, or 2;

each R® or R" is independently H, halogen, NR''R'?, NR'"HOR",
NR''NR"R', N3, NO, NO,, CHO, CN, -CH(=NR'!), -CH=NHNR'}, -CH=N(OR'"),
-CH(OR™),, -C(=0)NR''R", -C(=S)NR''R"?, -C(=0)0OR'!, R'!, OR" or SR!;

each R or R™ is independently H, (C;-Cy)alkyl, (C,-Cg)alkenyl, (C,-
Csg)alkynyl, (C3-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, (Ce—Cap)aryl, (Co—Cpo)heterocyclyl, heteroaryl, -C(=0)(C;-
Cg)alkyl, -S(0)a(C;-Cy)alkyl or R'! and R™ taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S(O),- or
—NR*; and

wherein each (C;-Cs)alkyl, (C»-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4~Cyg)carbocyclylalkyl, aryl(C;-Cs)alkyl, heterocyclyl(C;-Cs)alkyl,

14

I n anot her aspect of
5consi sting of O HNNH



HNN O and In another aspect of this enbodi nent, Base is selected fromthe
group N O 11l FNHH3C. , NHFNCONH2 000 NOO N-""-,0 1 \ 1\HNNH O
WO 2012/012465 PCT/US2011/044581

(Cg—Cag)aryl, (Co~Cag)heterocyclyl or heteroaryl of each R®, R%, R', R?, R?, R*, R*,
RY R, R R7 RE R, R RY or R%z is, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R*), NH(R?), NH,, NO,, C(O)N(R?),,
C(O)NH(R"), C(O)NH,, OC(O)N(R?,, OC(O)NH(R?), OC(O)NH,, C(O)OR?,

5 OC(O)OR? C(O)R?, OC(O)R?, S(0)sR? S(O),N(R™,, S(O),NH(RY), S(0),NH,, OR*
or R% In another aspect, Base is not uracil. In another aspect, the Base is not
cytosine.

In another aspect of this embodiment, Base is selected from the group

consisting of:
H, 0 NH, NHa L NH
N>y N NH NN SN NSy
CT T (f /] |
T N/) T NANHZ T N/*NHZ T N/J ) N/)
10w ann

b b b s b

NH., NH; NH, NH,
S N
\ = \ = L N\ N =
NH, NH,
~I \N N%N
HN
= N S
N N
and w
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NH2 HNN O and. I n another enbodi nent of the nethod for preparing a conpound
of Fornmula IVa or IVb froma conpound of Fornmula V, R is H hal ogen,

opt i onal Iwo=uotzstip468t ed (Ci - C8) al kyl, optionally substit eCease@2oe83al kenyl
or optionally substituted (C2-C8)al kynyl; R2 is ORIl | or halogen;, R22 is
ORI | and each 5 R5, R23 and R24 is H |In another aspect of this

enbodi nent, Rl is H |In another aspect of this enbodinent, R is optionally
substituted (G -C8)al kyl. In another aspect of this enbodinent, R is
methyl. I n another aspect of this enbodinment, R is optionally substituted
(C2-C8) al kenyl . [mamnigdr specasPbit endfodirhérs, Badeaslsai@ndd fréth thesgropp i onal |y
substituted (C2-C8)al ky,\ﬂ%/ I n anqgt her aspect 8f this enbodinent, R is F.

I n anot her 10 aspect of| t2his enbodj nent, IS In anot her aspect of this
enbodi mrent, R2 is OH not t UEC s OH In
anot her aspect of thijs e odirre each R2 a d I anot her aspect

of this enbodi nent, aspe ment R7 is
optional Iy substituted ’{CI %8) aI kﬂ IQ\ anot he asBect of'fJ thi € enmbodi ment ,
R7 is opti onaﬂshstmgubstwvut ed (CZ~68\}aI kynyl . 15 gnot kewwaspect ,of this

is H In anoth aspect of Hi s enbodi ment, one of Re or Rd is Hand the
other of Re or JRd is optio substit ut ed (G -C8)al kyl. In another aspect
of this enb H gN optf‘%nally substituted (G -C8)al kyl. In another
S optionally substituted (C6-C20)aryl. In
anot her aspect pf t8i s 20e nt, Ar is optionally substituted
ni t rophenyl . 1nl anot aspect of this enbodi nent, Base is selected from
t he group consisting o ; R8 X1 R9

In another aspect of this embodiment, Base is selected from the group

@] 0]
F H,C F N CONH /U\
| NH 3 \fJ\NH \[ I 2 HNT NH
NN T 0 N~ o %o
5  consisting of v , nnan , Ml,m , A

NH,

PN

NS

enbodi nent , R?ﬂ: CN. In anof her aspect of this enbodi nent, one of Re or Rd

aspect of thi

HN N

and nann
In another embodiment of the method for preparing a compound of Formula
IVa or IVDb from a compound of Formula V, R'is H or CHs; R?is OR! or halogen;
R® is optionally substituted (C,—Cg)alkyl; one of R® or R is H and the other of R® or
10 R%is optionally substituted (C1—Cy)alkyl; R* is ORY, and each R®, R*® and R** is H.
In another aspect of this embodiment, R'is H. In another aspect of this embodiment,
R'is CH;. In another aspect of this embodiment, R? is F. In another aspect of this
embodiment, R? is OH. In another aspect of this embodiment, R*is OH. In another
aspect of this embodiment, each R? and R** is OH. In another aspect of this  *
15  embodiment, R’is H. In another aspect of this embodiment, R’ is CH;. In another

aspect of this embodiment, R” is ethynyl. In another aspect of this embodiment, R is

16



R8 X1l

NR-

a R8B X2 NRO R8 xI NNNRO JVNV, R8 X1 'NI\17-NX2N ,---.

WO 2012/012465 PCT/US2011/044581

10

15

20

CN. In another aspect of this embodiment, R* is optionally substituted (C¢—Cyq)aryl.
In another aspect of embodiment, R* is optionally substituted phenyl. In another
aspect of this embodiment, R* is optionally substituted napthyl. In another aspect of
this embodiment, Ar is optionally substituted nitrophenyl. In another aspect of this

embodiment, Base is selected from the group consisting of?

wherein:

each X' is independently N or CR'?;

each X* is independently NR'', O, or S(O),;

each R® is independently halogen, NR"'R'2Z N(R'HOR'!, NR''NR''R'2, N3,
NO, NO,, CHO, CN, -CH(=NR'"), -CH=NNHR'!, -CH=N(OR'}), -CH(OR "),
-C(=0)NR''R", -C(=S)NR''R"?, -C(=0)OR}, (C,-Cs)alkyl, (C,-Cs)alkenyl, (C,-
Cs)alkynyl, (C4—Cgs)carbocyclylalkyl, (Ce—Cag)aryl, (Co—Cap)heterocyclyl, heteroaryl,
-C(=0)(C;-Cy)alkyl, -S(0)a(C;-Cy)alkyl, aryl(C,-Cg)alkyl, OR' or SR'!;

each n is independently 0, 1, or 2;

cach R? or R' is independently H, halogen, NR“RIZ, N(R”)OR“,
NR''NR''R™, N3, NO, NO,, CHO, CN, -CH(=NR'!), -CH=NHNR'', -CH=N(OR '),
-CH(OR'),, -C(=0)NR''R"?, -C(=S)NR''R'?, -C(=0)OR!", R"', OR!! or SR'";

each R or R is independently H, (C,-Cs)alkyl, (C,-Cg)alkenyl, (C,-
Csg)alkynyl, (C3-Cg)carbocyclyl, (C4—Cs)carboeyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cyg)alkyl, (Cs—Cao)aryl, (C,—Cao)heterocyclyl, heteroaryl, -C(=0)(C;-
Cs)alkyl, -S(0),(C;-Cg)alkyl or R' and R'? taken together with a nitrogen to which
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11 NOROO | -v.and - wherein: each X1 is independently N or CRl; 5each X2 is
i ndependently NR11, 0, or S(0)n; each R8 is independently hal ogen, NRL11R12,
N(R11) ORMO 2biRINRS I R12, N3, NO, NO2, CHO, CN, - CH(=NR'PCTASREINGIHIRSEL,
-CH=N(OR11), -CH(OR11)2, -C(=0)NR11R12, -C(=S)NR11R12, -C(=0)0R1l1, (C

-C8) al kyl, (C2-C8)al kenyl, (C2- C8)al kynyl, (C4-C8)carbocyclylal kyl,
(C6-C20) aryl, (C2-C20)heterocyclyl, heteroaryl, 10-C(=0)(Cl-C8)al kyl,

-S(0) (G -C8)al kyl, aryl (G -C8)alkyl, OR'" or SRl1l; each n is independently
0, 1, or 2; each RO or Rl is independently H, hal ogen, NeR12,

N(R11) OR11, tW&NB&hBlt@cheN&omN@S tNGn erftbdeed E}‘ﬂeroc@ﬂc-_rw}ierem% DENRLL,

- CH=N(OR11) , CH(CRll%d =0) NRHR12, -C(=S)NR11R12, -C(=0)0Rl1, RH, OR'
or SR': 15e&8WORALHR O h@eﬁoﬁﬂéﬁéﬁ&éﬁlIO?UP{laU(Y@P-TGBl)i%ﬁdWIIth <S8 @8yarkenyl
(Cc2- 08) al kyr aﬁ%g C8) car bocyclyl, (C4-C8)carbocyclyl al kyl,
aryl (C1-C8)a yI’ eterocyclyl (G - C8) al kyl, (C6-C20)aryl,

( C2- C20) het er ocy e¥hekein bathaiCoalsydlkyl- (C(ﬂ@g)a(lﬂr@)(&izk?}éba.lky@( Q()jgl(Cl C8) al kyl or
R' and R12 taken together with a nitrogen to are both attached

form a 3°t o @ghassrlzl (%}%Wémlﬁlaﬂq g’lrM%FérGs)lﬁﬁah}ae@myszl@k{é?u&}&ﬂﬁtl,om of
-Sal\llng- ;he;ﬁgoiﬁg—léz%) ln&zcé‘zo)h etréc%/rc]: o}{ hggrora%}? lo?eac% }W kﬁl RIOR2 25(19) R240r

RY, R°, RS R R R% RO RMor R is, independently, optionally substituted with

one or more halo, hydroxy, CN, N3, N(R*), NH(R?), NH,, NO,, C(O)N(R%),

C(O)NH(RY), C(O)NH,, OC(O)N(R?),, OC(O)NH(R®), OC(O)NH,, C(O)OR?,

10 OC(O)OR?, C(O)R?, OC(O)R?, S(O),R?* S(0),N(RY,, S(0),NH(R?), S(0),NH,, OR*
or R”. In another aspect, Base is not uracil. In another aspect, the Base is not
cytosine.
In another aspect of this embodiment, Base is selected from the group

consisting of:

NH, o) NH, NH H NH
4 v 2 4
¢ A o 4 4L

15 mw J\M:‘\ JU\IV‘ ’dwu\

BB ES s

Ho Ho
~Z \N N\ N
N
HN \
= = N
N N
and wnn
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wherein each (Cl-C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl, (C3-

C8) car bocyclyl, (C4-C8)carbocyclylal kyl, aryl (G -C8)alkyl,

het er ocycwol20Qia@85al kyl , WO 2012/ 012465PCT/ US2011/ 04498T/USQ81/02438nr vyl |

(C2-C20) heterocyclyl or heteroaryl of each le, Rd, R2, R22, R23, R24, R4,

R5, R6, R7, R8, R9, R Q or R12 is, independently,

optionally substituted with one or nore hal o, hydroxy, CN, N3,

N(Ra) 2, NH(Ra), NH2, NO2, C(O0)N(Ra)2, C(O)NH(Ra), C(0)NH2, OC(0)N(Ra)2,

OC(0O) NH(Ra), OC(0)NH2, C(0)ORa, 5 OC(0)ORa, C(0O)Ra, OC(0)Ra, S(0)"Ra,

S(0) 2N(Ra) 2,  S( 0)13 MR8 asp&t @F H¥Bmb&dRMeol, BRGe islsBleaBPHIRI thagRRpt . Base is

not uracil. In another aspect, the Base is not cytosine. I n anot her

aspect of this enmbodi nehit? Basedliﬂjizel ected fr§mthe group consisting of:
|

NH2ONH2NH2NH2 NH NN N H2 & I'E“Der HSpe (RJfH t hF. odCoNAE, Base is
&t
/§ T/J%O T o

selected fromthe groyup /l%
N 0 N 0

l |

consisting of , nnanan , Arnann , ,
Y I
HN™ NH HN/L*N
NN NS
%@ %O
AN and wnane .

In another aspect of this embodiment, Base is selected from the group

o) o) 0
= H.C F. N CONH /U\
| NH 3 \Hjl\NH \U: iI;\ 2 uN~ NH
/& /& NN
N o T 0 N X0 L\T/L*o
5  consisting of s , ARAnAA , wvlvm , A

NH,

PN

NS

HN N

and nann
In another embodiment of the method for preparing a compound of Formula
IVa or IVb from a compound of Formula V, R' is H or CH;; R? is OR! or halogen;
R® is optionally substituted (C,—Cy)alkyl; one of R® or R®is H and the other of R® or
10 R%is optionally substituted (C1—Cy)alkyl; R* is OR", each R%, R* and R**is H and

Base is selected from the group consisting of:

19



V1JI APand |

n anot her aspect of this enbodi nent, Base is selected fromthe

group 5consi sting of NH2 HNN and I n anot her enbodi nent of the
nmet hod f owopnepHe4éAg a conmpound of Forrmula |1Va or |Vb fPomus2aeopsand

For mul a V,

Rl is Hor CH3; R2 is ORLl1l or halogen; R6 is optionally

substituted (Cl-C8)al kyl; one of Re or Rd is H and the other of Re or
|y substituted (Cl-C8)alkyl; R22 is OR', and each R5, R23 and
n anot her aspect of this enbodinent, RL is H In another aspect
of this enmbodinent, RL is CH3. In another aspect of this enbodinent,

is optional
R24 is H |

F. I'n another aspegt of this empodiment, R2gss OH In angs

this enbodi
and R22 is

mept , 2 is OH_Injanother pe
Q%? anot her Aspec nof thi/g13

of

10Rd

R2 is

her aspect of
of this, enfodinent, each R2
di menX= i H. In another

aspect of thXs h%nggn%K‘R i s |CHB. not Her asQect of [this enbodi nent,
no

R7 is ethynylNT]
aspect of this enbodi nent,
anot her aspeft™of enbodinment, R4 is eop

er frot hi
R4 is optionplly substitured (C6-C20)aryl.

nal Iy substrtuted phenyl. In

In

anot her aspect_of this gnbodi ment, R4 is optionally substituted napthyl.
anot her aspectRof this enbodi nent, JAr is optionally substituted

ni trophenyl

nt, ~N . I n anot her

In

. M anot ~agpect of this Senbodi ment, Base is selected from
the group c [sis i ng of : R8R8 N
S
N~ ™0 R NS0
N and v ;

10

15

20

wherein:

each X' is independently N or CR'’;

each X? is independently NR"', O, or S(O)y;

each R® is independently halogen, NR''R'%, N(R')OR'!, NR!''NR''R'2, N3,
NO, NO,, CHO, CN, -CH(=NR'"), -CH=NNHR'!, -CH=N(OR'!), -CH(OR'),,
-C(=0)NR''R", -C(=S)NR''R"?, -C(=0)OR"", (C;-Cy)alkyl, (C,-Cs)alkenyl, (C,-
Cs)alkynyl, (C4~Cg)carbocyclylalkyl, (Ce—Cy)aryl, (C,—Cap)heterocyclyl, heteroaryl,
-C(=0)(C;-Cy)alkyl, -S(0)n(C1-Cy)alkyl, aryl(C;-Cg)alkyl, OR' or SR'';

each n is independently 0, 1, or 2;

each R’ or R is independently H, halogen, NR''R'?, NR™MOR™,
NR''NR''R'?, N3, NO, NO,, CHO, CN, -CH(=NR'!), -CH=NHNR"!, -CH=N(OR'}),
-CH(OR'"),, -C(=0)NR''R"?, -C(=S)NR''R"2, -C(=0)OR", R"", OR"! or SR'';

each R'' or R' is independently H, (C,-Cg)alkyl, (C>-Cs)alkenyl, (Cs-
Csg)alkynyl, (C3-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(Ci-Cyg)alkyl, (Cs—Cap)aryl, (C,—Cap)heterocyclyl, heteroaryl, -C(=0)(C;-
Cy)alkyl, -S(0),(C;-Cg)alkyl or R' and R'? taken together with a nitro gen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S(O),- or
~NR®-; and

wherein each (C;-Cg)alkyl, (C2-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cs)carbocyelyl, (C4—Cs)carbocyclylalkyl, aryl(Cq-Cg)alkyl, heterocyclyl(C-Cg)alkyl,
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N X1x2X1 NROn NR NR VA A 111, VWI1Arl RBR8RS wherein: each X1 is
I ndependently N or CR10; 10each X2 is independently NR11, 0, or S(0)n; each
R8 i s i nowpentkanedéy hal ogen, NRLI1R12, N(R11) OR11, NRLI1NRCTRB2011/88458NO, NO2,
CHO CN, -CH(=NR11), -CH=NNHR11, -CH=N(OR11l), -CH(OR11)2, -C(O)NR 'R 2,
-C(=S) NR1- g=0) OR11, (C1-C8)al kyl, (C2-C8)al kenyl, (C2- C8)al kynyl,
(C4-C8) carbocycl yl al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl, heteroaryl,
15-C(=0) (G -C8)al kyl, -S(0)o(GC -C8)al kyl, aryl (G -C8)al kyl, OR'" or SR11;
each n is independently 0, 1, or 2;

(Cs—Cap)aryl, (Co—Cag)heterocyclyl or heteroaryl of each R®, R%, R!, R%, R*, R®, R*,

R* R’ R® R7 RS, R%, R R! orR"? is, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R"),, NH(R*), NH,, NO,, C(O)N(R%),,
C(O)NH(R?), C(O)NH;, OC(O)N(R%),, OC(O)NH(R?), OC(O)NH,, C(O)OR?,
5 OC(O)OR?Y C(O)R? OC(O)R? S(0),R? S(O),N(R™,, S(O),NH(R?), S(0),NH,, OR?
or R". In another aspect Base is not uracil. In another aspect, the Base is not cytosine.
In another aspect of this embodiment, R' is H. In another aspect of this
embodiment, R'is CH;. In another aspect of this embodiment, R%is F. In another
aspect of this embodiment, R? is OH. In another aspect of this embodiment, R* is
10  OH. In another aspect of this embodiment, each R* and R** is OH. In another aspect
of this embodiment, R’ is H. In another aspect of this embodiment, R’ is CHs. In
another aspect of this embodiment, R’ is ethynyl. In another aspect of this
embodiment, R” is CN. In another aspect of this embodiment, R* is optionally
substituted (Cs—Cao)aryl. In another aspect of embodiment, R* is optionally
15  substituted phenyl. In another aspect of this embodiment, R* is optionally substituted
napthyl. In another aspect of this embodiment, one of R® or R is H and the other of

R° or R%is CH;. In another aspect of this embodiment, Ar is optionally substituted
NH,

PN
AL

nitrophenyl. In another aspect of this embodiment, Base is . In another

N™ SN NH,
aspect of this embodiment, Base is -~ . In another aspect of this

NH,
N

SN
&
<N | N/)\NHz

20  embodiment, Base is w . In another aspect of this embodiment, Base
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each RO or Rl is independently H, halogen, NR 11R12, N(Rit)OR ",
NR1INR11R12, N3, NO, NO2, CHO, CN, -CH(=NR11l), -CH=NHNR11, -CH=N(OR1l1),

- CH( OR11)wP 202(01@d6BIR11R12, - C(=S)NR11R12, -C(=0)0R11l, RPCTMR2010/0465R " ;
20each R11 or R12 is independently H, (Cl-C8)alkyl, (C2-C8)alkenyl, (C2-
C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)alkyl,
het erocycl yl (C1 -C8)al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl, heteroaryl,
-C(=0)(C1cB8)al kyl, -S(0)"(C -C8)alkyl or R" and R12 taken together with a
nitrogen to which they are both attached forma 3 to 7 nenbered
heterocyclic ring Wtgrein any one carbon atom of said heter@gyclic ring can
optionally be repl ed wth -0-, -S(0)"- or -NRa-; and erei n each

(G -C8)al kyl, r Nal kenyl , (CZ C8) al kynyl (03- 5C8 bonxcycl yl,
(C4-C8) car boc cI aryl (C1 -C8)al kyl, heterocyc ) al kyl,
(C6-C20) aryl, fC2- )het erocyclyl or heteroaryl of eac d, R, Rz,

R22, R23, R24 R4, R5, 7, R8, . R10, R11 R12 | s, |ndep dently
optional Iy $Ubstituted ﬁ%ﬁ?ﬁb%gsl%ﬁﬁt ‘??;Plé eﬁgﬂoglmwﬁ N N8, ) 2,
NH(Ra), NH2, NO2, C(0)N(Ra)2, C(0)NH(Ra), C(O) OC(O)N Ra) 2,

OC( 0) NH(Ra), OC(O) NH2, C(0)ORa, 10 OC(0)O0 rb“‘-}I})zl?a OC(0) Ra, S(0)11Ra,
S(0)2N(Ra) 2, S(0)2NH(Ra), S(0)2NH2, ORa anot her aspect, Base is
not uracil. In another aspect, the Base Ns n t t05| ne. I n anot her
aspect of this enbodi ment, Base is sel ect from t he group consisting of:

NH2ONH2ZNHZ2NH2 N- . NN---,/\ NHN. - [, 11/ lNlNH N------- eyNNFI 2
another aspect of this embodiment, Base is ~w . In another aspect of this

NH,

<" "N

S //I

N
embodiment, Base is . In another aspect of this embodiment, Base
NH,

<~ "N

\_n.

N

ig wavn . In another aspect of this embodiment, Base is . In

NH,

=" "N

HN/ /J

N
5 another aspect of this embodiment, Base is =~ v . In another aspect of this
NH,
\NEENY

N\ N

N

embodiment, Base is wnn . In another aspect of this embodiment, Base

NH, 0

1§ v . In another aspect of this embodiment, Base is nnnnnn . In
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N---"N-NH2 NNN ii1 , NHZNH2NH2 S----,AN\1 N, UN VR V1 I n anot her aspect
of this enbodinent, Base is selected fromthe group NH2 O

N O consiwoi2ntp/ab465 PCT/US2011/044581
0]
H,C
? | NH

ITJ O

another aspect of this embodiment, Base is AR . In another aspect of this

F\[ N ICON H,
T 0
embodiment, Base is A . In another aspect of this embodiment, Base
o) NH,
HN/ILNH HN)kN
NS N
iIs o . In another aspect of this embodiment, Base is =~~~ .
5 In another embodiment of the method for preparing a compound of Formula Ia

or Ib or a pharmaceutically acceptable salt or ester thereof, Formula Ia is Formula Vla,

Formula Ib is Formula VIb and Formula I! is Formula VII:

Formula Vla
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ONH2 FrNH O FNCONH2 N O HNNHHNN  andNAM I n anot her aspect of this

enbodi nent, Base is selected fromthe group 5consisting of NH2 HNN
WO 2012/012465 PCT/US2011/044581

Formula VII

wherein:
each R' is independently H, halogen, optionally substituted (C;—Cg)alkyl,
optionally substituted (C,—Cs)alkenyl or optionally substituted (C,~Cg)alkynyl;
each R? is independently halogen or OR'";
10 each R’ is H;
each R is OR'! and
the remaining variables are defined as for Formulas Ia or Ib or II or IIla or
IIb.
In one embodiment of the method for preparing a compound of Formula VIa
15 or Formula VIb from a compound of Formula VI, X' is CR'. In another aspect of

this embodiment, R'* is H. In another aspect of this embodiment, R' is H. In another

24



and I n anot her enbodi nent of the nethod for preparing a conmpound of
Formula IVa or Vb froma conpound of Formula V, Rl is Hor CH3; R2 is OR'
or hal ogewp 2R@/13466pt i onal |y substituted (Cl-C8)al kyl ; ®@o@/uskoiRe44381 Rd i s H
and the other of Re or 10Rd is optionally substituted (CFC8)al kyl; R22 is
OR', each R5, R23 and R24 is H and Base is selected fromthe group
consisting of: R8BR8R8R8 XNX2.."/Xl,X1-, 1)(1>< --NX.1 ---N N'---.11
RORONR- -N ./ 1NNR9 RB8RBR8 XI NNNX2N 00 and wherein: each Xl is

i ndependently N or CR1l; 5each X2 is independently NR', 0, or S(0)n;

aspect of this embodiment, R is F. In another aspect of this embodiment, R’ is
optionally substituted (C;—Cg)alkyl. In another aspect of this embodiment, R' is
methyl. In another aspect of this embodiment, R' is optionally substituted
(Co—Cg)alkenyl. In another aspect of this embodiment, R' is optionally substituted
5  ethenyl. In another aspect of this embodiment, R! is optionally substituted
(C,~Cyg)alkynyl. In another aspect of this embodiment, R! is optionally substituted
ethynyl. In another aspect of this embodiment, R? is F. In another aspect of this
embodiment, R? is OH. In another aspect of this embodiment R* is OH. In another
aspect of this embodiment, each R* and R* is OH. In another aspect of this
10  embodiment, R is H. In another aspect of this embodiment, R is optionally
substituted (C;—Cg)alkyl. In another aspect of this embodiment, R’ is optionally
substituted (C2-Cg)alkynyl. In another aspect of this embodiment, R” is CN. In
another aspect of this embodiment, one of R® or R is H. In another aspect of this
embodiment, one of R® or R® is H and the other of R® or R%is optionally substituted
15 (Ci-Cy)alkyl. In another aspect of this embodiment, R® is optionally substituted (Ci-
Cg)alkyl. In another aspect of this embodiment, R is optionally substituted |
(Cs—Cyp)aryl. In another aspect of this embodiment, Ar is optionally substituted
nitrophenyl.
In another embodiment of the method for preparing a compound of Formula
20  VIaor Formula VIb from a compound of Formula VII, X' is CH, R is H or CH; and
one of R® or R%is H. In another aspect of this embodiment, R* is F. In another aspect
of this embodiment, R? is OH. In another aspect of this embodiment R* is OH. In
another aspect of this embodiment, each R? and R** is OH. In another aspect of this
embodiment, R is H. In another aspect of this embodiment, R’ isyoptionally
25  substituted (C;—Cg)alkyl. In another aspect of this embodiment, R is CHs. In
another aspect of this embodiment, R is optionally substituted (C,-Cg)alkynyl. In
another aspect of this embodiment, R’ is ethynyl. In another aspect of this
embodiment, R’ is CN. In another aspect of this embodiment, one of R® or R%is H and
the other of R or RY is optionally substituted (C1-Cg)alkyl. In another aspect of this
30  embodiment, R® is optionally substituted (Ci-Csg)alkyl. In another aspect of this

25



each R8 is independently hal ogen, NR11R12, N(R11)O0R11l, NRi R 2, N3, NO NO2,
CHO, CN, -CH(=NR11), -CH=NNHR11, -CH=N(OR11l), -CH(ORI1)2, -C(=0)NR11R12,

- C( - - - S) NRo2RRA12468( =0) OR11, (Cl-C8)al kyl, (C2-C8)al kenpCT/usaR41/0€63ul kynyl ,
(C4-C8) car bocycl yl al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl, heteroaryl,
10-C(----0)(G -C8)al kyl, -S(0)n(Cl-C8)al kyl, aryl(C -C8)al kyl, OR'" or SR';
each n is independently 0, 1, or 2; each RO or Rl is independently H,
hal ogen, NRI 1R12, N(R11)O0R11, NRI1INRIIR12, N3, NO NO2, CHO, CN,
-CH(=NR11), -CH=NHNR11l, -CH=N(OR11) -CH(OR11)2, -C(-0)NR11R12,

- C(=S) NRI 1RE&boda(cn0) R é{)tid%'ally @B’Ssti@ltecﬁ@&—(ﬂéﬁ@@ hinRnho@kr Rbéctio? this
i ndependently H, (Cl-C8)alkyl, (C2-C8)al kenyl, (C2- C8)alkynyl,
( C3- C8) car beeypetipent,(Azds oty sultitytdnitpphenly In @iothes peektydf, this

het [yl (G o [ Jey 0) arvl - C20) het er oc il eteroaryl,
- ?:( gg??%ﬁ%)egﬁgggi,ﬁ%&?é# )(6? N%%%&Cfna%r}?ﬁer g?p%gogﬁﬁ)eﬁoﬁ??%’%%s p&getﬁ‘er Wth a
ni trogen t o awhthetushbyf tieebbdimaht, ®E helHE OfmmndtiRr bepeét FmAReIBYdiment,

heterocyclic,ring wherein any one 20carbon atgm of said heterocyclic ring
can opti&nal}ys Q%. rlB gneteigasppstief thgs embaglignent, Ro s Hnfe anothgidspect of thigher ej n

h (C-C8 | - | - - . ocyclyl,
(O by car bsm S ment i RAR A angb SR A Dot DGR T
( C6- C20) ar ylanoth&2sR0 phttieenbydigit, 8&F id1eR ERGanyl R 0f HeaehnBder RgectRE, R2,

R22, R23, 4, R4, R5, RG,. R{..RS8, . R19, R' or R12 is, independently,
optionalIy%ﬂﬁ%‘ﬂ‘b?@?’éﬁtnﬁiﬂw\]&gl@ of‘n‘ﬁ%r’é%ll%,-hydroxy, CN, N3, N(Ra)2,

, 2, NQ2j, im 0 n
0L Oy N Re) . 00 8} KiD oy S 8t Hgrithod s i iine O 0b M oy,

S(0) 2N( ) 2, VISPOF eNIRR)Y 80 ikun®RéA Formia VI, X 'dn6Hh &’ ieHpe €H:Base i s
not uracil. lLpc.angih aspect ...the Base is not . cytagsine. ». . IL.n anot her
aspect of tﬁ’ifg 8 oﬁﬁ?r@?ﬁg BiNs %nq%ergwﬂgéthg . genty B s FetBodi ment |
Rl is CH3. lLRotBAOkp&S oPEREGhb&T MR R RORINBRtherRRpdc oFthid dnHaphlgr aspect
of this enmbodinent, R2 is OH |In another aspect of ?hl $, enbodi ment, R22 is

10 OH. In akot s&H abpuwthashspdst ef thistsotiodinent, eagle R Rad Ridis RER I snaher | n
oot e PSPl R TR s BT ESRE ipb y y
I n anot her asheaited(C tdy)skyl. In another aspect of this embodiment, one of R® or R%is H
and the other of R® or R is CHj. In another aspect of this embodiment, R° is
optionally substituted (C;-Cg)alkyl. In another aspect of this embodiment, R* is
optionally substituted (Cs—Cpg)aryl. In another aspect of this embodiment, R* is
optionally substituted phenyl. In another aspect of this embodiment, Ar is optionally
20  substituted nitrophenyl. In another aspect of this embodiment, R® is NR''R'. In
another aspect of this embodiment, R® is OR!'. In another aspect of this embodiment,
R%is NHa;. In another aspect of this embodiment, R®is OH. In another aspect of this
embodiment, R” is H. In another aspect of this embodiment, R® is NR''R'%. In
another aspect of this embodiment, R’is OR!. In another aspect of this embodiment,
25 R¥isNR!'R!? and R’ is H. In another aspect of this embodiment, R%is NH, and R’ is
H. In another aspect of this embodiment, R® is NR''R'? and R’ is NR''R". In
another aspect of this embodiment, R%is NH, and R’ is NH;. In another aspect of this
embodiment, R® is OH and R’ is NH,.
In another embodiment, provided is a method of preparing a compound of

30  Formula Illa or Formula IITb
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enbodi ment, R7 is CN. I n another aspect of this enbodinent, R4 is

optionally substituted (C6-C20)aryl. In another aspect of enbodinent, R4 is
opti onal IwOoRbB12/aedssti t ut ed phenyl. I n another aspect of PChiGs2@mbbagsnent, R4
is optionally substituted napthyl. In another aspect of this enbodi nent,

one of Re or Rd is Hand the other of Re or Rd is CH3. In another aspect of
this enbodinent, Ar is optionally substituted NH2 NN I N IN nitrophenyl. In
anot her aspect of this enbodinment, Base is. In another O NNH NN H2 aspect
of this enbodiment, Base is -1 . In another aspect of this N H2 NN NN H2 20
enbodi nent, Base is -In another aspegt of Rhis enbodi nent, Base

I

6 N
R\O)g/ AN 0

“ . P
Rd R¢ \o‘\ \
RO

o—Ar

Formula Iila

0 F|k5
RG N,///
\OJJB/ ,/’:,’ P//O
Rd ,/RC /
R'O o—Ar
Formula I1Tb

5 wherein:
each R, R* or R® is independently (C-Cy)alkyl, (C,-Cg)alkenyl, (Cy-
Cg)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C,-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Ce—Cyo)aryl, (Co—Cyp)heterocyclyl or heteroaryl;
each R or R% is independently H, (C1-Cg)alkyl, (C,-Cg)alkenyl, (Cy-

10 Cg)alkynyl, (Cs-Cs)carbocyelyl, (C4—Cs)carbocyclylalkyl, aryl(Cy-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Cs—Cag)aryl, (Co—Cyp)heterocyclyl or heteroaryl provided
that R® and RY are not the same;

each R’ is independently H, (C;-Cg)alkyl, (C»-Cg)alkenyl, (Cy-Cgjalkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carboceyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
15 (Ce—Cy)aryl, (C,—Cyo)heterocyclyl or heteroaryl;
wherein each (C;-Cy)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carboceyclyl, (C4—Cg)carboceyclylalkyl, aryl(Ci-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
(Ce—Cao)aryl, (C,—Cao)heterocyclyl or heteroaryl of each R, R%, R*, R® or R% is,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R%),,

20 NH(R?%, NH,, C(O)N(R%,, C(O)NH(R?), C(O)NH,, OC(O)N(R?),, OC(O)NH(R?),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(0),R? S(O),N(R?),, S(0),NH(R?), S(O),NH,,
OR® or R%; and
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NH2 I n anot her aspect of this enbodinment, Base is - In NH2 another
aspect of this enbodi nent, Base is -,”", In another aspect of this NH2

| n anot hewoaspaae466f this enbodi ment, Base NH2 N is | nramatsh@n/oaspect of
this enbodi ment, Base is - In NH2 HN

each Ar is a (Cs—Cyp) aryl or heteroaryl wherein said (Cs—Cyg) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R"),, C(O)N(R%),,
OC(O)N(R"),, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(O),R? S(0),N(R?),, OR?
5  or R* with the proviso that Ar is different from R*;
said method comprising:

(d) providing a diastereomeric compound of Formula VIII

Formula VIII

10 and
(e) crystallizing the compound of Formula VIII from a suitable solvent;

thereby forming a pure diasteromer of Formula I1la or Formula IIIb.

In one embodiment of the method of preparing a compound of Formula IIla or

15  Formula IIIb, R’ is H and one of R® or R%is H. In another aspect of this embodiment,
one of R® or R%is H and the other of R® or R%is optionally substituted (C;-Cg)alkyl.
In another aspect of this embodiment, one of R® or R? is H and the other of R® or R¢is
CH;. In another aspect of this embodiment, R® is optionally substituted (C-Cg)alkyl.
In another aspect of this embodiment, R® is optionally substituted (C1-Cs) secondary

20  ortertiary alkyl. In another aspect of this embodiment, R* is optionally substituted
(Cs—Cap)aryl. In another aspect of this embodiment, R* is optionally substituted
phenyl. In another aspect of this embodiment, Ar is optionally substituted
nitrophenyl. In another aspect of this embodiment, Ar is optionally substituted para-
nitrophenyl. In another aspect of this embodiment, the chirality at the carbon directly

25  attached to R°and R%is S. In another aspect of this embodiment, the chirality at the
carbon directly attached to R® and R% is R.

28



enbodi nent, Base is -. In another aspect of this enbodi ment, Base NH20 FNH
S VWWKY1l n anot her aspect of this enbodinent, Base is 0 ,a/ VWV, In

anot her awpeot2/amb465hi s enbodi ment, Base is. | n another &spastoiof4458i s FNCON
H2 enbodi nent, Base is O I n anot her aspect of this enbodi ment, Base NH2
HNNH

In another embodiment of the method of preparing a compound of Formula
IITa or Formula IIIb, R’is H, one of R® or RYis H, RS is optionally substituted (C;-
Cg)alkyl, and R* is optionally substituted ((iG—Czo)aryl. In another aspect of this
embodiment, one of R® or R? is H and the other of R® or R% is optionally substituted

5  (C;-Cyg)alkyl. In another aspect of this embodiment, one of R® or R is H and the other

of R® or R%is CHj. In another aspect of this embodiment, R® is optionally substituted
(C;-Cy) secondary or tertiary alkyl. In another aspect of this embodiment, R° is
optionally substituted 2-propyl. In another aspect of this embodiment, R* is
optionally substituted phenyl. In another aspect of this embodiment, Ar is optionally

10 substituted nitrophenyl. In another aspect of this embodiment, Ar is optionally
substituted para-nitrophenyl. In another aspect of this embodiment, Ar is para-
nitrophenyl. In another aspect of this embodiment, the chirality at the carbon directly
attached to R® and R* is S. In another aspect of this embodiment, the chirality at the
carbon directly attached to R® and R% is R.

15 In another embodiment of the method of preparing a compound of Formula
I1Ia or Formula IIIb, R’ is H, one of R® or R® is H and the other of R® or R% is
optionally substituted (C-Cg)alkyl, R® is optionally substituted (C1-Cy)alkyl, and R* is
optionally substituted phenyl. In another aspect of this embodiment, one of R® or R¢
is H and the other of R® or R is CH;. In another aspect of this embodiment, R® is

20 optionally substituted (C;-Cs) secondary or tertiary alkyl. In another aspect of this
embodiment, R® is optionally substituted 2-propyl. In another aspect of this
embodiment, R* is phenyl. In another aspect of this embodiment, Ar is optionally
substituted nitrophenyl. In another aspect of this embodiment, Ar is optionally
substituted para-nitrophenyl. In another aspect of this embodiment, Ar is para-

25  nitrophenyl. In another aspect of this embodiment, the chirality at the carbon directly
attached to R® and R%is S. In another aspect of this embodiment, the chirality at the
carbon directly attached to R® and R is R.

