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FATTY ACID FUMARATE DERIVATIVES AND THEIR USES 

PRIORITY CLAIM 

[0001] This application claims priority to U. S. Provisional Application 61/293,396 filed 

January 8, 2010, and U. S. Provisional Application 61/294,578, filed January 13, 2010, the 

entire disclosures of which are relied upon and incorporated, into this application by reference 

for all purposes. 

FIELD OF THE INVENTION 

[0002] The invention relates to Fatty Acid Fumarate Derivatives; compositions 

comprising an effective amount of a Fatty Acid Fumarate Derivative; and methods for 

treating or preventing cancer, and metabolic, a.utoimmime or neurodegenerative disorders, 

comprising the administration of an effective amount of a Fatty Acid Fumarate Derivative. 

All patents, patent applications, and publications cited herein are hereby incorporated by 

reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0003] Oily cold water fish, such as salmon, trout, herring, and tuna are the source of 

dietary marine omega-3 fatty acids, with eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DBA) being the key marine derived omega-3 fatty acids, Omega-3 fatty acids have 

previously been shown to improve insulin sensitivity and glucose tolerance in 

normoglycemic men and in obese individuals. Omega-3 fatty acids have also been shown to 

improve insulin resistance in obese and non-obese patients with an inflammatory phenotype. 

Lipid, glucose, and insulin metabolism have been shown to improve in overweight 

hypertensive subjects through treatment with omega-3 fatty acids. Omega-3 fatty acids 

(EPA/DHA) have also been shown to decrease triglycerides and to reduce the risk for sudden 

death caused by cardiac arrhythmias in addition to improve mortality in patients at risk of a 

cardiovascular event. Omega-3 fatty acids have also been taken as dietary supplements part 

of therapy used to treat dyslipidemia, and anti-inflammatory properties. A higher intake of 

omega-3 fatty acids lower levels of circulating TNF-a and IL-6, two of the cytokines that are 

markedly increased during inflammation processes (Chapkm el al, Prostaglandins, Leukot 
Essenf Fatty Acids 2009. 81, p. 187-191; Duds et aL Cardiovasc Res 2009, 84, p. 33-41). In 

addition, a higher intake of omega-3 fatty acids has been shown to increase levels of the 
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well-characterized anti-inflammatory cytokine 11,-10 (Bradley et al, Obesity (Silver Spring) 
2008, 16, p. 938-944). A recent study (Wang el ai. Molecular Pharmaceutics 2010,7, p. 

2185-2193) has demonstrated that DRA could also induce the Nr£2 and the Nrf2--target gene 

Heme-oxygenase 1 (HO-}) and this pathway could play a significant role in suppressing 

LP S •-me di ated in flammation. 

[0004] Both DRA and EPA are characterized as long chain fatty acids (aliphatic portion 

between 12-22 carbons). Medium chain fatty acids arc characterized as those having the 

aliphatic portion between 6-12 carbons. Lipoic acid is a medium chain fatty acid found 

naturally in the body. It plays many important roles such as free radical scavenger, chelator 

to heavy metals and signal transduction mediator in various inflammatory and metabolic 

pathways, including the NF-JCB pathway (Shay, K. P. et ai Biochlm. Blophys. Acta 2009, 

1790, 1149-1160). Lipoic acid has been found to be useful in the treatment of a number of 

chronic diseases that are associated with oxidative stress (for a review see Smith, A. R. et al 

Curr. Med. Cham. 2004, 11, p. 1135-46). Lipoic acid has now been evaluated in the clinic 

for the treatment of diabetes (Morcos, M. et ai Diabetes Res. Clin. Pract. 2001, 52, p. 
175-183) and diabetic neuropathy (Mijnhout, G. S. et al Neth. J. Med. 2010,110, p. 158-162). 

Lipoic acid has also been found to be potentially useful in treating cardiovascular diseases 
(Ghibu, S. et al J. Cardiovasc. Pharmacol. 2009, 54, p. 391-8), Alzheimer's disease 

(Maczurek, A. et al, Adv. Drug Deiiv. Rev. 2008, 60, p. 1463-70) and multiple sclerosis 

(Yadav, V. Multiple Sclerosis 2005, //, p. 159-65; SaLinthone, S. et al, Endocr. Metab. 

Immune Disord. Drug Targets 2008, 8, p. 132-42). 

[0005] Fumaric acid and its ester derivatives, either the mono alky! hydrogen fumarates 

or dialkyi fumarates, have been used as therapeutic agents for the treatment of psoriasis, an 

autoimmune and Thl-rnediated skin disease (Altmeyer et al, J. of the American Academy of 
Dermatology 1994, 30, p.977-981). In clinical studies with psoriasis patients that have been 

administered with fumarates, a reduction of peripheral CD4+ and CD8+-T lymphocytes has 

been observed. These agents have been reported to inhibit LPS-induced NF-KB activation in 

dendritic ceils and endothelial cells in vitro (Loewe et al, J. Immunol. 2004, 168, 4781-4787; 

Litjens et al, Eur. J. Immunol. 2004, 34, 565-575). Dialkyi and monoalkyl fumarates have 

also demonstrated oral efficacy in the chronic experimental autoimmune encephalomyelitis 

(EAE) mouse model for multiple sclerosis (MS), In this particular model, C57BL/6 mice 
were challenged with the imnumopeptide MOG 35-55 in order io induce disabilities that were 

equivalent to those exhibited by MS patients. Oral treatment with either dialkyi or monoalkyl 
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fumarate resulted in a significant improvement in the disability score. The anti-inflammatory 

cytokine IL-10 was particularly elevated in the blood among the animals treated with either 

dialkyi or monoalkyl fumarate. Furthermore, histological analysis of the spinal cord of 

animals treated with either dialkyi or monoalkyl fumarate showed a strongly reduced 

macrophage inflammation (Schilling et al,, Clinical and Experimental Immunology 2006, 

145, 101-107). Dialkyi and monoalkyl. fumarate esters have also been used in a number of 

reported studies with patients exhibiting the relapsing-rcmitting form of multiple sclerosis. 

Patients treated with 720 mg of fumarate esters daily for 70 weeks exhibited a significant 

reduction in inflammatory brain lesions, as noted by the reduction of new 

gadolinium-enhancing (Gd+) lesions in various MRI taken during the course of the treatment 

(Schimrigk et al, Eur. J. Neurology 2006, 13, 604-610). More recently, fumarates have been 

shown to activate Nr£2, a transcription factor that is responsible for the induction of a number 

of important antioxidants and detoxification enzymes that protect mammalian cells against 

reactive oxygen/nitrogen species and electrophiles (Lukashev, M. E. "Nr£2 screening assays 

and related methods, and compositions" WO 08097596 A2; Wilms et ai, Journal of 
Neuroinflamination 2010, 7:30). 

[0006] Chronic oxidative stress and inflammation have now been linked to the 

development and progression of a. number of debilitating diseases beyond multiple sclerosis. 

Some of these diseases include renal failure, heart failure, atherosclerosis, osteoporosis, 

cancer, chronic obstructive pulmonary disease (COPD), Parkinson's disease and Alzheimer's 

disease. Activation of the Nrf2 pathway in order to resolve this chronic oxidative stress and 

inflammation appears to be a particularly promising new therapeutic approach (For a review 

see Gozzelino, R. et al Annu. Rev. Pharmacol. Toxicol 2010, 50, p. 323-54). For instance, 

small molecule activators of Nrf2 have now been shown to be effective in the 

cisplatiii-induced nephrotoxicity mouse model (Aleksunes et al, J. Pharmacology & 
Experimental Therapeutics 20.10, 555, p, 2-12), the transgenic Tgl9959 mouse model of 

Alzheimer's disease (Dumont et al, J. Neurochem. 2009, 109, p. 502-12), the mouse model 

for COPD (Sussan, T. E. et al Proc, Natl. Acad Set. USA 2009, 10(K p. 250-5), and the 

murine 4T1 breast tumor model (Ling, X. et ai Cancer Res. 2007, 67. p. 4210-8). 

(0007) The ability to provide the effects of fatty acids and fumarates in a synergistic way 

would provide benefits in treating a variety of cancer, metabolic, autoimmune and 

neurodegenerative diseases. 
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SUMMARY 

[0008] The present disclosure is based in part on the discovery of Fatty Acid Fumarate 

Dawstivw and their demofssiraied effects in acbievmg ^improved treatment fflat carrot be 

ficliivVod by adroinisiermg fumarates ot' fatly acid's alono or i\\ combination. These neve! 

compound* ate useful in the ireaimerM. or prevention of meiaboiic disorders, ir;ckid?r?g 

[itlicroscEcrasii, dysiipidciiiia, eorOftary heart dis-eas.^ h-;vpc.rcbok-sicrii'nia. Type 2 dkbclc-s. 

efevsicd ch^lesitTol, roei^holk syodnoms, diabolic nephropathy, %A nephropathy. chrome 

kidmy disease f€K2» ued cardiovascular disease. In addition, they are useful in the 

ireameM of smzimmms diseases such as rfscvFrmsouf arthritis, psoriasis, systemic lupus 

e?yihem.£t5:os«s, jn;!fefirii>alory bcnvsl diseases. rirsekidmg oohtis and Crohn's, ilisease), 

respsn&ory disea^s such as asllims,, cyclic fibp\'3>is, COPD ;in.d riieti-rudegeritratiYe d\M&& 

s-ucb as multiple scleras, Parkinson's disease and Akfoesmcr's disease, Hujatmgtore's 

disejise, aniyt?irophir lateral sclerosis (ALS) and iBUAetUar dystrophy. The carnpoumls 

described herein .art- also useful m [resting a variety of esmcer such M caresiionis, sHrcosiiii. 

lymphoma. letikeMa. mdmcmw,. oies-oiMioma* mukioplc myeloma, soramooia, mti cmccr 

of lite hiaader, hlos>;;i. bone, brain., breast, centra! nervous system, ctilon, eiidoiTserniirn, 

esepkagiis, gcmilcariiuirv inlet, head, larynx, liver. Imig, neck, ov&ry, pancreas, predate, 

testicle, sp?ocns intestine, large miestine or SKroiach. 

j0008aj In a first aspect of the present disclosure, there is provided a molecular conjugate 

comprising a fumarate and a fatty acid selected from lipoic acid, omega-3 fatty acids or fatty 

acids metabolized in vivo into omega-3 fatty acids. 

[0008b] In a second aspect of the present disclosure, there is provided a compound of Formula 

I: 

I 

or a pharmaceutical^ acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

R3 O 
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wherein 

each W] and W2 is independently null, O, S, NH, or NR, or W] and W2 can be taken 

together to form an optionally substituted imidazolidine or piperazine group; 

each a, b, c, and d, is independently -H, -D, -CH3, -OCH3, -OCH2CH3, -C(G)OR, -O-Z, 

or benzyl, or two of a, b, c, 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, 1, or 2; 

each L is independently null, -O-, -C(O)-, -S-, -S(O)-, ~S(0)2~, -S-S-, -(Cj-Cgalkyl)-, -(C3-

Qcycloalkyl)-, a heterocycle, a heteroaryl, 
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(fyOml (R6)m1 

N N N 

(^6)m1 

(^6)m1 ^ QJ* 

wherein the representation of L is not limited directionally left to right as is depicted, 

rather either the left side or the right side of L can be bound to the Wj side of the compound of 

Formula I; 

each R-6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -

OH, -C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 

alkyne, -NH2, -NH(CrC3 alkyl), -N(CrC3 alkyl)2, -NH(C(0)C!-C3 alkyl), -N(C(0)Ci-C3 

alkyl)2, -SH, -S(Ci-C3 alkyl), -S(0)Ci-C3 alkyl, or -S(0)2Ci-C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently 1, 2, 3, or 4; 

each m is independently 0, 1, 2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, 1,2, or 3; 

k is 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted C1-C6 alkyl, wherein a methylene 

unit of the C1-C6 alkyl can be optionally substituted for either O or NR, and in NR4R4. both R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 
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each Z is independently H, 

provided that 

there is at least one 

or 

in the compound; 

each t is independently 0 or 1; 

each r is independently 2, 3, or 7; 
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each s is independently 3, 5, or 6; 

each v is independently 1, 2, or 6; 

each Ri and R2 is independently -H, -D, -C1-C4 alkyl, -halogen, -OH, -C(0)Ci-C4 

alkyl, -O-aryl, -O-benzyl, -0C(0)CrC4 alkyl -C2-C3 alkene, -C2-C3 alkyne, -NH2, -NH(CI-C3 

alkyl), -N(C!-C3 alkyl)2, -NH(C(0)Ci-C3 alkyl), -N(C(0)CrC3 alkyl)2, -SH, ~S(C!-C3 

alkyl), -S(0)Ci-C3 alkyl, or -S(0)2Ci-C3 alkyl; 

each R3 is independently H or -C1-C6 alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, C6H4OH, imidazole or arginine; 

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

acids; 

each R is independently -H, -C1-C3 alkyl, or straight or branched C1-C4 alkyl optionally 

substituted with OH, or halogen; 

provided that 

when each of m, n, o, p, and q is 0, Wj and W2 are each null, and Z is 

/ _ \ I 0} vt 

A' 
or s" 

then t must be 0; and 

when each of m, n, 0, p, and q is 0, and Wj and W2 are each null, then Z must not be 

R1 R2 

[0008c] In a third aspect of the present disclosure, there is provided a compound of Formula II: 
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n 

II 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

each W,,W2, W]', and W2' is independently null, O, S, NH, or NR, or Wi and W2, or Wf 

and W2' can be taken together to form an optionally substituted imidazolidine or piperazine 

group; 

each a, b, c, d, a', b', c', and d' is 

independently -H, -D, -CH3, ~OCH3, -OCH2CH3, -C(0)0R, -O-Z, or benzyl, or two of a, b, c, 

and d or any two of a', b', c', 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, q, n', 0', p', and q' is independently 0, 1, or 2; 

each L and L' is independently null, -0~, -0(0)-, ~S~, -S(0)-, -S(0)2-, -S-S-, -(Ci-

Cealkyl)-, -(C3-C6cycloalkyl)-, a heterocycle, a heteroaryl, 

wherein 
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wherein the representation of L and L' is not limited directionally left to right as is 

depicted, rather either the left side or the right side of L and L' can be bound to the Wj orWj' 

side of the compound of Formula II, respectively; 

each R(3 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -

OH, -C(0)CrC4 alkyl, -O-aryl, -O-benzyl, -0C(0)CrC4 alkyl, -C2-C3 alkene, ~C2~C3 

alkyne, -NH2, -NH(CrC3 alkyl), -N(C]-C3 alkyl)2, -NH(C(0)Ci-C3 alkyl), -N(C(0)Cj-C3 

alkyl)2, ~SH, -S(Ci-C3 alkyl), -S(0)CrC3 alkyl,or -S(0)2Ci~C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently 1, 2, 3, or 4; 
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each m and m' is independently 0, 1,2, or 3; if m is more than 1, then L or L' can be the 

same or different; 

each ml is independently 0, 1, 2, or 3; 

k is 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted Cj-Ce alkyl, wherein a methylene 

unit of the C]-Ce alkyl can be optionally substituted for either O or NR., and in both R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each Z and Z' is independently H, 

, or 

provided that 

there is at least one 



or 

S 

in the compound; 

each t is independently 0 or 1; 

each r is independently 2, 3, or 7; 

each s is independently 3, 5, or 6; 

each v is independently 1, 2, or 6; 

each Ri and R2 is independently -H, -D, -C1-C4 alkyl, -halogen, -OH, -C(0)Cj-C4 

alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, -NH2, -NH(CrC3 

alkyl), -N(CrC3 alkyl)2, -NH(C(0)Ci-C3 alkyl), ~N(C(0)CrC3 alkyl)2, -SH, -S(Ct-C3 

alkyl), -S(0)C!-C3 alkyl, or -S(0)2CrC3 alkyl; 

each R3 is independently H or -C1-C6 alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, C6H4OH, imidazole or arginine; 

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

acids; 

each R is independently -H, or straight or branched C1-C4 alkyl optionally substituted 

with OH, or halogen; 

provided that 

when each of m, n, o, p, and q is 0, W1 and W2 are each null, and Z is 

( O) t 

or 
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then t must be 0; 

when each of m', n', o', p', and q' is 0, Wj' and W2' are each null, and Z' is 

(O)1 

or 

then t must be 0; and 

when each of m, n, o, p, and q is 0, and Wj and W2 are each null, or when each of m', n', 

o', p', and q', is 0, Wj' and WV are each null, then Z or Z' must not be 

1 ^2 

[0008d] In a fourth aspect of the present disclosure, there is provided a pharmaceutical 

composition comprising a compound of Formula I, Formula IA, Formula IB, Formula IC, or 

Formula II as disclosed herein and a pharmaceutically acceptable carrier. 

[0008e] In a fifth aspect of the present disclosure, there is provided a pharmaceutical 

composition comprising a compound (I-l) as disclosed herein and a pharmaceutically acceptable 

carrier. 
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[0008f] In a sixth aspect of the present disclosure, there is provided a use of a compound of 

Formula I, Formula IA, Formula IB, Formula IC, or Formula II as disclosed herein in the 

manufacture of a medicament for the treatment of inflammation or an inflammatory disease in a 

patient. 

[0008g] In a seventh aspect of the present disclosure, there is provided a use of a compound (I-l) 

as disclosed herein in the manufacture of a medicament for the treatment of inflammation or an 

inflammatory disease in a patient. 

[0008h] In an eighth aspect of the present disclosure, there is provided a use of a compound of 

Formula I, Formula IA, Formula IB, Formula IC, or Formula II as disclosed herein in the 

manufacture of a medicament for the treatment of a neurodegenerative disease in a patient. 

[00081] In a ninth aspect of the present disclosure, there is provided a use of a compound of 

Formula I, Formula IA, Formula IB, Formula IC, or Formula II as disclosed herein in the 

manufacture of a medicament for the treatment of muscular dystrophy. 

[00Q8j] In a tenth aspect of the present disclosure, there is provided a use of the compound (I-l) 

as disclosed herein in the manufacture of a medicament for the treatment of muscular dystrophy. 

[0009] A molecular conjugate is described which comprises a 

fiiiimnue and a falty acid wherein the fatty acki is selected Irani the group coBsusUrtg of 

or'oega-3 iMty acids, faity nclm ltia3 are metabolized m vivo to. omega-3 f&uy md*, and lipol.c 

ackl, and the cciRjisgaic is capable of hydrolysis to product? free fumaraie and free fairy acid, 

te som? embadinnciiu, the I'iilty add is sifeied tVoir- the group consisting of ail-cis* 

7.10,13-hexadccairicrti'jic acid, a-smolenie add. siearidonic isCsdL eitoiatrieiiOic acid, 

c-ico&mciniesok- acki, eieos-apeots^MMc acid (EPAK docosapetiuieoose acid, doetfs&bosaersc'ic 

acid (DHA), ietraeos&periiaesiCHc acid, teiracr^ahexaizirtoic acid aitd lipoic acid. In other 

erobcKliiiieriB, the laiiy tic id is selected from civosa^cnmcnoic xicid. docosuhexacsnoiie scid 

and Hpoic acid. Its s^me ombcKjsrnerft^ the livdroh'sis is eiteyenaue. 
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[0010] Compounds of the Formula I and Formula II are described: 

SI 

and pbsmiaceulscath' acceptable safe, hydrates, wi vales., pixtdnip, enaiuiaraers, and 

stererHserncrs ferre-of; 

wherein 

each W;,W-:_ W,'. and W?' b jreepcnderjdy siuli O, S. Nil, or Nil, or Ws and W:.,_ osr 

W'V aiKf Wj.' can be laken ingelhsr W- form an optionally syhsdtatsd ItriHia^cHidsff-C or 

piperazine group: 
each a. k c, d, n\ b\ c\ and $ is mdcpOKtenUv -II, -D, -CHj, -OCH.;. -OCH;.iCI-J.u 

-C{0 ?OR» -O-Z, or bea^yl or two of a. to, c. md d or any two of a.'. h'„ c'. and 4' can be taken 

iog-efher. alone u-ifh the single carbon to '.vhjch £hry arc bound, LO form a eyc!oalfcy] nr 

heterocvele; 

each ri, o, p. Cjs o'.. o\ p'„ and q' si- iadcpc-odentiy 0.. 1. Or 2: 

Q%ch L and J./ is ^dcpcBdemly null. ~CK »S-,. ••SCO)-, -SfOb--

-(CrCfjal^ylK -(C;<-Caeydoalkyl}-, s heiCTM-cycIc, a hetemaiyL 
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wherein the representation of I, and Lr is not limited directional!}' iefi to right as is 
depicted, rather either the left side or the right side of L and L' can be fcotmd to the Wj or WV 
MQ of ihe compound of Formula I or F&mmls It, respectively; 

each Rg is independently -H, -D, -C3-C4 alkyl, -halogen, cyano, oxo, thiooxo, 

-OH, -C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 

alkyne, -C(0)CrC4 alkyl, -NH2, -NH(C;~Q alkyl), -N(CI-C3 alkyl)2, -NH(C(0)C,-C3 

alkyl), -N(C(0)C3-C3 alkyl)2, -SH, -S(Cj-C3 alkyl), -S(0)CrC3 alkyl, -S(0)2CrC3 alkyl; 

each g is independently 2, 3, or 4; 

cach h is independently I. 2, 3, or 4; 

each m and ®' is independently 0H I, 2» or 3; if m or tn.' h more tlian !, then L or V 
cars be the same or different; 

each ml is independently 0, \, 2, or 3; 

k is 0, 1,2, or 3; 

z is K 2, or 3; 

each R.-; is independently II or optionally substituted CrCs alky', wherein a methylene 
u.ni.i of the Cj-CV, alky] ear. be optionally substituted for eiiher O or NR, and hi NR.R^both R,« 
when taken together with the nitrogen !.o which they are aiiaebcd can fotra a hctcnacyeiic ring 

such as a pyirolidiwe. pipcridine, morpholinc, piperazinc or pyrrole: 

each mid 7.1 is rndepemieiuiy H, 
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provided that 

there is at least one 

in the compound; 

each t is independently 0 or 1; 

each r is independently 2, 3, or 7; 

each s is independently 3,5, or 6; 

each v is independently 1,2, or 6; 



each R2 and R2 is independently -H, -D. -C]-C4 alkyl, -halogen, -OH, -C(0)Cj-C4 

alkyl, -O-aryl, -O-benzyl, ~0C(0)Cj-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, -C(0)Ci-C4 

alkyl -NH2J -NH(CI-C3 alkyl), -N(CJ.-C3 alkyl)2, ~NH(C(0)Ci-C3 alkyl), -N(C(0)Ci-C3 

alkyl)2, -SH, -S(Ci-C3 alkyl), -S(0)Ci-C3 alkyl, -S(0)2C,-C3 alkyl; 

each R.3 is independently H. -CVC-(i zilkyl or -C(CH:>OH);?; 

each R:; is in4cpej>dcfit]y c„ H or sfraigbi or branched C; ••(?;« aJkyl which be 
optionally substituted with OH, NH;-;, CO:;R, C'ONfK phenyl, imidazole or 
argsmne; 

each e h i«dcpeodenliy H or any one of She side chains <;!" She nsUurally occurring 

when each of?n, n, 0.. p, and q, is 0, W| and W- i> caeh null, and "I. is 

the?; t must he 0: and 
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whecs each e>f ra. n.v o. p, and q -is CL and Vvb Wi i>. each nuil, OT when cach of m". 

a\ p\ and qJ, is 0, WY end is each mill, then 2 or Z' must not be-

R, R2 

[0011] Compounds of the Formula IA are described: 

O /h b" 
SS. 

