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AMIDE IIYDROLASE Priority Information [00011This application claims
Wop%%?(ﬂ?ﬁr%er 35 U.S.0 119(e) to United States provisional Bateh$2007/021626

- application, U.S.S.N. 60/850,520, filed October 10, 2006, the entirety of
which is ICHEd SR IEFATITEIAEHR A MIDE HYDROL ABackground of
the Invention [0002]Fatty acid amide hydrolase (FAAH), also referred to
as olearnide hydrolase and anandamide arnidohydrolase, is an integral
membrane protein that de§raeraty fetfprasidipimary amides and

0oo11Iethanolamidesyi ' i qwdé g} (?e rades
[ ! %plh’@&ﬂdﬂﬂﬂﬂaﬁ}{%aﬁﬁlgﬁ@ﬂﬁlﬁ&a%is of act ﬁﬁe i%gin ﬁﬁ%&eﬁ}mes

neuromodulating fatty acid amides at their site

PrOVISIRRSPatFRh tRBlIcdigEIatiohS o 6B RIONAh dHdde@ntalemdfisPetiedite betirety of

which i3uateeshtatadnierehes pidnolpgical processes and its inhibition has been
shown to be effective in treating a variety of conditions. For example,
inhibiting FAATI has been shown to be useful in treating chronic pain,
acute pain, neuropathiBR&rcandel eGSR, feeding behaviors,
{OOOZ]movemgnt disar ers,(%glsu oma, neuroprotection and cardiovascular
disease’ 100G 1R SRR PYCTRIE Qﬁﬁtﬁ# i %ﬁrsabﬁﬂﬁ&fﬁﬁ%ék faeotergede hydrolase
and mmﬁwwdﬁﬂmj\dﬁy@rﬁdﬁ@mjQ@Eﬁi!ﬁ}&i@%ﬂﬁ&ﬂ&ﬂa@&é@d&}ég fatty acid
: t therapeutic.use. s, to date, the therapeutic potential o
prime e S S ot SIFEHior o s or R Ao
neuron b8 IEdthouidsuidhe prizsentiey en tiooaasinbanmasellitablved in their
regulag&mpositions thereof, are effective inhibitors of fatty acid amide hydrolase
(FAAH). Such compounds provided herein are encompassed by any of

[0003kihe fornkididel(Ihiagliperm(Ilymoriran® ROGS/GHBIORP G A)SRABH Q2163 gical

HY)-80 A PR ical le form thereof, wherein Z1, Z2, L1, X,
g e b spsdions.

For exgmyelsiigthihiis prbibshercheonstiontrdatimuofulitionsasisgodiaieid with, acute

pain, @¥eRpatvecFphkl agivity bysagrinistering 4 thefapeutically effective .
amount of a provided C(i)&mpound of the form%]aégﬁylﬁf)g’or%lﬂ}'fr%erné disorders,

glaucopia, ReERBTRTEHH LbRRIGERiRY IReHes Hitsaspatient in need thereof
[0004][0007 1 Auisikioralburibe: DrESEIRSINYE NIRRT AVIdes.Metheds farin i,b&ié‘@ ical
activi Fén,%jl-(l) na gvatﬁgt QS,/ administering a therapeutically effective amount O !

e SRhSUNG BRI nﬂfﬁgggtl Oty SPEHIYFagpRdhsraRetifcascofipsitatate,
the thethpred, totenpaitief RANBERMUBIRIE 96mains essentially unexplored.

Summary of the Invention
[0005] Compounds of the present invention, and pharmaceutical compositions
thereof, are effective inhibitors of fatty acid amide hydrolase (FAAH). Such compounds
provided herein are encompassed by any of the formulae (D, (1) or (AI):
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100081The details of additional or alternative embodiments of the
invention are set forth in the accompanying Detailed Description of Certain

w&mboeisaents and Examples as described below. Other feapdressaRiEISs26
and advantages of the invention will be apparent from this description and

from the claims. Sequence Identific ﬂq Numbers ](890918EQ ID NO. 1:
Homo sapiens FAAH amino a?%;ﬁice Jm
A

MI/QYELVVAALPRASGVALAZCF VAL RTARGAVVRARQ
RQRAGLEN B—L1 X B
MDRAAQICFRL('Z)QQPDLDSEAELA_LP{PQLVQ LHSRELAPEAVLFTYVG
ICAWEVNKG .

TNCVTSYLADCETQLSQAPROGl(@ijYVSLICECFTYKGQDSTLGLSL
NEGVPAECD SVVVHVLKLQGAVPFVHTNVIDIQZ§MIfSY DC
or 2 PERBREEE IS RS SR ap s . sheeins » 2, L', X, Ring A, Ring B, R, R,
n andlifeHEGOSAKel GBI GSIRFPSSFCGICGLKPIGNRLSKSGLKGCVYGQE
VRLSVGP

[000§)) A RpVEBT RicePRIAF FRLDIRRIDE Py PebetHrHreins Sositiousyspeiated
with TOMEIVMPBAH activity by administering a therapeutically effective amount of a

PAMRRAVLET LEAAGHTLVPELPSNIPHALETLSTGGLFSDOGHTFL
provi é%r_ﬁge%% 0}%%186 ItEormL(ﬁae h), &i’) or Jﬂ , or a pharmaceutical composition

there@fPC b WS ILIKEPRMELK GLLAFIVKPLLPRLSAFLSNMKSRSAGKLWEL
HEIEVXA%!%‘B}Q%\%RA MWV LTPMLAPALD | NAPGRATGAV . |

000

[ PV TMLYNEIBEBA weksjent iviritibn provides methods for mlul;ntlng I‘SAAH ina

patientThy TARDESND MEHVREERE BIVWTRMIVE KGMIT KSY @bpohaY @@¢AhRnulae

- (%08%6%3&(% CTM%&%%%&%%?&% tﬂ%@fhﬁ?e%pﬁté%’gr%%t?gﬁdo‘??f%?fain
[0008F mpodimldstdssrils ofidditiont] oceliematDe serpibmof Cohtiboimustaftaes set
forth iV ERUIEIRBAR AT AORIERENDENEHAIRR, '§f@?ﬂf%ﬂ%ﬂﬁgﬁy%te%§ mples as

inhibjtors of FAAH which contain at least one Lewis acidic boro
descriitst, BelNen BRI kBT hORE) 4 BotBAiadiariaBRs ofithe srventionrieliabidapparent
- from BEB AR RFIE6NEAE el RISRIYNIY active antagonists of FAA!-! function.
10011]Thus, in one aspect, the present invention provides compounds of
fonnula (1): (Rib, (1) and pharmaceutically acceptable forms thereof;

wherein: (i) Z1 is S2Guanék Ideiwiifibhtvn ORliRp@Iy substituted Ci_6
liphatic, rqaliphatic, C6 aryl, or C6-12 heteroaryl group
[000%) Z1 an%%?éﬂgétggg 8af St @ﬁ%—?ﬁgmﬂgdﬂﬂﬁlﬁﬁving at least
MV @rielOraterh RIT A Sy \aAth Al 0B AMATERIWB S RRT ARGMVIVIR AR ORGRRABT EN

T P

TNCXH@‘be’alﬁ@W@ﬁ@ﬂ@i@ﬁ@éﬁ@ﬁ@ﬁﬁ%E@BM@@&@H@@H%VPAECD
VVIREMG qu@fg@% fiRgyiE) [
i 0 tionall%(%ﬂé}%more additional hete%%ﬁse%g&g@;\%%asﬁy mGGEGA
LIGS#%%%M&%EB@H§W8FW§%%EBIGNMSGW@QM‘&RLSVGP
MARIpUeRalA subRitutecE S fralishetie e brrgteroplRR R F OB Y TMPS
C0-12 heteroaryl group; Ll is a covalent bond, or an optionally
PAMERA LIRS A BN CSINE BHAHERL B CL S BIGHY GHQNFK GDFV
DPCIiGiH WSItLKRm' WIK@LDAEY naﬁmnb&fﬂs?gtg;@tm;&_@@ygﬁﬁ%mﬁgmw
ocyclic icyclic or -16 tricyclic
R L o L o A R MgV
TTVFaEDEA @b HERGYNGDINANKING GFRGIEIRKE VGLP VA s sovelenpsnd R
Fmﬁ@ﬂ%%%bﬁ%hydrocarbon chain, wherein one, two or three
methylene units o

X are optionally and independently replaced with one
or more -0-, -(C=NR.)-, -S-, -C(=0)-,-S(-0)2- or an optionally substituted
phenyiene moiety; WO 2008/063300PCT/U82007/021626
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each 12'is hydrogen, -C(0)R, a suitable amino protecting group, or an
j ubstituted Ci_6 aliphatic, C1_6 heteroaliphatic, C6 12 aryl, or
W@:%%’g%%@roaryl group; RA is (i) hydrogen, halogen, -OR, -&$H3USERf/021626
-NO2, -NC, -SO2R, -SOR, -C(0)R, - CO2R, -C(0)N(W)2, -CHO, -N3,
-N2R, oPefdited D escrintom ¢ refaingltnd édimeatets (R i, Inthaniin Ring B
1L G&ﬁ@alqm&{aﬂﬁﬂyﬁulbgtj,t),ygggj,ﬁgstwﬂ@db%m%% unsaturated or aromatic
()b '

0010 54 mongcyclic, C6_1() bicyclic or C10-16 tricyclic ring system optionally
(0010 5t ainink 6 RESPHIBYE e Fo BtsiH & ridie Séssaueny lealattibiidronf BAeAH which
contaf GitifeasNSiRtingvak Mcidiand 8h el r s, independently, .
bora 210 ena-OR, OF3, CN, N0, NC-8 é%?%%fhjfg-%é(%%ﬁéﬁ%@&?mg acid,
16 (O RIPICASO O PPENIK ST hgas spounspribidyyseaveaptraaaliys of FAAH
functsmbstituted Ci_g aliphatic group; each instance of R2 is, independently,
[(mnr]jalogen -05,.-%53, -CN, -NO2, -NC, -SO2R, -SOR, -C(0)R, -COZ2R,
To(NRES: R IRERC N PSSR Reolida Aemrowada b emend (D):
C6_12 aryl group; and each instance of (rpd m is, independently, an
integer between 0 to 20, inclusive. [0012]In certain embodiments, the
present invention provitles a qomp,(u?%l%{ formula wherein said
compound excludes anfEB“n’rpounWle X4, [0013]In certain
embodiments, wherejp® X is a covalent-bond and RA is hydrogen, the
present invention provides compounds of formula (l1): (1) and
pharmaceutically acceptable forms @ereof; wherein Z1, Z2, L1, Ring A,
|2dnd iphiarranecatcdéfirecephableranes lagsRivE; [0014]In certain embodiments,
th&}%&%ﬁﬁm invention provides a compound of formula Il wherein said
compound excludes any compound of Table 1, infra. [0015]Further, in
otfier EmisoipRendsdwh rain-RR isaRing frikley Peasemiutey eotion My
h ngs of la (111): WO 2008/063300PCT/US2007/021626 Z1
eter%@l' an}d’p?k%rﬁr%%%%i?ﬁlff};&rgﬁﬁ &iorms thereof; wherein Z1, Z2, LI, X,
R A, MIAFB (FErRogethen damaneSastol Sfinasbaseripchaehint least one O

atom directly attached to B, wherein the ring is comprised of carbon atoms and optionally one

S¢
22 1-6

* or more additional heteroatoms independently selected from the group consisting of N, S, and
O;or

(iii) Z' is —OR, and Z* and Ring A taken together form an optionally substituted 5— to
7-membered ring, wherein the ring is comprised of carbon atoms and optionally one or more
additional heteroatoms independently selected from the group consisting of N, S, and O;

each R is hydrogen or an optionally substifuted Ci—¢ aliphatic, C; hetéfoaliphatic,
Cs-12 aryl, or Cq_12 heteroaryl group;

L' is a covalent bond, or an optionally substituted straight or branched C,.4 alkylene
or Cy_¢ alkenylene moiety;

Ring A is an optionally substituted saturated, partially unsaturated or aromatic Cs_q
monocyclic, Cs_19 bicyclic or Cjo6 tricyclic ring system optionally containing one or more
heteroatoms independently selected from the group consisting of N, S and O;

X 1s a covalent bond or a bivalent C;_¢ hydrocarbon chain, wherein one, two or three
methylene units of X are optionally and independently replaced with one or more ~O—, —
N=N-, -NR -, «(C=NR)-, -S-, -C(=0)~, —S(=O)-, ~S(=0)>~ or an optionally substituted
phenylene moiety;



[0016]In certain embodiments, the present invention provides a compound
of formula Il wherein said compound excludes any compound of Table 1,

wiofeaed0€ségFor example, in certain embodiments, the presestiye&otinibisas
provides compounds of the formula (lll-a): (R1)" (lll-a) and

phasmageigally,3ege foyms theregf- wherein 21, 22, L, X_and RA
are as definec? abgve’ an er’ef{n; and n i%ngﬂqlrﬁ%ogt%cr PEBR8E 0% optionally

substiteteds (ves FADEBYIR Cenhiticaonliphiitice fis they lpre Sani intterttioy] pravides a

cCoRtbR ifosmuiailba,whsreingaid empgynd fyclu n l
o }i(%o‘rgﬁomgf Tégﬂllé%ﬂ(igr%%. 00150](;’?1% éertaih%qrr&?t%’o iméntgsﬁ,’%?e)psr%}s{én?(om"
Zinv

ol (5 dvicte §1 O o caB ot (oo ek i Rixyg @RhawitBthe formula:
Keyerrogggenny X ,"%2z"---,,S 11, 1 Z2 (lll-bly2, and pharmaceutically
acceptable forms thereof; wherein Z1 , t’l X, 111 and R2 are as
defined above and herein; n¢s an ifitedehbetween 0 to 4, inclusive; and m
is an integer between 0 to 5,3 $iveB [0020]In certain embodiments, the
present invention provides a tomposnd-6f formula HI-b wherein said

ound excludes any compound of Table1, infra. WO

CcO . 3
whersgositg Sa60B PR IoMbDIYE terwisth pariinlauasEamiRdbprsaromatic Cs g
monddyoRd,]OgfintieydieforesifictHeyelienal HEoups 3 H&ﬁﬁwmﬁ%{é‘g“ SHE or more

escriheq i ﬁr‘}ore detail below. For purposes of this invention, the

d
heteroatompd Sli% SRIY Srestrchinms graupreensistingof NeSeadddic Table of
thedcheoventferCA S VR siQnintitpesibanty ohsibemistorancERlysias, 7RB, —NC,

d.Jnside r, pecfi ctional groups are generally defined as
S0 SR et ety Bt T O heratasr an
optionadly astspecticGupetiphatiopeiepies and reactivity, are described in Organic
C istry, Thomas.Sorrgll, University. Science Bogks, Sausalito, 1999;
S R SRR et B P0G Bt oy Bl RN Gt O:R,
~SORVHEY @IS orBOMR .~ NE)N(RI,, 200 -bargckNEompie sl Psa8Rituted C;_
aliphﬂ@@? rmatiqns VCH CFfublishers, Inc., New York, 1989; Carruthers,
Some Kdtern Riéthods of Organic Synthesis, 3rd Edition, Cambridge
UrhebrisisjaRve of n@adnbris gedep8adertly, eniiegonianisebeaqlo ahvisk.
re incorpor erein by reference. (00221Certain compounds of the
[OOI%resent iiri:lvec?leﬁti%égrﬁp cgrﬁbc()c?rlnper?isé ShS BIESE8 elﬁgﬁfmﬂ?et?WY}gﬁ?e?s,C&mﬂ’?Hﬁ@ of
formyad ekierein srdicompoundericlisten sne epmptansbisorisies angar
iastere : i j nds and rmaceytical
mOlﬂo_mpos_gi@%ﬁ%;e[?ggg@g%%’in?tﬁgggé%lsb g%vflrllg:}/?’ l?e% %ﬁa tiohiggrogen, the
presegfiaayepsgmeiovidgeenmarinisorhérmulmd)be in the form of a mixture of
stereoisomers. In certain embodiments, the(lggmpounds'of the invention
are enantiopure compourgls. In certain ather €mbodiments, mixtures of
stereoisomers or diastereoiers gre pfovjded. [0023]Furthermore, certain
compounds, as described t;rereir%‘ may\have one or more double bonds
that can exist as either th&?Z or E isomer;Unless otherwise indicated. The
invention additionally encompasse‘gﬁlge compounds as individual isomers
substantially free of other isomers and alternatively, as mixtures of various
and phasmageuticq]ly resentablenfriore theteofe rebisomats Zin I diign Ao Rieand n are as
defin@PEnaatRRsE compounds per se, this invention also encompasses
harmaceutically acceptable derivatives of these compounds and
mm“iomposihbrﬁ%m[ﬁ%}?ﬁ@“@ﬁ@%r thoreressnipouedtion provides a compound of

formula II wherein said compound excludes any compound of Table 1, infra.

[0015] Further, in other embodiments, wherein R? is Ring B, the present invention

provides compounds of formula (III):




[0024]Where a particular enantiomer is preferred, it may, in some

embodiments be provided substantially free of the corresponding

Woasiamaheand may also be referred to as "optically enrichg@rys2007/021626

"Optically-enriched," as used herein, means that the compound is made

up of a significantly greater proportion of one enantiorper. In certain

embodiments the gompound is mad Rprof at least Hdat 90% by weight

of a preferred ena%ﬁiomer. In other ém i kS tHiescompound is made

up of at least about 198%; Ala j

enantiomcr. Preferréd enantiomers mdy be isofated #fom racemic mixtures

by any WO 2008/@263300PCT/U82007/021626 method known to those

skilled in the art, including chiral hng essure liquid chromatography

(HPLC) and the formation and crystallization of chiral salts or prepared by
and phormarstiicalinersepisbBdontisr BrmofplehdrindbsZatlal X5 Ringom@ing B, R,
R?, m@:téﬁsad%ﬁrﬁﬁﬁ%%oﬁﬁl%{%% Interscience, New York, 1981); Wilen,

SM,, et al., Tetrahedron 33:2725 (1977); Eliel, EL. Stereochemisny of
[001€hrhon Clomgsaiainicahedirasntsilthi YresosR jnveiltion revidables afmpound of
fornfRESAVINLAGEHR e@ﬁ&aﬂ&%&ﬁ&&@uﬂgg@m[%&%% GBI frfla, U1V Of

Notre Dame Press, Notre Dame, IN 1972). [0025]As used herein a "direct
(00393 ng" or KvamamPlsndinreterain smhodiapnd.thoopssems vseentiereiprovides
comﬁlﬁﬁ@émf"th@ﬁ@%ﬁacﬁﬁi@ters to any chemical compound comprising a

-B(OH)2 moiety. Arylboronic acid comE)ounds readily form oligomeric

anhydrides by dehydration of the borﬁ?ﬁc acid moiety (see, for example,

Snyder et al., J. Am. Chergs Soc. (1238) 80: 3611). Thus, unless
otherwise apparent from coNtext, the terry "boronic acid" is expressly
acidg, oligomeric anhydrides,

intended to encompass free Boro

including, but not limited t&' dimers) rsxand tetramers, and mixtures

thereof. Furthermore, the term "boronic ester" Rfers to any chemical

compound comprising a - B(OR)2 (ypgigty. The term "borinic acid" refers to

any 041 mical com 1(gltfj]nd combgri ing a - B(R)OH moiety, The term "bonnie

estdl® R a&?‘ﬁﬁg BRI FRPBYHEEBMBREIRG £ - BRHGR Ay are as
defif@02B¢Tberidhmsinhatal misdiliniage bemesse e iailLgfer to an atom

lected from fluorine (fluor, -F), chlorine (chlpro, -Cl), bromine (bromo,

00 et TSP RoR FiEPSb o KB AU ot GRBgpung. of
formadaldibe heeein cedotespaindircdades anmeoiaiyditat sfdyble BliaEht-chain

1:e., unbranched), branched, or cyclic (including fused, bridging, and
[0012 iro-fuse% 58@%%0%?’8#31 Fr%%i e Bfgtéwegﬁiﬂ?a?éﬁvﬁghﬁmﬁ‘?ﬁ of the
formye(BHrhpre units of unsaturation, but which is not aromatic. Unless
otherwise specified, aliphatic groups contain 1-6 c&%)'on atoms. In some
embodiments, aliphatic g ntain 1-4 carbg atBms, and in yet other

embodiments aliphatic grou 1-3 o) i

oms. Suitable
aliphatic groups include, but prc notllimited {p, lineay or branched, alkyl,
allcenyt, and alkynylzg}ltqu 7
(cycloalkenylalkyl or (cygloalkyDalkenyl. 10029]The term "unsaturated",
as used herein, means tBat a moiety has one or more double or triple
bonds. [0030]The terms "“cycloaliphatic”, "carbocycle”, or "carbocyclic",
used alone or as part of a larger ma1&Y) refer to a saturated or partially
unsaipateRl el AlPRAE YO BARBIAGISOAREE $RORTIORLE36 4 R2 e
onocyclic or bicyclic ring systems, as described herein, having From 3 to
as d%“ﬁge#?@é‘?%ﬁﬁf@iﬁ thdS AT HESREFi g Wy eReiniosde ptielHsiltg; suldstitiseth dnteger
betwatefifad sliaveansl described herein.Cycloaliphatic groups include, without
limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohcxyl,
[0'020 clohexehrllyﬁec gl’oggmrgﬁﬁfﬁhélﬁﬁeﬁﬂ?ﬁe&dﬁwwlbmgéfén%,“&mPO“nd of
formyjaHbdiantiersyh daidconpembetindsisnthe syaaliof hasdstigasbons.
The terms "cycloaliphatic”, "carbocycle" or "carbocyclic" also include
aliphatic rings that are fused to one &r more aromatic or nonaromatic
rings, such as decahydronaphthyl or tetrahydronaphthyl, where the radical
or point of attachment is on the aliphatic ring. 100311The term "alkyl," as
used herein, refers to saturated, straight- or branched- chain hydrocarbon

radicals derived from an aliphatic moiety containing between one and six
carbon atonme hyy removal of a ecinAale hvvdrooen atom |n enme



[0035]The terms "heteroaryl" and "beteroar-", used alone or as part of a
larger moiety, e.g., "heteroaralkyl”, or "heteroaralkoxy", refer to groups
woarkgBa® 10 ring atoms, preferably 5, 6, or 9 ring atoms; PERE®, 1201606
14 71 electrons shared in a cyclic array; and having, in addition to carbon
2. Comipynnddiam PegaARiHie: heteroatoms. The term "heteroatom” refers to
nitrogeg%%iq en, or.sulfur, and includes any oxidized form of nitrogen or

[0021]g ¢4y, q Vﬂ%ﬁfe?ﬁ’ﬁﬁgl‘f forieHional BRI hRdghsmireld s igrBessibed in

more mcdudfgllmhmllifla&ﬂig@m io‘llm'ﬁi@)dh\fék?ﬂlﬂbﬂ,tﬁgréﬁéflhilﬂ’ﬂri].@%%lﬁf{s' Fa}’éﬁ_a&lﬁ(i%ﬁled in
riazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolvl, isothiazolyl,
accordg b S oo e B A A A, o ahpisty
and Pinaphtsfingl, asdetenainghd heddionfunkateroandiugneke heierany-Aefsed as
-used herein, alsa include groups in which a heteroatomatic ring is_fused to,
s R R Ak SE R LTS the Phearer
functiguihnefieitachndertaigioitth erb etexo#rainati Origg. N @himitking, ERample Sorrell,
. 1ngl indolyl, isoindolyl,.be lienyl,, benzaofuranyl, dibenzofuranyl, .
SR ol el b R o
ChemishshalaZidyioquinhrofifildy duifiosalingl, MevqNindtiZ2091 ;daabakolfbmprehensive
OreadCWdl 1371y lazinyl in tr uipotinyl
Mefﬁ%téf@gﬂ@?oﬁﬁ%@%bérnﬁfh@%r%ﬁ@@idgﬂ'ﬁ@imfﬁhétema@ymmwa?;
the entiREEbINLBrEBRBRAGARN WILh theiRIm3 rReisIaan yings.Agtcroaryl group™,
or "heteroaromatic”, any of which terms include rings that are optionally
[0022% hstitufedtaith e B8RRPURETe RS alEk PreFent rénis BitPRIKGATy RURPSEh stRated more
asymmBMAcneigeeanhdwhes eith the Ryl ansl.belerealy! BRHIODS, INdeRERIEREY and/or
.. are optionally substituted. [0036]As used herein, the terms "heterocycle”,
diasterpimerticy Y IRIEYE SRR AP BRAmHetUHsE) cReRAY e thesal may be
in theifdarchpagaalilydaatdefendme, sdabterborter/or YWeoknetric isomer, or may be in the
0810633%0PCI1U82007 021626 membered monocyclic or

form o & g R S B R e (8 SRR FRBR iEIREIPORTSREp nvention
are enatigiyeuncafuraddsl, ainddeataingtieadaitioditeearhaxatemst elReekomers or
.. more, preferabl e to four, hetcroatoms, as defined above. When used
dlastereomF'rE L prooed. o " -
in referencs 1o a rng atom of a heterocycle, the term "nitrogen" includes a
[0023§ubstitutédthitrogen. cagan exapeplelsinaa dederibtadherepartiajiyhave one or more
ing [ : roatoms. selected from gxygen, .sulfur ar
o e e D s e L BERe G, o
invenfigprafiditginlorencpmpagaes i aceubetindees pydiviitlinyRoioospstantially free of
other REIRIQEYRIIF £IRGERNLIE alanheddo BB PENJRNLEHUD %Fg'flfnya&?ﬁ% Q3o es of

or carbon atom that results in a stable structure and any of the ring atoms

stereolsimBEs oy Su s hsrehoesxaspios st seamamey edser Bistiangntion also

encorbfiSady RHAEhRelereaN lisctapionls OgiER WBPILIMIANSNIS and compositions
tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl,

COmPRSINE KRS PHEPER SR ASiiny1, tetrahydroisoquinolinyl,
[0024¢lecahydvoersinelinytiexazelidinymainepafmediaxany), idisxatabibodiments be

.diazepinyl..oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. The
pmvuﬁlgrrrslls1 Tie tel"rl(f)f(‘fﬁ & ﬁtgfe%gyé?yf‘%mﬁe%%%{é%fﬁ’rfﬁ’ "fmf“‘r’ei’}ést%rgflcfﬁgmd to as
“optigibuptiridhetbTocyohticalbje priticrd,"hetensay digaiadicatinathaiske compound is

intereh _ In, and aiso include groups in which a heterqcyclyl
mademég&?sa%{?fﬁ %}gﬁgégéar‘% e ﬁ?/rﬁ%lle?glrggﬁ ?ac{{r%lg)%%alflﬁﬁg IC Irliﬁré%f}échl}éﬁms the
compgunihdolirade 3R -Hide idasiromafiie phyewaightriefimybreferred enantiomer. In other
embolHRRXARAIBAIM: BN RACALAT PRI 95811REIMENGS OB R ok of 2
heterocyclyl ring. A heterocyclyl group may be mono- or bicyclic. The t&rm
prefermed iepaRtRTpralkrefersd tBRRHOMRY HHOUPSsiselriediEpyractiaierokgeres, by any
wherein the alkyl and heterocyclyl portions independently are optionally
substituted. [0038]As used herein, the term "partially unsaturated"” refers

to a ring moiety that includes at least one double or triple bond. The term

"partially unsaturated" is intended to encompass rings having multiple

sites of unsaturation, but is not intended to include aryl or heteroaryl

moieties, as herein defined. [0039]The term "alkylene" refers to a bivalent

alkyl group. An "allrylene chain" is a polymethylene group, i.e., -(CHA-,

wheaerain n iec a nocitivie intenar nreafarabhvs from 1t & from 1 t0 4 from 1 tn




100451 Suitable substituents on the aliphatic group of If include halogen,

-R', -(haloR’"), -OH, -OR’, -0(halon, -CN, -C(0)0H, -C(0)OR’, -NH2, -NHR.,
WONRFIGPUNO2, wherein each le is unsubstituted or where prenedss s
"halo” is substituted only with one or more halogens, and is independently
metha@j_iraiphatic, 49:¢2Rkil{CH2)0<L Bh, Glcading- raraberas SRIatRd. fiquid
chror B O eyt f ehiral el or prégred by
asympey81 0p8B00RC TS T00 2X02pE2 6140046 1 SUItADIE SUPSIHURANR AR Aures and

i j fan "aption ubstjtuted” group include -RI,
e L R R O TR RS B s
(197 s FlNRE 2 e B INIC R (UONRIZ g0 NER N BCONRR M aaN188eh Riifen,

H. 8 y li li hich may be ituted. gs defined
S5 SRR e SOl M I S AR S,
Notre PamgKrersshieiraianer BI¥TAY having 0-4 heteroatoms independently

loozsgelecteddiamakeRa kI Bo AN By B AVMIEPSIaRdNg e Jetiton

0026 bove, two independent occurrences of RI, taken together with T
10026, terven Ny Mepeysdrntha 19ms berRbie @341 Zaframioensyl shturatddompound

comppisittially UBSRHYALGEiDF. arvA IR Q@MCQ&HQ&MW&&%? f_O&t})OQQHSm
anh dgggfﬁg?t% %.elec ed from njtrogen, Q)éégen, or sulfur. 100471Suitabte
YOG dRbs AR AiiBRdteogoap bPeisheisacisestentle Hvderer ah /. Am.
Chem:(Kator)] 908, 3@ R610{halDIR1E), vieltbs-G{RHs  GEPRLE: -AUAL R 1" term
“borohl'\ég%i ngsergigetsegch I?e [ gr%substituted or where preceded by "he}lo'? is
~ substi Uted ORIy With ohe Br thETECHEIBY R bHaTcitiebaligemsyicinhydrides,
includifiphdti¢, nOH 2iRfited)(GH2)haRh, nar56 memberastaaturatesiRartia Wereor
Furth&satur aryl ring having 0:4 heteroatoms jndependently selected
from %it?é%g%r%x%éorﬁq%reéb urr.efﬁffﬂg‘]AWysfﬁgéﬁ’l‘éahﬁﬂﬂ‘@- tiAgnsing a —
BORyrarqictas ddeddrerimrisiwetikhoafiersndhe;achantt i doe oS eomprising a —
B(R)GESHHRSH ipdetail inProtecting Groups in Organic, Synthesis, T. W.

) Gre'er]e%gnd }% {(%JHM]%)VI%EC %%gédlrt%ér% JORMA i%@ﬁ%%?%?‘i‘g@i%r‘smg a-
B(R)%ﬁi@t?bf which is incorporated herein by reference.Suitable
[0027pMINO-PIRISEHRG FhAldRSIRCkd thyl amate, ethyl carbamante,

f ,9-2 orenylmethyl carbamate (Fﬁr)négc%),%-g%%ﬁgﬁu%r%#%iral%ﬁ%(fﬁn sepeﬁed from
uoripe (Huaierst b qbloringeiiesyrubidengamine typoasb&nated iodine (iodo, -1).
[0028P,7-di-ibuhd-[R+A 0 4Digxe* 10510,]; ga%-gemdro ioxanthyl))methyl

h dmggé}baimte.%DB -Tmocl:g? 4-metr§oxyp enacy carbérﬁ%tg%ghéyn%é ) @émte&’ a
YOS T ritRicrod iy Rih A AEFHEC) S thirfrethpRmpRIeH dardahedieor cyclic

(inCIH(iTI@ﬁ)$621-,Fihézigii@;hgﬂd:aplilt&lliﬁﬁe&B&bc@&kﬁ@ﬁdﬂﬁﬁ%&-&@%@@ﬂ%ﬁted or’

may cgﬂ{%?rggéeoﬁd O(iéig'ﬁ]éplmeth %:Z-hﬁ:xoetpeyl carbamate, .
1,1-dimethy1- 0. rom%%ﬁ%}/%é%a LRiEIBl Pgiseomatic. Unless otherwise

specified.-aliipetiy Fyps2-orichinleéityboarhematen(SiaB@&bodiments, aliphatic groups

1-methyl-1-(4-hinhenylyBethyl carbamate (Bpog), . )
et LSy b tas eprssi ghgrbon
at0m54'-%Weéﬂmhaé@rmmehmm) bat(heNaicyitotaxylchreaxarmigmatiy! aliyl,
alkenydarbgymatgisaytyl nate (B J-adamantyl carpamate (Adoc),

)?/inyl carbaméitg (V%éeﬁlyl tfé&rb%%{é%%l\%% %Of-isséjﬁgjpﬁlsall)éyc calkylalkyl,
(cycloglicanybialky| s 4exglaikpRalerrrbamate (Coc), 4-nitrocinnamy! carbarnate
[0029]Noc), B1neineh I eafarnate, N-o ipeyidi r ate,,alkyldithio
doubl carbamaé)e, gﬁenzyl earbamate (ng%évy%{%qg‘(%%é%o%@%&?ﬂ@%ﬁ ot more

ou 67?65'1%]5 Piethoxybenzyl carbamate (Moz), p-nitobenzyl carbamate,
[0030)-brorndhe neyhcachalnaiphdtic e Rk bRy CRIRAMBIS e used alone or as
part Ogic‘,pl%rroblenz& q?rborf’;ate, 4-metg%lsultinylbenz.yl carbamatc (Msz),
_anthryimethyT carbamat?, AipRehifdefy PasiBhm ansabuaiedngielise ghiphatic
carbamate, 2-methylsulfonylethyl carbamat e, 2-(p-toluenesulfonyl)ethyl
carbarnate, [241,3- dithianylbnethyf carbamate (Iimoc), 4-methylthiophenyl
carbarnate (Mtpc), 2,4- dimethylthiophenyl carbamate (Bmpc),
2-phosphonioethyl carbamate (Peoc), 2- triphenylphosphonioisopropyl
carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate,
mchloro-p-acyloxyben.zyl carbamate, p-(dihy clroxyboryl)benzyl

carbamate, 5- benzisoxazolylmethyl carbamate, 2-(trifluoromethyl) 6
" ~rhromonvimethvl carbharnate (Teroe) monitr nhenvl carbtiinate




WO 2008/063300PCTIUS201171021626 Greene and P. G. M. Wuts, 3rd

edition, John Wiley & Sons, 1999, the entirety of which is incorporated
womsinshgseference. Suitable hydroxyl protecting groups ingluglesetiighezs

methoxylmethyl(MOM),methylthiomethyl(MTM),t-butylthiomethyl,

ny|Jdir Isi ethyl M),. benzyloxyrnethyl (130M
i T e TG
whereyip $he oy platisi atesnssstyn (UMl busskgietdd/last dsénedratioxy taist hddscribed
herein.(zpo w::ﬁ)'éwmﬁzthélm%bgn eihpxxethoxyme tl’ﬁﬁx{MtﬁM,) ' | c\éc_l_opropyl, cyclobutyl,

,2,2-triehloroethoxymethyl, bis(é-ehloroethoxy)methy ,
cyclopgtrlethyilyBRtfGXymMeMIPISENMORY clebeepdtopyremghamtidy ). @cloheptenyl,

cycIo&@lﬁ@@%@%ﬁ@%@'&ybf«%m&gﬁg RYFRO ¥ SREHAAY SHE l@l‘?&%ﬂ(jl’ has 3-6
methox%/tetrauyd EZf‘P%rBany'l(,MTHP ,4-methox ytetrahydrothiopyranyl,4-

carbonge itsx Eihy BYBRPREBYRHRYIS SRSl 191 (2careraclisnetsglisrbidglaliphatic
rings RLHIOMNBLH YR by h{Sd Mbhalicoidrafodnthc BB WEa Y 3BY¥Ahy dronaphthyl

tetrahydrothigfuranyl, . . ) . .
or tetrg TN, PG iy el avaRinRR AR dua b elbitiaing-y1,
{(}031]L-ethOﬁ(}'{eliélbybr&rf&lﬁ@ﬁ?@ﬁ@éﬁﬁ&ﬁi{ﬂg&f@ﬂ?@%%ﬂﬁmlmgg%}gr b_rar?lched—
. 1-methyj-l-be Xye ethy 1-1-benzylaxy-2-flugroethy 2,2,2-tric ,
i RSO0 i e 1, TRy Aty S B iy o and i
carboipthibas byhemylyd-ofethmgyp hediylgeh 4tdinitrbpheny leabodiyhents, the alkyl group
-methgxybenzyl, 3,4 dimethoxybenzyl, o-nitrobenzyl., p-nittobenzyl,
e R R Sl Btz B GO By LA, Ry e
groupZepiplsiy¢d3camigthy 11-24 piedigl Aproxiddn dipheriptmethiybdpreitdintteoideplziyoup
l; 5ecli o] ryl;triphe - yldiphenylrnethyl .
Conm%%nle%rwé%%%r'??/g%i%bheléy?me%é@?}d%?%ﬁgt%%%/gﬁgtr%)ﬁ/ﬂgh%rﬁyl}%%%tﬁws -2
c&bonq(p&@wgﬁygm@g@q,mqude, but are not limited to, methyl, ethyl, n—propyl,

isoprdAmepbenacyloxyiianyRdinhenymethdd ' 4 3ristda- dert_butyl, n-pentyl,
P Jc%?oroph&]a%%mido ph%qny Dmetm, 4,4' 4" -fri s(levﬁﬁ(iéﬁ% Ioi ypﬁgyn’y rPeny

neopepifletigexal, aocahexyt sty Toxgsphenyoieymaeymdereasi. e the like.

[0032i§(4' A" -grenetipxayRheNyReIY helels, denotes a monovalent group derived from
bis(4-methoxyphenyl)-U-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xarithenyl,

a stragg -p?fehm%aﬁé@%%m%%%%ﬂ%}amﬁmﬁzﬁ%% gicfgibon doudle

bond SySidieistosalrisnatbiisityh(EMgen ey Bl vk EESmiianReRy BAIKEH Sroup

dimethylisopropyisilyl (IPDMS), diethylisopropylsilyl (DEIPS),

S R e i T e R S
groupDimn$lgytdbimnthd sinlyehtiti- poagiyis -1, daipberydms. 1  some embodiments, the
iphenylmethylsilyl (DPMS), 1-butylmethgxypheny]silyl (TBMPS), .
ke S St R et erbodimen,
the aikiemibremcetatmplfiadrooneinte? Methoxyacatate, Alkenyl groups include, for

examPiENAEMNESRYAFaaE, R enoxacelal - cigrophspofyacetate, 3-
phenylprao&l’onate, 4-oxopentanoate (levulinate),’4,4

[0033ethylendderRspéalarvaiavnes DBusINa3EI0 RGTIYSPGITOR8Eerived from

a stra{}@YUlRQYIItRIcRCRIAY - RiYAIRAS: ASHMARIO Y Ge WO R on—carbon triple bond

4-methoxycrotonate, benzoa C, J2phenylbenzoate,
by ths JemoAlcRhytoERBa R (FRESHGHRE), alkyFrEBIRYPRRASERERES, ghe alkynyl group

empléfaranyhn atben sashonaid Brmeliik ety cakenaienbilments, the alkynyl
2,2,2-trichl thyl carhonate (T_roc%, 2-ttrimetgilsilypethyl carbonate

group(lmi ?_IEB gﬁﬁgﬂﬁ%ﬁo&ﬁ%% TBO%}EQQ %‘E}i’ In 'some embodiments, the
alkyn&l}k(gimheeml' pee bibéaaphoﬁi@l&rtlwﬁaﬁim&&amz(amlk liboﬁl&_swdﬁrcl)bﬂtalﬂ&ﬁgb@m@tﬁﬁment,
vinyl carbonate allyi carponate, a -nifrophenyl carbgnate,

the oD AT BN Ete G- e S0y Pear TR AR eaR oy eroups

includiintethoxylot hzyitahtbortbrey akybromitndipripargabh drprtey alidyland the like.
p-nitrobenzyl carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy-1 -
napththyl carbonate, methyl dithiocagbonate, 2-iodobenzoate,
4-azidobutyrate, 4-nitro-4- methylpentanoate, o-(diboromomethyl)benzoate,
2-formylbenzenesulfonate, 2- (methylthiomethoxy)ethyl, 4
(methylthiomethoxy)butyrate, 2- (methylthiomethoxymethyDbenzoate,
2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro4-( 1,1,3 ,3
-tetramethylbutypphenoxyacetate, -

2 A-hic(1 1-dimethvinronviysnhenovyvacaetate chlorodinhenviacaetate




stereoisomers. For example, "isomers" include cis- and trans-isomers, E-
and Z- isomers, R- and 5-enantiomers, diastereomers, (D)-isomers,
W F0e8RENY, racemic mixtures thereof, WO PCT/US2007/021626
20081063300Ver/U52007/021626 and other mixtures thereof, as falling
[00343ithin thdseapenofayeinkedtiotn o instanee R IBAMEHRRANIAME! MYy,
“arallLRPME. ambl%glna]ﬁqts, Qg Ipr?wded substantlally_ free of the corresponding
r7and may aise BeTEPSHAY th a8nbpieslis BREGHEGmS having a total

enantiomer, an may ‘algo
of fivptikakipe nrohieds; wbansied:hkrainomaansi et R EaMP RIS MaI herein

each HR {rpﬂ§ gg ntly greater proportion of one enantipmer. In certain
. e emggodimégsrry_ts f%eé %/%%ﬁ%so%ﬁ é?pﬁ%'eﬁlrgggn@ﬁ@%eﬁﬁorof R frde plofay be used
interqppsteablyurv b shbienveightl ofre preife rathenantiodieents sther present invention,

“arylefeRedin - Q;lglgg ade .up, of at least about 95%, 98%, or

o 99% by W%%}%Hﬁtg@ [?(}é%e redrl‘gr‘%rll%rlrr}lgirl}%?é éﬁg(c)l?gr%ﬁ%oﬁ’e? ‘Qi’i%{yhd%henyl’

naphﬁ’éﬂka%é&'{?é}a raddhsidikmixedviel Byrarhemetirook knonwrsibstitosetskilléshimeluded
ithit @ AboCH IR ShIrgh QUL romatography, (HPLC) and . .

" the form%ction and Cry;ia"IZQ;EE%?‘E%‘%%#%}%%&E%? Sng%'r‘é%%}y} A5y mmsEne is

fuseds%tﬂ’é%ég. BAE RcXample, Taegueycktal. indmaiti pirtbabinRdyde matkthimidyl,

phenandiResobitivasHMiRNIMerSEisNaR Hew York, 1981); When, S.H., et al.,
n 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon

(003 5Eetrahedi,g 2 , E e
ompound® (RIS rRSeATRY 2196 Detovmren sused. dtatsieerofiRpudlving larger
moie#gents it Optlal R esohiaaarmaas{EbicEliLhbiths MR NOften atoms,

ref D@{ng I}ress Notre Dame, IN 1972). 100561As used herein, “polymor
Preteiierst ’aoﬁpygfbglﬁ’?%n?ﬁv%‘fﬂ}g Eohtpsund Bxlsatgnnshrsed inancypléc array; and

havingyyistaldidiei ario/sirbAULR M NeEP AYNQI BRISI R XSS AS a}"ﬁ@scggn()f‘heteroatom”
ifference in crystal packing it is called packing polymorphism,

d . :
refersp%l;}‘rﬁ%’&ﬁ%‘rs?ﬁ‘ G alb S eI b e esxiete Auktisediifrare i cmaenars woffur,

and atbecgammimdléo:niedflacmiermua&@&m'Wpﬁféﬁﬁs'&cludeitw%ﬂﬁoxg li{nitation,
or nydration

- PS lymorphism the different crystal types are the resu .
iR e sl )
oxadigs@plbiazetokripathiadstyl) t}ﬁddwzggz f@ﬁﬂ]ﬂf@ﬁ@ﬁm%g,%@%@gl%%pgy@m%
indol& - 2 ma -OR.. an optionally substituted 6 .

o A wr Rt SheRRers by chperoac—,
as us%@gw,mﬁ@iméﬁﬂy hydiogen demmaptionaligubstifsdeddCon or more

1, iBaticnL6 i e, C ryl. or £6:-12 heteroaryl group. .

. S 8, SRS AR, LY RTINS i o
heteroatomatithaite; 21Rlimtingn@zmpleoRIqbgs0jndiier ieonbbdimebtszatiienyl,

benzdfurbl AndiBnisof@iRyi006EHRYRY OtheL.embadipiants, 21 18.-OHl or -OR
. an(iJB%Z.isa opti nall§[substitutef‘§zlI C1 G%hgﬁg?}?OOB% In 3%%28%%% quibolyl,
1SOqUER, &Wfé?ﬁg,y yRhibalagingl, qymazelnyb wiapralarindf-eubstinitod Gtbaolyl,

acridihgleroalipinaiicin{l063] Ipialatheigmbodi @%ﬂ&oa%fﬂﬁ,'OH Q&&%&%@%@ nyl,
tctrah'sd%c%liz alrixl.l[Oﬁgﬂ%%tljﬁ_?mbodlments Z."1s-OH or -OR, and 1

5 a ol 13 heterSan T 00 nmﬁé(ﬁgh@‘éﬂlyﬁéﬁﬁé‘%ﬁ(ﬂiéﬁlﬂmay
be meirg- 22 hmeg;pbe t&@endlcligé‘ﬂimehrtmyl a ?aﬁ?@@gb@@ﬁﬁg&ﬂ@{pﬁhﬁ{hi terms
I ; irectly attached to B, wherejn the ring is comprised of
hme}(:Sar o%ﬂé o’rﬁgﬁia ?)t n‘é?ly Sﬁeg()et}er%ooé‘rré“ﬁ%ﬁti’o?’i’éfl %fgmatb'ms include rings

that ascpsismabritytselattéd e tetine heouparalgistiageefidl S a8 BrobfRE6k futed
by a %&E@Fo%’}l?qgﬁ'é}%t%gja@fj f%%r%gsﬂ |$§1 I%ggéé%gé%%%%%%gﬁpnaﬂy

membered ring structures’include, but
S”bsnéffﬂﬁlodiments, Z' and 12 form a 6-membered ring. Exemplary 6-

[0036nemberad rmcﬁt‘}%gﬁ(?sdﬁd%@ﬁxsbu%@{@r&%fém}iteﬂe‘%focyclyl”, “heterocyclic

radical”, and “heterocyclic ring” are used interchangeably and refer to a stable 5- to 7—

9.



