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DERI VATI VES FI ELD OF THE | NVENTI ON 5The present invention relates to

deri vat i Wee 20f1/maw@ar ot ene. BACKGROUND OF THE | NVENTI ON PaTarsea1e/0e22bis t he
chem cal nane: ethyl 6-[2-(4,4-dinmethylthiochroman-6-y1)- 10 ethynyl
nicotinatc. Tazarotenc is a retinoid prodrug which is converted to its
active form tazarotenic acTAZAROTHNE DERIBSAEIVEScati on i n npst

bi ol ogi cal systens. Tazarotenic acid binds to all three nenbers of the
retinoic acid receptor \%ERAR famly; RAIL, RANI and RARy, but has relative
sel ect i vikRELRO N and may nodify gene expression. Allergan,

I nc. market TAZORAC (tazarotene) cream and TAZORAC 15(tazarotene) gel for
the treatnment Qf acne and psorjasis e treatment of skin disorders

usi nga reti noltf RIFSCRHNYFRHOBTBRISS t9 ﬁeré"d‘ﬁﬁ?sfﬁhti‘%‘ﬁo“%leth benzoyl peroxide is
of great interest to dermatol ogi sts. However, this presents challenges to

the for inoids and antibiotics often readily
degrade%ﬁ@%ﬁgﬁl@@g Eﬁ%@@%ﬁ‘?ﬁ oxi de. Accordingly, the active
ingredients arc often 20 not m xed together until inmediately before

adni ni strati onrgzgmttg;,]g lpa%tt]%néhenﬂEal deﬁneadé}h t[@(@@ (ﬁlrneﬁl[yt BEEBhahl g

the day. Alternativ e rctinoi |ot| rotecteZ(eg
by er@apsiinvawi Biptingtey rﬁf AEBRIENI avictipoid rpéocty@& Myah lfaé%‘s@irf@é © 6?3 agthe faepi v

i ngr edi ertaﬁar&@mcta@l&wslagld fe-SRAHALEN GhANRE biolica g%mscm@Wémdla%menser
Thus, th i S ag]f n’Erove der ol o |c ﬂlg“of olgqs c ta| n| ng a
25" conbi MR O PEC mySh TRGE AR EHPRIC NI Gire i 1ye3ﬁ

conveni erR‘AeRy, obf haacitienstshielty fori KAR, éinER:ARly,(aatilnya,y raoahﬁegbnemﬁftesmbmr t he
identification stable r oi e i i t.h | ~®
peroxi de in a% r%rracgrtlﬂ |carf(& ﬂ%)zs(?}?g Wgﬁ%ﬁ%ﬁ]@%&E@%m

The pbesdizaiotanghgélder the trdptment eldaicne amépsadiesisvat i ves of tazarotenc that

penetrate the gl feARdneXhibh idoRldkifs lal Iléﬁnﬁﬁtdrvdnt ¥ntibiotic in AGRGRSHJIY tO
an enbodi msnt the present 1nvention provides for a conpound of gener al

formula (yh beygovbaemxadotsPerRUsisrs) ( slopmatologisis | Howgen dhis presetsy or
1, Rl is dhmé@@@rﬁo P foraddtion chehsdti ihsifedaClctBonskitld, ardipidtien aflcy readlly
bt onal 19FEeEat Tedr Qe s g1gRB SR drapr et retedatndedy ol e
gr oup0 optoit omadely togathst iuntil eidhrogdiatolgl kyforg raduypnistoatioan tophe gradiehty or are
substi t utad; et fIOA N e BhCiRes 8P day. Alternatively, the retinoid or antibiotic might
be protected (e.g. by encapsulation) from reaction with the benzoyl peroxide, or the active

ingredients may be housed in separate chambers of a dual chamber dispenser.

Thus, there is a need for improved dermatological compositions containing a
25  combination of active ingredients which provide the requisite convenience, efficacy and
shelf life. Specifically, a need exists for the identification of stable retinoids that may be

combined with benzoyl peroxide in a pharmaceutical composition.

SUMMARY OF THE INVENTION
30
The present invention is directed to new derivatives of tazarotene that penetrate the
skin and exhibit retinoid-like activity.
According to an embodiment, the present invention provides for a compound of

general formula (I):



R2 is hydrogen, optionally substituted C118 al kyl, optionally substituted
C2 , s alkenyl, optionally substituted C2_ 1 s al kynyl, optionally

substi t utwo 2arydoo@soup, optionally 10substituted het er o®gEitiseoigoaerps;
optionally substituted cycl oal kyl group, or an optionally substituted
heteroaryl group; or a pharmaceutically acceptable salt {hereof.

According to anot her enbodi nent, the present invention pyrovi des a conpound
of formula (11): 15 wherein R3 is hydroge jonally substituted

C _ig alkyl, optionally substituted C2_18 al kerpA”, Ogt1 onaldry substituted
C2_18 al kynyl, optionally substituted aryl opllonally 20substi tuted
het erocyclic group, option i | kK group, or an

a phaMNmaceutically acceptabl e
salt thereof. ACCOFdI’O 0_anrgi h nbodi nent, the present invention
provi des a phar i cal corrpo conprising a conpound of Forrmula (1)

or (11), or a phar @ut i aIIy WO 2011/ 009023PCT/ US2010/ 042225 accept abl e
salt thereof, ang*on gerceut i cal |y accept abl e excg ients.

In a further enbodlnent the present i nvention provides a nethod of
treating a skin dlsorder in a subject, the nethod conprising adm ni stering
a conposi tion GompnisSkpYr g, t herapeutical ly effective amount of a conpound
of Formula (1) or z11§ or a 5pharnmaceutically acceptable salt thereof, and

one or nore pHar HabEdoBeR| ¢Nloa%]bedﬂ%lt@e@>&lrlplaélﬁﬁ s Optignallyssiipeeted f2meed
t hereaf . alkenyl, ﬁo@dllyeﬁib@@kufwr@mtan@npr %@ﬁ@ﬁalllyrb\ﬁﬁﬁﬁth@ﬂ i@l @b@s dpﬁoﬁah@r use

Jphe
o 2 COmRoRnd el ol Ratroprtolly; ShnRa PRl L, et Romly p

disordersumﬁhmmdhahhmnd@ﬂhqdam@nt the present invention relates to the use
of a compound [ ph o Ie sal t
thereof, for t e t r ?re 31)@8511 ]kS?I%St llﬂg%?cdlel? aarl%% E{lﬁwﬁﬁ%ﬁﬁ

DRAW NGS alignyl, 0pt10ﬁltym11est1tutelcil Grsit raltyas], optomdlyralbistitited anfl grawmroptiendlyi nt o
its degr agdpittRd HeRAMSLRc WhaH, QWa‘iQI ﬁ%ktltﬁﬁq c-%‘l%%pgf'cﬁ@aa} 3hG ﬁbfiﬁ@

t oget her. The degradation was observé v hour s “once resh sanpl es of
DUAC gel SaRgfittt (oagy! eaqme%pm%aeut@e@ gsertabla splt (issidfat es the anmount
of tazarotene sulfoxide and tazarotenic acid in

According to another embodiment, the present invention provides a compound of

formula (I1):
)

| OR’

\
/

15 o S
(D
wherein
R® is hydrogen, optionally substituted C,.is alkyl, optionally substituted Cs s
alkenyl, optionally substituted C,.;5 alkynyl, optionally substituted aryl group, optionally
20  substituted heterocyclic group, optionally substituted cycloalkyl group, or an optionally
substituted heteroaryl group; or a pharmaceutically acceptable salt thereof.
According to another embodiment, the present invention provides a pharmaceutical

composition comprising a compound of Formula (I) or (II), or a pharmaceutically
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stability sanples (at least 4 replicates and 4 donors (n > 17) SEM.
Figure 2B illustrates the anobunt of tazarotene benzoate in stability

sanpl es (WO 2b8A®P024 replicates and 4 donors (n > 17) SEBEN/US2010/042225 Fi gur e
BA illustrates the amobunt of tazarotene, tazarotene sul foxide and
tazarotenic 25acid in the epidermis 2 hours post-application (at |east 4

r epl i cat escgnabld saiotherest, @nd ond @) mosEMprmaceuticallffiageapeatdBexdipiass.r at es t he
anount of taz t r

Germ's 2 hour anadanier AEATALEE, D th Ry BNt AR IR AR oL, 1 0

17)  SEMdisozdam igr eutagsti the usethed é@mpmn&#dmmlst@mng axapppaHen Ctbﬁlﬁasl@gélne

sul f oxi d%@faﬁa&l@zw o feRtiGe agrhsluﬂtn rhg sd% n@n SfOFBRMIE P9Sbr ap! i gty on

(at | east repli.cates an ure 4

1] user atRberHEu n%ccentglf szsaﬁég apgzoaﬁeoqr W@resalp%r%%cslﬁa% GPEIB eni ¢
acid in tditelpﬁi!ﬁltmcﬁa @Hﬁmﬁmn@dsheraﬁpl i cati on (at least 4 replicates and 4
donors(n>1 g% fitu Abtllutratesth am)u&iof t azar.ot
benzoate in the epllgll? SMand® A2 in_LVFB %ﬁ&%ﬁ%&%fﬁ?@ ﬂﬁ%ngloeurn%%
hours podiormppl ([xat (Ibnox aphamaastutrbald}epbcreqnaﬂb&saétrthermﬂcfmonhs pteparatibh)of aSEM :
Figure 5%&&1&#&'&%‘?&&&%1 dik#gar otene benzoate in the epiderms

and derms our s post (ﬁ |cat|on at Ieast 4 replicates and 4 donors (n
> 17)10 sEMV) . ﬂn@ap@eeemb@ Beph thasprgrang ipsaaen Elatentor the pserpk & gpegowid ¢lUAC

gel and WQR& QIper @@fnorﬁhﬁla«a@a@wﬁ@aw SccePRPIRSANtthéLES, GokmMbkatdauBerargpunt of
t azar ot en nF(#J gm de fromat |east 4 replicates from4 donors (n > 18)

SEM @7 illustrates pro-inflammatory cytokine (IL- | a and
1L-8) rel ease from Skl nEt h| ¢ RUE cultures foll ow ng exposure to vari ous
retinoid #}ﬁj rage of duplicate cultures ( Stdev).
10Fi gure %L%ﬁus es t - m@%ﬁ? 1L-6 rel ease from A431 cul tures

fol | d&i ng exposure to varl ous ret| noi ds. Each bar represents the average of

triplicate culgiyres) (I Rbde¥)the degradafidPBf aArdtbddfks alsedetNBtish Eyi’bcichSV of

tazar ot ene, tazgdrl ene sul foxide and tazarotene benzoate 1n rat plasna at
r oom t enphca BUAC 1$F‘i g & %Mfiusctr?aa@ ede mHged togsther t yThsy degradation ewes,

tazar ot engsanbd 0xérde haid dnag aROLIENQNIPRRZERIDE A gBIUARINT AV.BRTIEC @tcahDARie
tenperature Figure 11 illustrates the peak for tazarotene benzoate
measur ed WY a Shi madzu HPLC - Applied Bi osystens 4000 QTRAP.

Figuré 12 il | USguratXs illiserafes dke fimouttyolf taxg«b&marsutfexiide aaditazaneisoraed with a

20 Shi m%ﬂﬁ?ls&n eé?aqlléaggét @Pﬂaé/tgsﬁ é&%@ @Tm f aC| e 13 illustrates the

mass spectra ati o azaro Figure 14
illustrates trfegmms@ slhustrates the agwm af fagarogmetbenaoase éistebHity damnles d&i de.

