FATTY ACI D NI ACl N CONJUGATES AND THEI R USES PRI ORI TY [ 0001] This application
clainms the benefit of U S. Provisional Application No. 61/238,903, filed
Sept. 1, WOQ911/U28689 Provi sional Appl i cation No. 61/308, ped/usbelvedr2bEh. 26,
2010, and U.S. Pr, A : B fd Mar. 10, 2010.
The entire discl S—¢ . f nd i ncorporat ed
into this application by ref erence. FlI ELD OF THE | NVENTI ON [ 0002] The
invention relates to fatty acid niBRIOREDYij ugat es; conpositions conprising
an effective anount of a fatty acid ni acin conjugate; and nethods for

treati ent i a neta rls th adm ni stration of
on ot dof0 LG A fifhiln PN RslfairT 3T S BRIyl A ND OF THE

I NVENTI@MSOMBHQdISéme gb(watﬁt Pfrbﬁttonawc@h@alcﬁawmymgrmt fildaetebi 7y, and
tuna are the source of dietary marine one fatty acids, eicosapentaenoic

aci d (E0A), apdd) §oBioyisirnebanplicatian Ng. 0 DB 8623|fﬂgd M@é 100 Hiar Theeengieg i ved
onega- 3 EPA and
oy n s 3E S opgleiBh 6t RURE S, TR LB RFERE e I BN T

di seasacfedrider oscl erosi s and reduce nortality in patients with
dyslipidem a, hyperchol esterolem a, or Type 2 diabetes, and netabolic

di sease. N acin at high dose (1.5 to 4 grans per day) has been shown to

i nprove very lowdensity | i poprDtGF THE WRENTIOWel s t hrough | oweri ng

Apol i poprotein B ("ApoB") and raising high density |ipoprotein ("HDL")

t hroughodemr eagho thvARRIH REPISAb Eatty fid ﬁlaAa%hJu)gaﬂe@ coRBobitiv®y conMragighncan

al so inhibit dlacylglycerol acyl transferase- 2, key enzyme for T

synt hesifisciivearaeid of ¥iats, ac1d@gﬁ9aanumtet_andAmthqu fonirentiolg or poystinga  ( 8A) ,
20B- 26 Unf o a i t | i ver that
det r aca et Ot €L B MR AELRAT S UbRHER o3t el i 2d1
i s fl usdehjugatewhi ch can Ilntt t he dose a patient can tolerate. Flushing is
t hought to occur through the GPRL09 receptor in the vasculature. WO
2011/ 028689PCT/ US2010/ 047262 [ 0004] Orega-3 fatty aci ds have been shown to

i nprove insulin sensitiBAGKGROUNIEOFTHE BNVEONTFION nor nogl ycem ¢ nen and
in obese individuals. Orega-3 tatty acids have al so been shown to i nprove

insul i Moo@syi St eNgRoldwabesie, 8ith RABMYNE HBuh) BéM@R! Shdvlihdardfhd dolutcrorat ory
phenotype. Lipid, glucose, and insulin netaboliSmhave been show to be

| npr ov etiarry rmretrevm@gqﬁ Wﬁéﬁtdéar%¢%ép@tﬂ§?}1@1@ta§ldt(ﬁf&)@hd feestlaxaenaig ¢id onega- 3
fatty S P Ql[—tl@ v I ecrease
trigl ycerl Wﬁtﬁ%@k u%:(gglstE e Ornfgéxﬁf or éﬁ@%eﬁo Iﬁ%hg%gd]ursnéﬂg%@mggr gl ac

arr hyt tfmtamdm(m&daﬁd DHAt)mavabéea\sﬁowﬁtct addutycartiopaciiantiscat, dolratary)f a
cardi ovascul ar event. Orega-3 fatty acjds have al so been taken as part of
the di éﬁaﬂﬁl%&%ﬁpf@ﬁ@ﬁ‘tlerﬁﬁﬁ@%ﬁd&ﬁe tnﬁéta%tp;yn naeenty with dpdiridapdpi pi dem a.

[ 0005] el%ﬁbllektg%lérﬁap&olwé)g% dig&f tmaaetlb&a@ag@ mqmmg%ann(ﬁ)st E‘fg)[o aci d

in a synergistic way provide’ a great benefit in treat
af or enehgraon @dr dhy3 daskesn sauwmm@sva@ ﬂd\Mﬁbﬁalt@%p[oﬁﬁﬁcﬁil'(‘ﬁéLDh\/)dntzelmn is

based i on. t he Jscover acid ni c n co at es Jheir
demonst Piebgh e e S OB B b (g gk bt b Bidase o Hb Blo Lle)
achi eV%HroQ%h %Féa@ingt@ﬂdh@gp@te%?m (@Apéﬁl’t)S{n afl 162 aNpRE Qh Jldd ifRBRI nati on.
These nov conjugates are useful in the treatnent or prevention of

met aboldl@ybglsm@leasyitnantpfa@mé akdyeanasiok 010G synthigsy (Kpinsbeminay . & oKevhary, heart

(rjr:s Soas @ﬁ&f 3??69 ng@ge@gvég?@ﬁafsé(}[ Uit Sard HAL SR SRR PRESHS! -

out51de of the liver that detract from its therapeutic utility. The most common side effect of

niacin is flushing, which can limit the dose a patient can tolerate. Flushing is thought to

occur through the GPR109 receptor in the vasculature.



[ 0007] Accordingly in one aspect, a nolecular conjugate is described which
conprises a niacin covalently linked to a fatty acid, wherein the fatty
acid i s swbeotigdsdspom t he group consi sting of onega 3 faCﬁ&mamD@gnand fatty
acids t are et abol j.zed i tt onj ugate
corpr i 0B T ORRRE T Pk N 0T gl s T bR R e © <o
pr oduceoleffee M @sitidgBReEmid @en it inybasd iddiviRAR8]0MeANDIAG acliS Peed als¢ onpounds
of the Fornula | are described: Fornula | and pharnaceutically acceptable
salts, beppphavasto igwreneBgilingeyypiggdn OB%ﬁpﬂ@ﬁ@ﬁgeS@rwﬂéméWé@.a@oner s thereof;
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a: tyll) AmproNidd Gf W@Weig&t Ay peytehsive MbGED) GlougB tidhiaychy Q/Ftll(l-oiﬁdg)lﬁ , fattCaEYCL- C3
0 1- C3 0) NH( C1- C3 0) N(C1-C3
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al kyl' . reduce the Mk ﬁ)?gudﬁ%n@l%@ch%gﬁs}%d g@gﬂ?a{&dﬁﬂﬁl{%ﬁ 1l addfion33 ibtovBR, or W

and W2 can be taken together can form an | mdazolidi ne or piperazine group,
with t heonldy irsatichiatat sk affdcantioganculotvdne Onegmil fhineodshaye abadivea, b, c,

benzyl T SBAY T difjariSur iR A oD S RN STUGECHar PG th the

si ngl e [9@6oN Qe WhilighotReVdANR PRURES nfalinf MU B oaMChARhlY lin Rkyhetigiocycl e;
each n, o, p, and q i's independently O or 1; each L is independently -0-,

-S-5 3(14)9 weuld Q(@)@e Heregt Igngfit in treating the afprR@em@ned diseases.

SUMMARY OF THE INVENTION

[0006] The invention is based in part on the discovery of fatty acid niacin conjugates and
their demonstrated effects in achieving improved treatment that cannot be achieved by
administering niacin or fatty acids alone or in combination. These novel conjugates are
useful in the treatment or prevention of metabolic diseases including atherosclerosis,
dyslipidemia, coronary heart disease, hypercholesterolemia, Type 2 diabetes, elevated
cholesterol, metabolic syndrome and cardiovascular disease.

[0007] Accordingly in one aspect, a molecular conjugate is described which comprises a
niacin covalently linked to a fatty acid, wherein the fatty acid is selected from the group
consisting of omega-3 fatty acids and fatty acids that are metabolized irn vivo to omega-3
fatty acids, the conjugate comprises at least one amide, and the conjugate is capable of

hydrolysis to produce free niacin and free fatty acid.

[0008] In another aspect, compounds of the Formula I are described:
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Formula I

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, enantiomers and

stereoisomers thereof;



R6(O 12)9R ' 1/41 ,5srC'-rssc4, (NY "\)1llcss' 5555 R7 0; wherein the
representation of L is not |[imted directionally left to right as as

depi ct ed,woabhns@pt her the | eft side or the right sideprofi/us2aanstze2 bound
to the V% si de of the compound of Fornula I; each g is independently 2, 3
or 4; AW is independently 1, 2, 3 or 4, mis 0, 1, 2, or 3; each
R6 is independently Hor G-C6 al kyI or both R6 groups, when taken

toget her witgy, Rpeanalmraecg@a@ht@déyeﬁ&hﬂ&ta@mct@ai ﬁoﬁ;th@ghﬁg,coﬁﬁgt ﬁ%fhﬁtqnocycl e;
each R7 is independently e, H or straight or branched Cl-CI0 al k whi ch

can be -6pt-Forf V. -NHauBE{Giel ety t-N(QHC: Nikgl).. CSBIRC(QOME: alighiny | | C6H4C]—|,

| 9a2ARCRO G LIIE: i, GEEC B L E RSSO o,Rpy, ore of the
-H, or .CPOMH(O-C; alkyl), -C(O)N(C,-C; alkyl),, -C,-C3 alkyl, -O-C;-Cs alkyl, -S(0)C;-C3
alkyl and -S(0O),C,-C; alkyl;

W, and W, are each independently null, O, S, NH, NR, or W, and W, can be taken
together can form an imidazolidine or piperazine group, with the proviso that W; and W, can

not be O simultancously;

each a, b, ¢, and d is independently -H, -D, -CH3, -OCH3, -OCH,CH3, -C(O)OR, or
-O-Z, or benzyl, or two of a, b, ¢, and d can be taken together, along with the single carbon to

which they are bound, to form a cycloalkyl or heterocycle;
each n, 0, p, and q is independently 0 or 1;
each L is independently -O-, -S-, -S(O)-, -S(O),-, -S-S-,
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R5, WD 2011/028689PCT/ US2010/ 047262 with the proviso that there is at

| east one O in the conmpound; each r is independently 2, 3, or 7; each s
is indepewdemll/qzs@}) 5 or 6; each t is independently 0 ®@CTAS2&8087262i S

i ndependent |y 1 . 6; R4 and R5 are each independently -H, -D,
-Cl-C4 al kyl, Iégen -OH, -¢(0)CG -4 al kyl, -o0- aryI - 0- benzyl ,

-0C(0) G- C4'Qj’ gl@alkene -G - C3a|k ne, - 0)C| C4a|ky| -NH2

B e R D

each R right anakegepidel)rdtier-dither t6€ Qft Gile &3tha hlgkﬂl sidoof Is tarmbagbdundrto ﬂ’reaW@ hed
Cl-4 al kyl optionally substituted with OR, NR2, or hal ogen; provided that
when msigs ofghe eompypdiof pamyady, o, W and W2 are each null, and Z is ( 0 )t

"2 then t nust be 0, and
cach g is independently 2, 3 or 4;

cach h is independently 1, 2, 3 or 4;
mis0, 1,2, or3;

each Rg is independently H or C;-Cg alkyl, or both R groups, when taken together

with the nitrogen to which they are attached, form a heterocycle;

cach Ry is independently e, H, or straight or branched C,;-C; alkyl which can be
optionally substituted with OH, NH,, CO,R, CONH,, phenyl, CsH4OH, imidazole or

arginine;

cach ¢ is independently H or any one of the side chains of the naturally occurring

amino acids;

cach Z is independently -H, or




WO 2011/ 028689PCT/ US2010/ 047262 when each of m n, o, p, and q is 0, and W
and W2 are each null, then Z nust not be 0 R5 [0009]In Fornmula I, any one
or nore oVOHonm28dse substituted with a deuterium It i sPardas2a00er2st ood in
Formul a | thai @1nethyltsy%$}Ltqﬁn§tcan be substituted with a Cl-C6 al kyl .
[ 0010] Also‘@i§ P@H@ﬂ‘h?ﬁ Rartdcelt Peal fornul ati ons conprising at |east
one fatty acid niacin derivative. [0011] Al so descri bed herein are nethods
of treating a disease susceptible to treaynment with a fatty acid niacin
derivative in P tient in need thereof agmnistering to the patient an
effective anountpjof a fatty acid niaci ri atjve. [ 0012] Al 30 descri bed
herein are nethqfs of {reating netabol i | —_adm »'stering to a
patient in ne i i i
derivative. P0013] \ i | so include gonposi tions
that conprise an effective amountSof,.a fattyrgcid niacin derivative and a
phar maceutically acceptable carrier. The conpositions are useful for
treating or preventing a netabolic disease. The invention includes a fatty
acid niacin derivative provided as a pharmaceutically acceptabl e prodrug,
hydrate, salt" enantiomer, stereoisomer, or mxtures thereof. [0014] The
details of the invention are set forth in the acconpanyi ng description

bel ow. Al t hdbd stnesad: and naterials simlar or equivalent to those
descri bed herein can be used in the practice or testing of the present
invention, illustrative gﬁt%ggs qu material s are now descri bed. O her
features, oﬁ?@%fgvn %ﬁn§3 & dgé’of the invention will be apparent from
the description and fromthe clainms. In the specification and the appended
clains, the SERGWiRlef-RidRIyad, 800 dic! ude the plural unless the context
clearly dictates otherw se. Unl ess defined otherwi se, all technical and
scientific terns used herein have the sanme neani ng as conmonly under st ood
by one of orddchnaisynddpehdentln Otdrd; art to which this invention bel ongs. Al
patents and publications cited in this specification are incorporated
herein by reference in their entireties. BRI EF DESCRI PTI ON OF THE FlI GURES
Figure 1 is caclyspsindersndeftln he. ef¢:ect of conpound 1-7 on ApoB secretion in
Hep&2

R4 and Rs are each independently -H, -D, -C,-C4 alkyl, -halogen, -OH, -C(O)C;-C4
alkyl, -O-aryl, -O-benzyl, -OC(0)C,-C, alkyl, -C,-C; alkene, -C,-C; alkyne, -C(O)C;-C,4
alkyl, -NH,, -NH(C;-C; alkyl), -N(C;-C; alkyl),, -NH(C(O)C;-C; alkyl), -N(C(0)C;-C;
alkyl),, -SH, -S(C;-C;3 alkyl), -S(0)C;-C;5 alkyl, -S(0),C;-C5 alkyl; and

each R is independently -H, —C(O)-C;-C; alkyl, or straight or branched C;-C, alkyl
optionally substituted with OR, NR;, or halogen;

provided that

when m, n, o, p, and q are each 0, W; and W, are each null, and Z is

then t must be 0; and



cells. WD 2011/ 028689PCT/ US2010/ 047262 Figure 2 is a depiction of
the effect of fatty acid niacin derivatives on SREBP-|c target genes.
DETAI LED WB3CRIIRFdISON OF THE | NVENTI ON [ 0015] Met abol i ¢ dipsEasesloaR26a W de

variety of medical, disorders that interfer it subj ect' s metabolism

Vet abol i om 1ot ha i seeh P i Peatdd ML B8 wiebdo: Bk ET B R FRARRNL o
energy. Metalebésmin a subject with a netabolic disease is disrupted in
some way. The fatty acid niacin derivatives possess the ability to treat or
prevent netabolic diseases. [0016] The fatty acid niacin derivatives have
been designed to bring togetHer niacin anal ogs and onega-3 fatty acids into
a single nol ecul ar conjugate ctvyity of the fatty acid niacin
derivatives is substantiakl of the individual
conponents of the nol ecula hat the activity induced
by the fatty acid niacin derivatf ves i tic. DEFIN TIONS [0017] The
follow ng definitions are used iln connection with the fatty acid niacin
derivatives: [0018] The term "fat¥y acid niacin derivatives" includes any
and all possible isomers, stereoisoners, enantioners, diastereoners,

t aut oner pharmaceutically acceptabl e salts, hydrates, solvates, and
pr odr ud@‘éﬂl t hén Fogmuladeany oncprimorg of Fagy Do Wik AHenym. [3819] The

ar ti cl egso hdeARDI iR ForAufh PHGOa hl@th;yh glﬁosﬁfu%ﬁd QR e %ul%s?iug&i &fithb& 00CaIRYL TOr @

than one (1.e., to at |least one) of the grammati cal object of the article.

By way [001Hxanplw, desarbedlaenpimrthacemaing fomeuleti@venmpasingnt kastlvan fafeaced enent .
[0020]The.t8rnlﬂand/or" is used in this disclosure to nean either "and" or
"or ud¥ERITHGEIYGt ed ot herwi se. [0021] Unl ess ot herwi se specifically

definedoothe t aNd® dedéted HeRii®hR hQhSHIfit@atifd LARESE susceptible to treatment

with a fatty acid niacin derivative in a patient in need thereof by administering to the patient

an effective amount of a fatty acid niacin derivative.

[0012] Also described herein are methods of treating metabolic diseases by administering
to a patient in need thereof an effective amount of a fatty acid niacin derivative.

[0013] The invention also includes pharmaceutical compositions that comprise an
effective amount of a fatty acid niacin derivative and a pharmaceutically acceptable carrier.
The compositions are useful for treating or preventing a metabolic disease. The invention
includes a fatty acid niacin derivative provided as a pharmaceutically acceptable prodrug,
hydrate, salt, , enantiomer, stereoisomer, or mixtures thereof.

[0014] The details of the invention are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, illustrative methods and materials are now
described. Other features, objects, and advantages of the invention will be apparent from the
description and from the claims. In the specification and the appended claims, the singular
forms also include the plural unless the context clearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. All patents and

publications cited in this specification are incorporated herein by reference in their entireties.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a depiction of the effect of compound I-7 on ApoB secretion in HepG2

cells.



hydr ocar bon groups that have 1 to 2 aromatic rings, including nonocyclic or
bi cyclic groups such as phenyl, biphenyl or naphthyl. Were containing two
aronmat i ¢ wWoregsl/o2kisgyclic, etc.), the aromatic rings of wrha/tseyl/ogrenp may

be joi ned at..a si,ngl 0j. nt . bi nyl).. or fused (e, ht hyl ).
The aryr o digay b eBEimbatfs dresidt MR niadh ghtPEof fp SremBERT lont 5.
e.d., Xafget &ensyibstituents, at any point of attachnment. The substituents can
t hensel ves be optionally substituted. [0022]"C -C3 al kyl" refers to a
straight or branched chain saturated hydrocarbon containing 1-3 carbon

atons. Exanples of JHEFAERIDISCRIPHION O Y INVENaNTON0t [inmted to,
met hyl , ethyl, propyl and isopropyl. WD 20117 028689PCT/ US2010/ 047262

[0023] "[6d1474 aMeddbolit afseses bR AwrlhvalighlordedRapdishadrsGhaiife gl wiat £d
hydr ocar bon contai ning 1-4 carbon atons. Exanples of a G -C4 al kyl group

i ncl udesublsat’s mctabalotm.| Metabetism as thawrangss a stbiel’s bpdopses to tsensform foodprtopy | |

i sobutyl, seg-hutyl and tert-butyl. [0024]"C1-.05. alkyl." refers a

st rar rrersd SdbalisntR A ekE b Kricit0f AseiFud s sh 5 e s bon
atoms. fexpagEl afchf daivellvdPosdekyihe abiiptd thel Uefreva im@4dD1i0dischderl ted to,
met hyl, ethyl, propyl, butyl, pentyl, isopropyl, isobutxl, sec-butyl and
tert-budyiol isag@fﬁt |acighriadia gpavatyes hpedps) desiercd tabryg togetireRiacing a
straig r d in: r.at [ N on
ot o gfies PACOERRES P8 L AHMIALR: BULIRELANNGEL TR Wity br iy D0
met hyl ,acet diydin dpriggriyks isBubgtintiafle pigatcr theaxtiié sum 6 fredpdividub salmionknts of

sec-butyl, terf-butyl, isopentyl, and neopentyl. [0026] The term
"cycl oé%?(WOEGCPQf é?rgu%e,éu%%ﬁét%thﬁpﬁﬁae% 1tyolﬁ3%<‘6‘ﬂtbaith? YECK HaiBon at ons.

Exanpl &8, 0htias sy Shealiky group include, but are not limted to,
cycloprogylf Sycﬁébgéyl cycl opentyl and cyclohexyl. It is understood that

any of the substitutable hydrogens on a cycl oal kyl can be substituted with

hangquEgﬁ%ﬁﬁxﬂﬁ§yl, hydr oxyl , al koxy and cyano groups. [0027] The term

"het er sed herein refers to a cyclic hydrocarbon containing 3-6
at ons in - - | - - x| es of
heterogggyﬂs i2%?thE&%%ggg%%nﬁgfeﬁ$ﬁ$§8QﬁF§%ng¥prg%%g§ag§§rane, thiirane,
azet i dideeivativest ane, thi etane, pyrrolidine, tetrahydrofuran,

t et rahydr ot hi ophene, piperidine, tetrahydropyran, thiane, jm.dazolidine,
oxazol i [§PHY, tﬁP%§%@i%ﬁ gact F@%@F@ﬁﬁﬁ“@?tﬁ?gpﬁﬁﬁp”ﬁﬁ< I&%Wh@h“&%ﬁ%ine,

di t hi angreAfinds ChaMomdrO AWt tosn S Fhto A%, gﬁ‘aﬁ—nﬁfse&ﬂaﬁlﬂ&e GhRisAgs of the
naturally occurring amno aci ds” as used hereln neans a S|%e chai n of any
one of hydmtésobdloatengndpiodougaoif dhs fatty etid medcmederdatmdsniescribed dicrvey.  Aspar agi ne,

Lysi ne, artate t hioni ne, ,,Cyst ei ne, . Phenyl al ani pe, d ut anat

Thr eon A LahermeRs T RO SRa e bry B i SVAI R o i O e,
Ser i ne,onkli(5L.1 @i R Rastdie) JVthe StdMemat QPSGLANE theesrelef ®ytwayast damp, uged herein
neans an onega- 3 fatty acid and fatty ‘acids that aré nmetabolized in vivo to
onmega- 3l¢ragnty maeisdme dpnent prinorniaeragplemsniof fatty acids are all-cis-7

ot aco AL R LRSS0 BE o R BR S A b= b Sred 2 15
al | - ci sSnéic®ecd dthtbrigct adecat et raenoi ¢ acid), eicosatrienoic acid (ETE or

all-cis-11,14,17-ei cosatrienoic aciq), ei cosatetraenoi c acid (ETA or
al | - ci d082H 1 1knkeps atheryesg wcedically defimedgthe tane gedp sfersdn 6y dicadiomaticPA or

b o ROED 2P L0 S ARIP 6L olP
docosahaziaengicnyhbipthefddA naphthyll -Whae containing two aromatic rings (bicyclic, efc.),
the aromatic rings of the aryl group may be joined at a single point (e.g., biphenyl), or fused
(e.g., naphthyl). The aryl group may be optionally substituted by one or more substituents,
e.g., 1 to 5 substituents, at any point of attachment. The substituents can themselves be
optionally substituted.
[0022] “C1-C; alkyl” refers to a straight or branched chain saturated hydrocarbon
containing 1-3 carbon atoms. Examples of a C;-Cs alkyl group include, but are not limited

to, methyl, ethyl, propyl and isopropyl.