/ o cA 

c a i 
P—^ '' 'n N 'q 

Ri O 

IA 

and pb^rfaacc-iificaliy stcepL&bic ^ails, hydrate, sclvrtfcs, prodrugs.. aiantirjsricrs.. ami 

siere-sssGjiicra thereof: 

wherein 

tincij W; sTKj W:; h indeporidci;;ih- null CX S, Nil, or MR, yr Wr siud W- caii be iike-i" 

tog.c-lhcrto form an optkwially siihstiuued iroidaz^iktine or piperazirsf groyp: 

cach £., fcu e, and d. i» mdependsmiy -H„ -D, -CM-;, -OCrh, -C|OK)R. cc 

beo/yl Of nwo of a, h, c, and 4 can be isktfi"; logeuher. sitting wilh il-ie wipz casxfor? lv> wMch 

ihev arc noiimx i.o form a eycloaifcyt or hcicrocyc'lc: 

c-ach n, o. p. and q h mdependeaiiv il >. or 2: 

each I. 5X independently aufL -i>-, -C{Oh,~S-, -S*OK -5(0)?-, -S-S-. 

•nCrCsryelo^ky^K a hcterocydc, a hetcroaryL 

10 
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OH 

R, O 
NR4R4 QP . (CH2)g °Y f °Y Y 

xV YV VNV VNY V*V \cy \ 
OR 

A. 

HO 
HO 

OH 
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X 

,OR 

OH 

k 

X V 

K 
o 

o 
>-~R 

/ ^ ^7 \A/ 

z 

v~y 

o 
FL -R4 R-M-^-R R *N' 

V*V v^V v^V V 
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o 
•S--,A 

HV\, 
0 

V fl / 
o 

(Re)mi 

r\ 
< 

Y 

/-
(^6)m1 /D \ 

"N -Ny ' 
(Re)mi 

/~K 
-N Nl-
"\ / 

(Re)mi 0^6 )m1 

AK ! 
O N— 

(Re)mi 
/~k 

5 N-
Vi_y 

(Rslml 

G=S 
Vl_/ 

{Re)m1 

Oc H~\ 
*sx N-0 N 

(Re)mi 

-N f N 

(ReJmi 

-N [ N— 

(R6)m1 

(Rs)m1 y 

L 

(Re)m1 /v. - <R6>m1 
N' 
I ~\ 

i 

(Re)mi 

(Re) ml 
y < 

(Rs)m1 

mm V\ /VX 

(RsJnii fRs)mi 

(R6)m1 

rN' 
Os 

^vw 

-\ 

r N 

'(RsJml j (F?6)m1 Z 
N' 

^ {Rs)mi k^N-jy 

w (Re)mi 

^8)rrv1 H=\ 
. or -/ 
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wherein the representation of 1. is not limited direciionaUy left to right as is depicted, 

rather either the left side or the right side of L can be bound to the W i side of the compound 

of Formula IA; 

each R.6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, 

-OH, -C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)CrC4 alkyl, -C2-C3 alkene, -C2-C3 

alkyne, -C(0)Ci-C4 alkyl, -NH2, -NH(CI-C3 alkyl), -N(CI-C3 alkyl)2, -NH(C(0)Ci-C3 

alkyl), -N(C(0)CI-C3 alkyl)2, -SH, ~S(C,-C3 alkyl), -S(0)CrC3 alkyl, -S(0)2Ci-C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently L 2. 3, or 4; 

each m is independently 0, I2, or 3; if in. LS more than L -hen L can be the s-i-sme or 

different; 

each it'll is independently 0. 1. 2, or 3; 

k m 0, U 2, or 3; 

z is 1,2. or 3; 

each R* is independently H or optionally substituted CVCfi aikyu wherein a methylene 

unit of die C,-Cn alkyl can be opiionaily suhsihuied for cither O or "MR, and in N!R.4R,>oih R.; 
when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperkiine.. morphoiine,, piperavdne or pyrrole; 

each R': is ir^kpenderilly F, -Crt"V; a&yt or -C(CH-»OIfh; 

each. R? is indcpendenUy e. H or straight or branched CI-CJO alkyl which can be 

optionally substituted with OH, NH:, CO?R, CONhb. phenyl. OrLOi-h imidazole or 

arginsise; 

esch c is independently H or any one of the side chains of (he naturally occurring 
ammo acids; 

each R is indcpeTKierttly -id, or straight or branched CVCh ssskvi opikmally substituted 

with OH, or halogen. 
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[0012] Compounds of Formula IB are described: 

\\ V—w7 
.'b 

IA i 
\a a/ 

7"-<. in Vr'-* 
m 'LI o 

and pharmssceutssdly acceptable -.alls, hydr^es. solvates, prodrugs, cramtkntier?-;.. and 

$!ora?5somer* thcretif:; 

wbore-trt 

each W; md \V? h indspeiKbiiUy nuff,. 0, S, or NR., or W-, and W-> cans be laker* 

I'ogirfher can form an- opiionaily sufe&tiiuied istisdazolidinc Of piper&zme group; 

each s, iv m?d d if inxLq^cnderiily ~H, -D. -Clfi, -OOhk, --OCFM-T;-;, -C{0 SOIL or 

ksizyl, or \wa of a„ K c„ and d cam be taken logdifcr, ahng wifh the simile carbon io which 

ilnev are bourni U7 form a eveloJiikvi. or heterocycle: 

cach n, iK p» aRd q iiidependcmly 0.. L or 2; 

each L Hid«pomfc;-i2l]y mnL --0-, -CiOV.-S-. -SrOV, -SfOk™* -S-S-, -RVC^tikyl.i 

H^-C^cyeloaikyU-, a heterocyde, a JbeisroaryL 

. r4 

^*Rr 

k. 

,QF< 

"v vHv \A 

4 & 

/-OH 

ru n 
'fi t 

cw >0 

,S % 

o 

/ 
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R^'K* 

w 
c 
A 

*N R -A* 
o 

"S'N-4 Rs 
N-| 

fa 0 

(RsWi 

K 
y 

(Rs^n-s 

/T -K 

t'N N:~~% 
fj 

• N 
> _ 

(RGW 
rK 
\_i_/ 

N £ Q=< 

••Skil 
~\ 

N—! '% H-4 • o |_, 
(RtWt 

M M C >-! 
Pskil 

~L \ (^S^f /-v. 
0*\j ' 

1 U - .NV 

i r~-->. 

< :^,J7 
<r (ReW f 

(RB>^1 

AKA 

"N 

(fejfn, 

p-W*» 

{Rfi)ra1 

r "KM 
o 

,^s 

{Rs)ml 

>i 

,s 

7~iReki L JM 1" 

wherein the i-epresentauon ofi. is nest iimiied direetioiiailv tefs so right as is dypiCted, 
rather either ilie teft side o;r the dglu side oft can he haired to the W: skis of the compca^d 
ol'F«>rniul« IB.; 

each R6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, 

-OH, -C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2~C3 alkene, -C2-C3 

alkyne, -C(0)C,-C4 alkyl, -NH2, -NH(CI-C3 alkyl), -N(CrC3 alkyl)2, -NH{C(0)CrC3 

alkyl), -N(C(0)C,-C3 alkyl)2, -SH, -S(Ci-C3 alkyl), -S(0)CrC3 alkyl, -S(0)2Ci-C3 alkyl; 

c&di g IB mdcpciirfoally 2. 3, or 4; 
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each h is independently 1, 2, 3, or 4; 

each m is independently 0, 1, 2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, L 2 or 3; 

kis 0, 1,2, or 3; 

z is 1, 2„ or 3; 

each R4 is independently H or optionally substituted Q-Q alkyl, wherein a methylene 

unit of the Ci-CV, alkyl can be optionally substituted for either O or NR, and in NR4R4, both R4 
when taken together with the nitrogen to which they are attached, can form, a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each R.3 is independently H, -Ci-Q alley! or -C(CH.20H)2; 

each R5 is independently e, I-l or straight or branched Cj-Cio alkyl which can be 

optionally substituted with OH, NH?., CO2R, CONH2, phenyl, C6H4OH, imidazole or 

arginine; 

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

amino acids; 

each R. is independently -H, or straight or branched C1-C4 alkyl optionally substituted 

with OH, or halogen. 
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[0013] Compounds of Formula IC are described: 

It 

and pharniscemicaily acceptable salts, hydrates* solvates. prodrugs. cnamiomers* an-d 
sien^ iiierea f: 

wherein 

each Wj ami Wj is »idq>eiii!esii!}: null,. LK Nil. or MR, or W| and Ws can be lake?-

^getter can ibrwi sn ctpfuinalfy substitute':! btrkhzoHdine m piperazirit: group: 

cach a, h, c, arid d is mdepsndeiHly -H, -D, -CBi, -OCIi;;, -OCH::CH;i, ~€fOX/Rs >•'« 
bcnityl. or lw£t of a. "b. c. and 6 csa be Uskci-i lagetfier, slang with the singk* e&rbufi Mi xvbich 
il'scy Si'e hmrnd, lo form n cyci&a!ky[ or beterocycle; 

each n, o, p, ami q ;$ ifKhp-sndemiy 0,. f, or 2,; 

each L i- mdepcndcntly itoll, -O-. -(?((')}-,-S-.. -^iOV. -SfO}r. H'r-<"AaU-:y 1 
•<CV€*cyeloalkyi)-, a httterocysls, a heieroaryU 

* 'S /™OH 
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wlwiw;r the rvprc^sniaiioj! of I. is mi hmiksd dir^ci-soniili y left ^ right h defriaed, 
raiher cither \m idi «de or the Elgin side ••>(' 1, cm be hound to the W= si4e -of" the cwifmsncl 
'.?i Formula IC; 

each Re is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, 

-OH, -C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 

alkyne, -C(0)CrC4 alkyl, -NH2, ~NH(CrC3 alkyl), -N(CI-C3 alkyl)2, -NH(C(0)Ci-C3 

alkyl), -N(C(0)CI-C3 alkyl)2, -SH, -S(CrC3 alkyl), -S(0)C]-C3 alkyl, -S(0)2Ci-C3 alkyl; 

each <:L h mdsperideriilv 2. 3, or 4: 
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each h is independently L 2, 3, or 4; 

each m is independently 0, 2, or 3; if m is more than L then L can be the same or 

different; 

each ml is independently 0, L 2, or 3; 

kis 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted Ci-Ce alkyl, wherein a methylene 

unit of the Ci-Q alkyl can be optionally substituted for either O or NR, and in NR4R4, both R4 

when taken together with the nitrogen to which they are attached, can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each R3 is independently H, -Ci-Cj alkyl or -C(CH2OH)2; 

each R5 is independently e, H or straight or branched CJ-CJO alky] which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, C^OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently ~H, or straight or branched C2-C4 alkyl optionally substituted 

with OH or halogen, 

[0014] In compounds of Formate I, IA, IB, IC, and II, any one or more of H may be 

substituted with a. deuterium. It is also understood that in compounds of Formula I, IA, IB, 

IC, and II, that a methyl substituent can be substituted with a C2-C5 alkyl 

[0015] Also described are pharmaceutical formulations comprising at least one Fatty-

Acid Fumarate Derivative. 

[0016] Also described herein are methods of treating a disease susceptible to treatment 

with a Fatty Acid Fumarate Derivative in a patient in need thereof by administering to the 

patient an effective amount of a Fatty Acid Fumarate Derivative. 
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10017} Aba described bcfeiis axi" methods of ireatbig metallic disorders or mloimmune 
disease or Beifcsdegonermive diseases by Mmhmttmyi to a pfiiiem in need thereof an 
efieelive amount of a Fally Acid Fumarate Derivative, 

Also described herein are method?- m* ireaiuig neurodegenerative diseases by 
arfraimsu^ijjg to a panes.? ia need thereof effective amount of a Fsiiy Acid Furasraic 
Dcrrvaiive.. 

Also de\cr:bed herein am methods of treating cancer by admimsieriftg \o a pattern 
m wed Uscruof aa effective- asmumt of a F;my Acid fumrnue Derivmi vc, 

[0020] The present disclosure also includes pharmaceutical compositions that comprise an 

effective amount of a Fatty Acid Fumarate Derivative and a pharmaceutically acceptable 

carrier. The compositions are useful for treating or preventing a metabolic disorder, 

neurodegenerative diseases, and cancer. The present disclosure includes a Fatty Acid Fumarate 

Derivative when provided as a pharmaceutically acceptable prodrug, a hydrate, a salt, such as a 

pharmaceutically acceptable salt, enantiomer, stereoisomer, or mixtures thereof. 

[0021] The details of the present disclosure 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 present disclosure 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 TUB FIGURES 

Figure I is ^rnpislcai rcpR-^efii&iiou of the eJl'eet of IL-TB and TNF-?s ,L!.ene ej-cprassnoo at 

RAW264.7 raa&ropbages ibai were treated willi cither compotmd l-l or a combifiatron of 
rn©KO !T?csjiy! fkiisiraic and I>HA. 

Figure 2 is a graphical representation of the Scnim TNFK? level of Male Swiss Webster mice 
dtai Intve been dos&d with ciihirr compound I-l Of 90 minutes pfiur lo 
cliaiiengo with LPS, 
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Figure 3 is a graphical representation of Hmoxl target gene expression in RAW264.7 

macrophages that were treated with compound 1-1. 

Figure 4 is a graphical representation of IL-lp and Hmoxl target gene expression in 

RAW264.7 macrophages that were treated with either control or two different concentrations 

of compound 1-105 (50 u.M and 100 uM). 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Metabolic disorders are a wide variety of medical disorders that interfere with a 

subject's metabolism. Metabolism is the process a subject's body uses to transform food into 

energy. Metabolism in a subject with a metabolic disorder is disrupted in some way. 

Autoimmune diseases arise from an overactive immune response of the body against tissues 

normally present in the body. Neurodegenerative diseases result from the deterioration of 

neurons or their myelin sheaths, which would, eventually lead lo a. variety of CNS-related 

dysfunctions. The Fatty Acid Fumarate Derivatives possess the ability to treat or prevent 

metabolic disorders, autoimmune or neurodegenerative diseases. In addition, the Fatty Acid 

Fumarate Derivatives can also be used to treat a variety of cancers such as carcinoma, 

sarcoma, lymphoma, leukemia, melanoma, mesothelioma, muitiople myeloma, seminoma, 

and cancer of the- bladder, blood, bone, brain, breast, central nervous system, colon, 

endometrium, esophagus, genitourinary tract, head, larynx, liver, lung, neck, ovary, pancreas, 

prostate, testicle, spleen, small intestine, large intestine or stomach. 

[0023] Hie Fatty Acid Fumarate Derivatives have been designed to bring together 

fumaric acid and ester analogs thereof and fatty acids into a single molecular conjugate. The 

activity of the Fatty A.cid Fumarate Derivatives is substantially greater than the sum. of the 

components suggesting that the activity induced by the Fatty Acid Fumarate Derivatives is 

synergistic. 

DEFINITIONS 

[0024] The following definitions are used in connection with the Fatty Acid Fumarate 

Derivatives: 

[0025] The term "'Fatty Acid Fumarate Derivatives" includes any and all possible 

isomers, stereoisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable 

salts, hydrates, solvates, and prodrugs of the Fatty Acid Fumarate Derivatives described 

herein. 
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[0026] The articles "a" and "an" are used in this disclosure to refer to one or more than 

one (i.e., to ai least one) of the grammatical object of the article. By way of example, "an 
element" means one element or more than one element. 

[0027] The term "and/or" is used in this disclosure to mean either "and" or "or" unless 
indicated otherwise. 

[0028] Unless otherwise specifically defined, the term "aryl" refers to cyclic, aromatic 

hydrocarbon groups that have 1 to 2 aromatic rings, including monocyclic or bicyclic groups 

such as phenyl biphenyl or naphthyl Where containing two aromatic rings (bicyclic, etc.), 
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 lo 5 substituents, at any point of attachment. The substituents can themselves be 
optionally substituted. 

[0029] "C1-C3 alkyl" refers to a straight or branched chain saturated hydrocarbon 

containing 1-3 carbon atoms. Examples of a C1-C3 alkyl group include, but are not limited 

to, methyl, ethyl propyl and isopropyl 

[0030] "C1-C4 alkyl" refers to a straight or branched chain saturated hydrocarbon 

containing 1-4 carbon atoms. Examples of a C1-C4 alkyl group include, but are not limited 
to, methyl, ethyl, propyl butyl, isopropyl, isobutyl, .sec-butyl and terf-huiyi. 

[0031.] "CrC5 alkyl" refers to a straight or branched chain saturated hydrocarbon 

containing 1-5 carbon atoms. Examples of a CVC5 alkyl group include, but are not limited 

to, methyl, ethyl propyl, butyl pentyl isopropyl isobutyl, sec-butyl and tert-butyl isopentyl. 
andneopentyl. 

[0032] "Cj-C6 alkyl" refers to a straight or branched chain saturated hydrocarbon 

containing 1-6 carbon atoms. Examples of a Q-Cfi alkyl group include, but are not limited 

to, methyl ethyl, propyl, butyl pentyl, hexyl, isopropyl isobutyl, sec-butyl tert-bvty\t 

isopentyl and neopentyl. 

[0033] The term "cycloaikyl" refers to a cyclic hydrocarbon containing 3-6 carbon atoms. 

Examples of a cycloaikyl group include, but are not limited to, cyciopropyl cyclobutyl, 

cyclopentyi and cyclohexyl It is understood that any of the substitutable hydrogens on a 

cycloaikyl can be substituted with halogen, CVC3 alkyl, hydroxy!, alkoxy and cvano groups. 
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|0034] The term "heterocycle" as used herein refers to a monocyclic or bicyclic 

hydrocarbon containing 3-12 carbon atoms wherein at least one of the carbon atoms is 

substituted with a O, N, or S. Examples of a heterocycle include, but are not limited to, 

aziridine, oxirane, thiirane, azetidine, oxetane, thietane, pyrrolidine, tetrahydrofurane, 

letrahydrothiophene. piperidine, tetrahydropyran, thiane, imidazolidine, oxazolidine, 

thiazoiidine, dioxolane, dithiolane, piperazine, oxazine, dithiane, dioxane, 

diazabicycloheplane and diazabicyclooctane. 

[0035] The term "heteroaryl" as used herein refers to a monocyclic or bicyclic ring 

structure having 5 to 12 ring atoms wherein one or more of the ring atoms is a heteroatom. 

e.g. N, O or S and wherein one or more rings of the bicyclic ring structure is aromatic. Some 

examples of heteroaryl are pyridyi, fuiyl, pyrrolyl, thienyl thiazolyi, oxazolyl, imidazolyl, 

indolyL tetrazolyl, benzofuryl, xanthenes and dihydroindole. It is understood that any of the 

substitutabie hydrogens on a heteroaryl can be substituted with halogen, C1-C3 alkyl, 

hydroxyl, alkoxy and. cyano groups. 

[0036] The term "any one of the side chains of the naturally occurring amino acids" as 

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, Ghitamine, Tryptophan, Glycine, Valine, Proline, Arginine, Serine, Histidine, and 

Tyrosine. 

[0037] The term "fatty acid" as used herein means an omega-3 fatty acid, fatty acids that 

are metabolized in vivo to omega-3 fatty acids, and lipoic acid. Non-limiting examples of 

fatty acids are all-cis-7,10> 13-hexadecairienoic acid, a-linolenic acid (ALA or 

all-cis~9MJ 5-octadecatrienoic acid), stearidonic acid (ST D or 

a//-cw-6,9,12,15-octadecatetraenoic acid), eicosatrienoic acid. (ETE or 

all-cis-11,14,17-eicosatrierioic acid), eicosatetraenoic acid (ETA or 

ali'Cis-H.l 1,14,17-eicosatetraenoic acid), eicosapentaenoic acid (EPA or 

alI-cis-5& 11,14,17-eicosapentaenoi.c acid), docosapentaenoic acid (DPA, clupanodonic acid 

or all'Cis-1,10,13,16,19-docosapentaenoic acid), docosahexaenoic acid (DHA or 

ali-cis-4J,l 0,13,16,19-docosa.hexaenoic acid),, tetracosapentaenoic acid 

(aU-cis-9,12,} 5,18,21-docosahexaenoic acid), tetracosahexaenoic acid (nisinic acid or 

all-cis-6,9,12,15,18,21 -te-lracosenoic acid.) and stereoisomers of lipoic acid. 

[0038] A "subject" is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat, horse, 

cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus. 
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[0039] The invention, also includes pharmaceutical compositions comprising an effective 

amount of a Fatty Acid Fumarate Derivative and a pharmaceutically acceptable carrier. The 

invention includes a Fatty Acid Fumarate Derivative when provided as a pharmaceutical!)-' 

acceptable prodrug, hydrate, salt, such as a pharmaceutically acceptable salt, enantiomers, 

stereoisomers, or mixtures thereof, 

[0040] Representative "pharmaceutically acceptable salts" include, e.g., water-soluble 

and water-insoluble salts, such as the acctate, amsonate (4,4-diaminostilbene-2s 

2 -disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfale, bitartrate, borate, 

bromide, butyrate, calcium, calcium edetate, camsylate, carbonate, chloride, citrate, 

clavulariate, dihydrochloride, edetate, edisylate, estolate, csylate, fiunarate, gluceptate, 

gluconate, glutamate, glycollylarsamlate. hexafluorophosphate, hexylresorcinate, 

hydrahamine, hydrobromide. hydrochloride, hy droxynaphthoate* iodide, isothionate, lactate, 

lactobionate, laurate, magnesium, malate, maleate, mandelate, mesylate, methylhromide, 

methylnitrate, methyisulfate, mucate, napsylate, nitrate, N-methylglucamine ammonium salt, 

3-hydroxy-2-naphthoate, oleate, oxalate, palmstate, pamoate 

(1,1 -•methen.e-his-2-hydroxy--3~iiaphthoate, einbonate), pantothenate, phospliate/diphosphate, 

picrate, polygalacturonate, propionate, p-ioluenesulfonate, salicylate, stearate, subacetate, 

succinate, sulfate, subsalicylate, suramate, tannate, tartrate, teoclate, tosylate, trietliiodide, 

and valerate salts. 

[0041] The term "metabolic disorder," as used herein refers to disode-rs, diseases and 

syndromes involving dyslipidemia, and the terms metabolic disorder, metabolic disease, and 

metabolic syndrome are used interchangeably herein,. 

|0042] An "effective amount" when used in connection with a Fatty Acid Fumarate 

Derivative is an amount effective for treating or preventing a metabolic disorder. 

[0043] 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 

pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of 

the body. 

[0044] The term "treating," with regard to a subject, refers to improving at least one 

symptom of the subject's disorder. Treating can be curing, improving, or at least partially 

ameliorating the disorder. 
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[0045] The term "disorder" is used in this disclosure to mean, and is used interchangeably 

with, the terms disease, condition, or illness, unless otherwise indicated. 

[0046] 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. 

[0047] 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 Fumarate 

Derivative. 