Fi gure 15cdsk bughifcakssnd PaoRIOUNE 10§+ kM rel eased in the presence of
varil ous . . . .
Figure 3A illustrates the amount of tazarotene, tazarotene sulfoxide and tazarotenic

25  acid in the epidermis 2 hours post-application (at least 4 replicates and 4 donors (n > 17) +
SEM).

Figure 3B illustrates the amount of tazarotene, tazarotene sulfoxide and tazarotenic
acid in the dermis 2 hours post-application (at least 4 replicates and 4 donors (n > 17) £
SEM).

30 Figure 4A illustrates the amount of tazarotene, tazarotene sulfoxide and tazarotenic
acid in the epidermis 6 hours post-application (at least 4 replicates and 4 donors (n > 17) £+
SEM).

Figure 4B illustrates the amount of tazarotene, tazarotene sulfoxide and tazarotenic
acid in the dermis 6 hours post-application (at least 4 replicates and 4 donors (n > 17) £

35 SEM).

Figure 5A illustrates the amount of tazarotene benzoate in the epidermis and
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retinoids. 25Figure 16 illustrates the anobunt of 1L-8 released in the
presence of various retinoids. Figure 17 illustrates the biol ogical
(retinoi dyvoaeotospdzg of vari ous netabolites and anal ogueCofUSt@pAar2ENE
benzoate i.e. by determ ning gene expression |levels for K4. The respective
nmet abolites and anal ogues arc shown in Table 11 (| abel ed conpounds 1 to
29). 30 deigisrehal@s pdst-applicaties (4t hasty wpbgiteadnd(4 ddrnomoind) 18ci SEM)y of

vari ous met abghj {,ess@ng,analogue ﬂnttﬁzlg%e%%ﬁg REDELALS the & i ﬁ”n s. and

det erm ni ng gené expression | eve respective tes and

anal oguesicans Ghawinpasiramalisiation fat least 4 replicatpspnded Cicglors (0Bt Pt %EMt)he

?l ol 09![ cal E) rqtlgﬁlt@'@ﬂlu%étbé/ﬁﬁlﬁ{ ShetM@bh Frbtn ARL@RRIJIBSAG l%ﬁiah()f%@ﬁ?% h
azar Qtene benzoate i et erm ni ng gene expr ssi on S e
35res§ect<ir%n 5 561 s é%@&esgﬁwha YR ahsih ol Fizbiing SyHoxidggsom ai

2011/ 009023PCTéplSaR BrobP ddkrs (n > 18) fSEMe 20 illustrates the biol ogi cal
(retinoid) act vari ous tabo |tes nd a S t azar otenc
benzoate i. m%“ﬁ ? ﬁﬁ%tmteﬁ pr&élﬁa%lxmﬁre qmileeg{ell s¢ fon(r%1 #gg) r%ﬁ%sere pectl ve
met abol i té‘ésnléthnt &HEIO@I@u@s fallewinh ®rnosunc Taabareau$ Yetinoids. Each b gorescizd the

il lustratgs,, %nggﬁ 1981 & regg S’cd%@j d) activity of various netabolites and
5anal gaues o taz ot ene oate 1.e ﬁbdeterm ni ng ﬁ ne expression

|l evell® for fi |Fagw|&1ﬂlum@e$ EhepRIMA- méuéﬁ‘éit pIrpleess fa% | ghwees fgtlewdRown i n

Tabl e 11.cxbb@ké € Z2dribhd H$tbRk eEadtNBarPfcpRASAS tiehakold sMflichRZalQt&Ne-
Figure 2 I I ustrates the proposed netabolism of tazarotene benzoate.

|
Fi gures 5& 24B and 24C illustrate the enhanced stability of tazarotenc
benzoat e 10andiig@azdr dlustnacniheotdbilaty ofitavatdienep teamnae wifokelnzay ltajaestend de,

rel ati veﬁfﬁ%ﬁ%@gﬁr&{&n&g&%og%q%gﬁ&aél@ezar otcnic acid. DETAILED DESCRI PTON OF

THE | NVE 0 ‘an enbodi nent, the present invention
provildes a corpgumd Ocflusteipsribe stlabl 1 pfLfazarptene, tazar((ttr)e whiorslerangd tazgr@ensy | ;

Rl is hydj.asie mqglﬂagr}ﬁéslrrya A Y& kdi @by G118 al kyl, optionally substituted
C21 s 20 al ken ptionally substituted C2_1 s aIk nyl optlonall

substi t ut ed arlygur@rldulﬂust&s%% Baaepk faBairpiens éanmteem%w i Wi lgraoilhma zu
opt i onal INPISObsA priliet BHossstehs AY0H QAR group, or an optional ly substituted

heteroaryl gr %gﬁre ?ﬁj illustrates the peak for hydroxytazarotenic acid measured with a
20  Shimadzu HPLC — Applied Biosystems 4000 QTRAP.

Figure 13 illustrates the mass spectra fragmentation of hydroxytazarotenic acid.

Figure 14 illustrates the mass spectra fragmentation of tazarotenic acid sulfoxide.

Figure 15 illustrates the amount of IL-la released in the presence of various
retinoids.

25 Figure 16 illustrates the amount of IL-8 released in the presence of various
retinoids.

Figure 17 illustrates the biological (retinoid) activity of various metabolites and
analogues of tazarotene benzoate i.e. by determining gene expression levels for K4. The
respective metabolites and analogues are shown in Table 11 (labeled compounds 1 to 29).

30 Figure 18 illustrates the biological (retinoid) activity of various metabolites and
analogues of tazarotene benzoate i.e. by determining gene expression levels for K10. The
respective metabolites and analogues are shown in Table 11.

Figure 19 illustrates the biological (retinoid) activity of various metabolites and

analogues of tazarotene benzoate i.e. by determining gene expression levels for K13. The

35  respective metabolites and analogues are shown in Table 11.



R2 is hydrogen, optionally substituted C118 al kyl, optionally substituted
C2 , s alkenyl, optionally substituted C2_1s alkynyl optionally

substi t utwo 2&11yd09(gr30up, optional |y 25substituted het eroeﬂwmsamgmmps
optionally substituted C3_7 cycl oal kyl group, or an optionally substituted
het eroaryl group; or a pharmaceutically acceptable salt thereof.

Sui tably, n i Figuror20ailustnitegédre hialoiging! &retimdide activity. ofi vareme mecthbloditeseatd, n i s

nyar ogen. GBS0 1) Bb00Ber a0ty 845a3EnE LeE Baetideielbis AR R oo,

opt i onal ITgspsaibet Metabelifeaind agakoigked are spavbival 4bje ubst i t ut ed C2_18 al kenyl,

optional Iy subsgikutiefiu§ifates theabibdogydal (1RRhdIAN LNty SMériotu@trﬁ&a@Mtesgmur)
optionally subs uted het er ocy C|I% %rou op tlonaII E kdg §9 C347
cycl oal k;ﬂn%g%*po (BFargifng pEN28A%EI1Cy P¥ 46 ’tnﬂi‘fge%enﬁeﬁtxé’?eé%?? pasgtilt abl y,
R2 is hyd]’l@geipec@‘{iﬁmetﬁbd)litys sidhsibldguéede Chovinginaldyd 11.0pt | onal |y substituted
C2_18 alkenyl n bstltut n optionally

substi t ut ed amA ]?09 ﬁmm¥ |ondWP9m§§b§%%Phﬁhé%ﬁ% éﬁ%cycllc group,
optionally sulfsgmmaﬁeﬂlumtbi tlpyrbopetc yhctahobiom, of tazarmensgichoowdd.| y substi t ut ed
het er oaryl gr 8

Al kenyT . 236 ARSI Aty Eid THC RLARANG nRURES S of e Rl Shmcs)

gr oug? tr?@dg}aw@enesn@mm%%m the Rra¥ses pﬁzwoaheeremdﬁmeéatw ﬁeéazamt@?ee%dm y 1
to 4 timagdk parsteit layidgby hal ogen; hydroxy; NR4R5; hydroxy substituted
Cl 6 alkyl; Cl_6 al koxy, such as nethoxy or ethoxy; hal osubstituted C1_6
al koxy, hal osubstituted Cl1_6 al kyl, such as CF2CF2H or CF3., Cl1_6 al kyl
such as MEETAILERDESCRIBIONOOH THECINVENI[ID())@RG or -0C(0)R6. In one

enbodi nent, th .1 I fr y NR4R5,
or hydr oxy sunSicoTbEdS c BTt Spfliio i rbe brbt ER 1t P
are ilAdemsnerehformukdiect ed fron1hydrogen or CL1,6 alkyl In one enbodi nent
both R4 and R5 are hydrogen. Suitably, R6 is |ndependentP sel ected from
hydrogen or C1,6 alkyl. In one 20embodiment R6 is Cl_6 allkyl. In another
enbodi mrent the Cl1,6 al kyl is methyl. 7 wWiea R R2 is an
optionally substituted aw group, the aw iC cyéflc hydr ocar bon
group of fromb5 to 20 carbon atons having a single rimg (e.g., phenyl) or
mul ti pl e condensed (fused) N ng AT hyy~-T ndene or anthryl. In
one enbodi nent the aryl [ 27 y substltuted phenyl, napht hyl
or indene. In 25 ot\ner ef \ group is an optlonally
substituted phenyl @r)naphthyl. fn another enbodinent, fe is an optionally
substituted phenyl\, | . pent, le is phenyl or hydroxy
substituted phenyT. when fe or R2 isan optionally
substituted heteroaryl group, the hetcroaryl ring is a nonocyclic fWYﬁ to
seven- menbered unsaturated aromatic hydrocarbon ring 30 containing at

| east one het e¥¥4¢8MI1881%6di ed from oxygen, nitrogen and sul fur. Suitable

ri ngs [ nCI ude,R'but h;'zldhegﬂgtoﬂtloﬁhlﬂﬁ@ubmtutﬁtd”@l 18 Myla@phonamlyi grbyhtutdaly CE@sI yl,

oxaz thiazo zol.y, ot hi az raz
oxadi gzol lf enygfgk nall 3’5? erd ¢2r1? aﬁ%’lnﬂ Opf%%{aﬂgz%lg%/tqmzeﬁ k#%cﬁ@% ﬁoxal% dyl ,
pyri dazi rﬁ}abstltpﬁydl h@tdlon)pdhc gyauaz i apyionalty jsabstityted ©5.7 wayatoialkyl 'I'gfeumeperéwar yl
group nay ?éfﬂﬁbﬂﬁ%d%kéﬁgwﬂﬁggﬂ}aﬁdrlngs conprising at |east 35one

cted trom oxyge

heteroato trogen and sul fur. Each of the fused

rings cont ai nst iSvéY‘éTPg@I},XOH’inﬁgﬂﬁatSBWéltutgéuQlabl%kﬁéxﬁﬁﬁ‘l)@él}’owbﬁﬂ%@ﬂi Seomati c
rings I NG, ol@ubnaarycsu%@ua%mqg%ﬁ&%%%h&%@@%@&ﬁ&%& aﬂﬁtgrblhﬂnotpﬁanélgl

i ndol ndol | zi n aj.ndo nzoxazol yl,
bons P dBRyIEd plsiorsr AR, Gt bty i g ot oy SR Phatty !
i soqui nolopitiona] Ly smhmhtedyﬁbter@nyl@u@ iony Iphamajpbtiitieyily deaeptaplesianniadréaty| |
purinyl or phthalazinyl. In one enbodi nent, when Rl is an optionally

substituted heteroaryl group, t he
Suitably, n is 0 or an integer having a value of 1. In one embodiment, nis 1. In

O

another embodiment n is 0. In one embodiment, n is 0, and R' is hydrogen.