WO 2011/ 028689PCT/ US2010/ 047262 4,7, 10, 13, 16, 19- docosahexaenoi ¢ aci d),
tetracosapentaenoic acid (all-cis-9,12,15,18,21- docosahexaenoic acid), or
t et racosahemaﬂmkﬁwaci d (nisinic acid or all-cis-6,9, 12PCH/URS012D47262

ol coul20kown GCht kel HomiCay Sul pURERUB Al S BR AR et ” 1<

manmal ,coBtathing Mwm atéfYI SExanfiiits ofHC PER alklyDgrotp thelRt buthes s linsiedd, pi g,
or non- human grlnate such as a nonke chi npanzee, baboon or rhesus, and

t he t ertfsmet8y F@al 'Prefydh bubds lﬁ@rﬁppylalf*@glﬁﬁle&%f‘ﬂt%lr@ﬁdﬁé'@am Ly herei n.
[0032] [\@6‘2461”"6 %”a bfﬂrefe%ﬂo%dsgﬁ rﬁ%&f mg%h'cﬁ% s&ﬁ?ﬂ%’éfgdrﬁ&%&o”p“ sing an
a acl n

ef fecti noun atty aci erirvative an armaceutically
accept abhairdag ﬂ45€nfarb0'ﬁf‘EﬁommvEmmIﬂBs ofcCdeslkal gratip mca(dedbwtla&cncn lheitddvat i ve
provi ded as_a pharnmaceutically cceptable prodru hydr at e h as a
phar madeurriaxl Fhys PEp: Vi R, iSaman; SaBrEL S&t wnéd%@ty?dﬁoww ures
thereognhggaﬁkggpresentat|ve pharnaceutlcally accept abl e salts" include,
e.g., water-soluble and water-insoluble salts, such as the acetate,
ansonat[@02¥, 4- 8C abk alkstircfrente-aXtraizht odblsuctlfedr@aale)satulmmmdmwlﬂbmnat e,

b te, . te, bisulfate b d t
care urprae S Sosatal® S oft 5 by o TEiRb e I iyt
clavul 6%6'1{%@1?71 ethlg»yth%mluawld&mﬁd@x?t Ssopfsply Méo%h?yl s%@-ﬂo@’ty@tt@m—tﬁ%bﬂ ate,

fiunarate uceptate, gl uconate utamaté, glycollylarsanilate,
hexaf | ummpﬁé@pﬁa@@pennéxyl r esor Ci nat e, hydrabanmi ne, hydr obr omi de,

hydr OCh[hBi de’ Tﬂg ger OX%yageﬁkth f%ts tI %%Igglec h}lﬁdz ca?l?o%,nc%% ain eg% 6a carbon

| act obi ona e, laurate, gsium® el ate,” nesyl ate,

net hyl bit@hs. dExanifed ?ﬂdyfc[oall@,l gf&bhydlﬁ&e bat £c nouIeaited ton@nﬁoﬁrap}a, nitrate,
N- net hyl gl ucam ne ammoni um sal t, hyd oxy- 2- napht hoate, ol eate, oxal ate,

pal m ta?f}’ébbb%(hﬁﬁﬁlép?%}’llanﬁféb’ﬁ]@h@i%l JQUII*WQQ@ at %pﬂftﬂllf‘o%libétltu’@b onate),
pant ot Lh;:'a?&g%ns ?&'? %gﬂ&ﬂ%lq:'aﬂ 'BQ%E&% ed &}tﬁ %Qfogen ROl dggﬁkﬁc%%gﬁ}a atqlé?xy and

pr opi o nesul fonat e, st'edrat e

succi natyeno gnmlufmt e, sulfosalicyl at e, sur amat e, tannate, tartrate, teoclate,
tosyl a triethiodide, and valerate salt 0034 The ter m "nmet apolic

i soaedd0zy usgg FePehcrsp el e at pedinsgestias Qﬁ‘ %élg dearbey Kentams

i nvol viyg A Wl@rgﬁ@t %ast%g of (it AGhIR MRS, Qrisc iy léieJﬂheﬁFJ brbic

di sease, and netabolic syndrome are used i nt erchangeably here| n. [0035] An
" ef f ectindedaouare 'hot/\}mmtedlsﬁedzmdm@ommmm tonrang tazctadih@tokytangithicranaci n

derivative..i,s an m) e.for treati or . preventing .a netabolic
i sensdVRUETE; AR Re b higpotni et Giber e oyl aneel it onpasses
carri erifmidL£3kiiRk &3xhsolidamd tlﬁhidhﬁﬁ{esdlaﬂélaﬁ@@ﬂﬁlo@anﬁﬁﬁlﬁéﬂaﬁhe dxapResdithi8, or
vehicle, such as a I|qU|d or solid filler, diluent, excipient, sol vent or

enca suﬂnétdllcri@nmterl al, involved in carrying or transportl ng a WO
2011/ 02[6&?6% PCT‘lF H§ ge?mo 834 gr%e 6f the side chains of the naturally occurring amino acids”

used herein means a side chain of any one of the following amino acids: Isoleucine, Alanine,
Leucine, Asparagine, Lysine, Aspartate, Methionine, Cysteine, Phenylalanine, Glutamate,
Threonine, Glutamine, Tryptophan, Glycine, Valine, Proline, Arginine, Serine, Histidine, and
Tyrosine.

[0029] The term “fatty acid” as used herein means an omega-3 fatty acid and fatty acids
that are metabolized in vivo to omega-3 fatty acids. Non-limiting examples of fatty acids are
all-cis-7,10,13-hexadecatrienoic acid, a-linolenic acid (ALA or all-cis-9,12,15-
octadecatrienoic acid), stearidonic acid (STD or all-cis-6,9,12,15-octadecatetraenoic acid),
eicosatrienoic acid (ETE or all-cis-11,14,17-cicosatrienoic acid), eicosatetraenoic acid (ETA
or all-cis-8,11,14,17-cicosatetraenoic acid), eicosapentacnoic acid (EPA or all-cis-
5,8,11,14,17-eicosapentaenoic acid), docosapentaenoic acid (DPA, clupanodonic acid or all-

cis-7,10,13,16,19-docosapentacnoic acid), docosahexaenoic acid (DHA or all-cis-



pharmaceuti cal agent from one organ, or portion of the body, to another
organ, or portion of the body. [0037] The term"treating", with regard to a
subj ect, weoeferi#289i nprovi ng at | east one synptom of theCTUSp@ON4IR62

di sorde I i can,be curin iLmprovin or at | east i y

e 1 or A e oS8 PugFactylsss e ERp ARl pdl (PP, LRI §21

di scl osdécgsahexd¥Reid acklbrité@rddsQtlck 2heicRbRINGRANE ¥ciwot hil-cish@9tierFE 8dilsease,
condition, or illness, unless otherw se indicated. [0039] The term

"admi niteragosenoigaiddni st eri ng”, or "administration” as used in this

di scl ogyhsr ef ¢h3 i SNt Y rblK AU HeShALHRIIAELIPAIA 8 an

phar maceutical 'y acceptabl e salt of the conpound or a conpositionto a

subj ectderioatiadheeost eri ng a prodrug derivative or anal og of the conpound or
pharnach%hcalIx‘aqcegtable salt of the conmpound or. conposition to the

subj ectl003Hi chACARVIES 4§ ARABERA S et PUERD ARRUSE 20 8HINGR P 8o HPH TR DYiSE-hi n t he
subj ect, ) T r Nt o i i iS¢l , heans
a com008§69%¥2%$€%@%% er %iﬁb%ﬁghlaﬁg\% d\f%e%y&%@ggﬁ’:bgb %ngaozsrﬂé(sg&ga-ﬂ,ﬁ'ﬂ%f

hydr ol ytsings) “stigjcet” fand t'patmoi ’diraigediintethbrigeablyviereifi.0041] The fol | ow ng

abbr evi ati.qns e.used herein and have the .indicat.ed definitions,. Boc and
Bor o dODAATS e R el Ry el PR S DBl | &

bovi ne ssefudibed Riiabid fikdin Usrivhtile afd@h BRMadbitFa IR EQcFrableChrrict. The _
N, N -di cycl ohexyl carbodiim de, D EA is N N-diisopropylethylamne, DVAP is

4- di metinydngioh mespydes difeféy, aivVERCingleDyhtbeguovidedati phastaceudice hviagrpiaple DVF i s
N, N- di net | f.or m de, S | sodi um 4i oct vl ul f osuceci nate, EDC and EDC
N A TG S el S e T e e e

enzynme-gdrokeshdrirotmsaidanéreaSsay, EtOAc is ethyl acetate, FBS is fetal
bovine serum h is hour, HATU is 2-(7-aza-1H benzotriazole-1-y1)-1,1,3, 3-
t et r amdP331ur oRepiss LRI DbsB)3EILISRRY accepfableisalthineHds. mesivieFsodidacy

vi rus, a'ﬂﬁ%t%rﬁn@{eﬁt&g@ﬁ%[ AR as l”?lf‘eta%%la?e? lah%&%%%ﬁ?é@ﬁﬁnésﬁlb%ﬁ&-?s§i- um

per oxynonosul fa IS pa Iumon car I's trifluoroacetic
aci d, TdeEonste), benginesubionpieoimnlzenste, Pligactainaubiculfiat ehitasrede, DoFate, bromide,

t et rahydrof uran., COVPQUNDS [ 0042] Accordingly in qne aspect, the present

i nvent i B BicotAl e ‘éﬁlﬁﬁflef‘éiﬁ{aéﬁ» C@Bﬁﬁa@a%b%ﬁ eeﬁlﬂ%%ﬂt_?é% clivhlesgien and a
fatty acﬁhﬁr&&}fﬁlicfeg%&éfatk,' é&%e,}é’?@[a%,@sdyg%, ﬁﬁ%a}éfe,igqﬁéépia%, gﬁicsﬁatt@,d fromthe

group consi sting onega- a aci and fatty acids that are

met abol gluteshaienglycoltylarsamlatyg hediffuataphosphatts hexplrescetinate hlgydednpugat e conpri ses
at | east one am de and.th onjugate.i s capable of hydrol ysis to produce
e nygib et PuBosuetd. b B g P ASacaebermbcnily binbstlo0as] 1 n
some  enbadicMmabsosivnhendlatk! talRste dmhifdctet, @6ds§Ttd, MUMNIBBnGdQ uRIGOMEh&t | Ng of
all- cis-7 ,10, 13-hexadecatrienoic acid, a-linolenic acid, stearidonic

aci d, endbyglatlfitenpictcanintyladd, aowde, M-mathytdlecaathgameiopbsaprdh Bdeduixy-ci d
(EPA), d e nQi.¢.acid. do noi Gl.0,(GDHA),
tetrac&ggggﬁggéﬂgﬁg(g%ﬁgzéﬁ'l?é%%%%gggﬁgiégﬁ%F%qgg9&&%@&%&H%@H%ﬁ%%dinents,
t he fatdipboagicyl pastoSzhere] stbspliadephogpaeepicasy) ol galattdranatt, pepasatexaenoi ¢
acid. In some epbodi ments, the hydrolysis is enzymatic. [0044]1n another

aspect ,P-tolengyidioapie. sahgdat Yparpicotbaedate aueginge; Wiatcatylfostliyidiat i ves

suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts.

[0034] The term “metabolic disecase” as used herein refers to disorders, discases and
syndromes involving dyslipidemia, and the terms metabolic disorder, metabolic disease, and
metabolic syndrome are used interchangeably herein.

[0035] An “effective amount” when used in connection with a fatty acid niacin derivative
is an amount effective for treating or preventing a metabolic disease.

[0036] The term “carrier”, as used in this disclosure, encompasses carriers, excipients,
and diluents and means a material, composition or vehicle, such as a liquid or solid filler,

diluent, excipient, solvent or encapsulating material, involved in carrying or transporting a



according to Fornmula I: Forrmula | and pharnmaceutically acceptable salts,
hydr at es, sol vates, prodrugs, enantioners, and stereoisoners thereof;
wher ei n RYQ 2R2F28385 RA5 R55 R65 R75 R, W5 W2 5 L, a, cpChusdioms72¢2 h, m

n, o, p Z, . -[..S and v _are as defi.ne bove for Formula |, w.th the
0 ovt s PhpftigcBiife) alins TiopfiiE Qe Se B S8 ol bRV b nbikr ST Botentdyy 0

enbodi eabedy. R3 is G, F, or CN. [0046]In sonme enbodinents, R3 is -CH3 or
- CH2CH3. WO 2011/ 028689PCT/ US2010/ 047262 [ 0047] I n sone embodi ments, W is
NH. [009837In sdheteampbégntimt withygeard tong-pubjasd 49fetsrio SHRIOVERFS dFaEcs, W i s

0. [ Oossglnlp%ﬁ? Bpﬁle%%ﬁggtisrlﬁ%tréer. \"f'?ea!tiﬁg Qan be curing, improving, or at least partially
ameliorating the disorder.
[0038] The term “disorder” is used in this disclosure to mean, and is used
interchangeably with, the terms disease, condition, or illness, unless otherwise indicated.
[0039] The term “administer”, “administering”, or “administration” as used in this
disclosure refers to either directly administering a compound or pharmaceutically acceptable
salt of the compound or a composition to a subject, or administering a prodrug derivative or
analog of the compound or pharmaceutically acceptable salt of the compound or composition
to the subject, which can form an equivalent amount of active compound within the subject’s
body.
[0040] The term “prodrug,” as used in this disclosure, means a compound which is
convertible in vivo by metabolic means (e.g., by hydrolysis) to a fatty acid niacin derivative.
[0041] The following abbreviations are used herein and have the indicated definitions:
Boc and BOC are tert-butoxycarbonyl, Boc,O is di-fert-butyl dicarbonate, BSA is bovine
serum albumin, CDI is 1,1'-carbonyldiimidazole, DCC is N,N'-dicyclohexylcarbodiimide,
DIEA is N,N-diisopropylethylamine, DMAP is 4-dimethylaminopyridine, DMEM is
Dulbecco's Modified Eagle Medium, DMF is N,N-dimethylformamide, DOSS is sodium
dioctyl sulfosuccinate, EDC and EDCI are 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride, ELISA is enzyme-linked immunosorbent assay, EtOAc is ethyl acetate, FBS
is fetal bovine serum, h is hour, HATU is 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate, HIV is human immunodeficiency virus, HPMC is
hydroxypropyl methylcellulose, oxone is potassium peroxymonosulfate, Pd/C is palladium
on carbon, TFA is trifluoroacetic acid, TGPS is tocopherol propylene glycol succinate, and

THEF is tetrahydrofuran.

COMPOUNDS

[0042] Accordingly in one aspect, the present invention provides a molecular conjugate
which comprises a niacin and a fatty acid covalently linked, wherein the fatty acid is selected
from the group consisting of omega-3 fatty acids and fatty acids that are metabolized in vivo
to omega-3 fatty acids, wherein the conjugate comprises at least one amide and the conjugate

is capable of hydrolysis to produce free niacin and free fatty acid.

- 10 -



[ 0051] I n sone enbodi nents, a and c are each independently H, or CHS.
[ 0052] I n sone enbodi ments, mis 0. [0053]1n other enbodinents, mis 1.
[0054] | n worzeliemkedi nents, L is -S, or -S-S. [0055] 1 n somawsSesnboodizaents, L

- 56]nsorree odi t L is. h 0 | sorreerrbo Lis
1 o056] 11908 ne. Lhisa TRRRRC T Paraas|qia “abHaT Ehinf A SOR ol
[ 0060] Ids-3 908 3ei¥katbchRiBhSic akid] @-IMQeQQJaH&8@&8&3@&&@%@:&&&@&6&1&0061] I'n
some embodinents, L.is. 0
eicosatetracnoic acid, eicosapentaenoic acid (EPA), docosapentaenoic acid, docosahexaenoic
acid (DHA), tetracosapentaenoic acid and tetracosahexaenoic acid. In other embodiments,
the fatty acid is selected from eicosapentaenoic acid and docosahexaenoic acid. In some
embodiments, the hydrolysis is enzymatic.

[0044] In another aspect, the present invention provides fatty acid niacin derivatives

according to Formula I:

n q
Ry O aa dd

R> L m

= z

Wi W2/

> b b

R3 N o CcC
Formula I

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, enantiomers, and

stereoisomers thereof;

wherein Rla RZ, RS, R4a RS, R6a R7a Ra Wla W2 ’ La a, C, ba da c g ha m,n,o,p,(q, Za r, s, ta and

v are as defined above for Formula I,

with the proviso that there is at least one

in the compound.

[0045] In some embodiments, Rs is CI, F, or CN.
[0046] In some embodiments, R3is -CH; or —-CH,CHs.

- 11 -



ID. RRptZ R~ i ' "6.-N ---N1A R [0062]In sone enbodinents, one b is OZ Z
is ( 0)t c..?22and t is 1. [0063]In sone enbodi nents, one d is C(0)OR
[ 0064] | n worze11em2Rasdi nents n, o, p, and q are each 1. [O0®6FUSRISOWEE62

enmbodi , t of n,. O, . re each 1. [0066]In other enbodi nents,
JOI o Mo, G JREs5NA e ont

t hree [0067] I n sone enbodi nents, one Z is
and r i[9048] [ OQB&IhdeBEmeMoN, ENHS, one Z is ( 0 )t )1 and r is 3.

[0049] In some embodiments, W is O.

[0050] In some embodiments, W, is O.

[0051] In some embodiments, a and ¢ are each independently H, or CHj,
[0052] In some embodiments, m is 0.

[0053] In other embodiments, m is 1.

[0054] In some embodiments, L is -S, or -S-S-.

[0055] In some embodiments, L is -O-,

[0056] In some embodiments, L is
%

[0057] In some embodiments, L is

Ry

I;?1/0\[‘)\ ‘;(
O )
[0058] In some embodiments, L is
~N
e

[0059] In some embodiments, L is

OH OH OH

o

OH OH
W N e

[0060] In some embodiments, L is

N N Y

- 12 -



WO 2011/ 028689PCT/ US2010/ 047262 [ 0069] I n sone enbodi nents, one Zis ( 0 )t
YZ and r is 7. [0070]In other enbodinents, one Zis ( 0 )t and s is 3.
[ 0071] | n worze11en2RGsdi nent s, one Z is ( 0)t and s is 5. [POOARRIW/OSTAE

enbodi e Z1is and s is 6. WO
2011/ OEEQQQPCT léﬁfgl? I0373] In sone enbodi nents, one Z is

Re~N""6 ‘NJ\R R-N-4
Py Ay

, 0

[0062] In some embodiments, one b is O-Z, Z is

and tis 1.

[0063] In some embodiments, one d is C(O)OR.

[0064] In some embodiments n, o, p, and q are each 1.

[0065] In some embodiments, two of n, o, p, and q are each 1.
[0066] In other embodiments, three of n, 0, p, and q are each 1.

[0067] In some embodiments, one Z is

and ris 2.

[0068] In some embodiments, one Z is

and ris 3.



and v is 1. [0074]In other enbodinents, one Zis 0O R5 and v is 2. [0075]In
sone enbodi nents, one Zis 0 R5 and v is 6. [0076]1n sone enbodi nents, one
Zis andwe 2081/@8689WWO 2011/ 028689PCT/ US2010/ 047262 [ 007 PLIrmSs@ni®47262

enbodi %6%93’ 0 neso%neI esrnbodirnents, one Z is

andris 7.

[0070] In other embodiments, one Z is

and s is 3.

[0071] In some embodiments, one Z is

and s is 5.

[0072] In some embodiments, one Z is

and s is 6.

- 14 -



and s is 5. [0078]In other enbodinents, one Zis 0O R5 and s is 6. [0079]In
sone enbodinents, t is 1. [0080]In sone enbodinents, r is 2, sis 6, W and
W2 are eawb 2MH/026689s 1, n, o, p, and q are each 1, and BCTa/s@10[o@81] | n
sone egﬁgﬂ ment.s torke S entIS %’ZW and W are each N\HL mis 1, n, o, p,
and elachli nén%nlﬁq%l SRS 1[30082] In sonme enbodiments, r is 2, s is
6, W and W2 are each NH, mbs 1, nand o are each 0O, p and g are each 1,
and L is ut",.......... Thsss . [0083] 1 n sone enbodi nents, r is 2,
s is 6, W and W@ are each N n, o, p, @and q are each 0, and L is

and vis 1.

[0074] In other embodiments, one Z is

and v is 2.

[0075] In some embodiments, one Z is

and v is 6.

[0076] In some embodiments, one Z is

and s is 3.

- 15 -



WO 2011/ 028689PCT/ US2010/ 047262 [0084] I n sonme enbodi nents, r is 2, s is 6,
W and W2 are each NHL m n, and o are each 0, and p and q are each 1.

[ 0085] | n worel1emResdi nents, r is 2, s is 6, W and W2 ar @Cedashoioy7262is 1, n
and o ach, 0 a are each. 1, and L is [0086]1In some enbodi nents,
ris ZﬁbgTﬁs 6P1VW&%%£&V@mﬁw§(%g ">NH, mis 1, n and o are each 1, p and q
are each 0, and L is [0087] l\,n sone enbodi nents,
and o are each O, p and q arg each 1, and L is
ris2, sis 6, mis 1l n an dagh 1, p a
[0089] I n sone errbodirrents,‘???_'a i $ 6, W

n, o, p, and g are each 17 and —

ris 2, sis 6, mis 1l n
[ 0088] I n sone enbodi nent s,
d g are each 0, and L is
W2 are each NHL mis 1,

and s is 5.

[0078] In other embodiments, one Z is

and s is 6.

[0079] In some embodiments, t is 1.

[0080] In some embodiments, r is 2, s is 6, W; and W, are each NH, mis 1, n, o, p, and q
arc cach 1, and L is O.

[0081] In some embodiments, r is 2, s is 6, W; and W, are each NH, mis 1, n, o, p, and q

arc cach 1, and L is —S-S-.