WO 2008/063300PCUUS2007/021626 hAnni- , and 100681In yet other

embodiments, Z1 and Z2 form an 8-membered ring. Exemplary
w8-membrsed ring structures include, but are not limited to: Rer/us2007/021626

wherein Rt is hydrogen, a suitable amino protecting group, or an optionally

mem@&@&timﬁg&éﬁ& gll'ph—alt&:—lr&ln'@e@%teﬁ? j,%lgaﬂ& ?o%é;t?igrﬁlb%%{?%%]tzis either
heteroaryl group. [00691Furthermore, a genera(fy efined ab e, Z1 may
saturgded. ORpapiidheinnRiarrigdr Fgenher € in eddisieatity Cirbonettrwaliphatie, more,

prefefaBlyldnatyl ¢k GRed R PERer caryl BraH 91’0@0(% %v%gxp fdsRing Rdaken %%emﬁratom

form an optionally sgb.stituted 5- to 7-membered ring, wherein the ring is”
of a belsipride ShcBon Higa anachiifsrarytstiatse rtressaditional example, in a

saturdiSiesPRRms indansnslenthhsalacted dramdhs,graup gé'm&ﬁiﬁ%rgfd&@né sulfur

.and 0. 100701For example, in certain embodiments, Z' is -OR, and and
or niteaen Ahe RFPRSISTRE IS AN &R Brior AN LT raEE bl bR AywgolidinyD),
or m@malmﬁmg@téu@ymmme, but are not limited to: and wherein
ing A is,as defineq.above and herein. WO
(003 %

008/063308FC AL SRDFBIEETEAL) 'LilfoFFI4HE KUR G MRsgeroatom or
carbogeaeraltiiahossisLimmaytiigeascavaienth agyos o phgnabynsubstiétegtionally
LR T A
withquitis &imogtiionalljesubsitofied:@ll _Gtetidighathioiely . Ipysaitidinyl, pyrrolidonyl,
P R e R
oxaz{hgjin yeragea bmBisdimehts didkislanyCH (Rjzegioup, whergRyis atiazepinyl,
B R s e R
“heteroguistherosmbodheierneydids mo@RZCHad gidwtereoTilinsdivad”, are used
interGRRRAINCA ik 48 AU QPIRNAY SUBSUHIGHIG 2 F AKERVIRNMOIEH SR to one
other embodiments, 12 is an optionally substituted C2-4"alkenylene
or maieiatyL RSP Hire PR AYISHITRBALS, 1088 ssuchpsapogipsip3 H-indolyl, chromanyl,
phenanthridinyl, or tetrahydroquinolinyl, where the radical or point of attachment is on the
heterocyclyl ring. A heterocyclyl group may be mono— or bicyclic. The term
“heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl, wherein the alkyl
and heterocyclyl portions independently are optionally substituted.
[06038] As used herein, the term “partially unsaturated” refers to a ring moiety that
includes at least one double or triple bond. The term “partially unsaturated” is intended to
encompass rings having multiple sites of unsaturation, but is not intended to include aryl or
heteroaryl moieties, as herein defined.
[6039] The term “alkylene” refers to a bivalent alkyl group. An “alkylene chain” is a
polymethylene group, i.e., (CHz)y—, wherein n is a positive integer, preferably from 1 to 6,
from 1 to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a
polymethylene group in which one or more methylene hydrogen atoms are replaced with a
substituent. Suitable substituents include those described below for a substituted aliphatic
group. -
[0040] The term “alkenylene” refers to a bivalent alkenyl group. A sub;stituted

alkenylene chain is a polymethylene group containing at least one double bond in which one

10




(i) Ring A 100011As is also defined generally above, Ring Ais a

optionally substituted saturated, partially unsaturated or aromatic C5_8
WenuieeyEtie, C6 10 bicyclic or C10_16 tricyclic ring system pptiarsallyr/021626

containing one or more heteroatoms independently selected from the

or mcg&h@ﬁfg&ﬁi Sitgofdl r@l@é_&k QJI[Q@@]H@&@%‘%%@@%H%CBM&& 3hose
desc %%Q%%% §%tur%ted, 1%)éa#lagy unsaturated or aromatic 05_8_ r_nonocycllc,
6-10 DIy NESHETHTE HiRYRliE &oYRsystem optionally containing one or

[0043hore hetesontanibeindepsndentiyseiected domika O WL FONSISHAY-9f Mnally
A hag at least one fluorine substituent (e.g., as

d 0. wherein Rin )
Su}js_“gé%%eén&e&ﬁfi I a?ﬁaénaﬁeoé?mént?, YA hashsthemsrterd flbpinge term
“optignbsiitaents, inceerthin emhodimentsdRBirgsAohas AeleaskdNraeiByoi8geplaced
ith 8 | .0003]l [tain embodiments, Ring A is.an aromatic ring
" sﬁ%ﬁ%%@gk%ﬁngm%n?|?1§|e0r%?§,r\ﬁlésﬁwl $ﬁ° tﬁ‘iﬁg RIRg Btk %‘fﬁfﬁ&ri@oul’
may kgrgansyitidovestitirtentaimk misdimabits pRiNGA S BeSatoipled@fwhen more

ialy:ynsaturated ring system. WO 2008/063300PCT/US2007/021626
e i A ST 75 S LSO b e e rtden

selectg tfmyawgg@iﬁ@@ggmﬁbm&gbﬁtbmﬁaﬂpu mummumaam oradi€iézbrk at every
positiBINeEHBIRRE SYPLERARHANAIY FaE I%Q%v%@n%&%ﬁf%@%%g%e that

indegeendently selected from the group consisting o

resuligiibeciomsiirRenisiabiapndecmisptivriatsiWabsinpendat Fatetrpattabie”, as
used WageH) r@é%i@&ﬂ&iﬁ%@ﬁr@@ﬁamQ@%"Qlﬁﬁ%ﬂ%gm&ﬂ-&géx%%%n'subjected to
y

d.'0004 For example, in some embodiments, Ring A is an optiona
condigR i tBLoN ofatheE sroP EstivtonBessetionasecyalicHiipsystbadiseth their

recovengyaciRilistioaraaeysigsing Sysians wd&?ﬁuﬁa&éﬁﬁs@%@@ﬂ@%@: At
RA er?%ig: X, RA, Rl and n are as defined above and herein.
rtai

10042] 3201 1§ HERLin BEBYEHTE SRR (S rropHTANEabeaRad phEnyE an
“optisind syatetiinddheioimateitBbbndently halogen; ~(CH,)oR®; —~(CH,)o4OR®; —-O-

(CH2)04C(O)OR®;  «(CH3)04CH(OR®)y; —~(CH,)o4SR®; ~(CHy)o<Ph, which may be
substituted with R°; —~(CHz2)04O(CH;)p-1Ph which may be substituted with R°; -CH=CHPh,
which may be substituted with R°; -NO;; —CN; -Nj; ~(CHp)o4N(R); —(CHy)p-
NRICOR® -NR)C(S)R®; ~«(CH2)04NR*IC(O)NR®; ~N(R*)C(S)NR®; —(CHy)o
aN(R®)C(O)OR®; -N(R*IN(R®)C(O)R®; -N(R°)N(R®)C(O)NR®,; ~NRNER)C(O)OR®; —
(CH2)04C(O)R®; ~C(S)R®; «CH2)o4C(O)YOR®; «(CH2)04C(O)SR®; ~(CHa)o4C(O)OSIR®; —
(CH2)o4OC(O)R?%;  ~OC(O)CHa)e4SR-,  SC(S)SR®;  ~(CHy)esSC(O)R%  ~(CHa)o
4C(O)NR®; ~C(S)NR°,; —C(S)SR®; —~SC(S)SR°, ~(CH2)p4OC(O)NR®;; ~C(O)N(ORR®; —
C(O)C(O)R?; ~C(O)CHLC(O)R®; ~C(NOR®)R®; ~(CH2)64SSR; ~(CHy)o4S(0)2R®; ~(CHa)o.
45(0)220R?%; ~«(CH2)040S8(0)2R% -S(O)NR®; ~(CHz)4S(O)R%; —N(R®)S(O),NR®; —
N(R®)S(0)2R®; -N(OR)R®; ~C(NH)NR®3; —-P(O),R°; -P(O)R®; ~OP(O)R®,; ~OP(O)(OR®Y,;
SiR®;; —~(Cy4 straight or branched alkylene)O-N(R®),; or ~(Cj4 straight or branched
alkylene)C(O)O-N(R®),, wherein each R° may be substituted as defined below and is
independently hydrogen, C, aliphatic, —CH,Ph, ~O(CH2)p-1Ph, or a 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or, notwithstanding the definition above, two independent

occurrences of R®, taken together with their intervening atom(s), form a 3—12-membered
11 '



wherein X, RA, Rl are as defined above and herein; and n is an i_nteger
between 0 to 5, inclusive. [0080]In certain embodiments, Ring A is phenyl,

wiheaigin@mbodiments, Ring A is phenyl and at least one Ricq/@4mis 021626
fluoro in the or! ho position relative to the boron atom. [0081]In certain

bodi s, Ring A is phenyl, RA is Ring, B, and Ring B is also phenyl.
s e Ry S R L eoms
indepgndRinily Achatedtdrone ihtyogrnBxagom oW@fur, which may be substituted as defined
belowr008/063300PCT/US2007/021626 [0082JIn certain embodiments, nis an
integer between 0 to 3. In some embodiments, n is an integer between 0

[0043h 2. In otherdmbudiovelsts, suistien, tmyRt Gthehembgdimeasdsby iskinip two
. ill yet other embodiments, n is 2. In still yet other embodiments, n is 0.

mdep%ég\éﬁlﬁcggﬁg?ﬁ eesmdflo i Qsh’e'\_:{ i%ﬁh%%egn%’ﬁ WSS iREHhuREY Iofeprpdenty
halogeing sy§EmaRany-dhelal e faEilslaoOH, , o(OHBISDRE, RACRLRNAH(OR )

O e Sbsteaiah ENSI ing Syckere o ot DRA oL pard GEt e
2SR théOsblon Eont G any e ofGHe) fohthiRde((RERLNRNereNOX, B RI-DRIR®;,
-C(Of5R*e ag gL APy ANNAIaiRylene)C(0YOR®, or —SSR® wherein each R® is
unsubstituted or where preceded by “halo” is substituted only with one or more halogens, and
1s independently selected from C,_4 aliphatic, —CHzPh, —O(CH3)p-1Ph, or a 5-6-membered
saturated, partially unsaturated, or aryl ring having 04 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. Suitable divalent substituents on a saturated carbon atom of
R® include =0 and =S.

[0044] Suitable divalent substituents on a saturated carbon atom of an . “optionally
substituted” group include the following: =0, =S, =NNR",, =NNHC(O)R", =NNHC(O)OR",
=NNHS(O)R", =NR', =NOR", -O(C(R"2))230-, or ~S(C(R'2)):sS—, wherein each
independent occurrence of R’ is selected from hydrogen, Ci aliphatic which may be
substituted as defined below, or an unsubstituted 5—6-membered saturated, partially
unsaturated, or aryl ring having 0—4 hetercatoms independently selected from nitrogen,
oxygen, or sulfur. Suitable divalent substituents that are bound to vicinal substitutable
carbons of an “optionally substituted” group include: —O(CR";),.30—, wherein each
independent occurrence of R” is selected from hydrogen, C, aliphatic which may be
substituted as defined below, or an unsubstituted 5—6-membered saturated, partially
unsaturated, or aryl ring having 0—4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur.

[0045] Suitable substituents on the aliphatic group of R’ include halogen, -R®,
~(haloR*®), —OH, ~OR®, -O(haloR®), -CN, -C(O)OH, ~C(O)OR®, -NH,, -NHR®, -NR*,, or
~NO,, wherein each R® is unsubstituted or where preceded by “halo” is substituted only with
one or more halogens, and is independently C,_4 aliphatic, ~CH,Ph, ~O(CH,)o_;Ph, or a 5-6—
membered saturated, partially unsaturated, or aryl ring having 04 heteroatoms independently

selected from nitrogen, oxygen, or sulfur.

12



100851In yet other embodiments, Ring A is an optionally substituted

phenyl ring system having an -XRA group meta to the boron atom of any
WoRMHPehEYformulae: artrlrVi R1; wherein X, RA, R1 and n BeaE/as gefined:c

above and herein. [0086]In yet other embodiments, Ring A is an optionally

0046gubstitutai pblenylbdtigisystenm Rayimguab R A BEAR SAWARIEIRPER  ituted”
e Stl%l; any one :hgl%{rs jee: WO éﬁsmae,%éoopcy/f 820071021626,
HoUPN rThjer'eeiﬁ. 008 H6’w§vé§, ls07h (&Y eﬂ@éﬁ@% Wﬁ@é%é@Rs -
S(0).BdvakAPeRE, and RNR hydoger)Rirlg /&ﬂiarupfpgelmﬁig}'; S%éﬁ@iékte]gichd R is
: ' f the formula: " wherein Rl and n is as define
e G038 S B8l HIBUBItbrfS Wriheth kelow
unsubigifptegvalditit, bonehandiAiisthy dogemeRingeA 't&tafh@ﬂ!ii%ﬂﬂih)nﬁuﬁﬁﬁwiﬁ@d, or
' e of the formulag:. alftflt. W
A AU SR S8 e St B o
nofwi%&ﬁéiaadméi@iﬁit[o@@ywomedmmemmnga%ﬁnlpﬁmmg@&melr_ with
i ' d artial e 8 monocyclic carbocyclic
thelr ﬁﬁ@iﬁggﬁ%ﬁ?ﬁﬁ%@ygﬁc lggr c%?&:{f%{n%q%s g%%cfﬁ%u%?%\ffﬁﬁparém‘any
unsa a{gq%%mé:rws!@rem Ricgolic Ringrithving et bisfimetbalyoudepndibeaieinelected

from (OOSQIN SaneRRadinents, Ring A is a optionally substituted saturate_d,
mOMEartiallf/ nsaturated or aromatic C5_8 monoc,yclic ring system containing

ne or &gh@té?Bg%Bngﬁﬁééb‘éﬁ’é@ﬁiF%@@téﬁwm tindegeodgntly halogen, —

R?, ~Gandsinge!, NOR andfa1009 e exampity NERsipRembadimesis _wre,
Bingvhé\ iS.a ogmi) allg substituted aromatic C5_8 monoc cllg rng sys'temd |
or “Ncéhtalﬁfﬁlél SRE o moreRRSHBAEErRE THesp artreAny buidhalsd frovubeiguted only

with groupmonshslivgnf, NnSiandieetisharomatipRABOCY KNG RYESMPh, or 2
5—6—&@%%@%dbls%t%§gtgat I;i)rg.lljtti%m}o:un §t%}gted, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

[0048] An “suitable amino—protecting group,” as used herein, is well known in the art
and include those described in detail in Protecting Groups in Organic Synthesis, T. W,
Greene and P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999, the entirety of which is
incorporated herein by reference. Suitable amino-protecting groups include methyl
carbamate, ethyl carbamante, 9—~fluorenylmethyl carbamate  (Fmoc), 9-(2-
sulfo)fluorenylmethyl carbamate, 9—2,7-dibromo)fluoroenylmethyl carbamate, 2,7—di——
butyl-[9—(10,10-diox0-10,10,10,1 O—tetrahydrothioxanthyl)jmethyl carbamate (DBD-Tmoc),
4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), 1—( l-adamantyl}-1-
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2—
dibromoethyl carbamate (DB—-BOC), 1,1-dimethyl-2,2,2-trichloroethyl ~ carbamate
(TCBOC), 1-methyl-1—(4-biphenylyl)ethyl carbamate (Bpoc), 1-3,5-di~+~butylphenyl)-1-
methylethyl carbamate (+~Bumeoc), 2—«2°- and 4’-pyridyl)ethyl carbamate (Pyoc), 2—(N,N-
dicyclohexylcarboxamido)ethyl carbamate, ~butyl carbamate (BOC), I-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), l-isopropylallyl
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8—quinolyl

carbamate, N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Cbz),
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(RV \L-\X-RA , (RI), N-N X-RA V1/1.11.1" ,Artflt ==\ (R1)," N-N X-RA and
X-RA -\(R1)n (R1),X-RAisX wherein X, RA, Rl and n are as defined

wabmeéandherein, and Rg is hydrogen, a suitable aming@ratesiiP@®1626
group, or an optionally substituted Ci aliphatic, C14 heteroaliphatic, C6_2

P ot et iotod o LAl e oo REB A L R, -
chlorehegzy)starhasemeaiRirgliniiombansie hatbematontsindbpenidenthesatbatatiamate
(Msz)’,r%ﬁhﬁﬂﬁ%ﬂmQ&i’dé&iﬁ&,Qiib\heﬁﬁﬂ@tﬂyl%'i%mw!%%%Rﬁ%@ﬂg; S pgmate,
unsaturated monocyclic ring systems include, but are not limited to:

Z-megyduidendebrc TRIS T2 26(>-tiokieapspianyDefry) (RayprmansS2-(1,3-
dithiaAmShiRA calBAIMN RS (RINBNARANRIIN-RAKRA JWNpe), 2.4
dimethylthiophenyl ~ carbamate (Bmpc), 2-phosphonioethyl carbamate (Peoc), 2-
tn’phenylphosphdm'oisopropyl carbamate (Ppoc), 1,1-dimethyl-2—cyanoethyl carbamate, m—
chloro—p—-acyloxybenzyl carbamate,  p—(dihydroxyboryl)benzyl carbamate, 5—
benzisoxazolylmethyl  carbamate, 2—(trifluoromethyl}-6—chromonylmethyl — carbamate
(Yeroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl
carbamate,  3,4-dimethoxy—6-nitrobenzyl ~ carbamate,  phenyl(o-nitrophenyl)methyl
carbamate, phenothiazinyl-(10)—carbonyl derivative, N'-p~toluenesulfonylaminocarbonyl
derivative, =N ™-phenylaminothiocarbonyl ~derivative, f~amyl carbamate, S-benzyl
thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p—decyloxybenzyl carbamate, 2.2~
dimethoxycarbonylvinyl carbamate, o—(N, N-dimethylcarboxamido)benzyl carbamate, 1,1-
dimethyl-3—~(N, N-dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl carbamate,
di(2-pyridyD)methyl carbamate, 2-furanylmethyl carbamate, 2-iodoethyl carbamate,
isoborynl  carbamate, isobutyl carbamate, isonmicotinyl  carbamate, p—(p-
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, I-methylcyclohexyl
carbamate, l-methyl-1—cyclopropylmethyl carbamate, I-methyl-1-(3,5~
dimethoxyphenyl)ethyl carbamate, 1-methyl-1—(p—phenylazophenyl)ethyl carbamate, 1—
| methyl-1-phenylethyl  carbamate, 1—methyl~1-«(4~pyridy1)ethyl carbamate, phenyl
carbamate, p—(phenylazo)benzyl carbamate, 24,6-tri-+-butylphenyl carbamate, 4-
(trimethylammonium)benzyl carbamate, 2,4,6—trimethylbenzyl carbamate, formamide,
acetamide, chloroacetamide, trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-
phenylpropanamide, ~ picolinamide,  3-pyridylcarboxamide, = N-benzoylphenylalanyl
derivative, benzamide, p—-phenylbenzamide, o—nitophenylacetamide, o
nitrophenoxyacetamide, acetoacetamide, (N ’'—dithiobenzyloxycarbonylamino)acetamide, 3-
(p—hydroxyphenyl)propanamide, 3—o—nitrophenyljpropanamide, 2-methyl-2—(o—
nitrophenoxy)propanamide, 2-methyl-2—(o—phenylazophenoxy)propanamide, 4-
chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine

derivative, o-nitrobenzamide, o—(benzoyloxymethyl)benzamide, 4,5-diphenyl-3-oxazolin—
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(r—-1--N\'s \ / b\ (RILAO, x-RA (RI)n/X-RA (R :)n  wvtru, 7\X\ /NW (R1)n/
X RA (R)X-RA, and (R1)/CN\ X RA . n wherein X, RA, RL, Rand n are as
WaeifEratidve and herein. (b) Bicyclic Ring A Groups [0093Haeestain 21626

embodiments, Ring A is a optionally substituted saturated, partially

2-ongngtphshelindriaromatinGucthbityelighing system eplienaily.copRANINg. 5 5_

: t t independently selected from the grou
e PR A O 0 DODH MRS T ATS 6O LG PASE),  5-
SUbSﬁl@@@411Bﬁdierrcghmlehﬂoﬁ)dimemtgcIEliagaﬁri‘sJar@pt'gogaﬂigﬁg;:@&|1gk§).e@§bmll'zyl__1’3’5~
: jally un ted, or atic C6-10.hicyclic carbocyclic ring
mmﬁ%ﬁ%ﬁ%ﬁé@%h&%ﬁﬁ%@‘nﬁdirr%egr)%]s‘f“&fﬁé‘ﬁi’-‘@’ BptiorATy LhBEed V-
aﬂylaﬁ%@ﬁadvm[%ﬁmmzwm)emndm)dmg@smxxmaﬁ&@ﬁﬁ;@@m&, N
(1-issfrarsysiems hitiedyps may feelfieh fily ajo

rings are aromatic) or partially aro l}i

f atic (Le., wherein both
%ﬂfé.,%vuﬁ%r%lﬁéonéfﬁﬂﬁ%%oﬁ%tﬁc N~
benzylyinhe riﬁ\é’%(ﬁdﬁémﬁm@?ﬁm%lﬁnﬁmamp)l’eﬁ%ibentaispbgrylmnine, N—

i ' g Ap ' i i rematic C4., o
el tarhey e o e S E e RSl im0
Phenﬂi‘?ﬁﬁ?@?&&*ﬁ% not fifited to: M=RAdipklasim SfivpreRylardhylemenasne,  N-

ferroatfinesiahanmand he(ﬁ'u?n)l0097szﬂplﬁi%{)@m%mems{;&@% sa

. tionally substituted partially aromatic C. Ic) bicyclic car ocyc.l‘c’rin_g )
dm@%@%ﬁlé@gﬁ“ﬁ?&w% cATSEFHlidnRREDS e AsnIebex Hornasdidroe imived N—
diphetgylmethylenenfticg N-[(2-pyridyl)mesitylJmethyleneamine, N—~N’N'-

dimethylaminomethylene)amine, N,N ~isopropylidenediamine, N-p-nitrobenzylideneamine,
N-salicylideneamine, N-5~chlorosalicylideneamine, N—(5~chloro—2—
hydroxyphenyl)phenylmethyleneamine, N—cyclohexylideneamine, N—(5,5~dimethyl-3—ox o0~
l-cyclohexenyl)amine, N-borane derivative, N—diphenylborinic acid derivative, N-
[phenyl(pentacarbonylchromium— or tungsten)carbonyljamine, N—copper chelate, N-zinc
chelate, N-nitroamine, N-nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), diatkyl
phosphoramidates, dibenzyl phosphoramidate, diphehyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4—dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2—nitro—4—meth0xybenzenesulfenamide,
triphenylmethylsulfenamide, 3—nitropyridinesulfenamide (Npys), p—toluenesulfonamide (Ts),
benzenesulfonamide, 2,3,6,~trimethyl-4-methoxybenzenesulfonamide Mtr), 2,4,6—
trimethoxybenzenesulfonamide (Mtb), 2,6~dimethyl-4-methoxybenzenesulfonamide (Pme),
2,3,5,6-tetramethyl-4—methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide
(Mbs), 2.4, 6-trimethylbenzenesulfonamide (Mts), 2,6—dimethoxy—4—
methylbenzenesulfonamide (iMds), 2,2,5,7,.8—pentamethylchroman—6—sulfonamide (Pmc),
methanesulfonamide (Ms), B~t1imethylsilylethanesulfonamide (SES), 9-
anthracenesulfonamide, 4—(4’,8°’—dimethoxynaphthylmethyl)benzenesul fonamide (DNMBS),
benzylsulfonamide, trifluoromethylsulfonamide, and phenacylsulfonamide.

[0049] A “suitable hydroxyl protecting group” as used herein, is well known in the art

and include those described in detail in Protecting Groups in Organic Synthesis, T. W.
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X-RA ; wherein X. RA, Rl and n are as defined above and herein.
100981In yet other embodiments, Ring A is a optionally substituted

woathkatedgr partially unsaturated C6_10 bicyclic carbocyclig fngSysieN e
100991In certain embodiments, Ring A is a optionally substituted aromatic

C6- 1 sy tem. cont nin e ore toms
Green %pend@/ Céf%:/ c’té?d r%rtn ﬂ‘lgl gro%}?@ n%‘ls ng O?%SS? BreR’ré)r%gthéCh 15
incor@ﬁ‘ﬂtd_dlhbr@yclbyrlmﬁgf@ystemssmﬂﬁbk tipdroxay peot¥dtihg groups include methyl,

meth&g/g 3OPC 07/02 1gnther{ll‘lllly arom%e Wi’}ege Rl(i)thé:thyl

S aré aromatic) o partla aromatic (1.6, wh ering is aromat
(phenahimmbymﬂglbsmﬁt@mmﬁnd) [OO‘M@]PBr examplelinyestayh  (BOM),  p-
gm%q 6
meth bicyclic rﬁ?@ﬁgg}g %ﬁl&%—o&%wgﬁw rogél Prgg‘ mdheg) ﬁ%% pah(‘flmmethy1
(GUMplectédbtrsmynetiyroup c‘b@f}i@iﬁmﬁw@%}nd 0 (oA, arorﬁém(ym@tMC 2~
: ' .
o i A
(wimqtaylsil yDeshosymsibi X, RASREORY and riwirehadranmmsay! above HAB). 3-

brombi@tRiRy dRFLANN other emodisaapis-Ring A is ajoplianalubstiged 4

partlall aromatlc C6_ 10 bic g/cllc ring system contalnlng one or more

methpxe afendentY IEBLted frofm tHENGPETiTeBRIetiRPBRRYlS and 4
meth@xﬁéﬂﬁhﬁi@@’wﬁﬁp’yﬁ@§y5temSSIJSCI&JGQldé;Jt are noY(inigd- -4 vhdihd MhdP 4

methm?y%%’e%(s F{é%%?ozllg—%lesx%g—}yl tetrahydrofuranyl, tetrahydrot}noﬁlranyl
2,3,3a,4,5,6,7,7a~octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-yl, 1-ethoxyethyl,
1—+2-chloroethoxy)ethyl, l-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-
methyl-1-benzyloxy—2—fluoroethyl,  2,2,2-trichloroethyl, = 2-trimethylsilylethyl,  2-
(phenylselenyl)ethyl, rbutyl, allyl, p—chlorophenyl, p—methoxyphenyl, 2,4-dinitrophenyl,
benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p—
halobenzyl, 2,6—dichlorobenzyl, p—cyanobenzyl, p—phenylbénzyl, 2-picolyl, 4—picolyl, 3~
methyl-2-picolyl N-—oxido, diphenylmethyl, p p '—dinitrobenzhydryl, 5-dibenzosuberyl,
triphenylmethyl,  a—naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl,  di(p—
methoxyphenyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 44—
bromophenacyloxyphenyl)diphenylmethyl, 4.4’ 4>°—tris(4,5~
dichlorophthalimidophenyl)methyl, = 4,4°,4”’~tris(levulinoyloxyphenyDmethyl,  4,4°,4>°-
tris(benzoyloxyphenyl)methyl, 3—(imidazol—1-yl)bis(4’,4’’~dimethoxypheny)methyl, 1,1-
bis(4-methoxyphenyl)-1’—pyrenylmethyl, 9—anthryl, 9—(9-phenyl)xanthenyl, 9—(9—phenyl-
10-oxo0)anthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl §,S—dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, #-butyldimethylsilyl (TBDMS), -
butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri—p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), ~butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3~
phenylpropionate, 4—oxopentanoate (levulinate), 4,4—(ethylenedithio)pentanoate
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tA1VV' e0 )rt Cr\ X -RA wherein X, RA, RI, R8 and n are as defined above
and herein. 100102]In yet other embodiments, Ring A is a optionally
WOt IttEd saturated or partially unsaturated C6-10 bicyclicHigUspesai1626
containing one or more heteroatoms independently selected from the
(levubipgtijsicbinapstiey Mp%aﬂama@patm«;mmmg%@&wpmmasmmolrc:te', -
j bodj ' IS, optional bstituted saturated, partially
phengﬁgﬁgﬁggd%%%m?%%gﬁ%%ﬂc@%?%ﬁ%éggyst%ﬁﬁ%p%)‘#g?@/ cgﬁé}ﬂ?neg ?

Auorgydngsithnbrarhengio iy intiohetiab apeedtcrlliyirm Ahbighbupethy! carbonate

Tro§ONSIHRE:afyNil 0-ARRLAALIArees ',eﬁ‘m'{gﬁﬂlﬁ% 9 & Learbonate
(mcgptionall su%%ii%%%e%%satcurated, ga(ritﬂiallgumnsaturate or arégryn%tlc 10-160na
P{%ﬂﬂ [

(PseqicyiiohampdBrgRioning SYatertrogtntn thegonelkaleruit embosgisterier] viny!
carbdﬁkﬁkud&yb@ﬂﬁl@dﬂ@édﬁi&i}@ﬂ(@%ﬁ{mﬂgcﬁf&;rﬁi@aﬁ(ﬁ Y&AT Qﬁf;&@ﬁ%le, alkyl
(o)

ove and herein. [001051|n certain embodiments, Ring A is a optionally
P”mezﬁ%’éﬁiﬁ%a‘ aFSJm%&Féec]?}??é ey NEI YRS ridPeyateny istbriamirobenzy]
carbd@fie 1 atkigly chionfinghsiysf nearbbihis, tyfiymay Revatheniihyrrenaatie b oxy-—1 -

herein all three rings are aromatic) qr paytially aromatic (Le., wherein at
map PG oS St B e A St AT TR o4

methPRONI63B00P CHEHR0HIAARIGDBAAILAG]For %ﬁﬁ@%éﬁk@_ﬁé&ﬂiﬂmagz, 2
iSO = coionasuihtes Wy et cio 1c
(met]iqyblhigm@qmeqﬁgﬂ]hﬂ%d@: %‘Wp&d{%ﬂﬁﬁ@wm, wheréichloro—
N T T T TN T T -
chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2-butenoate, o—
(methoxycarbonyl)benzoate, a—naphthoate, nitrate, alkyl N NN’ ,N’-
tetramethylphosphorodiamidate, alkyl N—phenylcarbamate, borate, dimethylphosphinothioyl,
alkyl 2,4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzylsulfonate, and
tosylate (Ts). For protecting 1,2— or 1,3-diols, the protecting groups include methylene
acetal, ethylidene acetal, 1-s-butylethylidene ketal, l—phenylethylidene ketal, (4—
methoxyphenyl)ethylidene = acetal, 2,2 2-trichloroethylidene acetal, acetonide,
cyclopentylidene ketal, cyclohexylidene ketal, cycloheptylidene ketal, benzylidene acetal, r—
methoxybenzylidene acetal, 2,4-dimethoxybenzylidene ketal, 3,4-dimethoxybenzylidene
acetal, . 2-nitrobenzylidene acetal, methoxymethylene acetal, ethoxymethylene acetal,
dimethoxymethylene ortho éstér, I-methoxyethylidene ortho ester, 1-ethoxyethylidine ortho
ester, 1,2-dimethoxyethylidene ortho ester, a-methoxybenzylidene ortho ester, 1N, N~
dimethylamino)ethylidene derivative, o—(N,N~dimethylamino)benzylidene derivative, 2—
oxacyclopentylidene ortho ester, di~~butylsilylene group (DTBS), 1,3-(1,1,3,3—
tetraisopropyldisiloxanylidene) derivative (TIPDS), tetra~f—butoxydisiloxane—~1,3~diylidene
derivative (TBDS), cyclic carbonates, cyclic boronates,vethyl boronate, and pheny! boronate.
[0050] As used herein, a “pharmaceutically acceptable form thereof” includes any
pharmaceutically acceptable salts, prodrugs, tautomers, isomers, and/or polymorphs of a

compound of the present invention, as defined below and herein.
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Cm-16 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic ring
systems include, but are not limited to: traliNf, X-RA adld wherein X, RA,
w®banddkane as defined above and herein. [00108]In certain empadimnedis:s

Ring A is a optionally substituted saturated, partially unsaturated or

[005Gromatic £10k46uieyClih Ling Y S{RMRAMARING ORE: I\P{amgr?aﬁeg%@gt%n&ose

inde endent% selected from the group consistirig of

salts fgDeTEON KRR SO FErHTSsS Al drieRINgSAi bl dptivsrain contact with

the t1§§ih§tﬁﬂ1lﬁ£irﬁ¥@rﬁiﬂ'%Qépaﬁiﬁﬁﬂﬁéﬁlﬂﬁoﬂﬂgr@@t%%@@?tﬁlﬂ%ﬁn%l@fgr%qre%ponse
and ‘ge:f atoms independently selected from the group consisting of N; S

AP EB-SIRE)EHE Y Sy Qe Brties Repel Hrisk Hét@rtrré\afmweutxcally

accepasibloaiit{i &o \Méﬁr&kfbﬁlﬂl thredings arpamatie) . partigly.areMaticiescribe
pham(x e., Wh(?)rem at Ie rlng |s rom tlﬁ and at least one ring is not

Rt [GE)TE’& érﬂb BriainBBSAIEHSCiRIgSA 187> 66, 1-19,

aromatic

mcorpptmmﬂyrsmkist|taferéxfuélymmmmm{}ylzﬁ;dm§[@ JiNg SYEIEBbEPOLANNG this
inverig oL more etero&ﬂom I%rd%[i)ende f selected from the group
on 1 ciuae

consisting of trl‘c‘élf/mhc i A h QTR D ik st ases.
Exaniijptitecf @m&ﬁ@@@@mﬂ@mg [WS2007 Mdﬁaﬁlt?diﬂ\éﬂlﬁ taéryal¥-Ban amino

n are d above
gmugr:lé%rgﬁ%g ?Pﬁ?n%%ggerg ce?rén’s&)%lmen@?1 |ng & %11 op Oha fy‘gbcog‘fffgté%“phom
acid, saiHiaily @r‘dmmil@mliom@ mcyohowﬂhgomnmwnhng mmam@xahc acid,

male 1ems.1ngep. Aol n5| t|n X
: l&eél‘ég%’iclzm%%et g%%r%b%%%ﬁ%?%@ﬁ% ag(%ptlon ﬁ %%tlthf:eén %‘Ods

used dp iheaEFeRbRarifaIgxaharter Xdarolprme e itisality m@eBSA@tbmﬁh@mahudngtdxpate

1gin@Re okadetamatamsingependently.selegteddro 0
agmlcon5|st|ng of N, SE%%%?O (|v)X100113leAs |sﬁa%%%t%erf?r1§£§ %gérn;%’i? butyrate,

campliogRle; STRPREBHAMRAIH GHERtS: %l@ﬁ%@@%lmﬁﬁomwﬁm.dodecylsulfate

ethanWhi@feiaeNe fHNa A0S, thrﬁm&iﬁ@ylegﬁw%ﬁ@ﬁa?&arcgpég%eaﬂéﬁﬁﬂ&i R gluconate

ergjentl replaced with gne or mare -0-, -N=N-, -CH=
hemlséjlf%? - DRt NgOAle YRy SuBSHURET PRERHIERRSholet gpblonate

1acta{@,01rh4ums |Sausyad hetgir, whalkene dalee), thregdsRat)yleneunitt@bthte, 2-

ti and.in e endent replaced with one or more 0, N-N
naph%_FrP Ol? rﬁlﬁ i ry§ ? 0511 aéé( Iék%e §t._atg)t gzﬂ.ra tatc rmb‘i@on&qﬁpnme
perSQfMSilmmmmmetm@myphws pRadte tlpatadme mmﬂweamatbybaaanate

el Ry ERE, PO Wiy ARt e

Salts(éeglve@ﬁa@)oapp@(p:@@ pa@“(s:OjNRjie amthmsdértékahmi ¢hehliketal, ammonium
and Mé}&l&ﬂﬁﬁfﬁlﬁe'ﬁpﬁgﬁ&ﬁ%m Bp\éﬁ@(ﬂ]ié)gﬂ% metal salts include sodium,

lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable

salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine
cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, loweralkyl sulfonate and aryl sulfonate. '

[0052] As used herein, the term “prodrug” refers to a derivative of a parent compound
that requires transformation within the body in order to release the parent compound. In
certain cases, a prodrug has improved physical and/or delivery properties over the parent
compound.  Prodrugs are typically designed to enhance pharmaceutically and/or
pharmacokinetically based properties associated with the parent compound. The advantage

of a prodrug can lie in its physical properties, such as enhanced water solubility for parenteral
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WO 2008/063300peri 'S/021626 [00116]In certain embodiments, X is a
bivalent C1,-, hydrocarbon chain. In other embodiments, X is a bivalent
WeEB{tiFtS8arbon chain. In yet other embodiments, X is a bRERH$0L/R1626
_hydrocarbon chain. In yet other embodiments, Xis -CIE-. [00117]In certain
admirg st dimeintexidogibiv ajdhtdGhpbriy dro cheb parehaishMydRERIN AN WBances
ab Shres nathylens upits of X are optionally and independently replaced
: SOrgv{ilth one or mo%g%%g?—%(ﬁrl}nﬁ%e&én& %%itg@?%gﬁ%%@)m storage.
The cogppenpdopithoiptiontdly sabijituedrphenlyieneiomietyrh0 kBl CorEi des
by d@pedimenisnX ipakivalent Gk drocarbon chajn, wherein one
y‘ methylene unit of X are op_t%r%ﬁ?%rt% irflgdlgﬁagﬁggﬁ%y{?@ﬁ%e@%\/ﬁﬁ%ﬁ@r& and
mixiuges dhegrot NbRES -@H&r@quc,mviﬁs, -Brdrol3eeO)ndd(PMRIMpS(a0}anditions to
reforrrﬁ(r?:@&'oﬁfcadaithm,%pﬁﬂmgrpbw - MRUely: 002NN ¢ %rl‘%lrgdrug”
ocar

embodiments, X is a bivalcnt CI_5 hydr on chain, wherein one
of the, CORMPRIMEYAR BreXPIESFap arettRithanl. man be0jkedérttin traboeimentisorder

and/oXcisnaihbalenieribhy HRSAMbL B PRI WRRKAIL 8%&%@%&&?” of X

replaced with -NR'-. [00121]In certain embodiments, X is a bivalent

IOOS?’?l_G hytFSERES S BARICWHERSRR it hiBerprameTiihe ‘ste formapihendhwitioron
is in mTaﬁmZMMsub.stHimw ?g(ﬂ@@gg@igua?r@gﬂa%ﬁ ,;E)ﬁfé%r?;!ﬂ'iyrbgycﬂkﬁ%dmlyze
[ ro chalns o nciude, are. not imited 1to:
to the%m% Fgéﬁ%ﬁ]@%@w@%&ow)ﬁp@% Hﬁﬁ)?@?@kﬁiﬁfq@e boronic acid
could(wmmkmfg&gl misé ;%i F?kg’(%@%gﬁgﬂﬁér;I;QCAI{BW)_?)(@;T&)Q&)CMEJ});%@ be
- - - C=NR' q-; .
v T N (LSRR (SR SICRRM e @, ol
threitol Crifpie); (S2DBHRN)il - (CHRS SORC HR L )6, sorbitol, mannitol, and iditol.
( ) "(€1-Mh)a:; ~(CHRN),CH=CH(CHRh)a-; .

Othe.r_écfé%g) %ﬁuﬁé@)&% é_f?% Eéﬁ‘ﬁi%(]: &}:IH? H?é&% Wbare not limited to,
maltitphogAtitaiz0P CPMER007¢0 21 6RBachsdein Wiishamdelin ddaheyeand allose,
lrosBerains i , en,-OR!, -NRk2, -C(z0)fe, -C(0)OR', .

Aross -o?ﬁfﬁ’kﬁﬂéﬁ%é? S%%%%%u‘y@gﬁ%s ?&?%?551_ %ﬁ%h%’i?c, 6‘_‘53%6(5 @%. ribos,
arabingapey o XHoKG (&Y 69601 PERACHETIR]S Dtrtestaryigtodpivatiereithelst, such as

thshad 1@ euikablad vl : tj o) ionall uebs 'ltute )
e g S OO SN TUE l ES
such g 1 L BRIl SRR AR b Aoy oG Saosohateldehino, and

3,4,5-privtebtinghgraumide) opdanaly subsituied Gualiphatitied 8 provided in the
Examh%ge Spacplp@a%gg,sc 512 argl, or C6-%|2 heteroaryl group, or two Rl? are
oimed o form abatd e MBEHAR i Anfiam e lifogen, or an
[0054pptionallfksubstitutednC hebiatiphatinotie:t helamalipRalic refe [RRAREble
compSuha SRRV IIOUP Jds O ta 4; ris Q to 1; and s is 1 to 3.55%123 In _
pce'rtain em% ments,%%ﬁecr?%??s- ﬁtﬂ{fﬁk?ﬁt’ ﬁmag,eatq {BA@t least one

change in valency (e.g., a single bond to a double bond, a triple bond to a single bond, or
vice versa). The exact ratio of the tautomers depends on several factors, including
temperature, solvent, and pH. Tautomerizations (i.e., the reaction providing a tautomeric
pair) may catalyzed by acid or base. Exemplary tautomerizations include keto—to—enol;
amide-to~imide; lactam—to-lactim; enamine—to-imine; and enamine-to—(a different)
enamine tautomerizations.

[0055] As used herein, the term “isomers” includes any and all geometric isomers and

stereoisomers. For example, “isomers” include cis— and trans—-isomers, £~ and Z- isomers,

R— and S-enantiomers, diastereomers, (D)~isomers, (L)-isomers, racemic mixtures thereof,
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fluorine substitucnt of Ring A is ortho to the boron (B) atom. In other
embodiments, when X is -(CH2)1NRICH2)q-, at least one fluorine

jtuent of Ring A is ortho to the boron (B) atom. In yet other

WP@E&?%%&&S when X is -NHCH2-, at least one fluorine substitUent of *>1¢2¢

Ring A is ortha to the boron (B) atom. In still yet other embodiments, when

and giher RiyeRes- tsrrofisrifalisgnetitieribe rrany o ibeiErEMe Befonsmce, an
isometemntitRé 188 24)Ascis definpsigenesalbeapanedRAISIANMOIERe of the
halogen, -OH, -OR, -CF3, -CN, -NO2, -NG, -SO2R, -SOR, -C(0)R, -CO2R,
corepOBTRRTI RPN AR BIPONTED SSRGS 1Rard ¢tically arethisey “Optically-
enrichedgirgsonsgt) RingnBrhearingliftetforoauipotRP)s wheraip Bing SBif@Antly greater

optionally substituted saturated, partially unsaturated or argmatic C5 8 .
Prop R EV A e ol AL O SIS B EoFTAG Sy CEa By venton
1s mabritginfrg oag drowdiehbteroaghmy inprefierdentiyselesteth fotiarti@bodiments

r nsisting of N do. W 8/06330P 2007/021626
e S U0 R S b e, GHEMGR e et
enantQfFEr.- Ak fetid 2paNdme B 2R ¥ $O R IO R0 eGIOYNEER) By -8, method

- L eN(R erein .are fined above gnd herein.
ko B e e AL R A RS R S matograpiy
(HPTHyH e then g ation - a0 croir]ligisn - of\chind 221t C; pBGER] 1SORymmetric
R P g M e T T
Intercigasmddederarkily Bdove iRp. i8.Hn ebilaid €rabedienei s, /Ring &0k thiel, E.L.

SterdQEMHBAR ) CoMRrE LRI RIS RI-aptinnally, Stpstivyed SPHUAIds. Tuples of
artially unsaturated or aromatic 05_8 mono%%cggs 10 blcgycl’lc or

Resofviieg (8 SIS R & EEshl iR Rano S ot Blniopé Notre Dame Press,
Notrh@eraginomyependently selected from the group consisting of N, S and

00128]In cegg;u

[ embogdiments, Rin IS an aromatic ring system. In
[Oosgértain e o‘éslmeE%?lBothp&]%@Oép no‘g‘ffgﬁi; R FeRImiT MEWGetampound
existHpweveorinicertain eyddtindots, Ringdis Wsatweltedopiiaitialists as a result

saturated ring system. (a) Monqcyclic Ring Systems [001 Sﬂ}ln certain
of R L S R SER e pAaTg o an als
resulfrfsenu thte dxirtenandtidi §5re8t momfooyelic oifthsystemmoptiaially conformational
ining r Syt ndently selected from the .
P e B W R &y grien
or sdprtentally substituted saturated, partially unsaturated or aromatic C5_8
monocyclic carbocyclic ring system. [0005]For example, in some
embodiments, Ring B is an optionally substituted aromatic C6 or C8
monocyclic carbocyclic ring system. Such monocyclic carbocyclic ring
systems include, but are not limited to: WO
2008/063300PCUU8B2007/021626 JIf Utf \ AP



(R2)",dI(R2)," and wherein R2 and m are as defined above and herein.
00131]In certain embodiments, Ring B is an optionally substituted phenyl
WORYYILEEM of the formula: IVNAP  wherein R2 and in areP&3/§&HHE021626
above and herein; and m is an integer between 0 to 5, inclusive. [00132]In
3. Deseriglianafdoaimmeats, Ganwesriieger between 0 to 3. In some _
(i) Z' eppgdiments, m is an integer between 0 to 2. In other embodlments, m is
1 or 2. In yet other embodiments, m i§ I. In still yet other embodiments, m

[00575 2. |n st yisiBbeensEOmARME, M iSTBY[0TL 38k cadai enyoliimedRs, an

ioRiNGsBhisiARcAmt IYRA RBAMIANG SYSIemIL ARy O
A kR

whereé%, J‘%/\}s 3Wdﬁm}y Aiydrogen or an optionally substituted C,. aliphatic, Cyg
heteroaliphatic, Cg.12 aryl, or Ce.1 heteroaryl group.

[0058] In certain embodiments, Z' is ~OH and 7?2 is —OH.

[0059) In some embodiments, Z' is —~OH and 72 is ~OR.

[0060] In other embodiments, Z' is ~OR and Z? is ~OR.

[6061] In yet other embodiments, Z' is ~OH or —OR, and 7Z* is an optionally
substituted C_¢ aliphatic.

[0062] In yet other embodiments, Z' is ~OH or —-OR, and 7> is an optionally
substituted C,_ heteroaliphatic.

[0063] In yet other embodiments, Z' is ~OH or —OR, and 7 is a Cg.; aryl.

[0064] In yet other embodiments, Z' is ~OH or —OR, and 72 is a Cés-12 heteroaryl.
[0065] Alternatively, as generally defined above, Z' and 7° may be taken together

form a 5- to 8—membered ring having at least one O atom directly attached to B, wherein the
ring is comprised of carbon atoms and optionally one or more additional heteroatoms
independently selected from the group coﬁsisting of N, §, and O.

[0066] In some embodiments, Z' and Z? form a S—membered ring. Exemplary 5—

membered ring structures include, but are not limited to:

\ / O - (HsC)N(O)C SONCH),
SYaRYya i
o 0
/ 5 / O O

O 0 O
0] O
B ~N \B/ \B/ \B P
\/\Jvm , ..rv‘vv‘ , J\n‘r\n , u\J\/\n R and JV'VU‘ ,
[0067] In other embodiments, Z' and Z* form a 6-membered ring. Exemplary 6-

membered ring structures include, but are not limited to:
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N-N (R2)m N vvvv (R2), (9.2)m and wherein R2 and m are as defined
above and herein, and Rg is hydrogen, a suitable amino protecting

woraupoeizan optionally substituted CI-6 aliphatic, C1-6 heteiqadiphadizy/o21626
C6-12 aryl, or C6-12 heteroaryl group. [001381In other embodiments, Ring

B is a optionally substituted aur ed or partially unsaturated C5_8

monocyclic ring system contaj one o eroatoms
independently sellected fronfi the grpup consigting of NS and a Such
saturated or partfally ungaturated monocyclicying systems include, but are
not limited to: WO 2g08/06 DUS2007/04626 tfl.rtflf atnyv,
JF1Aftn , O(R26 n Tg\ urtnlV,|..A.Artr WO 2008/063300PCTRIiS20

121626 (h) Bicycli B Graups [Q%@91In certain embodiments, Ring

I bsti td t tiall turated omatic
190685, 10 bR, LTI SRR b A el O B RS heRFodtsr e

8-memdepdnienitynsalestad firdentiteagraopleansisiing of N, S and 0.
Re

(i

\J\N\f‘ or

?

wherein R° is hydrogen, a suitable amino protecting group, or an optionally
sﬁbstituted C,¢ aliphatic, C;_ heteroaliphatic, C¢.1; aryl, or Cs.1 heteroaryl group.
[06069] Furthermore, as generally defined above, Z' may be —OR, wherein R is
hydrogen or a Cy_¢ aliphatic, C;_4 heteroaliphatic, Cs-) aryl, or Cgy heteroaryl group, and 72
and Ring A taken together form an optionally substituted 5~ to 7-membered ring, wherein
the ring is comprised of carbon atoms and optionally one or more additional heteroatoms
independently selected from the group consisting of N, S, and O.
[0670] For example, in certain embodiments, Z' is ~OR, and Z? and Ring A taken
together form an optionally substituted 6—membered ring. Exemplary ring structures include,

but are not limited to:

HO\ /O RO\ /0

and

wherein Ring A is as defined above and herein.
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1001401In certain embodiments, Ring B is a optionally substituted
saturated, partially unsaturated or aromatic C6_10 bicyclic carbocyclic ring
WeB0FB01411In certain embodiments, Ring B is a optionalyrsisbstityiechs
aromatic C6_10 bicyclic carbocyclic ring system. Aromatic C6-10 bicyclic
(ii) L'ring systems of this type may be either fully aromatic (i.e., wherein both
0g71jngs are,aro ticci r partially aro aticgre., wherein one ring is aromatic
[ _zind onel?lsnlgsr%%r?o egl%%gﬁ%‘j.}la[gbfﬂ%ﬁf r BYBIR CHYHepidiAnd or an optionally
substigptridotineite; RinglBd<La opiighabsabstitlkad fellyasamatic C6_10
og72picyclic gr&(&% lic ring system. Such bi CSJC carbocyclic ring systems
[ :i;lclude, ut argl?lét I%%g]é %)S:Ql\lﬁ\aiﬁ?xa@v}!ﬁ r%lf?RZ and m are as defined

[00734hove afriserermiointsiinlotiemeopbontihenibsRingiAjs, alRpianaety. In

some SHRSH artially aromatic 10 hicyclic carbocyclic ring system.
bOmeSuchr[l’gff:[;?/j%li%’ cgrbgscy%c"lhlc, iﬁ%%%q%tesr%ss%ﬁ%{%%egb&t éf(é'ﬁ%(f iR}EY to; In other

embodigprisyhdein el nsddiaseddiinediatovenanidtherein. [00144]In yet
[0074pther empadiments }gg&gﬁ(jﬁ& ptignall tituted saturated qr partiall
_ unsaturate%QC6 10 bic ?I}c carbgcykgl% ?.%Ig's{ y<ten, fygheren RV i35 Getined
hereiry aceiBS SAIPEMRIS2DORB2 (506 [B0UMS] TN certain embodiments, Ring
(007513 is a optianadyEubStRd ﬁ"qméﬂ@ﬁ%ﬁ&bﬁy?q&égn‘gh%ggeg{b ‘< as defined
h .cogttjalnlnﬁac%ne or more heteroatoms independéntly selecte from theé
erelty QB SRS tRg UkRetsahit 2 Abiratle-CBUD bicyclic ring systems of

[0076this typelmaynae: pibbelridhys aTOMRatic dhondyEEIR RN r-@]zggsaﬁgg‘rx%lene moiety.

In Oth%;o%%té%ggrﬁar 'all)é aromati%i.e., wherein gne ring is aromatic and one

rng 1s'no 5o icﬁ. '[’c?o‘i%‘i }yemﬁ}g?@ncéeﬁ%}wwﬂ?@dﬁﬁms, Ribigf Bther
embOiﬁlaeoptiﬁhadly—ans«iIMegrﬁﬂbl aromatic C6_i 0 bicyclic ring system

containing one or more hetcroatoms independently selected from the

group consisting of N, S and 0. Such aromatic bicyclic ring systems
(i) Ringldtle, but are not limited to: WO 2008/063300PCTIUS2007/021626

IVVY. X in R2 and m are as defined.abgve and herein.

{00(?1?001%%%? %?h\g%}gr%@éﬂﬁre% S 2RING B 128 bbtis i aaibs b satypated,
partiafyomaticiasd i lshoyeliderifg systawcgditaifing eie/aionareheletdsieSing

nsisRsR r onsisting of N, S and 0, Such
e o Sy oe e 1 (e A S0 B woup

consishaE QY88 60PETIUS2007/021626
[0002] In certain embodiments, Ring A is a substituted saturated, partially unsaturated or

aromatic Cs g monocyclic, Cs_19 bicyclic or Cyq ¢ tricyclic ring system optionally containing
one or more heteroatoms independently selected from the group consisting of N, S and O,
wherein Ring A has at least one fluorine substituent (e.g., as defined by R"). In certain
embodiments, Ring A has at least two fluorine substituents. In certain embodiments, Ring A
has at least three fluorine substituents.

[6003] In certain embodiments, Ring A is an aromatic nng system. In certain
embodiments, both Ring A and Ring B are aromatic ring systems. However, in certain

embodiments, Ring A is a saturated or partially unsaturated ring system.
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u/VVV. wherein R2, Rg and m are as defined above and herein.
[001481in yet other embodiments, Ring B is a optionally substituted

wSalHsRtag,gr partially unsaturated C6_10 bicyclic ring systeg-qauaitg 626
one or more heteroatoms independently selected from the group

onsisfing of N, $ and 0 (c) Tricyclic Ring B Groups 1001491In certain
@ Méﬁ%%%’lﬁﬁ%lr’\? ?!F(ds'nogu%f is a optionally substituted saturated, partially
[007Tynsaturdteceaniaremiatitiftis) R ingyclic siogtzysléysaptionadyaoniaiipgtially

unsar I8 9F mare h%tergatoms independently selected from the grou _

consisting of N & ahtl BI.OWSX%%&HH(?H aﬁﬁ%fn?%ﬁ%%@ﬁt@??ﬂ%% g1 or more

heteraptiomaiepensbtitlyet said fted, thagiallp vnsattinatetiNrSandatic C10-16
icyclic, yclie 1 t ch. tricycli rbocygelic ring systems_ .

o A A LG NP iy

msafmﬂéfﬁ'@réﬁ@lt[@@qummqemlmmdmgi@iS@Bﬁs aoptionally

[00o43ubsityted Aromatc S O10,HieRlit: CRIRPAYRIIG ;ﬁfﬁf?@u@%‘é 16 omatic

6_14 tricyclic ring systems of this type may be eithe aromatic (i.e.,
Ce onyfrreraanosy direerpogeclice e mvielpor Perhianynooislitieatbecywlireréia aystems
includ@aBHORE HHUAsiRIIRatic and at least one ring is not aromatic).
[00152]For example, in certain embodiments, Ring B is a optionally
substituted fully aromatic Cia-16 tricyclic, carbogyclic ring system. Such
tricyclic carbocyclic ring systems include, but ate not limited to: WO
2008/063300PCT/I 7/02 1626 whereiy¥R2 any m are as defined
above and h@;ﬁgir,LiLDOlS 1in other embodiments, g B is a optionally

substituted partiréllli}%rt{r tic C10_16Rf Stic, carbs\yclic ring system.
Such tricyclic carbocytfic ;(lngfsyste({ns inclu recperfimited to:

1/4rtfv'i, 01.11\I" and wherein RZ'aNd m are as defined above and herein.