5 heteroaryl is an optionally substituted 2-, 3- or 4-pyridyl or pyranyl
ring. In another enbodinent the heteroaryl is an optionally substituted 2-,
3- or 4-pyoidyleood2za anot her enbodi nent | e is an opti onalPCy/Gsadsiir2es ed
pyrid-3-yl. Suitably, when le or fe is an optionally substituted

het erocyclic group, the heterocyclic ring is a nonocyclic three- to

seven- menber eSwtablyr B éd hpdropan oatiomalyi substiidtedrGat uhad, exptiopaltyosersbtutedr i ng
cont ai ni t gel e fry n | phur
or ot di e SUKERE oAlfaliF SHATLAI EELSFhTRY chbAlh: SRRRn A XA el

havi ng a qpﬂpaélywubitﬂ@redzhetem@CHetgé%x: yenm@llgrsahﬁltw Cawg:dcliowéwha@upu@red

ri ngs, s%wpﬁbﬁglyogubmﬁ{eu%{eyoag% at ed, and wherein one of the rings may

be ar matic or_ he ach e.fuse gs nma ve fr.om four

Lo seven ri ng SGHS: R g E?ﬁsrpgm OPEQ |%@St8fl eﬁéﬂe Qviﬂ %Pi%a%w?srlw&qdude

bﬁt ﬁr C Ot dlkdnygdoptionatiiesubsitiitedt eglgoalkpﬁylt Iho@thYalI@fatsmlfsﬁfL&di \aeylsgmnp, of

t he heter i uc

t et r ahydr g)pymélwn?l{bg tu%ﬁ % g%’rcgﬁegg?u %éﬁonc?r Sﬁlb%[ﬁ) %ﬁtecg(ﬂ%'g Og%w %10 i i zed

ver si ons anfomlhaalsmut)mtuwdlhetey()arylﬂelm ne, d| azep| ne, aziridinyl, pyrrolinyl,

rrolidinyl i

Ey3 benzdi gxol Qﬁ(ﬁ 1%%11 R?Qc;ﬂi?g quﬁ ted azo g %lr{é&rl]d@ )éhﬁynyl aryl,
pyraZél i ﬁgﬁrerowhaz@[cmﬁlﬁmor bﬁffeﬁ‘é%’ gwp th@n %f@ﬂﬁﬁ ﬁytlon%r ﬁml?émmﬁé Q¥§gor

t hi omor phabrenindsi pefadbing x4 ﬁméﬁdld%ﬁétﬁib@ﬂbsbﬁﬂlalb@@l Syldfaksy; MR, REYDydroxy

Sui tabl y, u}gﬁg{;teaecnf B o, 1%&@”&6 SRS hihed %?teﬁ{q%yﬁ 1o§ub%ﬁt%‘t‘e%] cihe

het erocyclic TS

Lot r ahydra@gwah@lps@.snw@r@m@&m,muaw CEsc?nﬁg)r GHig: Biies Bikbowichenimoting

het er ocy o] I ute e

one enboaéﬂ??g’n Oibgoeﬂyg &L, Egr 4- p?%e?%gb?ﬁ |§1§385‘%ﬂ?&{m ntbpthg @f%é al k I
In orle erﬁﬁbﬂltﬁ@ﬁ% arg ﬁéle@fdeframk Yydrpxy. Ui, of Ay SiBY heroS s eI | s a
4- et hylgpi. Qgﬁ GRJ‘ 4-y1 group. | n one enbodi rrent fe is an optionally
substituted i.8 alkyl. |In an (iglil ment , 8 al k?‘(

optional Iy subStiebhy Byaig Préié‘i?éﬂ spilysplscist fiopt 4%?@50%3 oipyoneNRzms
Cl_6 al k%odﬁﬁent%ﬂﬂmdlwararhgﬂﬂ@gén embodi nent the Chi alkyl is

bstit ut ed. h nb | kyl 15 al k
anot hor embodiSAPST dt & ARl e Roieh g eofim B and <The B0 &
al kyl20i s estvslim¢nitReds By C4IBY 0 R6 anbtheagobdiemerthoi_pelhyl isR&thyd. a C1_6 “al kyI
f er abl dj, e, d
grze 1gr Zl ky ”Eéﬁﬁ’dbiy,%?h&l ﬁmeoreltqbférheng{l(&m@éf &s@]%te%pﬁﬁgi’%%p/ gﬁ%fﬁf&l'l& Ue
substit utaé@n%\tii%/‘wdlh by diosarbgn guplesfienve (ec2( earberoatpms havmg a smgleawaﬁ (%eg-,

enbodi e a a
2 18I o kr}glenﬂ ot %&tﬁﬂ%i%ﬁ?@g&%ﬁ{ﬁ@ﬂ ﬁﬁéd Qpad hsyné?ﬁ-l'l}ﬂ%/tl fHERbrGhtik 1. alkylo

t tut ed o) aIIysbstl uted
pyri di nylcm Kimakabs ¢85 EoWs Y PR élt/rsaﬁ%wagwﬁiawaq naplthyg i ig %ﬂer yln
substist :J][eﬁidthl@lé aabbdihmgi thﬁIKi aylf g:bwe;rane@m@dalmsemsnﬁkeoclﬂ paheﬁsell @aia@bithfl. om anI |
opt1 ona upst te en on stitute tuona
ohbsct s uraTEEEPhaERLY St cr Rl RSl RRhbE dhEfo B SRbEaRoB) o1 aup”
Wien R2 |pheayi apy longlshlystisbds phanyt.ed C1. 18 al kyI C2.18 al kenyl, C2.18
al kynyl, aryl ,q h P roup
is opti onal ly su%g1 i %f% éﬁ% %ran%ﬁb%fly%tsmt%te&? EEFO%F};%%%%%GI&%Q
i ndepend€Hid i barEdEnfvatarsxsn- RraRged Wt@rﬂyeds@mgtan@ Uydgpcarbos rifigky| ;
C1_6 38l kQxMiairfhie At @e%st”&{ehﬁéfé’ro%nﬁﬁél@ﬁé’d o] &8)pRa! hitld @&laﬁ'a sm%ral &gme
hal osubst it ut. etcligé: al kﬁ/ such a QEZCFZ or CF3; %k#pé uch
met hyl, iy iinclpdohrb i not dyited to‘:fw RETa8Y: ey %m%uoﬁa Bitnent
R2 is hydsm@emiybrlsoqhiazolyal Iryidszddglt |Iiymﬁm@rlcjaxac&a;aﬂﬂyonathﬂacﬁsnzognbmiamgn,t R2
is hydro o] a r i t, R2
S hydr ogheB Bl anabhy, SHRRLLL BRGSO Gty ! o9RRhIES AR, T8
further emmkjl nEhe hetRPaiyd geaupyinay Atsoonducmgfus@d ereemagiciyogs memprlsmglas @st Rl is
phenysls a%e%té@at@ﬁﬂﬁ&&%ﬂ @lonfbx §%_en2911@$é&ﬂl andI ﬂ;lﬁﬁ‘m heth AL AIRAL rings 1 S 1,

Rl is phenyl hydr ogen.~ Thi's conpound known as

6- (2- (2- tf@ﬁ%ﬁw beAf?lMU%E ﬁtefrﬁwsﬂlﬁalae RESARIRS @f@lﬁgdeqrﬁylﬁybﬁp%wpmde R, and
is al so described herein as tazarotenic acid benzoate. I n anot her
enbodinent, nis 1, R is phenyl and R is Cl1.6 alkyl. In one enbodi nent,
the C1_6 alkyl is ethyl. This conpound is known as 6-(2-(2-benzoyl oxy-4, 4-
25di met hyl t hi ochr oman- 6-yfl et hynyDni cotinic acid, ethyl ester, and is
descri bed herein as tazarotene benzoate. I n anot her enbodi nent, the
conpound is (S)-6-(2-(2-benzoyl oxy-4, 4-

di met hyl t hi ochr oman- 6- ypet hynypni cotinic acid, ethyl ester. In another
enbodi nent, the conpound is

(R) -6-(2-(2-benzoyl oxy-4, 4-di net hyl t hi ochr oman- 6- ypet hynypni cotinic



30acid, ethyl ester. According to a further enbodinent, nis O, Rl is
hydrogen and R2 is hydrogen or G _6 alkyl. In an enbodinent, R2 is

hydr ogen.wohsl/@eozpound i s 6-42- hydr oxy- 4, 4- PCT/US2010/042225

di met hyl t hi ochr oman- 6- ypet hynyl )ni cotinic acid, and is al so descri bed
herein as hydroxy tazarotenic acid. 35In another enbodinent, nis 0, R is
hydr ogen mndliiRized stoClindolypl, kigpind#lgt omdazgylt dnéolizﬂmﬁlhazaieddﬂgtji benbxazGlyl6

al kyl is S gggag i [

di net hyl ttﬁ}l%éhdaz-g 1, 88 %ﬂ)ql{/lr ]sogﬁ% }angl' l(e%zg'téfg)y‘ﬂ qﬁlno C?Il 150§Plnolyl
descri bedluﬁ@ﬂ@ﬁlwla@lmh@xlyn@@ﬂ&’ﬂ@ﬂ@ﬁeﬂnﬂdm}’l purmsé 0@5@ lﬁtﬁ@lﬁ’l of the present

i nvention nmay Iﬁeodenerhlbtﬁh&@ﬁtm\ﬁ{en@]d{soén EBNomely adBLitLeH HGoBS] Broup, the
phar mace t| cal ly. accept.abl e s FO£ rev n sui tabl e.salts se Ber ge
gg stgge 13 pyrlc%S;

et 5 iptergsryl iy ansoptionajleyzsp (AT RTFRY] g bt ARIBE | cal
accept ablaﬁﬁmﬂiﬂleﬂr&ye blé‘[@ﬁ&ﬁijill isyanpblﬁpmhﬂgzl shpstingtd @-.a3-desuigadaci th anothase as

appropri at The fro | ution and be coll ected by
filtratiof ofhr}l’r%nﬁgls g %tl ‘g%? 1g\/edp@' rr% gﬁ of the solvent. Accordi ng
to an enbodi r&artablya VdmtrrpButh thz IFoarmgpao(idlly, sillsstisebd dtctmtodycbm group, the
10(i)6-[ (h%te%(%}cﬁ?trn?éllsza MB&}Qh@%ﬁl%ecfH byl Rad b Qfi-plREy Ron ehdaviey! ]

ni cotinic aci ester
('S) - 89 (#ngateratak lwixoczarleqmm@ F%algﬂtga%tbléw 0B PRI seleaiRd ELOpDBIFRERH |
ni coti ni Goxgeé s@lﬂhﬂ oﬁ%kﬁﬁzed(s'ulph)lr moicties, such as S(O m, and m is O or an integer

(R -6-[( agzlmglcﬁn\gl 1&%/ q]fyll ore£ tl}e%e(qr%ycég rlgfbﬂ%%yr{lgyxe}/l 0t Pnlcﬁl%ihrl?sng rings, %la u%teh onty ']