[0082] In some embodiments, r is 2, s is 6, W; and W, are cach NH, mis 1, n and o are

cach 0, p and q are each 1, and L is

)
I

OH
Oi)/\
s .
[0083] In some embodiments, r is 2, s is 6, W; and W, are each NH, mis 1, n, o, p, and q

are each 0, and L is

OH

o

)

@)
%i/\e‘ -
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[0090] I n sone enbodinents, r is 2, sis 6, W and W2 are each NH,L mis 1,
n, o, p, and q are each 1, and L is NR6. [0091] I n sone enbodi nents, r is 2,
s is 6, Woand/oa&sare each NHL m n, and o are each 0, &ou/ys2@na41p6are each

L 50 sSSP DRSS o, PSRN, BRI BTERL e,

are ead))afd pandqlard &chR7 , 2(0 yccos 0 [0093]In sone enbodinents, r is 3, s
is 5 and L is -S-S-. [0094] I n sone enbodinents, r is 3, sis 5 and L is
-0-. [0095]1n sone enbodinents, r is 3, sis 5 and L is R7 ,2(0 )5sss 0O

[ 0096] I[ﬁogima ﬁ%%g mﬁmeﬁts,i s §,’ s 6i, %Vlsazndwgalle eiacQ‘h 13@1, mis 1, n and o are

cach 0, p and q are each 1, and L is

[0086] In some embodiments, r is 2, s is 6, W; and W, are cach NH, mis 1, n and o are

cach 1, p and q are each 0, and L is

[0087] In some embodiments, ris 2, s is 6, m is 1, n and o are each 0, p and q are each 1,

and L is
OR

pe
W N

[0088] In some embodiments, ris 2, s is 6, m is 1, n and o are each 1, p and q are each 0,

and L is
OR

T
"N

[0089] In some embodiments, r is 2, s is 6, W; and W, are each NH, mis 1, n, o, p, and q

arc cach 1, and L is
OR

BY

N
[0090] In some embodiments, r is 2, s is 6, W; and W, are each NH, mis 1, n, o, p, and q
arc cach 1, and L is NRg.
[0091] In some embodiments, r is 2, s is 6, W and W, are cach NH, m, n, and o are cach
0, and p and q are each 1, and one ¢ is —CHj; and the other ¢ is —CHj.

[0092] In some embodiments, r is 2, s is 6, W; and W, are cach NH, mis 1, n and o are

cach 1, p and q are each 0, and L is
17 -



[0097] I n sone enbodinents, r is 3, sis 5 and L is OHOHCH
1----- OHYOH[ - ---- H0000...-...-2/0./ uti../\/Thssr 5 O [0098]In sone
enbodi mrerwe®,20r1/628688, s is 5, and L is O/OR OR OR 5 O. [PC0ASRIN/0STIAE
enbodi nments, r is 3, sis 5 and n, o, p, and q are each 1. [0100]In sone
enbodi nents, r is 3,s is 5 and tw of H, o, p, and q are each 1. - 18 -
WO 2011/ 028689PCT/ US2010/ 047262 [Q:I@ ome enbodinments, r is 3, s is b5,
and W and W2 are each NH. [0102]Ih me enbodi nents, r is 3, sis 5 mis
1, n, o, p, and q are each 1, and L is 0. [0103]In sone enbodinents, r is
3, s 190693]m i & sdomaxmlndipentands §, @ise, eethidS-&nd L is - [0104] I n sone
enbodi nents, r is 3, sis 5 mis 1, n and o are each 0, p and q are each
1,

[0094] In some embodiments, r is 3, s is 5, and L is -O-.

[0095] In some embodiments, ris 3, sis 5, and L is

Rz
%{Omo/\f

[0096] In some embodiments, ris 3, sis 5, and L is

R
%N\g{

[0097] In some embodiments, ris 3, sis 5, and L is

OH OH OH
kE)”\OH k\[’”\OH k\[”\OH
vl Nt
W m N e
[0098] In some embodiments, ris 3, sis 5, and L is
OIOR o OR 0 OR
oo, j/\/\
N N Y
[0099] In some embodiments, ris 3, s is 5, and n, o, p, and q are each 1.

[0100] In some embodiments, r is 3, s is 5, and two of n, o, p, and q are each 1.



and L is [0105]In sone enbodinents, r is 3, sis 5 mis 1, n, o, p, and q
are each 0, and Lis OHH.----OHO Gzi........... ... "...,,, Thsss .
[ 0106] | n worre11em®esdi nents, r is 3, s is 5 m n, and o ace/USacl/0@726and p

o ar e duTL "By PRERIRT O SRRE, PRI upl e sedol Choodi ment s, 1

3, sis 5 mis 1l nand o are each O, p and g are each 1, and L is WO
2011/ 028689PCT/ US2010/ 047262 [0109] I n sone enbodinents, r is 3, s is 5 m
is 1, fOW o Hreonepenpb@limpntaids 8. wisd, BrisH. 1, 0. @nend q pig cach 1, and L is O.

[0103] In some embodiments, ris 3, sis 5, mis 1, n, o, p, and q are each 1, and L is —
S-S-.

[0104] In some embodiments, ris 3, s is 5, m is 1, n and o are each 0, p and q are each 1,

and L is

)
I

OH
0

O
%i/\s‘

[0105] In some embodiments, ris 3, s is 5, mis 1, n, o, p, and q are each 0, and L is
OH
k\[”\OH
OjLO/\
s s

[0106] In some embodiments, r is 3, s is 5, m, n, and o are each 0, and p and q are each 1.

[0107] In some embodiments, ris 3, s is 5, m is 1, n and o are each 1, p and q are each 0,

and L is

[0108] In some embodiments, ris 3, s is 5, m is 1, n and o are each 0, p and q are each 1,

and L is



[0110] I n sone enbodinents, r is 3, sis 5 mis 1, nand o are each 1, p
and g are each 0, and L is [0111]In sone enbodinents, r is 3, sis 5 mis
1, n, o, wo20nd2868are each 1, and L is NR6. [0112] | n someTAisbadion2its, r is
3, s i m and ar.e each Q, and nd are ea 1 nd_on IS
“on anlle oMt Rtieft T difBinBistet el Bac RED, Apn QBT S
is 1, mndndiso are each 1, p and q are each 0, and L is [0114]In Formula I,
any one or nore of H nay be substituted with a deuterium It is also
understood in Formula | that a net QRibstituent can be substituted with a
Cl-C6 al kyl. [0115]1n other illustratj ve,kenbodi ments, conpounds of Fornmula
| are as set forth bel ow

[0116] N-(2-(2-(4Z,7Z,10Z,13Z, 16Z, 192) - docosa- 4, 7, 10, 13, 16, 19-

hexaenam doet hoxy) et hyl ) ni coti nam de (I-1);

[0117] N-(2-((2-(4Z,7Z,10Z,13Z, 167, 197) - docosa- 4, 7, 10, 13, 16, 19-

hexaend Het hin soraceAedimamtag)ies hyIs Paicistli mard eerqgach)l; p and q are cach 0,

[0118] Ny,43-{2-(2-(4Z,72Z,10Z,13Z, 167, 19Z) - docosa- 4, 7, 10, 13, 16, 19-

hexaenam doet hyl ) di sul f anyl ) et hyl ) ni coti nam de (I1-3);

"LLL‘
g .
[0111] In some embodiments, ris 3, s is 5, mis 1, n, o, p, and q are each 1, and L is NR.

[0112] In some embodiments, r is 3, s is 5, m, n, and o are each 0, and p and q are each 1,

and one ¢ 1s —CHj; and the other ¢ is “CHs;.

[0113] In some embodiments, ris 3, s is 5, m is 1, n and o are each 1, p and q are each 0,

and L is
Ry
LY
O .

[0114] In Formula I, any one or more of H may be substituted with a deuterium. It is
also understood in Formula I that a methyl substituent can be substituted with a C;-Cs alkyl.
[0115] In other illustrative embodiments, compounds of Formula I are as set forth
below:

[0116] N-(2-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethyl)nicotinamide (I-1);

[0117] N-(2-((2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)nicotinamide (I-2);

[0118] N-(2-(2-(2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)disulfanyl)ethyl)nicotinamide (I-3);

[0119] N-(2-(1-(2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)-2,5-dioxopyrrolidin-3-ylthio)ethyl)nicotinamide (I-4);
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[0119] N-(2-(1-(2-(42z, 72,102, 13Z,16Z,19Z) -docosa- 4, 7, 10, 13, 16, 19-
hexaenam doet hyl ) - 2, 5-di oxopyrrolidi n-3-ylthio)ethyl)nicotinamde (1-4);
WO 2011/ OX6a8aRCI¢SWS2010/ 047262 [ 0120] Met hyl PCT/US2010/047262

nexaenatt Hnco N 32t (R RRATs A TaRRp R o 16,10

[ 0121] heladhahydbaxtyRy oPadicainaido)butanoate (I-5);

6-(4Z,7Z,10Z,13Z,16Z, 197) - docosa-4, 7,10, 13, 16, 19-

hexaendM 23- 2- { ArdibydraayrrerRAntEy kot 82 (1PZgpL.16Z,192)-docosa-4,7,10,13,16,19-

[0122] . 74, . 137 -dacosa- 4, 7, 10, 13, 16, 19-

hexaen 2!1- r%%%l gﬁﬁ%ﬂ %Aﬁ@éﬁ%ﬁﬁq&)@ éx%%@y)(ii o5

[ 0123] NO(22]( 5ZN8R2-(UEZI AN, 1TZ) 6 2l DB docdsB4 711,018, 1671 Ppent aenanmi doet hyl ) ni cot i
nam de (1-8); .[0124] (2S, 3R) - net hyl

3-((9) J@X%ﬁ(ﬂ&@}éﬂfﬁw lopgpanmple (b9} - docosa- 4, 7, 10, 13, 16, 19-
hexaenggysif) pr Qpanayl v L Lnam tiar 1 9) Y :
[0125] (TR R P e 4T RS A8 S 1 5B b bpiggimpprids
pent aen@®):do) pr opanoyl oxy) - 2- (ni cot i nami do) but anoate (I-10);

[ 0126] (

L A s SRyt -GS a4 o ¥ 46, 6 sl oby 1619

2- (ni Cq{e'xﬁ@ﬁhﬁldﬁl 2@@&8@6 Olmidblinamido)butanoate (1-9);
[0127](S)-6-((4Z,7Z,1 z,)@f%z,(lesz, 197) - %Iocosa- 4( 7,)10, 13, 16, 19- hexaenam do) - 2-
[0125]  (28,3R)-methyl 3-((S)-2<((5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-

pentacnamido)propanoyloxy)-2-(nicotinamido)butanoate (I-10);

[0126] (S)-methyl 6-((42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-
2-(nicotinamido)hexanoate (I-11);

[0127] (S)-6-((42,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-
(nicotinamido)hexanoic acid (I-12);

[0128] (S)-methyl 2-((52,82,11Z,1472,17Z)-cicosa-5,8,11,14,17-pentacnamido)-6-
(nicotinamido)hexanoate (I-13);

[0129] (S)-2-((52,82,11Z,14Z,17Z)-¢icosa-5,8,11,14,17-pentacnamido)-6-
(nicotinamido)hexanoic acid (I-14);

[0130] (S)-methyl 6-((52,82,11Z,1472,17Z)-cicosa-5,8,11,14,17-pentacnamido)-2-
(nicotinamido)hexanoate (I-15);

[0131] (S)-6-((52,82,112,147,17Z)-¢cicosa-5,8,11,14,17-pentacnamido)-2-
(nicotinamido)hexanoic acid (I-16);

[0132] (S)-2-((42,72,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-6-
(nicotinamido)hexanoic acid (I-17);

[0133] (S)-5-((42,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-
(nicotinamido)pentanoic acid (I-18);

[0134] (S)-2-((42,72,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-5-
(nicotinamido)pentanoic acid (I-19);

[0135] 4-(42,772.,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-
(nicotinamido)butanoic acid (I-20);

[0136] 2-(472,772.,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido-4-

(nicotinamido)butanoic acid (I-21);
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(ni coti nam do) hexanoic acid (I1-12); [0128](S)- net hyl
2-((5Z,82,117,14Z,17Z) - ei cosa-5, 8, 11, 14, 17- pent aenam do) - 6-
(ni cot i nawDao)hes@noat e (I-13); PCT/US2010/047262

0129 s : > €] :5,.8,.41, 14 17- t. i do) - 6-
(ni oot 1biTiao) ReYang D7l (HATISPRThey Py bpgreBiias e o)
6- (( 5Z,(8&ofiddnilid Hrdphhdiceicto@a2y; 8, 11, 14, 17- pent aenamni do) - 2-
(ni coti nan do) hexanoat e

| - 15) ;
[ 0131] (18138 ((B£487Z10Z, I%Zzl,@%ZMO@@%%,IQ,,lﬁal,611&;heza@@mié@ﬁam do) - 2-

E(r)\llgg} k@@%ﬂ%@%@%&%@%@@g 1(13292) -docosa-4, 7,10, 13, 16, 19- hexaenam do) - 6-

(ni cot i[0d3A]d0) b&Xd#D[7Z, 18] I8 7(167110Z)-docosa-4,7,10,13,16,19-hexaecnamidoethyl)-4-
[0133](S)-5-((4Z,7Z,10Z, 137, 16Z, 1927) - docosa- 4, 7, 10, 13, 16, 19- hexaenani do) - 2-
( ni cot i Rispieidehusngicacktil? 9 - 18) ; |

[ 01341 (Bl (48,12 dRird 3nd 06 190D docnozhi 12,402 497 HBockhexaenam do) -

(ni cotinam do) pentanoic acid
[ 0135] 4-1.4%,13.26.10Ack D atid) X0@) catimemstn)ixand:ds 26, 19- hexaenamni do- 2-

[ 0156) 20TR. 77 S0 1oy BRB IO e 5447471 0o ¥5) 66 8- e508nar do- 4-
(ni cotigany do) @HDEHéQﬁéhaﬁﬂﬁ'd'ld;-i-{Iﬁc?oli)nhmido)pentanoate (1-26);
[0142] (S)-1,3-dihydroxypropan-2-yl 2-((42,72,102,13Z2,16Z,19Z)-docosa-
4,7,10,13,16,19-hexaenamido)-5-(nicotinamido)pentanoate (I-27);
[0143] 1,3-dihydroxypropan-2-yl 4-(472.,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamido-2-(nicotinamido)butanoate (I-28);
[0144] 1,3-dihydroxypropan-2-yl 2-(42,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamido-4-(nicotinamido)butanoate (I-29);
[0145] 1,3-dihydroxypropan-2-yl 3-(42,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamido-2-(nicotinamido)propanoate (I-30);
[0146] 1,3-dihydroxypropan-2-yl 2-(42,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamido-3-(nicotinamido)propanoate (I-31);
[0147] 1,3-dihydroxypropan-2-yl 2-(2-(42,72,102,13Z,16Z,19Z)-docosa-
4,7,10,13,16,19-hexaenamidoethyl)-4-(nicotinamido)butanoate (I-32);
[0148] N-(4-(42,72,102,132,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidobutyl)nicotinamide (I-33);
[0149] N-(3-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidopropyl)nicotinamide (I-34);
[0150] N-(1-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido-2-
methylpropan-2-yl)nicotinamide (I-35);
[0151] N-(2-(42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-
methylpropyl)nicotinamide (I-36);
[0152] N-(2-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethylamino)ethyl)nicotinamide (I-37);
[0153] N-(3-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethylamino)propyl)nicotinamide (I-38);
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WD 2011/ 028689PCT/ US2010/ 047262
[0137] 3-(4Z2,7Z,10Z, 13Z, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenam do- 2-
(ni cot i nawDao}pegsanoi ¢ acid (1-22); PCT/US2010/047262

2 B AR PR A rsceren o2

[ 0139] ngzm{a%%%oﬁg@ﬁm%%ﬂﬁﬂhcb%&md&qpsa)4 7,10, 13, 16, 19- hexaenamni doet hyl )
-4- (nicotinam but anoic acid (1-2 0140]](|S) 1, 3 d| hydr oxypr opan- 2-y1

2-((4z,985loz, NB(Z ($£12.32)10403és14Z, 192)-docosa-4

4,7, 10, te (1-25);
[0141]6%§-%$§&%¥’@%@ﬁxgg?%%%ﬁﬁﬁgnkﬁgﬁT%@ﬂ%gﬂhgﬁxﬁggﬁlng19Z)?docosa-
4,7, 10,[085616, 18-(2eX2e4@A700Y;137(I6ZcI07) nia0d o), peatl aneave ( 1- 26)d

0142] (.S)- 1, 3- n- 2- 47,72.10Z, 137, 167, 197 -
El, 7, 1%)(@)%%1’8 ‘g’ ﬂ‘@%& g}é}ﬂ’ﬁ%}%@)eﬁ%%q%%%d&d J9dkt anoate (1- 2)7) oeosa
0143 h

Lot 451 Jofsl Yo BRGTEINE 132.) 62, 100)-facopad 10.13,16,19-

hexaenetw%mzn@eﬂm)acam@o@tbylnmcmmm@emm),,
[ 0144]

2 (a7 sl T S B R, 9 Zaoresar 113,161
hexaen q{&g@mﬁ&&szmme%§D%ﬁﬁ)e(tllyl)"n%otlnamlde (1-43);

[ 0145] 1, 3-di hydr oxypr opan- 2-
L Cag ABTAy L B B 91080868, D 7a0l0ueat] 10.13.16,19-
hexaenamidoethyl)(3-(piperazin-1-yl)propyl)amino)ethyl)nicotinamide (I-44);
[0160] N-(3-(42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-
oxopropyl)nicotinamide (I-45);
[0161] N-(3-(42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-
morpholinopropyl)nicotinamide (I-46);
[0162] N-(3-(42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-
(piperazin-1-yl)propyl)nicotinamide (I-47);
[0163] N-(3-(42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-2-(4-
methylpiperazin-1-yl)propyl)nicotinamide (I-48);
[0164] N-(5-(42,772,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-3-
hydroxypentyl)nicotinamide (I-49);
[0165] N-(5-(42,772,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-3-
morpholinopentyl)nicotinamide (I-50);
[0166] N-(5-(42,772,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido-3-
(piperazin-1-yl)pentyl)nicotinamide (I-51);
[0167] (S)-((R)-1-(nicotinamido)propan-2-yl) 2-((52,82,112,14Z,17Z)-cicosa-
5,8,11,14,17-pentacnamido)propanoate (I-52);
[0168] (S)-((R)-1-(nicotinamido)propan-2-yl) 2-((52,82,112,14Z,17Z)-cicosa-
5,8,11,14,17-pentacnamido)-3-methylbutanoate (I-53);
[0169] N-(2-(2-(2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethoxy)ethyl)nicotinamide (I-54);
[0170] N-(2-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethylthio)ethyl)nicotinamide (I-55);

-23 -



hexaenam do- 2- (ni coti nam do) propanoate (1-30);
[ 0146] 1, 3-di hydr oxypropan-2-y1
2- (42, 72,%02011328688Z, 197) - docosa- 4, 7, 10, 13, 16, 19- PCT/US2010/047262

O N (AR A AR LA %Sﬁ@weﬁ%r%zd%i%%pafﬁyww TRERIALS

4, 7, 10,hb3ackBatkIB6)aenamn doet hyl ) - 4- (ni coti nam do) but anoate (1-32);
[0148] N-(4-(4Z,7Z,10Z,13Z, 1627, 192) - docosa 4,7,10, 13,16, 19-
hexaend ®dbut )ﬁﬂ;ﬁzel&ta %%iﬁ(@ gethoxy-3- (nicotinamido)-4-oxobutan-2-yl docosa-

[0149] lﬂgo(ﬁqd? AQZrk3 (167 192) - docosa- 4, 7, 10, 13, 16, 19-

hexaenarm’dopropyl) ni cot'| nam deé (1-34);

[ 0150] vam( AZNI2 (W71 7, BY, 187 ) 6BTYZ i ds@s@4 4, 0, 1)) 6, B9-héx atBarhiehsatbpi6- do- 2-
met hyl pr B n- 2-yl ) ni cotj nam de (1-35);
[ 0151] Nogthylpieptinamide #1-38)y 167 197) - docosa- 4, 7, 10, 13, 16, 19- hexaenani do- 2-

nmet hyl 1) n t - - -
[0152] N ?SM( . %\]2622 075%88120%&13%2 %gzz) AR R p?ntf(e)l}amldoeth%% 6

hexaenantttpletdoyihamdad}-89hy! ) ni cot i nam de (1-37)

L et R el

Fg%g?%@jﬁ@gﬁa%?f??%(gﬂig% 167, 192% docosa- 4 10, 13, 16, 19-

yl-N-(2-(5Z,8Z,11Z, 142,17 )-eicosa-5,8,1 1 14 17-
pentacnamidoethyl)nicotinamide (I-61);
[0177] 6-chloro-N-(2-(42,772.,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)nicotinamide (I-62);
[0178] 6-chloro-N-(2-(52,82,1172,1472,17Z)-¢cicosa-5,8,11,14,17-
pentacnamidoethyl)nicotinamide (I-63);
[0179] N-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamidoethyl)-6-
fluoronicotinamide (I-64);
[0180] 6-fluoro-N-(2-(52,82,1172,14Z,17Z)-eicosa-5,8,11,14,17-
pentacnamidoethyl)nicotinamide (I-65);
[0181] 6-cyano-N-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)nicotinamide (I-66);
[0182] 6-cyano-N-(2-(52,82,1172,14Z,177)-¢icosa-5,8,11,14,17-
pentacnamidoethyl)nicotinamide (I-67);
[0183] (S)-6-((42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido)-2-(2-
methylnicotinamido)hexanoic acid (1-68);
[0184] (S)-2-((42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido)-6-(2-
methylnicotinamido)hexanoic acid (I-69);
[0185] (S)-6-((42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido)-2-(2-
ethylnicotinamido)hexanoic acid (I-70);
[0186] (S)-2-((42,72,102,1372,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido)-6-(2-
ethylnicotinamido)hexanoic acid (I-71);
[0187] (S)-2-(2-chloronicotinamido)-6-((42,72,102,132,16Z,19Z)-docosa-
4,7,10,13,16,19-hexaenamido)hexanoic acid (I-72);
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hexaenam dopr opyl am no) et hyl ) ni coti nam de (1-39);
[ 0155] N- (2-((3-(4Z,7Z,10Z, 132,162, 192Z) - docosa-4, 7, 10, 13, 16, 19-
hexaenamwopnopeBgsdet hyl ) am no) et hyl ) ni coti nam de (1-40PCT/US2010/047262

noxaenal Blet ngty CIEBUAETIPAARPLeAEIS R BRI A bp g

[0157] Mf 26(13\"16219(}&1an15th6;&3011;6&de) .docosa- 4 7,10, 13, 16, 19-
hexaenam doet h ) acet am do) et hi/@gzm coti nam de (

A ae] NI (Dl p( S o B ek SEmdocagbd d0y 71 61%9 hexagganido)-2-(2-
h i [ | | hyl d 1-43
o] RSt ey BRI DAEY, Lo £ ot ) o et 8 e gel T Y

hexaengoiehjet hy3))1-B4LPiZpEZar3 A)t 62,Y9 7 pdazpyd- 43m0m(3)leﬁ,m¢he)mbmﬁ1ﬁﬁ)am(ﬁe (1-44);

[0160] N:- (3-(.4Z, 7Z, Qlﬁgé 137, 16 1923 docosa- 4, 7, 10, 13, 16, 19- hexaenam do- 2-
oxopr oBﬁHOI‘PW%‘B{n@ erapqie Asid.