[0618#bCRtaR embodimentsfiRidg® s andptioeially substituted
[oo7SArated PAFAKY HASEIERIRS WRPRL & R HIRKE SRR Syt ring

containing one or more heteroatom mdependeﬁtfy selec edgtflrom the
systegrelipe&eisitig of N, S and 0. 1001551For example, in certain

embodiments, Ring B is a optional bstituted aromatic C10-16 tricyclic

ring system containing one or more heteroatoms independently selected

from the group consisting of N, S . Aromatic C6.-14 tricyclic ring

systems of this type may begjther fully gromatic (i.e., wherein all three

rings are aromatic) or partiallynardq?{% i.e., wherein at least one ring is

aromatic and at least one ring is NOt&r matig)..

wherein X, R*, R! are as defined above and herein; and

n is an integer between 0 to 5, inclusive.
[0080] In certain embodiments, Ring A is phenyl. In certain embodiments, Ring A is
phenyl and at least one R' group is fluoro in the ortho position relative to the boron atom.
[0081] In certain embodiments, Ring A is phenyl, R* is Ring B, and Ring B is also
phenyl. In other embodiments, Ring A is phenyl, and the group: |

(R¥)m

Al

is attached to Ring A para to the boron (B) atom.
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1001561For example, in certain embodiments, Ring B is a optionally
substituted fully aromatic C10_16 tricyclic ring system containing one or
Wingis/hetoatoms independently selected from the group ceosisting afNizs

S and 0. Such tricyclic ring systems include, but are not limited to: WO
[00822008/06 8300t £ SROVAINRAB2A & 2 ihtephierRineB2o RBand MA@ ASodiments,
nis ag(;:'figeé:ir ggtc\))\\]/e apd iger in. 100157]In other embodiments, Ring B is a_

optishally subatitutd ‘éﬁ%ﬁ?eﬁ? ASATRE TS -6 tPrcy clie Yh g s eaphodiments, n
is 1. bostilipimgtbaecobmbne:heterdetomssititienansaniyrsaiantad figubthe

roup cansisting of N, S,and 0. [001581In yet other embodiments, Ring B

[0083¢ o opti%%a?ﬁll{;%bs?ﬂg?éi Cillira Hgo?bésrtig}lfﬂﬂg’éﬁuP’at%@%%‘?%phenyl ring
systentriel/etiy eimgodystdinmoohtaining one or more heteroatoms independently

selected from.the group consisting of N, S and 0. (vii) RI [001591As is

also defined generally above, each instance of Rl is, independently,

groups togethegform a 5- to 6- mem erocyclic

ring. [00160]In certainreyy Hbd ts, each inst nce fRII R
independently{halpgen, -OR, -G# -CJNB’ANO%-N | , -SOR,
-C(0)R, -CO2R, -B(O)N(R')2, N3, -NZR, or-0N(R')2. [06%61]In certain
ervhodinente” gachingtaecs efikis iadersidsntly. halogen, or - OR. In

mg&ﬁsme e b?’ iments, Rl is halogen. In other embodiments, Rl is -F or -Cl.

yet ot BRI A soam opfiraal pvlaisimlead, Bag system
havineast-HRE' Rloispoythe totthe brromeHon iy otheirembodimepts, at least
~nAne Rl is meta to the boron atom. In yet other embodiments, at least one
12./is parct to the boron atom. [#9163)jIn yet other &mbodiments, nAs

odefined gens 2
logen, -BR, -CFB, -CN, -RO2, -NT, -SO2RRY. R’
X-Q(O)R, -C.02R, xC(0)N(R)2, -N3, :N2R, -N(I02, or @n optionally
suBstituted C1,.8 5ﬁ|ahgtic group, whegein each instahge of R and R'xls}@s
described herein, [0Q]1651In certain embg\g\j\rpnents, each instance of R2 is,

s

wherein X, R*, R' and n are as defined above and herein.

{0085] In yet other embodiments, Ring A is an optionally substituted phenyl ring

system having an —XR* group meta to the boron atom of any one of the formulae:
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[00166]In certain embodiments, each instance of R2 is, independently,
halogen or - OR. In some embodiments, R2 is halogen. In other
embodiments, R2 is -F or -Cl. In yet other embodiments. R2 is -
Wfbﬁ‘i@‘?fﬁ?@ertaln embodiments, at least one R2 is ortho to thEif H%’PHP&U‘&G
X. In other embodiments, at least one R2 is mew to the linker group X. In
“MYet other embodiment3] 3t least one R2 is parartethe linker group X.
[00168]In yet o&her embodiments, in is 1 and R2 is ortho to the linker
grQuUp X. In otherembodiaents , M is1 and R2tsmew to the linker group

human or rat FAAH using the method described in detail in Example 172.
Activity of exemplified compounds is provided in Tables 1 and 2} below,

hetiveen ORI1
flc of be?fween t!

2008M63300’1107L8200 02162 TABLEII Compound’ActMty ?:ompound ’
Activity dr)7/ C=\CO II'¥|B"I--1 1-2 HHDHO

[Fa¥a%a%Al

[Pa¥ VoVl
R1 R‘I R1
RA
R x~
R RA
X/ , R' , R X/ or
[ avavaval
R’
RA
X/
R? : wherein X, R, R} and n are as defined above and herein.
[0086] In yet other embodiments, Ring A is an optionally substituted phenyl ring
system having an —XR* group ortho to the boron atom of any one of the formulae:
VAAN
SN AR Sy X
\RA
X R1 X
\RA X\RA \RA
R! R
VLA
SN AN
R! X
AN “NgA
X R X
\RA \RA
/
R R R'
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[VaVa¥aVal
(VAU VAVl SV
X
~
R! X R1 X S R:
\RA \ \ \RA
R =
R'f / R1 R‘l
b s b
AN
[VaVaVaval X
AN gh
X\RA
/ R1
R R ,or R ; wherein X, R* R! and n are as defined above
and herein.
[0087] However, also in certain embodiments, wherein X is a covalent bond and R* is

hydogen, Ring A is an optionally substituted phenyl ring system of the formula:

S
.S
(R1)n“'—’_
; wherein R’ and n is as defined above and herein.
[0088] For example, in certain embodiments wherein X is a covalent bond and R” is

hydogen, Ring A is an optionally substituted pheny! ring system of any one of the formulae:

SN
AN AN AU
R‘ R‘
> R1 b R1 b R1 b4
(VaWaVaWal
NANN
R1 WAV oWVl AL
R1 R R!
R1
R’ R R!
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WO 2008/063300rcriu82007/021626 TABLE 1 Compound Activity

Compound Activty HOBrHO . 110F1HO ..------ ---BrHO..FD1-7
wor Bokhd5H PCT/US2007/021626
[¥a¥a¥aval
e .R! . UAANCA R1 R’
R R!
R1 R1 R1
R1 R 9 R1 9 R1 R1 or R >

wherein R' and n are as defined above and herein.
[0089] In other embodiments, Ring A is an optionally substituted saturated or
partially unsaturated Cs_g monocyclic carbocyclic ring system. Such monocyclic carbocyclic

ring systems include, but are not limited to:

AN MOdd . ‘
- N (RYn
&\X_RA _—
1 ’ ‘ l\/ (R1)né
R
. L——/\X—RA, \x-——-RA and X—RA.

wherein X, RA, R! and n are as defined above and hérein.
[06050] In other embodiments, Ring A is a optionally substituted ’saturated, partially
unsaturated or aromatic Cs_g monocyclic ring system containing one or more heteroatoms
independently selected from the group consisting of N, S and O.
[0091] “For example, in certain embodiments, Ring A is a optionally substituted
aromatic Cs_g monocyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Such aromatic monocyclic ring systems

include, but are not limited to:

A Ay
R s TR P R, NRo
\/ X—RA X—RA \/\X——RA,
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X—RA X—RA X~—RA
VUV
\\\ - \ ~ \ ~
Ry \X RA \/\x—-——RA \x~—RA ,
Ca%svavy O

(VAVAU oVl AN
(R‘)rr———/; —\o /: :\ /: -x
X RN, X R ¢
N x—ra \\——N//\X“‘“ A \\N——~——N//\X—“RA
(¥aVaVaVa) [YAVAY o Vol

M h NV TV A
/=:N :!-—_— N\ A /:::\ |
) % < X (Rﬁ)n“‘k‘” 7
(R”)n)\Q‘—N X—RA (Ri)n/\;xé———r\?l\X-——RA K%\/J

, and X—RA.
wherein X, R®, R! and n are as defined above and herein, and
RE is hydrogen, a suitable amino protecting group, or an optionally substituted Cis
aliphatic, C;_ heteroaliphatic, Cq_5 aryl, or Cg_15 heteroaryl group.
[6092] In other embodiments, Ring A is a optionally substituted saturated or partially
unsaturated Cs_g monocyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Such saturated or partially unsaturated

monocyclic ring systems include, but are not limited to:
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O
X—RA X—RA ~—RA
GUN /u —\ (R%—-{ ‘\S (R‘)x-,[ ‘\
X X \/\<
X—RA —RA X—RA
s EA A W'Iv.nﬁ
8 O —\NRQ
R /
(R1)n X—RA , (R1)n X“""‘RA s \—'—"/\X“"RA ,
S —\o o/_ —\o /‘ —\o
) / p / /
L X 3 > \ >
(R’)n/ X—RA (R’)n/ \x——RA, R") / o \x——RA
[ avaVal¥yl
. |
—~NRS
—\ /’ NR R9N~*‘
RSN 0 NR9
\ \/ (R1 (R1 )n /NRQ
(Rs)n/ X—RA . )(-—-—RA , N X—RA
[VavaVabal
RON NRS (\ ( \
\ / ,NRS
(R*)n/\~——/ X—RA (R )/ and R /\~—/\x-—~RA.
wherein X, R*, R', R® and n are as defined above and herein.
(b) Bicyclic Ring A Groups
[0093] In certain embodiments, Ring A is a optionally substituted saturated, partially

unsaturated or aromatic Cg 1o bicyclic ring system optionally containing one or more

heteroatoms independently selected from the group consisting of N, S and O.
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[0094] In certain embodiments, Ring A is a optionally substituted saturated, partially
unsaturated or aromatic Cq_j9 bicyclic carbocyclic ring system.

[0095] In certain embodiments, Ring A is a optionally substituted aromatic Ce-10
bicyclic carbocyclic ring system. Aromatic Cg-19 bicyclic ring systems of this type may be
either fully aromatic (i.e., wherein both rings are aromatic) or partially aromatic (i.e., whereih
one ring is aromatic and one ring is not aromatic).

[0096] For example, in certain embodiments, Ring A is a optionally substituted fully
aromatic Cg1o bicyclic carbocyclic ring system. Such bicyclic carbocyclic ring systems

include, but are not Jimited to:

YAV VAV

wherein X, R”, R! and n are as defined above and herein.

X——-—RA,

[0097] In other embodiments, Ring A is a optionally substituted partially aromatic Cg_

10 bicyclic carbocyclic ring system. Such bicyclic carbocyclic ring systems include, but are

not limited to:

[FaVaVaV¥a)

T N p +
7\ /" \
(R’)n% (R‘)n% (R*)an

|
/NP
<R‘)£"

n

X—R* and

X—RA: wherein X, R* R! and n are as defined above and herein.
[6098] In yet other embodiments, Ring A is a optionally substituted saturated or
partially unsaturated Cs_1o bicyclic carbocyclic ring system.
[0099] In certain embodiments, Ring A is a optionally substituted aromatic Cg_yq
bicyclic ring system containing one or more heteroatoms independently selected from the

group consisting of N, S and O. Aromatic Ce_jg bicyclic ring systems of this type may be
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either fully aromatic (i.e., wherein both rings are aromatic) or partially aromatic (i.e., wherein
one ring is aromatic and one ring is not aromatic).

[00100] For example, in certain embodiments, Ring A is a optionally substituted fully
aromatic Ce-19 bicyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Such aromatic bicyclic ring systems

include, but are not limited to:
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[VAVAVAR )

/_[\ o e

R~
S

NRY " /_.__ \

(Rm/ = A N
N
N=/"x—gt , and
W{I\/‘
VAR NN
(R1)n/“”" \B
N—-—-':/\”X----RA .
wherein X, R*, R!, R® and n are as defined above and herein.
. [001061] In other embodiments, Ring A is a optionally substituted partially aromatic Cg_

10 bicyclic ﬁng system containing one or more heteroatoms independently selected from the

group consisting of N, S and O. Such bicyclic ring systems include, but are not limited to:
[FaVaVatal

(e o M
(RT)n/\—_N x (R1)n£_—.—_C\ (R1)n/_—_ N
v X—RA NRS , ~

X—RA
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wherein X, R*, R', R® and n are as defined above and herein.
[00102] In yet other embodiments, Ring A is a optionally substituted saturated or
partially unsaturated Ce.jo bicyclic ring system containing one or more heteroatoms

independently selected from the group consisting of N, S and O.

(c) Tricyclic Ring A Groups

[00103] In certain embodiments, Ring A is a optionally substituted saturated, partially

unsaturated or aromatic Cjois tricyclic ring system optionally containing one or more
| heteroatoms independently selected from the group consisting of N, S and O.

[00104] In certain embodiments, Ring A is a optionally substituted saturated, partially

unsaturated or aromatic Cio-j6 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic

ring systems include, but are not limited to:

wherein X, R*, R! and n are as defined above and herein.
[00105] In certain embodiments, Ring A is a optionally substituted aromatic C;¢6
tricyclic, carbocyclic ring system. Aromatic Ce-14 tricyclic ring systems of this type may be
either fully aromatic (i.e., wherein all three rings are aromatic) or partially aromatic (i.e.,

wherein at least one ring is aromatic and at least one ring is not aromatic).
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[00106] For example, in certain embodiments, Ring A is a optionally substituted fully
aromatic Cyo-16 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic ring systems

include, but are not limited to:

[SaAvAV AV,

| -
/N |
»a /M
n Q (R1)n/{:————-— X____RA

wherein X, R*, R' and n are as defined above and herein.
[00107) In other embodiments, Ring A is a optionally substituted partially aromatic

Ci16 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic ring systems include, but

are not limited to:

(R"y OQ

wherein X, R*, R! and n are as defined above and herein.

X——RA and

[00108] In certain embodiments, Ring A is a optionally substituted saturated, partially
unsaturated or aromatic Cyg-i¢ tricyclic ring system containing one or more heteroatoms
independently selected from the group consisting of N, S and O.

[60109] For example, in certain embodirneﬁts, Ring A is a optionally substituted
aromatic Cjg tricyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Aromatic Ce-14 tricyclic ring systems of
this type may be either fully aromatic (i.e., wherein all three rings are aromatic) or partially
aromatic (i.e., wherein at least one ring is aromatic and at least one ring is not aromatic).
[00110] For example, in certain embodiments, Ring A is a optionally substituted fully
aromatic Cyo-16 tricyclic ring system containing one or more heteroatoms independently

selected from the group consisting of N, S and O. Such tricyclic ring systems include, but are

not limited to:
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Rs

X—R"* and X—RA,
wherein X, R®, R', R® and n are as defined above and herein.

[00111] In other embodiments, Ring A is a optionally substituted partially aromatic

Cio-16 tricyclic ring system containing one or more heteroatoms independently selected from

the group consisting of N, S and O.

[00112] In yet other embodiments, Ring A is a optionally substituted saturated or

partially unsaturated Cio¢ tricyclic ring system containing one or more heteroatoms

independently selected from the group consisting of N, S and O.

(iv) X

{00113} As is also defined generally above, X is a covalent bond or a bivalent C;_
hydrocarbon chain, wherein one, two or three methylene units of X are optionally and
independently replaced with one or more —0—, -N=N-, ~-CH=CH~, -NR’~, -§-, -C(=0)-, -
C(=NR’)-, —S(=0)-, —=8(=0),~ or an optionally substituted phenylene moiety.

[00114] As 1s used herein, when one, two or three methylene units of X are optionally
and independently replaced with one or more —O-, -N=N-, -CH=CH-, -NR’—, —-S—, —
C(=0)-, -C(=NR’)~, =S(=0)-, —S(=0),— or an optionally substituted phenylene moiety, it is
meant that one, two or three methylene units may be replaced with any of the groups —O—, —
N=N-, -CH=CH~, -NR’-, -§-, -C(=0)-, —-C(=NR’)}~, -S(=0)-, -S(=0),~, and/or any
combination thereof (e.g., -C(=0)O-, -C(=0)S~, —-C(=0O)NR’~, —O-phenylene—, and the
like).

[00115] In certain embodiments, X is a covalent bond.
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[00116] In certain embodiments, X is a bivalent Cy hydrocarbon chain. In other
embodiments, X is a bivalent C;_4 hydrocarbon chain. In yet other embodiments, X is a
‘bivalent C,_, hydrocarbon chain. In yet other embodiments, X is -CH,—.

[00117] In certain embodiments, X is a bivalent C;_ hydrocarbon chain, wherein one,
two or three methylene units of X are optionally and independently replaced with one or
more —O—, -N=N-, -CH=CH-, -NR’—, ~S—, —-C(=0)-, —C(=NR’}-, -S(=0)~, ~S(=0),— or an
optionally substituted phenylene moiety.

[00118] In certain embodiments, X is a bivalent Ci—6 hydrocarbon chain, wherein one
methylene unit of X are optionally and independently replaced with one or more ~O-, —
N=N-, -CH=CH~-, -NR’~, ~S—, ~C(=0)-, ~C(—NR )= =S(=0)-, »S(——O)g— or an optionally
substituted phenylene moiety.

[00119] In certain embodiments, X is a bivalent C,_¢ hydrocarbon chain, wherein one
methylene unit of X is replaced with —O—.

[00120] In certain embodiments, X is a bivalent C;_ hydrocarbon chain, wherein one
methylene unit of X is replaced with -NR’—.

[00121] In certain embodiments, X is a bivalent C, ¢ hydrocarbon chain, wherein one
methylene unit of X is replaced with an optionally substituted phenylene moiety.

[60122] Exemplary bivalent C,_¢ hydrocarbon chains of X include, but are not limited
to:

~(CHR"):O(CHR")¢~; ~O(CHR"),0(CHR")~; ~(CHR"),S(CHR"),~;
~(CHR'):NR®(CHR ") ~CHR"){C=0)(CHR")—; ~(CHR"),(C=0)O(CHR")~;
~(C=0)(CHR")q0-; ~(CHR"),(C=NR’)(CHR")(; —~(CHR")NR’(C=0)NR’(CHR")~;
~O(CHR"){C=0)(CHR",NR*(CHR"),; ~(CHR"){(S=0)(CHR"),; ~(CHR"),SO»(CHR");
~(CHR"),SO,NR*(CHRM),—; ~(CHR",CH=CH(CHR"); ~CHR’)N=N(CHR"),~;
—~(CHR"),C(=0)NR’(CHR")~;

%——-(CHRh)r———o-——»(c:HFe.“)r />
R"q

O-—-—...
O——(CHR"), > %—(CHR“)Q />
<R”) \ T,
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wherein R is as defined above and herein;

R" is hydrogen, halogen, —OR', -NR";, ~C(=0)R™, —C(=0)OR!, ~C(=0)N(R¥),, or an
optionally substituted Cy_¢ aliphatic, C_s heteroaliphatic, Cs_y2 aryl, or C¢_;> heteroaryl group;
wherein R' is hydrogen, a suitable hydroxyl protecting group or an optionally substituted C;_4
aliphatic, C,_¢ heteroaliphatic, Cq1, aryl, or Cs13 heteroaryl group, each instance of R¥ is,
independently, hydrogen, a suitable amino protecting group, an optionally substituted C,_4
aliphatic, C,_¢ heteroaliphatic, C¢y; aryl, or Ce-12 heteroaryl group, or two R¥ are joined to
form a 5-to 6—membered ring; and R™ is hydrogen, or an optionally substituted C,
aliphatic, C;_¢ heteroaliphatic, C¢_y; aryl, or Cs-12 heteroaryl group;

qis 0to4;

risOto 1; and

sis I to 3.

[00123] In certain embodiments, when X is —(CHR")NR’(CHR" -, at least one
fluorine substituent of Ring A is ortho to the boron (B) atom. In other embodiments, when X
15 «(CH2)NR’(CHz)q~, at least one fluorine substituent of Ring A is ortho to the boron (B)
atom. In yet other embodiments, when X is -NHCH,-, at least one fluorine substituent of
Ring A is ortho to the boron (B) atom. In still yet other embodiments, when X is -NHCH,-,

one fluorine substituent of Ring A is ortho to the boron (B) atom.

(v) R
[00124] As 1s defined generally above, RA s (1) hydrogen, halogen, —OH, —OR, —CF},
—CN, -NO,, -NC, -SO;R, —-SOR, —C(O)R, —CO,R, —C(O)N(R’)z, ~N3, -N2R, or —N(R’)z,

wherein R and R’ is as described herein; or (ii) Ring B having the formula:

(R¥)m

o)

wherein Ring B is an optionally substituted saturated, partially unsaturated or aromatic Cs_g

b3

monocyclic, Cg-19 bicyclic or Cjgi6 tricyclic ring system optionally containing one or more

heteroatoms independently selected from the group consisting of N, S and O.
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[00125] In certain embodiments, R? is hydrogen, halogen, ~OH, ~OR, —CF;, —CN, —
NO,, -NC, -SO;R, —SOR, ~C(O)R, ~CO,R, ~C(O)N(R’), —N3, -N,R, or —N(R ),, wherein R
and R’ are as defined above and herein.

[00126] In certain embodiments, X is a covalent bond and R” is hydrogen, halogen, —
OH, -OR, ~CF3;, -CN, -NO,, -NC, -SO,R, -SOR, ~C(O)R, —COsR, ~C(O)N(R’),, —
C(O)NH,, -CHO, N3, -N3R, or —~N(R’)2, wherein R and R’ are as defined above and herein.

(vi) Ring B
[00127] As is defined generally above, R* is, in certain embodiments, Ring B of the

formula;

(R¥)m

(s

wherein Ring B is an optionally substituted saturated, partially unsaturated or aromatic Cs g

>

monocyclic, Cg_10 bicyclic or Cigy6 tricyclic ring system optionally containing one or more
heteroatoms independently selected from the group consisting of N, S and O.

[00128] In certain embodiments, Ring B is an aromatic ring system. In certain
embodiments, both Ring B and Ring A are aromatic ring systems. However, in certain

embodiments, Ring B is a saturated or partially unsaturated ring system.

(a) Monocyclic Ring Systems

[00129] In certain embodiments, Ring B is a optionally substituted saturated, partially
unsaturated or aromatic Cs_g monocyclic ring system, optionally containing one or more
heteroatoms independently selected from the group consisting of N, S and O.

[00130] In some embodiments, Ring B is a optionally substituted saturated, partially
unsaturated or aromatic Cs_s monocyclic carbocyclic ring system.

[0005] For example, in some embodiments, Ring B is an optionally substituted aromatic

Ce or Cg monocyclic carbocyclic ring system. Such monocyclic carbocyclic ring systems

include, but are not limited to:
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(Rz)m-{—' (R,

F

wherein R? and m are as defined above and herein.

and ;

[00131] In certain embodiments, Ring B is an optionally substituted phenyl ring
system of the formula:
NN
7
R¥)n |
=

>

wherein R? and m are as defined above and herein; and

m is an integer between 0 to 5, inclusive.
[00132] In certain embodiments, m is an integer between 0 to 3. In some
embodiments, m is an integer between 0 to 2. In other embodiments, m is 1 or 2. In yet other

embodiments, m is 1. In still yet other embodiments, m is 2. In still yet other embodiments,

m is 0.
[00133] In certain embodiments, Ring B is an optionally substituted phenyl ring
system of any one of the formulae:
[VaVAVAV S
[VaVaV oVl
AN [Vatavaval
2
RZ R
R? R?  R?
AN [Va¥aVavyl
R2 VNS SV ¥aVel
R2 R2 RZ
RZ
R? R? R2
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[Favavavyl
VYV
2
nnne R NV, Vet R2 R?
RZ RZ
R2 R2 RZ
R2 R2 RZ RZ RZ or R2 ;

b4 b

wherein R? is as defined above and herein.
[00134] In certain embodiments, Ring B is phenyl. In certain embodiments, both Ring
B and Ring A are phenyl.
[60135] In other embodiments, Ring B is an optionally substituted saturated or
partially unsaturated Cs_g monocyclic carbocyclic ring system. Such monocyclic carbocyclic

ring systems include, but are not limited to:

\
2 (Rz)m
RO (R

[FAVAVAY )
R
2y _f
(R?)—, 7 Fm |
and ;
wherein R* and m are as defined above and herein.
[00136] In other embodiments, Ring B is a optionally substituted saturated, partially

unsaturated or aromatic Cs_g monocyclic ring system containing one or more heteroatoms
independently selected from the group consisting of N, S and O.

[00137} For example, in certain embodiments, Ring B is a optionally substituted
aromatic Cs_g monocyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Such aromatic monocyclic ring systems

include, but are not limited to:
AN
wnAane AN ‘ VY, Vv
[Ya¥aVava)

N N
(Rm QS R Q/O (Rz)m@NRg (Rz)m@ R \ \NR9
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wherein R? and m are as defined above and herein, and

RE is hydrogen, a suitable amino protecting group, or an optionally substituted C,_¢
aliphatic, C;_g heteroaliphatic, C¢-1; aryl, or C¢_;; heteroaryl group.
[00138] In other embodiments, Ring B is a optionally substituted saturated or partially
unsaturated Cs_g monocyclic ring system containing ohe or more heteroatoms independently
selected from the group consisting of N, S and O. Such saturated or partially unsaturated

monocyclic ring systems include, but are not limited to:

VAV VoV

R d;\s Rm™ /——'—\ RO \‘/NRQ (R?) -@
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(b) Bicyclic Ring B Groups
[00139] In certain embodiments, Ring B is a optionally substituted saturated, partially

unsaturated or aromatic Cs.jg bicyclic ring system optionally containing one or more
heteroatoms independently selected from the group consisting of N, S and O.

[00140] In certain embodiments, Ring B is a optionally substituted saturated, partially
unsaturated or aromatic Ce_19 bicyclic carbocyclic ring system.

[00141] ‘In certain embodiments, Ring B is a optionally substituted aromatic Cg_jo
bicyclic carbocyclic ring system. Aromatic Cs1o bicyclic ring systems of this type may be
either fully aromatic (i.e., wherein both rings are aromatic) or partially aromatic (i.e., wherein
one ring is aromatic and one ring is not aromatic).

[00142] - For example, in certain embodiménts, RingBisa opﬁonally substituted fully
aromatic Ce-19 bicyclic carbocyclic ring system. Such bicyclic carbocyclic ring systems

include, but are not limited to:

<R2>m/ =
wherein R? and m are as defined above and herein.

[06143] In other embodiments, Ring A is a optionally substituted partially aromatic Cg¢_

10 bicyclic carbocyclic ring system. Such bicyclic carbocyclic ring systems include, but are

not limited to:

I N 5 Ik
/ N\ 7\
(Rz)m% (Rz)mg_\_:d (R3]

N
/[w\

(R v
; wherein R? and m are as defined above and herein.

[00144] In yet other embodiments, Ring B is a optionally substituted saturated or

partially unsaturated Cq_j9 bicyclic carbocyclic ring system.
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[00145] In certain embodiments, Ring B is a optionally substituted aromatic Cg_jq
bicyclic ring system containing one or more heteroatoms independently selected from the
group consisting of N, S and O. Aromatic Ce1g bicyclic ring systems of this type may be
either fully aromatic (i.e., wherein both rings are aromatic) or partially aromatic (i.e., wherein
one ring 1s aromatic and one ring is not aromatic).

[00146] For example, in certain embodiments, Ring B is a optionally substituted fully
aromatic Cgjo bicyclic ring system containing one or more heteroatoms independently

selected from the group consisting of N, S and O. Such aromatic bicyclic ring systems

include, but are not limited to:
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; wherein R?, R® and m are as defined above and herein.
[00147] In other embodiments, Ring B is a optionally substituted partially aromatic Ce_
10 bicyclic ring system containing one or more heteroatoms independently selected from the

group consisting of N, S and O. Such bicyclic ring systems include, but are not limited to:

[TV FaVal

SUAS

|
T T
W % 2 %
(Rz)m/ L_N\), (Rz)m/ — T X ’(Rz)m/ — |

46



1-67 1-68 =0m=C20 B1-69 -70 =o\oDAO D1-7 1-72 WO
2008/1163300PCT/1JS2007102 1626 TABLE 1 Compound

WO 2008/063300 PCT/US2007/021626

[YAVAVAV o4
PAVaVAVLl

| |
20— /
(Rz)m% (R?-)m; --\ j

wherein R?, R® and m are as defined above and herein.

b

[00148] In yet other embodiments, Ring B is a optionally substituted saturated or
partially unsaturated Ceo bicyclic ring system containing one or more heteroatoms

independently selected from the group consisting of N, S and O.

(c) Tricyclic Ring B Groups

[00149] In certain embodiments, Ring B is a optionally substituted saturated, partially
unsaturated or aromatic Cjoj6 tricyclic ring system optionally containing one or more
heteroatoms independently selected from the group consisting of N, S and O.

[00150} In certain embodiments, Ring B is a optionally substituted saturated, partially

unsaturated or aromatic Cjo-6 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic

ring systems include, but are not limited to:

/“m

wherein R* and m are as defined above and herein.

(R)m

[00151] In certain embodiments, Ring B is a optionally substituted aromatic Cjo
tricyclic, carbocyclic ring system. Aromatic Cq_y4 tricyclic ring systems of this type may be
either fully aromatic (i.e., wherein all three rings are aromatic) or partially aromatic (ie.,
wherein at least one ring is aromatic and at least one ring is not aromatic).

[00152] For example, in certain embodiments, Ring B is a optionally substituted fully
aromatic Cyo-16 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic ring systems

include, but are not limited to:

| T
A 7N\
(Rz)m/ ==
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wherein R? and m are as defined above and herein.
[00153]) In other embodiments, Ring B is a optionally substituted partially aromatic
Cio-16 tricyclic, carbocyclic ring system. Such tricyclic carbocyclic ring systems include, but

are-not limited to:

/wiw\

T
/" \ (Rz)m/ =

wherein R? and m are as defined above and herein.

[00154] In certain embodiments, Ring B is a optionally substituted saturated, partially
unsaturated or aromatic Cjo6 tricyclic ring system containing one or more heteroatoms
independently selected from the group consisting of N, S and O.

[00155] For example, in certain embodiments, Ring B is a optionally substituted
aromatic Cyo-16 tricyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Aromatic C 14 tricyclic ring systems of
this type may be either fully aromatic (i.e., wherein all three rings are aromatic) or partially
aromatic (i.e., wherein at least one ring is aromatic and at least one ring is not aromatic).
[00156] For example, in certain embodiments, Ring B is a optionally substituted fully
aromatic Cyo_j6 tricyclic ring system containing one or more heteroatoms independently
selected from the group consisting of N, S and O. Such tricyclic ring systems include, but are

not limited to:

- 1
SN\ /M
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wherein R, R& and m are as defined above and herein.
[00157] In other embodiments, Ring B is a optionally substituted partially aromatic
Cio-16 tricyclic ring system containing one or more heteroatoms independently selected from
the group consisting of N, S and O.
[00158] In yet other embodiments, Ring B is a optionally substituted saturated or
partially unsaturated Cioj6 tricyclic ring system containing one or more heteroatoms

independently selected from the group consisting of N, S and O.

(vii) R

[00159] As 1s also defined generally above, each instance of R 1s, independently,
halogen, ~OR, —CF3, -CN, -NO,, -NC, -SO,R, —-SOR, ~C(O)R, —CO2R, —C(O)N(R*),, —Nj,
—NoR,— N(R’),, ~B(OH,), or an optionally substituted Cy_¢ aliphatic group, wherein each
instance of R and R’ is as described herein; or two R! groups together form a 5- to 6—
membered heterocyclic ring.

[060160] In certain embodiments, each instance of R! is, independently, halogen, —OR,
—CF3, —CN, -NO,, -NC, -SO:R, -SOR, —C(O)R, —CO,R, -C(O)N(R’), —N3, -N3R, or —
N(R),.

[00161) In certain embodiments, each instance of R! is, independently, halogen, or —
OR. In some embodiments, R! is halogen. In other embodiments, R! is —F or —Cl. In yet
other embodiments, R is —F.

{00162] In certain embodiments, at least one R' is ortho to the boron atom. In other
embodiments, at least one R’ is meta to the boron atom. In yet other embodiments, at least
one R' is para to the boron atom.

[00163] In yet other embodiments, n is 1 and R' is ortho to the boron atom. In other

embodiments, n is 1 and R’ is meta to the boron atom. In yet other embodiments, n is 1 and

R'is para to the boron atom.
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(viii) R®
[00164] As is also defined generally above, each instance of R® is, independently,

halogen, ~OR, *CF_:;., —CN, -NO,, -NC, -SO;R, —SOR, —C(O)R, -CO,;R, —C(O)N(R),, —Nj,
~N2R, -N(R),, or an optionally substituted C;_g aliphatic group, wherein each instance of R
and R’ is, as described herein.

[00165] In certain embodiments, each instance of R? is, independently, halogen, ~OR,
—CF3, -CN, —-NO,, -NC, ~SO;R, -SOR, ~C(O)R, -CO3R, —~C(O)N(R ), -N3, —=N,R, -N(R ),
or an optionally substituted C;. aliphatic group.

[00166] In certain embodiments, each instance of R? is, independently, halogen or —
OR. In some embodiments, R* is halogen. In other embodiments, R? is —F or -Cl. In yet
other embodiments, R? is -F.

[00167] In certain embodiments, at least one R? is ortho to the linker group X. In other
embodiments, at least one R? is meta to the linker group X. In yet other embodiments, at
least one R? is para to the linker group X. |

[00168] In yet other embodiments, m is 1 and R? is ortho to the linker group X. In
other embodiments, m is 1 and R? is meta to the linker group X. In yet other embodiments, m

is 1 and R? is para to the linker group X.

(ix) Exemplary compounds

[06169] Exemplary compounds of the present invention are set forth in the Examples
and in Tables 1 and 2, provided below. Compounds of the present invention were assayed as
inhibitors of human or rat FAAH using the method described in detail in Example 172.
Activity of exemplified compounds is provided in Tables 1 and 2, below, wherein activity
designated as “A” refers to compounds having a K of less than 6r equél‘ to 0.01 micrbM,' “B”
refers to compounds having a K; of between 0.01 microM and 0.1 microM, “C” refers to
compounds having a K; of between 0.01 microM and 1 microM, and “D” refers to

compounds having a K; of greater than 1 microM.
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[00170] In certain embodiments, the present invention provides a compound of

formulae (X), (II) or (LX), or a pharmaceutically acceptable form thereof, as provided in
Table 2. In some embodiments, the present invention provides a compound of formulae (D,
(I) or (EII), or a pharmaceutically acceptable form thereof, as provided in Table 2 having a
K; of less than or equal to 0.01 microM or having a K; of between 0.01 microM and 0.1
microM (i.e., a compound with activity designated “A” or “B™). In some embodiments, the
present invention provides a compound of formulae (D), (D) or (T, or a pharmaceutically
acceptable form thereof, as provided in Table 2 having a K; of less than or equal to 0.01
microM (i.e., compounds with activities “A”). In certain embodiments, the present invention
provides a compound of formulae (), (II) or (IIX), or a pharmaceutically acceptable form

thereof, selected from the any one of the following compounds set forth in Table 3:
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[00171] In certain embodiments, the present invention provides a compound of
formula A:
1 R?)
n(R ) m(
/\/ I X I \/\
ANNEY =
B
ZZ
A
wherein

2" and 7* independently for each occurrence represent hydroxy, alkoxy, aryloxy, or
aralkyloxy; or Z; and Z, taken together form a moiety derived from a dihydroxyl compound
having at least two hydroxyl groups separated by at least two connecting carbon atoms in a
chain or ring, said chain or ring comprising carbon atoms and optionally one or more
heteroatoms independently selected from the group consisting of N, S, and O;

nis0,1,2,3,or4;

mis0,1,2,3,4,0r5;

X'is abond, O, S, NR?, CR'R’, OCRR’, CR'R°0, SCR'R’, CR'R’S, NR’CR'R’, or
CR'R’NR?;

R' for each occurrence is independently halide, alkyl, perhaloalkyl, alkoxy, or
trihaloalkoxy;

R? for each occurrence is independently halide, alkyl, perhaloalky! nitro, alkoxy,
trihaloalkoxy, aryloxy, carboxy, amido, ester, or ~NR4C02R5 ; or two R® on adjacent carbons
taken together form a 5-7 membered optionally substituted ring which contains 0-3
heteroatoms selected from the group consisting of N, O, and S; and

each of R?, R*, and R® for each occurrence is independently H, alkyl, aralkyl, aryl,
ester, or amido.

[00172] In certain embodiments, Z' and 72 groups of formula A are each hydroxyl. In

other embodiments, the present invention provides a compound selected from the group

consisting of:
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4. Pharmaceutically acceptable compositions and formulations
[06173] In certain embodiments, the present invention provides a pharmaceutical

composition comprising a compound of formulae (I), (II) or (I}, or a pharmaceutically
acceptable form thereof, and a pharmaceutically acceptable excipient.

100174} In some embodiments, the present invention provides a pharmaceutical
composition comprising a compound of formulae (), (II) or (III), or a pharmaceutically
acceptable form thereof, as provided in Tables 1, 2 or 3, and a pharmaceutically acceptable
excipient. In other embodiments, the present invention provides a pharmaceutical
composition comprising a compound of formulae (I), (II) or (III), or a pharmaceutically
acceptable form thereof, as provided in Tables 1, 2 or 3 having a K; of less than or équal to
0.01 microM or having a K; of between 0.01 microM and 0.1 microM (i.e., compounds with
activities designated “A” and “B”), and a pharmaceutically acceptable excipient. In yet other
embodiments, the present invention provides a pharmaceutical composition comprising a
compound of formulae (I), (II) or (IIf), or a pharmaceutically acceptable form thereof, as
provided in Tables 1, 2 or 3 having a K; of less than or equal to 0.01 microM (i.e.,
compounds with activities designated “A”) and a pharmaceutically acceptable excipient. In
still yet other embodiments, the present invention provides a pharmaceutical composition

comprising a compound of formulae (I), (II) or (II), or a pharmaceutically acceptable form
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thereof, and a pharmaceutically acceptable excipient, wherein said compound is selected
from the any compound depicted in Table 3.

[00175] As described above, the pharmaceutically acceptable compositions of the
present invention additionally comprise a pharmaceutically acceptable excipient, which, as
used herein, includes any and all solvents, diluents, or other liquid vehicle, dispersion or
suspension aids, surface active agents, isotonic agents, thickening or emulsifying agents,
preservatives, solid binders, lubricants and the like, as suited to the particular dosage form
desired. Remington's Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack
Publishing Co., Easton, Pa., 1980) discloses various carriers used in formulating
pharmaceutically acceptable compositions and known techniques for the preparation thereof,
Except insofar as any conventional carrier medium is incompatible with the compounds of
the invention, such as by producing any undesirable biological effect or otherwise interacting
in a deleterious manner with any other component(s) of the pharmaceutically acceptable
composition, its use is contemplated to be within the scope of this invention. Some examples
of materials which can serve as pharmaceutically acceptable carriers include, but are not
limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as
human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, or
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, polyacrylates, waxes, polyethylene—polyoxypropylene—block polymers, wool
fat, sugars such as lactose, glucose and sucrose; starches such as corn starch and potato
starch; cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose .
and cellulose acetate powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter
and suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil; sesame oil; olive
oil; comn oil and soybean oil; glycols; such a propylene glycol or polyethylene glycol; esters
such as ethyl oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide
and aluminum hydroxide; alginic acid; pyrogen—free water; isotonic saline; Ringer's solution;
ethyl alcohol, and phosphate buffer solutions, as well as other non—toxic compatible
lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring agents,
releasing agents, coating agents, sweetening, flavoring and perfuming agents, preservatives

and antioxidants can also be present in the composition, according to the judgment of the

formulator.
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{00176} The formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hereafter developed in the art of pharmacology. In
general, such preparatory methods include the step of bringing the active ingredient into
association with a carrier and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single~ or
multi—dose unit.

[00177] A pharmaceutical composition of the invention may be prepared, packaged,
and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit doses. As used
herein, a “unit dose” is discrete amount of the pharmaceutical composition comprising a
predetermined amount of the active ingredient. The amount of the active ingredient is
generally equal to the dosage of the active ingredient which would be administered to a
subject and/or a convenient fraction of such a dosage such as, for example, one-half or one—
third of such a dosage.

[00178] The relative amounts of the active ingredient, the pharmaceutically acceptable
carrier, and/or any additional ingredients in a pharmaceutical composition of the invention
will vary, depending upon the identity, size, and/or condition of the subject treated and
further depending upon the route by which the composition is to be administered. By way of
example, the composition may comprise between 0.1% and 100% (w/w) active ingredient.
[60179] In some embodiments, the pharmaceutically acceptable excipient is at least
95%, 96%, 97%, 98%, 99%, or 100% pure. In some embodiments, the excipient is approved
for use in humans and for veterinary use. In some embodiments, the excipient is approved by
United States Food and Drug Administration. In some embodiments, the excipient is
pharmaceutical grade. In some embodiments, the excipient meets the standards of the United
States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the British Pharmacopoeia,
and/or the International Pharmacopoeia.

[00180] Pharmaceutically acceptable excipients used in the manufacture of
pharmaceutical compositions include, but are not limited to, inert diluents, dispersing and/or
granulating agents, surface active agents and/or emulsifiers, disintegrating agents, binding
agents, preservatives, buffering agents, lubricating agents, and/or oils. Such excipients may
optionally be included in the inventive formulations. Excipients such as cocoa butter and
suppository waxes, coloring agents, coating agents, sweetening, flavoring, and perfuming

agents can be present in the composition, according to the judgment of the formulator.
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[00181] Exemplary diluents include, but are not limited to, calcium carbonate, sodium
carbonate, calcium phosphate, dicalcium phosphate, calcium sulfate, calcium hydrogen
phosphate, sodium phosphate lactose, sucrose, cellulose, microcrystalline cellulose, kaolin,
mannitol, sorbitol, inositol, sodium chloride, dry starch, cornstarch, powdered sugar, efc., and
combinations thereof

[00182] Exemplary granulating and/or dispersing agents include, but are not limited to,
potato starch, corn starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar
gum, citrus pulp, agar, bentonite, cellulose and wood products, natural sponge, cation—
exchange resins, calcium carbonate, silicates, sodium carbonate, cross—linked poly(vinyl-
pyrrolidone) (crospovidone), sodium carboxymethyl starch (sodium starch glycolate),
carboxymethy! cellulose, cross-linked sodium carboxymethyl cellulose (croscarmellose)?
methylcellulose, pregelatinized starch (starch 1500), microcrystalline starch, water insoluble
starch, calcium carboxymethyl cellulose, magnesium aluminum silicate (Veegum), sodium
lauryl sulfate, quaternary ammonium compounds, efc., and combinations thereof.

[00183] Exemplary surface active agents and/or emulsifiers include, but are not limited
to, natural emulsifiers (e.g. acacia, agar, alginic acid, sodium alginate, tragacanth, chondrux,
cholesterol, xanthan, pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax, and
lecithin), colloidal clays (e.g. bentonite [aluminum silicate] and Veegum [magnesium
aluminum silicate]), long chain amino acid derivatives, high molecular weight alcohols (e.g.
stearyl alcohol, cetyl alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate,
glyceryl monostearate, and propylene glycol monostearate, polyvinyl alcohol), carbomers
(e.g. carboxy polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl
polymer), carrageenan, cellulosic derivatives (e.g. carboxymethylcellulose sodium, powdered
cellulose, hydroxymethyl cellulose, hydroxypropyl celiulosé, hydroxypropyl mefhylcellulose,
methylcellulose), sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate
[Tween 20], polyoxyethylene sorbitan [Tween 60], polyoxyethylene sorbitan monooleate
[Tween 80], sorbitan monopalmitate [Span 40], sorbitan monostearate [Span 60], sorbitan
tristearate [Span 65], glyceryl monooleate, sorbitan monooleate [Span 807), polyoxyethylene
esters (e.g. polyoxyethylene monostearate [Myrj 45], polyoxyethylene hydrogenated castor
oil, polyethoxylated castor oil, polyoxymethylene stearate, and Solutol), sucrose fatty acid
esters, polyethylene glycol fatty acid esters (e.g. Cremophor), polyoxyethylene ethers, (e. g
polyoxyethylene lauryl ether [Brij 30]), poly(vinyl-pyrrolidone), diethylene glycol

monolaurate, triethanolamine oleate, sodium oleate, potassium oleate, ethyl oleate, oleic acid,
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ethyl laurate, sodium lauryl sulfate, Pluronic F 68, Poloxamer 188, cetrimonium bromide,
cetylpyridinium chloride, benzalkonium chloride, docusate sodium, efc. and/or combinations
thereof.

[00184] Exemplary binding agents include, but are not limited to, starch (e.g
cornstarch and starch paste); gelatin; sugars (e.g. sucrose, glucose, dextrose, dextrin,
molasses, lactose, lactitol, mannitol, efc.); natural and synthetic gums (e.g. acacia, sodium
alginate, extract of Irish moss, panwar gum, ghatti gum, mucilage of isapol husks,
carboxymethylcellulose, methylcellulose, ethylcellulose, hydroxyethylcellulose,
hydroxypropyl cellulose, hydroxypropyl methylcellulose, microcrystalline cellulose,
cellulose acetate, poly(vinyl-pyrrolidone), magnesium aluminum silicate (Veegum), and
larch arabogalactan); alginates; polyethylene oxide; polyethylene glycol; inorganic calcium
salts; silicic acid; polymethacrylates; waxes; water; alcohol; efc.; and combinations thereof.
[00185] Exemplary preservatives may include antioxidants, chelating agents,
antimicrobial preservatives, antifungal preservatives, alcohol preservatives, acidic
preservatives, and other preservatives. Exemplary antioxidants include, but are not limited
to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl gallate,
sodium ascorbate, sodium bisulfite, sodium metabisulfite, and sodium sulfite. Exemplary
chelating agents include ethylenediaminetetraacetic acid (EDTA), citric acid monohydrate,
disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid, phosphoric acid,
sodium edetate, tartaric acid, and trisodium edetate. Exemplary antimicrobial preservatives
include, but are not limited to, benzalkonium chloride, benzethonium chloride, benzyl
alcohol, bronopol, cetrimide, cetylpyridinium chloride, chlorhexidine, chlorobutanol,
chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea, phenol,
phenoxyethanol, phenylethyl alcohol, phenylmercuric nitrate, propylene glycol, and
thimerosal. Exemplary antifungal preservatives include, but are not limited to, butyl paraben,
methyl paraben, ethyl paraben, propyl paraben, benzoic acid, hydroxybenzoic acid, potassium
benzoate, potassium sorbate, sodium benzoate, sodium propionate, and sorbic acid.
Exemplary alcohol preservatives include, but are not limited to, ethanol, polyetﬁylene glycol,
phenol, phenolic compounds, bisphenol, chlorobutanol, hydroxybenzoate, and phenylethyl
alcohol. Exemplary acidic preservatives include, but are not limited to, vitamin A, vitamin C,
vitamin E, beta—carotene, citric acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic

acid, and phytic acid. Other preservatives include, but are not limited to, tocopherol,
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tocopherol acetate, deteroxime mesylate, cetrimide, butylated hydroxyanisol (BHA),
butylated hydroxytoluened (BHT), ethylenediamine, sodium lauryl sulfate (SLS), sodium
lauryl ether sulfate (SLES), sodium bisulfite, sodium metabisulfite, potassium sulfite,
potassium metabisulfite, Glydant Plus, Phenonip, methylparaben, Germall 115, Germaben II,
Neolone, Kathon, and Euxyl. In certain embodiments, the preservative is an anti~oxidant. In
other embodiments, the preservative is a chelating agent.

[00186] Exemplary buffering agents include, but are not limited to, citrate buffer
solutions, acetate buffer solutions, phosphate buffer solutions, ammonium chloride, calcium
carbonate, calcium chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium
gluconate, D-gluconic acid, calcium glycerophosphate, calcium lactate, propanoic acid,
calcium vlevulinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic
calcium phosphate, calcium hydroxide phosphate, potassium acetate, potassium chloride,
potassium gluconate, potassium mixtures, dibasic potassium phosphate, monobasic potassium
phosphate, potassium phosphate mixtures, sodium acetate, sodium bicarbonate, sodium
chloride, sodium citrate, sodium lactate, dibasic sodium phosphate, monobasic sodium
phosphate, sodium phosphate mixtures, tromethamine, magnesium hydroxide, aluminum
hydroxide, alginic acid, pyrogen—free water, isotonic saline, Ringer’s solution, ethyl alcohol,
etc., and combinations thereof. o ,

[00187) Exemplary lubricating agents include, but are not limited to, magnesium
stearate, calcium stearate, stearic acid, silica, talc, malt, glyceryl behanate, hydrogenated
vegetable oils, polyethylene glycol, sodium benzoate, sodium acetate, sodium chloride,
leucine, magnesium lauryl sulfate, sodium lauryl sulfate, efc., and combinations thereof.
[00188] Exemplary oils include, but are not Limited to, almond, apricot kernel,
avocado, babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway,
carnauba, castor, cinnamon, cocoa butter, coconut, cod liver, coffee, corn, cotton seed, emu,
eucalyptus, evening primrose, fish, flaxseed, geraniol, gourd, grépe seed, hazel nut, hyssop,
isopropyl myristate, jojoba, kukui nut, lavandin, lavender, lemon, litsea cubeba, macademia
nut, maliow, mango seed, meadowfoam seed, mink, nutmeg, olive, orange, orange roughy,
palm, palm kernel, peach kernel, peanut, poppy seed, pumpkin seed, rapeseed, rice bran,
rosemary, safflower, sandalwood, sasquana, savoury, sea buckthorn, sesame, shea butter,
silicone, soybean, sunflower, tea tree, thistle, tsubaki, vetiver, walnut, and wheat germ oils.

