| M DAZOAZEPI NONE COVPOUNDS BACKGROUND OF THE | NVENTI ON [ 0001] Upon
encountering antigen, naive CD4+ T hel per precursor (Thp) cells are
differentiated into two distinct subsets, Type | T helper (Thl) and Type 2
T hel per (Th2). These differentiated Th cells are defined both by their

di stinct functional abilities and by unique cytokine profiles.
Specifically, Thl cells produce interferon-gama, interleukin (IL)- 2, and
tumor necrosis factor (TNF)-beta, which activate macrophages and are
responsi ble for cell-nmediated i munity and phagocyt e- dependent protective
responses. In contrast, Th2 cells are known to produce IL-4, IL-5, IL-6,
IL-9, IL-10 and I1L-13, which are responsible for strong anti body
production, eosinophil activation, and inhibition of several macrophage
functions, thus providi ng phagocyte-independent protective responses.

Accordingly, Thl and Th |1 ' ] I fferent

I mmunopat hol ogi cal respo %Yﬁﬁ@d@bﬁ&%‘g devel opnent of each
type of Th cell is nediated by a different cytokine pathway. Specifically,
it has been shown that IL-4 pronotes Th2 differentiation and :

si mul t aneously bl ocks ThasdqveROTBIOF T ANV ERTION L- 12, | L-18 and
| FN-. gama_are _the cytokines critical for the devel opnent of Thl cells.
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differentiation. For these conditions the cCurrently aval

t r eat merandd2icsisarg pesocinted rdth differentigummepatliplpgicaliesPPRIesTh2 par adi gm
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of all erc%rlto(idr?énga vld}:y(?l rf'],gé'lcri] ic Iy,si?rhgse Iingén Ishown that IL-4 promotes Th2 differentiation
and simultancously blocks Thl development. ‘In contrast, IL-12, IL.-18 and IFN-.gamma are
the cytokines critical for the development of Thl cells. Accordingly, the cytokines
themselves form a positive and negative feedback system that drives Th polarization and
keeps a balance between Thl and Th2. '
j0003] Thl cells are involved in the pathogepesis of a variety of organ-specific
autoimmune disorders, Crohn's diseése, Helicobacter pylori-induced peptic ulcer, acute
kidney allograft rejection, and unexplained recurrent abortions. In contrast, allergen-specific
Th2 responses are responsible for atopic disorders in genetically susceptible individuals.
Mofeover, Th2 responses against still unknown antigens predominate in Omenn's syndrome,
idiopathic pulmonary fibrosis, and progressive systemic sclerosis.
[0004] There remains a high unmet medical need to develop new therapeutic treatments
that are usefu) in treating the various conditions associated with imbalanced Th1/Th2 cellular
differentiation. For many of these conditions the currently available treatment options are
inadequate. Accordingly, the Th1/Th2 paradigm provides the rationale for the development
of strategies for the therapy of allergic and autoimmune disorders.



SUMMARY CF THE | NVENTI ON 100051 As descri bed herein, the present invention
provi des conpounds of formulal: Ra RORN"1 14~~ r r NN RR RS R- R4
NRB X\ Rs | wherein: Qis -C(R5(R2)- or -CH=CH (cis or trans); R and
R2 are independently selected fromH, C1_3 alkyl, C24 al kenyl, or taken
together are C,. alkylidene or C26 al kenyl eni dene; each of R3, R4, R6, and
R7 is independently selected from hydro genand nethyl; X is nethyl ene,

et hyl ene, or propenylene; RS is phenyl, quinolinyl, isoquinolinyl, indolyl,
furyl, thienyl, pyrazolyl, quinoxalinyl, naphthyl, or pyrrolyl, and
substituted wth between 0 and 5 substituents independently sel ect ed from
Cl-3 al kyl, 'C,-3 al koxy, hydroxyl, C -3 alkylthio, cyclopropyl,

cycl opropyl met hyl , and Hhal UMRJARY OF FHEINVENT )N, propenyl, (C -3

al koxy) thoBS]al kw&dekG:be@h&uﬁy{hUﬁé%m,mv?bnﬁ&Kr omd@scgm &Md& Qf(ﬁ‘)?rhll.ﬂxll: phenyl,
benzyl, furyl, pyrrolyl, imdazol ¥ pyrazo |sot I azol yl , |sooxazolyl
pyridyl or thienyl; wherein R8 R§ substltuted w th between 0 and 3
substituents |ndependently select‘“ fron1nethy| et hyl, halo, C, _3 al koxy,
Cl_3 alkylthio, (Cl1.3 alkoxy)%: yl, (C1-3 aIkyIthlo)C -3 alkyl, C _3
hydr oxyal kyl , (Cl.3 nercapt oal ky yl, furyl, inidazolyl,
pyrazolyl, pyrrolyl, isothiazoR§l, pyrldyl t hi enyl pyranyl,
di hydr opyranyl, tetrahydropyranyl, 3&yl; and each of Ra, Rb, and
R is independently selected from hydroge oxyl, nmethoxy,

wherein:

Q is C(R"YR?)- or ~CH=CH- (cis or trans);

R! and R? are independently selected from H, C,; alkyl; Co4 alkenyl, or taken together are
CH; alkyhdene or C; 4 alkenylenidene;

each of R® R*, R®, and R” is independently selected from hydrogen and methyl

X is methylene, ethylene, or propenylene; ,

R® is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thieny], pyrazolyl, quinoxalinyl,
naphthyl, or pyrrolyl, and substituted with between 0 and 5 substituents independently
selécted from Cy3 alkyl, Cia alkoxy, hydroxyl, Cis alkylthio, cyclopropyl,
cyclopfopylmcthyl, and halo; ' |

R® is H, methyl, ethyl, propenyl, (C13 alkoxy)Cis alkyl, (Ci3 alkylthio)C,a alkyl, Ci3
hydroxyalkyi, phenyl, benzyl, furyl, pyrmolyl, imidazolyl, pyrazolyl, isothiazolyl,
isooxazolyl, pyridyl, or thienyl;

wherein R® is substituted with between 0 and 3 substituents independently selected
from methyl, ethyl, halo, C;3 alkoxy, C,. alkylthio, (Ci3 alkoxy)C:.3 alkyl, (Ci
alkylthio)C,3 alkyl, Cy3 hydroxyalkyl, (C,.; mercaptoalkyl)phenyl, benzyl, furyl,
imidazolyl, pyrazolyl, pyrrolyl, isothiazolyl, isooxazolyl, pyridyl, thienyl, pyranyl,
dihydropyranyl, tetrahydropyranyl, and cyclopropyl; and

each of R® R’ and R® is independently selected from hydrogen, hydroxyl, methoxy,
benzyloxy, fluoro, chloro, amino, methylamino, dimethylamino, and phenoxy;

or one pair selected from R® and R®, and RP and R", taken together, is -O-(CH,)-O- or
-0-CH;-CH>-0-;



benzyl oxy, fluoro, chloro, am no, nethylam no, dinethylam no, and phenoxy-,
or one pair selected fromRa and Rb, and Ro and R, taken together, is

-0 (CH2)-O or -OCH-CH2-O; 2 or a pharmaceutically acceptable salt, a
Cl.6 alkyl ester or amde, or a C24 al kenyl ester or am de thereof. [00061
I n ot her enmbodi nents, the. present invention provides a pharnaceuti cal
conposition conprising a conpound of fornmula | or a subset or exanple
thereof. In certain enbodinents, the pharmaceutical conposition is usefu
for treating rheumatoid arthritis or multiple sclerosis. [0007] O her
enbodi nents provide use of a compound of formula I, or a subset or exanple
thereof, in the manufacture of a nedicanent. In certaln enbodi nents, the
present of |arﬂ¥’éﬁif‘?°GH“‘iﬂ”éf\Fi°€Fé’§ab!%%a“u§é3!6f31%)'l€6ﬁ7b8£|ﬁ’5“’8f oF & Gy alikepy! asfer & subset
or exann&&uddm&&aﬂf in the manufacture of a nedicanent for the treatnent

of rheuq&h]Kﬁ hrItISF§ Jultiple sclerosis. 0008 Clher aspects of t he
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substitutable position of the group, and when nore than one position in any
- given structure may be substituted with nore than one substituent sel ected

froma SpETATLED DESORIPTION OF CHRTARN EMBODIFMENTS OF THE DAENPION
differegé&? every posi tion. Conbinations of substituents envisioned by

this in 1% e preferably those that result in the formation of stable
or cheni[ew9]y f@aapdinds of njpisdnetation include those described generally above, and are

further illustrated by the embodiments, sub-embodiments, and species disclosed herein. As
used herein, the following definitions shall apply unless otherwise indicated.

[0010].  As described herein, compounds of the invention may optionally be substituted
with one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention. In general, the term “substituted”
refers to the replacement of hydrogen radicals in a given structure with the radical of a
§peciﬁed substituent. Unless otherwise indicated, a substituted group may have a substituent
at each substitutable position of the group, and when more than one position in any given

_ structure may be substituted with more than one substituent selected from a specified group,
the substituent may be either the same or different at every position. Combinations of
substituents envisioned by this inyention are preferably those that result in the formation of
stable or chemically feasible compounds.

{0011} The term “stable”, as used herein, refers to compounds that are not substantially
altered when subjected to conditions to allow for their production, detection, and preferably
their recovery, purification, and use for one or more of the purposes disclosed herein. In
some embodiments, a stable compound or chemically feasible compound is one that is not
substantially altered when kept at a temperature of 40°C or less, in the absence of moisture or

other chemically reactive conditions, for at least a week.



10011] The term "stable", as used herein, refers to conpounds that are not
substantially altered when subjected to conditions to allow for their
production, detection, and preferably their recovery, purification, and
use for one or nore of the purposes disclosed herein. In sone enbodi nents,
a stable compound or chem cally feasible conpound is one that is not
substantially altered when kept at a tenperature of 40C or less, in the
absence of noisture or other chemcally reactive conditions, for at |east
a week. 3 [0012] The term"al kyl"™ or "al kyl group,"” as used herein, neans a
straight-chain (i.e., unbranched), branched, or cyclic hydrocarbon chain
that is conpletely saturated. In certain enbodi ments, alkyl groups contain
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-G, - xemp ary 'Cas I?:ﬂ(eny gzrgl_llnzs include r&i_p&ﬁ &ﬂzééH:CHz (also refered to as allyl), -
CI-I=CHCH3, -CH,CH,CH=CH,, -CH.CH=CHCH;, -CH=CH>CH;CH,, -CH=CH,CH=CH,,
and cyclobutenyl.
{0014] The tetm “a.lkoxy” or “a]kylthlo as used herein, refcrs to an alkyl group, as
previously defined, attached to the principal carbon chain through an oxygen (“alkoxy™) or
sulfur (“alkylthio”) atom. .
[0015] As used herein, the terms methylene, ethylene, and propylene refer to the bivalent
moieties -CH;-, <CH,CH,~, and -CH,CH,CHo-, respectively.
{0016] As used herein, the terms ethenylene, propenylene, and butenylene refer to the
bivalent moieties -CH=CH-, -CH=CHCH-, -CH;CH=CH-, -CH=CHCH;CHq-,
-CH,CH=CH,CH,-, and -CH,CH,CH=CH-, where each ethenylene, propenylene, and
butenylene group can be in the cis or trans configuration. In certain embodiments, an
' ethenylene, propenylene, or butenylene group can be in the trans configuration. .
[0017] As used herein, the term “alkylidene™ refers to a bivalent hydrocarbon group
formed by mono or dialky] substitution of methylene. In certain embodiments, an alkylidgné
group has 1-6 carbon atoms. In other embodiments, an alkylidene group has 2-6, 1-5, 2-4, or
1-3 carbon atoms. Such groups include propylidene (CH3CH20H¥), ethylidene (CH;CH=),
and isopropylidene (CH3(CH;)CH=), and the like.



[ 0016] As used herein, the terns ethenyl ene, propenyl ene, and butenyl ene
refer to the bivalent noieties -CH=CH, -CH=CHCHr, -CH2CH CH,

- CHCHCH2CH2-, - CH2CH=CH2CH2-, and - CH2CH2CH=CH-, where each et henyl ene,
propenyl ene, and butenyl ene group can be in the cis or trans
configuration. In certain enbodi nents, an ethenyl ene, propenyl ene, or
but enyl ene group can be in the trans configuration. . [0017] As used
herein, the term"al kylidene" refers to a bivalent. hydrocarbon group
formed by nono or dial kyl substitution of nmethylene. In certain

enbodi nents, an al kylidene group has 1-6 carbon atons. In other

enbodi nents, an al kylidene group has 2-6, 1-5, 2-4, or 1-3 carbon atons.
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att aChnent pFe %e group “(C,.3 alkoxy)C;.3 alkyl,” is attached to the rest of the molecule at the -
alkyl end. Further examples include methoxyethyl, where the point of attachment is at the
ethy! end, and methylamino, where the point of attachment is at the amine end.
[0022] Unless indicated otherwise, where a bivalent group is described by its chemical
formutla, including two terminal bond moieties indicated by “-,” it will be understood that the
attachment is read from left to right. By v.vay of example, when X is ~CH,CH=CH-, X is
attached to the nitrogen of the hydantoin core at the lefi-hand side methylene and X is
attached to R’ at the right-hand side methyne. o
[0023] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E) conformational isomers. In certain embodiment, when
the Q group of formula I comprises a double bond, that double bond can be in the cis (E) or
trans (Z) conformation. Therefore, single ‘stefeochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational) mixtures of the present compounds are .
within the scope of the invention. Unless otherwise stated, all tautomeric forms of the

compounds of the invention are within the scope of the invention. Additionally, unless



et hyl end, and.nethylam no, where the point of attachnent is at the am ne
end. [0022] Unl ess indicated otherwi se, where a bivalent group is described
by its chemcal formula, including two termi nal bond noieties indicated by
-," it wll be understood that the attachment is read fromleft to right.
By way of exanple, when X is -CH2CH=CH-, X is attached to the nitrogen of
the hydantoin core at the |eft-hand side nethylene and X is attached to RS
at the right-hand side nethyne. [0023] Unless otherw se stated, structures
depicted herein are also neant to include all isoneric (e.g.,
enantionmeric, diastereoneric, and geonetric (or conformational)) forns of
the structure; for exanple R and S confl urations for each asymmetric
center, § 7“‘57fd5tf(‘tﬁ‘§ SnﬁﬁﬂﬁséjeB’ﬁ?g inglie cempeppdsdhatdifignal
i soner s. oy ix et m'bstnemhbdldm‘khoreWQﬁﬂpxcilbeexﬁcﬁéd)ktBnﬁf Pﬂ;ﬁﬁ:ﬁ@ﬂ:ﬁelcoﬁ%ﬁ&dss es a

double b b d inth i

cont or moivae 8 BlssERSPucud? Rtre Py B sRntatreol plinklidush v debifiibm o ritom,

enant i oner the replatementerfooeazbirchy alfC- ge dldenriched carbanateovitih ilenabpe of thisur s

of the o he_sco £ of th yention Unl e

ot her wi E{eggrtﬁg%ed%w%&}ﬁtﬁe#c %ﬂ’rrg o?s Fﬁ%ﬁ'ﬁﬁg s It°ﬁe°r?!?f\§elﬁflson

are wt thQIWMe of the invention. Additi onal I y unl ess 5 otherwise

stated, bs4iCt UnSSulP RS thd RhAL Rl SUedPARld 18 g%&%‘r &agpounds that
one opi ca FEtns.

differ only presence of nbre 130 enfri che
For ex anﬁleélana&n%m then ausch @ft inbibitings thet progrest pﬁr Wspwxedipe 4 diseasheor

| as L+
r epl acengBsrdé aslikehBe® Rerlih. 38 YoRE | bm;azfn his) dhd ﬁ%&&dﬁ%@ﬁ%ﬁﬁ%

carbon by a 13C or 14C enriched carbon are wt scope o

i nvent i off. PLGSHORISRIIERE devglaped:s by ether qhodiments, Fféam’&gt @mbs/{l%laimﬁ@dhs or
pr obes I the aAbbRcO QI Q?an&%ﬁaay For &Xidd, &R Ged}eb& iamididiGed 86 RSsustepBBETENT

refe torevrS|n alleviatin delayln t.he
onset ofm 1‘?1%??? ‘&%%8"56?8 F’E‘é%tmfff? 'g“%‘?}eﬂftai higoy %ﬁgﬁfé‘&g‘é"%f‘" ¥ii8or der
as descrlight bfhganetia or lothes GEeprtilit) faemrs rrfeaeﬁm thayTal¥o R ambbihiddsifsred

after o hav eve| ot her enbodi ments, treatnent
may be a%mpgérg{ggrvgéé ’?%g Z"*ﬁ%’ re‘fen OInﬁfag U ESPESnpl e, treatnent may

be adm nistered to a susceptible individual prior to the onset of synptons
(e.qg., ip t{,,gptt,wgfg a history of synptons and/or in 1ight.of genetic or

ot her susceptibility factors). Treatnent may al so be continued after

synmpt onslf8%le r MW“W%&W@‘ inyeptiansunyidesra chatpepnd pfformuladur r ence.

R
Rb
Q
RE N
Q. = N— R8
R3 R?
R4 N RS
i
T Rs

wherein:

Qis —C(R’)(Rz)-‘ or —-CH=CH- (cis or trans);

R' and R? are independently selected from H, C,.; alkyl, C4 alkenyl, or taken together are
Ci.¢ alkylidene or Cy4 alkenylenidene;

each of R®, R*, R®, and R’ is independently selected from hydrogen and methyl;

X is methylene, ethylene, or propenylene;



B. Conpounds [0025] In one enbodi nent, the present invention provides a
conmpound of formula 1: Ra ROR N / NNRs Rs R7 R4 NRs X~Rs | wherein
Qis -C(RI)(R2)- or -CH=CH (cis or trans); Rl and R2 are independently
selected fromH, Cl.3 alkyl, C24 al kenyl, or taken together are Cl.6

al kyl i dene Or C2-6 al kenyl eni dene; each of R3, R4, R6, and R7 is

I ndependently selected from hydrogen and nethyl; X is nethylene, ethylene,
or pnpenylene; 6 R5 is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl,

t hi enyl, pyrazolyl, quinoxalinyl, naphthyl, or pyrrolyl, and substituted
with between 0 and 5 substituents independently selected from Cl.3 al kyl,
Cl.3 al h roxyl Cl-3 alkylthlo cycl opropyl clopropylnethyl and
el o - RIS PO AR e SRR Bt R S bisegyieh awmara b (G 3

al kyl t hi 0) Gapkahyl &Pyrrolsl,. and dwetrrﬁeeuahﬁwemwawh,s shBéiih\Qnts ifhddpéhdenfly’ r ol yl ,

I m dazol yl |y I a az and thienyl;
wher ei n %s?lgégﬁég “Jf't?ltag‘é&)\é]t:‘ﬁﬁ?&v@ ?r(lé g"’!‘B‘BS?’H gﬂ”% i ndependent | y
sel ect ed - cy¢lopropyivieshlyl, asd halb, hal o, Cl 3 alkoxy, C .3 alkylthio, (C .3
I yl 1-
mer cant o1 Byt Fi e Yoty REIes G eSS oy
i sot hi azol ydrokyaligwd sphehyl| benpylt; fuiyll pmnbilyh ipidazgdyly pyryetolyl, @dothisdolyhyr anyl |
tetrahydro and each of RR, Rb, and R is
i ndependent %gg%}géﬁggyfron1 y ogen hydr oxyl, met hoxy, -
wherein R® is substituted with between 0 and 3 substxtuents independently selected - -
from methyl, ethyl, halo, C;_3 alkoxy, C.3 alkylithio, (C;.; alkcxy)C..g alkyl, (C13
alkylthio)C.; alkyl, C,.3 hydroxyalkyl, (Ci.3 mercaptoatkyl)phenyl, benzyl, furyl,

imidazolyl, pyrazolyl, pyrrolyl; isothiazolyl, isooxazolyl, pyridyl, thienyl, pyranyl,

dihydropyranyl, tetrahydropyranyl, and cyclopropyl; and
each of R%, R® and R° is independently selected from hydrogen, “hydroxyl, methoxy,
benzyloxy, fluoro, chioro, amino, methylamino, dimethylamino, and Iihenoxy,
or one pair selected from R® and R?, and R” and RS, taken together, is -0-(CH2) O- or
-O-CH,-CH»-0-;

or a pharmaceutically acceptable salt, a Cy.¢ alkyl ester or amide, or a Ca5 alkenyl ester or
amide thereof.
[6026]  In certain embodiments, Q is —-C(R")(R?)-, wherein R! and R? are independenﬁy
selected from H, methyl, ethyl, or taken together are CH,=, allylidene, propylidene,
propenylidene, or ethylidene. In other embodiments, R' and R? are independently selected
from H and methyl, or taken together are CH>=. According to another embodiment, R! and
R? are independently selected from H, me;ﬂzyl, ethyl, or taken together are propylidene,
allylidene, or CH,=. In certain embodiments, each of R' and R? is independently selected
from H, methyl, and ethyl. In other embodiments, one of R' and R? is H, and the other is
methyl or ethyl. In still other embodiments, one of R' and R? is methy! and the other is H.
Yet another aspect provides a compound of formula 1 wherein one of R' and R? is H.
According to yei another embodiment, R! and R? taken together are pf0pylidcne, vinylidene,
or CH:=.
[0027] As defined generally above, X is methylene, ethylene, or propenylene. In certain
embodiments, X is methylene or ¢thylene. In other embodiments, X is -CH,;CH=CH- in the
trans configuration.
[0028]  In certain embodiments, each of R*> R*, R®, and R’ is hydrogen.



benzyl oxy, fluoro, chloro, am no, nethylam no, dinethylam no, and phenoxy;
or one. pair selected fromRa and Ro, and Rb and R taken together, is

-0 (CH2)-O or -OCH-CH O ; or a pharmaceutically acceptable salt, a Cl1.6
al kyl ester or amde, or a C2.6 al kenyl ester or amde thereof. [0026] In
certain enbodinents, Qis -C(R)(R2)-, wherein RL and R2 are independently
selected fromH, nethyl, ethyl, or taken together are CH2=, allylidene,
propyl i dene, propenylidene, or ethylidene. In other enbodinents, RL and R2
are independently selected fromH and nethyl, or taken together are CH2=.
According to another enbodinment, R and R2 are independently selected from
H nethy thyl, or, taken together arg. propylidene, allylidene, or CH2=.
In cert e[h%ginboﬁ'f‘?%ﬁ'f‘g,m SR8 17 dﬁle“&nlﬁl?mplfeé‘yﬁs instinde eadinalmnybindelyl, f r om
H, met hyjuinoxaliinyd} éryhaphibyl, Gin Stbstivhed! with Hesweear®amf 3 B«lbsﬁﬂﬁnﬁan&eaeﬂenﬁﬁd the
other is_, ne t her _enbodi %’% er\% f and R2 is

e

| or.ethyl. In still
et byl SFISEER deg Rt Rehorts by, fiomon S5y By
f?rtr) md! a emmuaum,rﬂ%is@hteﬁylmuimt ﬂxy?ﬂsdq&iﬂdlinylé\imblﬂidqi@dxelimﬂl Tﬁg@hﬁ?]’, and o
enbodi ment .. ar aken . her .ar r | i dene,, vinyl idene,. or =
[ 0027] %ﬁs&%ﬁ %%évgﬂ M neeregllq af’da:ﬁ%’g’gf 95“?gl%ﬁg?'%g%é"nﬁ?ecget;h%?%%@?r%‘?"’ fluoro,
pr openy |negthyl, methosyt ydroxybrdmddirorant dn c¥rthie emtiodishemng ROris phdnyl, equinolihpl, ot her
enbodi : 1S : = LNt t[ans. l.gu i 0028],1ln certain
enbodi @Erﬁq?,mie&a%lh '%@w ! l’aﬁﬁa‘f?}{dr sralﬁhn&g&yd'gn&a&?ﬁ%{bfg Skg%]g?t ng to
one enbodtinkstweerrGand 3 ghbstivientsdudeperkdently selectedyfromahdtiyl] methogty fluoro, and
qui noxaly , 1Qr : 3 [t Mt Lty bet [pTe PIC PPN
fluoro, ? DOHMYGr 91 of\dReigy ShEAWBaXEY), , oF g-13hbthyl an
qui nol i Rybstithtsd Q! ifiEHel BistituitddRt Ibetvibidh OXR B RibstinRhtsNAGNRMnty- 30cted
substi t&.;t_oed W tg‘ lt")lttaeh’\'/g’veen (31 and 3 suslatﬁt | tuentgol_ndepengent |y seYe_ct ed from
hﬁrgg% b mgr; " nmf‘hﬁ? ‘?fe?;g&xly bk/t=.1'ih_515<91n, _%wlar_lt&r?nﬁ ;Eziléwavgsﬁhi
enbodi @win, itREn of| el ol YhlydroxiyISQOHE 120 lpbgibibn; H [ Wt
t hi enyl ARV WI qsuti. nc.);%“ln I oor nrngr,\th I ar?g S !I)stj.t ut. dmeryivlﬂth
bet ween an%ag SubBTTHURAYS X“%%%Beﬁ‘a P{/"é&o&f’g&egfp@ﬁﬁhﬂﬁtﬁffﬁ Rai{thoxy,
f I uor o, anotier lpsmwt. R ris 2-fleorosybbdinamintiheni 2-Slupioed)§-dimetharypheiyl,ny )5,
5- qui nolgifthylpherit! "% -hjifbxy-235-dimethoxyphenyl,  2,3-dimethyl, - or . 2-methyl-3,5-

dimethoxyphenyl.

[0030] According to one embodiment, R® is H, methyl, ethyl, methoxyethyl,

methylthioethyl, hydroxyethyl, hydroxytpropyl, benzyl, or phenyl, optionally substituted.

According to another embodiment, R® is H, methyl, ethyl, hydroxyethyl, benzyl, or phenyl;

wherein phenyl is optionally substituted with pyrrolyl or pyrazolyl. In certain embodiments,

R®is benzyl, phenyl, (pyrrolyl)phénfl, or (pyrazolyl)phenyl. In dthér embodiments, Ris H,

methyl, ethyl, hydroxyethyl, or methoxyethyl. In still other embodimenté, R® is methyl,

ethyl, methoxy, ethyl, or hydroxyethyl, _ -

{0031] In certain embodiments, each of R? R’ and R® is independently selected from

hydrogen, hydroxyl, methoxy, benzyloxy, fluoro, and chloro. In other-embodiments, each of

R® R®, and R®is independently selected from hydrogen, methoxy, and fluoro. In still other

embodiments, R® is methoxy or fluoro. According to another embodiment, R* and R are

methoxy or fluoro. .

[0032] According to another _asp;:ct, the present invention provides a compound of

formula 1, wherein:

Qis -CRHR-;

R' and R? are independently selected from H, methyl, ethyl, or taken together are CHy=,
allylidene, propylidene, propenylidene, or ethylidene;



i soqui nolinyl, 3-indolyl, N-nethyl-3-indolyl, 5-quinoxalinyl, 1-naphthyl,

or 2-naphthyl, and substituted or further substituted wth between 0 and 3
substituents independently selected from nethyl, nmethoxy, and bronp. In
still other enbodinments, R5 is phenyl, having the follow ng substituents:
fluoro, nethyl or hydroxyl at the 2- position; hydrogen, nethyl, or

nmet hoxy at the 3-position; and hydrogen, nethyl, or nethoxy at the
5-position. According to another aspect, R5 is 2-fluoro-3,

5-di net hyl phenyl , 2-fl uoro- 3, 5-di met hoxyphenyl, 3,5- dinethyl phenyl,

2- hydr oxy- 3, 5- di net hoxyphenyl, 2,3-dinethyl, - or . 2-nethyl-3,5-
di met hoxypheny] . 4[qp301 ﬁccordlng to one enbodlnent R$ is H nethyl,
ethyl, rfdfmes&e Rt MPYEIBEBt hyl , hydroxyet hyl, hydroxyl propyl ,

bﬁgzyé!, mﬁs.ﬁ%ﬂ;ﬁe,ﬁm@tehﬁ,hrm:pk@etaﬁb?é;i tu;ed. f\ccor dibng t o anot her

enbodi , is H e s oxye en

wher ei n IhisRenHs P RBHloeyEtRY: bt SRRl O o AL SR |

E:er t ai nI elnbmﬁi lmﬂba:, 0 %c:]iS sbbsﬁtt;dd nts M&p@d%nt_{yp)séHleahdllﬁ-cﬁhlemydhylhqrethoxy,
pyrazoly e t her i ments is H methyl, ethyl, -
hydroxyethéﬁﬂ'E¥ %%H‘ vg?ﬁ?§ngfﬁxstlll ot her enbodinents, R8 is methyl,
ethKI fdklhﬁkpwmadhﬂb%xnﬂhhwdﬂuxynﬂhﬂﬂum#ﬂﬂﬂﬁﬁnhwm@ekhamnxﬂpmpﬂﬁbﬁugls

each of Ra ggég rogen, hydroxyl,
met hoxy, H§EP8 @g“ﬁﬁh%r %yﬂgﬁﬁﬁ%@kﬁ n-ot ephgﬁgau1ﬂéﬁts each of Ra,
Rb, and @rh iof Rradépewdeﬂf Ily m@psnd@dyfmﬁddy&omgbrdwm Ho%goxmnuethomr 0. In

still otheg, HS tasid chlord. S Met hoxy or fluoro. According to another
enbodi ment IR%RR9 arec ﬁethoxy or fluoro. [00321 According to another

aspect , wn@lpr eéé‘??!dlpﬁvt@ nnogier Aspestdths BresastBYRMtion rotides | wmpowphofei n: Q
IS - C( R o) 1 whBeidnd RZ are i ndependently selected fromH, nethyl, ethyl,

or taken_t are CH2=, allylidene, propylidene, propenylidene, or
ethylldéag*ggkggéﬁ'of R3, R R6, and R7 is hydrogen; X is nethyl ene,

et hyl ener! o ﬁraeqomaeﬂeﬁa@myaaemd BlofT land eiethylok Biken tdgehatira @H,RY! , i ndol yI ,

qU|noxaI| p ] d substituted wvith between 0 and 3

subst i t (& gf$n8€3§}ﬂ5ﬂ¥’§h§ Pe¥ted from met hyl, methoxy,

X is methylene, ethylene, or propenylene;
R® is phenyl, quinolinyl, isoquinolinyl, indolyi, quinoxalinyl, or naphthyl, and substituted
~ with between 0 and 3 substituents independently selected from hydrogen, fluoro, methyl, |
methoxy, hydroxyl, and bromo;
R? is H, methyl, ethyl, hydroxyethyl, benzyl, or phenyl; whérein phenyl is optionally
substituted with pyrrolyl or pyrazolyl; and

each of R%, R®, and R® is independently selected from hydrogen, methoxy, and fluoro.