[ 0361) Nofg (42 e apzyaqaéca%n%ag% fagoraids. 134062 3o2padsshiex aenani do- 2-
nmor phol'i nopr opyl”) ni cot1 nam de (

[0162] N-1,30,13.20,12; 1m®2qn3812d01)6@gam@12)acnﬂd¢6§)z 4,7,10, 13, 16, 19- hexaenani do- 2-
E 8 Ilgg]r ﬁ-ﬁk%} I( 4>le(§?§ %éygfm?‘%%%%r@g%ffééﬁ%og% 912473 440449459995 exaenan do- 2- ( 4-
net hyl i peo,a3i18;10-ntkddHa/iRId)heNagolci0RINILSY);( 1- 48) ;
[0193] N-(2-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethyl)-6-methylnicotinamide (I-78);
[0194] N-(2-((2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)-6-methylnicotinamide (I-79);
[0195] N-(2-(2-(2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)disulfanyl)ethyl)-6-methylnicotinamide (I-80);
[0196] N-(2-(2-(42,72,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethyl)-6-cthylnicotinamide (I-81);
[0197] N-(2-((2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)-6-ethylnicotinamide (I-82);
[0198] N-(2-(2-(2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)disulfanyl)ethyl)-6-cthylnicotinamide (I-83);
[0199] 6-chloro-N-(2-(2-(42,72,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethyl)nicotinamide (I-84);
[0200] 6-chloro-N-(2-((2-(42,72,102,132,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)nicotinamide (I-85);
[0201] 6-chloro-N-(2-(2-(2-(42.,72,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)disulfanyl)ethyl)nicotinamide (I-86);
[0202] 6-cyano-N-(2-(2-(42.,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethoxy)ethyl)nicotinamide (I-87);
[0203] 6-cyano-N-(2-((2-(42,72,102,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)nicotinamide (I-88);
[0204] 6-cyano-N-(2-(2-(2<(42.,72,102,137,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)disulfanyl)ethyl)nicotinamide (I-89);
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[0164] N- (5-(4Zz,7Z,10Z, 13Z, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenam do- 3-
hydr oxypent yl ) ni coti nam de (1-49);

[ 0165] N- (WO(2414/0284890Z, 13Z, 167, 19Z) - docosa- 4, 7, 10, 13, 16, PeThisz@e/arzszo- 3-
nnrpholln

[0166] 23?4%¥7%n%8§5’ Zﬁ%g?n%%ﬁgﬂd%%osa 4,7, 10, 13, 16, 19- hexaenani do- 3-
D185 dhads1 R ThEER T S S ?%@%&%%%%%ﬂg( meigbeli difeRsaych 5 ieei cosa-

5,8,11 tﬂe%tnl&rtl@? ie@@ﬂﬂﬁﬁﬂ T RsniRIeRhEs (uilciliﬁﬂ atherosclerosis, dyslipidemia,
[0168](8) (( % (énlcotlnan1do)propan -y ) 2-((5z, 82, 117, 147, 17Z) ei cosa-

5, 8, 11,cpHonRRy savihsipgrotm] eserplentiut Tme Stdiabetessdyvated cholesterol,

[0169] %%%éelﬁhgﬁ%’%hgé %%Vja? leilr6 eligez) docosa-4, 7, 10, 13, 16, 19-

hexaen n|c I 'nam de (1-54);

[ 0170] NO2@s]( 2- (rdehclofnididmdidZthd GaktidiZgontieBos eomacting @,cdB wiith, al@tty acid
hexaenan1doethy|th|o)ethyl)n|cotlnan1d (1-55); WO
2011/ 07B#ERY Serrvaties g 4y emduri sufficient to decrease the release of triglycerides or VLDL or

([j gég;]a_(% %8&% al:l' g‘éréagg nlr%@rsé'cl{dﬂ'és?é%l' tg?ﬁrb(q{) &pﬁlgll%%b I%Di]concentratlons

[0172] ([02071Z, 1@2301[3‘6\71316(21&2)61}272:1}1151 BaxyetBod faniidobitingmrentide cordteatiana 2- y 1

docosa- medsca‘tzohjéodlsle%sel Eoslr &ﬁm&gél%%?g%e%ab(oﬁc !csils)ease, in a subject. Examples of such
disorders include, but are not limited to atherosclerosis, dyslipidemia, hypertriglyceridemia,
hypertension, heart failure, cardiac arrhythmias, low HDL levels, high LDL levels, sudden
death, stable angina, coronary heart disease, acute myocardial infarction, secondary
prevention of myocardial infarction, cardiomyopathy, endocarditis, type 2 diabetes, insulin
resistance, impaired glucose tolerance, hypercholesterolemia, stroke, hyperlipidemia,
hyperlipoproteinemia, chronic kidney disease, intermittent claudication, hyperphosphatemia,
carotid atherosclerosis, peripheral arterial disease, diabetic nephropathy,
hypercholesterolemia in HIV infection, acute coronary syndrome (ACS), non-alcoholic fatty
liver disease, arterial occlusive diseases, cerebral arteriosclerosis, cerebrovascular disorders,
myocardial ischemia, and diabetic autonomic neuropathy.
[0208] In some embodiments, the subject is administered an effective amount of a fatty
acid niacin derivative.
[0209] The invention also includes pharmaceutical compositions useful for treating or
preventing a metabolic disease, or for inhibiting a metabolic disease, or more than one of
these activities. The compositions can be suitable for internal use and comprise an effective
amount of a fatty acid niacin derivative and a pharmaceutically acceptable carrier. The fatty
acid niacin derivatives are especially useful in that they demonstrate very low peripheral
toxicity or no peripheral toxicity.
[0210] The fatty acid niacin derivatives can each be administered in amounts that are
sufficient to treat or prevent a metabolic disease or prevent the development thereof in
subjects.
[0211] Administration of the fatty acid niacin derivatives can be accomplished via any
mode of administration for therapeutic agents. These modes include systemic or local
administration such as oral, nasal, parenteral, transdermal, subcutancous, vaginal, buccal,

rectal or topical administration modes.
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[0173] N-(2-(4Zz,7Z,10Z, 13Z, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenam doet hyl )
-6- nethyl nicotinam de (1-58);
[0174] N- (WO(2B11/B&48817, 147, 17Z) - ei cosa- 5, 8, 11, 14, 17- pent aemarseaosystrgt ) - 6-

met hyl nj i napj de (1-59): . .. . " .

o) NOEEh 5 BsBeelits i jptondeg ppods of admingstsatpg, ths comPaianscABRSA doet hy! )
- 6- et hylia] ealiisordbdieqfid d&dpe form, such as, for example, injectables, tablets,

[0176] 6-et hyl - N- ( 2- (52, 82, 117, 147, 177) - ei cosa- 5, 8, 11, 14, 17-

pent aerfHRPAHELLY Pillsi Boeirplagicgapquiespalyxirs, tinctures, emulsions, syrups, powders,

[0177] g;%%ﬂﬂgg@ﬁ?%s{&s,(é%hg ﬁkel%?ﬁégﬁ%n}@@sag%%ﬁé Bortbislent YithdohPertBnal

hexaen ni coti nam de

[ 0178] hahrhascotidd p2c(iSe’, 82kelnligs, IHeX, chif 4)so dic @dminiStei®d Id jntdhydntus (both bolus

pent aenarmi.doet hyl ) ni cqot i nam de (1-63); . i

[ 0179] N1 2@@&129 Atgaperitpgsal s ghcytgngouy Sk pergrpseulargonn, aflgusing ioeR8 8K doet hyl )

-6- fl q&"o%itg@ﬁdsggﬁil?@in(tﬂé ﬁﬂar'maceutical arts. .
[0180] 6-fluoro-N-(2-(52,82,112,14Z,17Z) -ei cosa-5, 8,11, 14, 17-

pent aerl@213oet Bus)raticothianaadedtc] tod@psitions are tablets and gelatin capsules
o sen o e aon iy B G A gy phaha QRO dodpravte Sae sidh as:

hexaen - X

[ 0182] &) a)nentN\e. 2 pli@fe Bhatbd £ridif orlib Sl s JueR a8hRir8gchbiclbr bdrtially
hydrogenated vegetable oil, or mixtures thereof, corn oil, olive oil, sunflower oil, safflower
oil, fish oils, such as EPA or DHA, or their esters or triglycerides or mixtures thereof, omega-
3 fatty acids or derivatives thereof, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose,
sodium, saccharin, glucose and/or glycine; b) a lubricant, e.g., silica, talcum, stearic acid, its
magnesium or calcium salt, sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride and/or polyethylene glycol; for tablets also; ¢) a
binder, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, magnesium carbonate, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, waxes and/or polyvinylpyrrolidone, if desired; d) a disintegrant, e.g.,
starches, agar, methyl cellulose, bentonite, xanthan gum, alginic acid or its sodium salt, or
effervescent mixtures; ¢) absorbent, colorant, flavorant and sweetener; f) an emulsifier or
dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caproyl 909, labrafac, labrafil,
peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS or
other acceptable emulsifier; and/or g) an agent that enhances absorption of the compound
such as cyclodextrin, hydroxypropyl—cyclodextrin, PEG400, PEG200.

[0214] Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, efc. For example, the fatty acid niacin derivative is dissolved in or
mixed with a pharmaceutically acceptable solvent such as, for example, water, saline,
aqueous dextrose, glycerol, ethanol, and the like, to thereby form an injectable isotonic
solution or suspension. Proteins such as albumin, chylomicron particles, or serum proteins
can be used to solubilize the fatty acid niacin derivatives.

[0215] The fatty acid niacin derivatives can be also formulated as a suppository that can
be prepared from fatty emulsions or suspensions; using polyalkylene glycols such as

propylene glycol, as the carrier.
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pent aenam doet hyl ) ni coti nam de (1-67);
[0183](S)-6-((4Z,72Z, 102,132, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenam do) - 2-
(2- net hywoizeotazsesm do) hexanoi c acid (1-68); PCT/US2010/047262

[ 0184] ([ﬁ%l][(ﬁl Coﬁ%%gﬁgyloz Iilg’é%éerév ilve c%ﬁa Osge adrmhls (fq’ 1’n]tgé %O%th%%%QO% do) - 6-

(2- met

[ 0185] (@)lv@y(s&&&ngéu&l@& skited] Hlandeld) valatas rgk uhilkthellds USicld-h@xaenam do) - 2-
(2- ethylnicotinam do) hexanoi ¢ acid _(1-70Q)

[0186] (yltitangellayyesgl qsozlnc@zn@szaqu@éé é@al yyarictpofimhoppholipidhe sRid#AHIEdO) - 6-

(6165] COPRSER AamAMNIINC faBilithdied S sgme eonbodingnts o G offipid .
3011 }8;1)21%2?;_/@152%%10/%0417‘[2 21) hgueanosdua@i of drig @29 forDipid layer encapsulating
[0188] (t %lg( 25 ERedhedrn HS&“F% Staterdatont Noa2,292:>¢H2ha eontayof ghich gerchpsein

4,7,10,;4 c acid (1-73);
[ 0189] (S %&a%ﬁ%ggéﬁ%%%%%%zﬁgéﬁ%%) -docosa-4, 7, 10, 13, 16, 19- hexaenam do) - 2-

(2- f1UO2LHi coFahtnaamdi olphiex@nigiicveachid alsd by 4¢I;ivered by the use of monoclonal

bRt RTS8 kg dr iy 25387 0niR deudSalimepepa @) - o
[ 0191] (t@ky Acidl At YPNLRLGRLsIcARAISEH B céuﬁlé&lzqtﬁ%ol%%pb%zn&@as hiLralogRsa-

carriers. Such polymers can include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamide-phenol, polyhydroxyethylaspanamidephenol, or
polyethylencoxidepolylysine substituted with palmitoyl residues. Furthermore, the fatty acid
niacin derivatives can be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,
polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels. In one
embodiment, fatty acid niacin derivatives are not covalently bound to a polymer, e.g., a
polycarboxylic acid polymer, or a polyacrylate.

[0218] Parenteral injectable administration is generally used for subcutaneous,
intramuscular or intravenous injections and infusions. Injectables can be prepared in
conventional forms, either as liquid solutions or suspensions or solid forms suitable for
dissolving in liquid prior to injection.

[0219] Compositions can be prepared according to conventional mixing, granulating or
coating methods, respectively, and the present pharmaceutical compositions can contain from
about 0.1 % to about 80 %, from about 5 % to about 60 %, or from about 1 % to about 20 %
of the fatty acid niacin derivative by weight or volume.

[0220] The dosage regimen utilizing the fatty acid niacin derivative is selected in
accordance with a variety of factors including type, species, age, weight, sex and medical
condition of the patient; the severity of the condition to be treated; the route of
administration; the renal or hepatic function of the patient; and the particular fatty acid niacin
derivative employed. A physician or veterinarian of ordinary skill in the art can readily
determine and prescribe the effective amount of the drug required to prevent, counter or

arrest the progress of the condition.
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4,7,10, 13, 16, 19- hexaenam do) hexanoi ¢ acid (1-76);
[0192] (S)-6-(2-cyanoni cotinam do)-2-((4Z,7Z,10Z, 13Z, 16Z, 19Z) - docosa-
4,7, 10, 13Nm&pm9nhﬁxaenanido)hexanoic acid (1-77); PCT/US2010/047262

[ 0193] 0Z, 137 Z) - osa 4,710, 13 9-. ..
hexaenditAet hS0ss BTG R e bR L i aators Mgy Bed R b ndicared

[ 0194] Nffets( faBgd ﬂf&nﬂ%oﬁﬁﬂ) thd 4o 46u4t 300D -rﬁg)@ﬂﬁafé’fty?aci@m&&n h@rnlaﬁrve per day.
hexaenanldoethyl)(nethyl)anlno)ethyl) - met hyl ni coti nam de ( 30

[ 0195] NEQreRqsitians fgraz vipp, of G VitigZ1sg 621 chlZ«)m@b@BQ& %0, ﬂ51d)%é5(1625ﬁ?95

hexaenarSpBhi 5t SUanly B Y04 i ASAONIS LRERRER A SR e
hexaenamtddahémxiyi} edmpditi @rseddin the fotd sfantblet that &h)be scored. Effective
[0197] N- ( 2- ((2 10Z, 3z 167,197) - docosa-4, 7, 10, 13, 16,

hexaené?ﬁsé‘@e‘ta?ﬁlig ?%tﬂ?ﬁgﬁ b elerytvesarfage froin thavh H092 H(gltos%mt 100

0198
hexacnant Boetryd ?sm%‘“%%%ﬁ R il qer g Bgervetives
[ 0199] &anﬂvbdﬁt@rrhklédaQQet@&z; HZGAB 3L, 362311119@) AdBboBhurdiloEickBBAGS 40-

Fg)z(gg]n 6@%@?&9@% @&{Mgﬁ %@foﬁé(zbfglzgﬁléﬁi “24Bcosa- 4, 7, 10, 13, 16, 19-
hexaenggpgnet hyho 5@& R hae 09 eks xh b b @i GG diea §idg18RAhily dose, or the
total daily dosage can be administered in divided doses of two, three or four times daily.
Furthermore, fatty acid niacin derivatives can be administered in intranasal form via topical
use of suitable intranasal vehicles, or via transdermal routes, using those forms of
transdermal skin patches well known to those of ordinary skill in that art. To be administered
in the form of a transdermal delivery system, the dosage administration can be continuous
rather than intermittent throughout the dosage regimen. Other illustrative topical
preparations include creams, ointments, lotions, acrosol sprays and gels, wherein the
concentration of the fatty acid niacin derivative ranges from about 0.1 % to about 15 %, w/w

or w/v.

METHODS OF MAKING

Methods for making the fatty acid niacin derivatives

[0223] Examples of synthetic pathways useful for making fatty acid niacin derivatives of

Formula I are set forth in the Examples below and generalized in Schemes 1-9.
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[ 0201] 6-chl oro-N-(2-(2-(2-(4Z,72, 102, 13Z, 16Z, 19Z7) - docosa- 4, 7, 10, 13, 16, 19-
hexaenam doet hyl ) di sul fanyl ) et hyl ) ni coti nam de (1-86);

[ 0202] 6- cyerrot1N28689 ( 2- (4Z, 7Z, 10Z, 13Z, 16Z, 197) - docosa- 4, PCTAIS2B0067269-
hexaengﬁ%goethoxy)ethyl)nicotinanide (1-87);

[0203] @WISd- N- (2- ((2- (42, 77, 107, 137, 162, 197) - docosa- 4, 7, 10, 13, 16, 19-
hexaenan doet hyl ) ( met hyl feamni o) et hyl ) ni cot i nani de_(1-88);

[0204]6-cyan-N—(gr&2>(2N£42>§gé 0zZ,13Z, 16 ,192)-%bcosa-4,7,10, , 19-
hexaenani dodt hyl ) df sul Egay! ) et hyl) nic 'NK?%4N€%ﬁTN¢@thod®Of 15Y) g
fatty 35?2£%$aain dZ}L¥aLLves [ 0205] The _ilnvehti on al so i‘ncl udes net ko for
treati tabolic diseases such as theNtreatnent or prevention of s

net abol i ¥ di seases iAEChdiondeat her oscl erosis, dyslipidenia, coronBry heart
di sease, Iyperchol esterolem a, Type 2 di abetes, elevated chol esterol,

met abol i ¢ syndronme and cardi ovascul ar di sease. [0206] I n (one_enbodi nent, the
nmet hod conprises contacting a cell with a fatty acid ni acffiferivative in
an amount sufficient to decrease the release of triglycgrides or VLDL or
LDL or cause an increase in reverse cholesterol transport or increase HDL
concentrations. [0207] Al so provided in the invention is a nethod for
inhibiting, preventing, or treating a net®@ npt ons of a
nmet abol i ¢ di sease, in a subject. Exam cl ude, but
are not limted to atherosclerosis, eridem a,
hypertensi on, heart failure, cardiac 3 evel s, high LDL
| evel s, sudden death, stable angina, coronary heart disease, acute

nyocar djreih ¥, ahi 98re RQERRLRIBHVEr €evention of myocardial infarction

cardi onyopat hy, endocarditis, type 2 diabetes, insulin resistance, inpaired
gl ucose tol erance, hyperchol esterol em a, stroke, hyperlipidem a,

hyper| i ot ei.nem a oni.c_Kkidne i,sease,, interm ttent. cl audi cation,
nyper pHiZBHar ctPEmeRyIit ghifest BBEY of LEERSya A hRAP R Rl o cence.

di abet i @nieRbiaPRALAY or bﬁéﬁ@ﬂe@ hede8ing k@R PréccdreklovtlinBd BCKPbho &Gt € coronary
syndrone (ACS), non-al coholic fattézliver di sease, arterial occlusive

di seaseynihete Ebraiungations B9 &0.35P8-2564r epmpoustdican belpastagrdrgith thgocar di al

i schem a,. j abet i j p 0208].1 0 jments, the
sub] ecttind Bt nf KL O0RTLG: SREEREIREnE G Uiy AT AT

deri vatdmife bi32a8of betaliysty eqt, DMAR| fdloiwae by depropftdomat s BO@lraapnipiasi t i ons

useful for treatiqg or ) .
acids such as TFA or HCl in a solvent such as CH,Cl, or dioxane to produce the coupled

compound C. Activation of compound C with a coupling agent such as HATU in the
presence of an amine such as DIEA followed by addition of a fatty acid of formula D affords

compounds of the formula E.
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preventing a nmetabolic disease, or for inhibiting a netabolic disease, or
nore than one of these activities. The conpositions can be suitable for

i nternal weeoanmdseonpri se an effective anount of a fatt pCadaiSdowioaren
derivat'%e and a pharnmaceutically acceptable carrier. The fatty acid niacin
derivat‘bgglgre especially useful in that they denonstrate very | ow
peripheral toxicity orogQoRperi pheral toxicity. [0210] The fatty acid niacin
derivatives can each be adm nistered in armpunt O¢hB8t are sufficignt to
treat or prevent ﬂﬂmﬁbaﬁﬁ$kﬁ\mn§ﬁase or prjevent Rgﬁégfvelopnent hereof in
subjectih;%pgll]Adnypismcmtion of thegffﬁf%;Nﬁﬁwi ACINRI, der i viao1 be

acconpl({ shEd @Ha any’ mege-of adnini stfationtor therapeutic agents’\Thgse

nodes i de system PE.IocaI admi ni $tration such as oral, nasg|, s
parenteral , transderil’ 9@f8ut aneous, vagi nal, “buccal, rectal or topical
adm ni stration nodes. WD 2011/ 028689PCT/ US2010/ 047262 [0212] Dependi ng on
the i ntended node of adm nistration, the conpositions c in solid,

sem -solid or liquid dosage form such as, for exanple,|imggctabl es,
tabl ets, suppositories, pills, tinme-rel ease capsules, eyixirs, tinctures,

enul si ons, syrups, powders, liquids, suspensions, or the like, sonetines in
unit dosages and consistent with conventi onal nacegtical practices.

Li kewi se, they can al so be adm nistered ijh i ntravenousj(bof h\bol us and

i nfusion), intraperitoneal, subcutan N T e Narisg rim all using

forns well known to those skilled inlthe pharmaceuti tal arnts
[0213] Il lustrative pharmaceutical conpositions age tablets‘and gelatin
capsul es conprising a fatty acid niacin derivative and a pharmaceutically
accept abhRecia &, ] £id,s Selehddmed abowr. di luent, e.g., purified water,
triglyceride oils, such as hydrogenated or partially hydrogenated vegetable
oil, or mxtures thereof, corn oil, olive oil, sunflower oil, safflower

oil, fi ils; r r g - ri i des or

i xt ur Ve o TP HOTuBTali i Ao T LI e &Y Bk phEtHRE TOC

dext r osaitlireddn dsdrusanwidzal al. Sorrhericalgmmehitwlions @008,0d1 90§-9 B cohground

gl ucose, and/or glycine; b) a lubricant, e.g., silica, talc stearic acid,
its magh&dt ()ﬁﬁfB‘rda%‘Ql"&lﬁh‘ili‘F sarne Fygge aﬁpwlg&réﬁgegbwﬁﬁﬁ Q@Kﬁ EBa@hesi um
st ear at@yioR A With REREHG EninS Bk UAYBE BHAL &, %égﬁl\gﬂﬁﬁilg%g 8y ABstoRction

pol yet hyl ene "gl ycol ; for tablets al so; C) i nder, e.g., haghesium

al um nutisd BO€agreyp withracids padht @, TiebatliChin 4 scdgant aunthias Ghit(hydrobdrank ds e,
sodi um car boxynet hyl.cel | ul osg, nesi um car bonate,, natural sugars., such as
ol ucosd o Y e GomPopaT F SRRPETLP STl ot Vihd coYP e YER such
as acagiATUtih AAEBnbe 8F arSAfine TueH &I VAL fol \Ye%8 DyaRdiieh of a fatty acid of

pol yvi nyl pyrrolidone, if desired; d) a disintegrant, e.g., starches, agar,
met hyl feanylaDhaféordpeompntinde of thgdemaiia um al ginic acid or its sodiumsalt,
or effervescent m xtures; e) absorbent, colorant, flavorant and sweetener;
f) an enmul sifier or dispersing agent, such as Tween 80, Labrasol, HPMC,
DCSS, caproyl 909, |abrafac, labrafil, peceol, transcutol, capmul MM
capnmul PG 12, captex 355, gelucire, vitamn E TGPS or other acceptable

enul sifier; and/or g) an agent that enhances absorption of the conpound
such as cycl odextrin, hydroxypropyl-cyclodextrin, PEG00, PEG00.