Exemplary oils include, but are not limited to, butyl stearate, caprylic triglyceride, capric
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triglyceride, cyclomethicone, diethyl sebacate, dimethicone 360, isopropyl myristate, mineral
oil, octyldodecanol, oleyl alcohol, silicone oil, and combinations thereof.

[00189] Liquid dosage forms for oral and parenteral administration include, but are not
limited to, pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredients, the liquid dosage forms may
comprise inert diluents commonly used in the art such as, for example, water or other
solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, dimethylformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive,
castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral compositions
can include adjuvants such as wetting agents, emulsifying and suspending agents,
sweetening, flavoring, and perfuming agents. In certain embodiments for parenteral
administration, the conjugates of the invention are mixed with solubilizing agents such as
Cremophor, alcohols, oils, modified oils, glycols, polysorbates, cyclodextrins, polymers, and
combinations thereof.

[00190] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3~butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono— or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[60191] The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile
solid compositions which can be dissolved or dispersed in sterile water or other sterile
injectable medium prior to use.

[06192] In order to prolong the effect of a drug, it is often desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be

accomplished by the use of a liquid suspension of crystalline or amorphous material with
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poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle.

[00193] Compositions for rectal or vaginal administration are typically suppositories
which can be prepared by mixing the conjugates of this invention with suitable non—irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active ingredient.

[00194] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active ingredient is mixed with at
least one inert, pharmaceutically acceptable excipient ér- carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d)
disintegrating agents such as agar, calcium carbonate, potato or tapioca starch, alginic acid,
certain silicates, and sodium carbonate, ) solution retarding agents such as paraffin, f)
absorption accelerators such as quaternary ammonium compounds, g) wetting agents such as,
for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and
bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules,
tablets and pills, the dosage form may comprise buffering agents.

[60195] Solid compositions of a similar type may be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally comprise opacifying agents and can be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. Solid compositions of a similar type may be employed as
fillers in soft and hard—filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecular weight polethylene glycols and the like.
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[00196] The active ingredients can be in micro—encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active ingredient may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may comprise, as is normal practice, additional
substances other than inert diluents, e.g., tableting lubricants and other tableting aids such a
magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and pills,
the dosage forms may comprise buffering agents. They may optionally comprise opacifying
agents and can be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions which can be used include polymeric substances and
waxes.

[060197] Dosage forms for topical and/or transdermal administration of a compound of
this invention may include ointments, pastes, creams, lotions, gels, powders, solutions,
sprays, inhalants and/or patches. Generally, the active ingredient is admixed under sterile
conditions with a pharmaceutically acceptable carrier and/or any needed preservatives and/or
buffers as may be required. Additionally, the present invention contemplates the use of
transdermal patches, which often have the added advantage of providing controlled delivery
of an active ingredient to the body. Such dosage forms may be prepared, for example, by
dissolving and/or dispensing the active ingredient in the proper medium. Altematively or
additionally, the rate may be controlled by either providing a rate controlling membrane
and/or by dispersing the active ingredient in a polymer matrix and/or gel.

{00198] Suitable devices for wuse in delivering intradermal pharmaceutical
compositions described herein include short needle devices such as those described in U.S.
Patents 4,886,499; 5,190,521; 5,328,483, 5,527,288; 4,270,537; 5,015,235; 5,141,496 and
5,417,662. Intradermal compositions may be administered by devices which limit the
effective penetration length of a needle into the skin, such as those described in PCT
publication WO 99/34850 and functional equivalents thereof. Jet injection devices which
deliver liquid vaccines to the dermis via a liquid jet injector and/or via a needle which pierces
the stratum corneum and produces a jet which reaches the dermis are suitable. Jet injection
devices are described, for example, in U.S. Patents 5,480,381; 5,599,302; 5,334,144:
5,993,412; 5,649,912, 5,569,189; 5,704,911; 5,383,851; 5,893,397; 5,466,220; 5,339,163;
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5,312,335; 5,503,627; 5,064,413; 5,520,639; 4,596,556; 4,790,824; 4,941,880; 4,940,460;
and PCT publications WO 97/37705 and WO 97/13537. Ballistic powder/particle delivery
devices which use compressed gas to accelerate vaccine in powder form through the outer
layers of the skin to the dermis are suitable. Alternatively or additionally, conventional
syringes may be used in the classical mantoux method of intradermal administration.

[00199] Formulations suitable for topical administration include, but are not limited to,
liquid and/or semi liquid preparations such as liniments, lotions, oil in water and/or water in
oil emulsions such as creams, ointments and/or pastes, and/or solutions and/or suspensions.
Topically—administrable formulations may, for example, comprise from about 1% to about
10% (w/w) active ingredient, although the concentration of the active ingredient may be as
high as the solubility limit of the active ingredient in the solvent. Formulations for topical
administration may further comprise one or more of the additional ingredients described
herein.

[00200] A pharmaceutical composition of the invention may be prepared, packaged,
and/or sold in a formulation suitable for pulmonary administration via the buccal cavity.
Such a formulation may comprise dry particles which comprise the active ingredient and
which have a diameter in the range from about 0.5 to about 7 nanometers or from about 1 to
about 6 nanometers. Such compositions are conveniently in the form of dry powders for
administration using a device comprising a dry powder reservoir to which a stream of
propellant may be directed to disperse the powder and/or using a self propelling
solvent/powder dispensing container such as a device comprising the active ingredient
dissolved and/or suspended in a low—boiling propellant in a sealed container. Such powders
comprise particles wherein at least 98% of the particles by weight have a diameter greater
than 0.5 nénomcters and at least 95% of the particles by number have a diameter less than 7
nanometers. Alternatively, at least 95% of the particles by weight have a diameter greater
than 1 nanometer and at least 90% of the particles by number have a diameter less than 6
nanometers. Dry powder compositions may include a solid fine powder diluent such as sugar
and are conveniently provided in a unit dose form.

[00201) Low boiling propellants generally include liquid propellants having a boiling
point of below 65 °F at atmospheric pressure. Generally the propellant may constitute 50 to
99.9% (w/w) of the composition, and the active ingredient may constitute 0.1 to 20% (w/w)

of the composition. The propellant may further comprise additional ingredients such as a

153 =




es= A B 11-225 -226 co-c 0/=B U 110 00 HH * B 11-227 1-228 WO
2008/063300PCl/US200711121626 TABLE 2 Compound Activity

wéampread Activity -Cl A - )r--e = PCT/US2007/021626

liquid non-ionic and/or solid anionic surfactant and/or a solid diluent (which may have a
particle size of the same order as particles comprising the active ingredient).

[006202] Pharmaceutical compositions of the invention formulated for pulmonary
delivery may provide the active ingredient in the form of droplets of a solution and/or
suspension. Such formulations may be prepared, packaged, and/or sold as aqueous and/or
dilute alcoholic solutions and/or suspensions, optionally sterile, comprising the active
ingredient, and may conveniently be administered using any nebulization and/or atomization
device. Such formulations may further comprise one or more additional ingredients
including, but not limited to, a flavoring agent such as saccharin sodium, a volatile oil, a
buffering agent, a surface active agent, and/or a preservative such as methylhydroxybenzoate.
The droplets provided by this route of administration may have an average diameter in the
range from about 0.1 to about 200 nanometers.

[00203] The formulations described herein as being useful for pulmonary delivery are
useful for intranasal delivery of a pharmaceutical composition of the invention. Another
formulation suitable for intranasal administration is a coarse powder comprising the active
ingredient and having an average particle from about 0.2 to 500 micrometers. Such a
formulation is administered in the manner in which snuff is taken, i.e. by rapid inhalation
through the nasal passage from a container of the powder held close to the nares.

[00204] Formulations suitable for nasal administration may, for example, comprise
from about as little as 0.1% (w/w) and as much as 100% (w/w) of the active ingredient, and
may comprise one or more of the additional ingredients described herein. A pharmaceutical
composition of the invention may be prepared, packaged, and/or sold in a formulation
suitable for buccal administration.” Such formulations may, for example, be in the form of
tablets and/or lozenges made using conventional methods, and may, for example, 0.1 to 20%
(w/w) active ingredient, the balance compﬁsing an orally dissolvable and/or degradable
composition and, optionally, one or more of the additional ingredients described herein.
Altemately, formulations suitable for buccal administration may comprise a powder and/or an
aerosolized and/or atomized solution and/or suspension comprising the active ingredient.
Such powdered, acrosolized, and/or aerosolized formulations, when dispersed, may have an
average particle and/or droplet size in the range from about 0.1 to about 200 nanometers, and
may further comprise one or more of the additional ingredients described herein.

[06205] A pharmaceutical composition of the invention may be prepared, packaged,

and/or sold in a formulation suitable for ophthalmic administration. Such formulations may,
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for example, be in the form of eye drops including, for example, a 0.1/1.0% (w/w) solution
and/or suspension of the active ingredient in an aqueous or oily liquid carrier. Such drops
may further comprise buffering agents, salts, and/or one or more other of the additional
ingredients described herein. Other opthalmically—administrable formulations which are
useful include those which comprise the active ingredient in microcrystalline form and/or in a
liposomal preparation. Ear drops and/or eye drops are contemplated as being within the
scope of this invention. '

[00206] General considerations in the formulation and/or manufacture of
pharmaceutical agents may be found, for example, in Remington: The Science and Practice
of Pharmacy 21% ed., Lippincott Williams & Wilkins, 2005,

[6001] Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for administration to
humans, it will be understood by the skilled artisan that such compositions are generally
suitable for administration to animals of all sorts. Modification of pharmaceutical
compositions suitable for administration to humans in order to render the compositions
suitable for administration to various animals is well understood, and the ordinarily skilled
veterinary pharmacologist can design and/or perform such modification with merely
ordinary, if any, experimentation.

Kits

[00207] Still further encompassed by the invention are kits comprising one or more
inventive compounds (or pharmaceutically acceptable forms thereof), and/or an inventive
pharmaceutical composition. Kits are typically provided in a suitable container (e.g., for
examp]e a foil, plastlc or cardboard package). In certain embodiments, an inventive kit may
mcIude one or more pharmaceutical excipients, ‘pharmaceutical additives, therapeutically
active agents, and the like, as described herein. In certain embodiments, an inventive kit may
include means for proper administration, such as, for example, graduated cups, syringes,
needles, cleaning aids, and the like. In certain embodiments, an inventive kit may include

instructions for proper administration and/or preparation for proper administration.

5. Methods of Treatment
[00208) The present invention also provides methods for treating an FAAH-mediated

disease, disorder or condition by administering a therapeutically effective amount of a
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compound of the formulae (I), (II) or (IIL), or a pharmaceutical composition thereof, to a
patient in need thereof.

[00209] Additionally, the present invention provides methods for inhibiting FAAH in a
patient by administering a therapeutically effective amount of a compound of the formulae
(E), (IT) or (LX), or a pharmaceutical composition thereof, to a patient in need thereof.

[00210] A patient to which administration is contemplated includes, but is not limited
to, humans (e.g, male, female, infant, child, adolescant, adult, elderly, efc.) and/or other
primates; mammals, including commercially relevant mammals such as cattle, pigs, horses,
sheep, cats, and/or dogs; and/or birds, including commercially relevant birds such as
chickens, ducks, geese, and/or turkeys. “Treating,” as used herein, refers to partially or
completely inhibiting or reducing the condition from which the patient is suffering.
“Therapeutically effective amount,” as used herein, refers to the minimal amount or
concentration of an inventive compound or inventive pharmaceutical composition that, when
administered, is sufficient in treating the patient. Treating may be via prophylactic or
therapeutic therapy.

[00211] In other embodiments, the present invention provides a method for inhibiting
FAAH in a biological sample comprising the step of contacting said sample with a compound
of formula I, II, or ITI or with a compound set forth in any of Tables 1, 2 or 3.

[606212] FAAH-mediated diseases, disorders or conditions include, but are not limited
to, painful syndromes, diseases and/or disorders, inflammatory disorders, immune disorders,
depression, anxiety, sleep disorders, feeding behaviors, movement disorders, glaucoma,
neuroprotection and cardiovascular disease.

[00213] In certain embodiments, the FAAH-mediated disease, disorder or condition is
a painfuf Syndrome, disease and/or disorder. As used herein, “painful syndromes, diseases
and/or disorders” include, but are not limited to, those characterized by neuropathic pain
(e.g., peripheral neuropathic pain), central pain, deafferentiation pain, chronic pain (e.g.,
chronic nociceptive pain, and other forms of chronic pain such as post-operative pain),
stimulus of nociceptive receptors, acute pain (e.g., phantom and transient acute pain), non-
inflammatory pain, inflammatory pain, pain associated with cancer, preoperative pain,
arthritic pain, lumbosacral pain, musculo-skeletal pain, headache, migraine, muscle ache,
lower back and neck pain, toothache and the like.

[00214] In certain embodiments, the FAAH-mediated disease, disorder or condition is

neuropathic pain. The term “neuropathic pain” is meant pain resulting from injury to a nerve.
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Neuropathic pain is distinguished from nociceptive pain, which is the pain caused by acute
tissue injury involving small cutaneous nerves or small nerves in muscle or connective tissue.
Neuropathic pain typically is long-lasting or chronic and often develops days or months
following an initial acute tissue injury. Neuropathic pain can involve persistent, spontaneous
pain as well as allodynia, which is a painful response to a stimulus that normally is not
painful. Neuropathic pain also can be characterized by hyperalgesia, in which there is an
accentuated response to a painful stimulus that usually is trivial, such as a pin prick.
Neuropathic pain syndromes can develop following neuronal injury and the resulting pain
may persist for months or years, even after the original mjury has healed. Neuronal injury
may occur in the peripheral nerves, dorsal roots, spinal cord or certain regions in the brain.
Neuropathic pain syndromes include: diabetic neuropathy; sciatica; non-specific lower back
pain; multiple sclerosis pain; fibromyalgia; HIV-related neuropathy; neuralgia, such as post-
herpetic neuralgia and trigeminal neuralgia; and pain resulting from physical trauma,
amputation, cancer, toxins or chronic inflammatory conditions. Neuropathic pain can result
from a peripheral nerve disorder such as neuroma; nerve compression; nerve crush, nerve
stretch or incomplete nerve transsection; mononeuropathy or polyneuropathy. Neuropathic
pain can also result from a disorder such as dorsal root ganglion compression; inflammation
of the spinal cord; contusion, tumor or hemisection of the spinal cord; tumors of the
brainstem, thalamus or cortex; or trauma to the brainstem, thalamus or cortex.

[00215] The symptoms of neuropathic pain are heterogeneous and are often described
as spontaneous shooting and lancinating pain, or ongoing, burning pain. In addition, there is
pain - associated with normally non-painful sensations such as “pins and needles”
(paraesthesias and dysesthesias),» increased sensitivity to touch (hyperesthesia), painful
sensation following innocuous stimulation (dynamic, static or thermal allodynia), increased
sensitivity to noxious stimuli (thermal, cold, mechanical hyperalgesia), continuing pain
sensation after removal of the stimulation (hyperpathia). or an absence of or deficit in
selective sensory pathways (hypoalgesia).

[00216] In certain embodiments, the FA AH-mediated disease, disorder or conditior is
non-inflammatory pain and/or inflammatory pain. The types of non-inflammatory pain
include, without limitation, peripheral neuropathic pain (e.g., pain caused by a lesion or
dysfunction in the peripheral nervous system), central pain (e.g., pain caused by a lesion or
dysfunction of the central nervous system), deafferentation pain (e.g., pain due to loss of

sensory impart into the central nervous system), chronic nociceptive pain (e.g, certain types

(157



=0 u.14-1 A 11-243 -244 ip. Al= A11-245 11-246 WO
2008/063300PCPUS2007/021626 TABLE 2 Compound Activity

Wg 955‘?95’6‘3‘9(% Activity PCT/US2007/021626

of cancer pain), noxious stimulus of nociceptive receptors (e.g., pain felt in response to tissue
damage or impending tissue damage), phantom pain (e.g., pain felt in a part of the body that
no longer exists), pain felt by psychiatric patients (e.g., pain where no physical cause may
exist), and wandering pain (e.g., wherein the pain repeatedly changes location in the body).
In certain embodiments, non-inflammatory pain and/or inflammatory pain are associated with
disorders such as inflammatory disorders (e.g., autoimmune disorders).

[60217) In certain embodiments, the FAAH-mediated disease, disorder or condition is
an inflammatory disorder. The term “inflammatory disorders” refers to those diseases or
conditions that are characterized by one or more of the signs of pain (dolor, from the
generation of noxious substances and the stimulation of nerves), heat (calor, from
vasodilatation), redness (rubor, from vasodilatation and increased blood flow), swelling
(tumor, from excessive inflow or restricted outflow of fluid), and loss of function (functio
laesa, which may be partial or complete, temporary or permanent). Inflammatory disorders
include, without limitation, those affecting the blood vessels (polyarteritis, temporal arteritis);
joints (arthritis: crystalline, osteo-, psoriatic, reactive, theumatoid, Reiter's); gastrointestinal
tract (chron's disease, ulcerative colitis); skin (dermatitis); or multiple organs and tissues
(systemic lupus erythematosus). Inflammatory disorders include, but are not limited to,
inflammation associated with vascular diseases, migraine headaches, tension headaches,
periarteritis nodosa, thyroiditis, aplastic anemia, Hodgkin's disease, scierodoma, rheumatic
fever, type 1 diabetes, myasthenia gravis, sarcoidosis, nephrotic syndrome, Behcet's
syndrome, polymyositis, gingivitis, hypersensitivity, conjunctivitis, multiple sclerosis, and
ischemia (e.g., myocardial ischemia), and the like. The compounds and compositions may be
useful for ftreating neuroinflammation associated with brain disorders (e.g., Parkinson's
disea;se and Alzheimer's disease) and chronic inflammation associated with cranial radiation
injury. The compounds may be useful for treating acute inflammatory conditions (e.g.,
conditions resulting from infection) and chronic inflammatory conditions (e.g., conditions
resulting from asthma, arthritis and inflammatory bowel disease). The compounds may also
be useful in treating inflammation associated with trauma and non-inflammatory myalgia.
Inflammation takes on many forms and includes, but is not limited to, acute, adhesive,
atrophic, catarrhal, chronic, cirrhotic, diffuse, disseminated, exudative, fibrinous, fibrosing,
focal, granulomatous, hyperplastic, hypertrophic, interstitial, metastatic, necrotic, obliterative,

parenchymatous, plastic, productive, proliferous, pseudomembranous, purulent, sclerosing,
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seroplastic, serous, simple, spéciﬁc, subacute, suppurative, toxic, traumatic, and/or ulcerative
inflammation.

[00218] In certain embodiments, the FAAH-mediated disease, disorder or condition is
an immune disorder. Immune disorders, such as auto-immune disorders, include, but are not
limited to, arthritis (including rheumatoid arthritis, spondyloarthopathies, gouty arthritis,
degenerative joint diseases such as osteoarthritis, systemic lupus erythematosus, Sjogren's
syndrome, ankylosing spondylitis, undifferentiated spondylitis, Behcet's disease, haemolytic
autoimmune anaemias, multiple sclerosis, amyotrophic lateral sclerosis, amylosis, acute
painful shoulder, psoriatic, and juvenile arthritis), asthma, atherosclerosis, 0steoporosis,
bronchitis, tendonitis, bursitis, skin inflammation disorders (e.g., psoriasis, eczema, burns,
dennatitié); enuresis, eosinophilic disease, gastrointestinal disorders (e.g., inflammatory
bowel disease (IBD), peptic ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding,
Crohn's disease, gastritis, diarrhoea, irritable bowel syndrome and ulcerative colitis), and
disorders ameliorated by a gastroprokinetic agent (e.g., ileus, postoperative ileus and ileus
during sepsis; gastroesophageal reflux disease (GORD, or its synonym GERD); eosinophilic
esophagitis, gastroparesis such as diabetic gastroparesis; food intolerances and food allergies
and other functional bowel disorders, such as non-ulcerative dyspepsia (NUD) and non-
cardiac chest pain (NCCP)). ‘

[606219] In certain embodiments, the immune disorder is a gastrointestinal disorder. In
some embodiments, the the immune disorder is inflammatory bowel disease (IBD), peptic
ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding, Crohn's disease, gastritis,
diarrhoea, irritable bowel syndrome and ulcerative colitis. In other embodiments, the
immune disorder is inflammatory bowel disease (IBD).

[00220] In certain embodiments, the immune disorder is a skin inflammation disorder.
In some embodiments, the the immune disorder is psoriasis, eczema, bums or dermatitis. In
yet other embodiments, the the immune disorder is psoriasis.

[00221] In certain embodiments, the FAAH-mediated disease, disorder or condition is
anxiety. “Anxiety,” as used herein, includes, but is not limited to anxiety and anxiety
disorders or conditions, such as, for example, clinical anxiety, panic disordér, agoraphobia,
generalized anxiety disorder, specific phobia, social phobia, obsessive-compulsive disorder,
acute stress disorder, and post-traumatic stress disorder; and adjustment disorders with

anxious features, anxiety disorders due to general medical conditions, and substance—induced
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anxiety disorders. This treatment may also be to induce or promote sleep in a patient (e.g,,
for example, a patient with anxiety).

[00222] In certain embodiments, the FAAH-mediated disease, disorder or condition is
a sleep disorder. “Sleep disorders” include, but are not limited to, insomia, sleep apnea,
restless legs syndrome (RLS), delayed sleep phase syndrome (DSPS), periodic limb
movement disorder (PLMD), hypopnea syndrome, rapid eye movement behavior disorder
(RBD), shift work sleep disorder (SWSD), and sleep problems (e.g., parasomnias) such as
nightmares, night terrors, sleep talking, head banging, snoring, and clenched jaw and/or
grinding of teeth (bruxism).

[60223] In certain embodiments, the FAAH-mediated disease, disorder or condition is
depression. “Depression,” as used herein, includes, but is not limited to, depressive disorders
or conditions, such as, for example, major depressive disorders (unipolar depression),
dysthymic disorders (chronic, mild depression) and bipolar disorders (manic—depression).
The depression may be clinical or subclinical depression.

[00224] In certain embodiments, the FAAH-mediated disease, disorder or condition is
feeding behavior. “Feeding behavior,” as used herein, includes but is not limited to, eating
disorders (e.g., anorexias and cachexias of various natures, over-eating leading to obesity),
weight loss associated with cancer and other wasting conditions. The compounds disclosed
herein can also be used to reduce body fat and for treating or preventing obesity in a
mammal. The compounds disclosed herein can also be used for preventing or treating the
diseases associated with these health conditions.

[00225] In certain embodiments, the FAAH-mediated disease, disorder or condition is
a movement disorder. In other embodiments, the FAAH-mediated disease, disorder or
condition is glaucoma. In yet other embodiments, the FAAH-mediated disease, disorder or
condition is neuroprotection. In still yet other embodiments, the FAAH-mediated disease,
disorder or condition is cardiovascular disease.

[00226] In certain embodiments, the above methods provide administering a
compound of formulae formulae (E), (If) or (), or a pharmaceutically acceptable form
thereof, to a patient in need thereof. In some embodiments, the above methods provide
administering a compound of formulae (I), (II) or (III), or a pharmaceutically acceptable
form thereof, as provided in Tables 1, 2 or 3. In other embodiments, the above methods
provide administering a compound of formulae (I), (II) or (IIf), or a pharmaceutically

acceptable form thereof, as provided in Tables 1, 2 or 3, having a K; of less than or equal to
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0.01 microM or having a K; of between 0.01 microM and 0.1 microM (i.e., compounds with
activities designated “A” or “B”). In yet other embodiments, the above methods provide
administering a compound of formulae (I), (£I) or (III), or a pharmaceutically acceptable
form thereof, as provided in Tables 1, 2 or 3, having a K; of less than or equal to 0.01 microM

(i.e., compounds with activities designated “A”).

6. Administration

[00227) The inventive compounds may be administered using any amount and any
route of administration effective for treatment. The exact amount required will vary from
subject to subject, depending on the species, age, and general condition of the subject, the
severity of the infection, the particular composition, its mode of administration, its mode of
activity, and the like. The compounds of the present invention are typically formulated in
dosage unit form for ease of administration and uniformity of dosage. It will be understood, -
however, that the total daily usage of the compositions of the present invention will be
decided by the attending physician within the scope of sound medical judgment. The specific
therapeutically effective dose level for any particular subject or organism will depend upon a
varlety of factors including the disease, disorder, or condition being treated and the severity
of the -disorder; the activity of the specific active ingredient employed; the specific
composition employed; the age, body weight, general health, sex and diet of the subject; the
time of administration, route of administration, and rate of excretion of the specific active
ingredient employed; the duration of the treatment: drugs used in combination or coincidental
with the specific active ingredient employed; and like factors well known in the medical arts.

- [06228] The inventive compounds and compositions of the present invention may be
administered by any route. In some embodiments, the inventive compounds and
compositions are administered via a variety of routes, including oral, intravenous,
intramuscular, intra—arterial, intramedullary, intrathecal, subcutaneous, intraventricular,
transdermal, interdermal, rectal, intravaginal, intraperitoneal, topical (as by powders,
ointments, creams, and/or drops), mucosal, nasal, bucal, enteral, sublingual; by intratracheal
instillation, bronchial instillation, and/or inhalation; and/or as an oral spray, nasal spray,
and/or aerosol. Specifically contemplated routes are systemic intravenous injection, regional
administration via blood and/or lymph supply, and/or direct administration to an affected site.
In general the most appropriate route of administration will depend upon a variety of factors

including the nature of the agent (e.g., its stability in the environment of the gastrointestinal
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tract), the condition of the subject (e.g., whether the subject is able to tolerate oral
administration), efc. At present the oral and/or nasal spray and/or aerosol route is most
commonly used to deliver therapeutic agents directly to the lungs and/or respiratory system.
However, the invention encompasses the delivery of the inventive pharmaceutical
composition by any appropriate route taking into consideration likely advances in the
sciences of drug delivery.

[00229] The exact amount of a compound required to achieve a therapeutically
effective amount will vary from subject to subject, depending on species, age, and general
condition of a subject, severity of the side effects or disorder, identity of the particular
compound(s), mode of administration, and the like. The desired dosage may be delivered
three times a day, two times a day, once a day, every other day, every third day, every week,
every two weeks, every three weeks, or every four weeks. In certain embodiments, the
desired dosage may be delivered using multiple administrations (e.g., two, three, four, five,
six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or more administrations).
[00230] In certain embodiments of the present invention, a therapeutically effective
amount of an inventive compound for administration one or more times a day to a 70 kg adult
human may comprise about 0.0001 mg to about 1000 mg of an inventive compound per unit
dosage form. It will be appreciated that dose ranges as described herein provide guidance for
the administration of inventive pharmaceutical compositions to an adult. The amount to be
administered to, for example, a child or an adolescent can be determined by a medical
practitioner or person skilled in the art and can be lower or the same as that administered to
an adult.

[60231] It will be also appreciated that an inventive compound or composition, as
described above and herein, can be administered in combination with one or more additional
therapeutically active agents.

[00232] By “in combination with,” it is not intended to imply that the agents must be
administered at the same time and/or formulated for delivery together, although these
methods of delivery are certainly within the scope of the invention. The compositions can be
administered concurrently with, prior to, or subsequent to, one or more other additional
therapeutically active agents. In general, each agent will be administered at a dose and/or on
a time schedule determined for that agent. In will further be appreciated that the additional
therapeutically active agent utilized in this combination may be administered together in a

single composition or administered separately in different compositions. The particular
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combination to employ in a regimen will take into account compatibility of the inventive
compound with the additional therapeutically active agent and/or the desired therapeutic
effect to be achieved.

[00233] In general, it is expected that additional therapeutically active agents utilized
in combination be utilized at levels that do not exceed the levels at which they are utilized
individually. In some embodiments, the levels utilized in combination will be lower than
those utilized individually.

[06234] By a “therapeutically active agent™ or “active agent” refers to any substance
that is useful for therapy, including prophylactic and therapeutic treatment.

06235 The invention encompasses the delivery of the inventive pharmaceutical
compositions in combination with agents that may improve their bioavailability, reduce
and/or modify their metabolism, inhibit their excretion, and/or modify their distribution
within the body. It will also be appreciated that the therapy employed may achieve a desired
effect for the same disorder (for example, an inventive compound may be administered in
combination with an anti-inflammatory, anti-anxiety and/or anti-depressive agent, efc.),
and/or they may achieve different effects (e. g, control of any adverse side—effects).

[00236] Exemplary active agents include, but are not limited to, anti~cancer agents,
antibiotics, anti—viral agents, anesthetics, anti-coagulants, inhibitors of an enzyme, steroidal
agents,  steroidal or  non-steroidal anti-inflammatory ~ agents,  antihistamine,
immunosuppressant  agents, anti-neoplastic agents, antigens, vaccines, antibodies,
decongestant,s sedatives, opioids, pain-relieving agents, analgesics, anti-pyretics, hormones,
prostaglandins, progestational agents, anti—glaucoma agents, ophthalmic agents, anti—
cholinergics, anti—depressants, anti-psychotics, hypnotics, tranquilizers, anti-convulsants,
muscle relaxants, anti-spasmodics, muscle confractants, channel blockers, miotic agents,
anti—secretory agents, anti-thrombotic agents, anticoagulants, anti~cholinergics, B—adrenergic
blocking agents, diuretics, cardiovascular active agents, vasoactive agents, vasodilating
agents, anti-hypertensive agents, angiogenic agents, modulators of cell-extracellular matrix
interactions (e.g.  cell growth inhibitors and anti-adhesion  molecules), or
inhibitors/intercalators of DNA, RNA, protein—protein interactions, protein—receptor
interactions, efc. Active agents include small organic molecules such as drug compounds
(e.g.. compounds approved by the Food and Drugs Administration as provided in the Code of
Federal Regulations (CFR)), | peptides, proteins, carbohydrates, monosaccharides,

oligosaccharides, polysaccharides, nucleoproteins, mucoproteins, lipoproteins, synthetic
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polypeptides or proteins, small molecules linked to proteins, glycoproteins, steroids, nucleic
acids, DNAs, RNAs, nucleotides, nucleosides, oligonucleotides, antisense oligonucleotides,
lipids, hormones, vitamins and cells.

[00237] In certain embodiments, the additional therapeutically active agent is a pain-

relieving agent. In other embodiments, the additional therapeutically active agent is an anti-

inflammatory agent.

7. Methods of Determining Biological Activity

[00238] Methods of determining the activity of compounds of the present invention for
various therapeutic uses are well known in the art. These include, but are not limited to, high
throughput screening to find compounds that bind to and/or modulate the activity of isolated
FAAH, as well as animal and cellular models of therapies.

{00239] The assays for compounds described herein are amenable to high throughput
screening. Assays useful for screening the compounds of the present invention may detect
the binding of the inhibitor to FAAH or the release of a reaction product (e.g., fatty acid
amide or ethanolamine) produced by the hydrolysis of a substrate such as oleoylethanolamide
or ananadamide. The substrate may be labeled to facilitate detection of the released reaction
products. U.S. Pat. No. 5,559,410 discloses high throughput screening methods for proteins,
and U.S. Pat. Nos. 5,576,220 and 5,541,061 disclose high throughput methods of screening
for ligand/antibody binding.

[00240] Methods for screening FAAH inhibitors for an antinociceptive effect are well
known to one of ordinary skill in the art. For instance, the test compounds can be
administered to the subject animals in the mouse hot-plate test and the mouse formalin test
and the nociceptive reactions to thermal or chemical tissue damage measured (for example,
see U.S. Pat. No. 6,326,156 which teaches methods of screening for antinociceptive activity;
see also Cravatt et al. Proc. Natl. Acad. Sci. U.S.4. (2001) 98:9371-9376).

[00241} Two pharmacologically validated animal models of anxiety are the elevated
zero maze test, and the isolation—induced ultrasonic emission test. The zero maze consists of
an elevated annular platform with two open and two closed quadrants and is based on the
conflict between an animal's instinct to explore its environment and its fear of open spaces,
where it may be attacked by predators (see, for example, Bickerdike, M. I. et al., Eur. J.
Pharmacol., (994) 271, 403—411; Shepherd, J. K. et al., Psychopharmacology, (1994) 116,
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56-64). Clinically used anxiolytic drugs, such as the benzodiazepines, increase the
proportion of time spent in, and the number of entries made into, the open compartments.
[00242] A second test for an anti-anxiety compound is the ultrasonic vocalization
emussion model, which measures the number of stress~-induced vocalizations emitted by rat
pups removed from their nest (see, for example, Insel, T. R. et al., Pharmacol. Biochem.
Behav., 24, 1263-1267 (1986); Miczek, K. A. et al, Psychopharmacology, 121, 38-36
(1995); Winslow, J. T. et al., Biol. Psychiatry, 15, 745-757 (1991).

[00243] The effect of the compound of the invention in the treatment of depression can
be tested in the model of chronic mild stress induced anhedonia in rats. This model is based
on the observation that chronic mild stress causes a gradual decrease in sensitivity to rewards,
for example consumption of sucrose, and that this decrease is dose—dependently reversed by
chronic treatment with antidepressants. The method has previously been described and more
information with respect to the test appears from Willner, Paul, Psychopharmacology, 1997,
134,319-329.

[00244] Another test for antidepressant activity is the forced swimming test (Nature
266, 730732, 1977). In this test, animals are administered an agent, preferably by the
intraperitoneal route or by the oral route, 30 or 60 minutes before the test. The animals are
placed in a crystallizing dish filled with water and the time during which they remain
immobile is clocked. The immobility time is then compared with that of the control group
treated with distilled water. Imipramine 25 mg/kg. can be used as the positive control. The
antidepressant compounds decrease the immeobility time of the mice thus immersed.

[00245] Another test for antidepressant activity is the caudal suspension test on the
mouse (Psychopharmacology, 85, 367370, 1985). In thxs test, animals are preferably treated
with the study compound by the intraperitoneal route or by the oral route 30 or 60 minutes
before the test. The animals are then suspended by the tail and their immobility time is
automatically recorded by a computer system. The immobility times are then compared with
those of a control group treated with distilled water. Imipramine 25 mg/kg can be used as the
positive control. Antidepressant compounds decrease the immobility time of the mice.
[00246] Animals models are available to one of ordinary skill in the art for studying
anticonvulsant activity of test compounds. See for instance, U.S. Pat. No. 6,309,406 and U.S.
Pat. No. 6,326,156 which describe methods for performing such tests.

[00247] Inhibition of FAAH has been reported to induce sleep in test animals (U.S.
Pat. No. 6,096,784). Methods for studying sleep inducing compounds are well known to one

165



\\> X0A11-271 11-272 JO0-CO 111 A0 110 --;--"-=----- | --.-
11-273 11-274 =0-41102/0Xil0A=Ckal =c.)

WO 2008/063300 PCT/US2007/021626

of ordinary skill in the art. In particular, methods for testing the ability of a FAAH inhibitory
compound to induce sleep or treat insomnia are disclosed in U.S. Pat. No. 6,096,784 and U.S.
Pat. No. 6,271,015. Most obviously, the compounds can be administered to a test animal
(e.g., rat or mouse) or a human and the subsequent time (e.g., onset, duration) spent sleeping
(e.g., eyes closed, motor quiescence) can be monitored. See also WO 98/24396.

[00248] Methods for screening FAAH inhibitors which induce catalepsy are also well
known to one of ordinary skill in the art. See Quistand et al. in Toxicology and Applied
Pharmacology 173: 48-55 (2001). See Cravatt et al. Proc. Natl. Acad. Sci. U.S.A. 98:9371—
9376 (2001).

[00249] Methods of assessing appetitive behavior are known to one of ordinary skill in
the art. For instance, Maruani et al. (U.S. Pat. No. 6,344,474) teach two such assays. One
method of assessing the effect on appetite behavior is to administer a FAAH inhibitor to a rat
and assess its effect on the intake of a sucrose solution. This method is taught in W. C.

Lynch et al., Physiol. Behav., 1993, 54, 877-880.

8. Covalent Complex Formation between Serine-241 of FAAH and Boronic Acid Inhibitors
[00250] Compounds provided by the present invention form reversible covalent
complexes with the nucleophilic side chain of Ser-241 FAAH.

[00251] Thus, the present invention also provides compounds of formulae (I), (II) or

(IIX), as described above and herein, associated with (e.g., complexed with) a serine residue

of a protein:

Res; RY,
21
S e B—L! X—RA
Res,
(I)-complex
ReS1 (R1 )n
o
Ser--------m--- g—1
l /
22
Res,

(I)-complex
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Res, (R1)n (RZ)m
N
Ser--------- B—1L w X B
RESZ

(IIT)-complex

[00252] wherein Resi—Ser—Res; is a protein having a length between about 400 to
about 600 residues.

[00253] By “Ser” is meant a serine residue. In certain embodiments, Ser is Seryq; of
FAAH protein. In some embodiments, the protein is rat FAAH. In other embodiments, the
protein is human FAAH (SEQ ID NO. 1). In certain embodiments, the active site of the
protein has a Lys at 142; a Ser at 217; and a Ser at 241. In certain emboduments, the
compound binds at Ser,q;.

[00254] By Res; is meant the residue(s) closer to the N-terminus than Ser. By Res; is
meant the residue(s) closer to the C-terminus than Ser. In certain embodiments, Res; has a
serine residue that is 24 amino acids closer to the N terminus than (Ser) and a lysine residue

that is 99 amino acids closer to the N terminus than (Ser).

[00255] In certain embodiments, Z' and 7> are both —OH. Thus, in certain
embodiments, the compound is a boronic acid compound.

[00256] In certain embodiments, Ring A is an optionally substituted phenyl.

[00257] For example, in certain embodiments, the present invention provides

compounds of formulae (IIi-a), as described above and herein, associated with a serine

residue of a protein:

(RY)n

Res;,
z! —l-—

)

@~ ———— /
A N\ A,
\RA

Res, .

(IfI-a)-complex
[66258] In certain embodiments, Ring A is a substituted phenyl comprising at least one

fluorine substitutent. In certain embodiments, n is 1 and R! is fluorine. In certain

embodiments, R' is orthe to the boron atom.
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[00259] In other embodiments, Ring B is an optionally substituted phenyl. For
example, in certain embodiments, the present invention provides compounds of formulae
(III-b), as described above and herein, associated with a serine residue of a protein:

(RY),

Ser=emmmmmmem——- B X
I 21/ \ / \/(Rz)m

Res, / N

(IIi-b)-complex

[066260] In certain embodiments, Ring B is a substituted phenyl comprising at least one
fluorine substitutent. In certain embodiments, m is 1 and R? is fluorine. In certain

embodiments, R” is meta to the linker group X.

9. Methods of Synthesis

[00261] A number of methods are known in the art to synthesize the compounds of the
present invention. A common method of synthesizing boronate esters is the reaction of an
organometallic species with an organic borate, such as trimethyl borate. Common
organometallic species include, but are not limited to, alkyl lithium and Grignard reagents.
Other methods for the synthesis of boronates are employed when the boronate contains
sensitive functionality that may not tolerate alky! lithium reagents or Grignard reagents.
These methods include palladium coupling reactions of aryl or akenyl halides and
diboronates or dialkoxy boranes and hydroboration of alkenes or alkynes. Using these
methods a diverse collection of boronates can be synthesized. Boronates can be readily
transformed in to boronic acids by hydrolyzing the boronate under aqueous acidic conditions
using a suitable acid. Suitable acids include, but are not limited to HCI, H,SO4, and HBr.
Another method of hydrolyzing boronates is an oxidative hydrolysis employing an oxidizing
agent, such as NalOy4, as exemplified in Example 5. The boronic acid compounds of the
present invention readily form boronic esters when exposed to alcohols.  The resulting
boronic esters may also be used in the methods of the present invention. Cyclic boronates are
formed when certain diols (e.g., 1,2~ and 1,3—diols) are used. Boronic acid compounds of the
present invention readily form oligomeric anhydrides by dehydration of the boronic acid

moiety to form dimers, trimers, and tetramers, and mixtures thereof. These species in the
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presence of water and under physiological conditions convert back to the boronic acid by

hydrolysis.

Exemplification
[00262] The invention now being generally described, it will be more readily
understood by reference lto the following examples, which are included merely for purposes
of illustration of certain aspects and embodiments of the present invention, and are not

intended to limit the invention.

Example 1.
[00263] Synthesis of 3,4'-difluorobiphenyl—4-ylboronic acid H

F
PA(PPhy),Clo, Br F Br
Br HO NaHCOz)z ‘ O O
o uliily Vo =i + ,
Br F HO O O
F E
2 3 4 5

A
%

Pdy(DBA);,
Br O P(Cy)s, KOAC
O_ o . -
AN + B _B'O’ ]
| o
- s
F 4 6
NalQy,
f NH,OAc £ OH
o™
LT

[00264] Compound (5): In an oven—dried 100 mL round bottom flask boronic acid 3

(1.00 g, 1.0 eq.) was added, followed by dibromobenzene 2 (3.60 g, 2.0 eq) and palladium
reagent (150 mg) were dissolved in dioxane to give a yellow solution. Sodium bicarbonate
aqueous solution (2 M, 14 mL) was added causing a beige suspension to form. The
suspension was heated at 80 °C for 20 h. The reaction was evaporated to dryness and the
residue partitioned between EtOAc (75 mL) ahd water (25 mL). The layers were separated

and the organic layer washed with brine, dried over magnesium sulfate, filtered and
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evaporated to a yellow oil. The oil was chromatographed with hexanes to yield 1.07 g (57%
yield) of 4 as a white solid and 528 mg (30% yield) of 5 as a white solid.
[00265] Compound (7): Palladium reagent (61 mg, 0.12 eq) and
tricyclohexylphosphine (70 mg, 0.28 eq) were dissolved in dioxane under an Ar atmosphere

and stirred for 30 min at rt. To the red solution the boron reagent 6 (246 mg, 1.1 eq),
potassium acetate (130 mg, 1.5 eq) and biphenyl bromide 4 (237 mg, 1.0 eq.) were added in

that order. The deep red solution was then heated at 80 ©C for 72 h during which time it

turned a green color. LCMS shows incomplete reaction, so new portions of Pdy(dba)3 and
(CgHy1)3P were added and heating continued for another 24 h. Reaction was cooled to rt and

treated with water (7 mL), extracted with EtOAc (3 X 35 mL). The organic layers were
combined, washed with brine (25 mL), dried over magnesium sulfate, filtered and evaporated
to a dark brown oil. The oil was chromatographed with 9:1 Hexanes/Ethyl Acetate to result in
isolation of a white solid to yield 66 mg (27% yield) of 7 as a white solid. \

[00266] Compound (1): The boronate ester 7 (66 mg, 1.0 eq), sodium periodate (130
mg, 3.0 eq) and ammonium acetate (48 mg, 3.0 eq) were dissolved in acetone/water 2:1 (12
mL/6 mL) and stirred for 48 h until LCMS indicated reaction was complete. The reaction was
then evaporated to a white solid which was taken up in water and acidified with 1 N HCI. The
suspension was extracted with EtOAc and the organic layer washed with brine, dried over
magnesium sulfate, filtered and evaporated to a white solid which was triturated with hexanes

to result in isolation of 20 mg (40% yield) of the desired product 1. MS (ESI(-)) m/e 233.01
(M-H).

Example 2.

[60267] Synthesis of compound (8): Compound 8 may be synthesized using the same

procedure described in Example 1 using compound 5 in place of 4. MS (ESI(-)) m/e 233.04
(M-H).

OH
B\OH
A2
8
Example 3.
10006] Compound 9 was synthesized according to the procedure described in Example 1

using 3—fluorophenylboronic acid in place of 3. MS (ESI(~)) m/e 233.04 (M—H).
1700
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Example 4.

[00067) Compound 10 was synthesized according to the procedure described in Example 1

using 2~fluorophenylboronic acid in place of 3. MS (ESI(-)) m/e 233.04 (M-H).
F OH

F O B-on

10
Example 5.

[0008] Compound 11 was synthesized according to the procedure described in Example 1

using 4-Bromo—4’-methoxybiphenyl in place of 4. MS (ESI(-)) m/e 227.03 (M-H).

L
~o

11
Example 6.

[0009] Compound 12 was synthesized according to the procedure described in Example 1

using 4-Acetoxy—4’-bromobipheny! in place of 4. MS (ESI(-)) m/e 256.09(M-H).

12
Example 7.

[0010] Compound 13 was synthesized according to the procedure described in Example 1
using 4-Benzoyl-4’~bromobipheny! in place of 4. MS (ESI(-)) mv/e 301.10 (M-H).
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Example 8.

[6011] Compound 14 was synthesized according to the procedure described in Example 1
using 4-Bromo—4’—n-propylbipheny! in place of 4. MS (ESI(-)) m/e 239.09 (M—H).
[0012]

Example 9.

[6013] Compound 15 was synthesized according to the procedure described in Example 1
using 4-Bromo—4’—tert-butylbipheny! in place of 4. MS (ESI(-)) m/e 253.11 (M~H).

QH
& Beon
BN 2
_

15
Example 10.

16014} Compound 16 was synthesized according to the procedure described in Example 1
using 4-Acetyl-4’~bromobiphenyl in place of 4. MS (ESI(-)) m/e 240.04 (M-H).

QH
-~
[e]
16

172



D H-303 11-304 /17VV AFHNONO--D * A11-305 1-306_ WO
2008/063300PCT/1JS2007/021626 TABLE 2 Compound Activity

wGompawueh Activity 0 \\ O N-,. PCT/US2007/021626
Example 11. .
[0015) Synthesis of 5'(trifluoromethyl)biphenyl-3—ylmethylboronic acid an.
Oy, -OH
ﬁ/
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[6016] Compound (20): The carboxylic acid 19 (500 mg, 1.0 eq) and triethylamine (0.5
mL, 2.0 eq) were dissolved in THF and cooled in an ice-bath. To the clear solution the
isobutyl chioroformate 18 (0.4 mL, 1.5 eq) was added causing a white precipitate to form.
The suspension was stirred for 2 h while warming to rt. The suspension was filtered ’and the
collected solid washed with THF (10 mL). The filtrate was then cooled in an ice—bath and
solid sodium borohydride (400 mg, 6.0 eq) was added and the suspension stirred for 1 h with
continued cooling. Then water (1 mL) was added and the reaction allowed to stir and warm to
rt overnight. The reaction was treated with HCI (1 N, 5 mL)and diluted with of EtOAc (30
mL). The biphasic mixture was separated and the organic phase washed with saturated
sodium bicarbonate solution (10 mL), water (10 mL) and brine (10 mL). The organic layer

was then dried over magnesium sulfate and evaporated to a clear oil. The oil was
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chromatographed with 10% EtOAc/ 90% hexanes to result in isolation of 410 mg (87% yield)
of 20 as a clear oil.

[0017]  Compound (21): The benzyl alcohol 20 (410 mg, 1.0 eq) was dissolved in of
THF (10 mL) and cooled in an ice bath. To the clear solution phosphorous tribromide (0.18
mL, 1.2 eq), dissolved in THF (5 mL) was added dropwise. The clear solution was stirred for
2.5 h with continued cooling. The reaction mixture was poured into water (20 mL) and
diluted with EtOAc (20 mL). The layers were separated and the organic layer washed with
brine (10 mL), dried over magnesium sulfate and evaporated to a clear oil 21. The oil was
used in the next step without further purification. ;

[0018] Compound (22): Biphenyl bromide 21 (510 mg, 1.0 eq), boron reagent 6 (490
mg, 1.2 eq), palladium reagent (110 mg, 0.1 eq), and potassium carbonate (670 mg, 3.0 eq)
were all placed in an oven—dried flask under an Ar atmosphere in dioxane. The resulting
yellow suspension was then heated to 80 °C and stirred for 36 h. The now dark solution was
diluted with EtOAc (50 mL) and water (25 mL). The layers were separated and the organic
layer washed with brine (25 mL), dried over magnesium sulfate, filtered and evaporated to a
yellow oil. The oil was chromatographed with 95:5 hexanes/ethyl acetate to yield 55 mg (9%
yield) of the desired product 22.

[0019] Compound (17): The boronate ester 22 (55 mg, 1.0 eq), sodium periodate (110
mg, 3.0 eq) and ammonium acetate (40 mg, 3.0 eq) were dissolved in acetone/water 2:1 (12
ml./6 mL) and stirred for 48 h until LCMS indicated reaction was complete. The reaction was
then evaporated to a white solid which was taken up in water and acidified with 1 N HCL. The
suspension was extracted with EtOAc and the organic layer washed with brine, dried over
magnesium sulfate, filtered and evaporated to a white solid which was triturated with hexanes

to result in isolation of a white solid upon filtration to yield 8 mg (16% yield) of the desired
product 17.

Example 12.
{0620} Compound 23 was synthesized according to the procedure described in Example

11 using 4'-Trifluoromethyl [1,1'-biphenyl}-3—carboxylic acid in place of 3'-Trifluoromethyl
[1,1-biphenyl}-3-carboxylic acid.
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23
Example 13,
[0021] Synthesis of 4-benzamidophenylborenic acid (29)
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[0022] Compound (26): The boronate ester 24 (500 mg, 1.0 eq) was dissolved in DCM
(10 mL). To the solution triethylamine (0.60 mL, 1.5 eq) and benzoyl chloride 25 (0.29 mL,
1.1 eq) were added and the solution stirred for 3 h at which time LCMS indicated complete
reaction.. The solution was then washed with water, 1 N HCI, 5% NaHCO;, water and brine.
The organic layer was dried over magnesium sulfate, filtered and evaporated to a white solid
which was crystallized from ethyl acetate to give the desired product 26 as 420 mg (57%
yield) of a white solid.

