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BACKGROUND OF THE INVENTION

Hyperactive sebaceous gland disorders, such as acne vulgaris (acne), are
common dermatological conditions affecting many people. Acne typically presents at
the onset of puberty and peaks in incidence between 14 and 19 years of age. The
prevalence of acne is greatly reduced by the middle of the third decade of life. Acne
pathogenesis is multi-factorial involving sebaceous gland hyperactivity (increased
production of sebum) with seborrhea, abnormal keratinocyte
proliferation/desquamation and bacterial colonization promoting local inflammatory
changes. As a consequence of the surge in androgen production at puberty, increased
sebum production occurs along with abnormal desquamation of the epithelial lining of
hair follicles. This mixture of sebum and cell debris is the basic ingredient of the
comedone providing an ideal environment for the growth of Propionibacterium acnes
(P. acnes), an anaerobic gram-positive bacterium that is part of normal skin flora and a
key contributor to inflammatory acne. Bacterial-derived chemotactic factors and pro-
inflammatory mediators subsequently foster local inflammatory reactions.

The clinical presentation of acne ranges from open comedones (whiteheads)
and closed comedones (blackheads) for mild acne to the papules, pustules, nodules
and cystic or mixed lesions for severe, inflammatory acne. Acne lesions typically occur

on the face, upper back, chest and upper arms. The clinical course of acne tends to
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patients. Long-term use of antibiotics is also associated with the spectre of bacterial
antibiotic-resistance. Light-based therapies, such as 420-nm blue light or 1450-nm
thermal lasers, can be used to treat mild to moderate acne based on their respective
anti-bacterial photodynamic or thermal effect on sebaceous glands.

With current guidelines, the treatment regimen of choice for individuals with
moderate to severe acne is oral antibiotics in combination with a dermatological agent
such as a retinoid. For patients with recalcitrant nodular acne, first line therapy may
consist of an oral retinoid, such as Accutane® (13-cis-retinoic acid). Accutane® has a
strong inhibitory action on sebaceous glands and is therefore useful in removing
comedones, reducing inflammation and inhibiting proliferation, differentiation and
lipogenesis within sebaceous glands. In addition, Accutane® is also used to treat
moderate or severe acne in patients at risk of physical or psychological scarring.
Accutane® has long history of proven efficacy in treating acne. The majority of
individuals treated with Accutane® experience remission with 3-6 months of daily

dosing. In some cases, the treatment produces long-lasting benefit and is potentially
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retinoid that acts by inhibiting sebum production.

There exists a need, therefore, for a fast-acting, effective and safe
dermatological or oral therapy for acne and other dermatological disorders which are

characterized by sebaceous gland hyperactivity.
SUMMARY OF THE INVENTION

Described herein are analogs of 5-(tetradecyloxy)-2-furancarboxylic acid
(TOFA) and methods for using the analogs for the treatment of dermatological
disorders or conditions characterized by sebaceous gland hyperactivity, such as acne
vulgaris, acne conglobata, choracne, rosacea, Rhinophyma-type rosacea, seborrhea,
seborrheic dermatitis, sebaceous gland hyperplasia, Meibomian gland dysfunction of

facial rosacea, mitogenic alopecia, and oily skin.
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R*is optionally substltuted alkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl or optionally substituted
heteroarylalkyl;
each R’ is independently hydrogen, alkyl, optionally substituted cycloalkyl, optionally
substituted aryl or optionally substituted aralkyl; and
each R% is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or

-R3-C(O)OR*;
or any R’ and R®, together with the nitrogen to which they are both attached, form an

optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl;
as a single stereocisomer or as a mixture thereof;
or a pharmaceutically acceptable salt thereof.

Another aspect of this invention is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formula (1), as set forth
above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.

In another aspect, this invention is directed to a method of treating a human
having a dermatological disorder or condition characterized by sebaceous gland
hyperactivity, wherein the method comprises administering to the human in need
thereof a therapeutically effective amount of a compound of formula (1), as set forth
above, or a pharmaceutically acceptable salt thereof.

In another aspect, this invention is directed to a method of treating a human

having a dermatological disorder or condition characterized by sebaceous gland



optionally substituted L/-heterocyclyl or an optionally substituted
L/-heteroaryl; as a single stereoisoner or as a mxture thereof; or a

phar macewoDcallops@ocept abl e salt thereof. Another aspectCofUStdios4i78vent i on
is directed to a pharmaceutical conposition conprising a therapeutically
effective amount of a conpound of forrmula (1), as set forth above, or a
phar maceutical ly acceptable salt thereof, and a pharnaceutically acceptable
exci pi ent . hyperaotiitherhasipdiod methodscomprised administerihigrie ttedtintan ia neetd hod of

treating a,hu ving a. dernmatol.ogical .di sorder or. ndi tj. on

Charmet ot SRR QRS e Rl B0t Rprsihg R e phiaiR ekt B maupt o

conpri ses admmyosiheof fognule (I)hees el faih aboveemdc pHaemecdutiaaltyreecapiebleisatl | y
effective rreorunftao(j ahclﬁ{)%%olljjtrilcd”ofa feoiagf)” é"‘xﬁ"gnt as set forth above, or a
phar maceut i a??y réc%@p? AN AT HRErE0t IR Anot her aspect, this invention
is directed to aAnotitchaspant of thsdbvemtjomishlireatediaainmethed dieiniibitioly sghacabus

di sorder C nd'h. n_char act rizetﬂ

wherein tﬁ[eqlan ta}?o\fqiygn HTESs VAR hi 8P’%?tﬁ??%g‘f@fsﬁagh%ﬁ]”qﬂgﬁﬁtﬁgftéédh/{"h Meof a

offpri ses a umnma
phar maceut iica¢edibareos a thevaperdinglyi effieniiyecarb dnent ape admpeuridyofédriredd (| @s aabunt of

a conpound  of fornmula (I S forth, abo r. a pharmaceutically
accept abl ef%én ?bc{vﬁe?reaoé’r,]grrgﬁggl{at'C%@Ya?cf?gétggﬁéi S@ﬁﬁ??gg&:cept abl e exci pient.
Anot her aspect @mother aspaty efithisomveansionisrddetted tb @ neethed bididhibiting sébdwiebusg

sebaceous d i.vity in h n rein th h onpr.i s
i ot e, AL X il QIR RS biEs ZBRIPCARB e finen
amount of &n cesptharedf abhbmravalitcal tompesticetonfpoising aabenapgutmaliaeffective

phar maceuti_cal | ccept abl e t her eof.. r C hj.s i nvention
P ect ed TanLoREETBARRN B R O oL o BRI ' 2 R
wher ei n t hecosithge sglothereéod.emdariphanmsteutically daeptablefexaipient.n need t hereof a

phar aceuty i cOmR? LR FRIMAIS )T SRS 8 SSSH g ©

a conpound of for S se
accept abl e hegihp atdierdsfor canditian glaaaaerized toydrafladmmatooephearieinethe xwatipent .
Anot her as %8%§ri§gs éJ}hﬁls{eﬂKS% ih%rhuin?anq}] ! 8&& %réo? ag)hgﬁr%gc%% i?gl cgkﬁg&h&g a .
human havi ng 1501 derrordcondi tion ¢hAsracter] 2ed y |n% anmation, wherein
t he met hod comprising a therapeutically effective amount of a compound of formula (1), as set forth
above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.
Another aspect of this invention is directed to a method of reducing T cell
proliferation and cytokine secretion in a human having a disorder or condition
characterized by inflammation, the method comprising administering to the human in
need thereof a pharmaceutical composition comprising a therapeutically effective
amount of a compound of formula (1), as set forth above, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable excipient.
Of the various aspects of the invention set forth above, it is understood that the
compounds of formula (l) do not encompass compounds specifically disclosed or
claimed in the following U.S. Patents, the entire disclosures of which are incorporated
in full by reference herein: U.S. Patent No. 4,110,351; U.S. Patent No. 4,146,623; U.S.
Patent No. 4,602,099; and U.S. Patent No. 4,980,371. In a particular embodiment, the
compounds of Formula (1) excludes 5-dodecyloxy-2-furoic acid, 5-tetradecyloxy-2-
furoic acid methyl ester, 5-tetradecyloxy-2-furoic acid piperidinoethyl ester, and 5-
tetradecyloxy-2-furoic acid 3-pyrrolidinyl ester.
The above aspects of the invention and embodiments thereof are described in

more detail below.
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DEFINITIONS

Certain chemical groups named herein may be preceded by a shorthand
notation indicating the total number of carbon atoms that are to be found in the
indicated chemical group. For example; C;-Cq,alkyl describes an alkyl group, as
defined below, having a total of 7 to 12 carbon atoms, and C,-C4,cycloalkylalkyl
describes a cycloalkylalkyl group, as defined below, having a total of 4 to 12 carbon
atoms. The total number of carbons in the shorthand notation does not include
carbons that may exist in substituents of the group described.

In addition to the foregoing, as used in the specification and appended claims,
unless specified to the contrary, the following terms have the meaning indicated:

"Amino" refers to the —NH- radical.

"Cyano" refers to the -CN radical.

"Hydroxy" refers to the -OH radical.

"Imino" refers to the =NH substituent.

"Nitro" refers to the -NO, radical.

"Ox0" refers to the =O substituent.

"Thioxo" refers to the =S substituent.

"Trifluoromethyl!" refers to the -CF; radical.
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heteroarylalkyl; and each R is alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl or heteroarylalkyl.

"Alkylene" or "alkylene chain" refers to a straight or branched divalent
hydrocarbon chain linking the rest of the molecule to a radical group, consisting solely
of carbon and hydrogen, containing no unsaturation and having from one to twelve
carbon atoms, e.g., methylene, ethylene, propylene, n-butylene, and the like. The
alkylene chain is attached to the rest of the molecule through a single bond and to the
radical group through a single bond. The points of attachment of the alkylene chain to
the rest of the molecule and to the radical group can be through one carbon or any two
carbons within the chain. Unless stated otherwise specifically in the specification, an
alkylene chain may be optionally substituted by one of the following groups: alkyl,
alkenyl, halo, haloalkenyl, cyano, nitro, aryl, cycloalkyl, heterocyclyl, heteroaryl, oxo,
trimethylsilanyl, -OR™, -OC(0)-R", -N(R"),, -C(O)R™, -C(O)OR™, -C(O)N(R™),,
-N(R™C(0)OR’®, -N(R™C(O)R®, -N(R'™S(O)R'® (where t is 1 to 2), -S(O);OR®
(where tis 1 to 2), -S(0),R"® (where p is 0 to 2), and -S(O)XN(R™), (where tis 1 to 2)
where each R" is independently hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl,
aryl, aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl or heteroarylalkyl; and each R
is alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocyclyl,
heterocyclylalkyl, heteroaryl or heteroarylalkyl.

"Aryl" refers to a hydrocarbon ring system radical comprising hydrogen, 6 to 18
carbon atoms and at least one aromatic ring. For purposes of this invention, the aryl

radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may



3- et hyl hexyl, 2-nethyl hexyl, and the Iike. Unless stated otherw se
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conpri si ng aayefingkahove and RL&S one or more aryl radicals as defined above for example,

benzyl, diphenylmethyl and the like. The alkylene chain part of the aralkyl radical may
be optionally substituted as described above for an alkylene chain. The aryl part of the
aralkyl radical may be optionally substituted as described above for an aryl group.
"Cycloalkyl" refers to a stable non-aromatic monocyclic or polycyclic
hydrocarbon radical consisting solely of carbon and hydrogen atoms, which may
include fused or bridged ring systems, having from three to fifteen carbon atoms,
preferably having from three to ten carbon atoms, and which is saturated or
unsaturated and attached to the rest of the molecule by a single bond. Monocyclic
radicals include, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptly, and cyclooctyl. Polycyclic radicals include, for example, adamantyl,
norbornyl, decalinyl, and the like. Unless otherwise stated specifically in the
specification, the term "cycloalkyl" is meant to include cycloalkyl radicals which are
optionally substituted by one or more substituents independently selected from the
group consisting of alkyl, alkenyl, halo, haloalkyl, haloalkenyl, cyano, nitro, oxo, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroarylalkyl, -R">-OR™, -R™-0C(0)-R", -R">-N(R™),, -R"™-C(O)R™, -R">-C(O)OR™,
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systems; and the nitrogen, carbon or sulfur atoms in the heterocyclyl radical may be
optionally oxidized; the nitrogen atom may be optionally quaternized; and the
heterocyclyl radical may be partially or fully saturated. Examples of such heterocyclyl
radicals include, but are not limited to, dioxolanyl, thienyl[1,3]dithianyl,
decahydroisoquinolyl, imidazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl,
morpholinyl, octahydroindolyl, octahydroisoindolyl, 2-oxo-1,3-dioxol-4yl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl,
piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl,
tetrahydrofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl,
1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl. Unless stated otherwise
specifically in the specification, the term "heterocyclyl" is meant to include heterocyclyl
radicals as defined above which are optionally substituted by one or more substituents
selected from the group consisting of alkyl, alkenyl, halo, haloalkyl, haloalkenyl, cyano,
oxo, thioxo, nitro, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, heteroaryl, heteroarylalkyl, -R"-OR", -R"™-0C(0)-R™, -R">-N(R™),,
-R™-C(0O)R™, -R"™-C(0)OR™, -R"™-C(O)N(R™),, -R™-N(R'")C(O)OR",



radi cal s include, for exanple, cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl oheptly, and cycl ooctyl. Polycyclic radicals include, for
exanpl e, woanaroydep nor bornyl, decalinyl, and the |ike. POBUS3&G008G70F W Se
stated specifically in the specification, the term"cycloal kyl" is neant to
i ncl ude cycl oal kyl radicals which are optionally substituted by one or nore
substituents independently selected fromthe group consisting of alky
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) Fbt erocyclyl” r"ﬁgt%rch&gl]aﬁ(yls é‘? sqf) I’P&Igaljogtl'{)éﬁfﬁp |§"R’P§ E{H}sl $h ring

radi cal whi ch consSi’s car M one to six
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t he chain. The heterocyclyl part of the heterocyclylalkyl radlcal may be optionally

substituted as defined above for a heterocyclyl group.

"Heteroary!" refers to a 5- to 14-membered ring system radical comprising
hydrogen atoms, one to thirteen carbon atoms, one to six heteroatoms selected from
the group consisting of nitrogen, oxygen and sulfur, and at least one aromatic ring. For
purposes of this invention, the heteroaryl radical may be a monocyclic, bicyclic, tricyclic
or tetracyclic ring system, which may include fused or bridged ring systems; and the
nitrogen, carbon or sulfur atoms in the heteroaryl radical may be optionally oxidized:;
the nitrogen atom may be optionally quaternized. Examples include, but are not limited
to, azepinyl, acridinyl, benzimidazolyl, benzthiazolyl, benzindolyl, benzodioxolyl,
benzofuranyl, benzooxazolyl, benzothiazolyl, benzothiadiazolyl,
benzo[b][1,4]dioxepinyl, 1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl,
benzodioxolyl, benzodioxinyl, benzopyranyl, benzopyranonyl, benzofuranyl,
benzofuranonyl, benzothienyl (benzothiophenyl), benzotriazolyl,
benzo[4,6]imidazo[1,2-a]pyridinyl, carbazolyl, cinnolinyl, dibenzofuranyl,
dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl, indazolyl, indolyl,

indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl,
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het er ocyc I¥C above,
haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl or heteroarylalkyl.

"N-heteroaryl" refers to a heteroaryl radical as defined above containing at least
one nitrogen and where the point of attachment of the heteroaryl radical to the rest of
the molecule is through a nitrogen atom in the heteroaryl radical. An N-heteroaryl
radical may be optionally substituted as described above for heteroaryl radicals.

"Heteroarylalkyl" refers to a radical of the formula -R,R; where Ry, is an alkylene
chain as defined above and R; is a heteroaryl radical as defined above. The heteroaryl
part of the heteroarylalkyl radical may be optionally substituted as defined above for a
heteroaryl group. The alkylene chain part of the heteroarylalkyl radical may be
optionally substituted as defined above for an alkylene chain.

"Dermatological disorder or conditions" includes disorders involving hyperactive
sebaceous gland activity including, for example, acne vulgaris, acne conglobata,
choracne, rosacea, Rhinophyma-type rosacea, seborrhea, seborrheic dermatitis,
sebaceous gland hyperplasia, Meibomian gland dysfunction of facial rosacea,

mitogenic alopecia, and oily skin.
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if the heterocyclyl is a nitrogen-containing heterocyclyl, the heterocyclyl
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lhoxi dopyr itiapevtic drmgsp(h@nyhe TeFpyanatulgy Idesq:rrbedauerewy)l thropg?tfm#.ldiratzérriw
phenoxazin [ eri di i r :
py“ di nyI Whey@% ﬂ){ 8& t8¥éduc§tthe ||mdpeH¥J1¢e rl% Qt%nc:e b tF]é ?H{to alﬁc%ovnﬁz()%)\lyer(]j B
qui noxal i npbrmepjlon@ifthwtheraqautmﬂmgs:h In;dartmlmcawbmahcewwhlch would perturb the

tetr ahydr O%‘d' n&l ﬂgtju e (Bfr{ ’%‘t%tﬁrln ohrpeu%j%l%zc%l +Ie oﬁ‘ dfs lHe |ht%%eﬂalg Npld

triazinyl, I'en €SS s er se
speci fi cal ongamzaltlbre tbtpremdﬂcmgttts efﬁectm/hmsse]sra EidmererT(bmaseyllebstmcneanuJIdt (o]

Subst 1 € ut el aigeony B EBhS et Fou d b RRR K ME B SoRE L BBRE hesing ot g
of al kyl, al d(tenydszecabd(anyymaﬂeddalcwhi(t’ra\tvoad leffect the proteins and cause an indirect
perturbation of the lipid structure. Furthermore, solvents, such as ethanol, can remove
lipids from the stratum corneum, thus destroying its lipid organization and disrupting its
barrier function.

Examples of penetration enhancers or barrier function disrupters include, but
are not limited to, alcohol-based enhancers, such as alkanols with one to sixteen
carbons, benzyl alcohol, butylene glycol, diethylene glycol, glycofurol, glycerides,
glycerin, glycerol, phenethyl alcohol, polypropylene glycol, polyvinyl alcohol, and
phenol; amide-based enhancers, such as N-butyl-N-dodecylacetamide, crotamiton,
N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl formamide, and urea;
amino acids, such as L-a-amino acids and water soluble proteins; azone and azone-
like compounds, such as azacycloalkanes; essential oils, such as almond oil, amyl
butyrate, apricot kernel oil, avocado oil, camphor, castor oil, 1-carvone, coconut oil,
corn oil, cotton seed oil, eugenol, menthol, oil of anise, oil of clove, orange oil, peanut
oil, peppermint oil, rose oil, safflower oil, sesame oil, shark liver oil (squalene), soybean
oil, sunflower oil, and walnut oil; vitamins and herbs, such as aloe, allantoin, black

walnut extract, chamomile extract, panthenol, papain, tocopherol, and vitamin A
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hal oal kenyl, cyano, oxo, thioxo, nitro, aryl, aralkyl, cycloal kyl,

cycl oal kyl al kyl , heterocyclyl, heterocyclylal kyl, heteroaryl,

het er oar yWeal2kpl00s66R15- OR14 , -R15-0C(O) -R 14 , - R15- N( Rrt#/US2910/0RE85 C( O) R
14 , -R1I5-C(OOR 14 , -R15-C(ONR 14 )2, -R15-N(R 14)C(O OR 16, -R15-N(R
14)C(OR 16 , -R15-N(R 14)S(0O) tR16 (wheret is 1 to 2), -R15-N=C(OR 14
JR14 , -R15-S(OtOR 16 (where t is 1 to 2), -R15-S(0O PR16 (where pis 0 to
2), and - Rpansta®); WdNéE{Mszs(cmmMiéa Wakscainuba VX, vbresia vwcbeﬂwhxi gnolin

I ndependent |y h en

eyl oal kyl b E8a R Peuhlhs s K o Aoy BEGIEBl e atleatler oar
or het er oarfsttyed didsl wltregmctenﬁé?o)r ps)plyiedepelndleamd mte:iesiemf@dtmdﬂdmd chaina st rai ght
or branche n and e IS kenyl

el oai iyl tagheHuF ROy et Sl fR N PO Mol elebid ¥ s

het er Ocycl y:badyl((yhcld mﬂtyileemr ydietioyl shMc@lte:)airopt}diMajdte eldidic heitetiodcyprylateef ers to
a heteroary| Eef ne |n|n gasl rogen and

Snore t nan e 895 A BairfibeiBld D S AT LERERE BB Y By B RO AR 09 Bnd
nol ecul e | $al1rdallhefl,|gdmrla amdt mg@acla,tmermylrcablwe maihenabait, yriyrlstixda@dzlolelé\amd,

L/ - het er oar . be, opt i I t cr| ed above for
het er oar yl %lq{'gg?'g’.aéliﬁ%ﬁ reosé L é)l%i?a Iex‘? g#g%n %”§ §q?§t§’i %'?y ¥le forml a
- RbR, wher @lyRblsi propyled glytdslesactfaaroseaﬂastdm‘te rsaticydib avid, aniuierpltnate atehet er oar yl
radi cal fined abov het er o r et eroar I

r adi cal rrayg@es%ap"tsi %H’g‘f?pro'gugé 'ﬁut & és afdla at“” é"%%”g oy’ %e?%%{‘rw
group. The aalblaWIa&erdahyadTaxyanpsaret cmﬁoﬂeln@dbeﬁ@ﬂe,rqyblabkyhns* @dosmiollprdyanbe

optional | ygbgggqsr;fa gﬁha%gé‘%br oh a@ﬁ?lﬂﬁ& %pI] 8?1618& %%é’c Eéhd)eﬁngtlehl\? hin, 2

"Dermatol o i €01 ons
hyper act i veyselmroe desvaivascualc bs \alkyb/pyrnmbdmmmgarbbmate)eampé @yrc@hmmmul garis,

acne congl g gadteast r&hzx(?n%‘%@}? Bg{fr&%%ﬁgaquodﬁg aﬂJ%B T el Bfadp B Rcers, es]%%ﬁr pea,

sebor r hei ¢ derat ceous
dysfunct i oniaxéné dem@tlvemsratmexolanet (dlgﬁ'ail\lBsaSldmIDGIdE ergmadceys,| such as dimethyl

skin. " Der n%@%h&%g%é de& rﬁ I%lﬂ'lp%o%ég' é)cufgrghe\nc%%l #ﬂcﬂsasvglémlg%%ldl éé‘bt ation

any adj uvant, carfier, excl pi‘en sweet eni ng agent
di [ uent, praesieanvdsiosic atydz/ogolia)erralnes, |rhldazoimoeashatnu:iezole$mefcmes anch aget t i ng

agent . O SBEL e} BsABRRono SHERSNA) NG AREN 4 50 S LI 1o i CIHOA RS
as lanolin aIcohoI PEG 16 lanolin, and acetylated Ianolln oxazollnes oxazolindinones;
proline esters; pyrroles, urethanes; and surfactants, such as nonoxynols, polysorbates,
polyoxylene alcohols, polyoxylene fatty acid esters, sodium lauryl sulfate, and sorbitan
monostearate.

"Dermatologically effective amount” refers to that amount of an active
ingredient which, when administered dermatologically (i.e., systemically or locally,
including, for example, topically, intradermally, intravenously, orally or by use of an
implant, that afford administration to the sebaceous glands) to a human, is sufficient to
effect the desired treatment, as defined below, of the disorder or condition of interest in
the human. The amount of an active ingredient which constitutes a "dermatologically
effective amount” will vary depending on the active ingredient, the disorder or condition
and its severity, and the age of the human to be treated, but can be determined
routinely by one of ordinary skill in the art having regard to his own knowledge and to
this disclosure.

"Stable compound” and "stable structure" are meant to indicate a compound
that is sufficiently robust to survive isolation to a useful degree of purity from a reaction

mixture, and formulation into an efficacious therapeutic agent.
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United States Food and Drug Adm nistration as being acceptable for

der mat ol ogi cal use on humans or donestic aninmals, or which are known, or
are suit awbeofignseasse i n der mat ol ogi cal conpositions. AsPC3S/Usea4070he skin
(especially stratum corneum provides a physical barrier to the harnful
effects of the external environnent. In doing so, it also interferes with
the absorption or transdernal delivery of topical therapeutic drugs. Thus,
a suitable dernﬂMehmgaiI'biad:lhgremﬂmnsadﬂdebo@xdd)rpéﬁ'rmtanﬁmgdsism:ﬂ axllebomaerpr nore
penetration e n [ tign_enhan ) ubst ances t hat
pr onot e t hé"aY %Tgus(?é%usc%gddr?etst”ﬁg gaetﬁt(im% §W|n§ ttY\h pr’nggel1 %%al 0gs
descri bed mmmhsn)andhomdgmeshmar&imms Sh)lah lasamldel'fdnayd tryeplkeal |y act to reduce

t he i npedance or, ta . Qw I nprove ion of the
ther apeut o dr uc@PiTen sar oo Meelis B et GRsBEV AR he nor ma
structure @frcmrhﬁalsctesahammaymotmcamreandattmbtre defscription umﬂudeg indtances

intercell ulwehr %I d or, anllrczu% |,[e(|)nc,e c;tchurs rn§ |rl1“fin |tvsvhlei‘1 tls\r/]en S as a
barrier. THeS& %§¥% e&"CON A PACrUEE C% tce gfa V\BI ch woul d
partition mniamplehbp&;bmﬁllytmbs:ttbmtedumﬂl"i rpezmh;s thaiulaé ag/l eadahat ey oefrlagaibt be any

mat eri al ct rturbatlon
of the |.p|388§{“\ﬁg§? rqeﬁgﬁ %n%c‘?u oqsven r¥| r@& I%@Pd% an renove
| i pi ds fromadites Iada\rnag uonsntosrtmﬂlum V\lﬁwa fdesltdneygmgp |stckasbmtpndcbsdbgmnaﬂ$t| on and
di srupting LS. " C stl, t|o s or

a1 or 1 oreprueh afist UPE Sy le R i b RSP s PP o base
enhancer s, ssbsttutad" aldksonal, $oriihe hurcpnsaestan‘tlmsxtveehorcaud:kout&ratldmrmg||madad:to>hol ,

butyl ene glfl¥érﬁr§fﬁyelb%}%k‘?@ﬁatlglng e "ml%ld é?\X/é’rOl glyceri d_es, gl ycerin,

gl ycerol, ypropylene gl ycol, polyvinyl alcohol, and
phenol ; am de- bd@@mﬂbmméy scce:p_table asridr/ diluent/or d:dcmthmuejngw@e:ssﬂiﬁmude,

crot am ton’I|m atch arg} chrfg?ergl‘g)lenh Iléj‘ér]_déweettgﬁfrﬁjga n?rgllggot L/ - met hyl

f or mam de, acids, 'suc wat er sol ubl e

pr ot ei ns; a)zemeevammei oaaem:nblradt,e‘layon@m;mder smwmmwahmqgﬂrmadlmmg agsdent i al
o os " Ol b, ULl SERUAER! el i prbBgReo o'
eugenol , mapptoekd bpithe Whitearbtates Foot aod Exclhg)Aér,mmB’uahgleasbélng pecaptdble for
use in humans or domestic animals.
"Pharmaceutically acceptable salt" includes both acid and base addition salts.
"Pharmaceutically acceptable acid addition salt" refers to those salts which
retain the biological effectiveness and properties of the free bases, which are not
biologically or otherwise undesirable, and which are formed with inorganic acids such
as, but are not limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as, but not limited to, acetic acid,
2,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, camphoric acid,
camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, carbonic acid,
cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid,
glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic
acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-
disulfonic acid, naphthalene-2-sulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid,

oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid,
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oil, peppermnt oil, rose oil, safflower oil, sesane oil, shark liver oil
(squal ene), soybean oil, sunflower oil, and wal nut oil; vitam ns and herbs,
such as awvoepriiob@nt oi n, bl ack wal nut extract, chanom | @CEASL@O040795

pant henol , papain, tocopherol, and vitam n Apal mtate; waxes, such as
candelilla wax, carnuba wax, ceresin wax, beeswax, lanolin wax, jojoba oil,
petrolatum m xes, such as primary esters of fractionated vegetable oil
fatty aci dpywgltargic\ecl; pyravioracior sadigllenacidyl4yaoihpsaingici atids selsdair adid,ed nedi um
chain triglygceri ils:. fatt cids and fatty. aci t , h as anyl
caproate, gﬁeta;ﬁ F agﬁe%)% CE?C %Ci(?jrt%ﬁtala}éz aézidl, g],'gcé'gﬁ ';(lzla%'gg é&?grielsg[@@yf g§'§’bacat e,

di octyl nmaltdftueroaektc abid, Lndedylatitytid caprtyé tikee, et hyl gl ycol pal m tostearate,
gl yceryl beheate | ucose gl uta i sobutyl acetate aureth-4. lauric
ST a. el To aci cPrAarReT oo RERb bis Gl sBRTRRLT oh B St "aci
pal mtic acetdin tREGolaiday eféstieerssss pol poopettesef dwr fed aoidsyah@bl eanet

pol ypropyl en l.ycoal s r.opyl ene gl yenl s accharose disterate alicylic
o ar " oo gl B SmePlSFnAaTolle! 1Bed R RE BieBRR o BFHG oa
capric-, almbrganic base oriegl orgaric Hess tortee free wtit ¢ Salts dedvedsronuingtgahiedases

hydr oxyani sgl e cl e |i cycl odext rins: _phosphol i pid and
phosphate. e, BYCHEBETIARH e RGfume BT Y, FDF. pPURRRR hipnat e,

| eci t hi n, 2nagpgsiuol, irdarenal eoppentmareganesa) afunaisuralsalts and the like. Preferred

pyrrolidone-5-car yl ate e r. r.ogl m.c aci ste L/ =ne I
o1 1 dondoa B R AT BBt RU P, PR Bl Bro B ke
deri vat i vesSalisdedvandfoinaneyadierbases inclede, muilaphootiliddted td sateofspringrg,h as

di met hyl sul phoxi .decyl. et hyl .. i de: i d _enhancer such as
2l gim o aceieoRarhEnd S SR oo dRHeS Fig Bl AARLE A
i m dazol i neokstitutediadimss| exlic keiresesd baaichorasxchergoresinsdsuvhtdsi amoneniaret hyl

et hyl ketone n t ine: | in [ Lyes, . | anol i n

2l conol - pREPi PR AEENER T, oAt S PSS s e

oxazol i ndi martlessiolgmniod.i allearedinging,; dgayiolr Hdgsethylamintoethespl, and surfactants, such

as nonoxynol | ys , c , |y ax fatty acid
esters, so%'l (ﬁ%t\hVlgﬁﬁ,nyq%h%ﬁ%?gicgggﬂéé/nxg%ﬁ%ﬁfsar? ’ %@ﬁﬁ)@%’e@sﬁg%gi é{Aﬁn‘r%l’mt ol ogically
ef fecti ve agnmairte’; hydrblearsineocholied, betainm tbeoéthaminecbénzathimyg eédiepetiantnesh, when

e ot SS90 R S TGS 58 B ",
an i npl ant pifehnadineaipfperidinadiieth yidipaaidinen polgarnine reghagmbits ligé.aRddipulbdy a human,
I's suffici %Péfertrgd organic bases are isopropylamine, diethylamine, ethanolamine,

trimethylamine, dicyclohexylamine, choline and caffeine.