[0048] The following abbreviations are used herein and have the indicated definitions: 

BSA is bovine serum albumin, DCC is dicvclohexylcarbodiimide, CD1 is 

1,1-carbonyIdiimidazole, DMEM is Duibecco's modified Eagle's medium, EDC is 

l-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride, EtOAc is ethyl acetate, 
HATU is 2-(IH-7-AzaberiZ0tTifiZ0l-l-yl)— l,L3,3-tetramethyl uronium hexafiuorophosphate 

methanaminium, RT is room temperature, TFA is trifluoroacetic acid, and h is hour. 
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[0049] The present, invention provides Fatty Acid Fumarate Derivatives according to 

Formula I, IA, 1B, IC, and II, as set forth below. 

j'OOSOf Described herein are compounds of Formula 1 and Formula II: 

II 

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

stereoisomers thereof: 

wherein 

W\, W2, a, b, c, d, m, ml, n, 0, p, q, L, Z, r, s, t, v, R, Ru R2> R3, R4, Rs, Re, WV, WV, 

a', c', b', d\ nf, 0', p'9 q', mlL\ and Z' is as defined above for Formula I and Formula II, 
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provided thai there- is ai least one 

or 

in the compound. 

In some embodiments, one Z is 

and r is 2. 

]u some embodiments, one Z is 

and r is 3. 
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In some embodiments, one Z is 

and r is 7. 

Irs other embodiments, one Z is 

and s is 3. 

In some embodiments, one 2 is 

and s is 5. 

In some embodiments, one Z is 

and s is 6. 
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In some embodiments, one Z is 

PCT/US2011/020534 

and v is 1. 

In other embodiments, one Z is 

and v is 2. 

In some embodiments, one Z is 

and v is 6. 

In some embodiments, one Z is 

and s is 3. 
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In some embodiments, one Z is 

and s is 5. 

In other embodiments, one Z is 

and s is 6. 

other embodiments, Z is 

and t is 1. 

In some embodiments, Z is 

(O) s 

and t is 1. 
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ID another aspect, compounds of] 

O. 

O-

Rs V6 

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

stereoisomers thereof; 

wherein. 

Wi, W2, a, b, c, d, m, ml, n, 0, p. q, L, R, R.|, R2, R3. R4, R5, Re are as defined above 

for F 

[0052] In another aspect compounds of Formula IB are described: 

P 

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

stereoisomers thereof; 

wherein 

Wi, W2, a, b, c, d, m. ml, n, 0, p. q, L, R, R\, R^, R3. Rs, Rs are as defined abov< 

for Formula IB. 
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In another aspect, compounds of Formula. IC are described: 

0 / \P 
S-S 

•W2. 

o 

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

stereoisomers thereof: 

wherein 

Wj, W2) a, b, c, d, m, ml, n, o, p, q, L, R, R5, R.>, R3. R4, R5, and Rg are as de 

above for Formula IC. 

The following embodiments are illustrative of compounds of Formula I, IA, IE 

and EL 

In some embodiments, R3 is CK3. 

In some embodiments, R3 is -CH2CH3. 

In some embodiments, R3 is H. 

In some embodiments, Wj is NH. 

In some embodiments, W2 is NH. 

In some embodiments, Wj is 0. 

In some'embodiments, VvS is O. 

In some embodiments, Wj is null. 

In some embodiments, W2 is null 

In some embodiments, W; and W- are each NH. 
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In some embodiments, Wi and W2 are each, null 

IK some embodiments, Wj. is 0 and W2 are NH. 

In some embodiments, W; and W 2 is NR, and. R are CH3. 

In some embodiments, m is 0, 

In other embodiments, m is 1. 

in other embodiments, m is 2. 

Jn some embodiments, L is -S~ or -S-S-. 

in some embodiments, L is ™(>\ 

hi some embodiments, L is -C(0>. 

In some embodiments, L is IieteroaryL 

In some embodiments, L is heterocycle. 

In some embodiments. L is 

In some embodiments, L is 

O 

In some embodiments, L is 
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In some embodiments, I, is 

PCT/US2011/020534 

OH OH 

"OH "OH 

OH 

^ k ''' * 0^° cw° 

NTV v^°f , or : 

OH 

* 

In some embodiments, L is 

0-Y°R <W°R 

x X J . , < / < » or 

In some embodiments, L is 

FVN-R4 

v^v 

0 
R~NA. 

vV or 

R-N'Z 

In some embodiments, L is 

•^A 

In some embodiments, L is 

)ml 

'SCT. A^K VNV Y_/<-
(^6)m1 

tf "V 
(RfiJm 

V J 

(R6)m1 

0=S N—| 

(Re) 
0NV AK 
)S 

O V.IV 

ml 

or 
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In some embodiments, I. is 

/ 
(Rfl) ml 

V 

(Re)rn1 

•NV 
(Re)m1 / 

O 
L 

(Re)r n1 A 
(RS)m1 

^6/ml V or 

^-|y 

{Re)m1 

In some embodiments, L is 

(Rs)mi 

(Re)ni 

or > 

In some embodiments. L is 

(R6)m1 

< - N-

(Re)m1 
y 

^r-(Rs)mi ^ ^(R6)m1 Is. 
N N N 

(Re)m1 

^ (^6)m1 

(R6)m1 

'V\ 
jsj' 

5 Q|" vTVW 

In other embodiments, one of n, o, p, and q is I. 

some embodiments, two of n, o, p, and q are each 1 

other embodiments, three of n, o, p, and q are each 1, 

hi some embodiments n, o, p, and q are each 1, 

In some embodiments, two of n, o, p, and q are each 1 and the other two are each 0. 

In some embodiments, r is 2 and s are 6. 
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In some embodiments, r is 3 and s are 5, 

In some embodiments, t is 1. 

In some embodiments, Wi and W2 are each NH, m is 0, n, and o are each i, and p and 

q are each 0. 

In some em.bodim.ents, W3 and W2 are each NH, m is 1,1.1, o, p, and q are each .1, and 

LisO. 

In some embodiments, Wi and W2 are each NH, m is 1, n, 0, p, and q are each 1, and 

L is 

In some embodiments, Wj and W2 are each NH, m is 1, n, 0, p, and q are each 1, and 

L is -S-S-. 

In some embodiments, Wj and W2 are each NH, rn is 1, n. and 0 are each 0, p and q 

are each I, and L is 

In some embodiments, W; and W2 are each NH, m is 1, k is O, n and 0 are each 0, p 

and q are each 1, and L is 

R, 

.OR 

OH 
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In some embodiments, Wi and W2 are each NH, m is 1, n and. 0 are each 1, p and q 

are each 0, and L is 

G^/ OR 

/ 

In some embodiments, Wj and \\S are each NH, m is 1, k is 0, n is 1, 0, p and q are 

each 0, and L is 

OH 

OH 

O 
O 

In some embodiments, Wj and W2 are each NH, m is 1, n, 0, and p are each 0, and q 

is 1„ and L is 

OR 

In some embodiments, Wj and W2 are each NH, m is 1, k is 1, n, 0, and p are each 0, 

and q is 1, andL is 

OH 

OH 

oy° 

V A* 
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Ill some embodiments, Wi and W2 are each NH, m is L n is 1, and o, p, and q are 

each 0, and L is 

O^ .OR 

\r v 

In some embodiments, W i and W2 are each NH, mis 1, k is 1, o. p, and q are each 

and L is 

OH 

OH 

°i° 

In some embodiments, Wj and W2 are each NH, m is 1, n, o, p, and q are each 1, and 

L is 

Oas/ 
OR 

VV 

In some embodiments, Wj and W2 are each NH, m is 1, n, o, p, and q are each 1, and 

L is 

OH 

OH 

<w° 

Vv 

m some embodiments, Wj and W2 are each NH, m is 0, k is 1, o and p are each 1, and 

q is 0 

In some embodiments, W; and W2 are each NH, m is 0, n, o, p, and q are each I. 
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In some embodiments, Wi and W2 are each NH, ra is 0, n and 0 are each 1, p and q 

are each 0, and each a is CH.v 

In some embodiments, Wi and W2 are each NH, m is 0, n and 0 are each 1, p and q 

are each 0, and each b is CH3. 

In some embodiments, Wj and W2 are each NH, m is i, n, 0, p. and q are each 1, R4 is 

H, and L is 

R4 

xV 

hi some embodiments, Ws and W2 are each NH, m is 1, n, p and q are each 1 > and 0 is 

2, R4 is H, and L is 

R4 

xV 

in some embodiments, Wj and W2 are each NH, m. is 1, n, 0, p are each 1, and q is 2, 

and L is 

R4 

XNV 

In some embodiments, Wj and W2 are each NH, m is 1, n, 0, p„ and q are each 1, and 

I, is 

NR4R4 
(<pH2)g 

vV 
In some embodiments, W'i and \V2 are each NH, m is 1, n and p are each 1, and 0 and 

q are each 0, and L is -C(0)-. 
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In some embodiments, Wi and W2 are each NH, ra is I, 0 and p are each 1, and o} and 

q are each 0, and L is 

R4-N'R4 

W 

In some embodiments, W> and W2 are each NH, m is 1, n, 0, p, q are each .1, and L is 

,R 
o 

v^y 

In some embodiments, Wj and W2 are each NH, m is 1. n, o, p , and q are each L h is 

1. and L is 

oft 
in some embodiments, Wi and W> are each NH, m is I, n, 0, p > and q are each 1, and 

L is-S-, 

In some embodiments, Wj and W2 are each NH, m is 1,11, 0, p are each 0, q is I, one 

d is -CHi, and L is 

cw0R 

V 
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In some embodiments, Wj and Wo are each NH, m is 2, it, o, p, and q are each 0, one 
Lis 

s and 

O 

I \ N i T 

one L is O 

In some embodiments, m is 0, n, o, p, and q are each 0, and Wj and Wo are taken 

together to form an optionally substituted piperazine group. 

In some embodiments, m is 1, n, o,, p, and q are each 0, W\ and W? are each null, and 

in some embodiments, m is 1, n and p are each 1, o and q are each 0, Wj and Wo are 

each NH, and L is C.rQ cycloaikyl. 

In some embodiments, m is I, n is 1, o, p, and q are each 0, Wj and W?. are each NH, 

and L is CVC& cycloaikyl 

In some embodiments, m is 1, n, o, p„ are each 0, q is 1, Wi and W2 are each NH, and 
L is C3"C6 cycloaikyl. 

In some embodiments, m is 1, n, 0, p, and q are each 0, W1 is NH, W? is null, and L is 

•L is 

(Re)mi 
/\ 

(R6)m1 



WO 2011/085211 PCT/US2011/020534 

In some embodiments, m is 1, n, o, p, and q are each 0, Wj is null, W2 is NFL and L is 

. (RsJrnl 

V 

In some embodiments, m is 1, n, o, p, and q are each 0, W>: is NH, W2 is null, and L is 

(Re)mi 

/^ch 
VNy 

In some embodiments, m Is 1, n, o, p, and q are each 0, W; is null, W2 is NH, and L is 

(Re)mi 

VNV 

in some embodiments, m is 1, n is L o. p, and q are each. 0, Wj is NH, W2 is null, and 

L is 

(Re)m1 

VN-y 

In some embodiments, mis 1, n, 0, p, are each 0, q is 1. Wj is null, W2 is NH, and L is 

(R6)m1 

^ScK 
VNy 

In some embodiments, m is i, n, 0, p, and q are each 0, W{ is NH, W2 is null, and L is 

(R6)m1 
_\ 



some embodiments, m is 1, n, o, p., and q are each 0, W> is null, W2 is NH, and I. is 

(Re)mi 

In some embodiments, rn is .1 > n is 1. o, p, and q are each 0, W; is NH, W2 is null, and 

is 

(Re)mi 

some embodiments, rri is 1»n, 0, p, are each 0, q is .1, Wj is null, W2 is NH, and L is 

In some embodiments, m is L n is L 0, p, and q are each 0, W| is NH, W2 is null and 

L is 

(Re)mi 

/ I \ 
0 N-

In some embodiments, m. is 1, n, 0, p, are each 0, q is 1, Wj is null, W2 is NH, and L is 

fT\ 
O N-
\ / 

In some embodiments, m is 1, n, 0, p, q are each 0, W'I and W2 is null, and L is 

I V-Nv 
(Rs)m1 ^ 
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hi some embodiments., m is 1, n, o, p, q are each 0, Wi and WS is null, and L is 

r 
N 

< K"7 
(Re)m1 ^ 

In some embodiments, m is 1, n, o, p, q are each 0, W j is NH, W2 is null, and L is 

(^6)m1 z 

(ReJmi 

In some embodiments, m. is 1, n, o, p, q are each 0, Wx is null, W2 is NH, and L is 

(Re)mi 

^N-
z 

(^s)ml 

In some embodiments, mis 1, n, o, p, are each 0, q is 1, W i and W2 are each and NH, 

is null, L is 

Ay 
In some embodiments, m. is L 11, o, p, are each 0, q is 1, Wj and W2 are each NH, is 

null, and L is a heteroaryl. 

In some of the foregoing embodiments, r is 2. s is 6 and t is 1. 

In some of the foregoing embodiments, r is 3, s is 5 and t is 1. 
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In some of the foregoing embodiments, Z is 

t. is 1. 

[0054] In the compounds of Formula I, IA, IB, IC and II, any one or more of H may be 

substituted with a deuterium. 

[0055] In other illustrative embodiments, compounds of Formula I, IA, IB, 3€ and II 

are as set forth below: 

(E)-methyl 4-(2-(4Z,7Z>10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethylamino)-4-oxobut-2-enoate (I-l); 

(E)-methyl 4-(2-(5Z,8Z,llZ,14Z,17Z)-icosa~5,8,ll,14J7-pentaenamidoethy3ammo>-4-

oxobut-2-enoate (1-2); 

(E)-niethyl 4-(2-(2-(4Z,7Z,10Z,l3Z,l6Z,l9Z>docosa-4,7,10,l3536,l9-

hexaeriarnidoethoxy)ethylammo)--4"GKobut-2-enoate (1-3); 

(E)-methyl 4-(2-((2-(4Z>7Z,10Z,13Z,16Z,19Z)-docosa-497,10,13,16,19-

hexaenamidoethyl)(methyl)aniino)ethylamino)-4-oxobut-2-enoate (1-4); 

(E)-methyl 4-(2-(2-(2-(4Z,7Z,10Z,13Z,16Z>19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethy!)disulfanyl)ethylamrao)-4-oxobut-2-enoate (1-5); 

(S)-methyl 6-((4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaena.mido)-2-((E)-4-

methoxy-4-oxobut-2-enamido)hexanoate (1-6); 

(S)-6-((4Z,7Z,I0ZJ3Z,16Z,19Z)-docosa-4,7,lGJ3,16,19-hexaenamido)-2~((E)-4-methoxy-4-

oxobut-2-enamido)hexanoic acid (1-7); 

(S)-1,3-dlhydroxypropan-2-yl 6-((4Zf7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamido)-2-((E)-4-methGxy-4-oxobiit-2-enamido)hexaiioate (1-8); 

(S)-methyl 2-((4Z,7Z, 10Z, 1.3Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-6-((E)-4-

methoxy-4-oxobut-2-enamido)hexanoate (1-9): 

(S)-2-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)-6-<(E)-4-metlioxy-4-

ox.obut.-2-enamido)hexanoic acid (MO); 
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(S)-1,3-dihy droxypropan-2-yl 2-((4Z,7Z,10Z,13ZJ.6ZV19Z)-docosa-4,7,10,13,16,19-
hexaenamido)-6-((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (1-11); 

(E)-methyl 4-(3-(4Z,7Zs 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido-l -methoxy-

1-oxopropan-2-ylamkio)-4-oxobut-2-eooate (1-12); 

3-(4Z,7Z J. OZ, 13Z J 6Z, 19Z)~docosa*4,7,10,13,16,19-hexaenarnido-2-((E)-4-methoxy-4-

oxobut-2-ena.mido)propanoic acid (1-13); 

(E}~melh.y] 4-(l -(1,3-dihydroxypropan-2-yloxy)-3-(4Z,7Z> 1 OZ, 13Z, .16Z, 19Z)-docosa-

4,7,10,13,16,19-hexaenamido-1 -oxopropan-2-ylamino)-4-oxobut-2-enoate (1-14); 

(E)-rnethyl 4-(2-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenaimdo~3-metlioxy-

3-oxopropyIammo)-4-oxobul-2-enoate (I-l 5); 

2-(4Z,7Z, 1 OZ, 13Z, 16Z, 1 9Z)-docosa-4,7,10,13,16,19-hexaenamido-3-((E)-4-methoxy-4-

oxobul-2-enamido)propanoic acid. (1-16); 

(E)~methy3 4~(3-(l,3-dib.ydroxypropaD-2-yloxy)~2~(4Z,7Z,10ZJ.3Z,16Z;19Z)-docosa~ 

4,7,10,13,16, i.9"liexaenamido-3-oxopropylamino)-4-oxobut-2-enoate (1-17); 

2--(2--{4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19"hexaenamidoethyl)-4-((E)-4-

methoxy-4-oxobut-2-eD.amido)bu.tanoic acid (3-18); 

(E)-methyl 4-(3-((l,3~dihydroxypropan~2-yloxy)carbonyl)-5-(4Z,7Z,10Z,I3Z,16Z,19Z)-

docosa^,7,10J3 J6,194iexaenamidopenty]armno)-4-oxobii{-2-enoate(T-!9); 

(E)-methyl 4-(3-(4Zs7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16J9-

bexaenaniidopropyiammo)-4-oxobut-2-eDoate (1-20); 

(E)-methyl 4-(4-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidobulylam.ino)-4-oxobul-2-etioate (1-21); 

(E)-methyl 4-(l -(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,l 0,13,16,19-hexaenamido-2-

methylpropan-2~yIaimno}-4-oxobut-2-eriQate (1-22); 

(E)-methyI 4~(2-(4Z,7Z,1QZ, 13ZJ6Z, 19Z)-docosa-4,7JO, 13,16,19-hexaemtmido-2-

methylpropylan].iiio)-4-oxobut-2-enoate (1-23): 

(E)-methyl 4-(2-(2-(4Zs7Z,10Zs13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaen.ami.doethyia.mmo)ethylamino)-4-oxobui-2-enoate (3-24); 

(E)-raethyl 4-(3-(2-(4Z,7Z,]0Z,l3ZJl6Z,l9Z>docosa-4,7,l05l3,16,]9-

hexaenamidoethylamino)propylamiiio)-4-oxobiLt-2-enoate (1-25); 
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(E)-methyl 4-(2-(3-(4Z,7ZJ0Z,13Z>I6Z,19Z)-docosa-4,7,10,13,16>19-

hexaenaraidopropyiamino)ethyjaraiiio)-4-oxobiit-2-enoate (1-26); 

(E)-methyl4-(2-((3-(4Z,7Z,i0Z,13Z,I6Z,19Z)~docosa-4,7,10,13,16,I9-

hexaenamidopropyl)(ethyi)ammo)ethyiamirio)-4-oxobut-2-enoate (1-27); 

(E)-methyl4-(2-(N-(3-(4Z,7Zjl0Zs13Zsi6ZJ9Z)-docosa-4)7J0s13,16,]9-

hcxaenamidopropyl)acetamido)ethylamino)-4-oxobut-2-enoate (1-28); 

(E)-mcthyl 4-(2-((2-(4Z,7ZJ0Z>13Z>16Z,19Z)-docosa-4,7J0,13,16,19-hexaeaamidoethyl)(2-

morphoimoethyi)ammo)ethyl.amiiio)-4-oxobut-2-eiiGate (1-29); 

(E)-methyI 4-(2-((2~(4Z,7Z, 1 OZ, 13Z, 16Z,19Z)-docosa-4,7, 10,13,16,19-hexaenamidoethyl)(3-

(piperazm-l-yl)propyl)amino)ethylamino)-4-oxobut-2-e;noate (1-30); 

(E)-methyl 4-(3-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7, 10,1.3,16,19-hexaenamido-2-

oxopropylamino)-4-oxobul-2-enoale (1-31); 

(E>methy3 4-(3-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-bexaenamido-2-

morphoimopropylamino)-4-oxobut-2-enoate (1-32); 

(EVmethyl 4-(3-(4Z,7Z, 1 OZ, 13Z, J 6Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido-2-

(pipera.zm-1-yl)propyla.mmo)~4-oxobut-2-enoate (1-33); 

(E)-methyl 4-(5-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido-3-

hydroxypentylammo)-4-oxohut.-2-enoate (1-34); 

(E)-methyl 4-(5-(4Z,7Z,10Z,13ZJ6Z,19Z)-docosa-4s7,10,13,16,19-bex5enaraido-3-

morpholmopen.tylamino)-4-oxobut"2-enoate (1-35); 

(E)-methyl 4-(2-(2-(2-<4ZJZ,10Z,13Zs16Z,19Z)-docosa-4(7>10>13,16,19-

hexaenamidoelhoxy)ethoxy)elhy]amino)-4-oxobui-2-enoale (1-36); 

(E)-methyl 4-(2-(2-(4Zs7Zsl0Z,l3Z,l6Z,l9Z)-docosa-4,7,l0,l3,16,l9-

hexaenamidoethylthio)ethylamino)-4-oxobut-2-enoate (1-37); 

(E)-methy 14-(3-(2-(4Z,7Z,l OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexasnamidoacetoxy)-

l-methoxy-l-oxobutarh2-ylamiiio)-4-oxobut-2-enoate (1-38); 

(E)-methyl 4-((R)-3-(i-(2-(4ZJZ,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaeimmidoe!Jiyl)-2,5-dioxopyrrolidm-3-ylthio)-l-methoxy-l-oxopropan-2~ylaramo)-4-

oxobut-2-enoate (I-
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(EVmethyl 4-(4-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7510,13,16J9-hexasnoylpiperazin-l-

yl)-4-oxobui-2-enoate (1-40); 

(E)-methyl 4-((2R,6S)-4-((4ZJZ,10Z>13ZJ16Z,19Z)-docosa-4,7,10s13>16,19-}iexafinoyl}-2,6-

dmieihylpiperazm-l-yi)-4-oxobut-2-eiioate (1-41); 

(EVmethyl 4-((IS>4S)-5-((4Z,7Z,10Z,13Z}16Z)19Z)-docosa-4,7J0,13,16,19-hexaenoyl)-2s5-

diaza~bicycIo[2.2.1. }heptan-2~yD-4-oxobul-2-enoaie (1-42); 

(E)-mcthyl 4-((2-((4Z,7Zs10Zs13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidomethyI)cyciopropyI)methylamiiio)-4-oxobiit-2-eiioate (1-43); 

(E)-meihyl 4-((4-(4Z,7Z,10Z,13Z,16Zs19Z)-docosa-4,7,10,13,16,19-

hexaen.ami.docyc1ohexy[}methyiamino)-4"Oxobut-2-enoate (1-44); 

(EVmethyl 4-(4-((4ZJZJQZJ3Zs16ZJ 9ZVdocosa-4,7,10J3,16,19-

hexaenamidomclhyI)cyciohsxyiaminoV4-oxob"ut-2-enoate (1-45); 

(E)~methyl 4-(3-(4Z,7Z,10Z,L3Z,16Z,19ZVdocosa-4,7,10,13,16,19-bexaettoyl-3-a£a-

bicyclo[3.1.0]h.exan-6-yiamino)-4-oxobut-2-enoate (1-46): 

(E)-rnethyi 4-(6-(4Z,7Z,l OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19-hexaenamido-3-aza-

bicycio[3..1,0]hexa.ri-3-yl)~4~oxobut.-2-enoate (1-47); 