In another embodiment of the method of preparing a compound of Formula
IITa or Formula IiIb, R is H, one of R® or R%is H and the other of R® or R%is CHs, R®
30 is optionally substituted (C;-Cs)alkyl, and R* is optionally substituted phenyl. In
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O is. In another aspect of this enbodinent, Base is 5In another enbodi nent
of the nmethod for preparing a conpound of Fornmula la or Ib or a

phar mmcewopcaldoy246cept abl e salt or ester thereof, FormrCa/usaoii®4458r mul a
Vla, Fornmula Ib is Formula VIb and Formula Il is Fornmula VII: Formul a
Vla Fornula VIb R8 H''"''" Rl RR2 R2

another aspect of this embodiment, R® is optionally substituted (C;-Cs) secondary or
tertiary alkyl. In another aspect of this embodiment, R® is optionally substituted 2-
propyl. In another aspect of this embodiment, R® is 2-propyl. In another aspect of this
embodiment, R* is phenyl. In another aspect of this embodiment, Ar is optionally

S substituted nitrophenyl. In another aspect of this embodiment, Ar is optionally
substituted para-nitrophenyl. In another aspect of this embodiment, Ar is para-
nitrophenyl. In another aspect of this embodiment, the chirality at the carbon directly
attached to R® and R%is S. In another aspect of this embodiment, the chirality at the
carbon directly attached to R® and R% is R.

10 The diastereomeric mixture of the compound of Formula VIII is resolved by
crystallization of the compound of Formula VIII from a suitable solvent. Non-
limiting examples of suitable solvents are diethyl ether, dipropyl ether, di #-butyl
ether, methyl #-butyl ether, C,-Cq halogenated alkanes, Cs-Cg hydrocarbon,
tetrahydrofuran, toluene, xylene, dioxane and the like. In another embodiment, the

15 compound of Formula IV is dissolved in a suitable solvent and crystallization is
induced by addition of a Cs-Cs hydrocarbon or Cs-Cs cyclic hydrocarbon. In a
preferred embodiment, the compound of Formula VIII is dissolved in an ether solvent
and crystallization is induced by addition of a Cs-Cg hydrocarbon. In a particularly
preferred embodiment, the compound of Formula VIII is dissolved in diethyl ether

20 and crystallization is induced by the addition of hexane.

The diastereomeric mixture of the compound of Formula VIII is resolved by
crystallization of the compound of Formula VIII from a suitable solvent at a
temperature of about 80 °C to about -20 °C. Preferrably, the temperature is about 30
°C to about -20 °C, more preferably about ambient to -10 °C.

25 The diastereomeric mixture of the compound of Formula VIII is resolved by
crystallization of the compound of Formula VIII from a suitable solvent wherein the
concentration of the compound of Formula VIII in solution is about 25 g to about
1000 g per liter of solvent. More typically, the concentration of the compound of

Formula VIII is about 50 to 500 g per liter of solvent.
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Formula VII 5 wherein: each Rl is independently H, hal ogen, optionally
substituted (Cl-C8)al kyl, optionally substituted (C2-C8)al kenyl or

opt i onal Iwo=uotzatip4e8t ed ( C2- C8) al kynyl ; each R2 is i ndepenuarstéry/osBogen or
OR11l; 10each R5 is H each R22 is OR' and the renmaining variables are

defined as for Formulas la or Ib or Il or ilia or I n one enbodi nent
of the nmethod for preparing a conpound of Fornmula Vlia 15 or Fornmula VIb
froma conmpound of Forrmula VI, X1 is CRL. In another aspect of this

enbodiment, R1 is H In another aspect of this enbodinment, RL is H 1In

anot her aspect OfhetrBdofutRmRAdhO@EBterehh el & mix tutd LIAROEBRFoLRE RE EbrRfla BAIIS
enbodi nent, Rl is optionally substituted CI-CS%aIkyI. | n anot her aspect of

thi s enbodi rerfrystaRization mayHie promatedrbottherddidereet seed cylials itboplirteent, R1 is

optionally s Ltute - lckenyl., .ln anot her, aspect, of this
enbodinent,(ﬁﬁﬁ%éﬁ%%tggﬁg%'%é%uf§§$¥%§gaa§8?ﬁgﬁﬁbeq m%%%@ﬁ%% aspect of

thi s enbodi reiificatiRh dfshodibitoramkylc stilstd dfthecorhfAmd®) #okitay VIIIYY lapat her
aspect of this enbodinent, is optional]y substituted ethynyl. In another

aspect of t HETRABBAP e ARiral %uldsd@m@tﬁgraﬁ& Héeh prepwes Ligrd ehiogiatasadynent ,

2 15, O IR, SRR Gl SRR oSS ppa e ecrect

10enbodi nmentdesdRibed dereiin. | N anot her aspect of this enbodinent, R7 is

optionally Typically, the crystallization of the diastereomeric mixture of the compound

of Formula VIII produces a mixture of diastereomers containing at least 60 % of a

10 single diastereomer. More typically, the mixture produced contains at least 70 % of a
single diastereomer, most typically, at least 80 % of a single diastereomer, preferably
at least 90 % of a single diastereomer, and more preferably at least 95 % of a single
diastereomer. Higher diastereomeric purity, for example at least 99 % diastereomeric
purity, may be obtained by one or more subsequent crystallizations. The yield of

15 crystalline material from a single crystallization is typically about 10 to 45 %, more

typically about 20-35 %.

In another embodiment, provided is a compound of Formula I1la or Formula

0 F|25

RG N
\O/U\// \P p 0
RO R AN

RO

O—Ar

11Ib

20 Formula Illa

l
RG N,///
\O/Uy /,,’l" O

/ 5
Rd R;4O/ \

O—Ar
Formula IIIb
or a salt or ester thereof;,

wherein:
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substituted (G -C8)al kyl. In another aspect of this enbodinent, R7 is
optionally substituted (C2-C8)al kynyl. In another aspect of this

enbodi merwQ 2Ri2/01246€N. | n anot her aspect of this enbodi meaT/USeeia/oefssRe or Rd
is H In another aspect of this enbodiment, one of Re or Rd is H and the
other of Re or Rd is optionally substituted 15(C -C8)al kyl. 1n anot her
aspect of this enbodinent, R6 is optionally substituted (Cl- C8)al kyl. In
anot her aspect of this enbodinment, R4 is optionally substituted
(C6-C20)aryl. In another aspect of this enbodinment, Ar is optionally

substituted nitrepdheryR* oi"R6maﬂ&jﬁhd@ﬂ@qdh@mlkﬂf(UJ(Q;)E[IE&@DQCE-Or preparing

a conpound of Fornula 20 Vla or Formula Vib from a co ound of Fornula VII,

Xl is CH, RCsjaskyayb(CeHpcarpgcyhe, 6?4“@@061130%13{1811{154 ani( Garfad Hleyl, aspect of

t hi nb d t t hi od t, OH.
I nI ant hgrI tﬁeoc?t’%]f(bﬂd:%au@ﬁb@g?{}@% g&%e(é%o) rOF3IFF gﬁggﬁtéltone pect o:‘ St hi s
embodi ment, each Ra pn¢ R22 1ﬂ(ﬁngﬂdent|1@Ha(@1t@§ﬁlk§lsP@zQC Qikehfll g embodi nent,  R7

is H In another aspect of this enb (S op |ona Iy 25subst i t ut ed
(Ci -C8)ab kyICg)alkynahQ@h@&)ca@pemlylot&t—ﬁg)sa@ntmﬂiylaﬂkm, aryRC1iG)dM, | n anot her

aspect of this embodinment, R7 is o tional ly substituted (C2-C8)al kynyI In
anot her aspé‘éttem(‘}f’dﬁ’}r(ps Cé??%‘@@t(r%n@m s o d@%?]‘)cyqlﬂ o4 heterasF Yl 59Eeed of this

enbodi nment , g £hk 10, ... aspect of this enbodinent, one of Re or Rd
is Hand the o err1 of lll-%eog?% |s optionally substituted (O C8)al kyl. In

anot her aspect obadhtRsm&&EpsbmthnﬂyH, (Cﬁﬁs)aﬂcybmu (E@hllde;tyls(mzsm)hlﬂiyﬁjd (Cs-
(G -C8)alkyl, 1n another aspect of tionally

substituted C@EGerQﬁ)lélr {fr4—Cs a%hﬁ’ﬁi"ﬁ@ﬁlkéie ﬁ@étC10¢8)t1HYls h@ﬁ%’@mlﬁ}ég t-Colafkyi.s

opti ona )¢ n er aspect of this enbodi nent,
R8 is N Rig z?tt‘n&t}f ﬁer”;%geg‘g‘?%gt Ot]tltet% %I%Eodi ment, R8 is OR'. In another
aspect of this eribeghinesh,(CRE )a$kyN|'d222 dsiuliconot, hes-cagl 1, of,-thi s enbodi nent,
5 R8 is OH In another aspect 8of this egrrbodls}nent RQD@QS/ @3 I n anot her

aspect of t K&isksabebydyl sréfﬁt—Cngrhogycrlﬂalk*yRawl(@Ircséaibylhéwe@gp@mh(%ﬁs)talkyh

enbodi nment t her, as t of . this mensi , . 1S NRL1, -
o2 hna o (Ce pash etk SRS imPy ! Rt R K e o 1RS> and
RO is NRL1R}ie éﬂaea@ptd@%nﬁmgkttt%a vath &nfa%rmttﬁgoft% rHLERA, INION @m}ormound

of Formula 10 Vla or For nul b froma conpound mila VI | CH,

RL is Hldr OHER )@Né{zoC((Pz@\T(Br)zF@(Q)@PHRa)n@(@NHS (ICNO)NfRéﬂ@Q{@DNHSIbéCt of

I another <3Ol P TPR S BARIE e B TR STE AR Tolbuet ot e <
enbodi ment, OpdeARRZmANd R22 is OH In another aspect of this enbodinent,

one of Re or Rd is H and the other of Re or Rd is optionally 15subst|tuted
(G -C8)al kyl . | neaghohhisra (§spleni ast onthstesoasbuhéramrsaid GheCol afRbor Rd is H

Iagd the ot h%crater(%)faryFl{Ef\s gurbsa%ted w1%_|3ne or more% fz)gen e%% (8 f—Cg)QaloaIE}r/le an i ment, R6
20  optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R%),,
OC(O)N(R™,, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R? S(0),N(R?),, OR?
or R* with the proviso that Ar is different from R”.
In another embodiment of the compound of Formula IIIa or Formula IIIb, R’

is H and one of R® or R%is H. In another aspect of this embodiment, one of R® or R?

25  is H and the other of R® or R%is optionally substituted (C;-Cg)alkyl. In another aspect
of this embodiment, one of R® or R%is H and the other of R® or R is CHs. In another
aspect of this embodiment, R® is optionally substituted (C;-Cg)alkyl. In another
aspect of this embodiment, R® is optionally substituted (C;-Cs) secondary or tertiary
alkyl. In another aspect of this embodiment, R” is optionally substituted (Ce—Cyp)aryl.

30  In another aspect of this embodiment, R* is optionally substituted phenyl. In another
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optionally substituted (Cl-C8)al kyl. In another aspect of this enbodi nent,
R4 is optionally substituted (C6-C20)aryl. In another aspect of this
enbodi merwQ 2RR/a12466pt i onal |y substituted phenyl. |n anorh@&musasipaetssof this
enbodi ment, Ar is optionally 20substituted nitrophenyl. In another aspect
of this enbodinent, R8 is NRL1R 12. In another aspect of this enbodi nent,
R8 is OR'. In another aspect of this enbodinment, R8 is NH2. In another
aspect of this enbodinent, R8 is OH In another aspect of thi s enbodi nent,

RO is H In another aspect of this enbodinment, RO is NR' I n anot her
aspect of th &@ﬂﬁé@iﬁﬁéd R, 1A% i Fptionk anﬁm%dlﬁ%ﬁfe&z PimthbheLidhed ment,
25 R8 is NR11 and R9 |é,1m. nlsaqr?oﬁoﬁermyaspéct of t |syemr:)lcgld%)rrgn%gB S

NH2 and R9 i&f tHS embodmanivekr lagp%@taﬂcifsulvdmmse@nw@dmtmpme,nyl?&nlwoﬁdlaflasmﬁ and R9

is NRIITRt2. anot.her a enpodi, ment 2 d s NH2.
I n anot her a%%}élétemb g{nﬁ‘? gptg ﬁl%%ttge 26} ?r’sdlffﬁir?&%d't% ﬁNﬁ@SIﬂ iS I In
anot her enmboghotiRi bispepf @thid@ehbogingeniBENGH Bty BIBOHHYdRe 3%@@1&@ toR°30
Formula Illa or Formula Mo WO 2012/012465PCT/ US2011/ 044581 OR5 o) NI 41N zo

,Prz R6 Rd' Rd Ry'is Badn anothrgyrasngca of 1h|19aer@1ﬂ51up6nt0the moiety

l

6 N
i \o/[g/ \;;

Rd I,IRC

of Formula I1la or Formula IITb comprises a nitrogen-linked ester of a naturally
occurring a-amino acid.
In another embodiment of the compound of Formula I1la or Formula IIIb, R®
10 isH, one of R°or R%is H, R%is optionally substituted (C,-Cg)alkyl and R* is
optionally substituted (Ce—Cao)aryl. In another aspect of this embodiment, one of R®
or R%is H and the other of R® or R% is optionally substituted (C;-Cg)alkyl. In another
aspect of this embodiment, one of R® or R%is H and the other of R® or RYis CHj. In
another aspect of this embodiment, R® is optionally substituted (C;-Cg) secondary or
15  tertiary alkyl. In another aspect of this embodiment, R® is optionally substituted 2-
~ propyl. In another aspect of this embodiment, R* is optionally substituted phenyl. In
another aspect of this embodiment, Ar is optionally substituted nitrophenyl. In
another aspect of this embodiment, Ar is optionally substituted para-nitrophenyl. In
another aspect of this embodiment, Ar is para-nitrophenyl. In another aspect of this
20  embodiment, the chirality at the carbon directly attached to R® and R%is S. In another
aspect of this embodiment, the chirality at the carbon directly attached to R® and RY is

R. In another aspect of this embodiment, the moiety

0 }1?5
6 N
R ~ O/Lg/ \;fj
Rd '/,Rc

of Formula IIIa or Formula IITb comprises a nitrogen-linked ester of a naturally

25  occurring a-amino acid.
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0 RAJRc R40 Fornula My -Ar -Ar 5wherein: each Ra, R4 or R6 is
I ndependently (G -C8)al kyl, (C2-C8)al kenyl, (C2- C8)al kynyl,

( C3- C8) cawbaonligdes ( C4- C8) car bocycl yl al kyl, aryl (G - C8palrkisko11/044581
het er ocycl yl (Cl -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H, (G -C8)al kyl, (C2-C8)alkenyl, (C2-
10C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylal kyl,

aryl (G -C8)al kyl, heterocyclyl (Cl-C8)al kyl, (C6-C20)aryl,

(C2- C20) heterocyclyl or heteroaryl provided that Re and Rd are not the
sane; eath aiBhérenibodepande fHe' c)bnifiouﬁ@:)f Ehall kil or(le2mEB) [@bkrhy |
(C2-C8)al kynyl, (C3- CSééar bocycl yl car bocycl yl al kyl ,

aryl (G - C8) & Hy@ne At ar KeyeHyangd the @éyra?ﬂ&erw% ayically alrlgsrltuted (Cy-

(C2- C20) het gr (171%/ 6]1 t1 t11 tHugid ( Fgl'ﬁf %%ﬁﬁoéagy sg@tl%tléé{ !
(C2- C8) al ken VRY %BS:E)a ocyc
(C4-C8) car bcphg/rgﬂ ylradzrioyﬂer aafeyt aﬁi(ﬂm@&)lﬁ)ldkydmt dﬁ&toe“ er@)yRIdst K Ghd €&) @hdeydf R°

C6- C20) aryl, _(C2- 0 het cycly roaryl, .of each Re, Rd, R4, RS or
(R6 i's, ) dg éﬁdéq?ﬁz h%ﬁplf’?/t 01113 FF‘E’G& HS BTGy sehstitvied € 1-

hydr OXY: gj\?bcoM b?m%%&iﬁé?ﬁ%anw& @(ﬁ@d}i@ﬁ@%&bo&ﬁ%}lwﬂé F@Qaptlo%ﬁjg) NH2,
OC(0) N(Ra) 2, 'OC(0) NH( Ra)
S( 0) 2N( Ra) 2 sulBtioytaNtpRay]. B(@pIeFEihecitORhic renRadinamd R is phenyl. In another

aspect of this embodiment, Ar is optionally substituted nitrophenyl. In another aspect

of this embodiment, Ar is optionally substituted para-nitrophenyl. In another aspect

10 of this embodiment, Ar is para-nitrophenyl. In another aspect of this embodiment,
the chirality at the carbon directly attached to R® and R%is S. In another aspect of this
embodiment, the chirality at the carbon directly attached to R® and R%is R. In another

aspect of this embodiment, the moiety

0 ll?5
6 N
Rd ,,/Rc

15  of Formula IIa or Formula IIIb comprises a nitrogen-linked ester of a naturally
occurring o-amino acid.

In another embodiment of the compound of Formula IIla or Formula IIIb, R’
is H, one of R® or R is H and the other of R® or R? is CH3, R® is optionally substituted
(C-Cy)alkyl, and R* is optionally substituted phenyl. In another aspect of this

20  embodiment, R® is optionally substituted (C1-Cs) secondary or tertiary alkyl. In
another aspect of this embodiment, R® is optionally substituted 2-propyl. In another
aspect of this embodiment, R® is 2-propyl. In another aspect of this embodiment, R” is
phenyl. In another aspect of this embodiment, Ar is optionally substituted
nitrophenyl. In another aspect of this embodiment, Ar is optionally substituted para-

25  nitrophenyl. In another aspect of this embodiment, Ar is para-nitrophenyl. In another
aspect of this embodiment, the chirality at the carbon directly attached to R® and R® is
S. In another aspect of this embodiment, the chirality at the carbon directly attached

to R®and R%is R. In another aspect of this embodiment, the moiety
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each Ar is a (C6-C20) aryl or heteroaryl wherein said (C6-C20) aryl or
heteroaryl is substituted with one or nore hal ogen, NO2, or

(G - C8) havoabieydi2end optional ly substituted with with oRE€TarS20m0e45€N, N3,
N(Ra) 2, C(O)N(Ra)2, OC(O)N(Ra)2, C(O)OR, OC(0)ORa, C(O)R, OC(O0)1e,
S(0)"Ra, S(0)2N(Ra)2, ORa 50r Ra with the proviso that Ar is different from
R4; said nethod conprising: (d) providing a diastereoneric conpound of

Formula VIII OR5 I NN7,0 '"Re /P\ Foimula VIIl 10and (e) crystallizing
t he compound of Formula VIII froma suitable solvent; thereby formng a
pure diasteronmer of Formula Illa or Forngla IlId. In one enbodi ment of the

nmet hod of preparing a conpound of For mul
one of Re or Rd is H [In another asyect
is Hand the other of Re or Rd is opti®nal My /substituted (C-C8)alkyl. In
anot her aspect of this enbodinent, one of JR¢ @& Rd is H and the other of Re
or Rd is CH3. In another aspect of this enbodinent, R6 is optionally

substi t ut ed df@Gor@Bhdllkyt Folnulanoh bafipéspaaitradlenilinksd eftradiamniralyjR6 i s
optionally substituted (Cl-CO secondary 20or tertiary alkyl. In another
aspect of tHICEUERESdPREAtCidRA i s optional |y substituted

In another embodiment, provided are compounds of Formula IIla or Formula

Ina dar 15 Formula Mo, R5 is H and
i di nent, one of Re or Rd

5  IIIb selected from the group consisting of:
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(C6-C20)aryl. In another aspect of this enbodinment, R4 is optionally
substituted phenyl. In another aspect of this enbodinent, Ar is optionally
substi t utwo 2ni¥mewhlenyl . I n anot her aspect of this enbo@dCrarsko11Au4586
optionally substituted paranitrophenyl. In another aspect of this

enbodi nment, the chirality at the carbon directly 25attached to Re and Rd is
S. In anot her aspect of this enbodinment, the chirality at the carbon
directly attached to Re and Rd is R WD 2012/ 012465PCT/ US2011/ 044581

I n anot her enbodi nent of the nmethod of preparing a conpound of Fornula |Ina
or Formul a @RS is H _one of Re d is H R6 is optionally substituted

a

(CA- C8)alk is?ogti onal |y stdt ut ed %306- C20)aryl. In another
aspect of this e di N5 O0one of Re or R isltfi"g the other of Re or Rd
is optionally substituted 508)a| kyl . Ch anotger pect of this

enbodi nent, one of Ré~gr Rd H and the ot hér=(0f Re.a Rd is CH3. In
anot her aspect of t enbodi rrem*",o R6 i s opt)opally sub3ati®uted (Cl-C8)

secondary or tertiary alkyl. | noanot her aspect” of this-enbodinment, R6 is
optionally substituted 2-propyl. In another aspect of this ‘enbodiment, R4
is optionally—subsfituwed phenyl. |+roanofheroaspect of this enbodi nent, Ar

is optionall 1@@5&“&4@ ed nitro enW.ANn..&'ﬂrtpt her aspect of this

enbodi nent, Ar ©Os optipnaltsubstitubed paria- nj phenyl . 1 n anot her
aspect of this enmbedi ent i s parani t papiteny n anot her aspect of this
enbodi nent, the c ity & lhe car bon ect | y—at Na@hed to Re and Rd is
S. In anot her asp hirality at the carbon
directly attached to..Re“and Rd is R 15In \angt her enbodi nent of the nethod
of preparing a conmpound of Formul’a Illa or Fornmula Illb, R5 is H one of Re

or Rdis H he other_of Re or Rd is ionally substituted
(G -cC8)al kyl|, i tionaPly substi tu% )atkylg and R4 is
optionally substituted pherp-O_1n anot her aspect is-@nbodi ment, one of

Re or Rd is Hand the oth@r Sof JReNor Rd is CH3. Pn arfbther)asgect of this
enbodi nent, R6 is 20optiendl |y tituted (Cl-C8) :‘J@ tertiary
al kyl . 1 n anot her aspec this enfpodi nent, R6 isonal y qubstituted
2-propyl. In another gspet¢t of thi-g enbodiment, R4 phenyl ._can anot her

aspect of this enbodinent, Ar is optionally subst't ut ed ni trophenyl. In
anot her aspect of thts g}n‘oodi ment, Ar is optional on substituted

. e} 2 5 . .
ara-nitro [ anat her aspect of_ t/hi odifment, Ar is para-
P ph% #’n\m-—ﬁ—o g >(r P P
o]

Nt P—-0O
: Ne!
& G Qe
0

/
©  and

; or salts or

5  esters thereof.

In another embodiment, provided is a method of preparing a compound of

Formula VIII
0 IIQS
R6 N
~5 ,, \P //o
Rd /Rc
R4O/ \O—-——-Ar
Formula VIII
10
wherein
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25ni trophenyl . I n another aspect of this enbodinment, the chirality at the
carbon directly attached to Re and Rd is S. In another aspect of this
enbodi merwg 20te1edssral ity at the carbon directly attachedTius2a/0a3d1 Rd i s

R. I n anot her emnbodi nent of the method of preparing a conpound of
Formula Illa or Formula Ill1b, R5 is H one of Re or Rd is H and the ot her
of Re or Rd is CH3, R6 30is optionally substituted (Cl1-C8)alkyl, and R4 is
optionally substituted phenyl. In another aspect of this enbodinment, R6 is
optionally substituted (G -C8) secondary or tertiary alkyl. In another
aspect of this erhadR®itor RRGs inae@aam@qbl;cgw@ﬁtadztttg@@lk&ryl Regpyl . In
anot her aspect of this enbodi ment, R6 is 2-pro . I'n"anot her aspect of

this err})f)dl r?amlljkynRh (Cscph@m@bycwln((éeﬁ@&}@elrboemiﬁelkymar}tlmls(;zéﬁiﬁyid| rremr;t . Aris
optionally Ssubstitute tro In.a er asecto this enbodi nent,
Ar is optioni f‘ify@dﬁg:t‘%[ Eﬁl @g rYl Ephi pretemﬁy HArherEe®ect of this
enbodi ment, Ar is,ppRak I"{qu@l%t&feﬁé‘ﬂdenh%ﬂHa(@ @ﬁlk?’ﬂe%fbs)%&‘e%ﬂ gc.gmbodi ment,

t he chlrallty at the carbon directly attach 'Y S. I'n anot her

aspect of tlﬂgk\lleymﬂybd(?m@alcaruohﬁclplh(@@Dg)tcyrbatydljflelkghrach1dilg|)ﬂky1l y attached to
Re and Rd is R 10The di astereoneric m xture of the conmpound of Formula

VITI is resdfgesyelylEnystakyli Cartwmrgs @ﬁ@zﬂbﬁﬁl@emyldﬁ hetsrontylprenifed f r om a
sui tabl e sol; (@ xanmpl es of suitable solvents are diethyl

et her, dipr oﬁr;a;?Fk e?%jg a}écf{gtttﬂegsq{n%r ether, methyl t-butyl ether, Cl-C6

hal ogenat ed al karesh RT5-iffpoydtndg &f, b@ncg)‘aﬂiyt abydxpikenhgh) (CL Q!;)ul&@ﬁyl Kyi-ene,
di oxane and the |like. In another enbodi ne t he 15conpound of Fornula IV

i s di ssol vedsicabecgyh é@4“@8¥@r@éml}’1&}¥dl @F)Qé(élaﬂ)ﬁli(ﬁb h@tﬁch§db’lﬁ@u€@)@ﬂiﬂ/

addi ti on,of on o lic hydrocarbon. In a preferred
enbodi meft , (éﬁe Z@S%Ftuﬁd %95}’%5?% yAOW? Froa])slﬁ’dl ssolved in an ether sol vent
and cryst aI lizat mﬁrdlﬁea@mm)@mlmlagw&@j (@2 @@)aﬁ@ng}yecpcar bon In a

particularly preferred enmbodi nent, the conpound Formula VIl is

di ssol ved i r@xlhaélohwly]e((ﬁeﬂsiC@dNGY@ﬂygfb’hIarylé@utﬁ:@ﬂﬂkvh hetachggdpll(Gy-Cilatkyhddi t i on
of hexane. a reoner | ¢ xt ure t nd Qf Formula VIII
is resol ved (5§ q‘??)f} ?a@j §%Q HRoGe ﬁhl\? etf?ﬁ‘f% 0}6&@ %%l; C‘x‘]lRiQIIS’f roma
sui t abl e sol

11Y(ﬁﬁénc%ht1§?‘ &ﬁ@ﬁﬁ[ﬁé&ﬁﬁu@ﬁ Ao &%&e 18108 @gﬂg&% Y @13, N(R (R ) y

Preferrably, turé is about 30 C to about

about anbi emNH®RJ), M& C(OR¥RAR, G(Q)NPHR@O@@)PéHmO@(m)N(K‘T)z,tOﬁ-t(Oc)NPmEﬁnd of

froma sul t @@V ERD APl Re SIBR R BN STOERBRE Soumeriar -~

Formul a VI I loR*br 0] afid on i s about 25 g to about 1000 g per liter of
solvent. More typi cal | y, the concentration of the conpound of Fornula VIII
i s about 50 to 5@&hgApsra (Gst€n) afyl SIdie\?@mryl wherein sEie(Gse€a) atyl on of t he

di astereoneric m tur t he. co ound For a Vi crystallization
may be pr on%‘f’tgff’aﬂé ‘g’ g{ﬁl 1 Vi Ot OB *%g?g}féb(?f((#hg%%}?@{ﬁ]l%er eoner .
Seed crygt alostiGfallputBsties Wehares &&yorb@wl}t NRY WWNUH fication of
the diastereoneric nmxture of the mound of f:or f qui d

5chr onat ogr A8HP)NEhDz SO)PRUIQGCENPBRELEYRAEHYOIRI,FHOMRE ﬁ@)z@ Ry lﬁ’lﬁla
chromat ogr a%lh ®* with the proviso that Ar is different from R*;

said method comprising;:
(f) providing a chirally pure amino acid ester of Formula IX or a salt thereof

R5

O |
RG NH
\O/[g/

25 R
Formula IX
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or chiral high pressure liquid chromatography such as by the non-limting
nmet hods descri bed herein. Typically, the crystallization of the

di ast er eowenror/are46sur e of the conpound of Fornula VIII pcodisees/oadssi xt ur e
of diastereoners containing at | east 60 % of a 10single diastereoner. Mre
typically, the m xture produced contains at |least 70 % of a single

di astereoner, nost typically, at |least 80 % of a single diastereoner,
preferably at |east 90 % of a single diastereoner, and nore preferably at

| east 95 % of a single diastereoner. Hi gher diastereoneric purity, for

exanpl e at | east (gﬂtrgfmjgaﬁéw 8LEFOMEUIA YX wWiBYa 8fnthaionedrbia &g Or nore
subsequent crystallizations. The yield of 15crystalline material froma

si ngl e crystth? picsece @habaset ypi cal |y about 10 to 45 % nore typical |y about
20-35 % In anot her enbodi ment, provid is a conpound of Fornula Illa or
For mul a 20Fornmul a Ma ORS R6 00 RdRc 0-6&0

5
R4O/ \XS
Formula X
5 wherein each X is halogen; and

(h) treating the resulting mixture with ArOH;

thereby forming a compound of Formula VIIIL.

Typically, the chirally pure amino acid of Formula IX or a salt thereof is

dissolved or suspended in a suitable non-nucleophilic solvent. Non-limiting non-

10 nucleophilic solvents include haloalkanes, e.g., methylene chloride, dichloroethane
and ethers, e.g. dioxane, tetrahydrofuran and glymes. Typically, the suspension or
solution contains about 0.1 to about 5 moles of the compound of Formula IX per liter
of solvent.

The suspension or solution of the chirally pure amino acid of Formula IX is

15  treated with a compound of Formula X. Typically, the reaction is conducted at about
-20 to about 60 °C. The mole ratio of the compound of Formula IX to the compound
of Formula X is about 1:2 to about 2:1, preferably about 1:1. The reaction is
conducted in the presence of a non-nucleophilic base. Non-limiting examples of non-
nucleophilic bases are tertiary amines, e.g. triethylamine, diisopropylethylamine and

20 triethylamine; metal hydrides, e.g. LiH, NaH and CaH,; and nitrogen containing
heterocycles, e.g. pyridine and dimethylaminopyridine. In a preferred embodiment,
the base is a tertiary amine such as triethylamine. When the compound of Formula IX
is a salt of a mono-protic acid, the mole ratio of base to the compound of Formula IX
is typically about 2:1. If the compound of Formula IX is a free base, the mole ratio of

25  base to the compound of Formula IX is about 1:1.

The reaction of the compound of Formula IX with the compound of Formula
X may be followed by many conventional means known to those skilled in the art.

Such means include thin-layer chromatography and hple. When the reaction between
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Formula Mo or a salt or ester thereof; wherein: each Ra, R4 or R6
is independently (G -Cg)al kyl, (C2-Cg)al kenyl, (C2- Cg)al kynyl,

( C3- C8) cawbaoligdes ( C4- C8) car bocycl yl al kyl, aryl (G - Cgpalrkigko11/044581

het erocycl yl (G -Cg) al kyl , (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H, (G -Cg)al kyl, (C2-Cg)al kenyl, (C2-

5Cg) al kynyl, (C3-C8)earbocyclyl, (C4-Cg)carbocyclylalkyl, aryl (G -Cg)al kyl,
het er ocycl yl (G - Cg) al kyl , (C6-C20)aryl, (C2-C20)heterocyclyl or hetero aryl
provided that Re and Rd are not the sane; each R5 is independently

H (G - Cg) altkybompdedd BB ahkaRydnd th Lﬁ‘iﬁ'@f%i“mulﬁ%i's STAE RRCNGENIN,
(C4-C8) car bocycl yl al kyl , aryl (G -Cg)al }{Th het er ocycl yl ( - Cg) al kyl,
10( C6- C20) arlytreatedjzflt@z‘ovﬁn@q wroosyonpd AspHhwhese dariyfiefined as henstne rBienmelach

Cl - | kyl e (Cor 1. cyclyl
(G- Co) car baBS SRR BPERR bt AP M oy ERURE P& ke
( C6- C20) ar yla,bo(ltCIZ} CA@t)ahthE%ﬂdlﬁ&Sﬁ by ArOH, b@dlﬁdsmrbyée i9feqaas tﬁﬁcalesnOBéh RS or

R6 is, |ndependentl ,..optionally substltuted with one or nore ha
hydr oxy, >CN,bafgto lﬁ(l%léél}@ the arideeiagted pHpe r@(ceyw( Rapyicallyothe)adeitivay], ba@( B) NH2,

0) N(Ra) 2 ; 0)ORa, S(0), Ra,
g(cg)))ZNg Ragz 1483{;([9})2 %é@%ba%@%%esc&a or OCénZ:I each ,(Ar)i s a (C6-C20)
aryl or heteroar ylThewharpeinmd sﬁcdm(u%\/ﬂ?&)ls@la&ﬁ blgrkcoilnﬁnegmggxydané Bnmﬂoiﬁ)ti t ut ed
ith n opti ona
Subst | 1 ut od ‘NRERKUIRE R G erof oheREnN REA KR 51 thef GFRERERS be i 0) N Ra) 2.
C(0) ORa, m(p%&ﬁ@ateoqfr&)llﬁ?e regg{o@rﬁﬁ(tu@%ga @%H%QA@M Rbhila %180%%3%/ with

the proviso that Ar is different fromR
10 evaporation of the solvent followed by crystalhzatlon or chromatography.

In one embodiment of the method of preparing a compound of Formula VIII,
R’ is H and one of R® or R%is H. In another aspect of this embodiment, one of R® or
R%is H and the other of R° or R is optionally substituted (C;-Cg)alkyl. In another
aspect of this embodiment, one of R° or R%is H and the other of R® or R%is CH;. In
15 another aspect of this embodiment, R® is optionally substituted (Ci-Cy)alkyl. In
another aspect of this embodiment, R® is optionally substituted (C1-Cs) secondary or
tertiary alkyl. In another aspect of this embodiment, R is optionally substituted
(Cs~Cap)aryl. In another aspect of this embodiment, R* is optionally substituted
phenyl. In another aspect of this embodiment, Ar is optionally substituted
20 nitrophenyl. In another asﬁect of this embodiment, Ar is optionally substituted para-
nitrophenyl. In another aspect of this embodiment, the chirality at the carbon directly
attached to R® and R%is S. In another aspect of this embodiment, the chirality at the
carbon directly attached to R® and R%is R. In another aspect of this embodiment, the
compound of Formula IX or salt thereof, is an ester of a naturally occurring a-amino
25  acid.
In another embodiment of the method of preparing a compound of Formula
VIIL, R® is H, one of R® or R%is H, R® is optionally substituted (C;-Cg)alkyl, and R* is
optionally substituted (Cs—Cyp)aryl. In another aspect of this embodiment, one of R°
or R%is H and the other of R® or R% s optionally substituted (C;-Cs)alkyl. In another
30  aspect of this embodiment, one of R® or R is H and the other of R® or R%is CH;. In
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I n anot her enbodi nent of the conpound of Fornmula Illa or Formula Illb, R5
is Hand one of Re or Rdis H |In another aspect of this enbodi nent, one of
Re or Rd wbie121248d t he other of Re or Rd is optionallyPsuhmstortos4sal

(G -Cg)alkyl. In another aspect of this enbodi nent, one of Re or Rd is H
and the other of Re or Rd is CH3. In another aspect of this enbodi nent, R6
is optionally substituted (G -Cg)al kyl. In another aspect of this

enbodi nent, R6 is optionally substituted (C -C8) secondary or tertiary

al kyl . I'n another aspect of this enbodinment, R4 is optionally substituted

(C6- C20) ar ylanoidet skpatiQir ias eﬁswgienofwtlm@mabpmb@ﬁmad (®4-G5 s@RBhaRNAL | Y
substituted phenyl. In another Eect of this epbodinent, Ar is optionally

subst i t ut ed tetERFHREN I anqtheraspche theﬁs%@mdlféﬁntt Ri is cptibeallyrmshstitutad 2t
[
chonal 3 Sy L0858 OSSR B L o,

S. In anot hemomspﬁpéct@fft}tmbﬁb@d‘[bmdt rmni opttdmen;zmtrsa{utédymabpﬁéﬂ ].ciar bon
directly_attached to Re Sand Rd is R anot her aspect of this errbodl ment ,

the noi ey GRPECRESPOCtRARES eRbedment: é\rllfr %tw@all:f:wh&muépdwr@@mnh@

t I r m her
erbod mont | of CEERPEC sPtniEaBBbUEnL WraF it DouRn AT R enk BB "CL o
Re or Rd is ehboRBndns thethiotiay hyths u:i:rbbn amm@ aft@iheda) &F myd R&mﬁ&’ R& aggthgr

t |1 b ted C20) a not her as t hi i ment,
o of R or et Pl Sty RGT b Ehiraiey R R irhgh AESHR Asnaad ) IR aBOR St o0
(G - @) al kylg, hnaimet ik%éct%ff Hﬁ§Em9I)d1¥rﬂth§ IRTRAHARNbr F&Iﬂrﬁﬂé?fX BEs 35@& S H

and the other of Re or . I'n another aspect of thi's e I ment

is optidnal Ilyamcﬂwtqfammmdalb(szcm)ngseammdwqd or 15tertiary alkyl. In anot her
[ substituted 2-

aspect of this eqbgr%t er embo nnento el ncl)gtgoc!l Xf prlélpar}nlgacompound of Formula

VIIIL, R’ is H, one of R or R? is H and the other of R® or R? is optionally substituted
(Cy-Cy)alkyl, R® is optionally substituted (C1-Cy)alkyl, and R* is optionally substituted
phenyl. In another aspect of this embodiment, one of R® or R is H and the other of R

15  orR%is CHs. In another aspect of this embodiment, R® is optionally substituted (C;-
Cs) secondary or tertiary alkyl. In another aspect of this embodiment, R® is optionally
substituted 2-propyl. In another aspect of this embodiment, R* is phenyl. In another
aspect of this embodiment, Ar is optionally substituted nitrophenyl. In another aspect
of this embodiment, Ar is optionally substituted para-nitrophenyl. In another aspect

20 of this embodiment, Ar is para-nitrophenyl. In another aspect of this embodiment,
the chirality at the carbon directly attached to R® and R%is S. In another aspect of this
embodiment, the chirality at the carbon directly attached to R® and R%is R. In another
aspect of this embodiment, the compound of Formula IX or salt thereof, is an ester of
a naturally occurring oi-amino acid. ;

25 In another embodiment of the method of preparing a compound of Formula
VIII, R® is H, one of R® or R is H and the other of R® or R® is CH;, R® is optionally
substituted (C;-Cg)alkyl, and R* is optionally substituted phenyl. In another aspect of
this embodiment, R® is optionally substituted (C1-Cs) secondary or tertiary alkyl. In
another aspect of this embodiment, R® is optionally substituted 2-propyl. In another

30  aspect of this embodiment, R°® is 2-propyl. In another aspect of this embodiment, R* is
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propyl. In another aspect of this enbodinent, R4 is optionally substituted
phenyl . I n another aspect of this enbodinent, Ar is optionally substituted
ni t ropheryD.2012012486t her aspect of this enbodi ment, Ar i CopiScanaidsgl
substituted para-nitrophenyl. In another aspect of this enbodinment, Ar is
para-ni trophenyl. In another aspect of this 20 enbodinent, the chirality
at the carbon directly attached to Re and Rd is S. In another aspect of
this enbodinment, the chirality at the carbon directly attached to Re and Rd
is R In another aspect of this enbodi nent, the noiety of Formul a

Il la or For mpbgyll I ﬁlcﬁlﬁﬁmﬁpe&e&f@lsrﬁrﬁ‘ﬂodgﬁﬁﬂAﬂk@)@tl@ﬁil@rsubitltﬁte&at urally
25occurring a-am nqg I n anot her enbodi nent of the corrpound of Formul a

Illa or For mifrephgmyl IIQ’Sali*@h?q aspRed o bhisrgan kadiment; A1 9 optignalhesubstBied @fraRe or Rd
i s optionall 1S t S

(G -C8)al kylryﬁ(ﬁ%@éﬂ |Ig£r§glﬁ§rc%%ﬁfclq? @ust?sﬁ{ﬂ?otdﬁtﬁee Aﬁg# it %ﬁt%hé‘!c‘#?hté‘? E%Fstﬁegct of

t hi s enbodi repect ofthes enfboRemart, tRd chisality antle t:zl&bomtiheastlycﬁttaaeed tb Fdranmd iss CH3.