A "pharmaceutical composition" refers to a formulation of a compound of the
invention and a medium generally accepted in the art for the delivery of the biologically
active compound to mammals, e.g., humans. Such a medium includes all
pharmaceutically acceptable carriers, diluents or excipients therefor.

"Therapeutically effective amount" refers to that amount of a compound of the
invention which, when administered to a mammal, preferably a human, is sufficient to
effect treatment of the disease or condition of interest in a mammal, preferably a
human, having the disease or condition. The amount of a compound of the invention
which constitutes a "therapeutically effective amount" will vary depending on the
compound, the disease or condition and its severity, the manner of administration, and
the age of the mammal to be treated, but can be determined routinely by one of
ordinary skill in the art having regard to his own knowledge and to this disclosure.
Preferably, for purposes of this invention, a "therapeutically effective amount” is that

amount of a compound of invention which is sufficient to inhibit sebaceous gland
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effect the desired treatnent, as defined bel ow, of the disorder or
condition of interest in the human. The anpbunt of an active ingredient

whi ch corwoizbutm®seéa " der mat ol ogi cal |y effective anmount " Pairius2manyo7dependi ng
on the active ingredient, the disorder or condition and its severity, and
the age of the human to be treated, but can be determ ned routinely by one
of ordinary skill in the art having regard to his own know edge and to this
di scl osur e.actilyabl e conmpound” and "stable structure"” are nmeant to indicate

a conpound t hat .i fficiently.robust to.survive, isol.ati sef ul
degree of puri tylr'fse|a gﬁrjﬁ a rrté%agénfepc{m’ M l¥%8rhg,Pe'@ncgv?rgﬁ%ﬁg?tl%gﬁp&ﬁbgd%ﬁgse or
ef fi caci ousondigorapioterast amgembnhid, prefetabilynag hudes, dndeeisdesnd bot h donesti ¢

ani mal s such as Jaboratory aningl s _and househol d pets. .(.e.d. cats, dogs,

i e, cattle Shoep Prudatnd M cdsB 0l phRE Ior pdtlidio e BemEini m <

such as wi | deli f(i® andhHilbiind thkelisea&por comalition dr theopammahli.by arrestigstst hat t he

subsequent E%V%escri_bed event of circunstances nmay or may not occur, and
C

that the d P%T?r(])th i ncl udes instances where said event or circunstance

occurs and i nst diipes relivvingitiod diseasbomcondition ldhe exaampalei.e.. cquisingnal | 'y

substituted_ aryl.” ns. that the aryl radical may or may not be substituted
and t hat tﬁ%graéss'%nrSﬁﬁ?ﬁﬁe?ﬁec?rucc%gﬁf%t% substituted aryl radicals and aryl
radi cal s havi ng (mp sudiEvingube sympto¥nerof thef diseztse @nadndjticplip thesmdmsal,iileed as

"optionall bst.i "and jn rn bst | t nt. n the functional
oroup are SPEIREAhE iRy el rsdd e R I BB ok BB LL o i s
i nventi on, such Astusedtiecns tize eerins hdisesdel and Toveditipn"ehay dlisedsuch i terati ons

are limte . ceut. i ce e i il

oot pi ent - M hieel i AT e BR PRI PR RSO & corBhoN B B e
glidant, sweetehknognagesative dgénidst thapetedagy\ratsinotyetdeen eoricdani), arfd itigor
enhancer, %Herré%fet f?&é/et P’é%&@ﬁi?&b $§§Btsea9é 5R%h 'é’éganat%eo’\%%waqﬁlé‘g&?dﬁgdn”& agent,
stabilizer, Tsotonic agent, 5o ven&, or emul’sifier IC as peen approved
by the Uni tsgodrSinat wheremoa maraloDessgspldiiic sesofrsgptomsalsavediarg idendited byl e f or
use in hun%Fﬁ,lcigrr]S donestic animals. "Pharnmaceutically acceptable salt™

i ncl udes both aci’'d and base addition salts. "Pharnaceutically acceptable
aci d addi ti on sdlht"compbends ¢fdhe ingsdiopabrt thewbharmaceutically acceptable salts

may contain one or more asymmetric centres and may thus give rise to enantiomers,
diastereomers, and other stereoisomeric forms that may be defined, in terms of
absolute stereochemistry, as (R)- or (S)- or, as (D)- or (L)- for amino acids. The
present invention is meant to include all such possible isomers, as well as their
racemic and optically pure forms. Optically active (+) and (-), (R)- and (S)-, or (D)- and
(L)- isomers may be prepared using chiral synthons or chiral reagents, or resolved
using conventional techniques, for example, chromatography and fractional
crystallisation. Conventional techniques for the preparation/isolation of individual
enantiomers include chiral synthesis from a suitable optically pure precursor or
resolution of the racemate (or the racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC). When the compounds described
herein contain olefinic double bonds or other centres of geometric asymmetry, and
unless specified otherwise, it is intended that the compounds include both E and Z
geometric isomers. Likewise, all tautomeric forms are also intended to be included.

A "stereoisomer" refers to a compound made up of the same atoms bonded by
the same bonds but having different three-dimensional structures, which are not
interchangeable. The present invention contemplates various stereoisomers and

mixtures thereof and includes "enantiomers", which refers to two sterecisomers whose
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retain the biological effectiveness and properties of the free bases, which
are not biologically or otherwi se undesirable, and which are formed with

i nor gani cwachd®oseseh as, but are not limted to, hydrocrCoriseoaoie9s
hydrobrom c acid, sulfuric acid, nitric acid, phosphoric acid and the |ike,
and organic acids such as, but not limted to, acetic acid,
2,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic
aci d, benzemrémuléstmécmoasu'aérinipeseatile:macﬁrdinaglesanfemarahdmbenzoi c acid,

canphorlc aci d, ul foni c i roic aci

caprylic acid, T%gboﬁl écaérg?'ﬁ'ngg?oﬁ%%orhgﬁd gfru%@'% '?grrgr% g eocﬁgrgmcafr%% c aci d,
dodecyl sul frmudlfcedafonndoftbe haeAIC. Zmodiemulatwensystam uismgal‘nleai‘rmDrbwn{arsmnnd

2- hydroxyeth Vr\}aersun f oni Crana' d( fnqrrl’g oﬁf q:,O A L Crac IICd aar% Sact alrlé: aci d,
gentisic ac’ SI @@O%B AT %%l%f, g&?ucdnlé 8@?(‘? F Sr'?) T4l P8V gl utam c
acid, glut amere:m aacswstltﬂem)gnetgj igtnamed mﬁorel theggr;boeta)\ptmolspladacrcesadﬁod gI ycolic
aci d, hi ppueg(lar% ?C Sé)bFett I’Icgmalgi‘,sle an e tII %Ck%gl d | %ct obrl Q | auric
acid, mal ei"¢®QR" yr?ﬁprcoyamyd RIS (li) ng\'\f ygcQ,P(&)pyr?é'P suI fonic
aci d, mnuci dn almerdlpalrsarpbmmadiiegnarrfs al5bordjssanda fotentlfnedaexmpt foagbink ahdioa- aZerssLI fonic

acid, 1-hydr -2-Nn h i ol el c_aci grotic acid,
oxal i ¢ aci gffh?ﬁ?rﬁiaf ?me% Oab © tgo di 1o éerﬂ h&S%%Sﬁ?E masctiocfom)? qu%fht?t am c acid,
pyruvi c acivdlensal i cyI ic acid, 4-am nosal icylic acid, sebacic aci d stearic
S T e ode e RE A B ACk kOGRS el s ek

" Phar maceutAccaddlrwlyatrteameadﬁIperelnﬁsaelsanldlsujbstnuesalgtdupnedleartes that theageusal t s

whi ch ret ai | c of t free acids,
whi oh ar e 50ePBRLTEN 3% FfeuRei L pFAEOTARY, BIBF Eohimeind RS e
prepared f parardudist |R1un esémpla, omoofghe ioibesfer Bt isahne e@«jﬁme(ooaﬂa%ﬁﬂ the free
acid. Salts &er'%%q’oﬂcrﬁlﬂg} | QL %rlljl CcaR%%edsra\hﬁg%%%WSbUt are not limted to,
the sodi um’ P Ot assi am hi %\ 5 cal ciuny” magnesium iron, zinc,
copper, manganese, alum numsalts and the like. Preferred inorganic salts
are the ammoni um sodi um potassium calciu and magnesi um salts. Salts
derived from organi c bases incl udeo buto arennot limted to, salts of
prinmary, secondary, and tertiary ~am Rés ~elbsiRet ut ed ami nes i ncl udi ng
naturally occurring substituted am nes, cyclic am nes and basic ion
exchange resins, such as ammonia, i sopr opyl ami ne, trinethylam ne,

diethyl am ne, t r'IJhﬁy}gl gxn;mnpe attgoI pouﬁg o?lmrmula (1) wherein R' 3- -morpholinopropoxy;

i.e., a compound of the following formula:

O
O

0]
CiaHag™ \ O/\/\N/w

0]
is named herein as 3-morpholinopropyl 5-(tetradecyloxy)furan-2-carboxylate.

EMBODIMENTS OF THE INVENTION

Of the various aspects of the invention set forth above in the Summary of the
Invention, certain embodiments are preferred.

Of the compounds of formula (1), as set forth above in the Summary of the
Invention, one embodiment is a compound of formula (1) wherein:
R'is -O-R?% and
R? is independently alkyl or heterocyclylalkyl.

Of this embodiment, one embodiment is a compound of formula (1) selected
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di et hanol am ne, et hanol am ne, deanol, 2-di nethyl am noet hanol,

2-di et hyl am noet hanol , dicycl ohexyl am ne, |ysine, arginine, histidine,

caf f ei ne,wprovion®) hydrabam ne, choline, betaine, benehamisa@p/obEazat hi ne,
et hyl enedi am ne, gl ucosam ne, nethyl gl ucam ne, theobrom ne,

tri et hanol am ne, tronetham ne, purines, piperazine, piperidine,

L/ - et hyl pi peridine, polyamne resins and the |like. Particularly preferred
organi ¢ bades:are isopropylam ne, diethylam ne, ethanol an ne,

trimethylangn Leyel ohexyl amine, chol i ne and caffeine. A "pharmaceuti cal
conposi ti oﬁngpp?%yg,?;g%ﬁ%&)%%%y)ﬁ’w% icgﬁbog(yfaae’corrpound of the invention and a
medi um gendrmatihylpactyep{tetiadacybkgfuaan-2fcarboxipleteslehd very of the biologically

active co un na .S, € U S,... Such medium,i gl udes al |

har maceut LTy SRR Anto st ne Py B R B B Pake oaRie, her of o

"Ther apeuti cal | YOfélid emhpaumdamwbionhlilar(Bf &5 set fath dtadve dnrter8unaha of tihgpound  of

t he i nvent ilr?vrénl icp] th\é@errﬁ ﬁ@ln‘iem istaert?nd tuR af]mramm"rlraal ' \A}%efirtla_rabl y a human, is
sufficient 16 et &P trgap AE"of &%) s%gsé) or ééndl t9'n of "interest in a
manmal , pr &'és aRY, andhunan, havi ng the di sease or condition. The amount of

a conpound nf. Lnventi i constitutes a "therapeutically effective
anount " w IFTQ '%/Fé?n)g/alhﬂﬁgﬁ%lfsﬁgﬂ%naﬂﬁ]e conpound, the disease or condition and

its severity, t & tmaembodiofenscmeringiodamertis a aodpolre cidganoda @ hselentathal t o be
treated, blfrtomcan be determ ned routinely by one of ordinary skill in the
art having regard to his own know edge and to this disclosure. Preferably,

f or pur pose,driflubreethyhv€tetradecyloxy fforas2ageeldxytdd; | y ef f ective anount” is

t hat anoun d i i ich i,s sufficient to inhibit
sebaceous t&r%%é@@foﬁ\g/gﬁw%(t raggw(ﬁﬁsﬁjgapl'%érrg)gﬁr@ﬁ‘t ", as used herein, covers
t he tr eat nedtroobethiiies-(esadbesglory)fuwamdichrbonylefe; emd er est i n a mamal ,

From occur A g ace B kR e B RS REA e di sease or condition in
the manmmal , i.e.Qf the c@spoungs iof rueted|)ogmeatforth(abave i thlei Summarytdiighedi sease or
conditi on e, TR emboimenf RUIAbALRILFRRRI (Blurkfif i sease or
R'is -O-R*-OR?
R? is optionally substituted heterocyclylalkyl; and
R® is an optionally substituted alkylene chain.
Of this embodiment, one embodiment is a compound of formula (I) which is 3-
(tetrahydro-2H-pyran-2-yloxy)propy! 5-(tetradecyloxy)furan-2-carboxylate.
Of the compounds of formula (1), as set forth above in the Summary of the
Invention, another embodiment is a compound of formula (l) wherein:
R'is-0-R*-OC(0)-N(R*)R®;
each R? is independently alkyl, haloalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heteroaryl or optionally substituted
substituted heteroarylalkyl;
R®is an optionally substituted alkylene chain; and
R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and
R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
-R3-C(0)OR?; and
or any R’ and R®, together with the nitrogen to which they are both attached, form an

optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl.
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(iv) relieving the synptons of the disease or condition in the mammal,
i.e., relieving the synptons w thout addressing the underlying di sease or
condi ti onwoan1iA®ses8ed herein, the terns "di sease” and " eomdistéionioremny be
used i nterchangeably or may be different in that the particular mal ady or
condition may not have a known causative agent (so that etiol ogy has not
yet been worked out) and it is therefore not yet recognized as a di sease
but only as an @fddsiendblienant roaietendrodoners yanal canmpounshd feimulea( eelestatr | ess
specific set of synptons have been identified by clinicians. The conpounds
of the inven i'on, or their pharnmaceutically acceptable salts may contain
one or nor d-@symetathyt)cabamogioxygathynBitetdresyigky)@uran-8eathmxglatent i oner s,

di ast er eomgr t her

nd st ereqisoneric, far a be.defined, in terns
of “absol ut o0& BR¢ Reper Py FITEh EAPBiop BRIy MBSt 21" o "amt no
aci ds. The preseatboxylaeenti on is neant to include all such possible isoners,
as wel | as thelk raceni d. opti cal re forns. ically active (+) and
) 1R 2 gast oAl T G MR o B B it s R e PG TP chi 7 o
synt hons or chi didarbegigéent s, or resol ved using conventional techniques, for
exanpl e, chrgmatogra nd fractional cr L1 i on., Convent i onal
t echni ques f@ﬁeﬁg%cﬁ)%é?%qa&o/n &@5%&&%@ a%%?%%h%ﬁ r§r|1 QeC%g?ﬂxiy%E%r s include
cEi ral synt1h(éf(teira?ﬁwloa)fsmntbbérbor@mﬁyo?lhyl ﬁ-mlenglpwlr(;dh:imesbcgrboxyn?e;ol uti onI of
the racenate I [ te 0 L, derivative) usi _for exanple,
chiral hi gﬂ’%r@%@&?@?&ﬁﬁ%ﬁ %ﬁ?@%@i‘%@be&;‘?ﬂ? 4?&&[%?'8 OW\W&?{'”? r?«gﬂg)orrpounds
descri bed herei madorylaien ol efi ni ¢ doubl e bonds or other centres of
geonetric asyr r le j ki therwise 1t s intended that
Phe. conpounde et bk SR SRR e LSRR YA i ce. "l
t aut orer i ¢ 1F(6¢(fedrade eyl @ly¥oranri-eavteny|dxy )diley| imrphafied-4-darBetylatesoi soner” refers

07O AR 0 Pl AT RSB R RE B0 ot i o

di fferent three- S ures, i'nt ér¢hangeabl e. The
present inventi ditadanyktgpbades vari ous stereoi somers and m xtures thereof

ahosen! scur Gs AP I BRI s TR BTl b B M S SR et her . The
chem cal nam ng Qoo caopowsndd of formolkayl) easised dordmab avs édthiee3 uenmargrod thee
Invention, another embodiment is a compound of formula (l) wherein:
R'is -O-R3-N(R*)R®;
R is an optionally substituted alkylene chain; and
R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and
R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
-R3-C(0)OR*; and
or any R’ and R®, together with the nitrogen to which they are both attached, form an
optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl.
Of this embodiment, one embodiment is a compound of formula (1) selected
from:
2-(dimethylamino)ethyl 5-(tetradecyloxy)furan-2-carboxylate;
2-morpholinoethyl 5-(tetradecyloxy)furan-2-carboxylate;or
3-morpholinopropyl 5-(tetradecyloxy)furan-2-carboxylate.
Of the compounds of formula (1), as set forth above in the Summary of the
Invention, another embodiment is a compound of formula (l) wherein:
R'is -O-R*N(R*)C(O)OR®

R is an optionally substituted alkylene chain; and
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nodified formof the I.U P. A C. nonenclature system using the ChenDraw
Version 10 software nam ng program (Canbri dgeSoft). For conpl ex chem cal
nanes enpwoyed/dosssei n, a substituent group is naned bef ece/ush@ogueap to
which it attaches. For exanple, 2 cycl opropyl ethyl conprises an ethyl
backbone with cycl opropyl substituent. In chem cal structure diagrans, all
bonds are identified, except for sonme carbon atons, which are assuned to be
bonded to Rifi§ opticeally supdtingenalial,aptiotalycobgitete athepliahaiyeubstTiteduse of

parent heses in s i tuen r i sed herejn [ye space.

Accordi ngly, th@%’@é’ O@#S%%Alryeﬁfgﬁggtleg%Fr?r%arglu%soﬁ'?nftgggﬁtgﬁ%uﬁ%a/i ndi cat es t hat

t he group encl odeteroarylblkgl; bingg par ent heses is attached directly to the atom
pr ecedi ng e parent hesis. For ex an f the choices. fo is the

P Ras oy o T ek, oot s BRRlfer B6pafi LRGP S BT oot as

foll ows: Thus, foptioreligspbstituted emtgypund of fornula (1) wherein Rl

3- nor phol i nopro col.e..a ou of the. fqgllow ornul a; .i s named
ner el h as 3. mor ol rupRayR ERPROENH sty Rl B8 iRy R

EVMBODI MENT $@rtidi-anbkeEBMbaNment is laecovgrouod sf faspelat(h wherditie i nventi on set

forth abov%isrl t e Wry of the Invention, certain enbodinents are
preferred. Phe 8 ounds of fornmula (1), as set forth above in the

Sunmary of R’lianh nptemiailpsybstitugedeatkydehienaain;iasda conpound of formula (1)
wherein: Rlsl.S, - .an i.s. 1nd ndeng | | kyl or het.ero | al kyl .
G thi o entodt Weleoh ARV b SRR GBlecky iy ol po b 451 o

sel ectedf rom i opporgly lsubstifuted aeatkgtyl oxy) f ur an- 2- car boxyl at e;

4-methyl pentyl S5(fe r%jo GUL B HLAN: £ SRR WAL G th%%mmary of the

(5-net hyl - 2- oxo-71, 3 |oxo-§,-y £ry1

5- ('t et r adedyeniiyr), fanpter 2mbadiberyis &t @mpound befocoutpglmiteraid: formul a (1), as
a

set forth %??é/%'ﬁﬁ'aé@%‘(ﬁdv\ﬁeﬁfry of the Invention, another enbodi nent i

conmpound of " formu ei n:
R®is an optionally substituted alkylene chain; and

R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and

R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralky! or
-R3-C(O)OR*;

or R® and R®, together with the nitrogen to which they are both attached, form an
optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl.
Of this embodiment, one embodiment is a compound of formula (1) selected

from:

2-(benzyl(methyl)amino)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;

tert-butyl 4-(2-(5-tetradecyloxy)furan-2-carbonyloxy)acetyl)piperazine-1-carboxylate;

2-(dicyclohexylamino)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;

2-(4-cyclohexylpiperazin-1-yl)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;

2-oxo-2-(4-phenylpiperzin-1-yl)ethyl-5-(tetradecyloxy)furan-2-carboxylate;

2-((2-ethoxy-2-oxoethyl)(methyl)amino)-2-oxoethyl 5-tetradecyloxy)furan-2-
carboxylate;

2-oxo-2-(piperidin-1-yl)ethyl-5-(tetradecyloxy)furan-2-carboxylate;

2-morpholino-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;

2-(3,4-dihydroisoquinolin-2(1H)-yl)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;
and

(S)-benzyl 1-(2-(5-(tetradecyloxy)furan-2-carbonyloxy)acetyl)pyrrolidine-2-carboxylate.
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Rl is -OR2; and R2 is hal oal kyl or substituted aryl. O this enbodi nent,
one enbodi nent is a conpound of fornmula (I) selected from

2,2, 2-triwbuorioesdsyl 5-(t etradecyl oxy)furan-2-carboxyl aP€T/US2010/040795
2,2,2-trichloroethyl 5-(tetradecyl oxy)furan-2-carboxyl ate; 2-bronoet hyl

5- (tetradecyl oxy) furan- 2- car boxyl ate; and

2- (5-(tetradecyl oxy) furan-2-carbonyl oxy)benzoic acid. O the conpounds of
formula (1), as Qfde Eanpdundbob®rinnlat(heasienfathyalmive imthelSunenarnyaftheanot her

embodi nent |j cQ n f forml ). wh in: s ~QR3-0R2; R2 is
opt onai 1y 'SEnle AIPEH" uBerbB) I e Brilya T Wik Tonai 1y

substit ut edR'ad RYRESEORMRE n. O this enbodi nent, one enbodinent is a
conpound of-.f.ormul a (| Mich s 3. (tetr rQ-2H py.ran:- 2- yl propyl
S (Fet r adec SR Bnbarbs ] ot B BT O RIER Iy SR T s
set forth above aralkylheptiSoaityesupstibitet heteroargdrioptionadip stbstitutedrbodi ment is a
conpound of fornula (] herein: RL is-OR3-0C(O-N(R 5)R6; each R2 is

i ndependent |y alhﬁbﬁr?érﬁ%‘k%amil , optionally substituted aryl, optionally
subst i t ut edR®as mdkyéndeoiyt hyahagdny akubeptidnat yeshidsétueadogygoiiklyl, opjiinatyal | y
substituted heter Lylal kyl ... jopally substituted heteroaryl or
optionally subs'gpﬁﬁﬁggé{gﬁﬂ)gﬁqtﬁﬁgﬁ %ué)?gt%égra)@gwkyl ; R3is an optionally
substitut ed al kydfeme ectbadimend rothe Rbnkioslinmgrd isog eompalnidydf foropda @nahitlyis 5-

e R e RS AR T S

optional | y substQOftthe plohrenaatétichl @mpdlBio¥, @s@eBfortaratbows inathy SRBnearg oRbie

toget her V\'ilrg\;énliigr% orﬂieterm%%rrlnén? is%ﬁ&ginttpgghéar%%cg&ml &?r%&%ﬂ%ﬂus Lor m an
dermatological composition comprising a dermatologically effective amount of a
compound of formula (1), or a pharmaceutically acceptable salt thereof, and a
dermatologically acceptable excipient.

Another embodiment is wherein the dermatological composition is a gel
formulation, an alcoholic gel formulation, a hydroalcoholic gel formulation, or a cream
formulation.

Another embodiment is wherein the pharmaceutical composition is an oral
composition comprising a dermatologically effective amount of a compound of formula
(1), or a pharmaceutically acceptable salt, and a pharmaceutically acceptable excipient.

Of the method of treating a human having a dermatological disorder or
condition characterized by sebaceous gland hyperactivity, as set forth above in the
Summary of the Invention, one embodiment of this method is wherein the
dermatological disorder or condition is selected from the group consisting of acne
vulgaris, acne conglobata, choracne, rosacea, Rhinophyma-type rosacea, seborrhea,
seborrheic dermatitis, sebaceous gland hyperplasia, Meibomian gland dysfunction of
facial rosacea, mitogenic alopecia, and oily skin.

Another embodiment of this method is wherein the dermatological disorder is
acne.

Another embodiment of this method is wherein the dermatological disorder is
oily skin.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is

administered topically.
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optionally substituted L/-heterocyclyl or an optionally substituted
L/-heteroaryl. O this enbodi nent, one enbodinent is a conpound of fornula
(1) sel ecwedofwoonaso1- (benzyl (et hyl ) car banmoyl oxy) et hyl PCT/US2010/040795

5- (tetradecyl oxy) f uran- 2- car boxyl at e;

1- ((2- et hoxy- 2- oxoet hyl ) (et hyl ) car banoyl oxy) et hyl

5-(tetradecyl oxy)furan-2- carboxylate; 4 (2S)-2-benzyl

1- (1- (5- (t et r adeowthex ginbodiarenReitthisaetiibdisyyretrdiy ithe fhgrapeliiciln effdgti2e

di car boxyl ate: 1-(4-phenyl.cyel oh necar bonyl hyl :

5-(t et rade mdg)r(]%)f]gau?cgmngc&%gﬁE06&%yFel);(ﬁe§r aapham%c lﬁ?@aﬁ)} aéf:eptable salt thereof, is

1- (5- (t et r adexnistereyd)dystearically.car bonyl oxy) et hyl

3- phenyl pyrrolidine-1-carhox : : : , ,

L (5o ety adecy ORI B RRADEEL Pty ang Eeries e BerparLY IR i ne- 2( 1
H) - car boxyhatuet ofla ¢@ngduat rodtbemylacky oif aiplearm2ceatichiyngdoepiaptet daytithereof, is

pi peri di ne-1-car.boxyl ate; 1-(5-(tetradecyl oxy)furan-2-carbonyl oxy) et hyl
nmor phol i nel [n(':rle'l?t%equr%[y'e; 1-terf-butyl

4- (1-(5- (t et radeXfltyomg)odrcd tre2tirgea bangh bayingt kigimgdblpgicalzdisueddr, of -

di car boxyl ate;...and 1- (di cv.cl oahexyl carbanoyl 0x hy!l ,

5. (t et ade TOUDT At T BOBER PRI RSN o ot %5MR0R W1, s
set forth &vovearywfthedn@&ntioergnecdmibidubménm\oé titis methodni®wheneinethbodi ment is a
conmpound of _f or.mul . erein..RL.is, - - N RS . R3. L optionally
subeti t ut edeniabahal it Fhlous it g i Siia REr

subst i t ut edulgpcs, Gah& gbnglata,ahatdcoye sobsteiat Bhiedplaymyd-type rogaceasebbyrhea,

bsti kyl, . | I ' Ly ' | :
obt vonal s Seh i, SBudofl Sy B RRR My W albghgal
gogfggglrl Wfidﬁgfﬁcaf,tm@?ii?ommgnd hiyskim.e bot _hoatlt?ched, form an
oot AT ATl BB M B 7S
) sel ect edné.r om

Another embodiment is of this method wherein the dermatological condition is

ormul a

oily skin.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered topically.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered systemically.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), as set forth above, or a pharmaceutically
acceptable salt thereof, is administered orally.