15ni cot i
642- ( 2- pglanidllyy | msytudatdd, diamet hwyhdrbino cdrrconen- they I rjrek hymast | py r iacbmeeic3- or

b I g42- -d h 6-
oo a2 (RS TR b it fp PO 6 AR
6- [ (35( ZAf(mh’@th@mvhﬁ@ of ﬁlleyemwylyh grough petlidel, bhi @reob fiemited -tg.0b¢ ytnsatqd or

pyri di ne p%rt?ﬁérb@%&ﬂa@éae weks¥drs) oEtRY ! heteroaryl moietics as defined. above, such as
6424( 2- acet di et hyI t hi ochr oran- 6- yDet hynyl ] pyri di ne: 3-

car boxyl égtéa y(impiyp))lea Fﬁ;{ahydropyran tetrahydrofuran, tetrahydrothiophene (including

642- ( 2- ( roxidikadr WeeXons- 6f 4heli s@fudyhblihdc hizepme- GidBehly ayiklipyl,i gifstinyl,
253- car bog%r (1x

605 (2. ( TAHEBHRSY ! onyos- KOARLIAYh « ni SORP IR ny rydpenzdioxol-5-yL.

pyrl @0ne-iBidapbody | atmédazédingt hyihdolinyl, pyrazolinyl, pyrazolidinyl, piperidinyl,

6-[2-(2-(4; g{#?ﬂﬁ%oﬂ Q?I@Iw‘ol » iV hS ML ERERENE b:Gaivld LNGRY deRNL e 3

- car boxyl
6- [ 2- (2- (9igB.eoyl oxy) - 4, 4- di net hyl t hi ochr oman- 6-yl ) et hynyl ] pyri di ne-

Suitably, when R' is an optionally substituted heterocyclic group, the heterocyclic
is an optionally substituted piperidinyl, piperazinyl, tetrahydropyranyl or tetrahydrofuranyl

25 ring. In one embodiment the heterocyclic ring is an optionally substituted 2-, 3- or 4-
piperidinyl. In one embodiment the 2-, 3- or 4- piperidinyl is substituted by a C1-¢ alkyl.

In one embodiment, the C-¢ alkyl is methyl. In another embodiment R' is a 4-
methylpiperidin-4-yl group.
In one embodiment, R'is an optionally substituted C; 15 alkyl. In an embodiment,
30 R'is a Cys alkyl optionally substituted, independently, one or more times by hydroxy,
NR4Rs5, Ci-¢ alkoxy, or -C(O)OR¢. In another embodiment the Ciig alkyl is
unsubstituted. In another embodiment R' is a C;; alkyl or a C;s alkyl. In another
embodiment R! is a Cy; alkyl. In another embodiment the C,_ 5 alkyl is substituted by-
C(O)ORg. In another embodiment, Rg is a C; ¢ alkyl, preferably methyl.

35 In one embodiment, R'isan optionally substituted C, 15 alkenyl.



3-carboxylate, (xii) Ethyl

6-[2- (2-(linol enoyl oxy) -4, 4-di net hyl t hi ochr oman- 6-yl ) et hynyl ] pyri di ne
3-carboxylate, (xiii) Ethyl 6-[2-(2-((l

- met hyl pi peri di n-4-yl ) car bonyl oxy) - 4, 4- _ )

35di et hyl t hi del noiet- gnhedmkpiny ipyrmjiqmémsalbfarsnb»mta@ earyl, (betgrparyl or
Et hyl heterocyclic group.

642- ( 2- propanoyl oxy) - 4, 4- di met hyl t hi ochr oman-6-yf | et hynyl | pyri di ne3-c
arboxyl ate, ( Xi}) argl}f:g; embodiment, R is selected from an optionally substituted C;. 5 alkyl, a

6t4ﬁ- ( 2|4]( ZEghydl_k@xxyl,b@ﬁﬂ@ﬁﬂ?xslﬁbstﬂu&gdpmybgpﬁb?ﬂ@hﬁmmt@- yiddinyl, optionally
et hyn pv{ i di ne- 3- carboxyl at e, XVi .
a2 (- ( PUv S Gl RR 5o RO IR - e I e By s
yeet hyny lerpbpdingineR Siscaidotdyfranen dptonally substituted phenyl, optionally substituted
61245 (ShhRYE A POMRPYHhRe? 1ol FEANAITL & Sl WA A ORI
6- { 245- ( &XhtPxycar bonyl ) py1ri di n-2-yl]ethynyll-4, 4-di net hyl t hi ochr oman-
2-y1 109- met hyh&ORARESE BpddhallgREbdmirdd CEldMkyl, Co.15 alkenyl, Cs.i5 alkynyl, aryl,
642- (24(S) - 2- AN} no- 3- tgﬁ- Al oxy(/ﬁ-iﬂé,&ﬂdi. ot h ?niyhi Sehr onané- yi
| et hyHyl ] W?Cdmh%-cé’-‘:@gﬁ‘ﬂ Wlhéfeé?ar%lr g‘é’u}?}h n#CB 1 88'11‘%’3? Iy uBptatsH eoneor
sal t t hemeat tindsSorefepdiily | to Retirneaiepehdeht! ¥by tmloger; Ihydiosy; NRyRs; hydroxy
6-[ (4, 4-di - j.di-he- . :
car bonyl SY LTy e baknb e B, dlkern s s methoxy of sthpwy;  bplosbetinted C1.
phar maced 5y hjosybstdpted St o6 $BY: stRb pebF 2025801 {381 1-6 HEYICHRD Y AKtHT
Formul a (dpyii 16&&44(51(53' t yécﬁ? yridi ne- 3-
car bonyl oxy%’tlﬁ?ﬂé@yrbnah-_ 6- y?EgtE n Wcoti nic acid et ha/l ester, or a
20phdPnaceut i dalany eetadinan & Sahydregrsr eopptionalyspbgityted tthes ebbodnan
?L _ FOL rruleﬂlbc)lg?mcerﬁ,tfﬁﬂ)s-hl@?{c{gém ;6;- th’i@{aﬁly/d%ugstt{rt]ﬂ?éd cqi_ltﬁ AByB- ICAIJARR ehd¥Miment,
i ochr ongn: 6; ype nyl ] nicotinic aci -hyl ester, or a ..
phar macedt i aP ‘50% er}{la‘iﬂoéh%a‘?“ﬂb‘i"ﬁ@fﬂéto% éupﬂ‘faﬁﬁ?’}' t fecotyrB fony fyrther
For nul a (dﬁbo@iﬁnﬁtt,h%ﬁ isGthiyR- ( 2- pal ni t oyl oxy- 4, 4-
har maceut  calt G ArRRt Al eramieRal sor R TSGR s BBen s G
For mdla (alRyli $n exphqr 2a(b@disgent.oxisalc &' yi$ plasny) angl RZ is hydrogen. This compound is
di met hyl thi,GaNE @B Gk SR ENY Ul dHnC R tHoEndfiad- 241t Rotinfé'acfY, and i
phar rraced:}lﬂl cqal F%qgggeptgﬁ{@sggl I the eog%SO %ui tgzklxy{/@?)heoégnpaguﬁaﬂo%s
Formul a (%90 4¢&C regn g tazarotepicpsidhsegeatet ypoxy) -
4, 4-di et hyl t hh%ﬂ%%lﬁwd&ﬁﬁ@ﬁtih)fm@ PRI & PRenst GRHDRX Y at,g, alR¥l. @ In one
phar mce%&ﬁb%%%nl‘lé/nt,atﬁg 1_t6 %H(lyFiSSG?h)}l. Ll%?sr go%pound is known as 6-(2-(2-benzoyloxy-4,4-
25  dimethylthiochroman-6-yl)ethynyl)nicotinic acid, ethyl ester, and is described herein as
tazarotene benzoate.

In another embodiment, the compound 1s (S)-6-(2-(2-benzoyloxy-4,4-
dimethylthiochroman-6-yl)ethynylnicotinic acid, ethyl ester. In another embodiment, the
compound is (R)-6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl)ethynyl)nicotinic

30  acid, ethyl ester.

According to a further embodiment, n is 0, R! is hydrogen and R? is hydrogen or
Ci¢ alkyl. In an embodiment, R? is hydrogen. This compound is 6-((2-hydroxy-4,4-
dimethylthiochroman-6-yl)ethynyl)nicotinic acid, and is also described herein as hydroxy
tazarotenic acid.

35 In another embodiment, n is 0, R' is hydrogen and R” is Cy. alkyl. According to a

further embodiment, C,¢ alkyl is ethyl. This compound is ethyl 6-[(2-hydroxy-4,4-

8



Sui tably, the conpound of Fornula (1) is ethyl 6424(2-acetyl oxy)-4, 4-

di et hyl t hi ochr oman- 6- ypet hynyl ] pyri di ne- 3- car boxyl ate, or a

phar maceuti cal |y 35acceptabl e salt thereof Suitably, the conpound

of Formula (1) is ethyl 642-(2-(n-butyryloxy)-4,4-

di net hyl tdhlm@m}tbnelnomayﬁeﬂwlmiy}]pylriéiidtﬁecaﬁaccfalab@ﬁyd &t @so descaibed herein as
phar maceufyurahtyz.feePt abl e salt t her eof Suitably, the

conpound of Faornula (1).is ethyl 6-[2-(2-(dodecanoyl oxy)-4, 4-

5di met hyl t hi ocHICSREROBIdFFE RS PIFIHIvERFHEMAY Ba HHidg Jora @f angfor gnay be

phar mac e uidirgibteredas @ bbb ceutsalll abSepfdod salt. Fouh kr@dw on blieatOMPOYaIR &e e
For rruha @®) iéﬁ‘,ﬂ(at l. 613,;72 &2- y';sobut yryl oxy) -4, 4-

di net Ryl t4¢ SdMPBRert s Y EefRyhy?] pyri di ne- 3- carboxyl ate, or a
pharmaceutically acceptable salt thereof 10Suit abl 21/ t he conpound of
Formula (1) i STy@!qqiyy, aamgce@ppﬁ@pmqbég@p}tmgmbe readily prepared by using a desired

di met hyl tdidagvagam@updropiilagt MhRYhE By Hedifitate BoMROKMoATRd bBtoRected by
phar nnceti,h%rgtggllr a%c%pt able salt thereof Suitably, the

conpound §eo\erest 1 £vagazstien of theseiveRoy | oxy) - 4, 4-
di met hyl t hi ochr oman- 6- yeet hynyl i pyri di ne-3-car boxyl ate, or a
phar maceut i calAsgondag vt eaiodinserts a edmepantl of Fosyile 4] iy sele¢ted Hompound

of Fqpmula (}) i &1l MimEAA-A GALAIRINYABEREE LI chroman-6-yl)ethynyl
yDear bonyl o%) -4, Ji@lfjlngti gﬁt hi"ochr orran-r6-r5ﬁ0etﬂ?1ynyl ]rogfﬁni diyn)gt- gfl)(/:;;lr boxy
| ate, or a phar nBiCRURIFaE0ihYAEHEht abl e salt t her eof Sui t ably,

t he conpoundijof {)ravi(a 4dihneitsi-2t(Bylidifd2-datodnloxpRAYIGN M -HAydethynyl]
20di net hyl t hi ocl uar nan- 6-ygneih¥cnlyl ] pyri di ne- 3-car boxyl ate, or a

phar maceuti cal | ym§8t618ﬁflggle S t her eof Sui tably, the conpound of
Formul a (1) iy e(Ryyd-[(@42digaRA(2-2hperidigBecarioyy)moyythiochroman-6-ylethynyl]