[0214] Liquid, particularly injectable, conpositions can, for exanple, be
prepared by dissolution, dispersion, etc. For exanple, the fatty acid
niacin derivative is dissolved in or mxed with a pharmaceutically
accept abl e sol vent such as, for exanple, water, saline, aqueous dextrose,
gl ycerol, ethanol, and the like, to thereby forman injectable isotonic

sol ution or suspension. Proteins such as al bum n, chylom cron particles, or
serum proteins can be used to solubilize the fatty acid niacin derivatives.
[0215] The fatty acid niacin derivatives can be also fornulated as a
suppository that can be prepared fromfatty enul sions or suspensions; using
pol yal kyl ene gl ycols such as propyl ene glycol, as the carrier. WO

2011/ 028689PCT/ US2010/ 047262 [ 0216] The fatty acid niacin derivatives can

al so be adm nistered in the formof |iposone delivery systens, such as
smal | unilanellar vesicles, large unilanellar vesicles and nultilanellar
vesi cl es. Liposones can be forned froma variety of phospholi pids,
cont ai ni ng chol esterol, stearylam ne or phosphatidylcholines. In sone
enbodi nents, a filmof |ipid conmponents is hydrated with an aqueous
solution of drug to a formlipid |ayer encapsul ating the drug, as descri bed
in United States Patent No. 5,262,564?1the contents of which are herein
incorporated by reference in their entirety.



[0217] Fatty acid niacin derivatives can al so be delivered by the use of
nonocl onal anti bodies as individual carriers to which the fatty acid niacin
derivati wee 2ari@28@apl ed. The fatty acid niacin derivati Pe3/usanoaire2 be
coupl eésc\ﬁ/i tQ ol ubl e polynmers as targetable drug carriers. Such polyners
can in u&g'SilyvinyIE@RJolidone, pyran copol yner,

pol yhydr oxypr opyl net h c%fﬁanide-phenol, pol yhydr oxyet hyl aspanam dephenol ,
or polyethyleneoxh@gﬁEFETVQMQ@ substituted gv tHopm m toyl resid@es.
Furthernore,Othe fatty acid niacin deriyatilves] can be coupl ed t ass of
bi odegr adab %olynagsED§éful in achiqﬁ%EFJ% nt {gi TedBecel easddf & drig,
for exdpplg, 9 | yl actiT=ati d, pol yepsidog caprol act one, pol yhydroxy\butyric
acid, poj rthoesteréwﬂﬂqhx %gtals, poIVdihydroerans, pol ycyanoagy yl ases
and cross-1linked or dnphipathic block copolynmers of hydrogels. In one
enbodi mentA fattyHacid niacin derivatives are not coval entl yafeund to a
polymer, e.g., alpolycarboxylic acid polyner, or a polyacnybEne.

[0218] Parenteral inj e®fable administration is generally used for

subcut aneous, ;i @muscy| ar or intravenous injecti Qs d,d nf ysi ons.

I njectables cpn he prepafed /i n\ convent ijpgady forms, Jeit ef as

sol ution Nid fornms suitabtex{ornNd $50l'MiNn MY | qui d

prior tol . siti ons Tam be lpr gpar d acéoldi ng t o
conventi omal mi xi ng, granul g or coapy ng met Nods, respectively,
present pharnaceutical konpositions can 'c in fromabout 0K %to about
80 % fromabout 5 %to about 60 % or frg%%gbgut 1 %to about 20 % of the
fatty acid niacin derivative by weight or volunme. [0220] The dosage regi nen
utili zi'WeFreing apa s efe Bcchned @hoVA- derivative is selected in accordance with a
variety of factors including type, species, age, weight, sex and nedi cal
condition of the patient; the severity of the condition to be treated; the
rout e db224im niCetapatmdA;cah be ameduadd with Hepeticepdndingtandne bfwitdrei pdt i eht ; and

the particular fatty acid niacin _deri ive enpl oyed. A physician, or

veteri _rP§r3§ 4Hnef Cevﬂmarfi@gegkwcg o P B £ Pe aﬂy YRR Sy

prescrigige hforalt | Ve, BV o0 wdd1gy Sjé%&eétﬁﬂwfrtﬁéij@ C@Bﬁ%@«%,acﬁgum er or
2011/ 028689PCT/

arrest the progress of the condition. ' 2010/ 047262
[ 0221] Bufleet ThA od b ge a aoiyarttssclods €HeClpoedientnd tapeoruco the asipledused for the

i ndi cated effects, .range from abput .20 to about 5,0 .of the fatt
b0 mRRRUET; aar PR R Ty teh hife it AR St S BT ity o us s
can cofracAcadiitardfle s as THIEALRNowddBy addiflon 80P fattf20id Jf f0RRula b ARfAds 2, 500,

3,500, or 5,000 of the fatty acid niacin derivative. In one enbodi nent,
t he corgesworndyey the foringlar Ik e Hydratysos ofathe apPreundenbasicepndibions sunhed Na@H ect i ve
pl asma | v t f i jachn. deri i c n about

0. 0z i o oSt By Betseled 4 B i biS KR AR T "dos ages
of t he doaipoyndcifdhdforeiuia deri vatives can be determned as set forth in
Goodman, L. S.; Glman, A The Pharnmacol ogi cal Basis of Therapeutics, 5th
ed.; MacM Il an: New York, 1975, pp. 201-226. [0222]Fatty acid niacin
derivatives can be adm nistered in a single daily dose, or the total daily
dosage can be adm nistered in divided doses of two, three or four tines
daily. Furthernore, fatty acid niacin derivatives can be admnistered in
intranasal formvia topical use of suitable intranasal vehicles, or via
transdermal routes, using those forns of transdermal skin patches well
known to those of ordinary skill in that art. To be adm nistered in the
formof a transdernmal delivery system the dosage adm nistration can be
continuous rather than intermttent throughout the dosage regi nen. O her
illustrative topical preparations include creans, ointnments, |otions,
aerosol sprays and gels, wherein the concentration of the fatty acid niacin
derivative ranges fromabout 0.1 %to about 15 % ww or wv. METHODS OF
MAKI NG Met hods for making the fatty acid niacin derivatives [0223] Exanpl es
of synthetic pathways useful for making fatty acid niacin derivatives of
Formula | are set forth in the Exanples bel ow and generalized in Schenes
1-9.
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WO 2011/ 028689 Schenme 1 |6B OH2NNNHBoc /) 'L 10Hl) EDCI N 2) HC, dioxane |
HATU DI EA wherein R6, r, and s are as defined above. [0224] The nono- BOCC
pr ot ect edwarmnne2edsot he formul a B can be obtai ned from cecwarsedalo4=eur ces or
prepar%g a&p%rding to the procedures outlined in Krapcho et al. Synthetic
Cbnnunicgflgns 1990, 20, 2559-2564. Conpound A can be am dated with the

am ne B using a couplimg reagent such as DCC, CDI, EDC, or optionally with
a tertiary am ne basg ansl/ catal yst, e.g., DVAP, followed by deprotection
of the BOC group ﬁWWﬁ\Hﬁias NittRCas TFA of? HC1 in a sol vent suc

or di oxane fjo produce ghg coupled co ﬁ?\é@@*yaiﬁ%n of
a couaggﬁgpégent su@h_asaHATU in the [prgsenge of an am‘ne such as D)

follo addition of a fatty acid oR" formula D af fords conpounds of t he

formula B, WO 2011/2D88689PGT/ US2010/ 047262 ScHéme 2 D
A HATU
DIEA

0 0

| _ H H r
N
S

o

wherein r and s are as defined above.

[0227] The amine M can be prepared according to the procedures outlined in Dahan et al.
J. Org. Chem. 2007, 72, 2289-2296. Compound A can be coupled with the amine M using a
coupling reagent such as DCC, CDI, EDC, or optionally with a tertiary amine base and/or
catalyst, e.g., DMAP, followed by deprotection of the BOC group with acids such as TFA or
HCl in a solvent such as CH,Cl; or dioxane to produce the coupled compound N. Activation
of compound N with a coupling agent such as HATU in the presence of an amine such as

DIEA followed by addition of a fatty acid of formula D affords compounds of the formula O.
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ORFOOR O\ NNNH2HA')--C IH M )L Gbs 0 | HATU DI EA H2NNNHBoc 1)
1) 2) HCl, dioxane 1)

WO 2011/028689 PCT/US2010/047262
Scheme 5
P
S
HoN" " """NHBoc
o 0
EDCI NSNS
N oH 1) N” NHBoc
P 2
N N Q e}
A 1) TFA o N
2) r
HATU D s
DIEA
0 0
SN N/\/S\/\N BN
| H H r
2
N
R S

wherein r and s are as defined above.

[0228] Compound A can be amidated with the commercially available amine P using a
coupling reagent such as DCC, CDI, EDC, or optionally with a tertiary amine base and/or
catalyst, e.g., DMAP, to afford compound Q. The BOC group in compound Q can be
removed with acids such as TFA or HCI in a solvent such as CH,Cl, or dioxane and the
resulting amine can be coupled with a fatty acid of formula D using a coupling agent such as
HATU in the presence of an amine such as DIEA to afford compounds of the formula R. To
those skilled in the art, the sulfur group in formula Q can be oxidized to the corresponding

sulfoxide or sulfone using an oxidizing agent such as H,O, or oxone.
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wherein R, r, and s are as defined above. [0225] The acyl ated am ne of the
formula F can be prepared using the procedures outlined in Andruszkiew cz
et al. Sywohetiwsommuni cations 2008, 38, 905-913. Conpeumasoioanr2br

am dateSdelt the amne F using a coupling reagent such as DCC, CDI, EDC,

or optlo with a tg_rtlary am ne base and/or catalyst, e.g., DIVAP

fol |l owed by deprot ectl n cSithhe BOC group with acids such as TFA or HCL in
a solvent such as e to produce the coupled conpound G
Activation of corrpo G vvlth al 0ﬁpl ong agecnltl such as HATU in the presence

of an amnesch as DIEAE[f | I owed afatty acid of formula D
af fords EE’D)&M Phe_farmul a H. O—| V\/nerel NHPCand s are as defined
above. ] Compound A can be a te WI h the correspondi ng am ne |

(where i N, 1, 2 or 3) usi ng a coupling reagent such as DCC, CDI, EDC, or
optionally xdth a }?Eél ary akine base and/or catalyst, e.g., DVAP, followed
by deprotection of wi\t h acyds suck as TFA or HCl1 in a sol vent
such as CH2C12 or dj oxaneHOo t hg coupl ed\conmpound J. Activation of
conmpound J with a ggy@l i ng agerit ch ds HATU i n \he presence of an am ne
such as DI EA fol | opesh by aBditio fatty acid &f fornula D affords
conpounds of the fornmula K Hydrolysis of the ester under basic conditions
such as NaCH or Li OH produces the corresponding acid, vvhl,\ﬁ;pR an e coupl ed

with glycidgl to affford c oyn of the formula
2011/02@%%% me 4 | H)\ 1)@%&@0)}” \
.

H H 't
\Y S

wherein Rg, 1, and s are as defined above.

[0229] The amine T can be prepared from the commercially available diamine according
to the procedures outlined in Dahan et al. J. Org. Chem. 2007, 72, 2289-2296. Compound A
can be amidated with the amine T using a coupling reagent such as DCC, CDI, EDC, or
optionally with a tertiary amine base and/or catalyst, ¢.g., DMAP, to afford compound U.
The BOC group of compound U can be removed with acids such as TFA or HCI in a solvent
such as CH,Cl; or dioxane and the resulting amine can be coupled with a fatty acid of
formula D using HATU in the presence of an amine such as DIEA to afford compounds of
the formula V. To those skilled in the art, the hydroxyl group in compound U can be further
acylated or converted to an amino group by standard mesylation chemistry followed by
displacement with sodium azide and hydrogenation over a catalyst such as Pd/C. The amine
can be further acylated or alkylated, followed by the removal of the BOC group. The
resulting amine can be coupled with a fatty acid of the formula D to afford compounds of the

formula W.
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r OH\\ N 2) HCl, dioxaneNDs /A O INONI NHH O
wherein r and s are as defined above. [0227] The am ne M can be prepared
accor di ngvoaotiesgpocedures outlined in Dahan et al. J. POrgiS2@Gasmi262007,

72, 228S9c'%296/‘ Compound A can be coupled with the am ne Musing a coupling
r eagent G® ‘as bcc, col, EDC, or optionally wwth a tertiary am ne base
and/ or catalyst, e.g., DVAPX followed by deprotection of the BOC group with
acids such as TFA or HCL jn a solve tBsuch as CH2Cl2 or di oxane to produce
the coupl ed conpoungy R~AttrvasT or 8FC%npound N with a coupling agent such
as HATU in the presence of an am ne such as DI EA foll owed by addition of a

fatty acihg ok formlg BOMfords | pe~eP~thedormlie 0. Schene 5
0 | NSN — H
| Nz 2) HCl dioxane “N*

Y
A HATU 0
DIEA
HO ) D
f
S

0]
H
NN/\/O\/\O/\/N pZ
H r
s
NZ z °

wherein r and s are as defined above.

[0230] Compound A can be amidated with the commercially available amine X using a
coupling reagent such as DCC, CDI, EDC, optionally with a tertiary amine base and/or
catalyst, e.g., DMAP to afford compound Y. The BOC group in compound Y can be
removed with acids such as TFA or HCI in a solvent such as CH,Cl; or dioxane. The
resulting amine can be coupled with a fatty acid of the formula D using a coupling agent such

as HATU in the presence of an amine such as DIEA to afford compounds of the formula Z.

- 36 -



|l HHN R whereinr and s are as defined above. [0228] Conpound A can be
am dated with the comercially avail able am ne P using a coupling reagent
such as DE®C200DR2868BEDC, or optionally with a tertiary amPog/Usasie/oarrd? or

cat alm % DMAP, to afford conpound Q The BOC group in conmpound Q can
be re §M&% h aci ds suc aﬁl TFA or HCl1 in a solvent such as CH2Cl12 or

di oxane and the resulting Ae can be coupled with a fatty acid of fornula
D using a coupling agen N'gbc/h Hs HATU ion t@@,\&resence of an am ne such as
D EA to affor corrpounds t he fornul ghose skilled in the art, the
sul fur gr i Hpr mul a n be ﬁéu e correspondi ng sul f oxi de or
sul f one an OXI di zi'ng agent as H202 or oxone. WO 2011/028689
Schenme 6 ONfOH N PCT/ US2010/ 047268 T OH .AA.. .. . . -c"."

o) Q H
N/\/N =
N HO Z EDCI S I ]
_\—NH2 o ' s : 0

o b cc

0 COzMe
AA + CC — » O)L \&&/\/N P
2
N

wherein r and s are as defined above.

S

[0231] Compound A can be amidated with the commercially available cysteine methyl
ester using a coupling reagent such as DCC, CDI, EDC, or optionally with a tertiary amine
base and/or catalyst, e.g., DMAP, to afford compound AA. The commercially available
maleimide derivative BB can be coupled with a fatty acid of the formula D using a coupling
agent such as HATU or EDCI to afford compounds of the formula CC. Compound AA can
be coupled to compounds of the formula CC in a solvent such as acetonitrile to afford

compounds of the formula DD.

-37-



H2NNH Boc OCH 1) EDO ---.."-LNN HBoc H NU wherein R6, r, and s are as

defi ned above. [0229] The am ne T can be prepared fromthe comercially

avai | abl ewoi2anvngssaccordi ng to the procedures outlined iPoTDsh@n/o¢t26al . J.
Cg?glnl 7 72, 2289-2296. Compound A can be amdated with the amne T

u5|ng 5 ﬁllng reagent such as DCC, CDI, EDC, or optionally with a

e.g., DVMAP, to afford conpound U. The

tertiary am ne base and/or catal

BOC group of conpound U can be ved with acids such as TFA HClL in a
sol vent suMeOaS~CNPIE12 orH@ nd t, gD&psuItln ami n e coupl ed

with a fatty acild of fornul h@op am ne such
as DI EA to afggord conpounds of the Tormyfgoy. To th in the art,

t he hydroxyl group in conpound U can be further acyldte or converted to an
am no group by standard nesylation chem stry foll owed_.by displacenent with
sodi um azi de &p@ lBa@&rogenati on over a catalyst such as Pd/C. The am ne can
be furt h@gcHi gd or alkylated, followed by the renoval of the BOC group.
The resultlngb@.epe can be coupled wiyh ¥ fatty acid of the formula D to
afford COPrPEJID'@ s of thsjg IaHV\VWH@M/ 028689PCT/ US2010/ 047262 Schene
70 .LIOH N—/

2) HCI, dioxane

COzMe 7
\\\SATU
O*OH SV M
COzMe
|
wherein R7, a, r, and s are as defined above.
[0232] The commercially available amino acid esters EE can be coupled with a fatty acid

of the formula D using a coupling agent such as EDCI or HATU, followed by alkaline
hydrolysis of the methyl ester to afford compounds of the formula FF. Compounds of the
formula FF can be coupled with the commercially available BOC-amino acid derivatives GG
using a coupling agent such as EDCI or HATU. The BOC group can be removed by
treatment with acids such as TFA or HCI to afford compounds of the formula HH which can

then be coupled with compound A to afford compounds of the formula I1.
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X H2NOoNHBoc 0 1) EDO .).-LNOc)NH2 H 2) HCl,d ioxa n eeY wherein r and s
are as defined above. [0230] Conpound A can be am dated with the
conmrer ci avbyoravasdsabl e am ne X using a coupling reagent PEUAIS2@9/0D2E CDI
EDC, optionally with a tertiary am ne base and/or catalyst, e.g., DVAP to
afford conmpound Y. The BOC group in conpound Y can be renoved with acids
such as TFA or HCl1 in a solvent sENAMPIBPCI2 or di oxane. The resulting
am ne can be coupled with a fatty acid of the fornula D using a coupling
agent d0233]as HATUistlosurhes fortbseiiograsdd ntha folievisg ckaragleDivebict are abf or d
conpounds of the formula.Z. wherein r and.s are as .defined abpve.
055 A pBts s B Rl PREE (3 LaPs REPLT AR PR PRYSTHED PSRy st ef ne
et hyl R8s&rffedUst 9% Fe GRICRIIHAhAEAY BUmMACA e B0 to HRlstrafeldertaidr  OPti onal I'y
with a tertiary am ne base and/or catal yst, DVAP, to afford conpound
S

e.g.,
AA Theudirests aid raavalnision tribesorpder dedishisinds BBdas tsectoodied wi t h
a fatt i of .the f.ormul a D usi coupl i ng agent,. such as,. HATU or EDCI
Po ot 1 theakhcrSindbitBon Pl HesBp opahifeo SR is R S ROReRE R e,
conpoungd eghivhietsitidreat vohi€Criah sdggeol hembelS4sab tiase Sl the biteviteuaf f or d

conpounds of the fornmula DD. WD 2011/ 028689PCT/ US2010/ 047262 Schene 9
departing from the spirit of the present disclosure and/or scope of the appended claims.

Example 1

Effect of fatty acid niacin derivatives on ApoB secretion in HepG2 cells

[0234] Niacin has been reported to increase serum levels of HDL to LDL cholesterol in
vivo. Similarly, niacin has been reported to increase the secretion of ApoAl (Jin, F-Y. et al.
Arterioscler. Thromb. Vasc. Biol. 1997, 17 (10), 2020-2028) while inhibiting the secretion of
ApoB (Jin, F- Y. et al. Arterioscler. Thromb. Vasc. Biol. 1999, 19, 1051-1059) in the media
supernatants of HepG2 cultures. Independently, DHA has been demonstrated to lower ApoB
as well (Pan, M. et al. J. Clin. Invest. 2004, 113, 1277-1287) by a very different mechanism.
Thus, the secretion of ApoB from HepG?2 cells possesses utility as a cell based read-out for

niacin-DHA conjugates, as well as derivatives of same.

[0235] HepG2 cells (ATCC) are seeded at 10,000 cells per well in 96 well plates. After
adhering overnight, growth media (10% FBS in DMEM) is removed and cells are serum
starved for 24 hours in DMEM containing 0.1% fatty acid free bovine serum albumin (BSA,
Sigma). Cells are then treated with a compound. Niacin at 5 mM is used as a positive
control. All treatments are performed in triplicate. Simultaneous with compound treatment,
ApoB secretion is stimulated with addition of 0.1 oleate complexed to fatty acid free BSA in
a 5:1 molar ratio. Incubation with a compound and oleate is conducted for 24 hours. Media
supernatants are removed and ApoB concentrations are measured using ELISA kits (Mabtech
AB). Percent inhibition of ApoB secretion is determined by normalizing data to vehicle

treated wells. For a

given compound, an ICsy (concentration at which 50% of ApoB secretion is inhibited) can

also be determined by using a 4 parameter-fit inhibition curve model (Graph Pad Prism®).
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D o\ H1/4ATU 1CH N A Il wherein R7, a, r, and s are as defined above.
[ 0232] The commercially avail able amno acid esters EE can be coupled with a
fatty aciwoabidessbornul a D using a coupling agent suchPas/usSBa0/0eT26HATU,

e Torflsheh BieRtsh oY GBI Rl b SR ATPE 1S Bp il i r RN

comrer Guyah that estapduilcefeBOdua s motasaﬂcdyd@fbe/@bm\t@@d% using a coupling agent
such as EDCI or HATU. The BOC group can be renoved by treatnment with acids

such as TFA or HCl to afford conpounds of the formula HH which can then be
coupl edl i fety %‘Bﬁﬂ&%ﬁc%“ﬁg@t%‘r? ¥R cxdreriiiddenss? ¢adls af depmpentrations (Yp 10

2011 025GBPCTH LSRN Q4702 CANPLES.l G23RAITG Al SFAEHE Sty

illustra exa
mM concentration. Compared to niacin, the fatty acid niacin conjugate I-7 showed

significant inhibition of ApoB at a much lower drug concentration.