[0034] Yet another aspect of the present invention provides a compound of formula 1, '

wherein:

Qis—-CRHRY~; : .

R' and R? are independently selected from H, methyl ethyl, or taken together are
propylidene, allylidene, or CHz=;

each of R%,R* RS, and R is hydrogen;

X is methylene or ethylene;

R’ is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thienyl, pyrazolyl, quinoxalinyl, or
naphthyl, and substituted with between 0 and 3 substituents indepeﬁdenﬂy selected from
methyl, methoxy, fluoro, and bromo; and

R® is H, methyl, ethyl, hydroxyethyl, benzyl, or phenyl; wherein phenyl is optionally
substituted with pyrrolyl or pyrazolyl.



hydroxyl, brono, fluoro, and chloro; Rs is H nethyl, ethyl, nethoxyethyl,
net hyl t hi oet hyl , hydroxyet hyl, hydroxyl propyl, benzyl, or phenyl,
optionally substituted (as described in paragraph [0030]); and each of Ra,
Rb, and R is independently selected from hydrogen, hydroxyl, nethoxy,
benzyl oxy, fluoro, and chloro. [00331 According to another aspect, the
present invention provides a conpound of formula | wherein: Qis
-C(R)(RZ)-; R and R2 are independently selected fromH and nethyl, or
taken together are CH2= each of R3, R R6, and R7 is hydrogen; X is

met hyl ene, ethyl ene, or propenylene; R5 is phenyl, quinolinyl,

i soqui nolinyl, indolyl, quinoxalinyl, or naphthyl, and substituted wth
bet ween I@"%%d 3 eastatn fm@entﬁd%mw‘?n @E@F’é’ﬁﬂf’?fﬁ?‘l’%r‘ﬁ&@“‘? Luor o,
met hyl | wh&ERoxy, hydroxyl and bronmo; R$ is H methyl, ethyl,

hydroxyethy Renzyl, or phenyl wherei n phenyl is optlonally substituted
wth pyrQb?r?‘F(%P(Rpijlfazol yl; and each of R, Rb, and R is independently
sel ect ecbﬂerdfm'hjﬂlRégﬂﬂandT&EI&ﬂiéylsrﬁftﬁylfdrld:ﬂfyl); [ 0034] Yet another aspect of

t he prese y pvides a conmpound of formula I, wherein: Qis
--C(R')\ﬁ@ac Eﬁ'i%dﬁ g# g@%@hdently selected fromH nethyl, ethyl, or

t aken t dg’a‘t: Iphénﬁ,r}ﬁvmgmllbdﬁigeubﬁithe}dts diabe, methylidydroxgtit thd 24@:51&3;1 R6
and R7 is oge th or.eth RS | hen ui.nol i nyl,
oqui not i RyroBHn syl or faglih d iR Bl inEfindeR, fidnl o 4 i
napht hyl , &aspbsivbsandt ut ed with between 0 and 3 substltuents i ndependent |y
sel ecte BQM d bronpo; and Rs is H, nethyl,
et hyl , qldroxy@?e J%enzﬁpgé%loihg gbtﬁﬂereln phenyl is optionally
substi t L0836 t K pgu ibe | appregiatadythay @11y¢mb(glunents classes and subclasses described

above and herein are contemplated both singly and in combination.

Exemplary compounds of formula I are set forth in the Examples section and in Table
1-2, below. Thus particular examples of the compounds of the invention include, but are not
limited to:

and pharmaceutically acceptabie salts thereof.

C. Uses, Formulation and Administration

[0037] Pharmaceutically acceptable compositions. The compounds and compositions
described herein are generally usefﬁl for the inhibition of Thl cell formation. In particular,
these compounds, and compos_itions thereof, are useful as inhibitors, directly or indirectly, of
the T-bet signalling pathway. Thus, the compounds and compositions of fhe invention are
therefore also particularly suited for the treatment of diseases and disease symptoms that are

mediated by Thi cells and/or T-bet signalling pathway.
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[0035] In certain enbodi nents, the present invention provides a conpound of
formula 1, wherein: - Qis -C(R(R5 ; one of Rr and RZ is H and the ot her
is methyl or ethyl; each of R3, R4, R6, and R7 is hydrogen; RS is phenyl,
having the follow ng substituents: fluoro, nmethyl or hydroxyl at the 2-
position; hydrogen, nethyl, or nethoxy at the 3-position; and hydrogen,
met hyl, or nmethoxy at the 5-position; and Rs is nethyl, ethyl, nethoxy,
ethyl, or hydroxyethyl. [0036] It will be appreciated that all enbodi nents,
cl asses and subcl asses described above and herein are contenplated both
singly and in conbination. Exenplary conpounds of formula | are set forth

I n the Exanpl es section and in Table 1-2, below Thus particul ar exanpl es
of the doeggjcrdin afe ;hdmcdlar\mrl:toi:ﬁnimit,rthé cakepounts and eompdsitidns m'f tlmdnvmioﬁk& 4

" and ph | a i ,on and
Adni ni st r%ﬁggﬁt%ij Bﬁ%‘il’yﬁ%‘é‘?"ﬁ’gﬁg@ tl cael l;/)g tzsc%“ s %tﬁaﬂw%' f“r’pg%{ssiél | ONS n;ﬂbﬁlendg
conpounded amdlpoampmsm ipertsulady ssefub éaf theating |¢r daseengnenthe sevayity ob fliskast or t he

i nhi bi tig P’ﬁ@rte QSOJIQW*(&P:T_},& &%j“??rs ay. t hese conpounds, and

CONMpPosi t I ONs are use as in rectly or indirectly, of
the T- bdf0¥gnalhe mgmp‘&anvm’y or Teubject’, ;g8 %@ﬁrb@r&ﬁd@%ﬂ%@% rrefsrebhog t he

i nvent i QRa@nG1, ﬁ$ﬁﬁ§fﬁ5@mgiy%%b§¥g%ﬂ%ﬁ ted for the treatnent of

di seases _and di sease synpt onms t ed by Thl cells and/or T-bet

si gnal | i [88¢Wat hinesertairpemimdingots, thepressih FVERATRrowEBHY FRRRPASItONIFEMPEHBS UNd S
and conpPebinpeii Of fohfulh W ENfn Bther ol RHkned, t BE Sprestint -@fdchio® rprd,masr@ct ly,
of the T-bet signalli n at hwa and thus the, co unq gjd 05|t|ons
are par tSoRmesitp °ﬁ§’8¥‘ﬂ r‘%’a‘f‘l’?@“ﬂ'fk pet g'éhll’hém g‘ﬁ% and NC% ngifRease
or di semsthesyppéttic paess:ﬁem&hﬁ@h Povides d eompdattionsdogipaiking Iagompb\hmmma:&)OB 91
The ter W?&k%’i&?ﬂ ER-31§)53C ER-857505 BR- B2 ERERA35. 2" ABIEE 1o yer

prefera
another aspect, the present invention provides a composition comprising a compound selected

from ER-819543, ER-819549, ER-819543, ER-819701, ER-819544, ER-819594, ER-
819647, ER-819657, ER-819659, and ER-819592. In other embodiments, the present
invention provides a composition comprising a compound selected from ER-819595, ER-
‘819597, ER-819641, ER-819673, ER-819651, ER-819583, ER-819604, ER-819593, ER-
819658, and ER-819648. In still other embodiments, the present invention provides a
composition comprising a compound selected from ER-819602, ER-819689, ER-819646,
ER-819655, ER-819703, ER-819667, ER-819601, ER-819605, ER-819652, ER-819688,
ER-819603, ER-819642, and ER-819628. Yet another embodiment provides a composition
comprising a compound selected from ER 819-891, ER- ER-819772, ER-819771, ER-
819770, ER-819769, ER-819768, and- ER-819767. In certain embodiments, the present
invention provides a composition comprising a compound selected from ER-819556, ER-~
819557, ER-819558, and ER-819752. Yet another embodiment provides a composition
comprising a compound selected from ER-819877, ER-819878, ER-819879, ER-819882, and
ER-819763.

[0041] The term “pharmaceutically acceptable carrier, adjuvant, or-vehicle” refers to a

non-toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of
the compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this invention include, but are not limited to,
ion exchangers, alumina, aluminum stearate, lécithjn, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids, water; salts or electrolytes, such

as protamine sulfate, disodium hydrogen phosphate, potassiure hydrogen phosphate, sodium

11



manmal , and nost preferably a human, patient or subject. [0040] In certain
enbodi nents,. the present invention provides a conposition conprising a
conmpound of forrmula I. in other enbodi nents, the present invention provides
a conposition conprising any of the conpounds set forth in Tables 1 and 2.
According to another aspect, the present invention provides a conposition
conprising a conpound selected fromER-819724, ER-819755, ER 819750,

ER- 819749, ER-819735. According to yet another aspect, the present

i nvention provides a conposition conprising a conpound sel ected from

ER- 819543, ER-819549, ER-819543, ER-819701, ER-819544, ER-819594, ER-
819647, ER-819657, ER-819659, and ER-819592. In other enbodinents, the
present chigrideneing salts: Golleidal silicap maentstuny fritinstss pelyvipyh rrwolsivnndceivlosst ed

f r om ER 18P Nobsthiies 8139%9& 1cRR- 5}}9&410 yelsBeRARD Soditilt SB6R e ALRRES

ER- 819604, ER-819593, E 51965 and ER-819648. In still .other

embodi neRpb¥acTylpfes, syaxennpolystivdens palyoxyapPyleac-Rlock (ﬂ?ﬂ)‘ﬁ%?rf’l privetiayienci sverd a
conpounthnded s Fad fron1ER—819602 ER- 819689, ER-819646, ER-819655,

ER 819703, ER 8 66 19601 10605, ER-819652, ER-819688,  ER
819603, lé?f'5196 JBE%F@E@ ev%a? ts A oh &P i A fES iRvstieR dnclpde
conposi tthese - délwéﬂ a&eﬂ)teﬂbﬁdoﬁgﬁﬂmdiﬂ SrlOni8 YbidsEd BlEe$19772,

ER- 81977 ER- 977 69 768, .and ER-819767. In certain
ebodi meiPIEs, aF ggﬂéﬁt “%8 ﬁ%‘gwf I, p?ﬁ% etdig %05‘58? BRIy a
corrpound:eaed:resuﬂﬁnhatfer onbEElfaﬂa,QSSIﬁny:EE-, 8&&5&7 EitnBHAat63, emnblERuRd&?éZ Yet
anot her odi | des,.a c MPESLiQ or s %OI'IP})?

sel ect ecfy?p %%%ﬁo‘g’% (Eﬁg H@‘gﬁ @’?@ a@ﬁﬂg%g f 2219763,

[ 0041] 'Iaiecqheptﬁmdqtﬁ;argmmnhpawatey a!mb@abl@maﬂﬁl&ar headmatanthemnoamhl cle"
refers t hib bfchhilek € h N &ﬁHn t stro

t he pharl%adgogl ogl galq&g%t I VI 'E%/ o?'dl%%dga%o%é%%éy QL%&Q% 1Q8§t§ rrugﬁeat edy

Phar nac gbtipeais:| pethagsspdonstce %%aphﬂ@k@esuéfepmaw@nme W%w)@satq, mimmy be

used in geafinAe) rﬁeﬁ,ﬁxﬁkonghafylﬁrbfnsm@\ﬁemﬁ& biaedtyq,@va;abytpraﬁlsnda@tsaﬁdyr&é ed to,
i on exchrﬁggers uﬁ' umi na, alumnum stearate, |ecithin, serum proteins, such

as humarfUSHPRifn sulfpte faTtrpte. Hippanate, tpuiialr andindgeanoate. ﬁﬁ'&%ﬁﬁ‘&f’ég"h ﬁl"%&h‘he
sorbi ¢ aghith nqaGk a&mumsﬂfahai&uncap@ratcc@mbg& mmectmmyaduﬁq& stpaionroft ed
ul'f ot 6. W aBEhron SRR ESH5S ARt $5; S0Pt B S5 BRBSh R o Bodi um
11 pharmaceutically acceptable acid addition salts.
[0043]  Salts derived from appropriate bases include alkali metal (e.g., sodium and -
potassitum), alkaline earth metal (e.g., maghesium), ammonium and N+(Cj.4 alkyl)y salts.
This invention also envisions the quaternization of any basic nitrogen-containing groups of
the compounds disclosed herein. Water or oil-soluble or dispersible products may be
obtained by such quatemization.
[0044] The compositions of the present invention rﬁéy be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir. The term "parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal,
intrahepatic, intralesional and intracranial injection or infusion techniques. Preferably, the
compositions are administered orally, intraperitoneally or intravenously. Sterile injectable
forms of the compositions of this invention may be aqueous or oleaginous suspension. These
suspensions may be formulated according to technigues known in the art using suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic 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 and isotonic sodium
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chloride, zinc salts, colloidal silica, magnesiumtrisilicate, polyvinyl
pyrrolidone, cellul ose- based substances, polyethylene glycol,

cycl odextrins, sodium carboxynet hyl cell ul ose, polyacryl ates, waxes,

pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, polyethylene glycol and wool
fat. (00421 Pharmaceutically acceptable salts of the conpounds of this

I nvention include those derived from pharnaceutically acceptable inorganic
and organi ¢ acids and bases. Exanples of suitable acid salts include
acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate,

bi sul fate, butyrate, citrate, canphorate, canphorsulfonate,

cycl opent anepr opi onat e, di gl uconate, dodecylsul fate, ethanesulfonate,

f or mat e, chiqridgsaiution. In additien sterilsa fixed gils/are comnentionaltly emplgypd @b atselvent or
henisulfﬁ%ﬁmmﬁﬁgﬁgggﬁte,-hexanoate, hydr ochl ori de, hydr.obrom de,

hydr oi odi de, 2-hydr oxyet hanesul fonate, |actate, naleate, nalonate,

met hanesi@P4dnat Eor thispirmase, Ao hiand) i ilanaybesmplavaddnclyding synthetiomongr o

pal noat epr dipBREANRA! FattPaids!lsha & oldic REAAME B @R RrivRilRs BRI Ll B Mk at €,

pi val ate, propionate, salicylate, succinate, sulfate, tartrate,

t hi ocyarﬁf’&m&%{} Ajectables, a3, irg 2atrnd Rharmaceiicall ascgriable oilfy syeh asalive @il oryhi | e

not in tdasws e?,vapee:@&lgr maﬁ?uig,bgakfeyhﬁae@ g_&.@i@hﬁ, THE¥ gheqoﬁmah@)éeﬁxsbehsid% ds of
preparation .0 altsg useful a ternmedi.ates in tainin taf C ounds o
Phe 1 nveHeY P somiae pdpre-char.sikohol dithient or gispersanty ush 8= catbaxsmethyi peliifess 't <
(00431 . Sul sirsilatadispessihg agemsahgrao commeniyased in thel futsulatidoadfl phaRh&eutfcanyg. ,
sodi um g | n? l. h&n eart:-h nmetal (e. g, nqﬂgesi%gé anmoni um
and N+( @} epﬁ%/@%gga Opg.g J&? 'S ierrl%‘sﬁ?lllso%ﬁ%lss e‘ésﬁ?/rlis'si SHEcT FEnER l?'e‘ﬁ:ﬁe@at i on
of any buchhctants.tsuchyanTwesnsa$pans gndjohependtifying agentsmy dinworailability leolsmderher ei n.
Vat o1 Or b ar ol Phsel B R O RadTited§ acBU AL o Ha P
quaternfgation. 100441 The conpos?t?gns Uhe pre_éﬁ?gﬁnveﬁgfb%m%§§"be
admi ni st@hsdoges fens may-plaoheased foy thewurpessapbiorovlaigsay, topically,
rectal | yioodg}sal The pRAtaRaeHikally aleP@bleYcddipokitiBndBF HidPAVRRESH 56 ¥@hy- The
term "parenteral " as use? herei n 1 ncl udes subcut aneous, _ i.ntravenous,
i nt r anustSEARterednn 2Ry Al afespiable flosagesipravingpding.nleyt ok mited,tae eapstieseal |
i nt r ahepables, aquebidlsaspendidils 81N dolufibrisAC R thé lcadeNbe Ebledd) f6F ofalTuds| Qiriers
technlques.‘frefer l%@‘ﬁhi comnposi ti ons ﬁrg.adn1n|stere orally, .
i ritrapePPYBWOLMET BFIUR 9CArE A5G 1R i FbRfRg PEHIS Supl AREaghesiymg
conposi tstaunge,Gire dlso fypicalig atidah Faryordleadatinie@atonGn aGlapale fans uSifEiRRIEAON.
hese  SHABEMREROS aftP ¥l odRilh 2 WRePRRO5E ApednBioh L ERTLQIES APOMM L e
tge active ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added.
[0047] Alternatively, the pharmaceutically acceptable compositions of this invention may
be administered in the form of suppositories for rectal administration. These can be prepared
by mixing the agent with a suitable non-irritating excipient that is solid at room temperature
but liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene glycols. '
[0048] The pharmaceutically acceptable compositions of this invention may also be
administered topically, especially when the target of treatment includes areas or organs
readily accessible by topical application, including diseases of the eye, the skin, or the lower
intestinal tract. Suitable topical formulations are readily prepared for each of these areas or
organs.
[0049] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-

transdermal patches may also be used.
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di spersing or wetting agents and suspendi ng agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a
non-toxic parenterally acceptable diluent or solvent, for exanple as a
solution in 1, 3-butanediol. Among the acceptable vehicles and sol vents
that may be enployed are water, Ringer's solution and isotonic sodium 12
chloride solution. In addition, sterile, fixed oils are conventionally

enpl oyed as a solvent or suspending nmedium [0045] For this purpose, any
bl and fixed oil may be enpl oyed including synthetic nono- or di-glycerides.
Fatty acids, such as oleic acid and its glyceride derivatives are useful in
the preparation of injectables, as are natural pharmaceutically-acceptable
oils, L@ﬂ SQs oFpy topisal applicagens; g pharmaganieglyapqegptabie copmppsitions may be

pol yoxyefomﬁhlatea% uaﬁ@mnﬂa@aﬁu&mng&@é hdtive REmPbneht SURBERIE B disSElVeddihS O
contain a |long-chain al cohol diluent or di spersant such as lE!’&Srboxymat hyl

cel | ul os® BUP spmrises. frarpers forgpicgladminisHaiionoTdhe SompaHags JxeRRE

for mul atihand@fbw ARy mqannacml hﬁnerﬂcﬁﬁmq‘&hi PeteRABE wfhﬂé rp&trblaﬁu}u; Préylene
enmul si o%sand s |ons her co used, surfactants, ag%h as

Tweens %'F“eenﬁP PEXR-ORY e wpgyndy; FRYISIYAE; WaKy 2B h WA s
whi ch arz&]tmatﬁml}i, ﬁlamednad&uﬁMyrmmp‘tﬂxté ucsmpasinqnhaamhe éarinubatdd i aadmpleabl e

solid, ot her. a al so r, .t he BUr poses of
For mul acPgh S 6t Sniiting 154 ik Nohorirts JuRhdtd S Beb i G GROE L

i nventi mhmmgcebncaﬁvab@tabhchmmrst&neﬂlelmwlmiudb byt aemphmhécktodnmgﬂ form
I ncl udi -not_|j I bl e u | ogs or
sol uti OEI Pé#bf e Igggéeptégfaq? a%f)ﬁyfQ> &b %%f al eg&%ar@%?swg%m%e&ﬂsgd

i ncl ude Qcéﬁdd@bea@hdiemnlcshdmﬂwam-brl cating agents, such as magnesium

stearat qogsfie akso Xﬂhﬁﬁl‘,|%e?%%haﬁ?&ce@ﬁé&ly%ﬁbﬁér&;n‘lﬁ?ﬂltlo\e\snwmém e

form useful  uen I ncl ude I act ose and dried cornstarch en ‘aqueous
suspensi feﬁgulaﬁeé ap BYHTPRIEY uspensions in jsetonicy id agusted Berlf §Rling empreferably msi ned

Wit h eMiohitions Bfisa@dics Pl Rejudicd gteawmlﬁe, ditheRfih bE Aith6 =l FreservaBVe Slc@is NG,
flavori Q%PF aﬂim orin ent ség% e? : %gr adlqlngI L0047] r.@l ter na;clevelai/ t he.
phar mac PR & B1 e Yot AU | peSn (e P Peally
adm ni s tabbqﬂablélcdrhﬁ)sftmhmtﬁir b6 tﬂc&amatéd)ihlaﬁs:nﬁtﬁfenfﬁem ad pehd[ﬂtlﬂh.st ration. These
can, b AR SCnyb ek A5 blpdiad| S ARl L9 o
t enper atadneniateckdt e nshbaarossl Iok infelationn Such compbsitiviisoare Prepasd dcherdithgutg. Such
mat eri al gl el We1CBHIA MUk e oP SRENASRU RAUGHEY W68 Tndl) Y€ BlePared as
solutions in saline, employing benzyl alcohol or other 'suitalile preservatives, absorption
promoters to enhance bioavailability, fluorocarbons, and/or other conventional solubilizing or
dispersing agents. : _ _
{0053] Mc.)st preferably, the pharmaceutically acceptable compositions of this invention
are formulated for oral administration.
[0054]©  The amount of the compounds of the present invention that may be combined with
the carrier materials to produce a composition in a single dosage form will vary depending
upon the host treated, and the particular mode of administration. Preferably, the
compositions should be formulated so that a dosage of between 0.01 - 100 mg/kg body
weight/day of the inhibitor can be administered to a patient receiving these compositions. In
certain embodiments, the compositions of the present invention provide a dosage of between
0.01 mg and 50 mg is provided. In other embodiments, a dosage of between 0.1 and 25 mg
or between 5 mg and 40 mg is provided.
[00S5] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration,
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[ 0048] The pharmaceutically acceptable conpositions of this invention may
al so be admnistered topically, especially when the target of treatnent

i ncludes areas or organs readily accessible by topical application,

i ncl udi ng di seases of the eye, the skin, or the lower intestinal tract.
Suitable topical fornulations are readily prepared for each of these areas
or organs. [0049] Topical application for the |lower intestinal tract can
be effected in a rectal suppository fornulation (see above) or in a

sui tabl e enema formnul ati on. Topically- transdernmal patches may al so be
used. 13 [0050] For topical applications, the pharmaceutically acceptable
conp03|t|ons may be formulated in a suitable ointnment containing the

active cOtpBhextreders skygi sermbinations aof\the indemenh of She frsating: physicians andcyer j er s

for topi&abritgd¥ the phitivhlad Bisttse bhifg HRARAUNLR Rfiodnh b aicBMPBLARSF the Prdskgle, but
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pr opyl en@verfiop. i ﬂ‘i)&P?‘BRi"é?ﬂﬂW‘gn 9‘@?’6&&71’ drEiulprpeRARPUnd i Lier yi ng
wax and swadpdsitionAl t er natively, the pharmaceutical |y acceptable conpositions
can be fornmulated in a suitable lotion or creamcontaining the active
conponents suspended or dissolved in one or nore pharmaceutically

accept abl e caUsas@f G?omﬁwﬁzﬁbhtéf’bawaceum‘aimatdaﬂabtehiabapaszﬂomot limted to,

| r.b 6 i
Tt oy 108561, © U8k (ol SRGRIER I et POl Yo Hefind RranSeiolion TRhSHBastSs |
opht hal nkey ragdatot d&hpﬁhlmbalanmea15‘eg/8dcﬁapo,aﬂnhb, CablnpO655-6685(2008). Tebet
for mul at@% l@éuJQPg{n(&E : THIRAP 3he B &&sb&% Nhe m%&?gmgggﬁ g%a.lc

sal i ne, ra IOI']S In 1SO OnIC ter

sal i ne, !@Femmn-sma awdmttqnomduactmotas@pd/m vellsSlmsahthag‘hl lvewz-wa Tkl rai;m
chl or i deconfblsAFREEAnRA xsmai,&fmpaft&ﬁﬁir "I* senﬂ,ssssweﬂ he P Bl TR GRY! irinﬁé' d‘nYnune

accept abl e conposi t I on Eﬁﬂé% formulated in an ol ntnent such

pet r ol at ¥te"} 6@57] ﬁ%ﬂep%aﬁ"?‘”ﬁ’égb'pflﬁfﬂ‘ er E’Gﬁﬁ‘ﬁél’l}‘bm 06@’ fThi s
I nvent i Otet nEignﬂhﬁQ b@thwaﬁl niinkiadag edomsomalth@em{ qubet n&q:lr&tsi’oﬁ -argUch

conposi tth?ns ahre ccordi n chni gues e? he art of
phar maceIPRBecrly A Ry B T PR SRS, an ety s@ae ife.

enpl oyi n@mngmu-mmmzmspmnm &hédmdndud aﬁtbﬁﬁmmhmvipm,sclahsﬁr ption

pr onot er enhapc v f.l uor.ocar.baon and/ ,
convent i @g%ﬂ SOP%:’)‘IH ?Itﬁ% 9 GA spe gl}enngwtgxélém trelates ?damegm of mh {mg the

formation of Thl cells in a biological sample comprising the step of contacting said
'biologicai sample with a compound of this invention, or a compoéition comprising said
compound. .

[0058] According to another embodiment, the invention relates to a method of directly or
indirectly inhibiting activity of the T-bet signalling pathway in a biological sample
comprising the step of contacting said biological sample with a compound of this invention,
ora composition comprising said compound.

[0059] The term “biological sample™, as used herein, includes, without limitation, cell
cultures or extracts thereof: biopsied material obtained from a mammal or extracts thereof;
and bload, saliva, urine, feces, semen, tears, or other body fluids or extracts thereof.

[0060] According to one embodiment, the invention relates to a method of inhibiting the
formation of Thl cells in a patient comprising the step of administering to said patient a
compound of this invention, or a composition comprising said compound,

[0061] Specifically, the present invention relates to a method of treating or lessening the
severity of rheumatoid arthritis or multiple sclerosis, wherein said method comprises
administering to a patient in need thereof a composition according to the present invention.
[0062] In certain embodinients, the present invention i:rovides a method for treating

rheumatoid arthritis or muitiple sclerosis by administering a compound of formula 1. In other
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[ 0053] Mbst preferably, the pharmaceutically acceptabl e conpositions of
this invention are fornulated for oral admnistration. [0054] The anopunt
of the compounds of the present invention that nay be conbined with the
carrier materials to produce a conposition in a single dosage formw ||
vary depending wupon the host treated, and the particul ar node of

adm nistration. Preferably, the conpositions should be fornmulated so that
a dosage of between 0.01 - 100 ng/ kg body weight/day of.the inhibitor can
be admi nistered to a patient receiving these conpositions. In certain
enbodi ments, the conpositions of the present invention provide a dosage of
bet ween O. 01 mg and 50 ng is provided. In other enbodi ments, a dosage of
bet ween eibbdiments2 shempesent inyentigaeprowdes mgthod dorfgratiag pﬂomtdwatffb@s*@ﬁe | t
shoul d glsSRsGibed HiRSS tz%h;mﬁstenag Seawffdoﬁ.pdmgﬁv@ Rét foftRak M@Bles NegHdmen f or

any particular patient wll depénd upon varlety of factors, |nclﬁﬁ|ng
the act i4$9oyding to anethepaspest t%’e %@ﬁ%‘dﬂﬁﬁl RPrydsd 2 etROLIGE Tegfingrhamaetd,
gener al h@siit br n@¥ple dblgfosistt sk A Sdnffduh® @electéd“rfrbﬂi ERca‘mm rﬂﬁ-l on,

d nbi nat d t th t t

severi LyBIg5% Lﬁ?@ﬁﬁﬁpcﬁﬁamba@&él%@snf# Fily St RSB ASTe e 218 EMpound
of :he lﬁh@é‘:ﬁiﬂh p:bnrgemtal tﬁi&t}ioﬂ fdﬂeu‘éaﬁtﬁQQ&bﬁrhﬁtﬁldNahhnt&i o0 mdpipie dsclyposis thiye

arti cu cO oun In Si
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cells) |}5R31§$144 3316319594 EWT,pERM%ﬁCtER—SlQﬁD ad ER-K9592.edul athar of
the Thif bal Szah 0Q0
Tbet | i SRR B prose dutbntion BifGes f mstiod fof Rebing HSBIO e 5O
interf ermnlnglmsvberwm aduﬁdmglamomﬁoemb ﬁelgacmﬁomﬁﬁlﬁ&?ﬁ%nERr?é@is?'b(ﬁR*

pol ar | 2eglobhP. el SersTk stnbgsF@RF‘f&s'ﬂi"aﬂk-sh { ERL1950%; B8 D638 iy samm®

production in as we as’in cell$ of the'innate |mune

system #19§48. MK still| qther smbodisnents. tthe Pt?é?f}tén"%%rpﬁ?‘f‘@ﬂsf mgthod dor geatingqi r ect
i nhi bi t ofguMhtoid Sthkitis MR tmatipRACldréles BRTaBMMMstéhin}Ch YonpPar@OiRRIEd Forh TER -

L o 63 A . b O bl B ok LAY

TM nedi ag Bdos|| BRE19652, santm@sss NPR8TB60B, ERaB 19642} ikl BREB1962E.1 (Mee afgthar 0Si s.
[005T) B GLIA AR ST A5, o S BVEP S L G B I BB°
t he st epbyhdminiftatig lg:o&tpiodnd sclected from ER 819-891, ER—819772 ER-819771 ER-

819770, ER-819769 ER-819768, and ER-819767. In certain embodiments, the present

invention provides a method for treating rheumatoid arthritis or multxple sclerosis by

administering a compound selected from ER-819556, ER-819557, ER-819558, and ER-

819752. Yet another embodiment provides a method for treating rheumatoid arthritis or

multiple sclerosis by administering a compound selected from ER-819877, ER-819878, ER-

819879, ER-819882, and ER-819763.