I n anot h ect of this odi he optlo stituted Cl C8)
secondarg ?Ssq’éra?‘i’t rfsﬁ?%ﬁft ﬁ?{nlé‘?‘?{;‘ﬂ‘ﬁ‘ét??’g§ggﬁlﬂty6f gilhaftache

optional l'y syRstid Rt RR 2mRh8mY aspbdt AMAL Bﬁﬁo@iﬁ%@tth@éorﬁﬁliuﬁd %ﬁb&%ﬂmt: R
is phenyl. In another aspect of thls enbodi nent, Ar i1s optionally

subst i t ut ed onkdlt thpteef)ys an d:sneraxﬁatnlamlralamcmn(gfoc-amrm aibodi ment, Ar is
optionally substituted para-nitrophenyl anot her aspect 10of thjs

enbodi nent, Ar i <0 pM! errﬁ@%"éﬁﬁ%ﬁ??q‘el%et%?do%‘i&ep&gb%étco’é‘?mmﬁ%f Forpetilient ,
the chirali wwréﬂﬁnﬁ%éagealw e{c%gﬁtémeééﬁ&cég?e@ tﬁ&eﬁeﬁ ﬁ%m Shulh Rianot her
aspect of this enbodinent, tHe chirality at the car |rect y attached to
Re and KA |§0mulhﬁbmﬁrmaiaXEpmth0@mutaﬂﬁ$lhmmbhﬁﬁnt the noiety R60 R5
RJRC 15 of Forrmula Ma or Formula Mo conprises a nitrogen- I|ng<ed ester of a
natural ly occurring a-ampno acFIzéi

R6 N 2,
~o
Rd /RC
R4o/

Formula XIb
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I n anot her enbodi nent of the conpound of Forrmula Illa or Formula Mo, RS is
H one of Re or Rd is Hand the other of Re or Rd is CH3, R6 is optionally
subst i t utwo 20vaeByal kyl, and R4 is optionally substituPet/yshenpi4ssi n

anot her aspect of this 20enbodinment, R6 is optionally substituted (Cl-C8)

secondary or tertiary alkyl. In another aspect of this enbodinment, R6 is
optionally substituted 2-propyl. In another aspect of this enbodi nent, R6
is 2-propyl. In another aspect of this enbodinent, R4 is phenyl. In another
aspect of this enbodinment, Ar is optionally substituted nitrophenyl. In
anot her aspect of this enbodinent, Ar is optionallgssubstituted para-

25ni trophenyl . I n another aspect of this enbodi nent, Ar is

nt, the chirality at

par a- ni trophenyl. In another aspect of this enbodi
ot her aspect of this

the carbon directly attached to Re and Rd iX%'S.
enbodi nent, the chirality at the carbon difectl
R In anot her aspect of this enbodi nent,

attached to Re and Rd is
X he nojlety
2012/ 012465PCT/ US2011/ 0445810 la Ma or Formula M
conprises a nitrogen-1linked ester\of ally omCurring® a-am no acid.

nds of Formula Ma or Fornul a

ﬁf; 5esters thereof.

Formula XII
wherein:

each R' is independently H, halogen, optionally substituted (C;—Cg)alkyl,

5 optionally substituted (C,—Cg)alkenyl or optionally substituted (C,—Cyg)alkynyl;
each R? is independently halogen or OR'';

each R’ is H;

each R* is OR' and

the remaining variables are defined as for Formulas Ia or Ib or II or IIla or

10 IlIb.

In one embodiment of the method for preparing a compound of Formula XIa
or Formula XIb from a compound of Formula XII, X' is CR'’. In another aspect of
this embodiment, R' is H. In another aspect of this embodiment, R' is H. In another
aspect of this embodiment, R' is F. In another aspect of this embodiment, R’ is

15  optionally substituted (C;—Cg)alkyl. In another aspect of this embodiment, R’ is
methyl. In another aspect of this embodiment, R' is optionally substituted
(Co—Cg)alkenyl. In another aspect of this embodiment, R' is optionally substituted
ethenyl. In another aspect of this embodiment, R' is optionally substituted
(C—Cyg)alkynyl. In another aspect of this embodiment, R' is optionally substituted

20  ethynyl. In another aspect of this embodiment, R? is F. In another aspect of this
embodiment, R? is OH. In another aspect of this embodiment R? is OH. In another
aspect of this embodiment, each R* and R** is OH. In another aspect of this

embodiment, each R?is F and R* is OH. In another aspect of this embodiment, R7is
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I n anot her enbodi nent, provided is a nethod of preparing a conpound of
Formula VIIl OR5 1 R6 ON 7,0 RdJRc R40-Ar Fornula VIII 10 wherein

each Ra, WO 20r2/@®865s i ndependently (G -C8)al kyl, (C2-C8parkseyi/o445€P-

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)alkyl,
het er ocycl yl (Cl -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H (G -C8)al kyl, (C2-C8)al kenyl, (C2-
5C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)alkyl,
heterocycl yl (Cl -C8)al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl

provi ded that. Bean@mé 81 & RO LrrbBEIRANR is optionally SARRLRR IS -t gndent |y
H (Cl-C8)al kyl . r%’e Koyl (o eg) al kymaqnally farsHdds cg%]bo%%?

( C4- C8) car bde ymbt;wrasp«;dt of anw(ﬂ@dn@a)taRiqa optibedlbr mwugeﬂ((am)@mw I;n

(G -B) al Ky PO PEEaTaT VnyOOG SRy 3 QYngt oieddseass pLpyRgRIment
al Ky
( C4- C8) car boay ek RF ot KYls.H. Qfl)éh&tﬁ%ragﬁécﬂbkﬁhs eBEBmeRtY 6hY LIS orG8)iakatd,
(C6-C20)aryl , (C2-C20) heterocycl %Slﬂﬁeteroaryl of each Re, Rd, R4, R5 or R6
¢

i's, i ndependemethgr ofdbtar&as mgﬂosla ituéadl (80110 dknd. b amasher aspded of Hydr oxy,
CN’ N3, N R%}n%’odlment, R® is optionally substituted (C1-Cs)alkyl. In another aspect of this

embodiment, R* is optionally substituted (Cs—Cyp)aryl. In another aspect of this
embodiment, Ar is optionally substituted nitrophenyl.
In another embodiment of the method for preparing a compound of Formula
10 Xla or Formula XIb from a compound of Formula XII, X!is CH, R" is H or CH; and
one of R® or RYis H. In another aspect of this embodiment, R is F. In another aspect
of this embodiment, R* is OH. In another aspect of this embodiment R* is OH. In
another aspect of this embodiment, each R* and R* is OH. In another aspect of this
embodiment, each R* is F and R* is OH. In another aspect of this embodiment, R’is
15  H. In another aspect of this embodiment, R is optionally substituted (C1—Cy)alkyl.
In another aspect of this embodiment, R’ is CHs. In another aspect of this
embodiment, R’ is optionally substituted (Co-Cg)alkynyl. In another aspect of this
embodiment, R’ is ethynyl. In another aspect of this embodiment, R’ is CN. In
another aspect of this embodiment, one of R® or R% is H and the other of R® or R is
20  optionally substituted (C;-Cg)alkyl. In another aspect of this embodiment, R® is
optionally substituted (C;-Cg)alkyl. In another aspect of this embodiment, R* is
optionally substituted (C¢—Cyp)aryl. In another aspect of this embodiment, Ar is
optionally substituted nitrophenyl. In another aspect of this embodiment, R® is
NR'"R". In another aspect of this embodiment, R® is OR'!. In another aspect of this
25  embodiment, R%is NH,. In another aspect of this embodiment, R®is OH. In another
aspect of this embodiment, R’is H. In another aspect of this embodiment, R’ is
NR''R'. In another aspect of this embodiment, R’ is OR!'. In another aspect of this
embodiment, R® is NR''R'? and R’ is H. In another aspect of this embodiment, R® is

NR!'R'? and R’ is NR!'R 2,
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15 NH(Ra), NH2, C(O0)N(Ra)2, C(0)NH(Ra), C(0)NH2, OC(0)N(Ra)2, OC(0)NHRa),
OC(O)NH2, C(O)OR, OC(0)ORa, S(0)11Ra, S(0)2N(Ra)2, S(0)2NH(Ra), S(0)2NH2,
ORa or Rayoant/amh Ar is a (C6-C20) aryl or heteroaryl pamarsedn/os&#st
(C6-C20) aryl or heteroaryl is substituted with one or nore hal ogen, NO2,
or (G -C8)hal oal kyl and 20 optionally substituted with with one or nore CN,
N3, N(Ra)2, C(0)N(Ra)2, OC(O0)N(Ra)2, C(0)OR, OC(0)ORa, C(0)Ra, OC(0)Ra,
S(0)"Ra, S(0)2N(Ra)2, ORa or Ra with the proviso that Ar is different from
R4; said nethod conprising: (f) providing a chirally pure am no acid ester

of Fornula I X or @ shdihkr &MEE@AEN QI NnBRIId 28R4 ESar rar@félnlﬂ_)olu?fd of Formula (9)

treating the conpound of Formula I X with a conpound o olr_rrul a Xin the
presence of XlasadernplardbXenrecompeud GiivemelanXBaXhisX3iR' hal oyeH;, oand

of R® or R%is H and R is H. In another aspect of this embodiment, R? is F. In
another aspect of this embodiment, R is OH. In another aspect of this embodiment
5  R¥is OH. In another aspect of this embodiment, each R? and R** is OH. In another
aspect of this embodiment, each R? is F and R* is OH. In another aspect of this
embodiment, one of R® or R? is H and the other of R® or R%is optionally substituted
(Cy-Cy)alkyl. In another aspect of this embodiment, one of R® or R% is H and the other
of R® or R%is CHs. In another aspect of this embodiment, R® is optionally substituted
10 (C)-Cg)alkyl. In another aspect of this embodiment, R* is optionally substituted
(Cs—Cao)aryl. In another aspect of this embodiment, R* is optionally substituted
phenyl. In another aspect of this embodiment, Ar is optionally substituted nitrophenyl.
In another aspect of this embodiment, R® is NR'R'™. In another aspect of this
embodiment, R® is OR!. In another aspect of this embodiment, R® is NH,. In another
15  aspect of this embodiment, R® is OH. In another aspect of this embodiment, R’ is H.
In another aspect of this embodiment, R’ is NR''R™. In another aspect of this
embodiment, R’ is OR!'. In another aspect of this embodiment, R® is NR!'R'? and R’
is H. In another aspect of this embodiment, R¥is NH, and R’ is H. In another aspeét
of this embodiment, R® is NR''R'? and R’ is NR''R'2. In another aspect of this
20  embodiment, R® is NH, and R’ is NH,. In another aspect of this embodiment, R® is
OR!" and R? is NH;. In another aspect of this embodiment, R®is OH and R’ is NH,.
In one embodiment of the method for preparing a compound of Formula XIa
or Formula XIb from a compound of Formula XII, X' is N. In another aspect of this
embodiment, R! is H. In another aspect of this embodiment, R’ is F. In another
25 aspect of this embodiment, R’ is optionally substituted (C;—Cg)alkyl. In another
aspect of this embodiment, R' is methyl. In another aspect of this embodiment, R' is
optionally substituted (Co—Cg)alkenyl. In another aspect of this embodiment, R! is
optionally substituted ethenyl. In another aspect of this embodiment, R’ is optionally
substituted (C,—Cg)alkynyl. In another aspect of this embodiment, R’ is optionally
30  substituted ethynyl. In another aspect of this embodiment, R? is F. In another aspect
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(h) treating the resulting m xture with ArOH, thereby form ng a conmpound of
Formula VIT11. Typically, the chirally pure amno acid of Fornula I X or a
sal t therwof2oi2igiessol ved or suspended in a suitabl e norcmusk@opiniski c
solvent. Non-limting non- 10nucl eophilic solvents include hal oal kanes,
e.g., nethylene chloride, dichloroethane and ethers, e.g. dioxane,
tetrahydrofuran and glynes. Typically, the suspension or solution contains
about 0.1 to about 5 noles of the conpound of Fornula I X per liter of

sol vent. The suspension or solution of the chirally pure am no acid of
Formul a | X io$ tHiSethb@aimes:, R i 0OH. qgaﬁ&nachspéct Epﬂmlﬁba&lmlm%d oM, hhe
reaction is conducted at about -20 to about 60 C.The nole ratio of the
conpound ofaF@hWUﬁHﬂﬁXfﬂ@S?@b@@@%@b@ﬁ@lbﬁmﬁé?anaHx]m§maﬁ@n@%&d2ﬁﬂ@5about
2L, bref e abtobaARatcadi 42 s €250 bon by SRRAELEde b, LiRoARERERCE, ©f 2

non- nucl eophi I ng exa es of onnuc ases are
tertiary anHe®,an6thgr adpeitaifhiyik aﬂﬂba@meﬂt IRSI’ PSS EY Elﬁfdsﬁfﬂtélﬁ(@ndg)alkyl

20tri ethyl am ne; netal hydrides, e.g. ;lH NaH and CaH2; and nitrogen
cont ai ni hg Wereatberyaepasso @mgemlmﬂrlméliltng §mtlan¢1@t3¢9$t§meﬁé€yﬁs)@imyl n a

preferred e t a ne._such l,.am ne.
Mhen the consonndrare b RS TulnRal 1 EEA Y B BRs87 8 b S e ot o
rati o of baseaecbpHRE dsneR"clem@cImaﬁbtbér aEpdeﬁbfﬂnd éﬁnlb@hmyxm slad éﬁR%chtlsHahd I f the
conmpound of Formula | X ig |l e ratio of 25 base to the

cormpound of rapthencd R xr Bs 1sagg1g>paliy &“bStltUted (CTT%)qn@éc {1 gptlsr apprst elfound of
Formul a | X \é'}nthdxter:% ,G01P8 X ﬁ% st %ﬁ&-@ﬁ%kﬂe ih Qﬁ&tﬂéﬁgﬁp& o Y

conventi onal rmneans nomm se s art means i ncl ude

t hi n-1 ayer ehﬁo&ﬁkmgﬁéphymﬂﬁdnhpﬂmuum&B@%Lﬁggaﬁhdhmﬁﬂh&&kmea@fﬂhhe conpound
Formula 1 X and the compound of Formula X is conplete the reaction is
treated wit KMROpHSHbIAES eBRPBHNqubstieHedwdorhawl | s defined as herein. The

nole ratio of the, bout
1: 1.1, preferabl y a %fafr%{&e?}ﬂ[eﬁgg&gg dfof\?gr?ahﬁg %Q%O&gé‘?fﬁogrﬁa base is
reqU|red tyﬁaanMynﬂmKﬂgﬁoﬁba&ﬁnmnmﬂ@ﬁFonmﬂzQIID@1aNLR?gaﬂer€fEdndn t he

reaction. ditional base .is non- nygl.e p |I|c base such as
descri bed al‘ig H{ derd 13%2&%‘%&?@%@@8? adlmemlﬁ odher ggpect

convent n9nabfﬂ§@aﬁbm%k RO DAS&n adthéredpdcot (& éﬁﬁodlﬁ&{tf@x%@heant he salt

formed in the reaction may be preC|p|tated fron1the reaction mxture and
t he conpoundngherRspentb&thid ¢mbodmicatt e@hﬂy and R* is OH. In another aspect of this

embodiment, each R* is F and R?* is OH. In another aspect of this embodiment, R’ is
H. In another aspect of this embodiment, R is optionally substituted (C—Cy)alkyl.
In another aspect of this embodiment, R” is CHs. In another aspect of this

20  embodiment, R’ is optionally substituted (Cy-Cylalkynyl. In another aspect of this
embodiment, R” is ethynyl. In another aspect of this embodiment, R’ is CN. In
another aspect of this embodiment, one of R°® or R? is H and the other of R® or R% is
optionally substituted (C;-Cg)alkyl. In another aspect of this embodiment, R® is
optionally substituted (C;-Cg)alkyl. In another aspect of this embodiment, R* is

25  optionally substituted (Cs—Cyo)aryl. In another aspect of this embodiment, Ar is
optionally substituted nitrophenyl. In another aspect of this embodiment, R® is
NR''R'. In another aspect of this embodiment, R® is OR'". In another aspect of this
embodiment, R®is NH,. In another aspect of this embodiment, R%is OH. In another
aspect of this embodiment, R’ is H. In another aspect of this embodiment, R’ is

30 NR'"R'™. In another aspect of this embodiment, R’ is OR''. In another aspect of this
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10evaporation of the solvent followed by crystallization or chromatography.
I n one enbodi nent of the nethod of preparing a conpound of Fornmula VIII, R5
is Hand woeofoiRessor Rd is H I n another aspect of thi eCerdseditmess81 one of
Re or Rd is H and the other of Re or Rd is optionally substituted

(G -C8)alkyl. In another aspect of this enbodi ment, one of Re or Rd is H
and the other of Re or Rd is CH3. In 15another aspect of this enbodi nent,
R6 is optionally substituted (Cl-C8)al kyl. In another aspect of this

enbodi ment, R6 is opti onall¥ substituted (Cl-C8) secondary or tertiary

al kyl . I'n armttvdimenspRtis NE" R Hiasd &fitrodi ireatothd®aspe:t opthisomabddymentpRi ist ut ed
(C6-C20) aryl...,ifrman er.aspeet of this enbodinent, R4 is optionally
substit ut ed %%egyla.ngbﬁ 1%1% r aspect of this enbodiment, Ar is optionally

substituted 20 qhtaﬁ@tnaeaﬂﬂ,odiﬂqenm%métha@R@%e&hngaic%m@mmﬁ&mﬁ i's

optionally substituted paranitrophenyl. In another aspect of this
enbodi ment , Xlaeor Eximeln Xl from ¢ hempamdod Feimeletl, Xt is A6 Reds HorRéamke Rd i s

S. | th t.of thi di pent , t hirality at.th b
i roct 1y Sar hdnantt & el RS PR el 1 6P Sl R Broods ment.

t he conpoundinofheFapsitlod tiXe@bodialcht, Ry OB ,Inlafiot@br Apb&Tof efis amPaditead | Y
occurring a-aw no 25aci d, | n_anot her enbodi nent the met hod of

preparing a Foietdndn agotisragpich olAbly emipmlientipach e agfl RReisdPHRE another R6 i s
optionally ' e i - C8) 2, | [ |l bst,.t ut ed

(G5 50 ar yi FiRs bE ol A et is PR R S DERD SRR SpRutB i s
and t he ot hemboflinRet,ameRd R°or B ts Mnal the shdrof RC ot BY i Gitoe8]) ypdubytitutedn

o or Rl s (G0 WeRHer SaSsLeL BT aRgBg o N HSTofeshal |y
subst i t ut ed @€} gS %@Hga{n%/ang{he{b ggtp:eth{fX}gégiﬁlébdirﬂeﬂf,%‘ﬁ% Eonﬁﬁz%&sﬁ%eé hi s

enbodi nent, R6 is optionally substitute - propyl. not her aspect of
thi s enbodi EnCs)aldl.i b opthepasiecyoShiyshibodineoht,fhenpbtiodallyaniedtinged aspect of

this enbodi nent, Ar .is optjonall bstituted nifrophenyl. In 5 another
aspect of tﬁ&é‘%ﬁﬁ)&%i i‘é 0,h%asl?eé’%/%%kl‘iscﬁ%(ﬁyn%b%tﬁstoﬁfl%lﬁbféﬂléﬁﬁ?tﬁiiophenyl :

| n anot her ty j R A ol . her
aspect of t%?lg&ghtl)%gio%%%p%t he cﬁ??%??lté{/eng% r][q ﬁéﬁé%raggg@%?%%% ?lblggﬁﬁg%hed to
Re and R4 i dn8nother aapat béthimspeatimedt, RhissNRHBYdiImensthet dspecthoif riad i ty at t he
carbon directly .att dta and Rd is R.. .In another gaspe f this
enbodi ment , ?}‘%dg%wﬁma?ﬁ? 1'%‘!'%% rf‘ske%trol?\él&?? H&P@GF,R .nggzaﬁn R of a
natural |y 0GepHcE bNdlistm®BdReACRYis OH. In adothe®AQIDES tBRRAHARMNt A° & pe et hod
of preparing a conmpound of Formula VII 15 H one of Re or Rd is H and

, RS
t he ot her oflnReother aRpedt of Byt ¢mbmillnyntsﬁg§tNRuRé2d I @hotls) abéap lof thHRE i s

optionally s itu (Gl al kyl . an 1S 1 onalJsy bsfibt ut ed
phenyl . In §ﬁ%’?}hg}en§§g€ég%f' nha}ngﬁlg%sgﬁgr?gﬁbl,s egﬁgalg?enggi dt ﬁ%d% sarﬁhgnd t he
ot her 0oR0Re is B5 I@andRberi aSpdHi3f thigernataiment, RSREM, #d RMisH. eradingEMpectR6 i S
optionally substituted (C1-8,C8¥(115%30nda9r_y or, tlgrti ary al kyl. |n another
aspect of t K érigaBbeiment R ReNRs Ropaiddhab NR stibsn engtleas aspest ofthis. | n

anot her asp ] IS ' . [ ot her.. g¢. of this
embod: ment - RoTe gliE (S SHPOREY i N LR sl B AR s Dt o
thi s enbodi iRt andR’ issNEpt Inomathey aspobisifitiistedodiatent, R tis ophamyr’. is NH.anot her
aspect 20 of thi? enbodiqrr%nt, Ar is parg- trophenyl. In anot her aspect of
this enbodi ment, ¢ ARPRH;Fhodiyent of theanethedyion PriPaEBE R yompesdRidormuRdaand Rd

is S Insangf ek, @?&%ﬁcéﬁfﬁc&l . &c@ﬁmg ilsema(rﬁieste% la?er&m F&Jniutl%/ Ia?% Fhi¥gu g ar bon

directly attached to Re and Rd is R In another aspect o IS enbodi nent,
t he conmpoundIgf, Fommid B 15 Koonuls MItb ahé Fewfyla ilss #nrmedb IVof a natural ly
occurring a-am no acid.
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251 n anot her enbodi nent of the nethod of preparing a conpound of Formula
VIIl, RS is H one of Re or Rdis Hand the other of Re or Rdis CH3, R6 is
opt i onal Iwo=uotzatip4e8t ed (Ci - C8)al kyl, and R4 is optional PgTAISRGII0g458Ed
phenyl . In anot her aspect of this enbodinment, R6 is optionally substituted
i -C8) secondary or tertiary alkyl. In another aspect of this enbodinent, R6
is optionally substituted 2-propyl. In another 30aspect of this enbodi nent,
R6 is 2-propyl. In another aspect of this enbodinment, R4 is phenyl. In
anot her aspect of this enbodinment, Ar is optionally substituted

ni trophenyl. In another aspect of this enbodinment, Ar isgeoptionally
substituted para- nitrophenyhy. In amother aspect of this}]enbodinent, Ar is
par a- ni trophenyl . In another aspeck of this enbodinent, the chirality at
the carbon directly atRched'to Re"and Rd is 5S. In an aspect of this
embodi ment, the chiralityCat t /car bo ,d”rectly att Re and Rd is
R In another aspect of this Ot e \\ihe conmpound |of Fornmula I X or salt
thereof, is an ester of a naturallg%ﬁytu i

anot her enbodi ment of the nethod for preparln
| b or a pharmaceutically acceptable salt or es
Formula Xla, 10 Fornula Ib is Formula Xl b gpd
OR15 rio6 '"P 0O RC Rd R40

) Formula la is

Formula XIIIb
R8

Formula XIV

wherein:
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Formula Xla R8 Fornmula XIb R8 HOR9 7 R22 R2 Fornmula Xl wherein:
each Rl is independently H, hal ogen, optionally substituted (C -C8)al kyl,
WO 2012/012465 PCT/US2011/044581

each R' is independently H, halogen, optionally substituted (C;—Cg)alkyl,
optionally substituted (C,—Cjg)alkenyl or optionally substituted (C,—Cs)alkynyl;
each R? is independently halogen or OR';
each R’ is H;
5 each R* is OR'! and
the remaiﬁing variables are defined as for Formulas Ia or Ib or II or IIla or
Ib.
In one embodiment of the method for preparing a compound of Formula XIIIa
or Formula XIIIb from a compound of Formula XIV, X' is CR'®. In another aspect of
10 this embodiment, R' is H. In another aspect of this embodiment, R'® is CH;. In
another aspect of this embodiment, R' is H. In another aspect of this embodiment, R’
is F. In another aspect of this embodiment, R' is optionally substituted (C1—Cyg)alkyl.
In another aspect of this embodiment, R is methyl. In another aspect of this
embodiment, R' is optionally substituted (Co—Cyg)alkenyl. In another aspect of this
15  embodiment, R' is optionally substituted ethenyl. In another aspect of this
embodiment, R’ is optionally substituted (Co—Cg)alkynyl. In another aspect of this
embodiment, R’ is optionally substituted ethynyl. In another aspect of this
embodiment, R? is F. In another aspect of this embodiment, R? is OH. In another
aspect of this embodiment R** is OH. In another aspect of this embodiment, each R*
20  and R¥is OH. In another aspect of this embodiment, each R? is F and R* is OH. In
another aspect of this embodiment, R’ is H. In another aspect of this embodiment, R’
is optionally substituted (C;—Cg)alkyl. In another aspect of this embodiment, R’ is
optionally substituted (C,-Cg)alkynyl. In another aspect of this embodiment, R is
CN. In another aspect of this embodiment, one of R® or R%is H. In another aspect of
25  this embodiment, one of R® or R is H and the other of R® or R? is optionally
substituted (C;-Cg)alkyl. In another aspect of this embodiment, R® is optionally
substituted (C;-Cg)alkyl. In another aspect of this embodiment, R* is optionally
substituted (Cs—Cyp)aryl. In another aspect of this embodiment, Ar is optionally
substituted nitrophenyl.
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5optionally substituted (C2-C8)al kenyl or optionally substituted

(C2-C8)al kynyl; each R2 is independently hal ogen or ORll; each R5 is H;
each R22 we 20RI0248d t he renmi ni ng vari abl es are defi ne#caasban/okssnul as | a
or b or Il or Ma or 10 M. I n one enbodi ment of the method for
prepari ng a conpound of Fornula Xla or Fornmula XIb froma conpound of
Formula XIl, X1 is CRL. In another aspect of this enbodinent, RLis H 1In
anot her aspect of this enbodinment, RL is H |In another aspect of this
enbodiment, R1 is F. In another aspect of this enbodinment, Rl is

150pti onal | y subgh hhath@bn(Holinkd) af Kielmethsd M@E&’}ﬁﬁn@%&@ﬁboﬁﬁd &t gmula
enbodi nent, Rl is_nethyl. |In another aspect of this gnbodi nent

optional |y stbawrFareea XEHb domnp Rempeund of Féi’ﬁ@’tl}f"i‘@ﬁvag%é%pl’bﬁ infler CH3S
enbodi nent, R o}, Pﬁ%ﬂ@%% Iﬁ‘éﬁgtﬁrﬁ%{%’sﬁa@% ?@g%ho?l}g& AReLiRr papegl Of this

enbodi ment, Rl 1s optiona su n an er aspect
of this enbcadpam&nfthlsl%jnhodlmqﬁtt,l 0. Bubstlicr aspedt (ﬁﬁhish:yrﬂmlchmém Rahist her

aspect of thi rrbo n anot her a t hi s _enbodi nment,
R e Y | Wbt A SREEt OIS et BodR e L “ROR 18 B I HORRBEWEH aspect
of this enb%@klﬁ?%bo&ﬁ‘l‘éﬂt Béchat?ds R24diRs? Qbp! r‘[n%ﬂ@@h@@ésg@@t%?@ﬁw of th' S

enbodi nent, each R2 |s Fand R22 is OH. In another ect of
enbodi nent , eRbogignent R’ IlnHariotah@helacspeczttof dfis embedimeho &’ mmmonmyl s

ti |1 bsti t Kyl . h t nbodi nent
o e S, e PA Ay s ARSI, P €70
enbodi ment, ReihkSashdbt of thidARbQEMAS R oftfonbily SubSHRRA (@@ﬁ)daﬂgﬂﬁd of, Re or Rd

is H In another aspect of this errbodl ment, one of Re of I's"H and 5t he
ot her oflORe aoqothétdaSpsct@[ﬁthls)mleImsmtbRt ist thsedfl ( Man08)eabspekt oflthisanot her aspect

aspect “of |t ATLOBRSMTn e Byl sl Shal iy Lol 0 Qe arma |
anot her aspeied othér ¢ or RITROSHHBAN Y sulblstitufedl lQRALI1Y 1§ wﬁérta@ﬁ&@ofthls

ni trophenyl. |n another embodi ment of the method for preparing a conpound
of Formul a Pmbxd@mﬁ, R-ds apiicaally Bulfstisrieh(G drpdlivd Toenetbemasbect XF this X1 i s CH,

embodi ment , SREOREEC I i brgeRlY s Tepliled e EriEoE BoaPRa fPeRo e Oy
anot her 18s p%ﬁibo@fménh'fﬁr i€ aﬂ? RlibdRaded ﬁm@E& heryl BNRIORRE a@RBeGtthRl thi s

enbodi nent, each R2 an, %1 1§ . I n anot her "aspect of this enbodi nent,
each R2 i s Fm@adinrzp R sSNBr R'n hrsother aa@p@tﬁth@fentmdsn@frﬁbdsﬂh IR7 is

another aspect of this embodiment, R® is NH,. In another aspect of this embodiment,
R*is OH.
In another embodiment of the method for preparing a compound of Formula
20 XllIa or Formula XIIIb from a compound of Formula XIV, X!is CH, R' is H or CH;,
one of R or R%is H and R” is H. In another aspect of this embodiment, R? is F. In
another aspect of this embodiment, R is OH. In another aspect of this embodiment
R* is OH. In another aspect of this embodiment, each R* and R** is OH. In another
aspect of this embodiment, each R? is F and R** is OH. In another aspect of this
25  embodiment, one of R® or R¢ is H and the other of R® or R%is optionally substituted
(Cy-Cyg)alkyl. In another aspect of this embodiment, one of R® or R%is H and the other
of R® or RYis CHs. In another aspect of this embodiment, R® is optionally substituted
(C1-Cy)alkyl. In another aspect of this embodiment, R*is optionally substituted
(Cs—Cao)aryl. In another aspect of this embodiment, R? is optionally substituted

30 phenyl. In another aspect of this embodiment, Ar is optionally substituted nitrophenyl.
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15H. I n another aspect of this enbodinment, R7 is optionally substituted

(G -C8)alkyl. In another aspect of this enbodinent, R7 is CH3. In another
aspect ofwohoe/amssdi nent, R7 is optionally substitutedpCCarsadyakisgnyl . In
anot her aspect of this enbodinent, R7 is ethynyl. In another aspect of this
enbodi ment, R7 is CN. I n another aspect of this enbodi nent, one of Re or Rd
is Hand the other of Re or Rdis 20 optionally substituted (Cl-C8)al kyl.

I n anot her aspect of this enbodinment, R6 is optionally substituted
(C1-C8)al kyl. In another aspect of this embodinent, R4 is optionally

subst i t ut ed If &Goth@Qkpecy bf thigenaatifent, RSpacr''Rf*, ttﬂlaﬁotﬁaa@gwmﬂtms Aris
optionally subst| tuted nitrpphenyl. In another aspect of this enbodinent,

R8 i s NR11Rembofimenhdt H%pRaspIé‘(ﬁm@Ff pspieet of ivbye ampredimen® jis NER In apthgiot her
aspect of tgﬁ%"ggf@i%fgoﬁm SgNH2. 1 n another aspect of this

enbodi nment n ano Her' aspect of this enbodinent, RO is H In
anot her aspect ofin bik enesdimdntaEthe method SofiRégariRh 2 colrr[poaﬁd)bflEdSmaﬂépK(EﬂIa of
t hi s enbodi nent anot her aspect of, .this enbodinment, R8 is

. In
NRL1R12 and° t”%u@ﬁﬁh%ﬁbt RPP tFoppulpRY1y, éntibbF minanothes asreckhpd 1R12
and R9 is NgllBlLBodiment, R is HN Iﬁgﬁ’étﬂﬁr asﬁé’g?gﬁth'?éeé}ﬁbdﬁfu%&ﬁteRnﬁtﬂqoﬂ 8 er

preparing a conpound of Fornula Xla or For mul roma compoun
Formul a Xl | aspétt mﬁh@dmblaﬂhmcfmt,l-l{lous O@t‘r&all@mebﬂftutaé((olr (Rehlksd. hh @ancheR? | s H In
anot her aspect of i s _enpbodi nent, . I'n anot her aspect of this

enbodi nent , 2feect &'t B%emmd% h%rlsa%ep@ét hb?n‘tﬂllﬁrs“sléﬁ%%ﬂihﬁéﬁt ogipes, RSO, 1 n

anot her asp 1 tther aspect
another speofy b RUBRCL A%k SR a0 R i, bR ! 2o
enbodi g6t , O@ﬁ@ned)lfy sﬁbstmttedethieﬁythaa@bthérespﬁchefthtsfenlﬂﬁ)deheerRl B o(pﬁbma@tfyal ly

substi t ut ed (CF @zal kél I n anot her aspect of this enbodinent, one of Re
or Rd is H &Mertifred Gin s)atkbfnﬁe Ipangihes @p@ipf thinerabediment, gsﬁfe%?ttloéti X% his

embodi ment, g? tlltlﬁ?é) Qtw o%t%%sa ccyp b%%hrgé% %:k%é“o) %ﬂgrt a@]%\éct aspect

of this errbo ona not her

aspect of tpmxemmﬂlmemm 8401{5 Iﬁ)aﬁctbdfraalspect sﬂmsstmwdaderphéﬁw OHI m anot her
aspect of this enbodinment, Ar js optionally substituted nitrophenyl. In
anot her aspébetheraspeqt o drseabodiment, paphi R aufR RisOH; rlna‘ﬁﬁ@ﬁ”eﬁtspa%tp’é@tls of this

enbodi gt , R8kishd ?BJe%ch kP FNQNER 26peah aﬁtfgzlctjq ﬁec‘? %P@ﬁs &ﬁ&gdtmg% Rs 1sNH2 In

anot her 15aspect o is enbodinent, R8 IS anot her aspect "of this
enbodi ment , HR9niasofter dspectrndtiie Embécﬂl&mht ® is hptﬁ)neﬁjbﬁdjsﬂ’&ﬂtﬁd, (ARICHSIKNRLIIR12.
I n anot her aspect of this_enbodi ne RO i anot her aspect of this

enbodi nent , IRangtergaerRaHth: ‘t@lmsntrﬁ 1Sr?P§ﬁ%%1We%Ub€§§pT€@t(Cpffs)@Pﬁyeyl

enbodi rrent, n;aPQ ment, R8
is NR11R12 a%hblsaSWNR{l}%R%gb&ﬁ#é%tngt er az‘gé‘é‘?ﬁﬁﬁ Sé%c?éf%% &nrfggﬁ %ehnt

is NH2 and R8e bERNMR ik il dmobdiber aapq:mof thaf erhidémemtbodt ofeRftar R8s H&nﬁRll and
RO is N |.n pect of i S and s NH2.