Example 2

Effect of fatty acid niacin derivatives on SREBP-1c¢ target genes

HepG2 cells (ATCC) were seeded at 20,000 cells per well in 96 well plates. After adhering
overnight, growth media (10% FBS in DMEM) was removed and cells were serum starved
for 24 hours in DMEM containing 1% fatty acid free bovine serum albumin (BSA, Sigma).
Cells were then treated with one of four substances at a final concentration of 50 uM in 1%
BSA or 0.1% oleate complexed to fatty acid free BSA in a 5:1 molar ratio (the four
substances were compound I-7, compound I-8, a combination of free niacin and free DHA,
or a combination of free niacin and free EPA). Cells were incubated for 6 hours and then
washed with PBS. RNA was reverse-transcribed using the cells to cDNA reagents according
to standard protocols (outlined in Applied Biosystem StepOne Real-time PCR protocols).
Real time PCR of transcripts was performed with Taqman assays for the three specific genes
FASN (fatty acid synthase), SCD (steroyl CoA desaturase) and ApoAl(apolipoprotein Al).
In all three cases, 18S-VIC® was used as a normalization control. As shown in Figure 2,
statistically significant inhibition of FASN and SCD gene expression and an increase in
ApoAl gene expression were observed when HepG2 cells were stimulated with oleate in the
presence of 50 uM of compound I-7 and compound I-8. The two groups containing a
combination of either free niacin and free DHA or niacin and free EPA produced no
significant changes in the expression of these three specific genes at a final concentration of

50 uM.
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be construed as limting this disclosure in scope or spirit to the specific
procedures herein described. It is to be understood that the exanples are
provi ded wo 20i1/a28dspat e certai n enbodi ments and that no PCEUSat00m726D t he
scope of the disclosure is intendeig thereby. It is to be further understood
that resort may be had to various AR ERbodi ment's, nodifications, and
equi val ents thereof which may suggest thenselves to those skilled in the
art wit[bp3g] depae tollogvifig aen-timétigdonpouddl ckdigplpy &sanio ilisekofither and/ or
scope of the appended clainms. Exanple 1 Effect of fatty acid niacin
der i vatSMRogigentaphibe dubyacid %Clpﬁe%%@s-cgllﬁ@k{eGE@ﬂ‘]SNOQéEY% af%As been reported
toincr%ﬂ%- Shsd i I Stmlarly,
ni aci n asgggg{r%ypget%@rﬁte&elg]gg %mp%?éecgisog t he sea‘(?:lf1 %Itﬁlgglr:thg a%\’o%ég?m%l:ﬁ'n, F- Y. et
al . Artderivatsals @and, afndiybre Maskle f@i ek in 1@3gthddd aphd @pmpRHROs2RRE)bedhi | e
i nhi bitibng t he secretion of ApoB (Jin, F- Y. et al. Arterioscler. Thronb.
Vasc. 8¥¢- 1999, 19, 1051-1059) in the media supernatants of Hep&
cultures. Independently, DHA has been denonstrated to | ower ApoB as wel |
(Pan, M et al. J. din. Invest. 2@Q4mplel®, 1277-1287) by a very different
mechani sm Thus, the secretion of ApoB from Hep& cells possesses utility
as a c e 123C{ | |1 as derivatives
of sa%ljegg \_5 fgfﬁ %’F%ﬁ?ﬁ 1%’%@2‘8@%’3%%{3@8@1%& |s per well in 96
tery § ' [

1nam

vel | pl'atas "N gRer' g overi ght, growth nedia (10% F n M is
renoved and cells are sgp@m starved fornA4 hours in DVEN =al ngN0. 1%
fatty aci df ree boNin& serum al bopi nAESA, Sigm)y Cobts ake then tfeated
with a conpoufd. N acim at 5 mMi%—nsed as—a=posi control. All
treatmeptsS\are perforned in trjpii cate. Sinmult us with

treat ment, Z/ApoB secretion is <{imylated with aQdipion of

corrplexed'\fofatty acid free BSANin a 5:1 nola —J ncybation with a
conmpound and ol eate is conducted for 24 hours. Media su atants are
renoved and ApoB concentrations are neasured using ELISA kits (Mabtech AB).

Per centgah4H1i bi §j 0 I et i t j r. [y data to
vehi cl e[o%‘ﬁ::]at ey %g'lp?‘“jsal é@bﬁcg&%ﬂ%ﬁqg@ ég%ﬁ ﬁlghr%?%é%% 31 r#g?rﬂzr@af&ggn at

whi ch 5004 dbnApitB oxelgt dilode (154 mhhi O theddl)cafitcah Sov bopdet BMEF wett didedisi ng a
4 paraneter-fit inhibitiaon curve nodel (Gaph Pad Prjsnt).. WO
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concentration. Exanpl Effect of fatty acid niacin derivatives on
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cont ai e8] 1% fari-BMtyei(flichbfigenide)ethycagiitimg @J.bgm‘ 177 {olR%RA) wil gRey up feel |'s were
then treated with one of four substances at a final concentration of 50 ilM

in 1% BSA dFAGN {34:6]laE@ P énlelo nidica guidtingorepgionymixiyre) wap abovpesitoj stang at ropngp)| ar
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reverse-transcribed usin e cells to cDNA reagents according to standard
pr ot oc&]ﬂgﬂ%ﬁ@xlgl}lﬁ:@ﬁlamﬁé%@ég ed Bi osystem StepOne Real -tine PCR protocols).
Real tinme PCR of transcripts was performed with Tagnman assays for the three
specific genes FASN (fatty acid synthase), SCD (steroyl CoA desaturase) and
ApoAl (apol i poprotein Al). In all three cases, 185-VICO was used as a

normal i zati on control. As shown in Figure 2, statistically significant

i nhi bition of FASN and SCD gene expression and an increase in ApoAl gene
expressi on were observed when Hep& cells were stinulated with oleate in
the presence of 50 il M of conmpound 1-7 and conpound 1-8. The two groups
containing a conbination of either free niacin and free DHA or niacin and
free EPA produced no significant changes in the expression of these three
specific genes at a final concentration of 50 ii.M WD
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Conmpounds [0236] The followi ng non-limting conpound exanpl es serve to
illustrate further enbodinents of the fatty acid niacin derivatives. It is
to be undwozvoadsdshat any enbodi nents listed in the Exampiras2¢estizen are

enbodi of .t he fatty i~d_ni aci n.derivat.iv and.., as ch, are suitable
For usddtwlt ne Thed Rodslbe A episerbuRE ey FanPlion 85 ki & S

Pr epar atH@N ef0 ML) o d Aithd420Z, 10771 36 Y62, 997 - e as 274.0/1,31G%, (Bhd@eddc
hexaenanidoethyk%yicotinanlde (1-7ﬁ {0237 In a typical run, nicotinic
aci d (2ctl ;0 1810, Bl (hdgnmoelk and BEEA Tegewltingaeaefipninidurgxal vl
chlori (L 6, : f , the
reacti (C)lﬁasn%%ﬁé g Elémvoélstestp ?{Eﬁlé% foaljtglrrl g%dm&%%%ﬁgﬁéégug% r%éfﬁ {Cq'? ﬂag%gdgl i ds had
di ssol wedhahdithlshtugas] epobust NaidCOabrine adrédd ovir Nh,SOihfikerkd asdboyncpntepad ed
solution of the acid chloride was added dropwise at 0 C to a solution

cont ai g edrgedpgsyyren Popfipaianny eligamehaliremepggngy (iéMeﬁ?}#o@ylz@.l Et 3N
(3.4 8751 i 3 w1k h ligi ng reacti on m xture was
warnegk%%gég%x??gﬁ%gggpgyég?%gﬁg?ﬁf@gﬁmf%??%lﬁﬁgf? was then washed with

bri ne, hixkedmideethymieGdamidel VS edcanidd forCeHuNaOed! 7aride founddideld] pr essur e.
Purific 6ion by silica gel chromatography (CH2Cl12) afforded tert-butyl

2- (ni cot'i"'nam do) et hyl carbamate (3.1 g, 74% . [0238]tert-Butyl

2- (ni cotinam do)ethyl carbamate (3.1 g, 11.7 mmol) was taken up in 25% TFA
in CH2C12 (10 nL). The resulting rg§§&% 4 M xture was allowed to stand at
roomtenperature for 1 h. At this point, a considerable amunt of

i pigate f j Lt T at d. Th i ni l'id
g,;efé' é’gr%gg %@‘”Vﬁifﬁé‘%%g14)-%%8%5%@?1’é‘?ﬁ?ﬁ%& yl ) ni coti nam de (1.6

with (42,72, 102, 13Z,16Z, 1
mol ), HATU (5.5 mml)

-docosa-4,7, 10, 13, 16, LQ=Rexaenqic acid (5.0

| EA (15 mmol ). Fhe resul thng remsction m xture
was stirred at room erature for 2 h and Yi-huted with EVOAc. The organic
| ayer was washed h saturat ed agueous NaHZOB, brine, i ed over Na2SO4,
filtered and congenty ated under reduced essure. Purifi ion by silica
gel chromat ograp 5% MeOH- CH2C12) affor
N-(2-(4z,72,10Z, 1327, 167, 19Z) - docosa- 4, 7, 10, 13, 16, 19-
hexaenam doet hyl ) ni coti nam de. MsS cal cul ated for C30
[ MMH ' 476. Exanple 4 Preparation of

N-(2-(52,82 112,147,177Z) - ei cosa-5, 8, 11, 14, 17-

pent aerjp40joet Wit TRAcaLtiofidhi2danihdetBy1)nicotinamide (1.6 g, 5.7 mmol) was taken up in

CH;CN (15 mL) along with (57,82,117,14Z,17Z)-¢icosa-5,8,11,14,17-pentaenoic acid (1.7
g, 5.7 mmol), HATU (2.4 g, 6.3 mmol) and DIEA (3 mL, 17 mmol). The resulting reaction

02: 475.32; found:

mixture was stirred at room temperature for 2 h and diluted with EtOAc. The organic layer
was washed with saturated aqueous NaHCQOs, brine, dried over Na,SOs, filtered and
concentrated under reduced pressure. Purification by silica gel chromatography (5% MeOH-
CH,Cl,) afforded N-(2-(572.,8Z,1172,147.,17Z)-¢cicosa-5,8,11,14,17-
pentacnamidoethyl)nicotinamide (1.6 g, 62%). MS calculated for CosH30N30;: 449.3; found:
[M+H]" 450.
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[ 0240] The TFA salt of N-(2-am noethyl)nicotinamde (1.6 g, 5.7 nmol) was
taken up in CH3CN (15 nL) along with

(52, 8Z, 1¥O241A/RFRY - ei cosa- b5, 8, 11, 14, 17- pent aenoi ¢ aci d PCT/UR2@0/057262 nmol ) ,
HATU (2.4 g, 6.3 mmol ) and DI EA (3 n1zi }75mml). The resulting reaction

m xture was stirred at roomterrpergtxul?lgefor 2 h and diluted with Et0Ac. The
organi c_| ayer, was washed w th saturated agueous NaHCOB, brine, dried over
Na2504,P‘?Pf"f%%‘fé‘d’f%&lz'&%f?c@%?%’tlgé’@W’}%@dy@&s%f‘&%ﬁf’é@%ri fication by

si | i ca hpxpensinigeathyhdisgHonylethxbwicptipamise (58) or ded

N-(2-(52,82Z, 112,142Z,172Z) - ei cosa-5, 8,11, 14, 17- Q

pent aenam doet hyl )ni cotinam de (1.6 g, 62% .1 cadbrtul ated for C28H39N302:
449. 3; found: [M+H ' 450. WD 2011/ 028689PCT/"NS2010/ 047282 Exanple 5
Preparation N (27,(2-(2-(4Z,7Z,10Z, 13 Z,1927) - doc - A@Siﬁ\l BNAO-
hexaenamiNdost ﬁ?f)\di%sHél fanyl ﬁét/h?f%\rﬁ/c}f'i%n%?ﬁ dgTTepll- 3) 8 NS, sNH2

H2N. ----..,...S.s0c N

ps

[0241] Cystamine dihydrochloride (1.0 g, 4.44 mmol) was dissolved in MeOH (50 mL).
Triethylamine (1.85 mL, 3 eq) was added at room temperature, followed by dropwise
addition of Boc,O (0.97 g, 4.44 mmol) as a solution in MeOH (5 mL). The resulting reaction
mixture was stirred at room temperature for 3 h. It was then concentrated under reduced
pressure and the resulting residue was taken up in 1M aqueous NaH,;PO4 (20 mL). The
aqueous layer was washed with a 1:1 solution of pentane/EtOAc (10 mL), basified to pH 9
with 1M aqueous NaOH, and extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SQy, filtered and concentrated under reduced pressure to
afford tert-butyl 2-(2-(2-aminoethyl)disulfanyl)ethylcarbamate (500 mg, 44 %).

[0242] Separately, nicotinic acid (246 mg, 2.0 mmol) was taken up in CH3CN (10 mL)
along with fert-butyl 2-(2-(2-aminoethyl)disulfanyl)ethylcarbamate (503 mg, 2.0 mmol),
EDCI (422 mg, 2.2 mmol). The resulting reaction mixture was stirred at room temperature
for 4 h and then diluted with EtOAc. The organic layer was washed with dilute aqueous
NaHCOs, brine, dried over Na,SQO,, filtered and concentrated under reduced pressure.
Purification by silica gel chromatography (CH,Cl,) afforded tert-butyl 2-(2-(2-
(nicotinamido)ethyl)disulfanyl)ethylcarbamate (400 mg, 56%).

[0243] tert-Butyl 2-(2-(2-(nicotinamido)ethyl)disulfanyl)ethylcarbamate (200 mg, 0.56
mmol) was taken up in 25% TFA in CH,Cl; solution (5 mL) and allowed to stand at room
temperature for 4 h. The reaction mixture was then concentrated under reduced pressure to
afford the TFA salt of N-(2-(2-(2-aminocthyl)disulfanyl)ethyl)nicotinamide. This material

was

taken up in CH3CN (10 mL) along with (42,72,10Z,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenoic acid (184 mg, 0.56 mmol), HATU (234 mg, 0.62 mmol) and DIEA (0.30 mL).

The resulting reaction mixture was stirred at room temperature for 2 h. It was then diluted
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2) TFA O( .).LNS,sNH H N [0241] Cystam ne di hydrochloride (1.0 g, 4.44
nmol ) was dissolved in MeOH (50 nL). Triethylamne (1.85 nL, 3 eq) was
added at woamlma&qs&rature foll ovved by dropwi se additi omCofUSBoo2@726D. 97 g,
4. 44 ol The resy Ctl m xt ure was
atirrod il ERTAGR RO A uacBsy Y R sMifor o bR OB heer r ecuced
pr essurggaiiéllalybew s £&itdt dvRgNaS, I Rerd@ and adfrﬁ@ntlﬂaﬂed ﬂncﬂeM@'th&Dpt‘éséﬂadﬂ PO4 (20

m.). The agueous | ayer was washed with a 1:1 solution of pentane/Et0Ac (10
n), bd’giﬂrﬁCé@o& by ﬁhp@g%ctlwnlawgm}@dé@ N&OH.- Cﬁaﬁlzé%ﬁf@r&% M ((3H2-Et 0AC. The
conbi n brine, dried over Na2SO™4, filtered
and conce tt’at égs ﬁé@‘fﬁg 5?%%@%922153\8#6?9{0 afford tert-butyl

2-(2- (Zreammﬁﬁdd@wy))dlﬁmﬁhﬁﬁwwl)ﬁdmhamdﬁm mg( 8&0).MYLS chdbu¥ted for

[0242] S parat 0 acu;i 246 mg, 2.0 mml) was taken up in CH3CN
(10 mL)™3 a]i{ﬁﬁ%gﬁgt ?ﬂié’ MJ“PQ éég(z am noet hyl ) di sul f anyl ) et hyl car bamat e
(503 ng, 2.0 nmmmol ), EDCl (422 ng, 2.2 mml) The resulting reaction m xture
was stirred at roomtenperature fo!E Apd then diluted with EtOAc. The
organi c | ayer was washed with dilute a ueous NaHCQO3, brine, dried over

Na2504, filt red educed Purification by
silicalJ& P ?\Z'g%' ﬁ?‘e?%lé ggu{;&fei)?@ P8 f‘p’rbﬁlﬂﬁj{(gl?z (2-
(nicoti )“é‘ﬁ’sﬂ“j“@’c Brbamate (400 ny, 56%.

[0243]tert Butyl 2 (2 (2-(ni cotinam do) et hyl ) di sgl fanyl ) et hyl carbanmate (200
ng, 0.56 mmol) was taken up in 25% TFA in eBl ution (5 nL) and
allowed to stand at roomtenperature for 4 he reactign m xture was then
concentrat ed under reduced pressure to af f or d tébeé TFA salt of
N—(2(2(2 aninoe hyI)dlsquan/%r yl )ni cot i n&mM e, smi\e»er/m

t aken ulpzN I8, AL)  al kuhig NHBoc T A' |

(4z,7Z,10Z, 132, 16Z, 192) - docosa- 4, 7, 10, 13, 16, 192- Eexae’ﬁm c acid (184 ny,
0.56 nmml ), HATU (234 ng, 0.62 mmol) and DI EA (0.30 nm.). The resulting
reaction mxture was stirred at roomtenperatuge for 2 h. It was then

dil uted O N

N/\/O\/\
H

[
/
N

[0244] In a typical run, sodium hydroxide (400 mg, 10 mmol) was dissolved in MeOH
(70 mL) and 2-(2-aminoethoxy)ethanamine dihydrochloride (1.0 g, 5.65 mmol) was added.
The resulting reaction mixture was stirred at room temperature for 30 min. A solution
containing Boc,0 (740 mg, 3.40 mmol) in THF (15 mL) was then added dropwise, at room
temperature, over a period of 15 min. The resulting reaction mixture was stirred at room
temperature for 18 h. It was then concentrated under reduced pressure. The resulting residue
was taken up in CH,Cl; (200 mL) and stirred vigorously at room temperature for 4 h. The
mixture was filtered and the filtrate was concentrated under reduced pressure to afford fert-

butyl 2-(2-aminoethoxy)ethylcarbamate (850 mg, 74%).
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WO 2011/ 028689PCT/ US2010/ 047262 with Et OAc and washed successively with
satur ated aqueous NaHCO3 and brine. The organic |ayer was dried over
Na2SO4, fwbDterigds@nd concentrated under reduced pressur @CTRIS2OI0EER6E on by

il h 5% MeOH- CHRC12)  af N-{2- (2 (2-
Caz, 721984517 5o PIEBOGE 7 Phgbi R R LR 998 ol Sl i teen up
hexaendmcdpemN i)l palbh@®ith hedokiyic)ai @B Ra 2 d@ P00 afg EDREY934 M, z3l cul at ed

for C32H45N30252: 567.3; found: [MtH .' 568. Exanple 6 Preparation of
N- ( 2- (20pah; The 1opltngzeacsipn pyxurgyabred, af raqm temppsatyg.for 18 h. It was then

h (a2, 7 21 TGXYIAL i L0~ tvoical T un
o umUTSRCLAEEIO K, 00 05, SRR SarbbeighlacBous NaHOGLERHE. ielpRLER, 7o
2;1 (2-am T}S_@h,ffdteyécbiﬂaiamam:mﬁtddﬁ unylehr mdﬁr_ledrﬁrgheu%el The gestuﬁin@Eremtimﬁ \)/as%/m&ifggde_d.
The resulting reaction m xture stirre 00 e rature 1or mn.
A ‘sol utio B SHAMAEess 691 FAb Mg G0 allerd eimPu-€15 ) was then
added qnRBWhSRido Rthdx9UMIEIRERAL QD mg,\efﬁo)/g)gwpoeédlaﬂateé fhe N, ahe resul ting

reaction mxture was stirred at room ature for 18 was t hen
concent¥04t1ddfamdefM+dHBdéd pressure. The resulting residue was taken up in

CH2C12 mL d i rred vigarousl at. roam t erature for 4. h. The
e g e BB o et B e A Rt DR o i

pr essurigdnQupath280ATERNA P¥LYL, (20 h&aa@m%&ﬁ%ﬂ%ﬁ%%%&&@s&%& ng, 749.
WD 2011/ 028689PCT/ US2010/ 047262 [0245]tert - But yl

2- ( 2- anPewdempsepiues foy Zdeandahen eoncammtcdurgier radueod messutcHenfforkidn T i n CH3CN
20 ) al it h_.ni coti i cid. (25 . 2. 06. 1), _and EDC. . 2.3
oo T safl PRt B Bk ity s fefkial W theBMkeh B EARENTS; o
18 h. 1(t0was aldienwvieh (47,70 10%.11 BZ F62A07§-d0cdtsh i, 7, v@shee | Whtkacaaicuicat @ds aqueous

NaHCCO3, brine, dried over Na2SO4, filtered and concentrated under reduced
pr essurg, O meely HATY (199imgd 408smmabiant EIEAOS24mE) Hea resfivgrat ogr aphy

(9:1 ; r R . .

(i cot 1 eiston ke s Sldrdl o h ekl 21, Juygs thppdibipd with BXQAp and

C15H23NaB4ed 8@9eskidelyf witin datufadddtqueous NaH (O 44l Braret -TBdtoyganic layer was dried

2-(2-(ni cotinam do)ethoxy)ethyl carbamate (140 ny, 0.453 . | ). .was taken up

in 25%01%1“?%%@4%@(1@ ERHTORCFIIT u?@aéqqueﬁil PRESTE @%ﬁfca%%&% glstand at

room t . nbr @t 0 ire to
%E%ﬁﬁé%’aglgj f@'lo ?F%E?Me(t)ﬁ?ﬁ!ff&%@& L, ()‘2 (?%ﬁ%)}ﬁ?l,liﬁ%,?%)oﬁ&ﬁs‘é‘

afford the T 2- (2- am noet hoxy) e ni cotinam de. This
mat er i &,7,W&d 3 il haA-heakaamigpcihox@dBGNnicbbinamided 7 D g, % Yo MS calculated for

(4z, 72, , . ~394) - di -4..7,10, 13, 16, 19- hexaenoi c acid (148 ny,

0. 453 %8%6@%%%%(3%9@“&3?5@?@b@§mu and DIEA (0.24 nl). The resulting
reaction mxture was stirred at roomtenperature for 2 h. It was then
diluted with Et 0Ac and washed successively with saturated aqueous NaHCO3
and brine. The organic |layer was dExaaple/ér Na2504, filtered and
concentrated under reduced pressure. Purification by silica gel

chr omathgpation(d:N-(HGAZ e 003,132, f1 6 7.8 )-docosa-4,7,10,13,16,19-
N-(2-(2-(42,72,107, 1327, 167, 1927).- dJocosa4, 7, 10, 13, 16, 19- hexaenam doet hoxy) et h
yl ) ni cﬁlﬁg‘ﬂ%ﬁ‘ﬂ'@"ﬁ‘%Qﬁz@?t%‘yéwln‘;)e‘qwgpr‘aﬁ%&érz)cs1H46N205: 526. 34; found:
[ MiH ' 527. Exanple 7 0

N

[0247] N1-(2-Aminoethyl)-N1-methylethane-1,2-diamine (5.0 g, 42.7 mmol) was
dissolved in CH,Cl, (100 mL) and cooled to 0 °C. A solution of Boc,0 (0.93 g, 4.27 mmol)
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Preparation of N-(2-02-(427,7Z, 610Z,13Z,16Z,19Z)-docosa-4, 7,10, 13, 16, 19-
hexaenam doet hyl ) (net hyl ) am no) et hyl )nicotinamde (1-2) o OH MM II
H2N. N1' N wipiaNM28ds9N HBoc 2) TFA OMe 1 ).LINNN H2 NH Obr/ubs2010047262 N | HH

in CH,Cl; (10 mL) was then added dropwise at 0 °C over a period of 15 min. The resulting
reaction mixture was stirred at 0 °C for 30 min and then warmed to room temperature. After
stirring at room temperature for 2 h, the reaction mixture was diluted with CH,Cl, (100 mL).
The organic layer was washed with brine (3 x 25 mL), dried over Na,SQOy, filtered and
concentrated under reduced pressure to afford fers-butyl 2-((2-
aminoethyl)(methyl)amino)ethylcarbamate (1.1 g).