[00563] In order that the invention described herein may be more fully understood, the

following examples are set forth. It should be understood that these exa;mples are for

illustrative purposes only and are not to be construed as limiting this invention in any manner.

For example, in the claims below, where compounds are identified by a number "ER-xxxxxx"
herein, the compound is intended to be inclusive of that compound as both a free base (or
salt-free) and any pharmaceutically acceptable.salts thereof (e.g., as ideéntified in the
definitions above), even if that compound is specified as "salt free” orasa particular salt in
the Examples below. Additionally, where structures of compounds are depicted in connection
with a number "ER-xxxxxx" herein, and that structure contains 2 methyl group depicted by a
sinusoidal or "\;\ravey" line, that the compound is intended to be inclusive of that compound as

both a racemic mixture and enantiomerically pure compounds.
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bi ol ogi cal sanple with a conpound of this invention, or a conposition
conprising said conpound. [0058] According to another enbodi nent, the
invention relates to a nethod of directly or indirectly inhibiting
activity of the T-bet signalling pathway in a biological sanple conprising
the step of contacting said biological sanple with a conpound of this

i nvention, or a conposition conprising said conpound. [0059] The term

"bi ol ogi cal sanple", as used herein, includes, without limtation, cel
cultures or extracts thereof; biopsied material obtained froma mamal or
extracts thereof; and blood, saliva, urine, feces, senen, tears, or other
body fluids or extracts thereof. (0060] According to one enbodi nent, the
invention relates to a nethod of inhibiting the formation of Thl cells in

a patient conprising the step of pg&iNipLsl-8#g to said patient a conpound
of this invention, or a conposition conprisi ng sai d conmpound. [0061]

Speci fical | y, the present inve a method of treating or

| esseni ngoédje HAMBWalY dfistedelénRidak dwafe! RbdriciSo®! uliHp L4 IEnSS | Efbemtct
wherein said nethod conprises . admnistering to a patient in" need thereof a

conposi tPEFHMRENE SRRLAT bfc?‘?tﬁgf foreeetipn RokvspY igrmoval g soTried pup Biipg Fifher 2

enbodi memdichi réthE PVaBoRRIr IrW SRhdvat cRAWIRENE TvapoiRbil) 0 A nhigticdl '8a préfthrative
rheumatoid arthritis or lEﬂﬂ'Fle sclerosis b mnlsterln a .conpound of

f or mul a FTOTFOFPRRY Wag sanied OFF HERE S WARS spte Bﬂ CHUAT SHEBFL B0 Grerersy

nmet hod fphasd HPAC egurnd uhddr-cithell &lidid, SdiBMBSAE, basikSconditions. D Cdmpeusisnwerdy

adm ni ste n ound 1- 70 38t forth in nd 2 ordi ng
to anot he?l a%dggt%egfgﬂgo%re’senetl nvent P'on p OVide fEEQb iﬁo%aq?%?mfrm

r heumat mpchWermr@dwmgml\faqahéoebﬂézsmcs'omgteadm nistering a corrpound

sel ect eﬂi f)& M EBfk A/ afbthoiSand ]E(?(Eélﬁmelﬁﬁs8€09 &Q‘i’arn’ég éﬂr@%ﬂgds é@e;%geééﬂ

Accor di ng t yet anotﬁl aspect e present oVl net hod

f or treapvmoaﬁaﬁ%fqﬁhcbw hhqemmcﬂasmwm@las@qwdsw@wnbadwmawén ng a
COMPOUN xR0 A iRl e SANHEORA o i 05 Sac B 19N, of ARl e

ER- 819544 R- 819594, ER-8 19657, ER-819659, and ER-819592. In
other &MEEHE ingeRtion ”Y%%P’{S’P%‘%Hta@ﬂ@é?ﬁqw&heﬁ’i’@@éaa FEReREEn Rl deggribad ng
rheunmat ggetbvart hritis or nmultiple sclerosis by adm nistering a conpound

sel ected from ER- 819595, ER-819597, 5R— 8%9641, ER- 819673, ER-819651,

ER- 819583, ER-819604, ER-819593, E , and ER- 819648. In still other
enbodi nents, the present invention provides a nethod fop treating

HN
o) _ . \d
ﬁ‘j . {NH),CO3, KCN
' H,O, MeOH
) T \
Boc Boc
ER-811160

{0066 ER-811160. As depicted in Scheme 1 above, a solution of potassium cyanide
(22.5 g, 0.335 mol) in water (SOmL) was added dropwise over S minutes to a solution of -
Boc-piperidone (32.48 g, 0.1598 mol) and ammonium carbonate (33.8 g, 0.351 mol) in water
(90mL) and methanol (110mL). An off-white precipitate began'to form soon after ladclition
was complete. The reaction flask was sealed and the suspension stirred at room temperature
for 72 hours. The resultant pale yellow precipitate was filtered and was washed with smatl
portions of water to give ER-811160 (37.1 g, 86%) as a colorless solid.
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rheumatoid arthritis or multiple sclerosis by adm nistering a conpound
selected from ER- 819602, ER-819689, ER-819646, ER-819655, ER-819703,

ER- 819667, ER-819601, ER- 819605, ER-819652, ER-819688, ER-819603,

ER- 819642, and ER-819628. Yet another enbodi nent provi des provides a

met hod for treating rheumatoid arthritis or nultiple sclerosis by

adm ni stering a conpound selected from ER 819-891, ER- 819772, ER-819771,
ER- 819770, ER-819769, ER-819768, and ER-819767. In certain enbodi nents,
the present invention provides a nethod for treating rheumatoid arthritis
or multiple sclerosis by admnistering a conpound sel ected from ER- 819556,
ER- 819557, ER-819558, and ER- 819752. Yet another enbodi nent provides a
met hod for treating rheunatoid art hSchemge2r rmultiple sclerosis by

adm ni stering a conpound sel ected from ER- 819877 e@? 819878, ER- 819879,
ER- 819882, and ER-S 19763. [0063] In order that t ryent i on descri bed
herein may be nore fully understood, the. foll ow ng fPMe are set forth.
It should be understood that these exanples are for | ustrative purposes
only and are not to be nstrued as IPMeting this iK on in any nanner.
For exanple, in theH s bel ow, conpounds ar € entified by a
nunber " ER- XXXXXX_. erditn, th d is intengdeekt oNse inclusive of

t hat conpound as 8ot free base My pharnaceutically
acceptable. salts theredf (e.g-—asidemifled in t efi nitions above),
even if that conpoun speC|f| d@CRs aclgre free™ or~gg~a particul ar salt
in the Exanpl es bel oW _Additional | yeflugher é structure%oof conpounds are
depicted in connectioffi““with a nunmber "ER-xxxxxx" heré&°fi, and that
structure containser-gmu6yl group depicted by a sigrigfogel or "wavey"
line, that the cogg)ound is intended to be_ inclusive of that corrpound as

both a ri8&Hi c BRI Auidepinied incirbeme diabgves arsusreatip ohER-811 OO, ES
1-32  CheM1C flol)CaPDiHhdiSody B84, ]erﬁia@\cwe gaaﬁmt AAD! et bbasunREMosaE! | ed

out usin ny Li her at or styrunen Bi of, or.ation.

Sol vent &g?mia Thcreoh dp raFféaﬂeoﬁﬁSQ %‘ga-“ef'?ﬂtrgf Weﬁﬂf éf*f%h T ﬁgvr 8Pt or or

a Cenevasnhtiontwasf ugadd BVARAT GinPeratABafilydred ahd &adcqntretparzatvum The crude

chromat o L d ut usi.n r|f|c i nstrunent

o e CRRB o i st s RR ot SR R, Kbl anfigh T
condi t i desanc€ongscaddeld (ﬁmmé.) and the product was allowed to preclpltate out (2 hours) as a

colorless solid which was isolated by vacuum filtration. The filter cake was washed with
small amounts of MTBE, and dried in vacuo to provide ER-81803% (39.6g, 85%).

Scher'ne'?»
MeO_ MeO
OMe . : o OMe
O . : O
H N_(
N < HCI, dioxane \
o NH - | o H
N
N I H HCl
Boc o
ER-818039 ER-523143

[0068] 'ER-823143. As depicted in Scheme 3 above, {0 a l-neck round-bottom flask
containing ER-818039 (2.15 g, 0.00512 mol) was.slowly added a solution of 4N HCl in 1.4-
Dioxane (3.8 mL, 0.049 mol). The starting material slowly dissolved over 20 minutes and a
colorless precipitate formed after 30 minutes. MTBE (3ml) was then added. After 2 hours,
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estimated to be >90% pure, as determ ned by area percent of ELSD

chromat ograns. NMR spectra were recorded using a Varian 300 MHz
spectroneter. [0065] General nmethods and experinentals for preparing
conpounds of the present invention are-set forth below In certain cases,
a particular conpound is described by way of exanple. However, it will be
appreciated that in each case a series of conpounds of the present
invention were prepared in accordance with the schenes and experinental s
described below Scheme 1 O O HN-~ NH (NH4)2CO3, KCN O N H2O, MeOH N
Boc Boc ER-811160 100661 ER—811160 As depicted in Schene | above, a

sol ution of potassium mYam de q_ 0.335 nmol) in water éSOm_ was
added drtbprgastonyas filter "Gﬂ"sMI » 3thichr providgbERR23843 dotles, (9322048 g,
0. 1598 naala)cotditbsodprani um carbonate (33.8 g, 0.351 mol) in water (90nm) and
met hanol (1 1 OnlL). An off-white precipitate began to form soon after

addition was conplete. The reacti oBE was seal ed and the suspension
stirred at roomtenperature for 72 hours.. The rm Itant pale yel | ow

preC| pitate wasMgoItered and was washed with smal | ARNS of water to
gi ve ER-811160 (37 699 as a col orless ‘solid. erre "2 MeO kl)_OMe
/"0 OV O HN--f Br /Ove 0 NH

5 N_(

N f 3.5-dimethoxybenzaldehyde NH
o NH NaBH(OAG);, DMF
‘ N
H yet
ER-823143 '

‘ ER-817098
10069} ER-817098: As depicted in Scheme 4 above, to a suspension of ER-823143 (41.5
mg, 0.000117 mol) and 4A molecular sieves in 1,2-dimethoxyethane (0.5 mL, 0.004 mol) -
under an atmosphere of nitrogen was added 3,5-diméthoxybenzaldehyde (21.3 mg, 0.000128
mol) followed by triethylamine (16.2 pL, 0.000117 mol). The reaction was stirred for 1 hour.
Sodium triacetoxyborohydride (34.6 mg, 0.000163 mol) was added, and the reaction was
stirred overnight. Flash chromatography using ethyl acetate as eluent yielded ER-817098

(45.3 mg, 83%) as a colorless solid.
Scheme 5

(9] Br/\/o 8]

N < 1 OMoleHMDSinTHF N E
?ﬁNH %

ER-817098 ER-817116
[0070] ER-817116: As depicted in Scheme 5 above, to a solution of ER-817098-00 (50.0
mg, 0.000106 mol) and 1-bromo-2-methoxyethane (15.6 pL, 0000160 mol) in N-

S
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N K2CO3, acetone N | reflux I BOC Boc ER-811160 ER-818039 [00671

ER- 818039. As depicted in Schene 2 above, a suspension of ER-811160 (30.0
g, 6.111 nol), 3,5-D nmethoxybenzyl brom de (30.9 g, 0.134 nol), and

pot assi um carbonate (18.5 g, 0.134 nol) in acetone (555 nL) was heated
under reflux overnight. The reaction solution was cooled to room
tenperature; filtered and concentrated in vacua. The crude orange product
was dissolved in a mniml anount of MIBE (250 nmL). A snall anpount of
hexanes was added (50 nlL) and the product was allowed to precipitate out (2
hours) as a colorless solid which was isolated by vacuumfiltration. The
filter cake was washed with small anmounts_ of MTBE and dried in vacua to
provi de TRhgpgIekdipens @ mis010 meRewes addedd N litye bpemefyildigiiazidgi oxane
OHON aamtﬂoanHamyM@ 180309, AR 8Rpdraturd VRS HordaBedB3d4ehocAmdIgRI Ct ed
I n Schene 3, aboyve, 1- neck round- bottom f | ask %gt ai ni n ER- 818039
(2.15 g, reeft'em%%m%gvmgm ﬁﬁdmma TEEYIE 1S S9PIeA 0 P (mperatiray; ox ane
(3d8 m., qulgnéhlféa withl waterldid tﬁérﬁé’:fctﬂa&gd m]@ kistles 3dlmvmsmel IHe WEBE gwasmerm EUt es
and a -colqrless precipitate for ter Lhut es BE was then
Rdeq. APrRined figpaned gl Saiel (D 20k it G- IPE e MRTHAAE RSO BE.

whi ch prmagndsidmERMfAR3 Tididred,] ail canceBLAOd irasacoC Blashi kinematgtaphlly uSimpeateyl4 MeO

MeO Ove acetate as eluent provided ER-817116 (32.2 mg, 58%) as colorless oil.

Scheme 6
MeQ
CMe MeO
O MgBr /—\\/f .
N _(0
Ve 0 N '
N O THF, -78°Ctor.t. MeO Ve
O ~ TFA = N\;/\ O
. N~ -
OMe | . OMe
OMe - OMe
ER-817116 . o . ER-819543

[0071] ER-819543: As depicted in Scheme 6 above, to a solution of ER-817116-00 (91.6
mg, 0.000174 mol) in tetrahydrofuran (1.8 mL, 0.022 mol) at -78°C was slowly added a
solution of 1.0 M allylmagnesium bromide in ether (0.35 mL). The reaction mixture was
. warmed to room temperature and stirred overnight. Mass spectroscopic analysis showed
25% conversion to product; consequently, the reaction mixture was re-cooled to -78°C and an
additional 1.35 mL of 1.0 M of allylmagnesium bromide in ether was added. The reaction
mixture was warmed to room temperature and stirred for 4 hours. The reaction mixture was
then cooled to 0°C and was treated dropwise with triflucroacetic acid (2.00 mL, 0.0260 mol)
and then concentrated in vacuo. Triethylamine was then added to neutralize residual TFA.
Ethyl acetate was added and the crude reaction product purified by flash chromatography
(eluent: 100% Ethyl acetate) to provide ER-8_1'9543 (56.8 mg, 59 %) as a colorless solid.
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|l O O N'ON--f 3.5-di met hoxybenzal dehyde O NH O NH NaBH(OAc)3, DMF N
N W HHC ER 823143 Ove ER-817098 [00691 ER-817098: As depicted in
Schenme 4 above, to a suspension of ER-823143 (41.5 ng, 0.000117 nol) and
4A ol ecul ar sieves in 1,2-di met hoxyethane (0.5 ni, 0.004 not) under an
at nosphere of nitrogen was added 3, 5-di net hoxybenzal dehyde (21.3 ny,
0.000128 not) followed by triethylamne (16.2 L, 0.000117 not). The
reaction was stirred for 1 hour. Sodiumtriacetoxyborohydride (34.6 ng,
0. 000163 not) was added, and the reaction was stirred overnight. Flash
chromat ography using ethyl acetate as eluent yielded ER-817098 (45.3 ng,

83% as a colorless solid. Schene 5 MMOMO OW / OWB O8r' - ON-f 1.6
Mof 'LiHVMDS in THEN H NW O C N NSchemgZ | - o / / Ow O ER-817098

ER-817116 1®/01 ER-817116: As depicted in Schenme 5 above, to a solution
of ER-817098-0 0.dMe

: N—{P Mgm/“7¢’

MeQ

N 0" THE, -78°C to 1.t
Y TFA N
N
OMe
OMe
ER-817116 ER-819544

[0072] ER-819544: As depicted in Scheme 7 above, to a solution of ER-817116-00
{100.5 mg, 0.0001905 mol) in tetrahydrofuran (1.9 mL, 0.023 mol) at -78°C was slowly
added a 0.5 M solution of 2-methylaliylmagnesium chloride in tetrahydrofuran (800 pL). The
reaction mixture was warmed to rooﬁ temperature and stirred for 6 hours. The reaction
mixture was cooled to 0°C, treated dropwise with trifluoroacetic acid (1.00 mL, 0.0130 mo}),
and then concentrated in vacuo. Triethylamine was added to neutralize residual TFA. Ethyl
acctate was added and the crude reaction product purified by flash chrdma.tograp];y using
ethyl acetate as eluent to provide ER-819544 (66.2 mg, 61%) as a colorless solid.

Scheme 8
: MeQ

e,

1= . .
OMe OMe
O (9]
v~ | v
lodoethane
o NH NaH | N
: DMF
N N
} KQOMe |\(;,OMe
OMe ' OMe

ER-817098 ER-817118

 MeO
o)
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ng, 0.000106 not) and 1-brono-2-net hoxyet hane (15.6 L, 0.000160 not) in N
19 net hyl pyrrolidinone (1.0 nL, 0.010 nol) was added 1.0 M Iithium
hexanet hyi di sil azide solution in tetrahydrofuran (0.16 niL). The
tenperature was increased to at 80C and the reaction mxture stirred
overnight. The reaction m xture was cooled to roomtenperature, quenched
with water and then extracted several tinmes with MIBE. The MIBE extracts
were conbi ned and washed with water (2x) and brine (Ix). The organic | ayer
was dried over -magnesiumsulfate, filtered, and concentrated in vacua.

Fl ash chromat ography using ethyl acetate as el uent provided ER- 817116
(32.2 58% as colorless oil. Schenme 6 MO/ \ MO NO MgBr " \ / O
THF, - g&@o’{-’d r . ER-§)781%) Agslepistedin Sghgmeyfabovetpa S@%OU}EERﬁﬂz?Bﬂ_& 185 &

ER- 819543304606 7rhb1) EBrSiﬂ&&&mgmnﬂamaetad thll) Sl efiled séditveny. drﬁe?f@ ion of
ER—817116 00 (91.6 174 nol) in tetrahydrofuran 0.022

mol ) at 08E0meh §P’6<m¢ by dedeethang §738: 1thn 09P9H0 mom die JFHRKIGR SRINIHE Y8 i de

i N et hergit@d IRetHight. Wiker! R2€ VEQNsIGWHL MRS t}n\éﬁ%@i@ntﬁmﬁ&@f&éﬁ%%ur e
and stirred overnight. Mass spect roscogl ¢ anal }; -showed . 25% conver si on

to prodiererekimeryis MTBE. ThMIBE extHRs e Grw WﬁgaF‘E“’é‘Wéﬂﬂ! yater&¥and an
addi ti onad brigd (1%). Uf'hel obgadicOflayal | wheTaigiea sovemn hagiesidtn istifak) itewds added.

The reaction Xt ur rnmed-to r omI gg)erature an stlrr ﬂ%%
hours. TIRRCTEE ’Bn"“fﬁ“& F ﬁﬂgma'?ﬁﬁ? LAY 35eialengF Gkent pravids opwi se
wi t h trig17098 QR%g,i96%Aas dc¢ldrleBoitl, 0. 0260 nol) and then concentrated in
vacuo. Triethylam ne was than added to neutralize residual TFA

Scheme 9
MeO

OMe MeO

N—( Bf\/

Mg
N~ THF, 0°C to r.t. ‘ N
TFA
L ; . _OMe

OMe. .
ER-817118 , ER-819651

Y

[0074] ER-819651: As-depicted in Scheme 9 above, to a stired suspension of 1 M of
magnesium in tetrahydrofuran (5.58 mL) was slowly added 1-bromo-2-butyne (414 pL,
0.00459 mol) at 0°C. Afier stirring for 2 hours (the reaction solution remains black), a
solution of ER-817118 (228.4 mg, 0.0004590 mol).in dry THF ('10 mL) was slowly added-at
0°C. The reaction was warmed to room temperature and was stirred for 4 hours. The reaction
mixture was then cooled to -78°C and treated dropwise with trifluoroacetic acid (0.95 mL,
0.012 mof) to cause the solution to become clear. The reaction mixture was warmed to room
temperaturé and stirred for 1 hour. The reaction mixture was concentrated in vacuo to
dryness using a rotary evaporator with a water bath temperature of 40°C. The-‘ residual light
brown solid was basified with triethylamine (clear solid) and purified by flash
chromatography (eluent: 2% EtOH in methylene chloride) to provide impure ER-819651.
Subsequent repuriﬁcatibn by HPTLC (8% EtOH in Toluene) provided ER-819651 (128.8

mg, 53%) as a colorless solid.
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Et hyl acetate was added and the crude reaction product purified by flash
chromat ography (eluent: 100% Et hyl acetate) to provide ER-819543 (56.8 ng,
59 %9 as a colorless solid. 20 Scheme 7 MO OVe MeO /'p MaCl( NS O THF.
-78C tort MO N OTFA N NNOw ~-OV Ow OV ER-817116 ER-819544
[00721 ER-819544: As depicted in Scheme 7 above, to a solution of
ER-817116-00 (100.5 ng, 0.0001905 nol) in tetrahydrofuran (1.9 n_, 0.023
nol) at -78C was slowy added a 0.5 Msolution of 2-nethylallylmgnesiuni
chloride in tetrahydrofuran (800 L). The reaction mxture was warmnmed to
roomtenperature and stirred for 6 hours. The reaction m xture was cool ed
to OC, treated dropwise with trifluoroacetic acid (1.00 nL, 0.0130 nol),
and then concentrated in vacuo. Triethylam ne was added to neutralize
residual TFA. Ethyl acetate was added and the crude reaction product
purified by flash chromatography using ethyl acetate as eluent to provide
ER- 819544 (66.2 ny, 61% as a col orsdemedd| i d. Schene 8 MeO MO ovve kD _Owve
O O NH | odoethane --/" N N

MeQ

. O )
N /\//\/Br N—(o
< Mg MeO

: = N
o) N~ THF, 0°C to r.t. )
TFA
N
N OMe
KQ/OME
OMe
OMe

 ER-817118 ER-810626

Y

[0075]} ER-819626: As depicted in Scheme 10 above, to a stirred suspension of 1 M of
magnesium in tetrahydrofuran (4.990 mL) was slowly added 1-bromo-2-pentene (485.6 uL,
0.004106 mol) at 0°C. After stirring for 2 hours (the reaction solution remains black), a
solution of ER-817118 (204.3 mg,‘0.0004106 mol) in dry THF (10 mL) was slowly added at
0°C. The reaction mixture was warmed to room temperature and stirred for 4 hours (reaction
solution remains black). The reaction was cooled to to -78°C and treated dropwise with
trifluoroacetic acid (0.85 mL, 0.011 mol) to cause the reaction mixture to become clear. The
reaction mixture was warmed to room temperature and stirred for 1 hour. The reaction
mixture was concentrated in vacuo to dryness using a rotary evaporator with a water bath
temperature of 40°C The crude product (light brown solid) was basified with Iriethyiamine
(clear solid) and rpuriﬂed by flash chromatography (eluent: 2% EtOH in methylene chioride)
to provide ER-819626 (110.2 mg, 49%) as a white solid.
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NaH DV NN ' Ow Ow O OV ER-817098 ER-817118 21 [0073] ER-817118:
As depicted in Schenme 8 above, to a solution of ER-817098 (2.85 g, 0.00607
nmol) in NN-dinethylformam de (15 ni) was added sodi um hydride (364 ng,
0.00910 nol) followed by iodoethane (758 L, 0.00910 nol). The reaction

m xture was stirred overnight Water was very slowy added and the reaction
m xture was extracted several tinmes with MIBE. The MIBE extracts were
conbi ned and washed with water (2x) and brine (Ix). The organic |ayer was
dried over magnesiumsulfate, filtered, and concentrated in vacuo. Flash
chromat ography using ethyl acetate as eluent provided ER- 817098 (2.89 g,
96%) as a colorless oil. Schenre 9 MO OW MO ONgr~/ O M MO N4

Nl-1 OTHF, OOCto r.t. NI/I TFA NN Ow OWw Ow Ow.. ER 817118

ER- 819651 [0074] ER-819651: As depicted in Schene 9 above, to a stirred
suspension of 1 Mof magnesium in Pehemedlyrof uran (5.58 nL) was slowy
added 1- brono- 8Byt yne (414 L,

OMe MeQ,
' OMe
O
N_( : Br o)
v ~
o N—r""0" Mg N_{
HO W 4
THF -78°Ctort N
l ~
OMe N
OMe
OMe
ER-817116 OMe
ER-823988

[0076] ER-§23988: As dépicfed in Scheme 11 above, to a solution of ER-SI?i 16 (1.006

g, 0.0019067 mol) in tetrahydrofuran (7.6 mL, 0.094 mol) was slowly added a 1.0 M solution
of vinylmagnesium bromide in tetrahydrofuran (3.8 mL} at -78°C. The reaction mixture was
warmed to room temperature and stirred for 1 hour. Mass spectroscopic analysis showed a
significant amount of residual starting material; consequently, the reaction mixture was re-
cooled to 0°C and an additional 3.8 mL of 1.0 M vinylmagnesium bromide solution in
tetrahydrofuran was added. The reaction mixture- was stirred for 2 hours then quenched by
dropwise addition of saturated aqueous ammonium hydroxide solution. The mixture was
extracted several times with ethyl acetate. The organic extracts were combined and washed
with water (2x) and brine. The organic layer was dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (eluent: 5% ethanol in ethyl acetate) provided
ER-823988 (0.605 g, 57%) as a colorless solid.

24



0.00459 nol) at OC. After stirring for 2 hours (the reaction solution
remains black), a solution of ER-817118 (228.4 ny, 0.0004590 nol) in dry
THF (10 nL) was slowy added at OC. The reaction was warned to room
tenperature and was stirred for 4 hours. The reaction mxture was then
cooled to -78C and treated dropwi se with trifluoroacetic acid (0.95 ni,
0.012 nol) to cause the solution to becone clear. The reaction m xture was
warmed to room tenperature and stirred for 1 hour- The reaction m xture
was concentrated in vacuo to dryness using a rotary evaporator with a

wat er bath tenperature of 40C. The residual light brown solid was basified
with triethylamne (clear solid) and purified by flash chronmatography
(eluent: 2% EtOH i n net hyl ene chl orBehemetdZ provi de i npure ER-819651.
Subsequent repurification by HPTLC (8% Et OH i n Tol uene) provi ded ER- 819651
(128.8 ng, 53¥0as a colorless solid. 22 Schese 10. MO/ \ OV MO O . Br
O 1~-1 NM M THF, OCto r.t. TFA _ AL NOV ~Owve | ~ O Ow
ER- 817118 ER-819 [0075] ER-819626: As depi in Schenme 10 above, to a

stirred suspenS| ofpl Mof magnesiumin tet gdr a an (4.990 nlL) was
sl owl y added 1 oeef 2- pentene (485.6 ul, "B04186. 40! hat~6C After
stirring for MQeactlﬁ‘ﬁ\solutlon remai ns agk), a
N
OhMe
OMe
OMe _ ER-819673

ER-823988

[0077] ER-819673: As depicted in Scheme 12 above, ER-823988 (163.1 mg, 0.0002935
mol) was dissolved in trifluoroacetic acid (2.00 mL, 0.0260 mol) at room terﬂpetaturc. The
reaction mixture was warmed to 40°C and stirred for 2 hours then concentrated in vacuo, The
residue was dissolved in a small amount of acetone and was treated with a small portion of
potassium carbonate unti! basic. Flash chromatography (eluent: 2% ethanol in ethyl acetate)
provided ER-819673 (0.101g, 64%) as a colorless glassy solid.

Scheme 13
MeQ . MeQ
OMe i. MgBr/\/
o THE, -78%C to r.t.
N—‘f . ii. TFA, -78°C to 40°C
o NH -
iii. BocoO, EtzN, MeOH
N  Ho
ER-823143 ER-823914

[0078] ER-823914: As depicted in Scheme 13 above, to a solution of ER-823143 (5.03 g,
0.0141 mol) in tetrahydrofuran (30.0 mL, 0.370 mol) at -78°C was slowly added a 1.0 M
solution of allylmagnesium bromide in ether (71 mL). The reaction mixture was warmed to
room temperature and stired overnight. The redction mixture was cooled to -78°C, treated

dropwise with trifluoroacetic acid (21.8 mL, 0.283 mol), and then concentrated in vacuo to a

25



solution of ER-817118 (204.3 ng, 0.0004106 nmol) in dry THF (10 nmL) was
slowy added at OC. The reaction m xture was warned to roomtenperature
and stirred for 4 hours (reaction solution remains black). The reaction
was cooled to to -78C and treated dropwise with trifluoroacetic acid (0.85
m., 0.011 nol) to cause the reaction m xture to beconme clear. The reaction
m xture was warned to roomtenperature and stirred for 1 hour. The reaction
m xture was concentrated in vacuo to dryness using a rotary evaporator with
a water bath tenperature of 40C The crude product (light brown solid) was
basified with triethylam ne (clear solid) and purified by flash
chromat ography (eluent: 2% EtOH in nethylene chloride) to provide
ER— 8196 28ngllregidgal ngmnm%ﬁﬁbylammi% added t. nepBalinelresidua) TFANMNGMVE MiE@el OMVe
TN O B comihirdlBi 7 v o HOWIEE The T8GRl ol isbliChbn (UBbR 847 116
OVE ER- 823988 00761 ER—823 depicted in Schene 11 above
sol ut i onmdf 38k 'B@?H@ t{eiteéwﬂgd"wﬂd@mmbﬂ’iﬂt‘) (G-3% ©e P1O3AY enadX follaied Dys i,
0. 094 MOkt gvﬂsymﬁgidedegam32%aﬂsﬁﬁwa+mghmt ¥R ERENGS] THE RhQishde in

tetrahydrofuran he reacti on mxture was warnmed_to room
t enper at BPEHIE TUeSs EONCPRIAIFL 2 parigupnd pedEed: 9y Hlash seepmaiosaply, (sluenshdied a

Si gni fi CReXancRTREMAY] Abtaled % Hrodlde BRES13I0NG (3B BI 5B asGRORRRSDBLLY . The
reaction m xture was re-

Scheme 14

MeO
MeO

ER-823914
ER-823915

[0079] ER-823915: To a solution of ER-823914 (220 g, 0.00496 ‘mol) in
N, N-Dimethylformamide {12.4 mL, 0.160 mol) was added sodium hydride (298 mg, 0.00744
mol) followed by iodoethane (607 pL, 0.00744 mol) . The reaction mixture was stirred

' overnight then quenched with water and extracted several times with MTBE. The MTBE
extracts were combined and washed with water and brine. The organic layer was dried over
magnesiom sulféte, filtered, and concentrated in vacuo. Flash chromatography (eluent: 40%
hexanes in ethyl acetate) provided ER-823915 (0.80 g, 34%) as a colorless foam.