In one oél?"npgﬁ?r 02 g Hetige 36?“ P @?%%y(%nﬁb@w%%@ﬁf&t B Xla or
Formul a XI befn'b@@i‘n?bn@%Qb‘ﬂﬁ)rﬁﬁy Eesitl@d o L) afiyil qn Bhoth8t APQL Bemigspect of
this enbodi ment, Rl H~ I n anot her aspect of"this enmbodinent, RLis F. In

anot her embodlment R is optionally substituted (C¢—Cyp)aryl. In another aspect of this
embodiment, Ar is optionally substituted nitrophenyl.
In another embodiment of the method for preparing a compound of Formula

25  Xlaor Formula XIb from a compound of Formula XII, X!is CF, R! is H or CH; and
one of R® or R%is H. In another aspect of this embodiment, R? is F. In another aspect
of this embodiment, R? is OH. In another aspect of this embodiment R*? is OH. In
another aspect of this embodiment, each R? and R*? is OH. In another aspect of this
embodiment, each R%is F and R*is OH. In another aspect of this embodiment, R is

30  H. In another aspect of this embodiment, R’ is optionally substituted (C—Cys)alkyl.
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25aspect of this enbodinent, Rl is optionally substituted (Cl-C8)alkyl. In
anot her aspect of this enbodinent, RL is nethyl. In another aspect of this
enbodi merwQ 2RR/a13466pt i onal | y substituted (C2-C8)al kenyl PCrusamoness1 aspect
of this enbodinent, RL is optionally substituted ethenyl. In another aspect
of this enbodinent, RL is optionally substituted (C2-C8)al kynyl. In another
aspect of this enbodinent, R is optionally 30substituted ethynyl. In

anot her aspect of this enbodinment, R2 is F. In another aspect of this
enbodi ment, R2 is OH |In another aspect of this enbodinent R22 is OH 1In

anot her aSp&ﬁbn&ﬁerta@péct QWMmeﬁaRhw@{garlﬂ aRédet Ssp¥lofkils anot her aspect
of this enbodiment, each R2 is F and R22 is OH |n another aspect of this

embodi ment , cRPofEnayt, R ris aplétally salspared Gh-Challsymih bupather asieet pkthispt i onal |y
substi t ut ed &@ ﬁ?e)n?lﬂ% Eﬁly@) 'Trll E}?&B%}%EQ&?%@ Qhbddihgn® ﬁbosd('r‘ﬁefﬁ R7 is

optionally s ut’ed i anot her aspect o

enbodi ment , aRFthersaspdét of ﬂnﬁétﬁbdi‘rhmeﬁispﬁ@(bf lbcfortRﬁlsl—IGa[ﬂalCtHb ot of Bne RifisRe or Rd
is H In anot her aspect of iment, one of Re or Rd is /H and the

ot her of °Re OBPOIF?éIlylsgb%‘é‘t‘tF%ﬁ%ﬂ C@aﬁg slﬂlaﬁﬁt@ié‘da?@t ofgigpRppdiment, §n61 her aspect

of this enb%ghm subRithtsd pL CQQ&Q yxn%ﬂl%te %y&&%f@&}el% H@& Ln anot her

aspect of this 10éenbodi nent, IS optiona substitute 0) aryl. In
anot her as p@pho@ﬂlytshbsltﬁadb(xdd—img)aryl Aﬁh ansthephdpecadfltlyis s:mtbsﬂllrrtdnt ed is
ni t rophenyl | n anot her enbodi ment of the method for preparing a

conpound of OPB?rFﬁlﬂD’éub@UéUtS‘ii nitiophenya R mothes asnsceefipisgrtbodmmbrfisa X1, X1
is N Rlis Nﬁ(l%lzcﬁ?’a&ﬂﬁe& P BR e%{bolgg%ér? ikt isldR'@angf Qf%'%he?%ﬁ%g{o fist S

enbodiment, R2 is F. In ano er aspect t hi's enmbodi ment
anot her 1éspenﬂoo¢1fmdnh|@ 19Nﬁbdllmemuthd%212pacsoﬂ-1hs dnbcdimérieR® aspiéct of th| S

enbodi nent, each_ R2 er as ect of this nment
each R2 is F and k3% Odvﬂefg Bf}#‘?é’i‘&]g%d‘pgéi’re@f‘ %?gma%mq@'ﬁ?mu 7 is H.
I n anot her agpeet F&fmammnsm% H@rﬂ%oun@%f@%nﬁﬂ%‘)@@abdlk 8HbRistpbedH,,

(G -C8)alkyl. In another as hi s enbodi nent, R7 CH3. [n afot her

aspect of t loheoPReortRdis rbmid R Hslnmpth@naapmyt@mlmstenfo-dmn( cBZ-m:B)mkynyl

| n anot her ct of .this i men not ect of
thi s enbodi ﬁ%ﬁ o a@ectg?% nﬁ CEWS? g 15@1[)%@1} PG ﬁisgecé%@’ e of Re
or Rd ig5H athstdie. of fivth@hsget Of thRenibodRidnt aash R9a§(!lR%2t1|sUH eﬁh another

(G - C8) al kyl . I'n another aspect of ,this e odi nment, R6 is opti onaIIy

subst i t ut ed arest dghisicripodimentegaeh Rais BapeRt inOH: M ancshissapeseaf thisRa | s
embodi mont , CRPURBteab ShERe RS KL RAT I e gtheP BER R R B vl st pect of
this enbodl I€PC;)aR§l.i B another aspect of this embodiment, one of R® or R is H and the other

of R® or R%is CHs. In another aspect of this embodiment, R® is optionally substituted

20  (Ci-Cy)alkyl. In another aspect of this embodiment, R* is optionally substituted

(Cs—Cao)aryl. In another aspect of this embodiment, R* is optionally substituted

phenyl. In another aspect of this embodiment, Ar is optionally substituted nitrophenyl.

In another aspect of this embodiment, R® is NR''R'?. In another aspect of this

embodiment, R® is OR'!. In another aspect of this embodiment, R® is NH,. In another

25 aspect of this embodiment, R® is OH.

DEFINITIONS

Unless stated otherwise, the following terms and phrases as used herein are

intended to have the following meanings:
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NR' R12. In another aspect of this enbodinent, R8 is ORl1l. In another
aspect of this enbodinent, R8 is NH2. In another aspect of this enbodi nent,
R8 i s OHwoOnommatdser aspect of this enbodi nent, RO is HPCrrusanmoewessl aspect
of this enbodinent, RO is 30NR11R12. In another aspect of this enbodi nent,
RO is OR'. In another aspect of this WD 2012/012465PCT/ US2011/ 044581
enbodi nent, R8 is NR1L1R12 and RO is H |In another aspect of this
enbodinent, R8 is NRI1 12 K and RO is NR' R 2. anot her enbodi ment
of the method for preparing a conpound of Fornula Xla or Fornula XIb froma
conpound of For mWlenXtade nxthes areNsedier¢in, dpphicar@hiByteraite idrpeddendy orclidd i s H
and R7 is H, I.n another .aspe of .this enbodinent, R2 is F, |n another
aspect of t Headsang Prodpct aﬁgtﬂfesacav-f pﬁWﬁ%‘g]r‘fgfmgfse&?&(s)o‘?ﬁ}f‘eh'ir%de@WBSdi nent
R22 is OH bmdapot her aspect of this enbodinent, each R2 and R22 is OH |In
anot her aspect of this enbodinent, each R2 is F and R22 is OH |n_ another
aspect of this eABSodedheaen, Grrongoure obtheRavansop! emd cohwovndelFamuRel"or Rd
is optiopally substitut i - | kvl . 1n.apother pect,,of this
embod ment . e Erowedtbf Sek St TR B et TG Rk B Eeeds °
anot her aspsgahilafy, Withsegrbodiisantble Riernfedids, tiealhtase Subshpdunded

(C -C8)alkyl. In another aspect of this enbodinent, R4 is optionally
subst i t ut ed Fersalehoyabey)” means aseornendeiibutiopruls and pharpoeiutissty R4 i s

oot el sibstbuLgEbenL |0 aneLhr sopect ol s enbed ren v 1s
R8 is NR 'R 2. IAlkylitikhedroaspec tohinidy ®rmal, secondary, tertiary or cyclic carbon
10 atoms. For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C;-Cyg alkyl),
1 to 8 carbon atoms (i.e., C;-Cs alkyl), or 1 to 6 carbon atoms (i.e., C;-Cg alkyl).
Examples of suitable alkyl groups include, but are not limited to, methyl (Me, -CH3),
ethyl (Et, -CH,CH3), 1-propyl (n-Pr, n-propyl, -CH,CH,CH3), 2-propyl (i-Pr, i-propyl,
-CH(CHj3),), 1-butyl (n-Bu, n-butyl, -CH,CH,CH,CH3), 2-methyl-1-propyl (i-Bu, i-
15 butyl, -CH,CH(CH3),), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH,CHj3), 2-methyl-2-propyl
| (t-Bu, t-butyl, -C(CHs)3), 1-pentyl (n-pentyl, -CH,CH,CH,CH,CH3), 2-pentyl
(-CH(CH3)CH,CH,CH3), 3-pentyl (-CH(CH,CHj3),), 2-methyl-2-butyl
(-C(CHj3),CH,CH3), 3-methyl-2-butyl (-CH(CH;3)CH(CHs),), 3-methyl-1-butyl
(-CH,CH,CH(CHj3),), 2-methyl-1-butyl (-CH,CH(CH3)CH,CH3), 1-hexyl
20 (-CH,CH,CH,CH,CH,CH3), 2-hexyl (-CH(CH3)CH,CH,CH,CHj3), 3-hexyl (-
CH(CH,CH3)(CH,CH,CH3)), 2-methyl-2-pentyl (-C(CH3),CH,CH,CHj3), 3-methyl-2-
pentyl (-CH(CH3)CH(CH3)CH,CH3), 4-methyl-2-pentyl (-CH(CH3)CH,CH(CH3),),
3-methyl-3-pentyl (-C(CH;3)(CH,CHjs),), 2-methyl-3-pentyl (-
CH(CH,CH3)CH(CHas)y), 2,3-dimethyl-2-butyl (-C(CH3),CH(CHjs),), 3,3-dimethyl-2-
25  butyl (-CH(CHj3)C(CHj3)s, and octyl (-(CHz)7CHs).

“Alkoxy” means a group having the formula —O-alkyl, in which an alkyl
group, as defined above, is attached to the parent molecule via an oxygen atom. The
alkyl portion of an alkoxy group can have 1 to 20 carbon atoms (i.e., C;-Cyg alkoxy),

1 to 12 carbon atoms(i.e., C;-Cy; alkoxy), or 1 to 6 carbon atoms(i.e., C;-C¢ alkoxy).

30 Examples of suitable alkoxy groups include, but are not limited to, methoxy (-O-CH3
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enbodi ment, R8 is OR'. In another aspect of this enbodinent, R8 is NH2. In
anot her aspect of this enbodinent, R8 is OH |In another aspect of this
enbodi nerwQ 2RR/i12465. | n anot her aspect of this enbodi nerCI/UR0IAH44RILIRL2.

I n anot her aspect of this enbodinent, RO is OR'. In another aspect of this
enbodi nent, R8 is NR11R12 and RO 20 is H |In another aspect of this

enbodi nent, R8 is NH2 and RO is H [In another aspect of this enbodinent, R8
is NR'R12 and R9 is NR11R12. In another aspect of this enbodinment, R8 is
NH2 and RO is NH2. In another aspect of this enbodinment, R8 is OR" and RO

is NH2. In apaidws), a@@tﬁ%t-oﬁf{%ﬁg{g%ﬁ@%{-ﬂﬁ%y (BiEHFHANGBR ah$tH2. 10

anot her enbodi nent’ of e net for preparing a conpound of "Fornmula la
250r | b or diksharmaceutically acceptable salt or ester thereof, Fornu:a I a
is Formula Xllla,Formula.lb is Fornmula | I.b. and. Foyrmula 11 is Formul a
XI'V:  Formula X v}ﬁ‘\?%ael%li i 40 A S 6&??%*39&??‘65%%&%2&%8&‘“8&% RLis

i ndependent |hydtbgehat@@est, thogikofahp ¥ replasdd Wwidh gdalo&dr £8halTky hikyopiriignal |y
substituged (C2-C8)al kenyl or optional substituted (C2-C8)al kynyl; each
R2 i s i ndeperidditaalkyh gragean spvaorto 2GeehborRgoms (14, GeaohaRalkyils 1OGRI2 and t he

remaining VagHARl £t e, B0 RfoAR], 3 106N aldfle | 8,8 akdpor 11 oF
Examples of suitable haloalkyl groups include, but are not limited to, -CF3, -CHF,,
-CFH,, -CH;CF3, and the like.
“Alkenyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic

10 carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sz double
bond. For example, an alkenyl group can have 2 to 20 carbon atoms (i.e., C»-Cag
alkenyl), 2 to 8 carbon atoms (i.e., C,-Cg alkenyl), or 2 to 6 carbon atoms (i.e., C»-Cg
alkenyl). Examples of suitable alkenyl groups include, but are not limited to, ethylene
or vinyl (-CH=CH)y), allyl (-CH,CH=CH,), cyclopentenyl (-CsH,), and 5-hexenyl

15  (-CH,CH,CH,CH,CH=CHo,).

“Alkynyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp triple
bond. For example, an alkynyl group can have 2 to 20 carbon atoms (i.e., C3-Cyg
alkynyl), 2 to 8 carbon atoms (i.e., C,-Cs alkyne,), or 2 to 6 carbon atoms (i.e., C-Cs

20  alkynyl). Examples of suitable alkynyl groups include, but are not limited to,
acetylenic (-C=CH), propargyl (-CH,C=CH), and the like.

“Alkylene” refers to a saturated, branched or straight chain or cyclic hydrocarbon
radical having two monovalent radical centers derived by the removal of two hydrogen
atoms from the same or two different carbon atoms of a parent alkane. For example, an

25 alkylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon
atoms. Typical alkylene radicals include, but are not limited to, methylene (-CH,-),
1,1-ethyl (-CH(CH3)-), 1,2-ethyl (-CH,CH,-), 1,1-propy! (-CH(CH,CH3;)-), 1,2-propyl
(-CH,CH(CH3)-), 1,3-propyl (-CH,CH,CH-), 1,4-butyl (-CH,CH,CH,CH,-), and the
like.
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I n one enbodi nent of the method for preparing a conpound of Fornula Xl Ila
or Formula XI1Ib froma conpound of Forrmula XIV, X1 is CR10. In another
aspect ofwo@vtem2essbodi mrent, R 1 is H In another aspec®PCofUSRO19H44581
enbodi ment, R1 is CH3. In another aspect of this enbodinment, RL is H 1In
anot her aspect of this enbodinent, RL is F. In another aspect of this
enbodi nent, Rl is optionally substituted (Cl--C8)al kyl. In another aspect
of this enmbodinent, RL is nmethyl. In another aspect of this enbodi nent, Rl
is optionally substi tuted (C2-C8)al kenyl. In another aspect of this
15enbodi nent, R1 ‘Adkapplengivalerstosinlssatiratedcbratchedyt stralght elrmdt brerychspect of

thi s enbodi tionally sub t|tu ot her
aspect of tﬁglg °§nglafa§i§ﬁﬂ‘avﬁf R ﬁ%ﬂr é) aﬂﬁ%@‘?@?ﬁ%@@%ﬁﬁ?ﬁwwa anot her
aspect of t hiyg noaideel B8Rt frol3hd §anFe orlthro ANREER CarBSR 8GsOF a bhicft Adpedi ment ,
R2 is OH In another aspect of this enbodinent R22 is OH "I n another aspect

of this enbd®raeample.ead hlkﬂwl@@ga@tw Rehayes] ©L0 darboarstarhe d teé@;e@bomatomm s
enbodi nmeat , n

enbodi megt 3%60?\%0’? ﬁtoglﬁo?%%?ﬁgs eggf:"ne Ifaaic émz D%f%r%en?(’t% eii to’ ot i onal I y
substi t ut ede( Hllenf )@J[:L(yﬁ{&zl n anot her aspect of this enbodinent, R7 is
optionally substituted ( C8) al kynyl . I'n another aspect of this

embodi ment, R7 i s‘AdiNnylene’anbrhieranawpdentedf bratvrhed enttagihtrelin onnyeliof Re or Rd

is H In angt S 25 this e of. [ and the
ot her of Re%éfgf B Igra b ﬂ%aﬁgﬁglt\yo%%@%ﬂ?% & Ca(léFlﬁffé)dS Yfg%y%%mg}%? Z‘r aspect
of this embagb m@mbgermom froftthOfald o twb lastdrénd t@bod HonEBY agogﬁéht au&ﬁleanot her
aspect of this enbodinment, R4 is optionally substituted C20)aryl. In

anot her 18spder exmpleas alkypdenaeaun canrhaye 1 §p2§ exsbon ayorgaﬂstml@ Gaben atoms

ni t rophenyl 6 gﬁﬁg embodi ment
of the net hoogl 1}{%)? %%%’éé)gtg’%ﬁg§§&% %%A&?ﬁ% (ilude)g? ‘1ltlgée%go(r%th g{e(rimq a Xlllb
froma compauadiend (-EaCmpap ?M( @H{zeﬁc GHnd Blpehsmbl (%H%ﬁszta‘mﬁ of Re or
Rd is H In another aspect this enbodi nent, R2 . I'n anot her aspect
of this enmbodi mnenAmipg Iiegersaﬂnenaﬂy Enotifegerasgiselwhich eamibe contidetedent R22 i s

5CH I n ano n
anot her aspedgﬁ{/atgégﬁ%mg% lttjbl\/ﬁl %gllgc _%X%%}Ii—leana%%%n c%gnﬂ anot her
aspect of thubstlaﬂhbﬁhumﬂisntul%ﬁ allsyl, Hubdtﬂmtah@tdieﬁbsaam@marmfcyélm sutefiladiore nt,
R7 is optionally substituted (G - l‘ %( .. I'n_anot her aspect of this

1.

embodi ment , URubsEtutsddicteraeyelilo e T hg zagipn phths ngrAgER isr?@H’EOXIWCIWP
[ |
optionally mﬁmlaﬁegnﬁees%@%m%ﬁm&aﬂmﬁz, B a:h%?l‘ﬂT ‘I\hﬁ( 912@@95

enbodi nent, R/ 1s I n anot her asp )f—?? is CN
| n anot her ai‘ﬁﬂeerfoocbfcl}ﬂhrN(heﬁemgclymeH(ire@rmdchda) a¥(aid),) —NHdaxazt)d the ot her of

Re or Rd is al ut ed al k In an er aspect of this
enbodi nent , Iﬁgﬁ( ]3&36* i %%ﬁﬁyﬁgh i‘iﬁ%‘é‘}’t‘c )ufrg(ga‘%? ]éﬁ ?59?3’0?3[1{: anot her aspect of
this embgdi R (RberbatyI, pN(anEb@j(hétex%bh@@t btb uwe@teﬁ@a@%%{owrefe}s% apot her
aspect of this 15enbodinment, "‘Ar is optionally substituted nitrophenyl. In
anot her aspe@otinggrophpubstituted ‘with at least one alkyl group. Nonlimiting examples of amino
groups include ~NH,, -NH(CHs), -N(CHjs),, -NH(CH,CHj3), - N(CH,CHj3),, -
NH(phenyl), -N(phenyl),, -NH(benzyl), -N(benzyl),, etc. Substituted alkylamino refers
generally to alkylamino groups, as defined above, in which at least one substituted alkyl,
25  asdefined herein, is attached to the amino nitrogen atom. Non-limiting examples of
substituted alkylamino includes -NH(alkylene-C(O)-OH), -NH(alkylene-C(O)-O-alkyl),
-N(alkylene-C(O)-OH),, -N(alkylene-C(O)-O-alkyl),, etc.
“Aryl” means an aromatic hydrocarbon radical derived by the removal of one

hydrogen atom from a single carbon atom of a parent aromatic ring system. For

30  example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 10
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enbodi nent, R8 is NR [R12. In another aspect of this enbodinment, R8 is
OR'. In another aspect of this enbodinent, R8 is NH2. In another aspect of
thi s enboaDrzer0124€8 i s OH. I n anot her enbodi ment of thePogtusoal1/0e+581
preparing a conpound of Fornmula 20 Xllla or Formula XIlIb froma conpound
of Formula XIV, XI is CH R is Hor CH3, one of Re or Rdis Hand R7 is H.
I n anot her aspect of this enbodinent, R2 is F. In another aspect of this
enbodi ment, R2 is OH 1In another aspect of this enbodinent R22 is OH 1In
anot her aspect of this enbodinent, each R2 and R22 is OH In another aspect
of this em%kﬁlﬁ@&om@%m@?a@ﬁgx%u%ﬂﬁd&@ bliSarOhbt hfltANOHGEA1FRREY Bk L hi S
25enbodi nrent, one of Re or and the other of R€ or Rd is optionally
subst it ut ed fegrenedy.al Riydnyl), wbstitoten benzasp aaphtidlertchirghre cdpodhipimy], awhtbeof Re
or Rdis Hand the other of Re or Rd is CH3. In another aspect of this
enbodi nment , “is optionally substituted (G -C8)al kyl. In another aspect of
this enbodi ment, ‘ylafkyOptef@nal dya§ubstikiiagldal(iCortia0d @y ol the hfﬂr@é@fﬁ her
aspect of this embodi nment, R4 is optionally substifuted 30phenyl .

anot her &spetemyponde 0 aiyben Fom. tymeallysar@ mmlspycagh@s@tptnmseaplaced

t henyl . t t hi
erbor mont, Tk RRTARTD P ks or ERast e AN RRARAG o e " o
I n anot her dspleatyletfant hijls nepslhbydtrmnﬂ,,z ﬁ@hﬂgzlé\slﬂax 14yh naplthbignzgls pect  of th| s
enbodi ment [

IS I n on t f the met hod for prepari a
compound of B?Prhﬁrogj%xl?%afs?df ’rﬂg Xpe prylalk g dreun eirempaise ¥ 80 il

XV, Xl is qarbolnrhtﬁﬂé)tﬁgerthé@l@?fzﬁxoféfty h't% r?g:{%ﬁ(%r | ERE and} FalfyrllHIOIétgf)o df?)t her

aspect of this enbodi’ I'n a aspect o is e I ment,
Rl is opti onldl ¢aybuatens.t uted (CL-C8)al kyl. In another aspect of this

enbodi mrent, Rl is, n. anot her s ct of Ih S enbodi ne Rl is
optional Iy substitl Y%’Bé/fltlz TESISAP PR AGYC ICIIO (e%g‘iaﬂ’éf? R Oléq‘Ofnh?s

embodi nment, 1¥lrdgen ARARIBORAR {Va SHbSTE Abit 85NN mindl ra)r @1@%&% ASRegk of
this embodi ment, Rl is optlonallf/ substituted’ (C2-C8)al kynyl. I'n anot her
a9

aspect of tHilsp @rmodal‘h@n@tomls iep giwdhanlalsyls&qb@ﬂﬂhﬂaed ertymefithe | N anot her

aspect of th| nb is F..ln a s.enbodi nent,
R2 is OH ?’aﬁﬁ(te qcaréénpclie%dt ¢ ?‘lmglee%o ?‘ftylg? éls“c(iﬁedq‘ﬁreérh@flﬁ& aspect
of this 16rrb0ﬂﬂtd’1\i@hlbort16@6f1tha% Jﬂﬂﬁerﬁzlaﬂl ﬁncgde foR e 2HRS18.64ny JF RRCAIk &N %rl bfdbups 15
enbodi nent, each R2 is F and R22 is OH. In anot her aspect of t

embodi nent , deelgsed perejng Hﬁcﬂfﬂék%ﬂpﬁwp &M CORIPEISR At AP ﬁ%fht)n afRns; %goﬁlel onal ly

substitut ed I t. i's
opt: onal |y Sy BORLE 2o PR Dehs BRPEE T indi 3 SPPALBH gt
enbodi nent, R7 i SAﬁimalldyny]étrteﬁemtb aaspedic abitynlyhraslicahinodhiokbhe ofthe of Re or Rd

is H In aan,B ect ofFﬁi‘his enbodi rent, gne of Re or ;Rd is H and 20t he
other of Re r‘lﬁﬁn? H&d%oine o 4 cazbpysatpiy batrallce tesmyinal ey o GRFPoRMRMEt aspect

of thiszo alsoan sp carbon atom, is replaced with an aryl radical. The aryl portion of the
arylalkynyl can include, for example, any of the aryl groups disclosed herein, and the
alkynyl portion of the arylalkynyl can include, for example, any of the alkynyl groups
disclosed herein. The arylalkynyl group can comprise 8 to 20 carbon atoms, e.g., the
alkynyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms.
25 The term “substituted” in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyclyl, heteroaryl, carbocyclyl, ete. , for example, “substituted alkyl”,

%

“substituted alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted
heterocyclyl”, and “substituted carbocyclyl” means, unless otherwise stated, alkyl,
alkylene, aryl, arylalkyl, heterocyclyl, carbocyclyl respectively, in which one or more

30 hydrogen atoms are each independently replaced with a non-hydrogen substituent.
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enbodi ment, R6 is optionally substituted (Q C8)al kyl. In another aspect of
this enbodinent, R4 is optionally substituted (C6-C20)aryl. In another
aspect ofwOhloe/eamssdi nent, Ar is optionally substitutedPairtusephamsit | n
anot her enbodi nent of the nethod for preparing a conpound of Formula 25 Xl a
or Formula XIb froma conpound of Fornmula XIl, X1 is CF, RLis Hor CH3 and
one of Re or Rd is H 1In another aspect of this enbodinent, R2 is F. In
anot her aspect of this enbodinment, R2 is OH In another aspect of this
enbodi mrent R22 is OH In another aspect of this enbodi nent, each R2 and R22

is OH In anpphel sibspeehts dfclidy, suteibasti B toa3ChRRR 07, s=C; @Rd BRZ iss OH In
anot her aspect ,of this egFodl ment, R7 is 30H. I'n anot her aspect of this

enbodi ment , -RR 1-sNOpbi ONRII- (}Xsul@{ i- @G%CSQMM%@WCS -NR), a0t ié¥2, aspect

A R R SR S B S S T

enbodi nent , -Ea?s(zr@)z@RhySWO)zmn zamtcbm meoy(cmtb)z; m(somnbglwm),(osz is CN.
| n anot her ect of this enbod Rd ﬁnd t he ot her of
Re or RdSi s 'Pg(@b@ﬁémaﬁ(@((% EBG8 1 Crr) ooy S R 1 HoRheF @pect | of

this enbodi i i y g@ﬁg R U kydnb | er
aspect of t$ )enbodd(?%gﬁ igié og i‘onaf Sj%%]ﬁ@?l 'ﬁ g)ﬂ& Qac I n
anot her aspeXts 1o<ﬂepehdl<mtlgraﬁmdhgmnﬁ,,ClABr ios L;optlicactaRl i inddpehddntity 61 alkyl

ni trophenyl. In a er. as ec of this enbodinment, R8 is NRl |In another
aspect of tHf @H%Bﬁ‘? EHECTORYS §r RIOteqtnE grYtHE Prodipe iy, Alkyleneg

enbodi ment Bé’e 18ndYaRd alk PnyadHt &b vRkinkilir s sGHRRG

I n anot her eanbgsél?rent %fﬁ%he r%ﬁ%g%? preSIpalrlﬁlgS a colrir(g:zgjtrrl11 Sﬁh%g‘il%ljl a
XI'I'1a orl OForindifatedXwhettherterm ‘5ubmmqmurmu5@ﬂ iFgomguctoXivith gips suomas RlL is Hor
CH3, one of R n LS er_aspect. of . th

enbods ment . 457 RY- Fhich hatd Gfiesitort Fetdier fer PP ShasBE R e G 1
anot her aspegtatt@dhed B e Q@[d@rﬂﬁean@ﬁzgety%r@dh I n anot her aspect of this
enbodi ment, each R2 and R22 is OH In another aspect of this enbodinment,
each R2 is F and Tikeserms prpqrug rﬁsalﬁ%ihﬁé?méﬁ@émamfcoﬁmom@%@dhmnt one of Re
or Rdis H f. naI substit ted

0 [y o1 oy P ARG o Rla Tl B B AL N RUDBE i, ¢
and t he 16t hes aedsulRef ch)nﬁdem& c&l&call rﬂaoaﬂﬁ{ts}'l eﬁzy&lﬁdl%tfélyzféﬁ chéthigalesdeagh®ENt , R6

is optional II%Q' bsti tuted 20£C1 C8) al kyl.. 1 n anot her aspect of this
enbodi nent , PRALOPSIS %r’i‘éﬂtﬁ? 1§G}b§?lf3‘%ll§%3€80f((@6f@@)i%ﬁ thuf A coypbanllEr aspect of

this enbodi e fied¥halos oP REdPRFH OF oS € anot her aspect of
t hi s enbodi nment, © Ar alog Oopte%non y s ‘ k%i%elh{tlétﬁngg‘cﬁﬁ ro ﬁgllrl§l I n anot her
aspect of this etﬁmdkﬂrled\ﬁn thR@rtivgll M@'égrRZeZthatlslubﬁmﬂﬁnthd&ﬁmﬁim@lfiS bfths

ec of .t his enbodi nent

nmbodi t NH2.
Snorher 25nspnppi of Foarub iR ST B cc OB Ry LN potnd Which

20 is sufficiently stable to provide a pharmaceutlcally useful compound which can be

I n

formulated into an acceptably stable pharmaceutical composition. Compounds of
Formula I-XIV which have such stability are contemplated as falling within the scope of
the present invention.
“Heteroalkyl” refers to an alkyl group where one or more carbon atoms have

25  beenreplaced with a heteroatom, such as, O, N, or S. For example, if the carbon atom of
the alkyl group which is attached to the parent molecule is replaced with a heteroatom
(e-g., O, N, or S) the resulting heteroalkyl groups are, respectively, an alkoxy group (e.g.,
-OCHj, etc.), an amine (e.g., -NHCH3;, -N(CHa),, ete.), or a thioalkyl group (e.g.,
-SCH3). If a non-terminal carbon atom of the alkyl group which is not attached to the

30  parent molecule is replaced with a heteroatom (e.g., O, N, or S) the resulting heteroalkyl
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Unl ess stated otherwi se, the followi ng terns and phrases as used herein are
i ntended to have the foll ow ng neanings: When trade nanes are used
herei n, appl2bznessi ntend to i ndependently include the Pcadsa@m®44s80duct
and the active pharmaceutical ingredient(s) of the tradenane product. As
used herein, "a conpound of the invention" or "a conpound of Fornmula I" 5
means a conpound of Formula | or a pharnaceutically acceptable salt,
thereof. Simlarly, with respect to isolatable internedi ates, the phrase "a
conmpound of Forrmula (nunber)" neans a conmpound of that fornula and

phar maceut i Gabdp¥ aRC EEPSaDES, mallitys ethbﬂ“(@rge otHzc’;y% kvt Hs, it NidEIRGENRRE

cont ai ni ng nornal , secondaﬁkyIH tertiary cyclic carbon 10atons. For

exanpl e, an (aEky¢HEVIGH:.cE %)216&0() OZ@ tblaﬁlﬂfﬁkﬁtmr(ﬂm GHzeS C@B) ¢bo al kyl),

1 to 8 carb car

Gt s al oyt R TEpah G o« SR B by reoBlelpl® o eRBREAN U st
limted to, tﬁ@ﬁeb\)ﬂmé%@roal@fﬁ@up@faﬁy fesﬁdihvely,@‘]%@k&)yalk@& g&b@p&ég ( n- Pr,

n- propyl - CH2CH2CH3 2-p i‘l (i-Pr, ﬁ ﬁ butyI (n-Bu,
n-but yl , 5- CHEERE IO R ar@mﬁ% qup (ﬁg@ gy H2N2)Ber, an@%ﬂﬁ@}lgmmﬁﬁzw( CH3) 2) ,

2- C?UCIt—%l) 3§5 ?@gﬁ{—ly?f{?nz« &S%M%%@Sé_{%ﬂle tBrz%XJboﬁ hioffl; 1 & butyl,

(- CH( CH3) CI-IZOIdﬁﬁBbIB)atorr&- <pleln1toyd cafboGH{dc@H2 BH3)-2) het&f)mkylf‘gtbulﬂmbaﬂs vilheteroalkyl

( - C( CH3) 2CH2CH3) r{e{g bM (- CH(CH3) CH(CH3) 2), 3-nethyl -1 -butyl
(- 04204204(@%5?2)&““@ FROIFIOON ANy | (- CHRCH( OH3) CH2CHB) . 1- hexyl 20

(-

CH2 CH2 CH2 CHR CHR h PO,
CH( mzuﬂs)(mzclﬂzg%%?cygre %?ﬁeﬁm%&}?ﬁg% ?%Ss >CH %‘éﬁ”%?é%’“‘m%& hy1- 2-

pentyl (1OCHEEHBYCHTHBINCROEHB)Sroakclvs dhyeribad pehacylletté I@sl(ﬁaﬂ);@ﬂ@ﬂjm 2),

e RGO Y e Wy
3- di met hy IzdptedPR Ut ¥ 6,(7; Gl SHICA 13 3t3y ofMeteRRt M c CorhifdiRld A8 ries of

"AI koxy" means a grou having the fornula -0-alkyl, in which an al Kyl

group, as déﬂ%m@ﬁ ehn Wilext& SehwdNeroY prke 1P oriresenteloutagiopias an oxygen
atom The aI o n, of, oa k ar.o can. h arbon at ons
(i.e., 01’3;)19Z ]16019 %ﬁiajgar %{1 /gn%t)&e(” %Oca(\{%dl)é%%%gkgxyrj or 1to 6

car bon atso W&{)d:c.lﬁz embddifaenad kX yentdh ‘ﬁi)éﬁl’miye&” adclsdek habirBodlckodgy groups
i nclude, but_are not limted to, nethoxy é 0-CH3 or -0OMe), ethoxy

(-0CH2CH3 ordefipge hereip, whersipyone op moreidsy é -oaﬁkaarb%eromﬁéiaw feen

replaced with a heteroatom (e.g. O, N, or S). The terms “heterocycle” o

“heterocyclyl” includes saturated rings, partially unsaturated rings, and aromatic rings
(i.e., heteroaromatic rings). Substituted heterocyclyls include, for example,
20 heterocyclic rings substituted with any of the substituents disclosed herein including

carbonyl groups. A non-limiting example of a carbonyl substituted heterocyclyl is:

N NH
e
O
Examples of heterocycles include by way of example and not limitation
pyridyl, dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl,

25  tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyi,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl,
indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-
piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
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"Hal oal kyl " is an al kyl group, as defined above, in which one or nore

hydr ogen atons of the alkyl group is replaced with a hal ogen atom The

al kyl porwpani2Bat46a hal oal kyl group can have 1 to 20 carbomSatiome4s8i . e. ,
Cl-C20 haloalkyl), 1 to 12 carbon atonms(i.e. , G -Cl2 haloalkyl), or 1 to 6
carbon atons(i.e. , C-C6 alkyl). Exanples of suitable hal oal kyl groups

i nclude, but are not limted to, -CF3, -CHF2, -CFH2, -CH2CF3, and the Ilike.
"Al kenyl" is a hydrocarbon containing normal, secondary, tertiary or cyclic
10carbon atons with at | east one site of unsaturation, i.e. a

car bon- car béiabegawsokng. sy dragquaeling. decadronrianlnylgr oup can have 2 to
20 b I . - ) t i ., C2-C8
kenyl s opOfydbisBouinolf Eadodhyiptian, it 1S GAROMEL B LSS

sui t abl e al KHihigkingl duigsyljthzhthckenyl, pytandt, ésabehzdfimhilechrbmen! kyttiesnel, or vi nyl
(-CH=CH2), a)Jlyl (-CH CH2) . .cycl opent enyl (-05H7), and 5-hexenyl 15

(- CH2CH2CH? M&W’%m%& |130¥1?1§Z Ylh&?ﬂ%‘%&éﬁé’ﬁ”&@ﬂ{@?#@ﬁ@ﬂmor mal
secondary, 4RILELALY i QF | 416_; Of¥y é LAt gk : site of

nsat ur at | onco S Kt I RN R BB AL o al kyny!
group can habtbadzingl, 28plebydxbmyl aqonsxafinyle quin€2>1GR0) calnklimyll Pteri@ingylp 48Hcar bon

t - I 2 6 bon at i.e,,. C2-C6
S0al Rynyi ) ERGHA BTN A-aBP e al Ry 0ss e T bid Y o not
limted to, pRGRIMEMYEIHRANGN phenSRG iy, GidararBN bl abinkE isochromanyl,

"Al kylene" refers to a saturated, branched or straight chain or cyclic
hydr ocar bonchrgtiansl ithisleralglinyhomdaroliaylepyrazadifingd) pyeanotieylspigerazingtl by t he

renoval ; of .hydrogen,.at.ons_framthe s r two. di ff.erent. carbon atons
of a pa%gnthggkgﬁé§O%@Ph%%aln?%%agﬁié%%?@@%@ﬁé“ﬁ%@ﬁ@“@a nﬁ%ﬁ‘z Yo 20

carbon at onsenzlsoik@zolQ, 68nBEIR, BEUTE azolihyll idaBny] CaHIMRN tebBYE o fuF MRl .Cal
al kyl ene radicals include, but are not |imted to, nethylene (-CH2-),

1,1-ethyl (-CH(CH3)-), 1,2-ethyl (- ), 1,1-propyl (-CH(CH2CH3)-),
1, 2-propyl (-CH2CH(CH3)-), 1, 3-propyl™\(-CH2CH2CH2-), 1, 4-butyl
(- CH2CH2CH2CH2-), and the like. WD 20 0«%2465PCT/ US2011/ 044581

o
By way of example and not limitation, carbon bonded heterocycles are bonded

at position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position

15  2,4,5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5
of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole,
position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of an
isoxazole, pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of
an azetidine, position 2, 3,4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8

20 of'an isoquinoline. Still more typically, carbon bonded heterocycles include 2-
pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-
pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-
pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
thiazolyl, or 5-thiazolyl.

25 By way of example and not limitation, nitrogen bonded heterocycles are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-
pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,

pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-
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"Al kenyl ene"” refers to an unsaturated, branched or straight chain or cyclic
hydr ocar bon radi cal having two nonoval ent radical centers derived by the
renoval oWVotzer/higgsogen atonms fromthe same or two diff @ecenS2aanipsal at ons
of a parent al kene. For exanple, and al kenyl ene group can have 1 to 20
carbon atons, 1 to 10 carbon atons, 5or 1 to 6 carbon atons. Typi cal

al kenyl ene radicals include, but are not limted to, 1,2- ethylene
(-CH=CH). "Al kynyl ene" refers to an unsaturated, branched or
straight chain or cyclic hydrocarbon radi cal having two nonoval ent radical

centers deriiMé&toly pbsitod BoDyRbindblel WOisbinds10@e Podti st of & A FHIENSHE Or two
different carbon atons of a parent al kyne. 10 For exanple, an al kynyl ene

group can ha%?’éltlfnt9d)f2‘(93@§?@6>rpra@r%ﬁﬁ%0hnf tellmnoredymenlvaniiegen bendedt o 6 car bon

acetyl enopr Goir oy At D [ERER) Pardehy Eaniily R %%%é%&%%?--féa%.