4, 4- disret hyl t hi Oﬁf%t‘?ﬂ@'aéig'e)/ﬁ)ll g%tgrynyl ] pyri di ne- 3-car boxyl ate, or a
phar maceutical |y acceptable salt 'thereof. 25Suitably, the conpound of
Formul a (1) ¥y eEtyl 663-82-palnpitaigxaisdhdapgthalthigchroman-6-yl)ethynyl]pyridine-3-
yl car bonyl oxy) - 4¢fnsipmEnyl t hi ocl uoman- 6- ypet hynyl ] pyri di ne- 3- car boxy

o o B RO S L kb om0 (P
yl ] et hyny11- 4, 4- dijeteyhynidotiaituchh@hylZsied, 6- net hyl hexanedi oate, or a
203G ) LNTESEREADL Sy 3RlAalAaR0L gt bbbl ESTRY)
yl Jethynyl)-4, 4- pymdindr§icatiionglateoman- 2-yl - 9- net hyl nonanedi oate, or a
B L
35but yryl oxy) - 4, 2B9¥#atBy| t hi ochr oman- 6- ypet hynyl ] pyri di ne- 3- car boxyl
ate, or a ppanyTeEeyl 5522 n-B66eRRPLE4 IhéthiINEs@REman-6-yl)ethynyl|pyridine-
25 3-carboxylate,
(ix)  Ethyl 6-[2-(2-(dodecanoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate,
(x) Ethyl 6-[2-(2-(isobutyryloxy)-4,4-dimethylthiochroman-6-yl)ethynyl |pyridine-
3-carboxylate,
30 (x1)  Ethyl 6-[2-(2-(linoleoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-
3-carboxylate,
(xii)  Ethyl 6-[2-(2-(linolenoyloxy)-4,4-dimethylthiochroman-6-ylethynyl|pyridine-
3-carboxylate,
(xiii) Ethyl 6-[2-(2-((1-methylpiperidin-4-yl)carbonyloxy)-4,4-
35 dimethylthiochroman-6-yl)ethynyljpyridine-3-carboxylate,
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Accordi ng to anot her enbodi nent, the compound of Fornula (1) is
selected fromthe group consi sting of: Et hyl

642- (2- (propanoyl oxy) -4, 4-di net hyl t h ochr oman- 6- yHet hynyl i pyri di ne- 3-
car boxyl ate; 5Et hyl

6-[ 2- (2- (( 1&wrex hiitqul pd2i(@ipmoprngylpser-hnyosthylitiodhrdinge Ghyletinythyodrae-

6- ypet hynyl] pyr B%fb% ﬁrae‘@r boxyl at e;
6((4, 4- dlﬂEthX - oxat hi o¢hr oman- 6- yDethyqunlcotlnlc aci d; Et hyl
Y

6- [ 2- (24( S) P At 6 [Ae2 H(A-Dyrlrexpbg o vdiey %4ﬂ1@P%¥fWF@HP’éeﬁrb‘Pmn 6-
yHet hynyl ] ni coti emgnﬁgcpﬂld@tdﬂyhmesi kite,

106- [ 2 (24( 2 by degyssifl gtﬁﬁ;dmp)ga LRSI U VR RNANAN S

icotinic ac
(245- (ethoxycarbgbmbmmﬂhdmdﬁﬁéyhdhmqyﬂmlI-4 4-di met hyl t hi ochr oman- 2-y

1 6- t hyl

theregf 1§|ﬁggﬁoﬁﬁnggéggéﬁﬁﬂﬂﬁgﬁﬁ ventlgmﬁg%bx ggﬁgk &g%%ﬁJ -3 He
forml a: wher éimctiRg heganpdihabigen, optional |y substituted C 18

al kyl, opti Q{WM ¥- {Q@%ih%%?@a%&%l}f@ndgg Zaiflgﬁﬁ'yﬂyl} @Btdlﬁﬁﬁiyht}ﬁochroman 2-yl

substltuted . optionally substituted aryl "group,
opti dfal Iy substPﬂH@Eﬂrﬁ@@@ﬁH@ybPP% group, optionally substituted

C3. 7 cycl oat:ky) @HBUp.[2qR-(68)- Zbﬂhhﬁmalﬂwthjilubsﬁﬂyiylb@q Ayve tphQBy1Hio G QH -
or a pharnaceutlg 6iéam&ge§§? g %J ggreof When R3 is an
optional 'y subst Pt PHYIG-FPATO0YAER 0L | | enyl | C248 al kynyl ,

aryl , het er ephaoiaceutoply eadekipblecmaltietrerfoar yl  group, the group is

optionally substituted one or 25 nore tines, preferably 1 to 4 tines

i ndependent |y by hal ogen; hydr NRARS; W3¥droxy substituted G _6
al'kyl15 CL 6 aISORYLy, Sicnmasurberknruer (ki hardylBepymdined 1 6

al koxy; hal Cl 6
al kyl ys uch @%H%ﬁl?}iﬁ&ﬁ&hﬁ%n& alwrhggyﬁhﬁe%tﬁgc QLFQ r%%% (Sj;'r:éa- 0C(0) R6.

Sui tably, Rﬁmgﬁﬁcﬁﬁ“%y%a?ﬁB@B%ﬁa HF??’selected fron1hydrogen or Cl,6
gl kyl . g I n one aﬂtaembﬂmm@brﬂnobmaﬂmM) BQSP«ﬁ%(Mdﬁ@QBﬂQC(fyngmel 3k_ .
ui t ably, nt r a
*n one. snbodhaRICREHETE Y (MRS i B A e R fent e o 2
al kyl20i s nephthcauwaHWW@npﬁﬁkmshdnx@ﬂl|onalIy substituted aryl
roup, it is I _
Shon RS i 5 ap o, MEpARGNE dPHorulPil KERYE.ILRE T Badt - (LRI
defi ned abo@@b@wiow) ﬂ@)lpclr@maﬁ ey eyl p@tln@raéldmthyl ester ora

pharmaceutically acceptable salt thereof.

Suitably, the compound of Formula (I) is ethyl 6-[2-(2-palmitoyloxy-4,4-

25 dimethylthiochroman-6-yl)ethynyl|pyridine-3-carboxylate, or a pharmaceutically
acceptable salt thereof.

Suitably, the compound of Formula (I) is 6-[2-(2-((2-Hydroxyacetyl)oxy)-4,4-
dimethylthiochroman-6-yl)ethynyl]nicotinic acid ethyl ester, or a pharmaceutically
acceptable salt thereof.

30 Suitably, the compound of Formula (I) is ethyl 6-[(2-(2-((2-methoxyacetyl)oxy)-
4,4-dimethylthiochroman-6-yl)ethynylJpyridine-3-carboxylate, or a pharmaceutically
acceptable salt thereof.

Suitably, the compound of Formula (1) is ethyl 6-[2-((2-acetyloxy)-4,4-
dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate, or a pharmaceutically

35 acceptable salt thereof.
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When R3 is an optionally substituted heterocyclic group, it is as
defined above for Rl or R2 in Formula (lI) herein. In one enbodinent,
R3 is hydrogen or an optionally substituted G .6 alkyl. 10 In one
enbodi ment, R3 is hydrogen. This conpound is 64(4, 4-dirnethyl-2-
oxot hi ochr onarSuétabiyi thetepmpemnd ol Formalad) id ethyh 6-[2<2 4n-dotydesy)-béd
herein as kgt 0 ,aﬁpl%;

enbodi nment |}§ﬁ%§1&}&ﬂw6%ﬁr¥n g%%%nﬁg;&ci%%%g?%g% N ea?%'ﬁc.eél tlgallnlyyl
is ethyl. Tﬂ‘?cé‘P‘@BWﬁBEH%?r?%fyeth | 64(4, 4-di met hy1- 2- oxot hi ochr oman- 6-

15yl ) et hynyl ) riwt@blyneeeompband §f1airﬁﬂ1ad(e)s@ retH?,'ﬂ?d [nqwdwea@dyﬁix@) 4,4-

2%35 tngz'? d%é%@%‘ﬁ%gﬁ(ﬁg%}qé'yg} ?yﬂ{/]ip)giéﬁ}er g%gxﬂat& 83 Igl{armaceutlcally

di net hyl t hi eciepahirsalthadaithy ny pni cotl n| c acid, ethyl ester (i.

t azar ot ene be ) Az Iﬁ#ﬁ f %rgﬁi |ng
t azar ot ene anﬁ%&ébthle%gm}om d(giI o@% }Srkb (grﬁ t%/ é t he
skin and hadimakylHiag qmmﬁa@@thmvl;}pyrw Scaqb@ma@ngrrﬁ plmm@uhaa}bf
been i sol at g@i;eg@glecsgmwé{ﬁﬂ zed, and descrl bed herein. A range of

analo ues and olites o rot t Ve .a een

i sol d synt ﬁg ﬁw&ﬁalpeh%é%ﬁa >la§ g o 5&51?%901&@3%56%. 25
Act i ve rret abihdthdhiehrdmaas ol )ethenyllpyridinheumorarbel 4 piesmeadeutically
tazarotene i B E’anh e sul foxi de and tazarotenic acid, have been
shown to pefgicectepéjl 5 ghe§?<cf . However, other known netabolites of

t azar ot ene, ndilaplyethieybompound of Formula (D) is ethyl 6-[2-(2-(linolenoyloxy)-4,4-
6((4, 4-di m&%&hﬁtﬁﬂ&?éﬁ@%ﬁﬁﬁfﬂ&%& y'a&%ﬁ%&t}é' oY ﬁlﬁtn'ng‘?éuﬁcally

(tazarotene
6- ((474- di nBeaspiable- saltitheseddi ochr oman- 6-yl ) et hynyl ) ni cotini ¢ acid

(tazarotenic EBiilﬂbEfohfeQﬁ Qﬁnd &Nebrmula (I) is ethyl 6-[2-(2- ((l-methylplperldm 4-

6((4, 4-di net Onj cot a

(t azar ot eni AT ot Wﬁaﬁ%%@r@%? LBy Yt tic Egm@?tﬁe?fsa
to have I|tphmmmmalﬂﬁhcdapﬂaﬁleaahthﬂréqf have been di scovered to exert
Lo e b b SRR A AT D TRl e
di sor2fler i ndan@hnﬂ}?m@romﬁeéw@@ﬁwyldmrmhm%ﬁwgrbaaﬂam Qrt‘rlaphamga%ﬂuﬁcally

conposi ti onafc@ bleShRth@eofWO 2011/ 009023PCT/ US2010/ 042225

t herapeutic effectl ve anount_of a conpound selected fromthe
group consi st iftably, tegpmpound of Formula (1) is ethyl 6-[2-(2-((2-hydroxybenzoyl)oxy)-

6- 44, 4-di neuhy&;mbth},dtﬂio@m&%m &N ATy Ed e ST By By AL6 QiriatAkBnaceuticall
64(4, 4-di net h ﬁabl% |do%(;}| och?orran 6- yeet hynypni coti ni cr}glm d and Y
i

64(4, 4- di nﬁ‘f VAT dot hi ochr oman- 6- yeet hynypni coti ni ¢ aci d,

or a2shar naceLﬁuwah]yL theaoappluabbeFaaiula @) betlgdh;[2 4L dregalydrbpyamedor

nore pharma [ o c e
R i o L R N T L g S T
use of a con*parmaelg@hléx@@épﬁabbmﬁhﬂ@r@foup consi sting of ethyl