Scheme 15
MeQ
o HCVdioxane
MeO N _— -
N
Boc
ER-823915 ER-823917
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cooled to OC and an additional 3.8 nL of 1.0 M vinyl magnesi um brom de
solution in tetrahydrofuran was added. The reaction m xture was stirred
for ‘2 hours then quenched by dropw se addition of saturated agueous
ammoni um hydr oxi de solution. The m xture was extracted several tinmes with
ethyl acetate- The organic extracts were conbi ned and washed w th water
(2x) and brine. The organic |ayer was dried over nagnesi um sul f ate,
filtered, and concentrated in vacuo. Flash chromatography (el uent: 5%

et hanol in ethyl acetate) provided ER-823988 (0.605 g, 57% as a colorless
solid. 24 Scheme 12 MO MO / Ove 10 "PO MO NN HO- N_/--O TFA ~C&xJl
NNIOW Ow ~, O Ow ER 819673 ER-823988 [00771 ER-819673: As

depi ct ed0P$ISc hER32821%hby depiptRd &P SIS 1% abavenfR-§23009 (992 mend. POM

di ssol veglol) nwa{srdigslo%a QR GEIIiACH4 08 13Brdgkn cﬁlogag Qn T4 -dioRdne’ 36

tenperature, reaction m xture was warmed to 40C and sti
hours t H@f‘P‘E’Bﬁ’E‘éﬂW weetfirred avgmight ang then rcegmuetem vafiug %PM"-‘IER‘&ZMI |

amount  of).69gE4AABIAAYY) a¥@§ ofanfedolid. Wi th a smal | portion of potassium
carbonate until basic. Flash chromatography (eluent: 2% ethanol in ethyl
acetate) provided ER- 819673 (0.101g, 64% as a colorless glassy solid.
Scheme 13 MeO MeO OV i MyBr~ O THicheméd@C to r.t. \ /i O / MO N

MeOQ

O ‘ 1 MeO
MeO N‘( !
Nes” 3,5-dimethylbenzaldehyde

NaBH(OAC)s, DMF

N
H HC

ER-823917 ' ER-819507

ER-819597: As depicted in Scheme 16 above, ER-823917 (100.0 mg, 0.0002451 mol); 4A
molecular sieves, and 3,5-dimethylbenzildehyde (50.9 rﬁg, 0.000368 mol) were
dissolved/suspended in N,N-dimethylformamide (1.0 mL, 0.013 mol). After stirring for 30
minutes, sodium triacetoxyborohydride (76.6 mg, 0.000343 mol) was added. The reaction
mixture was stimed overnight. Water was added until a white precipitate formed. The
precipitate was collected by filtration washing several ﬁmes with water. The filtrate was then
dried in vacuo to provide ER-819597 (108.0 mg, $0%) as a colorless solid.

[0081] ER-819689, ER-819688, ER-819604, ER-819595, ER-819594, ER-819593, ER-
819592, ER-819582, and ER-819777 were prepared m substantially the same manner as for
ER-819597. In some instances the desired product could be precipitated from the reaction
mixture; in other cases the reaction mixture would be quenched with water then extracted

with a suitable water-immiscible solvent, followed by cbrdmatographic puriﬁcation..
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Nii. TFA, -78Cto 400C NH NH iii. Boc20 Et3N, MeOH N N HCl Boc

ER- 823143 ER-823914 [00781 ER-823914: As depicted in Schene 13 above, to a
solution of ER-823143 (5.03 g, 0.0141 nol) in tetrahydrofuran (30.0 ni,
0.370 nol) at -78C was slowy added a 1.0 M solution of allylnmagnesium
bromde in ether (71 nmL). The reaction m xture was warnmed to room
tenperature and stirred overnight. The reaction m xture was cooled to -78C,
treated dropwise with trifluoroacetic acid (21.8 nlL, 0.283 nol), and then
concentrated in vacuo to a 25 small residual volune. Triethylam ne was
added to neutralize residual TFA and the m xture then concentrated in
vacuo to dryness. The residual red oil was dissolved in nethanol (138 ni,
3.41 nol) and treated with di-tert-$chemed?carbonate (3.34 g, 0.0148 nol)

fol lowed by fpebethylanmne (2.38 n, 0.0169 nol) @pd stirred overnight at
room tenperature e reaction mxture was concentniated in vacuo and
purified by fla B ogr apBymgekergnt : 50% hexg i
provi de ER-82391 .25 0, 52%rHe&s-78°c@rarl ess soli

OEi q O MO H,_?F'-HI\/EON f i Noml N Bpedf

N ii. TFA, -78°C to 40°C

o NH ’.
jii. Boc,0, EtzN, MeOH
. N
H Hcl ' Boc
ER-823143

[0082] Scheme 17 above depicts a general cyclization method. As depicted in Scheme 17
above, to a solution of ER-823143 (0.0141 mol) in tetrahydrofuran (30.0 mL) at -78°C was
slowly added a 1.0 M solution of an alkenyl magnesium bromide in ether (71 mL). The
reaction mixture was warmed to room temperature and stirred overnight. The reaction
mixture was cooled to -78°C and treated dropwise with trifluoroacetic acid (0.283 mol). The
reaction solution was concentrated in vacuo to a small volume then treated with triethylamine

- to neutralize the residual TFA. The crude product was concentrated in vacuo to dryness. The
resultant residue was then dissolved in methanol (138 mL) and treated \'vith di-tert-
butyldicarbonate (0.0148 mol) followed by triethylamine (0.0169 mol). The reaction mixture
was stirred overnight then concentrated in vacuo. Purification by flash chromatography
provided the desired prodﬁct. | . |

. Scheme 18

MeQ : ‘ MeQ

Alkyt halide
NaH, DMF

' Boc
[0083] Scheme 18 above depicts a general method for introducing the R® group. As

depicted in Scheme 18 above, to a solution of starting material (0.00496 mol) in
N,N-dimethylformamide (12.4 mL) was added sodium hydride (0.00744 mol) followed by an
~ alkyl halide {0.00744 mol) . The reaction mixture was stirred overnight then quenched with
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ER- 823914 ER-823915 [0079] ER-823915: To a solution of ER-823914 (2.20 g,
0.00496 nol) in N, N D nethylforniamde (12.4 nL, 0.160 nol) was added
sodi um hydri de (298 ng, 0.00744 -nol) followed by iodoethane (607 L,
0.00744 nol) . The reaction mxture was stirred overnight then quenched
with water and extracted several tinmes with MIBE. The MIBE extracts were
conbi ned and washed with water and brine. The organic |ayer was dried over
magnesi um sul fate, filtered, and concentrated in vacuo. Flash

chr omat ogr aphy (el uent: 40% hexanes in ethyl acetate) provided ER- 823915
(0.80 g, 34% as a colorless foam Schene 15 MeO Meo t \ O HCvdi oxane ~ ~
O MO Nf MO N~ / N (J Boc HC ER-82391 5 ER-823917 26 [00_80!1

ER- 8239 MaterAsnd) epftrasteddseiveraStimeravitls MBBE .« The M EBE gxyagty gerro cpppbingd 394695
Mol ) WaSyghed WithGehtdrhnd vk UThskehic faytt Nasl HAEE By thApinkdemi stilfdte Afilirax ane
(10 m.). The reaction mxture was stirred qverni ght gnd then concentrated
in vacu@@&"%ﬂ'&%"ﬂ?—"ﬂ%wCW%%‘,‘P]’@{%W{‘W%?a%T &rofictyr ange sol i d.
Schenme 16 Meo MeO/ O MO N M MO N J 3,5-di net hyl benzal dehyde N~

NaBH( OAC) 3, DWF ‘ ’

Scheme 19
MeO
& .
MeO N ( HCl/dioxane
e
R! — N-p3
R2
N
Boc

[0084] As depicted in Scheme 19 above, starting material {0.001695 mol) was dissolved
in 4 M of hydrogen chloride in 1,4-dioxane (10 mL). The reaction mixture was stirred

overnight and then concentrated in vacuo to provide the desired product.
Scheme 20 .
MeO

Aldehyde
NaBH{OACc);, DMF

[0085] Scheme 20 above depicts a general method for introeducing the -X-R® group,
where X is -CHz-. As depicted in Scheme 20 above, starting material (0.0002451 mol), 4A
molecular sieves, and aldehyde (0.000368 mol) were dissolved/suspended in
N,N-dimethylformamide (1.0 mL). After stirring for 30 minutes, sodium
triacetoxyborohydride (0.000343 mol) was added. The reaction mixture was stirred
overnight then quenched with v&atcr. In some cases the desired product would precipitate
upon quenching the reaction with water, in which case it could be isolated by filtration and
subsequently purified by flash chromatography. In other cases the desired product could be

extracted using a suitable water-immiscible organic solvent and then subsequently purified by
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N H HCl ER-823917 ER-819597 ER-819597: As depicted in Schene 16 above,
ER- 823917 (100.0 ng, 0.0002451 nol), 4A nolecul ar sieves, and

3, 5-di net hyl benzal dehyde (50.9 ng, 0.000368 nol) were dissol ved/ suspended
in N, N-dinethyl formam de (1.0 ni, 0.013 nol). After stirring for 30

m nut es, sodiumtriacetoxyborohydride (76.6 ng, 0.000343 nol) was added.
The reaction mxture was stirred overnight. Water was added until a white
precipitate formed. The precipitate was collected by filtration washing
several tines with water. The filtrate was then dried iii vacuo to provide
ER- 819597 (108.0 ng, 90% as a colorless solid. [0081] ER-819689,

ER- 819688, ER-819604, ER-819595, ER-819594, ER-819593, ER- 819592,

ER- 81958gthen flashkramajosraphynraeysrpbaseperarativg Bt al |y the sanme nmanner as

for ER- {86097 dofpdaht ERLSY90Y] Ohd! E¥e-8095)5 Rete P&l inGandtshiiafy MLGRHRI t at ed
fromthe reactign _mxture; i.n other. cases the reaction m xture would be

quenched™#Reh 258¢56Tbad B fornection vith Schgmes 15-20,350%h1 e wat er-i i sci bl e

sol vent, followed by chronatographic purification. 27 Schene 17 MeO MeO
Owve i. Brmg al kenyl THF, -78C to r. 'h\ O MON NR TFA -78C to 40C RI
NHONHR2 iii. Boc20 Et3N..MOH 5 B Hoc ER 823143 [0082]
Schene 17 above depicts a general cyclization netth®d. As depicted in Schene
17 above, to_a solution of ER- 823143 (0.0141 nol) 4R tetrahydrofuran (30.0
nL) at -78C was®

Q. 3,5-dimethoxybenzy! chloride
(0}:11]

N NMP

HCI

Tz
o
/

ER-819623 - | o<
) ER-819658
[0087] ER-819658: As depicted in Scheme 21 above, a 2 mL microwave reactor vial was
charged with ER-819623 (71.6 mg, 0.000176 mot), 3,5-dimethoxybenzy! chloride (41.1 mg,
0.000220 mol), N-methylpyrrolidinone (700.0 pl) and 1,8-diazabicyclo[5.4.0]undec-7-ene |
(60.0 pL, 0.000401 mol). The reaction mixture was secaled and was heated at 180°C for 60
seconds in the microwave. Purification by reverse phase HPLC provided ER-819658 (54.9

mg, 60%). ,
{o088] ER-819637 and ER-819627 were prepared in substantially the same manner as
ER-819658.
Scheme 22
Alkyl halide
DBU
NMP

Y

N
HCI

{0089] Scheme 22 above depicts another general method for introducing the -X-R® group,

‘where X is -CH)-. As depicted in Scheme 22 above, a 2 mL microwave reactor vial was
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slowy added a 1.0 M solution of an al kenyl magnesium bromde in ether (71
m.). The reaction mxture was warnmed to roomtenperature and stirred
overnight. The reaction mxture was cooled to -78.C and treated dropw se
with trifluoroacetic acid (0.283 nol). The reaction solution was
concentrated in vacuo to a small volunme then treated with triethylamne to
neutralize the residual TFA. The crude product was concentrated in vacuo to
dryness. The resultant residue was then dissolved in nethanol (138 nL) and
treated with di-tert- butyldicarbonate (0.0148 nol) followed by
triethylamne (0.0169 nol). The reaction m xture was stirred overnight
then concentrated in vacuo. Purification by flash chronatog aph provi ded

t he desihaesedr Guthc tstartipg, omateripl EOORELS Nn. alpyky baijde (BE NPed | NH
NaH, DViyRleth1fRrolidinoné (7&) 9%&@%3&:&%}&1@@5 A91aheNe-edepo.obcuoa maner al

met hod for introducing i ct ed in Schene 18 above, to a

sol ut i onisf f%“‘Fﬁﬁ‘tY‘ﬁ'g%tsé?'ieﬁlaﬂgoh%‘iﬂQG‘ d&P;g ifer 6Q, pecandiedmyhy SnifoNENe (12, 4
nL) was pgddrdts fé%:laasmdséﬂpﬁ.@;ﬁ%ﬂédml&s&ealﬂrmd by an alkyl halide
(0.00744 nol) . The reaction mxture was stirred overni ght then quenched
with 28 water and extracted several tines wth MIBE. The MIBE extracts
were conbi ned and washed wi th wat eSchan@ 23r i ne. The organic | ayer was dried
over magnesiumsul fate, filtered, and concentrated.ifn vacuo. Flash

chr omat ogr aphy ppow ded the desi red product. Schenme 1§ MeO Meo HCUdi oxane
PNO1l Mo/ NSQ MR RZ NRa RRZNRa NHHC

0
0 HCl/dioxane 0
_NH -
s N
Boc ' ‘ B Hel
ER-819621 ER£19666

[0090] ER-819666: As depicted in Scheme 23 above, to a flask containing ER-819621

(2.30g, 0.00503 mol) was added a 4 M solution of hydrogen chloride in 1,4-dioxane (15.0

mL). The reaction mixture was stirred at room temperature for 30 minutes then concentrated
_in vacuo to provide ER-819666 (1.98g, quantitative).

Scheme 24

3,5-dimethoxybenxyl chlonde
o DBU
—_ N—‘( NMP
o =L WH Microwave 180°C for 60s
Ol
N
H we |
ER-819666 ' on

ER-819585
[0091] ER-819585: As depicted in Scheme 24 above, a 2 mL microwave reactor vial
containing a stir bar was charged with ER-819666 (653.4 mg, 0.001659 mol), 3,5-
dimethoxybenzyl chloride (377.6 mg, 0.002023 mol), N-methylpyrrolidinone (5.00 mL,
0.0518 mol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (560.0 uL, 0.003745 mol). The reactor
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Boo [0084] As depicted in Scheme 19 above, starting material (0.001695 nol)
was dissolved in 4 Mof hydrogen chloride in 1,4-dioxane (10 nL). The
reaction m xture was stored overnight and then concentrated in vacuo to
provi de the desired product. Schene 20 MeO Meo O Aldehyde \ O Me N
NaBH(OAc)3, DMW Mo NRZ RZ NRa RRZ NRa N HHC R5 [0085] Schene 20
above depicts a general nethod for introducing the -X-R5 group, where Xis
-CH2-. As depicted in Schenme 20 above, starting material (0.0002451 not),
4A nol ecul ar sieves, and al dehyde (0.000368 nol) were dissol ved/ suspended
in N Ndinmethylformamde (1.0 nL). After stirring for 30 m nutes, sodium
triacet oxyborohydride (0.000343 nnt% was_ added. The reaction m xture was
sti rred Vighrassryst andented ab FRMESOuPY froprdsdp the micQyave c Rualicating by svierse d
product phasd HPPC pedviledHFE8 19533 (5ZUeRC B8Ry the reaction with water, in which
case it could be isolated by filtration and subsequently purified by flash
chromat ography. In other cases the desired product could be extracted
using a suitable water-inmmscible Sddame@ssol vent and then subsequently
purified by ei ther flash chromatography or reversg phase preparative
HPLC. [0086] npounds ER-819991 and ER-819995 were prepared in

substanti al | e same- manner as described in conn on with Schenes

: N O
18- 20 above. zéjlo 100 benl\i_ylcgromide ~0 N e\/©
N

NH LHMDS
DMF
Microwave 200°C, 900s -

ER-819585 ER-819662

[0092] ER-819621: As depicted in Scheme 25 above, a 2mL microwave reactor vial
equipped with a stir bar was charged with ER-819585 (70.0 mg, 0.000138 mol), N,N-
dimethylformamide (830.0 uL, 0.01072 mol), benzyl bromide (40.0 pE, 0.000336 mol) and a
1.00 M solution of lithim_n hexamethyldisilazide in tetrahydrofuran (350.0 pL). The reactor
vial was sealed and heated at 200°C for 900 sec in the microwave. Purification by preparative
reverse phase HPLC provided ER-819662 (35.14 mg, 43%). .

[0093] ER-819663, ER-819661, ER-819659, ER-819650, ER-819647, ER-819641 were
prepared in substantially the same manner as ER-819662.

Scheme 26 _
Alkyl halide
_(0 ga&i ' N o
N
0 - NH Microwave 180°C for 6?5 0o —={_ NH
N™ N
H
HCI I\Rs
ER-819666 |
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O 3, 5-di net hoxybenzyl chloride N, 10 NNf DBU N~ NVP N N H HCI ER-819623
O~ ER-819658 [0087] ER-819658: As depicted in Schene 21 above, a 2 nL

m crowave reactor vial was charged with ER-819623 (71.6 ng, 0.000176 nol),
3, 5-di net hoxybenzyl chloride (41.1 ng, 0.000220 nol),

N- net hyl pyrrolidinone (700.0 L) and 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7- ene
(60.0 L, 0.000401 nol). The reaction m xture was seal ed and was heated at
180C for 60 seconds in the mcrowave. Purification by reverse phase HPLC
provi ded ER-819658 (54.9 ng, 60% . [0088] ER- 819637 and ER-819627 were
prepared in substantially the same manner as ER-819658. Schene 22 10 -0 O
Al kyl halide gl 0 DBU NORR2 NR6 NMP D2 NR8. NN HHCI R5 [0089] Schene
22 abovel088# ct Scharst R6rabgen depittsne Ehurialf methpd tfon intsidneing fthe ~X-R35grgnmup,
where X iiere ki .o A9 BiriCled in SOHERE A2aBRBYE 2 Tol? nibrollaGe QURKE HAACT OF
vial was 30 charged w th startin naterlabbéo 000176 nol ), an alk hal i de
(0. 00022€PHRBRINgE a SHE bas ey FW&%M ERoO66G (10Q1 659 mol)s agjalkyl halide (0.0 2023

1, 9=di aZﬂ:'Bl)CY@Jn@ﬁn§lp§erI}diﬁkﬂﬁC(570(ﬁHﬁ,) (&aop@aﬁéamwc)c[s Auieagleae M.ogd74%RS

seal ed and _heated at 180 seconds in crowave, .Purification by

reverse FRRs @ﬂﬁ@%l”%l"ﬁ’éoﬁeﬂ?é "H\gsl?eﬁ'éﬂ abr@ﬁ"tﬁf"" @cFﬁ?ﬁEdSZB‘ the microwave.

Purification by preparative reverse phase HPLC provided the desired product.

Scheme 27

Ra—Bf

LHMDS

DMF

Microwave 200°C, 900s to 2700s

[0095] Scheme 27 above depicts a general method for introducing the R® group. As
depicted in Scheme 27 above, a 2 mlL microwave reactor vial equipped with a stir bar was
charged with starting material (0.000138 mol), N,N-dimethylformamide (830 uL), R3-
bromide (0.000336 mol) and a 1.00 M solution of lithium hexamethyldisilazide in
tetrahydrofuran (350 pL). The reactor vial was sealed and heated at 200°C for up to 2700 sec
in the microwave. Purification by preparative reverse phase HPLC provided the desired.
product. -
Scheme 28

ER-819585 ' ER-819590
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~O~O0 NON HC/dioxane HNH Boc H HO ER-819621 ER-819666 10090]

ER- 819666: As depicted in Schene 23 above, -to a flask containing ER- 819621
(2.30g, 0.00503 nol) was added a 4 M solution of hydrogen chloride in

1, 4-di oxane (15-0 nL). The reaction mxture was stirred at room
tenperature for 30 mnutes then concentrated in vacuo to provide ER- 819666
(1.98g, quantitative). Schenme 24 -D 3, 5-di net hoxybenxyl chloride N\ DBU
O NH NW 1D, N NH Mcrowave 180C for 60s N0O-1 N H HC ER-819666 0-1 -
ER- 819585 100911 ER-819585: As depicted in Scheme 24 above, a 2 nL

m crowave reactor vial cont ai ning a stir bar was charged with ER- 819666

(653.4 n&é‘t"o 001659 not) - di net hoxybenzyl chloride (377.6 n? 0. 002023
mol ), N-HR9PAL| pﬁ%ﬂ?ﬁﬂonéﬁéleretsteson@@hemezéswenfﬂ 3 seigtion b ER:819585 (31.6

1, 8- di azaip| 0)00LOED. el) b g, gﬁi fitfade %h@nﬂ]ilﬂ-p@ngﬁ:ﬂﬁi | 0.0000787 h&AFt OF
a

31 vial was_ seal ed and heat 60 seconds in the m crowave.
Purifi calf tﬁ’mP Kormamidg, £300 pby 6-47110le Watrddero spstium Shydride{2.98 smg,
Schene 290060742 mol). The reaction mixture was stirred overnight then quenched cautiously with
water (1 ml), and extracted several times with ethyl- acetate. The organic extracts were
combined, washed with water and brine, dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash .chromatography (eluent: 50% ethyl acetate in hexanes)

provided ER-819590 (18.8 mg, 46%) as a colorless solid.

Scheme 29

1M LHMDS in THF
DMF
uwave 200°C, 900 sec

ER-B19639 ER-819638

[0697] ER-819638: As depicted in Scheme 29 above, a 2 mL microwave reactor vial was
charged with ER-819639 (102.3 mg, 0.0002151 mol), 2-(2-bromoethoxy)tetrahydro-2H-
pyran (80.0 pL, 0.000530 mol), N,N-dimethylformamide (1000.0 pL.) and a 1.00 M solution
of lithium hexamethyldisilazide in tetrahydrofuran (530.0 pL). The reactor vial was sealed
and heated at 200°C for 900 sec in the microwave. The reaction was not complete;
consequently, additional 2-(2-bromoethoxy)tetrahydro-2H-pyran (80 uL, 2.5 eq) and 1.00 M
lithium hexamethyldisilazide solution in tetrahydrofuran (530 pL, 2.4 eq) were added and the
vial reheated at 200°C for 900 sec. Purification by preparative reverse phase HPL.C provided
ER-819638 (57.8 mg, 44.5%).
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O N benzyl bromde ~O NH LHMDS DWMF M crowave 200C, 900s NN O- 0-1 O1
ER- 81 9585 ER-819662 [0092] ER-819621: As depicted in Schene 25 above, a
2mL m crowave reactor vial equipped with a stir bar was charged with

ER- 819585 (70.0 ng, 0.000138 nol), N, N dinethylformmde (830.0 L, 0.01072
nol ), benzyl brom de (40.0 L, 0.000336 nol) and a 1.00 M sol ution of
l'ithium hexanethyl disilazide in tetrahydrofnran (350.0 L). The reactor

vial was seal ed and heated at 200C for 900 sec in the m crowave.
Purification by preparative reverse phase HPLC provi ded ER-819662 (35.14
ng, 43% . [0093] ER-819663, ER-819661, ER-819659; ER-819650, ER-819647,

ER- 819641 were prepared in substantially the same manner as ER-819662.
Schenme 26 ~0 -0 Al kyl halide ~\j] NMP N 10 , N NH M crowave 180C for 60s
NH HHC Rs ER- 819666 32 100941 Schene 26 above depicts a general nethod
for introducing the -X-R5 group, wWgkmed0! S -CH2-. As depicted in Schene
26 above, a 2 nL mcrowave reactor Vial containing_a stir bar was charged
with ER- 819686 (0.001659 nol), .an al kyl halide (0.002923 nol),

N- net hyl pyrr di none (5.00_nl) .and 1, 8-di azabi cycl o] . 0] undec- 7- ene
(0.003745 0 ] _ - o
N0 fi. 1M NaOH (aq) N o
N N
ER-819638 ER-819660

[0098] ER-819660: As depicted in Scheme 30 above, a solution of ER-819638 (57.8 mg,
0.0000957 mol) in ethanol (0.539 mL., 0.00922 mol) was treated with 1M hydrochleric acid
(0.970 mL) and stirred at room temperature for 3 hours. The reaction mixture was
neutralized by dropwise addition of 1 M aqueous sodium hydroxide (0.970 mL). Purification
by preparative reverse phase HPLC provided ER-819660 (29.06 mg, 58.4%).

{0099] ER-819657 and ER-819642 were prepared in substantially the same manner as

ER-819660.
Scheme 31 _
)
' 3,5-dimethoxybenzyl chloride .
HO OH NacO3 : .
Nal . N
DMF
> \
N | O
H HcCi
O
- ER-819139

[00100] ER-819139: As depicted in Scheme 31 above, a 2 L round bottom flask was
charged with 4-piperidone monochloride monohydrate (46.5 g, 0.302 mol) and N,N-
dimethylformamide (600 mL). To the resulting suspension were added sodium carbonate
(58.3 g, 0.550 mol), sodium iodide (28.9 g, 0.193 mol) and 3,5-dimethoxybenzyl chloride
(51.4 g, 0.275 mol) under nitrogen. The resulting beige suspension was then heated to 90°C

35



nmol ). The reactor vial was seal ed and heated at 180C for 60 seconds in the
m crowave. Purification by preparative reverse phase HPLC provi ded the
desired product. Schene 27 ~O-0 Re-Br 0 OLHVMDS ~i NN~ DWW ~O N NH

M crowave 200C, 900s to 2700s NNRB N N RS Rs [00951 Schene 27 above
depicts a general nmethod for introducing the R8 group. As depicted in
Schene 27 above, a 2 nL mcrowave reactor vial equipped with a stir bar was
charged with starting material (0.000138 nol), N, N-di nmet hyl formam de (830
l.), R8- brom de (0.000336 nmol) and a 1.00 M solution of lithium

hexamet hyl di sil azide in tetrahydrofuran (350 L). The reactor vial was

seal ed and ated at 20 Cf to 2700 sec i.n the m crowave.
Purifi ca?’?%n" S?IeWB'P 5 JEACiph miX iR, Peramer endycand, gaiden

product . yShive r‘maea‘&cﬂ:&l ifixtufe Bas ftdved Bhd\then ithe-rebittdnNofvEe filkald conbertrated! -
01~ 0.~ B & mifimnSl 2282 EF S123¢ gy lng% vacuum rotavap. Saturated agueous ammonium
chloride solution (300 mL) was added and the mixture extracted with MTBE (250 mL
extractions). The combined organic phases were dried (anhydrous Na,804) and concentrated

to give a reddish brown oil ER-823139 (quantitative yield assurned).