Another embodiment of this method is wherein the pharmaceutical composition
is a dermatological composition and the pharmaceutically acceptable excipient is a
dermatologically acceptable excipient.

Another embodiment of this method is wherein the pharmaceutical composition
is a systemic composition.

Another embodiment of this method is wherein the pharmaceutical composition
is an oral composition.

Of the method of inhibiting sebaceous gland activity in a human, wherein the

method comprises administering to the human in need thereof a therapeutically
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2- (di net hyl am no) et hyl 5-(tetradecyl oxy)furan-2-carboxyl at e;

2- nmor phol i noet hyl 5-(tetradecyl oxy)furan-2-carboxyl ate; or

3- nor pholwoapriapydeo5- (t et r adecyl oxy) f ur an- 2- car boxyl at e PCOfUSRH1©/08@7POUNIS
of fornmula (1), as set forth above in the Sunmary of the Invention, another
enbodi ment is a conmpound of formula (1) wherein: RLis -OR3-N(R4)C(O ORS
R3 is an optionally substituted al kyl ene chain; andR4 is optionally

subst i t ut ecffattielamaypt oiomedrhyowsdlas fartnutae(t), ar y bharojEiceitally gcceplabtd ¢alit ed

aral kyl , opti | ] St tut. roarvl, o ional | ' ed
et er varyt A =i T ORI E SIS ARG i Rl bR StpBUT R (e
cycl oal kyl maiipdd isvdlergin hebiberapattediaefdctive amptnidsatininigsered topicetllgd ar al kyl .
O the conpounds, of formul.a as t forth .above in the Su ry of the
Cnvent i on.anot RSP sk EaPHEn P Tedfiog iieds A Baiekeb R REREY,. R

I s- O R3- C( @rdkbt RAadménistareddysiemaddlly. substituted al kyl ene chain; and R5 is
hydr ogen, al kyl ,, optional ly substituted cycloal kyl., optionall ubstituted
ary oot opt onai e BOPeyetORbIN R0k Bl B s RRLEE P PS (1) “as
set forth abwuetisadti@st&edrmally. of the | nvention, another enbodinent is a
conpound of fornul I reiln: Rl is -0 R3- N.R_5) R6; i n

oot Lonal 1y subsai: Btely g tontea S oRhis Getily pduitien. gl A8
optional | y nsathet cdroprises @gdoirosteding to tophiumamin neeslitbaredt aipleamacylticat

oPL one ¥ B YL Wl s B SO 22
t oget her V\A'(It),mrtdphammacmgieaiIytamcaﬂ)ﬂablh st éhereofearaod phmnaaelht@dlly é(pnenta'bre
oPL ol Lok Bt s oL Sl ARkBOE Y BB e o
(1) sel ect eakthod is wherein the therapeutically effective amount of a compound of formula (1),
as set forth above, or a pharmaceutically acceptable salt thereof, is administered
topically.

Another embodiment of this method is wherein the pharmaceutical composition
is administered systemically.

Another embodiment of this method is wherein the pharmaceutical composition
is administered orally.

Another embodiment of this method is wherein the pharmaceutical composition
is a dermatological composition and the pharmaceutically acceptable excipient is a
dermatologically acceptable excipient.

Another embodiment of this method is wherein the pharmaceutical composition
is a systemic composition.

Another embodiment of this method is wherein the pharmaceutical composition
is an oral composition.

Of the method of treating a human having a disorder or condition characterized
by inflammation, as set forth above in the Summary of the Invention, one embodiment
of this method is wherein the disorder or condition is inflammatory acne.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered topically.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is

administered systemically.
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=

om 2-(benzyl (et hyl)am no) - 2-oxoet hyl
(tetradecyl oxy) furan-2-carboxyl ate; terf-butyl
(2- ( 5- tworadawydeoxy) f ur an- 2- car bonyl oxy) acet yl ) pi per arcnasSioloaniexyl at e;
(di cycl ohexyl am no) - 2- oxoet hyl 5-(tetradecyl oxy) furan-2-carboxyl at e;
(4-cycl ohexyl pi perazi n-1-yl ) - 2- oxoet hyl
(tetradecyl oxy) furan-2-car boxyl at e;
0X0- 2- (4- phenynpiteeeaibodiinent dEthisyhetbed isetireaeie dyd thesepkuticaily Bfedivdoxy| at e;
a§ f)?);(gf gf)gﬁo%hp 8 ae(tiohr?{pl)c}u%g%ﬁ’ Pc}#nlj%na)ngr) a 85&%%%&&%%5 é(%c%%{a%%esca)(’tltl%(rggf{ W an- 2-
- 0X0- 2- ( piadetinisteredlorglly) et hyl - 5- (t et radecyl oxy) f ur an- 2- car boxyl at e;
- nor phol i no- 2- gxaet hyl  5-.(t et radecyl.oxy) furan-2-carboxyl at e, o
2- (3, 4-di hydr oi %8ﬁ}eﬁémbﬁgl fi_&ﬁﬁlls)ny(aztﬁ(&{%ew%heﬁm %he &armageu%cal composition
5- (t et r adedyd deymdtolpginalZoogobitizy bad the @adn&&uibalyzackeptable excipient is a
1-(2-(5-(tetradecyl o furan- 2- car bonyl oxy) acet yl ) pyrrol i di ne-2-car boxyl ate
.OF the coﬁﬁ%qa@g"&?ﬁ%%%ﬁﬁﬁg e(%c',p'eerl]g set forth above in the Summary of the
| nventi on, anot Fewthenbotbodierent osthia noethpaisiveheoédin fifor pheraaéyticalrngionitioRl i s
-N(R5) S(O) 2-R4; .R4. is optionally substituted al kyl, optionally substituted
aryl, opti 6%%?3(%}9@{%%’{*}%%[1'%@% aral kyl, optionally substituted heteroaryl or
opti onal | y substAnbtitee dmbetierenfiofthialrkgthod mrvheREinittee phethepesidiealt doyndogiipogen,
al kyl , opt i.onﬁal laYgérﬁ@%titi tuted cycloal kyl, optionally substituted aryl or

u

NNODNNOAONN DO

optionally SULEH alal kyl. O this enbodi ment, one enbodinent is a

conmpound of f or i@fltize (iejhodtuf cdtlucmgI- cellitpedliferdgary akgytekine secretion in a human

o oo BT SRy Sl ol PRGBS Al RS BB RS
phar maceut iStaimargwp e lbvention.sone eebadirtenteftiametodpowherieonthe disprdesiong a
o o BRb S BB oL S0 o"S o v gy ShL 1 hcteptabl o
exci pi ent. Anot Heotrenbothodierent ofsthistmesteodistviereie threathetapgiiticlly effegiosi tion i s
a gel amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered topically.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered systemically.

Another embodiment of this method is wherein the therapeutically effective
amount of a compound of formula (1), or a pharmaceutically acceptable salt thereof, is
administered orally.

Another embodiment of this method is wherein the pharmaceutical composition
is a dermatological composition and the pharmaceutically acceptable excipient is a
dermatologically acceptable excipient.

Another embodiment of this method is wherein the pharmaceutical composition
is a systemic composition.

Another embodiment of this method is wherein the pharmaceutical composition

is an oral composition.

UTILITY OF THE INVENTION

Increased sebum production due to sebaceous gland hyperactivity is one of
several factors generally believed to be contributors to acne pathogenesis. In the

formation of sebum, there is stepwise differentiation of sebocytes, a specialized
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formul ation, an alcoholic gel fornulation, a hydroal coholic gel

formul ation, or a creamformnulation. Another enbodinent is wherein the
phar macewpcal/wssposi tion is an oral conposition conpr PSITAS2@0/040795
dermatol ogically effective amount of a conpound of fornula (1), or a
pharmaceutically acceptable salt, and a pharnmaceutically acceptable
excipient. O the nethod of treating a human havi ng a dernatol ogi cal

di sorder orepitoeidl ¢dlldype; bésiag fremi kzazdl frggareioacasusadihatodipliyfoeniagiceNs ty, as

set forth e in the Su [ f the.ln | on, pne lL.ment. of .this
rethod 1 5 cs e deeR TR e 4RRa PRl e BOGERS R e e ¢ om
t he group dloisériieisegretibn)aelerasivg g lipsd-riccecontend (pbabat dhe oherelhoakeup ofsacea,
Rhi nophyma- tekgpe S9sasea usieboerw%z,c slaebprr&?@jog V\(/jaere%?éri g'%és/ sepaceous gl and
hyper pl asi 3 WBl BORT 1Y 6(116? d' o(ys n@f)l 1aake f/ cl é(l 08 e&),’_ t ogeni ¢

al opeci a, aliglyocerilgs/siklyneridastitcldattyeadidsl(5ie) (sesf, Zbibalisret WodAn sraMier ei n t he
der mat ol ogi

IS dkssoriﬁ'l%itérsdi"riccte'r%dAngt 080 RAGLTRA L OF tto%sng%gg dis

wher ei n t hePgemat o ogical disOrdercy g 0|I9 KPP AU Rer “Bitsodr frent  of

t hi s met ho@1D86v@8er Erar fhttyeadith Evalsendy lmainbyeaséd g bacteriad degmatiatadn & thodipound
of formula (| r . har I cal t abl.e sal hereof . is

adr i ot er @0 iEnfed PRRERREN L Gl s BE T PR, “RebubBR € Mimebi 1 ¢ e

t her apeut i cabdgeoe$ pots ik lamstbérnafiola2004pRBd12f forrmula (1), or a

phar maceuti cal | c t ahl |t thereof, .| ILNi_ster stem cal ly.
Anot her enbodi rr)grr\?e F@ﬁg)taﬁ'?g%r?&t ISood(grlos O\ff%tfé“ﬁé?f%”}%ﬁ%b?/h%P§%§§I ;g%lnael tﬁ'y effective
anount of actvatipglovdl iofmdrergalls and thejr release phavaretyeeftpre-idflaynnatoypacitilse sal t
t hereof, is admumi.ster ral Ly. . the . of t a aving a
dermmtof ogr cal Getbrae e st sl M BpalBbAR Ber i e ORabT S
hyper act i viThis, irragersible reactioh istheoeninmttéhsteSimiatty pcidfsyhthesis.nVbe syrdhesioofe

o et oGS E e S O AR 25 68 oL e
al., "Regulation of acetyl-CoA carboxylase", Biochem Soc. Trans. (2006) 34: 223-227).
ACC exists as two tissue-specific isoforms, a single-chain 265 kDa protein (ACC1),
and a 280 kDa protein (ACC2) (See, Waldrop, G.L. et al., "Targeting acetyl-CoA
carboxylase for anti-obesity therap, " Curr. Med. Chem. - Immun., Endoc. & Metab.
Agents (2002) 3: 229-234).

In mammalian cells, ACC1 is present within the cytosol while ACC2 localizes to
mitochondria. Generally, ACC1 is responsible for long-chain fatty acid synthesis while
mitochondrial ACC2 acts to inhibit fatty acid oxidation. Expression of the ACC
isoforms is tissue-specific and responsive to hormones and nutritional status. ACC1 is
expressed at high levels in lipogenic tissues, notably in adipose, liver, and lactating
mammary gland. ACC2 is a minor component of hepatic ACC and is the predominant
isoform expressed, albeit at relatively low levels, in heart and skeletal muscle. Active
ACC has been shown to be present in human sebaceous glands, although the ACC
isoform expression pattern has not yet been described (see, Smythe, C.D. et al., "The
activity of HMG-CoA reductase and acetyl-CoA carboxylase in human apocrine sweat
glands, sebaceous glands, and hair follicles is regulated by phosphorylation and by
exogenous cholesterol, " J. Invest. Dermatol. (1998) 111:139-148). ACC and other
fatty acid and cholesterol synthesis-regulating enzymes have been shown to be
positively regulated by androgen, a key factor contributing to the increased sebum

production at puberty as well as the expression of acne (see, Rosignoli, C. et al.,
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vul gari s, acne congl obata, choracne, rosacea, Rhi nophynma-type rosacea,
seborrhea, seborrheic dermatitis, sebaceous gl and hyperpl asia, Meibom an

gl and dyswonetiiooseeof faci al rosacea, mtogenic al opeci apCan$2@ioloyo7ski n.

Anot her enbodi ment of this nmethod is wherein the dernmatol ogi cal disorder is
acne. Anot her enbodinment is of this nethod wherein the dernmatol ogi cal
condition is oily skin. Another enbodinent of this nmethod is wherein the

t her apeut i Cmlvblyeméntesd thev@RBBB ypathway i theompdrioithatibn bbandubgenslin setlmaceaus

phar maceut i »

| Ge e |, t r.80fon oSy @adm ni stered topically.
Anot her em?oaa%idﬁinnﬁs%f E%’?P%”W%Wc%&% 1\%14(53%48%)1 he therapeutically effective
anount of a conpd@bdsotatatyzesithe first)comomitted pivhregalaéad ste@inl fattaedept abl e sal t
thereof, is rz%\tﬁm'inimst eqerp (st em csllr In | @Drth(')t henr ienbodi erf' %f {;hlils nmet hod is
wherei n t h&’} S?Epe?ﬂ".%a?rf% G TRCPIAE "Rivolr® g7 & Conpound G 8rmula (1),
as set f or tghovethobipition cAAQBaactieityeudy patkhtjalladeerpbsdihe galvth dfbecteod, i s

adm ni stered Orl@l)oln% An%her enbdxédi ment of this nethod is wherein the

phar maceut i"Cal' S Soesnit ''8h 4 "% GeF mat ol ogi cal composition and the

phar maceut i cal | yoag-cbah&bs-20 exbops)datty asd acyd€osehokstgrscizdvieybeao capidabl e
exci pi ent. Another emhodi ment of  this. nethed is reif the pharnmaceuti cal
conposi ti Or?eipgﬁeﬁgggf'cgﬁgl%aqgeg g%dlutCP'Bﬁ'.bﬂirﬁo?ﬁ]earm%v}hﬁdAmnt of this nethod is
wher ei n t he pham@de{st {teteddecyoqypLiftilannarbexydin aoidals aclompashypblipider@t t he

nmet hod of inhi gigrgdéﬁ%zir?ﬁetlﬂ?%%ﬁng?%?u?:ﬂur@ct ivity in a human, wherein the

met hod corrﬁﬂng stering e 'human in need thereof a
t herapeutical |l yeffective anount of a conpound of formula (1), or a
pharmaceutically accept e/sa|t thereof, as set forth above in the Summary

of the Invention, one enRodi oo his rerhadhs-wherein the
t herapeutically effecti V8 amount” i s admi ni stered topi cal I'y. Anot her

enbodi ment of this nethod is wherein the therapeutically effective
TOFA and pharmaceutically acceptable salts thereof are déscribed and claimed

in U.S. Patent No. 4,110,351 (the disclosure of which is incorporated in full by
reference). TOFA has been shown to reduce plasma triglyceride levels in both rats
and monkeys (see, e.g., Parker, R.A. et al., J. Med. Chem. (1977), Vol. 20, pp. 781-
791) and to inhibit hepatic fatty acid synthesis (see, e.g., Ribereau-Gayon, G., FEBS
Lett. (1976), Vol. 62, No. 309-312; Panek, E. et al., Lipids (1977), Vol. 12, pp. 814-818;
Kariya, T. et al., Biochem. Biophys. Res. Commun. (1978), Vol. 80, pp. 1022-1024;
and Harris, R.A. et al., Hormones and Energy Metabolism (Klachko, D.M. et al., eds.),
Vol. lll, pp. 17-42.

TOFA, when converted intracellularly to its acyl-CoA thioester, inhibits ACC
activity with a mechanism similar to long chain fatty acyl-CoA's, the physiological end-
product inhibitors of ACC (see, McCune, S.A. et al., J. Biol. Chem. (1979), Vol. 254,
No. 20., pp- 10095-10101. As a fatty acid mimetic, TOFA may exert multiple effects in
sebaceous gland disorders by lowering sebum production and potentially affecting the
growth of pathogenic bacteria at the treatment site.

Methods of using TOFA to inhibit sebaceous gland hyperactivity and in the
treatment of acne and inflammation are known. See, for example, PCT Published
Patent Application No. WO 2008/058034.

Analogs of TOFA, such as the compounds of the invention, are disclosed
herein as effective inhibitors of sebaceous gland activity, and are therefore useful in
treating a mammal, preferably a human, having a dermatological disorder or condition

characterized by sebaceous gland hyperactivity, such as acne. The analogs of TOFA
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anount is adm nistered system cally. Another enbodiment of this nmethod is
wherein the therapeutically effective anobunt is admnistered orally. O the
met hod ofwoOrthilgiosééeng sebaceous gl and activity in a hunarCTAiser1eiomdHhe

met hod conprises admnistering to the human in need thereof a
pharmaceutical conposition conprising a therapeutically effective anount of
a conpound of fornula (I), or a pharmaceutically acceptable salt thereof,
and a phar niscged baﬂeiryma;cekspﬁaablsefudabnd'rq@itiegm ,masmsidiavingra diset’demir in the

Cher apaut i STy LR e T mEN IR Bluld e PR A BB o1

above, or asecdeaomraceutl cally acceptable salt thereof, is adm ni st ered
topically. Another enbodi ment of this method is wherein t he phar maceut i cal
conposi t i oPREPARKITIONSDE et SOMPEIHINGS IOF. TARMWENTEIModi ment of this nethod
is wherein the pharmaceutical conposition is adm nistered orally. Another
enbodi nent of t Aihs folewingdRéactinh&chémes repredeat matheds otpiepatngibsi tion is a
der mat ol ogi_ ¢al d. th I hy acceptable excipient is
a der nmat ol Cg%gaﬁﬁ)&g)éﬁ'l&%fntgéhﬁﬁ)ﬂ e‘%(c(l”eonl%eb?l]t §\ bh@g(lgrrbodl ment of this nethod
is wherein the phar maceuti cal conposition is system ¢ conposition.

Anot her embodi ment of this method is whergin the pharmaceutical conposition
is an oral composition. O the t hpd atring a hunman having a disorder
or condition characterized by infl4 ﬁ?%atl / as set forth above in the
Summary of the Invention, one enbodinent of this nethod is wherein the

di sorder or condition is inflammtory acn Anot;her enbodi nent of this

met hod i s wherein the therapeutl cally effective amount of a conmpound of
formula (1), or WhepiaRmiscradelioal phoveiodir abmmaguoithe hwvesldn, as@ adnmi ni st er ed

topically. stereocisomer or as a mixture thereof, or a pharmaceutically acceptable salt thereof.

It is understood that in the following description, combinations of substituents
and/or variables of the depicted formulae are permissible only if such contributions
result in stable compounds.

It will also be appreciated by those skilled in the art that in the process
described below the functional groups of intermediate compounds may need to be
protected by suitable protecting groups. Such functional groups include hydroxy,
amino, mercapto and carboxylic acid. Suitable protecting groups for hydroxy include
trialkylsilyl or diarylalkylsilyl (e.g., t-butyldimethylsilyl, &-butyldiphenylsilyl or
trimethylsilyl), tetrahydropyranyl, benzyl, and the like. Suitable protecting groups for
amino, amidino and guanidino include t-butoxycarbonyl, benzyloxycarbonyl, and the
like. Suitable protecting groups for mercapto include -C(O)-R" (where R" is alkyl, aryl or
aralkyl), p-methoxybenzyl, trityl and the like. Suitable protecting groups for carboxylic
acid include alkyl, aryl or arylalkyl esters.

Protecting groups may be added or removed in accordance with standard
techniques, which are known to one skilled in the art and as described herein.

The use of protecting groups is described in detail in Greene, T.W. and P.G.M.
Wuts, Protective Groups in Organic Synthesis (2006), 4™ Ed., Wiley. The protecting
group may also be a polymer resin such as a Wang resin or a 2-chlorotrityl-chloride
resin.

It is understood that one skilled in the art would be able to make the

compounds of the invention by methods similar to the ones described below in the
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Anot her enbodi ment of this nmethod is wherein the therapeutically effective
anount of a conpound of fornmula (1), or a pharnmaceutically acceptable salt
t her eof , WO 2adiosde8t er ed system cal | y. Anot her enbodi nentCofuseénios4eves hod i s
wherein the therapeutically effective anmount of a conpound of formula (1),
or a pharmaceutically acceptable salt thereof, is admnistered orally.

Anot her enbodi nent of this nmethod is wherein the pharnmaceutical conposition
is a der natRBIaotj;bma¢he¢rmsrm$jytmethodmdwomeo phalshiﬂmemtthe:alttl ' iaalsepnd&r‘ateod

exci pi ent ol I exci Anot odi nent of
this met ho at%n\%%r( é'n tﬁggﬁ%g}/dn%ceugl caraE 'nrﬁ)%'l%'lg L sy%rﬁ)n%

conposi ti orbeloAmﬂhérecronmduods nﬁhe iroventidn r$otr$pe¢1tmally ﬂluaﬂrﬂe@balowmy using the

Peduc: ng. T oRBIP R Po s EanbthelR tod BB e brdMies oh s SRS Ay ng a

di sorder omeedetti lhigene@hataaiirigeeanzeshebis mayf beaobtained fromesousats s_fuoln bk ab_ove in
i sorder - o GER AR et B PRS- ARERoas dnlr SRl Tehandr“thi s
met hod i s \Whereshent USA} déter asyuthiesiaéd yceidieg ta scmrwsmmmzvncbé tmseehitlmund of
formula (I a_phar u y o eof mn| stered
topically. )ﬁl\% F] ik %gﬂ%ﬁﬁ]ﬁM§o§ndﬁﬁar%(éﬁpaﬁqeﬁﬁq %stryt %8? eu‘tl cally
effective Mnmhamsm‘s andcBnquiwra dstbfedition fviley, Oecember %Oqor))amrrmmmued eal |y

SPCTR a0 < REdock RGP TFR COThALEIAY BB R ainpit, ro SdtBafd 0 ™o

conpound ofLabonaties, I6€.), or a pharnaceutically acceptable salt thereof, IS
adm ni stered orally. Another enbodinent of this nethod is wherein the
pharmaceutical conposition is a g g@kﬂqg@%?“qunpOS|tlon and the
pharmaceutically acceptabl e ex0|p|ent 'S a dermmatol ogi cally acceptabl e
exci pi ent.
1). activating agent, base,
0 o inert solvent 0

O 0O _R1a
CuHx™ \ / OH CiaHas™ \ x-R

0]

2). HXR'@

X =0 orNR®
R'@ = R? or -S(0),-R*

The compounds of the present invention can be prepared as in Reaction
Scheme 1, where R, R*and R® are each as described above in the Summary of the
Invention, by activating the carboxylic group of 5-(tetradecyloxy)furan-2-carboxylic acid
(TOFA) with a suitable reagent including but not limited to: oxalyl chloride, thionyl
chloride, acetic anhydride, trifluoroacetic anhydride, toluenesulfonyl chloride,
hydroxysuccinamide, hydroxybenzotriazole, dicyclohexylcarbodiimide, or
carbonyldiimidazole. The activated acid compound is generally prepared at
temperatures of between 0 °C and ambient and may be isolated or may be reacted in
situ with a suitable alcohol or sulfonamide in the presence of a base (triethylamine,
pyridine, etc.). The product from the reaction can be isolated and purified employing
standard techniques such as solvent extraction, chromatography, crystallization,

distillation, and the like.
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Anot her enbodi ment of this nmethod is wherein the pharmaceutical conposition
is a system c conposition. Another enbodi mnent of this nmethod is wherein the
phar macewpDcal/wssposi tion is an oral conposition. UTI LPTY/USET0ME7PNVENTI ON
| ncreased sebum production due to sebaceous gl and hyperactivity is one of
several factors generally believed to be contributors to acne pathogenesis.
In the formati on of sebum there is stepwise differentiation of sebocytes,
a specializedepithelial cell typREAGTIGN BGHEMERbasal progenitor cells

| eading to lipid-form ng cells which as they progress toward the gl and
outlet. These enlarged cells ultimately rupture (holocring secretion)

rel easing their lipid-richj ;cont euage ﬁ@ﬁl@umnt The 0\6erabl keup of sebum
consi sts of squa Ieu@%@j X 86% and

di gl yceri des/t ﬁ1zg/cer s/f(ﬁee f &y eI ds ( % Zouboul i s et al .

"An oral 5- |ipoxygenase inhibitor, directly reduces sebum production”.

Der mat ol ogy. (2005) 210: 36-38). Free fatty acid | evels may be increased by
bacterial degradation of the di and ¢Eighy§griuges present within sebum (see,
Thi boutot D. "Regul ation of human grehagegsoGOMNAS)RE dr -RELBYERIRIEE Mat ol .
(2004) 123:1-12). Free fatty aC| ds may al so prormte the inflamuatory
aspects of acneﬁ% actlv(i r}q ocal P e cell, nd the| relt ase of

vari ety of pro-i nPISRHRQLS R PiEsE" ”ﬁ’aﬁ” 9”8%’?%1385?’1%%0?{% 2 Qedgp ¢ the
car boxyl at iReactidn Screing 2 Ghéret @achit*0RY,IR°GDA.R°Eé as des@ived Slbb\l'ealnl‘tleeictl onis

t he comm t ted step n fat synt hesi sis of nyI CoA is
Catalysed By AT HeIaRo ThF AN oAces el R ANRERY Sof el
" Regul at i opuathasedktythmeakligar payyieaissing tBelodhuaswidiknown amthe 2 68GHg 34
223-227) . sts as t t L4 180 e- chaln 265
cn or o1 ei RogaRIFY Mo Bionp Balddeo TERle” BRTIS ok HBIS oY sl it BiES8Rdh “ o,
al ., "Tar gef brgitatebyde Cmhidiay haxgt lasied topotastiumodzelsoriaye, ichsitmparion@ty, r .
Med Chem A ent 3. 229- I N
a1 an A8 oD ek R ooy PhESe e RS e 2es 1o
M t ochondr iira s@eats solVgnt sAECas NV- dlesaplwlfsrrbdueudb@hdIawgsmneperfcﬁratetdwt aci d
synthesis \‘[\Qr%erature between ambient and 70 °C. The product from the reaction can be

isolated and purified employing standard technigues such as solvent extraction,

chromatography, crystallization, distillation, and the like.

REACTION SCHEME 3

O
0o HN(R®)R® o Qo
C..H /O \ / O,R?’-X - /o /R3 5
14H2g C14H2g \ /) 0™ \-R
R6
X = halo

The compounds of the present invention can also be prepared as shown above
in Reaction Scheme 3. TOFA can be reacted with a linker containing two suitable
leaving groups (halide, triflate, tosylate, mesylate, and the like). The initial reaction is
performed as in Reaction Scheme 2 above. The product of this reaction is then
reacted with a suitable nucleophile including but not limited to amines (shown above),
alcohols or phenols in a suitable solvent such as DMF or THF. The reaction is
generally performed at ambient temperature for 12 hrs in the presence of a suitable
base which may be tetrabutylammonium hydroxide, excess of the amine nucleophile,

triethylamine, or the like. The product from the reaction can be isolated and purified
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m tochondrial ACC2 acts to inhibit fatty acid oxidation. Expression of the
ACC isofornms is tissue-specific and responsive to hornones and nutritional
stat us. AEQRoi1goseepr essed at high levels in |ipogenic tiPETUES3)1000t78b] Yy in
adi pose, liver, and lactating mammary gland. ACC2 is a m nor conponent of
hepatic ACC and is the predom nant isoform expressed, albeit at relatively

| ow | evel s, in heart and skeletal nmuscle. Active ACC has been shown to be
present i nemphyinsabaized techgigaessychadst dobueghetttaetiCChrosdtograplex pr essi on
pattern has_not. descr | . (see, Snythe, CD. et al., "The activity
of HMG @Acwg?dlhz%gé%%%ﬁgatgﬁegw ggg'ﬁé'car boxyl ase in human apocrine sweat

gl ands, sebaceourssgheardsss thadndgroducbdl the Reactich Sahguleatsedwbyabove may be
phosphoryl ati.on _and. hy. exogenous cholesterol . " J . Inyest. Dermatol. (1998)
o e Lo g R e el el KEATIE Y y S EeR 6" it o o5 AR Lo gul act ng
enzynmes haveayhiedndes ihaharetrot aitgbio, bxivation, resiguiicat, ettyltiomrdyletimmand key
factor conthrirbyti ng F]oe hq ipcr(raa edo%e%unasorfqgu%tvi r?t%natQ}PHt?r?rntlal a3, wel |l as
t he expressiyg Y5> GehE (%egeg,p REST gr‘?ocl [MPOEO%R Y N VR IR0 Ire e Nt oufI °he SREBP
pat hway i n ardeithiodies kfovaedgear oot shiliel ingbe srganicsbbaisyieldyl dreds i n vi vo",
Exp. Dermatol . 0 12:480-489) . A I | yzes the first commtted
and r equt arBRIERRF In At el by A o1 8 f bt I8 e 8P he

| i pi d bi ogenesats/drapyesssgoup af thedike baatedhradaloutjinedirhT. WnBrdeneiand RoiG. ACC

i thin 5 cotBoRibhRR ehEr R Fobnk s TnlhREn Sy ond Bk A RYRD e Stk

t hi oest er s Neaw¥orke®d91f ound to be potent physi ol ogi cal end- product

i nhi bitors of | i L JOFA (5-(te XY) 712 I lic
acid) is a knomnn%‘%bn(?% p?f;féc?%qﬁ%] %@8@8@(@0{) r%éla\el}?ﬁéx{)\%egr%do%%%hﬁgﬁgetx%@ur e:
TOFA and pli@ermase ot adafdryn ragebptableded & theirphemessieutivadly desapta e salaind

claimed in trgaﬁer}l?gfitﬁq%e gﬁper St i g%%éf&pﬁaar@ %éésleocﬁ%%@v\tﬁfmmbggkﬁo%n fo

i ncor porate Y erence)” en' s 0 reduce plrasma
triglyceri deelskiled & theabboSalts af the @nohpnumisgyspdree beregn may bPapkerted® A, et

Faity”aci d ynReRre o o6k byShpoarerfluudionfib bl Suedid Pl * 15) ¢
Vol . 62, No. 309haIdiowran®ynthdiic Eedamgples, whichiads difdcd&drto, th&/ptepaddion ppthe
814-818; compounds of formula (), are provided as a guide to assist in the practice of the
invention, and are not intended as a limitation on the scope of the invention. Mass
spectrometer samples were analyzed on a MicroMass mass spectrometer operated in
single MS mode with electrospray ionization. Samples were introduced into the mass
spectrometer using chromatography. 1H NMR spectra were recorded at 400 MHz
using a Bruker instrument or at 300 MHz using a Varian instrument. Elemental

analysis was performed by Canadian Microanalytical Ltd., Delta, BC, Canada.