[0248] tert-Butyl 2-((2-aminoethyl)(methyl)amino)ethylcarbamate (400 mg, 1.84 mmol)
was taken up in CH3CN (10 mL) along with nicotinic acid (227 mg, 1.84 mmol) and EDCI
(353 mg, 2.02 mmol). The resulting reaction mixture was stirred at room temperature for 18
h and then diluted with EtOAc. The organic layer was washed with saturated aqueous
NaHCOs, brine, dried over Na,SQO,, filtered and concentrated under reduced pressure. The
resulting residue was purified by silica gel chromatography (5% MeOH-CH,Cl,) to afford
tert-butyl 2-(methyl(2-(nicotinamido)ethyl)amino)ethylcarbamate (180 mg, 30%). MS
calculated for C1sHsN4O3: 322.2; found: [M+H]' 323.

[0249] tert-Butyl 2-(methyl(2-(nicotinamido)ethyl)amino)ethylcarbamate (90 mg, 0.279
mmol) was taken up in a 25% TFA in CH,Cl, solution (5 mL) and allowed to stand at room
temperature for 3 h. The reaction mixture was concentrated under reduced pressure to afford
the TFA salt of N-(2-((2-aminoethyl)(methyl)amino)ethyl)nicotinamide. This material was
taken up in CH3CN (10 mL) along with (42,72,10Z,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenoic acid (90 mg, 0.279 mmol), HATU (117 mg, 0.31 mmol) and DIEA (0.15 mL).
The resulting reaction mixture was stirred at room temperature for 2 h. It was then diluted
with EtOAc and washed successively with saturated aqueous NaHCO; and brine. The
organic layer was dried over Na;SQy, filtered and concentrated under reduced pressure.
Purification by silica gel chromatography (5% MeOH-CH,Cl,) afforded N-(2-((2-
(42,772,102,1372,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)(methyl)amino)ethyl)nicotinamide (30 mg, 20%). MS calculated for
C33H4sN40,: 532.38; found: [M+H]' 533.
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1\1 / [0247] N1- (2- Ami noet hyl ) - N1- net hyl et hane-1, 2-diamne (5.0 g, 42.7
nmmol ) was dissolved in CH2C12 (100 nL) and cooled to O C. A solution of
Boc20 (0.w82011/02868% ol ) - 45 - WO 2011/ 028689PCT/ US2@Co/u34rad22en CH2C12
(10 nL) was then added dropw se at ggr a period of 15 mn. The
resulting reaction m xture was sti]ral;%lél $°0 C for 30 min and then warmed to
roomtenperature. After stlrrlng roomtenmperature for 2 h, the reaction
m xt ur RERIrion A2 HR)methp il It £ 1 VS Lo  0fa M1 D)- 126083 was washed with
bri ne (87:%0,23,1/m19- heaww@omromms@xy)f -(nieatimgnyde)bugtoate Glaﬂl)ed under

am noet hyl ) ([fret hyl ) am no) et hyl car ba g). [0248]tert-B yI X
2-((2-amn hyl ) am no) et h (400 ny, 1.84 ) was tjaken
up in CH3 long with ni (227 nmg, 1.84 DCl
(353 nowo - The resul tlH g react/l on nixture was stlyre room
terrperaturefor 18 -h—and t HéeO4] ed with Et6Ae> Th P i

washed with sdturated aqueous HCOB, |brine, dried ovar 2504, er ed

and concentr at der reduced pressures r esBbdHNIg g@piedue wa
by silica gel chromatography (5% MeOH CH2Cl to afford tert-butyl
2- (met hyl (2- (ni cotimam do) et hyl ) am no) et hyl carbamate (180 ngy, 30%. M

cal cul ated for CL6H26N403: 322.2; found: [M+H ' 323. [0249]tert-Butyl

2- (et hyl (2- (ni coti nam do) et hyl ) am no) et hyl carbamate (90 ng, 0.279 nmol)
was taken up in a 25% TFA in CH2C12 solution (5 nL) and all owed.to stand at
roomtenperature for 3 h. THE teaction m xture was concentrat &d

reduced pressure to afford fhe alt of

N (2-((2-am noethyl)(rreth I ) am no) et|pyl ) ni coti nani de. This
taken up in CH3CN ( 10 ong

(42,72Z,10Z, 13Z, 162 1 ocosa-
0.279 mmol ), HATU rrm)l) and DI EA (0015

reaction m xture S |rred om t-enperat ke r ho It wa

diluted with Et Bé\bd: and,nashed succgssively sat{l‘,lr ategMaqueous NaHCO3
and brine. The organic | ayer was drihed over 04, filtered and
concentrated under reduced pressure. Purification by silica gel

chr omat ogr aphy (5% MeOH- CH2C12) afforded N (2-((2-

(42,72 137,167, 197) - dqcos

hexaen am?@det hl Fjg‘leﬂlé? Iﬁ%fiﬂ}ﬁ 50 %qrﬂ%%?r# c@tjagrﬁa%l ld%lm(ogow??gtakefd% in GIECN
cal cul abeéhrh)alo ?%%10@3?2 38z leBLGQcosEM,"tﬂO 13,9839-he¥¥enoic acid (}% 0g,

2011/ 028689PCT/ 047262 Exanpl e 8 Preparation of (2S, 3R)- net

3- ((S) -1 ant). Jﬁi)(ildi IR 2, @sz!?@zl)nddli&‘is@ﬁ mLioTh@rewtlmgrmmew@o) pr opano

by ar oenfsREE AR ARbRUEACRE S (A el CHERIOR TBEROSSHEE i o
(4Z, 7Z,diR% ?ﬂq'ﬁZodstaH@@ aﬁibblﬁ)@ea %e7orgﬁ11d&yéﬁwé§drﬁtﬁl>@eﬂblh£8(ﬁ§ ﬁdet(ea afidg, 6.1

mml) EDCl (1.3 g, mol ) and_DI EA utln%reaction
m xt ur €opgntEted afrﬁfiuqeém%?@fﬁﬁ@aﬁ@@r(é') ﬂ@Fthz’r{(M ?Z\J\% lt”%éﬁzd Pted with

Et OAc 0 5\5!—@(@ rine. The organic |ayer
was dri egoﬁ?qﬁbyéﬁl,ﬂﬁx %@ng&gﬁdﬁconc nt Fat ed)bunder reduced pressure to
afford [()55L]rret @Lmahyl(ma4zzz1mz MIG’JZ:‘)E)ZD%)COsa -4,7,10,13,16,19-

T Rk ATl O

aqueous NaOH (5 mL) and stlrred Vlgorously at room temperature for 3 h. The reaction

mixture was diluted with water and concentrated under reduced pressure. Enough 6N HCI
was then added to adjust the pH to 2. The resulting mixture was extracted with EtOAc. The
combined organic layers were dried over Na;SQy, filtered and concentrated under reduced
pressure to afford (5)-2-((42,72,102,132,167,19Z)-docosa-4,7,10,13,16,19-
hexaenamido)propanoic acid. This was taken up in CH3CN (15 mL) along with N-Boc-L-
threonine methyl ester (1.11 g, 4.78 mmol), HATU (2.0 g, 5.3 mmol) and DIEA (1.2 mL).
The resulting reaction mixture was stirred at room temperature for 6 h and diluted with

EtOAc. The organic layer was washed with NaHCQ3, brine, dried over Na,SO,, filtered and
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hexaenam do) propanoate (2.0 g, 4.8 nmmol) was taken up in THF (8 nL) al ong
with 5M aqueous NaOH (5 nlL) and stirred vigorously at roomtenperature for
3 h. The weoaotwmsessi xture was diluted with water and comceniSe@vod2ander

reduced pre re. ,Enough ,6N HC1 t hen .added to ,adj ust the 2. The
oour treeBE R R AR PR YRR bR AR LB R LR

wer e drafRedemes,3Naaekl 2 (rd+-bhedyanshns O g 8- at4x)7znden 3z adaded)pressure to
afford (S)-2- $é4z, 7Z,10Z,13Z, 16Z, 197) - docosa- 4, 7, 10, 13, 16, 19-

hexaenalocas)hr dpdAdioe ddiaxacnamid@pigpeneirendbuanqaic GHBON (15 nl) al ong with

N- Boc- oni t g . 3 mol
and DI ERE%@ 2I %%Tlﬂéth?’g%g?{ |t{111(iil|0 )%é%lg??}é%z&(%hézdggﬁg f 1|(3r%r’g6 ’}A%Z%F oom :
t _enﬁer atoucbd%-zt,g,rl_oﬁ311631@_Gheghémhﬁdb)pirzdé)lan@tl?zglgbutﬂi@t@@garmth;f ?lé@)%enmmb)swas/as hed
wi th Na , Jorine ri.ed over , iltered and - - .
2011/ 028EBIPCRYEHET o7 raCeBheai ket a&f@ﬂ@é@@pgﬁ%%/grép min.
Puri fi cafd Qabto% nSiktukE&a98ien QlﬂﬁféH%&iﬁl%manﬁgdﬁ%teﬂfufrﬁéﬂ%gu&a%re"sgﬁr'erTEt hyl
2-(tert-butoxycarbonyl)-34(S)-2-((4Z,7Z,610Z, 13Z,16Z,19Z) -
docosa-td affpadthe 3]Cl6alt 8f RS macthy®-pmmpah ()-8 HTL.406488,10Z,10Zy) .

0252 S, 3R) - et byl ) ) )
[2- (t e]r 55069%%&35#3ﬁﬁylfyheé&%@ﬁl%@>pf°@2?%i?ﬁ>@?}ti%%t% eAis gpjerial was taken up
docosa-iff CH XN &3l Paldbls %&mmcd@wmqﬁ%wi%mgz anoAt @ou3Re oy 0. 488
mmol ) was taken up in 4M HC1 in dioxane (2 nL) and allowed to stand at room
t enper anmeb ahd DIES (Ri23. mIFhb46 wweal). chhavesultimgroaeison maxturdiwagsadedit ol 0Ac

o0 CONGRRLA e hr TRl ARG PRG0S PBul 8 Bl vas
docbsa-IﬂuidelBstBicl@ell&rr&ﬁ&agﬁgﬁjz do) p_’r opén_oyi o_xy_j but é_noat e. This materi al
was taken ( nicotinic acid 0.488 mmol ),

up 1 n CH3CN 5n1_éalongvmth (IGOWE
HATU (484 @%gﬂqumlaffogﬁm Sty 25((-2-(AZ4 6. Mol 2.1 9 d OZ&dagaspng
reacti i | te - c ntrated
inder 1 0C b 180485 hird BfhoBhnd AU LETREN A okl AT BOEE" Y ca
gel chrMfehloghspfyr C2HLNGAR A . Me Gbndt fMath] 0620. ( 2S, 3R) - net hyl
3-((S)-2-((4z,7Z,10Z, 137, 16Z, 192) - docosa4, 7, 10, 13, 16, 19- hexaenam do) pr opano
yl oxy) - 2- (ni coti nam do) but anoate (120 , 40% . MsS cal cul ated for
C36H49N306: 619.36; found: [M-H ' Es2wmple Exanple 9 Preparation of
(2S,3R) -nmethyl 3-((S)-2-((5z, 82,117, 14Z,17Z) -i cosa-5, 8, 11, 14, 17-
pent aerRrepacitinof (29,3 Rynydth @-3-((Sr-2+(3a87.d b Yodalifatieosais,8,01,14,17- HN 0 HO
0Me Oy c Hikntaenamido)pboghmagloxy)-2-(nicotinamido)butanoate (I-10)

—— (o)

o]
HN" “co,Me

[0253] The same synthetic sequence outlined above for the preparation of (2S,3R)-methyl
3-((8)-2-((42,72,102,137,16Z,197)-docosa-4,7,10,13,16,19-hexaenamido)propanoyloxy)-2-
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[ 0253] The sane synthetic sequence outlined above for the preparation of
(2S, 3R) - net hyl

3-((9)-2- \(V()&KJ,IM%B@Z 137, 16Z, 1927) - docosa- 4, 7, 10, 13, 16, 19Cmﬂbsamanrizdb) pr opan
oyl oxy) 011/ 028689PCI/ L.COt i ut anoat e
s et pialp s a9 a0 SR gla B B A R R A AN o
acid ( ERRAackéis aﬂaqﬁPAmwtaga@dqﬁst%fMAcMsuhlaﬁmdff@frcmmwm 35593. 35;
found: [MtH ' 594, Exanple 10 Preparation of (S)-nethyl

6- ((4z fomddM 175367, 197) - docosa- 4, 7, 10, 13, 16, 19-

hexaenam do) - 2- (ni coti nam do) hexanoat e (1-11) I ; [0254] H Lysi ne-(BOC) - OMe
hydr ochl ori de (500 ng, 1.68 mmol) pas tlali nup in CH3CN (10 nL) along with
nicotinic acid (207 ng, 1.68 nmmol), ?354 ng, 1.85 mmol) and DI EA (0. 90
m.). The resulting reaction mxture was stirred at roomte rature for 18
R hnd dTERRRIN QRS ETSH S ooy b bod Y GdoisaHeh! bl LABAPT ut e aqueous
NaHCOB, hespenpanidg)-2«nicgtinamigmhexanopte {ddrd and concentrated under reduced

pressure. TiNfication by silica gel chromatography (CH2GI2)> af f or ded

(5) - met hyl | tert - but oxycar nyl) 2- (nicotinam hexanQat e (520 ny,
85% . [0255](5)- Met hyl 6- (t@rtdbout oxycarbonyl) - 2|(n|Ncot| nani dof’hexanoat e
(260 ng, O Flrml)wastak pin 4M HCL in di e (2 nb dto
stand at rdom° erature for[ 1 h. The reaction mjxture was diluted w i|h

Et 0OAc and centrat ed undeg uced pressure todaiMiwrd the HE s
taken up in

(5) - et am no- 2- (ni cotbna 1 do) hexanoate. This terial i
CH3CN ( WMB& NH, N
(42,77, 10yd 32, 16Z, 192)-decosade 7, 10, 13, 16-19~hexammoi ¢ acid (233 ng, 0.71

mol ), HATU (297 ng, 0.78 mmmol) and DIEA (0.4 nlL). The resulting reaction
m xture was stirred at roomtenperature for 2 h and diluted with Et0Ac. The

or gani d0 f%@er aky siees RQACWOMe ldreghéoride (800 m1eNAGB oMol Map dakedupéd over .
o1+ oa QU CTE BT E SRR S b S RGPL ERR T L S fithérsn Y

6- ( (4Z,a0d,0IBA, D30, hBY, T jesulting reaction mixture was stirred at room temperature for 18

docosa-4, 7,10, 13, 16, 19- hexaenam do) - 2- ( ni cotl nam do) hexanoat e 280 ng,
720 . NEnddibiday ik EfQpc. c%%m@&@mayesms washedayigydilyty pgyeous BzHCO

2011/ 02&&%,9&)&&/ &@29111%(94?‘ 7624 BB Rntkdted under reduced pressure. Purlﬁcatlon by

silica gel chromatography (CH,Cl,) afforded (S)-methyl 6-(tert-butoxycarbonyl)-2-
(nicotinamido)hexanoate (520 mg, 85%).

[0255] (8)-Methyl 6-(tert-butoxycarbonyl)-2-(nicotinamido)hexanoate (260 mg, 0.71
mmol) was taken up in 4M HCI in dioxane (2 mL) and allowed to stand at room temperature
for 1 h. The reaction mixture was diluted with EtOAc and concentrated under reduced
pressure to afford the HCI salt of ($)-methyl 6-amino-2-(nicotinamido)hexanoate. This
material was taken up in CH3CN (5 mL) along with (42,77,10Z,137,16Z,19Z))-docosa-
4,7,10,13,16,19-hexaenoic acid (233 mg, 0.71 mmol), HATU (297 mg, 0.78 mmol) and
DIEA (0.4 mL). The resulting reaction mixture was stirred at room temperature for 2 h and
diluted with EtOAc. The organic layer was washed with dilute aqueous NaHCQO3, brine,
dried over Na,SQy, filtered and concentrated under reduced pressure. Purification by silica
gel chromatography (9:1 CH,Cl,/MeOH) afforded (S)-methyl 6-((42,72,102,132,16Z2,19Z)-
docosa-4,7,10,13,16,19-hexacnamido)-2-(nicotinamido)hexanoate (280 mg, 72%). MS
calculated for C3sH4oN304: 575.37; found: [M+H]+ 576.
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Preparation of

(S)-6-((42,7Z,10Z, 13Z, 16Z, 192) - docosa- 4, 7, 10, 13, 16, 19- hexaenam do) - 2-

(ni cot i nawDao)es@noi ¢ acid (1-12) (5) - Met hyl PCT/US2010/047262
6-((42,72, 102,132, 16Z, 192) - docosa-%{i Ellr%}é?) 16, 19- hexaenamn do) - 2-

(ni coti nam do) hexanoate (40 ng, ) was taken up in 2 nL of THF

al ong VPrepaflion df (Sf-6A(4Z, M MM3m6m,1m doth$a-19510, 13, 1)1 9-RéGien 2mido)xd-ur e
was stirred at roomtenperature for 2 h. It was then acidified to pH 4 with
2 N HCAnisetinamigp)bexangia 2cid (f-13) Et 0AC. The combi ned organic |ayers were
dried (Na2SO4) and concentrated under reduced pressure~to afford 31 ng of

[ MFH 562.
2-((5Z, 82,

C]VEH/

(8)-Methyl 6-((42,72,1072,137,167Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-
(nicotinamido)hexanoate (40 mg, 0.0695 mmol) was taken up in 2 mL of THF along with 80
uL of a 5 M NaOH solution. The resulting reaction mixture was stirred at room temperature
for 2 h. It was then acidified to pH 4 with 2 N HCI and then extracted with EtOAc. The
combined organic layers were dried (Na,SO4) and concentrated under reduced pressure to
afford 31 mg of (S)-6-((42,72,102,137,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-
(nicotinamido)hexanoic acid. MS calculated for C34H47N304: 561.36; found: [M+H]" 562.

Example 12
Preparation of (S)-methyl 2-((5Z,8Z,11Z,14Z,17Z)-eicosa-5,8,11,14,17-pentaenamido)-

6-(nicotinamido)hexanoate (I-13)

NH, . HCI

OMe

H-Lysine-(BOC)-OMe hydrochloride (500 mg, 1.68 mmol) was taken up in 25 mL of
CH;CN along with (57,87,117,147,177)-¢cicosa-5,8,11,14,17-pentacnoic acid (EPA, 509
mg, 1.68 mmol), HATU (702 mg, 1.85 mmol) and DIEA (880 uL, 5.04 mmol). The
resulting reaction mixture was stirred at room temperature for 2 h. It was then diluted with
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H Lysi ne- (BOC) - OMe hydrochloride (500 ng, 1.68 mml) was taken up in 25 nL
of CH3CN along with (52,827,117, 14Z,17Z)-ei cosa-5, 8,11, 14, 17- pentaenoi ¢ acid
( EPA, 509W0g;)111(126t89mml) HATU (702 ng, 1.85 nmol) and PCEASe@8041262, 5. 04

mml) uIt|n C re stirr.e 0 ture for 2
"1 OGN O SRR R ol B G B e e Bt O ARAGTRSO FEHE: e

( 70 m—)coﬁé@ﬁﬁé&ﬂhﬁhﬂer\/ﬂeﬂ&eﬁ &8urc2Thekgsultihit@e Qi @aniLpdrapdibywascadiel ed (Na2SO4)
and concentrated under uced ressure. The resulti ngl)rem due was purl fied

by si l |Céléprgaépgrenlmﬂ%ﬂ pion 20 Y rididds 187aMrERD toaouhiirmof 10%
Me t
NSRS n%f%ft%oﬁ@?%@%f%;lf%z% D)sicos 3 g4 14 17,

pent aermmadm)ﬂmdﬁ)hmmoate((QS%méldb.dMS A ubaddior @ggﬁmms %QBE;MQS 544, 39;

f ound: M I—% 545. (S)-Met hyl

6- (t er MU éﬁéarbonyl) 24(5Z, 82,117, 14Z, 17Z) - ei cosa- 5, 8, 11, 14, 17-

pent aenggay f 2458 zm%mvmt@}&%a 11 E'Hf . of 4 N HCL
in di oggne an}gl tg’f&i %n gts %oomtenper ture fSl(’;grD’ 10 m7n The

reacti qn:nmemtmmde)hmalodtd (ﬁﬁ@dlgwﬂ 1R rmﬁolﬁhvasftaklénmpcn amal oA DEHCT ait dsaxamader

reduced pr u fford t he HCl

o B afioRel i ot mertlie B8 8 i TR eston W B hoat e.
This reg rﬂ%f\fy@@A&ah@eoﬂbenﬂrae@uﬁaer@édum R ORG R4 hler}q@pstaltruf@spm d (197
ng, 1.60 nmol), HATU %669 , 76 mmol ) and DI EA (836 nL, 4.8 mol). The
resul tlmqhyle%@mng -5 %18, ]eIZAia‘bZ HZ)rerlwaait,S ibéﬁﬂ?@ﬁpt@f:@trmd@)hﬁxﬁnoateh and
dilut edl"lylms %e?ﬁgtﬁgfgfgja 20 m‘ﬁS n-lih f@#g@qla?o avylr?h; CO 1nca01 rng, E m01§j| ting

m.), dried PRt uce pre sure eres

resi gu%))msj (Pﬁg ifg, €d6 bfym(sll) RAIBIBA N8R} 939G CTRe r&WitMe@ction nikiues d 300
0 ne

r2ng (( 52,88 stixed fmlz’owzsnpéia&s@ fors Ipandidihuted with &4 A6 h2hindg) The organic layer