. Scheme 32
8 N\ H
N ~
fi\/‘ . 2-methoxyethylamine \/\0
Potassium cyanide

N 12M HCI
\ MeOH N
o Water \

. o)
~O _
ER-819139 ~©  ER-823106

[00101] ER-823106: As depicted in Scheme 32 above, to a suspension of ER-823139 in
water .(2-'8 ml) and methanol (3.0 mL) was added 2-methoxyethylamine (1.36 mL, 0.0157
mol). To the resultant brown suspension was added dxopvﬁsc a 12M solution of aqueous
hydrochloric acid (1.31 mL). The reaction mixture was heated to 40°C and a solution of
potassium cyanide (1.02 g, 0.0157 mol) in water (2.3 mL, 0.13 mol) was added dropwise. A
significant amount of starting marterial was still not dissolved. Thus, additional methanol (3.0
mL, 0.074 mol) and water (2.8 mL, 0.16 mol) were added and the suspension was stirred at
room temperature for 18 hr. The reaction mixture was then extracted with ethyl acetate (2x). -
The combined organics were washed with water, brine, dried over sodium sulfate, filtered

and concentrated in vacuo to give yellow-brown crude product ER-823106 (4.70 g, 99%).
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[ 0096] ER-819590: As depicted in Scheme 28 above,

ER- 819585 (31.6 ng, 0.0000622 nol
1-[ 3- (brononet hyl ) phenyl ] -1 H pyrro
N, N- di et hyl f or mam de (500 L,
0. 0000747 nol).
cautiously with water (1 nL), and
acetate. The organic extracts were
dried over magnesium sul fate, filt
chromat ography (el uent: 50% et hyl

(18.8 ng, 469% as a colorless soli

to a solution of
) and
le (18.2 ny, 0.0000747 nol) in

extracted several

combi ned, washed with water and
ered, and concentrated in vacuo.
acetate in hexanes)

i NnTHF D

ER-819638: As depicted in Scheme 29 above,
charged wiM
2- (2- bronoet hoxy)
N, N- di et hyl f or
hexanet hyl di si | a

was

seal ed

not conpl e
2- (2- br onoet

C!i SChegE 29 10 ~O N N O NH 1M

N N ER-819639 ER-819638
a2 nm mecer
EF9819639 (102. 3 ng, 0.0002151 nol)
Ry s 2H pyran (80.0 L, 0.000590
m de (1000.0 L) and a 1.00 M sol ution
i€ i n tetraﬁ%&
at 200C fam€l0 sec in the m or onwave.
sequently, aecdi-t—+oeratl— o
tetrahydro-2H pyran (80 L, 2.5 eq)

i N-,~O O DWMF wave 200C,

N o

ofllithium

any heate

d 1.00 M lithi

0.007 mol) was added sodi um hydride (2.99 nyg,
The reaction mxture was stirred overni ght then quenched
times with ethyl

bri ne,
Fl ash

provi ded ER-819590

LHVDS
[ 00971

W reactor, vial

YHPPYFE. 0 L). The ‘rgector vial was
The reaction was

um

hexanet hyl di si ltazi de solution in tetrahydrofuran (530 I1tL, 2.4 eq) were

added and t he~“vi gkssmbeat ed at 200C for 900 sec. Pu@figa
preparative reverse phase HPLC provided ER-819638 (57.8 ng,

1986 DY
44.59) .

Schene 4001021 ~oER:$19669:Msdepictedgn Scherng)33 above, to a sotution of ER-823106 (0.48 ¢,

0.0014 mol) in methylene chloride (2.0 mlL) at room temperature was added chlorosulfonyl
isocyanate {0.125 mL, 0.001440 mol) drbpwise slowly. The internal temperature increased to
30°C so an ice bath was then employed to keep the temperature i)etween 16°C and 25°C. The
mixture was stirred at room temperature for 1 hr then concentrated in vacuo to give pale
yellow foam. To the residue was added 1M hydrochloric acid (4.0 mL). The resulting
suspension was stirred for 10 min at room temperature, than heated at 110°C for 1 hr. The
reaction mixture was then cooled to 0°C, neutralized with 5 M aquecus sodium hydroxide
(~1.2 mL). A light yellow milky precipitate formed, which was extracted with ethyl acetate
(5x - until little/no product in last extract by TLC). The combined organics were washed
with brine, dried over sodium sulfate, filtered and concentrated to give a dark yellow oil. The
oil was purified by flash chromatography using DCM/Ethyl acetate (1:1), DCM/Ethyt
acetate/MeOH (9:9:1) and Ethy! acetate/MeOH (9:1) to give ER-819669 (17 mg, 31%). |

Scheme 34
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OEMOfOH N-~O 11 NaOH (ay N N N ER-819638 ER-619660 [ 0098] ER-819660:
As depicted in Schenme 30 above, a solution of ER-819638 (57.8 ny,

0. 0000957 nol) in ethanol (0.539 nL, 0.00922 nol) was treated with 1M
hydrochloric acid (0.970 nL) and stirred at roomtenperature for 3 hours.
The reaction mxture was neutralized by dropw se addition of I M aqueous
sodi um hydroxide (0.970 nL). Purification by preparative reverse phase
HPLC provi ded ER-819660 (29.06 ng, 58.4% . [0099] ER-819657 and ER-819642
were prepared in substantially the sane manner as ER-819660. Schene 31 0
3, 5-di net hoxybenzyl chloride. HO OH NaCO3 aNal NDVF O N H HCl 1.

ER- 81913 01 -819139:, .depicted in Schepe, 31 ove, a 2 L round
bott om f ﬁﬂé&ﬁm%ﬂ'ﬂﬁgpgegs aﬂ?‘ﬁéaybg‘gﬁ’ﬂe(}gr?@"ﬁ% r‘i‘o‘@ﬂft’&f‘i"é %%?%‘r?éﬁ?/ §18ime8.( 46. 5
gusgeﬁgagm 2)S,r ??aw'ds5 ihmi[g?r .emﬁgg@ 7m_),uL6T05)0ads§glrﬁsgl %ﬂél:q g’r?fsi-odi de
(2o o, Sl heyt dhiginis o0t 0 AR amy v A et opmamite 67T Gh13 pepsrro)
under ni hdatededt . 18THE for GOUetondg i GiegBicsdiedve NBirtficatiens b abtiaé esbetse pBile 35
and Ieft“%f stir v 3 %ts #éer 'o}qro eﬂﬁ"‘ Thear eac%’!ihgﬁnlb rrixturg bgcarre
cloudy amt-garFade @%WQ?O > ( emﬁe@cf ’?f%" %%k was filtered and then the
resul tant orange filtrate concentrated to a m ni num anount of solvent by
hi gh vacuum r ot avap. Sat urated aquegéilsem%rggoni um

—Q P -0 ©
” .
o) E A d
MgCl
e}
N P THF, -78 °C > 0 °C
o?ﬁl\/\o TFA quench, 0°C -> 1t
N | .
O'\.
O. _ O
ER-819695

] ‘ ER-819700
[00104]) ER-819700: As depicted in Scheme 35 above, to a solution of ER-819695 (i 18
mg, 0.000212 mol) in tetrahydrofuran (4 mL, 0.05 mol) at -78°C was added a 0.5 M solution

of 2-methylallylmagnesium chloride in tetrahydrofuran (4.232 mL) dropwise over 3 min
keeping internal temperature below at -50°C. The cooling bath was rémoved, and the
reaction mixture allowed to warm to 0°C. After 2 h at 0°C, TLC (9:1 Ethyl acetate-MeOH,
ninhydrin stain, UV) showed complete reaction. The reaction mixture was quenched by slow
careful addition of trifluoroacetic acid (0.978 mL, 0.0127 mol) at 0°C to give yellow solution.
The reaction mixture was then warmed to room temperature, stirred for 10 min and then
concentrated in vacuo using a rotary evaporator with a water bath temperature of 30°C. The
resultant yellow residue was dissolved in ethyl acetate, and and treated cautiously with an
excess of saturated aqueous sodium bicarbonate solution. The biphasic mixture was stirred
until gas evolution ceased. The organic layer was separated and the aqueous layer was re-
extracted with ethyl acetate. The combined organic extracts were dried over Na;SO,, filtered,
and concentrated in vacuo. Purification by preparative TLC ethy! acetate/MeOH (9:1) gave
ER-819700 (85 mg, 67%).
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chloride solution (300 nL) was added and the m xture extracted with MIBE
(250 mL extractions). The conbi ned organi c phases were dried (anhydrous
Na2SO4) and concentrated to give a reddish brown oil ER-823139
(quantitative yield assunmed). Schenme 32 ONH N 2-nethoxyethylam ne N
Pot assi um cyanide 12M Z) MOHCI N O 1 \ Water .110 ER-819139 ER- 823106
1001011 ER-823106: As depicted in Schene 32 above, to a suspension of
ER-823139 in water (2.8 nmL) and nethanol (3.0 nmL.) was added

2- met hoxyet hylamne (1.36 nL, 0.0157 nol). To the resultant brown
suspensi on was added dropwi se a 12M sol uti on of aqueous hydrochloric acid
(1.31 nmL). The reaction m xture was heated to 40C and a sol ution of

pot assi um cyanide (1.02 g, 0.0157 nmol) in water (2.3 nL, 0.13 nol) was
added dropwi se. A significant anousdhenafe3&t arting marterial was still not
di ssol ved. Thus, add{tional'nethanol (3.0 nL, 0.074 nol) and water (2.8
m., 0.16 nol) wewe added and the suspension was stirred at room

. /The reaction mxture was t@en extracted with ethyl
i ned organics were washed w=t,h water, brine, dried
over sodiumsulfate, filtered and concentrated I o t® give

yel | ow br own ud oduct ER-823106 (4.70 g, ene 8? N 1.{

HN-yO  Chl or n mhysufyanateﬁbHAQ%ChNtDCM N -

tenperature for 1
acetate (2x). T

K@,O\ ) b/o\
o ) o.
ER-819700 ) ER-8189701

[00105] ER-819701: As depicfed in Séheme 36 above, to a solution of ER-819700 (45 mg,
- 0.000076 mol) in methylene chloride (2.25 mL) was added trifluoromethanesulfonic acid (20
KL, 0.0002 mol) dropwise at room temperature. After 40 min the reaction was quenched with
sat. NaHCO; (color changed from dark yellow to almost colorless), vigorously stirred for 20
min at room temperature, extracted with methylene chioride (3x). The combined extracts
were dried over NaySQy, filtered, concentrated in vacuo. Purification by flash
chromatography using 100% ethyl acetate followed by ethy! acetate/methanol (19:1) afforded
ER-819701 (26 mg, 58%). '
[00106] [ER-819655, ER-819672, ER-819698, ER-819704 were prepared in substantiaily
the same manner as ER-819701. ' |

Scheme 37
R? RP
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HN P _
alkyl halide N P
: DBU, DMF o~ N0
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I 1/ . [ -~OER-823106 1-0 ER- 819669 (00102] ER-819669: As depicted in
Schene 33 above, to a solution of ER-823106 (0.48 g, 0.0014 nol) in

nmet hyl ene chloride (2.0 nL) at roomtenperature was added chl orosul f onyt

i socyanate (0.125 ni, 0.001440 nol) dropwi se slowy. The internal
tenperature increased to 30C so an ice bath was then enployed to keep the
tenperature between 16C and 25C. The mxture was stirred at room
tenperature for 1 hr then concentrated in vacua to give pale vyellow foam
To the residue was added 1M hydrochloric acid (4.0 nmL). The resulting
suspension was stirred for 10 mn at roomtenperature, than heated at 110C

for t hr actl m xture was t ooled to QC, neutraligzed th 5 M
agueous [%@t}ﬁ m éﬁ?’ﬂ?’&? ghovg ‘Se-pi“?a ﬁf‘)er‘n R“fq“ﬁﬁ'l%" %WBW%"W&% ¢ i- g \gtc e
f or med, gmups h vasdepidtedidh efcheink 32 tabyle, ot abhition (fSER-810669 I(oJoongl @domp

DO RS ke T 7 s BOBDBE D S L

yel | ow adl) xﬂ'h'eN-dinJeﬂiﬁoﬁ‘lsmmidél(ed biL) fWwas heatdtl @raBOQr dthyo Lb‘éd:diﬂs %t %I )
acetate (.1: Et acet a e Me 1
ot Pve mifyoleye, BN by G HVE el shiase by o BRI e s

3,4,5-trinmet hoxybenzyl chloride DBU, DVMF N m crowave 180 C 60 sec NO1

O 1 ER-819669 ER-819695 O~ 37 (O Rg]ﬂ ER- 819695 As depicted in Schema 34
above, a solution of ER-819669 (11

Ra =3y _ Ra RY
RC c
A/MQCI R
O O
N—¢ ,  THF,-78°C->0°C TR 4
o?ﬂ“$o TFA quench, G °C -> rt == N\/\O
. N _ N
O o
O . O

[00108] As depicted in Scheme 38 above, to a solution of starting material (0.000212 mol)
in tetrahydrofuran (4 mL) at -78°C was added a 0.5 M solution of 2-methylallylmagnesium
chloride in tetrahydrofuran (4.232 ml) dropwise over 3 min keeping internal temperature
below at -50°C. The cooling bath was removed to allow the reaction mixture to warm to 0°C.
After sturing for 2 hrs at 0°C, the reaction mixture was quenched by slow careful addition of
trifluoroacetic acid (0.978 mL, 0.0127 mol). The reaction mixture was then warmed o room
temperature, stirred for 10 min and then concentrated in vacuo using a rotary evaporator with
the water bath temperature set at 30°C. The resultant residue was dissolved in ethyl acetate,
and excess saturated aqueous sodium bicarbonate was added cautiously. The biphasic mixture
was stirred until gas evolution ceased. The organic layer was separated; the aqueous layer
was extracted with ethyl acetate. The combined organic extracts were dried over Na;SO;,
fillered, and concentrated in vacuo. Purification by preparative TLC with ethyl
acetate/methanol (9:1) afforded the desired product.
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0. 00029 not), 1, 8-di azabicycl o[5.4.0]undec-7-ene (87.2 L, 0.000583 not) and
3,4,5- trinmethoxybenzyl chloride (107 ng, 0.000495 not) in

N, N-di met hyl formam de (1.1 nmL) was heated at 180C for 60 seconds in the

m crowave- Purification by preparative reverse phase HPLC provided

ER- 819695 (129 ng, 79% as colorless oil. Schene 35 -O0-00 ). MdA -
-0-0 OO " THF, -78 C->0 C ON~O TFA quench, 0 Cit N -/~O NN O1L~
O O1 O ER819695 ER- 819700 [00104] ER-819700: As depicted in Schene
35 above, to a solution of ER-819695 (118 ng, 0.000212 not) in
tetrahydrofuran (4 nL, 0.05 not) at -78C was added a 0.5 M solution of

2- et hyl al | yl magnesi um chl oride in tetrahydrofuran (4.232 nlL) dropw se over
3 min keeping internal tenperature below at -50C. The cooling bath was
renoved, and the reaction mxture Sdneai® to warmto OC. After 2 h at 0C,
TLC (9:1 Ethyl acetate-MeOH, ni nhydrin stain, W) showed conplete
reaction. The ct®on mixture was quenched by slogw careful addition of
trifluoroacetic &D. 978 L, 0.0127 not) at ocCto gi ve yell ow sol ution.
The reaction m X e was then warnmed to room t ure, stirred for 10
mn and then cdnceptrated in vacuo using a rotar rajor with a water
bat h tenper atfjur eNof” 30C. Fhe resultant yellow Rasi. stdissolwved in

et hyl acet ate" d Mnd TPeat ed cgolj@uelytW th an Satfr at ed
aqueous sodi um bfcay bonat e solutTom—Fhebiphasi ¢ m xtufe s stirred

until gas evol ut¥ R ceased. The organic | ayer was separ and the aqueous
| ayer was re-

0. O

. 0\ o

[00109] As depicted in Scheme 39 above, to a solution of starﬁr;g material (0.000076 mol)
in methylene chloride (2.25 mL) was added trifluoromethanesulfonic acid (20 pL, 0.0002
mol) dropwise at room temperature. After 40 min the reaction was quenched with an excess
of saturated aqueous sodium bicarbonate, vigorously stirred for 20 min at room temperature,
and extracted with methylene chloride (3x). The combined extracts were dried over Na;SQ, _
filtered, and concentrated in vacuo. Purification by flash chromatography using 100% ethyl
acetate followed by ethyl acetate/methanol (19:1) afforded the desired product.

Scheme 40

N )\/MQC' 'lHo N'—(O P
O?ﬂl\/\o THF,-78°C >t _ N N._~"0
NH4Cl quench o
N ' N
O\ . o“\.
O O

ER-819675 ER-819676

[00110] ER-81%676: As depic_ted in Scheme 40 above, to a solution of ER-819675 {80.0
mg, 0.000171 mol) in tetrahydrofuran (2 mL, 0.03 mol) at -78°C was added a 0.5 M solution
of 2-methylallylmagnesium chloride in tetrahydrofuran (3.422 mL) dropwise over 3 min
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extracted with ethyl acetate. The conbi ned organic extracts were dried over
Na2SO4, filtered, and concentrated in vacuo. Purification by preparative
TLC ethyl acetate/ MeCH (9:1) gave ER-819700 (85 ng, 67%. 38 Schenme 36 -O
O 010 ONO N/-d/ TFOH CH2C12, rt NN O-1 OG1 ER-819700 ER-819701
[ 00105] ER-819701: As depicted in Schenme 36 above, to a solution of

ER- 819700 (45 ng, 0.000076 nol) in nethylene chloride (2.25 nL) was added
trifluoromethanesul fonic acid (20 L, 0.0002 nol) dropwi se at room
tenperature. After 40 min the reaction was quenched with. sat. NaHCO3

(col or changed fromdark yellow to al nost colorless), vigorously stirred
for 20 mn-at roomtenperature, tracted.with nethylene chlorid 3X) .
The contieHBEs BFPORPTRBFD 507, The TSR iT pat alowed A i Sl |
vacuo. Rur3fO0@vércipplokirhitelgh.s kournahe gefiby was qugichGDIGtR kdnytlated @qlicaiie
fol |l oned by ethyl acet [ met hanol 9:.1) .afforde ER.8197Q1 (.26 5899 .
[ 00106 emberpmickicHaR gl Fnd dteerbuisn ol Ao Do R i

subst antwet dyied oV NeaB@4, modh narcentsatécd_in34046 The Sokieprodict Was Plrified by@aBh HN O~
O chromatography eluting with ethyl acetate/methanol (19:1) to-afford ER-819676 (85 mg,

95%).

Scheme 41
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[00111] ER-819677: As depicted in Scheme 41 above, to a solution of ER-819576 (56 mg,
0.00011 mol) in methylene chioride (5000 pL). was added triflucromethanesulfonic acid (90
pL, 0.001 mol) dropwise at roon:l temperature to give yellow solution. After 3 h, the reaction
was quenched with satirated aqueous sodium bicarbonate solution, vigorously stirred for 20 .
min at room temperature and extracted with methylene chloride (3x). The combined extracts
were dried with Na;SQy, filtered and concentrated in vacuo. Purification by preparative TLC
using ethyl acetate/methanol (9:1) as eluent afforded ER-819677 (22 mg, 40%).

Scheme 42 _
OH Br
CBr,, PPhg, '
Br CH,Cl,, r.t. Br
~o o~ " 95% : ~o o~
ER—820757 ER-823141
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al kyl halide N--q DBU DM N mcrowave 180 C, 60 sec. CJI O NO~ O~
ER- 819669 39 100107] Schenme 37 above depicts a general nethod for

i ntruduci ng various R, Rb, and R groups. As depicted in Schenme 37 above, a
solution of ER-819669 (0.00029 nol), 1, 8-diazabicyclo[5.4.0]undec-7-ene
(87.2 L, 0.000583 nol) and an al kyl halide (0.000495 nol) in

N, N-di net hyl formam de (1.1 nL) was heated at 180C for 60 seconds in the

m crowave. Purification by preparative reverse phase HPLC provi ded the
desired product. Schene 38 Ra Ro Ra Ro O, 09 R/ \ Rce Md O
THF, - 78C->0C O N~/ ~O TFA quench, 0 Crt ,,/-"O N N 011 01~ ~ [001081

As depi ! I

(0. 0002180 HRGEEBAYoAS dPeier an Sthemn. ' PR, %s'émmon

3 ?Lut i ggw@s‘ d@samhylmdéwé;mgmsd;ngn ml:)g rmphd?lprhgs;ﬂ?; amgg,qrsu(r) %mo_qr)dag&z m.)
Wi u . - .

coolol ng ‘E)BI %%@P@ﬁ% @'Q‘iéqg’ %ﬁ ?’%mégé‘% ??drﬁl&trﬁ?‘g“? SgﬂﬁfﬂYet"b‘ ,

Af t er stroom tegerecatur?. Goceatrat®, int Muod‘ahawmbynfmm chrowasogtaphy olsag dyyls| ow

caretl 2daidhdiln@ln.of & AlHPLAGGES BR- B8 {:%397%?‘33591, ey Rhih; The

ﬁ’h
reaction mxtu en war ne 0 room red Tor 10 mn
and then concentrated in vacuo using a rotary evapor ator mnth

Scheme 43
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Q
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~o O/ . ~ 64% N
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. o | .
ER-823141 ER-823140 0\
ER-823142

{00113} ER-823142: As depicted in Scheme 43 above, a 5 mL microwave reactor vial,
equipped with a magnetic stir bar, was charged with ER-823140 (200.0 mg, 0.6263 mmol),
N,N-dimethylformamide (2.0 ~mL), ER-823141 (388 mg, 1.25 mmol) and
1,8-diazabicyclo[5.4.0]lundec-7-ene (211 uL, 1.41 mmol) to give a light yellow solution. The
reaction mixture was heated at 180°C for 90 seconds in the microwave. Ethyl acetate (5.0
ml.) was added followed by a saturated aqueous ammonium chloride solution (2.5 mL) and
water (2.5 mL). The organic layer was isolated and the aqueous layei extracted (ij with
ethyl acetate (5.0 mL). The combined organic extracts were washed with saturated aqueous
sodium chloride solution (5.0 mL). The organic layer was cixied with sodium sulfate, filtered
and concentrated in vacuo. The residue was purified by flash chromatography (0-2.5 %
methanol / ethyl acetate) to givé ER-823142 (218 mg, 63%) as a colorless solid.
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the water bath tenperature set at 30C. The resultant residue was dissol ved
in ethyl acetate, and excess saturated aqueous sodi um bi carbonate was
added cautiously. The biphasic m xture was stirred until gas evol ution
ceased. The organic | ayer was separated; the aqueous |ayer was extracted
with ethyl acetate. The conbi ned organic extracts were dried over Na2SO4,
filtered, and concentrated in vacuo. Purification by preparative TLC with
ethyl acetate/nethanol (9:1) afforded the desired product. 40 Schene 39
Re RobRe / \ Re Rob pO ORa N-f NfpmNO TfOH CHzCI2, rt NN ~O- |
\' O O O1L (00109] As depicted in Schenme 39 above, to a solution of
starting material (0.000076 nol) in methylene chloride (2.25 nL) was added
trifluoromethanesul fonic acid (20 L, 0.0002 not) dropwi se at room
tenperature. After 40 min the reaction was quenched with an excess of
sat urat ed aqueous sodi um bi carbonate, vigorously stirred for 20 mn at room
tenperature, and extracted with nethylene chloride (3x). The conbi ned
extracts were dried over Na2S(4, fé«:lhteg;re%’ and concentrated in vacuo.
Purification by flas}1 chr omat ogr aphy—tustmg 100% et hyl acetate fol |l owed by
et hyl acetate/ nmethagol (19:1) afforded the desired product. Scheme 40 8-~0
MCl O --/-O THF, -7, >rty ) /

Br O ’ Br O

gt

A

LIHMDS, EtBr, N—¢
DMF, microwave

79%

C
Z
X

Q
(

O O

ER-823142 ER-823163

[00114] ER-823163: As depicted in Scheme 44 above, a 5 mL microwave reactor vial,
- equipped with a magnetic stir bar, was charged with ER-823142 (100.0 mg, 0.1823 mmol),
N,N-dimethylformamide {1.00 mL); 1 M lithium hexamethyldisilazide solution in
tetrahydrofuran (0.43 mL), and ethyl bromide (0.032 mL, 0.438 mmol). The mixture was
heated at 170°C for 150 seconds in the microwave. The reactor mixture was cooled to room
temperature and treated with MTBE (2 mL)}. Saturated aqueous ammonium chloride solution
(1 mL) was added and the mixture was stirred for 10 minutes. The organic layer was isolated
and the aqueous layer back extracted with MTBE (2x2 mL). The combined organic layers
were washed with saturated aqueous sodium chloride solution (2 mL). The organic layei' was
dried with sodium sulfate, filtered and concentrated in vacuo. The crude material was purified
by flash chromatoé;aphy (ethyl acetatej to give ER-823163 (83 mg, 79%) as a light yellow

solid.
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\' C1 N#MC quench NN | '"-~; -q 1-q Ol~ O-1 ER- 819675 ER-819676

[ 001101 ER-819676: As depicted in Schenme 40 above, to a solution of

ER- 819675 (80.0 ng, 0.000171 nol) in tetrahydrofuran (2 nL, 0.03 nol) at
-78C was added a 0.5 Msolution of 2-nethylallylmagnesiumchloride in
tetrahydrofuran (3.422.nm) dropwi se over 3 mn 41 keeping internal
tenperature bel ow -60C. The reaction m xture was allowed to warmslowy to
-35C (over approximately 1.5 hours). The reaction was quenched with

sat urat ed aqueous anmoni um chloride solution, and extracted with ethyl
acetate (2x). The conbi ned extracts were dried over Na2SO»4, and
concentrated in vacuo. The crude product was purified by flash

chromat ography eluting with ethyl o2bemedbnethanol (19:1) to afford
ER-819676 (85 ng, /95% . Scheme 41 O HO N~ ~ N~ K~Oi N-~O Ti OH
CH2Ct2 N rt, 3 h®l~ O- ER 819676 ER- 819677 100¥111 ER-819677: As
depicted in chﬁrre A1Rahdve, to a solution of ER-81§ %6 ng, 0.00011
nol ) in methyl ehe HQje (5000 L). was added i f omret hanesul f oni ¢
acid (90 L, 0.001/nol) dropwi'se at roomtenperaturg to.give yellow
solution. After 3l ﬁe react i-onAlytaggrquenched witl 5€9urat ed aqueous

sodi um bi car bona"tDe sol\jition, vi goTHBEL®g stirre ON
?3 ' {crude) HO

N N
O

O _ O

ER-823163 ’ ER-823166
[00115] ER-823166: As depicted in Scheme 45 above, ER-§23163 (153.0 mg, 0.?654
mmo!) was dissolved in anhydrous tetrahydrofuran (1.5 mL) and the solution cooled to §°C.
" A 1.0 M solution of allylmagnes-ium bromide in ether (1.327 mL) was added and the mixture
- stirred at 0°C for 1.5 hours. Saturated aqueous ammonium chloride solution (1.5 mL) was
added and the mixture was stirred for 10 minutes. The mixture was extracted (2x) with
MTBE (7 mL). The combined organic laye_rs were washed with saturated aqueous sodium
chloride solution (3 mL). The organic layer was dried with so&ium sulfate, filtered and
concentrated in vacuo to afford crude ER-823166 (160 Jﬁg)_ which was used immediately

without pufiﬁcation.
Scheme 46
O/
8r O/
o Pd(OAC),,

tri-o-folylphosphine,

3 Et;N, CH4,CN,
\:%I\/ microwave 120°C, 1 hr.

ER-823166

ER-819703
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mn at roomtenperature and extracted with nmethylene chloride (3x). The
conbi ned extracts were dried with Na2SO4, filtered and concentrated in
vacuo. Purification by preparative TLC using ethyl acetate/nethanol (9:1)
as eluent afforded ER- 819677 (22 nmg, 40% . Schene 42 OH gr CBr4, PPh3, A
Br CH2CI2, r.t. Br ~OIl / O 9 5a0 Ol / O ER-820757 ER-823141 42
[00112] ER-823141: As depicted in Schene 42 above, ER-820757 (1.62 g, 6.556
mol ) was di ssolved in nethylene chloride (80 niL). Triphenyl phosphi ne
(3.44 g, 13.1 mol) and carbon tetrabromde (4.35 g, 13.1 mmol) were added
and the mxture stirred overnight at roomtenperature. Concentration in
vacuo fol |l owed by flash chromatography using ethyl _acetate/ heptane (1:9)
2s. el ueri0LIlor BRuS1303,43 depictsd i Stheigedh abgue, 1o pisgifion PEEREPI6H (180fleme. 43
0 HN---mf) Bn7M3 nBholPNH attofitrlk (PBUnLPMndelN\ar( atobsphere Bf mitrdgeiil o O\same ~ ~O

ER. 5231 L BEPE V8t (2R PSLARBTo s (g0, g GRS FialhoF i ol

equi ppeciolWilptosphifia 2EE irfg,S0.09070 aimolyvanid atiehglathing (99. ERLS 2810 mipadt¥0 . Theny,

0.6263 mxgrpxltgré was heated at 120°C for 60 minutes in the microwave. The reaction mixture was
filtered through a short pad of Celite and silica gel, and the pad subsequently washed with
ethyl acetate/methanol (9:1). The filtrate was concentrated in vacuo. Purification of the
resultant residue by preparative reverse phase HPLC provided ER-819703 (10 mg, 12%).