"Am no" ref drpipgedieylal [y to a nitrogen rad| caI V\/m ch can be considered a
derivatiye of a ia, h the formula -N re each "X' is

i ndependéntly H, g%éqﬁ%“s}’t"g%(ﬂggdr"cf?“dﬁ%ﬁ%ﬂ‘f’@&é%i“&‘l‘%ln whigheps elithed or
unsubsti t ut I t o} yL, etc.
The hybridi gg’t ﬁ%ﬁgg%h%hﬁ?f@%;%?qﬁs&%n ¢ %(é:%l ?fg %rhﬁﬁglgg 1{"0% O%%}t((lﬁlrl]ggt ypes
of am no i nokpldesd-WHRa hethioaydyll rpdical- (ki ahktycf@cyclyN@ldzakebe)aycﬂem) Typical

o byl B SO i LRSI Lok 12

- N( car bocy cldilolaedi on@BMEL WL )and theZQN( Wr%)r( m@t‘ﬁ&%&y&}l portion includes any
-N(al kyl ) (heteroaryl), etc. The term "al kyl am no" refers to an am no group

subst it dPed akithaheigroyshd eranpe dagokipkd ngpchdmgl thisei degeréedn

RIL?BEZn;/PS: ! "Mﬁ% ﬁ!‘?ﬁtﬁgg%yl\l%cgﬂgé%mtrg a_B)S%N(:g a &7 %) %0 urg%ﬁsgaﬁg:‘gitgylae

al kyl ami no refesscgepeuglchy bé attahky toafkt Bk yDp&HPS of ﬁfé Heekd
whi ch at | east one substituted al kyl, 25as defined herein, is attached to

the ami no nim§8geha stbeR-caBAL Pond e1f aneireomabgsereatonr bapdpwith the prgvisp kayilt am no

RCal gt eno bR R i R TR A QR B commrggst 0 o
an aromabi ¢ Wydrteaatdo) egadheakylderrioeds thy atyhakylenoyals 1ab m&dﬂydd@r@gen atom
froma singl e car.bon at%, of a reg%caé%orratl c ring system For 30 exarrpl e,

an aryl grodpd &Ehaieroeye 1‘1&91‘?@51 Fhtomg. Expmiplesofhstsrocrchhdkylsr 6 t o

10 include by way of example and not limitation 5-membered sulfur, oxygen, and/or
nitrogen containing heterocycles such as thiazolylmethyl, 2-thiazolylethan-1-yl,
imidazolylmethyl, oxazolylmethyl, thiadiazolylmethyl, etc., 6-membered sulfur,

20 oxygen, and/or nitrogen containing heterocycles such as piperidinylmethyl,
piperazinylmethyl, morpholinylmethyl, pyridinylmethyl, pyridizylmethyl,
pyrimidylmethyl, pyrazinylmethyl, etc.

“Heterocyclylalkenyl” refers to an acyclic alkenyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp’ carbon atom, but

25 also a sp” carbon atom, is replaced with a heterocyclyl radical (i.e., a heterocyclyl-
alkenylene- moiety). The heterocyclyl portion of the heterocyclyl alkenyl group
includes any of the heterocyclyl groups described herein, including those described in

Principles of Modern Heterocyclic Chemistry, and the alkenyl portion of the

heterocyclyl alkenyl group includes any of the alkenyl groups disclosed herein. One
30  skilled in the art will also understand that the heterocyclyl group can be attached to
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carbon atons. Typical aryl groups include, but are not limted to, radicals
derived from benzene (e.g., phenyl), substituted benzene, naphthal ene,

ant hr acernw9 2bizghewyl , and the |ike. "Arylal kyl" refers woTams2@apedssc al kyl
radi cal in which one of the hydrogen 5 atons bonded to a carbon atom
typically a termnal or sp3 carbon atom is replaced with an aryl radi cal
Typi cal aryl al kyl groups include, but are not limted to, benzyl,

2- phenyl et han-1 -yl , napht hyl met hyl , 2-napht hyl et han-1-yl, napht hobenzyl,

2- napht hophenyl et han- 1-y1 and the |ike. The aryl al kyl group can conprise 7

to 20 car bonheilkes pértign of tHitheddrbyslclyrali@hyl Bsmdars@ @ caohearah®3Ed 8ng t he
aryl noiety is 6 to 1014 carbon atons. "Aréhal kenyl" refers to an acyclic

al kenyl r adic@®onihsteigatern bepd voth th@rowien baethe aesslinesondd chenisalbar bon at om
typically adgfdnpal e&:?oz%@lgrl ?ﬂ{%@ﬂgr@ﬁrﬁ)@m Ortes @Ité §1?gto %’g éth%t om is

repl aced wi th an ar Ion o e ar can
i ncl ude, forallemymﬂr‘eon afrtyebétetdmclarg/lkelgﬂgmm@ 1di2$@:6051®dnbe>ﬁr&|aﬁd th?end t he 15
on of he aryl al ken can include, for exanple, any of the

al kenyl
al kengl E‘Bger‘%ﬁyglé’ @géeaﬁ%e?rf@. a*ﬁ%‘ 4eWt-al kenyl group can conprise 8 to 20
carbon at Oms €. GHetetIScRIEMNL” f@@érﬂ&’aﬂ &g@hé Qk%ﬁ%&?@ﬂ 2L/ o‘ﬁggf %htée aryl

noiety is 6 to 14 carbon atons. "Ary reffers to an acyclic al kynyl
radi cal in Wyilogenaeomsbonel mmadgmmtanmyplcbbmdijIml ar qﬁrcbﬂxonatmnbut

t cally a term nal ,or 3.carbon, at ut 2 p carbon atom is
bl aced” i eHog ApPOR AFRE AT P ARE RO ISR E R SIe: ST GTRORAT can
include, fongxgRtancieRly. Phe ha@m@wm ;ﬂfrﬁdﬂ)@fﬁﬂb $6leRRE yDAK SN gm%@d the

al kynyl gortlon of the aryl al kyn can include, for exanple,” any of the

al kynyl 18r odpdudsis sey esthg hh@myﬁl mpaﬂgsk:ab@hﬁwngm@lylémgéhoawmlbsé118 to 20

carbon at ons,, g t%tge ]Ié @ ﬁ atons, and the aryl
moiety is 6 Min&iptksiof ode%l Xte}/oc £ 1s§ anélglﬂ) %lﬁ épartlono S erence to

al kyl , al kylhef&eocyallyyblky@’l }gk@\iﬂﬁﬁﬂud@d d6@0Of thd @k atyd epsipy UiscloedEicpehy Dne
car bocycl , etc. , for exanple, "substituted alkyl", "substituted

al kyl ene"”, 'S%h&lsé i ﬂiﬁta@dwara}/ﬁo"unde@%ét‘fh%t thedpteipgichiliggoup, cané)@@étmhed ted
ne rcevch e B pOuRBE e RaeuEhl g kRS BTN
respectilvel ycarbbn-h‘ctemalnom bendrwittothe pB&vitvytintaye resattinggratpas ekahicalhidependent | y
replaced wit hbﬁe n[%e he%/egorc?fgly? alil;n?y tglrglypegotmpnses 4 to 20 carbon atoms, e.g., the

alkynyl portion of the heterocyclyl alkynyl group is 2 to 6 carbon atoms and the

heterocyclyl moiety is 2 to 14 carbon atoms.

“Heteroaryl” refers to an aromatic heterocyclyl having at least one heteroatom

20  inthering. Non-limiting examples of suitable heteroatoms which can be included in
the aromatic ring include oxygen, sulfur, and nitrogen. Non-limiting examples of
heteroaryl rings include all of those aromatic rings listed in the definition of
“heterocyclyl”, including pyridinyl, pyrrolyl, oxazolyl, indolyl, isoindolyl, purinyl,
furanyl, thienyl, benzofuranyl, benzothiophenyl, carbazolyl, imidazolyl, thiazolyl,

25 isoxazolyl, pyrazolyl, isothiazolyl, quinolyl, isoquinolyl, pyridazyl, pyrimidyl,
pyrazyl, etc.

The term “purine” or “pyrimidine” base comprises, but is not limited to,
adenine, N°-alkylpurines, Né-acylpurines (wherein acyl is C(O)(alkyl, aryl, alkylaryl,
or arylalkyl), N6-benzy1purine, N6-halopurine, NG—Vinylpurine, N6-acetylenic purine,

30 Né—acyl purine, Né-hydroxyalkyl purine, Né—allylaminopurine, Né-thioaﬂyl purine, N*-
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WO 2012/ 012465PCT/ US2011/ 044581 Typi cal substituents include, but are not
limted to, -X, -Rb, -0-, =0, -ORb, -SRb, -S-, -NRb2, _N+Rb3, = Rb, -CX3,
-CN, - OCCNyvO-280M1246BE=C=0, -NCS, -NO, -NO2, =N2, N3, - NHECT0)SRi1/043€( =0) Rb,
- NHC(=0) NRb2, -S(=0)2-, -S(=0)20H, -S(=0)2R1" , 0S(=0) 20Rb,

- S(=0) 2NRb2, -S(=0)Rb, -0P(=0)(0Rb)2, -P(=0)(O0Rb)2, -P(=0)(0 )2, 5

-P(=0) (OH) 2, -P(0)(0Rp) (0), -C(=0)Rb, -C(=0)X, -C(S)Ro, -C(0)O0Rb, -C(0)0-,
C(S) ORb, -C(0) SR, C(S)SR" C(O) NRb2, -C(S)NRb2, -C(=NRb)NRb2, where each

X i's independently al ogen: Br, or I; and each Rb is independently
H al kyl, ara%tylplamydiéﬂ q,lkyl @cﬂhettmmsylmmpemyt@nm 6{fbmtocryg>sg1eoﬁl-p or plrodlrug
noi ety. AI Kk al.kenyl en al ups al.so be simlarly
substi t ut ed%iﬁﬁ%g 5’?25 ci"ﬁ‘] 1tnI‘?e t "“Substituted" is

used in conjmmeetpt@p?mmdlﬁe gmup5 h@l«bﬁfhaasm@minglskﬂlhomﬁmﬂft:Shave two or nore
noi eti es capabl e substltutl on, the substituents can,be attached to the

aryl noi et y,alphRyrianidipes, i eangylpgrmisheds, C -halopyl‘nhéhl‘n@ér% an’gﬂnlugdmasclsused
herein refers |st e i ol ogi cal system
gener at eg theet %ﬁ%%&qﬁggﬂa&bg%m& nr(j)rX %E( ﬂf‘mnfags a result of

spont aneous aﬁh@apyﬁahdmea(cft c;mn()@nmﬁnﬂayaémaa@yymﬁdm@ hemodalpytigagihe,ai( s) ,
photol ysis, and/or metabolic chemcal reaction(s). A prodrug is thus a

coval ently rﬁ?d’“ﬁ @éf“%%lp‘égp OI?T'Vlélﬁ’bl?ﬁfmmlér% bf- nﬁmﬂf’ﬁ@ma‘bé@»tq c#ling- acti ve

d o uents and
g?m;?upmi eti S o@igrllfk%iégl oun ?lkgyrs %Y:ogﬁrrﬂe% ?/giyhggﬁi 59@% a%\]g ed in
order to pr (bmz@éapandmlybmmnﬁxzuhpmmdlﬁﬂ pmcﬂu;ﬁ;fnmd&tyﬂ,l&ﬁd@tyaizbbpyﬁmml@w de a

har maceyti cal.l y. usefu ound i.ch can be fornul ated into an acceptably
Et abl eg r%é\1 %P’i‘séﬁfncs:‘@ﬁp |af‘?‘8)qjivl\h BUERINGs adepfUROKa e théch have

such st ab' | 'd‘ia\fmﬁéﬁmﬁl@ nﬁrﬁi@bﬁ%ﬁ%uﬁﬁe f ﬁh(ﬁl’tl@ﬂal‘ﬂ'oﬁ Qle@s&eﬁ?uﬁﬁ@ BSscQindie Present
invention. "Heteroal kyl" refers to an al kyl group whére one or nore carbon

atons have mrrb@éh%fﬁbﬁaﬁmzmes,hmadahe&lér ikt b trisziods, asidagn[ 1,8 ho& S. F(ﬁr
le, if ar bon at t.he whi ch, i ttached. taq, the
e rort ol cdlif e 4REER: BhaE ot Rl Sl 6P R G Gtobfly

resul ting hetigsiaabkihe b n@pRimidaRRes ofEloymunI %Kfﬂk&‘d & aYBbR: 9.
-OCH3, etc.), an amne (e.g., -NHCH3, -N(CH3)2, etc.), or a thioal kyI group

(e.qg., 1&CH3ygariqr aaalﬁérﬁhqr@rfmhmgh@aﬂb@gpnaat@m%fcm{omaf@nk«yﬂ thgbasgp whi ch is

BOt Nat E?C g)e q:tuhgm%gg% ?x‘géﬁ‘ t&%&? gﬁléhfs $r§ the%gg c(:a%doevgr(t)tgctgd Qse rtle%resos%%yocg? (e.g.,

desired. Suitable protecting groups are well known to those skilled in the art, and
include, but are not limited to, trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyl,
and t-butyldiphenylsilyl, trityl, alkyl groups, and acyl groups such as acetyl and

20 propionyl, methanesulfonyl, and p-toluenesulfonyl.

“Carbocycle” or “carbocyclyl” refers to a saturated (i.e., cycloalkyl), partially

unsaturated (e.g., cycloakenyl, cycloalkadienyl, etc.) or aromatic ring having 3 to 7
carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 7 ring atoms, still

25 more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g.,
arranged as a bicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or 10 ring atoms arranged
as a bicyclo [5,6] or [6,6] system, or spiro-fused rings. Non-limiting examples of
monocyclic carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-
enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-

30 cyclohex-2-enyl, 1-cyclohex-3-enyl, and phenyl. Non-limiting examples of bicyclo
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groups are, respectively, an alkyl ether (e.g., -CH2CH2-0-CH3, etc.), an

al kyl amne (e.g., -CH2ZNHCH3, -CH2N(CH3)2, etc.), or a thioal kyl ether
(e.g.,-CHROS0¥HAY4651 f a term nal carbon atom of the al kpCTgrseup/oiu4s8t epl aced
with a heteroatom(e.g., 0, N, or S), the resulting heteroal kyl groups are,
respectively, a hydroxyal kyl group (e.g., CH2CH2-0H), an am noal kyl group
(e.g., -CH2NH2), or an alkyl thiol group (e.g., CH2CH2-SH). A heteroal kyl
group can have, for exanple, 1 to 20 carbon atons, 1 to 10 carbon atons, or
1 to 6 carbon atons. A G -C6heteroal kyl group neans a heteroal kyl group

having 1 to f@rbeaydenindlu@ssnaphtiet, e&adyalotaptRilend)@h@uesyiabyl” as used herein
i ncl udes by way of exanple annd not limtation those heterocycles

described in Paqué@@émYﬂébnﬂT”fﬁﬁ$Kﬁpﬁp@§Y@ﬁﬂﬂbﬁéWhC$@mé@b@ymbpéﬂ@henlstry
W A. Benja r 8 r r 6, 7, and
g The Chje rﬂgﬁ ro;N? ?lt ﬁ%tgép g%(?%al)%aﬂ%gl a%rﬁlf%l% a%( %gr eascaB 00?(831 r&?%?ﬁ]t%g (John

Wley & Sonsiesdid&)ﬁd}ieﬂ'ehl lﬁﬁ&hl thmt pdileﬁﬁi‘lﬁir)g, ekzﬂnﬂaé bf é‘dﬂﬂ)(ﬁd’ycw}kgfl%%%g 14, 16,

19, and 28; aq Am %‘ I n gne 15speci

enbodi meAt dre P%CXCWé%yl%ﬁthylhé?(féﬁ»memép yl, .cwépwékneéhylc%}fcbm@wr@ethﬂs

defined herehac MbRESIReRRe or nore (e.g. 1, 2, 3, or 4) carbon atonms have

been repl aced V\E/th a’heteroatom (e.g. 0, N, or S). The terns "heterocycle"

or "heterocycl y1"‘Aryﬂhbﬂad1aﬁ<y$é:tefmatoedhertemglskyl padetiinad hyreinn fawhicated ri ngs,
Substituted heterocyclyls

d t het t
el ude.  orYCAEARBAEN Bilieh BPoE, AIHRECY FiS ‘SABEPPE ARBHON FCHS TR e
subst i t uent $eel &HlREEHiAAN A g'rJ\%J édcél'eﬂﬂe@ﬁérgﬂnyﬂhe%ﬁ%ﬁ&xps‘ﬁw&%’ﬂoﬁﬁé& I ng

exanpl e of a carbonyl substi'tut het erocyclyl is Exanpl es of
het er ocy@l edop ﬁ@ﬂbgnl @tomof)@y heteraaiiaiptosp aerdo ndtetdroatdmaif itterhepyroalklyll group,

l'i hyd d
(2:5; e%/r ;%3?/3"{ B ﬁtyt ééﬁ]{nflg Rg%{?ﬁ élgﬁ gr(rglfq? \B/?féque8tal?$8]8}%hwtablﬁﬁ??lﬁtﬁ’dl nyl ,
furanyl, thl}?%ﬂykamyﬂyrafn(lir}’lhetefb)éﬂ@l Blo¥ib can FAVAE O bl oraltBiniiddlaWylene-
benzof uranyl , thi ana%nt hal en i ndol yl, indol enyl, quinolinyl

i soqui nol i nyf-arybhenlkytenesy aliky ene—smheﬁ]ikél eﬁWNHﬁrylmaB@’MmdﬁlgHalkaw di nyl ,
2-pyrroli dongli(ylef?él—éfa%d', Dﬂﬁyle&e?é-ﬁﬁtgyqu—%ﬁ,r aoy h“i addition, any of the alkylene

15 moieties in the general formulae above can be further substituted with any of the
substituents defined or exemplified herein.

“Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a
hydrogen atom has been replaced with a heteroaryl group as defined herein. Non-
limiting examples of heteroaryl alkyl include -CH,-pyridinyl, -CH,-pyrrolyl,

20 -CHj-oxazolyl, -CHy-indolyl, -CH,-isoindolyl, -CH,-purinyl, -CH,-furanyl,
-CH,-thienyl, -CHs-benzofuranyl, -CH,-benzothiophenyl, -CH,-carbazolyl,
-CHs-imidazolyl, -CH,-thiazolyl, -CHy-isoxazolyl, -CH,-pyrazolyl, -CHy-isothiazolyl,
-CH;-quinolyl, -CHs-isoquinolyl, -CH,-pyridazyl, -CH,-pyrimidyl, -CHy-pyrazyl,
-CH(CH3)-pyridinyl, -CH(CH3)-pyrrolyl, -CH(CH3;)-oxazolyl, -CH(CHj3)-indolyl,

25  -CH(CHj3)-isoindolyl, -CH(CH3)-purinyl, -CH(CHjs)-furanyl, -CH(CHj3)-thienyl,
-CH(CH3)-benzofuranyl, -CH(CHjs)-benzothiophenyl, -CH(CHj3)-carbazolyl,
-CH(CH3)-imidazolyl, -CH(CH3)-thiazolyl, -CH(CHj3)-isoxazolyl,
-CH(CHs)-pyrazolyl, -CH(CH3)-isothiazolyl, -CH(CHj3)-quinolyl,
-CH(CHj3)-1soquinolyl, -CH(CH3)-pyridazyl, -CH(CH;)-pyrimidyl,

30  -CH(CHj)-pyrazyl, etc.
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WO 2012/ 012465PCT/ US2011/ 044581 t et r ahydr oqui nol i nyl ,

t et rahydr oi soqui nol i nyl, decahydroqui nolinyl, octahydroi soquinolinyl,
azoci nyl ,woroeziipses, 6H 1, 2, 5-t hi adi azi nyl, 2H, 6H 1, 5, 2PCuiushéiani4spi
thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chronenyl, xanthenyl,
phenoxat hi nyl, 2H pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl,
pyridazinyl, 5indolizinyl, isoindolyl, 3Hindolyl, 1Hindazoly, purinyl,
4H qui nol i zi nyl , pht hal azi nyl, napht hyri di nyl, qui noxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, 4aHcarbazolyl, carbazolyl, 13-carbolinyl,

phenant hri di nyl , Taetérali ‘@ptipnadlyrsubitdutey? in mfeemettdna phitioylhr mpibeyﬂaﬁﬂheyl

phenot hi azi nyl , fuagzanyl phenoxa2|nyl i sochromanyl, chro

i mi dngI i d: RoAPoynd of B pay T X Vo (e @172 FRYORPILY s‘ﬁ’?%ﬂf@l W)ﬂmuﬁilrﬁf@fséﬁlanyl
10i
I ndol 1 ny fn&é?%@@lﬂ RY Subs ﬁk’eﬂt‘é%&é }?P’éﬁ%!%/eﬁl JTRNRRG) bRY {)1’ mgll)éaozf%é d?o%/ein and

benzotriazo ben2|soxazo ,  OXI benzoxazolin isatin

bis-tetr ahydf thfemmmntyflmay be replacﬁybymgusmﬁuemx anghl & thosd liset! uhilen thati¢fonitiorcar bon
bonded hgterﬁgX%I gl € bonded at position 2, 3, 4, 5, or 6 of a pyridine,
position’3 tlHW 6 of a pyridazine, position 152, 4, 5, or 6 of a

pyrimdine, posi e “oﬁtlol%llyQEplﬁcéaf’ 11@rd¥é’1‘éﬁ'@é 0% paﬁ%latr'nﬁﬂet?,of the 4, Or 5 of
a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or

t et r ahydr opyempdund qf&brmubri -V @3 g.ghe Sarbpn QWHU;XQfE@HéCI‘CmaﬂQ’i olag bor

t hi azol e, -pQasj.ti an .| azol pyrazol e t azole
posi ¢ on' 2" ghosely reecky ofi-grn S SOV PRES T Bf E R offhe bR Mg

position 2, gﬁ)upélof the (6;-Cfallaf nﬁy(b% réplSised 910, N€2 U nkRS b th@@r&mps%pe(ﬁrﬁecﬁ 6,
7, or 8 20of an isoquinoline. Still nore typlcally, car bon bonded

het er oc¥@| eée-gncPude- 2r NR)dyl , 3-pyridyl, 4-pyridyl, 5-pyridyl,

6- idyl, 3- : 3 |
S B?;Ir’: mydl ! pyzﬁggﬁr%y ?I’BM@AIQZ%OH% m(y 1Hé£f'er%?tgé t%yacrl; al@'—lp&%éng,g?;;?/nyl

3- pyr azi nyl alk’&njdyﬁlky]eﬁy,lalkeﬁyhyé &zlanthyleﬁe tnlamcﬁgz ﬁéfyﬂs to the chivoazalnyd in thé
5-thiazolyl. 25B

of exanple and not limtagion, nitrogen bonded
het er ocycl e@oaqftﬁ%mﬁ@ae%b%%m% first C%‘éﬁoéﬁt%i)éﬁha Pigdety a&%&aedasﬁéarbagfr rol e,
pyrrol i di neggy UKL M '1é%§ TRerefO¥E, b L\if)e{gﬂ)fe%%g%éaﬁlh%m Tifle8a704d @l Ayt

2-inidazoline, 3-imdazoline, pyr Ine, 2-pyrazoline,
3- pyr azbf i nexoigsy pEH(E1 ie(C pH@Ham alkylenquolety -GHd6])HRE, JHIEH,- the C”

atoms would be considered to be the non-terminal carbon atoms.

"Linker" or “link” means a chemical moiety comprising a covalent bond or a
chain of atoms. Linkers include repeating units of alkyloxy (e.g. polyethyleneoxy,
PEG, polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™); and

20  diacid ester and amides including succinate, succinamide, diglycolate, malonate, and
caproamide.

The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”,
“sulfur-linked”, or “phosphorous-linked” mean that if a bond between two moieties
can be formed by using more than one type of atom in a moiety, then the bond formed

25  between the moieties is through the atom specified. For example, a nitrogen-linked
amino acid would be bonded through a nitrogen atom of the amino acid rather than
through an oxygen or carbon atom of the amino acid.

Some embodiments of the compounds of Formula -XIV comprise the moiety
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WD 2012/ 012465PCT/ US2011/ 044581 i ndazol e, position 2 of a isoindole, or

i soi ndol ine, position 4 of a norpholine, and position 9 of a carbazole, or

| 3- car bolwoeo128tipdés nmore typically, nitrogen bonded het ecoasediesn44sacl ude
1-aziridyl, 1l-azetedyl, 1-pyrrolyl, 1-imdazolyl, 1-pyrazolyl, and
1-piperidinyl. 5"Heterocyclylalkyl" refers to an acyclic alkyl radical in
whi ch one of the hydrogen atons bonded to a carbon atom typically a
teimnal or sp3 carbon atom is replaced with a heterocyclyl radical (i.e

a heterocyclyl-al kyl ene- noiety). Typical heterocyclyl alkyl groups
include, but are not Iimted to heterocyglyl-CH2-, 2- (heterocyclypethan-1
-yl, and the |like, wherein the ' heterocy | y1" portion includes any 10of the
heterocyclyl groups descri bed abov@\\gn din gfe described in
Principles of Mddern Heterocyclic Cheﬁistry.,Cne illed inthe art wll

al so understand that the heterocyclyl grog can be attached to the al kyl
portion of the heterocyclyl alkyl by neans of a carbon-carbon bond or a

car bon- het evdatiomapoodprivd 4 fadichieofr b ga-tidlat cseeof esathitalln@cgrratp ok S

chem cally stable. The heterocyclﬁ al kyl group conprises 3 to 1520 car bon
atoms, e.g. Amipeaciiylramples plowitgplly aecusiing aniaglaciis é%udesls@e%nfe QsHISon

atons and t o} t.0,
heterocyclypgiﬂgkﬁmﬁg%ﬁaﬁgﬂgﬁaﬁg%eb K§§%£ %éﬁgﬁgghg? iﬂ??%%ﬁgﬁgégnénbered
sul fur, 6xygtepurt1amdd,mysﬂairter ngmicemidag'lnﬁangnd;gh&rmmlhﬁs, sslmhc;&&me
thlazolylneth 2-t.hi azal yl zol hyl o zoI met hyl ,
thladlazolyﬁﬁé?% YTOSipg, Arginige ﬁﬁﬂ%gW%8¥§ﬁ¥ QHH%yggﬁemﬁﬁH? Sﬁ@%?%ﬁen
cont ai ni ng helieesyhtem Emyslel s@%eM@dl HtRY bR ¥t Rplpqa{@yrg%h&%tlhyl

I ny

nnrphollnylnethyl pyri met hyl , pyridizyl met hyl, "pyri m dyl met hyl ,
pyra2|nyIneﬁﬁyﬂlRe5®pUmRmYSubﬁéwedGEyGDyﬂalkenyl refers to an acyclic

al kenyl radical i one of hydr, o en at o bonded to carb n atom
typically a ter mlﬂxg?ss 65\6]:?6 E%Crcb%% s Cﬁfbog %ﬁng%cgng%lﬁldégfgg i's
repl acedow trvaarbeitesdRays hitle & adealof (dureIn sdnd@cafifg ¥ehithre al kenyl ene-

moi ety). The heterocyclyl portion of the heterocyclyl alkenyl group

i ncl udes anyemRsesepREoRERY ¢r§@9@p9|at0@i5cﬁpp@t@é%a pyeicnieruiber of Hetiabdsng t hose
descri bed i 0, ter | kenyl
portion of ttg&ﬁeE%E%@ﬁ% JY&gﬂ% %ﬁggbggxgnc §H§§E§X te %€&¥§£§|
groups di sclppseade ;lneailemaa: of(ﬂil& sBOsd ibkelagdinied tb be hadiogim. |F0r&ix51@pldz§lder st and t hat
the heterocyclyl group can be attached to

RG
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t he al kenyl portion of the heterocyclyl al kenyl by nmeans of a carbon-carbon
bond or a carbon-heteroatombond, with the proviso that the resulting group
i s chem caiblzg12stiadsbe. The heterocyclyl al kenyl group comrpTitsesi1444581 20
carbon atons, e.g., the al kenyl portion of the heterocyclyl alkenyl group
is 2 to 6 carbon atons and the 5heterocyclyl noiety is 2 to 14 carbon

at ons. "Het erocycl yl al kynyl" refers to an acyclic al kynyl radical in
whi ch one of the hydrogen atonms bonded to a carbon atom typically a

term nal or sp3 carbon atom but also an sp carbon atom is replaced with a
het erocycl yl radihaathe(same meaainigeker ocycl yl - al kynyl ene- noiety). The

het erocycl y1l portion of the heterocyclyl alkynyl group 10i ncl udes any of

t he heterocyclyl g@youps ghescri bed herein, including those described in
Principles of Mdefrn Heterocyclic Chenlstry @nd the al kynyl portion of the
heterocycIyIRaLk up, |nckydes any of the al kyn groups di scl osed

herein. One ski®led
tro ppe kynyh port i _ by

group can be attac
means of a carbon-car bor4ond
proviso that the resulting group |s chery cal
al kynyl group conprises 4 to 20 carb at . portion of
t he heterocyclyl al kynyl group ig2"t\o 6 c rhpn atonB and the heterocyclyl
noiety is 2 to 14 carbon atoms. "Hetefoarylkirefers to an aromatic

het erocycl yl having at |east one heter M 20 in the ring. Non-limting
exanpl es of suitable heteroatons mhlcﬂxcaﬂzbe included in the aromatic ring
i ncl ude oxygen, sulfur, and nitrogen. Non-limting exanples of heteroaryl

rings include all “N&te&thﬁgsﬁ‘oéﬁ ORBdr €o 4 by bf SEQFpduRdthe n%f(@. & dlieannof
“heterocyclyl", including pyridinyl, pyrrolyl, oxazolyl, indolyl,

i soi ndol yl , Pﬁﬁﬁﬁﬁ?&faﬁmﬁﬁnyﬂéﬁv¢n@m@bPﬁb@ﬁzﬁbﬁﬂ@mymWODQhanihhobhéhyl
car bazol yl t hi zoI 25i soxazol y i othlazolyl
qU|nonI¥ |sg%hgﬁgwkﬁnmunﬁo a?r eau@ﬁ?%ﬂﬁV¥w é§¢%§ p %F%ub 0% The term

‘purine” or prgydting gbupels thagee @@éﬁlﬁté&ﬁ%dlaﬁlih theSsyﬂﬂie&E 'omhte%ﬁlrdnﬂal dageni ne,
N6-a|ky|pur|nes N6- acyl purines (wherein acyl is C(0) alby

yl,
al kylaryl, &# Séwﬁ afRgnical Mgtastng groyns prestratggissdpoprorachen dma'ovrpmm #ari ne,
N6-acet yl eniyenuliRA6n ﬁ%otrﬁl Cyﬂrg%‘d%%?ﬁreou%%ﬂ%g%aﬁﬁy@é@flktrgg Tf'hgoedora W.

NG- aIIyIanlnopurlne ioally urin
N2- al kyl - 6- Khb@ﬂdhﬂméwﬂeyEMﬁnmehmqykmsYlﬂ;1§9FIMm&mﬁyggﬁmpemeiﬂm1

met hyl cyt osi n azapyrimdine, Jnclu 6 azacyt osi ne, nd/ or 4-
mer capt ?ﬂﬁyr Mlg?‘?f]eto che rea%”ﬁ%(l"é&?‘é@fl%“ FARH ST HY: @%de&ﬁ%@?mycs

al kyl pyri m dirf8gred CReRRIZYLANS, . HilASng Srr 1By Ml M8Rds in an ordered
C5-vi nyl pyrim di ne, C5-

and planned fashion. Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the
polarity, lipophilicity (hydrophobicity), and other properties which can be measured

15 by common analytical tools. Chemically protected intermediates may themselves be
biologically active or inactive.

Protected compounds may also exhibit altered, and in some cases, optimized
properties in vitro and in vivo, such as passage through cellular membranes and
resistance to enzymatic degradation or sequestration. In this role, protected

20 compounds with intended therapeutic effects may be referred to as prodrugs. Another
function of a protecting group is to convert the parental drug into a prodrug, whereby
the parental drug is released upon conversion of the prodrug in vivo. Because active

prodrugs may be absorbed more effectively than the parental drug, prodrugs may
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5acetyl enic pyrimdine, C5-acyl pyrimdine, C5-hydroxyal kyl purine, Cb5-

am dopyri m di ne, C5-cyanopyrim di ne, C5-5-iodopyrim dine,

C6- i odo- pyoizniditasss C5- Br-vinyl pyrimdine, C6-Br-vinyPCpus2onloi45e]
Co5-nitropyrimdi ne, C5-am nopyrimdine, N2-alkyl purines,

N2- al kyl - 6-t hi opuri nes, 5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,

i m dazol opyridinyl, pyrrolopyrimdinyl, and pyrazol opyri mdinyl. 210Puri ne
bases include, but are not |limted to, guanine, adenine, hypoxanthine, 2,6-
di am nopurine, and 6-chl oropurine. Additional non-classical purine bases

i ncl ude pyr possefsigreatér]ifolerRy 4} vivb Slranres paremthlodrg| RrcBedtink braupd htarcmpiaks,

i m dazo[ 1, 2- 1 triazines triazol o[ 4, 34] 1, riazines,
all of whi cﬁlﬂéellr&: BZ %ﬁéﬂ%ﬁta@ﬁ%gf?}?eﬂ}lé% 1%% edidips R ”[ar%? b’iherﬁaéﬁ e bases of
Formula |1 @fcﬂrdgsntveiﬂh tiRerh 08 ihfeBASRatdH UG Bbs pRfic IR} B otrtfamrtﬁgtfthethr ough a
nitrogen atomor carbon atom of the base. Functi onal ﬁen and nitrogen

groups on t Fsuliageredustsétop denreteréen, s« Né@éé%éﬁymM$0H@§ﬁ edccepigbkeabl e
protecting I and i ncl ude,
but are %otgﬁﬁﬁﬁﬁ §u¥§tr?nﬁ%ﬁ@?ﬁ%P%P?&gfﬁg#Lyﬁ% éhﬁ ?bngﬂHy

t- butyldlnehhmhﬁnhyl and t-butyl di phenylsilyl, tr|tyI aIkyI groups, and
acyl groups such, as acetyl and 20 propi onyl nethanesulfon |, and

p-t ol uenesul f ony|Trodrug moietys pgaps Alapile @Paloélélr%@éﬂl‘é’h‘fh'seﬂaﬁ@r@m theg
saturated (i : | oakenyl ,
cycl oal kadi gﬁive m}g%ﬁc%?@%éwé%ng régl? ?% hlr%lahbgﬂl ?&%gg ?dg %rcggﬁ%gt ons as a
nmonocycl e, HRydrolydid epaybatic dtaynge, asbﬁsdmecqﬁhér@rocasdampdgaarcabhni “P6sigrar bon

| | t till
Sbmore 195 B KEMERE ohRRRYESHE 128 sidpaid 9B 2% g
atoms, e.g. Kr@dsbARIeArRs afid . %H%}a}&l Bk H&I@O@h ’Ac[aéerﬁl]c b1k Shpsyistem or

9 or 10 ring atons arranged as a cyclo [5, [6, 6] system or
spi ro- fused191)ndﬁ$12ymﬂllgmwmchlam erpableanph eszymatmn@vﬁmomm%banbow&i the i ncl ude

cycl opropyl I cy cIo ent -C

1- cycl opent p&os\éﬁwa@ é‘ichl %flr%ﬁ v %}bqnolﬁ@i}é‘f Jbuiar(?%’ Fomlgd 0 enyl | 1-
30cycl ohex- gmafayds, esterayes! ﬁihﬁ!éﬁblé?l @RYihes, @H@bpﬁbﬁ;ﬁa&s chéIfrekicrdstd, Bl exanpl es of
bi cycl o _carbocycl es i ncl udes napht hyl, tetra dronapthalene and decal i ne.
" Car boc{z| ypmspi)/wes r BiodFug meicties ean sspdo ﬁ@haapfkwlublam gbgorptiongdch one of

t he hydroge (o) th a carbocyclyl
radi cal as Qgﬁhﬁﬁ?‘ﬁgﬁg%@rﬁgﬁéﬁ dr@%g%‘% ¥ b%? Q}l}%o?}ht&?x%h,{% ﬁﬁ%"w exanpl es of

car bocycl yl Al eplirugmoiipts rﬁa}rmbludea@yaiv@@m@mdlﬂn@@ﬂﬁthg itsalf;| opr opyl et hyl ,

cycl obutyl met hyl,_  cycl opent yl net hy]|
y y y Th e%o/ hosphate g¥oup ma§y be a phosphate prodrug moiety. The prodrug

\/

moiety may be sensitive to hydrolysis. Alternatively, the prodrug moiety may be
20  sensitive to enzymatic cleavage, such as a lactate ester or a phosphonamidate-ester
group.

It is to be noted that all enantiomers, diastereomers, and racemic mixtures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula I-IV and pharmaceutically acceptable salts thereof are embraced by the

25  present invention. All mixtures of such enantiomers and diastereomers are within the
scope of the present invention.