6#4, 4- di met hyl N
6- 44, 4- di net hysflﬁbfg%'gfh%@ﬁ@g%@wm& (yisXPet [RRERbb M ridin-2.

roman- -%-pet enl COtI nic acl
6- 04, 4- di ne¥H§hyayli-4d-diwpedfert i Wé%/ HPsyasdioste i & aC| d or

a ph@lomaceu?hﬁﬁiabm@mﬁm@p@me&aﬁtheter eof, in the preparation of a
nmedi canent

or,th at nent n.di Ln another
Uie TR M M A MR 22 B Ccthsrasbemibe gt oa
from t he grelghgonsidst-dingtiofthedchydman-2-yl 9-methyl nonanedioate, or a
6#4, 4- di met J i 76- 15 et hynyeni cot i nat e,
6- 44, 4- Idl e %Arpjaiéuél{%%ﬂg% %%%thr%%n -ype %senl %:lo%ll n: C aIC| d
and6- 04, 4- di ne%lht}hlylthf ccmmumb@ﬂfmiao&h J%@hﬁe@h@r(&%)ﬂé@lnm%laeﬁhﬁl -1
a ph@rsmiceUBhﬁr?ﬁlJnyy)ﬁ@&%ﬁﬁéﬂ&l%Mém&ﬁ@fﬁ)@fhynmﬁyﬂd?ﬁe 81c8RLRRALE, &2 @

skin disor yet™ anot her enbodi rmren the invention rel ates
to a phar naEéﬁIﬂaE%HUCEWP@P]Gﬁa%&?ﬁ?q fsing a corrpound sel ected from
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20di oxi dot hi ochr oman- 6- yeet hynypni coti nat e, 64(4, 4- dinethyl- 1 -oxido
thio chroman-6- yl) ethynyenico tinic acid and 64(4,4 -dinethyl- 1

, 1- di oxi dot hi ochroman-6- yl)ethynyenicotinic acid, or a
pharnaceutlcall§_acceptable salt thereof, alon with one or

phar maceut | S&¢arging ée annthasiembedungitdhe SompEP Ferawai(Das sedmﬁsb&omutbths

Accordlngg&,c@mm gfiosk: nent, the present invention provides a

(12) " or a P} GReareRp Ry g dr B b e ey Rty BHEEe

pharnaceuhﬂmaﬂmm,acceptable carriers or excipients. 30ln one

nb d
ohar niceut | BT RA L T GRUbU R SRIPIBLI S SR A AR P AR Tuaretig
phar naceuﬂ)emylﬁpsachmwécaugemlaies sel ected fromthe group consisting
benzoy! permwdm?é?hﬁ@ 6)QJtHBbl%onﬁn%%l?]étﬂﬁﬁgﬁfcghglc%@ﬁ a vitamn D

anal ogue. 33l n-an di_ment seco rnaceutlcally active

agent is beﬁ%W [%ré% é@l)ﬁeAmFl?P %ﬁéﬁﬂl*ﬁérn'@ﬁw&q% imeehidbiqshgpman-6-
phar maceuyf ﬁ%? nia&tdiy eciag 1eﬁ@¢an anti biotic,
i

2011/ 09023 0422 cin o
R D e Ay 841%%8@%&&3{?@?%&1%%% w8
| n anot hethyerltecanent , t he second pharnaceutlcally active agent is a

corticoster n iJnited
o ol of omep dedn e Ebaabe b aR S R T G Re i BB 16"

di pr opi ongatleyl Ibé%@dﬁlﬂtﬁagbﬁehmzwméﬂy w@aﬁa’ehewalédweeﬁl pr opi onat c,

bet anet hasone val erate, budesoni dc, cl obetasol propionate,

cl obct asone butyrate cortjsone acetate, desonidc, desoxi nmetasonc,

di f | dPasonc dilBEBRtBEEsPELithe EYFREILRIEVifSS & FRmROUK) qjéhlf'ofoamahe
acetonidc, flunethasone pivalatc, fluocinolonc accty
fIUOC|non|dc fluocortin butyl, fluocortol onc
10f|urandrcno|ide, qurandrenoIonc, fluticags prop™onat e,

hal ci noni dc, hal obet asol propionate, hydrogorti dpne, h¢Brocorti sone
acetate, hydrocortisone butyrate, hydrocori] pr opi onat e,

i ¢€t at e, nonet asone
furoatc, gihil sonc acetate, prednisone

val er at e, : 2y pr edni car bate, and
pharmaceutical Iy acceptable thereof 15 1In another enbodi nent,

t he second phar maceuti ¢ agent is a vitam n D anal ogue.

Sui tabl e vitam n Do gles ™A€l ude, but arc not limted to,
calcidiol, calcitriol, calcipotriene, paricalcitol, 22-oxacolcitrio¢1
di hydrotachystcrol, calciferol, and pharmaceutically acceptabl e sal g
thereof. In aV&#¥®di nent, the invention provides a pharmaceuti cal

corrpOSI tion 20{3cmﬁydrag¢3g dbtieRMPBO Wilskti@ftedar, Myl allcy 1bpt@cﬁnaﬁ§¢1§ub@tﬁtu®d Cai

bnor &Pn eikendh BRSSP el Corp ey oPr RO T S 25 e Gpbonally

superi or stipstitited slueaé:md:ydhy gfoupazgtiovdhe sibstidntphaCraecyoliorlkal group, or an

g?rbngglsiré'n@ﬂo %@%bsﬁrlpr@tg% tgé‘é?d 10:;51 @pgﬁfiﬂ&fgﬁg&lgg ée}zft%br%gs‘éﬂttheréo? an

benzoat e or t a¥h¢roRenkamppiéarialzsabsting kyloCaisppdkanyb (Faas alkynyl, aryl,

he guount S o esent i Che aoroaey Fonae hch Bocfrel S'ﬁ”*’f‘@@hy".nvee“
amoudbs. fere LS, et 8r SREdredr by hald %ﬂw@roc% davgiony
the pr esenlvstntmtv@tﬂu onlkyhyChe flboxyl itk ds asethbvey nacé]m{y,chdlosubstttuted C1-6
conposi t i, 00 yaRdodB80ica L& g%@! %'u!:ﬁ/as CP |o¥ CE‘%ebﬁng' ANyl such as methyl,

parenteral I'y;" by injection, 0 pul nDn nasal
subl i ngu@thyﬂl,,lsope@p}é,lﬂty, dl’(Q)@@lmaF(D(}(O)R@cor di ng to a part| cuI ar

enbodi nent, l; r
topic;I adnlnlstra |on&ﬁ#%g&%é?#gg&giﬂkF@?gkgg%gégﬁﬁﬂ%ggﬁgﬁ %hﬁgln

30  embodiment both R4 and Rs are hydrogen.
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adm ni stration can be acconplished by suitabl e patches, solutions,
enul si ons, suspensions, ointments, pastes, powders, foans, creans,

| otions or gels as generally known in the art, specifically designed
for the transder i dellver of  active agents tionally in_the
presence of spat pendeptly wrlgate @0m§¥439w 9T Gigpalkyl  In one

adni ni st r@ﬁbc‘dﬂn@ﬁﬂ((,lwc% aEon rlnlahsﬁhadelﬂwocama@ﬂ tHé ccpglalkgmg St

par i oul o enBtPriort 2R o il e Hed SRer o, Rt 48 Bch DREGG R 104

aerosol fiodiermula (I) Hexsmpl ary phar maceutically acceptabl e excipients

i ncl ude abr asi acl sor.ben

al kal |92| ng a Mfeﬁ R ggta I b%%?"?’ ngﬁﬁggtﬁ? %%FO%%%cgz?(uphgt 13 agﬁ ﬁnéd a&yove for R’
ant i oxi damFs b Bplﬂﬂéﬂlﬁ@)ag@m s, buffering agents, bulking agent s,

chel ating agelin 98LhNGHBRAN! s kalaNoAGoALRB ooyt cmpla%meda%% Yor
controlled rel ease a enlé cool 1 ng agents, ter ge l'uent's,

di sper si My ¥de rﬁl Sormyyla Gicitbn enhancers, enolli ents errul si fying

agents, emul sijarnstabblinzat, R’ i§ hﬂrdfbé@fdﬁaﬁgapaaﬂmtyssubg&hdeur@g salsnt s,

glidants, hunectants br| a§s aci fyi ents t

enhancers, nelﬁd?rﬁ?stefntl?ﬁ ML %%‘Spg%'{)?ﬂ gj(%‘ﬁg‘“dlmethyl"z“
preser vatamésoclmmmemm&tlsfny}squmt eadithg aadeiw salsosalesdrited z hagiragantsto
sol vents,;, surfactants, suspending agents, thickening agents,

viscosity increasing agents and wetting agents. The

phar maceut i calASerfiag o anetherambpdintest Riliat ecalkig dy anethércuebodiroon, the

the art as_JJwed akA. rr%ks%%?pouﬁalfstahﬁ%d( mlﬁaéayl ﬁ%&abﬁ%!:hf&ﬁﬁ@é

pul Sﬁél |l e reﬁw'g% e or two é Z%el ease, for_exanple The dosage

of tHe act éié’élﬁ?m?%e fRe! %ﬂﬂ%?r erahRdi hekgin @ kelp 4401958 hewi | | depend

upon a variety of factors, including but not limted to, the activity

of the active, agent he condition being treated, the nature of the

phar mace ZEOEL 4% i on, the node of adninistration and the age,

body wei ght , Ageolire tmeatarﬂilc:taardmg‘mdimemofthet lkempatrideist 6-(252 benuybs yof 4-
an ggﬁ)ﬁ p Ve I

to 2 met K @Q&?ftﬁil'oeﬁoﬁl%n%nyl g)ld)mlﬁg Qé:fdrhétﬁze @%{teﬂ ﬁ %ia?@teﬁee b%z%%te)

treat I sor

admi #f0st erazpgtans b&ﬂ@atﬂ @é@n@dmyamm@mgﬁwrotwm@dqmmﬁ p@mxyh Fhisgrozel
t her apeutdofiplotid %Eﬁ&ﬁids"tﬁe ARMUMI ©fs @tlﬁ&ﬁﬂﬁﬂé%tl@ifty Famed and 1?) ers@bmers

(11), or .a pharmac acce tab ereof, along w th one
or nore a? E?ﬁ ofe P@ﬁ a%%%%?r Fﬁ&ﬁéf-‘é Lerey, 4 wsf dé Enilpeygeand
t her eof . metabolr@émdﬂtexar(btenﬁberﬁﬁﬂﬁdiaﬂe also besieislated, eyrsldstiRd ah8 cheBerized

psori asi S, ichthyosis or keratosis pi laris. Accordi ng to a
parti cul arS 133@%?1 é‘%@ jbe dt he skin disorder is acne or psori a5| s. 35 WO
2011/2609023PCT/ USZOlO/ 042225 Definitions The term "hal 0" or

" hal ogensy .tive U851 J an the hal ogens, chloro, fluor, brono
ang D9ens c% %1'&% ‘?‘t YatcPerd®