(EVmethyl 4-((S>l-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,X9-

hexaenoyl)pyrrolidin-3-ylamin.o}-4-oxobut-2-enoate (1-48); 

(E)-methyi 4-((S)-3-((4Z,7Z,30Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamido)pyrroUdin-1 -yl)-4-oxobut-2-enoate (1-49); 

(EVmethyl 4-(( 1 -(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19~hexaenoylpyrroIidin-2-

y])ra.eihylamino)-4-oxobut-2-eDoate (1-50); 

(EVmethyl 4-(2-((4Z,7Z, I OZ, 13Z, 16Z, 19ZVdocosa-4,7,1.0,13,16,19-
hexaeiiamidomethy[)pyrrolidin-l~ylV4-oxobui"2-eiioate (1-51); 

(E)-methyl 4-(l-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoylpiperidin-4-

ylammo)-4-oxobut-2-enoate (1-52); 

(E)-methyl 4-(4-(4Z)7Z,10Z,13Z,16Z,19ZVdocosa-4,7,10,13,l6,19-hexaenamidopiperidm~l 

ylV4-oxobut-2-enoate (1-53); 

(E)-methyl 4-((1 -(4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenoylpiperidm-4-

yl)methylammo)-4-oxobut-2-enoate (1-54); 
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(E)-methy 1 4-(4-{(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamidomethyl)piperidin-1 -yi)-4-oxobut-2-enoate (1-55); 

(E)-methyl 4-((l-(4Z ,7Z,10Z, 132,16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenoylpiperidin-2-

yl)raethylamino)-4-oxobut-2-enoate (1-56); 

(EVmethyl 4-(2-((4ZJZ,10Z,13Z,16Z>19ZVdocosa-4,7,10,13,16,19-

hexaeiiamidomethyi)piperidin-l-yl)-4-oxobut~2-enoa.te (1-57); 

(E)-methyl 4-((4-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7., 10,13,16,19-hexaenoylmorphoIm~3-

yl)methyiamino)-4-oxobut-2-enoate (I-S8); 

(E)-methyl 4-(3-((4Z,7Z,10Z,13Z,16Z,19ZVdocx)sa-4,7,10,13,16,19-

bexaerjamidometby!)morphol.ino)-4-oxobut-2-enoate (1-59); 

(E)-metbyl 4-(5-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenoyl-

hexahydropyirolo[3,4-c]pyrrol-2(lHVyI)-4-oxobut-2-enoate (1-60); 

(E)-methyl 4-(l-(4Z,7Z,10Z,13Z,]6Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl-

hexahydropyrroio[3,4-b]pyrrol-5(l H)-yl)-4-oxobut-2-enoate (1-61); 

(E)-methy] 4-((2-(4Z,7Z,10Z,13Z,J6Z,19ZVdocosa-4,7,10,13,I6,19-

hexae^oyloct?ihydropyrrolo[l,2-a]pyTazir1-7-yl)metl:iyIamino)-4-oxobut-2-enoate(I-62); 

(E)-methyl 4-(7-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamidomethyl)-

hexahydropyrrolo[l,2--a]pyrazin-2(lrIVyl)~4-oxobut~2~enoa:te (1-63); 

(E)-methyl 4-(4-((4Z,7Z, 1 OZ, 13 Z, 16Z, 19Z )-docosa-4,7,10,13,16,19-

hexaenaniidoniethyl)phenylamiiio)-4-oxobiit-2-eiioate (1-64); 

(E)-methyl 4-(6-((4Z,7Z, 1 OZ, 13Z,16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamidomethy!)pyndiR-2-ylammo)-4-oxobui-2-enoate (3-65); 

(E)-ethy ( 4-(2-(4Z,7Z, 1 OZ J 3Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenaniidoethylammo.V 

4 -oxo bu f.- 2 ~enoate (1-66); 

(EVethyl 4-(2-((2-(4Z,7Z,]0Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenarmdoethyl)(methyl)ammo)ethyiamitto)-4-oxobul-2-enoate (1-67); 

(E)-ethyl 4-(2-(2-(4Z,7Z,10Z,I3Z,l6ZJ9Z)-docosa-4,7,10,13,16,19-

hexaenamidoethylamino)ethyia.mino)-4-oxobui-2-enoate (1-68); 

(S)-6-((4Z,7Z,10Z, 3 3Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-((E)-4-ethoxy-4-

oxobut-2-enamido)hexanoic acid (1-69): 
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(S)-2~((4Z,7Zi 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaeri.anudo)~6-((E)-4-ethoxy-4-

oxobut-2-enamido)hexarioic acid (1-70); 

(S)-6-((5Z,BZ, 11Z,14Z, 17Z)~icosa~5,8>l 1,14,17-pentaenaniido)-2-((H}-4-methoxy-4-oxobut-

2-enamido)hexanoic acid (1-71); 

(S)-2-((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5,8,l 1,14,17-pentaenaniido)-6-((E)-4-methoxy-4-oxobut-

2-enamido)hexaxioic acid (1-72); 

(E>methyl 4-(2>(2-<5Z,8Z,nZ,14Z,17ZVicosa-5,8,ll,14}17-
pentaeiiamjdoethylaii]ino)ethyianiino}*-4-oxobut-2-enoate (1-73); 

(E)-melhyl 4-(2-((2-(5Zt8Z>llZ)14Z,17ZVicosa-5,8>lls14,17-

pentaejiamidoethyl)(methyI)arnino)eihylarmno)-4-oxobut-2-enoate (1-74); 

(EVetbyl 4-(2-(5Z,8Z,llZJ4Z,17Z)-icosa-5,8,ll J4,17-pentaenamidoethylamino)-4-oxobut-

2-enoate (1-75); 

(S)-2-((EV4-eihoxy-4-oxobui~2-enamidoV6~((5Z,8Z,l lZ,14Zs17Z)-icosa-5,8,l 1,14,17-

pent aenamido)h.exanoic acid (1-76); 

(S)-6-((E)-4-ethoxy-4-oxobut-2-eiiamidoV2-((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5,8.11,14,17-

p erst a en ami do j h exano ic acid (1-77); 

(E'Vethyi 4-(2-((2-(5Z,8Z, 11Z, 14Z, 17Z)4cosa-5,8,l 1,14,17-

pentaenamidoethyl)(methyl)amino)ethylamino)-4'Oxobyt-2-enoate (1-78); 

(EVethyl 4-{2-(2~(5Z,8Z.I lZ,14Z,17Z)-icosa-5,8,l 1,14,17-

pentaenaniidoethylammo)ethylammo)-4-oxobxit-2-eiioate (1-79); 

(S)-5-((4Z,7Z,10ZJ3Z,16Z,19Z)-docosa-4,7,10,13,16s19-hexaeiiamido)-2-((EV4-methoxy-4-

oxobu.t-2-exiamido)penlaB.oic acid (1-80); 

(S)-5-((4Z,7Z, .10Z, 132,16Z, .19Z)-docosa-4,7,l 0,33,16,19-hexaejiamido)-5-((E)-4-melhoxy-4-

oxobut-2-enamido)pentaiioic acid (1-81): 

(S)-l,3-dihydroxypropan-2-yl 5-((4Z,7ZJ10Z,13ZJ6ZJ9Z)-docosa-4,7,10,13.116,19-

hexaenamido)-2-((E)-4-methoxy-4-oxobut-2-enam.ido)pentanoate (1-82); 

(SVi,3-dihydroxypropati-2-yl 2-((4Z,7Z,10Z,13Z)16Z,19ZVdocosa-4,7,10,13J16,19-

hexaenaniido)-5-((E)-4-methoxy-4-oxobut-2-enamido)pentanoate (1-83); 

(SV5-((5Z,8Z,llZ,14ZJ7Z)-icosa-5,8,ll,14,17-pentaenamidoV2-((E)-4-methoxy-4-oxobut-

2-enaniido)pentanoic acid (1-84); 
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(S)-2~((5Z„8Z, 11Z, 14 Z, 17Z)-icosa-5,8,l 1,14,1 7-pentaen.amido)-5-((E)-4-rnethoxy-4-oxobut 

2-enamido)pentanoic acid (1-85); 

(S)-l,3-dihydroxypropan-2-yl 5-((5Z,8Z,l 1Z, 14Z,i7Z)-icQsa-5,8,i1,14,17-pentaenaniido)- 2-

((E)-4-metboxy-4-oxobut-2-enaoiido)pentanoate (1-86); 

(S)-13"dihydroxypropaii-2-yl 2~((5Z,8Z,1 lZJ4Z,17Z)-icosa-5,8,l 1,14,17-pentaenamido)-5-

((E)»4~metliQxy-4-oxobut-2"Cnamido)pentanoa.te (1-87); 

(S)-5-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-((E)-4-ethoxy-4-

oxobut-2-enamido)pentanoic acid (1-88); 

(S)-2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-doeosa-4,7,10,13,16,19-hexaenxumdo)-5-((E)-4-ethoxy-4-

oxob u.l-2~en ami do jpentanoi c acid (1-89); 

(S)-1,3-dihydroxypropan-2-y 1 5-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenaniido)-2-((E)"4~ethoxy-4-oxobut-2~enaniido)pentanoaie (1-90); 

(S)-l,3-dihydroxypropari-2-yl 2-((4Z,7Zs10Z,13Z,]6Z,19Z>docosa.-4,7,10,13,16,19-

hexaen.amido)-5-((E)-4-ethoxy~4-oxobut-2-enamido)penta:noate (1-91); 

(S)-2-((E)-4-ethoxy-4-oxobut-2-enamido)-5-((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5 ,8,11,14,17-

pentaenamidojpentarioic acid (1-92); 

(S)-5-((E)-4-ethoxy-4-oxobut-2-etiamido)-2-((5Z,8Z,l 1Z,14ZJ 7Z)-icosa-5,8,l 1,14,17-

peniaenamido)penta.noic acid (1-93); 

(S}~ 1,3-dihydroxypropan-2-yl 2-((E)-4-ethoxy-4-ox.obut-2-enamido)-5-

((5Z,8Z5llZ,14Z,17Z)-icosa-5,8,ll,14,17-pentaeaamido)pentanoate (1-94); 

(S)- J ,3-dihydroxypropan-2-yl 5-((E)-4-ethoxy-4-oxobut-2-enamido)-2-

((5Z,8Z, 1.1Z, 14Z, 17Z)-icosa-5,8,l 1,14,17-pentaenamido)pentaiioale (1-95); 

(S)-i ,3-dibydroxypropan-2-yi 6-((5Z,8Z, 11Z, 14Z,17Z)-icosa-5,8J 1,14,17-pentaen.armdo)~2 

((E)~4-methoxy~4-oxobu!-2~enamido)hexanoate (1-96); 

(S)-l ,3-dihydroxypropan-2-vl 2-((5Z,8ZJ lZ,14Z,17Z)~icosa-5,8J i J4,17-pen.taenamido)-6 

((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (1-97); 

(S)-l93-dihydroxypropan-2-yl 6-((4Z,7Z, 10Z,13ZJ.6Z,19Z)-docosa--4,7,l 0,13,16J9~ 

hexaenami.do)~2-((E)~4-ethoxy-4-oxobut-2-enamido)hexa«oate (3-98); 

(S)-K3~dihydroxypropan-2-y? 2-((E)-4-ethoxy-4-oxobut~2-enamido)-6-

((5Z,8Z,I lZJ4ZJ7Z)~icosa~5,8tl 1 J4J7-peiitaenamido}hexanoate (1-99); 
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(S)-1,3-dihydroxypropari-2-yl 2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenao.iido}-6-((EV4-ethoxy»4-oxGbut-2.-enamido)hexaiioate (1-100); 

(S)-13~dihydroxypropan~2-yi 6~((E)-4-ethoxy-4-oxobut-2-enamido)-2-
((5Z,8ZJ 1Z, 14Z, 17Z)-icosa-5,8,11,14,17-pen,taenamido)hexanoate (1-101); 

(E)-4-(2 -(4Z/7Z, I OZ J 3Z, 16Z, 192 }-docosa-4,7,10,13, J 6,19-hexaenamidoethy1amiiio)-4-

oxobut-2-enoic acid (1-102); 

2~(4Z,7Z. 1 OZ,.13Z, 16Z„ 19Z)-dccosa-4,7,1.0,13,16,19-hcxaen.amidoethy 1 methyl fumarate 
(1-103); 

(E)-methyl 4-(methyl(2-((4Z,7Zf 1 OZ, 13Z, 16Z, 19Z)-N-methyldocosa-4,7,10,13,16,19-

hexaenamido)ethy])ammo)-4-oxob'ui-2-eiioate (1-104); 

(R,E)-methy! 4-(2-(5~(l,2~dithioian-3-yl)pent^amido)ethylammo)-4-oxobut-2-enoate 
(1-105); 

6-(5-((R)-1.2-diihiolai)-3-y1)pentanamido)-2-((E)-4-:methoxy-4-oxob'ul-2-eiiaraido)hexanoic 

acid (1-106); 

2-(5-((R)* l,2-dithioian-3-yl)pentanamido)-6-((E)-4-methoxy-4-oxobut-2-enamido)hexanoic 
acid (I-107); 

(R,E)-methyl 4-(2-(2~(5-(1.2-ditluolan.-3-yl)pentanamido)ethylan].mo)ethylaniino)-4-oxobut-

2-enoate (1-108); 

(R.,E)-metbyi 4-(2-((2-(5-(],2-dithiolan-3-y!)pen.ianamido)etbyl)(methyl)aiuioo)ethylamino)-

4-oxobut-2-enoate (1-109); 

NJ. N4-bis(2-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7 J 0,13,16,19-

hexa.eoan'ij.doelhyljl\xrriaramide (O-l); and 

N1-(2-(42,7Z910Z,13Z,.16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamidoethyl)-N4-(2-

(5Z,8Z, 11Z.14Z, 17Z)-icosa-5,8,11,14,17~peniaenamidoethyI)fumaramide (If-2), 
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Methods for using Fatty Acid Fumarate Derivatives 

[0056] Also provided in the invention is a method for inhibiting, preventing, or treating 

inflammation or an inflammatory disease in a subject. The inflammation can be associated 

with an inflammatory disease or a disease where inflammation contributes to the disease. 

Inflammatory diseases can arise where there is an inflammation of the body tissue. These 

include local inflammatory responses and systemic inflammation. Examples of such diseases 

include-, but are not limited to: organ transplant rejection; reoxygenation injury resulting 

from organ transplantation (see Grupp et al., J. Mol. Cell Cardiol 31: 297-303 (1999)) 

including, but not limited to. transplantation of the following organs: heart, lung, liver and 

kidney; chronic inflammatory diseases of the joints, including arthritis, rheumatoid arthritis, 

osteoarthritis and bone diseases associated with increased bone resorption; inflammatory 

bowel diseases such as ileitis, ulcerative colitis, Barrett's syndrome, and Crohn's disease; 

inflammatory lung diseases such as asthma, adult respiratory distress syndrome, chronic 

obstructive airway disease, and cystic fibrosis; inflammatory diseases of the eye including 

corneal dystrophy, trachoma, onchocerciasis, uveitis, sympathetic ophthalmitis and 

endophthalmitis; chronic inflammatory diseases of the gum, including gingivitis and 

periodontitis; chronic kidney disease (CKD); IgA nephropathy; inflammatory diseases of the 

kidney including uremic complications, glomerulonephritis and nephrosis; inflammatory 

diseases of the skin including sclerodermatitis, psoriasis and eczema; inflammatory diseases 

of the central nervous system, including chronic demyelinating diseases of the nervous 

system, multiple sclerosis, AIDS-related neurodegeneration and Alzheimer's disease, 

infectious meningitis, encephalomyelitis, Parkinson's disease, Huntington's disease, 

amyotrophic lateral sclerosis and viral or autoimmune encephalitis. Metabolic disease such 

as type II diabetes mellitus; the prevention of type I diabetes: dyslipedemia; 

hypertriglyceridemia; diabetic complications, including, but not limited to glaucoma, 

retinopathy, macula edema, nephropathy, such as microalbuminuria and progressive diabetic 

nephropathy, polyneuropathy, diabetic neuropathy, atherosclerotic coronary arterial disease, 

peripheral arterial disease, nonketotic hyperglycemichyperosmolar coma, mononeuropathies, 
autonomic neuropathy, joint problems, and a skin or mucous membrane complication, such 

as an infection, a shin spot, a candidal infection or necrobiosis lipoidica diabeticorum; 

immune-complex vasculitis, systemic lupus erythematosus; inflammatory diseases of the 

heart such as cardiomyopathy, ischemic heart disease hypercholesterolemia, and 

atherosclerosis; as well as various other diseases that can have significant inflammatory 
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components, including preeclampsia.; chronic liver failure, brain and spinal cord trauma, and 

cancer. The inflammatory disease can also be a systemic inflammation of the body, 

exemplified by gram-positive or gram negative shock, hemorrhagic or anaphylactic shock, or 

shock induced by cancer chemotherapy in response to proinflammatory cytokines, e.g.. shock 

associated with proinflammatory cytokines. Such shock can be induced, e.g., by a 

chemotherapeutic agent that is administered as a treatment for cancer. Other disorders 

include depression, obesity, allergic diseases, acute cardiovascular events, arrhythmia, 

prevention of sudden death, muscle wasting diseases such as Duchenne's Muscular 

Dystrophy, inflammatory' myopathies such as dermatomositis, inclusion body myositis, and 

polymyositis, and cancer cachexia. Also inflammation that results from surgery and trauma 

can be treated with a Fatty Acid Fumarate Derivative. 

[0057] The compounds described herein are also useful in treating a variety of cancers 

such as carcinoma, sarcoma, lymphoma, leukemia, melanoma, mesothelioma, multiople 

myeloma., seminoma, and cancer of the bladder, blood, bone, brain, breast, central nervous 

system., colon, endometrium, esophagus, genitourinary tract, head., larynx, liver, lung, neck, 

ovary, pancreas, prostate, testicle, spleen, small intestine, large intestine or stomach. 

[0058] In some embodiments, the subject is administered an effective amount of a Fatty-

Acid Fumarate Derivative. 

[0059] Effective dosage amounts of the present invention, when used for the indicated 

effects, range from about 20 mg to about 5000 nig of the Fatty Acid Fumarate Derivative per 

day. Compositions for in vivo or in vitro use can contain about 20, 50, 75, 100, 150, 250, 
500, 750. 1000, 1250, 2500, 3500. or 5000 mg of the Fatty Acid Fumarate Derivative. In one 

embodiment, the compositions are in the form of a tablet that can be scored. Effective 

plasma levels of the Fatty Acid Fumarate Derivative can range from about 0.002 mg to about 

100 mg per kg of body weight per day. Appropriate dosages of the Fatty Acid Fumarate 

Derivatives can be determined as set forth in Goodman, L. S.; Oilman, A. The 
Pharmacological Basis of Therapeutics, 5th ed.; MacMillan: New York, 1975, pp. 201-226. 

[0060] The invention also includes pharmaceutical compositions useful for treating or 

preventing a metabolic disorder, or for inhibiting a metabolic disorder, or more than one of 

these activities. The compositions can be suitable for internal use and comprise an effective 

amount of a Fatty Acid Fumarate Derivative and a pharmaceutically acceptable carrier. 'The 

Fatty Acid Fumarate Derivatives are especially useful in that they demonstrate very low 

peripheral toxicity or no peripheral toxicity. 

53 



WO 2011/085211 PCT/US2011/020534 

[0061] Administration of the Fatty Acid Fumarate 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, subcutaneous, vaginal buccal 

rectal or topical administration modes. 

[0062] Depending on the intended mode of administration, the compositions can be in 

solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets, 

suppositories, pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders, 

liquids, suspensions, or the like, sometimes in unit dosages and consistent with conventional 

pharmaceutical practices. Likewise, they can also be administered in intravenous (both bolus 

and infusion), intraperitoneal subcutaneous or intramuscular form, all using forms well 

known to those skilled in the pharmaceutical arts. 

[0063] Illustrative pharmaceutical compositions are tablets and gelatin capsules 

comprising a Fatty Acid Fumarate Derivative and a pharmaceutically acceptable carrier, such 

as a) a diluent, e.g., purified water, triglyceride oils, such as hydrogenated or partially 

hydrogeuated 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, sail sodium oleate, sodium stearaie, magnesium stearaie, 

sodium benzoate, sodium acetate, sodium chloride and/or polyethylene glycol; for tablets 

also; c) a binder, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, 

methyicelluiose, 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, algiic acid or its 

sodium salt, or effervescent mixtures; e) absorbent, colorant, flavorant and. sweetener; f) an 

emulsifier or dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caprovl 909, 

labrafaa 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 cyciodextrin, hydroxypropyi-cyclodextrin, PEG400, PEG200. 
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[0064] Liquid, particularly injectable, compositions can, for example, be prepared by 

dissolutions dispersion, etc. For example, the Fatty Acid Fumarate 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 Fumarate Derivatives. 

{0065] The Fatty Acid Fumarate 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. 

10066] The Fait}' Acid Fumarate Derivatives can also be administered in the form of 

liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and 

multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, containing 

cholesterol, stearylamine or phosphatidylcholines. In some embodiments, a film of lipid 

components is hydrated with an aqueous solution of drug to a form lipid layer encapsulating 

the drug, as described in United States Patent No. 5,262,564. 

[0067] Fatty Acid Fumarate Derivatives can also be delivered by the use of monoclonal 

antibodies as individual carriers to which the Fatty Acid Fumarate Derivatives are coupled. 

The Fatty Acid Fumarate Derivatives can also be coupled with soluble polymers as targetable 

drug carriers. Such polymers can include polyvinylpyrrolidone, pyran copolymer, 

polyhydroxypropylmeihacrylamide-phenol, polyhydroxyethylaspanamidephenol, or 

polyethyleneoxidepolylysine substituted with palmitoyl residues. Furthermore, the Fatty 

Acid Fumarate Derivatives can be coupled to a class of biodegradable polymers useful in 

achieving controlled release of a drug, tor example, poly lactic acid, polyepsilon caprolactone, 

polyhydroxy butyric acid, polyorthoeslers, polyacetals, polydihydropyrans, 

polycyanoacrylates and. cross-linked or amphipathic block copolymers of hydrogels. In one 

embodiment, Fatty Acid Fumarate Derivatives are not covalently bound to a polymer, e.g., a 

polycaxboxylic acid polymer, or a polyacrylate. 

[0068] 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. 
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[0069] 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 Fumarate Derivative by weight or volume. 

[0070] The dosage regimen utilizing the Fatty Acid Fumarate 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 

Fumarate 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. 

[0071] Fatty Acid Fumarate Derivatives can be administered in a single daily dose, or the 

total daily dosage can be administered in divided doses of two, three or four times daily. 

Furthermore, Fatty Acid Fumarate 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, aerosol sprays and gels, wherein the concentration of the 

Fatty Acid Fumarate Derivative ranges from about 0.1 % lo about 15 %. w/w or w/v. 

56 



WO 2011/085211 PCT/US2011/020534 

Methods for making the Fatty Acid Fumarate Derivatives 

[0072] Examples of synthetic pathways useful for making Fatty Acid Fumarate 

Derivatives of Formula I, IA, IB, IC, and i'l are set forth m fee Examples below and 

generalized in Schemes 1-11. 