SYNTHETIC EXAMPLE 1
Synthesis of 2,2,2-trifluoroethyl 5-(tetradecyloxy)furan-2-carboxylate

0 O
o) DCC, DMAP 0O

O
CiHzs” \ OH CHCl, CiHa™ \ O/\CFs

To a stirred, room temperature suspension of 5-(tetradecyloxy)furan-2-
carboxylic acid (1.3 g, 4.0 mmol) in CH,CI, (40 mL) was added N,N*-
dicyclohexylcarbodiimide (0.990 g, 4.8 mmol), N,N-dimethylaminopyridine (0.488 g, 4.0
mmol) and 2,2,2-trifluoroethanol (0.875 mL, 12.0 mmol). The flask was capped and
stirring was continued for 16 hrs at which time TLC (10% EtOAc in Hexanes Rf= 0.05
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Kariya, T. et al., Biochem Biophys. Res. Commun. (1978), Vol. 80, pp.
1022-1024; and Harris, R A et al., Hornones and Energy Metabolism

(Kl achko,wD.2M1/®666al ., eds.), Vol. 111, pp. 17-42. TOFAPCHIESR0100m7e5 t ed
intracellular™ to its acyl-CoA thioester, inhibits ACC activity with a
mechanismsimlar to long chain fatty acyl-CoA' s, the physiol ogical
endproduct inhibitors of ACC (see, McCune, S.A et al., J. Biol. Chem
(1979), Vol(SM28Adq 0186.(P&)) ingipated 00@plelddddbumpiton of thastaytingonatenalndhec, TOFA

may exert | t.i pl ffects_in sepaceaus d, di.sorder I riRg. sebum
producti on f Snuﬁzfm%ost%gﬁ?qsaqnl @asa?”fue%({)\?'%]geﬁ h%lg @g%ﬂ f'@ re§§{‘ %8 ecrﬁngr\é\%gbﬁg'rsi a at

t he treat menideshaterialMetshudifed by tizshnahrdr@Biagtaphy ehitibg vits 85200 &tBAginand

hyper acti vi and 4,n the.treatnent. of acn nd_inf tion,ar n . See,
FoF Cexanmpl SR il eeudd BALERR et le S sV b o o5 s PRI oge
of TOFA, suycdpansl witrethe@aditiondéa afinitloen ameaitof eater & weldi1std @ 68360 hdfithed N as
effective ighibitors, of baceous, al and YS! e erefore usef ul
in treati né'ﬂgcﬂrﬂﬁ%%qd,aspvr@%er}eae@%?' %A%h(m%ngﬁiééb%méﬂdep%@t% E |nge{c " di sorder
or conditi dhsHbENGst 6r 6220 HiB. 3 balcd oD:s6 0 S it SiiBp &1 AR 0OWIHBIRMSAs acne.
The anal ogs; of. T, LS er el n may, al.s S I t manmal
havi ng a didé)gé'gé&:dg\ghio%nﬁﬁfﬁgﬂ 4(:%:&%’ggﬁ’e‘lr'?gegmgﬁ'élénﬁ%glr(r%@_i')oﬁﬁ y1'étgﬁﬁci ng T
cel | prolif28Hat0.8m(tadtd). cyt oki ne secretion. PREPARATI ON OF THE COMPOUNDS COF
THE | NVENTI ON The foll owi ng Reaction Schenes represent nethods of preparing

t he conpounds of the invention, ql Mg of formula (1): (D ;
wherein Rl is as defined above ?XN'? g@%ry o%fé)t he I nvention, as a

st ereoi soner or aSyndhasisxefil &2 ttebiaodthyl Gr(teirqokaylmggioten-2-adlbgxydateept abl e sal t
thereof. It is understood that in the follow ng description, conbinations
of substituents and/or varigbles of the depicted fornul ae @re perm ssible
only if such contributiogs /f esul t DCC.EINAR g conmpounsls, Ot i || al so be
appreci at ed by g, ipge ki JTedon theGik€lt hat iGtide pho esso/\CCI3

The title compound was prepared as described in Example 1 starting from
0.228 g (0.7 mmol) of 5-(tetradecyloxy)furan-2-carboxylic acid and 0.196 mL (2.04
mmol) of 2,2,2-trichloroethanol. "H NMR (400 MHz, DMSO-dg) 8: 7.4 (d, 1H), 5.74 (d,
1H), 5.03 (s, 2H), 4.19 (t, 2H), 1.7 (p, 2H), 1.2-1.5 (m, 22H), 0.85 (t, 3H).

SYNTHETIC EXAMPLE 3

Synthesis of isopropyl 5-(tetradecyloxy)furan-2-carboxylate

o 0
0O DCC, DMAP 0.0
C14H29 \ / OH CH2C|2 C14H29/ \ / @)

The title compound was prepared as described in Example 1 starting from
0.228 g (0.7 mmol) of 5-(tetradecyloxy)furan-2-carboxylic acid and 0.161 mL (2.1
mmol) of 2-propanol. MS (m/z, ES+): 366.30 (M+, 100%); "H NMR (400 MHz, DMSO-
de) 8: 7.2 (d, 1H), 5.6 (d, 1H), 5.0 (p, 1H), 4.1 (1, 2H), 1.7 (p, 2H), 1.3-1.4 (m, 2H), 1.23
(d, 6H), 1.2 (s, 20H), 0.85 (1, 3H).
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descri bed bel ow the functional groups of internediate conpounds nmay need to
be protected by suitable protecting groups. Such functional groups include
hydr oxy, woi2on/00s@pcapt o and car boxylic acid. Suitabl e pcotusetloogy7gs oups
for hydroxy include trialkylsilyl or diarylalkylsilyl (e.g.,
f-butyldinmethylsilyl, f-butyldiphenylsilyl or trinmethylsilyl),

t et rahydropyranyl, benzyl, and the |ike. Suitable protecting groups for

am no, am di no and guanidino inSVNdHEﬂKbEKAkﬁﬁé&@onyl benzyloxycarbonyl,

dthe lik Sui t abl t de -C(O-R
?\r/]\her eeR"I |§ al lIilyl : a§r}3§/ orS cgr:a E{/%)&eq%%ﬁ@?%ﬂ e?\i;-%:,%)rb ﬁat ¥ afl:((j %he i ke.

Suitabl e protecting groups for carboxylic aC| d include al kyI aryl or

aryl al kyl esters. Protecting g oups dded or rem)ve i n accordance
wi th standard tech%ﬂue@, one sko &, ik the art and as
descri bed herein. THe*use pr ot ectl n HQOUpsCME'zgdes ﬁﬂ. Q'n detail in

Greene, T.W and PP.GM Wits, Protective Goups in Organic Synthesis
(2006), 4th Ed. ThthltI@xtom';b'b@ndm&t @@bhn@g agrd@u@ntmyn &Ixémplba Saftiay yrarr resin

such as a r rityl- hI nder st ood
that one SM&%& é)ogrsf(t%g 5félé”éé:'9 8a9 B&n%mgéyéf t he

i nvention bymopbhadhasoMMSAMAEOESHE 389185 (Mescrookgd bel ow i n theReaction
Schenmes or by nethods known to one skilled in the art. It is also

understood that one skilled in ble to nake in a simlar
manner as descri bed bel ow ot herggg%g‘gﬁh%&é&ﬁ%egl nvention not specifically
illustrated bel ow [SyntgisidfRigo@ppth@lB-(tatalcsylaxy)iungh-2-caihorgates and

nodi fying the paraneters of the synthesis as needed. In general, starting
conponents may be obtained fpom sources such as Sigma Al drich, Lancaster
Synthesis, Inc., Muyhsi , trixpgei smapfic, T%, and jl uor ochem USA,
etc. or synthesigzgHd,gacc NYgOHO SOUCKSS, Rno(\meto egin the art
(see, e.g., Smith, MB. and J. March, Advanced 6ga ¢ Chem stry:

React i ons, I\/bchanl snms, and Structure, 5th edition (WIey, Decenber 2000))
or prepared as d®&dileseAPAMIkYaS Prepgdias degprReddn EP‘?Wp'ﬁv $1RABY &OMY of
exanpl e, foomeledar alt) behaeddichBRy)furae2-oaFeil CAidSHEVESE mL (2.1

mmol) of 2-bromoethanol. MS (m/z, ES+): 446.30 (°BrM+1, 100%), 448.30 ('BrM+1,
80%); "H NMR (400 MHz, DMSO-d¢) &: 7.30 (d, 1H), 5.67 (d, 1H), 4.49 (t, 2H), 4.16 (t,
2H), 3.73 (t, 2H), 1.72 (p, 2H), 1.3-1.45 (m, 2H), 1.25 (s, 20H), 0.85 (t, 3H); EA found
for Co1H3zsBrO4: C: 58.93, H: 8.52; calcd: C: 58.47, H: 8.18.

SYNTHETIC EXAMPLE 6

Synthesis of 5-(tetradecyloxy)-N-tosylfuran-2-carboxamide

O 0
0) DCC, DMAP

O
O _DLL, DMAF_ 0 O I,/O
CiuHx” \ / TOH CH,Cl, CiaHag” U)(”’é\z :

The title compound was prepared as described in Example 1 starting from
0.228 g (0.7 mmol) of 5-(tetradecyloxy)furan-2-carboxylic acid and 0.361 g (2.1 mmol)
of 4-methylbenzenesulfonamide. MS (m/z, ES-): 476.63 (M-1, 100%).
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1). activating agent, base, _ , /Vinert solvent G Il 1a Cl4H2/ r COH 2)
HcRla Cl14H2/ \ J X X = Oor NRS Rla = R2 or -S(0O) 2-R4 The conpounds of the
present iwoentimseeoan be prepared as in Reaction SchenePCT/ush@omsZ25 R4 and
R5 are each as described above in the Summary of the Invention, by
activating the carboxylic group of 5-(tetradecyl oxy)furan-2-carboxylic acid
(TOFA) with a suitable reagent including but not limted to: oxalyl

chl oride, thionyl chloride, aceSkbTaENCEXAMPLET ] uoroacetic anhydri de,

t ol uenesul f ony rPXYSUGC Z

di cycl ohexyl ca%lﬁrﬁglslqsmoﬂé m%r %cé;?%ollrig’ld |X|%m4g§rzn3pé%%¥rgg %& iﬂﬁ Rgél d
conpound is generally prepared at tecgpboxataiees of between 0 0C and anbi ent
and may be isolated or nay be reacted in situ with a suitable al cohol or
sul fonam de in the presence of a hase (triethylamne, pyridine, etc.). The
product fromthe reaﬁlo can b sol ated and purlfled %frpl i ng standard

t echni ques suc n, ggrﬁ zat/i on,
SCHEREF 2 | &4 Reavil group R2,

'"EQX”
distillationy ?Pd t
-R3-0OC(O N(R5) R6 or R3 C(O)N( R5) The conpounds of the presentod entl on

ct

can al so be prepared as outlinedrin Reaction Schene 2 where each R3, RS
and R6 are as described above in the Summary of the Inventi on TO’—(A can be
reacted with an_al ky|] ating agent (either. purchased c I‘CI repar ed
usi ng techni ques-Iﬁl ¥| egnfﬂ%ﬁﬂl% urq “t'ﬂ'g\‘?f%'étegag‘?ﬁyg’é a”' z oup

(halide, t racidl (81228 o osmlnahel) wﬂlBIQIW(&hﬂ_,) waiRcdube pbtiakﬁmmidarﬁdnataqoastergce of a
SRR YT LT T RN S L
reactions eedutibe vesdel wasl capped ahdastifrkighvedd @nimlageror 14 Hehatamidb/time TLC
et B 02t U Ly PLd BT8R EL Sl Dot veer

consumption of the starting material. The reaction was quenched by the addition of

water (5 mL), brine (5 mL) and EtOAc (30 mL). The biphasic mixture was transferred to

a seperatory funnel and the organic phase was extracted 3 times with brine (3 x 10

mL). The organic phase was dried and concentrated to give a colourless oil. The

resulting crude material was purified by flash chromatography eluting with 5-20%

EtOAc in hexanes to yield a colourless syrup that solidified on standing. "H NMR (400

MHz, DMSO-dg) 8: 7.2 (d, 1H), 5.6 (d, 1H), 5.1 (s, 2H), 4.1 (t, 2H), 2.18 (s, 3H), 1.6-1.8

(m, 2H), 1.3-1.4 (m, 2H), 1.23 (d, 6H), 1.2 (s, 20H), 0.85 (t, 3H).

SYNTHETIC EXAMPLE 8
Synthesis of 1-(benzyl(methyl)carbamoyloxy)ethyl 5-(tetradecyloxy)furan-2-carboxylate

C|4( 0 0
5 TBAOH5H,0, 0.0
N DMF, Nal, C14H29/ \ / 0 0
/ bTOFA, 60°C o~
N
R

A. 1-chloroethyl benzyl(methyl)carbamate

To a vigorously stirred suspension of N-methylbenzylamine (0.260 mL, 2 mmol)
in EtOAc (3 mL) and 3 mL of saturated NaHCO3 solution was added 1-chloroethyl

chloroformate (0.160 mL, 2 mmol). Effervescence was observed. Once gas production
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i sol ated and purified enploying standard techni ques such as sol vent
extraction, chromatography, crystallization, distillation, and the I|ike.
REACTI ON waHEMA0Ss6X = hal o The conpounds of the present PCEXUSat100m07¢RN al so
be prepared as shown above in Reaction Scheme 3. TOFA can be reacted with a
| i nker containing two suitable | eaving groups (halide, triflate, tosylate,
nmesylate, and the like). The initial reaction is perfornmed as in Reaction
Scheme 2 atbmadeeaéléldetfmrredct@n noiktutdwas dibaed wuhnhia)sarteb(ém maic'lthechqw'ebths a

sui tabl e nye le 1nglu Iy |1 t nes bove),
conol 5 oPtarelar Sioves i pRehiciber AL bR L BTRAET R kAL | on
i s general Icpnq;mﬂrbtudrte@lvattheanﬂnnderptoduehqarearabhb@ Z&Org)lzhbrcsmpnumdnwa:pumbnce of
a suitabl e.base ﬁh' é qh q ¥ @nyonlun1hydrOX|de excess of the
am ne nucl &b ﬁﬁu N i 9M%n?% eyp hed'? ke The product fron1the
reaction can be1 % L JUgS such as
sol vent ex and t he

like, In some cages,bhes/daal 1%@81%8&%%n&glﬁnﬁﬁggéar%ggggg%% spligus, above

e
may be further ion GBsti tue These
mani pul at i dh&-dimgthylfarinadede (tﬁunL)aar@I ther 5+(iemadwldxga)furamZdrarb@1yllc aaadluct i on,

al kyl ation ounds of
t he i nvent |(0 qugﬁ%ﬁ&)n{anw) ar'%li)g Ya%arﬁ%n'@mﬁth&ﬁﬁ)q@%@%ﬁka@&ﬁ@%@'@ %E)ceg&;kl 'l ed

i n the orgamhal), camdmodmrrylodldel(m5 mppwereregtdieg th thieiroadtionwgssdl.sdhé resullide t he

| of .
or the 11 kST REF i e RO AR o R 1R haniR SR ATNARRAB O 0P
"Protecti vsomthmpwsllqatedmwgaamcrf treystatieg nsiteriabbad heerbEchinveded taJopmodugtiody and
S Ne 01 - A [ b d
o N YAl oo kAL Toe b BATRRNNGS o B AYRRL OB SS ARG dgb0ve 0
phar maceut ild@AE y7 ot g ptlebdrgasiaphasp/wes washesinucesdsivetyhatrapateo0i it and

i norganic r%jap' d - | in the
art. Sal ts%(%'Pgt( e Lgarpogﬁg (aF'e‘?gh(g(r:ecfeﬁgétgﬁh%%W'n%%ﬁ%ﬁpgtgh% V%%hEI r free
base or acipdritgd tsytfabawathbmaogmphwelstlmgwumEtQA(Dinélesamdsl &6c20Pmtot irgdd Qr120

g (43%) of the title compound as a slightly brown oil. "H NMR (300 MHz, CDCls) &:

7.15-7.40 (m, 6H), 7.05 (p, 1H), 5.30 (d, 1H), 4.40-4.60 (m, 2H), 4.10 (t, 2H), 2.85 (d,

3H) 1.7-1.9 (m, 2H), 1.79 (p, 2H), 1.55-1.62 (m, 3H), 1.18-1.50 (m, 22H), 0.89 (t, 3H).

SYNTHETIC EXAMPLE 9
Synthesis of 1-((2-ethoxy-2-oxoethyl)(methyl)carbamoyloxy)ethyl 5-

(tetradecyloxy)furan-2-carboxylate

C14H200_o 0
WOH 0 o)
| TBAOH5H,0, 1.1 equiv  C1,H o\<oj)\oj\oj\N/\n/oEt
' » 1.1equiv CqiqHpg |
Cl<__O.__N 2
Oy - \ 0
0

Nal, 0.1equiv
DMF, 60°C, 16h

The title compound was prepared as in Example 8, Steps 1 and 2 starting with
0.20 mL (1.8 mmol) of 1-chloroethylchloroformate, 0.267 g (1.8 mmol) of sarcosine
ethyl ester hydrochloride and 4 mL of saturated NaHCO; solution. 'H NMR (300 MHz,
CDCl3) &: 7.18 (t, 1H), 6.98 (dq, 1H), 5.3 (d, 1H), 4.03-4.23 (m, 5H), 3.8-3.9 (m, 1H),
2.98 (s, 3H), 1.75 (p, 2H), 1.52-1.6 (m, 3H), 1.2-1.5 (m, 27H), 0.85 (t, 3H).
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The follow ng Synthetic Exanples, which are directed to the preparation of
the conpounds of fornula (1), are provided as a guide to assist in the
practi ce Wb 20h@osevent i on, and are not intended as a | i RCTASR@0/08079% he
scope of the invention. Mass spectroneter sanples were analyzed on a

M croMass mass spectroneter operated in single M5 node with el ectrospray

i oni zation. Sanples were introduced into the mass spectroneter using

chr omat ogr aphy. 1H NVR spectra SYWEHEBECHEXKEIPRE 1000 MHz usi ng a Bruker

i nstrument or i N ysi s was
er formed by Coaean sy gl t B OB e g BB A e ¢
EXAMPLE 1 Synthesis of 2,2, 2-t pyfrblddoreatRiujdarboxylate

5- (tetradecyl oxy) furan- 2- car boxyl ate To a stirred, roomtenperature
suspensi on of 5- (tetradecyl(%wgburgzp ?carboxyl icacid (1.3 g9, 4.0 mol)
in CH2A 2 (4ond) vas added N ohexyl car bod| Om de (0 9900skn 4. 8
mmol ), L/ L/- d%"\:bﬂda nopyridin 0. g, 4.0 )qh

2,2,2-trifluorgetNandl ( . BBAOMSH,D21. POl pH2gD \f[aslpvvag) cd@d and
stirri ng was co nued for 26—hrsat—waieh time (10% Et OAc Hexanes R

= 0.05(SM and 0.25 (Prod)) indicaége conpl et e consurrptl on of the starting
material. The resulting suspeagf,eoccyas diluted with CH2Cl 2 (40 ml _),
filtered and concentrated. This crude material was purified by flash

chr omat ogr aphy el"htﬂtﬂtl@@oerbth’hoﬁzv@@ﬁVﬁeBér@ﬁ%s'nﬁ‘Ek@ﬁﬁ@l@%ﬁSte-B%el aes2biaiting va®l | d was
further purjified béu”ﬂﬂ‘%t' ystallization in gropanol with the

addi ti on of0-% ’m—m PTBfLJhPmB'foeWé({c@FO@fBWS}?t%I%4%5 9 ﬂ%S r(“?'b/f) of the title

conpound age I r@llrﬂﬁl%iﬂj'r&ﬁﬂorw@aﬁmﬁnLE&Qtura‘?é?ﬁ\lﬂﬁéiyk Qolutldhool%e coFd oﬁﬁéﬂnd for
C23H36F3NO2: 20, H : cal cd 18; 1H NMR (400 IHz,

DVBOd6)  d: wyas4sctlﬁted fﬂ)a mlgtw;e ?fdwoﬂ%stergorger(sq HWR(QOOZMHZ Cngs)é]_? 7/ f 57
(m 2H), 1.(H058), 6307, 2%)50 938(51 QH) 4’%3@448\(NT HEY, 14D)- EXAMBL@ﬁ 3 BleBesi s
of 2,2,2-trichl oroethyl tetrad ec ur.an carboxylate The title
conpound wa®: pHegated (a‘sﬂd Jet e %15?13186,(”‘125'1) art- P\é (Fr 60228 g (0.7
mrol ) of 5+t edmpdecyl3pxy) f uran- 2- carboxyllc acid and 0.196 m . (2.04 mmol)
of 2,2, 2- trlchl or oet hanol . 1H NMR (400 MHz, DVMsO-d6) d: 7.4 (d, 1H), 5.74

(d, SYNTHETIC EXAMPLE 11
Synthesis of 1-(4-phenylcyclohexanecarbonyloxy)ethyl 5-(tetradecyloxy)furan-2-

carboxylate

Ci4H290__ 0o o)
- |V 2 LS
Q OH 0 J\ M
>\_N\ N TBAOH5H,0, 1.1 equiv C14M200 | O7NOTINTY
>—O 20U, 1. equi/ K/N
cl Nal, 0.1equiv " \©
DMF, 60°C, 16h

The title compound was prepared as in Example 8, Steps 1 and 2 starting with

0.20 mL (1.8 mmol) of 1-chloroethylchloroformate, 0.303 g (1.8 mmol) of 1-phenyl
piperazine and 4 mL of saturated NaHCO; solution. 'H NMR (300 MHz, CDCl5) &:
7.25-7.35 (m, 2H), 7.20 (d, 1H, J =4 Hz), 7.04 (q, 1H, J = 5 Hz), 6.85-6.95 (m, 3H),
5.30 (d, 1H, J =4 Hz), 4.15 (app t, 2H, J = 3.5 Hz), 3.63 (br t, 4H), 3.18 (br s, 4H), 1.8
(p, 2H, J = 8 Hz), 1.60 (d, 3H, J = 6 Hz), 1.20-1.5 (m, 22H), 0.87 (t, 3H, J = 7 Hz).
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1H), 5.03 (s, 2H), 4.19 (t, 2H, 1.7 (p, 2H), 1.2-1 .5 (m 22H), 0.85 (t,
3H). SYNTHETI C EXAMPLE 3 Synt hesi s of isopropyl

5- (t et radeoRbxpydonr an- 2- car boxyl at e The titl e conpoundPaadispriepan7esl as
described in Exanple 1 starting fromO0.228 g (0.7 mml) of

5- (tetradecyl oxy) furan-2-carboxylic acid and 0.161 nL (2.1 mmol) of
2-propanol. M5 (mz, ES+): 366.30 (M, 100%; 1H NMR (400 WVHz, DVMSQd6) d:
7.2 (d, 1H) 5.6 (d, 1H), 5.0 (PYNTHETICEXAMPLEZR), 1.7 (p, 2H), 1.3-1 .4

(S;nnt ﬁ::)m S of ssr’?&ﬂheslsk%ﬂ @éfetrgag%%/y&% 5a?' ganrg)éﬂylo H%)et@ IHE}I;)'I‘fI )ﬁ%w%(lf conpound

was prepared as descrl bed i n Exanpl ecdrbstydatéi ng from 0. 228 g (0.7 nmol ) of
5- (tetradecyl oxy) furan-2-carboxylic acid and 0.083 m. (2.1 mol) of
nmet hanol . M5 (mz, ES+): 339c3d,,0Mtl , &00% . SYNTHETI C EXAMPLE 5 Synthesis

of 2-bronoethyl 5-(tetradecyl oxy)f\[j.m%-car boxyl ate The ti tleocorrpound was
prepared as descrlmaml e 1 hng from 0. 23 (& o) of
5-(tetradecylo n- ar bagxbii4,8c] feand ©1:H50 2. b

2- br onoet hanol . (mz, ES+) M+l , 100 448. 30 (8\1Br M1,
80%; 1H NMR (400 Mz, DVBOd a'd°1§?'“'3o (d, 1H), 5.67 (d, 1H), 4.
2H), 4.16 (t, 2H), 3.73 (t, 2HMF.§0°@2'6pp  2H), 1.3-1 .45 (m 2H),
20H), 0.85 (t, 3H): EA found for C2 1H35BrO4: C. 58.93, H 8.52; calcd: C
58.47, H 8.18. TﬁXW@%&&W&&e@aéﬁ%h@&k§m9|fe és(ép%tf@rq)eﬂﬂaﬁmgxm.th

L/ - tosyl furan-2-carboxamde T ound Pre pared as déscribed in
Exarmpl e 1 $k2rmln8mmraeh of ‘QQISO@G(WICW%@F@mat@fO 167 g (1.8 mmol) of 3-phenyl
5- (t et radegylGdind PPt GIEREAUY NaHRE Qo%‘ﬂgn 0TI$(§(1~or9 bumdvdEBb1teB as a
4- et hyl benzenesul f onam de. M5 (1 z ES I\}fl 1009 . SYNTHETI C
EXAMPLE 7 wﬁuree@fufgurcﬁ*a%tgeﬁ@myl HAMRA3Q MBlZdCB%D 4298y réermyat). 7.2 (a,
5-(tet radeqﬂgoe(gg d”ﬂ’i'j' 23 (&QW—?%&@ ﬁtﬂ—bT@ 194, ét(ﬂnr 581l 2 2988 heMREH A5 65
solution of 5-(tetrad ec ur an- 2- car box

(m, 1H) 1.75 (t, 24 15165(m 3H), 1.2-1.5 (m, 22H) 0.9 (t, 3H).