IS _used herein to nean_an allphatlc

hydr ocar bon grlﬁwpvwe&bom of tagsoispe iegkzaricnsr aiionikle wlateramtenionepid,
about 1 tavebes shb@ncafeattrad ¥skid) HBRerdabler 1&10%?1&1%5&%@8@&%&%%

ot e el D, L Brieb 1o STt poe B RS e

of sabst istifemd)s.6-((4,4- dliﬂaélyb&Fmddﬂmsaﬁrumhﬁdyl)dﬂe;fr@i)ﬁmbﬁnibhamﬂr €Redr6Rnic
of one or l e 0 r bet ween carbo t

hydr ocar bgféoé?%)gﬁdé’ aglfl % ((%'édr mtqyﬁqdlsfim %dgcehém er @ ﬁaﬂﬁ@é&lﬁg@w acid
hydr ocar Wgpareteaimacd sulfesacwhichdvera rﬂm@\rlomﬂy danigbinbaothess of haiet litde ca no
strai ght Qi aaeﬁta%d wefaaﬁragdo@aea% Ba¥ indta hi&EShcti® OR¢ (Figure 22 and
car bon- car bon_double bond may occur at any point a (fu eh
chain, suécHMRE d henyl , propcnyl but enyl, pentenyl, vinyl, alkyl or

2- bugsnyl . A kegaytdigg dﬁlfe| aegbnheﬁ@anﬁoﬁveysobeela@st m@raaﬂnbmoattﬁ%eétmgeﬂ skin
V\nthad5| atedlﬂb tltucznt%1 15The term "al k
e Pisti

used her €i 6“?1%5 RO RdBHmS e pR & cPPBEFTH ?Pllﬁnga
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20The term "cycl oal kyl" is used herein to refer to cyclic radicals, such as
a non-aromati c hydrocarbon ring containing a specified nunber of carbon
atons. Fowoexampb@3 C3 7 cycl oal kyl neans a non-ar onati ®CTiusgoioomi2as ni ng at
| east three, and at nobst seven, ring carbon atons. Representative exanples
of "cycloal kyl" as used herein include, but are not limted to,

cycl opr oplitrapayichltsh affydtivecaradop exitay compguoldosedocydd fmoh thecgrote poydisting5dthe
term"aryly (i s : oy YRR 1.G rogarb up of
from st 5 SLERnILE N LR A AR BRERSE i Y B uliE R EARCLRE, ©
condensed -P¥idpthmghromancfsyDethynyl pagsinis | oracight hr yayl.  pr éf(@géi-éunﬁhxlrl@ oups
I ncl ude pR&aYbthRREroRARM-OYéthyiIfhidoRinTE aic'ilzisato@r@gmhna{ciew%a,uy" hetpherRr Wit

noi et%", nd "h?tero ryl™ are ‘'used herein to 3 an a m)noc%c |g.f|ve- to
seven: rréﬁi‘{é?%& %ﬁs‘éi’?ﬂ%ro&? &d f%‘?réer‘WEa%W‘PaéléfaF}%%a P RECIeBRBa h A Y PIEE Meast
one het erpead eierqd] ect ed from oxygen, nitrogen and sul fur. Exanples of
heteroaryl rings inglude, but arc not limte 0, fur ran t hi cnyl,
pyrrotyl . oxaddrgienor e i RS el EE bAme S YF v P fee e

pyr azol ylfrorox dbié azodupl , cansatihg acif azohyy | ,6-€(#idadigiethly]- 1 tledipzidothydchroman-6-

pyrazol _ ating a siolyicpromun 6.
R ai5%1?6“%12’5%1‘59%%Eﬁ-@%ﬁ%@#@-ﬁ?&dﬂ?ﬁ2%&%3??%@3?%{00%% Al

"het dPoardpf"  hdftH-dmstybé. lodiasdpdiachfonan-o-gpethypd)Fieqtsds atddmat i¥ ridngs
conpri si NhaphadegaGlly MR/ QAMA2IBET/ WSRO %Qé&ﬂz&%ﬁ%@@&n&ﬁée@ﬁ&@&@ﬂhe

sel ected from oxygen, nitrogen and sul fur. Each of the fused rings may
contain ftffi?gn?ﬂtoggﬁlglfﬂidﬁi?réf‘fons. Exanpl es of fused aromatic rings include,
but are not | ilmdnethet embodidainy| the iis@intioio rylhtes ito deezadeydf, a compdurel seydcted

azai ndol yd . bepnzo ly i medazal yl. . henzot hi azal vl . . hen nyl,
benzot i B TE CaRRr SnsRARE | M SARY BRGNS Nt RRRE Rl ANY
naphtllyr ixdletipinyDaicatiedt¢,nyi-((4 dediinathiyl-dreidsithinetiramimptyDethynyhigotieie mgcid
"het er ocygli ¢ ¢ {(Agsdimeth ﬁﬁﬁfc%z)[i%ﬂh?ocﬁﬁln%d-@%p%ﬁ By MEREOCY iy L" G ¢ used
herein to nmean a nmpnocyClic three- o, seven: ered saturated or

non- ar omgtRENacsHE Y RaEPEr IS thligBetepl rfoF thegreatprnarh Mg &isordast one
het er oat om sellgclee@ndth&@mniiddirdgRNthe AXWGEDR rélbePp 1L pALirn@xEEt caE Borfpd spiuar

noi eties, such.as S(O and mi.s 0.or an integer 10 hayi .V e of 1 or
> The' & SR HEr s ee SR SO i By R RAEE ab Pid T PP Bt £

" het @0oc ytidxidSthmkbtomaal sl )etbfel)ntiatiheased r bAGE4-dsattbylat-exidothiquhrdmadl-6-y
unsat ur at ein o of t rings Vi omat.i.¢c: g e

het er oar %ﬁ)@?ﬁgﬁ@ﬁﬂlgf Ihgg?usedgﬁ ngs%sngg’g' h%glgthﬁ gﬂ%%ﬁi Oﬁgocgléovnéar? ?i ng
atorms. BExdleghyagDeicotiae acide gt phargraseipsaily efesatablopiglt thereoth elonkiwith ewf ¢o, t he
sat ur at edn§f phafbdcahticall§ atspalbfdextgisit@ns of the heteroaryl noieties as
defined 15 above, such as tetrahydropyrrol e, tetrahydropyran,

t ctrahydrof uran, tetrahydrothi ophene (including oxidized versions of the
sul f us nittatmdceudiz Mionthositibag epi ne, aziridinyl, pyrrolinyl, pyrrolidinyl,
2-0xo-1-pyrroljdin 3-o0xo-A-pyrrolidinyl,. 1, 3-benzdi oxol-5:yl .

S dazol |yl ASERHB F dngOoMERE ity PreNgy BYBHRR, o B - Bhdiepgtcal

pi peri di rpmpopitiper @mipnsing mrocghpdundooadermhiaotrehdl), o &i plekmedengcaki di zed
versi ons SUhf 2fmoj at e | ST o] SR

"het er oar@?%&%ﬁ? "éécll)tr ltllieﬁet er ogyéﬁ coa{l %ﬂw %%agﬁlg&;e ggeﬂé{ Zaic‘?\%t[%ﬂér)re%ﬁmgs C?Lr4

al kyl (asx@@t9nfed above) attached to an awl, heteroaryl or heterocyclic

noi et3y (as al 99 daéi BRdodRRHE) tHen|pBsSHRENRIAM Senpdididnat®hprises a second

"Het er oatpglfrqﬂ' r ef erai to.a nitrogen, sulfur or oxygen atom ‘Fher ein the

ni t r ogen PRAEMassUlgAlyACUY e ey be optional |y oxi di zed. The phrases an
"effective andunnt catbodamncnanbe sécoall fphatnaceutically attivae ddcheisapkated dadnh yhe
effective nt " of a eutically.activ 2Nt . i nar edi - c
ased her ariE Sopuirle BaPAR TRAGNY B PGl FORithuliin MLE VM B

suf fi ci erinaloguhave a therapeutic effect upon administration. Effective

1 f th n . . al i | v 1 .z ide.
amoungs of t he,pharwaaRkk AL Laéoﬁ&f)%éfﬁl éa%eau%%éd UBEH SO Bl{fl )}Jegc% 95e

particular condition or conditions being tredted, the sever] 1

condi tion, thdNdBPRET sROHIMCRE th wapnbABarmapeHtically agbEi a2t i§ ShpoHBIRES, of
t he conposition being used. The terns "adm ni stering" and
"adm ni stration" arc used herein to nmean any nethod which in sound nedi cal
practice delivers the pharmaceutical conposition to a subject in such a
manner as to provide a therapeutic effect. 35The term "prodrug” is used
herein to nmean a conpound which rel eases an active agent in vivo when the
prodrug is admnistered to a subject. Prodrugs of an active agent




WO 2011/ 009023PCT/ US2010/ 042225 arc prepared by nodi fying one or nore
functional groups present in the active agent in such a way that the

nodi fi catworronegnp9dre cl eaved in vivo to rel ease the acti PeTasapoOmE25 The
terms "treatnment”™ or "treating" of a skin disorder enconpasses alleviation
of at |east one synptomthereof, a reduction in the severity thereof, or

t he del awpclprasvdmdiammcimr o aj plhtirimiat:dtminaluf atteptapto galeghéroot {her dofdanifeaat ment
need not F at the disorder is totally cured. A useful conposition
herein n y to reduce the severity of the disorder, reduce the
severity of stlﬁpta@ﬁfélelas%@damé@ t ther eafand, Mhegvacgsticatiyr ybventgony & a

pati ent’ sopidkietald Of Shitabgs c&‘hc@s@ér@iﬁs RERMENbYtOLre | dHi Ithited BE DOSHIctaQdnd he
di sor The.term ™ har]glg fﬂall accetabesalth'ere ers to salts t hat

arc pgar flreniongtss | $ngigo 8% ha Projiats s bepacispic goenzoate,

phar rracolt&ganmlhasaﬁet dtprtptomafte ttha@rmahaaahe @@t&ﬁw rtdtde@mqtdt saibb&scblrmbpndﬁate( 1)

aci d addl bO[t]asSf'la‘ %) rate c rtls tatC gso Pe 0X1rnea dﬁrﬁ a 1ace ate Id
benzoi ¢ acld, "¢t e g, &lﬁ Shi'e 580! gfiiﬁ am¢ ? 8)1 5? ¢ acrd,
glycolic Chﬂu@);rtothdr oeletate,i tlugloralpnd actiooidaci ftiymethdsone pizildic, nﬂtloomnai@ned

el oni ¢ agkinidaBn Agblifiodgl.d, ARRSKANObLELACH fhePRRREON GRS HenS CLRlGoACT O
succini c ama acid, tartaric’dci f naturaP dn nt etlcally
deri V&d at‘rﬁrmdr%ttqhd@ AwandicRelgpes Huicpwwe: PPIODYte.s alllatl@ln%é%edl frsain

aci di ¢ prbsibndiE,es mtirdcarttsbﬁe pahgidocG@ARRRUN kit thﬁdro&drtlsdn@m duBMatby a
ion, an alka i ne ear ion or an

metal io0 kal i. taI
Tt numhyGittogRopd] Routiotiia: i Shorbal i BlosE e Bl it hoib R, Sfesfle.
et hanol amaoagtashinet faaracd, giramexing Myéﬂohhlbﬁkia,npmémsdrremtalnarprM1md valerate,

ange 1 ealHaRane e ol SRRSO A8 sh Aty RN S AR AR ™
per cdit ages orlnraapihes cobodiment, ithe genondiphhinmceifatally aagec agant w St D

thereof, Suf u@%u%ﬁetvﬁaﬁlth @rh‘ilal%gﬁ shﬁﬁgﬁ@@hhar@fnoﬁﬁmﬁt%ﬁg%ﬁl’cuﬁ'&ll @ﬁamol
othervvlselnlcate It shoul under st ood_t hat terms "a" and "an" as

used her SRlFiRASHRE,  arisplsitel  222-apcalcitgpl, ¢ h@@#@t@hﬁt@el coﬁ%@ifﬁiﬁlt s.and wil|

be cl ear ﬁlﬁnﬁi&u@éall@radtdp@dby’e Sdtts iherdégT t he art that the use of t he singul ar
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The pharmaceutical composition may be formulated using methods known in the art
as immediate release, sustained release, delayed release, pulsatile release or two step
20  release, for example.
The dosage of the active agent in the pharmaceutical composition will depend upon a
variety of factors, including but not limited to, the activity of the active agent, the
condition being treated, the nature of the pharmaceutical composition, the mode of
administration and the age, body weight, general health and gender of the patient.
25
Methods of Use

According to an embodiment, the present invention relates to a method of treating a

skin disorder. The method comprises administering to a subject a pharmaceutical
composition comprising a therapeutically effective amount of a compound of Formula (I)

30 or (II), or a pharmaceutically acceptable salt thercof, along with one or more
pharmaceutically acceptable excipients, to a subject in need thereof.