Scheme 1 
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[0073] The mono-BOC protected amine of the Formula B can be obtained from 

commercial sources or prepared according to the procedures outlined in Krapcho et al. 
Synthetic Communications 1990. 20, p. 2559-2564. The commercially available compound A 

can be amidated with the amine B using a coupling reagent such as DCC, GDI, EDC or 

optionally with a tertiary7 amine base and/or catalyst, e.g., DMA?, followed by deprotection 

of the BQC group with acids such as TFA or HCi in a solvent such as CH2CI2 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. Those skilled in the art will recognize 

that lipoic acid can be substituted for fatty acid. B in this and subsequent, schemes. 
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Scheme 2 
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[0074] The acylaied amine of the Formula F can be prepared using the procedures 

outlined in Andruszkiewicz et ai, Synthetic Communications, 2008, 38, p. 905-913. 

Compound A can be amidated with, the amine F 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 HCI in a solvent, such as CH2CI2 or 

dioxane to produce the coupled compound G. Activation of compound G 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 I> affords compounds of the Formula 11. 
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[0075] Compound A can be amidated with the corresponding amine I (where i 0, 1, 2 

or 3) using a coupling reagent such as DCC, CDI, EDC, or optionally with a tertiary amine 

base arid/or catalyst e.g., DMAP, followed by deprotection of the BOC group with acids 

such as TFA or HCI in a solvent such as CH2CI2 or dioxane to produce the coupled compound 

J. Activation of compound J 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 O affords compounds 

of the Formula K. Hydrolysis of the ester under basic conditions such as NaOH or LiOH 

produces the corresponding acid, which can be coupled with giycidyl to afford compounds of 

the Formula L. 
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[0076] The amine- M can be prepared according to the procedures outlined in Dalian et al, 

J Org. Chem. 2007, 72, p. 2289-2296. Compound A can be coupled with the amine M 

using a coupling reagent such as DCC, CDL EDC, or optionally with a tertiary' amine base 

and/or catalyst, e.g., DMAP, followed by deprotectson of the BOC group with acids such as 

TFA or HCI in a solvent such as CH2CI2 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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[0077] Compound A can be amidated with, the commercially available amine P using a 
coupling reagent such as DCC, CDL 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 CH2G2 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 familiar in the ait, the sulfur group in Formula Q can be oxidized to the 

corresponding sulfoxide or sulfone using an oxidizing agent such as H2O2 or oxone. 
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[0078] 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, p. 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, e.g., DMAP, to afford 

compound II, The BOC group of compound U can be removed with acids such as TFA or 

HQ in a solvent such as CH2CI2 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 familiar in the art., the hydroxy! 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 

Palladium, on carbon. The amine can be farther 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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}0079j Compound A can be amidated with the commercially available amine X using a 

coupling reagent such as DCC, GDI, 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 suck as T'FA or HCI in a solvent such as CH2Ch 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. 
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[0080] Compound A can be amidated with, the commercially available cysteine methyl 

ester using a coupling reagent such as DCC, CD!, EDC, or optionally with a tertiary amine 

base and/or catalyst, e.g., DMAP, to afford compound AA. The commercially available 

mal.eimi.de derivative BB can be coupled with a fatty acid of the Formula 0 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 acetomlrile to afford 

compounds of the Formula DD. 
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[0081] The commercially available amino acid esters EE can be coupled with a fatty acid 

of the Formula D using a coupling agent such as EDC! 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 H. 

65 



o 

^OH 

3 g 

H,N 

1) 

NHBoc 

/ b 

EDO) 

O as 

'N' H 

W a id 

3L. /C. -NHBoc 
MeO?C N X 

NHBoc 

H A n b D O 

11 TFA 

2) 

O 

HO' 
HATU 

* DIEA 

1) T'FA 

2) 
HATU 

T DIEA 

O 

HO' >fr\ 

1) NaOH 

a ?; 
2) 

H2N 
NHBoc 

b b 
EDC! 

O a a b7^ , Y H 
o b b 6 

[0082] Compound A can be coupled with the amine of Formula JJ* using either EDCI or 

HATU to afford compounds of the Formula KK. The BOC group can be removed by 

treatment with acids such as TFA or HCI and. the resulting amine can be coupled with a fatty-

acid of Formula D to afford compound LL. The methyl ester group can be bydroiyzed by 

treatment with a base such as LiOH or NaOH and die resuiting acid can be coupled with the 

amine JJ to afford compound MM. The BOC group can be removed by treatment with acids 

such as TFA or HCI and the resuiting amine can be coupled with a fatty acid of Formula D 

using either EDCI or HATU to afford compound NN. 
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[0083] Compound A can be coupled with a BOC-protected diamine of the general 

Formula BA to obtain the BOC-protected amide derivative. After treatment with HCI in 

dioxane, the resulting amine GO can be coupled with a fatty acid of the Formula & in order 

to obtain compounds of the Formula PP. A variety of BOC-protected diamines are 

commercially available. Diamines DAI, DA2„ DAB. and DA4 

'NBoc 
J 

NH VH2 ( 
NHBoc 

Boc 

/ \ 

V 
H 

, and 

and derivatives thereof, can be prepared according to the procedures outlined in the 

corresponding references: diamine DAI, Stocks et ai, Bioorganic and Medicinal Chemistry 

Letters 2010, p. 7458; diamine BA2, Fritch et al, Bioorganic and Medicinal Chemistry 
Letters 2010, p. 6375; diamine DA3 and DA4, Moffat et al, J, Med. Chem. 2010, 55, 

p.8663-8678), the disclosures of the foregoing references are incorporated herein in their 

entireties. Detailed procedures to prepare a variety of mono-protected diamines can also be 
found in the following references: WO 2004092172, WO 2004092171, and WO 2004092173, 

the discisoures of which are incoq.iora1.ed herein in their entireties. 
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EXAMPI.ES 

[0084] The disclosure is farther illustrated by the following examples, which are not to be 

construed as limiting this disclosure in scope or spirit to the specific procedures herein 

described. It is to be understood thai the examples are provided to illustrate certain 
embodiments and that no limitation to the scope of the disclosure is intended thereby. It is to 

be further understood that resort may be had to various other embodiments, modifications, 

and equivalents thereof which may suggest themselves to those skilled in the art without 

departing from, the spirit of the present disclosure and/or scope of the appended claims. 

Example I 

|0085] Effects of compounds of the invention on NFKB Levels in RAW 264.7 

Macrophages 

|0086} 'RAW 264.7 cells stably expressing a 3x NFkB response elemement-drive 

luciferase reporter were seeded into 96 well plates in sera-free medium (Optimem) 18 hours 

prior to compound application. Compounds of the invention were prepared by first making 

100 mM stock solutions in EtOH. Stock solutions were then diluted 1:100 in low LPS PBS 

(Gemini BenchMark 100-106), mixed vigorously and allowed to incubate at room 

temperature for 30 minutes. 1:2 serial dilutions were then made in FBS supplemented with 

1% EtOH, mixed vigorously, and again allowed to incubate at room temperature for 30 

minutes before adding to RAW 264.7 reporter cells (final concentrations: 10% FBS, 100uM 

highest compound dilution, 0.1% EtOH) for a 2 hour pretreatment prior to stimulation with 

LPS. Cells were then stimulated with 200 n.g/ml LPS or vehicle control for 3 hours in the 

presence of the compounds of the invention, A set of six vehicles was left unstimulated with 

LPS in order to measure the assay floor. AlamarBlue viability dye (Invitrogen) was added to 

cells simultaneously with the delivery of LPS (final AlamarBlue concentration of 10%). 

After the 3 h incubation period with LPS, cell viability was measured by reading fluorescence 

(excitation 550 nm, emission 595 nm) with a Perk in Elmer Victor V plate reader. Then cell 

media was aspirated .from each well Luciferase signal was then developed by addition of the 

Britelite Plus reagent (Perkin Elmer). Luciferase activity was measured with the Perkin 

Elmer Victor V plate reader. NF-KB activity was expressed as a percent of the vehicle 

control wells (stimulated with LPS). Compounds were tested at 6 dose point titrations in 

triplicate to determine IC50 values. 
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[0087] Table 1 summarizes the 3C50 values for a number of fatty acid fumarate 
conjugates in this NF-KB luciferase reporter assay. In this table, MMF = mono methyl 

fumarate. A (—) indicates that the compound showed no inhibitory activity <^200 fxM, A (+) 

indicates that the compound showed inhibitory activity bewteen > 50 p.M and < 200 fiM. A 

(;-t- •+•) indicates that the compound showed inhibitory activity at < 50 joM, 

Table 1 

Compound 
NF-kB inhibitory 

activity 

MMF 

MMF + DHA 

I-I + + 

1-2 + + 

1-3 4- 4-

1-4 + + 

1-5 _J_ 

1-6 T + 

1-22 + + 

1-39 I 

1-40 -r + 

1-41 + 

1-66 "t" 

1-67 + + 

1-72 "i" 

1-102 .... 

1-103 + 

1-104 — 
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Example 2 

| 0088| Effect of fatty acid fumarate derivatives on IL-lp and TNF-a 

[00891 RAW264.7 macrophages were seeded at a density of 100.000 cells/well in a 

96-wel.l plate in DMEM supplemented with 10% FBS and Penn/strep, 16 hours later, 

medium was aspirated and replaced with 90p.L/well of serum-free DMEM. A fatty acid 

fumarate conjugate, DHA and monomethyl-fumaraie (MMF) were brought up in 100% EtOH 

to a concentration of lOOmM and then diluted 1:100 in 100% FBS for a stock solution 

consisting of ImM compound and 1% EtOH. These stock solutions were then diluted 1:10 in 

FBS supplemented with 1% EtOH to generate a 100,uM of a fatty acid fumarate conjugate 

and 100^M each of DHA and MMF. 10uL was then added to the RAW246.7 ceils to 

generate final concentrations lOpM of the fatty acid fumarate conjugate or IOJIM each DHA. 

and MMF, along with vehicle only control. The compounds were allowed to pre-incubale for 

2 hours before stimulation of lOOng/nii LPS (lOuL of lp„g/m! LPS was added to each well). 

Following 3 hours of LPS stimulation, cells were washed once in ix PBS, aspirated dry, and 

flash frozen in liquid nitrogen. RNA was then isolated and converted to cDNA using the 

Cells to cDNA kit (Ambion) according to the manufacturer's protocol. IL-lf> and TNF~cx 

transcript levels were then measured using Taqman primer/probe assay sets (Applied 

Biosystems), normalized to GAPDH using the deltaCt method, and the data expressed 

relative to vehicle only control. Macrophages treated with compound I-l showed greater 

reduction of TL-ip and TNF-a gene expression than cells that were treated with a 
combination of mono methyl fumarate (MMF) and DHA (Figure 1). Statistical analysis was 

conducted using one-way ANOVA, ** p < 0.05, *** p < 0.005. 
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[0090] TNFa Release Assay in RAW 264.7 Macrophages 

[0091| The purpose of this assay is to measure the ability of small molecules to inhibit 

the secretion of TNFa in cultured macrophages stimulated with lipopolysaccharide (LPS). 

Treatment of macrophages with LPS activates inflammatory cytokine pathways primarily 

through the TLR4-NFKB signaling axis. Compounds of the invention inhibit the 

transcriptional activation of NFKB and thus decrease the production and release of TNFa 

Dexatuethasone, a potent agonist of the glucocorticoid receptor is used a positive control for 

inhibition of TNFa release. 

[0092j Day 1: S eed RAW 264.7 macrophages into 96 well culture plates. Remove 

culture media from RAW 264.7 cell growing in a 75 mm" tissue culture flask (cells should be 

at -70% confluence) and add .10 ml- of warmed complete growth media (DMEM -f 10%FBS 

-flX pen/step). The cells are scraped into suspension using a sterile plate scraper and 

homogenized by pipetting up and down with a 10 mL serological pipette. The cell 

concentration is determined using a clinical hematoctyometer. Cells are then diluted to 

150,000 cells per mL into growth media. The diluted cells are then transferred to a sterile 

reagent reservoir and 100 fil of cell suspension is pipetted into each well of a 96 well culture 
plate using a multichannel pipette (15,000 cells/well). Plates are then incubated at 37 °C-

under normal tissue culture growth conditions (37 °C, humidified CO: chamber). 

10093] Day 2: The test compound sample plate is prepared. Test compounds are 

prepared in growth media. Compounds are delivered to media from 1000X stocks in 100% 

DMSO (e.g. for a 10 yM final concentration of test compound, deliver 2 ul of 10 mM test 

compound to 2 mL of media). At least 150 jil of IX compound in media is added to 96 well 

sample plate. The perimeter wells of the 96 well plate are not used to avoid edge effects. 

Twelve sample wells are prepared with media plus 0.1% DMSO (these samples will serve as 

the vehicle controls; LPS-stimulated and non-stimulated; 1.0 |iM dexamethasone is used as a 

positive control). Culture plates are then returned to the growth incubator for 2 hours. Cells 

are stimulated afterwards by adding 25 jul of 50 ng/mL LPS is added to even/ well (except the 

6 unstimulated vehicle control wells: final concentration of 10 ng/mL LPS. Plates are 

returned to growth, incubator for 3 hours. Afterwards, 100 til of media supernatant is 

removed and transferred to a 96 well v-bottom sample plate. The media supernatant plate is 

ccntrifiiged for 5 minutes at 1,000 rpm in a swing-bucket centrifuge, pelleting any cellular 

debris that may remain in supernatant. 80 ul of supernatant, is removed from sample plate 
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and transferred to a fresh v-bottom 96 well plate. Cell viability is measured using 

Celltifer-glo kit. By measuring celf viability, a given compound's effects on TNFa secretion 

can determine whether effects are- due to cytotoxicity or to true inhibition of inflammatory 
signaling. Add 100 Lti of Celititer-glo reagent to each well of the ceil culture plate and 

afterwards measure the luminescence signal. (CPS) of the plate using the Victor 5 plate reader 

(0.3 second read; 60 second plate shaking prior to read). Cell viability of a given compound 

at a. given concentration is computed as follows: 

Cell viability ::: CPS Sample/YAverage CPS unstimulated controls)* 100 

|0094| I jse 20 pj of media supernatant per well for TNFa ELISA. Follow 

Invitrogen/Biosource manufacture's protocol for the mouse TNFa ELISA. Chromogen 

development is typically conducted for 20-30 minutes as described in the manufacturer's 

protocol. After addition of stop solution, measure OD 450 nm using the Victor 5 plate reader 

(0.1 second/well scan). Determine the TNFa secretion percent of control. The following 

formula is used to determine the TNFa secretion percent of control: 

100 X {OD 450 nm Sample X } - (Average QD 450 nm unstimulated vehicle controls) 

(Average OD 450 nm. LPS stimulated vehicle controls) - (Average OD 450 nm unstimulated 

vehicle controls) 

[0095] For each test compound, TNFa secretion percent of control can be plotted as a 

function of compound concentration using a four parameter dose-response curve fit equation 

(XLFIT Model # 205): 

fit = (A+((B-A)/( 1+((C/x) AD))» 

inv = (C/((((B~A)/(y-A))-i)A(l/D))) 

res = (y-fit) 
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Example 4 

[0096] In vivo effects of compounds of the invention in aw LPS-chaMenge TNFa 
mouse model 

[0097] To measure the. effects of compounds on TNFa secretion in vivo, Male Swiss 

Webster mice (n = 10 animals per group) are dosed by either oral gavage or by ip injection 

with each test compound (dosing volume is 15 mL/kg). All compounds are formulated in the 

appropriate vehicles (Examples of vehicles that can be used include combinations of solvents 

such as polyethylene glycol and propyleneglycol, lipids such as glycerol monooleate and 

soybean oil, and surfactants such as poiysorbate 80 and cremophor EL). Ninety minutes after 

compound dosing, animals are treated with 0.2 mg/kg LPS (lipopolysaccharide) by 

intraperitoneal (IP) injection. Ninety minutes after LPS challenge, mice are anesthetized and 

bled by cardiac puncture into serum separator tubes (with sodium heparin). Bleeds are 

allowed to clot at room temperature for 2 hours, and tubes are then spun for 20 minutes at 

2,000 xg. Serum is harvested from tubes (100-150 j.tl per animal) and frozen at -70 °C. 

TNFa serum levels are measured using commercially available TNFa ELISA kits (*p < 0.05 

using a 2-tailed t-test). As a representative example, compound I-l was dosed by at 300 

mg/kg (i.p., formulated at 300 mg/g of compound in 42% Tween, 16% Cremophor, 31% 
glycerol monoleale, 10% propylene glycol and diluted with 6 mL of water). Dexamethasone 

(dosed at 0.5 mg/kg po, similarly formulated) was used as the positive control in the 

experiment. The data is summarized in Figure 2. Statistical analysis was conducted using 

one-way ANQVA, * p < 0.05. 
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Example 5 

[0098] Effect of fatty add fumarate derivatives OK the target gene Hmoxl in RAW 

macrophages 

[0099] RAW264.7 macrophages are seeded at a density of 100,000 cells/well in a 96-well 

plate in DMEM supplemented with 10% FIBS and Penn/strep. 16 hours later, medium, is 

aspirated and replaced with 90fiL/weil of serum-free DMEM, A fatty acid fumarate 

conjugate, DHA and EPA are brought up in 100% EtOH to a concentration of lOOmM and 
then diluted 1:100 in 100% FBS for a 20x stock solution consisting of ImM compound and 

1% EtOH. The fatty acid fumarate conjugate 20x stock solutions are diluted 1:2 in FBS 

supplemented with .1% EtOH for a 500uM lOx stock solution, whereas equal volumes of the 

DHA and EPA 20x stock solutions are mixed to create a 10x stock solution, containing 

500/iM each of DHA and EPA. The lOx stock solutions are then serially diluted 1:2 in FBS 

supplemented with 1% EtOH and 10uL of each dilution is added to the RAW246.7 cells to 

generate final concentrations of 50, 25, 12.5, 6.25, 3..12 and 1.6 siM. The compounds are 

allowed to pre-incubate for 2 hours before stimulation of lOOng/ml LPS (10|_iL of 1 p.g/ml 

LPS is added to each well). Following 3 hours of LPS stimulation, cells are washed once in 

Ix PBS, aspirated dry, and flash frozen in liquid nitrogen. RNA is then isolated and 

converted to cDNA using the Cells to cDNA kit (Arnbioo) according to the manufacturer's 

protocol. Transcript levels are then measured using ABJ Taqman primer/probe assay kits, 

normalized to GAPDH using the deitaCt method, and the data expressed relative to vehicle 

only control. Figure 3 shown below summarizes the positive effect of compound I-l on the 

target gene Hmoxl. Figure 4 summarizes the positive effect of the lipoic acid fumarate 

derivative 1-105 on the target gene Hmoxl and IL-lp (protocols for obtaining IL-lp gene 

expression were detailed, in example 1). 
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Example 6 

[0.100| Effect of fatty acid fumarate conjugates In the streptozotodm-diabetic rat 

[0.10.1] Female Sprague-Dawiey rats (8 weeks old, with an average weight of 150 g) are 

used for the study. Diabetes is induced by a single tail vein injection of streptozotocin (STZ) 

in 0.1 mol/L sodium citrate buffer, pH 4.5. Diabetes is then confirmed by measuring blood 

glucose levels at two and three days after the STZ treatment. Diabetic animals are classified 

as those with plasma glucose higher than 16 nmoI/L The diabetic animals are then divided 

into the vehicle control group and the treatment group (each group having 12 animals). All 

animals are housed individually with a. light dark cycle of 12 hours each, with animals having 

free access to food and water. In order to maintain body weight and to limit hyperglycemia, 

diabetic animals are treated, with 3 JU of ultralente insulin three times per week in the 

afternoon (at approximately 3 to 4 pra). In order to maintain glycemic control as the animals 

gain weight, the dose of insulin is increased to 5 1U at. week 15. Animals are dosed with the 
vehicle or the fatty acid fumarate conjugate over a 28 week period (Examples of vehicles that 

can be used include combinations of solvents such as polyethylene glycol and 

propyleneglycol, lipids such as glycerol monooleate and soybean oil, and surfactants such as 

polysorbate 80 and cremophor EL). Progression of renal disease can be assessed by monthly 

measurements of urinary albumin and plasma creatinine concentrations. For urinary 

measurements, rats are housed in metabolic rat cages for 24 hrs. Urinary albumin can be 

quantified by a competitive ELISA assay according to the protocols outlined in Degenhardt et 

al, Kidney International 2002, 61, p. 939-950. Plasma creatinine concentrations can be 

measured by the Jaffe picric acid procedure, using the standard kit from Sigma (Sigma cat # 

555-A). Statistical analyses can be performed using SigmaStat for Windows VI.00. P 
values can be calculated by non-parametric Mann-Whitney Ranlc Sum analysis, On week 28, 

dysiipidemia can also be assessed by measuring plasma triglycerides and total cholesterol 

These plasma lipids can be measured by enzymatic, coiorimetric, end-point assays using 

standardized, commercially available kits. Total cholesterol can be analyzed using the Sigma, 

kit (cat # 352) and triglycerides can be analyzed by the Sigma kit (cat # 37, GOP Grinder). 
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Example 7 

[0103] For this study, 10 to 12-week old male C57BL/6 mice of approximately 30 g in 

body weight are used. After the normal acclimation period, the animals are maintained on a 

standard diet and water is freely available. Mice are then given a single intraperitoneal 

injection of either the vehicle or cisplatin (20 mg/kg, at a concentration of 1 mg/mL in 

saline). Ten animals are used per treatment group. For the drug treatment group, beginning 

24 hours prior to the cisplatin injection, animals are dosed with a fatty acid fumarate 

conjugate (formulated in combinations of solvents such as polyethylene glycol and 

propyleneglycol, lipids such as glycerol monooleate and soybean oil, and surfactants such as 

polysorbate 80 and cremophor EL). Dosing is then continued over a period of 72 hours. At 

this point, animals are sacrificed and blood and kidney tissues are collected. Blood urea 

nitrogen (BUN) and creatinine are measured. Levels of TNF-a in serum can be determined 

using a commercially available enzyme-linked immunosorbent assay (ELISA), Tissues are 

processed for histology and RNA isolation. Tubular injury can be assessed in PAS-stamecl 

sections using a semi-quantitative scale described in "G. Ramesh and W. B. Reeves, Kidney 
International, 2004, 65, p. 490-498", 
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Example 8 

[0104] Chronic experimental autoimmune encephalomyelitis (EAE) moose model 

for multiple sclerosis (MS). 

[0105] C57BL/6 female mice- that, are 8-12 weeks old with body weight in the range of 

20-30 g are used for the EAE model For the induction of EAE, mice receive s.c. injection in 

the flanks and tail base with 50 j.ig of MOG35-55 immunopeptide (coo.imercia.Iiy available 

from Hooke- laboratories, Lawrence, MA) in PBS emulfsificd in an equal volume of complete 

Freund's adjuvant. (CFA) containing Mycobacterium, tuberculosis H37RA at a final 

concentration of 0.5 0.5 rog/mL. Two injections of pertussis toxin (200 ng per mouse i.p.) 

are given on days 0 and 2. The medication is administered in the indicated vehicle by oral 

gavage starting from day 3 post immunization until the termination of the study. Each 
treatment group consists of 8 animals; vehicle alone as a negative control or the Fatty Acid 

Fumarate Derivative. Animals are weighed and scored for clinical signs of disease on a daily 

basis over the course of the study (28 days). Disease severity can be assessed using a scale 

ranging from 0 to 10; with scores as follows: 0 = normal; 1 = reduced tone of tail; 2 = limp 

tail, impaired righting; 3 ::: absent righting; 4 ~ gait ataxia; 5 - mild paraparesis or paraplegia; 

E = tetraparesis; 9 = moribund; 10 = death. Mice are usually sacrificed with scores 7 or 

higher. 