SYNTHETIC EXAMPLE 13
Synthesis of 1-(5-(tetradecyloxy)furan-2-carbonyloxy)ethyl 3,4-dihydroisoquinoline-
2(1H)-carboxylate

C14H290

0
%L 0, e )L
@:}N SIS TBAOH-5H,0, 11equ|v C14H290\<j)\

Nal, 0.1equiv
DMF, 80°C, 16h

The title compound was prepared as in Example 8, Steps 1 and 2 starting with
0.20 mL (1.8 mmol) of 1-chloroethylchloroformate, 0.305 g (1.8 mmol) of 1,2,3,4-
tetrahydroisoquinoline hydrochloride and 4 mL of saturated NaHCOj3 solution. 'H NMR
(300 MHz, CDCl3) &: 7.0-7.2 (m, 6H), 5.3 (d, 1H), 4.6 (d, 2H), 4.1 (t, 2H), 3.6-3.75 (m,
2H), 2.8-2.87 (m, 2H), 1.75 (p, 2H), 1.5-1.62 (m, 3H), 1.2-1.5 (m, 22H), 0.9 (1, 3H).
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acid (0.228 g, 0.70 mmol) in DVF (4 m.) was added potassium carbonate
(0.146 g, 1.05 mmol) and 4- (brononet hyl)-5-nethyl -1 , 3-di oxol -2-one (0.160
g, 0.84 mwol2p11/0Dbk&@o0r eacti on vessel was capped and stirriPOE/USGL000THF Nued
for 14 hrs at which tine TLC ((20% Et OAc in Hexanes Rf = 0.10 (SM and 0. 40
(Prod)) indicated conplete consunption of the starting material. The
reacti on was quenched by the addition of water (5 nL), brine (5 nL) and

Et OAc (30 mL). The bi phasic m Q@YNEHRES EXAVBELErded to a seperatory funnel

and the org ase. 4L The
organt o phaot TaE i S EABMIE I TR bl B ool iats e
resulting crude materi al v@ﬁH@@ i fhed dy flash chromatography eluting with
5-20% Et OAc in kexapes to yield url ess syrup thatOnglI/lL |ed on

standi ng. 1H NMH_ (400 M—Iz DVSO d oﬁ 2 (d, 1H), 1 (s,
2H), 4.1 (t@o,o . qs;g@Hé (,m C 20 1.2
(d, 6H), 1. ., 20H), o 85 HETI C EXA 8 Synthes
1- (benzyl (et hyl ) car banoyl olee@ hgdUIVS (tet radecyl oxy) f uran- 2- car boxyl ate A
1- chl or oet hyl benzvKnet hvDcaNraeatxe 180 a vi gorously stirred suspension of
L/ - met hyl benzyl am ne (0.260 nL, 2 mmol) in EtOAc (3 nL) and 3 nL of
; at ur ?; edE][\I?Hccﬁhgctiluuhbmpomﬁw@gﬂ@darbdm@alwmahbmls Slt‘épfél’@{]rﬂfﬂﬁﬁaﬁin@@vitlﬁﬁ nt,
mo ervescence observe ce i onhad ceased, the
reaction m%%%?@géma?%fbah'mewy lesefgen ?LOO ﬁé“’é]é]@@gﬂ'@er fse was
renoved an%nbh&n@bﬂ@dlbr@td@ih@%@@%lmhédl NWIR 3@0 MIHQ (:ch)ﬁ)z 18l(d,ae)and
concentr at ive

dto npound
vas used i i@ HibSetiientl &G UB o i 7% Bl T8, 698
1- (benzyl (yesRhyl ) car banoyl oxy) et hyl 5- (tet radecyl oxy) f uran- 2- car boxyl at e
The above prepared 1-chl oroethyl benzyl (nethyl)carbamate was di ssolved in

L/ L/-dinmethylformamde (5 n

5- (tetradecyl oxy) f uran- 2- car bo@ﬂﬂnﬂ*é\ﬂ%&WE% 18 0.544 mmol ),

t et r abut yl argyathesig1di Y d5-Qistrd@eqyrt filirso2adebdriyioxQ Rty morgdlinavdlchrboapidiesodi um
i odide (-15 ng) were added to the reaction vessel. The resulting suspension
was heated to 60 OC with std sz@g for 14 hrs. HPLC anal ysis of the reaction

sol ution indicat Sd t hat all Ot i ng mat eri al ha(b be Qpnverted to
a product of I J\ 4
oﬁN o TBAOH-5H,0, 11eqU|v C1aH260
Nal, 0.1equiv

DMF, 60°C, 16h

The title compound was prepared as in Example 8, Steps 1 and 2 starting with
0.20 mL (1.8 mmol) of 1-chloroethylchloroformate, 0.157 mL (1.8 mmol) of morpholine
and 4 mL of saturated NaHCOs solution. "H NMR (300 MHz, CDCls) 5: 7.18 (d, 1H),
7.05 (q, 1H), 5.32 (d, 1H), 4.1 (t, 2H), 3.6-3.6 (m, 4H), 3.45-3.55 (m, 4H), 1.75 (p, 2H),
1.5-1.65 (m, 3H), 1.2-1.5 (m, 22H), 0.85 (t, 3H).

SYNTHETIC EXAMPLE 16
Synthesis of 1-tert-butyl 4-(1-(5-(tetradeclyoxy)furan-2-carbonyloxy)ethyl)piperazine-
1,4-dicarboxylate

0O 0O
o LI
C14H290 \ | o” ©

™
K/N\([)]/O\K
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| ower polarity. The reaction was then quenched with brine (5 m _), water (5
m.) and EtQAc (70 m ). The organi c phase was washed successively with

wat er (30woi20)1/@mp@obrine (30 m.) and then dried and comlrcentse@avmd79The
resulting crude material was purified by flash chromatography eluting with
Et OAc in hexanes, 5-20%to yield 0.120 g (43% of the title conpound as a
slightly brown oil. 1H NVR (300 WHz, CDCI3) d: 7.15-7.40 (m 6H), 7.05 (p,
1H), 5.30 (d, 1Hhe tide40mpo@l Wag prébireddasi0Ekampl2H) Steps8Gar(d? stakingwith- 1 . 9

(m 2H), Q‘Iﬁ)dg]g%é\ i IéoflSTSﬁ ro% g{cn}orgfl_pmat 01§351mg§9 8(mrrrlnolg We’rt-b%'tﬁ%(t !

3H) . SYNTH RES)

1-((2-et howeZazmmﬁrb@ty)a(temnmyIrw)maﬁéaajmbmmm;gdlutlﬁn 'H NMR (300 MHz,
(tetradecyl f (o] e s in
Seampie 8 QUIS TS et B ol bibe E PSR e

1- chl or oet Hy4-¢ 6l (o, GH())ﬂJﬁE(B,eQH)O126175gn(ZZH) 8.9nty8H). of sarcosi ne ethyl ester
hydr ochl oride and 4 nL of saturated NaHCO3 sol ution. 1H NVR (300 MHz,

CDCl 3) d: 7.18 (t, 1H) 698( 4.03-4.23 (m 5H),
3.8-3.9 (m 1H), 2.98 (s, %@@?T'@%WEE@JL 6 (m 3H), 1.2-1 .5
(m 27H), 0.5§bthesis oBH-I)(d@)&ﬂﬂﬁdEYIbérbEmM@xﬁeml Sytatréhmvayo)furémz)oaﬂ)dxplaall
1-(1-(5-(tetradecyl oxy)furan 2-car bonyl oxy) ethyl) pyrrolidine-1

, 2-di carboxylate Nal, 0.1 equiv 4h olhe | e conpound was
prepared as in Exarrple 8 Steps 1 and rtlng 0.20 M. ( 1.8 mmul)
of 1-chl oroethyl chl orof or mate,, of Lbenzyl proline
hydr ochl ori de and 4 nL of safu?ate HCO 3 soI t| on. The conpound was
isolated as a m xture of two di astereoners. (300 MHz, CDCI3) d:
7.25-7.4 (m 5H), 6.9-7.2 (m 2H), 5053(m ,435445(m1H)

4.0-4.18 (m 2H), 3.4-3.65 (m 2H), 2.1-2.3 (m 1H), 1.8-2.0 (m 2H),
1.65-1 .8 (m 2Hhe tlileé5mfbour€ij WwaB prabiredasdn ExarplerB, S2pI)1, arfd Dstatting3tith.

ST L 0 B LR S o2l lofo BN 350 SRS SE) Bpny! o) et !

dlcyclohexylamlne and 3 mL of saturated NaHCOj3 solution. "H NMR (300 MHz, CDCl,)
0:7.1(d, 1H), 7.0 (g, 1H), 5.3 (d, 1H), 4.05-4.15 (m, 2H), 3.6 (br s, 1H), 3.2 (br s, 1H),
1.65-1.8 (m, 10H), 1.55-1.65 (m, 11H), 1.2-1.5 (m, 24H), 1.0-1.2 (m, 2H), 0.8 (t, 3H).

SYNTHETIC EXAMPLE 18

Synthesis of 2-(dimethylamino)ethyl 5-(tetradecyloxy)furan-2-carboxylate

0 ° 7 NHMe, 0. O 2 |
Ci4H2g \ / O™ \-Br CiHad™ \ O/\/N\

To a solution of 2-bromoethyl 5-(tetradecyloxy)furan-2-carboxylate (0.186 g,

0.43 mmol) (prepared in Example 5) in THF at 0 °C was added dimethylamine (1 mL of
a 2M solution in THF, 2.15 mmol) with stirring. The solution was allowed to warm to
room temperature and stirring was continued for 12 hrs at which time the reaction was
concentrated to dryness. The crude material was purified by flash chromatography
eluting with ethyl acetate in hexanes (5-35%) to yield 0.121 g (71%) of the title
compound as a waxy, colourless solid. MS (m/z, ES+): 396.29 (M+1, 100%); '"H NMR
(400 MHz, DMSO-dg) : 7.2 (d, 1H), 5.6 (d, 1H), 4.23 (t, 2H), 4.13 (t, 2H), 2.53 (t, 2H),
2.18 (s, 6H), 1.7 (p, 2H), 1.2-1.5 (m, 22H), 0.85 (t, 3H).
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carboxylate The title conpound was prepared as in Exanple 8, Steps 1 and 2
starting with 0.20 nL ( 1.8 mmol) of 1-chloroethylchloroformate, 0.303 g (
1 .8 nmolwoabiilvopdsenyl pi perazine and 4 nL of sat urat ed PRSI 18/08@buIt | ON.
1H NWR (300 MHz, CDCI3) d: 7.25-7.35 (m 2H), 7.20 (d, 1H, J = 4 Hz), 7.04
(g, 1H, J =5 Hz), 6.85-6.95 (m 3H), 5.30 (d, 1H, J = 4 Hz), 4.15 (app t ,
2H, J = 3.5 Hz), 3.63 (br t , 4H), 3.18 (br s, 4H), 1.8 (p, 2H, J = 8 Hz),
1.60 (d, 3H, J =6 Hz), 1.20- 1S\H\l'(H‘hET|2:2EE-)MMBLBTI9(t 3H, J =7

Hz) . SYNTHETI C E

1< (5-(tet radecy] °o§§9yihﬁs'fa<>ﬁ§yé“3r85@ SO BN T e R H R PR e 1-
carboxylate The title conpound was prepar ed as in Exarrpl e 8, Steps 1 and 2
starting with 0.20 m. ( 1.8 nmol) of 1-chl oroet hyl chl orof ormate, 0.167 g (
1 .8 nmol) of 3-phenyl gyrrolidine a d 4 m . of saturat edONaHCO3 sol ution.

The conpound wasgi solatied as a mxture of four di agte rs 1H NWR (300
MHz, CDCI 3) CiH,¢7. 1§- 77 3 'OM\ 5K), 7. 20Nt 1H), 6,03 S3(d, 1H),
4.12 (t, 2H), 3.1-4°0 (m 5H, @.2-2. (m 1H), 1. 95- 05(m 1H}§ . 75

(t, 2H, 1.5-1 .65 (m 3H) 1.2-1 .5 (m 22H), 0.9 (t, 3H) SYNT
EXAMPLE 13 Synt hesis of 1-(5- (tetradecyl oxy) f ur an- 2- car bonyl oxy)e

3, 4- di hydr gi soqui RRLIREsovPE-ttetd SRR L ALES , 6Q0C, 16h The title
conpound Wmmﬁaswl‘nﬁ%xm@r@ﬂ%%néz starting with 0.20 nL
( 1.8 mml) of 2,3, 4-
t et rahydr oi soquﬁ—rcl)g%qv ﬁér‘aﬁélg%{c‘{g QIS g&gﬁﬁ%ﬁz(t%g[gb%?ylgx{)fu}%q egg@k&%{&?egﬁl ut| on.
1H NMR (30@0 #6029, Z:@@an@I)tm107moo17Nz\l(JmetB>H17>rm5tn@ie(vws addpd 34. 6 (d, 2H), 4.1
(t, 2H), 5-1 .62 (m
S, 1 5. 1 NgtpfembBopad o dtaine 4 iy fiodialippum g o, O
1-(5-(tetr a@detawm;e)(ﬂl}%ér& #-2oamieb mpH sr¢iy et ipgide Ki3denpdiThe suspeasiooxyl ate 1.1
equi v DV, a@@ged %@Bo into solution briefly, and then a very finely dispersed white precipitate

was observed. The reaction was allowed to stir for 12 hrs. The suspension was then

diluted with EtOAc (100 mL), brine (50 mL) and water (50 mL). The phases were

separated and the organic phase was washed with water (60 mL) and brine (50 mL).

The organic phase was then dried and concentrated to yield 0.554 g of the title

compound. This material was used in the subsequent step without further purification.

B. 3-(piperidin-1-yl)propvl 5-(tetradecyloxy)furan-2-carboxylate

To a solution of the above prepared 3-chloropropyl 5-(tetradecyloxy)furan-2-
carboxylate (0.272g, 0.68 mmol) in 6 mL of N,N-dimethylformamide was added
morpholine (0.535 mL, 6.1 mmol) and sodium iodide (10 mg). The resulting solution
was stirred at 55 °C for 36 hrs at which time HPLC analysis of the reaction mixture
indicated near complete consumption of the starting material. The solution was diluted
with EtOAc (30 mL), brine (10 mL) and water (10 mL) such that both phases were clear
solutions. The phases were separated and the organic phase was washed with water
(20 mL) and brine (20 mL) and then dried and concentrated. The crude material was
purified by flash chromatography eluting with 5-40% EtOAc in hexanes to yield 0.217 g
of the title compound. "H NMR (300 MHz, CDCls) &: 7.10 (d, 1H), 5.30 (d, 1H), 4.30 (t,
2H), 4.10 (t, 2H), 3.7 (t, 4H), 2.40-2.50 (m, 6H), 1.90 (p, 2H), 1.76 (p, 2H), 1.18-1.50
(m, 22H), 0.89 (t, 3H).
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The title conpound was prepared as in Exanple 8, Steps 1 and 2 starting
with 0.20 M. ( 1.8 mol) of 1-chloroethylchlorofornmate, 0.178 m. ( 1 .8
nmol ) of wopertwsese and 4 nml . of saturated NaHCO3 sol ut iPem/US2HOMMRIZ 300
MHz, CDCI3) d: 7.18 (d, 1H), 6.98 (q, 1H), 5.3 (d, 1H), 4.08-4.18 (m 2H),
3.38-3.42 (m 4H), 1.5-1 .8 (m 33H), 0.89 (t, 3H). SYNTHETI C EXAMPLE 15
Synthesis of 1-(5-(tetradecyl oxy)furan-2-carbonyl oxy) et hyl

nmor phol i ne- 4 carboxylate N, X SNNTHETReEXAMPEE@Onpound was prepared as in

Exanpl e 8, Wt .20 , |

et or oet n BT o Shede Bl by Ry Potodih Brstade kR oS m o
sat ur at ed NaHCO3 soI ution. 1H NWMR (300 VHz, CDCI3) d: 7.18 (d, 1H), 7.05
(g, 1H), 5.32 (6 1Hy, 41(rt 3636(m 4 O55 (m 4H)

1.75 (p, 2H), 1.5-%. 65 4n_iﬂ¥lj2h%;4_+.c (m 85rt% 3H) . SYNTHETIC
EXAVPLE 16 Synt hesi sNof 1- teﬂ?“%ﬁ?%b 1ias’
4- (1- (5- (t et radecl ybxy)¥Fogan! 94 &P Bony! oxy) et hyl )p| per azi né

1, 4-di car boxyl at eThe t conmpound was prepared as in Exanpl 8 Steps 1
and 2 starting with 0.2 : ( 1.8 mol ) of 1-chloroethylchl oroformate,

0.3 ng (,1 .8 pi per azi ne carboxylate and 4 m . of
sat urat ed RaHES Wz, CDCI3) d: 7.2 (d, 1H), 6.97 (q,

50 L 9i|)H)F°1a bl éﬁédz%ﬁfeﬁ%%ow m%%'&e%%ﬁ%ﬂ%@?%ﬂ@@m@ (m

Synt hesi s af EfOAd{3ayCc) alieXyl efsbiarakyd NaMTL LWIbtlon was added chloroacetyl

5-(tetradecy] a n 2car | ate The title conpaund was pared as in
el o 0. BB\ M52 BFAD B GRoqhes vy abRer VB Ofomags froBinelon
1- chl or oet lghsdd, dreatactoatreixtube @29 dilded with h8xamem ()0 oil). The phases were

separated and the organic phase was washed with brine (5 mL), dried and

a
7 o 2
U

concentrated to yield ~0.250 g of the title compound as an oil. The crude material was

used in the subsequent step without further purification.

B. 2-(benzyl(methyl)amino)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate

The above prepared N-benzyl-2-chloro-N-methylacetamide (0.250 g) was
dissolved in 10 mL of N,N-dimethylformamide. To this solution were added 5-
(tetradecyloxy)furan-2-carboxylic acid (0.180 g, 0.544 mmol), tetrabutylammonium
hydroxide pentahydrate (0.209 g, 0.554 mmol), and sodium iodide (~15 mg). The
suspension was heated to 60 °C with stirring for 14 hrs. The reaction was quenched
with brine (5 mL), water (6 mL) and EtOAc (40 mL). The phases were separated and
the organic phase was further diluted with EtOAc (30 mL), washed successively with
water (30 mL) and brine (30 mL) and then dried and concentrated. The resulting crude
material was purified by flash chromatography eluting with 5-20% EtOAc in hexanes to
give the desired compound as a viscous oil. The material was further purified by
recrystallization from 2-propanol and water to yield 0.130 g (52%) of the title
compound. 'H NMR (300 MHz, CDCls) &: 7.20-7.40 (m, 6H), 5.30-5.35 (m, 1H), 4.92
(s, 2H), 4.50-4.61 (app d, 2H), 4.10 (m, 2H), 2.90-2.98 (app d, 3H), 1.79 (p, 2H), 1.18-
1.50 (m, 22H), 0.89 (t, 3H).
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di cycl ohexyl am ne and 3 ml. of saturated NaHCO3 sol ution. 1H NVR (300 MHz,
cbcl3) d: 7.1 (d, 1H, 7.0 (g, 1H), 5.3 (d, 1H), 4.05-4.15 (m 2H), 3.6 (br
s, 1H), 3w0201wo0s¢601H), 1.65-1 .8 (m 10H), 1.55-1 .65 @OI/UB2HP4@IR-1 .5
(m 24H), 1.0-1 .2 (m 2H), 0.8 (t, 3H). SYNTHETIC EXAMPLE 18 Synthesis of
2- (di net hyl am no) et hyl 5-(tetradecyl oxy)furan-2-carboxylate To a sol ution
of 2-bronoethyl 5-(tetradecyl oxy)furan-2-carboxylate (0.186 g, 0.43 mmol)
(prepared in Exanple 5) in THF SXNTHEUO#SAMBUER1di met hyl amine (1 nL of a
2Mso|ution i n, THE LrnEkn 0 dto
varmto rooRTEmee eI T 2e ey ke e A el M R NGl
time the reaction was concentrated tcardoxedss. The crude material was
purified by flash chromat ography eluting with ethyl acetate in hexanes
(5-35% to yield 0.121 g (719 of the title conmpaund,as a waxy, col ourless
solid. M5 (mz, ES+): 396.29 (Ml , 1009 ; 1HNMRl(408 Mz, DVBO d6) d: 7.2
(d, 1H, 5.6 (d, 1H), 4.23 (t, 2H), 4313(t(\ 253 (t, 2H), 2.18 (s,
6H), 1.7 (p, 2H), 1.2-1 .5 (m 22 N . SYNTHETI C EXAMPLE 19

Synt hesi s of 3-norphol i no&n yP % (/ et Pade yl oxy)furan 2-car boxyl ate A
3-chl oropropyl 5-(tetradecyl oxy)furan-2- ca(PboxyI ate To a vigorously stirred

f 5-(t d
e O g L The Sl SRR R A e e S 1 e pls 202§ leps W&%}?G'Bgmgh(o 618
m., I? 0 gw@l:)??,g(@t(r mhuil)wfaémamwmrpllpyd;zm)eidé&)qmlate%m.aﬁ@md_?z?r%ﬁolgof 4.
an S | um ensi on ar e 0
Torut i and o ERtraPeb RS e ecan TR g roachior BFET eV SRROF FPS et PEORES s
observed. Thteerttas hexanesadH AINIRED N/IHzS(B[DCIs)‘@r‘? 22(dhnH), 5Thel, SHSREsB(spn was

phases vor & Uchiy . A0 L R VB Anp e Ehalb 9s VaTR nf €5 sl €50 )

and brine (15)(nwl22H),The (oB8gani ¢ phase was then dried and concentrated to
yield 0.554 g of the title conmpound. This material was used in the

subsequent step wi thout further 3- (pi peridin-1-yl)propyl
5- (tetradecyl oxy) f uran- 2-carbo %M%é#ﬁxglgﬂ?%n of the above prepared
3- chl or opr op$yntiesid eta-@iyciphexyadrhino profeethyl 5-(tetradecyloxy)furan-2-carboxylate

. O
C14H290\<\Cj)ko/\ﬂ/N\©
O

The title compound was prepared as in Example 20, Steps 1 and 2 starting with
0.244 mL (2.0 mmol) of dicyclohexylamine and 0.160 mL (2 mmol) of chloroacetyl
chloride except that the reaction mixture in Step 1 was diluted in EtOAc rather than
hexanes. 'H NMR (300 MHz, CDCl3) &: 7.2 (d, 1H), 5.3 (d, 1H), 4.8 (s, 2H), 4.1-4.18
(m, 2H), 3.22 (t, 2H), 2.9-3.05 (m, 2H), 2.3-2.5 (m, 2H), 1.1-1.9 (m, 40H), 0.83 (1, 3H).

SYNTHETIC EXAMPLE 23
Synthesis of 2-(4-cyclohexylpiperazin-1-yl)-2-oxoethyl 5-(tetradecyloxy)furan-2-

carboxylate
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carboxylate (0.272g, 0.68 mml) in 6 nL of L/,L/-dimethylformam de was
added norpholine (0.535 nL, 6.1 mmol) and sodiumiodide (10 ng). The

resul t i ngweabutriosssowas stirred at 55 0C for 36 hrs at wrCThuSzowm®4d4P4 C

anal ysis of the reaction m xture indicated near conplete consunption of the
starting material. The solution was diluted with EtOAc (30 nL), brine (10
m.) and water (10 nlL) such that both phases were clear solutions. The
phases were sepdhattidde camdotritbwas gepaed@sas ExavapleBds Bags i anld 2\stbding (A28 L)

and, b e (2o G A SRS SR e W LB 12
yi el d 0. 21Zhipridé ekdept that the reactipoumigturelii SR1 WBBGIlMed in PBBS K trer thanl0 (d,

1H), 5.30 (d,.1H) . H) . (Gt \40:2.50 (m
6H . 1.90 ?‘Sf‘a%ﬁ),'q\?@% (%0, M%ﬁ) ?D@sigzé&? g%%%%@%)ﬂ*)’o‘ﬁ%’@ﬁ)’ it

3H) . SYNTHEPHG, EXAVPHE 320(t.3H1t Régi(s, 41), 22(Demiy | 1Hyet.6y1.9 am 6t) 12-10X gt hyl
5-(tet radec‘2 |_| %:{ ran- 2- car boxyl ate A N-benzyl ~-chl or o- N- net hyl acet am de
To a vi goroﬁsﬁ’y {f’r:?HZ)d suspensi on of L/-nmethyl benzylam ne (0.260 m , 2
mmol) in EtOAc (3 mM.) and 3 nL of saturated NaHCO3 sol uti on was added

chl oroacetyl chloride (0.160 mMSYNRTHRDIC)EXAMPEEVdscence was observed. Once
gas product 2ased, 4] 1oN X Wr ' M nes
(10 Ly, TronhelCo EaRER L bhen SRy Il SRS aol b B Ao BAET T

The’ phases were e ‘orgdani c

brine (5 nL), dried and concentrated to yield -0.25Q0 g of the title
conpound as an oil. The crude material was used injthe subsequent step
w thout further purification. B. 2-(benzyl (me | Yango) - 2- oxoet hyl

S- (tetradecyl oxy) furan- 2- carboxyl ate e above pfepared

N- benzyl - 2- chl or o- N- net hyl gcﬁqﬂn ~ Nwess dissolved in 10 nL of

L/, L/ -di met hyl f or mami de. ” To'4 RS Rollut i o%re added 5-

(tetradecyl oxy) furan-2-carboxylic acid (0.180 g, 0.544 mmol),

tetrabutyl [ ; ' , ; di
etrabuty am“{ﬂ?ﬁ.ﬂbﬁ@&ﬂéb% W&é‘é\%@é{%%% (EQan’qgl%zg) S%péﬁﬂfamétgmaﬁﬂﬁmsgdf' um

i odide (-15 ny) e suspension Vv heated to Cwth stirring for
hrs. The r a4 ©@ Wasnahuedaeaymiingiazing aed 096@ML (2wamel) of shlaropceind Et OAc
(40 ). The i RBes RS Mifaf e TRatRh e xRRFin iy 9MERYilliteRHRERD ARt tdNer
di luted wi tﬁoEt O%c (pSO arﬂS%, vvashg'gxsuclgesgﬁ) vg%?/ \}Vlﬁtehl

hexanes. The title compound was further purified by recrystallization from isopropanol

and water. "H NMR (300 MHz, CDCls) &: 7.23-7.35 (m, 4H), 6.9 (d, 2H), 5.34 (d, 1H),

4.95 (s, 2H), 4.13 (t, 2H), 3.78-3.82 (m, 2H), 3.69-3.63 (m, 2H), 3.15-3.25 (m, 4H), 1.75

(p, 2H), 1.2-1.5 (m, 22H), 0.86 (t, 3H).

SYNTHETIC EXAMPLE 25
Synthesis of 2-((2-ethoxy-2-oxoethyl)(methyl)amino)-2-oxoethyl 5-tetradecyloxy)furan-

2-carboxylate

O | O
0 N\)k o
cMHzgoK\J)k O/\g 0

The title compound was prepared as in Example 20, Steps 1 and 2 starting with
0.307 g (2.0 mmol) of sarcosine ethyl ester hydrochloride and 0.160 mL (2 mmol) of
chloroacetyl chloride except that the reaction mixture in Step 1 was diluted in EtOAc
rather than hexanes. 'H NMR (300 MHz, CDCls) 8: 7.23 (d, 1H), 5.32 (d, 1H), 4.95
and 4.8 (2s of rotamers, 2H), 4.05-4.25 (m, 6H), 3.1 and 3.0 (2s of rotamers, 3H), 1.75
(p, 2H), 1.2-1.5 (m, 25H), 0.9 (t, 3H).
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water (30 nmL) and brine (30 nL) and then dried and concentrated. The
resulting crude material was purified by flash chronmatography eluting with
5- 20% Et (WO 2011/doss6anes to gi ve the desired conpound as &CYitsecan®4wps. The
material was further purified by recrystallization from 2-propanol and
water to yield 0.130 g (52% of the title conpound. 1H NWVR (300 MHz, CDCI 3)
d: 7.20-7.40 (m 6H), 5.30-5.35 (m 1H), 4.92 (s, 2H), 4.50-4.61 (app d,
2H), 4.10 (m 2H), 2.90-2.98 (@WWEHB)EXAMI?BE(Zﬁ 2H), 1.18- 1.50 (m

22 o e s e P Ry ey SRR R LS S B ate e

The title conmpound was prepared as in Exarrpl e 20, Steps 1 and 2 starting
with 0.373 g (2.0 mml ) of te/t-butyl 1-@iperaziheycarboxylate and 0. 160
m. (2 mml) of chloroacetyl chloridee J/\ﬂ/h he reaction mxture in
Step 1 was diluted in EtQAc r@uheP-tQa he an 1H NVR (300 MHz, CDCl3) d:
7.22 (d, 1H, 53(d 1H) 485(s , 4.150(t, 2H), 3.55-3.65 (m 2H),
3.4-3.52 (m GH% (s, 9H), 1.2- LSSﬁm 22H), 0.8 (t,
3H). SYNTHETIC mmEor@Qo%wmrega@fﬂa@'m GrayeedfeRiAPar H6)2 Sagirg ¥ty |

S5- (tetrade@W%WM%M\rﬁmﬂ)@f%‘&QP@Weaérﬂ orhen ML%Q%MWWO&@@I phieRds ed as in
Exanpl e 20, Steps nd 2 starting with 0 mol

di cycl ohexW&?ﬁt rtf@t ériﬁjre@‘:tf%‘dml’fﬂ”‘? A %tﬁBﬂ)WQ?fd”é'FﬂddP 5;@%? Wh‘?ﬁ'ﬁ%ﬁﬂ hIENeXcept
that the reagtdqr rﬁbtéhélrlﬁ)lét@d ﬂ Qﬂépb \M@SSpLﬂIﬂbé‘b&Z:d tﬁﬁﬁﬁ@n Frates rbﬂ%ﬁbl

h
I s (R M o ChYs 7 25 i S8 S 3, 457 f5. Bt Ate (L3, 485271 o

(m 40H), @.88n,@H), 36)3.4 BYNHIETFE (BXANPLE- 123 (iBysHheSLE5 @h, 22H), 0.9 (t, 3H).
2- (4- cycl ohexyl pi pera2| n-1-yl)-2-oxoethyl 5- Etetradecyl oxy) f ur an- 2-

car boxyl ateThe title conpound Exampl e 20, Steps 1 and 2
starting with 0.337 g (2.0 mm@%ﬁ'@ﬂmﬂék%gal perazine and 0.160 m . (2
nmol ) of chl or cgg@tiedis G MbiphelirxZeRbethy) &t (tdthRlet PREAURM-IEXbUkEaten Step 1
was diluted in EtOAc rather than hexanes. 1H NWR (300 MHz, CDCl3) d: 7.22

(d, 1H, 5.3 (d, 1H, 4.9 (s, 2H, 4.1 (4, .