{0023] Compound (27): Compound 27 was synthesized as described in Example 1 Part
C starting with boronate ester 26. MS (ESI(-)) m/e 240.01 (M-H).

[0024] Compound (28): The boronate ester 26 (200 mg, 1.0 eq) was dissolved in THF
(5 mL) and cooled in an ice~water bath. To the cooled solution sodium hydride (30 mg, 1.2
eq) was added and stirred for 30 min with continued cooling. Then methyl iodide (132 mg,
1.5 eq) was added and the reaction stirred for 16 h. The reaction was quenched with water
and diluted with EtOAc. The layers wére separated and the organic layer dred over
magnesium sulfate, filtered, and evaporated to a yellow oil. The oil was chromatographed on
silica gel with hexanes/ethyl acetate (0-80% in 20% gradients) to result in isolation of 52 mg
of 28 as a beige solid.

[6025] Compound (29): The boronate ester 26 (52 mg, 1.0 eq), sodium periodate (100
mg, 3.0 eq) and ammonium acetate (40 mg, 3.0 eq) were dissolved in acetone/water 2:1 (1
mL/0.5 mL) and stirred for 24 h at rt, until TLC indicated reaction was complete. The
reaction was then evaporated to a white solid which was taken up in water and acidified with
I N HCl. The suspension was extracted with EtOAc and the organic layer was washed with
brine, dried over magnesium sulfate, filtered and evaporated to a white solid which was
chromatographed (DCM/MeOH; 0%—3% in 0.5% gradients every 50 mL) to give 29 (30 mg;
20% yield) as a white solid. MS (ESI(-)) m/e 254.05 (M-H).
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Example 14.

[0026]  Compound 30 was synthesized according to the procedure described in Example
13 Part A by replacing benzoyl chloride with 2-phenylacetyl chloride.

Example 15,

[6027] Compound 31 was synthesized according to the procedure described in Example
13 Part B by replacing Compound 26 with Compound 30. MS (ESI(-)) m/e 254.05 (M-H).

HO\B/OH
‘ oi ©NH
31
Example 16.
[0028] Synthesis of 4—((4—ﬂu0ro—3—methylbenzyioxy)carbonyl)phenylbemnic acid
(35).
OAB,Q B B
Cs,COx/OMF
+
07 OH e ool
33 ‘Q)
32 F
34
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1001701In certain embodiments, the present invention provides a
compound of formulae (1), (1) or (Ill), or a pharmaceutically acceptable
form thereof, as provided in Table 2. In some embodiments, the gresent
W%%ﬁé’ﬁ%ﬁ%ovides a compound of formulae (1), (1) or (111, ol?%T/L 2007/021626
pharmaceutically acceptable folio thereof, as provided in Table 2 having a
K1 of less than or equiLjh0.0l microM or having a K1 of between 0.01
microM and 0.1 microb{¢.e., a compound with activ'rty\éieshmated "A" or
"B"). In some embodiménts, the present invention provides a compound of
formulae (1), (I1) or (1), gr a ph&m@t:&tgtimlly acceptf@blé form thereof, as
provided in Table 2 having a K1 ofleSsthan.or equal t§ 0.01 mieroM (i.e.,
compounds with activftie® "A"). In certain embodimeniS;the present
invention provid compound of formulae (1), (IIT), ora
pharmaceuticalléf eptable form thereof, selec rom the any one of
the following compounds set forth in Table 3: WO
2008/063300PCMJS20071021626 TABLE3 FHOHO011,.5,:-110H
01111110110 4

35

{0029] Compound (34): Boronate ester 32 (500 mg, 1.0 eq), benzyl bromide 33 (450 mg, -
1.1 eq) and cesium carbonate(920 mg, 1.4 eq) were dissolved in anhydrous DMF and stirred
for 3 h at rt. The reaction was diluted with EtOAc (25 mL). The solution was then washed
with water, 5% NaHCOs, water and brine. The organic layer was dried over magnesium
sulfate, filtered and evaporated to a white solid which was purified via column
chromatography (hexanes) to give 34 (320 mg, 43% yield) as a white solid.

[6030] Compound (35): The boronate ester 34 was cleaved as described in Example 13
Part D to give boronic acid 35 as a white solid (79% yield). MS (ESI(-)) m/e 287.08 (M—-H).

Example 17.
{0031] Synthesis of 4—(benzylsulfonyl)phenylborenic acid (43).

HO 0.0
,B~©~SH + }—k/ — B
HO OHOH

B

\ /%
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<+ ————
S
38 338 é

40

w
X
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[0032] Compound (38): Boronic acid 36 (535 mg. 1.0 eq) and pinacol 37 (430 mg, 1.0
eq) were dissolved in diethyl ether (10 mL) at rt. To the solution magnesium sulfate was
added and the reaction stirred overnight at rt. The reaction was filtered and the magnesium
sulfate washed with ether. The filtrate was evaporated to give 38 (790 mg; 96% yield) as a
beige solid.

[0033] Compound (40): Benzyl bromide 39 (0.10 mL, 1.1 eq) and Hunig's base(0.30
mL, 2.0 eq) were dissolved in THF (5 mL) to which thiol 38 (200 mg, 1.0 eq.) was added and -
the reaction stirred overnight at rt. The reaction was then diluted with EtOAc (50 mL),
washed with water and brine, dried over magnesium sulfate and evaporated to a pale yellow
oil which was chromatographed with hexanes/EtOAc(100% to 80% hexanes in 5% gradients
every 100 mL) to give 40 (105 mg; 38% yield) as a clear oil.

[0034] Compound (41): The boronate ester 40 was cleaved as described in Example 13
Part D to result in isolation of boronic acids 41 (38% yield; MS (ESI(-)) m/e 243.12 (M~H))
and 42 (12% yield; MS (ESI(-)) m/e 259.10 (M~H)) as white solids.

[0035] Compound (43): Sulfide 41 (40 mg, leq) was dissolved in MeOH (1 mL) and
cooled in an ice water bath. To the solution of oxone (50 mg, 1 eq) dissolved in water (100
nL) was added dropwise which formed a white suspension. Then another portion of oxone
(50 mg, 1 eq) dissolved in water (100 uL) was added. The suspension was stirred for 2.5 h
while warming to rt. The suspension was treated with a 10% aqueous solution of Na,$S,0; (2

mL.) solution and then diluted with water (5 mL). The solution was extracted with DCM 2X
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10 mL) and evaporated to a white solid which was chromatographed with DCM/methanol (1
% increments every 100 mL from 0% MeOH to 5% MeOH) to result in isolation of a white
solid which was dissolved in acetonitrile/water and lyophilized to 12 mg (27%) of 43 as a
white solid. MS (ESI(-)) m/e 275.11 (M~-H).

Example 18.
10036] Synthesis of 4—(phenylthiomethyl)phenylboronic acid (47) and 4—
(phenylsulfinylmethyl)phenylboronic acid (48).

1y -

O_0o B’

SH !
©v x DIEATHF
« i A—
~
S
Br ©
44 45 46

‘j‘é HO.;.OH  HO._.OH

B
S
[ =
Na ]O4/N H.OAC
. + . o)

46 47 48

[0037] Compound (46): Benzy! bromide 45 (200 mg,1.0 eq) and Hunig’s base (0.24 mL,
3.0 eq.) were dissolved in THF (5 mL) to which the thiol 44 (0.07 mL, 1.0 eq) was added and
the reaction stirred overnight at rt. After about 30 min the solution became a cloudy white
suspension. The reaction was diluted with EtOAc (50 mL), washed with water and brine,
dried over magnesium sulfate and evaporated to a clear oil which was chromatographed with
hexanes/EtOAc (100% to 80% hexanes in 5% gradients every 100 mL) to give 46 (135 mg, 6
1% yield) as a clear oil.

[0038] Compounds (47) and (48): The boronate ester 46 was cleaved as described in
Example 13 to result in isolation of boronic acids 47 (27 % yield) MS (ESI(-)) m/e 243.09
(M—H) and 48 (30 % yields) MS (ESI(-)) m/e 259.11 (M~H) as white solids.
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Example 19.
[06039] Synthesis of 4~(methyl(phenyl)carbamoyljphenylborenic acid (51)
0 HO.;.OH
= E Ci P N
HO--0. 5 HN DOM ®
OH + S
= 07 N7
07 Cl
49 50 51

[6040] Boronic acid anhydride 49 (200 mg, 1.0 eq) and amine 50 (0.25 mL, 4.0 eq) were
suspended in DCM and stirred overnight at rt. The reaction was diluted with EtOAc, and
water was added and the reaction was stirred for 10 min. The layers were separated and the
organic layer washed with brine, dried over magnesium sulfate, filtered and evaporated to a
yellow oil. The oil was chromatographed with DCM/methanol to give a white solid which
was dissolved in acetonitrile water and lyophilized to give 40 mg (28% yield) of 51 as a
white solid. MS (ESI(-)) m/e 254.08 (M-H).

Example 20,

[0041} Synthesis of Hmethyl{phenethyl)carbamayl)pheny&bnmnic acid (53).
O

4g 52 53
[0042] Boronic Acid 53 was synthesized in the manner described in Example 19 by
substituting amine 52 for amine 50 to result in isolation of 5 mg (3 % yield) of 53 as a white
solid. MS (ESI(-)) m/e 282.11 (M~H).
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Example 21.
[0043] Synthesis of 4—(dibenzylcarbamoyl)phenylboronic acid (55).

O

OH
HO'B'O'B X HN 0
OH + e N

Fa e

49 54 55
[0044] Boronic Acid 55 was synthesized in the manner described in Example 18 by
substituting amine 54 for amine 50 to result in isolation of 5 mg of 55 as a white solid

(100mg, 52% yield). MS (ESI(-)) m/e 344.12 (M-H).

Example 22.
[06045] Synthesis of 4((4—chloro—3-methylphenoxy)methyl)phenyiboronic acid (58).

O,
wLF 50
O,
OH B’o
; N CsF
+
= THF Q
Ci
Br
56
45 Ci
57
0, HO,
B’O B,OH
Na IOA

o et o
i NH/OAc i
ol ¢l

57 58

[0646] Compound (57): Phenol 56 (392 mg, 3.5 eq) was dissolved in THF (10 mL),
cesium fluoride on Celite (695 mg, 3.5 eq) was added, and then boronate ester 45 (233 mg,
1.0 eq ) was added. Heated for 40 h, filtered and concentrated. Ran silica column with
hexanes, and then 10:1 hexanes:EtOAc, then 5:1. Isolated 158 mg (56% yield) of 57 as a
beige solid.
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wpregsivieention provides a compound of formula A: 22 A wdhensino7/02426
and Z.2 independently for each occurrence represent hydroxy, alkoxy,

[0047AryloxyeapsuatkysRYy TRE BordnstZatakeningahior o ameieth d8ixsse 13
fr d having at least two hydroxy

m a dihydroxyl compou oxyl groups
o res ) S TR RD DG Haroh SO Ein A g 8
(M—Fhain or ring comprising carbon atoms and optionally one or more
heteroatoms independently selected from the group consisting of N, S,
and0;nis0,1,2,3,0r4;mis0,1, 2,3,4,or5; Xis a bond, 0, S,
ExanB22TR4AR5, 0CR4R), cRiaso, scR4R5, cR4R5s, NR3cR4R5, or

R4R.S5I\TR3; for each occurrence is independently halide, alkyl,
mﬂ“%erhggg ;?ﬁl%ﬂgo%(—ﬁ)%F%ﬁﬁ‘é’f@ﬁwe“ﬂ%{%f%ﬂ ddurrence is
independently halide, alkyl, perhaloalkyl nitro, alkoxy,trihaloalkoxy,
aryloxy, carboxy, amido, ester, pr JNR4CO2R5; %RZ on adjacent
carbons taken together form a B=Amembered optioBally substituted ring
which contains 0-3 bateroatom%g@lected from the/gR
0,and S; and of R3, and R&sfor each~g€currence is
independently H, alkyl, aréllcyl |, ester,”or amigdd. 1001721In certain
embodiments, Z1 and Z2 groupg of fornitia A areéach hydroxyl. In other

embodiments, the present inV&ntion provides a §onjpound selected from

the group consistiri§ of: WO 20081063300PCT/US2007/021626
60

HO, _oH

o
B’O 8
@ NalO,4 @
o NH,OAc 0
I AN
P

60 81

[0049] Compound (60): The boronate ester 60 was synthesized as described in Example
21 by replacing phenol 56 with phenol 59 to result in isolation of 61mg (58 % yield) of 60 as
a white solid.

[06050] Compound (61): The boronate ester 60 was cleaved as described in Example 13
Part D to result in isolation of boronic acid 61 (20% yield) as a white solid. MS (ESI(-)) m/e
227.05 (M—H).

Example 24.
[06051] Synthesis of 4~(3—fluoro—4-methylphenoxy)phenylboronic acid (62).

OH o
Beo Z Cu(OAC),, MS 4A /(;/ \©\
/Q/ /©/ =0 Et;N, DCM I O?‘O
F HO )&
63 64 65
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HO,B40H F , and 4. Pharmaceutically acceptable compositions and

formulations [00173]In certain embodiments, the present invention
W?%\G%g&ﬁ harmaceutical composition comprising a compq,lémrgjurgl;007f/021 626

ormulae (1), (1) or (Il), or a pharmaceutically acceptable form thereof, an

a pharmaceutically acceptable excipient. [00174]In some embodiments,

the presegt/@mtﬁ@;ovides a harmaceumn ifion comprising a
o] R4 (NHHOA
compoundofformulége (¥, orﬁi&br—&p& euti @%eptable
form thereof, &s provide(?igﬁablé%*“’_l??’?%r 3, and a pharmaégButically-
acceptable excipignt. In other embodiments, the present invention
provides a phamiaceutical composition comprising a compound of
formulae (1), (H) Or (HI), or a pharmaceutically acceptable form thereof, as
[Oﬁsnrovideddflrc]@&kaﬁgélcl &?ﬂé ghkaving 8 d¢hef @as i%ﬁi@l@ll eqy@dcg)%@; (83 mg,
microM ot havi of between 0,01 microM and 0.1 microM (i.e.
L e BRI P B S P OASTE PoBS 35 1 AR By

mixtaeceptdiiecaxcifienENN Yetdth &l pwbdbimenisdieD6e SeM [0\VIRONS eq).

rovides.a pharmaceutical compQsiti mprising, a compoungd of
e PO 6 1 SR ackica BB ort agrast; Je
reactprovideddnviablesdd BronghHzatingSd IQhefliEssdhan onggdalbit B@IAc. The
' €. ds with _activities designated "A") and a
o e L B raamd o
chropeéegaplisivéiBHOg o idescenghdiom A0ulitabed mpdiitibpaciatip psieglesired
prodGaee nd of formulae (1), (I1) or (Ill), or a pharmaceutically acceptable
form WO 2008/063300PCT/US2007/021626 thereof, and a
[0053harnbesetrie sHiraee éplapie braipkeatinnbredrirsasatonsypienid Gsnl, 1:1).
ammsiasteddaayihe any semnRauadilsn 'gé%@thJ e 3. [Q0L73)As deseribad.

above, the pharmaceutically acceptable compositions of the present

soluighe s s QB RMRAG BT SHER Biph i haddareasoadiprap Nas fiprehhrough

a shoMiptly, GROBRthhe rRImuREaSs. anyeatballSAIMBREE, Wil &t Ohoihiss
liquid yehicle, dispersion or suspension aids. surface active agents,
comigli PR H e FRERERTRF SPRTRLISAYR BESHEE R LR SRioB B ves

puriftid geBadh bﬂﬁﬁﬂiﬁo@%ﬁ?%ﬂﬂ%ﬂ@&!itﬁﬁd@aﬂ@ @@H@d@ﬁﬁt@%@g@ fosmMIeOH in
esired. Reming-ton's Pharmaceutical Science ixteent ition, E. W.
T i S BARHE b1 S0 e AL oy i 2 04

(M—H$ed in formulating pharmaceutically acceptable compositions and known
techniques for the preparation thereof Except insofar as any conventional
carrier medium is incompatible with the compounds of the invention, such

Exampleyhroducing any undesirable biological effect or otherwise interacting

inad i i 0 o
[Oﬂsg]na @&&%&Hﬁ @WQ?%MH%%QQ@SF&Q&B% %&%Eh(?esiznbeéi tl(I)‘l éample

armaceutically acceptable composition; its use Is contemplate
24 uiipmpyRdESchROTIIR acidva e Sorienisanipes M MEisHa)s whighdcdh(M-
H)~.serve as pharmaceutically acceptable carriers include, but are not limited
to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins,
such as human serum albumi@ bstances such as phosphates,
glycine, sorbic acid, or potassitwn so "Bﬁrtial glyceride mixtures of
saturated vegetable fatty acids, water, saftd or electrolytes, such as
protamine sulfate, disodiurn hydrogegs phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes,
Exapalgetfiylene-polyoxypropylene-block polymers, wool fat, sugars such as
ctosg, glucos d sucrose;. starches,such as corn starch an ta
00 R R B PR B L oo Brampic
24 ugspRéiretitybestiuoael hitdpiashutbSeravistated pdWMET EaSiayaoani2.08 (M-
H)—_malt; gelatin; talc; excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed Pé'a, safflower oil; sesame oil; olive oil;
corn oil and soybean, oil; glycols; such a propylene glycol or polyethylene
glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and

phosphate buffer solutions, as well as other non-toxic compatible
hiihricante cr1ich ac enditim Iatirvl crilfate and macneciiim ctearate ac waell



[00181]Exemplary diluents include, but are not limited to, calcium
carbonate, sodium carbonate, calcium phosphate, dicalcium phosphate,
Wealsrirnssifate, calcium hydrogen phosphate, sodium phosphsies ia6iesess
sucrose, cellulose, microcrystalline cellulose, kaolin, matmitol, sorbitol,
inositol, sodium chloride, dry h,eQrnstarch, powdered sugar, etc.,
and combinations thereof [0 1E '@' playy granulating and/or dispersing
agents include, but are not limited to, pogato starch, corn starch, tapioca
starch, sodium starch glycolate, clzzl]%/s, alginic acid, guar gum, citrus pulp,
agar, bentonite, cellulose and wood’products, natural sponge,
cation-exchange resins, calcium carbonate, silicates, sodium carbonate,
Exam‘f{@sﬁr,"”ke‘?' poly(vinylpyrrolidone) (crospovidone), sodium carbox_ymethyl
Starch (sodium starch glycolate), carboxymethyl cellulose, cross-linked
l"ﬂs%oditﬁmmggﬁﬁwwwm {ccostagmeliesphansiyiealiossn Exampie
24 usiB A - Aicrocrystalline starch, water
T ey S ST SR b ek el A2
M-Hjlicate (Veegum), sodium lauryl sulfate, quaternary ammonium
compounds, etc., and combinations thereof. [00183]Exemplary surface
active agents and/or emulsif e, byt are not limited to, natural
emulsifiers (e.g. acacia, agar,lalginic acgﬁjH sodium alginate, tragacanth,
chondrux, cholesterol, xanthan, pectin, gelatin, egg yolk, casein, wool fat,
cholesterol, wax, and lecithin), colléi#lal clays (e.g. bentonite [aluminum
silicate] and Veegum [magnesium aluminum silicate)), long chain amino
i(iéierivatives, high molecular weight alcohols (e.g. stearyl alcohol, cetyl

a
E F : / olecy .
xampes 0l, oleyi alcohol, triacetin monostearate, ethylene glycol distearate,

1005719'VCQﬁ'ﬂmﬂﬂgﬁewmymsp@Meaﬁﬁ@/Wsmtﬁﬂga&%_c%%g%x ple
.alc carbomers (e.g. carboxy polymethylene, polyacrylic acid, acryli
24 usif %qp%ﬁfo aé‘ﬁnzqﬁgf’ééﬁ?g%&@ﬁwbs BFF s haN S EBISiome 231,02
(M-Hyerivatives (e.g. carboxymethylcellulose sodium, powdered cellulose,
hydroxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcelltilose, methylcellu@%\l/ fatty acid esters (e.g.
polyoxyethylene sorbitan nfonolaurat /[ jeen 20], polyoxyethylene
sorbitan [Tween 60], polyoxyethylene soffitan monooleate [Tween 80],
sorbitan tnonopalmitate [Span 40],&brbitan monostearate [Span 60],
sorbitan tristearate [Span 65], glyceryl monooleate, sorbitan monooleate
[Span 80]), polyoxyethylene esters (e.g. polyoxyethylene monostearate
Examﬂ%ﬁ? 45], polyoxyethylene hydrogenated castor oil, polyethoxylated castor

[0058]0il, pdypoRetpiene st @it fatty acid esters,
24 usi I*Po yethylene g%/col fat}i;;:1 acid'es?gf.; %ﬁgﬁ%}giﬁ!ﬁéﬁ%%%é%&é% ﬁi}%ﬁ%mple .
e%he?%?%@@' BOBYRRRIL Ry paifgristive PiBa S ONrquahyeih B p D S HE))
m/e 27diethiieri€)glycol monolaurate, triethanolamine oleate, sodium oleate,
potassium oleate, ethyl oleate, oleic acid, WO '
2008/063300PCDUS2007/ 26 @; | laurate, sodium lattryl sulfate,
Plutonic F 68, Poloxamer 18%; cecﬁ’H bromide, cetylpyridinium
chloride, benzalkonium chloritf&"docusé&te sodium, etc. and/or
combinations thereof [00184]ExLmyglary binding agents include, but are
not limited to, starch (e.g. cornstarch and starch paste); gelatin; sugars
(e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose, lactitol,
Exampiea#fhitol, etc.); natural and synthetic gums (e.g. acacia, sodium alginate,
extr r ss, papwar gum, ghatti gum, mucilage of isapol husks,
[OOS?} carb%%oﬁgm@% o§en,9rlﬁé E’?/jlu%ce ?%?62%8&%/138%@&%9%@@@%@#
24 using flogethwyarexyproippeoslibtosal i oxyprepyl toeshidcellulasents (Esi-))
m/e 27Mosrperygialline cellulose, cellulose acetate, poly(vinyl-pyrrolidone),
magnesium aluminum silicate (Veegum), and larch atabogalactank
alginates; polyethylene oxide; poR#thylene glycol; inorganic calcium salts;
silicic acid; polymethacrylates; waxes; water; alcohol; etc.; and
combinations thereof [00185] Exemplary preservatives may include
antioxidants, chelating agents, antimicrobial preservatives, antifungal
preservatives, alcohol preservatives, acidic preservatives, and other

preservatives. Exemplary antioxidants include, but are not limited to, alpha
tnconhernl acearbie acid acorbvl nalmitate hiitviated hyvvdrovvanicenle




through a bacterial-retaining filter, or by incorporating sterilizing agents in
the form of sterile solid compositions which can be dissolved or dispersed
wih Higrile water or other sterile injectable medium prior to usg :].9%%(9027;0151(2(
order to prolong the effect of a drug, it is often desirable to slo
absorption of the drug from subcutarbeous or intramuscular injection. This
may be accomplished by the us a d suspension of crystalline or
amorphous material with Wx /063300PCT/US2007/021626 poor
water solubility. The rate of absorption of the"drug then depends upon its
rate of dissolution which, in turn, magt depend upon crystal size and
crystalline form. Alternatively, delayed absorption of' a parenterally
administered drug form is accomplished by dissolving or suspending the
ExansiplegBin an oil vehicle. [00193]Compositions for rectal or vaginal

dministration |caII S|tor| h can be pr d Xin
006 A 37 0 SRR itk SIS BT EAdy B e gl
24 usumﬁerseﬁudphaa}dchmanhuated, ipolpethyiénsglyecidél ddPPPSIely wax27.12
(M= hich are solid at ambient temperature but liquid at body temperature and
therefore melt in the rectum or vaginal cavity and release the active
ingredient. [00194]Solid dos r oral administration include
capsules, tablets, pills, powderg; an pakes. in such solid dosage
forms,. the active ingredient is mixed withcat least one inert,
pharmaceutically acceptable excipiept or carrier such as sodium citrate or
ciicalcium phosphate and/or a) fillers or extenders such as starches,
lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as,
Exadgie€xample, carboxyrnethylcellulose, alginates, gelatin,
[o%ﬁolywnylpyrrolldlnone sucrose, and acacia, c?lhumectants such as

lycefotTH U Syt hgeAes aeRMUREgLhe RIRGEHTE sseTRtd I Braple

24 usidapiaea Sttty Yeiviscanid, iegain silitatass and spdinmoarbonate 2e) o7
(M_}i)csllution retarding agents such as paraffin, f) absorption accelerators such

‘quaternary ammonium compounds g) wetting agents such as, for
example, cetyl alcohol and gly, Mmstearate h) absorbents such as
kaolin and bentonite clay, an bri soich as talc, calcium stearate,
magnesium stearate, solid polyethylene glygols sodium lawyl sulfate, and
mixtures thereof. In the case of capsyles, tablets and pills, the dosage
form may comprise buffering agents. 700195]Solid compositions of a
similar type may be employed as fillers in soft and hard-filled gelatin

Exa,ﬁgi%sy)les using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage
HiP83)of tabletsCa | Uhpagaaithasizedrigegrding ée bamisecgrepdesetibed in
%Mﬁﬁt%mﬁﬂﬁﬁoﬁ%ﬂ&%%ﬁ%&%ﬁf'HQ&&Q%P&BB%&QQE 0% Wed
known in the pharmaceutical formulating art. They may optionally
n@é“é%@ﬁ;”n% %eﬁ%s and can be of a composition that they release
the active ingredient(s) only, s ntially, in a certain part of the
intestinal tract, optionally, in ad_marnmer. Examples of embedding
compositions which can be usey include pglymeric substances and
waxes. Solid compositions of a similar type may be employed as fillers in
soft and hard-filled gelatin capsules tiding such excipients as lactose or
milk sugar as well as high molecular weight polethylene glycols and the
like. WO 2008/063300PCT/US2007/021626 [00196]The active
Exagpittfients can be in micro-encapsulated form with one or more excipicnts

[00625 note@hqhmme 7§heasawtﬁ@§@@ﬁwmz@f&am;ﬁomg@Q@s&wg@xmple
24 B R0 A B 243,05

Aeric co:ftX ase Contr mfj %oa?lng %Ia&

(M-Hinown in the pharmaceutlcal f0|mulat|ng art. In such solid dosage forms
the active ingredient may be admixegd with at least one inert diluent such
as sucrose, lactose or starch. Such dosage forms may comprise, as is
normal practice, additional substances other than inert diluents, e.g..
tableting lubricants and other tableting aids such a magnesium stearate
and microcrystalline cellulose. In the case of capsules, tablets and pills,

the dosage forms may comprise buffering agents. They may optionally
comnrice naciftvvina anante and can he of a eomnocitinn that thev relaace




99.9% (w/w) of the composition, and the active ingredient may constitute
0.1 to 20% (w/w) of the composition. The propellant may further comprise
wadditiarasingredients such as a \%0O 2008/063300rct S200/£QZ%886: /021626

liquid non-ionic and/or solid anionic surfactant and/or a solid diluent (which
may have a particle size of the ame 0 ger as particles comprising the
active ingredient). [002021Phafmaceutical ggppositions of the invention
formulated for pulmonary defivery may proVide the active ingredient in the
form of droplets of a solution and/or suspension. Such foimulations may
be prepared, packaged, and/or sold7&s aqueous and/or dilute alcoholic
solutions and/or suspensions, optionally sterile, comprising the active

¢ ingredient, and may conveniently be administered using any nebulization

xampla 5 atomization device. Such formulations may further comprise one or

w%mre@@dﬁmalm%ﬂé_?m&eh%éu%&r&%raetﬂmws&&ezeadﬁ@c\t%éﬁqnaﬁ%vge
24 usg}uc?_@ﬁg%hann sodium, a volatile oil, a buffering agent, a surface acti
et Sha/oP S PSR RARbE St CATaBifstid Iy gamoitecitid. MS (ESI-
)) /el 6pleds Jika)ded by this route of administration may have an average
diameter in the range from about 0.1 to about 200 nanometers.
1002031 The formulations defscribed hérein as being useful for pulmonary
delivery are useful for intranasgl delivér a;o% pharmaceutical composition
of the invention. Another formtitation suit&ble for intranasal administration
is a coarse powder comprising the agtive ingredient and having an
average particle from about 0.2 to 500 micrometers. Such a formulation is
administered in the manner in which snuff is taken, i.e. by rapid inhalation
ExantploBgh the nasal passage from a container of the powder held close to
[0064 he nér%'ls.(ngggéll%:ormu%tionisuitabl,e for nasal administration may, for
Example, comprisé from abott SIRAEINE (185 Rt WA d e ek indexample
24 using(y6-(wiw by e mdthvedngradient ptnd oTaycaMRHEEONAOIERAE Ofihe
241'0@@9&@@ ingredients described herein. A pharmaceutical composition of
the invention may be prepared, packaged, and/or sold in a formulation
suitable for buccal administratos: formulations may, for example, be
in the form of tablets and/orkt%gge devtusing conventional methods,
and may, for example, 0.1 to 20% (w/w) active ingredient, the balance
comprising an orally dissolvable angkor degradable composition and,
optionally, one or more of the additional ingredients described herein.
Alternately, formulations suitable for buccal administration may comprise a
Examp@@ter and/or an aerosolized and/or atomized solution and/or suspension
omprising the active ingredient. Such powdered, aerosolized, and/or

10065} 0 DRt RS) TR Pt B e fegsrien ‘i Maveser dvsritd pricheple
24 usiapdoridraplat sizeritptha ypngecRmaboybAdk 1 BhoHL200 RANRIERINE. )

m/e Q%n%r;@y_ﬁrther comprise one or more of the additional ingredients
escribed hérein. 1002051A pharmaceutical composition of the invention

may be prepared, packaged, in a forrnulation suitable for
ophthalmic administration. @mpﬂs may, WO
2008/063300PCT/U S2007/4121626 for eample, be in the form of eye
drops including, for example, a 0.1/],,0% (w/w) solution and/or suspension
of the active ingredient in an aqueous or oily liquid canier. Such drops
may further comprise buffering agents, salts, and/or one or more other of
Examf1€ flditional ingredients described herein. Other
opthalmically-administrable formulations which are useful include those
[0066}hichuBatpRdd Weaasrivdesiged dievnridinaity dorpstatinecfdesardrd/or Bxanple

24 usiHPESQMRhArEPAAYAN: 5B IBRR 20YI% [s%%edgps’@raﬁ% SONIBIRRIPEE.
m/e Z&eég%%ﬁ D the scope of this invention. [00206]General consideration |?1)
“th nalation and/or manufacture of pharmaceutical agents may be
found, for example, in Remingtonj ghe Science and Practice of Pharmacy

21st ed., Lippincott Williams 8z Wilkins, 2005. [0001]Although the
descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for

administration to humans, it will be understood by the skilled artisan that

such compositions are generally suitable for administration to animals of
all enarte Modification of nharmacaeritical comnocitinne criitahle for



patient by administering a therapeutically effective amount of a compound
of the formulae (1), (I1) or (Il1), or a pharmaceutical composition thereof, to
wé 9@%%#& nged thereof 1092101A patient to which admini;g?:
contemplated includes, but is not limited to, humans (e g., male; fe
infant, child, adolescant, adult, eldgrly, etc.) and/or other primates;
mammals, including commer rnt mammals such as cattle, pigs,
horses, sheep, cats, andior dogs, andfor QTP(TS, including commercially
relevant birds such as chicken$'®ducks, gé¥se, and/or turkeys. "Treating,"
as used herein, refers to partially or-gompletely inhibiting or reducing the
condition from which the patient is suffering. "Therapeutically effective
amount," as used herein, refers to the minimal amount or concentration of
Exa,@ﬂé’@@ntive compound or inventive pharmaceutical composition that,
when administered, is sufficient in treating the patient. Treating may be via

10067 o pHyPaBeBH fbrap stk erepd sy casing o1ths sinesdrsulsarmRstd frample
24 uspiesentirueNtIBIYWdesR Biethedatan nhihitherbohlJnadielogicatsi(-))

sampl mprising the step of contacting said sample with a compound of
m/e %ﬁrﬂ%é/g’%@ or Ill,or with a compound set forth in any of Tables 1,2 or 3.

1002121FAAH-mediated dis?§,O isarders or conditions include, but

0‘(?7/ 21626
male,

are not limited to, painful syry es, ases and/or disorders,
inflammatory disorders, imm disorderspgepression, anxiety, sleep
disorders, feeding behaviors, movement disorders, glaucoma,
neuroprotection and cardiovascular disease. [002131In certain
embodiments, the FAAH-mediated disease, disorder or condition is a
Emlﬁ@igfw.syndrome, disease and/ot disorder. As used herein, "painful
sYndromes, diseases and/or disorders" include, but are not limited to,
[0068hose Chmravmslitbwbysrribrspaticqadneiythperishdust Aewrdpdtiidxample
24 u&ﬁé'%ﬁﬁ&%@k%ﬂ&%%]%% IR RADGATANE BRI LGRBRIRAS (ESI(-))
nociceptive pain, and other forms of chronic’pain such as post-operative
m/e AP us of nociceptive receptors, acute pain (e.g., phantom and
transient acute pain), non-inflammata in, inflammatory pain, pain
associated with cancer, preope@rﬂaﬁitic pain, lumbosacral pain,
musculo-skeletal pain, hea Che,Fmigraine, %wscle ache, lower back and
neck pain, toothache and the like. [002141In certain embodiments, the
FAAH-mediated disease, disorder oggondition is neuropathic pain. The
term "neuropathic pain™ is meant pain resulting from injury to a nerve. WO
2008/063300PCT/1TS2007/621626 Neuropathic pain is distinguished
Exafepha 4lociceptive pain, which is the pain caused by acute tissue injury

o] 0BG SmalAncos nerves QL SmalloeHes L IHRCIR ALEORReE(NG .
tissue. Neuropathic pain typically Is long-lasting or chronic and often

24 uglogdtdpsdess-orinoreplefol bwipg aaciditrabacutd issuaciafudye3. MS (ESI(-))

/e NpusepgRihiepain can involve persistent, spontaneous pain as \ veil as
allody-nia, which is a painful response to a stimulus that normally is not
painful. Neuropathic pain also ca 8 terized by hyperalgesia in
which there is an accentuated r. se Qéﬁ‘?]ful stimulus that usually
is trivial, such as a pin pri%/Néuronathic pairPsyndromes can develop
following neuronal injury and the resulting pain may persist for months or
years, even after the original injury h3& healed. Neuronal injury may occur
in the peripheral nerves, dorsal roots, spinal cord or certain regions in the
brain. Neuropathic pain syndromes include: diabetic neuropathy; sciatica;
non-specific lower back pain; multiple sclerosis pain; fiboromyalgia;
1-11V-related neuropathy; neuralgia, such as postherpetic neuralgia and
trigeminal neuralgia; and pain resulting from physical trauma, amputation,
cancer, toxins or chronic inflammatory conditions. Neuropathic pain can
result from a peripheral nerve disorqgé such as neuroma; nerve
compression; nerve crush; nerve stretch or incomplete nerve transsection;
mononeuropathy or polyneuropathy. Neuropathic pain can also result from
a disorder such as dorsal root ganglion compression; inflammation of the
spinal cord; contusion, tumor or hemisection of the spinal cord; tumors of

the brainstem, thalamus or cortex; or trauma to the brainstem, thalamus or
cortey 1002151 The evmntome of netironathie nain are haternneaneaniic



In some embodiments, the the immune disorder is psoriasis, eczema,
burns or dermatitis. In yet other embodiments, the the immune disorder is
wp0nkasiss01002211In certain embodiments, the FAAH-mediated disease,
disorder or condition is anxiety. "Anxiety," as used herein, iﬁ&?ﬁ&?‘ﬁﬂ’??@G
Exanfjfit linited to anxiety and anxiety disorders or conditions, such as, for
OO,mexamé)ée, clinical anxiety, panic disorder, agoraphobia, generalized anxiety
[0070isor F{‘E‘ﬁ@g&_ﬁé g%bmtbmiaﬂphmniﬁ;}gmas@b?c@ggﬂpg@gg%gfgrgg&npl .
24 us & Sressis -traumatic stress disorder; and adjustmen
66 %%/gé_(%er_s with agl;l(igtﬁlsgfgell(gtlﬁEr:)e%jl ‘in’r?ﬁe?;‘}%‘??é?&%?é%fﬁ@t@g&%@%éPhébreéq
: [ i%ns, and substance-induced WO
2008/063300PCT/US20@¢7/02162§ anxiety disorders. This treatment may
also be to induce or promoie slgep | patient (e.g., for example, a
patient with anxiety). [00222}izFCertam.gimbpdithents, the FAAH-mediated
disease, disorder or conditiortis a sleep disgmer. "Sleep disorders'
include, but are not limited to, insomia, sleep apnea, restless legs
syndrome (RES), delayed sleep pH&se syndrome (DSPS), periodic limb
movement disorder (PLMD), hypopnea syndrome, rapid eye movement
Examg?@??{ior disorder (RBD), §hift work slee_p disorder (S_WSD), and sleep
roblems (e.g., parasomnias) such as nightmares, night terrors, sleep

[0071}alkirigprhesauldBhgings snbsingdantosRc Rt i Rns(er cﬂéé jag ofteeth
|

24 usiﬁgrsl,%ﬁﬂ}iu@%ﬁlf% (g:r%rtain eénbo iments, the FAAH-me at.,eg iIS6A8E"
disorder or con

itlon 1 deprassiBR A5 REemA 2cid B AdhEisI)) m/e -
903{%@%, but is not limited to, depressive disorders or conditions, such as,
for example, major depressive di&orders (unipolar depression), dysthymic
disorders (chronic, mild d 10 thbipolar disorders
(manic-depression). Thg sionmay be gkinical or subclinical
depression. [00224]In certai embodiment8, the FAAH-mediated disease,
disorder or condition is feedfﬁg behavior. "E&ding behavior," as used
herein, includes but is not limited tg4eating disorders (e.g., anorexias and
cachexias of various natures, over-eating leading to obesity), weight loss
associated with cancer and other wasting conditions. The compounds
Exampjedbsed herein can also be used to reduce body fat and for treating or
007210r€ ' ity | ammal. The, compounds disclosed herein can
R P e -,
Ugehitr b RIRIASY [Donestincsé iatinesnifadinaiasithes FARHEOR AR
249.01diseage, disorder or condition is a movement disorder. In other
embodiments, the F.AAH-mediated disease, disorder or condition is
glaucoma. In yet other emb e FAAH-mediated disease,
disorder or condition is neur te -t?Pistill yet other embodiments, the
FAAH-mediated disease, disorder or corwition is cardiovascular disease.
1002261In certain embodiments, e above methods provide
administering a compound of formulae formulae (1), (I1) or (lll), or a
pharmaceutically acceptable form thereof, to a patient in need thereof In
Examplpffe embodiments, the above methods provide administering a
co rmulae (1), (1N.or (1l1), or a pharmaceutically acceptable
[0073_] forrrrnaﬂt)%ﬁgrbglo% g% Provit e{é?ﬁsﬁ(z‘i)gﬁfégr?}%& e iprogpdure dasodhebinE xteple
24 using B dydighéeriispridvidenadmidistering & eoroRRuRch BRforRYAgK)) (1)or
281.32 @irappharmaceutically acceptable form thereof, as provided in Ta ?es 1,2
or 3, having a K, of less than or equal to WO
2008/063300PCT/US20071021626 0.01 microM or having a IC1 of
between 0.01 microM and 0.1 mieroM (i.e.. compounds with activities
designated "A" or "B"). In yet other embodiments, the above methods
provide administering a compound of formulae (1), (11) or (lll), or a
pharmaceutically acceptable thggeof, as provided in Tables 1, 2 or 3,
having a K1 of less than or equal to 0.01 microM (i.e., compounds with
activities designated "A"). 6. Administration [00227]The inventive
compounds may be administered using any amount and any route of
administration effective for treatment. The exact amount required will vary

from subject to subject, depending on the species, age, and general
condition of the ciithiert the cavvarityy of the infactinn the narticiilar




tract), the condition of the subject (e.g., whether the subject is able to
tolerate oral administration), etc. At present the oral andior nasal spray
and/or aerosol route is most commonly used to deliver therapeutic agents
Waite¥rtd°the lungs and/or respiratory system. However, th@‘?ﬁ(i&%ﬁé&%{"““"
encompasses the delivery of the inventive pharmaceutical composition by
any appropriate route taking into consideration likely advances in the
sciences of drug delivery. 1002291 he exact amount of a compound
required to achieve a therapégutigally ¥ tive amount will vary from
subject to subject, depending o1 species, @geHand general condition of a
subject, severity of the side effécts or disbfder, identity of the particular
compound(s), mode of administratigy, and the like. The desired dosage
may be delivered three times a day, two times a day, once a day, every
other day, every third day, every week, every two weeks, every three
Exanyg€ks, or every four weeks. In certain embodiments, the desired dosage
may be delivered using multiple adminjstrations (e.g., two, three, four, five,
(0074 " SComPRiRghS v SBHNSSIBHR ACTRIARIE, TIPS RIS TooPath G xample
24 usaimipistiedionsph 03340 sataihRinbetiBients 44 PKeSepsinveaien,
231 32;@%1 eutically effective amount of an inventive compound for
' ration one or more times a day to a 70 kg adult human may

comprise about 0.0001 m@ 0B8Q mg of an inventive compound

per unit dosage form. It will b¢ apjprediated that dose ranges as described

herein provide guidance for theJadministratfoi’6f inventive pharmaceutical

compositions to an adult. The dthount to b€ administered to, for example,

a child or an adolescent can be detegmined by a medical practitioner or

person skilled in the art and can be lower or the same as that

administered to an adult. 10023111t will be also appreciated that an
Exanrpledfive compound or composition, as described above and herein, can

administered.i o : ) o ional th .

L L P e S S
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m/e j@;_@glix@_ryﬂggether, although these methods of delivery are certainly

within the scope of the invention. The compositions can be administered

concurrently with, prior to, or s %mne or more other additional

therapeutically active agentgs nerak’Eashagent will be administered

at a dose and/or on a time schedule detertffined for that agent. In will

further be appreciated that the additiggal therapeutically active agent

utilized in this combination may be administered together in a single

composition or administered separately in different compositions. The
Exa@préigglar WO 2008/063300.PCT/US2007/021626 combination to employ

[ imen will take into account compatibility of.the inyentive compoun .
WUIRSE Rciltion e RSP e T A E LG, B RIGegpre deseribed in
thEerandeild efiegt4achrechiduetudOOASBNHgenel dhibtscaxpriieththal boronic

additi I euticall ' s utilized in combination be utilized
a%lév%?}ﬁg;ﬁ d%&"{zi %‘Z%éeﬁéf g%@%%%?s[ at which they are utilized

individually, In some embodim : els utilized in combination will
be lower than those utilized i uallyx40p2341By a "therapeutically
active agent" or "active agent" refers to amy substance that is useful for
therapy, including prophylactic and thgrapeutic treatment. 100235]The
invention encompasses the delivery of the inventive pharmaceutical
compositions in combination with agents that may improve their
bioavailability, reduce and/or modify their metabolism, inhibit their
excretion, and/or modify their distribution within the body. It will also be
appreciated that the therapy employed may achieve a desired effect for
the same disorder (for example, an inventive compound may he
administered in combination with aﬂgﬁti-inflammatory, anti-anxiety and/or
anti-depressive agent, etc), and/or they may achieve different effects (e.g.,
control of any adverse side-effects). [002361Exemplary active agents
include, but are not limited to, anti-cancer agents, antibiotics, anti-viral

agents, anesthetics, anti-coagulants, inhibitors of an enzyme, steroidal
anante ctarnidalornaon-ctarnidalanti-inflammatarvvanente antihictamineg



various therapeutic uses are well known in the art. These include, but are
not limited to, high throughput screening to find compounds that bind to
warrdpsiospedulate the activity of isolated FAAH, as well as anvayah@ngh 77021626
cellular models of therapies. 1002391 The assays for compounds
Exangigls@dbed herein are amenable to high throughput screening. Assays
seful,for screCf#én% the compounds of the present invention may detect
|
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24 us{medh-daltyoadiqtamideoatcatippilaingy neogucad hyther Byl sisai A ms
(ESI(ggbIg}gaﬁt%s M lcoylethanolamide or ananadamide The substrate may
be labéeled to facilitate detection of the released reaction products. U.S.

Pat. No. 5,559,410 discloses hi hput screening methods for

proteins, and U.S. Pat. No%é@?ﬁn _gﬂ541,061 disclose high

throughput methods of screening for ligaggl/antibody binding.

[002401Methods for screening FAAH inhibitors for an antinociceptive

effect are well known to one of ordiﬂgry skill in the art. For instance, the

test compounds can be administered to the subject animals in the mouse
gg@te test and the mouse formalin test and the nociceptive reactions to

thermal or chemical tissue damage measured (for example, see U.S. Pat.

[00770. 6C3p82086 Whivhsteatheszabtbondiof scree phogeradinetiepiivRample

24 usBetity, Al roc..Natl. Acad. Scf. U.S.A. ng}gn '
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m/e 2@?%)@&3}%@ the elevated zero maze test, and the isolation-induced
ultrasonic emission test. The zeto maze consists of an elevated annular
platform with two open and tsadrants and is based on the
conflict between an animal'§'instinct to expibfe its environment and its fear
of open spaces, where it may be attacked by predators (see, for example,
Bickerdike, M. J. et al., Eta-. J. Phafthacol., (994) 271, 403-411;
Shepherd, J. K. et al., Psychopharmacology, (1994) 116, WO

EMmZ(jO /063300PCT/US2007/021626 56-64). Clinically used anxioly-tic

drd § such as the benzodiazepines, increase the proportion of time spent

(0978, arhthwonndrizewad enitiesirase: ik Ehe GPSREAMPATINSNS in Example
anti-anxiety compound is the ultrasonic

0 A second test for

24 P Ta B0 R o O RO ERABEIGR M (ESTC) e

245 Agitesdinduced vocalizations emitted by rat pups removed from their nest
(see, for example, Inset, T. R. et a}, I'hnarmacol. Biochem. Behav., 24,
1263-1267 (1986); Miczek, Ké/{i}etsychopharmacology, 121, 38-56
(1995); Winslow, J. T. et al.m'Bigl. PsyChidtrg 15, 745-757 (1991).
[002431The effect of the compound of {fé invention in the treatment of -
depression can be tested in the mo#&!| of chronic mild stress induced
anhedonia in rats. This model is based on the observation that chronic
mild_stress causes a gradual decrease in sensitivity to rewards, for

Exam&%ﬁ?ple consumption of sucrose, and that this decrease is

[0079ﬂos€€dﬁi}ﬁmﬂ3W@@ﬁ@fés@é@E&&Giﬁg%%@E&M&B@Qﬂg&?{&?&@%mple

24 usilhe!\»—-c tfgg_%ase §revn§Jsly een d_esc;rlbed and more information wit
Fespect 10 the TESR RhPESrY thSReRififAish trriase oS PerspR arid &80 IbEY (ESIC)

m/e 271097 (N38)319-329. [00244]Another test for antidepressant activity is the
forced swimming test (Nature 266,./30-732, 1977). in this test, animals
are administered an agent, prefergabl the intraperitoneal route or by
the oral route, 30 or 60 miNeffes beforethedtest. The animals are placed in
a crystallizing dish filled with wafer and tA& time during which they remain
immobile is clocked. The immobility8me is then compared with that of the
control group treated with distilled water. Imipramine 25 mg/kg. can be
used as the positive control. The antidepressant compounds decrease the
immobility time of the mice thus imi@iersed. 100245]Another test for
antidepressant activity is the caudal suspension test on the mouse
(Psychopharmacology, 85, 367-370, 1985). In this test, animals are
preferably treated with the study compound by the intraperitoneal route or
by the oral route 30 or 60 minutes before the test. The animals are then

suspended by the tail and their immobility time is automatically recorded
hy 2 comniitar evetem The immaobilityy timecec are then comnarad with thoce

Exa




Resi Z1\ SerB 72 Res2 Resi ZI Ser 72 Res2 OD-complex WO
2008/063300PCI/US2007/02106 Res, Ser z1\Bz2  Res2

WO 2008/063300 PCT/US2007/021626

Example 53.

[0080]  Compound 94 was synthesized according to the procedure described in Example

24 using 4-ethoxy-3—fluorophenyl boronic acid in place of boronic acid 63. MS (ESI(-)) m/e

275.07 (M-H)".
o} :
EtOQ/ B-OH

F HO

94

Example 54.
[0081] Compound 95 was synthesized according to the procedure described in Example

24 using 3~isopropylpheny! boronic acid in place of boronic acid 63. MS (ESI(-)) m/e 255.07

(M-HY".
g \©\B OH

Example 55.
[0082]  Compound 96 was synthesized according to the procedure described in Example

24 wsing 3-isopropoxyphenyl boronic acid in place of boronic acid 63. MS (ESI(—)) m/e

271.77 (M-HY".
(e}
g,
0. HO -
\'/

96

Example 56.
[0083] Compound 97 was synthesized according to the procedure described in Example

24 using 3-trifluoromethoxyphenyl boronic acid in place of boronic acid 63. MS (ESI(-))

m/e 297.05 (M—H)".
Aol
Q e
Oscr, HO
3

97
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(M)-complex 100252)wherein Resi-Ser-Res2 is a protein having a length
between about 400 to about 600 residues. 100253]By "Ser" is meant a
weerimzomssidue. In certain embodiments, Ser is Ser241 of F lfl/ﬂ% ( 2}&6
some embodiments, the protein is rat FAAH. In other embodiments, the
ExanfRtgin is human FAAH (SEQ ID NO. 1). In certain embodiments, the
active site of the protein has a Lys at 142; a Ser at 217; and a Ser at 241.
(0084, cclramneRYcH mehtsnthesicesoartingtetiab Seeurf0DR54IBY iR ESaisple
24 useadthe residuel t -ferminus tha séis ant
M ﬁﬂi residugg?c%sggﬁ%k%%g%??egﬁ%ég?hgg%nggﬁlﬁﬁg’:%agr& ErITe‘(rB dﬁg]e%}il.n
(M= est has a senile residue that is 24 amino acids closer to the N terminus

than (Scr) and a lysine residue that is 99 amino acids closer to the N
terminus than (Ser). [00255 er embodiments, Z.' and Z2 are both

-OH. Thus, n certain embodiments, t g@fﬁ’ﬁpound is a boronic acid
compound. 1902561In certain @mbodiments, Ring A is an optionally
substituted phenyl. [00257]For exagyple, in certain embodiments, the
present invention provides compounds of formulae (111-a), as described
above and herein, associated with a serine residue of a protein: Res, Ser
Examples38.(R1)" 011-0-complex 100258!In cella embodiments, Ring A is a

ubsti | comprising at least one fluorine substitutent. In certain
008 b Y L orm A RrISe i Bxample

24 usiperd o thesbeompittoiyl. buv@i2A0BLAGARAP G200 OR 36REESI()) m/e
302_9&QQ3_§,?)1!n other embodiments, Ring B is an optionally substituted phenyl.