[0106] The following non-limiting compound examples serve to illustrate farther 

embodiments of the Fatty Acid Fumarate Derivatives. It is to be understood that any 

embodiments listed in the .Examples section are embodiments of the Fatty Acid Fumarate 

Derivatives and, as such, are suitable for use in the methods and compositions described 

above. 
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Example 9 

[0107] Preparation of (E)-metliyl 4-{2-{4Z,7Z,10Z,13Zv16Z,19Z)-docosa-

4,7,10,13,16,19-hexaeiiamidoethylamino)-4-oxobut-2-enoate (Compound I-l) 

H?N-^NHBOC /-\ /"\ 
v 1> o ^NH2 o H) / 3"°" — VN£ — V-NH" 0 ) 

/ 2) HCI. dioxane —/ /J 
MeO~< 7 / /— ft \ /— 

N0 MeO-^ MeO~/ ( W/ 

O b —^ J 

|0108| Mono methyl fumarate (1.7 g, 13.1 mmol) was taken up m 20 mL of CH2CI2 

along with, oxalyl chloride (1.1 mL, 13.1 mmol). After a few drops of DMF were added, the 

reaction mixture was stirred at room temperature until all the solids had dissolved and ail gas 

evolution had ceased (1 h). This freshly prepared solution of the acid chloride was added 

dropwise at 0 °C to a solution, containing tert-butyl 2-aminoethy 1 carbamate (2.1 g, 13.1 

mmoi) and Et5N (2.8 mL, 19.6 mmol) in 200 mL of CH2O2. The resulting reaction mixture 

was warmed to room temperature and stirred for 2 h. It was then washed with brine, dried 

(Na^SOi) and concentrated under reduced pressure. Purification by chromatography 

(CH2CI2) afforded 2.2 g of (E)-methyl 4-(2-(1.ert-butoxycarbonyl)ethylainino)-4-oxobut-2-

enoate (62% yield). (Ei-fvlethyl 4~(2-{tert-butoxycarbony[)ethy!amino)-4-oxobut-2-enoate 

(2.2 g, 8.1 mmol) was taken up in 10 mL of 4 M HCI in dioxane. The resulting reaction 

mixture was allowed to stand at room temperature for 1 h, then diluted with 50 mL of EtOAc 

and concentrated under reduced pressure to afford the HCI salt of (E)-methyl 

4-(2-aminoethylammo)-4-oxobut-2-enoate. 
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[0109] The HCI salt of (E)-methyl 4-(2-aminoethyIamino)-4-oxobut-2-en.oate (8,1 mmol) 

was taken up in 40 mL of CH3CN along with (4Z,7 Z ,10Z, 13 Z J 6Z J 9Z)~ 

docosa-4,7,10,13,16,19-hexaenoic acid (DKA„ 2.66 g, 8,1 mmol), HATU (3.4 g, 12,1 mmol) 

and DIEA (4.2 mL). The resulting reaction mixture was stirred at room temperature for 2 h 

and diluted with EtOAc. The organic layer was washed with saturated aqueous NaHCOs, 

brine, dried (N^SCU) and concentrated under reduced pressure. Purification by 

chromatography (95% CH2C12, 5% MeOH) afforded 1.4 g of (E)-methyl 4-(2-

(4Z,7Z, 10Z, 13ZJ 6Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamidoethylammo)-4-oxobut-2-

enoate. MS (EI) calcd for C29H42N204: 482.31; found 483 <M + 1). 

[Gill] (E)-Methyl 4-(2-<4Z,7Z>10Z,13Z,16Z,19Z)-docosa-4,7,10,I3>16,19-

hexaenamidoethylamino)-4-oxobut-2-enoate (200 mg, 0.41 mmol) was taken up in 5 mL of 

THF along with 2 mL of a 5 N NaOH. The resulting reaction mixture was stirred at room 

temperature for 1 h., concentrated under reduced pressure to remove the THF, and diluted 

with water (10 mL). The aqueous layer was acidified to pH = 2 with 3 N HCI and then 

extracted with EtOAc. The combined organic layers were washed with brine, dried (NajSO^ 

and concentrated under reduced pressure to afford 190 mg of (E)-4-{2-

(4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16.19-hexaeaiamidoethylamirio}-4-oxobut-2-

enoie acid (97% yield), MS (EI) calcd for C28H40N2O4: 468.30; found 469 (M + 1), 
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Example 11 

[01121 Preparation of (E)-metliyl 4-<H4Z/?ZJ0ZJ3ZJ6Za9Z)-docosa-

4,7,10513,16,!9-hexaenaHiido-2-methylpropan-2-yiamino)-4-oxobut-2-enoate 

(Compound 1-22} 

H?N^-NHCbz M., /"A-AA O i . | HN--<C v^ y 
VOH 0 \ . / y isiH V- NH j) 

/ 2} HBr/HOAc ;==/ ~~J // uzo-\ ' / /— /r\ /— 
Y) MeO™4 MeQ~\ <( ° ""\J 

[0113] 2-Melhylpropane-1,2-diamine (1.52 g, 14.5 mmol) was dissolved in 50 mL- of 

CH2CI2 and cooled to 0 °C. Benzyl chloroform ate (2.0 mL, 14.5 mmol) was then added 

dropwise at 0 °C over a period of 10 oiin. The resulting reaction mixture was warmed to 

room, temperature, stirred for 4 h and then concentrated under reduced pressure to afford 

benzyl 2-amino-2-methylpropylcarbamate as the HCI salt. 

[0114] Mono methyl fumarate (455 mg, 3.5 mmol) was taken up in 10 rnL of CH3CN 

along with the HC-1 salt of benzyl 2-am.ino-2-rnethylpropy1carbamate (3.5 mmol), DIEA (0.50 

mL) and EDCI (1.2 g). The resulting reaction mixture was stirred at room temperature for 6 

h and diluted with EtOAc, The organic layer was washed with saturated aqueous NaHCOs, 
brine, dried (Na2S04) and concentrated under reduced pressure. Purification by 

chromatography (95% CH2G2, 5% MeOH) afforded 400 mg of 3-(2~tert-

butoxycarbonylamino-l,l-dimethyi-ethyicarbanioyi)-aery{ic acid methyl ester (34% yield). 

[01151 3-(2~ tert»Butoxycarbonylamino-i,l-dimethyl»ethylcarbanioyl)-aciyiic acid methyl 

ester (400 mg, L2 mmol) was taken up in 3 mL of 33% HRr in glacial acetic acid and 

allowed to stand at room temperature for 1 h. The resulting reaction mixture was 

concentrated under reduced pressure to afford the HBr salt of 3-{2-ammo-1,1-dimethyl.-

ethylcarbamoyl)-acryiic acid methyl ester. This material was taken up in 5 mL of CH3CN 

along with (4Z,7Z, 10Z, 13Z, 16Z, I9Z)-docosa-4,7, 10,13,16,19-hexaenoic acid (DHA, 393 mg, 

1.2 mmol), HATU (547 mmol 1.3 mmol) and DIEA (0.63 mL). The resulting reaction 

mixture was siirred at room temperature for 2 h and diluted with EtOAc. The organic layer 

was washed with saturated aqueous NaHCOs, brine, dried (Na2SO<j) and concentrated under 

reduced pressure. Purification by chromatography (95% CH2CI2, 5% MeOH) afforded 200 
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mg of (E)-raethyI 4-(i-(4Z,7Z,1 OZ,J 3Z, 16Z,19Z)-docosa-4,7,10,13,16,19-hexaenami.do-2-

methylpropan-2-ylamino)-4-oxobut-2-enoate (33 %yield). MS (EI) calcd for C31H46N2O4: 

510.35; found 511 (M + I). 

1) 2 
Me02C^XCi J 

H2N-^-S-S^NHJ H2N-^S..S^NHBOC 

o V 
Me02C N 

H 

|0117) Cvstamine dihydrochloride (1.0 g, 4.44 mmol) was dissolved in 50 mL of MeOH. 

Triethylamine (1.85 mL, 3 eq) was added at room temperature, followed by dropwise 

addition of B0C2O (0.97 g, 4.44 mmol) as a solution in 5 mL of MeOH 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 20 mL of IM NaJ-LPO^ The aqueous 

layer was washed with 10 mL of a 1:3 solution of pentane/EtOAc, basified to pH 9 with 1 M 

NaOH, and extracted with EtOAc. The combined organic layers were washed with brine, 

dried (Na2S04) and concentrated under reduced pressure to afford 500 mg of tert-butyl 

2-(2-(2-aminoelhyl)disulfanyl)ethylcarbamate (44 % yield). 

[0118] Separately, mono methyl fumarate (263 mg, 2.02 mmol) was taken up in .10 nxL of 

CH2CI2 along with oxaiyl chloride (170 uL, 2.02 mmol). After a few drops of DMF were 

added, the reaction mixture was stirred at room temperature until all the solids had dissolved 

and all gas evolution had ceased (1 h). This freshly prepared solution of the acid chloride 

was added. dropwise at 0 °C to a solution containing tert-butyl 

2~(2-(2-ammoethyl)disulfany!)ethylcarhamate (500 mg) and EtjN (420 p.L, 3 mmol) in 20 

mL of CH2CI2. The resulting reaction mixture was wanned to room temperature and siirred 

for 2 h. it was then washed with brine, dried (NaoS04) and concentrated under reduced 

pressure. Purification by chromatography (CH-CL) afforded. 450 mg of (E)-methyl 4-(2-(2-
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(2-(tert-baioxycarbonyl)ethyl)disuiraiiyi)ethylamino)-4-oxobul-2--enoate. This material was 

taken up in 5 mL of a 25% TFA in CH2Cb solution and allowed to stand at room temperature 

for 4 h. The reaction, mixture was then concentrated under reduced pressure io afford the 

TFA salt of (E)-methyl 4-(2-(2-(2-aminoethyl)disulfanyi)ethylamino)-4-oxobut-2-enoate. 

This material was taken up in 10 mL of CH3CN along with (4Z,7Z, 10Z, 13ZS16Z, 3 9Z)-

docosa-4,7,10,13,16,19-hexaenoic acid (DHA, 403 mg, 1.23 mmol), HATU (517 mg, 1.35 

mmol) and DIEA (0.640 mL). The resuiting reaction mixture was stirred at room 

temperature for 2 h. 1't was then diluted with EtOAc and washed successively with saturated 

aqueous NaHCOs and brine. The organic layer was dried (NajSO^ and concentrated under 

reduced pressure. Purification by chromatography (95% CB2CI.2, 5% MeOH) afforded 200 

mg of (E)-methyl 4<2<242H"42;7Z,10ZJ3Z,16ZJ9Z>docosa~4!7!10,13J6J9-

hexaenamidoethy1)disidfanyl)ethylamiiio)-4-oxobut-2-en.oate. MS (EI) calcd for 

C31H46N2O4S2'. 574.29; found: 575 (M +1). 

Example 13 

[0119] Preparation of (E)-methyl 4-(2-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-doeosa-

4,7,10,I3,16,I9-hexaenamid.oethoxy)ethylammo)-4-oxob«t-2-enoate (Compound 1-3) 

[0120] Sodium hydroxide (400 mg, 10 mmol) was dissolved in 70 mL of MeOH 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 rnin. A solution containing BocjO 

(740 mg, 3.40 mmol) in 15 mL of THF 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, 

then concentrated under reduced pressure. The resulting residue was taken up in 200 mL of 
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CH2CI2 and stirred vigorously at room temperature for 4 h. The mixture was filtered and the 

filtrate was concentrated under reduced pressure to afford 850 mg of tert-butyl 

2-(2-aminoethoxy)ethylcarbamate (74% yield). 

[0121J tert-Butyl 2-(2-ammoeth.oxy)eth.y[carbamate (.1.0 g, 4.90 mmol) was then taken up 

in 20 mL of CH3CN along with mono methyl fumarate (637 mg, 4.90 mmol) and EDCI (1.7 

g. 5.39 mmol). The resulting reaction mixture was stirred at room temperature for 1.8 h. It 

was then diluted with EtOAc (20 mL), washed with saturated aqueous NaHC-Ch, brine, dried 

(NaoSCXi) and concentrated under reduced pressure. The .resulting residue was purified by 
chromatography (9:1 CEbC^/MeOH) to afford 1.0 g of (E)-niethyl 4-(2-(2-(tert-

butoxycarbonyl)ethoxy)ethylamino)-4-oxobut-2-enoate (64% yield). MS (EI) calcd for 

C14H24N2O6: 316.16; found: 317 (M +1). 

[0122] (EVmethyl 4~(2~(2-(tert-hutoxycarbonyl)ethoxy)ethylammo)~4~oxobiit-2--enoat:e 

(.1.0 g, 3.16 mmol) was taken up in 10 mL of 25% TFA in CH2O2. The reaction mixture was 

allowed to stand at room temperature for 2 h and then concentrated under reduced pressui'e to 

afford (E)-meth.yl 4-(2-(2-airnnoethoxy)efeylamino)-4~oxobut-2-enoate as the TFA salt, This 

material was then taken up in 10 mL of CH3CN along with (4Z,7ZJ.0Z,13Z,16ZJ9Z)-

docosa-4,7,10,13,16,19-hexaenoic acid (DHA, 1.0 g. 3.16 mmol), HATU (130 g, 3.5 mmol) 

and DIFA (1.6 mL). The resulting reaction mixture was stirred at room temperature for 2 h, 

then diluted with EtOAc and washed successively with saturated aqueous NaHCO.^ and brine. 

[0123] The organic- layer was dried (NaaSO-O and concentrated under reduced pressure. 

Purification by chromatography (60% EtOAc, 40% pentane) afforded 220 mg of (E)-methyl 

4-(2-(2-(4Z,7Z, 10Z, 13Z, ] 6Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamidoethoxy)ethylamino)-

4-oxobut-2-enoate (13% yield). MS (El) calcd for C31H46N2O5: 526.34; found: 527 (M +1). 
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[0125] Mono methyl fumarate- (650 mg, 5.0 mmol) was taken up in 10 mL of CH2CI2 and 

oxalyl chloride (420 p.L, 5.0 mmol) was added. After a few drops of DMF was added, the 

reaction mixture was stirred, at room temperature until all gas evolution had ceased (I h). 

This freshly prepared solution of acid chloride was then added dropwise at 0 °C to a solution 

containing Boc-piperazine (930 mg) and triethyiamine (1.0 mL, 7.5 mmol) in 20 mL of 

CH2CI2. The resultmg reaction mixture was stirred at room temperature for 1 h. and washed 
with brine. The organic layer was dried (NasSO*) and concentrated nnder reduced pressure. 

Purification by chromatography (CFLCb) afforded 310 mg of (E)-tert-butyl 4-(4-meihoxy-4-

oxobut-2-enoy[)piperazine-l-carboxy!ate (21% yield). 

{0126] (E)-tert-Butyl 4-(4-methoxy-4-oxobut-2-enoyl)pipcrazine-1 -carboxylase (310 mg, 

1.04 mmol) was taken up in 5 mL of 25% TFA in. CH2CI2 and allowed to stand at room 
temperature for 2 h. The reaction mixture was concentrated under reduced pressure to afford 

the TFA salt of (E)-methyl 4-oxo-4-(piperazin-1 -yl)but-2-enoate. This material was taken up 

in 10 ml, ofCH3CN along with (4Z,7Z,10Z?13Z,16Z519Z)-docosa-4,7J0,13,l6J9-hexaenoic 

acid (DHA, 375 mg, 1,04 mmol), HATU (435 mg, 1J4 mmol) and DIEA (540 uL). The 

resulting reaction mixture was stirred at room temperature for 2 h. It was then diluted with 

EtOAc and washed successively with saturated aqueous NaHCOs and brine. The organic 

layer was dried (Na2S04) and concentrated under reduced pressure, Purification by 

chromatography (CH2CI2) afforded 80 mg of (E)-methyl 4-(4-(4ZJZ,10ZJ3Zvi6Z,!9ZV 

docosa-4,7J 0,13,16, !94iexaenoy!piperaziri-.l-yl)-4~oxobui-2-enoate (1.5% yield). MS (EI) 

calcd for C31H44N2O4: 508.33; found: 509 (M +1). 

O 2) TFA 



WO 2011/085211 PCT/IJS2011/020534 

[01281 (4Z.7Z, 1 OZ, 13Z, 16Z, 19Z)-Docosa-4,7,10 J 3,16,19-hexaenoic acid (DHA, 1.2 g, 

3.66 mmol) was taken up in 20 mL ofCH3CN along with ethanolamrae (220 jiL, 3.66 mmol), 

HATU' (1.5 g, 4.0 mraoi) and DIEA (950 jitL, 5.49 mmol). The resulting reaction mixture 

was stirred at room temperature for 2 h and then diluted with EtOAc. The organic layer was 

washed with saturated aqueous NaHCOs, brine, dried (Na2S04) and concentrated under 
reduced pressure to afford crude (4Z„7Z,!QZJ3Z,l&Zsi9Z)~N-(2-hydroxyethyI)doeosa-

4,7,10,13,16,19-bexaenamide. This material was taken up in 15 mL of CH2C12 along with 

(E)-methyl 4-chloro-4-oxobut-2-cnoate (3,66 mmol) and triethylamine (765 uL, 5.49 mmol). 

The resulting reaction mixture was stirred at room temperature for 18 h. It was then diluted 

with CH2CI2 and washed with brine. The organic layer was dried (NaoSO*) and concentrated 

under reduced pressure. Purification by chromatography (60% EtOAc, 40% pentane) 

afforded 380 mg of 2-(4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamidoethyl 

methyl fumarate (21% yield), MS (EI) calcd for C29H41NO5: 483.3; iourid; 484 (M -H). 
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•xample 16 

[0129] Preparation of (E)~met!iyi 4-{(K-)-3-(l-(2H4Z.7ZJ0Zv13Zvl6ZvI9Z)-tiocGsa» 

4,?40>i3516,i9-hexaeiiamidoetiiyf}~2,5-rfi«>xopyrFGlidiii-3-y!thioM-metf!oxy-i-

oxopropan-2~ylamIno)-4-oxobut"2-enoate (Compound 1-39) 

[0130] The TFA salt of l-(2-ammoelhyl)-lH-pyrrole-2,5-clione (Aidrich, 280 mg, 1.10 

mmol) was taken up in 10 mL of CH3CN along with (4ZJZs10Z,13Z,16Z,19Z)~docosa^ 

4,7,10,13,J6,19-hexaenoic acid (DHA, 360 mg, LI mmol), HATU (460 nig. 1.2 mmol) and 

DIEA (0.58 mL). The resulting reaction mixture was stirred at room temperature for 3 h. It-

was then diluted with EtOAc and washed successively with saturated aqueous NaBCO?, and 

brine. The organic layer was dried (NaaSO^ and concentrated under reduced pressure. 

Purification by chromatography (CH2CI2) afforded 350 mg of (4Z,7ZJ0Z,I3Z,I6Z,19Z)-N-

(2-(2,5~dioxo~2H-pyrrol-1 (5H)~yl)ethyl)docosa~4,7,10,13,16,19-hexaenamide (70% yield). 

[0131] Separately, mono methyl fumarate (100 mg, 0.77 mmol) was taken up in 4 mL of 

CH3CN along with. L-eysteine methyl ester hydrochloride (132 mg, 0.77 mmol), EDCI (245 

mg, 0.77 mmol) and N-methylmorpholine (85 |xL-{ 0.77 mmol). The reaction mixture was 

stirred at room temperature for 3 h. It was then diluted with EtOAc. The organic layer was 
washed with saturated aqueous NaHCOj and brine. The organic layer was dried (Na-jSO-O 

and concentrated under reduced pressure to afford crude (R,E)-melhyl 4-(3-mercapto-l-

methoxy-l-oxopropan-2-ylamino)~4-oxobut-2-enoate. This material wras then taken up in 3 
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mL of CH3CN along with (4Z,7Z,10Z,13Z,l.6Z,i9Z)-N-(2-(2,5-dioxo-2H-pyrrol-l(5H>-

yl)eihyl)docosa-4,7,lG,13,16,19-liexaenamide (173 mg, 0.38 mmol) and stirred at room 

temperature for 30 min. The reaction mixture was then concentrated under reduced pressure. 

Purification by chromatography (CH2O2) afforded 60 mg of (£}-methyl 4-((R)-3-(l-(2-

(4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7, H) A 3,16,19-hexaenamidoethyl)-2,5-dioxopyrrolidm~ 

3-ylthso)~l.-methoxy-l-oxopropaii-2-y[amino)-4-oxobut-2-enoate (22%). MS (El) calcd for 

C37H5jN508S: 697,34; found: 698 (M +1). 

[0132] Preparation of (E)-methyi 4K2-((2-(4Z?7Z,10Z,13Z,16Z?19Z)-docosa-

4,7,1043,16,19-hexaenam!doethyI)(methyl)amiBo)ethyIamino)-4-oxobut-2-enoate 

(Compound 1-4) 
o 

Me02C'^"0H o Me 
¥e ¥e 1) EDCI .11 i\ 

.N, NL MeOzC ^ N ^ NH: H2N V ^ NH2 " M2N ^ NHBoc ' H 
A*} f 1~A 

H 
l 

[0133] N1 -(2-Aminoethy1)-N 1 -methylethane-1,2-diamine (5.0 g, 42,7 mmol) was 

dissolved in 100 mL of CH2CI2 and coolcd to 0 °C. A solution of di-tert-butyicarbonate (0.93 

g, 4,27 mmol) in CvbC.b (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 L the reaction mixture was diluted with 

CH2CI2 (100 mL). The organic layer was washed with brine (3 x 25 mL), dried (Na^SO.*) and 

concentrated under reduced pressure to afford 1.1 g of tart-butyl 

2-((2-ammoethyl)(methyI)amino)ethylcarbamate. 

[0134] tert-Butyl 2-((2-aminoethylXmethyl)amino)ethylcarbamate (500 mg, 2.3 mmol) 

was taken up in 10 mL of CH3CN along with salicylic acid (310 mg, 2.3 mmol) and EDCI 

(485 mg, 2.53 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 

NaHCOi, brine, dried (Na2S04) and concentrated under reduced pressure. The resulting 

87 



WO 2011/085211 PCT/US2011/020534 

residue was purified by chromatography (95% CH2CI2, 5% MeOH) to afford 380 mg of tert-

butyl 2-((2-(2-hydroxy"benzamido)ethyl)(methyl)amino)©thylcarbamate (49% yield). MS 

(EI) calcd for C17H27N3O4: 337.2; found: 338 (M +1), 

1*01351 tert-Butyl 2-((2-(2-hiydroxybenzamido)etbyl)(niethyl)am.ino}ethyicarbamate (380 

mg, 1.13 mmol) was taken up in 5 mL of a 25% TFA in CI-LCL 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)(niethyi)amino)cthyi)-2-hydroxybenzamide. This 

material was taken up in 10 mL of CH3CN along with (4Z,7Z,1 OZ, 13Z, 16Z, 19Z)-docosa-

4,7,10,13,16,19-hexaenoic acid (DHA, 370 mg, 1.13 mmol), HATU (472 mg, 1.24 mmol) 

and DIEA (0.59 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 NaBCO.-, 

and brine. The organic layer was dried (Na?S04j and concentrated under reduced pressure. 