(ni cot '@%é’sﬁ%&'%ﬂg‘r@%% ) HP) Oﬁ‘d&ﬁts%’) b St OB Atier pARcdPprelsatnd: [ MeH]

550.
(S)-2- (Tlﬁzzaﬁﬂldgl%slﬁézww ﬁl)riﬁecblqsdrﬁm&tpéﬂpﬂlﬁ (2575 pEh Che A2 MAOH) 6o afford
(ni cotl am do xanoi ¢ acid _(1-14 NN OveCOH (. t hyl
2- ((5z g of @ﬁzmﬁszlﬁ géaﬁg ]§)21{17Z$2F1°P?a ae‘%}lla%mmeném&)-ge
(ni cot i HARLAMNRIEHRRARLR. (Méfaauarglateg 1820 smgmgbw\?@ JERSMIUPVEL ) 2540 of THF
al ong W|th an aqueous sol ution of n 2 nL of H20} The
resulting reaction m xture was stlrred at roomtenperature for 2 h. It was
then acidified to pH 4 with 2 N H angl agen extracted with Et0Ac. The
conbi ned organic |ayers were drie ) and concentrated under reduced
pr essur@reprafonVrds Ri-(x., 92,14 %}142 Kﬁ%ﬂ&ga-ggsf—lllﬂlif)@ta@hﬁﬁﬁﬂr)iﬁ 11,14, 17-
pent aenam do) - 6- Ml cot 1 nam do exanoic acid. MBS cal cul ated fof C34H47N304
561. 36; (nic@anamlq eﬂaHOIGSEZd(WB‘)caI cul ated for C32H4A5N304: 535.34; found:
[ MrH] 536. \2011/ 8689PCT/ US2010/ 0472

NH 0O~ 'NH
e e T e
OMe H N/ OH N/

(S)-methyl 2-((52,82,11Z,147,17Z)-cicosa-5,8,11,14,17-pentacnamido)-6-
(nicotinamido)hexanoate (140 mg, 0.225 mmol) was taken up in 2 mL of THF along with an
aqueous solution of NaOH (35 mg in 2 mL of H,0). The resulting reaction mixture was
stirred at room temperature for 2 h. It was then acidified to pH 4 with 2 N HCl and then
extracted with EtOAc. The combined organic layers were dried (Na,SO4) and concentrated
under reduced pressure to afford 31 mg of (S)-2-((52,82,112,1472,177)-¢icosa-5,8,11,14,17-
pentacnamido)-6-(nicotinamido)hexanoic acid. MS calculated for Cs4H47N304: 561.36;
found: [M+H]" 562. MS calculated for C3,H4sN304: 535.34; found: [M+H]" 536.
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[ 0256] The present invention is not to be limted in scope by the specific
enbodi nents disclosed in the exanples which are intended as illustrations
of a fewwepett®sesh the i nvention and any enbodi nents tirat/ise@ofdur2et i onal |y

equi val are.within the scope this.invention. .lndeed, vari.ous

ot 11 dBE9ns 5P bt 0GRRFER TR bt b B we e sHB @R pea
herein dididscdacORRx@anpias GMichiae iaRIed 8Killus@ationg of hEvakpcaRGf HetintdhiipAded to
fall within the scope of the appended cl ai ms. EQUI VALENTS [ 0257] Those

ski | | ecindgny gebgdimagts| thatraé%ﬁglﬁﬁ@&llwﬂumleamré witipteseensi of thigé1vegtions mor e
than r Lhe i j . val f1,C

enbodi fri%ﬂriéesﬁ ’ \&agr?s%glg%e ‘“Isa%éféﬁoﬁt%ﬁﬁ@ﬁ@&?‘%&%ﬁéﬁ%%ﬁ%@ﬁ en d:&%gér:ﬂégefint ended to
be encdrpsds sed bedonidwppacape thbsctdiétictiah tavirnghdadrain@nded Wrall within the

2011/ 028689PCT/ US2010/ 047262 CLAI M5 1A nol ecul ar conj ugate conprising a

ni aci n SSPRF & thaeRRended ¢l2isst ect ed from omega-3 fatty acids or fatty acids
nmet abol i zed in vivo into onega-3 fatty acids, and wherein the conjugate
conpri ses at |east one anide. Z.Wf Formula |: RlO(a a
R2...,....</)\....... "--?,. 1 R3No Forrmula | or a pharmaceutically

accept gphgyisal trnodaiRlGn tRUV RN rccHHiRSY. Bbe SINERS AsQUTin Qlsirdldl 1ROt IRATET

t hereof; wherein Rl, R2, and R3 are each 1 ndependently selécted fromthe

gr oup coniestxipagmentatthn, nDmerdds equivalents to the specific embodiments described

specifically herein. Such equivalents are intended to be encompassed in the scope of the

following claims.
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F, -CN, -NH2, -NH(Cl-C3 alkyl), -N(Cl-C3 al kyl)2, -NHC(0)Cl-C3 al kyl),
-N(C(0)C1-C3 alkyl)2,-C(0)H, -C(0)C1-C3 al kyl, -C(0)0C1-C3 al kyl, -C(0)NH2,
- C(0) NH( GvoGB11i2868p) , C(0) N(Cl- C3 al kyl)2, -Cl1-C3 al kylPCTAB2@G3040CR62! Kyl ,
-S(0)C1-C3 al kyl, and -S(0)2C1-C3 al kyl ; W and W2 are each
i ndependently null, 0, S, NH, NR or WL and W2 can be taken together can
forman i mdazolidine or piperazine group, wth the proviso that W and W
can not be 0 sinmultaneously; each a, b, ¢, and d is independently -H,
-D, -CH3, -0CH3, -0CH2CH3, or -C(0)OBRaim&-Z, or benzyl, or two of a, b, c,
and d can be taken together along wth the single carbon to which they are
bound to forma cycl oal kyl or heterocycle; each n, o, p, . and q is
i ndependent Pymelegilariconjugatg gompiising p gspiriad Aty aid sclagted frogp opega-3 &) 2- |
_'S' S-, OH acids or t@gy acqas Iﬁ@tﬁgol&e&% \'}ifﬁjﬁ%&g@gﬁtj fﬁﬁ?aciﬁs,%ﬁdéﬁ/;het%ﬁgﬂeh I's
i ndependently 1, 2,7 3 or 4,

conjugate comprises at least one amide.

2. A compound of Formula I:
n q
Ry O aa dd

Ra )

= yA

W] wy

X b b

Rs N A cc
Formula I

or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, enantiomer or stercoisomer

thereof;

wherein

R, Ry, and R; are each independently selected from the group consisting of -H, -D, -Cl,
-F, -CN, -NH;, -NH(C;-C;s alkyl), -N(C;-Cs alkyl),, -NH(C(O)C,;-Cs alkyl), -N(C(O)C-Cs
alkyl),,-C(O)H, -C(O)C;-Cs alkyl, -C(O)OC;-Cs alkyl, -C(O)NH,, -C(O)NH(C;-Cs alkyl),
-C(O)N(C;-C;5 alkyl),, -C4-Cs alkyl, -O-C;-C; alkyl, -S(O)C;-C5 alkyl, and -S(0),C;-C; alkyl;

W; and W, are each independently null, O, S, NH, NR, or W; and W, can be taken
together can form an imidazolidine or piperazine group, with the proviso that W; and W, can not

be O simultaneously;

cach a, b, ¢, and d is independently -H, -D, -CH3, -OCHj3, -OCH,CH3, or -C(O)OR, -O-Z,
or benzyl, or two of a, b, ¢, and d can be taken together along with the single carbon to which

they are bound to form a cycloalkyl or heterocycle;

cach n, o, p, and q is independently 0 or 1;
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each R6 is independently H or Cl-C6 alkyl, or both R6 groups, when taken
together with the nitrogen to which they are attached, can forma

het er ocycWe;2082B68R7 i s i ndependently e, H or straight ecThsanoheneL -C o
al kyl which can be optionally substituted with OH NH2, CO2R, CONH2,

phenyl, C6HAOH, i m dazole or arginine; each e is independently H or any one
of the side chains of the naturally occurring amno acids; each Zis

i ndependently -H, or , or O R5 with the proviso that there is at |east

one 0 I OB&RR L is independently-O-, -S-, -S(O)-, -S(0),-, -S-S-,

OH
NRgRs R 0 o OR
R (CHz)g O*l’ I Oj/\ OL
%;NTF: ?f “qf \?g %y \¥§ ml fs ’ ug %%’
OH OH

KK\OH KhOH
00 0 OR 00 S~ )\—R
n%i/% ’ %i/\; %i/\e" nb,_)\ \Sé '1.%)\

(0] O
O'Z RG‘N’RG J\ R\N’Z . a}& §_S\QN_§
“LLL)\;’ -z,z)\rf..r "LLL)\ )\rr;: '2/6 ~"0 O or

Rz
a{"f\s‘ |

cach g is independently 2, 3 or 4;
cach h is independently 1, 2, 3 or 4;

cach R is independently H or C;-Cs alkyl, or both R¢ groups, when taken together with

the nitrogen to which they are attached, can form a heterocycle;

cach R5 is independently ¢, H or straight or branched C;-C,g alkyl which can be
optionally substituted with OH, NH,, CO;R, CONH,, phenyl, CsH4OH, imidazole or arginine;

cach e is independently H or any one of the side chains of the naturally occurring amino

acids;
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in the conpound; each r is independently 2, 3, or 7; each s is

i ndependently 3, 5, or 6; each t is independently O or 1; each v is

i ndependew0l29111028689 or 6; R4 and R5 are each i ndependen®PCy/usgaoogrn?
deuterium -Cl1-C4 al kyl, -halogen, -OH, C(0)Cl-C4 al kyl, -0-aryl,
-0-benzyl, -0C(0)Cl-C4 alkyl, -G -C3 alkene, -G -C3 alkyne, C(0)Cl-C4

al kyl, -NH2, -NH(C1-C3 alkyl), -N(Cl1-C3 al kyl)2, -NH(C(0)C1l-C3 al kyl),
N(C(0)C1-C3 al kyl)2, -SH, -S(Cl-C3 alkyl), -S(0)Cl-C3 al kyl, -S(0)2C1-C3
al kyl; and eﬁﬁ&#thkﬁmkRH@PQ@QE”t|y -Hor -G -C3 alkyl; provided that when
m n, o, p, and q are each O, W and W2 are each null, and Zis thent
must be 0; and when each of n1 n, o, p, and q is 0, and W and W2 are each
null, then Z nust not be J 3tconpound of claim2, wherein Zis 4. The
conpound of claim3, wherein [ 5. The conpound of claim4, whereinr
is 2 and s is 6.

X

in the compound;

cach r is independently 2, 3, or 7;

cach s is independently 3, 5, or 6;

cach t is independently O or 1;

cach v is independently 1, 2, or 6;

R4 and Rs are each independently hydrogen, deuterium, -C;-C,4 alkyl, -halogen, -OH,
-C(0)C;-Cy4 alkyl, -O-aryl, -O-benzyl, -OC(O)C;-C,4 alkyl, -C;-Cs alkene, -C;-C; alkyne,
-C(O)C,-Cy4 alkyl, -NH;, -NH(C,-Cs alkyl), -N(C;-Cs alkyl),, -NH(C(O)C,-Cs alkyl),
-N(C(0)C;-Cs alkyl),, -SH, -S(C;-Cs alkyl), -S(O)C;-Cs alkyl, -S(0),C;-Cs alkyl; and
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6. The conpound of claim4, whereinr is 3 and s is 5 WO

2011/ 028689PCT/ US2010/ 047262 7. The conpound of claim4, whereinr is 7 and
s is 3. 8vOTha/wesspound of claimb5, wherein L is -S-S-. PeT/Ush@omerzppund of
claim5, wherein Lis -0-. 10. The conmpound of claim5, wherein L is 11.
The conmpound of claim5, wherein L is 12. The conpound of claim5, wherein
Lis OHOHOH H-----OHL----- OHH----OH 0 0z,./00 0./0...-...2z/ , or 13. The
conmpound of claimb5, wherein L is 0---/ OROR

cach R is independently -H or -C;-C; alkyl,
provided that

when m, n, o, p, and q are each 0, W; and W, are each null, and Z is

then t must be 0; and

when each of m, n, o, p, and q is 0, and W; and W, are each null, then Z must not

be

3.
(0)
e —
r S
4. The compound of claim 3, wherein tis 1.
5. The compound of claim 4, whereinr is 2 and s is 6.
6. The compound of claim 4, whereinr is 3 and s is 5.
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14. The compound of claim5, wherein n, o, p, and q are each 1. 15. The
conpound of claim5, wherein two of n, o, p, and q are each 1. 16. The
conpound WD 2011128688, wherein W and W2 and each NH - 5PCI/USYER0/047262

2011/ 028689PCT/ US2010/ 047262 17. The conpound of claimb5, wherein mis 1, n,
o, p, and q are each 1, and L is 0. 18The conmpound of claim5, wherein mis
1, n, o, p, and q are each 1, and L is -S-S-. 19. The conpound of claimb5,
wherein mis 1, n and o are each 0, p and q are each 1, and L is OH 20.
The conpoungnotofp@indloP clah@r $hddeilriisS7 dnd fis 30, P, and q are each 0, and L
is OH 21. The conpound of claim5, wherein m n, and o are each 0, and p
and g are each 1. 22. The conpound of claim5, wherein mis 1, n and o are

each 0’8, P a%ﬂe 90rral‘1§06i\1n 3 lcllaijfl’l S,avrv-'l(ljercle‘inlLSis%S-.

9. The compound of claim 5, wherein L is -O-.

10. The compound of claim 5, wherein L is

Rz
%(O?O(\f

1. The compound of claim 5, wherein L is
Re
~N
oy
12. The compound of claim 5, wherein L is
OH OH OH
k\[O/\OH k\[/\OH OH
s O
WO W *
13.  The compound of claim 5, wherein L is
o, i/\
Y or ¥ ¥
14. The compound of claim 5, wherein n, o, p, and q are each 1.
15. The compound of claim 5, wherein two of n, o, p, and q are each 1.

16.  The compound of claim 5, wherecin W, and W, and each NH.
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23. The conpound of claim5, wherein mis 1, n and o are each 1, p and q
are each 0, and L is OR 24. The conpound of claim5, wherein mis 1, n, o,
p, and g woeosaekes?, and L is WD 2011/ 028689PCT/ US2010,P0471REM™0/04262 The
conmpound of claim5, wherein mis 1, n, o, p, and q are each 1, and L is
NR6. 26. The conpound of claim5, wherein m n, and o are each 0, and p
and q are each 1, and one c is -CH3 and the other ¢ is -CH3. 27. The
conmpound of claimb5, wherein mis 1, n and o are each 1, p and q are each
0O, and L is R7 0 28. The conpound of claim2, wherein the conpound is
selected fromthe group consisting of

N- ( 2- (27( 4zThgcaropungd 2f tleim I owherdocoisd- 4, & plandigare@achol, and L is O.

hexaenam doet hoxy) et hyl )ni coti nam de; N-(2-(2-(2-(4Z,7Z,1

Qz, 137, 16Z, 197)-do co s a4, 7, 10, 13, 16, 19- hexaenam do

et hyl ) dgsul TTaaydmedunylof tiatet] wiksttiden {s 1aAdo, ¥; §t  Zre ecach 1, and L is —S-S-.
(4z2,7Z,10Z, 132, 16Z, 19Z) - docosa- 4, 7, 10, 13, 16, 19- hexaenam doet hyl am no) et hyl )
ni coti nam de. 29. The conpound of claim 2, wherein the conpound is

sel ected from bhBpAMAWR RANS] whdrBid n9fs 11n.add 0y AR YPIRRADe 3achll, and L is
6-(4Z,7Z,10Z, 137,167, 192) - docosa- 4, 7, 10, 13, 16, 19-
hexaenanido-z-(nicotinanido)hexanoapg; and 1, 3-di hydr oxypropan-2-y1l 4-
(42,72, 1

Qz, 137, 167, 19Z7) - docosa- 4, 7, 10, 13, 16, -hé&benanido-Z-(nicotinanido)butanoat
e . 30. The conpound of claim 2, rein the conpound is selected fromthe
group consi sting of N-(2-(4Z,7Z,15?ﬂi§;N162,192)-docosa-4,7,10,13,16,19-
hexaenam doet hyl ) ni coti nam de; y -
N-(2-(52,82,117, 147,17Z) - ei cosa- 5, 8, 11, 14, 17-

pent aenam doet hyl ) ni coti nam de; and

N (1- (44, 7Z; - =447 1 P :

nexacnan do 3 sl RATRRbant 5. JRTARE 1 am e e Gt dich 0.and Lis

2011/ 028689PCT/ US2010/ 047262 31. TRE conpound of claim 2, wherein the
conmpound is selected fromthe group i sting of

(S)-6-((4Z,7Z,1OZ,13Z,162,19Z)-docosao4,?%ﬂ0,13,16,19-hexaenanido)-2-

(ni coti nam do) hexanoi ¢ aci d; 0
(S)-2-((4Z,7Z,1OZ,132,162,19Z)-do%é§é;ﬁkz,10,13,16,19-
hexaenani do) - 6- (ni cot i nanm do) hexahgi c~achd;
(S)-6-((52,82,112,14Z,17Z) - ei cosa-5, 8, 11, 14, 17-

pent aenam do) - 2- ( ni coti nam do) hexanoi ¢ aci d;

(9)- 26152, 86 1AELA% o} Lk 81 GRAARoB i ark TaliOLATHIN 3he Gief i oot nam do
(4Z,7Z,1OZ,132:162,19Z)-docosa-4,7,10,13,16,19-hexaenanidoethyl)-4-(nicotin
anido)Bgtan%kc acid

¢ compound of claim 5, wherein m is 1, n and o are each 0, p and q are each 1, and L is
OR

o
Koy

23. The compound of claim 5, wherein m is 1, n and o are each 1, p and q are each 0, and L is
OR

o
Koy

24, The compound of claim 5, wherein m is 1, n, o, p, and q are each 1, and L is
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32. The conpound of claim2, wherein the conpound is selected fromthe
group consisting of (S)-((R)-1-(nicotinam do)propan-2-yl)

2- ((5Z, 8Ay02A11102%68977) - ei cosab, 8, 11, 14, 17- pent aenam do) pcoseaaingr2éand
(S)-((R-1-(ni cotinam do) propan-2-yl) 2-

((52,82,117, 147, 17Z) - ei cosa- 5, 8, 11, 14, 17- pent aenam do) - 3- net hyl but anoat e.
33. A pharnmaceutical conposition conprising a conpound of claim2 and a
pharmaceutically acceptable carrier. 34. A nethod for treating a netabolic
di sease, the nethod conprising adm nistggfing to a patient in need thereof
an effective anobunt of a conpound of<faim2. 35. The nethod of claim 34,
wherein the netabolic disease is se ed fromhypertriglyceridem a
hyperchol esterolem a, fatty liver di‘sease, atherosclerosis, coronary heart
di sease, Type 2 di abetes, diabetic nephropathy, diabetic neuropathy,

di abetic retinopathy, netabolic syndrone, or cardiovascul ar di sease.

25. The compound of claim 5, wherein m is 1, n, o, p, and q are each 1, and L is NRg.

26. The compound of claim 5, wherein m, n, and o are each 0, and p and q are each 1, and

one ¢ is —CH3z and the other ¢ is —CHs.

27. The compound of claim 5, wherein m is 1, n and o are each 1, p and q are each 0, and L is
Ry
O
Oy
& )

28. The compound of claim 2, wherein the compound is selected from the group
consisting of N-(2-(2-(472,72,10Z,137,167,197)-docosa-4,7,10,13,16,19-
hexaenamidocthoxy)cthyl)nicotinamide; N-(2-(2-(2-(42,72,102,13Z,16Z,19Z)-docosa-
4,7,10,13,16,19-hexaenamidocthyl)disulfanyl)ethyl)nicotinamide; and N-(2-(2-
(472.,77.,107,137.,167,19Z)-docosa-4,7,10,13,16,19-hexaenamidocthylamino)ethyl)nicotinamide.

29. The compound of claim 2, wherein the compound is selected from the group
consisting of 1,3-dihydroxypropan-2-yl 6-(47,772,10Z,137,167.,197)-docosa-4,7,10,13,16,19-
hexaenamido-2-(nicotinamido)hexanoate; and 1,3-dihydroxypropan-2-yl 4-

(472.,77,107.,1372,167.,19Z)-docosa-4,7,10,13,16,19-hexaenamido-2-(nicotinamido)butanoate.

30. The compound of claim 2, wherein the compound is selected from the group
consisting of N-(2-(47.,72,10Z2,137.,167.,197)-docosa-4,7,10,13,16,19-
hexaenamidoethyl)nicotinamide; N-(2-(5Z,8Z7,117,147,177)-¢eicosa-5,8,11,14,17-
pentacnamidoethyl)nicotinamide; and N-(1-(472.,77,107,137,167,197)-docosa-4,7,10,13,16,19-

hexaenamido-2-methylpropan-2-yl)nicotinamide.
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31. The compound of claim 2, wherein the compound is selected from the group
consisting of (S5)-6-((472.,77,107,137.,167,197)-docosa-4,7,10,13,16,19-hexaenamido)-2-
(nicotinamido)hexanoic acid; (S)-2-((472.,77,107,137,16Z,19Z)-docosa-4,7,10,13,16,19-
hexaenamido)-6-(nicotinamido)hexanoic acid; (S)-6-((57,82,117,147.,177)-¢cicosa-5,8,11,14,17-
pentacnamido)-2-(nicotinamido)hexanoic acid; (S)-2-((5Z,8Z2,11Z,14Z,177Z)-¢cicosa-
5,8,11,14,17-pentaecnamido)-6-(nicotinamido)hexanoic acid; and 2-(2-
(472.,77,1072,137,167.,19Z)-docosa-4,7,10,13,16,19-hexaenamidocthyl)-4-(nicotinamido)butanoic

acid.

32. The compound of claim 2, wherein the compound is selected from the group
consisting of (S)-((R)-1-(nicotinamido)propan-2-yl) 2-((52,8Z,11Z,14Z,17Z)-cicosa-
5,8,11,14,17-pentacnamido)propanoate; and (S)-((R)-1-(nicotinamido)propan-2-yl) 2-
((52,872,11Z2,14Z,177Z)-cicosa-5,8,11,14,17-pentacnamido)-3-methylbutanoate.

33. A pharmaceutical composition comprising a compound of claim 2 and a

pharmaceutically acceptable carrier.

34. A method for treating a metabolic disease, the method comprising administering to a

patient in need thercof an effective amount of a compound of claim 2.

35. The method of claim 34, wherein the metabolic disease is selected from
hypertriglyceridemia, hypercholesterolemia, fatty liver discase, atherosclerosis, coronary heart
disease, Type 2 diabetes, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy,

metabolic syndrome, or cardiovascular discase.
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