For
P O\(\j\
' I
O HO
a9

Example 59,

[0086] Compound 100 was synthesized according to the procedure described in Example

24 using 4-methoxy-3,5-dimethylphenyl boronic acid in place of boronic acid 63. MS

(ESI(-)) m/e 271.08 (M-H)".
o
\oj;jr ;3—0»-4

HO
100

Example 60.

{0087 Compound 101 was synthesized according to the procedure described in Example

24 using 3-isopropoxycarbonylphenyl boronic acid in place of boronic acid 63. MS (ESI(-))
m/e 299.11 (M-H)".



example, in certain embodiments, the present invention provides
compounds of formulae (HI-h), as described above and herein, associated
with a serine residue of a protein: (Rib, V(R2),., (111-6)-complex
Y9 304631 certain embodiments, Ring B is a substituted phénty[iS2007/021626
comprising at least one fluorine substitutent. In certain embodiments, m is
Examplerfl R2 is fluorine. In certain embodiments. R2 is meta to the linker

mosggroure:%sngmmgtma@,fsm&%& ;c%%@&gl% m&;@&&&%@%@&%@ﬁs Example

nown inthe art to synthesize the compotnds of the prescnt invention. A
24 usEEmbméEmelbismersBiihberohhesoastesdsnintere at thorpoicasid 63.
MS (PEganPmetallicangeies-with an organic borate, such as trimethyl borate.
Common organometallic species include, but are not limited to, alkyl
lithium and Grignard reagen e thods for the synthesis of
boronates are employed whejrthe b egontains sensitive
functionality that may not tolerate alkyl lithium reagents or Grignard
reagents. These methods inclide palladium coupling reactions of aryl or
akenyl halides and diboronates or d&glkoxy boranes and hydroboration of
alkenes or alkynes. Using these methods a diverse collection of boronates
can be synthesized. Boronates can be readily transformed in to boronie
Exangglel 620y hydrolyzing the boronate wider aqueous acidic conditions using a
uita ' fable. acids i g limi ( .14 4
OB e B S Byl
24 uskgifoly SIS -shmsByisgmeexhizinlpayehbosorils aeidiardasesyf bwmiplifetiGh
MS @ggﬂg}{g@.ﬁhgﬂg@pﬁgaeid compounds of the present invention readily
form boronic esters when exposed to alcohols. The resulting boronie
esters may also be used inthe f the present invention. Cyclic
boronates are formed when/Ce dio : ;b%,z- and 1,3-diois) are
used. Boronic acid compounds of the presggt invention readily form
oligomerie anhydrides by dehydration_of the boronic acid moiety to form
dim rs, trimers, and tetramers, and tures thereof. These species in the
WO 2008/(163300PCT/U2007/021626 presence of water and under
Exa x%gy?é%ogical conditions convert back to the boronic acid by hydrolysis.
&niplification 1002621 The invention now being generally described, it
[0096)/U bédnidnelrbdtibpundestoed ycoefarencthépthe-tolte dingibxainplesnple
which are include rely for. purpeses .of illustration of. certain aspegt
R R U U S R s e
(ESIhe ingehitiolt @valhiple L [00263]Synthesis of 3,41-dinuorobiphenyioronic
acid (1) Fr.  [00264]Compound (5): In an oven-dried 100 mL round
bottom flask boronic acid 3 (1.00 g, 1.0 eq.) was added, followed by

dibromoben.zene 2 (3.60 g, 2/0 &g alladium reagent (150 mg) were
dissolved in dioxane to give a yellow ign, Sodium bicarbonate
aqueous solution (2 M, 14 ML)was addedscausing a beige suspension to

form. The suspension was heated at 80 C for 20 h. The reaction was
evaporated to dryness and the residM% partitioned between EtOAc (75 MU)
and water (25 inL) The layers were separated and the organic layer
washed with brine, dried over magnesium sulfate, filtered and WO

Exa&gp&gﬁ%ooPCT/USZOO7/021626 evaporated to a yellow oil. The oil was
c

romatographed with hexanes to yield 1_07 g (57% yield) of 4 as a white
[0098hlid 4rdpeBrmhiB0es sratdy Brel ascarndingdsaifdprocedure described in Example

24 us’tﬁgaﬁél%?m pynRaALERllaNUPhESR0ERUELMY Did 28886 horonic acid 63. MS
tricyclohe%y phosphine (70 mg, 0.28 eq) were dissolved in dioxane under

ESIg) Avem QﬁﬁM’é@nd stirred for 30 min at it To the red solution the boron
reagent 6 (246 mg, 1.1 eq),
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potassium acetate (130 mg, 1.5 eq) and biphenyl bromide 4 (237 mg, 1.0
eg.) were added in that order. The deep red solution was then heated at
w8Qs g3 h during which time it turned a green color. LCMSshOWs7/021626
incomplete reaction, so new portions of Pd2(dha)3 and (C6H1 1)? were
added and heating continued-fqr another 24 h. Reaction was cooled to rt
and treated with water (7 mL tracfedjwith EtOAc (3 X 35 mL). The
organic layers were combir&ggw’;she ghobrine (25 mL), dried over
- magnesium sulfate, filtered anti*evaporaft@d to a dark brown oil. The oil
was ehromatographed with 9:1"Hexanes/Ethyl Acetate to result in isolation
of a white solid to yield 66 mg (27%¢@#eld) of 7 as a white solid.
[00266]Compound (1): The boronate ester 7 (66 mg, 1.0 eq), sodium
periodate (130 mg, 3.0 eq) and ammonium acetate (48 mg, 3.0 eq) were
Exangilséfved in acetone/water 2:1 (12 mL/6 mL) and stirred for 48 h until
CM 0 let: The reaction yas then
ot e s <O o e e (R S e oot
24 usmg\ﬁﬁélwfﬁﬁélmgﬁ@ngiﬁphmémte@dmmﬁw/@f andithecigEmibRyRs (-
) m/evashed withrprine, dried over magnesium sulfate, filtered and evaporated
to a white solid which was triturated with hexanes to result in isolation of
20 mg (40% yield) of the desir, X 1. MS (ESI(-)) me 233.01 (M-H).
Example 2. [00267]Synthesis %%F 6.68): Compound 8 may be
synthesized using the same pgesgdure described in Example 1 using
compound 5 in place of 4. MS/(LSI(-)) m/e 233.04 (M-H). OH 13,0Hi--- F
8 Example 3. [0006]Compound 9 was synthesized according to the
procedure described in Example 1 using 3--fluorophenylboronic acid in
place of 3. MS (ESI(-)) Elie 233.041@#-H). WO
2008/0633001CT/US2007/021626 F -4-511--ri -OH 9 Example 4.
Ol% 7]Compound 10 was synthesized according to the procedure
bed in Example 1 using 2-fluorophenylboronic acid in place of 3. MS

0093{E81@{)Mderﬁ$ﬂ®4vé%ﬁﬁhgs@d 4kcdling to the procedure described in Example
24 using 3—(N-benzylaminocarbonyl)pheny! boronic acid in place of boronic amd 63. MS

(ESI() m/e 346.11 (M—H)".
O
0
HN™ ~0 H

107

Example 67.

[0094] Compound 108 was synthesized according to the procedure described in Example

24 using 3~(t-Boc-amino)pheny! boronic acid in place of boronic acid 63. MS (ESI{(-)) m/e

327.94 (M-H)".
©/ [ )\B/OH

|

NHBoc OH
108
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Example 5. [00081Compound 11 was synthesized according to the
procedure described in Example 1 using 4-Bromo1l '-methoxybiphenyl in

I S (ESI(-)) mie 227.03 (M-H). 9" r-r-y-B-OH 11 Example 6. e
W%%%%@é%?nggound 12 was synthesized according to the proc?eC dp§2007/021(2(

described in Example 1 using 4-Acetoxy-4'-bromohiphenyi in place of 4.
Example ¢85 (| m/e 256.09(M-H). OH 12 Example 7. [00101Compound 13

[0095yas syyilaesized acooringdpnhR BrRnediyB dessihad [@doyample using
4-Benzoyl-4'-bromopgiphenyl in place of 4. MS (FBSl(-)) rule 301.10 (M-H).
WO 2008/063 C. 1S2007 42626 8.
[0011]Compount 14 w Hthestzed accorsifig t pPbcedure
described in Exalfiife 1 usfiy 4-BromoV-n-ptep Ibiphetyl in place of 4.
MS (ESI(-)) m/e 239.09 (M-H). [0012] OH 14 Example 9.

[0096] Boronic acid 108 (30 mg) was dissolved in dry THF (2 mL) under nitrogen. HCl
(4N dioxane solution, 1 mL) was added. After 2 h, the reaction mixture was concentrated
and the resulted solid was washed with EtOAc, the slurry was filtered through a short plug of
cotton. The solid residue was redissolved in methanol to give 22 mg of desired product 109.
MS (ESI(-)) m/e 228.09 (M~-H)".

Example 69.
[0097] Compound 110 was synthesized according to the procedure described in Example

24 using 4~«t-Boc-amino)phenyl boronic acid in place of boronic acid 63. MS (ESI(-)) m/e

32792 (M——H)‘.
: 0. :
BocHN B’OH

OH
110

Example 70.

[0098] Compound 111 was synthesized according to the procedure described in Example
68 using 116 in place of 108. MS (ESI(-)) m/e 228.03 (M~H)".

ISR
HoN ~ E'B/OH
OH
111

Example 71.

[0099] Compound 112 was synthesized according to the procedure described in Example
24 using 3,4-dimethoxypheny! boronic acid in place of boronic acid 63. MS (ESI(-)) m/e
373.07 M+H,0-H)".
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[0013]Compound 15 was synthesized according to the procedure
described in Example 1 using 4-Bromo1l '-tert-butylbiphenyl in place of 4.
W SoE&i§3pp m/e 253.11 (M-H). YH B'OH HP" 15 Example 1q’CT/USZ()07/021626
100141Compound 16 was synthesized according to the procedure
described in Example 1 using 4:Acgtyl:4'-bromobiphenyl in place of 4. MS
(ESI(-)) rule 240.04 (M-H).?2Hl 16
2008/063300PCOU82007/(5)2126 ExamB‘TéO 1. 10015]Synthesis of
S'-(trifluoromethyl)bipheny1-3-/y1)methylbg\v€r%ic acid (17). 0".."OH_OH 1
1819 OH Nal04, NI-140Ac | FI 2217 100161Compound (20): The
carboxylic acid 19 (500 mg, 1.0 eq)¥dAd triethylamine (0.5 mL, 2.0 eq)
were dissolved in THF and cooled in an ice-bath. To the clear solution the
is%)y | chlorofonnate 18 (0,4 mL, 1.5 eq) was added causing a white

Xa[%?eupl ate to form. The suspension was stirred for 2 h while warming to ft

[00100he s@e;p@_nsiﬂmmzaszéﬂtgrﬁﬁ@rma@&@&%gﬁdtﬁe%%Wé&ﬁ_@@@@%\éﬁbgﬁﬁ&a‘?npm
24 usggclg)n 'Er}e_flgrcate yggs then dc oled in an ice-bath and solid sodium
rollwyd?lae (3186 Mg 0 e%’)‘ wasHaled aHa e 4 8MehBion stirred for 1

h with continued cooling. Then L) was added and the reaction
allowed to stir and warm to@&%ﬁzﬁhedeaction was treated with HCI
(1 N, 5 mL)and diluted with of Etg#c (30 mE)Jhe bipha_sic mixture was
separated and the organic phase washed with saturated sodium

bicarbonate solution (10 inL), water (X0 mL) and brine (10 mL). The
organic layer was then dried over magnesium sulfate and evaporated to a

Exangf@il. The oil was

[00101] Compound 114 was synthesized according to the procedure described in Example
24, using 3—fluorophenyl! boronic acid in place of boronic acid 63, and 2,6—dimethyl-4—
(4,4,5,5~tetramethyl-1 -3,2~dioxaborolan—2-yl)phenol in place of phenol 64. MS (ESI(-))

m/e 259.02 (M -H)".
pol
Q f P B,OH
F OH
114

Example 74.
[00162] Compound 115 was synthesized according to the procedure described in Example
24, using 3—fluorophenyl boronic acid in place of boronic acid 63, and 2-methoxy—4—

(4,4,5,5-tetramethyl-1 ,3,2~dioxaborolan—2-yl)phenol in place of phenol 64. MS (ESI(-))
m/e 260.99 (M -H)".

OMe

Sae

8
OH

115
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WO 2008/063301)PCTRUS2007/021626 chromatop.aphed with 10%
EtOAc/ 90% hcxanes to result in isolation of 410 mg (87% yield) of 20 as a
il 17]Compound (21): The benzyl alcohol 20 (410 De
W\%%@é?i%%?\?ed in of THF (10 inL) and cooled in an ice bath. ?%%{%@85%1626
solution phosphorous tribromide (0.18 mL 1 2 eq), dissolved in THF (5
Example (%< added dropwise. The clear solution was stirred for 2.5 h with
[oom:optirsgﬁdmcﬂiami&hﬁ»f@acf{gnﬂnb@mmmgyéﬁ?xmM@Eﬁ&&?ﬂ?md
and diluted with EtOAc (20 rriL). The layers were separated and the
org@nie’taver wastied with brité20 b, drler nesium sulfate
and @até%o c%ar oil 24uekheneil was USed A the-next step without
further purification. 100181Compound (22): Bipngnyl%ro ide 21 (510 mg,
1.0 eq), boron reagent 6 (490 mg, 1.2 eq), palladium reagent (110 mg, 0.1
eq), and potassium carbonat 8-ni3M eq) were all placed in an
oven-dried flask under an Ar 08 drPidioxane. The resulting yellow
suspension was then heated to 80 C and stirred for 36 h. The now dark
solution was diluted with EtOAc (50 k) and water (25 mL) The layers
were separated and the organic layer washed with brine (25 mL), dried
over magnesium sulfate, filtered and evaporated to a yellow oil. The oil

[0019@s chiampiessaphed vdth @&I@&%@gfg’@t—%&%}@@ﬁ&%’ 8leep a1

ield) of the desired product 22. 100 ompound (17): The boronate
mmlote P pralang 1180 o) | sodiohHiribH R ene P Prg) cepddeyind & 1 equiv.) in
tolueAB(NORiLM-acetiiel (A @eh)3(0. eq) wers dissalved o IeatpneMaleh2it and
then %Ztn(%t/6 gﬂTL%:afndgs wri for 48 h until LCMS indicated reaction was
C5ASIEte Urie PEAdtion W AREHaR Was SUFRRdA S vathaagligueHidicirhgrough
CelitakBlashpinovatepaphyasidified pétihd MG 9T e SUSPNSIGNMWESO Ac in

hex agéiraa%tg e‘é\{irteth}OdAx? apﬁtglegor anic layer washed with brine, dried over
magnesium sul?a?e, ?ﬁte ed @n#l'evaporated to a white solid which was

[00165(urateamyitming kb9 s Comgsulidr isoltedioryahesivbdtecsaliingpo milpraiiedure
' % yiel the desir roduct.17. Example 12.. |
S R SR T o e e 63, and
phengb&tfibenlaseRiagpiel 54. USISdRILTifmdr GAtetityM —H) ™.
[1,11-biphenyl]-3-carboxylic acid in place of 3.-Trifluoromethyl
[1,11-biphenyl]-3-carboxylic acid. 23 Example 13. [0021]Synthesis of
Exammef8amidopnenylboronic acid (29) )4-- 0, 0 Er TEN CH2012 O NH 26

[00106] Synthesis of 2—fluoro—4—(3-fluorophenoxy)phenylboronic acid (120).
HO ~ o Pd,(dba)s, Sphos O

G EtsN - P
Br o Toluene, 80 C i B\O

F F

121 118 122

o
© QS{"“
F F OH
120

[006107] Compound (122): Phenol 122 was synthesized according to the procedure
described in Example 75 using 3—fluoro—4-Bromo phenol 122 in place of phenol 117.
[00108] Compound (120): Compound 126 was synthesized according to the procedure
described in Example 24, using 3—fluorophenyl boronic acid in place of boronic acid 63, and
phenol 122 in place of phenol 64. MS (ESI(-)) m/e 249.01 (M -H)".
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/ ,0 NaH/THF 2.) Met0,' 2628 WO 2008/063300PCT/US2007/021626
2829 100221Compound (26): The boronate ester 24 (500 mg, 1.0 eq) was
wdissedvesin DCM (10 mL). To the solution triethylamine (0-@%'%2%5/&'292 .

and ben2oyl chloride 25(0.29 mL, 1.1 eq) were added and the solution

stirred for 3 h at which time LCMS indicated complete reaction. The

solution was then washed with water, 1 N TrIC!, 5% NaHCO3, water and
Exampigd 7The organic layer was dried over magnesium sulfate, filtered and
go1@Nvap i ' ' stallized from ethyl acetate
e oot o o S RO Bhanc
24, “fﬁ@z%i@&m&mﬁgoﬁﬂﬁ%ﬂrhw@mw sy thiesiond asdieScnidahanol 122
in pldcxafmypiend! Bark s gg@]t@ng y,\{yg‘gl?g‘rgq@tp_ ter 26. MS (ES1(-)) mie 240.01

(M-H). [00241Compound (28): The boronate ester 26 (200 mg, 1.0 eq)

was dissolved in THF (5 mL) & in an ice-water bath To the

cooled solution sodium hydri 0 mg? 152060) was added and stirred for

30 mm with continued coolirg-Then metchyl iodide (132 mg, 1.5 eq) was

added and the reaction stirred for 16 h. The reaction was quenched with

water and diluted with EtOAc. The Ih%%rs were separated and the organic

layer dried over magnesium sulfate, filtered, and evaporated to a yellow
Exa O'II e oil was chromatogaphed on silica gel with hexanesiethyl acetate
HZB-% Yo in 20% gradients) to result in isolation of 52 mg of 28 as a beige

(001345 lid. CroaRBhC dedpons) (R Tdde: oiani e a5tasreothie M AR EH) Example
acetate (40 mg, 3.0

' jodat 0.m 0 eq) and, ammoniu tate |

24 u%gg%@%%g%_lveeﬁﬁ i }ZE Wi%raﬁﬁ ﬁ%ﬁ?(? S ORI P e BROPEERN

122 implaceipfipirng! ifdlidee (ieléetiom v 2% daridleld) The reaction was then
evaporated to a white solid which was taken up in water and acidified with
1 N HQ. The suspension wac e@ ith EtOAc and the organic layer
was washed with brine, dried oyer magnesitim sulfate, filtered and
evaporated to a white solid which was CHCr)omatographed (DCM/MeOH;
0%-3% in 0.5% gradients every 5013+ to give 29 (30 mg; 20% vyield) as a
white solid. MS (ES1(-)) inie 254.05 (M-H). WO 2008/063300
PCQUS2007/021626 Example 14. 100261Compound 30 was synthesized

Exanggggpding to the procedure described in Example

[00111] Compound 125 was synthesized according to the procedure described in Example
24, using 3,4—difluorophenyl boronic acid in place of boronic acid 63, and phenol 122 in
place of phenol 64. MS (ESI(-)) m/e 266.48 (M -H)".

O F
J X
F HO
125

Example 80.
{00112] Compound 126 was synthesized according to the procedure described in Example
23, using (3—chloro—<4—methylphenyl) boronic acid in place of boronic acid 63, and phenol
122 in place of phenol 64. MS (ESI(-)) m/e 279.03(M -H)".
O\@F
fred

126
. 199



13 Part A by replacing benzoyl chloride with 2-phenylacetyl chloride. o, s'
OH ci 30 Example 15. 100271Compound 31 was synthesized according
rocedure described in Example 13 Part B by replacin Com und
W%O"gfﬁ) &8Ppound 30. MS (ESI(-)) rnic 254.05 (M-I11). HO OR"332 o2
Example 16. [00281Synthesis of
ExampfeAtyoro-3-methylbenzylory)carhonyl)phenylhOrOnie acid (35). 34

(001140 m@%%%wgzﬂg)ﬁgﬁm%mzw paund (34):

Boronate este 00 mg, 1.0 eq), benzyl bromide 33 (450 mg, 1.1 eq)
and cesium carbonate( 20 mg, 1. zg) ) were dissolved.in anhydrous DMF

and stirred for 3 Iy atjft Bhe re S diluted with @A (25 mL). The
solution was thenwashed w;@ger 5% NaH c@ watef’ brine. The
organic layer was dried oVt magnesium sulfate, Tiltered aihd evaporated
to a white solid whizh was purified via column chrdfatography (hexanes)

to give 34 (320 m A) yield) as a white solid. 10 ompound (35):
The boronate ¢ te was clea\/@@a@!dé@enbed n Ie 13 PartDto
give boronic g 35 asca ite s&hdnéma% ylel S (E m|e 287.08

(M-H). Example 17.[00 nthesis of 4- (benzylsuIfonyl)phenylboronlc
acid (43). 128 127

[00114] Compound (129): A tube was charged with phenol 63 (100 mg,'l eq), CsF on
Celite (180 mg, 60% by weight, 1.5 eq), acetonitrile (6 mL) ‘To this tube 3-methylbenzyl
brorﬁide 128 (168 mg, 2 eq) was added. The reaction was stirred at rt for 20 h. TLC showed
desired product. The reaction mixture was filtered, concentrated. The residue was purified
by flash chromatography (5% EtOAc in hexanes then 10% EtOAc) to afford 80 mg of desired
product 129.

[00115] Compound (127): Compound 127 was synthesized according to the procedure
described in Example 24. MS (ESI(-)) m/e 241.03(M -H)".

Example 82.
[06116] Compound 130 was synthesized according to the procedure described in Example

81 using 4—chlorobenzyl bromide in place of 3-methylbenzy! bromide 128. MS (ESI(-)) m/e
261.07 (M—H)".

Example 83.

{00117} Compound 131 was synthesized according to the procedure described in Example
81 using 2—fluoro—3—methylbenzyl bromide in place of 3—~methylbenzyl bromide 128. MS
(ESI(~)) m/e 259.04 (M—-H)".
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40 WO 2008/063300PCT/ (15201)7/021626 HO.B4OHHO OH \-1
oxonememi 4143 [0032]Compound (38): Boronic acid 36 (535 fig, 1.0 eq)
wandopinadsl 37 (430 mg, 1.0 eq) were dissolved in diethyl ether/(E@om/d) ete
n. To the solution magnesium sulfate was added and the reaction stirred
overnight at rt. The reaction was filtered and the magnesium sulfate
washed with ether. The filtrate was evaporated to give 38 (790 mg; 96%
yield) as a beige solid. [00331C «@ d (40): Benzyl bromide 39 (0.10
rnL, 1.1 eq) and Hunig's bas‘i@ , 2eq) were dissolved in THE (5
mL) to which thiol 38 (200 mg; %0 eq.)¥Was added and the reaction stirred
overnight at it The reaction was thepy gliluted with EtOAc (50 mL), washed
with water and brine, dried over magnesium sulfate and evaporated to a
pale yellow oil which was chromatographed with hexanes/EtOAc(l 00% to
Exani}fi¥ghexanes in 5% gradients every 100 mL) to give 40 (105 mg; 38%
leld) as a clear oil. [0034)Compound (41): The boronate ester 40 was

[
(001350 oy raroyrd digetri Eihensd acpdinitdhesmendso faserber boformmple
81 usigds Fdof38%nybaig PS5 (BRI a8 R4d 12 {Mnkthyandi A2 §1a%bakels MS
(ESI(L%%’(AQ)ZE%@EZO(@&%M-H» as white solids. 100351Compound (43):
Suffide41” ,1'ec) was dissolved in MeOH (1 mL) and cooled in an
ice water bath. To the solution o (50 mg, 1 eq) dissolved in water
(100 [IL) was added dropwise %mg&a white suspension. Then
another portion of oxone (50 eq)+dissolved in water (100 ttL) was
added. The suspension was stirged for 2.5 h while warming to n. The
suspension was treated with a 10% agueous solution of Na2S,03 (2 mL)

solution and then diluted with Watell@ nit). The solution was extracted
with DCM (2 X 179

Example 85.

[00119] Compound 133 was synthesized according to the procedure described in Example
81 using 2~chloro-5—fluoro-3-methylbenzyl bromide in place of 3-methylbenzyl bromide
128. MS (ESI(-)) m/e 293.91 (M-H)".

Example 86.

[00120] Compound 134 was synthesized according to the procedure described in Example
81 using 4—fluoro-3~methylbenzyl bromide in place of 3-methylbenzyl bromide 128, and
phenol 119 in place of phenol 64. MS (ESI(-)) m/e 277.06 (M-H)".




WO 20(8/063300PCTMS2007/021626 10 mL) and evaporated to a white
solid which was chromatographed with DCM/methanol (1 % increments
wBBHY dA9mL from 0% MeOli to 5% MeOH) to result in isolatigh, 8 & VWRES 26
solid which was dissolved in acetonitrile/water and lyophilized to 12 mg
27%) of 43 as a white solid. MS (ES1(-)) mie 275.11 (M--H). Example 18.
Exa b%%lSynthesis of 4-(phenylthiomethyl)phenylboronic acid (47) and 4-
[()Olzp]her(ydﬁn;bﬁmytmemwap bayistranicacitingHs) (2. pebOeB\RlAbs &Toél in ExBmple

54 0.8.0 H10 71Cm ): Ibr ide 4 (le%?
RS e e e R e R R
phencph IL;:tommznch dhettdiol 44(MO8THERL-)) tnéc) WS Qddé&lj and the reaction

stirred overnight at rt. After about 30 mm.the solution became a cloudy
white suspension. The reaction aﬁfzﬁ@ed with EtOAc (50 mL), washed
with water and brine, dried over mjag fesimit'sulfate and evaporated to a
clear oil which was chromator shed with hexanes/EtOAC (100% to 80%
hexanes in 5% gradients every £00 mL) to give 46 (135 mg, 6 1% yield)
as a clear oil. 100381Compounds (4353 and (48): The boronate ester 46
was cleaved as described in Example 13 to result in isolation of boronic
acids 47 (27% yield) MS (ESI(-)) mitt 243.09 (M-H) and 48 (30 % vyields)
Exanvje @SIH) m/e 259.11 (M-H) as white solids. Example 19.

39 h he carbamo henylboranic ac
oo M D S e A0 b
80 ugize@!rigomeetdyy) bernrenn imepBoo Of Z-mntthyligeg) meiéqéﬁénbl@iESEOMn/e
241 @E glifred overnieht at rt. Tne reaction was diluted with EtOAc, and water

was added and the reaction was stirred for 10 inM. The layers were
separated and the organic laye WA with brine, dried over magnesium
sulfate, filtered and evaporat a eil. The oil was
chromarogranhed with DCM/methanol tt'ﬁgive a white solid which was
dissolved in acetonitrile water and lygghilized to give 40 mg (28% yield) of
51 as a white solid. MS (ESI(-)) tn/e 254.08 CM-H). Example 20.
[0041]Synthesis of 4-(met yl(phenetbyl)carbamoyl)phenylboronic acid

Exarfpig.80.
[00123] Compound 137 was synthesized according to the procedure described in Example

80 using bromocyclohexane in place of 3~methylbenzyl bromide 128. MS (ESI(-)) m/e
219.07 (M-H)".

Example 90.
[00124] Synthesis of 4—(2—methoxy—2—oxo~1-phenylethoxy)phenylboronic acid (138).

OMe
Q

o}
0 (/Kv ok © @\

B¢y e
o
Br HO'
139 63 140

o
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FIN DCM 52 109421Borortic Acid 53 was synthesized in.the manner
described in Example 19 by substituting amine 52 for amine 50 to result in
Wigaliem3e6® mg (3 % yield) of 53 as a white solid. MS (ESIeHi@ @83k &

(M-H). Example 21. [0043]Synthesis of
4-(dibenzylcaramoyl)phenylboronic acid (55). OQGHNf HO..0.BBOH|[1

Th o'cc 495 @mromc AGIL PR VRS.SYP! esized in the manner

described in E ine .
isolation of 5 55 ammte "solid 00mg @ y.Q@y.ONAS (ESI(-))

mie 344.12 (M-H). Exam 2. [0045]Synthesis 0f138
loro-3---met g(%Iphenoxy)methyl)phenylboronlc acid (58).

0017y 9t BIRBBRI E%): Prrerisb (40 sBibeipedas issotved i rfEedure

descrladl k) Faasipis odde orEate (98 Bomh M AR ATdel. ahdllen 5
q ronalt% est %33 mg,-1.0 eq ) was added. Heated'
meth}é\ndl neen r an silica column with hexanes, and then 10:1

[001 ﬁhmﬁmﬁd Silotaplaied 158 W (GE% yisld)ES4:as Ak dure

?&ﬁ WO 200 %gm&) P e oo e A DR Hle B D frocedure
dese The gorona fe est @Béﬁé%f%?&%é%é¥ {bed in Example 13 to result :
in isolation of boronic acid 58 (22% yield) as a white solid. MS (ES1(-))

0048]Synthesis of
E 75.51 (M-H). Example 23. [ |
XauEP‘%ﬁienoxymethyl)phenylboronle acid (61).. : :
[00127] Synthesis of 4-{2——{(11111ethylamm@)»l-—oxo»—E—-phenylethoxy)phemylboromc

acid (141).
Q @]
e’% e, o Y,
8 T g
O7Z< ‘37\7<

0
\©\ NH HaTy _ESN SN
DCM | l ’ ;?<
o
143

YL
B,OH

OH

141

[00128] Compound (142): Compound 138 (300 mg, 1 eq) was dissolved in THF/MeOH
(3:2;2mL). A solution of LiOH monohydrate (171 mg, 5 eq) in water (2 mL) was added.
The reaction mixture was stirred at rt for 2 h. The mixture was diluted with EtOAc (150 mL),
washed with dilute HCI, brine, dried with Na; SOy, concentrated to give 300 mg of crude
product 142,
[00129] Compound (143): A flask is charged with acid 142 (60 mg, 1 eq), dimethylamine
(9 mg, 1.2 eq), HATU (77 mg, 1.2 eq), and EN (51 mg, 3 eq). The mixture was added with
DCM (3 mL). The reaction mixture was stirred at rt for 4 h. TLC analysis showed desired
203 '



d 0 OH CsF THF 5960 0,a-0 Nat0O4 NH40Ac 6061
100491Compound (60): The boronate ester 60 was synthesized as
described in Example 21 by replacing phenol 56 with phenol 59 to result in
Wia§8¢ 5 1mg (58 % yield) of 60 as a white solid. 10050 FESHPMIHE21626
(61): The boronate ester 60 was cleaved as described in Example 13 Part
prodBtto iestdedhds ohatiore of dsalidwticl axith BI{ROMaptedd hath ditubiteE0lidhdd Sodium

vicalRENIRATL0R ML h ARG 3410033

NERf de trated.
4-(3-fluoro-4-rnethylphenoxy)pheny 662). §3§26§n W&ncen ae

FlaslpguerogsseppCitras200d /02062 6 tRiaa oviexants nyavecdd mg of desired
prod@&qt&?ﬂe/ H20FOH

[00130] Compound (142): Compound 142 was synthesized from 143 according to the
procedure described in Example 23, path B. MS (ESI(-)) m/e 297.69 (M-H)".
Example 92.

[00131] Compound 144 was synthesized according to the procedure described in Example
91 wusing butylamine in place of dimethylamine. MS (ESI(-)) m/e 326.52 (M—H)".

o)
H 5O
9 OH
144

Example 93.

[00132] Compound 145 was synthesized according to the procedure described in Example
91 using benzylamine in place of dimethylamine. MS (ESI(-)) m/e 360.41 (M~-H)".

O
Y IO
& B,OH ‘
. | OH
145

Example 94.

[06133] Compound 146 was synthesized according to the procedure described in Example
91 using piperidine in place of dimethylamine. MS (ESI(-)) m/e 338.37 (M-H)".

O
Cy 1L
§’OH
OH
146
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6562 [00521A flask is charged with phenol 64 (100 rug, 0 45 mrnol, 1 eq),
Cu(OAc)2 (83 mg, 1 eq), arylboronic acid 63 (140 mg, 2 eq), and powered
Winelesubasmieves (300 mg). The mixture was diluted with DGM{AQ,mb) 626
followed by the addition of Et3N (0.32 nth, 5 eq). The reaction mixture was
Examsfléed.at rt for 20 h. TLC analysis showed desired product. The reaction
Ixture was filtered through Celite 545, the filtrate was washed with

(001 JOA((,:. WW%%@&W@WW@WG@MNM@M@GS%&I WdBxample
91 usprgdist waspyrdieA o dlashet éﬁ"o EIOAG @g& es the
(M-I 0% EtOAC) toyaffgﬁzl partially g%ﬁﬂ%ﬂﬁ% uéc{“é)sg%g1 %%8}/8&&{;%13
ster 65 (89 mg, 1 eq) was dissolved in acetone/water (10 mL, 1:1).
Ammonium acetate (132 ryg, 8 e@) and sodium periodate (326 me, 8 eq)
were added to the solution?The, tion was stirred for 16 h. The
reaction mixture was filtered thrd piag of Celite and sodium
sulfate. The plug was washed wit Ac anghthe combined filtrates were
concentrated under reduced pressure and the crude product was purified
by flash chromatography (25% Eto% in tams then 50% EtOAc to 1%
MeOH in DCM) to afford partially pure desired product 41 mg. Yield 78%.
ExanlRR 6ESI(-)) Ink 245.04 (M-H). Example 25. [0054]Compound 66 was
wmsajnthesized according to the procedure described in Example 24 using

ridrRTBBEbAS avieliymplegesdhbaninig acitlGRoMuHE SN P AHAD .

91 ustMN'.-8dnzRHGE 5]Compaund 67 was synthesized
gy al\gcordin}?o the pﬁ@%%%%g%%%%éﬁ%egfﬁrﬁ% eo%gll gfsh indS {ESI(-))

mfe *bbioridadit-in place of boronic acid 63. MS (ESI(-)) rule 214.08 (M-Hy.
It<5, 67 Example 27. [OOE@;mpound 68 was synthesized according to

the procedure described i le 24 using 3-fluoropheny1 boronic acid

in place of boronic acid 63. MS (ES2¢ c 231.02 (N4-fly. 68 Example
28. [0057]Compound 69 was syn i rding to the procedure

described in Example 24 using 4 ropheiyl boronic acid in place of
boronic acid 63. MS (ESI(-)) ink 231%4'892

Example 97,

[00136] Compound 149 was synthesized according to the procedure described in Example

I using 3-methyl-1,4-di-bromobenzene in place of 2 and 3—fluorophenylboronic acid in
place of 3. MS (ESI(-)) m/e 229.14 (M-H).

OH
Bo
- | OH
F N
149

Example 98.

[00137]  Compound 150 was synthesized according to the procedure described in Example

I using 4-bromo—2-methylbiphenyl MS (ESI(-)) m/e 211.03 (M—H).
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OH 69 Example 29. [0058]Compound 70 was synthesized according to
the procedure described in Example 24 using 3-methoxycarbonylphenyl
boronic acid in place of boronic acid 63. MS (ESIH) m/e 271.05 M-H)(.
WEABEBReoH 70 Example 30. 100591Compound 71 wa&SYNEL 284620
according to the procedure described in Example 24 using
4-methoxycarbonylphenyl boronic acid inPace of boronic acid 63. MS
(ES1H) rule 271.05 (M-Hy. WO™2088 @3@9’3 CT/US2007/021626
,B40OH OH 71 Example 31. [0060 Lo pound 72 was synthesized
according to the procedure desgufibed in Example 24 using 3-methylphenyl
boronic acid in place of borsqgjeracid 63. MS (ESIH) rale 227.12 (M-1-1)- .
OH 72 Example 32. [0061]Compound 73 was synthesized according to
the procedure described in Example=24 using 4-methylphenyl boronic acid
in place of boronic acid 63. MS (EST-)) m/e 227.07 ,OH OH 73 Example
Exa 331»3[9 01[Compound 74 was synthesized according to the procedure
"4BScribed in

[00138] Compound 151 was synthesized according to the procedure described in Example

1 using 3-biphenylboronic acid in place of 3. MS (ESI(-)) m/e 291.04-(M—H).
F OH '
!

=N
o

151

Example 100.
[60139] Compound 152 was synthesized according to the procedure described in Example

1 using 3-Fluoro-2’chloro—4’-bromobiphenyl! in place of 4. MS (ESI(-)) m/e 249.01 (M-
H).

Example 101.
[060140] Compound 153 was synthesized according to the procedure described in Example

1 using 1-naphthylboronic acid in place of 3. MS (ESI(-)) m/e 265.04 (M—-H).
F (?H

% O “OH

153

206



Example 23 using 3-methoxyphenyl boronic acid in place of boronic acid
63. MS (ESI(-)) m/e 243.03 (M-H). 74 Example 34. [0062]Compound 75
woassymthesized according to the procedure described in EX@pi&dd 021626
using 4-methoxyphenyl boronic acid in place of boronic acid 63. MS
Exadfpfal(92 m/e 243.05 (M-H). 75 Example 35. [00631Compound 76 was
ntheS|zed accordlng to the procedure described in Example 24 using
[001“3?/ iR prGASEab pspiedaickirsl acecod borbmicibeidBBxample
1 usi 34 Ly DN 266 99 7 ound 77
1\Itvéas gﬁtﬁe&zed accordlglg#tg?ﬁg p%%)g%?}r%%gsggr e(? ?n](%z?rﬁple 24
using 3,'i ditnethylphenyl boronic acig e of boronic acid 63. MS
(ESI(-)) ink 241.04 (M-HT. I*OH hR le 37. 100651Compound 78
was synthesized according to the scribed in Example 24
using (3-chloro | rnethylp y X
MS (ES1(-)) nve 261.16 ( ' H) Er-OH 78 Example 38. [0066ICompound
79 was synthesized accordimg {to the procedure described in Example 24
using (4-methy1-3- nltrophenyl) bor géc acid in place of boronic acid 63.
MS (ES1(-)) tu/e 272.06 (M-HT. 8,

mp%

Example 103.

[00142].  Compound 155 was synthesized according to.the procedure described in Examble

1 using 3—fluoro—4-biphenylboronic acid in place of 3. MS (ESI(-)) m/e 309.10 (M-H).

F C‘JH
/iB\OH
F'\ N
F
155

Example 104.

[00143]  Compound 156 was synthesized according to the procedure described in Example

1 using 3-N,N-dimethyaminophenylboronic acid in place of 3. MS (ESI(-)) m/e 258.08 (M— .
H).

Example 105.

[00144] Compound 157 was synthesized according to the procedure described in Example

1 using 3—Fluoro—4-methylphenylboronic acid in place of 3. MS (ESI(~)) m/e 247.08 (M-
H).
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142 79 Example 39. [0067]Compound 80 was synthesized according to
the procedure described in Example 24 using 3,4-methylenedioxybenzene

ngr@gﬁ%gﬂp in place of boronic acid 63. MS (ESI(-)) m/e 253 03Ms)s21626
xample 40. [0068]Compound 81 was synthesized according to the

procedure described in Example 24 ugng -%IEoro '| propyloxyphenyl

boronic acid in place of boronic acid 63. M SI(-)) Rile 289.32 (M-Hy.
Si Example 41. [0069]Compound 8 %‘N@ﬂsized according to the
procedure described in E?(ample 24 ) 4-butyloxy-3-fluorophenyl
boronic acid in place of borgpic acid 637 MS (ESI(-)) m/e 302.97 (M-H5.
82 WO 2008/063300PCT/ 07/021626 Example 42.
10070]Compound 83 was synthesized according to the procedure
described in Example 24 using 3,4,5rifluoropheny1 boronic acid in place

Exa&é@q@jic acid 63. MS (EST(-)) mile 266.99 (M-H). OH 83 Example 43.

071]Compound 84 was sg}nthesized according to the procedure

[0014fdscritrsappreskdAfore 2y dIRg B LeermtbPsRdRy PRSEHIE derdriRgdlae Emple
1 usiRoronipAGid.EHhMT IfeR i iNE AR 3. MS (ESI(-)) m/e 251.11 (M-H).

F OH

Sh

158
Example 107.
[00146] Compound 159 was synthesized according to the procedure described in Example

17 using 3~fluoro—<4—methylbenzyl bromide in place of 39. MS (ESI(-)) m/e 293.12 (M-H).
’ HO\B/OH

159
Example 108.
[06147] Boronic Acid 160 was synthesized in the manner described in Example 19 by
substituting N-phenylbenzylamine for amine 50 to result in isolation of 160 as a white solid.
MS (ESI(-)) m/e 330.12 (M-H).
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E3-O0H OH 84 Example 44. [0072]Compound 85 was synthesized
according to the procedure described in Example 24 using
w2ddiflsasephenyl boronic acid in place of boronic acid 63. I\f]&(}t—'}?%g
mie 249.01 (M-Hy. 85 Example 45. [0073]Compound 86 was syn A
according to the procedure described in Exgmple 24 using
3,4-dichlorophenyl boronic acid in place ofi.boronic acid 63. MS (ESI(-))
mie 281.32 (M-1-0-. WO 2008/063300RCTIPFS2007/021626 86
Example 46. [0074]Compound 8% was synthesized according to the
procedure described in Example 24 using 3,5-dichlorophenyl boronic acid
in place of boronic acid 63. @%s (-)) m/e 281.32 (MA-1y. CI 11l CIH6 87
Example 47. [0075]Compou 8pa ; synthesized according to the
procedure described in Example 24 ysing 3-fluoro I methoxyphenyl
boronic acid in place of boronic aci%g(?. MS (ES1(-)) ink 261.03 (M-H)-.
88
Example 109. \

’) 21(:({26

eslze

[00148] Boronic Acid 161 was synthesized in the manner described in Example 19 by

substituting N-methylbenzylamine for amine 50 to result in isolation of 161 as a white solid.
MS (ESI(-)) m/e 268.11 (M-H).

161

Example 110.
{00149] Boronic Acid 162 was synthesized in the manner described in Example 19 by
substituting (S)-alpha—methylbenzylamine for amine 50 to result in isolation of 162 as a
white solid. MS (ESI(-)) m/e 268.06 (M-H).

(PH

B

~OH

162
Example 111.

[00150] Boronic Acid 163 was synthesized in the manner described in Example 19 by
substituting (R)-alpha—methylbenzylamine for amine 50 to result in isolation of 163 as a

white solid. MS (ESI(-)) m/e 268.10 (M—H).
209



Example 48. [0002]Compound 89 was synthesized according to the
procedure described in Example 24 using
4-chloro-3-(trifluoromethyl)phenyl boronic acid in place of boronic acid 63.
Wﬁlé"?ﬁ%‘ﬁ%‘) nye 314.83 (M-I-1)-. 89 Example 49. 100761¢3AN5aUHE67°
was synthesized according to the procedure described in Example 24
using 3-chloro4-(trifluoromethyl)phenyl b%%nic acid in place of boronic
acid 63. MS (ESI(-))315A7 90 Exampté*54,[00771Compound 91 was
synthesized according to the prog described in Example 24 using
4-chlorer-3-methylphenyl boronic acid in place of boronic acid 63. MS
(ESI(--)) mie 261.41 (M-1-1). HI91 Example 51. [0078jCompound 92 was
synthesized according to the procedure described in Example 24 using
4-fluoro-3-methylpheriyl boron'd in place of boronic acid 63. MS
9,

(ES1(-)) mie 245.45 Ovil-Hy. 9 ample 52. [00791Compound 93 was
synthesized according to the proCédure described in Examp]e 24 using
3-cMoro | methoxyphenyl boronic aﬂg in place of boronic acid 63. MS

(ESIH) nvle 277.45 (M-EIf.
Example 112.

[00151] Boronic Acid 164 was synthesized in the manner described in Example 19 by
substituting piperidine for amine 50 to result in isolation of 164 as a white solid. MS (ESI(-))
m/e 232.09 (M—H).

(PH

Nea.
9

164

Example 113. Synthesis of Compound 165.

HO. ; OH O:\/\g/\/zo

E 1 o570
N F

o:<\ //¥—0 MW 140° O

OH HO - o
dioxane

L, J
9 | F

165

[00152] Compound 9 (50mg, 1.0eq.) and N-Methyliminodiacetic acid (37.8mg, 1.2eq.)
were dissolved in 4mL of 1,4-dioxane and placed under microwave irradiation for 40
minutes at a temperature of 140 C. After the reaction was cooled down the reaction was
partitioned between 10mL of ethyl acetate and 5ml of water. The organic layer was separated,

washed with SmL of brine, dried over magnesium sulfate, filtered and evaporated to a white
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Me0 13-OH ciHO 93 WO 2008/1163300P CT/ US2007/021626 Example

53. [0080]Compound 94 was synthesized according to the procedure
Weexsosibedih Example 24 using 4-ethoxy-3-fluorophenyl borenicecichimz1626

place of boronic acid 63. MS (ESI(-)) m/e 275.07 (M-1-17. Et | HO 94

solid Bk plesody {A08HCompatifich0hANaS symhasiazesi@c@pmmgtﬂgt&%meddas a
C be 4 using 3-isopropylphenyi boronic aci
Whlte%%ﬁﬁ%ﬁ%ﬁo»mg % é%@%@z SIH) rn/e 255.07 (M-H) . u -OH HO 95
Example 55. [0082]Compound 96 was synthesized according to the
r cribe e2 3- |s Qxypw boronic
eSS o BERPRS, Mé PSR O 1o

96 Example 56. 100831Compound 97 w. nthe5|zed according to the
procedure described in Example 24 usin |quoromethoxyphen I
boyonic acid in place of boronic acid 63. /@Sl( -)) mie 297.05 RigHrH

o. O
Naqu
@\

NH OAc 0]

Br U ! /‘\

167 168
{06153] Compound (167): Boronate ester 45 (200mg, 1.0eq.) and alcohol 166 (146mg,
2.0eq.) were dissolved in 2mL of DMF. To the solution a 60% oil dispersion of sodium
hydride was added ( 81mg, 3.0eq.) and the reaction stirred for 18 hours. The reaction was
diluted with S0mL of ether, washed consecutively with water (10mL), brine (10mL), dried
over sodium sulfate, filtered and concentrated. The residue was purified on silica gel using

4% ethyl acetate/96% hexanes to give 100mg of a beige solid.
[00154] Compound (168): The boronate ester 167 was cleaved as described in Example
13 to result in isolation of boronic acid 168 as a beige solid. MS (ESI(-)) m/e 241.07 (M-H).

Example 115.

[00155] Compound 169 was synthesized according to the procedure described in Example
114 using 1-hydroxymethylnaphthatene in place of alcohol 166. MS (ESI(-)) m/e 291.13
(M-H)".
HO. _OH
B8

B

169
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B-OH c¢,CF3H6 97 WO 2008/063300PCIMS20071021626 Example 57.
[0084]Compound 98 was synthesized according to the procedure
wisseiihediin Example 24 using 3-butoxyphenyl boronic acid | }‘g e of
boronic acid 63. MS (EST(-)) mie 285.11 (M-Hy. 500 B e26
- 98 Example 58. [00851Compound 99 was synthesized according to the
xampleddfire described in Example 24 using 3,4,5-trimethoxypheny! boronic

{ﬂol%eg% é@l&@@@ﬁ%c’m%iﬁ g&i&&sﬁM &%ﬁiﬁ@t@@% gﬁyewh&lhé)deéé%@mh@ P&mple
0 oun was synthesjz according. to the procedure
L1 R A SIF GG Sh AL oo N SRR oGP Bfd 45D,

acid in place of boronic acid 63. M8 (ESH--)) nve 271.08 (M-HI. 100
Example 60. [0087]Compound 101 was synthesized according to the
procedure described in Example 2 g 3-isopropoxycarbonylphenyl
boronic acid in place of boronic aci ! MS (ES1(-)) ink 299.11 (M-H)-.
101 NVO 2008/063300PCT/ES2007/021626 Example 61.
100881Compound 102 was synthesized according to the procedure

described in Example 24 using 3-(N,N-dimethylaminocarbonyl)phenyl
boronic acid in place of boronic @@ S (ESI(-)) m/e 284.66 (M-Hy.

176

Example 117.

[00157]  Compound 171 was synthesized according to the procedure described in Example

114 using 2-hydroxymethylbiphenyl in place of alcohol 166. MS (ESI(-)) m/e 317.17 (M-
H)". '

HO.__OH
B

171

Example 118.
[00158]  Synthesis of 4—(benzyloxymethyl}-2~fluorophenylboronic acid (175).

0 Br
HO. _OH F. |
B N—Br B2 Br \]L_JY/
F < (BzO), 0. HO
Y BB OH 0.0
> B

t i
F 0,0 —

CCl,

474 172

Br
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102 Example 62. [OM]Compound 103 was synthesized according to the
procedure described in Example 24 using o _

WO AR @imethylatninocarbonyl)phenyl boronic acid in place pfbogmiG/02162¢6
acid 63. MS (ESI(-)) in/fe 284.32 (M-Hr. -N Rd 103 Example 63.
[00901Compound 104 was synthegized according to the procedure
described in Example 24 using 3- olidine-I-carbonyl)phenybbokgmic
acid in place-sfbe acid 63. M’S_(ES 1(-)) m/e 310.16 (M-Hy.B104

%&Compound 10 Wa§synthe§‘12!%d accordi

procedure described in Example ng ) _

3-(N- |soprop inocarbonyl)phe ronic aci lace of borpnic acid

63. MS (ESI mie 298.06 (M-41)".] B-OH H&”f@ 105 Example 65.

100921Compound 106 was synthesized according to the procedur_ _

described in Example 24 using 3-(hu Iaminocarbonyl)phenlc acid
in place of boronic acid 63. MS (- ))I;gte 312.14 (M-1-1 13-OH

HO 106 175

[060159] Compound (173): Boronate 171 (1.00 g, 1.0eq.) and carbon tetrachloride (40 mL)

are heated together; the solid eventually goes into solution and some water comes out on the

sides of the flask. The mixture is poured through a plug of cotton wool and the filtrate treated
with NBS (1.16g, 1.0eq.) and (BzO), (50 mg, cat. amt.) and refluxed during 2h. The hot
reaction mixture is filtered through a fluted filter paper and the filtrate cooled in the freezer;
the ppt is filtered off, washed with a little bit of hexane, and dried in vacuo. The solid is
dissolved in 20 mL of ether to which pinacol (300mg, 3.0eq.) is added and the solution stirred
for 30 minutes. The solution is dried over sodium sulfate and evaporated to yield boronate
ester 173 as a waxy white solid (500mg).