N
C14H290‘<\Oj)ko/\g/ \)

The title compound was prepared as in Example 20, Steps 1 and 2 starting with
0.157 mL (2.0 mmol) of morpholine and 0.160 mL (2 mmol) of chloroacetyl chloride
except that the reaction mixture in Step 1 was diluted in EtOAc rather than hexanes.
'H NMR (300 MHz, CDCl3) &: 7.23 (d, 1H), 5.35 (d, 1H), 4.86 (s, 2H), 4.15 (t, 2H), 3.68-
3.75 (m, 4H), 3.6-3.65 (m, 2H), 3.4-3.45 (m, 2H), 1.75 (p, 2H), 1.2-1.5 (m, 22H), 0.9 (t,
3H).

SYNTHETIC EXAMPLE 28
Synthesis of 2-(3,4-dihydroisoquinolin-2(1H)-yl)-2-oxoethyl 5-(tetradecyloxy)furan-2-

carboxylate

@]
. 96
C14H290\<\J)J\O/j

The title compound was prepared as in Example 20, Steps 1 and 2 starting with
0.339 g (2.0 mmol) of 1,2,3,4-tetrahydroisoquinoline hydrochloride and 0.160 mL (2

mmol) of chloroacetyl chloride except that the reaction mixture in Step 1 was diluted in
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2H), 3.6 (t, 2H), 3.4 (t, 2H), 2.57 (p, 4H), 2.2-2.35 (m 1H), 1.5-1 .8 (m
6H), 1.2-1 .5 (m 28H), 0.83 (t, 3H). SYNTHETI C EXAMPLE 24 Synt hesi s of

2- 0X0- 2- (Wophampb@bper zin-1 -yl ) et hyl -5-(tetradecyl oxy) PaTars2@00807BdXyl at e
The title conmpound was prepared as in Exanple 20, Steps 1 and 2 starting
with 0.324 g (2.0 mmol ) of 1-phenyl piperazine and 0.160 m. (2 nmol) of
chl oroacetyl chloride except that the reaction m'xture in Step 1 was

di | ut ed i n aPt:OAcxtomt didexdriearEtDax aatber. thainbexdrtes e 'id OiR (B0D Mes, CDELNEr

PU ) 5. Y GEPEY o 320 By 8T OB ARANSL A0 ILRey AH R (300 e,

(Zt—l) ZT)Z ir@t@n@r@ZH()mmfﬂ)ZH)SSste&d@%C{(gt Omﬁmazx%&éigzggdg %i-qﬁtofl 75f(p,
916’—55 nthesis o

2-((2-et hox a@%n%tgaghﬂg/ﬁ %ﬁé?ﬁ |%é%l-an0)2§ oxo-lt- ' 5- tetradecgl oxy) f uran-

2-carboxylate The title conpound was prepared as in Exanple 20, Steps 1 and
2 starting with 0.307 g (2.0 mBYNTHETICHXAEPhE 28t hyl est er hydrochl ori de

and 0. 160 {4
ot ur e 1 n S L B e D RS AR B R A0
MHz, CDCl3) d: 7.23 (d, 1H), 5.32 (dsarbbfylatd. 95 and 4.8 (25 of rot arrers
2H), 4.05-4.25 (m 6H), 3.1 and 3.0 (2s of rotaners, 3H), 1.75 (p, 2H),
1.2-1 .5 (m 25H), 0.9 (t, 3H. SYNTHETIC E E 26 Synthesis of

2- 0X0- 2- (pi peridin-1-yl)ethyl-5-(4et a y) furan- 2-car boxyl ate The

title conpound was preparegdHa® 20 St eps nd 2 starting with
0.198 m. (2.0 mmol ) of piperidi and 0 96 o ( ) of chloroacetyl

chl ori de except that the reaction m xture i n° Step 1 S diluted in EtQAc
rat her than hexanes. The crude material isolated in Step 2 was purified by
recrystal | i zat i dheflifle gpmeeyicbyaheieprared aﬂN}RE(@DtB'eMQZSte@@GIaSF ?dSta"ImQZV'tbd

(1H) 2E|) 351(0345533% 0 Hm%?) c(fi~pr8|t#)e t%(ﬁtZ}JtEes(énthr'd):hloﬁdesaE'nd 8 1@0 (T{D(z%k&olt) 3 3 3 4
S\rpNTHEﬂ C Enggtquhlorlde except that the reactlon mixture in Step 1 Was d|Iuted in EtOAC

rather than hexanes. The crude material isolated in Step 2 was purified by
recrystallization from isopropanol. 'H NMR (300 MHz, CDCl5) &: 7.23-7.25 (m, 5H), 7.2
(d, 1H), 5.3 (d, 1H), 5.15 (d, 2H), 4.2-5.0 (m, 3H), 4.13 (t, 2H), 3.5-3.7 (m, 2H), 1.95-2.3
(m, 4H), 1.75 (p, 2H), 1.2-1.5 (m, 22H), 0.83 (t, 3H).

SYNTHETIC EXAMPLE 30
Synthesis of 4-methylpentyl 5-(tetradecyloxy)furan-2-carboxylate

Br/\/Y o

C14H290\®/C02H Nal, DMF C14H290\©A
\ / Cs,COs \ / O/\/Y

To a vigorously stirred suspension of 5-(tetradecyloxy)furan-2-carboxylic acid
(0.162 g, 0.5 mmol) in 10 mL of N,N-dimethylformamide was added 1-bromo-4-
methylpentane (0.247 g, 1.5 mmol), cesium carbonate (0.243 g, 0.75 mmol) and

sodium iodide (~20 mg). The suspension appeared to go into solution briefly, and then
a very finely dispersed white precipitate was observed. The reaction was allowed to stir
for 12 hrs at which time HPLC analysis of the reaction solution indicated complete
conversion of TOFA to a less polar product. The suspension was diluted with EtOAc
(40 mL), brine (20 mL) and water (20 mL). The phases were separated and the organic

phase was washed with water (20 mL) and brine (20 mL) and then dried and
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Synt hesi s of 2-norpholino-2-oxoethyl 5-(tetradecyl oxy)furan-2-carboxyl ate
The title conmpound was prepared as in Exanple 20, Steps 1 and 2 starting

wi th 0. 15vorh1if@saéonmol ) of norpholine and 0.160 nlL (2 m®mE®IUS2@0/040795

chl oroacetyl chloride except that the reaction mxture in Step 1 was
diluted in EtQAc rather than hexanes. 1H NMR (300 MHz, CDCI3) d: 7.23 (d,
1H), 5.35 (d, 1H), 4.86 (s, 2H), 4.15 (t, 2H), 3.68- 3.75 (m 4H), 3.6-3.65
(m 2H), 3.cé6r&nftgdmTh2kesulting/Gude@matidp] was Rurlfied By (flash 2natdyr&hiyt , 3H) .

SYNTHETI C EXANPL 8 is Qf 2-(3,4-dihydrai pnQlin-2(1 1

7oyl 2- oxbi g 2 PABIAE kineopds a8 2 B LU BoBbtrng: cBipound
was prepar dMR$3000WMEx20PCR) &0, 15¢de pbl), 5.3, 2H3 1422 (t,r&H)wit 118 (028391.48( 2. 0
nmol ) of 1, 4- r rqisoqui nol i ne hydrochloride and 0.160 nL (2 mmol)
of chl or oaéé@qm’czth)ﬁgrqa%ye&e@pépt that the reaction mxture in Step 1 was
diluted ina 1: 1 mxture of hexanes: Et OAc rat her than hexanes. 1H NVR (300
MHz, CDCl3) d: 7.05-7.25 (m SHYNBIBRCEXAMPLE 34. 95 (2s of rotaners, 2H),

Cotamers, oty S3eeis Bt TR oSl de oyl S Bia gt Bl 2 ST,
(m 22H), 0.9 (t, 3H). SYNTHETI C EXA0Mb&xyk8e Synt hesi s of (S)-benzyl

1- (2-(5-(tetradecyl oxy) furan-2-carbonyl oxy)acetyl)pyrrolidine-2-
carboxylate The title conmpound was prepared as in Exanple 20, Steps 1 and 2

starting with 0.483 g (2.0 mu ~efotpproline benzyl ester hydrochloride
and 0.160 m Cdk@ﬂu\g&,cﬂozehl or gaceie! chl®ride epl that the ction
s /di |

mxture in Step 1 utedﬁ@?_'lrc C rather th exane he e
material isolated in Step 2 was purified by recrystallization®“r
i sopropanol. 1H NWR (300 MHz, CDCI3) d: 7.23-7.25 (m 5H), 7.2 (d, 1H), 5.3

(d, 1H), 5.15 (dheZit® cokhpdurks Wad Prepaidl.asdn ERarhple RHtartidg ®itd 0636 (13)
1.05-2.3 (m 4H). 1 30) . SYNTHETI C

.75 (p, 2%1.2-1 . D %m 22H), 0. 83 é]t,
EXAMVPLE 30 809l A& EPomopreroxhiataane pr2isoyies @pd §et82 Biy) MR 3 car boxyl at e
(tetradecyloxy)furan-2-carboxylic acid. "H NMR (300 MHz, CDCls) &: 7.15 (d, 1H), 5.30
(d, 1H), 4.59-4.62 (m, 1H), 4.40 (app t, 2H), 4.10 (t, 2H), 3.80-3.90 (m, 2H), 3.40-3.60

(m, 2H), 2.05 (p, 2H), 1.20-1.85 (m, 30H), 0.89 (t, 3H).

SYNTHETIC EXAMPLE 32

Synthesis of 2-morpholinoethyl 5-(tetradecyloxy)furan-2-carboxylate

) _/—Cl
O_Nrc

O
O
C14H290 CO.H Nal, DMF C14H260~© //\O
U Cs,CO4 \ [/ OTNN__J

The title compound was prepared as in Example 30 starting with 0.224 g (1.2

mmol) of 4-(2-chloroethyl)morpholine hydrochloride and 0.162 g (0.5 mmol) of 5-
(tetradecyloxy)furan-2-carboxylic acid with the exception that a total of 0.730 g of
cesium carbonate was added to neutralize the hydrochloride. "H NMR (300 MHz,
CDCl3) &: 7.15 (d, 1H), 5.30 (d, 1H), 4.40 (t, 2H), 4.10 (t, 2H), 3.70 (app t, 4H), 2.70 (1,
2H), 2.55 (app t, 4H), 1.80 (p, 2H), 1.18-1.55 (m, 22H), 0.89 (t, 3H).
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To a vigorously stirred suspension of 5-(tetradecyl oxy)furan-2-carboxylic
acid (0.162 g, 0.5 mol) in 10 nL of L/ L/-dinethylformm de was added

1- br ono- 4wornetinpbgent ane (0.247 g, 1.5 mmol), cesium carPborst@o07283 g,
0.75 mml) and sodiumiodide (-20 ng). The suspension appeared to go into
solution briefly, and then a very finely dispersed white precipitate was
observed. The reaction was allowed to stir for 12 hrs at which tinme HPLC
anal ysis of the reaction sol ut i Q¥NTHETICHENVEDEBBet e conversion of TOFA to

a |l ess polar prod The 0 nmL), brine
(20 nmL) and water L%@H]eﬁts)d%lkﬁg%t%ggc slc\),\&g?@nsé;%aég%nyl%yébeﬁgﬁggér gani ¢ phase
was washed with water (20 nL) and brine (20 nL) and then dried
andconcentrated. The re sul ting crwixciypt eri al was puri |e by flash

chr onmat ogr aphyCedestQﬂw/tQOzﬂ 20YDOBFODE, AN hex anblssG 0.127 g (62%
of the title conpound H NVR (306t:NHz, CDCl 3) d: 71 H), 5.30 (d,
1H), 4.22 (t, 2H), 4.10 (t, 2H), $alipglic agidgQ (m 29H), O. COH) .
SYNTHETI C EXAMPLE 3 1 Synt hesis of 3-(tetrahydro-2H pyra y| oxy) pr opyl

5- (tetradecyl oxy) furan-2- carboxyl ate The title conpound was prepared as in
Exanpl e 30 startin ,

>~ (30 br omopr opoX ) eI §ard 338 diadssaaiie) disligradseyonaliyn-raonic

(t et r adecylaoixiypi3ad gnd 2:raly Doyl of el l, whblatlilidri (:300 cMdride CDGB53L A1 57 15 (d,

35 50 [inoand 28 of NEg- dhngldrmasicky 16 edlsootios Bt 1 “Ehiy

0.89 (t, 3Idbser8é@ﬂ"ﬂEél'$dh1Mﬂlo@%d$ym@he$@ sooaf teﬁ‘rmm”tmeulnihmtnh‘l}dd

o o e BPHH aRr530Y ol b pPR NG RRRY o 11
4- (2- chl or oléssbiyky. niﬁh@b@mme/vm/ttheocbbled tale °@rmdc® mbeRand éaﬂlcﬁhcmuﬁ 00.180g5-

0. 730 g of "cherim A N el B leleCaeh % BelrdubPa FEEFRISR, AR fotl. 11

NI\/R (300 Mzzrs,GREriction was dfutéd with HYQAS (130 ngld), antithe ohadld dhiase 84ls, 4. 10 (t,

1 18 i’ 7g5<’\ﬁ%ﬁ é&"_}}é{%—(%é@ 1()(03;pb.)2%¢[\ht|qg??® E&Xﬁﬂ@eﬁgk'éd angcorgcpentrag_e'zj

to give a white solid residue. The crude material was purified by flash chromatography

eluting with 5-40% EtOAc in Hexanes with 1% AcOH. The resulting material was
further purified by recrystallization from CH,CI, and hexanes to yield 0.225 g (57%) of
the title compound as a white crystalline material. '"H NMR (300 MHz, CDCl;) &: 8.08
(dd, 1H), 7.62 (dt, 1H), 7.32-7.38 (m, 2H), 7.24 (dd, 1H), 5.39 (d, 1H), 4.18 (t, 2H), 1.80
(p, 2H), 1.2-1.5 (m, 22H), 0.88 (t, 3H).

TESTING OF THE COMPOUNDS OF THE INVENTION

Study of human sebocyte function has been relatively restricted due to the lack
of suitable cell lines. Recently, SZ95 sebocytes were prepared using human facial
sebaceous gland cells transfected with a plasmid containing the coding region for the
Simian virus-40 large T antigen (see, Zouboulis, C.C. et al., J. Invest. Dermatol.
(1999), Vol. 113, pp. 1011-1020). SZ95 cells express a number of molecules typically
associated with human sebogcytes. Functional studies showed synthesis of the
sebaceous lipids squalene and wax esters as well as triglycerides and free fatty acids
(see, Zouboulis CC, Seltmann H, Neitzel H, Orfanos CE. Establishment and
characterization of an immortalized human sebaceous gland cell line (SZ95). J. Invest
Dermatol. (1999) 113:1011-1020).
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Synt hesis of 2-(5-(tetradecyl oxy)furan-2-carbonyl oxy)benzoic acid To a
cooled (0 0C) and stirred suspension of 5-(tetradecyl oxy)furan-2-carboxylic
acid (0.3202g11/ad566001 ) in 10 m . of CH2Cl 2 was added ox&lCylusetbonizde (0. 135
m _, 1.5 mmol) and 2 drops of L/, L/-dinmethylformam de. |med ate

ef fervescence was observed. The solution was allowed to warmto room
tenperature with continued stirring until such a tinme that gas evol ution
had ceased and @hhsﬁ&ﬁe&aﬂiedresmdadhe dimbanbitslatiﬂg/redny asmecwflsebmyte/vas t hen

l ed t | " d Et3N (3
c00t 20 10 0 0 G T B LA EAE o BT, 2,70,
the reacti (blumaasmmoi‘tahmd smbbd:yt&"ﬂAdm(e]sODenhata)/ 003} 1120: b7r5g13811|)c phase was

hed th IM HCl_.(2 200 m..) .and j 1 i ed d
Concent rat od to graent il tetgprG A EelcE D e R A BATREEE 0T Tt e
by flash chpﬂr‘ratedrgammwmetam5fqlpluﬂsin@a%mrﬁtmmrlpmtéﬁxma%smactelli%aﬁ\c(]—l.
Th | t h f t al l
G0 5 and RARERLE e By PP pods I BB RS pally s TSR ee Do « o
Cr yst f;ll gizn%hmg*stel‘dl 8ynthddit INMBIto3(Statifrd), bdGH ‘Bhlgrﬂ de&oﬁﬁz&(tiﬁaithejdﬂ)lgy {6. I@Qerégt (
2| 1 o1 1@ Rrolosdhpy g gols Sogyf kadas Mg e VPl EilPooRBs R i

| NVENTI ON Sbu@hyc @étuviwwhumebeewd@te‘sum@tjgmselbas/ebﬁmenlﬂhraéomeduaatubueai &li- ct ed
ecen

due to the | ack ,of. sui e S sebocyt e re
or epar ed uAPH AR PO AL G S I LTSS gPETERLTEs /i Punt Berp vtk
pl asm d contiai3nin+3g7i.he coding region for the Sim an virus-40 large T
antigen (see, Zaubo vest 1999 Vol .
113 9op. 30°11” HE A iesen oE boBbaing? st Lo T RiBE My bR o cai 1y
associ at ed pa/retnhethnsrral@teﬁetbdogeﬂl@atlvdﬁunmdlmmaj prelifachtieos asd egeetigystt hesi s of the
sebaceous i S, squal ene and wax ters ,as as trigl rid and free
Fatty aci ddnuas SRR a-E0 S iRinihn AR Bely, ARaicgs i ucdand
Est abl i shmestfubagbnthianasatieg deaidtelogicdl davrdersror talditivas charaeteriseibi@ceous gl and
cell line (S295)..J. lnvest rmat gl . 199 3:101 0). Th SZ95
coll's are colpamaion; by BETEhe el Phg il Acpiidiesroeibbodt Sian ang
di fferenti atié¢ weatineaeof iMaolmbtory/acnet al ., " D| fferentiation and apoptosis in
In vivo testing for evaluating potential acne treatment can be conducted using
the following hamster assays because hamster ear sebaceous glands have a close

resemblance to those of humans in terms of structure, biochemistry and physiology.

In vivo Anti-sebaceous Gland Activity Testing

The Syrian golden hamster (Oryctolagus cuniculus) ear sebaceous gland
model was used to evaluate the effect of repeat application of TOFA and TOFA
analogs. Male animals were employed since they have larger sebaceous glands than
females a consequence of their higher endogenous levels of androgenic hormones.
To define compound effects, cross-sections prepared from hamster ears were treated
with the neutral lipid-specific stain Oil Red O. Staining results were compared to the
untreated ear of the same animal in order to account for any changes in the overall
physiological state of the animal as well as potential systemic effects stemming from

local drug application.

Animal Treatment and Monitoring.

Typically, compounds were prepared and applied in 40% dimethyl acetamide

(DMA)/30% acetone/30% ethanol (vehicle). Animals were typically 10-12 weeks of
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human imortalized sebocytes”, J. Invest Dermatol. (2003) 120:175-181 )
Treatnent with arachidonic acid (AA) reproducibly increased SZ95 sebocyte
lipid | eweb0upos@ri mately 5-fold using a 96-wel | m crorcras2@oae9s or mat .
SZ95 cells can be used to identify conmpounds with sebuminhibitory
potential, such as Accutane(r) and chol esterol synthesis inhibitors
(statins), both of which denonstrated the ability to lower |ipid production
by these celgkanf 366,150 glicagacigM atdhe aﬁart ofﬂtﬁt@dpsrinnenﬂ Noeatmeot groeperts its
specific acti vl u intr eII | ar

Comer i 7at (onS e o e AR RO G b SR o R Y B o PR B

recept or s" maleridl ov@esthe véetrarstiddce df 2000ght béBus?r?gLa 32)3)te aTheoladha oli20tut péd on of

conmpounds of the inventio i nhi bi t evera ters related to T
colT et b vaer St gopaT e aRed In e tpLaeranp s grdoved fnger fof
i mune/ i nf Ia@mmtrmalayme@ubaHarﬁgetsyb@éwm@atpﬁ@ﬁtwr@erc@ll_\yforaaalscz@aséﬁutu{f@FA

woul d be usgef ul ents | ti.ng der matol di sprders .or conditions
Char act or | SEU OPTIAHAIDS [5RT 2155 RGP BB se e TR EPRiPoAT 21

cyt oki ne S%@bl&iah@ﬂﬂda)f OTheelstirmal mmaumeoltlmﬂretat@iadmmwfasanfuhwmt:onétyblam%\e I n
vivo testi r eval uatin tential acne treatnent ca onduct ed usi ng
Ve t ol | owP A HErEpraiaied BB erE ol BRBEareh e e B ol SAAS have

cl gsehr eselrr@b@m@trta@tntdmos@hoés éum@rytmeéh@rdm;o@fatbhrdmther eharljeethitha stry

and physiolo In vivo Anti-se us an I VI Testin e rian
Gol don’ ham€ely HAPYEIETaIG Ao TRPaEr 42, 0cBaH BEARUbMFEY SPEAP BT AU uaed

t o eval uat entihketiefyfl@el. of repeat application of TG:A and TOFA anal ogs. Mal e
ani mal s were enpl oyed since they have | arger sebaceous gl ands than fenal es
a consequergzenpdd Pidparatiohifgritistolndogenous | evel s of androgeni ¢ hornmones. To
define conmpound effects, cross-sections prepared from hanster ears were
treated w th thénmeals M&l’e émtpardze&plw:cob es;ﬁtyalanormbprammafély $8-20 i folgpwieg ul t s
wer e conparedft? éﬁhﬁ ]: Z teql ear f: ane r’rp dl n Iorder t o account
for any changW¥ (4] sPREPIRIPY | 'SB%%?'“B'P% O 3PPER 8 I8P ARAVEIRMEIT as wel | as
potenti al syls$emmentl;etbf<mb3shstomgmpegsdnnelmﬂhec'@ht dreatpdappd leftgtintorated)

ears were carefully removed from euthanized hamsters. A 3.5 mm punch biopsy of the

treated ear was marked with a marking dye on the ventral surface. A punch biopsy of
the untreated ear was marked with a separate tissue-marking dye on the ventral
surface. Tissues were embedded in a labeled mold filled with “Neg 50” cryo-
embedding medium and frozen on liquid nitrogen. These blocks were sequentially

wrapped in Parafilm® then aluminum foil for storage at -70°C until required.

Sebaceous Gland Analysis.

To assess sebaceous gland status, ear cross-sections were initially cut at a
thickness of approximately 8 um onto glass slides and immediately fixed with 10%
buffered formalin. Sections were stained with the lipid-specific Oil Red O dye by
standard methods, covered with Faramount (Dakocytomation, Ca) acrylic mounting
medium, cover slipped and then allowed to set. A Tissue sections stained with Oil Red
O were viewed with a Spot RT digital camera mounted on an Olympus BX60
microscope. Tissue sections stained with Oil Red O were viewed with a Spot RT
digital camera mounted on an Olympus BX60 microscope. An image of the section
was taken using the 4x microscope objective. The image was saved using the unique
animal identification number, slide number, and magnification. Relative sebaceous

gland areas (red staining areas) were determined using Image-Pro software (Media
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Ani mal Treatnment and Monitoring. Typically, conpounds were prepared and
applied in 40% di net hyl acetam de (DWVR)/30% acet one/ 30% et hanol (vehicle).
Ani mal s weoeotyps@al | y 10-12 weeks of age and 100- 150 g Ipcayusedigiso7as t he
start of the experinent. Treatnment groups consisted of 5-8 aninals.

Non- anest heti zed hansters were adm nistered the test material onto the
ventral surface of the right ear using a pipette at a volune of 20 m per
ear. Mat er iGbsrneticeinge BilVer SpeisngadgByl T aret loé inagesdnabysts vead the wetrhis avhidhoved

finger for . i matel y 15 sec.. SLers I i ved treat nce daily for
1595 cons IR R R R RIS R P8 e EFBLEEESE Wit
t he sane 4-deocwarcabet byite@enealdartigyel lineaDatweds gxpréseed| asf ferestagecsfahaned

untreated and Sﬁf]élgd as. an dnrernal hcontrrcf)lln Sld-Sepainmls were eval uated
daily for Se%e?a ?)%Jgarr%ﬁcg and p8t APt NS ERICOE] Sr‘ls ?elpéjt ed to

treat ment suoctingy sdetres, ér gdrhyearaon th heddtar aika analgzedt her changes to the
ears. Hansters r | S0 assess for, genetal health by, cpat, a arance,
bohavi or | and adDPop Ry SRRORE e e AT HR LethBy b BNUGERnE MR Nl <
wer e eut hanletezaine\th €efedispimssicditheoconggmonds bhthe dlventldy iBArehtifigph homiang t he

final (21 appl | i on. Ti. I f | and i
e 2L BRSPS, AP TRNR R CRLBPRSTR eI g0 1 5 v
(unt r eat edhyperastivigrie indebitfgddbace@smlad dativity iew hemarg edinhadediey $celA 3.5 mMm

punch bi ops f. the t d ear was marked with a marking dye on the
ventral su %Il@%r_atti% %nudﬁl@ﬁ&ﬁqeo%e%et'\(@%‘the untreated ear was nmarked with a

separate tissue-nmarking dye on the ventral surface. Tissues were enbedded
in alabeled nold filled with "Ble4BICACE)FMPIEddi ng medi um and frozen on

liquid nitrogen. These bfnﬂﬁ)lﬁ% \%B@K{sjﬁwlﬁ&qé ﬁ@?%‘ég_&%g@gsi n Parafilm(r) then

alum num foil for storage at - require aceous d and
Anal ysi s. To asdésimgehalizedusingingedosytacelslinee 8Z9% rvessmgiotaineasinis culture as

| mred; at ol vor e e GGG pLRel Al ened IBbINY8, SR, 01 G°

the |ipid- gpeéei tipd PntheRsdva® sdiyrildigd by tieatangdS 485t detisl with acachidedicvactd(AA).

Far amount (FIB?%%%&@%H &qipidcabdl?cqigxlahg n&%ﬂﬁt&.fﬂcﬂ] studies, test compounds were
dissolved in dimethylsulfoxide (DMSQO) and added at the desired concentration in 96-
well microtiter plates. The cells were then cultured for up to 72 hours before the plates
were washed 3 times with PBS and a final volume of 200 yL PBS / well was added. To
stain cell neutral lipids, 5 pL of Nile Red solution (0.2 mg/mL dissolved in DMSO) was
added to each well and incubated for a minimum of 60 minutes. Plate fluorescence
was then quantified using a fluorometric plate reader (excitation wavelength: 490 nm;
emission wavelength: 590 nm). Inhibition of lipid levels by the test compound was
expressed as the % reduction of the fluorescence of AA-stimulated cells in the
presence of the test compound relative to the values obtained for the unstimulated
control cells. Cell viability was measured by utilizing the conversion of a tetrazolium
reagent (MTS) to a colored-formazan product by live cells. For these assays, the test
compound was dissolved in dimethylsulfoxide (DMSQO) and added at the desired
concentration to cells seeded into 96-well plates. The cells were cultured for 48 hours
in the presence of the test compound before the plates were washed 3 times with PBS.
A final volume of 100 pL of culture medium per well was added. Twenty yL of MTS
solution (0.2 mg/mL in sterile PBS) was added to each well and incubated for a
minimum of 60 minutes until the desired optical density was reached. The color

development of the wells was measured using a plate reader at an absorbance of 590
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medi um cover slipped and then allowed to set. A Tissue sections stained
wth Ol Red Owere viewed with a Spot RT digital canmera nounted on an

A ynmpus BX6eQonws@scope. Ti ssue sections stained with OPCTRSd1@Qowepe vi ewed
with a Spot RT digital canmera nounted on an O ynpus BX60 m croscope. An
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reader (excl on wave
in RPMI 1640 contalnlng 5% charcoal/dextran-treated. Cells are incubated in the

presence of these factors for 96 hours at 37°C. Lipid accumulation is subsequently
guantified by Nile Red staining and flow cytometric analysis. The lipid level of test

compound-treated wells is compared to the result obtained for the vehicle-treated cells.