Scheme 47 -
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o Bl‘lo\©ﬂ
o) 0
HN—{ ' DBU, "N
o NH DMF o NH
180 °C, 180 sec
microwave .
. __b
N : Bn0O N
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ER-823140 o ER-819679

{00117] ER-819679: As depicted in Scheme 47 above, 2 5-mL microwave reactor vial was
charged with a magnetic stir-bar, ER-823140 (505.0 mg, 0.001581 mol), and N,N-
dimethylformamide (3.5 mL) . The mixture was stirred for a few minutes to dissolve all the
solid, giving a clear, faintly yellow solution. 3,4-dibenzyloxybenzyl chloride (210.8 mg,
0.002688 mol) was added, and the solution was stirred to dissolve. 1,8-
diazabicyclo[5.4.0lundec-7-ene (475 pL, 0.00318 mol} was then added via syringe. The
solution rapidly took on a slightly greenish tint after the 1,8-diazabicyclo[5.4.0]undec-7-ene
“was added, but the color did not darken further. The clear solution was stirred to mix, the
tube was sealed with a septum cap, and the reactor vial heated in the microwave at 180°C for
90 sec., and then allowed to stand at room températu:e overnight. TLC and mass
spectroscopic analysis indicated a small amount of ER-823140 remaining. Consequently, the
reactor vial was heated in the microwave again for 90 sec at 180°C. The clear, amber
solution was diluted with ethyl acetate (80 mL) and washed with water (2 x 30 mL), saturated
aqueous sodium bicarbonate solution (30 mL), water (30 mL), and saturated brine (30 mlL),
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N, N-di net hyl formam de (2.0 nL), ER-823141 (388 ng, 1.25 nmol) and

1, 8-di azabi cycl o[ 5. 4. OJundec-7-ene (211 L, 1.41 nmmol) to give a |light

yel | ow solution. The reaction mxture was heated at 180C for 90 seconds in
the m crowave. Ethyl acetate (5.0 nmlL) was added foll owed by a saturated
aqueous ammoni um chl oride solution (2.5 nL) and water (2.5 nL). The
organic | ayer was isolated and the aqueous |ayer extracted (2x) with ethyl
acetate (5.0 nL). The conbi ned organic extracts were washed with saturated
aqueous sodiumchloride solution (5.0 m.). The organic |ayer was dried
with sodiumsulfate, filtered and concentrated in vacuo. The residue was
purified hy flash_chromatography (0-2.5 % nethanol / ethyl acetate) to

i ve ER 89%% guet anhydions mpgigsiiry sulfels; Bipredsandpangentitedsin gy 40, 8RBT 0
Br-- -0 8a29M1:02lg HMA%) admi Bpht thift solldNHHDNMR (COCRYMRafad suffidieht pMYNoN O ~
O 1 ER- 8231 ER—8231§§ 0 114éﬁgR=823163: As depicted in Schene 44
above, a"¥ HOGA TR vEneY PYRLFatoBy i pped with a magnetic stir bar,
was charged with ER-823142 (100.0 ng, 0.1823 mol), N, N-di net hyl f onnam de
(1.00 mL), 1 MIithium hexainethyldisilazide solution in, tetrahydrofuran
(0.43 nL), and ethyl bromde (0.032 niL, 0.438 mmol ). The m xture was

heated at 170C for 150 seconds in the m crowave. The reactor m xture was
cooled to room tenperature and treggﬁgnyg h MIBE (2 nmL). Saturated aqueous
ammoni um chl oride solution (1 n) d and the m xture was stirred

for 10 mnut &2 The organic |layer was isolated Bn€ the aqueous |ayer back
extracted gig.h E (2x2 nm.). The conbi ned orgﬁﬁr ayers were washed with
sul

sat urated aque i umegchl oride solution (2 ) gQr gangc | ayer was
dried with sodi e, filtered and concentrat ed”i pcflo. The crude

mat eri al was pur|fb NH NaH, o= N
‘ CH3CHo! .
0°Ctont
B ——— e
N : N
OMe OMe
OMe - OMe
ER.819679 ER-819681

(00118] ER-819681: As depicted in Scheme 48 above, ER-819679 (0.6204 g, 0.0009979
mol) was dissolved in N,N—dhnetﬁylfomanﬁde (5.0 mL, 0.064 mol) at room temperature,
and the solution was cooled in an ice-water bath under nitrogen. Sodium hydride (47.9 mg,
0.00120 mol) was added all at once,'and the mixture stirred for 40 min. Todoethane (100 uL,
0.001250 mol) was added via syringe. The resultant cloudy solution was stirred with ice-
water bath cooling for 2.3 h, and the bath was then removed. Stirring was continued at room
- temperature overnight. The reaction solution was diluted with ethyl acetate (80 mL) and

| water (25 mL), and the phases separated. The ethyl .acetate phase was \;;Jashed with water (2
x 25 mL), and saturated brine (30 mL), dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo to give an off-white film. This film was rinsed with heptanes (3 x ~2
mL), and the heptanes was decanted by pipette. The solid was re-dried under vacuum to give
ER-819681 (648.0 mg, 100%) as a semi-solid foam that melted with warming.
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by flash chromat ography (ethyl acetate) to give ER- 823163 (83 ng, 79% as a
light yellow solid. 44 Scheme 45/ / 00 Br OBr O~/0 AltylMBr, -~(O
N N~ THF, OCN OHO (crude) NN O O~ ER 823163 ER-823166 [001151
ER-823166: As depicted in Scheme 45 above, ER-823163 (153.0 ng, 0.2654
mol ) was di ssol ved in anhydrous tetrahydrofuran (1.5 nL) and the sol ution
cooled to OC. A 1.0 Msolution of allylmgnesiumbrom de in ether (1.327
m.) was added and the m xture stirred at OC for 1.5 hours. Saturated
aqueous ammoni um chl oride solution (1.5 n) was added and the m xture was
stirred for 10 mnutes. The m xture was extracted (2x) with MIBE (7 nl).
‘The conbi ned organic | ayers were washed with saturated aqueous sodi um
chloride solution (3 nL). The organic |layer was dried with sodium sulfate,
filtered and concentrated in vacuo to afford crude ER-823166 (160 ng)

whi ch was used i medi ately w thout cgurif'cation. Scheme 46 O10 Sr o O O
Pd(OAc)2, N tri-o-tolyl phosphine, & , CH3CN, N~ .

BnO

Oy g |
e

OMe 2. TFA

8nd

. Oife
ER-8136R1

ER-819718

[00119] ER-819718: As depicted in Scheme 49 above, ER-819681 (200.3 mg, 0.0003083
mol) was dissolved in tetrahydrofuran (3.0 mL) under nitrogen, and the solution cooled to -
78°C in a dry ice/acetone bath. A 0.5 M solution of 2-methylallylmagnesium chloride in
teuahydrom {2.0 mL) was added via syringe over ca. 3 min, and the solution was allowed
to stir at -78°C for 5 min, and then the bath was removed, and the solution was stirred at
room'temperéune for 2.5 h. The solution was re-cooled to -78°C and quenced with 0.1 mL
trifluoroacetic acid. This solution was then concentrated in vacue to give a yellow foam.
The flask was cooled to .-78°C in a dry ice/acetone bath and 3.0 mL of trifluoroacetic acid
was added. The trifluoroacetic acid Solidiﬁed, so the flask was removed from the bath, and
allowed to warm to room témperature. After 3 hours, 1 mL of methylene chloride was added
to help dissolve the solid. After ~ 7 hours total at room temperature, the red solution was
concentrated in vacuo using a rotary evaporator with the water bath temperature set to
approximately 40°C. The residual red-brown oil was dissolved in a few mL of ethyl acetate
(with sonication) and diluted with a total of approximately 80 mL of 'ethyl acetate. This
solution was washed with saturated sodium bicarbonate solution {40 mL), water (40 mL), and
saturated brine (40 mL). The organic extract was then dried over anhydrous magnesium
sulfate, filtered, and concnetrated in vacuo to afford a yellow-brown oil (200.4 mg).
Purification by preparative reverse phase HPLC provided ER-819717 (1.0 mg, 1.8%) and
ER-819718 (1.2 mg, 2.2%). ' '

{00120] Compounds of the present invention were prepared in accordance with the
methods described herein and those known to one of ordinary skill in the art. Such
compounds include those listed in Table 1 set forth below. Table 1 prqvides analytical data,

including 'H NMR data, for exemplary compounds of the present invention.
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HO ° microwave 120C, 1 hr N NO i ~ o0-1 ER- 823166 ER-819703 45 1001161
ER-819703: As depicted in Schene 46 above, to a solution of ER-823166
(110.0 ng, 0.1778 mml) in acetonitrile (2.5 nmL) under an at nosphere of
nitrogen in a 5 nL mcrowave reactor vial was added pal |l adi um acetate
(20.0 ng, 0.0889 mol ), tri-o- tolyl phosphine (27.6 ng, 0.0907 mmol) and
triethylamne (99.1 L, 0.711 nmol ). The m xture was heated at 120C for 60
mnutes in the mcrowave. The reaction mxture was filtered through a
short pad of Celite and silica gel, and the pad subsequently washed with
et hyl acetate/ nethanol (9:1). The filtrate was concentrated in vacuo.
Purification of the resultant residue by preparative reverse phase HPLC
provi ded ER- 819703 (10 ny, 1296. Scheme 47 BnO BnO bl; O O HNA -~ DBU, N %

014 NH OME OH o (] (180 € 18 1 oV o xg dl ~ Ove 11 1 Ve W
Ove ER- ‘ 519t oL R0 F—A =1 ed in Schene 47-
above, a (5=t mTrgwave Teactor—viat—wgs chajged—wtir—a—rragnet+e—st++—har,
ER- 82314( Eswmply#y, 0. ooﬁ%sﬂml) anf ERN¢ di net hyl Paulytizal Bata( 3.5 ni)) .
The m xt JrewWas—stiTTret—fFor—a few T a|| tre i

Y (400 MHz, CDCl,) 5 6.63 (s, 1H), 6.51

o (d, J=2.3 Hz, 2H), 6.38 (, }=2.2 Hz 1H),
~ ~ 4.70 (s, 1H), 4.68 (s, 2H), 3.85 (s, 3H),

4
>l 819701 | 3.84 (s, 3H), 3.81 (s, 6H), 3.80 (s, 3H),

Salt free | 3.54 (s, 2H), 3.51 (t, J=6.2 Hz, 2H), 3.38

o (t, J=6.6 Hz, 2H), 3.35 (s, 3H), 2.78-2.75
~ (m, 2H), 2.54 (t, 1=10.9 Hz, 2H), 2.01-
k@ 1.93 (m, 2H), 1.69 (s, 6H), 1.65-1.62 (m,
o, 2H)
NMR 'H

(400 MHz, DMSO) 8 6.48-6.46 (m, 3H),
6.38 (d, J=2.6 Hz, 1H), 6.35 (t, ]=2.3 Hz,
1H), 5.04 (d, J=8.5 Hz, 1H), 4.56 (dd, J=
819543 | 14-1 Hz, 2H) 4.06-4.01 (m, 1H), 3.74 (s,
Salt free | SHD» 3-72 (s, 3H), 3.70 (s, 6H), 3.46 (s,
2H), 3.35 (t, J=6.74 Hz, 2H), 3.26-3.16
(m, 2H), 3.20 (s, 3H), 2.70-2.60 (m, 2H),.
2.49-2.39 (m, 2H), 1.89-1.78 (m 2H), -
1.54-1.50 (m, 1H), 1.40-1.36 (m, i H),
1.26 (d, J=7.3 Hz, 3H),
NMR 'H
(400 MHz, CDCl3) & 6.52-6.50 (m, 2H),
6.46-6.45 (m, 2H), 6.38-6.37 (m, 1H),
819544 | 4-69 (s, 1H), 4.62 (s, 2H), 3.80 (s, 6H), -
Salt free | 3:79 (5, 3H), 3.76 (s, 3H), 3.53-3.50 (m,
4H), 3.40-3.37 (m, 2H), 3.35 (s, 3H),
2.78-2.75 (m, 2H), 2.58-2.55 (m, 2H),
2.01-1.97 (m, 2H), 1.66 (s, 6H), 1.67-
1.62 (m, 2H) '
NMR'H -
— (400 MHz, DMSO) & 8.89-8.87 (tm, 1H),
8.70 (d, J=8.8 Hz, 1H), 7.92 (4, J=8.2
o Hz, 1H), 7.67 (t, J= 7.9 Hz, 1H), 7.56-
- w—{ 7.53 (m, 2H), 6.48-6.47 (m, 1H), 6.38- -
4 =N’ 819592 | 6.37 (m, 1H), 5.10 (d, J=8.2 Hz, 1H),
Salt free | 4.56 (dd, J=14.2 Hz, 2H), 4.09-4.04 (m,
N 1H), 3.99 (s, 2H), 3.75 (s, 3H), 3.72 (s,
N 3H), 3.12-3.03 (m, 2H), 2.78-2.55 (m,
4H), 1.83-1.71 (m, 2H), 1.57-1.53 (m,
1H}, 1.40-1.37 (m, 1H), 1.28 (d, J=7.3
Hz, 3H), 1.00 (t, J=6.9 Hz, 3H)
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solid, giving a clear,

chl oride (910.8 ng,

to di ssol ve.
t hen added via syringe.

0. 002688 nol ) was added,

The

faintly yell ow sol ution
and the solution was stirred
1, 8- diazabicyclo[5.4.0]undec-7-ene (475 L, 0.00318 nol) was
solution rapidly took on a slightly greenish

3, 4-di benzyl oxybenzyl

tint after the 1, 8-diazabicycl o[5.4.0]undec-7-ene was added, but the col or

did not darken further. The clear solution. was stirred to mx, the tube
was sealed with a septumcap, and the reactor vial heated in the mcrowave
at 180C for 90 sec., and then allowed to stand at room tenperature
overnight. TLC and mass spectroscopic analysis indicated a small anmount of
ER- 823140 +efraini-Ra. Conseguent] l ot he reacto din.the
m cr owave /| dpaintplé gr{ 90 setSt&ictﬁ&OC Thg abrar ,| anber 4geilytieADadas dil ut pd
wi t h et hyF—eeetate—(80——and—washed—wt-h—watiet—{-2—%—3 0t °at“raLed_
aqueous sdi um bic bonate solution (3Q nL), wa 6 Eurated
brine (30[nL), 46 d magnesi [ ﬁ, ‘?, it
concentrated in vac 9 (1.02Z gﬁ | fg ) n
solid. 1H/ NVR (CDCL itent purii 8544 (m 6'41?(4 : E fep
wi thout frtheg purf QBQSBnQH)ngﬂB m& 0
Ctort OC fort N EhRGEs |BR14818631H), {mm&h E\% 83119681:
As depicted in Sche 79 (O GZSMSQD 30720 CHY BA 8-300 | (n, 2ABs
di ssol ved{in N, N-di m., O0.|06 aﬂ)ﬂﬁbﬁﬁ? ém@dhat uy e,
and the splution wa : - jat er ba 0 (mdldPym
hydride (7.9 ng, - [0. 00120 nol) was added all th”%ir%?é‘%
stirred for—40—Tmmtodoethanme—(106—t NMRIH
(400 MHz, DMSO) 3 8.91-8.90 (m, 1H),
8.36-8.34 (m, 1H), 7.87-7.85 (m, 2H),
7.59 (t, J=7.8 Hz, 1H), 7.54-7.51 (m,
1H), 6.48-6.47 (m, 1H), 6.38-6.37 (in,
6 819594 | 1H),5.07 (d, J=8.5 Hz, 1H), 4.55 (dd,
_ Salt frec | J=14.2 Hz, 2H), 4.25 (s, 2H), 4.06-4.02
{m, 1H), 3.74 (5, 3H), 3.72 (s, 3H), 3.19-
| 3.12 (m, 2H), 2.86-2.60 (m, 4H), 1.96-
1.85 (m, 2H), 1.60-1.57 (m, 1H), 1.45-
1.42 (m, 1H), 1.26 (d, J=7.3 Hz, 3H),
104t J=69Hz,3H)
_ NMR H
Q (400 MHz, DMSO) 5 8.96-8.95 (i, 2H),
8.00-7.93 (m, 2H), 7.87-7.83 (m, 1H),
. 6.48-6.47 (m, 1H), 6.38-6.37 (m, 1H),
_ ~g N—(o 1. 5.06 (d, J=8.5 Hz, 1H), 4.55, (dd, J=14.1
5 = N 819595 | Hz, 2H), 4.24 (s, 2H), 4.05-4.01 (m, 1H),
Salt free | 3.74 (s, 3H), 3.72 (s, 3H), 3.19-3.11 (m,
2H), 2.79-2.60 (m, 4H), 1.95-1.84 (m,
2H), 1.59-1.56 (m, 1H), 1.44-1.41 {m,
1H), 1.26 (d, J=7.0 Hz, 3H), 1.03 (¢,
J=7.0Hz, 3H),
NMR 'H
(400 MHz, DMSO) § 6.89 (s, 2H), 6.85
(s, 1H), 6.48-6.47 (m, 1H), 6.38-6.37 (m,
1H), 5.00 (d, J=8.5 Hz, 1H), 4.55 (dd,
319597 | }=14.2 Hz, 2H), 4.04-4.00 (m, 1H), 3.74
8 Salt free | & 3H):3.72 (s, 3H), 3.44 (s, 2H), 3.17-
“3.08 (m, 2H), 2.68-2.57 (m, 2H), 2.51-
2.38 (m, 2H), 2.23 (s, 6H), 1.88-1.75 (m,
2H), 1.56-1.52 (m, 1H), 1.40-1.37 (m,
1H), 1.26 (d, J=7.0 Hz, 3H), 1.02 (¢,
J=7.0 Hz, 3H),
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0. 001256

stirred with ice-

renoved.
reacti on
m.),

wat er (2

nol ) was

Stirring
sol ution

X 25 ni),

magnesi um sul f at e,

gi ve

depi cted
di ssol ved
cooled to
2-nmet hyl a
syringe o
m n, and
tenperatu
0.1 m t
to give a
bat h and
aci d sol
warmto r
added

wat er

filtered,

added vi a syringe.
bath cooling for
was continued at r
was diluted with ethyl
and the phases separated. The et hyl

and

The resul

oom

2.3 h,
t enper ature overni ght.
acetate (80 nL) and water.
acet at e phase was washed with
and saturated brine (30 ),
concentrated in vacuo to give an
off-white film This filmwas rinsed with heptanes (3 x -2 nL),
hept anes was decant ed by pipette.

%

ER-
war m ng. Eh&a{mém
Ni N .

tant cl oudy solution was
and the bath was then
The

dried over anhydrous

(25

and t he
The sol | d was re- dri ed under vacuum to

9.3/~ /amilyRal Bata) 7LNQC'ASN
R+810718 1001101 ER.810./718

n Schene MMRAI0003083 nol) was
in tetrah t(ﬂ wwanssﬁm &),
- 78Cinpd | i)y 8257 .82 (m, 2H),
| yl magnesj ) a
ver c&. 3 m j—gz@(((?@??é)%%’fo
[ hen t he 1>
e for 2. 1981%6 Wi [ h
Fi fluoroacgetic acid. | ¢ition vvaszx-t)hes: nm“(aﬂmy aked, 6, vacpa
yell ow fopm The fla S ¢ool ed t|d.087918 (mp3W) dry i ce/ aceton
370 L ol [rifsuoroaceti c aci § was gdded. The trifluoroacetic
di fied, so ed fronhraﬁ. ath, and . allowed to}.
pom t enper $. 1 Qo Y'15:08) 5585486, 185,
6.44-6.42 (m, 1H), 5.73-5.72; 5.60-5.59
: 819651 | (@m. 1H), 5.70-5.68; 5.54-5.52 (2m, 1H),
10 Salt free | 4-54 (dd, J=13.6 Hz, 2H), 3.80-3.65 (m,
14H), 3.21-3.18 (m, 2H),2.89-2.61 (m,
4H), 2.10-1.94 (m, 2H), 1.76-1.74 (m,
2H), 1.50-1.48; 1.32-1.28 (2m, 3H),
1.18-1.12 (m, 3H)
NMR 'H
o . (400 MHz, CD;0D) 8 6.55-6.54 (m, 2H),
0 v 6.50-6.49 (m, 1H), 6.46-6.45 (m, 1H);
5 Vi 819673 | 641 (br, 1H), 5.08 (1, J=6.2 Hz, 1H),
11 Salt free | 473 (5 2H), 3.79 (5, 3H), 3.77 (5, 9H),
3.61-3.57 (m, 4H), 3.45 (1, J=6.2 Hz,
2H), 3.33-3.31 (m, 2H), 2.91-2.82 (m,
2H), 2.66-2.56 (m, 2H)}, 2.15 (s, 3H),
2.01-1.96 (m, 2H), 1.60-1.56 (m, 2H),
NMR '‘H '
(400 MHz, CD;0D) 5 6.71 6. 62(m, 3H),
6.47-6.46 (m, 1H), 3.69-6.38 (m,-1H),
12 819626 | 4.79-4.78 (m, 2H), 4.38 (br, 1H), 4.12-.
Salt free | 4.10 (m, 1H), 3.82-3.56 (m, 16H), 3.64-
3.56 (m, 2H), 3.48-3.45 (m, 2H), 2.58-
2.43 (m, 2H), 2.22-2.05 (m, 2H), 1.43-
1.41 (m, 4H), 1.18-1.15 (m, 6H)
N
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to help dissolve the solid. After - 7 hours total at roomtenperature, the
red solution was concentrated in vacua using a rotary evaporator with the
wat er bath tenperature set to approximtely 40C. The residual red-brown
oil was dissolved in a few nL of ethyl acetate (wth sonication) and
diluted with a total of approximately 80 nmL of ethyl acetate. This

sol ution was washed with saturated sodi um bi carbonate solution (40 nL),
water (40 mL), and saturated brine (40 nL). The organic extract was then
dri ed over anhydrous magnesium sulfate, filtered, and concnetrated in
vacuo to afford a yell owbrown oil (200.4 ng). Purification by preparative
reverse phase HPLC provided ER-819717 (1.0 ng, 1.8% and ER-819718 (1
ng, 2. Z%I'ELQB%I%?% ConmpouggicRiret e presg&t#l irvent | oNn ARlRicRIBRGr ed in

accordande_wit et hods descri bedl hereintand those Known ta one of
ordinary |skill in fhe af. Such conpounds in¢hmee'rt hose |isted in Tablg 1
set forth below. Table rovi des anal ytical ¢eat00MH4, oDLODY 334 HRINMRSHRL a,
for exengl ary conpgunds resent| i nvent i 6:51 () $=2Talit, aHJ, 6.4300d V526 cal
Data for Exean ary | Cond wEorall pgloghxa ”B @EW(&dﬁi}r‘éﬁRﬂ-ﬁ),”S
Anal yti cdl H ol (4ptN\Mz, CO@ahas 6630 )gﬁ 369(5121‘!) 3@!@
g

J=2.3 H7,{21-1), 6.38 (t Hz | M 4.70(534g£§f ﬁ
3 %ie |54

(s, 3H), | 819701 3184 (s, 3H). 3,81 (s} 6H)

(s. 2H). [3.51 (t, §=6.2 Hz, 2H)} .38 (t, J=6]4 59 H)B
2.78-2.79 (m 2uy 1 2. 54 (¢ 3-7¢PQg ol oy ,

6H), 1.63-1.62 (m | MT2H) NWVR H (400 Mz, DM-S

0 6.38 (¢, JJ2.6 H, 1 6.35 (t, J=2; 3 Hz, é ﬁ?&?é‘% %L |

H, 4.56{(dd, J= — N-{° Y ]H),652(d 1=2.6 Hz, 1H), 6.43 (d,
1 A w~0" | 819647 |3=2.9 Hz, 1H), 4.68 (s, 1H), 4.54 (s, 2H),
Salt free | 3.81 (s, 3H), 3.78 (s, 3H), 3.76 (s, 3H),
3.66 (s, 2H), 3.52-3.48 (m, 2H), 3.39-
3.36 (m, 2H), 3.33 (s; 3H), 2.85-2.81 (m,
2H), 2.69-2.62 (m, 2H), 2.09-2.01 (m,
2H), 1.64-1.60 (m, 2H), 1.59 (s, 6H)

NMR 'H

(400 MHz, CD,OD) § 6.54-6.53 (m, 2H),
6.51-6.50 (i, 1H), 6.44-6.42 (m, 2H),
819658 | 4.67 (s, 1H), 4.55 (s, 2H), 3.79 (s, 6H),
Salt free | 3.78 (s; 3H), 3.76 (s, 3H), 3.62 (s, 2H),
2.85 (s, 3H), 2.83-2.77 (m, 2H), 2.75-
2.69 (m, 2H), 2.14-2.06 (m, 2H), 1.67-
1.61 (m, 2H). 1.60 (s, 6H) -

15

NMR'H
o (400 MHz, CD;0D) 5 6.96 (s, 3H), 6.51
~g »—( (d, 3=2.6 Hz, 1H), 6.43 (d, J=2.6 Hz,
A o~ 819659 | \HD, 4.63Cs, 1H), 4.54 (s, 2H), 3.77 G,
Salt frce | 3H; 346 (s, 3H), 3.62 (s, 2H), 3.51-3.48

(m, 2H), 3.39-3.36 (m, 2H), 3.32 (s, 3H),
N 2.83-2.77 (m, 2H), 2.69-2.62 (m, 2H),
2.31 (s, 6H), 2.11-2.01 (m, 2H), 1.64-
1.59 (m, 2H), 1.57 (s, 6H),

16
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819543 14.1 Hz, 211) 4.06-4.01 (m | H), 3.74 (s, 2 Salt free 3H), 3.72
(s, 3H), 3.70 (s, 6H), 3.46 (s, 2H), 3.35 (t, J=6.74 Hz, 2H), 3.26-3.16
(m 2H), 3.20 (s, 31-), 2.70-2.60 (m 2H),. 2.49-2.39 (m 2H), 1.89-1.78
(m2H), - 1.54-1.50(m , 1.40-1.36(m IH), 1.26 d J=7.3 Hz, 3H), NWR H
0 (400 MHz, CDC13) S 6.52-6.50 (m 2H), 6.46-6.45 (m 2H), 638-6.37 (m
IH), 819544 4.69 (s, , 4.62 (s, 2H), 3.80 (s, 6H), 3 Salt free 3.79 (s,
3H), 3.76 (s, 3H), 3.53-3.50 (m 4H), 3.40-3.37 (m 2H), 3.35 (s, 3H),
2.78-2.75 (m 2H), 2.58-2.55 (m 2H), 2.01-1.97 (m 21-1), 1.66 (s, 6H),
1.67- 1.62 (m 2H NWVR H (400 Mz, DVBO) S 8.89-8.87 (m 11-9, 8.70 (d,
J=8.8 Hz, 1 H), 7.92 (d, _J=8.2 Hz, | .67 (t, J=7.9 Hz, 1H), 7.56
N--f 0 7-5ﬁx5mp . 6. 48gGudirkm 1H) ®&rR3%- |- 81959%n@|ﬁi7ea(ﬁhta1"|) 5. 10
(d, J=8.32 14) free 4 56 (Hd  1=14 2 bz 4 00-4 04 (m
IH, 3.99 (s, 21-), 3H), 3.72|(s, 12303(m 2H)
2.78-2.59 (m 41-), 1.57-1. o3 ﬁ? (Im
11-1), 128 (d, J=1. P00 J=6(9 112, i JSI F e
ER-# Anallytical Data 219660 1H),464 (s, 1H), 4.54 (s, 2H), 3.77 (s,
17 Saft froe | 3H) 3-75 (5, 3H), 3.66-3.62 (m, 2H),
€€ | 3.33-3.30 (m, 2H), 2.83-2.80 (m, 2H),
2.69-2.61 (m, 2H), 2.31 (s, 6H), 2.07-
1.99 (m, 2H), 1.66-1.62 (m, 2H), 1.57 (s,
6H)
NMR 'H
(400 MHz, CD;0D) 5 6.53-6.52 (m, 2H),
6.51-6.50 (m, 1H), 6.44-6.42 (m, 2H),
819657 |70 (s, 1H), 4.55 (2H), 3.79 (s, 6H),
18 Salt fee | 3:77.6,3H), 3.76 (s, 3H), 3.65 (1, 1=6.4
Hz, 2H), 3.62 (s, 2H), 3.33-3.31 (m, 2H),
2.85.2.82 (m, 2H), 2.70-2.64 (m, 2H),
2.08-2.00 (m, 2H), 1.67-1.64 (m, 2H),
1.61 (s, 6H)
NMR 'H :
N__{" (400 MHz, CDCly) § 7.32-2.27 (m, 1H),
7.02-6.99 (m, 2H), 6.51 (d, J=2.3 Hz,
. b~ g 2H), 6.38 (1, }=2.3 Hz, 1H), 4.82 (s, 2H),
19 - 819672 | 4.78 (s, 1H), 3.81 (s, 6H), 3.52 (s, 2H),
N Salt free | 3.52-3.48 (m, 2H), 3.39-3.35 (m, 2H),
‘ o 3.34 (s, 3H), 2.77-2.72 (m, 2H), 2.54-
T :( 2.47 (m, 2H), 1.99-1.91 (m, 2H), 1.62-
1.57- (m, 2H), 1.55 (s, 6H)
O\ .
O NMR 'H
N— (400 MHz, CDCl3) 3 7.37-7.34 (m, 1H),
N 0 7.31-7.27 (m, 2H), 7.23-7.19 (m, 1H),
819677 | 6:51(d,1=23 Hz, 2H), 6.38 (t, J=2.3 Hz,
20 Salt free | 1HD. 4.88 (5, 2H), 4.78 (5, 1H), 3.81 Gs,
i €€ | 6H), 3.54-3.48 (m, 4H), 3.39-3.34 (m,
N 2H), 3.33 (s, 3H), 2.78-2.72 (m, 2H),
2.56-2.49 (m, 2H), 1.99-1.91 (m, 2H),
_ 1.64-1.58 (m, 2H), 1.57 (s, 6H)
O .
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NVR H -0 (400 Mz, DVBO) S 8.85-8.84 (m I|H), 833 (d, J=8.2 Hz, IH),
7.98-7.93 (m 0 1H), 7.87 (s, IH), 7.75-7.73 (m 11-1), 7.51-7.48 (m
114), 6.47 (s, IH), 6.38 (s, 819593 1H), 5.05 (d, J=8.2 Hz, IH), 4.55,
(dd, 5 Salt free 1=14.2 Hz, 2H), 4.05-4.01 (m 1H), 3.74 i N (s, 5H), 3.72
(s, 3H), 3.18-3.11 (m 2H), 2.75-2.52 (m 4H), 1.91-1.82 (m 21-1),
1.58-1.55 (m IM 1.43-1.40 (m 1 H), 1.26 (d, J=7.3 Hz, 3H), 1.03 (t,
J=6.7 Hz, 3H NVMR H 10 (400 MHz, DMSO) 8 8.91-8.90 (m 111), 8.36-8.34 (m
1H), 7.87-7.85 (m 2H), \ 0 7.59 (t J=7.8 H7,114),7.54-7-51 (m 0 N~ 111),
6.48-6.47 (m 1H), 6.38-6.37 (m 6 819594 1H), 5.07 (d, J=8.5 Hz, IH),
4.55 (dd, Salt free J=14.2 Hz, 2H), 4.25 (s. 2H), 4 064 Q2 NN(m 1H)
3.74 (s, 3% m?, 2 [(s, 3HsrmRad?- 3. 12 (@R_gH); 2 86 a,.g%, 1. 96-
a0-11

1.85 (m BZ (m 1H) 1 45-11 42 ( '|7Q|_|7

3H), 1.04 tJ=6.9Hz -0 (400 MHz, DIVBC)N“!?R 196- 8. 95

8.00-7.93 (m 2H), |7. 3 (m 1 H,{\ 6.48-8 “% , 34D, (Im
-760 -75

1H), 0 5.{06 (d, J=4. “A 24

_éo 55, ({id, J=14.3% (3 20
N ]
(s, 2H), [.05-4.01 e 819689 | 6:47 (m, TH), 638 (m, LKD), 5.06 (d,
21 Salt Froe | ¥=8:5 Hz, 1H), 4.57 (dd, =143 Hz, 2H),
e | 424 (s, 2H), 4.06-4.02 (m, 1H), 3.74 (s,
I 3H), 3.71 (5, 3H), 2.81-2.63 (m, 4H),
2.73 (s, 3H), 2.00-1.92 (m, 2H), 1.59-
1.56 (m, 1H), 1.44-1.40 (m, 1H), 1.26 (d,
J=73 Hz, 3H) .