[00160] Compound (174): Boronate ester 173 (200mg, 1.0eq.) and alcohol 166 (146mg,
2.0 eq.) were dissolved in 2mL of DMF. To the solution a 60% oil dispersion of sodium
hydride was added ( 81mg, 3.0eq.) and the reaction stirred for 18 hours, The reaction was
diluted with 50mL of ether, washed consecutively with water (10mL), brine (10mL), dried
over sodium sulfate, filtered and concentrated. The residue was purified on silica gel us’ing
4% ethyl acetate/96% hexanes to give 100 mg of a belge sohd

[00161] Compound (175): The boronate ester 174 was cleaved as described in Example
13 to result in isolation of boronic acid 175 as a beige solid. MS (ESI(-)) m/e 259.06 (M-H).

Example 119.

[00162] Compound 176 was synthesized accordihg to the procedure described in Example

118 using 2~trifluoromethylbenzyl alcohol in place of alcohol 166. MS (ESI(-)) m/e 327.06
(M-H)".
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Example 66. [00931Compound 107 was synthesized according to the
procedure described in Example 24 using
W§ +4Nzhepgylaminocarbonyl)phenyl boronic acid in place of %Qﬂgzﬂﬂ%ﬁ?’z(
MS (ESI( )) hue 346.11 (M-H). 1l cc.) HN OHO 107 Example 6
[0094]Compound 108 was synthesized according to the procedure
described in Example 24 using 3-(t-Bgc-amino)phenyl boronic acid in
place of boronic acid 63. MS (ESI(-))ink 327.94 (M-H)i 108 WO
2008/063300PCTIUS2007/021626 ple 68. 10095]Synthesis of
4-(3-aminophenoxy)phenylboronic {(109) B4OH NHBocOH 108 i0 11
NE120OH 109 [00961Boronic acid 1(8 0 mg) was dissolved in dry THE
(2 mL) under nitrogen. HO (4N dioxaneysolution, 1 nth) was added. After 2
h, the reaction mixture was conc d and the resulted solid was
washed with EtOAc, the slum, w. red through a short plug of cotton.
The solid residue was redissolved in m&fitanol to give 22 mg of desired
product 109. MS (ESI(-)) mfe 228.08,(M-H)-. Example 69.
10097]Compound 110 was synthesized according to the procedure
described in Example 24 using 4(t-Boc-amino)phenyl boronic acid in place
Exangfip@penic acid 63. MS (ESI(-)) rnie 327.92 (N4-1-0-

[00163] Compound 177 was synthesized according to the procedure described in Example
118 using 3~trifluoromethylbenzyl alcohol in place of alcohol 166. MS (ESI(—)) m/e 327.06
(M-HY". '

HO, B,OH

F

177

Example 121.
[00164] Compound 178 was synthesized according to the procedure described in Example
118 using 4-trifluoromethylbenzyl alcohol in place of alcohol 166. MS (ESI(-)) m/e 327.06
(M-HY".

HO_ B,OH

F

O

FiC :

178
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BocHN ,OH OH 110 Example 70. [0098]Compound 111 was
synthesized according to the procedure described in Example 68 using
woloasgetace of 108. MS (ES1(-)) ink 228.03 04-Hy. B.- OR&HEXAMAS
71. 100991Compound 112 was synthesized according to the proc_edure
Exangigisgriped in Example 24 using 3,4 dimethoxyphenyl boronic acid in place
f boronic acid 63. MS (ESI(-)) mle 373.07 (M+1-120-H)-. WO
mﬂl%é%%%@@%ﬁdﬁﬂ’@ Sprse 2ecording ohiplecydire doxtkd in Example

118 WSiappanngL 13uassymnihesized aceRrting e NI asedvse %§g@%?ggiﬁm/e

e 24 using 112 in place of compound 65. MS (ESIH) mie
275'05\?3&%;.)#\%0 OMeOH 113 Example 73. f00101] Compound 114 was

synthesized according to the pramedore described in Example 24_, using
3-fluorophenyl boronic acid in placg of boronic acid 63, and 2,6-dimethyl
(4,4,5,5-tetramethy1-1,3,2-4ioxa an-2-yl)phenol in place of phenol

64. MS (ES1(-)) m/e 259.02 (M B

Example 123.
[00166] Synthesis of 4—~((phenylamino)methyl)phenylboronic acid (182).

\/Lé Cg-0 MO\ O

DMF NH,OAc ‘
Br ’ = @
s

180 a5

181 182

[00167] Compound (181): Amine 180 (86 mg, 1.1 eq) was dissolved in DMF (10 mL),

cesium carbonate (302 mg, 1.1 eq) was added, and then boronate ester 45 (250 mg, 1.0 eq)

was added. Heated for 18 b, filtered and concentrated. Ran silica column with 95:5

hexanes:EtOAc, then 9:1. Isolated 169 mg (65% yvield) of 181 as a beige solid.

[00168] Compound (182): The boronate ester 181 was cleaved as described in Example

13 to result in isolation of boronic acid 182 as a white solid (43mg, 55%). MS (ESI(-)) m/e
1 226.07 (M-H).
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Example 74. (00102] Compound 115 was synthesized according to the
procedure described in Example 24, using 3-fluorophenyl boronic acid in
welasgsRbAgkonic acid 63, and 2-methoxy-4- , PCT/US2007/021626
(4,4,5,5-tetramethy1-1,3,2-dioxaboroian-2-yOphenol in place of phenol 64.
Fxa Mie(f%il(-)) mile 260.99 (M -Hr. OMe OH OH 115 Example 75.
Td) 1031 Synthesis of 3-fluoro-4-(3-fluorophcnoxy)phenylboronic acid
[001¢31 6) Crup(uivd) B3 Spho st EiaN Fushrding ®0Delrocdtée[¢et0spd in Example
: ontainipg 2- enol 117 (2 g,
it 18 1L B OB (0 . 603 e, and
Et3N (1 g, 1 equiv.) in toluene (191(5r1L)/(was added Pd2(dba)3 (OA g,
0.015 eq). The flask was purged wittBAr and then heated at 80 C for 5 h.
The reaction was quenched with metf¥anol, and filtered through Celite.
Flash chromatography on silica gel {(hexane, 10% followed with 30%
EIOAc in hexane) gave desired produgt 119 (1.9 g). [00105] Compound
(116): Compound 116 was synthesized according to the procedure
described in Example 24, using &-fluprophenyl horonic acid in place of
. boronic acid 63, and phenol 119 i e of phenol 64. MS (ES1(-)) m/e
249.04 (M Example 76. [00106]S sis of 2-fluore |
(3-fluorophenoxy)phelaylboronic acid (120). HOHO Pd2(cfbal3 Sphos
HB 118 Etse 121 Br 183

[

Example 125. A
{00170] Compound 184 was synthesized according to the procedure described in Example
123 using indoline in place of amine 180 . MS (ESI(-)) m/e 251.10 (M-H)".

_OH
HO~ g

%
184

Example 126.
[06171] Compound 185 was synthesized according to the procedure described in Example
123 using tetrahydroquinoline in place of amine 186. MS (ESI(-)) m/e 266.13 (M~H)".

HO oy

185
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Toluene, 800 F OH 120 [00107] Compound (122): Phenol 122 was
synthesized according to the procedure described in Example 75 using
wériluordd Brom phenol 122 in place of phenol 117. 1001081,C0meRu e 1626
(120): Compound 120 was synthesized according to the procedure
Exazﬂﬁﬁe‘:{@ﬁd in Example 24, using 3-fluorophenyl boronic acid in place of
boronic acid 63, and phenol 122 in place of phenol 64. MS (ESI(-)) mie
(001549, of upamyd 188 WGy R0BSI6E3800RDE 74 15200740R [ORECEKANAIE Ffaple
123168 113108 ized in tothf r rﬁ%u _
des%?%ﬁ?%%gﬁgggg %E%%%ﬁ%@rﬁ&%@@%h%y AbBOro IC _él@d' in
place of boronic acid 63, and p 122 in pl of phenol 64. MS
(ESI(-)) mie 315.35 (M F3C: 123 Exarmple /8. [00110[ Compound
124 was synthesized accagygding to the pr/ocedure described in Example
24, using (4 chloro-3-methylphenyl) boronic acid in place of boronic acid
63, and phenol 122 in place of phed8f64 MS (ESI(-)) rn/e 279.12 (M CI
110H HO 124 Example 79. [00111] Compound 125 was synthesized
Exa aci:%%yg to the procedure described in Example 24, using
n%p -difllioropheny) boronic acid in place of boronic acid 63, and phenol

[0017T32 irCptapeuot pRENakG4n S (EEACI) iR 26MAB M dBOHHENLATn Example

| . [00112] C d.126 thesized ding to th
2 T R A 28 R BSE e ooy

boronic acid in place of bggpnic iiid 63, and phenol 122 in place of phenol
\Vi

64. MS (E,'S1(-)) mit 279.0%

-126 WO
2008/0633OOPCT/U82007(¢021 HN-—

187

Example 129.

[00174] Compound 188 was synthesized according to the procedure described in Example
123 substituting boronate ester 45 for 2—fluoro—substituted boronate ester, and using indoline

in place of amine 180 . MS (ESI(-)) m/e 270.10 (M-H)".
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Example 81. 1001131 Synthesis of 4-(3-methylbenzyloxy)phenylboronic
acid (127). [001141 Compound '(129): A tube was charged with phenol 63
.| eq), CsF on Celite (180 mg, 60% by weight, 1.5 itri
w%%ﬁ@ﬂ}%; (t?his tube 3-methylbenzyl bromide 128 (168 rug, %%e)a/)ﬂg@t(gmﬂﬁs

added. The reaction was stirred at rt for 20 h. TLC showed desired
ExamplilRg: The reaction mixture was filtered, concentrated. The residue was
[001 78] rifiex) by Has brohioprrisgsanby) eénRiphentberane a e 40% EtOAc)

to afford 80 mg of desired product 129. 1001151 Compound (127):

Compound 127 was synthesized according to the procetﬂi%*described in

Example 24.)'34 (ESI(-)) mie-241H3(M -14)-. Example 82 1001161

Compound 13i was synthesized according to the w@@ described in

Example 81 g 4 ch+or bromid&apHplace of 3-nethylbenzyl
bromide 1285 (ES1(-)) /e .07 %/I-H . J.5 -OH-gO CI 130 Example
83. 1001171 Compound 131 was synthes Qccordipg to the procedure
described in Example 81 usiny 2-9Iuoro-3-methylber romide in place
of 3-methylbetszyl bromide 128,gyS (ESI(-)) m/e 259.04 (M-Fly. 13-0H
1HO 131 Example 84. [00118] Compound 132 was synthesized
according to the procedure described in Example 81 ué‘rﬁg
4-fluoro-3-methylbenzyl bromide in place of 3-methylbenzyl bromide 128.

(ESIH) mie.259.05 (M-Hr. 132 Example 85, [00119 .
001 RIBES LHLomNE b T SFES L B L e 1 worer
to whisingn2sehl80d-B-flugr® Janethydladdzyl Bhontitleiim placetofed-faethdbe Migh

.b ide 1.28. ESI(- ie 293,9 it-1i). .6-0H 1-F 113 E |
soaiffi R s T G2 adied i il d e Ao SRR e
reaciieserbathiExnies bisieldeflaciiesidnetivydbendydbrothitiérit pltoetic
acid iR PRMRGACY QLU I EPRALEALIRPI0F SNSRI 9oMS

(ES1(-)) rate 277.
hexanes to result in isolation of 191 as a yellow solid (4mg, 5% yield). MS (ESI(-)) m/e

290.15 (M-H).

25

Example 131.

{00177}  Compound 192 was synthesized according to the procedure described in Example
24 using 3-hydroxy phenylboronic acid in place of boronic acid 63 and 3-(4,4,5,5—
tetramethyl-1,3,2—dioxaborolan-2-yl)phenol in place of phenol 64. MS (ESI(-)) m/e 214.09
(M-HY".

HO, H
B/O
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134 WO 2008/063300PCT/US2007/021626 Example 87. [00121]
Compound 135 was synthesized according to the procedure described in

wxampss&l using 4-fluoro-3-methylbenzyl bromide in placggt yga007/021626

3-methylbenzyl bromide 128, and phenol 122 in place of phenol 64. MS
Exam(lﬁ§k(”5». Ink 277.13 (M-11)-. | HO 135 Example 88. [00122] Compound 136

was synthesized according to the procedure described in Example 80
[00178kin ot EtRytseipgitsindnacer &g imthplvesdykbiomitied iag Mt ple
24 usi@%lﬁl),lmj@ugééﬁ %&Mf&élﬁd%ﬁ%l%&?@l&(ﬁg g%%‘éﬁéﬁn%oéﬂgx%ﬂq& 37place

was synthesized according to the procedure éescrl ed In Example 80
Ofph%%%%%@&&%@%%@%g&écé f 3-methylbenzyl bromide 128. MS

(ES1(-)) trile 219.07 (M-Hy. | 8-OH F16 137 Example 90. [00124]

Synthesis of 4-(2-niethoxy=2-0x0-1 FE)henylethoxy)phenylboronic acid

(138). OMe WO 2008/0 0) U$2007/021626 Olvte Ky O 1 B-OH

HO 138 [00125] Compoyqpsl (1 0 nd 140 was synthesized
according to the procedure described @m&le 81 using methyl
alpha-bromophenylacetate 139 in plac 3- methylbenzyl bromide 128
[00126] Compound (138): Compound 138 was synthesized according to

the procedure described in Exampfe 23. MS (ESI(-)) ink; 285.46M-11)-.
Example 91.

Example 133.

[00179]  Compound 194 was synthesized according to the procedure described in Example
24 using 3—methoxy boronic acid in place of boronic acid 63, and phenol 122 in place of

phenol 64. MS (ESI(-)) m/e 261.04(M —H)".
K
HO
/B O
HO
O
i:> \

194

Example 134. .
[00180] Compound 195 was synthesized according to the procedure described in Example
24 using 3~N;N—diinethy1 boronic acid in place of boronic acid 63, and phenol 122 in 'piace
of phenol 64. MS (ESI(-)) m/e 274.08(M —H)".

R
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[00127] Synthesis of
4--(2-(dimethylamino)-2-oxo-1-phenylethoxy)phenylboronie acid (141).
41 [0 § Compound (142): Compound 138 (300 mg, 1 e %1
W 545 \(/98]3 %JTHF/MeOH (3:2; 2 mL). A solution of LiOH mong i\/ﬁ%t%)?ﬁlf%
m?, 5 eq) in water (2 rnL) was added. The reaction mixture was stirred at
Exangpled 3% The mixture was diluted with EtOAc (150 mL), washed with dilute

[00181C1, dsingosietwihNIZBEMaoREeRITIAH R PR 08 MG A UIEExample
product 142. [00129] Compound (143): A flask is charged with acid 142

24 usiy Hiy, ey drrfs R PR, browg poidP AP sgol 13 e Pl of
phen& BN N MG(3) pae Tbe. moiktrapvas added with DCM (3 mL), The
reaction mixture was stirred at rt for 4 h. TLC analysis showed desired 203

WO 2008/063300PCT/US200F021626 product. The reaction mixture was
diluted with DCM, washeHQith giitated HCI, then sodium bicarbonate,

followed with brine. The resHiting orgafic mixture was dried and
concentrated. Flash chroffatography ()@g 0%-25% EtOAC in

licxancs) gave 45 mg of desired produc . 1301 Compound (142):
Compound 142 was synthesized from 143 according to the procedure
described in Example 23, path B. M4 E51(-)) rive 297.69 (M-Hy.
Example 92. [00131] Compound 144 was synthesized according to the
procedure described in Example 91 using butylamine in place of
Exafdineilylamine. MS (ESI(-)1 Ink 326.52 (M-Hy. L 6H 144 Example 93.
1001321 Compound 145 was synthesized according to the procedure
100135 crfoenrueddmblees Basing S8 reyRifite s aeecet R etpyhemhindxample
24 udvhd {ESHNIN/Bo3 AdeiMnhlacd 47 borePIRi843 1004 Siampeundc146
- was, synth ize% accordin% to the procedure described in Example 91
phengl g%‘%&%%%‘é iPflada bt ikistylamine. MS (ES1(-)) mic 338.37 (M-Hy.
146 WO 2008/0633001:820971021626 Example 95. [00134] Compound
147 was synthesized aqggrdin\’i If the procedure described in Example

D0

19

B
HO

Example 137.

[00183] Compound 198 was synthesized according to the procedure described in Example
24 using 3-pyrrolidinyl boronic acid in place of boronic acid 63, and phenol 122 in place of
phenol 64. MS (ESI(-)) m/e 300.12 (M -H)".

R
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91 using N,N-dimethylethylenediamine in place of dimethylarnine. MS
(ESI(-)) irde 341.13 (M-Hy. OH 147 Example 96. [001351 Compound
wABosass synthesized according to the procedure described pa-Ex¥nPiePdoc
using N'-benzyl- N,N-dimethylethylenediamine in place of dimethylarninc.
ExaxMﬁ% @B&I(-)) m/e 431.12 2. rP-MN 611 148 Example 97. [001361
pound 149 was synthesized according to the procedure described in
GOI%iam%lgtPagw 3-riap4A3dBrsntdsanend inyboe ok 2¢d 201).
34lmorophenylboron|c acid in place of 3. MS (ESI(-)) mile29.14 KM-H).
OH xample 98, @ 71RognaiuadriE0 was @thes e accordlng
&y [ QMire dedBribderin Examptetusirtg 4-bro 01@
MS ( (--)) rie 211.03 (M-HNBv o8B RA568300PCTHUS 26 1021626
150 Example 99. [001381 Compound 151 was synthesized according to
the pﬂ%”edure describéd in Example 1 using 3-biphenylboi8fiic acid in
place of 3. MS (ESI(-)) m/e 291.04 (M-H). F OH B1,0H 151§Example 100.

Y~

[001391 Compound 152 was synthesized according to the procedure
described in Example 1 using 3-Fluoro-2'citiorc-4'-bromgpipghenyl in place
of 4. MS (ESI(-)) m/e 249.01 (M-H). 152 HO

[(}0185} Compound (200): Phenol 200 was synthesized according to the procedure
described in Example 75 using 3—chloro—4-Bromo phenol 199 in place of phenol 117.
[00186] Compound (201): Compound 201 was synthesized according to the procedure
described in Example 24 using 3~fluorophenyl boronic acid in place of boronic acid 63, and

phenol 200 in place of phenol 64. MS (ESI(-)) m/e 265.06 M-Hy".

Example 139,
[00187] Synthesis of 4—(3~fluorophenexy)-2-methylphenylboronic acid (264).

/O Pd,(dba};, S-Phos \
Br OH + HB_ ’
0O

NEts, toluene, 80°C

202 118 203

O
204

[00188] Compound (203): Phenol 203 was synthesized according to the procedure
described in Example 75 using 3—chloro—4—Bromo phenol 202 in place of phenol 117.
[00189] Com.pound (204): Compound 204 was synthesized according to the procedure
described in Example 24 using 3—fluorophenyl boronic acid in place of boronic acid 63, and

phenol 204 in place of phenol 64. MS (ESI(-)) m/e 265.06 M -H)".
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Example 101. [001401 Compound 153 was synthesized according to the
procedure described in Example 1 using 1-naphthylboronic acid in place
f3 Sl(-)) rde 265.04 (M-H). F OH 153 206 Example 102.
W%O%T%%g ompound 154 was synthesized according to the lﬁ?gélés (pg021626
described in Example 1 using 3-pyrklylboronic acid in place of 3. MS
(ES1(--)) mie 216.17 (M-H). F OH 154 Example 103. [001421. Compound
Exandgied 4vas synthesized according to the procedure described in Example 1
using _3-fluoro | biphenylboronic acid in place of 3. MS (ES1(-)) mie
(00139 1Py thesis @fﬁﬂ%ﬁﬁe{gﬁl‘tﬁe%)ﬁm&sﬁ@wﬁmﬁaﬂﬁeces’a@m

synthesized according to the procedure described in Example 1 using

3-N; -dimethyamino;;ge beorcgg]i O%%'d Lg Iage of 31 MS (BB1(-)) m/e
F 2H T-BC 5&E§cﬂaméiafg§_100 “omppodnd 157
SR e

M

ized acco to theprenedurepdescr using
3-Fluoro-4-methylphenylboronic acid in place of 3. (ESI(-)) rnie 247.08
(M-H).208/0 2008/063399PCT/US20071021626 157 Examplexdd6.

100145] Compound 158 was synthesized according to the procedure
described in Example 1 using 3,4-Di-fluorophenylboronic acid ip place of
3. MS (ESI(-)) mie 251.11 (M-H). . o/

HO
HO =
F
207

{00191] Compound (206): Phenol 206 was synthesized according to the procedure
described in Example 75 using 3—methoxy—4—Bromo phenol 205 in place of phenol 117.
[00192] Compound (207): Compound 207 was synthesized according to the procedure
described in Example 24 using 3—fluorophenyl boronic acid in place of boronic acid 63, and

phenol 206 in place of phenoi 64. MS (ESI{(—)) m/e 261.04 (M -H)".

Example 141. _
[00193] Synthesis of 2—cyano—4—3-fluorophenoxy)phenylboronic acid (210):

N N
AN AN
0 Pd,(dba)y, S-Phos
Br OH + HB, B OH
O NEt;, toluene, 80° C

O\
d

208 118 209

N .
N l
HO
B O
HO
F
210

[006194] Compound (209): Phenol 209 was synthesized according to the procedure
described in Example 75 using 3—cyano—4—Bromo phenol 208 in place of phenol 117.
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F OH 6,0H 158 Example 107. 100146) Compound 159 was synthesized
according to the procedure described in Example 17 using 3-fluoro 4
Worpstisylezemzyl bromide in place of 39. MS (ESI(-)) mie 293. ¥2-{(Misbd)7/021626
HO"OH FA) 159 Example 108. [001471 Boronic Acid 160 was
[00195ynthﬁﬁki@dxﬂﬁtmm6@6@b§i@ﬁ9ﬁﬂﬁdié§ Fxampledl oy SHRSYWENGocedure

descm'l;le Ibenzylarnine gor amin 50 to result in isolation of 160 as a white
%IP@ %‘%‘FH& YRR boigeesihipRiAeo  hrens rad fdmrnd
phenqAEM itilavasipiniesizedAn theimannerdesoripgd imExample 19 by
substituting N-methylbenzylarnine for amine 50 to result in isolation of 161
as a white solid. MS (ESI(-)) me 268.11 (M-H). 01H I<-"EjOH 161
Examplahple 110. (00149J Boronic Acid 162 was synthesized in the manner

o R R

(211).268.06 (M-H). OH -B,,OH 162 Example 111. [00150J Boronic Acid 163
was synthesized in the m nner described in Example 19 b substltutlng

(R) alpha-methylbenzy ef ine 2Q to resultyin |S(§ jon of 163 as
B @ atie. MS (E@;{() 2%%%%&4?%3?5

NEty, toluene, 80° C

211
212

&
213

[00197] Compound (212): Phenol 212 was synthesized according to the procedure
described in Example 75 using 3-trifluoromethyl—<4-Bromo phenol 211 in place of phenol
117.

[00198] Compound (213): Compound 213 was synthesized according to the procedure
described in Example 24 using 3—fluorophenyl boronic acid in place of boronic acid 63, and
phenol 212 in place of phenol 64. MS (ESI(-)) m/e 299.01 (M -H)".
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209 WO 2008/063300Pertuszoowozi 626 163 Example 112. 1001511
Boronic Acid 164 was synthesized in the manner described in Example 19
ituting piperidine for amine 50 to result in isolation of 164 as a
w%@é&%% "MS (ESI(-)) m/e 232.09 (M-1-1). 1001521Compourid 021626
(SOm% 1.0eq.) and N-IViethyliminodiacetic acid (37.8mg, 1.2eq.) were
Exanletided in 4mL of 1,4-dioxane and placed under microwave irradiation
[00199F 4G yRinises FtALENRBFIPHEFLHAD Gm e iRa SRR YR HEPRIEH acid
down the reaction was partitioned between 10mL of ethyl acetate and
(216511 of water. The organic layer was separated, washed with 5mL of
Merda@, dried over magnesium sulfate, filtered and evaporasestto a white

WO 2068/063300PCT/1252007/021,1626, sslichweéhich chyE!!ed from

@1o result!is g of 165beingisolated|as Bw ofitH MS
(ES1(7)) mie 345.11 (M-H). Exam s fa4esyEthésis of ©
4-(benzyloxymethyl)phe Ilboronic acid (168). 167968
10015§¥tompound (16 ?l Botonate ester 45 (200mg, 1.0eqg3tand alcohol
166 (146mg, 2.0eq.) were dissolved in 2m1.. of DME. To the golution a
60% oil dispersion of sodium hydride was added ( 81mg, 3.0eq.) and the
reaction stirred for 18 hours. The reaction was diluted with 50gmL of ether,
washed consecutively with water (10mL), brine (10mMgaiied over sodium
sulfate, filtered and concentrated. The residue was p‘d@ified nsilica gel
using 4% ethyl acetate/96% hexanes to give 100ing of B¢ old.
[001541 Compound (168): The boronate ester 167 W43 cleaved a
described in Example 13 to result in isolation of botanic acid2188 a F

ige solid. MS -) mle 241.07 (M-H). Example 115. [001551
[002 imp ?}Hﬁwm ﬁ%%ééé‘ﬁ%% R o ﬁ?@i@%@r@%@%@’ﬁ?in
describedrinphx drddl e ShgsibycibxirDeRryinahthaiens iepiase of aleahaleldiGhenol
117 MS (ESI(-)) m/c 291.13 (M-H7 . 169 WO

"2008/063300PCT/US2007/021626 Example 116. 1001561 Compound
(0024170 Woensymiines(286) aCoorpingdtd lihevpr opediase elbaaribdiddnoExamptedure

descri IO HPERRANHIRIERRR PIRGSSL BISRRPLALOL MBTR N B ang
phenol 215 in place of phenol 64. MS (ESI(-)) m/e 289.05 (M -H)".
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HO, OH 170 Example 117. [00157] Compound 171 was synthesized
according to the procedure described in Example 114 using
wo-hydrassgmethylbiphenyl in place of alcohol 166. MS (ESTE)-f¥@x3d-70d162¢
(M-Hy. HO"OH 0 171 Example 118. [00158] Synthesis of
Exa,ﬁp(pqagyloxymetIoyl)-2-f|uorophenylboronie acid (175). WO
2008/063300PellU52007/021626 0, NaH "-..-5! 166 DMF 175
100202401 Sopdssinel tdtarafortromeey Ur4-(B-0010r dpbeep X pipd cay tomonic acid
(219ytetrachloride (40 rrtL) are heated together; the solid eventually goes into
solution and some water comes out on the sides of the flask. The mixture
IS po u through a plug of cotton wool and the filtrate treated #iith NBS
(1.169+1.0eq.) and (Bz0)2 (50 mg, cat. amt.) and refluxed durﬁ? 2h. The

hogreaction mixture is filtered through a fluted filter paper afd the filtrate
cooledyinthe freezer; thegntis filtered @it Washed with adittle b
hexar el olhied in vaglio solriel—is-dgsolved in 20 miBe OH

) is adéfsg mherhemsatution $irrec
minutes. The solution is dried over sodium sulfate and evaporated to yield
boronatgiéster 173 as a Wky white solid (500mg). 1001601 Cevapound
(174): Boronate ester 173 (200mg, 1.0eq.) and alcohol 166 (146mg, 2.0
eq.) were dissolved in 2nd... of DMF. To the solution a 6098 oil%ispersion
of sodium hydride was added ( 81mg, 3.0eq.) and the reag{ion ‘stirred for
18 hours. The reaction was diluted with 50m1.. of ethes=Washed
consecutively with water (10mL), brine (10mL), driggbover)sedium sulfate,
filtered and concentrated. The residue was purified onBsi ' eHIsing 4%
ethyl acetate/96% hexanes to give 100 mg of a beif& solid™ 00161
Compound (175): The boronate ester 174 was cleaved as describ
Example 13 to result in isolation of boronic acid 175 as &tfeige solid.

S1(-)) mie 259,0 -H). Example 119. [00162] Compound 176 was
002057 R Gy GG LG RS bets e le mosedemo

describerifindromethyibesinyl alcdbal-in-pase obreohnl 7186, MS JE3a) /e,
00203 7.0@ WO 2%0&/883 OOPCT/éJ %007/021 26 HO"OH 176 Example

[ o, OHIPOUR + Lompound 219 was synthesized according to the procedure
described in Example 24 using 3~fluoropheny! boronic acid in place of boronic acid 63, and

phenol 218 in place of phenol 64. MS (ESI(-)) m/e 365.14 (M ~H)".

Example 145.

[00205] Compound 220 was synthesized according to the procedure described in Example
24 using 3—N,N~dimethy] boronic acid in place of boronic acid 63, and phenol 122 in place
of phenol 64. MS (ESI(-)) m/e 232.00 (M -H)".

220
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[001631 Compound 177 was synthesized according to the procedure
described in Example 118 using 3-trffluoromethylbenzyl alcohol in place of
alcohol 166. MS (ES1(--)) mie 327.06 HO, OH CF3 177 Exam
W?C}B%%P&ompound 178 was synthesized according to the a%éf&d%/ 021626
described in Example 118 using 4-trifluoromethylbenzyl alcohol in place of
Examplohlfi-166. MS (ES1(-) trite 327.06 (M-Hy. HO, OH F3C 178 Example
[0020622. $0RARSE Giomnauneh A/ AW ASRGHARNA Qﬁ?ﬁﬁeégimgﬁﬂﬂb%c;d (223).

procedure described in Example 118 using 3-chloro-4methylphenylboronic

acid i place of boronate|171. MS (ESI(%) m/e. 275,02 (M 11)-. HO"OH
5. Cl ample ‘1{%@ 01661°g¢Rttesis
ny amino)methy,

enyy@gro&gqul%&ga ; % 1 2 ?5'01671
nd (181): Amine 180 (86 mg 1.1 eq) was dissolved in BMF (10
nalL)sgesium carbonaigg302 mg, 1.1 eq) was added, and %n boronate
ester 45 (250 mg, 1.0 eq ) was added. Heated for 18 h, filtered and
concentrated. Ran silica column with 95:5 hexanes:EtOAc, then 9:1.
Isolated 169 mg (65% yield) of 181 as a beige solid. 10016% Compound
(182): The boronate ester 181 was cleaved as described in Example 13 to

(E.S1(-)) mie 226.07 (M-H). WO 2008/063300PCT/US 00
Example 124.

[00207] Compound (222): Phenol 222 was synthesized according to the procedure
described in Example 75 using 3—trifluoromethyl-4-Bromo phenol 221 in place of phenol
117.

[00208] Compound (223). Compound 223 was synthesized according to the procedure
described in Example 24 using 3—fluoropheny! boronic acid in place of boronic acid 63, and
phenol 222 in place of phenol 64. MS (ESI(-)) m/e 267.01 (M -H)".

Example 147.
[00209] Synthesis of 2,3—&1ﬂu0r0——4——(3——ﬂuomphenoxy)phenylboromc acid (226).
R F
Pd,(dba)s, 5-Phos 0, '
B OH
NEt,, toluene, 80° C 0
225
224 L
R F

O
226

[00210] Compound (225). Phenol 225 was synthesized according to the procedure
described in Example 75 using 3—-trifluoromethyl-4-Bromo phenol 224 in place of phenol
117.
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[00169] Compound 183 was synthesized according to the procedure
described in Example 123 using indole in place of amine 180. MS (ESI(-))

womipigA9:88) (WHY. 183 Example 125. [00170] Compound ]1%41"%@?007/()216
synthesized according to the procedure described in Example 123 using

oli role 51 10 Hy, HO-

[0021@?‘ ,%%}Zlmlgggg@%%%g&%%omp I)thsi grgéf’ﬁﬁ%g?féﬁocedum
’g@édfﬂﬁﬁ‘@pf@ %ﬂﬁéééuﬁ@@@ﬁbﬁbMMMmmm&usmmmc acid 63, and

hemt,ejmh gggl@pim%m a ( 1(-)m/e 266.13 (M-H.

b HO, Oﬁ%ll' 185 Exa%pclie@%& 10 N@%&ﬁ 't:gé 86 was synthesized
according to the procedure described in Example 123 using

ExanpiveiBylaniline in place of amine 180. MS (ESI(-)) ink 240.09 (M-I-1)-.

0021 BN / H6 186 Example 128. [001731 Compound 187 was

{ g}ntr&%asﬁéé [Ty areprotdineopbeesnontienslorpli 2281 (229

f aphthylamlne in plac of amine 180 . MS (ESI(-)) rile 27612 (M-HT. H q

; 187 Exampl : 100]%4&@9@@@339 188§a§ synthe |zed
sertbed-h-Exam b )

Br a' gHo the proBedure de
bronate ester 45 for 2-fllioro-subistiteitetebsrdnate
|ndoI|nc in place of amlne 180 MS (ESI(-)) mie 270.10 (M-H)-. 209

HO
/B O
HO
229

[00213] Cempound (228). Phenol 228 was synthesized according to the procedure
described in Example 75 using 3-trifluoromethyl-4-Bromo phenol 227 in place of phenol
117.

[00214] Compound (229). Compound 229 was synthesized according to the procedure
described in Example 24 using 3—fluorophenyl boronic acid in place of boronic acid 63, and

phenol 228 in place of phenol 64. MS (ESI(-)) m/e 267.01 (M -H)".

Example 149,

[00215] Compound 230 was synthesized according to the procedure described in Example
81 using 4—bromo.methylpyridine in place of 3—methylbenzyl bromide 128, and phenol 122 in
place of phenol 64. MS (ESI(-)) m/e 246.04 (M-H)".

HO,
5-OH

: F
0O
(%
N/

230
1227




188 WO 2008/063300PCT/11S2007/621626 Example 130. 1001751
Synthesis of 4-((phenylamino)methyl)phenylboronic acid (191). HO, OH
WH 218)89/(1)?% 1091 [001761 Boronic acid 189 (50mg, 1.0eq.) Was%i%? 2I (}e7c/joi2rl1(2(
PethansrHint with 19% water to which amine 190 (53.6mg, 2. qu was
added. The solution was stirred for 1 hour, Then sodium borohydride
Examptidd®4 0eq.) was addedand stirring continued for another 1 hour. The
[00216pCliopmstil tadawithy Ak ef metviene ehéioside-ane quenchaet\WilAmple
0.1inE of acetic acid. The solution was directly placed an silica and chuc

K,
81 usjgr) 3850 AR ALRMLEIPPORP e AN SR TREBI Y ISBRIRG LB gpchihgpol 122
in plalsipisalid ¢4mas 388Nk MBdBS (W) Fpte 290.15 (M-1-1). Example
131. [00177] Compound 192 was synthesized according to the procedure
described in Example 24 using 3H&¥draxy phenylhoronic acid in place of
boronic acid 63 and 3-(4,4,5,5- B
tetramethy1-1.3,2-dioxaborolan-2-
(ES.1(-)) nile 214.09 HO, OH 13' 1 Example 132. [00178] Compound
193 was synthesized according to the procedure described in Example 24
using 3-N,N-dimethyl boronic acidsg:place of boronic acid 63, and phenol
(

ehol in place of phenol 64. MS

119 in place of phenol 64. MS (E \-)) ink 274.08(M -HY. 193 Example
133. [00179] Compound 194 was symthesized according to the procedure

described in Example 24 using 3* oxy boronic acid in place of boronic
acid 63, and phenol 122 in place of phenol 64. MS (ESI(-)) rile 261.04(M
-HY. \ 231

Example 151.

[00217] Compound 232 was synthesized according to the procedure described in Example
81 using 2-Bromomethylpyridine in place of 3—methylbenzyl bromide 128, and phenol 122
in place of phenol 64. MS (ESI(-)) m/e 246.04 (M-H)".

HO_
5-OH

232
Example 152.
[00218] Compound 233 was synthesized according to the procedure described in Example
81 using 5S~Bromomethylthiazole in place of 3—methylbenzyl bromide 128, and phenol 122 in
place of phenol 64. MS (ESI(—)) m/e 252.05 (M-H)".

228



194 Example 134. 1001801 Compound 195 was synthesized according to
the procedure described in Example 24 using 3-N,N-dirnethyl boronic acid
wi plagrahboronic acid 03, and phenol 122 in place of phengl 88 MS 021626
(ESI(-)) rrile 274,08(M -HY. 195 WO 2008/1163300PCT/US2007/021626

Example 135. [00181] Compoqul 1960vp{(as synthesized according to the

procedure described in Example QABIsmg 3-N-methyl boronic acid in
place of boronic acid 63, and phenot12Zin place of phenol 64. MS
(ES1(-)) mie 260.05 (M 196 Ex 136. 1001821 Compound 197 was
synthesized according to the procedgfe described in Example 24 using
3-piperidyl boronic acid in place of lronic acid 63, and phenol 122 in
place of phenol 64. MS (EK(-)) InJe 314.14 (M 197 Example 137.
[001831 Compound 198 was sy, ized according to the procedure
described in Example 24 using rrolidinyl boronic acid in place of
boronic acid 63, and phenol 122 in place of phenol 64. MS (ESI(-)) ink
300.12 (M -Hr. 198 Example 138.4691841 Synthesis of

Exagég:ehiggq(&lluoropbenoxy)phenylboronie arid (201). -OH 199118200

[00219]  Compound 234 was synthesized according to the procedure described in Example

81 using 1-Bromo2-phenylethane in place of 3-methylbenzyl bromide 128. MS (ESI(-)) m/e
241.07 (M-HY".

234
Example 154.

[00220] Compound 235 was synthesized according to the procedure described in Example
81 using 1-Bromo2-phenylethane in place of 3-methylbenzyl bromide 128 and 3—(4,4,5,5-

tetramethyl-1,3,2~dioxaborolan-2—yl)phenol in place of phenol 64. MS (ESI(—)) m/e 241.07
(M-H)".

235
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201 100185] Compound (200): Phenol 200 was synthesized according to
the procedure described in Example 75 using 3-chloro 1 Bromo phenol
ngz% ig] (I3a3%e of phenol 117. [00186] Compound (201): ComeCund %(())017/\(/)\5611%(
ynt(hés’lzea according to the procedure described in Exampll)e Eqﬁjsmg >
3-fluorophenyl boronic acid in place of boronic acid 63, and phenol 200 in
Exappled 3F phenol 64. MS (ESI(-)) m/e 265.06 (M Example 139. 1001871
[0028ynthesisRitd IFUnEeRReREXYILt0etap e mdbarenigraaid dd04) in Example
d (203): Phenol 203 was

21 Brl gsﬁ OH + HEr -\NO 204 E%(;)1881 Compoun

UdPttie 9@8—&5@}% WA DRGEERIrE SsSeHBERPA BEREHA5Id 275 MSIngS 1)

m/e B-Ellbva-Byomo phenol 202 in place of phenol 117. 1001891 Compound
(204): Compound 204 was synthesized according to the procedure
described in Example 24 using 3-fld@ropbeny! boronie acid in place of
boronic acid 63, and phenol 204 in platce of phenol 64. MS (ESI(-)) in/c
265.06 (M 221 WO 2008/063300P 20071021626 Example 140.
[00190] Synthesis of 4-(3-fluorophe -2-methoxyphenylboronic acid
(207).  00191J Compound (206): Phenol 206 was synthesized according
to the procedure described in Exam 875 using 3-methoxy-4-Bromo
phenol 205 in place of phenol 117. [00192] Compound (207)z Compound
207 was synthesized according td the procedure described in Example 24
using :3-fluorophenyl boronie ac¢iéig place of boronic acid 63, and phenol
206 in place of phenol 64. MS ( )) Se 261.04 (M Example 141.
[00193]Synthesis of 2-eyano 1 (3 fluorophenoxy)phenylboronic acid (210):
210 100194] Compound (209): Phergk209 was synthesized according to
the procedure described in Example 75 using 3-cyano-4-Bromo phenol

ExagpeibShlace of phenol 117. WO 2008/063300PCI/U82007/021626

[002(99195L500R DY (23 Q)nfheaRa et as glzedace8rdiRgiQample
the procedure_described in Example 24 usm%%-c uorophe% boronie acid

81 iPpIScr 8P Soromit BB PSR a R Bl Zuasteyhscepptieits B4 s>~

(4,4, 655t yamiden 256,02 -(Moxaborolan~2~yl)phenol in place of phenol 64. MS (ESI(-))
m/e 255.07 (M-H)".

237

Example 157,

[00223] Compound 238 was synthesized according to the procedure described in Example
81 using 1-Bromo—4-phenybutane in place of 3—methylbenzyl bromide 128. MS (ESI(-))
m/e 269.07 (M-H)".

230



Example 142. 100196] Synthesis of
4-(3-fluorophenov)-2--(trifluoromethypphenylhoronic acid (211). 211118
wb3Eek3gaba)3;, S-Phos NEt3, toluene, 80 C 212 213 [00194&909618:
(212): Phenol 212 was synthesized according to the procedure described

in Example 75 using 3-trifluorometh¥;6\4-%r}9mo phenol 211 in place of

phenol 117. 1001981 Compound (213):8BCompound 213 was synthesized
according to the procedure described jarExample 24 using 3--fluorophenyl
boronic acid in place of boronic acid 68, ahd phenol 212 in place of phenol
64. MS (ESI(-)) mile 299.01 (M WO 2008/063300 Example 143.
PCMIS2007/021626 214118 Me02¢P Fid 216 [00200] Compound
(215): Phenol 215 was synthesized a¢cording to the procedure described
in Example 75 using methyl-2-11romo-5-hydroxy benzoate 214 in place of
phenol 117. [002011 Compo 16): Compound 216 was synthesized
according to the procedure d bed in Example 24 using 3-fluorophenyl
boronic acid in place of botanic acid 63, and phenol 215 in place of phenol
64. MS (F-S1(-)) ink 289.05 (M -H)238vO
2008/063300PCDUS2-007/021626

Example 158.
[00224] Compound 239 was synthesized according to the procedure described in Example

81 using 1-Bromo-2-phenylethane in place of 3-methylbenzyl bromide 128, and phenol 122
in place of phenol 64. MS (ESI(-)) m/e 259.06 (M-H)".

HO,
B/OH
F

239
Example 159,

[00225]  Compound 240 was synthesized according to the procedure described in Example
81 using 1-Bromo—2—(3—chlorophenyl)ethane in place of 3~methylbenzyl bromide 128, and
phenol 122 in place of phenol 64. MS (ESI(-)) m/e 293.06 (M-H)".

HO,
g-OH

5

0]

Ct

240
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Example 144. [002021 Synthesis of
2-(benzyloxycarbonyl)-4-(3-fluorophenoxy)phenylhor00ic acid (219). 219
W%)Oz(?)%83(%3%:(9mpound (218): Phenol 218 was synthesized according to the
procedure described in Example 75 using 3-chloro-4 Bromopﬁﬁé paiva i
place of phenol 117. [00204] Compound (219): Compound 219 was
Exampiadélized according to the procedure described in Example 24 using

00256 IuomWa@x@WQS% idHBsplarcs:o ic;ac] '
[ pILce of phenol 64. MS (%gl -S)) m/e 3%%%%?&%%@[%???%5& %%%%O%Liﬁf nple

81 vl pBiRez s fasishitrediisanl ktemainglasesd provauibenaukbrmsadar 28,

and fhxasnpie 24pisis e Sohbhbidimeryimranie,acis inoplace 1gf-boronic acid 63,
and phenol 122 in place of phenol 64. MS (ESI(-)) trUe 232.00 (M HO, --/
HO 220 WO 20081063300PC'E11J$R00£1021626 Example 146. [00206]
Synthesis of 3,5-difluorn-4-(3-fluoropherioxy)phcnylboronie acid (223). F
221118222 [00207] Compound (222 ol 222 was synthesized
according to the procedure described ample 75 using
3-trittuoromethy[-4-Bromo phenol 221 inOoIace of phenol 117. [00208]
Compound (223). Compound 223 was;Synthesized according to the
procedure described in Example 24 using 3-fluorophenyl boronic acid in
place of boronic acid 63, and phenal 222 in place of phenol 64. MS
(ES1(--)) ink 267.01 (M Exarfyple I47. [00209]Synthesis of 2,3-difluoro4
(3-fluorophenoxy)phenylboronic atld (226). FFIFF Pd2(dba)3, S-Phos OH
NEt3, toluene, 800 C 225 '241

Example 161,

[00227]  Compound 242 was synthesized according to the procedure described in Example
81 using 1-Bromo—2—(3-trifluoromethylphenyl)ethane in place of 3—methylbenzyl bromide
128, and phenol 122 in place of phenol 64. MS (ESI(-)) m/e 327.06 (M-H)".

B/
F

O

J

¢

CF3

242

Example 162,

[00228] Compound 243 was synthesized according to the procedure described in Example
81 using 1-Bromo—2—(4-trifluoromethylphenyl)ethane in place of 3—methylbenzyl bromide
128, and phenol 122 in place of phenol 64. MS (ESI(-)) m/e 327.06 (M-H)".
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226 1002101 Compound (225). Phenol 225 was synthesized according to
the procedure described in Example 75 using 3-trifluoromethyl--1-Bromo
wieNgnah &3t in place of phenol 117. WO CT/US2007/021626
2608/063300PCT/US2007/021626 [00211] Compound (2263. Compoun
226 was synthesized according to tn procedure described in Example 24
using 3-fluorophenyl boronic acid in p ayé)Hf boronic acid 63, and phenol
225 in place of phenol 64. MS (ES1(-))ink 267.01 (M Example 148.
[00212] Synthesis of 2,6-difluoro-4-(3 rophenoxy)phenylboronie acid
(229). Pd2(dba)3, S-Phos H[4,00H NE#3] toluene, 80 C 227 118 HO, 228
F)/ 229 [00213] Compound (228). Phgnol 228 was synthesized
according to the procedure described in Example 75 using
3-trifluoromethyl1-1 Bromo ph 7 in place of phenol 117. 1002141
Compound (229). Compound 229 was synthesized according to the
procedure described in EXampleé 24 using 3-fluorophenyl boronic acid in
place of boronic acid 63, and phenol 228 in place of phenol 64. MS (ESIH)
nth: 267.01 (M -Hr. Example 149. 1362151 Compound 230 was
synthesized according to the procedure described in Example 81 using
4-bromomethylpyridine in place of 3-methylbenzyl bromide 128, and
Exampperi@31 22 in place of phenol 64. MS (ESI(-)) m/e 246.04 (M-Hy. HO" OH
WQ@ 2008/0 OPCT/US2007/021626 Example 150. 1002161
0020 S SREI 2 BT BT HRESTAAG  FPIIGEMe € aB e BAme
81 uiin@mpleBt-isiigBdBromiptretiyhuiditepndelat 6-of dHylethylneriapide 128,

* and AR ANLPRRR, BEAVRESE 5] REDN B8 M3A"STO) e

<5
3

246.04

HO,
el
F
0
OCH,
244

Example 164.

{00230] Compound 245 was synthesized according to the procedure described in Example
81 using 1-Bromo-2—(4-methoxylphenyl)ethane in place of 3-methylbenzyl bromide 128,
and phenol 122 in place of phenol 64. MS (ESI(-)) m/e 289.09 (M-H)".

233,



Example 151. 1002171 Compound 232 was synthesized according to the
procedure described in Example 81 using 2-Bromomethylpyridine in place
of 3-methylbenzyl bromide 128, and phenol 122 in place of phenol 64. MS

W&@?{‘-’?f%ﬁ%& 246.04 (M-Hy. HO, ...pH 0 232 Example 152. 16021%4§07/021626
Compound 233 was synthesized according to the procedure described in
Example 81 using 5-Bromomethylthia vplace of 3-methylbenzyl
bromide 128, and phenol 122 in place of phenol 64. MS (ESIH) mile
252.05 (M-H. WO 2008/063300PCT/1 /021626 233 Example 153.
[00219] Compound 234 was synthesiz ording to the procedure
described in Example 81 using 1-Brom020pheny1ethane in place of
3-methylbenzyl bromide US. MS (ESI(-}y'n/c 241.07 (M-Hf. 234 Example
154. [00220] Compound 235 was synthesized according to the procedure
described in Example 81 using amo2-plienylethane in place of
3-methylbenzyl bromide 128@md 3<(4,4,5,5-

- tetramethyl-1,3,2-dioxaborolan-2-yl)phenol in place of phenol 64. MS
(ESIH) mie 24L07 OH HOAEL"--"--348- 0 235 WO

Fx rI%01(218?())§3300PCIA182007/021626 Example 155. 100221] Compound 236 -

Was yrithesized according to the procedure described in Example 81

[0623iHing CeBynmal 24sheny propasiecihaptacéint B-methrpixeinzy bsatbideid Pample
81wz (PRl IS SRR L MY Or 3: 0L &l tbenzyl bromide 128 and 2-Chloro—4—

(4,4,5,5~tetramethyl-1,3,2—dioxaborolan—2-yl)phenol in place of phenol 64. MS (ESI(-))
m/e 275.02 (M-H)".