BIOLOGICAL EXAMPLE 3
Effect of Compounds of the Invention on 3T3-L1 Adipocyte Differentiation and Lipid
Accumulation
Mouse 3T3-L1 preadipocytes (American Type Culture Collection) are passaged

and maintained in Dulbecco's modified Eagles Medium (DMEM) supplemented with
10% fetal calf serum (FCS), 1 mM sodium pyruvate, penicillin (100U/ml)/streptomycin
(100 pg/ml) and 4 mM Glutamax (Gibco/Life Technologies). To initiate adipocyte
differentiation, 3T3-L1 cells are plated at confluency into culture plates or dishes and
grown in supplemented DMEM for two days post-confluency. Initiation medium
consists of DMEM with 0.5 mM 3-isobutyl-1-methylxanthine, 1 yM dexamethasone and
human insulin at 10 yg/ml. Progression medium contains insulin (10 pg/ml) which
replaces the initiation medium after 48-72 hours. Cellular lipid is imaged by Oil Red O

staining.
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level of incorporation into DNA using scintillation counting.

BIOLOGICAL EXAMPLE 5
Determination of Solubility in Synthetic Sebum

Compounds described herein can be tested to evaluate their solubility in lipids.
To determine the solubility, a synthetic sebum mixture was used. More specifically,
approximately 5 mg of a compound was added into 1.5 ml eppendorf tubes, which was
then combined with 0.1 ml of synthetic sebum and then briefly vortexed. Mixtures were
placed samples in a shaker pre-heated to 32°C and then agitated overnight. Prior to
sampling for HPLC analysis, tubes were placed in an eppendorf centrifuge and spun at
13000 rpm for 5 min to pellet the insoluble drug portion. Following centrifugation, 20 ul
of the top portion of the soluble fraction was sampled, in triplicate, into a 2 ml HPLC
vial for analysis and the mass recorded. One ml of THF was then added to each vial to
solubilize sebum. To determine their concentrations, HPLC analysis of all compounds
was carried out under the same running conditions.

The following compounds of the invention were tested in this assay:

2,2, 2-trifluoroethyl 5-(tetradecyloxy)furan-2-carboxylate (Compound A);

isopropyl 5-(tetradecyloxy)furan-2-carboxylate (Compound B)

51



presence of these factors for 96 hours at 37C. Lipid accunulation is
subsequently quantified by Nile Red staining and fl ow cytonetric anal ysis.
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BIOLOGICAL EXAMPLE 6

In vivo Assays

A series of hamster experiments were performed testing the potential anti-

sebaceous gland activity of compounds of the invention in comparison to TOFA. In all

experiments, repeat topical applications of TOFA and the compounds of the invention

were well-tolerated. Neither erythema, edema, inflammation nor tissue necrosis was

observed for treated as well as untreated ears of these animals. Hamsters exhibited

normal behavior and weight gain through the duration of all experiments.

In these experiments, the compound of the invention, TOFA and vehicle were

applied onto male hamster ears. At the end of treatment, the hamsters were sacrificed

and the area of sebaceous glands in the treated area was determined. The untreated

ear in this test system acted as an assay internal control as well as a means to detect

potential systemic treatment effects.

This hamster assay evaluated the effect of topical application of TOFA in

parallel with three compounds of the invention (Compounds A, B and C) on hamster
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assay based on the conversion of 3-(4,5-dinethylthiazol-2-yl)-5-(3-

car boxynet hoxyphenyl ) - 2- (4- sul f ophenyl )-2Htetrazolium inner salt (MFS)
into a sovokba/dosesnazan product by mtochondrial dehydr egenss@onfores abl e
cells. Cell proliferation is determ ned by adding 3Hthym dine to the
cultures and determining its |evel of incorporation into DNA using
scintillation counting. Bl OLOG CAL EXAMPLE 5 Determ nation of Solubility in
Synt heti ¢ $absehaCeoqxogianis. diest corbealinds mere apalied bepitadlg tdedly atorSewill faa2®t t heir
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m xture mgaﬁ%@ﬁ%@w@/g%%&cgﬁogéﬁﬁﬁaﬁ%%oﬁ'oxi mately 5 ng of a conpound was
added into 1.5 s shppendbighre Ulmwes\pouhdscdf tha s vemtien (oaudriicutad, GompohdlA)d  of

synt heti c sebu nd. t.hen briefly vortexed, . t ures re placed sanples in
Y chaker  praetddBiin B8 %500, SrmbriBit Cl R B R SRete TN A i ng
for HPLC andlepsiospatadhte S Oy andolvberecobrmperad teeyghérhelor f centri fuge and spun at
13000 rpmfor 5 mn to pellet the insoluble drug portion. Follow ng

centrifugation, 20 ul of the t Oﬁ)ﬁgﬂbﬁg%@@&@l ubl e fraction was

sanpled, in triplicate, into a vial Tor analysis and the mass
recorded. One nl of THF wayitdissapsid&dstageddatibitaraEffectssol ubi | i ze sebum To

determne thel © SANGENIALIA0% HRhG ADRLYSLR Mol SRIBRUAGS opas carri ed

out under the sane running condi t1ons ounds "of the
i nventi on weplkcaties bEdomnpourti A aassips ofg 2n@ twe weeksdiotbewihg kbessation of

5-(tetrade furan-2-car I - ( - $,0 o
5-(tet radegrié}a@% T Epgﬁpéqﬁgr %%pg‘%"g'”(a%n&gggﬁg“&% DMA/3B% é)ééltone [30%
B) ( 5- net hyletliznok dorig-Bedk andiwoiwgdR fotiouwryl sampling times were included to assess

5-(tetrad -2- , | . sh t hat
Compounds. AL B gk YRR BhARE R B IRAND hedoard Bt A SgTHANR | 0% o,
gr eat er solredidtion in dgland sizriwves sgait petduced witli 21 tdags of TCRFApowidi A& iegdmeper t i es

[ pi d- F1 on By 2B bl A3t bitehidR 2ethih Aot bRl gk E v £
6 was 63.5% lower for hamsters treated with Compound A. For samples prepared two

weeks after completion of treatment, sebaceous gland counts for ears exposed to

Compound A were significantly lower than control values. This finding suggests a

relatively sustained inhibitory effect on gland activity following treatment of the TOFA

analogs described herein. Moreover, the finding suggests that an exaggerated

rebound effect may not occur after cessation of a treatment regimen.

BIOLOGICAL EXAMPLE 8
In vivo Assays — Reduced Sebaceous Gland

Figure 3 shows the histological appearance of ear cross-sections prepared in a
study in which animals were treated for 21 consecutive days with control vehicle (40%
DMA/30% acetone/30% ethanol), TOFA and Compound A at a concentration of 75 mM
in a mixture. No appreciable inflammatory cell presence evident for skin sections
prepared from the ears of hamsters treated with the control, TOFA and Compound A.

Sections were treated with Oil Red O to detect neutral lipids and counter-
stained with hematoxylin. Images are orientated with the ventral ear surface
positioned upwards. Reduced sebaceous gland area is evident in the section prepared
from a Compound A -treated hamster. In comparison to vehicle-treated controls,
epidermal thickness is greater for samples obtained from hamsters treated with TOFA

or Compound A.
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In vivo Assays A series of hanster experinments were perfornmed testing the
potential antisebaceous gland activity of conpounds of the invention in
conpari sowmot011@Fé&0 I n all experinments, repeat topical @ppluseavioantss of TOFA
and the conmpounds of the invention were well-tolerated. Neither erythems,
edema, inflanmation nor tissue necrosis was observed for treated as well as
untreated ears of these aninmals. Hansters exhibited normal behavior and
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size was again pro reat nmen oWn in
Figure 2). biaavaﬁaﬁmmpcsmdmlmstrmmnmféaet¢cmn>czsd|oano palusiana\Rbaagacegticald ar ea was

63. 5% | Omrco%%%siﬁ&@éf%(—? inklérﬁ%%%jat\%iﬁ Be 98%%‘1‘&%% a ﬁﬂ%aﬁw t5Re INeSHM ed two
of one or more dosage units, where for example, a tablet, capsule, cachet or patch
may be a single dosage unit, and a container of a pharmaceutical composition of the
invention in aerosol form may hold a plurality of dosage units.

In treating dermatological disorders characterized by sebaceous gland
hyperactivity, the compound of formula (I) is preferably administered to the skin (i.e.,
topically) of the human in need thereof in dermatologically acceptable compositions, as
described in more detail below. When such compositions are in use (e.g., when a
dermatological composition comprising a compound of formula (I) and a
dermatologically acceptable excipient is placed upon the skin of the human in need
thereof), the compound of formula (1) is in continuous contact with the skin of the
patient, thereby effecting treatment.

Any suitable amount of a compound of formula (l) can be employed in such
dermatological compositions, provided the amount employed effectively inhibits the
production of sebum from sebocytes and remains stable in the composition over a
prolonged period of time. Preferably, the stability is over a prolonged period of time,
e.g., up to about 3 years, up to 1 year, or up to about 6 months, which is typical in the
manufacturing, packaging, shipping and/or storage of dermatologically acceptable
compositions. A compound of formula (l) can be in solution, partially in solution with an

undissolved portion or completely undissolved suspension. A compound of formula (1)
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weeks after conpletion of treatnent, sebaceous gland counts for ears
exposed to Conpound A were significantly |lower than control values. This
findi ng swogestt®s&or el ati vel y sustai ned i nhibitory effeeCTas2gbamionctivity
followi ng treatnent of the TOFA anal ogs descri bed herein. Moreover, the
findi ng suggests that an exaggerated rebound effect may not occur after
cessation of a treatnent reginen. Bl OLOd CAL EXAMPLE 8 In vivo Assays -
Reduced Selzas®eypsesentinc dargiatatodicad howpoditiom dfitlsd Dvegionah aappesatatioe of ear

Cross-secti ons. pr [ i i io ni_nmal redreate or 21
consecuti végn eyfgorﬁmg? %Lﬁ@odn(ﬂrvgtl'%%%?%qtg Omﬁq%%@a@t@h}éf %%é/%)uceéteshanol ),
TOFA and Covipdefroch Abaitt 0200d avte itd atadit @6 wo %, 26 frot aboul0 8D tmiPeto dout 6
appr eci abl e i nf tory, cel resence, evi dent for skin sections prepared
P ¢ ho_edreh gt ARRL RO RpLad LR iRE - Tl Eihed BFnc S cPmbEil ERmRliee " a
Secti ons weh) ean beatesdniintahcobcéntftidn @rige ol @becdboue000aWtLs {0 atouan@iwt. %,
count er st ai_.ned_,wi h oxyl i I es are orjen d w t he, ventral ear
curface podft el Ouiip i ol dn bR 8EBaRbal P h% Eratll QolIPalfPH 1 ¢ he
secti on pr @penatdloficahcamnpGsitipou rdandthdrreaaiogthndrd wb therinveintior engamiagdoyidad

vehi cl e-treat ntr ol | der nal j ckness. | a for._. | es

obt 1 ned  1OMRRE LR Sofpal LA TTe WP st GP eI atelh ca
COVPCSI Tl OM®idDF) alidit 8 MVEDHA {Oi\a baNDA G tBYIRSta O eRDMAJE SOUL aceédne / 30%
conpositi ong, %?)[rpri sing a conmpound of the invention, or a pharnaceutically
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one aspect of tHedgmatdogical nomposition of Themeeivarazadelt theabrne ofipesiutiorons may

be in any f ich a f td ingredient., i.€e., pound of
Formil a (1 ey 0 BermbiepltantRl dieRh et 1R b lncubo fa coRoBERECT T ve
anount . Fowilebeeapdpical fdmaufatian, face@mpbela gabrfpars) ¢ream amaintoenti n t he form of a

sem -solid (gel), (80l A qui . 1 ). i C Q s of
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i ncl udes subcltaneous 1 njections, needle-1ess I njectrons,” I ntravenous,

i nt ramusculaad haepadupel pressure less than water at 25 °C (~ 23.8 mm Hg). A lipophilic
solvent useful in the invention can be a glycol, specifically propylene glycol. In
particular, the propylene glycol can be from the class of polyethylene glycols,
specifically polyethylene glycols ranging in molecular weight from 200 to 20000.
Preferably, the solvent would be part of a class of glycol ethers. More specifically, a
lipophilic solvent of the invention would be diethylene glycol monoethyl ether
(transcutol). As used herein, “diethylene glycol monoethyl ether” ("DGME") or
“transcutol” refers to 2-(2-ethoxyethoxy)ethanol {CAS NO 001893} or ethyoxydiglycol.

A dermatological composition of the invention can also contain one or more

“filler(s)” that has a vapor pressure greater than or equal to 23.8 mm Hg at 25 °C. The
filler should have a vapor pressure greater than or equal to the lipophilic solvent as to
concentrate the compound of formula (1) on the skin. Preferred concentration range of
a single filler or the total of a combination of fillers can be from about 0.1 wt.% to about
10 wt. %, more preferably from about 10 wt. % to about 50 wt.%, more specifically from
about 50 wt.% to about 95 wt.% of the dermatological composition. Non-limiting
examples for use herein include water and lower alcohols, including ethanol, 2-
propanol and n-propanol. More preferably, the filler is water, ethanol and/or 2-

propanol. Specifically, the filler would be ethanol and/or water.
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intrasternal injection or infusion techniques. Pharnmaceutical conpositions
of the invention are fornulated so as to allow the active ingredients
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of gelling agents will depend on the physical stability of the finished product. Preferred

concentration range of a gelling agent can be from about 0.01 wt.% to about 20 wt.%,
more preferably from about 0.1 wt.% to about 10 wt.%, more specifically from about
0.5 wt. % to about 5 wt.% of the dermatological composition. Non-limiting examples
for use herein include classes of celluloses, acrylate polymers and acrylate
crosspolymers. Preferably, hydroxypropyl cellulose, hydroxymethyl cellulose, Pluronic
PF127 polymer, carbomer 980, carbomer 1342 and carbomer 940, more preferably
hydroxypropyl cellulose, Pluronic PF127 carbomer 980 and carbomer 1342, more
specifically hydroxypropyl cellulose (Klucel® EF, GF and/or HF), Pluronic PF127,
carbomer 980 and/or carbomer 1342 (Pemulen® TR-1, TR-2 and/or Carbopol® ETD
2020).

A dermatological composition of the invention can contain one or more anti-
oxidants, radical scavengers, and/or stabilizing agents, preferred concentration range
from about 0.001 wt.% to about 0.1 wt.%, more preferably from about 0.1 wt.% to
about 5 wt.% of the dermatological composition. Non-limiting examples for use herein
include butylatedhydroxytoluene, butylatedhydroxyanisole, ascorbyl palmitate, citric

acid, vitamin E, vitamin E acetate, vitamin E-TPGS, ascorbic acid, tocophersolan and
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der mat ol ogi cal conposition. In another enbodi nent of the invention, a
dermat ol ogi cal fornul ation of a conpound of fornula (I) to be adm nistered
t opi cal | ywoantiziossso( by wei ght) about 3% TOFA in about 4@uadisoemloyi7atet am de
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I nvention can be in the formof a solution, lotion, foam gel, cream and/or
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Speci fi cal Ifppm athoait DIOOH evt. %veudisbub 0 et.Pianuire aredérablyvi@imreabit &St % tagi cal

conposi ti O%b&fjt é&g\/t%ngﬁﬂé idglr;lnaqaggi%Isc%m%%giﬁigrh.angH-ﬁmﬂirng@gﬁples for use
herein include EDTA, disodium edeate, dipotassium edeate, cyclodextrin, trisodium
edetate, tetrasodium edetate, citric acid, sodium citrate, gluconic acid and potassium
gluconate. Specifically, the chelating agent can be EDTA, disodium edeate,
dipotassium edate, trisodium edetate or potassium gluconate.

The dermatological compositions of this invention can be provided in any
cosmetically suitable form, preferably as a lotion or a cream, but also in an ointment or
oil base, as well as a sprayable liquid form (e.g., a spray that includes TOFA in a base,
vehicle or carrier that dries in a cosmetically acceptable way without the greasy
appearance that a lotion or ointment would have when applied to the skin).

In addition, the dermatological compositions of the invention can include one or
more compatible cosmetically acceptable adjuvants commonly used, such as
colorants, fragrances, emollients, humectants and the like, as well as botanicals, such
as aloe, chamomile and the like.

In topically administering the dermatological compositions of the invention, the
skin of the human to be treated can be optionally pre-treated (such as washing the skin
with soap and water or cleansing the skin with an alcohol-based cleanser) prior to

administration of the dermatological composition of the invention.
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"humectant (s)" used to provide a noistening effect. Preferably the
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Car bopol (r guBTEag2eafth .or gelatin; excipients such as starch, lactose or dextrins, dlsmtegratlng
agents such as alginic acid, sodium alginate, Primogel, corn starch and the like;
lubricants such as magnesium stearate or Sterotex; glidants such as colloidal silicon
dioxide; sweetening agents such as sucrose or saccharin; a flavoring agent such as
peppermint, methyl salicylate or orange flavoring; and a coloring agent.

When a pharmaceutical composition of the invention is in the form of a capsule,
for example, a gelatin capsule, it may contain, in addition to materials of the above
type, a liquid carrier such as polyethylene glycol or oil.

A pharmaceutical composition of the invention to be orally administered may
also be in the form of a liquid, for example, an elixir, syrup, solution, emulsion or
suspension. The pharmaceutical composition may also optionally contain one or more
of a sweetening agent, preservatives, dye/colorant and flavor enhancer. .

Liguid pharmaceutical compositions of the invention may also include one or
more of the following adjuvants: sterile water, saline solution ( preferably physiological
saline solution), Ringer's solution, isotonic sodium chloride, fixed oils such as synthetic
mono or diglycerides which may serve as the solvent or suspending medium,
polyethylene glycols, glycerin, propylene glycol or other solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or

sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers
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A dermat ol ogi cal conposition of the invention can contain one or nore ant |
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capacity include a monoclonal or polyclonal antibody, a protein or a liposome.

Systemic administration of the pharmaceutical compositions of the invention
also include administration by injection, e.g., subcutaneous, intravenous,
intramuscular, intrathecal or intraperitoneal injection, as well as transdermal,
transmucosal, or pulmonary administration and needle-less injection administration.

Useful injectable pharmaceutical compositions include sterile suspensions,
solutions or emulsions of the active compound(s) in aqueous or oily vehicles. The
compositions may also contain formulating agents, such as suspending, stabilizing
and/or dispersing agent. The pharmaceutical compositions for injection may be
presented in unit dosage form, e.g., in ampules or in multidose containers, and may
contain added preservatives.

Alternatively, the injectable pharmaceutical compositions may be provided in
powder form for reconstitution with a suitable vehicle, including but not limited to sterile
pyrogen free water, buffer, dextrose solution, etc., before use. To this end, the active
compound, i.e., a compound of formula (I), may be dried by any art-known technique,

such as lyophilization, and reconstituted prior to use.
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cosnetically suitable form preferably as a lotion or a cream but also in
an ointnment or oil base, as well as a sprayable liquid form(e.g., a spray
t hat i nclw0es11l@Fé&0i N a base, vehicle or carrier that dPCEIS210840795
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cel | ul ose, l\{mﬁ]%ﬁagﬁnmlh.SoPageNoam%,'l,%ﬁcl pi ents such as starch, |actose or
dextrins, disi r]tA ir%gtiré}%n of the pharmaceutical compositions of the invention by needle-
less injection can be employed using the techniques disclosed in U.S. Pat. No.
6,756,053.

Alternatively, other pharmaceutical delivery systems may be employed for the
pharmaceutical compositions of the invention. Liposomes and emulsions are well-
known examples of delivery vehicles that may be used to deliver active compound(s)
or prodrug(s). Certain organic solvents such as dimethylsulfoxide (DMSO) may also
be employed, although usually at the cost of greater toxicity.

The pharmaceutical compositions of the invention may, if desired, be presented
in a pack or dispenser device which may contain one or more unit dosage forms
containing the active compound(s). The pack may, for example, comprise metal or
plastic foil, such as a blister pack. The pack or dispenser device may be accompanied
by instructions for administration.

The pharmaceutical compositions of the invention as set forth above may be
prepared by methodology well known in the pharmaceutical art or by the method
described herein. See, for example, Remington's Pharmaceutical Sciences, 18th Ed.,

(Mack Publishing Company, Easton, Pennsylvania, 1990).
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agents such as alginic acid, sodiumalginate, Prinogel, corn starch and the
| i ke; lubricants such as magnesium stearate or Sterotex; glidants such as
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flavoring; and a coloring agent. When a pharnmaceutical conposition of the
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l i quid dosage unit. For exRemiatologibal Alcoholic Gel Formulation

The product of the following formulation is a semi-solid clear gel.

Ingredient Percent wiw
Compound of formula (1) 1.0
Diethylene Glycol Monoethyl Ether, NF 32.0
Tocophersolan, NF 1.0
Hydroxypropyl Cellulose, NF (Klucel® GF) | 4.0
Edetate Disodium 0.05
Alcohol, Dehydrated, NF 61.95

The above formulation may be prepared as follows. The alcohol and diethylene
glycol monoethyl ether are combined. Tocophersolan, edetate disodium and the
compound of formula (1) are dissolved with mixing. Hydroxypropyl cellulose is added
and quickly and evenly dispersed with high-speed mixing. The product is removed

from mixing after uniform dispersion.
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conposition may include materials that forma coating shell around the
active ingredient. The materials that formthe coating shell are typically
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unit dosage form e
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Brawipdaben anf)ovvder form for

i nj ectable pb
Oé&onstituti(

bn with a

suitabl e vehicle, i
buffer, dextrose so

IE#&&{G bﬁsqd.hhmIIUL I I III t CU o3

i on before use. To

e PYT00%
'pﬁjlf)s end, thd

rn free water
b active

"

conpound, i.e., ac
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acceptable-—salt thereof,

may be formulated with suitable polyneric or
The above formulation may be prepared as follows. The liquids, diethylene

glycol monoethyl ether, glycerin and water, are mixed. Polysorbate 80 and

tocophersolan are added and mixed to dissolve. The compound of formula (1) is added

and mixed to dissolve. Edetate disodium, methylparaben, and propylparaben are

added and mixed to dissolve. Acrylates/C10-C30 alkyl acrylate crosspolymer are

quickly dispersed with high-speed mixing until uniform mixture obtained. Trolamine is

added with constant mixing to obtain a viscous gel at a pH of approximately 6.75

(when diluted 1:9 with water).
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hydr ophobic materials (e.g., as an enulsion in an acceptable oil) or ion

exchange resins, or as sparingly soluble derivatives, e.g., as a sparingly
sol ubl e swbt2o11Mos@Pnat i vel y, transdermal delivery systersTsaubaei7as ed as

an adhesive disc or patch which slowy rel eases a conpound of formula (1),
or a pharmaceutically acceptable salt thereof, for percutaneous absorption
may be used. To this end, perneation or penetration enhancers nmay be used
to facilitate transdermal penetration of the active conpound(s). Suitable
transdernal patches are describ@BMULATEPN &xXaiiPles 3U. S. Pat. No. 5, 407, 713;

U.S. Pat. No. 5,352, 456; at. No. 5, 336, 168;
US Pat. N 5290 51, DgrEtofdhal ftroeadif aiFortfuiion?t - N0 2 720 180
US Pat. No. 5 The?p)r@ﬂ@t ofuh&follPatng fomula;o@a@as@m; sdﬂlld$lea?abft gelo. 5,087, 240;
U S Pat. No. 5, 0'%% 4 524 ATDl_ |||/ LLEES] I‘atl on Of

the pharmaceutica| conposition896f®Phe invention |by ﬁgﬁﬁrWVYes> i nj ection
can be enpl oyed uscaghpblifd bEefmulgUes di sclosed 11l S. Pat. No] 6, 756, 053.
Alternatively, other pharmaceutical delivery systens may be enpl oyed for

t he pharnaceutica
are wel | known exa
active conpound(s

Disntirns e MesoetwkEhay &fft i on.

3Pi0osomes an

1 enul si ons

m|06ﬁo|ON|:del rvery veni cles that
prodrug(s) Certain organig

pgy) be used
sol vents suc

b deliver
h as

di met hyl sul f oxi de @LWS@) Uﬁﬂ/ al so be enpl oyed, al/Bfbugh usual |y at the cost
of greater toxicify Eﬁ@ﬁrmpceUIlcal cComposi tigrs of the inyention nay,
if desired, be pr =sg%%bg§r| n a pack or dispenser device which nmpy contain
one or nore unit jN@ﬁg’@aﬁhﬂ‘ﬂsNEont ai ni ng the acti|®& conpound(s). The pack
may, for exanple, egt—or ptastic foit; ch—as—a bl ster pack.
The pack or dispe1se;w§g§¥§g ﬁgv be acconpani ed by T nstructions for

adm ni stration. T1Edﬁha¥mm0®umlcal conp05|t|ons 00.05he inventi pn as set
forth above may Dby i kgown—tn—the—phar maceut i cal
art or by the net exanpl e, Rem ngton's

Phar maceuti cal Sci| Aogkses/G8-B3&AKy! A&:‘&take Publ i shiing Conpany, Easton,

Pennsyl vani a, 199
adm ni stered to a

The har

Jﬁ qﬁpeutlcal conposi ti g
G(F?SRO mer,

)ns of the invg

pntion are

Polysorbate 80, NF 0.05
Trolamine, NF to pH 6.75
Water, USP to 100.0

The above formulation may be prepared as follows. The liquids, diethylene

glycol monoethyl ether, glycerin alcohol and water, are mixed. Polysorbate 80 and

tocophersolan are added and mixed to dissolve. The compound of formula (1) is added

and mixed to dissolve. Edetate disodium, methylparaben and propylparaben are

added and mixed to dissolve. Acrylates/C10-C30 alkyl acrylate crosspolymer and

hydroxypropyl cellulose are quickly dispersed with high-speed mixing until uniform

mixture obtained. Trolamine is added with constant mixing to obtain a viscous gel at a

pH of approximately 6.75 (when diluted 1:9 with water).
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in a therapeutically effective anount,

which will

vary depen

di ng upon a

variety of factors including the activity of the conpound of formula (1);
t he net abwbi2e1gadsdl ity and | ength of action of the conpouns$2ab/oi@esul a

(1); the age,
conbi nati on

General ly,
(1) is (for a 70 kg
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body wei ght,
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apeut |

bRFfEab crep

the rate of excretion;
and the severity of the particular disorder or condition.
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referably a therapeutically effective dose is (for a
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EXAMPLE2 Der mat ol ogi
follow ng formulati ¢

ﬁbcsM&wsﬁm1$§blld cl ear soft

y@l0. The ab

ove fornul ati on

may be prepared as f
glycerin and water,

HEP TIPS P 4 + sl
L|LII uS, Ul Tl Ilyl T
m%ygﬁ”m Fysorbate 80 and

‘Crygfé

1$8g= ybUI

copher so

=y
L]

pnoet hyl et her,
| an are added

and nmi xed to dissol\

dMetiyigaralbarpdind of fornula (I

rahan

0i2s added

and m xed to

are

di ssol ve. Edetate d'T%opﬂ'&abéﬂ'Nﬁ paraben,—and prJg%hparaben
Edetate Disodium 0.05
Carbomer 940 0.15
Acrylates/C10-C30 Alkyl Acrylate 0.15
Crosspolymer, NF
Trolamine, NF to pH 6.75
Water, USP to 100.0

The above formulation may be prepared as follows:

A.

Water Phase

Water and diethylene glycol monoethyl ether are mixed together.

Tocophersolan is added and mixed to dissolve. The compound of formula (I) is added

and mixed to dissolve. Trilaureth-4 phosphate, edetate disodium, methylparaben and

propylparaben are added and mixed to dissolve. Acrylates/C10-C30 alkyl acrylate

crosspolymer and carbomer 940 are quickly dispersed with high-speed mixing until

uniform mixture obtained. The resulting mixture is heated, while stirring, at a

temperature of between about 65 °C and about 75 °C to form a solution.
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added and m xed to dissolve. Acrylat.es/Cl0-C30 al kyl acryl ate crosspol yner
are quickly dispersed with high-speed m xing until uniformm xture

obt ai ned.woneoliznwsése i s added with constant m xi ng to obtrairnsaowioswetis gel
at a pH of approximately 6.75 (when diluted 1:9 with water). FORMJLATI ON
EXAMPLE 3 Der nat ol ogi cal Hydroal coholic Gel Fornul ati on The product of the
followng formulation is a sem-solid clear soft gel. The above formul ation
may be preparedBas f @il I?fvatse The i qui ds, di et hyI ene gl ycol nonoet hyl ether,
gl ycerin al cohol or | an are
added and m xed Vwﬁ%do sso gyfﬁéneérdﬁ%nc?u'ns PG Ifo¥ ?tggﬁﬁ) gtoé{%égﬁ)g@ iﬁd m xed
to dissol vare Ednblaedamch semiiraimvesm hyd pmttedbemmp]atdzlypmtcadyhpar%hrerof betwveadded
and m xed t ved bo rzgag 0 C30 al kyl acryl ate crosspol yner and
hydr oxypr oﬁ@ o It i°C Iy ‘'spersed with high-speed m xing until
uni form m xtur e Cbbt aiviiai. stuTrmgItammaaerlpsasaajdimjoiv\phdsed@siswaraddad mh’n‘i@ to obtain

a viscous at _a nH of r 6., 15 en d Iute

nater) FornON o ef R o RBReEe iR Bg i ey &R e Mt B oound of
formul a (I)obtwyaafam blen pld ofrapadechately B.76r éaerprcmlucExanqubetmzs imth 1s as
fol | ows: Th rﬁj rr]rrul ation may be prepared as follows: A Wter Phase
Wat er and d g?ycol nonoet hyl ether are m xed toget her.