A compound of Formula I-XIV and its pharmaceutically acceptable salts may
exist as different polymorphs or pseudopolymorphs. As used herein, crystalline
polymorphism means the ability of a crystalline compound to exist in different crystal

30 structures. The crystalline polymorphism may result from differences in crystal
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and cycl ohexyl methyl. "Aryl heteroal kyl" refers to a heteroal kyl as defined

herein, in which a hydrogen atom (which may be attached either to a carbon

atom or awbevewvwmatedsn) has been replaced with an aryl gr@ap/isgodsiisaed

herein. The aryl groups nay be bonded 10 to a carbon atom of the

het er oal kyl group, or to a heteroatom of the heteroal kyl group, provided

that the resulting aryl heteroal kyl group provides a chemcally stable

noi ety. For exanple, an aryl heteroal kyl group can have the general formnul ae

-al kyl ene0-aryl, -alkyl ene-0O al kyl ene-aryl, -al kyl ene-NH aryl,

- al kyl ene- Nigaalliky (1RGEmaM¥] ymorphish Kyt @RBrede@lit packinl kthvebedi$readnky! ene-aryl ,

etc. In addition, any ofp the al kyl ene 15 noieties in the general fornmnulae

above can be&opigrmprsof igpemierieledilod confoamptional pplmouphismy- u/gml%?d(hl@fﬁilmed or

exenplified 1, " X8 I Br I | kyl-. group, as

def irrﬁed her é:?}%?&?]il% R/\S/ﬁ}l%%()l y ?%’égnﬁlyaé‘ %ﬁr%y%?gétglg)fggrﬁgltea% %cns e a\%y ‘%fr? a

het er oaryl gbmppumbtodedst ﬂedifﬂamheéﬁystammc}drfﬁ tTHbgas@&t&ifﬁply@rﬁ)lrﬂlfs dreher oar gl vl

al kyl include -CH-pyridinyl, -CH2-pyrrolyl, 20-CH2-oxazolyl, -CH2-indolyl,

- cn%- i soPndoRyAnt iy h OhERRY st due@nélf}(q&?%y fn crygiabpackinggpacking

- CH2- benzof = ,W&% i | pc = { -Fmdazol yl,

- CH2-t hi azo%ﬁ@?%—i séxazol ﬁla,t&?%%g%ﬁ Sf}srlg?glg%ﬁgw %#%éksfgﬁrﬁﬁégfo% Qfg‘

CH2- qui nol ylof theGalReins@gerileGloyformathl psenil dad yprph@ind- [Fheiimdtady invention o

- CH2- pyr azyl , . CH - i di nyl, - CH3) - rolyl, -CH -0 ol yl,

O iy o habmprisesa Rredhs rdRssisyme ol ey Silipouy of Formtul¢ LR

- CH( CHB) - f ur, g Weir ph%%@icégg‘a%b%)‘tablé £k CH3) - benzof aranyl ,

- CH( CH3) - benzot hi ophenyl , - CH( ) -carbazolyl, CH(CH3)-im dazolyl,

- CH( CH3)L0t hi azol Y ¢omi@mndidd Foimda d&2dMydnd itsQha@rBrupsallaacteaptable salts may

i $§ %g i Ip;%?sglf%szldy %@%%%Pﬁﬁ%’&g? éd hereircl:,l_l énc%_rlggfphgt% 3 ?sl d lsdlid in
which there is no long-range order of the positions of the atoms in the solid. This

definition applies as well when the crystal size is two nanometers or less. Additives,
including solvents, may be used to create the amorphous forms of the instant

15  invention. The instant invention comprises all amorphous forms of the compounds of
Formula I-IV and their pharmaceutically acceptable salts.

Selected substituents comprising the compounds of Formula [-XIV are present
to a recursive degree. In this context, “recursive substituent” means that a substituent
may recite another instahce of itself. Because of the recursive nature of such

20  substituents, theoretically, a large number of compounds may be present in any given
embodiment. One of ordinary skill in the art of medicinal chemistry understands that
the total number of such substituents is reasonably limited by the desired properties of
the compound intended. Such properties include, by way of example and not
limitation, physical properties such as molecular wei ght, solubility or log P,

25  application properties such as activity against the intended target, and practical
properties such as ease of synthesis. Recursive substituents are an intended aspect of
the invention. One of ordinary skill in the art of medicinal chemistry understands the
versatility of such substituents. To the degree that recursive substituents are present
in an embodiment of the invention, they may recite another instance of themselves, 0,

30 1,2, 3, or4 times.
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30- CH( CH3) - pyrazyl, etc. The term "optionally substituted" in
reference to a particular noiety of the conpound of Forrmula I-XIV (e.g., an
opt i onal Iwo=0tzatip468t ed aryl group) refers to a noiety WRETAISR01AI0M4581
substiutents are hydrogen or wherein one or nore of the hydrogens of the
noi ety may be replaced by substituents such as those |isted under the
definition 5of "substituted". The term "optionally replaced" in reference
to a particular noiety of the conpound of Formula I-XIV (e.g., the carbon
atons of said (G -C8)al kyl may be optionally replaced by -0-, -S-, or
-NRa-) neans t hatThemeodfientebeutbfisclie comtehiibewethgrqpapisty df inthsive Gf tHe8) al kyl
may be repla by 0, 1, 2, or nore of the groups specified 10(e.g., -0-,
- SY, or - ﬁRﬁgfae% value and%bﬁé %ieerp?ﬁm%(ﬁﬁ’?@dh%yﬁg? C@ﬁ?’ﬁéﬁgaf%}ﬂ@ﬁ the; d%g?‘aéfoér ence
to an al kyl o} K@BMhmd%}iﬁMﬂyAsure%{éﬁvbﬁﬂ@pa@ﬂcgtrapxhe@l@i@y). or al kynyl ene noi ety

refers to the carbon atons in the noiety th i'ntervene between the first

carbon at om of t Hewyrrsfasenge amthetchmpbeids of dhdiomerdionrdesaibel deereingtsp.
Therefore, b of .exanmpl e_and,not Jinmtation,. int al kyl noi ety
Ton(o) b B R FeRBaRte) Sedied st irfend o at ons
woul d be conpsidebgidall padieplabl sBitdlof tBE BbApdurndob &R B¢ @B include saltd-1 Nker” or
"l'ink" means a chem cal noiety conprising a covalent bond or a chain of

at ons. Li nkéedvedigomaa appisespichgsa firchsasen aifakiynerlor(aa afkalipp by 69t eneoxy,

PEG pol ynet hyl eneaxy). . al.kyl am no_4e. g. polyethyl eneam no, , .
Jef f am neTn)ef“)‘/lﬁPll& Eﬁi Ialéain]ng’eé??r anélﬁ{g(g;%ﬁ, FETGHER o ﬁ& slvesrE R is

succi nam de qefh Qi HEQh Rt By RO Gioc b1 C & Q2T gen atom ?rIe%}x? hipME such as

"oxygen-1linked", "nitrogen-linked", "carbon-Iinked”, "su I nked", or
" phosphdf ougrduprikddde (masidtaddition kalts foonetl eh weepatinecidpifetdxemplan be for med

by using nore.t han .one .type ,of atomin a.noiet t hen.t he bond. forped 25
bot weent he PaBeauEs ard: VRFQTam™ e CURe Rt Hfatn s SakRpii sk

ni trogen-| i nkag aaidian tRClIE; M hEs RemBORUBG LM OMML Achbd FOISANOM of the
am no acid rather than through an oxygen or carbon atom of the am no acid.

Some enbodi gedicscst oxdlic asishyotanig aoidf suesimubad,imalely agidnfmiasis ackle ghopsty

Rd/ Re acid, citric acid, malic acid, ascorbic acid, benzoic acid, isethionic acid, lactobionic

15 acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic
acid, methanesulfonic acid, p-toluenesulfonic acid, benzenesulfonic acid,
naphthalenedisulfonic acid, polygalacturonic acid; malonic acid, sulfosalicylic acid,
glycolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid, stearic acid, phthalic
acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine, arginine, glutamic acid,

20 glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c) salts
formed from elemental anions for example, chlorine, bromine, and iodine.
Physiologically acceptable salts of a compound of a hydroxy group include the anion
of said compound in combination with a suitable cation such as Na“ and NR?,".

For therapeutic use, salts of active ingredients of the compounds of the

25 invention wﬂl be physiologically acceptable, i.e. they will be salts derived from a
physiologically acceptable acid or base. However, salts of acids or bases which are
not physiologically acceptable may also find use, for example, in the preparation or
purification of a physiologically acceptable compound. All salts, whether or not

derived form a physiologically acceptable acid or base, are within the scope of the

30  present invention.
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whi ch may conprise a radical of a nitrogen-linked ester of a naturally
occurring a-am no acid. Exanples of naturally occurring am no acids include
i sol euci €0 2beae488, | ysi ne, nethionine, phenyl al ani ne, PCruSoonil0e4581

trypt ophan, valine, alanine, asparagine, bSaspartic acid, cysteine, glutamc
acid, glutamne, glycine, proline, selenocysteine, serine, tyrosine,
arginine, histidine, ornithine and taurine. The esters of these am no acids
conprise any of those described for the substitutent R6, particularly those
in which R6 is optionally substituted (G -C8)al kyl. Unless ot herw se

speci fied, the cailoR, AIOMHQNdERR0E BE A Wbenpkitloas Rt dompHie XI V are
intended to have a_val ence of four. In sonme chem cal structure

r epr esent at iICORPONRSIA thainkenioatn heilgh-iesizehasevall asumfitericais forunpet  of

vari abl es at . t r.emai ni ng carbon
substi tutentcéﬂl?\)g[%gg ?gﬁ8&%@%&2"%@%@?‘3@%g%‘gg‘%?%%lﬁ‘@ﬁ%ﬁﬁ d be assuned to be
hydrogen. For exdelcompBRBnd3fed theGheriNn, exemplified bPFotealki g Vi oeRhirblef er s ][o
a noiety_of a conpound that masks or alters the properties of a functiona
group or°t hé“HfEpest &é@} ?ﬁr{’?fh%f é@%&ﬁ%ﬁt%&aFWa@P%m@ MoRRArey atoms

subst r uct ur & r@hAyIRTHIEChh] e AR B4Rl ﬁﬁ%%\dcei}oﬁr di@aﬁent E'Lﬁfs{iwgﬂtspfrh
protecting group I's to serve as an internediate 1n the synthesis of the

par ent al dr wgmpoistsar ches inGingion ¢lals ipclodeccemy mgixoupsofaistatoiatmgises f or
protection/de {ﬁ)tecti n are.well known [n the art. S 3 "ProtectivedGroups
"n Or gani ¢ CROMISE FYAIomREso B Eregiery dehErPimmErw A diioaghe cOmRRUNdsNe,y
York, 1991. JPrligcéitidd it eiRsiridh&l Qb ciphtichl idGfert 8t ARSI ANRyhERELd Vi ty

of certain functional groups, to assist in the efficiency of desired

chemni callOr egbirilowems. elngptherakdray thmehitat ecitérn gpronentifioal thisdlapistipws ae or der ed

provided as the chiral isomers or racemic mixtures. Both racemic and diastereomeric

mixtures, as well as the individual optical isomers isolated or synthesized,
substantially free of their enantiomeric or diastereomeric partners, are all within the
scope of the invention. The racemic mixtures are separated into their individual,
15  substantially optically pure isomers through well-known techniques such as, for
example, the separation of diastereomeric salts formed with optically active adjuncts,
e.g., acids or bases followed by conversion back to the optically active substances. In
most instances, the desired optical isomer is synthesized by means of stereospecific
reactions, beginning with the appropriate stereoisomer of the desired starting material.
20
The term "chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term "achiral" refers to
molecules which are superimposable on their mirror image partner.
The term "stereoisomers" refers to compounds which have identical chemical
25  constitution, but differ with regard to the arrangement of the atoms or groups in space.
"Diastereomer" refers to a stereoisomer with two or more centers of chirality
and whose molecules are not mirror images of one another. Diastereomers have
different physical properties, e.g. melting points, boiling points, spectral properties,
reactivities and biological properties. For example, the compounds of Formula I-XIV

30  may have a chiral phosphorus atom when phosphorus has four different substitutents,
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and pl anned fashion. Protection of functional groups of a conpound alters
ot her physical properties besides the reactivity of the protected

functi onavogotup246such as the polarity, lipophilicity (rganuspéobisssty), and
ot her properties which can be neasured 15 by conmon anal ytical tools.

Chem cally protected internedi ates nmay thensel ves be biologically active or
i nactive. Protected conpounds may al so exhibit altered, and in sone cases,
optim zed properties in vitro and in vivo, such as passage through cellular

merbranes and resistance to enzymatic degradation or sequestration. In this
rol e, protectzedorOulectpoutdr the thirality énkledSt WaemBéand B ef the etménaayd ble

d , her, f ' f ' |.S .
conver ¢t ho Bt artirs FRbTMa YOG HBraPalR E et RPabighi s

rel eased up@it E6ORVEE falihg@d pbieatifldsttdiebnh ¢ M ure BECIMFRUAES, iee RRY; 0dr ugs
may be absorbed nore effectively than the parental drug, prodrugs nmay

possess gr eaterS pyrdehBysameryi Whixfuanot diestyeeraers aaydergparpieomndern igly gr oups
are renoyed_gifher i ' h | [ . chem Jnte di ates, or
novi vo, i n EhuiEh ehdlfle e el i ab e hoRsiC D BBy MU PPy
parti cul ar | ghionpordramhty. Thadterthraeree sialy thiangdiffeeshy phgsial betibudepiuoh agthuon, e. g.
al cohol s, be physiol ogi cal.ly acceptable, 5although.in general it is nore
desirabl e iFm¥m@“ﬁ4@dﬁ%W§L§%@“ﬁﬁﬁ@ﬁﬁ@gﬁﬁéﬁééFﬂ§t HﬂbﬁﬁgﬁﬁyaBOhmm"Prodrug
moi ety MeaRFried: BRI Gcdl PRGFHPRRLC I BUPn ISR ISE PR @ he active

i nhi bitory conpound d%?iﬁgﬁ%%tabofgénl syste%?§§1 f?&§§%§ée gkcell, by
hydr ol ysi s, absozptimatand nodtg@eNiagepiloy. by sone ot her process (Bundgaard, Hans,
"Design,10 and Application of Prodrugs" in Textbook of : Desi gn and
Devel optnt - ( 1005 BomgRy s er O iAo CBRRIGHFHCT BRSO Par mood
Acadeni ¢ PulliesiiioSabl®RrirrdrlidragddddoncERgmees which are capabl e of an
enzymatic activation mechanismw th the phosphonate prodrug conpounds of

t he invention i nélaehehehigel dafmitips ahd ppnvedtions, usadrhersgegenerdly dolise§, P.

m crobi al enzyne hol.i.pases, chali nest erases 15pho ses.
Prodrug noi EF%gé%ga%%lp LB e I ,Sgﬁgmélfagw'@ﬁﬂﬁogk

| i pophi | i ci ConipanpMdwryas; drdiglidieEl ¥er Wilehl DagRidoaikinhistry of0eafd i cacy. A
prodrug noiety may include an active netabolite or drug itself. The

phosphal® gfenmoreds (hao4 Jphbdhleatd SprodrwugNemiYerk:. MpRE opgagifraggpounds

exist in optically active forms, i.e., they have the ability to rotate the plane of plane-

polarized light. In describing an optically active compound, the prefixes D and L or R
and S are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixes d and 1, D and L, or (+) and (-) are employed to designate the

20  sign of rotation of plane-polarized light by the compound, with S, (-), or 1 meaning
that the compound is levorotatory while a compound prefixed with R, (+), or d is
dextrorotatory. For a given chemical structure, these stereoisomers are identical
except that they are mirror images of one another. A specific stereoisomer may also
be referred to as an enantiomer, and a mixture of such isomers is often called an

25  enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two enantiomeric species, devoid of
optical activity.

30 Whenever a compound described herein is substituted with more than one of
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noi ety may be sensitive to hydrolysis. Alternatively, the prodrug noiety
may be 20sensitive to enzymatic cl eavage, such as a |lactate ester or a

phosphonawDaat2Hesser group. It is to be noted thacraiskoia/assi oner s,
di astereonmers, and racem c m xtures, tautomers, polynorphs,
pseudopol ynor phs of conpounds within the scope of Fornula I-1V and

phar maceutically acceptable salts thereof are enbraced by the 25present
invention. Al mxtures of such enantioners and diastereoners are within

t he scope of the present invention. A conpound of Formula I-XIV and its
phar maceut i id dameafesigRbRBleoupat ks "REYoreRI 'S thaast @ilf benanRtsted vpmnphs or
pseudopol ynor phs. As used herein crystalllne pol ynmor phi sm nmeans t he
ability of &rmértaaﬂheﬁh@swﬁarepbléxﬁgqh groupiistipdaperdendy yeleetpd. Wavy
30structure 18WGI % resul.t .from.di fferences in
crystal pagklﬁg (pac ﬁ&ﬁ%t ﬁ% f%ﬁ&ﬂ%?%%ﬂ&%&%?gﬁgﬁé%gmi J(ﬁlr%lgﬁlng bet ween
di fferent c&n&@mmﬁm@;g&mphemﬁamﬁ ﬂnﬁ@ﬁule (conformational pol ynorphism. As
used her crystalline pseudopoly hi sm neans the ability of a hydrate
or sol vage of a dIRFEmRAULS Oéiliteslm?fﬁloaucﬁlﬂ alse fEistayfaviamese pegieryiBgertaiie

pseudopol yma@gsmoa%}ﬁ %Bﬁé B8P RLOR LTy 1B Hay BiSichfudl b fgnces 11

crystal packing (pack seu opo ynnrp 'S rénces in
packi ng bet esrs a¢ tdm«:rephatadomﬂon rﬂ?_mrssop)ef OﬁthﬁlMﬂ@OM(ﬁ@Mhﬁpl@pmfamﬁlﬁﬁt i onal

pseudopol y hism. The instant invention conprises. all polynorphs and
pseudopolygg?g ’Bfmfﬁgﬁéhﬁﬁﬂﬂﬁﬂgwﬁ?l HﬂV%FangV%%@Hwkﬁ€F¥nefm

phar maceut i ¢atdz¥lcaGaeRt afd 81 %&ﬂp%ss&@"?&&&ﬁ&%’ﬂﬁlmgfaré: Wit life 400§$ Sr@pd its
pharmaceutical ly acceptable salts may also exist as an anorphous solid. As

used hed@i ninvgntiemor phous solid is a solid in

One skilled in the art will recognize that nucleoside bases such as the
pyrrolo[1,2-f][1,2,4]triazine nucleosides can exist in tautomeric forms. For example,
but not by way of limitation, structures (a) and (b) can have equivalent tautomeric

forms as shown below:

OH
= NN
\
N
\N/ RY
A,
RS
\ o~
N 2
N OH
An,
NH,
N\
N o
N RO
15 A,
a b.
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which there is no | ong-range order of the positions of the atons in the
solid. This definition applies as well when the crystal size is two
nanonet erwoan1d@sss Additives, including solvents, nmay [PETISed 1094581 eat e

t he anorphous forns of the instant 15invention. The instant invention
conprises all anorphous forns of the conpounds of Formula I-TV and their
phar maceutical ly acceptable salts. Sel ected substituents conprising
t he conpounds of Forrmula I-XIV are present to a recursive degree. In this
context, "recursive substituent” nmeans that a substituent may recite

anot her ins LAﬁhp@stbie tat®alchic fB@oaifske Indterbbgcldseddmaichesbazas gl sfftheuch 20
substi tuents, Eeoretrcally a. |l arge nunber of conpounds may be present in

any given eFBBafimsHs dlﬁﬁﬂ\‘éseéfheﬁfd?rﬁéi‘rlghl%ﬁ’ielSPORerPﬁth‘*emé(P@tlQﬂ medi ci nal

chem stry unders t :

reasonably limte @qam%ﬁakﬁegﬁpgg&gg3%3???%%8%?§Hﬁhaﬁﬂg%%ﬁ% |ﬁ§%nded Such
properties |1sm3¢p¢slef t}ie)atmg/smtiﬁedeiamﬂxleemﬂiwdlarnntold:dulmt a{orndnmtlmgytsamplles of

properties as nol e ] SOl b|| P, 25application
propert i zlEFéﬁ lsﬁgﬂpﬁémc&%f;gi é@ﬁrﬁ C gl ] !n%]’éH I%Oé% yariakqps B&Q@‘ﬁ cal
properties §ggam§§sg@§§b@aﬁﬁyp&ge§h§iHﬁ@§&ﬁ§rve substituents are an

i ntended aspect of the invention. One of ordinary skill in the art of
medi ci nal chemi stry understands the versatility of such substituents. To
the degree that recursive substituents are present in an enbodi nent of the
invention, they may recite another |qftance of thenselves, 0, 301, 2, 3, or
4 tinmes. The nodifier "about "EX{¥Ye$ n connecti on mnth a quantrty i's
inclusi V8 of the stated val ue and has the meani ng dictated by the context
(e.g., includes {sgaipehperiasongprdrcreysscraped 1wd?$i>ﬂr’¢m£stb¢ expenimental t he
particul ar r he |nv 0

descri bed heﬁgfra g% ngg?m%j%’égxogt%gleg&gg?lg% etugﬁ%rgt%m% Sl? leﬁﬁ ogtrhc ePabl P
accept abl e &aMﬁmBbeﬁamﬁnmﬁmaﬁh&eebb&vﬁhyﬁdﬁkm@hm@hky acceptable salts of

t he conpounds of the invention include salts derived froman appropriate
base, such as an alkali nmetal or an alkaline earth (for exanple, Na+, Li+,

K+, Ca+¥5anq~?Q12hﬂgqgg éyﬁh?&gmﬁgg§$ﬁg§herern Ra is defined herein).
y

Physi ol ogi cal acceptable salts of a nitrogen atomor an am no 10group

i nclude (a Aammduﬁ@drﬂwemﬂmglts formed with inorganic acids, for exanple,
hydr ochl or i-c—agi-d+—hydrobreomec—act-d—sul-furi-c—acid; su!fanic aci ds,
phosphori ¢ Fg acetic anhydride

AIBN 2,2’-azobis(2-methylpropionitrile)

Bn benzyl

BnBr benzylbromide

BSA bis(trimethylsilyl)acetamide

BzCl benzoyl chloride

CDI carbonyl diimidazole

DABCO 1,4-diazabicyclo[2.2.2]Joctane

DBN 1,5-diazabicyclo[4.3.0]nonene-5

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DBU 1,5-diazabicyclo[5.4.0Jundecene-5

DCA dichloroacetamide

DCC dicyclohexylcarbodiimide

.DCM dichloromethane

72



nitric acid and the |ike;
acetic acid,
f ursipi2e12z2002465 gl uconi ¢ aci d,

exanpl e,
acid,
benzoi ¢ aci

acid, alginic acid, polyglutamc acid,

d, isethio

oxalic acid, tartaric acid, succini
| act obi oni ¢ 15aci d,

napht hal enesul f oni

ni c acid,

(b) salts formed with organic acids such as,

for
c acid, maleic

citric acid, malic aeca/usasiaou4s8c aci d,
tannic acid, palmtic

c acid,

nmet hanesul foni ¢ aci d, p-toluenesul fonic acid, benzenesul fonic acid,
napht hal enedi sul foni ¢ aci d, polygal acturonic acid, malonic acid,

sulfosalicylic acid, glycolic acid, 2-hydroxy-3-naphthoate, panpate,
salicylic aQHdAPStearhﬁdﬁﬁmﬁﬂmﬁﬁbb@MMQeaCId mandel i ¢ acijd, lactic acid,
et hanesul fonic_acid, |lysine _arginine glutamc acid, 20glycine, serine,
t hr eoni ne, |&IMRi ne, i|sbl@iréthexyethanei ne and t he Ilke and (c) salts forned
from el enentg T oNs e chiorine;—bromne,—and i odi ne.
Physiologic&ﬁ%yegccepta ﬂmxgphécgk’g‘conpound of a hydroxy group include
t he ani on ofpgsOd conpgﬂ@qwmﬂuggﬂglnatlon wth a suitable cation such as
Na+ and NRa4. For therapeufic use, salts of active ingredients of the
conpounds cﬂnﬂﬁé 25|nvbﬁtﬁ§ndhﬁtwn%® phyS|oIog|caIIy acceptable i.e. they
wll be salft ertve otogicatty—acceptable—aci d or base.
However , saﬂpggof aC|d§ ﬂlgggg%n |ch are not physi ol ogijcal ly acceptabl e
may al so fiindouse, foreteqaowh®e, 1n the preparation or pufification of a
physi ol ogi cally acceptable conpound. All salts, whether or not derived form
a physioloqﬁ@élly acceﬁ@@@ﬁ@aﬁunmmmmnbase are within the scope of the
30present i melip Hys -s—to—be—underst ood that the
conpositiorghﬁgﬁeln c&ﬁﬁﬁP?%Y§8W§ ds of the invention in their
un-ionized, gg el aSH%mhﬁ&ﬁ&kQ@hﬁi&ﬁ%ﬁﬂuogﬁgh§onblnatIOHS with
st oi chi onetlric anount|s water as in hydrates. The conpounds of the
i nvention, éib%plifiedﬁbwnﬁ@ﬁnpk@yhnxﬁw have chlral 5centers, e.g. chiral
carbon or phe orts f t+he—phoesphoerousyat ons of Formul a
0y ATl HER Gy HAGBTUH o T erane. Subdti tuents. The
conpounds ofyiEPBAI NVenhi@Rhiherbdnchiddeid acem ¢ m xtures|of al
stereoi soners, including enantionmers, diastereoners, and|atropisoners. In
addi ti on, tﬁédﬁﬁnpoundsmwmﬂnhe invention include enriched or resolved
Opt i cal isd lﬁé&{at 8 ’methartlzoll' asyfmett++e€;

MMTC mono methoxytrityl chloride

m/z or m/e mass to charge ratio

MH" mass plus 1

MH" mass minus 1

MsOH methanesulfonic acid

MS or ms mass spectrum

NBS N-bromosuccinimide

rtorr.t. room temperature

TBAF tetrabutylammonium fluoride

TMSCI chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI iodotrimethylsilane

TEA triethylamine

TBA tributylamine
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10chiral atonms. In other words, the chiral centers apparent fromthe
depictions are provided as the chiral isoners or racem c m xtures. Both
racenm c awo 2dizEeeseoneri ¢ m xtures, as well as the indipeirdisadiioptsscal

i soners isolated or synthesized, substantially free of their enantioneric
or diastereoneric partners, are all within the scope of the invention. The
racem c m xtures are separated into their individual, 15substantially
optically pure isonmers through well-known techni ques such as, for exanple,
the separation of diastereoneric salts fornmed with optically active

adj uncts, .TBAP aci ds tebutlytsesodionl vahobyhaconver si on back to the optically
active substapnces—ln-npst jnstances, the desired optical isoner is
synthesizedjgﬁxﬂeans dmm§ﬂ€W@@®6@EﬂFh@“ﬁéactions, begi nniing with the
appropri at ¢ §,g§ €ol Soqﬁ%th?fam[naﬁﬁgﬁsoi'éa% Ehedrt rmg—aterial]. 20 The term
"chiral" reférs to nmol ecutes I C ave the property of non-

superi nposallifA ty of |tth@usfohsedic aciiage partner, while the|term "achiral”
refers to moleculeswhich are_superi ol e ¢ heir _nmirror inmage partner.
The term " stldiCedi tkonerthin lpyr shywmatogamyounds whi ch have identical chenica
25const | tul‘i'I?n’ b'l'J[_ itfiéﬁc[ng%étﬂyl[ egardto the—arrangement of the atons or
groups in space. "Digstereoner “refers to a stereoi soner (with two or nore

centers of (abirality angheyitRgzdypl ecul es are not mrror images of one

anot her. Dilastereoners have different physical properties, e.g. nelting
poi nt's, boilBi ng poi nt|garts pecnilken gowpEeldi feam tetwmetlividilenes and bi ol ogi cal
pr operti es.—For—exanpte,—the—conpounds—oft——Formta—+—>xX-30 may have a
chiral phosphorus at om when phosphorus has four different substitutents,
e.g., Foinula XIV, where the clprepdiatiénios ddnffounds\Wien Rc and Rd of the
am no acid of the phosphoram date of Fornula |V are different, there are
two centers of chirality in the nolecule | eading to potenti al

di ast er eonerd i xtures. of conmpounds, e.g. RS, SR S, S and R R isoners.
M xt ures of(@%gg%g¥ggﬁgﬁs may be separate under high 5resol ution anal ytical
procedures such as el ectrophoresis, crystallization and/or chromatography.

D astereoneres nay have different physical attributes such as, but

S CH3OH s
O OH \Q\_«o OH

O O
1a 1b
10 "~ To asolution of 1a (22.0 g, 54.9 mmol, prepared according to the procedures

described in J.O.C., 2004, 6257) in methanol (300 mL) was dropwise added acetyl

chloride (22 mL) at 0 °C using a dropping funnel over a period of 30 min. and then

stirred at room temperature for 16 h. The mixture was concentrated, re-dissolved in

ethyl acetate (400 mL), washed with ice-cold 2 N NaOH, and concentrated to dryness
15  affording the crude methyl ether 1b as an oil. MS =437.2 (M + Na").

>
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not limted to, solubility, chemcal stabilities and crystallinity and may
al so have different biological properties suc as, but not limted to,
enzymat i cwetatedip46y, absorption and netabolic stabilityPCIQSEmangiseners”
refer to two stereoisoners of a conmpound which are non- superinposabl e
mrror images of one another. St ereochem cal definitions and
conventions used herein generally follow S. P. Parker, Ed., McGawHi Il
Dictionary of Chemical Terns (1984) McG aw Hi || Book Conpany, New York; and
Eliel, EE and Wlen, S., Stereochem stry of Organic 15 Conpounds (1994)
John Wley & Son Q- Hew York. Many organic conpounds exist in
optically active.e., they have the ability to rotate the plane of
pl ane- pol ari zed | i ghtl | Odescri bing an optically actH® c%r’rpodmd, t he
prefixes Dand L or R and S\a& _u8ed to 9188 e the absol bge Eon\f\i guration
of the nol ecul e about its chi cent refixes 1, D and L,
or (+) and (-) are enpboyed 50 ggsignat ecihifegy 20si gn of ngdatdgn of

pl ane- pol ari zed Iight he~'compound, with S, (-), or 1 neaning that the
conpound is | evorotatory while a conpound prefixed with R (+), or dis
dextrorotatory. For a given'chem cal structure, these stere%sorrers are

i dentical except that theytmre mrror inmages of one another. A specific
stereoi somer may al so be referred to as an enantioner, and a m xture of
such isoners is ofd£o168h79baBbErel 3 BEPHLGoul Y iiPmefhand: (360 Wﬁ;méture of
enantionmers is referred to as a racemc mxture or a racenate, i ch may
occur wher e wasedéedia§ M eshumongheridoseitest inametivanos (¥rebs peoinfdlgtd in a

chem cal .reacti r .process. The ter "racem c mxture” and "racemate"
e er toan Bt AT HREE F R el TR ARt aoepeen s HENHE o
optical actis¥iutipn iP@WRLREYSMB, NArHEeSiGhird Rds RN RbRcdnfra®d batd s ed

Wi th nore than one of 2012/ 012465PCT/ US2011/ 044581 t he sane desi gnated

group, e.g. thegmde bg. M&=201$:8v 4 Navi | | be understood that the groups may
be the sane or different, i.e., each group is independently selected. \Wavy

lines, - , indicate the site of covalent bond_attachnments to the adjoining
substructures, groups, noieties, or atomns. conpounds of the invention

can al so exist ag;jautoneric isoners in cert ses. Although only one
del ocal i zed resonan—cE@r;ft\ture rr@ym%'gepi cted, dtysuchdorns are
contenplated within tke ope of thé Invention. For exanpl e} ene-anine
tautomers can exist for purine, rimdi.pe, imgdazole, ani diz=Re, am di ne,
and tetrazole systeri®ard al | thgyi”rtmrr‘r%)(g‘g?bl e t@ie/rd)c Ebwr@e wi thin

t he scope of the toluene

1c 1d
10 A mixture of 1¢ (obtained from the previous step), Tritron X-405 (70% in

water, 6.0 g), 50% KOH (in water, 85 g) in toluene (500 mL) was heated to reflux
with a Dean-Stark trap attached. After 1h collecting ~25 mL of water, benzyl
chloride (33 g, 260 mmol) was added and continued to reflux with stirring for 16 h.
The mixture was then cooled and partitioned between ethyl acetate (400 mL) and

15  water (300mL). The organic layer was washed with water (300 mL), and
concentrated. The residue was purified by silica gel column chromatography (~20%
EtOAc / hexanes), affording the methyl ether 1d as an oil (22.0 g, 89% in three steps).
"H NMR (300 MHz, CDCl3): § 7.3 (m, 15H), 4.5 - 4.9 (m, 7H), 4.37 (m, 1H), 3.87 (d,
1H), 3.56 (m, 2H), 3.52 (s, 3H), 1.40 (s, 3H).

20
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10i nventi on. One skilled in the art will recognize that nucl eoside
bases such as the pyn-olo[1,2-f][1,2,4]triazine nucl eosides can exist in

t aut omer iwof2ormE24650r exanpl e, but not by way of |im taPconsS2etowssures (a)
and (b) can have equivalent tautonmeric fornms as shown bel ow ab. A
possi ble tautoneric fornms of the heterocycles and nucl eobases in all of the
enbodi nents di scl osed herein are within the scope of the invention.

The conpounds of Forrmula I-XIV also include nol ecul es that incorporate

i sotopes of the atons specified in the particular nolecules. Non-limting

exanpl es of 5theSe isotopes include D, T,'3C a# 5N. All such isotopic
vari ations of iEEh- nol el cul es are provi ded by e~nstant invention.
Exanpl es 10 Ceptgi n abbreV|at|o§@F§€8 acronymso ecyse i n describing
the experinental detail hough no t hese mouliagﬁézg rstood by one
skilled in the art TabI ont-lns a Irst of of t abbrevi ati ons
and acronyns. 15 e 1O Ligst abr@VV%??%ns a&?ﬁéﬁiggyng Apbr evi at i on
Meani ng

1d 1e

To a solution of 1d (22.0 g, 49.0 mmol) in acetic acid (110 mL) was added ~ 3
M sulfuric acid (prepared by mixing 4.8 g of concentrated sulfuric acid with 24 mL of
5  water) and stirred at 70 °C for 8 h. The mixture was concentrated to a volume of ~20
mL, and partitioned between ethyl acetate and ice-cold 2N NaOH. The ethyl acetate
layer was concentrated, and purified by silica gel column chromatography (~35%

EtOAc / hexanes), affording le as an oil (17.0 g, 80%). MS =457.2 (M + Na").

10

o\ _o__,

O“‘\iiz:?H DMSO, Ac,0 m\K;;Zi

S 56v©
o

1e 1f

To a solution of 1e (45 g, 104 mmol) in DMSO (135 mL) was dropwise added
acetic anhydride (90 mL, 815 mmol) at room temperature under argon. The mixture
15  was stirred for 16 h at room temperature, and then poured into ice-water (1 L) while
stirring. After ice was completely melted (~30 min), ethyl acetate (~500 mL) was
added. The organic layer was separated. This extraction process was repeated three
times (3x500 mL). The organic extracts were combined and concentrated. The

residue was purified by silica gel column chromatography (~20% EtOAc / hexanes),
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Ac20 acetic anhydride AIBN 2,2'-azobis(2-nmethyl propionitrile) Bn benzyl
BnBr benzyl brom de BSA bis(trinethylsilyl)acetarnide Bz benzoyl chloride
CDI car bowgl2otviiedaédazol e DABCO 1, 4- di azabi cycl o[ 2. 2. 2] o®CarsS20BN44581

affording 1f as an oil (39 g, 88%). 'H NMR (300 MHz, DMSO-dq): § 7.3 (m, 15H),
4.4-48(m, 7H), 4.08 (d,J="7.5Hz, 1H), 3.75 (dd, J=2,4, 11.4 Hz, 1H), 3.64 (dd, J
=5.4,11.4 Hz, 1H), 1.51 (s, 3H).

5 Compound 2

NH,
AN

- ;N

O =

B \ :O: iO Br N
S BuLi, TMSCI

0O O
Bn Bn THF
1f 2a

To a dry, argon purged round bottom flask (100 mL) were added 7-bromo-

10 pyrrolo[2,1-f][1,2,4]triazin-4-ylamine (234 mg, 1.10 mmol) (prepared according to
WO02007056170) and anhydrous THF (1.5 mL). TMSCI (276 pL, 2.2 mmol) was
then added and the reaction mixture stirred for 2 h. The flask was placed into a dry
ice/acetone bath (~ -78 °C) and BuLi (2.5 mL, 4.0 mmol, 1.6M in hexanes) was added
dropwise. After 1h, a solution of 1f (432.5 mg, 1.0 mmol) in THF was cooled to 0 °C

15  and then added to the reaction flask dropwise. After 1 h of stirring at -78 °C, the flask
was warmed to 0 °C and sat. NH4CI (5 mL) was added to quench the reaction. The
organics were extracted using EtOAc (3 x 10 mL) and the combined organic layers
were dried using MgSOy, The solvent was removed under reduced pressure and the
crude material was purified using flash chromatography (hexanes / EtOAc). 560 mg

20 (90 %) of 2a was isolated as a mixture of two anomers. LC/MS =567.2 (M +H").

'H NMR (300 MHz, CDCl3): 8 7.85 (m, 1H), 7.27 (m, 15H), 7.01 (m, 1H), 6.51 (m,
1H), 4.66 (m, 8H), 4.40 (m, 2H), 3.79 (m, 3H), 1.62 (s, 2’-CHj from the one anomer),
1.18 (s, 2’-CH3; from the other anomer).
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10

15

20

25

5-di azabi cycl o[ 4. 3. 0] nonene-5 DDQ

3-di chl oro-5, 6-di cyano-1, 4- benzoqui none DBU

5- di azawpeydwp454. 0] undecene-5 DCA di chl or oacet am de PDC@TS2011/044581
cycl ohexyl car bodi i m de . DCM di chl or onet hane DIVAP

di met hyl am nopyri di ne DVE 1, 2-di net hoxyet hane

Alternative procedures for 2a

To a dry, argon purged round bottom flask were added 7-bromo-pyrrolo[2,1-
f][1,2,4]triazin-4-ylamine (9.6 g, 45 mmol) and anhydrous THF (60 mL). TMSCI
(12.4 mL, 99 mmol) was then added and the reaction mixture stirred for 2 h. The
flask was placed into a dry ice/acetone bath (~ -78 °C) and BuLi (98 mL, 158 mmol,
1.6M in hexanes) was added dropwise. After 1 h, this reaction mixture was added to
a solution of 1f (13.0 g, 30 mmol) in THF at -78 °C via cannula. After 2 h of stirring
at -78 °C, the flask was warmed to 0 °C. Saturated NH4Cl1 (150 mL) was added to
quench the reaction. The organics were extracted using EtOAc (3 x 100 mL) and the
combined organic layers were dried using MgSO4. The solvent was removed under
reduced pressure and the crude material was purified using flash silica gel
chromatography (hexanes / EtOAc). 7.5 g (44 %) of the desired material 2a was
isolated. LC/MS =567.2 (M + H").

Compound 5

o)
TMSCN, BF;-EL,O Br

DCM

To a solution of compound 2a (1 g, 1.77 mmol) in CH,Cl, (20 mL) at 0 °C
was added TMSCN (1.4 mL, 10.5 mmol) and BF3-Et,O (1 mL, 8.1 mmol). The
reaction mixture was stirred at 0 °C for 0.5 h, then at room temperature for additional
0.5 h. The reaction was quenched with NaHCO;3 at 0 °C, and diluted with CH;CO,Et.