HO. o
B~ H
Cl
O
246

234



236 Example 156. (002221 Compound 237 was synthesized according to
the procedure described in Example 81 using 1-Bromo-3-phenylpropane
win plaasoh3-methylbenzyl bromide 128 and 3-
(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-y1)phenol in place o
Exa %IY%(ESI( )) m/e 255.07 (M-1-1)-. OH HO- BD <0 237 Example 157.
1002231 Compound 238 was synthesized according to the procedure
[002 33 scribyadihies i x4 (Rptet 82 Ashrigf e Bromoy fhpbenybatane idpiaaeIBb ronic acid
(249)3-methylbenzyl bromide 128. MS (ESI(-)) m/e 269.07 (M-Hr. 238
Example 158. [002241 Compound 239 was synthesized according to the
procedure described in Example 81 using 1-Brom¢;%phenyleth’ane in

CT]{D %2007/?21 626

place of 3-met yl bromide 128, and phenojh12g in place of phe _on
/\ﬂm% (ESI(-)) rﬂ4g/259 06 (M-H). HO"oH F 239 Example 159. [002

; “Compound 24@ synthesgizedvggcording to th prgcedure describé
Z Exampfe,81usin rome-%—fB—eHe%ephenyBeth i€ in place,of \ [
3-meth nzyI ide 128, and enol 122 in plage of phenol 64. MS
(ESI(-))m/e 293. o@*(lvl 1P HSNOR 220 WO
2008/06 300PCIIkES20071021626 Exampl 61 Com Ne

using 1-Bromo-2-(3,4 diehlorophenypethane in place of ethylbenzyl
bromide 128, and phenol 122 in place of phengigs4. M 1(-)) ink*®

2471 was synthesized according to the proce descr din Ex Ie 81 E)
327.08 (M-111. HO, OH Example 161.

[00233] Compound (248): Phenol 122 (250mg, 1.0eq.), alcohol 247 (343mg,1.2eq.), PPhs
(551mg, 2.0eq.), TEA (128mg, 1.2eq.) were dissolved in 50 ml of andydrous THF and
cooled to 0 °C under a nitrogen atmosphere. DIAD (366mg, 2.0eq.) was added dropwise and
the reaction warmed to room temperature after addition was complete. The reaction was
stirred for 18 hours and quenched with IN HCL and extracted with EtoAc and water. The
organic layer was washed with sat NaHCO, and brine, dried over Na2S04, concentrated onto
silica and chromatographed in 12-25% EtoAc/hex to produce 248 as a white solid ( 130mg,
yield 25%)

[00234] Compound (249): Compound 249 was synthesized according to the procedure
described in Example 24. MS (ESI(-)) m/e 409.12 M-HY".

Example 167.

[60235] Synthesis of (RH—{E—(dimethylamino)—E-phenyipropoxy}-2~
fluorephenylboronic acid (254),

s NS

0...0 ~
HN/&O . B PPh, N
OH F = ‘
\rowr”
OH o O
250 122
251
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[00227] Compound 242 was synthesized according to the procedure
described in Example 81 using 1-Bromo-2-(3-trifluoromethylphenyl)ethane
in place of 3-methylbenzyl bromide 128, and phenol 122 in place of
WS}@%?@&‘.“I\AS (ES1(-)) mie 327.06 (M-H). HO, OH 242 Exgﬁ]ﬂﬁés%’ﬁ/.ozmm
[00228] Compound 243 was synthesized according to the procedure
described inNgxample 81 using 1-Br -2-(4-trifluorometiaylpkenyflethane
in place of 3+ \B% ylbenzyl bromide Mg,@nd phenol 122 in glace of
phenol 64. MSTEST(-)) tf 7.06 (MfH. HO,B.".OH
Example 1 229] d\g[%?o%l;hd
procedure de ed in B¥&diple Si u o
1-Bromo-2-(3-methoxylphenypethane i§ place of 3-methylbenzyl bromide
128, and phefiol 122 in place of pherfol 64. MS (ES1(-)) pi/ex289.09
(M-Hy. HO,B"@#, 00 H3 244 Examplerd64. 1002301 Con pdund 245 was
synthesized.according to the procg durd described in E
1-Bromo-me%%gxylphenyl)et 3
128, and phénol in place of phenol 64. MS (ES1(-)) n-ile 289.09
[0023H)-HY: oW 209 831638 0RB6uhA DEI 20074021626 (022 EXamMRle Ldle 166

[00231] Campound 246 was synthesized according to the procedure

excepy SEFRACIR DI E B ISR PP Roiho2-phenyletharte in place of
[00237metOykagoaxdEsnide chfoand B0, 1.0eq.) was dissolved in 3 m! of dry

e (IR AmE LA o gberaien 2RO BiRes e el K,

Hexane was added until a white precipatate came out of the solution. The white precipatate

243

5 s synthesized a ing to the

[ A——————"

was collected ‘through filtration to give 170 mg of Compound 252.

{66238] Compound (253): The amine 252 (18.0mg, 1.0eq.) was dissolved in 4m]l MeOH.
Formaldehyde (37%sol’n in water, 0.021mL, 6.0eq.) was added and stirred for 15min. Then
sodium cyanoborohydride(9.0mg, 3.0eq.) was added and the reaction stirred for 2h. Flash
chromatography on silica gel (10-20% EtOAc in Hexanes) gave 17mg of Compound 253.
[00239] Compound (254): Compound 254 was synthesized according to the procedure
described in Example 24. MS (ESI(-)) m/e 316.12 M-H)".

Example 168.
[60240] Compound 255 was synthesized as described in Example 167 except for

substituting the (R)—alcohol 250 with its S—isomer, MS (ESI(-)) m/e 316.12 M-H)".
HO. B,OH

3

e

255
Example 169.

[00241] Compound 256 was synthesized as described in Example 167 except for
substituting benzaldehyde in place of formaldehyde, MS (ESI(-)) m/e 392.15 M~H)".
236



Cl 246 WC/20081063300PC171520071021626 Example 166.
[00232]Synthesis of (2,3-bis(henzyloxy)propoxy)-2-fluoropheuylbOrOnic
WaAIP$24500 [002331Compound (248): Phenol 122 (250mMgp&0eskds /021626

alcohol 247 (343mg,1.2eq.), PP1t3 (551mg, 2.0eq.), TEA (128mg, 1.2eq.)
were dissolved in 50 ml of andydrmus># EM and cooled to O C under a
nitrogen atmosphere. 01AD (366mg, 2.0eq.) was added dropwise and the
reaction warmed to room temper after addition was complete. The
reaction was stirred for 18 hoursﬁquenched with IN HCL and extracted
with EtoAc and water. The organic-ayer was washed with sat NaHCO3
and brine, dried over Na2S04, concentrated onto silica and
chromatographed in 12-25% EtAc%e roduce 248 as a white solid (
130mg, yield 25%) [00234] c@o und ): Compound 249 was
synthesized according to the precedure described in Example 24. MS
(ES1(-)) Se 409.12 M-Hr. Example,k&7. 1002351 Synthesis of

Exa nElﬁ%;g;/{];z-(dimethylamino)-3-phenylpropoxy)-2- fluorophenylboronie acid
BE4) " W0 2008/0633001'CMS2007/021626 N14-- 0,B-0 HCOH,

[0024Ra CNIBBoMeEs Heh BsynthdNEdRas described in Example 169 except for
substituting the (R)-alcohol 256 with its S—isomer, MS (ESI(-)) m/e 392.15 M-H)".

HO. , OH
N
“ |
0
N
Re
=
“ |
257
[00243] Example 171. Prodrugs
‘ Ho OH OH
HO. ,-OH OH OH w
. HO/YK[)\/OH O\B/O
O CH OH F
+-BUOH/H,0 O

o\ q

9
258

[00244] Compound (258): 300mg (1.0eq.) of boronic acid (9) was dissolved in 2mL of t-
butanol. To this 4.5g (excess) of mannitol dissolved in 10mL of water was added and the
homogeneous solution stirred for 1 hour. The solution was then lyophilized and the material
used without further characterization.
[00245]  Other prodrugs of the any of the above compounds are encompassed by the

present invention. Prodrugs of boronic acids can be in the form of the “ate” form when the
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253 252 254 [00236] Compound (251): Compound 251 was synthesized
as described in Example 166 except for replacing alcohol 247 with alcohol
] Compound (252): Compound 251 (700mg, 1. fqg )

é%%b ve %ﬁg 3 ml of dry THF. HCI (4.0M in dioxane, 200mL01? 1}@%007/021626
added. The mixture was stirred for 10 h. Hexane was added until a white
boror & Bkt A eaRRe oo Bt 1 SRR PR e i e cpraRRarhtd) inedudsndetetre not

limitdhropgty bifrat ool tengivecd#Adagiel Compound 252. 1002381 Compound
(253): The&m 252 (18.0mg, 1.0eq.) was dissolved in 4m1MeOH.
For ehyde (37%K5orn in water, 0.021mL, 6.0eq.) was added and
stirred for in. Then sodium cyanoborohydride(9.0mg, 3|0eq.) was
added andXhecreaction stlrred for 2h.zash shsomat pHy ol-silica gel
(10-20% EtOAC n;_ Hexanes @ave 17mg O?Coppound 253.
Compoun . Compaguind 254 was sy S|zed accor
procedure ribed in Exagiple 24. MS

» Rar Le 169. 100

256 was synthesized as descrlbed in Example 167 except for substituting
benzaldehyde in place of formaldehyde, MS (ESI(-)) wife 363,15 M-1- 1)
236 WO 2008/06330@1821107/021626 e HO.' OH, 256 Exam

17 21 Compo 57 was s esaeg*és)?g’é%)g aciR)ES? f)le
169 exc&pt for substitgtingthe (J)-al 250 with its 8+ er, MS

i

Example 172. Inhibition of Rat and Human FAAH

[00246] The following assays may be used to determine the inhibition of FAAH by the
compounds of the present invention: (1) a fluorescence-based assay for fatty acid amide
hydrolase compatible with high-throughput screening as described in Manjunath et al.,
Analytical Biochemistry (2005) 343:143-151; and (2) a high-throughput screening for the
discovery of inhibitors of fatty acid amide hydrolase using a microsome-based fluorescent
assay. Wang et al., Biomolecular Screening (2006) 1-9.

[00247] Rat FAAH Preparation: Five rat livers are homogenized in five fold volume
with ice cold Tris (20 mM pH 8.0) and 0.32 M Sucrose solution via an Ultra Turrax T25
homogenizer. All subsequént preparation steps are carried out at 4°C. The homogenate is
centrifuged at 6000g, for 20 minutes and the pellet, containing nuclear debris and
mitochondria is discarded. The supernatant is centrifuged at 40,000 g for 30 minutes. The
supernatant 1s discarded and the pellet solubilized via a dounce homogenizer in resuspension
buffer ( 20 mM Hepes pH 7.8, 10% v/v glycerol, 1 mM EDTA, 1% triton X~100) overnight
at 4°C to resolubilize membrane bound FAAH. The solution is centrifuged at 40,000 g for 30
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11 6 257 [002431 Example 171. Prodrugs 258 [00244!_ Compound _
(258): 300mg (1.0eq.) of boronic acid (9) was dissolved in 2rnL of tbutwiol.

woedhinddhg (excess) of mumnitol dissolved in 10mL of Watﬁfc“}‘ﬁ%ﬂ)??/gg 626
and the homogeneous solution stirred for 1 hour. The solution was then

. ili he rigl used without further characterizatign. [002451
i e S BA08 ol HBE s Shcarpsselpy tosh
frozetheiprdigeitt invegsiomdrtodrdifys birearonicagids c80°be in the form of the

9 4ate” @) (06 )BCTIUS2007/023626 boron is in its .
[0024%8 rahfgg}r%aél‘y%gﬁ% %ﬁﬁﬁ%ﬁ%ﬁ%@o& SS{rlnsp‘gﬁrﬁdsfg’)t if?ﬁlﬂ%, RifP5re otinto
150mmited mm sl oplinesfaitbwirig wompdundSaH D OHBIAY),, \Erd)feny da@Nction
takes A948E @tY18-20%, Ic&ﬁﬁxjeﬁéy AERTR etgjﬁidﬁmgltbo Q"rOf %ggt%%d %ggrggtn(Roche,

FAAH. [90246] The following assays may be used to b8 ermine
Cat. MhiblddA S FRAEDSY shect orapesigs of the present invention: (1) a

[0024&}0reﬁﬁﬂ%@cﬁ@ﬁ@@&%é@‘f@%@ﬁﬁ@ﬁ@f@é{%?'@?@aggﬁp %?s}'f?r"? i\sllvgé]ded 0
high-throughput screening as described in Manjunath et al., Analyfica

1410 i e ity (20B5) s asamalies 1ihert ) iR tivoudiipuscrederhguter and
incubtheddiscoveryeaipnibsammidati aeitbamidg YIRS #SIPY Ry _plasmid DNA

' e-based fluorescent assay. Wang et al., Biamolecular Screening
(15ug DA CHor] Lok AR PrRatSRerio Bipivek BBALL 0.67 uglul)
and shfmingenizdionlive folgvateme m&hﬂ@&:ﬁs@k@%&i 20 roddiphd %/g(l?lbn%}fiis added
. 0.32.M Sucrosg solution via an Ultra Turrax T omogenizer.
o It g%u(grﬁ%@p%r%?ﬁ?lnug%éggﬁgc%%w&fi%@wmo&éﬁa@%7 cell
dish igenbitqgen It BOOAE AT 28 MintteTiand ibarpeliet eeniaiing nuclear

bri itochondria is discarded. The erngtant, is centrifuged at
o L TS b T
with LomibifiBSd Vize P BSumeertomodeniz drin sesURpe ndiad bufferds20 MM dish was

scrapEeRESRIR et HLMY al¥geRRl, i LE@;@IH%?B}E@%%? X l@ct%%emight

_at 4C to resolubilize membrane bour] \ e'solution’ls ce riFﬂltﬁe?i 15ml
conicgl thgnobhg felsyewerbees b6esutReaiUS200M0a1626 Minitesainch bench

top céﬁ@iﬁ@&etRﬁﬁpﬁ@%m-gbé‘d%qmaé@mE)Q]@&tg’r.ﬁgg"ﬂ(f?&l':iﬁ‘ﬁgyg allguoted o ar
and flash frozen with liquid nitrogen and stored for long term usa at
80C. -80C. [00248] Human FAA11 Preparation: COS-7 cells were split the day

[00231¢fore(dS57Rtdls — FAAH purification:

[00252] (1) Fractionation: Frozen cell pellets from transient transfections are thawed on
ice and resuspended in : 12.5mM Hepes pH 8.0, 100mM NaCl, ImM EDTA (10mL/0.2g cell
pellet). The pellet_s were dounce homogenized and then sonicated to produce cell extract.
Thé cell extract was subsequently centrifuged at VIOOO gto remdve cellular debris. TheA peﬂet
was discarded and the supernatant éentrifuged at 13,000g for 20 minutes. The pellet
contained membrane bound FAAH. The supernatant - was discarded and the pellet
resolubilized.

[00253]  (2) Re-solubilization: The fraction of interest, (13,000g, membrane fraction) was
re—suspended in re-suspension buffer (20mM Hepes pH 7.8, 10%v/v Glycerol, ImM EDTA,
1% Triton X-100) (2.3mL re~suspension and the sample incubated on ice for | hour and then
centrifuged to at 13,000g remove any particulate matter. The supernatant containing

solubilized human FAAH was aliquoted and snap frozen in liquid nitrogen and stored at —80

°C until use.
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150mm x Istum cell culture dishes (Corning Inc., Cat. No. 430599).
Transient transfeetion takes place at 30-40% confluency according to
FUGENE 6 Transfection Reagent (Roche, Cat. No, 11814 443 001) insert
WEhEEE B ¥8dure. [00249] Transfection Procedure: The FuGHERNfFS2007/021626
transfection 6 reagent (45uL) is added to 1410 uL of media (DMEM,

100254 uniFHédAraierinatiendtrelsint anesniiiensiesmibedanBrrsiort essat:
room temp for Spnudesdoliowad by theadaitionlAAR plagmid DNA
(15ug) (OriGeng Cat. No. TC119221, Genbank Accession No. NM '
001441.1, 0.67%@?‘%‘1\6% #t#her incubation of 15 minutes at room

temperature Thefesitingnsabitiondsgededdnto one dish of 30-40%
confluent COS-7 cells in a drop-wise manner. The COS-7 cell dish is

subsequently incBE&EaPRIIER Ao, THLSEHS are then harvested.

1002501 HarvestapraeeeutigioMeria wasaspiraied fomyhg sighes and the
{ng lIs 1] SM#O L PBS. The PBS was removed and 3 mLs of PBS
100253 o 8 .‘ﬁ%l&f&‘&&’é*%ﬂ%éd%ﬁé&%ﬁ@ﬁ& i dathadigRpeFAAH
bioclsumhiselueay catbstuspensioniaclsetecinag Bamhconicalfeberhe oelistyrene

were pelleted b trifugation at rpm for § minutes in a bench top
Pl e LT B ke R B e 79, 1
mM gitbdger!)- Storéraeon S0CH0I2ZEAHCUIS ARl 14 MEAA M qitidifieatiotmide ( Cayman
. Cpi ian- Fr llets from transient transfections.
e O P R R 9 Al vt Hcroiter
platelr@@ﬁmﬁm‘@twqﬁiwé@iml@ﬁmp.ﬁg@easpbllamﬁexpﬁlrets $66rem ( 25 nm
banfgpeeriemaonnizectand ensonicalat b AIduaS R RIIREL S ERon on

extract was subsequently centrifuged at 1000 g to remove cellular rs.
the xgisdietivas dissartrsacmsel inbikitioerqarspt dbatdnigdel Gtied 000gstogle site
compEHNOHES e pRielLIRAInad Rembr anerRouROEAM e TRS e 10 12 uM and 9
supernatant was discarded and the pellet resolubilized. [002%3](2)
uM gpectivihliization: The fraction of interest, (13,0009, membrane fraction)
[00296)S rReHSPRAYEABILEESHRRE NIRRT LAOMM HYPESREL G FAWY: The
. Glyce oh%linM EDTA, 1% Triton X-100) (2.3mL re-suspension and the
Pmé%i%ﬁ THS G R BT EbaF Andinanchaderayed Busrassanpegealogue of
Anarnémdde ahjchacticateimdtenafhesupaniataniccemaimngnsoluliizedmation of

uman FAAH.was aliquqied and snap frozen in liquid nitrogen and stored
A e G S DRas et LU Ra BB b AL Ay
Bioc@vaisaotéridfioi Préleirs Conuk Wratiper dete Piinedb by Bracieneass2006) 1-9).
3 a onfi resence of FAAI4 FAAH activity . . ...
e SORASOE WO AR e B NS ER LA LI o
Concagga%mwwmmmmeféihfmaﬁg'na@mdeu assay [00255] Rat
[002%AH§@@%@EQII{QMW@PPMIMB§?f@ﬁaﬂ@%ﬂﬁtp%a%%yi:&w&er, and

biochemical assays are carried out in a 96 well flat'botto
78 uhBipsiEd P SoRPsty meaiates hEsoprmAged dsthr € ataI Gy dsaiad 8 ured Ahibitor
from @B ReSERTEIRM iePes Abtkdimlod MVEEHRIBr 2HcT5IRA 165 minutes

FAAH substrate- AMC Arachidonoyl Amide ( Cayman Chemicals
at TOeBn RS At tald g 4 6bEssH8Y Thintualetioy ishreadriieam & Riisibrof 40 uM

AMOralitdbmatererdan [ExsiaioRiieb 38 1R ARy HRANRASH FAAH rat liver

Emmision filter 460 ri 5 rim_ban ].. The raw fluorescence is )
Pre N O T RS it R A ADlCBAERI o R e gvgaon of
20 vibseacsponskunhibion curie: Tetidatasialitiecdtaoapsitgld $€4 hours at room

competitive inhibition.equation, fixing the Km for.the rat and human
o R0 A L Bec et 1005 56) Wk AR HiberERfgpoeses
(Caymhibftlormisstaycaalpevierie hedBBYotdds! ke enciple Githid msdayeisitien plate
readdlydrolysis of AMC-Arichodonoyl, a fluorescent analogue of Anandamide,

which results in the formation of Arachidonic acid and AMC. The formation

of AMC results in an increase in flurg%rgscence (see, for example,

Manjunath et al., Analytical Bioche i try (2005) 343:143-151; and Wang

et al., Biomolecular Screening (2006) 1-9). The inhibition of product

formation and hence fluorescence as a function of inhibitor concentration

enables the determination of Ki for the compounds. [00257] A 0.49 mg/mi

Rat liver FAA-{ solution is made up in FAAH reaction buffer, and 78 ul
ninatted into 2 OA weall nlate To thic iec added 2 11l nf a R fald cariallvs



[002611Cell preparation: 12.131,-2H3 and T-47D adherent cells were
cultured via the standard protocols. Cells were trypsinized and washed 3

wdmgsiisREM! buffer plus 0.1% BSA. The cells were resusﬂ%’ﬁﬁgzom/ou(z(
counted and diluted to a final cell denS|ty of 1 x106 cells/ml. Human

i L Ay T R

solutigulpstnate BpllmtiE')AAN I@anmmmuﬁanmnﬂaﬂmﬂpxsamﬁtnate eSGBﬂI@BIV\;ﬂ&e To this
in I uCi / ul) M buffer plu
is add@ﬁif})ﬁ%é’ﬁ% gcr%léﬂl;nc a egah%&rzgc%%uhéljelr%rpgra ure Iigs}gg)osrﬁcnu ann- ﬂw FAAH
solutigulpsth anbibithititorisoibated ferridde yesMoom temperature. The FAAH reaction
addipg,ser a dil hibitar, a .
s SO G oD O O e
buffers gligling 0olEE |Resagn Ao AL Qme&ismn@mamﬁmbafewﬁmmg/mi and
AM CS%'QJM&WH%? diptibiior agded fioma MR S1e6 B@O&dﬂﬁu?@ﬁfﬁj Q3% action

minutes with constant agitation. Cells were pelieted and the supernatant
is allowiethiRPratsedodms bR st spendEamne3onel Jhe CaMienstraeped by the

additsgrialhs ditutesinhibitosnie-raeiRiain caspRataRt fesinhibitas cngantgdion T,
durln? the time-course of the reaction. The RI3L-2H3 and T-47D cells

microfiier LIAE B ATad e Y SUBsAte ©#Ribitor for 5 minutes and PBMC for
[00259% mme@wmf@aeﬂwlwaﬁ)wr&h@fé Byahe AAAHO BTGP d¥a@htration on

methanol . chloroform (1:1 v/v) hich lyses the cells and inactivates

the XF%AﬁﬂtOS%%epfé WerE %%e‘&la R Fyellfo P drafdiite qtisthRe site

compmldmrgmmsmmmmaﬁilﬁghan@:l&rrﬁmhéhet pethpiedustohanandamided 9
uM e drg\y is partitions into the aqueous phase and is counted via a

Scintillation counter. 1002641Data Analysis: The radioactivity in the

agueous phase is plotted with respect to inhibitor concentration to
B Qq%teﬂg & EESN ibiti rves and the .data fitted to determine

xatr%ﬂ IC50. Exfgrﬁp%lge 1 ﬁ% eqﬁ 3%%%5‘7&%55;‘/‘ Poco?? or Human and
[0026Qh¢ \/@ﬁB!éﬂBlB’édﬁbmsmn|gsassayTineamsemdamlmarammyobFAAH in
its ndrAO dIAPRIR Rlnpgkuia t%&xﬂiﬁém{s ﬂa@lﬁlﬁpe 59 Anangamid %hng(;ﬂﬁnne
escri in

same methodology and principle used in the cell based assay
compeReifhleaddes. o rtlis Teunsasiee Anplesidel diffpreciite dherelinmhaneby the

nativeéYel&Rr JEQQ@@%&HE@@@%MHH% 36 AnRRGATNDRH W W BidMe. The

stock) is added to a final concentration of 40nM (4x) for the human whole

wllulﬁ{orsacaggéw%ﬁahfé M BSPRSIOHSDOFY R BEH HEs &yRans BLRe A iifrsrinto

the aplies Q. bHaBSAd Thedianandanideisiac selutiensaia dneuhalesior Wiular
temperature prior to use in the whole blood assay

inutes at roQ
O3 HBHH %%EW@EW@AWFP%%}‘%%&%F&% ity sgrially
dﬂutaaiu)ﬂﬁlmm ifudlolvedd d Wil aﬂﬂﬁﬂy ofltieidiimbibitan addeddsom DMSO stock

luti or 30 minutes |t d hy the addition of 40 n .
(062 ahegf13 ndashac 8y s ing alfna?{gss%r% fuffieSol§50° lf?%gﬁ%yl 3fip the
standaydaprdirnide s@ﬁ@r&t@@:@y@@mmmimmbmm JTimaeaciiMhikttie isius 0.1%

inG afe f d th act sto
BSA, y%?:e fﬁéltloﬁ%ggggégg(% ancﬁn Erﬁ%OI’O C?)?‘Cfﬁ ?12}[%?% yse tﬂg 1X106
ceﬂs/génsiamamEBMé&e’semespma foire whhlribteishaodeased amfmai cell density of

4.5 x9hweglaming, e segidlapeled prosiuet,of 311 anandarnide hydrolysis

@Srtltlonlng into the aqueous phase, and is counted via a scintillation

un@awm%ém%P@FmZ(fme)%Zﬂmm fvheate solution

was &@@Q&Sﬂ@%ﬁ@%@%ﬁw TRARIQRY (Ml PstekiSPRSIACHRAIRDNILE. 19 BSA,
and i serE %/dlluted inhibitor added from DMSQO stock solution for 30 minutes.

B 2RO it FRRATBY R L iR 0 AU SRS A ATCRS P g ynade by
yielding a final assay volume of 350 ul and 3H anandamide substrate
concentration of 10 nM. The reaction mixture is incubated for 30 minutes
at room temperature, and the reactjgn stopped by the addition of 700uL of
methanol: chloroform (1:1 v/v). This lyses the cells and inactivates the
FAAH. The solution is vortexed and 3H ethanolamine, the radiolabeled
product of 3H anandamicie hydrolysis partitioning into the aqueous phase,
and is counted via a scintillation counter. [00269]Data Analysis: The

radioactivity in the aqueous phase is plotted with respect to inhibitor
roncantratinn to ndenarate doce recnnnece inhihition crirvvee and the data



55" [00272](2) Place plexi-glass cylinder on hot plate. Place rat within
cylinder and start timer. When the rat either licks its hind paw or jumps,
wsiamihestimier and remove from hot plate. Record the respopgsg Aaieney i
see), usually 6-7 see at 52 C. Measure baseline latencies for all rats.
sl O0ZZABhnieet e or VAo 9074 Mesaurs aspanse 548,29,
] %8 90, 1i(ZO mm, eté. after drug injiéqctior?. utl-s\éﬁ%?rrlle%?or 2% lfé?%ﬁosnecgp}&amn
into ther RetaES8BPPespond by 30 sec. is assigned a latency of 30 sec.
[00248P27RLdx): Gleasyhat RIaiesyiage 1o hetween Lime \981'1”15%%(&9 \é/@'.tlfe@ Wiitor
with kimwipe and wait until temperature read out has returned’to .

addedaftgm G0RMBS St CRIUSRDE T ErcHErgnETe N Dakemapireittressads were
pelicR eildemlatantyprpereentyaaxinym passilectact [0 MPE = %gg{%l%% JonM

b latency - baseline latency)/(cut-off- baseline latency) x 100]. (00
SUDSHAIR ety Hifae BRI, 4o arinsiry conssitifiessidilddreconcentration

duringdisstiec aeaesdintiye(eegetidh). SERABY-CHEASLG- A AP LI aSEH ated with

.. temperatures. recruit myelinated afferents (A6-6bers) whereas lower
the syEiEle SRR S T PHYBIFA 4 Mircfhts (BiberdherASiity s quenched
by tidragdéftects’ mayhd adtereethwitbi diffarentaiate tamperahirs. [PR278L cells and
inacteXBTR!S 6.gvidﬁg§e for Co]\r/tglg t Cogmplex Formation between

Serine-241 of PAAH and Florohic Acidf ﬁ%%%%@f%%ﬁ%%s and

orgaifA AR peoteitHvithaind aaciive itepdire giediiireyve rsibiRldnhikitey dRREXYartitions

into RALHAAIYANCIRRNOSANANAE TaQUILS [ A, Cryslal structure wherein
methoxy arachidony

phosphonate IS covalen R)%tc?ﬂnd to the side chain of
10026, - 2R3 t(Bomedysist dneSeibinesi(2002)ROBHLEOS: PHAE) 1§00260] Basedpact to
i Salerh s ngthesizad Ul e heanie gl compounds provided by
the present ir}ventioi% form revers?ﬁef 0%8%%@%:%%&%%5%’ v%ﬁ?f%ﬁ% 858 Phed 10
deterpiipgetBpHilie side chain of Ser-241. This hypothesis is consistent with the
kinetic data Molecular modeling studies of aryl boronic acid compounds

Exalpividad by ihe eraseniinvartianppgi s 3
[Ot:; %ﬁted to bind either in the n%}wﬁ%gg’r&%ﬁ%ﬁ%‘éft%%ﬁi%egé’qr?z%%d

ar SBR AN MBFAYESnGe AERART (RRtBmp dhe4ddriondidetidoadyivia the

hydralhaiindiireingaperekeingidaliamaty el bingiawarcifis sVias ol RN ed in the
celi &Sg%%S%T edls%n%ws betV\ieen these two binding modes, a mutant

SPotein was cioned Arid BXpreddéd whith fiumskindkarigraseeinmaegalls of the
immiprotgitesequence, except at four positions in the sequence: 1491V,

95M,:L192F and.F194Y. These four resjdues ling the narrow
0 Y S P i o
concghisapablishdeini iy cfystat structurehofs atded Akdags 3rd oAl OBy FER! whole
[ WRAY FARH usin rogram DeepView (Nicolas Guex,

éloo{vﬂ%%al?g I {éce{&gch, Tor%?ﬁr%és%ﬁgv%geagA e%g'naﬁéeD%gr%?%y &%ggps\?%%v jolutions are
Incubsms@wdw@ms"ahnpﬂMngpawmww (i:9856ROBIb)) Basgd on
l00240}S SIRBATIRAIOR FHdfigivRRLRIQIEN. THIGNOROLINGRS UL 5

. residues to the corresponding amino acids in Yhe uman sequence w
mcubgtediipid Yerialgniduisdyinaiieaicedded Bipning 63 eheterlyl obromicfacisd minutes.
The sampRunRildng and sngusinelase proMmIRGIBMES 1eidbes, (00382 o

eenD inhib%tion c?gg{‘z@t (KO was measured for a panel of eleven boron
asSay VOGED Rtainthy' @h PO ATEE s g S HRISi C AR MG PatMndThe reaction
mixtirariadbAbL abie @Mﬁ@szﬁoﬁ{&ﬁa%%@&m{%%%@?éa@%&%%ed by the
addiSymmayizes @I%esgqééstfp%l}gn%%/&s for the panel of eleven compounds,

Conparing the PSS B inHHSEOS B Rk tadty for tirel Vot Bpeeliataaddmaaiivates the
FAABnzyihesqRId) tisraticokihhifitioticenstesisiiar theemutasihbateanstoduct of "

human epzymes ), The.data indicates that the compounds bindat =
e Serine-241 vg%lt% Fr% %lr%/ fifig ?r%é?eag%gwgrf?‘ e r?g?rési/vgﬂ‘ﬁrg?gsp)‘ﬁ%Biécm“nanon
counghannel. Table 4 R/H Mill 11 11 nObs 2.99 1.08
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Mean 3.45 0.48 Stnev 0.02 0.49 Min 11.86 1.8 Max Equivalents
[00283]Those skilled in the art will recognize, or be able to ascertain using
wpaemrwesthan routine experimentation, many equivalents to g sResifie21626

embodiments of the invention described herein. Such equivalents are

[0026Bfendad WHRCHRAMRAIARLDY ARGHOllQWInR&AIMSd GHAMS L Ac-incubated
... compound of the following formula: or a pharmaceutically acceptable ’
with R U ZLRCG UG ARl TONHlor G apioutes. T assey i

initiapidcijagetiichliyacceptabie fosmiheraab dvi)\sr%@)ﬂp@mﬁgoaf mglf%ﬂ%@liﬁglﬂe of
[ 4. A compound of the
350 %l%vglr:%&r%?l%gﬁ%%%g 8%%%%%%2 l?:lgnzoernr{]re{{ggrgegf 10 nI(\:/(i). pIhe reaction mixture is

incubated for 30 minutes at room temperature, and the reaction stopped by the addition of
700uL of methanol: chloroform (1:1 v/v). This lyses the cells and inactivates the FAAH.
The solution is vortexed and H ethanolamine, the radiolabeled product of *H anandamide
hydrolysis partitioning into the aqueous phase, and is counted via a scintillation counter.

[00269] Data Analysis: The radioactivity in the aqueous phase is plotted with respect to

inhibitor concentration to generate dose response inhibition curves, and the data fitted to

determine the ICs;.

Example 175. In Vivo Analysis of Boronic Acid and Boronic Ester Derivatives in 2 Pain
Model

[00270]  This assay may be used to evaluate the effect of the compounds of the present
invention on the reflexive withdrawal of the rat from an acute noxious stimulus (hot surface).
[00271] (1) Heat plate to testing temperature (Hot plate analgesia meter; Harvard
Apparatus) — takes about 10-15 min (the actual surface temperature is.not reflected in the
LED read out. The actual surface temperature is 10° less than the read out indicates).

Read—out Surface temp

57°C 47°C
62 123 52 (2%
65« 55

[06272]  (2) Place plexi—glass cylinder on hot plate. Place rat within cylinder and start
timer. When the rat either licks its hind paw or jumps, stop the timer and remove from hot

plate. Record the response latency (in sec), usually 6-7 sec at 52 °C. Measure baseline

latencies for all rats.

[00273]  (3) Inject drug or vehicle.

[00274]  (4) Measure response 5, 15, 30, 60, 90, 120 min, etc. after drug injection. Cut—off
time for 52 °C is 30 sec. A rat that does not respond by 30 sec. is assigned a latency of 30

SeC.

[00275]  (5) Clean hot plate surface in between time points with water, dry with kimwipe
and wait until temperature read out has returned to 57 °C.
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H H or a phar ceutically acceptable form thereof 5. A compound of the
following formula: or a pharmaceutically acceptable form thereof 6. A
0 nd of the following formula: or a pharmaceutically acceptable
W orgp%%%légfggf A compound of he following formula: or a phar%jrar&ﬁ%gﬂ%mm
acceptable form thereof 8. A compound of the following formula: or a
(0027 arae ivany Bdvepashie folartHEFBEY. 00 PACHHIPaITRIBT Beesibliowse (Vo
MPEferdialaehé Pharnacauticrlly eeceatabiadaim hereef 1406ycompound

of the following formula: orap armaceutical%acceptable form thereof

[00277] A QHSFEERSARER 2RO ESBRESm P bsttion toritbréligns ebpuisbbmaditsted

accoran?jg@neﬁ.cg.plmcl-&l?wr(@pb@g{g@c@utwlBca;ceﬁ&a%%dowﬁlmﬁ@és recruit
and a pharmaceuytically acceptable excipient. 12. A medicament
myelhf&fﬁEﬁéﬁﬁﬁr&stﬁé%ﬁgﬁﬁmﬁﬁ@ﬁééwsrafﬁ%teﬁﬁ%‘afeé OIS E R SE g erents

(c—fisdre)aisasslaify a5 enpheffaaceiatiosllylreet piablafforentthiateafirpeatures.
pharmaceutically acceptable composition thereof, for use in the treatment
of an FAAH-mediated disease, disorder, or condition, wherein said
[002 FAA HEmedljdedd 6li Evadon odi or darvaleao {ditigrids BopainfidishatvesmeSerine-241
of F ' %%ed@()%onrigi‘%g)iréj%f]ﬂﬁti(gslammatory disprder, an @mmune disorder,
epression, anxiety, a sleep disorder, a feeding behavior, a movement
(002 orderatiuc ofirat Réubpottationiothcardiovasettbredisé aseyarSibEhahibitor

methmgﬂi&%ma&lf}qr K& ﬁc@ﬁﬁgﬁglggréglﬁ@'% 12, H&ﬁe%&ﬁlpeai%grein methoxy
2

synhdrome, disease and/or disorder is selected from neuropathic pain,
arachidenyd| puitphonais is gexsierdtibeian painhesidniepmimisimits Ghracey et al,

ScieMRYERPY VR §8¢RRLFBACUte pain, non-inflammatory pain, inflammatory
ain, pain associated with cancer, preoperative pain, arthritic pain,
10024fhn 2

aicrhrpalis St cllls- Sierihesisamh e dkmepeninigridreomposegls provided
by tHRGHEsdPWRTLRGK #5ehReck-RBID c@%é&%@é&k&e@@tﬂ@@ﬁﬁ%&ﬂﬁ%@me chain
er

th%ainful syndrome, disease, and/or disorder is neuropathic pain,

of Segr ticgg?quﬁﬁmm&%}?s&ﬁhwhh the kinetic data. Molecular modeling studies

of aryl boronic acid compounds provided by the present invention indicates that the aryl ring
can be directed to bind either in the narrow hydrophobic channel of the énzyme near Ser241,
which is confluent with the membrane portion and the acyl chain binding pocket, or
alternatively bind toward the cytosolic portion.

[06281] To distinguish between these two binding modes, a mutant protein was cloned and
expressed which was identical to the rat FAAH protein sequence, except at four positions in
the sequence: 1491V, V4»95M, L192F, and F194Y. These four residues line the narrow
hydrophobic channel near Ser-241 in the rat x-ray structure. Starting from the published X-
ray crystal structure of rat FAAH, a 3-D homology model was built of human FAAH using
the program DeepView (Nicolas Guex, Manuel Peitsch, Torsten Schwede Alexandre
Diemand “DeepView / Swiss-Pdbviewer” http://www.expasy.org/spdbv (1995-2001)).

Based on this 3-D homology model of the human protein, mutation of these four residues to
the corresponding amino acids in the human sequence was predicted to significantly
influence the binding of the aryl boronic acid compounds if the aryl ring is in close proximity
to these residues. ,

[0606282] The inhibition constant (K;) was measured for a panel of eleven boronic acid-
containing compounds differing in their ability to inhibit rat and human FAAH. Table 4
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14. The medicament for the use according to claim 13, wherein the
neuropathic pain is selected from diabetic neuropathy; sciatica;

wiaoiwspreitie lower back pain; multiple sclerosis pain; fibrom)lgzt\rlg/ig‘éim7/02]626
HIV-related neuropathy; neuralgia; pain resulting from physical trauma,

] Xins ar. chronic,inflammatory conditions; pain .
bdm?e%%r%%%rﬁ%%%ﬁ%ﬁ%pa ralJ r%(sé? SO r?%—:‘Pveeggﬁ?p?%@%lff%’e?\c}@pmng the
ratio ¢f)sphiEive serstehtorfinctmpldie meeveatrandseotian, cloysakroRIgaRglivto of
' inal cord iof), tymor qt
S oo Sl o o TR i ilges e
compoyid bipdralupsaine-gdd hransteranthalamdiscoledarterrdin amsosiatedtophobic
chanM¥ith normally non-painful sensations such as "pins and needles”

(paraesthesias and dysesthesias), increased sensitivity to touch
(hyperesthesia), painful sensation following innocuous stimulation

Tabitdynamic, stafic or thermalallodyniia), increased sensitivity to noxious

stimuli-(thermal, cold,_mechanical hyperalgesia), continuing pain sensation
R/ ater remoM48f the stimulation (hyperpathia) or an absence of or deficit in

11 selective sensory pathyggys (Nypoalgesia). 15. The medicament for the

use-accouding to claim 13 _wherein the inflammatory pain is associated
299 ith an inflén%’natory dY&erBer. 16., The medicament for the use according

3.45 to either afclgims 12/ qfey WNETEIN the inflammatory disorder is
i ion characterized hy one or more of the signs of pain, heat,
0.02 redness, \Rféﬁing, or||8&#of function; wherein the inflammatory disorder is

11.8anflammatiqrgcharactegggd by one or more of the signs of pain from the
generation-of-noxious substancesland the stimulation of nerves,

inflammation characterized by heat from vasodilation; inflammation
characterized by redness MOSITP from vasoclilation and increased blood
flow; inflammation characterized by swelling from excessive inflow or
restricted outflow of fluid; inflamErftisAledracterized by loss of function;
[06283flanhasioskifiacingdhe: Maosdkvessels; dnlammation alfeeing 1he.doRss: than
mumllnf_lgyrena%ntlgn %fgctln%th_e asé%)lntestlrgll tract; inflammation aﬁ‘ec'glng_the )
a%in: matammaton SRR HEIER Yrdih SR fssteedimmath Padm invention
descralssbhated Witth\astuibmdiseaseeidiamibaiatoagseeiated it IBigaiNgaims.
headache; inflammation associated with tension headache; inflammation
associated with psoriasis, irritable bowel disease, periarteritis nodosa,
thyroiditis, aplastic anemia, Hodgkin's disease, scierodoma, rheumatic
fever, type | diabetes, myasthenia gravis, sarcoidosis, nephrotic
syndrome, Behcet's syndrome, polymyositis. gingivitis, hypersensitivity,
conjunctivitis, multiple sclerosis, and ischemia; neuroinflammation
associated with the brain disorders; chronic inflammation associated with
cranial radiation injury; acute inflammatory conditions and chronic
inflammatory conditions; inflammation associated with trauma and
non-inflammatory myalgia; acute, adhesive, atrophic, catarrhal, chronic,
cirrhotic, diffuse, disseminated, exudative, fibrinous, flbrosing, focal,
granulomatous, hyperplastic, hypertrophic, interstitial, metastatic, necrotic,
obliterative, parenchymatous, plastic, productive, proliferous,
pseudomembranous, purulent, sclerosing, seroplastic, serous, simple,
specific, subacute, suppurative, toxic, preferably wherein the inflammatory
disorder is inflammation associated with psoriasis or irritable bowel
disease or inflammation affecting the joints. 17. The medicament for the
use according to claim 16, wherein the inflammation affecting the joints is
arthritis. 18. The medicament for the use according to claim 17, wherein
the arthritis is crystalline, osko, psoriatic, reactive, rheumatoid, or Reiter's
arthritis. 19. The medicament for the use according to claim 12, wherein
the immune disorder 245
isarthritis,rheumatoidarthritis,sponclyloarthopathies,goutyarthritis,
osteoarthritis, systemic lupus erythematosus, Sjogren's syndrome,
ankylosing spondylitis, undifferentiated spondylitis, Behcet's disease,
haemolytic autoimmune MCSLLP anaemias, multiple sclerosis,

amyotrophic lateral sclerosis, amylosis, acute painful shoulder, psoriatic
and innzanile arthritic acthma atharncelarncice netennnrocice hronchitic



1.

2.

3.

4.

CLAIMS

A compound of the following formula:

or a pharmaceutically acceptable form thereof.

A compound of the following formula:

or a pharmaceutically acceptable form thereof.

A compound of the following formula:

or a pharmaceutically acceptable form thereof.

A compound of the following formula:
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. MCSLLP
or a pharmaceutically acceptable form thereof.

A compound of the following formula:

] H
g g
\8/

7

or a pharmaceutically acceptable form thereof.

A compound of the following formula: Hoon
a

or a pharmaceutically acceptable form thereof.

A compound of the following formula:

[ =2
=

\3/

or a pharmaceutically acceptable form thereof.

A compound of the following formula: oM
\B/

. F -
or a pharmaceutically acceptable form thereof.
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MCSLLP

9. A compound of the following formula:
e
L

O:K/ﬁ\/\:g
or a pharmaceutically acceptable form thereof.

10. A compound of the following formula:
F

9
L
0{’}1}:0

or a pharmaceutically acceptable form thereof.

11. A pharmaceutically acceptable composition comprising a compound of any one of
claims 1-10, or a pharmaceutically acceptable form thereof, and a pharmaceutically

acceptable excipient.

12. A medicament comprising a therapeutically effective amount of a compound of
any one of claims 1-10, or a pharmaceutically acceptable form thereof, or a
pharmaceutically acceptable composition thereof, for use in the treatment of an
FAAH-mediated disease, disorder, or condition, wherein said FAAH-mediated
disease, disorder or condition is a painful syndrome, disease and/or disorder, an
inflammatory disorder, an immune disorder, depression, anxiety, a sleep disorder, a
feeding behavior, a movement disorder, glaucoma, neuroprotection, or

cardiovascular disease.

13. The medicament for the use according to claim 12, wherein the painful syndrome,

disease and/or disorder is selected from neuropathic pain, central pain,
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14.

15.

16.

MCSLLP

deafferentiation pain, chronic pain, stimulus of nociceptive receptors, acute pain,
non-inflammatory pain, inflammatory pain, pain associated with cancer,
preoperative pain, arthritic pain, lumbosacral pain, musculo-skeletal pain, headache,
migraine, muscle ache, lower back and neck pain, and toothache, and preferably
wherein the painful syndrome, disease, and/or disorder is neuropathic pain, arthritic

pain or inflammatory pain.

The medicament for the use according to claim 13, wherein the neuropathic pain is
selected from diabetic neuropathy; sciatica; non-specific lower back pain; multiple
sclerosis pain; fibromyalgia; HIV-related neuropathy; neuralgia; pain resulting from
physical trauma, amputation, cancer, toxins or chronic inflammatory conditions;
pain resulting from a peripheral nerve disorder, nerve compression, nerve crush,
nerve stretch or incomplete nerve transsection, dorsal root ganglion compression,
inflammation of the spinal cord, contusion, tumor or hemisection of the spinal
cord, tumors of the brainstem, thalamus or cortex, or trauma to the brainstem,
thalamus or cortex; pain associated with normally non-painful sensations such as
"pins and needles" (paraesthesias and dysesthesias), increased sensitivity to touch
(hyperesthesia), painful sensation following innocuous stimulation (dynamic, static
or thermal allodynia), increased sensitivity to noxious stimuli (thermal, cold,
mechanical hyperalgesia), continuing pain sensation after removal of the
stimulation (hyperpathia) or an absence of or deficit in selective sensory pathways

(hypoalgesia).

The medicament for the use according to claim 13, wherein the inflammatory pain

is associated with an inflammatory disorder.

The medicament for the use according to either of claims 12 or 15, wherein the
inflammatory disorder is inflammation characterized by one or more of the signs
of pain, heat, redness, swelling, or loss of function; wherein the inflammatory
disorder is inflammation characterized by one or more of the signs of pain from
the generation of noxious substances and the stimulation of nerves, inflammation

characterized by heat from vasodilation; inflammation characterized by redness
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17.

18.

19.

MCSLLP

from vasodilation and increased blood flow; inflammation characterized by
swelling from excessive inflow or restricted outflow of fluid; inflammation
characterized by loss of function; inflammation affecting the blood vessels;
inflammation affecting the joints; inflammation affecting the gastrointestinal tract;
inflammation affecting the skin; inflammation affecting multiple organs and tissues;
inflammation associated with vascular disease; inflammation associated with
migraine headache; inflammation associated with tension headache; inflammation
associated with psoriasis, irritable bowel disease, periarteritis nodosa, thyroiditis,
aplastic anemia, Hodgkin's disease, scierodoma, rheumatic fever, type I diabetes,
myasthenia gravis, sarcoidosis, nephrotic syndrome, Behcet's syndrome,
polymyositis. gingivitis, hypersensitivity, conjunctivitis, multiple sclerosis, and
ischemia; neuroinflammation associated with the brain disorders; chronic
inflammation associated with cranial radiation injury; acute inflammatory
conditions and chronic inflammatory conditions; inflammation associated with
trauma and non-inflammatory myalgia; acute, adhesive, atrophic, catarrhal, chronic,
cirthotic, diffuse, disseminated, exudative, fibrinous, fibrosing, focal,
granulomatous, hyperplastic, hypertrophic, interstitial, metastatic, necrotic,
obliterative, parenchymatous, plastic, productive, proliferous, pseudomembranous,
purulent, sclerosing, seroplastic, serous, simple, specific, subacute, suppurative,
toxic, preferably wherein the inflammatory disorder is inflammation associated with

psoriasis or irritable bowel disease or inflammation affecting the joints.

The medicament for the use according to claim 16, wherein the inflammation

affecting the joints is arthritis.

The medicament for the use according to claim 17, wherein the arthritis is

crystalline, osteo, psoriatic, reactive, rheumatoid, or Reiter's arthritis.

The medicament for the use according to claim 12, wherein the immune disorder
is arthritis, rheumatoid arthritis, spondyloarthopathies, gouty arthritis,
osteoarthritis, systemic lupus erythematosus, Sjogren's syndrome, ankylosing

spondylitis, undifferentiated spondylitis, Behcet's disease, haemolytic autoimmune
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20.

21.

22.

23.

MOSLLP

anaemias, multiple sclerosis, amyotrophic lateral sclerosis, amylosis, acute painful
shoulder, psoriatic and juvenile arthritis, asthma, atherosclerosis, osteoporosis,
bronchitis, tendonitis, bursitis, skin inflammation disorders, enuresis, eosinophilic
disease, gastro-intestinal disorders, ileus, postoperative ileus, ileus during sepsis,
gastroesophageal reflux disease, eosinophilic esophagitis, gastroparesis, food

intolerances, food allergies, non-ulcerative dyspepsia or non-cardiac chest pain.

The medicament for the use according to claim 19, wherein the skin inflammation
disorder is selected from psoriasis, eczema, burns and dermatitis, or wherein the
gastrointestinal disorder is selected from inflammatory bowel disease, peptic ulcers,
regional enteritis, diverticulitis, gastrointestinal bleeding, Crohn's disease, gastritis,

diarrhoea, irritable bowel syndrome, and ulcerative colitis.

The medicament for the use according to claim 12, wherein the feeding behavior
is anorexia, cachexia, over-eating leading to obesity, or weight loss associated

with cancer or other wasting conditions.

The medicament for the use according to claim 12, wherein the anxiety is clinical
anxiety, panic disorder, agoraphobia, generalized anxiety disorder, specific phobia,
social phobia, obsessive compulsive disorder, acute stress disorder, posttraumatic
stress disorder, adjustment disorders with anxious features, anxiety disorders due to

general medical conditions, or substance-induced anxiety disorders.

The medicament according to claim 12, wherein the sleep disorder is insomnia,
sleep apnea, restless legs syndrome, delayed sleep phase syndrome, periodic limb
movement disorder, hypopnea syndrome, rapid eye movement behavior disorder,
shift work sleep disorder, and sleep problems such as nightmares, night terrors,
sleep talking, head banging, snoring, and clenched jaw and/or grinding of teeth

(bruxism).
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MCSLLP
24. The medicament according to claim 12, wherein the depression is unipolar

depression, chronic depression, mild depression, a bipolar disorder such as manic

depression, clinical depression or subclinical depression.
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