Tocophersol an is added and m xed to dissolve. The conpound of formula (1)
is added and ni xed to di ssol veFORMULAUI@N ieXAMPIdsphat e, edet ate di sodi um
met hyl par aben and propyl para i xed to dissolve.

Acryl at. es/ C10- C30 al kyl acr;?fé Q‘fﬁ)rgﬁc%gﬁg?rgﬁgpﬂgﬁt‘? carbonmer 940 are quickly
di spersed w th W ghmspeddf farmulad!)umy dlsabé faomoatedaua aohbaiexacipleTdie

resul ting %g(éhqggslf Io!& ated, while stirring, at a tenperature of between
about 65 C and a " Cto forma solution.B. Ol Phase Wiite petrol atum

cycl onet hi cone, isopropyl nyri sdgédiestnd cet ost ear Herantahw! fare conbi ned in
a separate vessel ar %orrrn%otuﬁdd o?%rrr%lgt(l’”;! y—at—a—tod "pf(r) at-H-e—ef—bet ween

Diethylene Glycol Monoethyl Ether, NF | 25.0

Stearyl Alcohol, NF 8.0

Laureth-23 0.5

PEG-100 Stearate 1.0

Tocophersolan, NF 1.0

Propylparaben, NF 0.3

Edetate Disodium 0.05

Acrylates/C10-C30 Alkyl Acrylate 0.2

Crosspolymer, NF

Trolamine, NF to pH 6.75

Water, USP to 100.0

*Propellant is 4.0 wt.% of final formulation. The propellant is a
single gas or a mixture of gases. Suitable gases include
butane, isobutane, propane, isopropane and isopentate.

The above formulation may be prepared as follows:

A. Water Phase

Water and diethylene glycol monoethyl ether are mixed. Tocophersolan is
added and mixed to dissolve. TOFA is added and mixed to dissolve. Edetate

disodium and propylparaben are added and mixed to dissolve. Acrylates/C10-C30
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about 65 C and about 75 C and stirred. C. Wiile stirring the water phase,
the oil phase is slowy added until a uniformenul sion is obtained.
Tr ol am newD20sllwd6y added to the resulting emnmul sion to @braiseoig/osi7emam at a

pH of approxi mately 6.75. The product
m xi ng. FORMULATI ON EXAMPLE 5 Der mat ol ogi cal
formula (1) may al so be formulated as a foam an exanple of which is as
* afybaeryibendrosspolmer st quickdf dispensdd Withr nigh-apeehmixirtyeunpit opitalrinant

foll ows:

is cooled to 25 C with conti nuous
Foam Formul ati on A conpound of
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o1 ngl e 925 Slofs Hushit erhl AARES it ERL 80D RS RbATE, | sobut ane.

pr opane,

m xed to di ssol ve.

I SOpropané and 130
as fol | ows:terAperdiareof bdtasen &iddue 60 4G6dindiabbityiei® gl ycol nonoet hyl et her
m xed. Tocopher%ol anéﬂnsp aadged and m xed to dissolve. TOFA is added and

E eté}g di sodi um and propyl paraben are added and m xed

to di ssol ve. AcriSéaylashGl ue3baiSlkand REG Dasacate sspainybieed inga sppacitd vy
with high- ed mixin ntil. uni.f arm m_xtur bt ai ned., .Th
b A ieRBE Em et O i it 6 Bl bR REE BBC a8 |

of bet ween aababbutc® @WC and about 70 OC. B. G| Phase Stearyl al cohol

et 25 and REC. L0 i ol HAERL L e P Gl

di spersed
resul ting

nel ted conpl et el

TP “Yenpe €

on y pr epar ed

are

out 60 OC

and about ZhUEDN €.obWndde Bblaminenig atitied twedfferd thieatesired pld. dhé rqgrhiliimg | s added

until a uniform | sion,. i.ned.. Trol 1ne - dded. t ffor he
Hosi v od prORMBETE e tore ol il Edtun] o ARINGE 18 BERR: Ry Ile s

u
e Ihg formulation 15 €00

m Xi ng. Thenfappmyplriatel amtighs cp@eikagetiar presaurapgthopopeliaet.ai r -t i ght cont ai ner
under pressure with propellant. COvBI NATI ON THERAPY

COMBINATION THERAPY

Compounds of the invention may be usefully combined with one or more other
therapeutic agents in the treatment of dermatological disorders or conditions
characterized by sebaceous gland hyperactivity. For example, a compound of the
invention may be administered simultaneously, sequentially or separately in
combination with other therapeutic agents, including, but not limited to:

e topical/oral antibiotics, e.g., clindamycin, tetracycline, minoccline, deoxycycline,
erythromycin, trimethoprim, and azithromycin;

o retinoids, e.g., Accutane®, tretinion, tazarotene, and adapalene;

e benzoyl peroxide;

e blue/red light;

e photodynamic therapy (PDT);

¢ Anti-androgenic compounds, e.g., PSK 3841;

¢ 5-alpha reductase type | inhibitors;

e comedolytics, e.g., salicylic acid, azelaic acid, sulfur and resorcinol.

As used herein "combination” refers to any mixture or permutation of a
compound of the invention and one or more additional therapeutic agents useful in the
treatment of dermatological disorders or conditions. Unless the context makes clear
otherwise, "combination" may include simultaneous or sequentially delivery of a
compound of the invention with one or more therapeutic agents. Unless the context
makes clear otherwise, "combination" may include dosage forms of a compound of the
invention (e.g., dermatological or pharmaceutical compositions comprising a

compound of the invention and a dermatological acceptable excipient) with another
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Compounds of the invention may be usefully conbined with one or nore other
therapeutic agents in the treatnent of dermatol ogi cal disorders or

condi t i orsOcharmsdeer i zed by sebaceous gl and hyperacti vi PET/USeo100%@EOD] €, a
conmpound of the invention nmay be adm nistered sinultaneously, sequentially
or separately in conbination with other therapeutic agents, including, but
not limted to: topical/oral antibiotics, e.g., clindanycin, tetracycline,
m noccl i nethe]‘epmyicyagbhtnéJnlﬁsyh@cmﬂwdinnake’srcleraebtmepmi‘sen"ccankinaﬁxjm hraynyci n;

retinoids, ne(r tretin on, t ro . | ene;
benzoyl per ocilgjgeropi%%l rr%@]s} r??'%rh%fa Coprﬁ%qucr)]g ﬁ] E\?‘?rﬁgrr] g"&ﬁ a?g%%?;

Ant i - andr oghmapelmoragenmd,mless thee corf-t’@k( n%@ﬂ; cleaﬁomleplhse r"eatubitatim” meaye |

i nhi bitors; I|c zel alc a |d sulf r and
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t he i nvent Iappllc(athorgs forelngnrmtecmltab@relgh petenphmlnatmmtandaionqaaltmrbpublloahms

cxcrpi ant), GetR B e BordREmRd¥ IR BN RrdBEVREIRER TRV o RERRLER, 2.
ot herw se, " coniilthadghoth® fmra90|ngo1vadtﬂ)rﬂm$ttmncdfesa’dmdnm somadetail tofacditat@npound

of L & VAL ANUDSEHISTAREULLE AGERL oM SARaEAR Sapbext makces

cl ear other SELIONS corrprl
conpound ofprdadtieed wulaantthensnoaaebf Hmcﬁdpendemealapetﬂqcorda@enthe dh}ssalgmj f or ms

f | i :
routes of ALY EEEID B0 AL 2 BRS MR PAIIRRE YL SRR & o7
pat ent s, U.lsSnotpbabe fitnitegh il the aletails giyablhec=dt, ibohsay be Srodifederithin the scope

and equivalents of the appended claims.
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applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification are incorporated herein by
r ef er encewoOnotiwsasoent i reti es. Al t hough the foregoi ng i reerusza/oerss been
described in sone detail to facilitate understanding, it will be apparent
that certain changes and nodifications nmay be practiced within the scope of
t he appended cl ains. Accordingly, the described enbodi nents are to be
consi dered I and not restrictive, and the invention is not to
be Ilrntedveﬁ'o‘lrIé At s iven herein, but may be nodified within the
scope and equi vgl ent clalns WHAT IS CLAIMED IS: 1. A
conpound of forﬂul a ?7§Jmé%ﬁd%l?wﬁ)2&g@gl) Rlis -OR2, -0OR3-0R2,
-OR3-0C(O-NR5R6, -OR3-N(R5)R6, -OR3-N(R4)C(OOR5, -OR3-C(OOR 5,
-OR3-C(ON(R 5)R6 or -N(R5)S(O) 2-R4; each i s independently al kyl,
hal oal kyl, optionally substituteg f IIy substituted aralkyl
optional |y substituted heterocyclii ? opt alI'y' substituted

het er ocycl yl al kyl , optionally substi t ut ed heteroaryl or optionally
substituted substituted heteroarylal kyl ; Qach R3 is i ndependent|y an
optionally substituted al kyl ene chai n; and R4 is optionally substituted
al kyl , opt ivhesiny substituted aryl, optionally substituted aral kyl,
optionally uteds erpas ongliyy t i wb 5

het er oar yl 5%;?5 Rga?ﬁﬂl? ‘Rfsq)ﬁd?'Cé@éNﬁ@ﬁ)R @cﬁ og@ﬁﬁ@ IC%Jﬁ ?\QRp)t |(%)r(1)a|?l’y
substituted cycl @ﬂak@GO)OBpt-IQJRaCI(@)"KBBBt ot tN(&?I)Sé@ie’rR or opt| onal | y

substitute b

cycl oal kyl , ta gﬁpﬁ (@ga??&ﬂgﬁ@wiE@gﬁa@L:&é I?nﬂygh%m&a %%ﬁh%ialﬂgny R5 and
R6, toget her wi tShb$t|’fl@e¢hﬁtéﬂitng@@tl@f@ﬁ”\m‘ubﬁltlﬂthéve@r@y@m hptatnaﬁscmtltu\t&ﬁ m an
optional |y substjfdi H%kgﬁ%@%r%‘ﬁ %hbfétutlﬂéd ﬁé‘teRa%Wl%F‘é{)tldﬁa Qﬁis't@%&oed

L/-heteroaryl; as a ereo soner m xture ereo
substltuted eteroarylalkyl

each R® is independently an optionally substituted alkylene chain; and

R* is optionally substituted alkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl or optionally substituted
heteroarylalkyl;

each R® is independently hydrogen, alkyl, optionally substituted cycloalkyl, optionally
substituted aryl or optionally substituted aralkyl; and

each R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
-R3-C(O)OR*;

or any R’ and R®, together with the nitrogen to which they are both attached, form an
optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl;

as a single stereocisomer or as a mixture thereof;

or a pharmaceutically acceptable salt thereof.

2. The compound of Claim 1 wherein:
R'is -O-R?% and
R? is independently alkyl or heterocyclylalkyl.
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or a pharmaceutically acceptable salt thereof. 2. The conpound of Claiml
wherein: Rl is -OR2; and R2 is independently al kyl or heterocyclylal kyl. 3.
The conpowoaadonfoosieai m 2 sel ected from i sopropyl PCT/US2010/040795

5- (tetradecyl oxy) furan-2-carboxyl ate; 4-nethyl pentyl

5- (tetradecyl oxy) furan- 2- car boxyl ate; and

(5- et hyl - 2- oxo- 1, 3-di oxol - 4-yl ) net hyl

5- (t et radecyl ox) f ur diheZoopobokyl Gibin 2 4eledled foonpound of C aim 1 wherein:

S chiatl AL gl 10 21 S e comaunor

uoro
5- (t et r adedyhethylpEotlyB5it@tradachloxy)fuad e 2-cartidxZater aod| or oet hyl

2 (1ot ol QAL 2RO 8o Golh DB N 2 corvoryite

2- (5-(tetradecyl oxy) furan- 2-car bonyl oxy) benzoi c acid. 6. The conpound of
Claiml wherein: RLis -OR3-0OR2; R2 is optionally substituted

het erocycl yl al kyl ; a ' j ly.substituted al kyl ene chain. 7.
The conpound of4C1aiﬁﬁgE%ﬂ#%Ha?gR@%%?ggbgﬁ?zro-2H—pyran-2- yl oxy) pr opyl

5- (t et r ade®/liwx@-Rfarain- 2- car boxyl ate. 8. The conpound of C aim 1 wherein:

RlL is-O méﬁé)%p%\l&lﬁgg%%?ﬁgﬁgvﬁz i s independently al kyl, hal oal kyl,

optionally 'onal ly substituted aral kyl, optionally
substituted heterocyclyl, optionally substituted heterocyclylal kyl,
optionally substituted heteroaryl or optionally substituted substituted
het er oar yl al kyl ;5. R3 iTheanmppundoiallin 4 sbletiedditosd al kyl ene chai n; and

2,2,2-trifluoroethyl 5-(tetradecyloxy)furan-2-carboxylate;
2,2,2-trichloroethyl 5-(tetradecyloxy)furan-2-carboxylate;
2-bromoethyl 5-(tetradecyloxy)furan-2-carboxylate; and

2-(5-(tetradecyloxy)furan-2-carbonyloxy)benzoic acid.

6. The compound of Claim 1 wherein:
R'is -O-R3-OR?;
R? is optionally substituted heterocyclylalkyl; and

R® is an optionally substituted alkylene chain.

7. The compound of Claim 6 which is 3-(tetrahydro-2H-pyran-2-
yloxy)propy! 5-(tetradecyloxy)furan-2-carboxylate.

8. The compound of Claim 1 wherein:

R'is-0-R*-OC(0)-N(R*)R®;

each R? is independently alkyl, haloalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heteroaryl or optionally substituted
substituted heteroarylalkyl;

R® is an optionally substituted alkylene chain; and

R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and

R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
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R5 is hydrogen, alkyl, optionally substituted cycloal kyl, optionally
substituted aryl or optionally substituted aral kyl; and R6 is al kyl,

opt i onal Iwo=uotigwsdéent ed cycl oal kyl, optional |y substitut @dTarsadlpkoros
or-R3-C(O) OR3; and or any R5 and R6, together with the nitrogen to which
they are both attached, forman optionally substituted L/-heterocyclyl or
an optionally substituted L/-heteroaryl. 9. The conpound of Caim8

sel ected from 2R}- ﬁe(D)QRS( Erm hyl ) car banoyl oxy) et hyl

5-(tetradecyl oxy}f
1- ((2- et hog gy k H tSJ% ?r%ﬁ/tlng n‘?r 9It%\)’(Vh ch tI’F%ylare both attached, form an

5-(tetradecyl oxppflcmradmszstmaedbdxyéiatcmyclw dr 28)opHermin sybstituted N-heteroaryl.
1-(1-(5-(tetradecyl oxy)furan-2-carbonyl oxy)ethyl) pyrrolidine-1, 2-
di car boxyl ate; 1-(4-phenyl cycl ohexanecar bonyl oxy) et hyl

5-(tetradecyl OX)Q) fur %e%oﬁ%rogr%(é 615%1 8 s?le{;tﬁd from:

1- (5-(tetradecyl oxy) furan-2-car
3- phenyl pyr’lF(tbbnzyl(n@thly-l)canblamwylbay)ethyl 5 (tetradecyloxy)furan -2-carboxylate;

L (5L o SHEY B P RSB SO syt o' e 22
p| peri di ne- 1- carcbdoyylateg; 1- (5 (tet radecyl oxy)furan 2- car bonyl oxy) et hyl
AL (5 (1 & PSRRI Fp R Sl e catbonyionpitiud pyrgldine-4. 2
di car boxyl at e; airudlrtjoxg/ldtecycl ohexyl car barmyl oxy) et hyl _
R s - O RO U s Y R R e G R R i v and R
;3 bg%lld{ Stggri (5dtdtmhec3dm¢ybfom+2 yarbummxyt)ajlnsé(?o aheoylpwirdigine- bparboxwaa’::az I
opti onal | yqs b(yéttrlat(aé(‘f}ﬁ)(?#y@c&gl?1 ?{BW&&&M réfé ﬂ\é&é ?qlﬁﬁ(ﬂmggﬂg kyI yor
-R3-C(O) OR4; andadioxgnalg, R5 and R6, together vvlth the nitrogen to which they
are both at1t(%9(&?r%deéﬂ(g){%f%n-2-carbonyloxy)ethy| piperidine-1-carboxylate;

1-(5-(tetradecyloxy)furan-2-carbonyloxy)ethyl morpholine-4-carboxylate;

1-tert-butyl 4-(1-(5-(tetradeclyoxy)furan-2-carbonyloxy)ethyl)piperazine-1,4-

dicarboxylate; and

1-(dicyclohexylcarbamoyloxy)ethyl 5-(tetradecyloxy)furan-2-carboxylate.

10. The compound of Claim 1 wherein:

R'is -O-R®-N(R°)R®;

R® is an optionally substituted alkylene chain; and

R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and

R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
-R3-C(0)OR*; and

or any R’ and R®, together with the nitrogen to which they are both attached, form an

optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl.

11. The compound of Claim 10 selected from:
2-(dimethylamino)ethyl 5-(tetradecyloxy)furan-2-carboxylate;
2-morpholinoethyl 5-(tetradecyloxy)furan-2-carboxylate;or

3-morpholinopropyl 5-(tetradecyloxy)furan-2-carboxylate.
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optionally substituted L/-heterocyclyl or an optionally substituted
L/-heteroaryl. 11. The conpound of Cl aim 10 selected from

2- (di met wbamwmoj@dhyl 5-(tetradecyl oxy)furan-2-car boxyParaiS2010/040795

2- nmor phol i noet hyl 5-(tetradecyl oxy) furan-2-carboxyl at e; or

3- nor phol i nopropyl 5-(tetradecyl oxy)furan-2-carboxylate.12. The conpound of
Caiml wherein: RLis -OR3-N(RA)C(OORS R3 is an optionally substituted
al kyl ene chain; and R4 is optionally substituted al kyl, optionally
substituted aryl, optionally substituted aral kyl, optionally substituted
het er oaryl or op2i ondhhkeyosypbsnd oiudledn hetheredar yl al kyl ; and R5 i s hydrogen,

al kyl, optignal Al ys: i cycloal kyl, optionally substituted aryl or
optionally és)d%s(%ﬁ Ngﬁbé(tr)ﬁﬁl . 13. The conmpound of Caim1l wherein: Rl

i s- O R3- C( B’ GRarb of®rially substiftécoaliayléne shaistantiut ed al kyl ene chain; and R5 is
hydr ogen, alk . I . tit , I stituted
aryl or optt obaricB SRRl ERE, e TSR Kl s b SRR 1
wherein: Rl is -aGIR3-@tipdNyRub}RGted Retarcargroroptioratipkulystiuiédt i t ut ed al kyl ene

chain; and R5 i \ kyl, optionally substituted cycl oal kyl,
optionally subs?‘?%&%ﬁlggplﬁﬁ%r optionally substituted aralkyl; and R6 is
al kyl , opt iR3imhydroganhstkiyl aptemhathy substituked cyctmatkyb pplidnally sigsstituted @yl ar al kyl or

- R3- C(O) OR4; Orfogﬁor?arﬁg sﬁi@%ﬂtﬁt&%ﬁaﬂ&[ with the nitrogen to which they are
rman-op

bot h attached, ronally’substituted L/-heterocyclyl or an
optionally substituted L/-heteroaryl. 15. The conpound of C aim 14 sel ected
from 2-(benzyl (nmethyl)am no)-2-oxoet hyl

5- (t et radecyl oxyiBf ur dheZoogobokyl Glai 1 wherein:

R'is-O-R3-C(O)OR®
R® is an optionally substituted alkylene chain; and
R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally sbstituted aryl or

optionally substituted aralkyl.

14. The compound of Claim 1 wherein:

R"is -O-R*-C(O)N(R®)R®,

R is an optionally substituted alkylene chain; and

R® is hydrogen, alkyl, optionally substituted cycloalkyl, optionally substituted aryl or
optionally substituted aralkyl; and

R® is alkyl, optionally substituted cycloalkyl, optionally substituted aralkyl or
-R3-C(O)OR*;

or R®> and R® together with the nitrogen to which they are both attached, form an

optionally substituted N-heterocyclyl or an optionally substituted N-heteroaryl.

15. The compound of Claim 14 selected from:
2-(benzyl(methyl)amino)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;
tert-butyl 4-(2-(5-tetradecyloxy)furan-2-carbonyloxy)acetyl)piperazine-1-carboxylate;
2-(dicyclohexylamino)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;
2-(4-cyclohexylpiperazin-1-yl)-2-oxoethyl 5-(tetradecyloxy)furan-2-carboxylate;
2-oxo-2-(4-phenylpiperzin-1-yl)ethyl-5-(tetradecyloxy)furan-2-carboxylate;
2-((2-ethoxy-2-oxoethyl)(methyl)amino)-2-oxoethyl 5-tetradecyloxy)furan-2-
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terf-butyl

4- (2-(5-tetradecyl oxy) furan-2-car bonyl oxy) acetyl ) pi perazi ne- 1- car boxyl at e;
2- (di cyclwberylmndono) - 2- oxoet hyl 5- (tetradecyl oxy) f ur anP2Tamei0s0y179% €;

2- (4- cycl ohexyl pi perazi n-1-yl ) - 2- oxoet hyl

5- (tetradecyl oxy) f uran- 2- car boxyl at e;

2- 0X0- 2- (4- phenyl pi perzin-1-yl)ethyl -5-(tetradecyl oxy) furan-2-car boxyl at e;
2- ((2- et hoxy- 2- eadekyigle) (et hyl ) am no) - 2- oxoet hyl

5-tetrad I : 22 , _

> oxo. 2 ( prseelan G 8T SR Mo rd el FPEPRES: car boxyl ate:

2- mor phol i Rem@rpbrivetBrpkodhy| Betatadecybaifyantd-earb@xyiseboxyl at e;

z ot S SRR LY o810 Bgspygpy -2 camonyate

1- (2-(5-(tetradeoyl oxy)furan-2-car bohyl oxy)acetyl)pyrrolidine-2-carboxyl ate
. 16. Th im 1 wh i n. SN R O.2r Rd. R4 |

opt 1 onal Ty SRR LG U B Bl rorbot Bep o B i e bt
substituted aral kyl, optionally substituted heteroaryl or optionally

substituted heteroarylal kyl; and R5 is independently hydrogen, alkyl,
optional | y substliét ut dtiecpoipoahkyl Claiopt wheedih:y substituted aryl or

optionally bk @aral kyl. 17. The conpound of Claim 16 which is
5-(tetradec%g/llil%j\yh)%t(ﬁgt%Sylfuran- 2- carboxam de. 18. The conpound of any

one of O aiRtes dpttapatly7substituteduiies, mptiendlly sabstitutad aeytaptibealyaubstitited eof ,  f or
use in treating a%l@g,a@goﬁﬁw'ﬁﬂgﬁtﬁutggrhgpetr&{rﬂ%% lior%@?%tﬁsgﬁut&f condi tion

characterized by s ous’g peractrvity. conmpound of Claim
18 wherein the detampdrplatigk ead di sorder or condition is selected fromthe

group consigst | ri I sacea,
Rhi nophym-?;}ép@g?g(lsng%ﬁyh%&é’%%ﬁ h%&l,’ 8@%‘8rf%sggg%?cr¥§@? ﬁ( &E?&Edé]ggceous gl and
hyper pl asi a, Meisbbstitand ghyhndomtipséilystbstinteofarélegi al rosacea, mitogenic

al opecia, and oily skin. 20. The conpound of C aim 19 wherein the
der mat ol ogi cal disorder is acne.

17. The compound of Claim 16 which is 5-(tetradecyloxy)-N-tosylfuran-2-

carboxamide.

18. The compound of any one of Claims 1 to 17, or a pharmaceutically
acceptable salt thereof, for use in treating a human having a dermatological disorder or

condition characterized by sebaceous gland hyperactivity.

19. The compound of Claim 18 wherein the dermatological disorder or
condition is selected from the group consisting of acne vulgaris, acne conglobata,
choracne, rosacea, Rhinophyma-type rosacea, seborrhea, seborrheic dermatitis,
sebaceous gland hyperplasia, Meibomian gland dysfunction of facial rosacea,

mitogenic alopecia, and oily skin.
20. The compound of Claim 19 wherein the dermatological disorder is acne.

21. The compound of Claim 19 wherein the dermatological condition is oily
skin.
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2 1. The conmpound of C aim 19 wherein the dermatol ogical condition is oily
skin.22. The conpound of any one of Cains 1 to 17, or a pharmaceutically
accept ablwo=alttoosdser eof , for use in inhibiting sebaceousCgitsadomei7ovity in
a human. 23. The conpound of any one of Clains 1 to 17, or a
pharmaceutically acceptable salt thereof, for use in treating a human

havi ng a di sorder or condition characterized by inflamation. 24. The
conmpound of cl ai2éh 23, Thetvtemponnd bieanyi erad&laims 1dond) ¢n apharsacedticaliymat or y

eene. 25 SO Ry 3R o LB s B

cytoki ne secretion in a human having a disorder or condition characterized
by inflammation. 26. A pharnaceutical conposition conprising: a
t her apeut i cal | y 28f f edihevcempoonchof afy anecd Bmad tof17 aorya pmemate@icalilys 1 t o

25, or ap Leal | t. . h - h utically
or der mat orgaTRdY s ERetar 6F BRI TefiRe: hub9FhGho s RTBMIERS
conposi t i omhafac@riaedbRdflamimatien.n t he pharmaceuti cal conposition is a

der mat ol ogi cal conposition for use in treating a human having a

der mat ol ogi cal disorder or condition characterized by sebaceous gl and

hyperactivity. 28 THRoRRALIBCELLSAl oL GRRAS) HeQlkcPlerd AbRARE, jher ei n the

der mat ol ogi cal sor condition Ts se omthe group consisting
of acne vuligmnggtoyaseecongl obat a, choracne, rosacea, Rhi nophyna-type
rosacea, seborrhea, seborrheic dermatitis, sebaceous gl and hyperpl asi a,

Mei bom an gl and dysfunction of facial rosacea, mtogenic alopecia, and oily
skin. 29. The plar nadéetcogwburdairryidnear CidimeEl1do 7 28 apleareianeuticelly

der mat ol ogi i rd . r ] LE 1 QF Claim
S et of 00k EBL e AP, BO0G 0k PRAITRGEALLS Bhy BQBRAZ L Bt

phar maceut iadalmaromyos a dieordef orCloaditio2 6harboterizeskby inflamimatiort.i ng

26. A pharmaceutical composition comprising:

a therapeutically effective amount of a compound of any one of Claims 1 to 25,

or a pharmaceutically acceptable salt thereof; and

a pharmaceutically or dermatologically acceptable excipient.

27. The pharmaceutical composition of Claim 26, wherein the
pharmaceutical composition is a dermatological composition for use in treating a
human having a dermatological disorder or condition characterized by sebaceous

gland hyperactivity.

28. The pharmaceutical composition of Claim 27 wherein the dermatological
disorder or condition is selected from the group consisting of acne vulgaris, acne
conglobata, choracne, rosacea, Rhinophyma-type rosacea, seborrhea, seborrheic
dermatitis, sebaceous gland hyperplasia, Meibomian gland dysfunction of facial

rosacea, mitogenic alopecia, and oily skin.

29. The pharmaceutical composition of Claim 28 wherein the dermatological

disorder is acne.
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sebaceous gl and activity in a human. 32. The pharnaceutical conposition of
Claim26, for use in treating a human having a disorder or condition
char act erw@ediipséonf | ammat i on. 33. The pharnaceuti cal cecpaskeivomw’ed C aim
32, wherein the disorder or condition is inflanmatory acne. 34. The
pharmaceutical conposition of Claim26, for use in reducing T cel
proliferation and cytokine secretion in a human having a di sorder or
condition characterized by inflammation.

30. The pharmaceutical composition of Claim 28 wherein the dermatological

condition is oily skin.

31. The pharmaceutical composition of Claim 26, for use in inhibiting

sebaceous gland activity in a human.

32. The pharmaceutical composition of Claim 26, for use in treating a

human having a disorder or condition characterized by inflammation.

33. The pharmaceutical composition of Claim 32, wherein the disorder or

condition is inflammatory acne.
34. The pharmaceutical composition of Claim 26, for use in reducing T cell

proliferation and cytokine secretion in a human having a disorder or condition

characterized by inflammation.
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