The organic phase was separated, washed with brine, dried over Na,;SOy, filtered and
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DMICLl di met hoxytrityl chloride DMSO di net hyl sul f oxi de DMIr 4,

4' -di met hoxytrityl DMF di net hyl formam de Et OAc et hyl acetate ESI

el ect r ospwayoi2omp4sat i on HVDS hexanet hyl di si | azane HPLC FiCghuspoie®s4sse | i qui d
chr omat ogr aphy LDA

concentrated. The residue was purified by chromatography on silica gel, eluted with
CH;CO;Et-hexanes (1:1 to 2:1), to give the desired compound 5a (620 mg, 61%) as

an isomeric mixture. MS = 576.1 (M + H").

BCl,

DCM

To a solution of compound 5a (150 mg, 0.26 mmol) in CH,Cl, (4 mL) at -78

°C was added BCl; (2 mL, 1M in CH,Cl,). The reaction mixture was stirred at -78 °C '

10 for 1 h. The reaction was quenched at -78 °C by dropwise addition of TEA (2 mL)
and MeOH (5 mL). The mixture was allowed to warm up to room temperature,
evaporated, and co-evaporated with MeOH several times. The residue was treated
with NaHCO;3 (1 g in 10 mL H,0), concentrated and purified by HPLC to give the
desired product Compound 5 (48 mg, 60%). '"H NMR (300 MHz, D;0):87.74 (s

15 1H), 6.76 (d, ] =5 Hz, 1H), 6.73 (d, ] = 5 Hz, 1H), 4.1 (m, 1H), 3.9 (m, 1H), 3.8 (m,
2H), 0.84 (s, 3H). MS =305.9 (M + H"). The other alpha-anomer was also obtained
(9 mg, 11%): "H NMR (300 MHz, D,0): & 7.70 (s 1H), 6.8 (d, ] = 5 Hz, 1H), 6.7 (d,J
=5 Hz, 1H), 4.25 (d, ] = 9 Hz, 1H), 4.07 (m, 1H), 3.85 (m, 1H), 3.7 (m, lH),\l.6 (s,
3H). MS =306.1 (M +H".

20
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l'i thium diisopropylam de LRMS | ow resol uti on mass spectrum MCPBA

nmet a- chl or oper benzoic acid MeCN acetonitrile MeOH nmet hanol MMIC nono

met hoxyt rwoybi2ahb4ssi de mz or mie mass to charge rati o WeFUsa®d/opisas 1 MV
mass mnus 1

0 - N

I o, 7 00
Cl—P—CI >“' , )—0_

! 7 NH, HO 7O N-P-cl

0o O e} H |

¥ O
TEA / CH,CI, (i::f

A B

Compound A (commercially available, 4.99 g, 23.8 mmol) was dissolved in
dichloromethane (100 mL) and alanine isopropyl ester hydrochloride (3.98 g, 23.8
5 mmol) was added. The resulting clear solution was cooled -78 °C for 30 min.
Triethylamine (6.63 mL, 47.5 mmol) was added dropwise over 15 min. The mixture
was then allowed to warm to room temperature. After 16 h, the solvent was removed
by argon stream. The residue was re-dissolved in MTBE (25 mL) and the insoluble
was removed by filtration under argon. The filtrate waé then condensed by argon
10 stream and the crude product B was used for the next reaction without further
purification. 'H NMR (300 MHz, CDCls): 7.1-7.4 (m, SH), 5.1 (m, 1H), 4.35 (m,
1H), 4.15 (m, 1H), 1.5 (d, 3H), 1.2 (m, 6H). *'P NMR (121.4 MHz, CDCl;): § 7.8

and 8.4 (2s).
1]
CI—F!’—CI
0 S ,
A >H’ <9
>—o : 7f/\N —P-0
)f’\NH?HCI o
)
p-Nitrophenol N* 0
TEA/CH,CI
15 212 C

Alanine isopropyl ester hydrochloride (7.95 g, 47.4 mmol) was suspended in
dichloromethane (100 mL). Compound A (10 g, 47.4 mmol) was added.
Triethylamine (13.2 mL, 95 mmol) was then dropwise added over a period of 15 min.
(internal reaction temperature; -10 °C ~ -3 °C). When the reaction was almost

20 complete (by phosphorous NMR), p-nitrophenol (6.29 g, 45.0 mmol) was added as a
solid in one portiori. To the resulting slurry was added triethylamine (6.28 mL, 45
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MsOH net hanesul fonic acid M5 or nms nmass spectrum NBS N bronosuccini mde rt
or r.t. roomtenperature TBAF tetrabutylamoni umfluoride TMSCl

chl or ot r iwet2bilapdéane TNVSBr bronotri net hyl sil ane TMVSI | @edotuseomosBsi | ane
TEA

mmol) over a period of 15 min. The mixture was then warmed up to room
temperature. When the reaction was complete, MTBE (100 mL) was added. The
white precipitate was removed by filtration. The filter cake was washed with MTBE
(3 x 50 mL). The filtrate and washings were combined and concentrated. The residue

5 was purified by silica gel column chromatography (0 to 50% ethyl acetate / hexanes),
affording compound C as a 1:1 ratio of diasteromeric mixture (14.1 g, 77%). 'H
NMR (300 MHz, CDCls): 6 8.22 (2d, 2H), 7.2-7.4 (m, 7H), 5.0 (m, 1H), 4.09 (m,
1H), 3.96 (m, 1H), 1.39 (2d, 3H), 1.22 (m, 6H). MS =409.0 (M + H"), 407.2 (M -
HY.

10

Separation of two diatereomers of compound C

. H oz
AR
. — -0
>—o :o ©/ N

N*+O s
) Vo o
I \77/\N"“

' o)
diastereomeric mixture at phosphorous @ D

The two diastereomers were separated by chiral column chromatography under the
15  following conditions;
Column: Chiralpak IC, 2 x 25 cm
Solvent system: 70% heptane and 30% isopropanol (IPA)
Flow rate: 6 mL/min.
Loading volume per run: 1.0 mL
20 Concentration of loading sample: 150 mg / mL in 70% hepane and 30% IPA
(S)-compound C: retention time 43 min. *'P NMR (161.9 MHz, CDCL): § -2.99 (s).
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triethylamne TBA tributylamne WD 2012/012465PCT/ US2011/ 044581 TBAP

tri butyl ammoni um pyrophosphate TBSCL t-butyl di methylsilyl chloride TEAB

tri et hyl anoonixoredsscar bonate TFA trifluoroacetic acid TRCTars2¢1i104458i n | ayer
chromat ography Tr tri phenyl net hyl

(R)-compound C: retention time 62 min. *'P NMR (161.9 MHz, CDCls): & -3.02 (s).

Alternatively, the two diasteromers were separated by crystallization under the
following procedures;

5 Compound C was dissolved in diethyl ether (~10 mL/ gram). While stirring,
hexanes was then added until the solution became turbid. Seed crystals (~10 mg /
gram of compound C) were added to promote crystallization. The resulting
suspension was gently stirred for 16 h, cooled to ~ 0 °C, stirred for an additional 2 h,
and filtered to collect the crystalline material (recovery yield of the crystalline

10 material 35%-35% The crystalline material contains ~95% of (S)-compound C and
~5% of (R)-compound C. Re-crystallization afforded 99% diastereomerically pure

(S)-isomer.

Compound (S)-6

t-BuMgCl
THF

15 S (S)-6

To a dry, argon purged round-bottom flask were added compound 5 (1.0 g,

3.28 mmol) and anhydrous THF (15 mL). The slurry was stirred for 10 min. and the
flask was place in a water bath at room temperature. #-Butylmagnesium chloride in

20  THF (1.0 M, 4.91 mL) was dropwise added, and the mixture was stirred for an
additional 10 min. A solution of (S)-C (2.68 g, 6.55 mmol) in THF (10 mL) was then
added. The flask was place in a heating oil bath pre-set at 50 oC and the mixture was
stirred until compound 1 was almost consumed. After ~2.5 h, the reaction mixture
was cooled to room temperature, and methanol (5 mL) was added. Solvents were

25 removed under reduced pressure and the residue was purified by silica gel column

chromatography (70% ethyl acetare / hexanes to remove less polar impurities, 10%
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Tol 4-nmet hyl benzoyl 6 parts per mllion down field fromtetranethylsilane
Preparati on of Conpounds Conpound | a-if 10To a solution of la (22.0 g,
54 9 mmolwoprepaesd according to the procedures descri bedTius2di/o@ssC.
2004, 6257) in nmethanol (300 nL) was dropw se added acetyl chloride (22 i)
at 0 C using a dropping funnel over a period of 30 mn. and then stirred at
roomtenperature for 16 h. The m xture was concentrated, re-dissolved in
et hyl acetate (400 nm.), washed with ice-cold 2 N NaOH, and concentrated to
dryness, 1lbaffording the crude nmethyl ether Ib as an oil. M5 = 437.2 (M +
Nat). WO 20i2h6dPAGSRGCIInUS2E1 6UDBE product), affording (S)-6 as an off-white solid

(1.45 g, 77%). "H NMR (400 MHz, DMSO-dq): & 7.89 (s, 1H), 7.84 (brs, 2H), 7.36
(t, 2H), 7.23 (d, 2H), 7.17 (t, 1H), 6.87 (d, J = 4.4 Hz, 1H), 6.74 (d, J = 4.4 Hz, 1H),
6.02 (dd, 1H), 5.96 (s, 1H), 5.41 (d, 1H), 4.82 (m, 1H), 4.38 (dd, 1H), 4.22 (q, 1H),

5 4.16 (m, 1H), 3.81 (m, 1H), 3.67 (dd, 1H), 1.22 (d, 3H), 1.11 (dd, 6H), 0.89 (s, 3H).
3P NMR (161.9 MHz, DMSO-dg): & 3.99 (s). MS =575.0 (M +H"), 572.7 (M - H").

Compound (S)-8
O 0

7B —o_ o /ﬂ
HO (/4 (S)-C N P—0O NH
o T

t-BuMgCl
HO F NMP/THF @ voe  E

7 (S)-8

10
To a dry, argon purged round-bottom flask were added compound 7 (prepared

according to J. Med. Chem., 2005, 48, 5504-5508, 100 mg, 0.38 mmol), anhydrous
THF (3 mL) and anhydrous NMP (1 mL). The slurry was stirred for 10 min. and the
flask was place in a water bath at room temperature. #-Butylmagnesium chloride in

15 THF (1.0 M, 0.76 mL) was dropwise added, and the mixture was stirred for an
additional 10 min. A solution of (S)-C (313 mg, 0.76 mmol) in THF (2 mL) was then
added. The flask was place in a heating oil bath pre-set at 55 °C and the mixture was
stirred until compound 7 was almost consumed. After ~2.5 h, the reaction mixture
was cooled to room temperature, and methanol (1 mL) was added. Solvents were

20 removed under reduced pressure and the residue was purified by RP-HPLC followed
by silica gel column chromatography, affording (S)-8 (130 mg, 65%). "H NMR (400
MHz, CDCly): 6 8.51 (brs, 1H), 7.46 (d, 1H), 7.2-7.4 (m, 5H), 6.28 (d, 1H), 5.70 (dd,
1H), 5.01 (m, 1H), 4.49 (m, 2H), 3.8-4.1 (m, 4H), 1.41 (d, 3H), 1.35 (d, 3H), 1.24 (d,
6H). *'P NMR (162.1 MHz, CDCL3): 8 3.70 (s). MS = 530.0 (M + H"), 528.0 (M -

25 H"). Chiral HPLC retention time (Chiralpak AS-H, 250 x 4.6 mm 5 micron, 100%
CH3CN, 1 mL/min flow rate); 6.5 min vs. 5.2 min for the R-isomer).
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To a solution of | b (obtained fromthe previous step) in nethanol (300 ni)
was added 0.5 M sodi um net hoxi de solution in nethanol (20 nmi., 10 mmol), and
5 stirredwbani2l@2465at room tenperature. The reacti on wagCyusaahadissith 4.0
N HC1 solution in dioxane (2.5 nmL, 10 mmol). The m xture was then
concentrated, affording the crude lc. M5 = 201.0 (M + Na+). 10A m xture
of Ic (obtained fromthe previous step), Tritron X-405 (70%in water, 6.0
g), 50% KOH (in water, 85 g) in toluene (500 nL) was heated to reflux with
a Dean-Stark trap attached. After |h collecting -25 nL of water, benzyl
chloride (33 g, 260 mmol ) was added and continued to reflux with stirring
for 16 h. The m xture was then cool ed and partitioned between ethyl acetate
(400 nL) and 15 water (3oom_ The organjc | ayer was washed with water (300
m), and concent Lsikgthe Breeralaspesdurensscuibes fqrébie pigrapiioneef Gempewnd, (-

hr omat f met hyl ether |d

o1 15578 €Yot eRC; CHIERAER] 1020 MR T 557 S (i ok
4.5 - 4.9 (m 7H), 4.37 (m 1H), 3.87 €d, dH), 3.56 (m 2H), 3.52 (s, 3H),
1.40 (s, 3H). 20 WO 2012/012465PCT/75a32m.1£064581

o Q.

Compound 10

10 Compound 12
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7]/;\N" il o
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Compound 13
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I dl e To a solution of id (22.0 g, 49 O nmol) in acetic acid (110 nl)
was added - 3 Msulfuric acid (prepared by mxing 4.8 g of concentrated

sul furic woi2dizviie4s524 nL of 5 water) and stirred at 70 EcCrars2@1l4458he

m xture was concentrated to a volunme of -20 nL, and partitioned between
ethyl acetate and ice-cold 2N NaOH The ethyl acetate |ayer was
concentrated, and purified by silica gel colum chromatography (-35% Et OAc
/ hexanes), affording le as an oil (17.0 g, 80%. M5 = 457.2 (M+ Nat). 10
| el f To a solution of le (45 g, 104 mol) in DVSO (135 nl) was

dropwi se added acetic anhydride (90 mColdpbundd4d) at room tenperature under
argon. The m xture 15was stirred for 16 h at roomtenperature, and then

poured into ice-water (1 L) while iQriAg. @After ice was conpletely nelted
(-30 min), ethyl acetate (-500 was/ addedP-dhe organic | ayer was
separated. This extraction proc@?&@ reﬁba@ed ee times (3x500 nmL). The
organi c extracts were conbi ned and concentxat ed: e residue was purified
by silica gel columm chromatography (-2 0Ac hgxdénes), affording if
as an oil (39 g, 88%. 1H NWR (300 MHz, DWMBO-d6): 63537.3 (m 15H), 4.4 - 4.8
(m 7H), 4.08 (d, J= 7.5 Hz, 1H), 3.75 (dd, J= 2,4, 11.4 Hz, 1H), 3.64 (dd,
J =5.4, 11.4 Hz, 1H), 1.51 (s, 3H). Caouppeuhds?2

NTO
-0
Compound 17
VAN
It
5 Q
& e
cl 0
Compound 18
m/-o 0
J i
6 @
(o
10 cl 0

Compound 19
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If2a To a dry, argon purged round bottom flask (100 nL) were added 7-brono-
10pyrrolo[2,1-f][1,2,4]triazin-4-ylam ne (234 ng, 1.10 mml) (prepared
accor di ngvoao\aes3056170) and anhydrous THF (1.5 nl). PuBCB2§2058L, 2 2
mmol ) was then added and the reaction mxture stirred for 2 h. The flask
was placed into a dry ice/acetone bath (- -78 C) and BuLi (2.5 nm, 4.0
nmmol, 1.6Min hexanes) was added dropwi se. After |Ih, a solution of if
(432.5 ng, 1.0 mol) in THF was cooled to OC 15and then added to the
reaction flask dropwise. After 1 h of stirring at -78 C, the flask was
warnmed to O C and sat. NH4C1l (5 owas: ad¢ed to quench the reaction. The
organi cs were extracted using Et@Ac niB1H) and the conbi ned organic

| ayers were dried using MySO4 The sopvent was r-enoved under reduced
pressure and the crude material was pur 3 flash chromat ography
(hexanes / Et0OAc). 560 ng 20 (90 % of was isohat.ed as a mixture of two
anoners. LC M5 = 567.2 (M+ Ht). 1H N 30Q, MHz, €DC13): 6 7.85 (m 1H),
7.27 (m 15H), 7.01 (m 1H), 6.51 (m 1H) ) 66 (rﬁ 8H), 4.40 (m 2H), 3.79
(m 3H), 1.62 (s, 2'-CH3 fromthe one anoner), 1.18 (s, 2'-CH3 fromthe
other anoner). Alternative proceduresCémpowid 20 To a dry, argon purged
round bottom flask were added 7-bronp-pyrrolo[2, 1-
f1[1,2,4]triazin-4-ylamne (9.6 %(—Zbgla/\ | ¥ and anhydrous THF (60 ni).

TMSC1L 5 (12.4 m, 99 nmmol) was t deqr@na_t he reaction mxture stirred
for 2 h. The flask was placed into aCdry |cc‘ja/a one bath (- -78 C) and
BuLi (98 nL, 158 mmol, 1.6M in hexanes) was add dropwi se. After 1 h, this
reaction mxture was added to a sol uti g 9 if (13\00g, 30 mmol) in THF at
-78C via cannula. After 2 h of stirring—gt -\y8 C,-{he flask was warmed to O
C. Saturated NHAC1 (150 nml) was added to \&Q quench the reaction. The

organi cs were extracted using EtOAc (3 x 100 nL) and the conbi ned organic

| ayers were dried using MySO4 The sol Veempoard 2Eroved under reduced
pressuresand the crude material was purified using flash silica gel

chromat ography (hexanes / EtOAc). 7.5 g (44 %9 of the desired material 2a
was isolated. LM = 567.2 (M+ 11+4). 15 ConpoundH5

Compound 23
7( 7/AN~ 0,
N+O
/
10 O
Compound 24
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N H2NH2 t\INN Bn/ 0" "' N-=-1 TMSCN, BF3-Et20 Bn/ON, / OHON N DCM 0,/0 O,
BnBnBnBn 2a5a 20 To a solution of conpound 2a (1 g, 1.77 nmmol) in CH2C12
(20 nL) awvoc@2vwmzs6added TMSCN (1.4 mb, 10.5 nmol) and BF8THiS2@11(03458L, 8.1
mmol ). The reaction mxture was stirred at O C for 0.5 h, then at room
tenperature for additional 0.5 h. The reaction was quenched with NaHCO3 at
0 C, and diluted with CH3CO2Et. 25 The organi c phase was separated, washed
with brine, dried over Na2SO4, filtered and concentrated. The resi due was
purified by chronmatography on silica gel, eluted with CH3CO2Et - hexanes (1:1

to 2:1), to gi ve Ushig thegéneed p@:@%@@ﬁdessab%m thegpregagonay (émnpts‘mrb&Si)c
t =.576. 1 f
0. 26 mol ) fnC BBt 3 ey oe prepresd B ARt alBothy TREEY Koy o)

The reactiogryuCxture was stirred at -78 C 10 for 1 h. The reaction was
guenched at -78 C by dropwi se addition of TEA (2 nmL) and MeOH (5 nmL). The
m xture was allowed to wam up to room tenperature, evaporated, and
co-evaporated with MeOH several tines. The residuguas treated with NaHCO3
(1 gin 10 nL H20), concentrated and purified by PEC to gi ve the desired
product Conpound 5 (48 ny, 8@¢>NNR (300 MHz, TN6 7.74 (s

NitP—0 N\

H | NN/)
o)

5 @ HO OH

10
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15 1H), 6.76 (d, J =5 Hz, 1H), 6.73 (d, J =5 Hz, 1H), 4.1 (m 1H), 3.9
(m 1H, 3.8 (m 2H), 0.84 (s, 3H. M5 = 305.9 (M+ H+). The other

al pha- anowenomas24b5so obtained (9 ng, 11%: | HNVR (300 WHI/USDRAN44561 7. 70 (S
1H), 6.8 (d, J =5 Hz, 1H, 6.7 (d, J =5 Hz, 1H), 4.25 (d, J =9 Hz, 1H),
4.07 (m 1H), 3.85 (m 1H), 3.7 (m 1H), 1.6 (s, 3H. M5 = 306.1 (M + H+).
20 Compound A (comercially available, 4.99 g, 23 8 nmmol) was

di ssol ved in dichl oronethane (100 nlL) and al ani ne i sopropyl ester

hydrochl oride (3.98 g, 23.8 mmol) was added. The resulting clear solution
was cooled -78 C for 30 mn. Triethyonpsird B 63 nL, 47.5 mmol ) was added
dropwi se over 15 min. The m xture was then allowed to warmto room
tenperature. After 16 h, the solvent was renopved by argon stream The

resi due was re-dissol ved in MIBE (25 nmL) and the |r@,$ol ubl e was renoved by
filtration under argon. The f||trate was then condgnsed by argon 10 stream
and the crude product B was r t ke next ctidon wi t hout further
purification. 11-1NWVR (300 , ) :P-D m/)SH), 5.1 (m 1H), 4.35
(m 1H), 4.15 (m 1H), 1.5 (d, 3H), %(m AP NWR (121.4 Mz,
CDC13): 6 7.8 and 8.4 (2s). O I | NO p- Ni t rophenol 15TEA
/[ CH2C12 Al ani ne i sopropyl e$ ygbochLoq_l'l de (7.95 g, 47.4 mol)
was suspended in dichl oromnethane ( Compound A (10 g, 47.4 mml) was
added. Triethylamne (13.2 nL, 95 was t hen dropw se added over a
period of 15 mn.

Compound 29
5
o §
/— ?]/\ N
e} H
10 Compound 31

Compound 32
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(internal reaction tenperature; -10 C- -3 C. Wen the reaction was al nost
20 conpl ete (by phosphorous NVR), p-nitrophenol (6.29 g, 45 0 mmol) was
added as wWoO=012w2468 one portion. To the resulting sl urrpCras2@dodesst
triethylamne (6.28 nL, 45 mmol) over a period of 15 mm The m xture was
then warned up to roomtenperature. Wien the reaction was conpl ete, MIBE
(100 nm.) was added. The white precipitate was renoved by filtration. The
filter cake was washed with MIBE (3 x 50 nlL). The filtrate and washi ngs
wer e conbi ned and concentrated. The residue 5 was purified by silica gel

col um chronatography (0O to 50% ethyl acetate / lkexanes), affording
conpound C as a 1:1 ratio of |asteroner|c mxtuke (14.1 g, 77% . 1H NWR
(300 MHz, CDCh): 6 8 22 (2d, %H) A (m fHNB.0 (m 1H), 4.09(m

iH), 3.96 (m 1H), 1.39 (2d. 2'—(Pm0 WM& = 409.0 (M + H¥), 407.2
(M- H). 10 Separation of two dlé?ereonﬁys o) O npéh d C The two

di astereoners were separated by chipéakcol u %natography under the
15f ol I owi ng conditions; Col um: Chi ak hg’ 2%x 25 cm Sol vent system 70%
hept ane and 30% i sopropanol (I PA) Flow rate: 6 ni/mn. Loading vol une per
run: 1.0 nL 20Concentration of |oadicynsamd £ 150 ng / nL in 70% hepane
and 30% | PA (S)-conpound C. retention tinme 43 mm 31P NMR (161.9 Hz,
CDC13): 6 -2.99 (s). (R-conpound C. retention tPREs62 min. 31P NVR (161.9

MHz, CDCl3): 6 -3.02 (s). Altepnatfvely, the t steroners wer e
separ ated by crystalIizathg%fﬁn%er\hhe”fgllo pr edures
“'qi!‘sts “OH

Compound 35
OCH,4

o 7 o0 NfN
1 4
N=P~—-0O <
j7<r~ ET/A\H : \\i?:?_ r\fl\NH2
O
! HO  OH

5
Compound 36
NH

Compound 37
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5Conmpound C was dissolved in diethyl ether (-10 nL/ gram). While stirring,
hexanes was t hen added until the solution becane turbid. Seed crystals (-10
ng / gramnwoframpwand C) were added to pronote crystal | iPERUSNL1/0T4581

resul ting suspension was gently stirred for 16 h, cooled to - 0 C, stirred
for an additional 2 h, and filtered to collect the crystalline materi al
(recovery yield of the crystalline 10 materi al 35% 35% The crystalline
material contains -95% of (S)-conmpound C and -5% of (R)-conmpound C.
Re-crystallization afforded 99% di astereonerically pure (S)-isoner.

To a dry, argon purged round-bottom fl ask added conpound 5 (1.0 g,
3.28 mol ) and anhydrous THF (15 nL). The s was stirred for 10 m n.
and the flask was place in a water bath at roomN&nperature.

t-Butyl magnesi um chloride ing@0 THF ol.0 M M.94xpl) was dropw se added,
and the mxture was stirred fo .atﬂdiotionél O mn. Asolution of (S)-C
(2.68 g, 6.55 mmol) in THF (1@ nL)Hwas t Neg ®d . "Nhe flask was place in a
heating oil bath pre-set at 50 oC.apH the mXxture was stirred until
conpound 1 was al nost consuned. (A er -2.5 1= the reaction mxture was
cooled to roomtenperature, and kephanoiO(5 L) was added. Sol vents were 25
renmoved under reduced pressure and the residue was purified by silica gel
col utm chr omat ogr aphy (70% et hyl acé&iosroundiiScanes to renmpve | ess pol ar
inmpurities, 10% WD 2012/ 012465PCT/ US2011/ 044581 net hanol / di chl or onet hane
to elute the product), affording (S)-6 as an off-white solid (1.45 g, 77%.
1H NWR (400 MHz, DMsO-d6): 6 7.89 (s, 1H), 7.84 (brs, 2H), 7.36 (t, 2H),
7.23 (d, 2H), 7.17 (t, 1H, 6.87 (d, J= 4.4 Hz, 1H), 6.74 (d, J= 4.4 Hz,
1H), 6.02 (dd, 1H), 5.96 (s, 1H), 5.41 (d, 1H), 4.82 (m 1H), 4.38 (dd,
1H, 4.22 (q, 1H, 54.16 (m 1H), 3.81 (m 1H), 3.67 (dd, 1H), 1.22 (d,
3H), 1.11 (dd, 6H), 0.89 (s, 3H). 31P NWR (161.9 MHz, DMBO-d6): 6 3.99 (s).
M5 = 575.0 (M + H+), 572.7 (M- H+). 10 To a dry, argon purged

round- bottom fl ask were added conpound 7 (prepared according to J. Med.
Chem, 2005, 48, 5504-5508, 100 ng, 0.38 mml), anhydrous THF (3 niL) and
anhydrous NVP (1 nlL). The slurry was stirred for 10 mn. and the flask was
place in a water bath at roomtenperature. t-Butyl magnesium chloride in
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15 THF (1.0 M 0.76 nlL) was dropw se added, and the m xture was stirred for
an additional 10 mn. A solution of (S)-C (313 ng, 0.76 mol) in THF (2 nl)
was t hen wioderr/0174se fl ask was place in a heating oil barhTASes1zpi4sat 55 C
and the m xture was stirred until conpound 7 was al nost consunmed. After
-2.5 h, the reaction m xture was cooled to roomtenperature, and nethanol
(1 m) was added. Solvents were 20 renoved under reduced pressure and the
resi due was purified by RP-HPLC followed by silica gel columm

chromat ography, affording (S)-8 (130 ng, 65%. 1H NWR (400 MHz, CDCl3): 6
8.51 (brs, 1H), 7.46 (d, 1H, 7.2-7.4 (m 5H), 6.28 (d, 1H), 5.70 (dd, 1H),
5.0 (m 1H,.4.49 (m_ 2H), 3.8-4.1 (m 4H), 1.41 (d, 3H), 1.35 (d, 3H),
1.24 (d, GFDWh@iV%N&ﬁ?d(‘iGZ. 1 MHz, CDC13): 6 3.70 (s). M5 = 530.0 (M+ Fl+),
528.0 (M- 25 H+). Chiral HPLC retention tine (Chiral pak AS-H, 250 x 4.6 mm
5 mcron, 100% CH3CN, 1 nL/mn flowrate); 6.5 mn vs. 5.2 mn for the
R-isoner). L A meiiod dott frepayarger @mpuod etfiivewldé&sarlbbbed for the
preparation of Compound (5')C or ConpR%gnd (R -C, Conpounds 10-24 may be
prepared. Conpound 10 10Conpourd 12 ‘Conpound 13 84 Conpound 14 5Conpound
16 Conpound 17 Conpound kB\

/////I O
o, P
7 <
4 \
R°O 0——CH,
0 Base
R24
7
R23 rT R
Formula la
RO, o
”,"P//
R5\ / \
'e) Base
MIRC
RG__O d R24 7
R R23 R R
Formula Ib

or a pharmaceutically acceptable salt or acid thereof;

wherein:

each R', R?, R”, R*?, R* or R* is independently H, OR'!, NR''R'2,
C(O)NR''R", -OC(O)NR''R'?, C(O)OR", OC(0)OR, S(0),R? S(0),NR''R'%, N,
CN, halogen, (C1—Cg)alkyl, (C3-Cs)carbocyclyl, (C4—Cs)carbocyclylalkyl,
(Cr—Cy)alkenyl, (C,—Cg)alkynyl or aryl(C;-Cg)alkyl;

or any two R, R%LR7, RZ, R® or R* on adjacent carbon atoms when taken
together are —O(CO)O- or -O(CR''R'*)O- or when taken together with the ring carbon

atoms to which they are attached form a double bond;
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Compound 19 Compound 20 Compound 21 Conpound 24 Usi ng the
general procedures described for the preparation of Conmpound (5)- 6,
Conmpoundsw@2eB@1em§ be prepared using either Conpound (8CTMSer110etspound
(R -C Conpound 25

each Base is independently a naturally occurring or modified purine or
pyrimidine base linked to the furanose ring through a carbon or nitrogen atom;

provided that Base is not uracil,

each n is independently 0, 1, or 2;

each R®, R* or R’ is independently (Ci-Cy)alkyl, (Cy-Cg)alkenyl, (C,-
Cg)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, (Ce—Cyp)aryl, (Co—Cyo)heterocyclyl or heteroaryl;

each R° or R% is independently H, (C;-Cs)alkyl, (C,-Cs)alkenyl, (Cap-
Cyg)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cs)carboceyclylalkyl, aryl(Ci-Cs)alkyl,
heterocyclyl(C;-Cs)alkyl, (Ce—Cyo)aryl, (Co—Cyo)heterocyclyl or heteroaryl provided
that R® and R? are not the same;

each R’ is independently H,> (C1-Cy)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Csg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
(Cs—Cyp)aryl, (Co—Cyo)heterocyclyl or heteroaryl;

each R" or R'? is independently H, (C;-Cy)alkyl, (C,-Cg)alkenyl, (C,-
Cs)alkynyl, (C3-Cs)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C,-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, (C¢—Cyo)aryl, (C;—Cao)heterocyclyl, heteroaryl, -C(=0)(C;-
Cs)alkyl, -S(O)n(C;-Cg)alkyl or R'! and R'? taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S(O),- or
~NR?-; and

wherein each (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cs)alkyl, heterocyclyl(C,-Cg)alkyl,
(Cs=Cao)aryl, (Co—Cao)heterocyclyl or heteroaryl of each R%, R, R!, R%, R*, R%, R*,
R*, R, R®, R”, R or RY is, independently, optionally substituted with one or more
halo, hydroxy, CN, N3, N(R*), NH(R?), NHy, NO,, C(O)N(R%),, C(O)NH(R?),
C(O)NH,, OC(O)N(R®),, OC(O)NH(R?), OC(O)NH,, C(O)OR? OC(O)OR?, C(O)R?,
OC(O)R?, S(0),R? S(0O),N(R™,, S(O),NH(R?), S(0),NH,, OR? or R*:

said method comprising :

(a) providing a compound of Formula II
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Compound 26 Conpound 27 Conpound 28 Conpound 30 10Conpound 31 Conpound
32 88 Compound 34 Conpound 35 Conpound 36

WO 2012/012465 PCT/US2011/044581
HO——CH,
o) B
24
R g7
R23 R ,
R22 R2
Formula II
and

(b) treating the compound of Formula II with a compound of Formula IIIa and

a base

Formula Illa
thereby forming a compound of Formula Ia or

(c) treating the compound of Formula IT with a compound of Formula IIIb and

a base

Formula IITb

thereby forming a compound of Formula Ib;

wherein:

each Ar is a (C¢—Cyp) aryl or heteroaryl wherein said (C¢—Cyp) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R%),,
OC(O)N(R™),, C(O)OR? OC(0O)OR?, C(O)R?, OC(O)R?, S(0),R* S(0),N(RY),, OR®
or R with the proviso that Ar is different from R*.
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aNH ON--, ----- >---, NIl HAoNNH2 O Compound 37 9 NP-P-0 H Conpound 38
What is clainmed is 1. A nethod for preparing a conpound of Formula la or |b:
For mul a 1O 2012/012465 PCT/US2011/044581

2. The method of claim 1 wherein Formula Ia is Formula IVa, Formula Ib is

Formula IVb and Formula II is Formula V:

Formula V

3. The method of claim 1 or 2 wherein Base is selected from the group consisting
of:
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Formula I'b or a pharmaceutically acceptable salt or acid thereof; wherein:
each R, R2, R7, R22, R23 ori r R s independently H OR1l, NRL1R12,

C(0) NRL1RY@202012¥%6BIR 1( C(0) OR', OC(0)OR11l, S(0)nRa, SeoraNmuimifsr N3, CN,
hal ogen, (G -C8)al kyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl,
(C2-C8)al kenyl, (C2-C8)al kynyl or aryl (G -C8)al kyl; 12,-,23 or ,-,24
oranytwoR, x, X, x , Klc on adjacent carbon atons when taken together are
-0(C0)0- or -0O(CR11 atons to which they are attached form a doubl e bond,;
each Base is independently a naturally occurring or nodified purine or
pyrim dine base | iRiked to the faranose ringgrehrough a caiReon or nitrogen

atom provi de)g1 th each n is i perdently 0, 1, or 2;
each Ra, R4 [ : (C}§11e abkenyl , (C2-
C8) al kynyl %CB- clyl \kyh, arlyl (G -C8) al kyl ,
het er ocycl yl ( NC20RRBet e ocyq:ql/y ROr heteroaryl;
each Re or Rd|is independently H (C-C8)al kyl, (C2-(8)al kenyl, (C2-

Cc8) al kynyl, (€3-C8)carbocyclyl, (C4-€8)¢arbocyclytalRyl, aryl (& -C8)alkyl,
het erocycl yl (Ciy C8) al kyds, (C6-C20) g@syl, (C2- C20)heterocyclyl or heteroaryl
provi ded that Re and Rd| are not the sane; each R5 is independently H,
(G -C8)al ky &X | kynyl, (C3- C8)carbocyclyl,

2

| g1 - C8) vl ( _
(C4-C8) car b(f@/cl | al Kyl , aryl (G 4C8)al kyl, heterocyclyl (C -C8)al kyl,

(C6- C20) aryl ; C20 o%;ycl eteroaryl; each R" or R12 is
i ndependent |y 't« (6 -ca)al k§f, (Cc27c8) P kenyl,  (C2- c8)al kynyl ,

(C3-C8) carbo |, ,(C4~C8) canfdC | al kyl, aryl (G -C8)al kyl,

het er ocycl yl (G -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl, heteroaryl,
- C(=0) ( CLCB)Ik§i: - S(0)n(Gi-C8)al kyl or R11 and R12 taken together with a

Rlet (ra?gggclt |Oc\Mr1: ﬁga%?/iesﬁﬁ&é’%&%ﬁgt&g‘? gﬂ); ;?Lm gf BS;iOd7hg$21r)g(r:§gl ic ring can
optionally be r emheicﬁﬂis\dhddpendbmly-l\ﬁ(@) O;or@d(O)NRa-; and

| each R® is independently halogen, NR''R'?, N(R'HOR!!, NR''NR!'R'?, N3,
NO, NO,, CHO, CN, -CH(=NR'), -CH=NNHR'!, -CH=N(OR'"), -CH(OR"),,
-C(=O)NR''R"?, -C(=8)NR''R"?, -C(=0)OR"", (C,-Cy)alkyl, (C,-Cs)alkenyl, (C,-
Cy)alkynyl, (C4—Cs)carbocyclylalkyl, (Co—Cyp)aryl, (C2—Cag)heterocyclyl, heteroaryl,
-C(=0)(C;-Cy)alkyl, -S(0)n(C-Cy)alkyl, aryl(C;-Cg)alkyl, OR'' or SR';

each n is independently 0, 1, or 2;

each R’ or R'% is independently H, halogen, NR''R", N(R“)OR“,

- NR''NR'R™, N3, NO, NO,, CHO, CN, -CH(=NR""), -CH=NHNR !, -CH=N(OR""),

-CH(OR'),, -C(=O)NR''R'?, -C(=S)NR''R", -C(=0)OR', R"", OR! or SR'";

each R'" or R" is independently H, (C;-Cs)alkyl, (C,-Cg)alkenyl, (C,-
Cyg)alkynyl, (C;5-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Cs—Cao)aryl, (C,—Cyo)heterocyclyl, heteroaryl, -C(=0)(C;-
Cy)alkyl, -S(0)5(C;1-Cg)alkyl or R and R'* taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S(O),- or
~NR?;

wherein each (C;-Cg)alkyl, (C,-Cs)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cs)alkyl, heterocyclyl(C;-Cqg)alkyl,
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wherein each (G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl, (C3-

C8) car bocyclyl, (C4-C8)carbocyclylal kyl, aryl (G -C8)alkyl,

het er ocycWwol20i1@8Fal kyl , (C6- C20) aryl, (C2-C20) het er ocyciryub2an/oes8er oar yl
of each Re, Rd, Rl, R2, R22, R23, R24, R4, R5, R6, R7, R11 or R12 is,

i ndependently, optionally substituted with one or nore hal o, hydroxy, CN,
N3, N(Ra)2,NH(Ra), NH2, NO2, C(0)N(Ra)2, C(0)NH(Ra), C(0)NH2, OC(0)NRa)?2,
OC(0) NH(Ra) , OC(0) NH2, C(0)ORa, OC(0)ORa, C(0)Ra, OC(0)Ra, $(0)nRa,
S(0)2N(Ra) 2, S(0) 2NH(Ra), S(0)2NH2, ORa or Ra: said nethod conprising : (a)
provi di ng a (Cenpgand, (@fz-ngﬁau&rac;}clyl oFBbteidatya off kachRF, RB)R ', R&AP I ke,
conpound of Forpula }1 wth a conmpouynd of Fornul a Illa and a base -Ar
Formul a Ma theRetR/ Ror&nﬁ Ra".donpobBnds.ardapsndrmtla, q)mlO@ﬂlh( sybstitugssh witly t he

compouNd of Q1P hio M, ERTROUIE R NFRETAC . 0 ABENFrgase OFS
C(O)NH(Ra), C(O)NH,, OC(O)N(R%),, OC(O)NH(R?), OC(O)NH,, C(O)OR?,
OC(O)OR?, C(O)R?, OC(O)R?, S(0),R* S(0),N(R%),, S(O),NH(R?), S(O);NH,, OR®
or R% and

provided that Base is not uracil.