Purification by chromatography ("95% CH2CI2, 5% MeOH) afforded 420 mg of N-(2-((2-

(4Z,7Z, 10Z, 13Z, 16Z, 19Z>docosa-4,7,l 0,13,16,19-hexaenamidoethylXmethyl)amino)ethyl)-

2-hydroxybenzamtde. M.S (E!) calcd for C34H49N3O3: 547.38; found: 548 (M +1), 

Example 18 

[0136] Preparation of (E)-methyl 4-(2-(5Z,8Z,llZ,14Z,17Z)-eicosa-5,8,ll,14?17-

pentaenamldoetliy!amino)-4-oxobiit-2-efioate (Compound 1-2) 

[0137] The HCI salt of (E)-methyl 4-(2-ammoctby!amino)-4-oxobut-2-enoate (0.735 

mmol) was taken up in 40 mL of CH3CN along with (5Z,8Z, 11ZJ 4Z, I7Z}-eicosa-

5,8,11,14,17-pentaenoic acid (EPA, 222 mg, 0.735 mmol), HATU (307 mg, 0.81 mmol) and 

DIEA (380 pL). The resulting reaction mixture was stirred at room temperature for 2 h and 

diluted with EtOAc. The organic layer was washed with saturated aqueous NaHCOs, brine, 

dried (NajSOi) and concentrated under reduced pressure. Purification by chromatography 
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(95% CH2Q2, 5% MeOH) afforded 300 mg of (EVmethyl 4-(2~(5Z,8Z,l 1.Z» 14Z, 17Z)-eicosa-

5,8,n>14»17-petitaenamidoethylamino)-4-oxobiil-2-enoate (89% yield). MS (EI) caicd for 

C27H40N2O4: 456.3; found: 457 (M +]), 

[0138] Preparation of (E)-ethyi 4-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-

4,7,10J3J6,l9*he:s:aenam)doethylamino)~4~oxobut-2~enoate (Compound 1-66) 

.NHBoc 
HoN ^ 

°* -ON 1) 

EtO-
'O 

2) HCI, dioxane 

[0139] Mono etiiyi fumarate (commercially available) was subjected to the same reaction 

conditions outlined earlier in the preparation of (E)-methyl 4-(2-(4ZJZ,10ZJ3Z,16Z,19Z)-

docosa-4,7,10,13,16,19-hexaenamidoethylamino)-4-oxohut-2-enoate. The desired product, 
namely (E)-ethyl 4-(2-(4ZJZ>10Z!13Z,16Z,19Z)-docosa-4,7,10,l3,16,19-

hexaenamidoethylamino)-4-oxobut~2-enoate, was obtained after purification by silica gel 

chromatography. MS (.81) calcd for C30H40N2O4:496.33: found 497 (JVf + )). 

[0140] Preparation of (E)-methyl 4-(methyI(2-((4Z,7Z,10Z,13Z,16Z,19Z)-N-

methyIdocosa-4?7,10,13,t6J-9-hexaeRamido)ethyi)animo)-4~oxobMt-2-ewoatc (Compoand 

1-104) 

[0141] tert-Butyl methyl(2-(methyIamino)ethyI)carbamate was prepared as follows: 

Nl,N2"dimethylethane-l,2-diamine (40 mmol) was dissolved in 100 mL of CLhCL and 
cooled to 0 °C. A solution of di-terl-butylcarbonate (4.0 mmol) in CH2C12 (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. Aiier stirring at room temperature for 

89 



WO 2011/085211 PCT/US2011/020534 

2 b, the reaction mixture was diluted with ClbCh (100 mL). The organic layer was washed 

with brine (3 x 25 mL), dried (Na?S04) and concentrated under reduced pressure to afford 

terl-buiyi meihyl(2-(methylammo)ethyl)carbamate, This amine was subjected to the same 

reaction conditions outlined earlier in the preparation of (E)-methyl 4-(2-

(4Z„7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,194iexaenamidoethylammo)-4-oxobul-2-

enoate. The desired product, namely (E)-methyl 4-(methyl(2-((4ZJZ,10ZJ3Z,.16Z,19Z}-N~ 

melhyldocosa-4,7,10,13,16,19-hexaenamido)ethyI)amino)-4-oxobut-2-enoate, was obtained 

after purification by silica gel chromatography. MS (El) calcd for C31H46N2O4*. 510.35; 

found 511 (M + i). 

Example 21 

[0142] Preparation of (E)-methyi 4-((2R,6S)-4-((4Z,7Z,l0Z9t3Z,16Z,19Z)-docosa-

4,7,10,13,16?19-hexaenoyI)-2,6-dimethylpipera2ln-l"yl)'4-oxobwt~2-enoate (Compound I-

41) 

[0143] (2R,6S)-2,6-Dimethylpiperazme (173 mg, 1.52 mmol) was taken up in 8 mL of 

CH3CN along with DHA. (500 mg, 1.52 mmol) and EDC (320 mg). The resulting reaction 

mixture was stirred at room temperature for 2 h and concentrated under reduced pressure. 

The resulting residue was taken up in EtOAc, washed with brine, dried (Na->SQ<;) and 

concentrated under reduced pressure to afford (4Z,7Z,.lQZ,13ZJ6Z,19Z)-l-((3iL5S)-3,5-

dimethylpiperazin-1 -yl)docosa-4,7,10,13,16,19-hexaen-l -one. This material was taken up in 

10 ml, of CH3CN along with mono methyl fumarate (198 mg, 1.52 mmol) and HA.TU (635 

mg, 1.67 mmol). The resulting reaction mixture was stirred at room temperature for 2 h and 

diluted with EtOAc. The organic layer was washed with brine, dried (NasSO^ and 

concentrated under reduced pressure. Purification by silica gel chromatography (gradient 

elution. pentane to 80% EtOAc, 20% peritaoe) afforded 180 mg of (E)-methyl 4~((2R,6S)-4-

((4Z,7Z,l0Z,l3Z,l6Z,l9Z>doeosa-4,7,l0sl3,16,l9-hexaenoyl)-256-dimethylpiperazin-l-yi)-

4-oxobul-2~enoaie, MS (EI) calcd for C33H413N2O4: 53636; found 537 (M + 1). 
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E samp. !e 22 

0144 of (RJ£)-methyI 4-(2-(5-(l ,2-dithiolan-3-

yl)pentanamldo)ethvIamiiio}-4-oxob(it-2-enoate (Compound 1-105) 

0 o 
[0145] The HCi salt of (E)-rnelhyi 4-(2-aminoethylammo)~4-ox.obut-2-enoat.e (0.515 

mmol) was taken up in 10 mL of CH3CN along with R-lipoic acid (TCI, 306 mg, 0.515 

mmol), HATU (215 mg, 0.567 mmol) and DIEA (270 uL, 1.55 mmol). The resulting 

reaction mixture was stirred at room temperature for 18 h and diluted with EtOAc. The 

organic layer was washed with brine, dried (Na2S04) and concentrated under reduced 

pressure. Purification by silica gel chromatography (95% CH2C12, 5% MeOH) afforded 120 

mg of (R,E)-meihyl 4-(2-(5-(l,2-dithioian-3-yi)pentanamido)ethylamino)-4-oxobut-2-enoafce, 

MS (EI) calcd for C15H24.N2Q4S: 360.12; found 361 (M + 1). 
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Example 23 

[0I46f Preparation of (S>2-((5Z,8Z,IIZJ4ZJ7ZHcosa-5,8JlJ4J7-peiitaenamido)-

6-((E)-4-methosy-4-osobiit-2»esiamido)hesaiioic acid (1-72) 

[0147] In a typical run, Cbz-Lys(OtBu) NH? hydrochloride (10 g, 26.8 mmol) was taken 

up in CH.2CI2 (100 mL) and treated with N-methylmorpholine (6.18 mL, 56.3 mmol). This 

solution was added slowly to a solution of 4-mtrophenyi chioroformate (3.66 g, 28.2 mmol) 

in 100 mL of CH2CI2 at 0 °C\ The reaction was then allowed to warm to RT and stirred at RT 

overnight. After washing with saturated aqueous NaHCOs (3 * 100 mL), brine, the solution 

was dried over NaiSCU and concentrated under reduced pressure. The residue was purified by 

silica gel chromatography (10%EtC)Ac-/90% pentane) to provide the intermediate 4-

nitrophenyl derivative (11 g; 81%), This intermediate 4-nitrophenyl derivative (10 g, 20 

mmol) was taken up in 150 mL of anhydrous THF along with 2-(trimethylsilyl) eilianol (4.3 

mL, 30 mmol) and cooled to 0 u€. t-BuOK (2.9 g, 26 mmo!) was then added, under a blanket 

of argon. The mixture was stirred ai room, temperature overnight and then partitioned 

between EtOAc (300 mL) and brine (300 mL). The organic layer was washed with brine, 

dried over Na2S04 and concentrated under reduced pressure. The resulting residue was 
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purified by silica ge! chromatography (gradient elution using a mixture of EtO Ac/pentane) to 

afford (S)-terl-butyl 6-(benzyloxycarbonyi)-2-((2-(trimethyisilyl)ethoxy)carbonyl)hexanoate 
(4 g; 37%), 

[0148| (S)-tert-Butyl 6~(benzyioxycarbonyl)-2~((2-

(trimethyisilyi)ethoxy)carbonyl)hexanoate (4 g, 8.33 mmol) was taken up in 40 mL of MeOH 

along Pd/C (10%, 400 mg). The resulting reaction mixture was thoroughly purged with 

nitrogen and then stirred under 1 atm of at room temperature overnight. The reaction 

mixture was filtered through a pad of Celite and the filtrate was concentrated under reduced 

pressure. The resulting residue was purified by silica ge! chromatography (95% CH2CL, 5% 

MeOH) to afford (S)-teri-butyi 6-amino-2-((2-(trimethylsilyi)ethoxy)earbonyl)hexanoate (2 
g; 69%). 

[0149] To a stirring mixture of (S)-tert-butyl 6-amino~2-((2-

(trimeth.yl.si]yl)ethoxy)carbon.yl)hex.anoate (800 mg, 2.31 mmol), monomethyl fumarate (361 

mg, 2.77 nimol), DIEA (1.1 mL, 6.93 mmol) in 10 mL acetonitrile was added HATU (1.14 g, 

3.00 mmol) in one portion at 0 °C under an inert atmosphere of argon. The resulting reaction 

mixture was stirred at room temperature for 2 h and then concentrated under reduced 

pressure. The resulting residue was diluted with EtOAc (50 mL) and washed with brine, 

dried over 'N^SOA, and concentrated under reduced pressure. Purification by silica gel 

chromatography (EtO Ac/pentane) afforded (S,E)-tert-butyl 6-(4-methoxy~4-oxobut-2-

enamido)--2-((2-(trimethylsilyl)ethoxy)carbonyl)hexanoate (900 mg, 85%). 

(0150] This silylated material (900 mg, 1.97 mmol) was taken up in 15 mL of a IM 

solution of tetra-n-butyiammonium fluoride in THF and stirred at room temperature under an 

inert atmosphere of argon for 18 h. The reaction .mixture was concentrated under reduced 

pressure to afford (S,E)-tert-butyl 2-amino-6-(4-methoxy-4-oxobut~2~enamido)hexanoaie, 

This material was used for the next step without farther purification. 

|01511 The crude (S,B)-tert-hutyl 2-ammo-6-(4-methoxy-4-oxobut-2-eiiamido)hexanoate 

prepared above was taken up in 40 mL- acetonitrile along with EPA (654 mg, 2.17 mmol), 

DIEA (1.6 mL, 9.85 mmol), HATU (973 mg, 2.56 mmol). The resulting reaction mixture 

was stirred at room temperature for 2 h and then concentrated under reduced pressure. The 

resulting residue was taken up in 50 ml, of EtOAc and washed with water, brine. The 

organic layer was dried over Na?,S04 and concentrated under reduced pressure, Purification 
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by silica gel chromatography (EtOAc/'pentane) afforded (S)-terl-bmyl 2-

((52,82,112J4Z,! 7Z)-icosa-5,8,1 1,14,17-pentaenamido)4>4(E)^-metboxy-4~oxohiit--2-

enamido)hexanoate (200 mg517% for the 2 steps). 

[0152] (S)-tert-Buty! 2-((52,8Z,l 1Z, 142,17Z)-icosa-5,8,l 1,1.4,17-pentaeiianudo)-6-{(E')-

4-methoxy-4-oxobut-2-enamido)hexanoate (200 mg, 0.334 mmol) was taken up in 3 mL of a 

4 N HCI solution in dioxane and stirred at room temperature under an inert atmosphere of 

argon for 2 h. The reaction mixture was concentrated under reduced pressure and the 

resulting residue was portioned between 30 mL of EtOAc and 30 ml, of water. The organic 

layer was farther washed with brine until the pH of the water layer was close to neutral, dried 

over Na.>S04 and concentrated under reduced pressure. Purification by preparative HPLC 

using a mixture of aqueous acetonitrile that has been buffered with 0.1 % TFA afforded (S)-2-

((5Z,8ZT lZJ4Z,17Z)-icosa-5,8,.l l,14,I7-pentaeimmido)-6-((E)-4~melhoxy~4~oxobui-2~ 

enamido)hexanoic acid. (90 mg; 50%). MS (El) calcd for Qtif-W^Ofi: 542.34; found 543 
(M + 1). 
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Example 24 

[01531 Preparation of (S)-6-((4Z.7Z40Za3ZJ6Z49Z)-docosa-4.7a0J34649-

hexaeiiamido)-2-((E)-4-methoxy-4-Gxobttt-2-e!iamido)hexanoic acid (1-7) 

[0154] In a typical run, (S)-tert-butyl 6-ammo-2-((2-

(trimethylsilyl)ethoxy)carbonyl)hexanoate5 (2 g, 5.78 mmoi} was taken up in 30 mL of 

acetonitrile along with HATU (3.29 g, 8.67 mmol). DHA (2.28 g, 6.94 mmol) and DIEA (2,9 

mL, 17.4 mmol). The resulting reaction mixture was stirred at room temperature under an 

inert atmosphere of argon for 2 h and then concentrated under reduced pressure. The 

resulting residue was taken up in 100 mL of EtOAc and washed with brine. The organic 

layer was dried over Na-.>SQ4 and concentrated tinder reduced pressure. Purification by silica 

gel chromatography (EtOAc/pentane) afforded (S)-tert-butyl 6-((4Z,7ZJ0Z,13Z,16ZJ9Z)~ 

docosa-4,7,10,13,16,19~hexaenai2iido)-2-((2~(trimethylsilyl)elhoxy)carbonyl)hexaiioate (2.8 

g; 80%). 

[01551 (S)-tert-Butyl 6-((4Z,7Z,l 0Z,13Z,16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamido)-2-((2-(trimethylsilyl)ethoxy)carbonyl)hexaiioate (2.8 g, 4.26 mmol) was taken 

up in 5(5 mL of a 1 M solution of tetra-n-butylammonium fluoride in THF and was stirred at 

room temperature under an inert atmosphere of argon for 18 h. The reaction mixture was 

concentrated under reduced pressure and the resulting crude product was used for the next 

step without further purification. 
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[0156] The crude (S)-tert-buty] 2-ammo-6-((4Z.7Z91 OZ, 13Z,16Z, 19Z)-docosa-

4,7,10,13,16,19-hexaenamido)hexanoate, prepared above, was taken up in 40 mL acetoniliile 

along with monomethyl fumarate (610 mg, 4.69 mmol), DIEA (3,0 mL. 18.8 mmol) and 

HATU (2.4 g, 6.39 mmol). The resulting reaction mixture was stirred at room temperature 

for 2 h and then concentrated under reduced pressure. The resulting residue was taken up in 

100 mL of EtOAc and washed with water and brine. The organic layer was dried over 

NaaS04 and concentrated under reduced pressure. Purification by silica, gel chromatography 

(EtOAc/penlane) afforded (S)-tert-hutyl 6-((4Z,7Zs 10Z, 13Z, 16Z, 19Z)-docosa-

4,7,10,13,16,19~hexaenamido)-2-((E)~4~methoxy~4-oxobut-2-enamido)hexanoate (500 mg, 

30%). 

[0157] (S)-tert-butyl 6-((4Z,7Z510Z,13Z,16Z,19Z)-docosa-4,7510,13,16,19-

hexa.ena.mido)-2~((E)-4-meihoxy-4-oxobu.t-2~enamido)hexanoate (500 mg) was taken up in 6 

mL of a 4 N HC! solution in dioxane and stirred at room temperature under an inert 

atmosphere of argon for 2 h. The reaction mixture was concentrated under reduced pressure 

and the resulting residue was partitioned between 30 mL of EtOAc and 30 mL of water. The 
organic layer was further washed with brine until the pH of the water layer was close to 

neutral, dried over Na2$04 and concentrated under reduced pressure. Purification by 

preparative HPLC using a mixture of aqueous acetonitrile that has been buffered with 0.1% 

TFA afforded (SV6-((4Z,7Z, 10Z,13Z,16Z, 5 9Z)-docosa.-4,7 J 0,13,16,19-hexaenamido)-2-

((E)-4-methoxy-4-oxohiit-2-enamido)hexanoic acid (160 mg; 35%). MS (Ei) calcd for 

C33H48N206: 568,35; found 569 (M + 1). 
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Example 25 

[0.158| Preparation of (E)-nietliy! 4-(2-{2-(4Z.7ZJ OZ J 3ZJ 6ZJ 9Z)-docosa-

4,7,10,13,16,19-bexaenamidoethyIanuno)ethy]amino)-4-oxobut-2-enoate (K 

R>N' 

Boc: 
i 

,Nv A'OZ 

2) 

Cbz 

v s 
H 

Boc 

'NHc 
\ / 
.Si. 

"O 

O 
X 

Boc 
i 

COoMe 

Boc 
i 

O 

H2N' 

o 
A H 

H" 
H 

"c°2Me XOsMe 

[0.1.59] (2 -Ani.ioo'-elhyl)-(2-ber3zyloxycarbonylammo-ethy))-carbamic acid tert-butyl ester 

was prepared from benzyl 2-aminoethylcaibamate using the same reaction sequence outlined 

by Andruszkiewicz et al in Synthetic Communications 2008, 38, p. 905-913 (reaction with 

acrylonitrile, followed by protection of the secondary amine with the BOC group, and 

conversion of the nitrile group to an amino group with one less methylene unit using the 

Hoffmann rearrangement). (2-Amino-ethyl)-(2-benz>ioxycarboayiammo-ethyl)-carbamic 

acid tert-butyl ester (500 mg, 1.48 mmol) was taken up in 15 mL of CH2CI2 along with 4-

methylmorpholine (449 nig, 4.44 mmoi) and cooled to 0 °C. 4-Nitrophenyl chloroformate 

(328 mg, 1.63 mmol) was then added at 0 °C. The resultmg reaction mixture was warmed to 

room temperature and siirred .for 16 h. It was then diluted with, water. The organic layer was 

separated, dried (Na2S04), and concentrated under reduced pressure. Purification by 

chromatography (95% CH2CI2, 5% MeOH) afforded the intermediate nitropheny! carbamate 

(480 mg; 64%). 

[0160] Potassium tert-butoxide (113 mg. 1.01 mmol) was added a mixture containing the 

intermediate nitrophenyl carbamate (480 mg, 0.96 mmol) and 2-(trimethylsilyl) ethano! (136 

mg, 1.15 mmol) in THF (10 mL) at 0 °C. The resulting reaction mixture was stirred at it for 

1.8 h and then concentrated under reduced pressure. The resulting residue was partitioned 
between EtOAc and water. The organic layer was dried over Na2S04 and concentrated under 
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reduced pressure. Purification by silica gel chromatography (3:1 pentane/EtOAc) afforded 

the fully protected triamine derivative (190 mg; 41%). This fully protected triamine (190 mg, 
0.40 mmol) was taken up in MeOH (5 mL) along 5% Pd/C (50 mg), arid the resulting mixture 

was stirred under 1 aim of hydrogen at room temperature for 16 h. The reaction mixture was 

filtered through a pad of Celite and the clear filtrate was concentrated under reduced pressure. 

Purification by silica gel chromatography (9:1 CfhCh/MeOH) afforded (2-amino-ethyl)-[2-
(2-trimethylsilanyl-ethoxycarbor}.ylamino)~ethyl]"Carba.mic acid tert-butyl ester (80 mg; 

58%). 

[016*1] (2-Ammo-ethyl)-[2-(2-trimethylsiianyi-ethoxycarboi]ylammo)-ethyl]-carbamic 

acid tert-butyl ester (80 mg, 0.23 mmol) was taken up in 5 mL of acetonitrile along with 

mono methyl fumarate (30 mg, 0.23 mmol), DIEA (90 mg, 0.69 mmol) and HATU (105 mg, 

0.28mmol). The resulting reaction mixture was stirred a.t room temperature for 2 h and then 

concentrated under reduced pressure. The resulting residue was taken up EtOAc and washed 

with brine. The organic layer was dried, over Mg?„S04 and then concentrated under reduced 

pressure. Purification by silica gel chromatography (3:1 pentane/'EtOAc) afforded the desired 

amide derivative as an oil (80 mg; 75%). This material was taken up in 3 mL of a 4 N HCI 

solution in. dioxane and stirred at room temperature under an inert atmosphere of argon, for 1 
h. The reaction mixture was concentrated under reduced pressure and the resulting residue 

was partitioned between 30 mL of EtOAc and 30 mL of water. The organic layer was further 

washed with brine until the pH of the water layer was close to neutral, dried over Na2&04 and 

concentrated under reduced pressure. Purification by preparative HPLC using a mixture of 

aqueous acetonitrile that has been buffered with 0.1% TFA afforded (E)-methyl 4-(2-(2-

(4Z,7Z)10Z,13Z,16Z>19Z)-docosa-4J,10,13,16>19~hexaenamidoeth.ylamino)ethylamino)-4-

oxobut-2-enoate. MS (El) calcd for C31H47N3O4: 525.36; found 526 (M + 1). 

[0.162] Those skilled in the art will recognize, or be able to ascertain, using no more than 
routine experimentation, numerous 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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CLAIMS 

1. A molecular conjugate comprising a fumarate and a fatty acid selected from lipoic 

acid, omega-3 fatty acids or fatty acids metabolized in vivo into omega-3 fatty acids. 

2. A compound of Formula I: 

C 

q 

Z 

n 

I 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

wherein 

each Wi and W2 is independently null, O, S, NH, or NR, or Wi and W2 can be taken 

together to form an optionally substituted imidazolidine or piperazine group; 

each a, b, c, and d, is independently -H, -D, -CH3, -OCH3, -OCH2CH3, -C(0)0R, 

-O-Z, or benzyl, or two of a, b, c, and d can be taken together, along with the single carbon to 

which they are bound, to form a cycloaikyl or heterocycle; 

each n, 0, p, and q is independently 0, 1, or 2; 

each L is independently null, ~0~, -C(O)-, -S-, -S(Q)~, -S(0)2-, -S-S-, -(Ci~C6aIkyl)-, 

-(C3-C6cycloalkyl)-, a heterocycle, a heteroaryl. 
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wherein the representation of L is not limited directionally left to right as is depicted, 

rather either the left side or the right side of L can be bound to the Wj side of the compound 

of Formula I; 

each R.6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -OH, 

-C(0)Ci-C4 alkyl, -O-aryl, -O-henzyl, -0C(0)C3-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, 

-NH2, -NH(CI-C3 alkyl), -N(CrC3 alkyl)2, -NH(C(0)C!-C3 alkyl), -N(C(0)Ci-C3 alkyl)2? 