M/Z (ES+)

Calc.: 5973 |
Found; 598.3 (M+H)
819662 '
Salt free | Analytical HPLC:

Method Al

Xterra MS C18 (4.6X100mm) Sum
Retention time: 998 min

22

M/Z (ESH)
Calc:: 511.3
: Found: 512.4 (M+H)

819627 |

TFA salt | Analytical HPLC:

Method A2

Xterra MS C18 (4.6X100mm) Sum
Retention time: 6.80 min

23

M/Z (ES+)

Calc.: 635.4

‘ Found: 636.4 (M+H)
819661 )
‘| Salt free | Analytical HPLC:

Method Al

Xterra MS C18 (4.6X100mm) Sum
Retention time: 9.54 min

24

M/Z (ES+)
o Calc.: 4913
— N—{ Found: 492.4 (M+H)
A N~ Ton | 819642
Salt free | Analytical HFLC:
Method Al

Xterra MS C18 (4.6X100mm) Sum
b Retention time: 7.28 min

25
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Salt free 3.74 (s, 3H), 3.72 (s, 311), 3.19-3.11 (m N N 2H), 2.79-2.60
(m 4H), 1.95-1.84 (m |IH), 1.26 (d, J=7.0 Hz, 3H), 1.03 1.44-1.41 (t,
J=7.0H4 3H), 10 NMR H (400 Miz, DVMSO) 8 6.89 (s, 2H), 6.85 o (s, |IH),
6.48-6.47 (m 114), 6.38-6.37 (m 10 \ 1H), 5.00 (d, J=8.5 Hz, IH, 4.55
(dd, 819597 J=14.2 Hz, 2H), 4.04-4.00 (m 1H), 3.74 8 (s, 3H), 3.72 (s,
311), 3.44 (s, 2H), 3.17 N Salt free 3.08 (m 211), 2.68-2.57 (m 2H),
2.51- 2.38 (m 2H), 2.23 (s, 6H), 1.88-1.75 (m 21-1), 1.56-1.52 (m 111),
1.40-1.37 (m | H, 1.26 (d, J=7.0 Hz, 3H), 1.02 (t J=7.0 Hz, 3H), 50
Exanple # Structure ER-# Analytical Data 10 NVR 'H (400 Mz DVBO) 6

8.91-8.92 (m 1 H) =i 8 37-835 (m 1 H 780782 (m 2H)
7.62-7. 51 @Rampldd .| 6. 50- GeARuf@ 1 H) %R-81C604 6. 38ualkieal Dutal H), 4.]56
(S,IH),""’!(,SQ&—L—J—F—GO—ZH)—,—A—@SS._ el 30—
N 3H), 3.119-3.16 (n 2H), 4. ( 9(m 211) 198190
2H), 1.58+1.52 (m ), 1. (m 3H) 10 _
' Fonnd 664 7 (M-+H) |
26 819663
Salt free | Analytical HPLC:
Method Al
Xterra M3 C18 (4.6X100mm) Sum
Retention time: 9.60 min
M/Z (ES+)
Calc.: 633.3
Found: 634.4 (M+H)
27 819650
Salt free | Analytical HPLC:
Method Al
Xterra MS C18 (4.6X100mm) Sum
Retention time: 9,72 min
M/Z (ES+)
o Calc.: 551.3
— u—< Found: 512.3 (M+H)
28 i N ) N 819637
TFA salt | Analytical HPLC:
N Method A2
‘ Xterra MS C18 (4.6X100mm) Sum
O . Retention time: 7.17 min
E—- Q
H ° M/Z (ES+)
N Calc.: 597.3
29 = _(N—-../ %?l:lt Found: 598.4 (M+H)
N
A
o\
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NVR 'H O (400 M1z, CD3CD) 5 6.56-6.49 (m 4H), ~ON\ 6.44-6.42 (m 1H),
5.73-5.72; 5.60-5.59 819651 (2m 11-1), 5.70-5.68; 5.54-5.52 (2m 1H), 10
Salt free 4.54 (dd, J=13.6 Hz, 2H), 3.80-3.65 (m N 14H), 3.21-3.18 (m
2H),2.89-2.61 (m 0~1 4H), 2.10-1.94 (m 211), 1.76-1.74 (m 211),
1.50-1.48; 1.32-1.28 (2m 3H), 1.18-1.12 (m 3H o-~ O NVRH / 0 (400
MHz, CD30D) 5 6.55-6.54 (m 2H), o0 N--~ 0 6.50-6.49 (m 1H), 6.46-6.45 (m
111), 819673 6.41 (br, 1H), 5.08 (t, J=6.2 Hz, IH), i | Salt free 4.73 (s,
2H), 3.79 (s, 3H), 3.77 (s, 91-), N 3.61-3.57 (m 4H), 3.45 (t. J=6.2 Hz,
1o~ 214), 3.33-3.31 (m 2H), 2.91-2.82 (m 211), 2.66-2.56 (m 2H), 2.15
(s, 3H, 2.01-1.96 (m 2H). 1. 60-1.56 (m 2H. 'o NVRH O\ ~ N~ (400
VHz, mc%xﬁlemﬁ 62( Mstritcdure | Noml G- 4. 46 (i nmi'd@mﬁn@& 6.38

(m.IH), | 429-4 Z2 (m 2H) 14 33 (Hr 12- Salt free
4.10 (m [AH), 3. 82-3. 56 (m 16H) 364- N3.5E (m 2H), 3.48-3.45 (m 2H),
2.58- 2.43 (m 2H), . 1.43- §.41 (m 4H), 1.18-1.15 (m

6H) 51
M/Z (ES+)
Calc.: 5193
Found: 520.4 (M+H)

819703

30 TFA salt

NMR 'H (400 MHz, DMSO) 5 7.45 (s,
1H), 7.40-7.32 (m, 2H), 7.27 (m, 2H),
7.05(d, J=7.6 Hz, 1H), 6.49(d, ] =
2.3Hz, 1H), 6.42 (s, 2H), 6.34-6.30 (m,
2H), 6.23 (s, 2H), 4.62-4.40 (m, 4H),
819590 | 3 75.3 62 (m, 12H), 3.43 (s, 2H), 2.64-
Salt free | 2.55 (m, 2H), 2.50-2.42 (m, 2H), 1.73-
1.83 (m, 2H), 1.50-1.43 (m, 2H), 1.38 (s,
6H)

31

-0 NMR H :

(400 MHz, DMSO) 5 8. 85-8.87 (m, 1H),

, 8.70-8.68 (m, 1H), 7.93-7.91 (m, I H),
N_( ' 7.69-7.65 (m, 1H), 7.56-7.53 (m, 2H),

= N 810688 1 6:48-6-47 (m, 1H), 6.38-36.37 (m, 1H),

5.07(d, J=9.1 Hz, 1H), 4.65-4.48 (m,
Salt free | 511y 4.08-4.04 (m, 1H), 3.99 (s, 2H),

NPy 3.75 (s, 3H), 3.71 (s, 3H), 2.75-2.58 (m,
N 7H), 1.89-1.80 (m, 2H), 1.54-1.51 (m,
: 1H), 1.37-1.34 (m, 18), 1.27 (d, I=7.3

Hz, 3H)

32

EXAMPLES 33-106

Biological Activity
[00121] HEKT-bet-luc assay: This assay measures a T-bet dependent reporter (luciferase)
activity in engineered HEK cells that express a human T-bet and a T-box responsive element
driving luciferase reporter. HEKT-bet cells were plated at 2x104/well in 96-well plate and
compound was added into cell culture for 24 hours. Luciferase activity was measured by
adding 50 u! of Steady-Glo reagent (Promega) and samples were read in Victor V reader
(PerkinElmer). The activity of compound was determined by comparing compound treated

samples to non-compound treated vehicle controls. The ICsp values were calculated utilizing
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Exanple # Structure ER-# Analytical Data _0 NVR H (400 MHz, C133013) 8
7.37-7.28 (m 51-1), o0 6.51 (d, J=2.6 Hz, IH), 6.43 (d, J=2.6 Oi NN, /-0
819641 H7, | H), 4.67 (s, | H), 4.54 (s, 211), 3.78 13 Salt free (s, 3H),
3,76 (s, 3H), 3.69 (s, 2H), 3.51- 3.48 (m 2H), 3.39-3.35 (m 2H), 3.32 (s,
N 3H), 2.85-2.82 (m 211), 2.70-2.61 (m 2H); 2.09-2.01 (m 211),
1.65-1.60 (m 2H), 1.59 (s, 611) --o NM\R H (400 MHz, CD3CD) 8 7.27 (t,
J=7.9 Hz, OIH), 6.93-6.91 (m 211), 6.88-6.86 (m 1H), 6.52 (d, J=2.6 Hz,
111), 6.43 (d, 14 819647 J=2.9 Hz, | H, 4.68 (s, | H), 4.54 (s, 2H, Salt
free 3.81 (s, 3H), 3.78 (s, 3H), 3.76 (s 3H) N 3.66 (s, 2H), 3.52-3.48
(m 2H), 3.39- 3.36 (m 2H), 3.334&1 2.85-2.81 (m 2H), 2.69-2.62
(m 211)a maxjgum valug gprrespppding tg4thg a@@@molemﬁera:sew the algengs off ajtegt (4

NVR H 00, 5
5 246, 42%131%]1% 0%:5?1) g%étgg %&67 & Hon d%@i to aNFést @oéé ofhd Qalﬁénoz)ﬂaliﬂeg I—f)lt,

Salt fre®aXmpmngbitomy 3 76 (s, 3H), 362(s 2H) N285(s 3H),
2. 83- 2. Tipoi2) ZH)eterﬂm?a'in&r of . NBrhifized HIERT -t A0 ¢ilues? Hoompolnlts were

assayed in microtiter plates. Each plate included a reference conipound which was ER-
819544. The un-nommalized ICsp value for a particular compound was divided by the ICsp
value determined for the reference compound in the same microtiter plate to provide a
relatlve potency value. The relative potency value was then multlphed by the established -
potency of the reference compound to provide the normalized HEKT—bet ICsp value. In this
assay, the established potency for ER-819544 was 0.035 pM. The ICs,_o values provided
herein were obtained using this normalization method. '

[00123] Exemplary compounds of the present invention were as.sayed according to the
methods set forth above in the HEKT-bet-luc assay described above. Table 2 below sets
forth examplary compounds of the present invention having an ICse of up to 5.0 uM as
determined by the normalized HEKT-bet-tuc assay described above.

Tablé 2. 1Cso Values of Exemplary Compounds

Example # Structure ER-Number | ICs (pm)

> €

e N.._/""O/ . :
33 . 819543 | 0.015

-Q

-~ . -

34 819549 0.015
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i 1.61 (m 2H). 1.60 (s, 6H o0-1 o/ NWRH o (400 Mz, CD30CD) 5 6.96 (s,
3H), 6.51 (d J=2.6 1 ~ 1H), 4.63 (ss,, 1H H), 6.43 ), 4.54 (s,~2H), 3.77
s, 16 819659 3H), 3.46 (s, 3H), 3.62 (s, 2H), 3.51-3.48 Salt free (m 2H),
3.39-3.36 (m 2H), 3.32 (s, 3H, N 2.83-2.77 (m 2H), 2.69-2.62 (m 2H),
2.31 (s, 614),2.11-2.01 (m 2H), 1.64- 1.59 (m 2H), 157 (s, 6H), 52
Exanple # Structure ER-# Analytical Data O NVRH \ j O (400 MHz, CD30OD) 5
6.96 (s, 3H, 6.50 N8 (d, J=2.6 Hz, 1 H), 6.43 (d, J=2.6 1-k --' OH
819660 1H), 4.64 (s, 1H), 4.54 (s, 2H), 3.77 (s, 17 Salt free 3H), 3.75
(s, 3H), 3.66-3.62 (m 2H), 3.33-3.30 (m 2H), 2.83-2.80 (m 2H),
2.69-2.61 (m 2H), 2 3l (s 6H) 2 07- 199 (m - 2H) 1 66-1.62 (m 2H),

1.57 (s, ﬂ:xaﬁ@ew H 0 (4QRnidtre CD30D) § BRMnkb&2| (MCxdiy | -0  f~ON

6.51-6.50 a3 A2 (o 26N 81065744 70 (s 1Lh A S5 (DH), 3.79
(s, 6H), 18 Salt free 3.77 s, 3H, 3.76 (s, 3H), 3 65| (t, J=6.4{ N Hz,
2H), 3.62 (s. 2H), 3.83-3.3 ZI—Q), ‘

-G /N_{q.._/“-o/

35 - . 819543 | 0015

36 819701 0.021

37 819544 -~ 0.035

38 819594 0.060
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LO 2.85-2.82 (m 2H), 2.70-2.64 (m 2), 2.08-2.00 (m ZzZH), 1.67-1.64 (m
2HH), 1.61 (s, 6H O F o NWRH (400 WMHz, CDCI3) 8 7.32-2.27 (m IH), d
7.02-6.99 (m 2H), 6.51 (d, J=2.3 Hz, ER- 2H), 6.38 (t, J=2.3 Hz, 1H), 4.82
(s, 214), 19 819672 4.78 (s, IH, 3.81 (s, 6H), 3.52 (s, 2H), N Salt free
3.52-3.48 (m 2H), 3.39-3.35 (m 2H), (° 'o\ 3.34 (s, 3H, 2.77-2.72 (m
2H), 2.54- 2 .47 (m 2H), 1.99-1.912 (m 2H), 1.62- 1/ 1.57- (m 2H), 1.55
(s, 6H / 0O N\R H ~' (400 MHz, CDCI3) 8 7.37-7.34 (m 1H), 7.31-7.27 (m
211), 7.23-7.19 (m 11-1), 819677 6.51 (d, J=2.3 Hz, 2H), 6.38 (t, J=2.3
Hz, 20 N Salt free 1H), 4.88 (s, 2H), 4.78 (s, IH), 3.81 (s, 613),
3.54-3.48 (m _4H), 3.39-3.34 (m 0-1 2H), 3.33 (s, 3H), . 2.78-2,. 72 (m 2H),
[ 2.56-2.49 , ]11.99-1.9 H, 1. 64ErfNdibdr 2HG 7/ |(s, 6H) 53
Exanpl e # t}%{ug(ﬁl F%l R- # Analvtical%Da'ra 10{—|\£E\R;RH(A() |\/|—|75'f€"l 8
8.92-8.90 (m IH), (8.368.34 (m 1H), 7.87-7.83 (m 2H), 7.6 7.60 (m
1H), 7.53-f7.51 (m 1H), 819889 6.47 (m 111)} 6.38(m 111), 5.06 |(d,
39 819647 .0.064
e
O
~o /N—‘{l._/"OH
40 819657 0.065
N
'\©(°\
O
O/
O
) ~0 —f -
41 N0 £19659 0.068
rﬁ
—-Q
o]
) N
42 . 819592 0.086
N
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4.06- 4. 02
2.73 (s,
1.26 (d,

21 Salt free J=8.5 114 1H), 4.57 (dd, J=14.3 Hz, 2H),
(m | H, 3.74 (s, NN-1 3H), 3.71 (s, 3H),
3H), 2.00-1.92 (m 2H), 1.59- 1.56 (m IH),
J=7.3 Hz, 3H MZ (ES+) 0 Cale-:

819662 Salt free Anal ytical

Sum i Retention tine: 9:98 min -nbo MZ (ES+) 0 Caic::511.3 Found: 5124
( MtH) N, 819627 23 TFA salt Analytical HPLC. N Method A2 XterraMs C18
(4.6X100m) 5um Retentiont inme: 6.80 mn o MZ (ESt) Cale.:
819661 Found: 636.4 (M+tH) 24 Salt free Analytical HPLC. Method Al
Xterra M5 A8 (4 6X100mm) Sum
Example # Structure ER-Number | 1Cso (pm)
e A N
43 819595 0.090
N N’|
'\©,N
—Q
O .
-G /N—{‘J |
44 819597 0.090
Nk@,
-—Q
0
— N . _
45 > il 819641 0.098
O
—~Q
o
— /N—€$O/
46 819673 0.102

HPLC: "

4.24 (s,
2.81-2.63 (m
1.44-1.40 (m
597.3 Found: 598.3 (M+H)
Met hod Al Xterra M5 C18 (4.6X100mm)

60
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I Retention tine: 9.54 min 01 1o MZ (ES+)
492. 4 (MtH) N--/QOOH 819642 25 Salt free Anal yti cal
Xterra M5 C 8 (4.6X100m) 5um Retention tine: 7.28 mn 54 Exanple #
Structure ER-# Anal ytica
26 819663 Salt free Anal yti cal
(4.6X100mm .Sum Retention tinme: 9.60 mn MZ (ESt)

(Mr11) _

Data MZ (ES+) Cale.:

0 Cale.:
HPLC:

491.3 o N Found:
Met hod Al

663. 3 N Found: 664.7
Met hod Al Xterra M5 CI' S
NN Calc.:633.3 0
N Met hod Al

Found: 634.4 (MtH) 27 " 819650 Salt free Anal ytical HPLC
Xterra M5 C 18 (4.6X100nm) Sum Retention time: 9.72 mn In
Example # Structure ER-Number | ICso (pm)
-0
O
47 . 819651 0.110
l\.@o\
e
0
- "N—€~/
48 . 819583 0.112
N .
k@/o\
O
~—Q
, \ 0
. ~¢ P N‘( — .
49 N 819604 0.120
N N~ ]!
o
— N
E— N\/\ CH
50 \ 819657 0.124
‘\@o\
O
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MZ

(ES+)

Anal yti cal

O Cale..
HPLC:
time: 7.17 min Co

Found: 598.4 (MtH)

(ES+)

Calc.:519.3

MZ (ES+) "~0 819718 Catc.:597.3

551. 3 Found: 512.3 (M+H) 28 ", 819637 TFA salt
Method A2 N Xterra M5 8 (4.6X100mm Sum Retention

29 N TPA salt

N 55 Exanmple # Structure ER-# Analytical Data 'o 0 MZ

Mz, DMBO) S 7.45 (s, 1 H), 7.40-7.32 (in, 213), 7.27
| H, 6.49 (d, J = 2.3Hz, 1H), 6.42 (s, 211), 6.34-6.30 (in,
2H), 4.62-4.40 (m 4H), 31 3.75-3.62 (in,. 12H), 3.43

J =

(s,

2H),

7.6 Hz,
819590 2H),

6.23 (s,

2H), 2.64- Salt free 2.55 (in, 2H), 2.50-2.42 (in,

1. 50-]

30 8.11919703 salt Found: 520.4 (MrH) N O-1 NMR ' H (400

(in, 2H), 7.05 (d,

2H), 1.73 1.83 (m

43 (in, 211), 1.38 (s"
Example # Structure ER-Number | ICs (pm)
~0
e}
-G /N—{l .
51 : 819593 0.140
N ‘E/':]N '
~—0
o
-~ L N .
52 819658 0.141
53 819648 0.147
~Q
0
54 N 819602 0.150
N = )
&
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10 NMR H (400 Mz, DMSO) 8 8.88-8.87 (m | \ / | 08.70-8.68

H),

(m Ili, 7.93-7.91 (m 1 H), 7.69-7.65 (m 1H), 7.56-7.53 (m 2H), o N~
819688 6.48-6.47 (m IH), 6.38-36.37 (m IH, 32 Salt free 5.07 (d, J=9.1
Hz, 1 H), 4.65-4.48 (in, 2H), 4.08-4.04 (in, 1H, 3.99 (s, 2H), 7H), N
3.75 (s, 3.71 ), 2.75-2.58 N 7H), 1.899--11. .80 (m , 2 2H), 1.54-1.51 1
(in, , 11-1), 1.37-1.34 (m IH, 1.27 (d, J=7.3 Hz, 3H EXAWPLES 33-106

Bi ol ogi cal Activity [00121] HEKT-bet-luc assay: This assay neasures a T-bet
dependent reporter (luciferase) activity in engineered HEK cells that

express a human T-bet and a T-box responsive elenent driving luciferase

reporter. HEKT-bet cells were plated at 2x104/welt in 96-well plate and
conmpound wasggde 4 Mto cel |l guhlird for 24 haNunbéri|f A GuAFtf Vity was
measured by _adding 80 pl _of Steady-Gao.r nt (Drnnaga.)_a.ngjéa.n(pl es were
read in Vigtor V reader’ TRerkinEl mer). The &ctivity of] conpound mas
det erm ned| by conpariing c und treated samples to ngn-conpound treated
vehicle coptrols. Thg 1 G5 @S(%re cal cufated utilifzing 56 & maxi num
val ue corrpgspondi ng tio t he tnaf luciferg@se in the [absence of|f a test
conpound aphd a ¥ ni mim val ue cqrregsponding to adi¥$® cdgnpoldd?vallue
obtained af rmaxi mumiji nhi biti oy 21 Det ¢rm nation jof Normalijzed
HEKT- bet [[C50 val ues:|  Conpounds W assaye@l in mcrotiiter platgs. Each
pl ate i nclpuded a refdrence conpour ich wag$ ER-
—Q
O
~ N .
56 FNN~ 819646 0.184
N :
l\@‘)\ '
0/
0
N
o N-../"O/ .
57 . 819655 0.204
N
0\
~0
O
~0
g
58 819703 0.247
N
'\@xo\
O
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819544. The un-normalized 1 C50 value for a particular conpound was divided
by the I1C50 value determned for the reference conpound in the sane
mcrotiter plate to provide a relative potency value. The relative potency
value was then nultiplied by the established potency of the reference
conpound to provide the normalized HEKT-bet 1C50 value. In this assay, the
est abl i shed potency for ER-819544 was 0.035 M The | C50 val ues provided
herein were obtained using this nornmalization nethod. [001231 Exenpl ary
conpounds of the present invention were assayed according to the nethods
set forth above in the HEKT-bet-|uc assay described above. Table 2 bel ow
sets forth-exanplary conpounds of the present.invention having an | C50 of
up to 5.0 pMeasmpRet gr M ned bguhieturaor Ml i zed RiciNindhisi-- descri bed
above. Table——1C5o-Nalues of Exenplary Conie v , g-Struict ure

ER- Nunber | C50 (m) 819543%0.015 33 0. 10 ¢ 0 -N Nf{"d 34 819549 0.015
N1O0 O]57 Exanpl g # St tureoER- Nunmber [Cso (m) 1} 35 819543 0.015 N
ol o0lo : .

b Y

{)i\ ir

59 819601 0.260
I =N
o .
e o
60 FNN ' 819605 0.260
N7 NP )

o
~g B N—{I .
61 ) 819652 10270
o .
_y _ N’
62 -~ 819688 0.288




\ 0 36 819701 0.021 N _OU\ ~N{NN--"--C) 37 819544 0.035 N -0 ~ Nom 38
819594 0.060 N N 58 Exanple # Structure ER-Nunber 1Cso (pn) 10 o O~ 39
819647 0.064 N O O ON N/OOH 40 819657 0.065 N O- O O 41 819659
0.068 N

Example # Structure " | ER-Number ICs (pm)

-0
O
63 819603 0.340
N F/ g‘l
O

64 ' PN~ - 819628 . 0.360°

-0

65 N N~ TOH 819642 0.365
Nk@ I
’ (o]
o N
_ : 9 = _{\l-./ _
66 819607 0.500
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-ON 42 819592 0.086 N 91N, 59 Exanple # Structure ER-Nunmber I1Cso (m) \
i o 43 N 819595 0.090 N -O O 44 819597 0.090 N 10 45 819641 0.098 N
[/ "O\ O 46 819673 0.102 O N ~O 60 Exanple # Structure ER-Nunber TCso
(pm 10 0 N, 1 47 819651 0. 110

Example # Structure ER-Number | ICs (pm)
67 219590 0.514 .
o

—C e :

68 o il 819640 0.542
Nk@
~o
™~ o
= /N—{l\/ ) _

69 i 819702 0.600
70 819663 0.637
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N O- 48 819583 0.112 N O.

10 O

~0 49 Nom 819604 0.120 N N-O N ~

N~/ OOH 50 819657 0.124 N 0~1 61 Exanple # Structure ER-Nunber 1Cso (pm

10 O~ N 51 819593 0.140 N/ N N 52 819658 0.141 NC -1 «¢cl, 10 10 O
N~ OH
Example # Structure ER-Number | ICsp (pm) -
9
o ~N
~{ 2 L3 |
71 819650 0.669
N
k@ro\.
-0
o)
~G /N—(I/“ J
72 819596 0.720
N .
BN-‘
~—0
(o]
“-oj.% n—{
= New .
73 819637 0.734
' ’ N
O‘
[}
g /N—{I : .
74 ~ 819629 0.840
R




53 819648 0.147 N -O o0 54 g:: N 819602 0.150 N/ N 62 Exanple #
Structure ER-Nunber ICso (m) -O NN, 55 819689 0.169 N N~ 10 O _O Nom

56 819646 0.184 N O/ O N 57 819655 0.204 N\ 0. 10 ON 1 O 58 819703
0.247 N

Example # Structure ER-Number | ICs (pm)

0

75 819672 0.877

N
KQO\
O

76 819662 0.898
77 819677 1.024
78 819634 1150
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0. 63 Exanple # Structure ER-Nunber I1Cso (pm) \ 0 ~ N 59 819601 0.260 N
-N .-Oo 60 N/ 819605 0.260 N ~o ~ N 61 819652 0.270 N O. -0 62 N,
819688 0.288 N N 64 Exanple # Structure ER-Number 1Cgo (pn) -0 63 819603
0.340 N/ N 64 N, 819628 0.360 N 10 /

Example # Structure ER-Number | ICg (pm)
/
O
N
N~ :
79 P 819613 1310

80 819627 1.600
0‘./ O
81 N , . 819698 1.983
o
F
O
F -“'N—(N‘\/ﬁ‘o/ .
82 _ 819704 2.759
N
'\@0\
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N---"-OH 65 819642 0.365 N N N-/ 66 819607 0.500 N 65 Exanple # Structure
ER-Nunber 1Cso (m) 10 -0 N3 67 819590 0.514 N \i 0 68 N 819640 0.542 N
/1 U/~O0 69 819702 0.600 N -11 O~ 10|l NN N 70 819663 0.637 N O. C-I
66

Example # Structure | ER-Number | ICss (um)

(0] T ‘ '
—0 /N—(N-../ ‘
83 ) 819606 2.870 .
: N

r
o , '
84 819708 3.599
N
O
‘--o . .
O . .
- P |
85 819599 4.710
N .
K@,Br
Br
~0
0
~ A
86 819649 4945
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Exanple # Structure ER-Nunmber 1C50 (pm) N ON7/N 71 0 k N 819650 0.669 N 10
O 72 819596 0.720 NN -Oo 1073 N, 819637 0i34 N10 \ / O O N74 -
N, 819629 0.840 N 67 Exanple # Structure ER- Nunber 1Cso (pn) F 75 819672
0.877 N\ 0. i 0-1 'npo N

Example # Structure ER-Number | ICs (pm)
o]
87 ~ - 819556 0.166
N
s -
|_/

~{

, = N’
88 : : 819557 0.51
N
5
\_z
)
0
e /N_{:J
89 819558 0.74
- N
Br
—Q
O
- N
N == N-/TOH
90 N 819724 0.104
O
F
o. -
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76 819662 0.898 N\ O- 0. % fO- 77 N 819677 1.024 78 N, 819634 1.150
N/ 68 Exanple # Structure ER-Nunmber I1Cso (m o 79 819613 1.310 N\ O 80
819627 1.600 N O/ OC(lI 1: N~ 81 N 819698 1.983 O-F 0O F t8N, 82
819704 2.759 N O~

Example # Structure ER-Number | ICs (um)
91 819735 -0.140
T = N-../"‘O/
92 Ny 819749 0.044
pon
o,
o]
93 S 819750 0.041
o .
O\ -
H
k .
)
o}
— /N—{* O
94 . N ~ 819752 0.071
o\
\O ’
O _
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O- 69 Exanple It Structure ER-Nunber 1Cs () O _O~ N 83 819606 2.870 N
IN- r 84 819708 3.599 NO. I, 10 O/ 85 819599 4.710 N Br Br 10 86 ~~
N 819649 4.945 N 70 Exanple # Structure ER-Nunber I1Cso (pm \i o 87 /
819556 0.166 o0 s, N 88 819557 0.51

Example # Structure | ER-Number | ICs (pm)
L <
o]
O
95 819755 0.053
NS ONTTR ’
! =
- /N—{l J
96 819767 0.148
N o :
oL | _

's) g 3
' o
~o P N—-{! J
97 ) _ 819768 0.183
‘ N
O
o .
-~ /N.{r:\/ ]
98 819769 0.190
. .
- N
° Ao _{4\/
99 819770 0.267
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NS 10 i

0. 140

0- -

-0 Nt

N 89 819558 0.74 N Br N
O 71 Exanple # Structure ER-Nunber | |
|~ ~ NfO 92 819749 0.044 | \ O.

i
C50
"Ok N/"O 93 819750 0.041 N H/

N--/"H 90 N 819724 0.104 " \ 0. F

(m 0~ O

N~/ OOH 91 819735

O~
Example # Structure ER-Number | ICs; (um)-
o
. -e -"’N—{--/ .
100 819771 0.205
N
s,
o —"N_(No'-/ '
101 819772 0.103
102 819582 0.01
0/
103 P '
~ I M 819777 0.11
N
H
N
S,
N
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94 819752 0.071 N O \OI/ O 72 Exanple # Structure ER-Nunmber |1Cso (pm
or, ON 95 819755 0.053 N O ~ON 96 819767 0.148 N O-1 0. 10 ON 97
819768 0.183 N/ On ~ N 98 819769 0.190 No O i N ~ N 99 819770
0. 267