4. The method of any one of claims 1-3 wherein Base is selected from the group

consisting of:

NH, 0 NH, NH ] NH
NN N:I%\Mi N:I%QN NN
2 % 7 74

<N:I[j;g <N ‘NéJ\NHQ <N ,Néi\N H, T /J /J

J\I\r\/\!‘ \I\MA mfm wann
3 >

@@@@@

2

XN H.C
HN : f\ NH ‘ NH
PRSI o Txo

b 2 > 2 >

NH2
N
F\E: iI;fONHZ HN/M\NH HN \\N
W\ll\l\f\l\/ [CaAvaVaVal
5. The method of any one of claims 1-3 wherein Formula la is Formula Vla,

Formula Ib is Formula VIb and Formula IT is Formula V1I:
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Rd Rc R40 Fornmula Il b thereby form ng a conmpound of Fornula |Ib; wherein:
each Ar is a (C6-C20) aryl or heteroaryl wherein said (C6-C20) aryl or

het er oar yWoi2e812¢ubgti t uted with one or nore hal ogen, NO2PC®US2011/044581

(Cp- C8) hal oal kyl and optionally substituted with with one or nore CN, N3,
N(Ra) 2, C(O)N(Ra)2, OC(0)N(Ra)2, C(0)0le, OC(0)ORa, C(0)Ra, OC(0)Ra,
S(0)Ra, S(0)2N(Ra)2, ORa or Ra with the proviso that Ar is different from
R4. WD 2012/ 012465PCT/ US2011/ 044581 2. The nethod of claim1 wherein
Formula la is Foimula IVa, Formula Ib is Fornula Vb and Fornmula IT is
Formula V: Fornmula IVb Formula_'y 3. The nethod of claim1l g¥ 2 wherein
Base is selected fromth grouﬁ consisting of: R8BRBRBR8 Xi | X2Xi XN

- RONROR9 sAfirs.r,Nyxvv,

O N N
N %‘\
SN RO
ES
Formula Via
R8

Formula VII
6. The method of any one of claims 1-3 wherein Formula Ia is Formula XIa,

Formula Ib is Formula XIb and Formula IT is Formula XII:
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RBRBR8 NX2N I NOR90 Vi n. MLPand - wherein: each X1 is independently N or
CR1; each X2 is independently NR', 0, or S(0)n; each R8 is

i ndependewol2912abasgen, NR1I1R12, N(R11)OR1 1, NRLIINRL1RIPCTNB201M@#458I02, CHO,
CN, -CH(=NR11), -CH=NNHR11, -CH=N(OR11l), -CH(OR11)2, -C(=0)NR11R12,
-C(=S)NR11R12, -C(=0)OR11, (C1-CB)alkyl, (C2-C8)alkenyl, (C2- C8)al kynyl,
(C4-C8) carbocycl yl al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl, heteroaryl,
-C(=0)(C -C8)al kyl, -S(0)"(C -C8)al kyl, aryl (G -C8)al kyl, ORL1l or SR11;
each n is independently 0, 1, or 2; each RO or Rl is independently H,
hal ogen, NR11R12, N(R11) ORll le?ll NR11R12, N3, NO, NO2, CHORsCN,

- CH(=NR11), CH:NHNRll CH:N(ﬁRl ), CH(CRll) 2, -C 0) NRI 1R12,

-C(=S)NR11R12, q_ QQ)BORll R11 NOR' or se; each RH or R12 is

i ndependently H, (C= (€2- cgfal kenyl , (C2-

(C3- C8) car bocycl yl, (C4- C8) akpoc ylal kyl, aryl( ~N

het erocycl yl (Cl -C8) al kyl , arw , - , heteroaryl,
-C(=0) (C1- c8)al kyl, -S(O)(CI alkylO ?/E\ch a
ni trogen to which they are both attached f a 7 menbered RY

heterocyclic ring wherein any one carbon atgm of “y |d het erocyclic ring can
optionally be replaced with -0-, -S(O)"H or ‘erei n each

(C1-C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kyrty R'c8) car bocycl yl ,

(C4-CB) car bocycl yl al kyl, aryl (G -C8)al kyl, het erDcycI yl (Cl - C8) al kyI

(C6- C20) aryl, (C2-020)heterocycly1 or hetero%ryIRof each R, Rd, Rl, R2,
R22, R23, R24, R4, R5, R6, R7, R8, l%nrmuﬁl}% or R12 is, |ndependently
optionally substituted with one or mor € RArs kydroxy, CN, N3,

N(Ra) 2, NH(Ra), NH2, N2, C(0)N(Ra)2, C(0)NH(Ra), C(0)NH2, f@C(0) N(Ra) 2,
OC(0) NH(Ra), OC(0) NH2, C(O)ORa, OC(0)ORa, C(0)1le, OC(0)Ra,| S(0)"Ra,
S(0) 2N(Ra) 2, S(0) 2NH( Ra) , S(Gt)‘@,,[\IHZ, OCRa or Ra; and 1

|;22 &2

Formula XII

wherein:
each R' is independently H, halogen, optionally substituted (C,—Cg)alkyl,
optionally substituted (C,—~Cg)alkenyl or optionally substituted (C,—Cs)alkynyl;
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provi ded that Base is not uracil. 4.The nmethod of any one of clains 1-3
wherein Base is selected fromthe group

al AAAA/ | FDAN2NEASY, . 1, 11rtliftat Al, 5. The method of amgTarseoief44s8ai ns 1-3
wherein Fornula la is Fornmula Vla, Formula Ib is Formula VIb and Fornul a |

is Foimula VI1: Formula Vla Formula VIl 6. The nethod of any one of clains
1-3 wherein Formula la is Formula Xla, Fornmula Ib is Formula Xl b and
Formula Il is Formula XIl: OR5 NI R60

each R? is independently halo gen or OR';
each R’ is H; and
each R* is OR'!.

7. The method of any one of claims 1-3 wherein Formula Ia is Formula X1I]a,

Formula Ib is Formula XIIIb and Formula II is Formula XIV:

RB

Formula XIIIb
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Formula Xla R8 Fornula XIb R8 HO RO Formula Xl I wherein: each Rl is
I ndependently H, hal ogen, optionally substituted (G -C8)al kyl, optionally
substi t utwo 20021ne8ral kenyl or optionally substituted (CPCT8)SadiypmsB] each
R2 is independently hal ogen or OR'; each R5 is H, and each R22 is OR'.

RB

N
NN

i
R1

I;zz ';2

Formula XIV

wherein:
each R! is independently H, halogen, optionally substituted (C,—Cg)alkyl,
optionally substituted (C,~Cjs)alkenyl or optionally substituted (C,—Cs)alkynyl;
" each R%is independently halogen or OR'';
each R’ is H; and
each R* is OR"'.

8. The method of any one of claims 1-7 wherein R' is H, halogen, optionally
substituted (C;—Cg)alkyl, optionally substituted (C,—Cjg)alkenyl or optionally
substituted (C,—Cg)alkynyl.

9. The method of any one of claims 1-8 wherein R' is H, CH; or F.

10.  The method of any one of claims 1-9 wherein each R®, R** and R** is H,

11.  The method of any one of claims 1-10 wherein one of R® or R%is H and the

other of R® or R? is optionally substituted (C;-Cs)alkyl.

12.  The method of any one of claims 1-11 wherein R® is optionally substituted

(CI—Cg)alkyl.
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7. The nmethod of any one of clains 1-3 wherein Formula la is Formula XIlla,
Formula Ib is Formula XlIllb and Foiniula Il is Formula XIV: Formula Xllla
For mul a XVOI2b12/BR346X1N HO H' Rai R22 R Forrul a X'V wher eiPQT/US20184e458RI i S

i ndependently H, hal ogen, optionally substituted (Cl-C8)al kyl, optionally
substituted (C2-C8)al kenyl or optionally substituted (C2-C8)al kynyl; each
R2 is independently halogen or OR'; each R5 is H, and each R22 is OR'. 8.
The net hod of any one of clainms 1-7 wherein R is H, halogen, optionally
substituted (G -C8)al kyl, optionally substituted (C2-C8)al kenyl or
optionally substituted (C2-C8)al kynyl .

13.  The method of any one of claims 1-12 wherein R® is NR''R'? or OR".
14.  The method of any one of claims 1-13 wherein R’ is H or NR''R'%.

15.  The method of any one of claims 1-14 wherein when R® or R’ is OR'! or

NR''R' then each R'' and R'? of said OR'' or NR''R'? is H.
16.  The method of any one of claims 1-15 wherein R® is NH, and R’ is H.

17.  The method of any one of claims 1-16 wherein R* is optionally substituted

(Ce—Cyo)aryl.

18.  The method of any one of claims 1-17 further comprising a method of

preparing a compound of Formula IIla or Formula IIIb

0 F‘RS

RG N
\OJJy \P Y 0
RO R N\

RO

O—Ar

Formula HIa

Formula IlIb
wherein:
each R%, R* or R® is independently (Ci-Cyg)alkyl, (C,-Cg)alkenyl, (C,-
Cy)alkynyl, (Cs;-Cs)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(Cy-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Cs—Cao)aryl, (Co—Cyo)heterocyclyl or heteroaryl;
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9. The nmethod of any one of clains 1-8 wherein R is H CH3 or F. 10. The
nmet hod of any one of clains 1-9 wherein each R5, R23 and R24 is H 11. The
met hod ofwernyi2medeésf clai ms 1- 10 wherein one of Re or RPCI/US2@n®4458e ot her
of R6 or Rd is optionally substituted (Cl-C8)al kyl. 12. The nethod of any
one of clains 1-11 wherein R6 is optionally substituted (Cl-C8)alkyl. WO
2012/ 012465PCT/ US2011/ 044581 13. The nethod of any one of clains 1-12
wherein R8 is NR11R12 or OR'. 14. The nethod of any one of clains 1-13
wherein RO is H or NR11R12. 15. The nethod of any one of clains 1-14

wher ei n when R8 @aclm° dnSR“kRJﬂdepénd‘deleR@(Zl C@emygacpogamnﬁ RL2 of said OR'
or NRI1Riz is H met hod of any ainms 1-15 wherein R8 is
NH2 and R9 |C§)a|]-kynyhfc3 ﬁfra)@a%@wdﬂ 6@4“581);?3@@@3’%3’13@%’13@%@(% Goaliderein R4 is

P onal L SRS L EL BRIt o, 15 TR RS SRl o
Formula 111 lﬂldﬁ@(‘j and R? are not the same;
each R’ is independently H, (Ci-Cy)alkyl, (C,-Cs)alkenyl, (C,-Cs)alkynyl, (Cs-
Cs)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Csg)alkyl,
(Ce~Cyp)aryl, (Cr,—Cyp)heterocyclyl or heteroaryl;
wherein each (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-Cs)alkynyl, (Cs-
Cs)carbocyclyl, (C4—~Cs)carbocyclylalkyl, aryl(C;-Csg)alkyl, heterocyclyl(Ci-Cg)alkyl,
(Ce—Cap)aryl, (Co—Cao)heterocyclyl or heteroaryl of each R, R%, R*, R® or R® is,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R%);,
NH(R®), NH,, C(O)N(R"),, C(O)NH(R?), C(O)NH,, OC(O)N(R?),, OC(O)NH(R?),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(O),R? S(O)2N(R?),, S(O),NH(RY), S(0),NH,,
OR® or R%; and
each Ar is a (Cs—Cy) aryl or heteroaryl wherein said (C¢—Cy) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R%),,
OC(O)N(R?),, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R* S(O),N(R?),, OR®
or R* with the proviso that Ar is different from R*;
said method comprising:
(d) providing a diastereomeric compound of Formula VIII

0] R5
R6 \
e \
O—Ar
Formula VIII

and
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-Ar  Formula Illa Formula M wherein: each Ra, R4 or R6 is

i ndependently (Cl1-C8)al kyl, (C2-C8)al kenyl, (C2- C8)alkynyl,

( C3- C8) cawbaonligdes ( C4- C8) car bocycl yl al kyl, aryl (G - C8palrkisko11/044581

het erocycl yl (G -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H, (G -C8)al kyl, (C2-C8)alkenyl, (C2-

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)al kyl,
het er ocycl yl (G -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl
provi ded that Re and Rd are not the sane; each R5 is independently H,
(G -cC8)al kyl, ( CZeﬁB);Sﬁ)ﬂxKﬁ‘gl;He co(x@ul@()ﬂrdi‘mﬁ]d VI 32 siBprabbeayaidy! .

(C4-C8) car bocgcl yl al kyI ary -C8) al ll%e/ﬁ het erocycl yI (C1- C8) al kyI

( 06- C20) ar y'dycesg avgylfiast é}néwéidgﬂfn&rf tler bulrgqarbapsiler Gy @sbh

(G -C8)al kylyg Q%i )al kenyl , (C2-C8)al kynyl, (C3- C8)carbocyclyl,

(C4-C8) carbo gycl kyl, ar yI (G -C8)al kyl, heterocyclyl (C-C8)al kyl,
(C6-C20) aryl, (CZh@Eb’)}) foetérgoecyiot dibsteronhatod Foanylh [k oeBeimuRe]IIlRd, R4, R5 or
R6 is, I ndependent |y, optionally substituted with one or nore hal o,
hydroxy, CN, N3, N(Ra)2, NH(Ra), NH2, C(0)N(Ra)2, C(0)NH(Ra), C(0)NH2,

OC( 0) N( Ra) 2,190 %'ﬂﬁeﬁﬁé of HiR) Wher%%gaﬁn %@f@’%ﬁnulg(\ﬂiﬂgﬁlssolved
S(0)2N(Ra) 2, S(0)2NH(Ra), S(0)2NH2, ORa or R% and each is a

(C6- C20) ar yh amﬁthhlewé‘v@maagd thetveystillizagian i@dﬁ@@@&@)ad&lﬁmh ofr Ose(ﬁferoaryl is
substituted.wi,th one or nore hal ogen, NO2, or (G -C8)hal oal kyl and
optional Iy SUBSEMPIFed with with one or nore CN, N3, N(Ra) 2, C(0) N(Ra) 2,
OC(0) N(Ra) 2, C(0)0ORa, OC(0)ORa, C(0)Ra, OC(0)Ra, S(0)"Ra, S(0)2N(Ra)2, ORa
or le with the proviso that Ar is different fromR4; said nethod

conprisi ng: 20d)  prisviahedyolelemakt erWowesria teoppopradef FronwalMING [ | OR5 N

dissolved in diethyl ether or methyl-t-butyl ether and crystallization is induced by the

addition of hexane.

21.  The method of any one of claims 18-20 wherein the compound of Formula
VIII is dissolved in diethyl ether and crystallization is induced by the addition of

hexane.

22.  The method of any one of claims 18-21 further comprising a method of
preparing a compound of Formula VIII

o) R5
R6 \
e \

O—Ar
Formula VIII

wherein:

each R* R* or R%is independently (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-
Cg)alkynyl, (Cs-Csg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Cs—Cap)aryl, (Co—Cap)heterocyelyl or heteroaryl;
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R6N Rd ' Rc R40 Formula VI11 and (e) dissolving the conpound of
Foimula VIIl in a suitable solvent and inducing crystallization by addition
of a C5- G8ohydvamewmsbon or C5-C8 cyclic hydrocarbon; therebysbanmissgr a pure
di asteroner of Formula Ma or Fornula nib. 19. The nethod of claim18

wherein the conpound of Formula VIII is dissolved in an ether solvent and
the crystallization is induced by addition of a Cs-C8 hydrocarbon. 20. The
met hod of claim 18 or 19 wherein the conpound of Formula VIII is dissolved

in diethyl ether or nethyl-t-butyl ether and crystallization is induced by
the addition of hexaR&or R2ik mdlélpendmtlp(bﬁ (6f- C@)‘al/k}ﬂ),r(éiﬂﬁg)zﬂ:lt@IymECéLB 20 wherein
the compound_of Fointula VIII is dissolved in t hyl ether an

crystall|zaﬁ%%%kﬁ§mﬁﬁﬁﬂééﬁﬂbvy@ﬁ%(%kﬁﬁ@qqﬁ@cwﬂyﬁﬁ%éﬁ%ﬂ( Q@Qamﬁb met hod of
any one of Gl BBl ki@, QTR SN HnaRI98 PLr RESBAY Yy frcfOmPOUNd
that R® and R are not the same;
each R’ is independently H, (C;-Cg)alkyl, (Cy-Cyg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyelyl, (C4—Cs)carbocyclylalkyl, aryl(C-Cg)alkyl, heterocyclyl(C;-Cqg)alkyl,
(Cs—Cyp)aryl, (Co—Cyp)heterocyclyl or heteroaryl;
wherein each (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C,-Cg)alkyl, heterocyclyl(C,-Cg)alkyl,
(Cs—Cag)aryl, (Co—Cag)heterocycelyl or heteroaryl of each R, R%, R*, R® or R%1s,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R%),,
NH(R®, NH;, C(O)N(R?),, C(O)NH(R®), C(O)NH,, OC(O)N(R?),, OC(O)NH(RY),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(0),R? S(0):N(R%),, S(O),NH(R?), S(0),NH,,
OR® or R%; and
each Ar is a (C¢—Cy) aryl or heteroaryl wherein said (Cs—Cy) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R%),,
OC(O)N(R"),, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R? S(0),N(R?,, OR?
or R* with the proviso that Ar is different from R*;
said method comprising:

(f) providing a chirally pure amino acid ester of Formula IX or a salt thereof

o) l‘25

R6 NH
~ O/U»/
Rd //RC

Formula IX
(g) treating the compound of Formula IX with a compound of Formula X in

the presence of a base
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NP zzOt<,, Rd - / R40 Forrmula VIII wherein: each Ra, R4 or R6 is

i ndependently (C -C8)al kyl, (C2-C8)al kenyl, (C2- C8)alkynyl,

( C3- C8) cawbaonligdes ( C4- C8) car bocycl yl al kyl, aryl (G - C8palrkisko11/044581

het er ocycl yl (Cl -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H, (G -C8)al kyl, (C2-C8)alkenyl, (C2-

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)al kyl,
het er ocycl yl (G -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl
provi ded that Re and Rd are not the sane; each R5 is independently H,
(G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl, (C3- C8)carbocyclyl,
(C4-C8) car bocycl yl al kyl, aryl (G -C8)al kyl_h rocyclyl (G -C8)al kyl,
(C6-C20)aryl, (C2-C20)heterocyclyl or heterBaryl; wherein each

(G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)a|5¥ﬁ§l, (C3- C8)carbocyclyl,

(C4-C8) car bocycl yl al kyl aryI(CI-CB)aIf& , hetxtocyclyl (Cl-C8)al kyl,
(C6-C20) aryl, (C2-C20)heterocyclyl or hﬁler@aégl of each Re, Rd, R4, R5 or
R6 is, independently, optionally substitOt®4?#wth one or nore hal o,
hydroxy, CN, N3, vyW(cRan 3achN(iBRhiogbiZandC( 0) N(Ra) 2, C(0) NH(Ra), C(0) NH2,
OC(0) N(Ra) 2, OC(0)NH(Ra), OC(0)NH2, C(0)OR , OC(0)ORa, S(0)nRa,

S(0) 2N(Ra) 2, S( 0)Y2NkkaRray thegeenlgngixtoravidhk ARQH; and each Ar is a
(C6-C20) aryl or jeterparyl wherein.said G20) aryl or heteroaryl is
Cohot s tut o’ wi o BEES] B o %ﬂp@ggﬂ?ﬂi@ﬁ%ﬁa - C8) hal oal kyl and
optionally substituted with with one or nore CN, N3, N(Ra)2, C(0)N(Ra)2,
OC(0) N(Ra) 2, C(0)ORa, 0)ORa, C(0)Ra, 0O)Ra, S(0)nRa, S(0)2N(Ra)2, ORra
or Ra with t#e prﬁomeﬁwgcp%afepmngécamwé}dgqcf&wméfmlm;orEamulpr&I%od
conprising: (f) providing a chirallyopure @gino acid ester of Formula I X or

a salt thereof OR5 NH FR6 O |
RB N
\O/US/ \ 0
"’/ P
Rd RC \\\\¢ \\
' R*O O—Ar

Formula Illa

0 lI?S
R6 N,///
\O/lvg/ //,’“(P//O
R R/
RO o—Ar
Formula IIIb

or a salt or ester thereof,

wherein:

each R®, R* or R® is independently (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-
Cg)alkynyl, (C3-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cs)alkyl,
heterocyclyl(C;-Cg)alkyl, (Ce—Cyp)aryl, (Co—Cyo)heterocyclyl or heteroaryl,

each R° or R% is independently H, (C;-Cs)alkyl, (C,-Cs)alkenyl, (Cs-
Cg)alkynyl, (Cs;-Cg)carbocyclyl, (C4—Cg)carboeyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Ce—Cyo)aryl, (Co—Cyo)heterocyclyl or heteroaryl provided

that R® and R are not the same;
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RdRc Formula I X (g) treating the compound of Fornmula IX with a
conpound of Fornmula X in the presence of a base Formul a X wherein each X3
i s hal ogewo 2areh1g48F treating the resulting m xture w thrParTAiS20tioerssby
folining a conpound of Fornmula VIII1. 23. A nethod of preparing a conpound of
Folinula I'lla or Fornula M Formula Illa - Ar Formula Illb

each R’ is independently H, (C;-Cg)alkyl, (Cy-Cyg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cg)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
(Cs—Cao)aryl, (C,—Cap)heterocyclyl or heteroaryl,

wherein each (C;-Cg)alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carboceyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(Cy-Cg)alkyl,
(Ce—Cyo)aryl, (C—Cpo)heterocyclyl or heteroaryl of each R°, R RY R orRCis,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R?),,
NH(R", NH,, C(O)N(R%,, C(O)NH(R"), C(O)NH,, OC(O)N(R™),, OC(O)NH(R?),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(0},R? S(0)N(R),, S(0),NH(R?), S(O),NH,,
OR? or R?; and

each Ar is a (Cs—Cy) aryl or heteroaryl wherein said (Cs—Cyg) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R*),,
OC(O)N(R?),, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R?* S(O);N(R%),, OR?
or R* with the proviso that Ar is different from R*;

said method comprising:

(d) providing a diastereomeric compound of Formula VIII

0 !{?5
R6 N
Rd /Rc
R40/ \O———-Ar
Formula VI

and

(e) dissolving the compound of Formula VIII in a suitable solvent and
inducing crystallization by addition of a Cs-Cg hydrocarbon or Cs-Cg cyclic

hydrocarbon;

thereby forming a pure diasteromer of Formula I1la or Formula IIIb.
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or a salt or ester thereof, wherein: each Ra, R4 or R6 is
i ndependently (ClI-C8)al kyl, (C2-C8)alkenyl, (C2- C8)alkynyl,
( C3- C8) cawbaonligdes ( C4- C8) car bocycl yl al kyl, aryl (G - C8palrkisko11/044581
het erocycl yl (G -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H (Cl-C8)al kyl, (C2-C8)alkenyl, (C2- C8)
al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclyl alkyl, aryl (G -C8) alkyl,
het er ocycl yl (C -C8) al kyl, (Co-C20)aryl, (C2-C20)heterocyclyl or hetero aryl
provided that Re and Rd are not the sane; each R5 is independently
I(-l, (G 308) gI2I4yI I ﬂlh@:ﬁdﬂ;&)dad)ﬂ@zln%i 23 ‘@E?eilﬁﬁhftb&%pcydn,d o(f%lrmmlﬁ.la)\dalrib)dﬁ?kgb?d ,

C4- C8) car bocyc al kyl, a a - al kyl, heterocyclyl (G -C8)al kyl,
( 06- C20) ar yI'? 2¢ é%@@@é‘jq%@ %‘WE}TSV lizghon &y iadeced - addiiiep st a Gedeon
(C - C8) al kylyalEdnse) al kenyl, (C2-C8)al kynyl, (C3- C8)carbocyclyl,
(C4-C8) car bogycl yl al kyl, aryl (Cl-C8)al kyl, heterocyclyl (G -C8)al kyl,
(C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl of each Rc, Rd, R4, R5 or
R6 is, independently, optionally supstituted with one _.ar r al o,
hodr oy | anSng. e iR (IR R o preimroeiof bpray V1Ae) e,
OC( 0) N( Ra) 2,i4s5H/8d M‘Klaﬁ%r et@(&hwﬂgyl-t% 1 QERy a%@)stgmatiﬁ Rliddad by the
S(0) 2N(Ra) 2, S(0) 2NH(Ra), S(0)2NF12, a or Ra; and each Ar'is a
(C6- C20) ar ydigen hehevaovar yl wherein said (C6-C20) aryl or heteroaryl is
substituted with one or nore hal ogen, NO2, or (G -C8)hal oal kyl and
optionally substituted with with one or nore CN, N3, N(Ra)2, C(0)N(Ra)2,
OC( 0) N( Ra) 2,26 O)TERmetkdd &) LRane 6€ Bhiths 238% AhBrin Se@bRpournd SHEMNLRR) 2, ORa

or Ra with the proviso that Ar is different fromR4; said nethod
conpri si ng: VIIis disgdyedinglipthylrighes apd sesehizgtien isindwned bu ke akditwraful a VI | |
ORS R6NN /0;RdRe R40- Ar Fornula VI

27.  The method of any one of claims 23-26 further comprising a method of

preparing a compound of Formula VIII

0 F]<5
6
R O/“B/ N\P . o]
“Re
< RR4O/ \o————Ar
Formula VIII
or a salt or ester thereof,
wherein
each R%, R* or R’ is independently (C,-Cg)alkyl, (C,-Cg)alkenyl, (Cop-
Cs)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cg)alkyl, (Cs—Cyp)aryl, (C—Cag)heterocyclyl or heteroaryl,
ecach R® or R% is independently H, (C;-Cyg)alkyl, (C,-Cg)alkenyl, (C,-
Cy)alkynyl, (Cs-Cs)carbocyclyl, (C4—Cs)carboceyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(Ci-Csg)alkyl, (Cs—Cyg)aryl, (Co—Cap)heterocyclyl or heteroaryl provided

that R® and RY are not the same;
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and (e) dissolving the compound of Fornmula VIII in a suitable sol vent
and inducing crystallization by addition of a C5-C8 hydrocarbon or C5-C8
cyclic hywpaomrhiews t hereby formng a pure diasteroner @®CTRseomloasssl | a or
Formula Mb. WD 2012/ 012465PCT/ US2011/ 044581 24. The net hod of cl aim 23

wherein the conpound of Formula VIII is dissolved in an ether solvent and
the crystallization is induced by addition of a C5-C8 hydrocarbon. 25. The
met hod of claim 23 or 24 wherein the conpound of Formula VIII is dissolved

in diethyl ether or nethyl-t-butyl ether and crystallization is induced by

the addition of haﬁah%m1n&ﬁmm£hdymEK@pd&ﬁmQQQQTQHEMthEK@iG@mﬂ@m?5(®@ereln
t he conpound_ of Fornul a Vi i.s dissolved in diet et her  an

crystalI|zaﬁkbﬁﬂ¥§y@ﬁbQ@Eﬂthﬂ¥ﬁ@ﬂ&é3Wi@@ﬁUBTCﬁé%aﬁédﬁHQVdYKﬁe(hﬁﬂm%d of
oy one o BT B TR WLARGR, Lo o Prepari o @ compound
wherein each (C;-Cg)alkyl, (Cy-Cg)alkenyl, (C,-Csg)alkynyl, (C,-
Cs)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C,-Cs)alkyl, heterocyclyl(Ci-Cg)alkyl,
(C¢—Cyo)aryl, (Co—Cao)heterocyclyl or heteroaryl of each R®, R%, R*, R% or R® is,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R"),,
NH(R"), NH,, C(O)N(R?),, C(O)NH(R?), C(O)NH,, OC(O)N(R?),, OC(O)NH(R?),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(O),R? S(O),N(R™),, S(0),NH(R?), S(0),NH,,
OR® or R% and
each Ar is a (Cs—Cy) aryl or heteroaryl wherein said (Cs—Cyp) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R?),, C(O)N(R%),,
OC(O)N(R?),, C(O)OR?, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R? S(O),N(R?),, OR?
or R® with the proviso that Ar is different from R*;
said method comprising:
(f) providing a chirally pure amino acid ester of Formula IX or a salt thereof

RS

e |
RG NH
\O/[g/

Formula IX
(g) treating the compound of Formula IX with a compound of Formula X in
the presence of a base

X3

o
R4O/ \X3
Formula X

wherein each X’ is halogen; and

(h) treating the resulting mixture with ArOH;
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or a salt or ester thereof, wherein each Ra, R4 or R6 is

i ndependently (G -C8)al kyl, (C2-C8)al kenyl, (C2- C8) al kynyl, (C3 -C8) carb
o cycl ylwoQed/a8dscarb o cyclyl alkyl, aryl (G -C8) al lpgir/us2011/044581

het er ocycl yl (Cl -C8) al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
each Re or Rd is independently H, (G -C8)al kyl, (C2-C8)alkenyl, (C2-

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbo cyclylalkyl, aryl

(C-C8)al kyl, heterocyclyl (G -C8)al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl
or heteroaryl provided that Re and Rd are not the sane; each R5 is
i ndependent |y H, th&@ebBymidgyd conff@n @R &bkeuly VI C2- C8) al kynyl, (C3-

C8) car bocyclyl, (C4-C8)carbocyclylal kyl, aryl (G -C8)alkyl,

het erocyclyl (Cl -C8)al kyl, (C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl;
wherei n eachyg( G 1%)@&1&&! of a(n%n%}@iahﬁQYé—Qﬂv&%rc%}@Whnd £63ula I1Ta

C8) car bocyclyl, (C4-C8)carbocyclylal kyl, aryl( C8) al kyl,

het er ocycl qurﬁonﬁBl)iaIHkyS (C6-C20)aryl, (C2- C20) heterocycl yl or heteroaryl
of each Re, Rd, R4, R5 or R6 is, |ndependently, optionally substituted with
one or nore hal o, hydroxy, CN, N3, NCRa)2, FT\IH( Ra), NH2, C(0)N(Ra) 2,

C(0) NH(Ra), C(0)NH2, OC(0) N( Ra)ga, 0) NH( OC( 0) NH2 C(0) ORa, OC( 0) ORa,
S(0)"Ra, S(0)2N(Ra)2, S(0)2NH(Ra)3g 2, a Ra; and each Ar
is a (C6-C20) aryl or heteroaryl wherei "%d ( -C20) aryl or heteroaryl

is substituted with one or nore hal og&f, 5 *or Y Cl - C8) hal oal kyl and
optionally substituted with with one or CN, N3;7—M\rRa) 2, C(0) N(Ra) 2,

OC(0)N(Ra) 2, C(0)ORa, OC(0)ORa, C(0) Ra,FO p%]ﬁ% S( 0) Ra, S(0)2N(Ra)2, ORa
or Ra with the proviso that Ar is di f f erBit m R4; said net hod
conpri si ng: (f) providing a chprallygsure am no acid ester of Formula

| X or a salt thereof NH RAFR} Formul a | X (g) treating the
conpound of Forrmula IX with a (Rﬁqpoyuw mul aOX in the presence of a
base /P R40X3 Formula X
/ \O—‘—'Ar
Formula HIb
or a salt or ester thereof’,
wherein:
each R% R* or R® is independently (C,-Cg)alkyl, (C,-Cs)alkenyl, (C,-
Cg)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, (Cs—Cyo)aryl, (C,—Cyo)heterocyclyl or heteroaryl;
each R° or R% is independently H, (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-
Cs)alkynyl, (Cs-Cg)carbocyclyl, (C4—Cg)carboceyclylalkyl, aryl(C,-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, (Ce—Cao)aryl, (Co—Cyo)heterocyclyl or heteroaryl provided
that R® and R? are not the same;
each R’ is independently H, (C;-Cs)alkyl, (C,- Cg)alkenyl, (C,-Cy)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl,
(Cs—Cno)aryl, (C—Cyo)heterocyclyl or heteroaryl;
wherein each (C;-Cg)alkyl, (C,-Cyg)alkenyl, (C,-Cg)alkynyl, (Cs-
Cg)carbocyclyl, (C4—Cs)carbocyclylalkyl, aryl(C,-Cg)alkyl, heterocyclyl(C,-Cg)alkyl,
(Ce—Cag)aryl, (Co—Cyp)heterocyclyl or heteroaryl of each R, R%, R*, R® or R® s,
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wherein each X3 is hal ogen; and (h) treating the resulting m xture with

ArOH, thereby formng a conpound of Formula VIII. 28.The nmethod of any one
of cl ai mew0eRh1deér ei n t he conpound Forrnul a Ma or For meCa/uskoins443Rb R6
Rdr<- R40O\ - Ar Fornmula Illa Fornmula Illb or a salt or ester thereof;

independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R"),,
NH(R?), NHy, C(O)N(R%),, C(O)NH(R?), C(O)NH,, OC(O)N(R%),, OC(O)NH(R?),
OC(O)NH,, C(O)OR?, OC(O)OR?, S(0),R? S(0),N(R),, S(O);NH(R?), S(0),NH,,
OR® or R* and

each Ar is a (C¢—Cyp) aryl or heteroaryl wherein said (Cs—Cy) aryl or
heteroaryl is substituted with one or more halogen, NO,, or (C;-Cg)haloalkyl and
optionally substituted with with one or more CN, N3, N(R%),, C(O)N(R?),,
OC(O)N(R"),, C(O)OR?®, OC(O)OR?, C(O)R?, OC(O)R?, S(0),R? S(0),N(RY,, OR?
or R* with the proviso that Ar is different from R*.

29.  The method of any one of claims 18-28 wherein R’ is H and one of R® or R%is

H.

30. The method of any one of claims 18-29 wherein R® is optionally substituted

(C1-Cyg)alkyl and R* is optionally substituted (Cs—Cag)aryl.

31. The method of any one of claims 18-30 wherein R* is optionally substituted
phenyl.

32. The method of any one of claims 18-31 wherein one of R® or R% is H and the

other of R® or R%is CHi.

33.  The method of any one of claims 18-32 wherein Ar is optionally substituted

para-nitrophenyl.

34.  The method of any one of claims 18-33 wherein the chirality at the carbon

directly attached to R® and R%is S.

35.  The method of any one of claims 18-34 wherein the chirality at the carbon
directly attached to R® and R%is R.
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wher ei n: each Ra, R4 or R6 is independently (G -C8)alkyl,

(C2-C8)al kenyl, (C2- C8)al kynyl, (C3-C8)carbocyclyl,

( C4- C8) cawbaopaiigdeal kyl , aryl (G -C8)al kyl, heterocycl y1@Crasg)ialokdssy
(C6-C20)aryl, (C2-C20)heterocyclyl or heteroaryl; each Re or Rd is

i ndependently H, (G -C8)al kyl, (C2-C8)al kenyl, (C2- C8)alkynyl,

(C3-C8) carbocyclyl, (C4-C8)carbocyclylalkyl, aryl (G -C8)al kyl,

het erocycl yl (G -C8)al kyl, (Co-C20)aryl, (C2-C20)heterocyclyl or heteroaryl
provi ded that Re and Rd are not the sane; each R5 is independently H,
(G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyI (C3- C8)car bocycl yl,

(C4-C8)carb clyl.al k (G al k ter clyl (G - IkyI

( C6- C20) ary%cé/ + %/h%q 8#%@'%5169’%8 iﬁ"?mﬁi% g?d‘gﬁﬁmt ecompo\‘/ﬂ%@iseﬁ %Cl@gch

(G -C8)al kylfrmﬁ@?e—é;g.) tkenvhe of C2- C8) al kynyl, (C3- C8)carbocycl yl,

(C4-C8) car bocycl ylal kyI ar y%(Cl C8) al kyl , het erocyclyl (G -C8) al kyI

(C6- C20) aryl )\ (£2- €20)heterocyclyl or heter qaryl of each Re, Rd, R4, RS or
R6 is, |nde en ||otlonally th one or nore halo,

hydr oxy, I%')L & , NH2, W?ﬂay C(0)NH(Ra), C(0)NH2,
OC(0) N( R2 )2 OC( NH%)@O) NH2, C(O OR:Q QORa S(0) nRa,

S(0) 2N(Ra) 2, S(0) Ra) 2NH2, ORa Ra e each Ar is a
(C6-C20) aryl or oaryl wherei n sai d_(£6- C20) atNle or heteroaryl is

substituted with one or nore cPnal agen, N2, or (G -®)hal oal kyl and
optionally substituted with with one or nore CN, N3, N(Ra)2, C(0)N(Ra)2,

OC(O)N(Ra)Z/C(Q&}/Qa %(O)ORa C(pj— OC(® Ra, S(0)nRa, S(0)2N(Ra)2, ORa
or Ra with the ovi at Ar is difflerettHr@m R4. 29. The nethod of any
one of clains 18 28 5 is Haﬁd oﬁ*e(%)f ReNgr Rd is H  30. The
met hod of any one Ia| 8-29 V\,herel =R6 i s\apfionally substituted
(G -cC8)al kyl and opt i onalOy subst| ed (Co-CR@Paryl. 31. The net hod
of any one of clali 18 30 V\hgrel n R4 is~optionallyjsubstituted phenyl .

32. The nethod of any one of clai'ns 18-31 wherein one 6f Re or Rd is H and
the other of e of Rbis CH3. 33 gThesnetdod of any one of claims 18-32

wherein Ar is 'J substi tute Na, IAjjdrophenyl 34. The net hod of
any one of clapms 18 33 ein theopchi Halnt the carbon directly
attached to Re and B is 35. The ng y one of clains 18-34

wherein the ch|r Gar bon di tIy ar ﬁhgdto Re and Rd is R
WO 2012/ 012465P 2011/ 044%18
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36. The nmet hod of any one of clains 18-35 wherein the conmpound is sel ected
fromthe group consisting of esters thereof.
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; or salts or
esters thereof.
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