-SH, -S(CrC3 alkyl), -S(0)CrC3 alkyl, or -S(0)2Ci-C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently 1, 2, 3, or 4; 

each m is independently 0, 1, 2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, 1, 2, or 3; 

k is 0, 1,2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted C1-C6 alkyl, wherein a methylene 

unit of the C1-C6 alkyl can be optionally substituted for either O or NR, and in NR4R4, both R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each Z is independently H, 

S r 
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provided that 

there is at least one 

or 

in the compound; 

each t is independently 0 or 1; 

each r is independently 2, 3, or 7; 

each s is independently 3, 5, or 6; 

each v is independently 1, 2, or 6; 
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each R] and R2 is independently -H, -D, -C1-C4 alkyl, -halogen, -OH, -C(0)Cj-C4 

alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, -NH2, -NH(Ci~ 

C3 alkyl), -N(C;-C3 alkyl)2, -NH(C(0)C,-C3 alkyl), -N(C(0)CrC3 alkyl)2? -SH, -S(C,-C3 

alkyl), -S(0)Ci-C3 alkyl, or -S(0)2CrC3 alkyl; 

each R3 is independently H or -Cj-Ce alkyl; 

each R5 is independently e, H, or straight or branched CJ-CJO alkyl which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, C6H4OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently -H, -C1-C3 alkyl, or straight or branched C1-C4 alkyl 

optionally substituted with OH, or halogen; 

provided that 

when each of m, n, o, p, and q is 0, Wj and W2 are each null, and Z is 

then t must be 0; and 

when each of m, n, o, p, and q is 0, and Ws and W2 are each null, then Z must not be 

-\ ("7 
r s _ \---s or s 

R R 2 
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3. The compound of claim 2, wherein the compound is of Formula I A: 

IA 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

each Wi and W2 is independently null, O, S, NH, or NR, or Wj and W2, can be taken 

together to form an optionally substituted imidazolidine or piperazine group; 

each a, b, c, and d is independently ~H, ~D, -CH3, -OCH3, -OCH2CH3, -C(0)0R, or 

benzyl, or two of a, b, c, and d can be taken together, along with the single carbon to which 

they are bound, to form a cycloaikyl or heterocycle; 

each n, o, p, and q is independently 0, 1 or 2; 

each L is independently null, -0-, -C(O)-, -S-, -S(O)-, -S(0)2-, -S-S-, -(C]-C6alkyl)-, 

-(C3-C6cycloalkyl)-, a heterocycle, a heteroaryl, 

wherein 
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wherein the representation of L is not limited directionally left to right as is depicted, 

rather either the left side or the right side of L can be bound to the Wj side of the compound 

of Formula IA; 

each R.6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -OH, 

-C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, 

-NH2; -NH(CI-C3 alkyl), -N(CrC3 alkyl)2, -NH(C(0)Cj-C3 alkyl), ~N(C(0)CrC3 alkyl)2, 

-SH, -S(Ci-C3 alkyl), -S(0)CrC3 alkyl, or -S(0)2CrC3 alkyl; 

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

each m is independently 0, 1, 2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, 1, 2, or 3; 

k is 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted C1-C6 alkyl, wherein a methylene 

unit of the C1-C6 alkyl can be optionally substituted for either O or NR, and in NR^R^both R4 

when taken together with the nitxogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each R3 is independently H or -C1-C6 alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, CO?R, CONH2, phenyl, C6H4OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently -H, or straight or branched C1-C4 alkyl optionally substituted 

with OH or halogen. 

4. The compound of claim 2, wherein W/ and W2 are each NH. 

5. The compound of claim 2, wherein each of n, 0, p, and q is 1. 

6. The compound of claim 2, wherein two of n, o, p, and q are each 1. 

7. The compound of claim 2, wherein two of n, o, p, and q each 1 and the other two are 

each 0. 

8. The compound of claim 2, wherein m is 1. 
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9. The compound of claim 2, wherein L is selected from -0-, -N(R4)-, 

O. X .OR ,OR .OR 
O. 

\r^/ v , and 

10. The compound of claim 2, wherein the compound is of Formula IB: 

IB 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

each Wj and W2 is independently null, O, S, NH, or NR, or Wj and W2, can be taken 

together to form an optionally substituted imidazolidine or piperazine group; 

each a, b, c, and d is independently -H, -D, -CH3, -OCH3, -OCH2CH3, -C(0)0R, or 

benzyl, or two of a, b, c, and d can be taken together, along with the single carbon to which 

they are bound, to form a cycloaikyl or heterocycle; 

each n, 0, p, and q is independently 0, 1, or 2; 

each L is independently null, -0-, -C(O)-, -S-, -S(O)-, -S(0)2-, -S-S-, -(Ci-Cgalkyl)-, 

-(Cs-Cgcycloalkyl)-, a heterocycle, a heteroaryl, 

wherein 
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wherein the representation of L is not limited directionally left to right as is depicted, 

rather either the left side or the right side of L can be bound to the Wi side of the compound 

of Formula IB; 

each Rf) is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -OH, 

-C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, 

-NH2, -NH(C!-C3 alkyl), -N(CI-C3 alkyl)2, -NH(CtO)C,-C3 alkyl), -N(C(0)Ci-C3 alkyl)2, 

-SH, -S(CrC3 alkyl), -S(0)CrC3 alkyl, or -StO)2Cs-C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently 1, 2, 3, or 4; 

each m is independently 0, 1, 2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, 1,2, or 3; 

kis 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted Cj-Ce alkyl, wherein a methylene 

unit of the C1-C6 alkyl can be optionally substituted for either O or NR, and in NR4R4, both R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each R3 is independently H or -C\-C^ alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, C6H4OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently -H, or straight or branched Cj-C4 alkyl optionally substituted 

with OH or halogen. 
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11. The compound of claim 2, wherein the compound is of Formula IC: 

O 
0 

IC 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

each Wi and W2 is independently null, O, S, NH, or NR, or Wj and W2, can be taken 

together to form an optionally substituted imidazolidine or piperazine group; 

each a, b, c, and d is independently -H, -D, -CH3, -OCH3, "OCH2CH3, -C(0)0R, or 

benzyl, or two of a, b, c, and d can be taken together, along with the single carbon to which 

they are bound, to form a cycloaikyl or heterocycle; 

each n, o, p, and q is independently 0, 1, or 2; 

each L is independently null, -0-, -C(O)-, -S-, -S(O)-, -S(0)2-s -S-S-, -(Ci-Cealkyl)-, 

-(C3-C6cycloalkyl)~, a heterocycle, a heteroaryl, 

wherein 

NR4R4 
(CH2)g Z 
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wherein the representation of L is not limited directionally left to right as is depicted, 

rather either the left side or the right side of L can be bound to the Wi side of the compound 

of Formula IC; 

each Rg is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -

-C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)C[-C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, 

-NH2, -NH(CI-C3 alkyl), -N(CJ-C3 alkyl)2, -NH(C(0)CrC3 alkyl), -N(C(0)Ci-C3 alkyl)2, 

-SH, -S(Ci-C3 alkyl), -S(0)Ci-C3 alkyl, or -S(0)2CrC3 alkyl; 

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

each m is independently 0, 1,2, or 3; if m is more than 1, then L can be the same or 

different; 

each ml is independently 0, 1,2, or 3; 

k is 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted Ci-Ce alkyl, wherein a methylene 

unit of the Ci-Ce alkyl can be optionally substituted for either O or NR, and in NR^R^ both R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each R3 is independently H or -Ci-Cg alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, C02R, CONH2, phenyl, Q^OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently -H, or straight or branched C]-C4 alkyl optionally substituted 

with OH or halogen. 
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12. A compound of Formula II: 

P' 

C 

q 

Z 

Z' n 
O 

II 

or a pharmaceutically acceptable salt, hydrate, solvate, enantiomer, or stereoisomer thereof; 

each Wi,W2, W]', and W2' is independently null, O, S, NH, or NR, or Wj and W2, or 

Wi' and W2' can be taken together to form an optionally substituted imidazolidine or 

piperazine group; 

each a, b, c, d, a', b', c', and d' is independently ~H, ~D, -CH3, -OCH3, ~OCH2CH3, 

~C(0)0R, -O-Z, or benzyl, or two of a, b, c, and d or any two of a', b', c', and d' can be taken 

together, along with the single carbon to which they are bound, to form a cycloaikyl or 

heterocycle; 

each n, 0, p, q, n', 0', p', and q' is independently 0, 1, or 2; 

each L and L' is independently null, -0-, -C(O)-, -S-, -S(O)-, ~S(0)2~, -S-S-, -(Cj-

Cealkyl)-, -(C3-C6cycloalkyl)-, a heterocycle, a heteroaryl, 

wherein 
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wherein the representation of L and L' is not limited directionally left to right as is 

depicted, rather either the left side or the right side of L and L' can be bound to the Wj or Wi' 

side of the compound of Formula II, respectively; 

each R.6 is independently -H, -D, -C1-C4 alkyl, -halogen, cyano, oxo, thiooxo, -OH, 

-C(0)Ci-C4 alkyl, -O-aryl, -O-benzyl, -0C(0)Ci~C4 alkyl, -C2-C3 alkene, -C2-C3 alkyne, 

-NH2, -NH(CI-C3 alkyl), -N(CI-C3 alkyl)2, -NH(C(0)CrC3 alkyl), -N(C(0)Ci-C3 alkyl)2, 

-SH, -S(CrC3 alkyl), -S(0)Ci-C3 alkyl,or -S(0)2Ci-C3 alkyl; 

each g is independently 2, 3, or 4; 

each h is independently 1, 2, 3, or 4; 

each m and m' is independently 0, 1, 2, or 3; if m is more than 1, then L or L' can be 

the same or different; 

each ml is independently 0, 1, 2, or 3; 

k is 0, 1, 2, or 3; 

z is 1, 2, or 3; 

each R4 is independently H or optionally substituted Cj-Cg alkyl, wherein a methylene 

unit of the Ci-C6 alkyl can be optionally substituted for either O or NR, and in NR4R4.bolh R4 

when taken together with the nitrogen to which they are attached can form a heterocyclic ring 

such as a pyrrolidine, piperidine, morpholine, piperazine or pyrrole; 

each Z and Z' is independently H, 
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•1 ^2 

provided that 

there is at least one 

or 

in the compound; 

each t is independently 0 or 1; 

each r is independently 2, 3, or 7; 

each s is independently 3, 5, or 6; 

each v is independently 1, 2, or 6; 

-116-



each Ri and R2 is independently -H, -D, -C1-C4 alkyl, -halogen, -OH, -C(0)Ci-C4 

alkyl, -O-aryl, -O-benzyl, -0C(0)Ci~C4 alkyl, -C2-C3 alkene, -C2~C3 alkyne, -NH2, -NH(C[-

C3 alkyl), -N(Ct-C3 alkyl)2, -NH(C(0)Ci-C3 alkyl), -N(C(0)Ci-C3 alkyl)2, -SH, -S(Ci-C3 

alkyl), -S(0)Ci-C3 alkyl, or -S(0)2Ci-C3 alkyl; 

each R3 is independently H or -C1-C6 alkyl; 

each R5 is independently e, H, or straight or branched C1-C10 alkyl which can be 

optionally substituted with OH, NH2, CO2R, CONH2, phenyl, C6H4OH, imidazole or 

arginine; 

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

amino acids; 

each R is independently -H, or straight or branched C1-C4 alkyl optionally substituted 

with OH, or halogen; 

provided that 

when each of m, n, o, p, and q is 0, Wj and W2 are each null, and Z is 

or 

then t must be 0; 

when each of m', n', 0', p', and q' is 0, WV and W2' are each null, and Z' is 
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vS^=v^-
r s r or 

(o) 

s 

then t must be 0; and 

when each of m, n, o, p, and q is 0, and Wj and W2 are each null, or when each of m'. 

n', o', p', and qr, is 0, Wi' and W2' are each null, then Z or Z' must not be 

13. The compound of claim 2, wherein the compound is selected from the group 

consisting of: 

(E)-methyl 4~(2-(4Z,7Z, 1 OZ, 13 Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethylamino)-4-oxobut-2-enoate (I-l), 

(E)-methyl 4-(2-(5Z,8Z,l 1Z,14Z, 17Z)-icosa-5,8,11,14,17-pentaenamidoethylamino)-4-

oxobut-2-enoate (1-2), 

(E)-methyl 4-(2-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethoxy)ethylamino)-4-oxobut-2-enoate (1-3);, 

(S)-6-((4Z,72,1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-((E)-4-methoxy-4-

oxobut-2-enamido)hexanoic acid (1-7), 

(S)-6-((5Z,8Z,llZ,14Z,17Z)-icosa-5,8,ll,14,17-pentaenamido)~2-((E)-4-methoxy~4-oxobut~ 

2-enamido)hexanoic acid (1-71), 

(S)~ 1,3-dihydroxypropan-2-yl 6-((4Z,7Z, 10Z, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamido)-2-((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (1-8), 

o 

-118-



(S)-1,3 -dihydroxypropan-2-yl 6-((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5,8,11,14,17-pentaenamido)-2-

((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (1-96), 

(S)-2-((4Z,7Z, 1 OZ, 13 Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-6-((E)-4-methoxy-4-

oxobut-2-enamido)hexanoic acid (1-10), 

(S)-2-((5Z,8Z,llZ,14Z,17Z)-icosa-5,8,l 1,14,17-pentaenamido)-6-((E)-4-methoxy-4-oxobut-

2-enainido)hexanoic acid (1-72), 

(S)-1,3-dihydroxypropan-2-yl 2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19-

hexaenamido)-6-((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (I-ll), 

(S)-l,3-dihydroxypropan-2-yl 2-((5Z,8Z,l lZ,14Z,17Z)-icosa-5,8,ll,14,17-pentaenamido)-6-

((E)-4-methoxy-4-oxobut-2-enamido)hexanoate (1-97), 

(E)-methyl 4-(2-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

hexaenamidoethylamino)ethy3amino)-4-oxobut-2-enoate (1-24), 

(E)-methyl 4-(2-(2-(5Z,8Z,l 1Z,14Z,17Z)-icosa-5,8,11,14,17-

pentaenamidoethylamino)ethylaniino)-4-oxobut-2-enoate (1-73), 

(E)-methyl 4-(2-((2-(4Z,7Z,10Z,13Z,16Z,19Z)~docosa-4,7,10,13,16,19-

hexaenamidoethyl)(methyl)amino)ethylamino)-4-oxobut-2-enoate (1-4), 

(E)-methyl 4-(2-((2-(5Z,8Z,l lZ,14Z,17Z)-icosa-5,8,l 1.14,17-

pentaenamidoethyl)(methyl)amino)ethylamino)-4-oxobut-2-enoate (1-74), 

(S)-5-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamido)~2-((E)-4~methoxy-4-

oxobut-2-enamido)pentanoic acid (1-80), 

(S)-2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-5-((E)-4-methoxy-4-

oxobut-2-enamido)pentanoic acid (1-81), 

(S)-l,3-dihydroxypropan-2-yl 5-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa~4,7,10,13,16,19~ 

hexaenamido)-2-((E)-4-methoxy-4-oxobut-2-enamido)pentanoate (1-82), 

(S)~ 1,3~dihydroxypropan-2-yl 2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamido)-5-((E)-4-methoxy-4-oxobut-2-enamido)pentanoate (1-83), 

(S)-5-((5Z,8Z,llZ,14Z,17Z)-icosa~5,8,l l,14,17-pentaenamido)-2-((E)-4-methoxy-4-oxobut-

2-enamido)pentanoic acid (1-84), 

(S)-2-((5Z,8Z,llZ,14Z,17Z)~icosa~5,8,ll,14,17-pentaenamido)-5-((E)-4-methoxy-4-oxobut-

2-enamido)pentanoic acid (1-85), 

(S)-l,3-dihydroxypropan-2-yl 5-((5Z,8Z,l 1Z,14Z, 17Z)-icosa-5,8,11,14,17-pentaenamido)-2-

((E)-4-methoxy-4-oxobut-2-enamido)pentanoate (1-86), 

(S)-1,3-diliydroxypropan-2-yl 2-((5Z,8Z, 11Z, 14Z, 17Z)~icosa~5,8,11,14,17-pentaenamido)-5-

((E)-4-methoxy-4-oxobut-2-enamido)pentanoate (1-87), 
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(E)-ethyl 4-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa~4,7,10,13,16,19-hexaenamidoethylamino)-

4-oxobut-2-enoate (1-66), 

(E)-ethyl 4~(2~(5Z,8Z,1 1Z,14Z, 17Z)-icosa-5,8,11,14,17-pentaenamidoethylamino)-4-oxobut-

2-enoate (1-75), 

(S)-6-((4Z,7Z, 1 OZ, 13 Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-2-((£)-4-ethoxy-4-

oxobut-2-enamido)hexanoic acid (1-69), 

(S)~2~((E)-4-ethoxy-4-oxobut-2-enamido)-6-((5Z,8Z,llZ,14Z,17Z)-icosa-5,8,11,14,17-

pentaenamido)hexanoic acid (1-76), 

(S)-1,3-dihydroxypropan-2-yl 6-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-

hexaenamido)-2-((E)-4-ethoxy-4-oxobut-2-enamido)hexanoate (1-98), 

(S)-l,3-dihydroxypropan-2-yl 2-((E)-4-ethoxy-4-oxobut-2-enamido)-6-

((5Z,8Z,llZ,14Z,17Z)-icosa~5,8,l l,14,17-pentaenamido)hexanoate (1-99), 

(S)-2-((4Z,7Z, 1 OZ, 13 Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-6-((E)-4-ethoxy-4-

oxobut-2-enamido)hexanoic acid (1-70), 

(S)~6-((E)-4-ethoxy-4-oxobut-2-enamido)-2-((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5,8,11,14,17-

pentaenamido)hexanoic acid (1-77), 

(S)-1,3 -dihydroxypropan-2-yl 2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19-

hexaenamido)-6~((E)-4-ethoxy-4-oxobut-2-enamido)hexanoate (1-100), 

(S)-l,3-dihydroxypropan-2-yl 6-((E)-4-ethoxy-4-oxobut-2-enamido)-2-

((5Z,8Z, 11Z, 14Z, 17Z)-icosa-5,8,11,14,17-pentaenamido)hexanoate (1-101), 

(E)-ethyl 4-(2-(2-(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

liexaenamidoethylamino)ethylamino)-4-oxobut-2~enoate (1-68), 

(E)-ethyl 4-(2-(2-(5Z,8Z,l lZ,14Z,17Z)-icosa-5,8,l 1,14,17-

pentaenamidoethylainino)ethylamino)-4-oxobut-2~enoate (1-79), 

(E)-ethyl 4-(2-((2-(4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19-

hexaenamidoethyl)(methyl)amino)ethylamino)-4-oxobut-2-enoate (1-67), 

(E)-ethyl 4-(2-((2-(5Z,8Z,l lZ,14Z,17Z)-icosa-5,8,l 1,14,17-

pentaenamidoethyl)(methyl)amino)ethylamino)-4-oxobut-2-enoate (1-78), 

(S)~5-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenamjdo)-2-((E)-4-ethoxy-4~ 

oxobut-2-enamido)pentanoic acid (1-88); 

(S)-2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa-4,7,10,13,16,19-hexaenamido)-5-((E)-4-ethoxy-4~ 

oxobut-2-enamido)pentanoic acid (1-89), 

(S)-l,3-dihydroxypropan-2-yl 5-((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-

h.exaenamido)-2-((E)-4-ethoxy-4-oxobut-2-enamido)pentanoate (1-90), 
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(S)-1,3-dihydroxypropan-2-yl 2-((4Z,7Z, 1 OZ, 13Z, 16Z, 19Z)-docosa~4,7,10,13,16,19-

hexaenamido)-5-((E)-4~ethoxy-4-oxobut-2-enamido)pentanoate (1-91), 

(S)-2-((E)-4-ethoxy-4-oxobut-2-enamido)-5-((5Z,8Z,llZ,14Z,17Z)-icosa-5,8,ll,14,17-

pentaenamido)pentanoic acid (1-92). 

(S)-5-((E)-4-ethoxy-4-oxobut-2-enamido)-2-((5Z,8Z,llZ,14Z,17Z)-icosa-5,8,ll,14,17-

pentaenamido)pentanoic acid (1-93), 

(S)-1,3 -dihydroxypropan-2-yl 2-((E)-4-ethoxy-4~oxobut-2-enamido)-5-

((5Z,8Z,l.lZ,14Z,17Z)-icosa-5,8,11,14,17-pentaenamido)pentanoate (1-94), and 

(S)-l,3-dihydroxypropan-2-yl 5-((E)-4-ethoxy-4-oxobut-2-enamido)-2-

((5Z,8Z. 11Z,14Z, 17Z)-icosa-5,8,11,14,17-pentaenamido)pentanoate (1-95). 

14. The compound of claim 2, having the structure 

(E)-methyl 4-(2~(4Z,7Z,10Z,13Z,16Z,19Z)~docosa-4,7,10,13,16,19-

hexaenami.doethylamino)-4-oxobut-2-enoate (I-l). 

15. A pharmaceutical composition comprising a compound of claim 2 (Formula I), claim 

3 (Formula IA), claim 10 (Formula IB), claim 11 (Formula IC), or claim 12 (Formula II) and 

a pharmaceutically acceptable carrier. 

16. A pharmaceutical composition comprising the compound of claim 14 and a 

pharmaceutically acceptable carrier. 

17. Use of a compound of claim 2 (Formula I), claim 3 (Formula IA), claim 10 (Formula 

IB), claim 11 (Formula IC), or claim 12 (Formula II) in the manufacture of a medicament for 

the treatment of inflammation or an inflammatory disease in a patient. 

18. Use of a compound of claim 14 in the manufacture of a medicament for the treatment 

of inflammation or an inflammatory disease in a patient. 

19. The use of claim 17 or 18, wherein the inflammatory disease is associated with a 

metabolic disorder. 
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20. The use of claim 19, wherein the metabolic disorder is Type II diabetes, insulin 

resistance, cardiovascular disease, arrhythmia, atherosclerosis, coronary artery disease, 

hypertriglyceridemia, dyslipidemia, retinopathy, neuropathy, macular edema, diabetic 

nephropathy, IgA nephropathy, chronic kidney disease (CKD), or an inflammatory disease of 

the kidney including uremic complications, glomerulonephritis and nephrosis. 

21. The use of claims 17 or 18, wherein the inflammatory disease is cystic fibrosis, 

asthma, sclerodermatitis, psoriasis or eczema. 

22. Use of a compound of claim 2 (Formula I), claim 3 (Formula IA), claim 10 (Formula 

IB), claim 11 (Fonnula IC), or claim 12 (Formula II) in the manufacture of a medicament for 

the treatment of a neurodegenerative disease in a patient. 

23. The use of claim 22, wherein the neurodegenerative disease is multiple sclerosis, 

Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis (ALS), Alzheimer's 

disease or muscular dystrophy. 

24. Use of the compound of claim 2 (Formula I), claim 3 (Fonnula IA), claim 10 

(Formula IB), claim 11 (Formula IC) in the manufacture of a medicament for the treatment of 

muscular dystrophy. 

25. Use of the compound of claim 14 in the manufacture of a medicament for the 

treatment of muscular dystrophy. 
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