Example # Structure ER-Number | ICg (pmj

e

104 819991 0.12

105 819995 033

PROPHETIC EXAMPLE 196

In vive Biological Activity
[00124] Suppression of arthritis development in CIA. DBA1/] mice are immunized with

bCII/CFA at day ( then boosted at day 21 with bCII/IFA. Arthritis development is monitored
over the course of study. The arthritis score is as follows: 0 = normal paw, score of 1 = 1.2
digit inflamed paws; score of 2 = 3 digits or 1-2 digit + wrist or ankle inflamed, score of 3 =
hand + more than 2 digits inflamed; and score of 4 = multiple digits (3»4) + important wrist
_ or ankle inflammation.
[00125]) (A) Partial therapeutic evaluation of acﬁvc compound: An active compound as
described above is given by oral Hosing once daily at the desired dosage from day 20 after
induction of antibodies to collagen II but before disease development. (B) Full therapeutic
evaluation of active compound: An active compound as described above is given after
disease develops (from day 7 after the second immunization). (C) X-ray analysis of mouse
paws from full therapeutic CIA study. X-ray s.core is the index of measurement of
combination of osteopenia, bone erosion and new bone formation. (D) Representative X.ray

radiographs.
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N 73 Exanple # Structure ER-Nunmber I1C50 (pm) N O 100 819771 0.205 N O
101 819772 0.103 N I-CN 102 819582 0.01 0 O M-"- 819777 0.11 103 -0
NH N /> N 74 Exanple # Structure ER-Nunber 1C50 (n) 10 104 819991 0.12
-0 - 105 819995 0.33 PROPHETI C EXAMPLE 106 In vivo Biological Activity

[ 00124] Suppression of arthritis developnent in CIA DBAI/J mce are

I mmuni zed with bCl UCFA at day O then boosted at day 21 with bCl 11 FA
Arthritis devel opnent is nonitored

PROPHETIC EXAMPLE 107
In vive Biological Activity

[00126] Suppression of arthritis development in CAIA. BALB/c mice are injected i.v. with
1 mg of anti-type II collagen antibody at day 0, and 3 days later 25 pg of LPS is injected i.p.
An active compound and methotrexate (MTX) is then given once daily PO from day 0 to day
7. Arthritis score and body weight is monitored over the course of study. _

{00127)  Other embodiments. While we have described a number of embodiments of this
invention, it is apparent that our basic examples may be altered to provide other embodiments
that utilize the compounds and methods of this invention. Therefore, it will be appreciated
that the scope of this invention is to be defined by the appended claims rather than by the

specific embodiments that have been represented by way of example.
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over the course of study. The arthritis score is as follows: 0O = nornmal
paw, score of 1 = 1-2 digit inflaned paws; score of 2 = 3 digits or 1-2
digit + wist or ankle inflamed, score of 3 = hand + nore than 2 digits

i nfl aned; and score of 4 = nultiple digits (3-4) + inportant wist or
ankl e inflammation. [00125] (A) Partial therapeutic evaluation of active
conpound: An active conpound as described above is given by oral dosing
once daily at the desired dosage fromday 20 after induction of antibodies
to collagen 11 but before disease devel opnent. (B) Full therapeutic

eval uation of active conpound: An active conpound as described above is
given after disease develops (fromday 7 after the second i mruni zation).
(O X—rawaaggny.sis of nouse paws fromfull therapeutic Cl A study. X-ray
score is the imidex of nmeasurenment of conbination of ost eopeni a, bone
erosion and new bone formation. (D) Representative X-ray radiographs. 75
PROPHETI C EXA I j i ol ogical Activity [00126] Suppression of
arthritis devgﬁggﬁ%ﬁﬁmfﬁﬁ%knkg]gALB/c mce are injected i.v. with 1 ng of
anti-type Il collagen antibody aRiday 0, and 3 days later 25 gg of LPS is
injected i _p. An active conpound/a i net hotrexate (MIX) is then given
once daily PO fromday 0 to di Arthritis score and body weight is

noni tored over the course of stu 71 her enbodi nents. Wile we
have described a nunber of enb®dinehts ofNtH{s invention, it is apparent
pr e
Qv ernt

ot her enbodi ments that

utilize the conpounds and net hods of t ion. Therefore, it wll be

appreciated that the scope of this i igzto be defined by the
appended cl ai ns rather than by the spé i C odi nents that have been
represented by way of exanple. 76 W @fain? 1. & conpound of fornmula I: Ra
Rb RN X

wherein:

Q is -C(R")(R?)- or -CH=CH- (cis or trans); _

R' and R? are independently selected from H, C3 alkyl, Cz.4 alkenyl, or taken together
are Cj.¢ alkylidene or Cag alkentylenidene; ' '

each of R?, R*, RS, and R’ is independently selected from hydrogen and methyl;

X is methylene, ethylene, or propenylene;

R? is phenyl, quinolinyt, isoquinolinyl, indolyl, furyl, thienyl, pyrazolyl, quinoxalinyl,
naphthyl, or pyrrolyl, and substituted with between 0 and 5 substituents independently
selected from C;.; alkyl, C,; alkoxy, hydroxyl, C,.; alkylthio, cyclopropyl,
cyclopropylmethyl, and halo; : |

R® is H, methyl, ethyl, propenyl, (C3 alkoxy)Cy.; alkyl, (Ci.3 alkylthio)C).3 alkyl, Ci3
hydroxyalkyl, phenyl, benzyl, furyl, pyrrolyl, imidazolyl, pyrazolyl, isothiazolyl, isooxazolyl,
pyridyl, and thienyl;

wherein R? is substituted with between 0 and 3 substituents independently selected from
methyl, ethyl, halo, C_3 alkoxy, C,3 alkylthio, (Ci.3 alkoxy)Ci.3 alkyl, (Ci.3 alkylﬂﬁo)Cl.g
alkyl, C;_; hydroxyalkyl, (Cy3 r;:lercaptoaikyl)phenyl, benzyl, furyl, imidazolyl, pyrazolyl,
pyrrolyl, isothiazolyl, iscoxazolyl, pyridyl, thienyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, and cyclopropyl; and

each of R®, R®, and R°® is independently selected from hydrogen, hydroxyl, methoxy,

benzyloxy, fluore, chloro, amino, methylamino, dimethylamino, and phenoxy;

77



O/ N RBR7T RaANRs X~e R wherein: Qis -C(R)(Rz)- or -CH=CH (cis
or trans); R and R2 are independently selected fromH, C _3 alkyl, C24

al kenyl, or taken together are Cl.6 al kylidene or C24 al kenyl eni dene; each
of R3, R, R6, and R7 is independently selected from hydrogen and nmethyl; X
I s met hyl ene, ethylene, or propenylene; RS is phenyl, quinolinyl,

I soqui nolinyl, indolyl, furyl, thienyl, pyrazolyl, quinoxalinyl, naphthyl,
or pyrrolyl, and substituted with between 0 and 5 substituents

i ndependently selected fromCl -3 al kyl, C,_3 al koxy, hydroxyl, Cl.3

al kyl thi o, cyclopropyl, cyclopropylnethyl, and halo; Rs is H, nethyl,

et hyl, propenyl, (C _3 alkoxy)C, 3 alkyl, (C 3 aIkyIthio)C 3 aIkyI C 3

hydr oxyal ky] qﬂﬁy a aﬂﬁg

|soth|azolyk @@%g¥%§SP hb?% and&¥§£8ﬁ¥enf#nb elﬁoﬁgyi? u%stltuted
with bet REHACHNE-3 substltuents i ndependently sel ected from nethyl,

ethyl, hal Gr s GharhaBbtRelYy adeeptabla bt/ s Qukyl Eterdrahid ¥ £¢ mﬁéﬂgk & 3
al kyIth| o)Ct g alakyl aa ﬁg%roxygmi?l (CeSrmarcapt oaﬁ:zyl) ?:esrt\glo,
benzyl , #idg er"F‘%ﬁdazolyl pyrazol yl , pyrronI i sot hi azol yl, isooxazolyl,
pyridyl t hi enyl, pyranyl, dihydrOpyranyI tetrahydropyranyl and
cyclopropyl dfg&VeaCh of Ra Rh, and, BY is independently selected from

hydr ogen, I°°mﬁﬁwgflmmt}eﬂ’f§‘l°5ky, fluoro, chloro, am no,
nethylaninQQBdeghnﬁymeQHw cﬁhﬁ maxgj; 77 or one pair selected fromRa
and Rb, and ,Rb d R, ta e r -O-CH2-CH2-O; or
a phar mace?ﬁ iaeﬂﬁ{if’%% B‘i‘t@ ?2‘1 éé'ﬁfz rﬁ?tk’bf tsé't‘é'rp’BPy!a?ﬁ Tgken oEeiercop

al kenyl asetGH,=p#llylidene] prophlidenef propenyhdene or ethylidene;
each of R, R?, RS, and R’ is hydrogen;
X is methylene, ethylene, or propenylene;

R’ is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thienyl, pyrazolyl, quinoxalinyl,
naphthyl, or pyrrolyl, and substituted with between 0 and 3 substituents independently
selecteci from methyl, methoxy, ethyl, hydroxyl, bromo, ﬂuoro, and chloro;

R? is H, methyl, ethyl, propenyl, methoxyethyl, hydroxyethyl, or benzyl,

wherein R® is substituted with between 0 and 3 substituents independently selected from
methyl, etﬁyl, halo, Cy.3 alkoxy, 1, Ci.3 hydroxyalkyl, benzyl, furyl, imidazolyl, pyrazolyl,
pyrrolyl, isothiazolyl, isooxazolyl, pyridyl, thienyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, and cyclopropyl;

or R® and R taken together is -O-(CHa)-O-;

~each of R? R’ and R® is independently selected from hydrogen, hydroxyl, methoxy,
benzyloxy, fluoro, and chioro; '

or a pharmaceutically acceptable sait thereof.

3. The compound of claim 2, wherein:

R! and R? are independently selected from H and methyl, or taken together are CH,=;

X is methylene, ethylene, or propenylene;

R? is phenyl, quinolinyl, isdquino]inyl, indolyl, quinoxalinyl, naphthyl, or pyrrolyl, and
substituted with between 0 and 3 substituents indépendently selected from, fluoro, methyl,
methoxy, hydroxyl, and bromo;

R® is H, methyl, ethyl, hydroxyethyl, or benzyl; wherein benzyl is optionally substituted
with pyrrolyl or pyrazolyl; and

each of R®, R®, and R° is independently selected from hydrogen, methoxy, and fluoro;

or 2 pharmaceutically acceptable salt thereof.
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2. The conpound of claim1l1l, wherein: Qis -C(R)(RZ)- or -CH=CH (cis or
trans); R and R2 are independently selected fromH, nethyl, ethyl or
propyl, or taken together are CH2=, allylidene, propylidene,
propenyl i dene, orethylidene; each of R3, R R6, and R7 is hydrogen; X is
met hyl ene, ethyl ene, or propenylene; RS is phenyl, quinolinyl,

i soqui nolinyl, indolyl, fury!, thienyl, pyrazolyl, quinoxalinyl, naphthyl,
or pyrrolyl, and substituted with between 0 and 3 substituents

i ndependently selected from nethyl, methoxy, ethyl, hydroxyl, brono,
fluoro, and chloro; Re is H, nethyl, ethyl, propenyl, nethoxyethyl,

hydr oxyet hyl , or benzyl, wherein R8 is substituted with between 0 and 3
substituents independently selected from nethyl, ethyl, halo, Cl.3 al koxy,
1, C1.3 hydroxyalkyl benzyl, furyl, imdazolyl, pyrazolyl, pyrrolyl,

i sot hi azol yl , 4 Essrmpevsd of oigimi 2 ywhereithi enyl , pyranyl, di hydropyranyl ,

tetrahydronwaﬂmtp eqmi- Gﬁ(tfelnﬁ %él&%édfr&hfﬁ@n 1t @HERntogRlngTe | S
-0 (CH2)-0O; _each ar RIE ? is md?%gnédﬂgyntly sgl ected ferom

hydrogenPfW'é#eﬁﬁgﬂnyhﬁ'Fé‘F*ﬂ@qZ“»benzyl oxy, fluoro, and chloro; or a
phar maceut |;@aslrhéfhﬁgfee&teagjl éhesal t ther eof 3. The conpound of claim 2,

wher ei n: are |ndepe de .selecte H an t.h r taken
t oget her ar‘E E)PPF“Y’ quinglinyl 509 lyiwéryﬁiﬁl"eﬂ}* @n tnég.lxp@ phenyl ,
qui nol i nnaphﬂm,qsiwyﬂolm mﬂd,subﬂdﬂbahumwmx alanmslsubsamhtshydepemenwr rolyl,

and substitu W t bet en_0 an subst tuents independently sel ect ed
from fl &OFee dtﬁ%r[‘ f}“‘:’rﬁ’y?ﬂd%{ W4 bromo: Rs is H nethyl,

et hyl , hyder)dyEl, hysthyl eﬂzyheuydgobcyethﬁeoﬂrmzﬁewhqrbxm tenzy) is epviehally sbirisuted ut ed
W th pyr (*?"hﬁwﬁ{r‘gyrgfa%‘ﬁet hand each of R Rb, and BY is independently

sel ected dro and fluoro; or a pharmaceutically
accept abl e csalphativerwishlly $®entabl$hdt_ terpobund of claim 2, wherein:

5. The compound of claim 2, wherein R® is méthoxy or fluoro.
' 6. The compound of claim 1, wherein R” and R°® are methoxy or fluoro.

7. The compound of claim 1, wherein each of R! and R? is independently selected
from H, methyl, and ethyl.

8. The compound of claim 1, wherein one of R' and R? is H, and the other is methyl

or ethyl.
9. The compound of claim 1, wherein one of R! and R? is methyl and the other is H.
10, The compound of claim 1, wherein one of R' and R? is H.

11. The compound of claim 1, wherein R! and R? taken together are propylidene,

vinylidene, or CHy=.
12. The compound of claim 1, wherein each of R3, R"', R® and R'is hydrogen.

13. The compound of claim 1, wherein R? is phenyl, 4-quinolinyl, 5-quinolinyl, 8-
quinolinyl, S-isoquinolinyl, 3-indolyl, N-methyl-3-indolyl, 5-quinoxalinyl, 1-naphthyl, or 2-
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R and R2 are independently selected fromH, nethyl, ethyl, or taken
together are propylidene, allylidene, or CH2=; X is nethylene or ethylene;
R5 is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thienyl,

pyrazol yl, quinoxalinyl, naphthyl, or pyrrolyl, and substituted with
between 0 and 3 substituents independently selected from nethyl, nethoxy,
fluoro, and bronp; and R$ is H, nmethyl, ethyl, hydroxyethyl, or benzyl;
wherein benzyl is optionally substituted wth pyrrolyl or pyrazolyl; or a
pharmaceutically acceptable salt thereof. 5. The conpound of claim 2,
wherein R is nethoxy or fluoro. 6. The conpound of claim1, wherein R and
R are nethoxy or fluoro. 7. The conpound of claim11, wherein each of R

and RZ i gphfiERGE Qm&hﬂedﬁﬂfﬁ%?éubsﬁ{u?é@ \ch Hatv%l 0 amt¥ls¥sthbois 8. The

conmpound: of cl’aim 1, wherein one of R2 is H and the other is nethyl
or ethylim @enw:féslﬁﬁs@:ﬁenwetbvlamhfxysmélb@rﬁo -one of Rl and R2 is nethyl
and the other is H 10. The conpound of claim1, wherein one of R and R2
is H 11. The C ound of claim1, mher i.n. R and tak oget her are
propyl i dene, ! qﬁgF?ﬁ%ﬂ@?°§ﬂa€HQ* % hﬁﬁﬁbaﬂﬂgg QP L dher ei n
each of (EsrazbdDphayl.and R i s hydrogen 13 The conpound of cIa|n11,
wherein R5 is phenyl, 4-quinolinyl, 5-quinolinyl, 8- quinolinyl,
5-isoqui nol i nyl, 3- |ndonI N—nethyl 3-indol yl, 5- qgui noxal i nyl , 1-naphthyl,
or 2- 79 naphIShy'[hg: ccaﬂpb@tlhﬁiaixmu,adhaemmfns Hemeﬂiybemyl,mym:cwthﬁ dret ween 0
and 3 sqga% gﬁﬁpg i ndependently selected fromnethyl, nethoxy, and brono.
14. The d"of claim1, wherein R8 is benzyl, phenyl, _
(pyrrolyl)phenyl or (pyrazolyl)phenyl. 15. The conpound of claiml1,

gQﬁLgLEngfii T&Q?Jﬁﬂ?nd%kg%hn2h¥ﬂﬁ8§yethy' or nethoxyethyl 16. The
one of R and R” is H and the other is methyl or ethyl;

R? is phenyl, having the following substituents: fluoro, methyl or hydroxy! at the 2-
position; hydrogen, methyl, or methoxy at the 3-position; and hydrogen, methyl, or methoxy
at the 5-position; and

R¥is methyl, ethyl, methoxy, ethyl, or hydroxyethyl.

17. The compound of claim 2, wherein R’ is 2-fluoro-3, S-dimemy]phenyl,‘z'-ﬂuoro- |
3,5-dimethoxyphenyl, 3,5-dimethylphenyl, 2-hydroxy-3,5-dimethoxyphenyl, 2,3-dimethyl, or
2-methyl-3,5-dimethoxyphenyl. '

18. The compound of claim 1, selected from: the group consisting of: ER-819724, ER-
819755, ER-819750, ER-819749, ER-819735, and pharmaceutically acceptable salts thereof.

19. The compound of claim 1, selected from the group consisting of: ER-819543, ER-
819549, ER-819543, ER-819701, ER-819544, ER-8 1 9594, ER-819647, ER-819657, ER-
819659, ER-819592, and pharmaceutically acceptable salts thereof.

20. The compound of claim 1, selected from the group consisting of ER-819595, ER-
819597, ER-819641, ER-819673, ER-819651, ER-819583, ER-819604, ER-819593, ER-

819658, ER-819648, and pharmaceutically acceptable salts thereof.

21. The compound of claim 1, selected from the group consisting of ER-819602, ER-
819689, ER-819646, ER-819655, ER-819703, ER-819667, ER-819601, ER-819605, ER- -
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one of R and RZ is H and the other is nethyl or ethyl; R5 is phenyl,
havi ng the foll owi ng substituents: fluoro, nethyl or hydroxyl at the 2-
position; hydrogen, nethyl, or nethoxy at the 3-position; and hydrogen,
met hyl, or nethoxy at the 5-position; and R8 is nethyl, ethyl, nethoxy,
ethyl, or hydroxyethyl. 17. The conpound of claim2, wherein RS is
2-fluoro-3,. 5-di-net hyl phenyl, 2-fluoro- 3,5-dinethoxyphenyl,

3, 5-di et hyl phenyl , 2-hydroxy- 3, 5-di net hoxyphenyl, 2, 3-dinmethyl, or

2- met hyl - 3, 5- di et hoxyphenyl . 18. The compound of claim 1, selected from
the group consisting of ER-819724, ER- 819755, ER-819750, ER-819749,

ER- 819735, and pharmaceutically acceptable salts thereof. 19. The conpound
of cl ai b Sly & ; - 49,
R 51054 SR Lo oe: ERAAR O atnB T100R Bidpli bty bl
819659, FHtsghayedD and pharmaceutical |y acceptable salts thereof. 20. The
conpound of claim1, selected fromthe group consisting of ER-819595, ER-
819597, ER-819641, ER-819673, .ER-81965]1, ER-819583, ER-819604, ER-819593,
ER 819658, Efe-dhssampowitpisiaim, seigtted fipp shegroupeonsisting of ER §1R:89LR- 01
The conpeuywr2of ERA1977, SEREIYPP,| I TR 1969, OHR-BOITHSST | PR-806767R- 844602,
ER- 819689, ER—&ég 46, ER-819655, ER-819703, ER-819667, ER-819601,

ER- 81960BM T EACSHY 9?@3%’,‘*‘%?5"3- BHBEWL ER 819603, ER 819642, ER 819628, and
pharmaceutically acceptable salts thereof. 22. The conpound of claim1,

selected fro roup c I Sti of 819-891, ER: ..819 - 71,
PR 810770 | reh s SeroBuE el 1 bt the gt aimsisyid of EReafRS B
accept abBt955a] ER-810558 BR-8 19352, Hnd phampcauidalbf accémabie d3ltssldreft ed from t he
group consisting of ER- 819556, ER- 819557, ER-819558, ER-819752, and
pharmaceutically acceptable salts thereof. 24. The cornpound of claim1,
sel ect ed fr on24.Ndegrmppunsbefgilaimi Iy geloftedfifor Hgggroup Eensisgng 8f ER-SIBFL, IR,
ER- 81968810980 ERFS 0899 SBRADEs RN BRAYI A FHRARRARLAY SAblRanid REELOT -

25. A pharmaceutical conposition, conprising a conpou Iml and a
~ thereof.. :

25. A pharmaceutical composition, comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

26. The composition of claim 25, wherein:

Q is -C(R"YR?- or -CH=CH- (cis or trans);

R!' and R® are independently selected from H, methyl, ethyl or propyl, or taken together
are CH,=, allylidene, propylidene, propenylidene, or ethylidene;

each of R?, R%, RS, and R’ is hydrogen;

Xis ‘methylene, ethylene, or prqpenylcne;

R® is phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thienyl, pyrazolyl, quinoxalinyl,
naphthyl, or pymrolyl, and substituted with between 0 and 3 substituents independently
selected from methyl, methoxy, ethyl, hydroxyl, bromo, fluoro, and chloro;

R? is H, methyl, ethyl, propenyl, methoxyethyl, hydroxyethyl, or benzyl,

wherein R? is substituted with between 0 and 3 substituents independently selected from
methyl, ethyl, halo, C,3 alkoxy, 1, C|3 hydroxyalkyl, benzyl, furyl, imidazolyl, pyrazolyl,
pyrrolyl,  isothiazolyl, isooxazolyl, pyridyl, thienyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, and cyclopropyl; ‘

or R* and R® taken together is -O-(CH;)-O-;

each of R® R® and R® is independently selected from hydrogen, hydroxyl, methoxy,

benzyloxy, fluoro, and chloro;
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pharmaceutically acceptable carrier. 26. The conposition of claim 25,
wherein: Qis -C(R)(R2)- or -CH=CH (cis or trans); R and R2 are

i ndependently selected fromH, nethyl, ethyl or propyl, or taken together
are CH2=, allylidene, propylidene, propenylidene, or ethylidene; each of
R3, R R6, and R7 is hydrogen; X is nethylene, ethylene, or propenylene; R5
i s phenyl, quinolinyl, isoquinolinyl, indolyl, furyl, thicnyl, pyrazolyl,
qui noxal i Ny a phaRakiBhktally a&eplblels@ik {Hereofind substituted with between 0 and 3
substituents independently selected fromnethyl, nethoxy, ethyl, hydroxyl,
bronmo, fluoro, and chloro; Rs is H nethyl, ethyl, propenyl, nethoxyethyl,
hydr oxyet hyl , 27 Théesapdsitiontoé tleinn 2 RSvhieseis sdid torbprued isd ¢ompvendetthe 0 and 3
substi tL&ent independently selected from nethyl, ethyl, halo, Cl -3 al koxy,
1, o -3 RP¥¥xyal kyl, benzyl, furyl, inidazolyl, pyrazolyl, pyrrolyl,

i sot hi azol yl, isooxazolyl, pygdyl, thienyl, pyranyl, dihydropyranyl,

t etrahydropyranyl, and cyclopropyl; or Ra and Rb taken together is
-O(CH2)-O; each of Re, Rb, \@‘ is iondepen_dently selected from

hydr ogen, hydroxyl, nethoxy ey fluoro, and chloro; 81 or a

. » 27. The conposition of claim
d_of-the fornula: or a
pharmaceutically acceptable salt thereoff. 28. The conposition of claim 25,
wherein said conmpound is a conpound ofythe formula: or a pharmaceutically
acceptabl e salt thereof. 82 29. Use ofliag.-egnpound of claim1l1 in the

manuf acture of a nedi canment for the tr @ nt of multiple sclerosis. 30.
The use of claim?29, wherein:

or a pharmaceutically acceptable salt thereof.

28. The composition of claim 25, wherein said compound is 2 compound of the

formula:

or a pharmaceutically acceptable salt thereof.
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Qis -C(R)(R2)- or -CH=CH (cis or trans); R and R2 are independently
selected fromH, nethyl, ethyl or propyl, or taken together are CH2=,

al lylidene, propylidene, propenylidene, or ethylidene;, each of R3, R R6,
and R7 is hydrogen; X is nethylene, ethylene, or propenylene; RS is phenyl,

qui nolinyl, isoquinolinyl, indolyl; furyl, thienyl, pyrazolyl,

qui noxal i nyl , naphthyl or pyrrolyl, and substituted with between 0 and 3
substituents i e yl, hydroxyl
oot ent e ! SRR bl ST o RER s oI P, 1o

hydr oxyet ??re%tP"eB t‘p 2% R8 is substituted with between 0 and 3
substituents i ndependent ly selected from nethyl, ethyl, halo, C -3 al koxy,
1, C -3 hydroxy@lTogluse bk 29, woergln; i mi dazol yl, pyrazolyl, pyrrolyl,
|soth|azolyl | Y gy .enyl, pyranyl, di hydr opyranyl,

t et rahydr opyr gn_s(ﬁﬁlsgég 0\éye'fl ¢ gx""* or?ss TV and Rb taken together is

-0 (CH2) - O ; ReansyR e Rsepemtfnﬂmn!eemﬁ frogl Hpuetheln etbritdar propyl, evteken pecther

hydr ogen, deﬂ%xﬂlyhdmtlheﬁsmendoﬁa BahlRaette, of biklideneand chloro; or a
phar maceut i cal }'§f§£§e aﬁﬂ t hereof. 31. The use of claim 29, wherein
’ 0

sai d conmpouné® &% ormul a: Noml or a pharmaceutically
accept abl e s¥li¢ methdengoéthyl@®, szmp'ﬁlnéer@.se of claim29, wherein said conpound

is a conpoungs of pHehq, ipﬁﬁdmha lsoélmlWﬂay} Mhdbigh, Oﬁiryl QhiefylPHR4A3RE, doﬁﬂinw

ORI AT DR Nt (F:‘lngL%%ft“of'@ePéP‘fﬁ‘?PYt 's. 34
The use of selsctil frod Snethyh g1ediony, e@yl, BydBR1, b(dR) fluae, a@ki@Mo; (cis or trans);

R® is H, methyl, ethyl, propenyl, methoxyethyl, hydroxyethyl, or benzyl,

wherein R® is substituted with between 0 and 3 substituents independently seleéted from
methyl, ethyl, halo, C,; alkoxy, 1, Ci.a hydroxyalk_yl‘, benzyl, furyl, imidazolyl, pyrazolyl,
pyrrolyl, isothiazolyl, isooxazolyl, pyridyl, thicnyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, and cyclopropyl; '

or R® and R" taken together is -O-(CH3)-O-;

each of R®, R”, and R® is independently selected from hydrogen, hydroxyl, methoxy,
benzyloxy, fluoro,.and chioro;

or a pharmaceutically acceptable salt thereof.

31. The use of claim 29, wherein said compound is a compound of the formula:

or a pharmaceutically acceptable salt thereof.
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R and RZ are independently selected fromH, nethyl, ethyl or propyl, or
taken together are CH2=, allylidene, propylidene, propenylidene, or

et hyl i dene; each of R3, R, R6, and R7 is hydrogen; X is nethylene,

et hyl ene, or propenylene; R5 is phenyl, quinolinyl, isoquinolinyl, indolyl,
furyl, thienyl, pyrazolyl, quinoxalinyl, naphthyl, or pyrrolyl, and

subst i t ut ed 3y, tiheleb WRERIMLRMAeRINSRSIPIaR] © ol RAPBERIGTHA trmasl ect ed from
met hyl , met hoxy, ethyl, hydroxyl, brono, fluoro, and chloro; Rs is H,

met hyl, ethyl, propenyl nethoxyethyl, hydr oxyet hyl , or benzyl, wherein Rs
IS substituted mﬁth-betmeen 0 &nd 3 substituents independently sel ected
from nethyl, ethyl hal o, Cl.3=a| koxy, 1, Cl.3 hydrozyal kyl, benzyl,

furyl, imdazolyl, pyrazolyl al yl o 1 sothiazolyl, isooxazolyl,

pyridyl, thienyl, pyranyl, d+'yo Kyl tetrahydropyranyl and
cyclopropyl or Re and R6 take : -%xyé -0 (CHZz)-O; each of R, R and
R is |ndependently sel ected fronthy-ronen hydr oxyl , nethoxy benzyl oxy,
fluoro, and chloro; or a pharmaceuti alty acceptable salt thereof.. 84 35.

The use of claim 33, wherein said conqounﬂ is a conpound of the formula:

or a pharmaceutically acceptable salt of . 36. The use of claim 33,
wherein said conpound is a conpound of formula: ~~ON / Nonmi "Nr or
a pharmaceutically acceptable salt thereof. -85

or a pharmaceutically acceptable sait thereof.

33. Use of a compound of claim 1 in the manufacture of a medicament for
the treatment of rheumatoid arthritis.

34. The use of claim 33, wherein:
Q is —C(R")(R?- or -CH=CH- (cis or trans); _
R! and R? are independently selected from H, methyl, ethyl or propyl, or taken together -
- are CHy=, allylidene, propylidene, propenylidene, or ethylidene;

each of R®, R*, R®, and R” is hydrogen;

X is methylene, ethylene, or propenylene,

RS is phenyl, quinolinyl, isoquinolinyi, indolyl, furyl; thienyl, pyrazolyl, quinoxalinyl,
naphthyl, or pyrrolyl, and substituted with between 0 and 3 substituents independently
selected from methyl, methoxy, ethyl, hydroxyl, bromo, fluoro, and chloro;

R® is H, methyl, ethyl, propenyl, methoxyethyl, hydroxyethyl, or benzyl,

wherein R® is substituted with between 0 and 3 substituents independently selected from
methyl, ethyl, halo, C,.; alkoxy, 1, C,.3 hydroxyalkyl, benzyl, furyl, imidazolyl, pyrazolyl,
‘pyrrolyl, isothiazolyl, isooxazolyl, pyridyl, thienyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, and cyclopropyl;

“or R® and R taken together is -O-(CH,)-O-;

each of R?, R’ and R® is independently selected from hydrogen, hydroxyl, methoxy,
benzyloxy, flucro, and chloro;

or a pharmaceutically acceptable salt thereof.
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35. The use of claim 33, wherein said compound is a compound of the formula:

or a pharmaceutically acceptai)le salt thereof.

36. The use of claim 33, wherein said compound is a compound of the formula:

or a pharmaceutically acceptable salt thereof.
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