Another to an embodiment, the skin disorder is acne, psoriasis, seborrhea, ichthyosis
or keratosis pilaris. According to a particular embodiment, the skin disorder is acne or
psoriasis.

35
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Definitions
The term "halo" or "halogens" is used herein to mean the halogens, chloro, fluoro,
bromo and iodo.

The term "alkyl" is used herein to mean an aliphatic hydrocarbon group which may
be straight or branched chain having about 1 to about 18 carbon atoms in the chain. A
preferred embodiment is an alkyl group having from 1 to about 6 carbon atoms. Alkyl as
defined herein may be optionally substituted with a designated number of substituents.

The term "unsaturated” refers to the presence of one or more double or triple bonds
between carbon atoms of a hydrocarbon chain.

The term "alkenyl" is used herein to mean a hydrocarbon chain of a specified
number of carbon atoms of either a straight or branched configuration and having at least
one carbon-carbon double bond, which may occur at any point along the chain, such as
ethenyl, propenyl, butenyl, pentenyl, vinyl, alkyl or 2-butenyl. Alkenyl as defined herein
may be optionally substituted with a designated number of substituents.

The term "alkynyl" is used herein to mean a hydrocarbon chain of a specified
number of carbon atoms of either a straight or branched configuration and having at least
one carbon-carbon triple bond, which may occur at any point along the chain. An example
of an alkynyl is acetylene. Alkynyl as defined herein may be optionally substituted with a

designated number of substituents.

The term “cycloalkyl” is used herein to refer to cyclic radicals, such as a non-aromatic

hydrocarbon ring containing a specified number of carbon atoms. For example, C3_7

cycloalkyl means a non-aromatic ring containing at least three, and at most seven, ring carbon

atoms. Representative examples of “cycloalkyl” as used herein include, but are not limited to,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.

The term "aryl" is used herein to mean an aromatic cyclic hydrocarbon group of
from 5 to 20 carbon atoms having a single ring (e.g., phenyl) or multiple condensed
(fused) rings (e.g. naphthyl or anthryl). Preferred aryl groups include phenyl and
naphthyl.

The terms “heteroaryl ring”, “heteroaryl moiety”, and “heteroaryl” are used herein to
mean a monocyclic five- to seven- membered unsaturated aromatic hydrocarbon ring
containing at least one heteroatom selected from oxygen, nitrogen and sulfur. Examples
of heteroaryl rings include, but are not limited to, furyl, pyranyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, imidazolyl, pyrazolyl, oxadiazolyl,
oxathiadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,

pyrazinyl, triazinyl, and uracil. The terms “heteroaryl ring”, “heteroaryl moiety”, and

“heteroaryl” shall also be used herein to refer to fused aromatic rings comprising at least

17
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one heteroatom selected from oxygen, nitrogen and sulfur. Each of the fused rings may

contain five or six ring atoms. Examples of fused aromatic rings include, but are not

limited to, indolyl, isoindolyl, indazolyl, indolizinyl, azaindolyl, benzoxazolyl,

benzimidazolyl, benzothiazolyl, benzofuranyl, benzothiophenyl, quinolyl, isoquinolyl,

5  quinazolinyl, quinoxalinyl, naphthyridinyl, cinnolinyl, purinyl and phthalazinyl.

The terms “heterocyclic rings”, “heterocyclic moieties” and “heterocyclyl” are used
herein to mean a monocyclic three- to seven-membered saturated or non-aromatic,
unsaturated hydrocarbon ring containing at least one heteroatom selected from nitrogen,
oxygen, sulphur or oxidized sulphur moieties, such as S(O)m, and m is 0 or an integer

10 having a value of 1 or 2. The terms “heterocyclic rings”, “heterocyclic moieties”, and
“heterocyclyl” shall also refer to fused rings, saturated or partially unsaturated, and
wherein one of the rings may be aromatic, or heteroaromatic. Each of the fused rings may
have from four to seven ring atoms. Examples of heterocyclyl groups include, but are not
limited to, the saturated or partially saturated versions of the heteroaryl moieties as defined

15 above, such as tetrahydropyrrole, tetrahydropyran, tetrahydrofuran, tetrahydrothiophene
(including oxidized versions of the sulfur moiety), azepine, diazepine, aziridinyl,
pyrrolinyl, pyrrolidinyl, 2-oxo-1-pyrrolidinyl, 3-oxo-1-pyrrolidinyl, 1,3-benzdioxol-5-yl,
imidazolinyl, imidazolidinyl, indolinyl, pyrazolinyl, pyrazolidinyl, piperidinyl,
piperazinyl, morpholino and thiomorpholino (including oxidized versions of the sulfur

20  moiety).

The terms "arylalkyl" or "heteroarylalkyl" or "heterocyclicalkyl" are used herein to
mean a C, 4 alkyl (as defined above) attached to an aryl, heteroaryl or heterocyclic moiety
(as also defined above) unless otherwise indicated.

“Heteroatom” refers to a nitrogen, sulfur or oxygen atom, wherein the nitrogen and

25  sulfur atoms may be optionally oxidized.

The phrases an “effective amount" or “an amount effective to” or a “therapeutically
effective amount” of a pharmaceutically active agent or ingredient, are used herein to refer
to an amount of the pharmaceutically active agent sufficient to have a therapeutic effect
upon administration. Effective amounts of the pharmaceutically active agent will vary

30  with the particular condition or conditions being treated, the severity of the condition, the
duration of the treatment, and the specific components of the composition being used.

The terms "administering" and “administration” are used herein to mean any method
which in sound medical practice delivers the pharmaceutical composition to a subject in
such a manner as to provide a therapeutic effect.

35 The term “prodrug” is used herein to mean a compound which releases an active

agent in vivo when the prodrug is administered to a subject. Prodrugs of an active agent
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Exanple 5 - Stability of tazarotene benzoate in plasma To further
characterize tazarotene benzoate, the stability of tazarotene benzoate,

t azar ot ermO=0ifoxi2de and tazarotene in hunman and rat pl 2cmaSe@s/og1208i ed.
Tazar ot ene, tazarotene sul foxide and tazarotene benzoate were incubated at
room 10 tenperature with human and rat plasnma. The incubation was carried
out in dughited ehreratgrahngalle sfteetaearbke andbccoprted fore~ 6.BhEbypwicphsaftarfour
stabilityapal yses (i) rat sanples (0 hour, 2 hours and 4 hours) and (ii)
human sanples (0 hour, 2 hours, 4 hours and 8 hours Sanpl es were analyzed

by LC-NMS/ V5. SiRdarstesidl{s wermorbsainedt when faged samales of C gch aad Ji/eH@RAC

t azar ot engeaan hf@X gl lel D).t &Zﬁr&%@{ﬂ&i ﬁﬁﬂﬁ%ﬁ%a@féﬁ%ﬁlféﬁﬁé (dn&i%&ra?&l@ﬁe' on,
W th 75‘é§996|055 i n hour's (Tab] e and ure % asna t he
rate of dEBFAGRRTCAVIGNIVE A%35HeR @ PC&Sﬁalrn& TstipbRf la%lao 50 e
benzoat e DHAngegmm‘hltbamzhmteﬁleAzoﬂAdj crea0% | oss at 2 hours and < 15%

| oss by 8 hours (Table 5 and Figure 10). The degradati on products were the

correspondi ng ester hydrolysis products of each conpound tested. 20 Table 4
Tazant enélqbhehallJP1I6G adalxs1ODf mii-@hreT af AoAE el swl TAZOR Ade cfoayy (uking 3fredh™<L.OD

<LOD Tazagfgne) benzoate (ng/nal) 59.8 15.0 2.29 Table 5 WO
2011/ 00902 : t
tazarote
presence
tazarote oat e
in the p GL%
99.0 0.1 0.9
99.0 0.1 0.9
98.3 0.1 1.6
99.7 0.1 0.3
99.5 0.1 0.4
99.0 0.1 0.9
98.6 1.1 0.3
98.6 1.1 0.3
98.4 1.3 0.3
93.8 4.5 1.7
94.5 4.0 1.5
94.1 4.3 1.6
86.0 10.0 3.7 0.3
86.9 9.1 3.6 0.3
87.5 8.8 3.4 0.3
71.3 16.0 6.3 0.4
71.3 16.0 6.3 0.4
76.9 16.2 6.5 0.4
67.1 233 9.1 0.6
69.6 21.6 8.3 0.5
70.6 20.9 8.0 0.5
61.1 27.8 10.5 0.6
60.2 28.6 10.6 0.6
59.4 29.4 10.6 0.6
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5 Hepatic mcrosomal reactions were carried out in mcrocentrifuge tubes in
the followi ng manner. Human |iver mcrosonts (0.5 or 1.0 ng/m protein),
Test ArtiwDeo(1200202310 1,tM, paraoxon (0, 10 or 100 1, t RCT/USADBIH2225
regenerating system (10 mM gl ucose-6- phosphate, 1 unit/nl

gl ucose- 6- phosphat e dehydrogenase, 1 mM NAD1r), magnesi um chloride (5 mV
in 0.1 M potassium phosphate buffer, pH 7.4 were incubated at 37C in a 10

Sraki 1o YRR DAL FRAL BPMEHE of BUARLEHN TRTRENAUik] QR Rf-sakpst rat e

with the exceptlon 0 e zero-tine incu volune

was 0.2 m o re incubated for 15, 30, 45 or 60 nlnutes

t er m nat For
zero-ti

cont ai ni

chl ori de

carried ppe

of metab tro?tet abol i 88 we

usi ng mu ring., LightSpght

Bi osyste s used to gener a

net hods Ai-Rihg- 01 co

carried i ngubatiion proce

with the In egatlve ontr

wer e not +rBE+nedbations PF—-EFDSOHES

i ncl uded m cpesomal sbabi | {1et hoxycoueari n,
which is 5 q%chPs in glve' pmal i ncubat i ons of
| abor at o Bupti—catrereactipns—wthan—initial

concentr incyBated fop70 of 30 m nutes. M crosongl

nmet abol i ycqggarln vasg g determ ned by LG M5/ M5, MO
2011/ 009 abte 6 —=Tivet dUOII ST Of  tazarotene, tazdal ot enc
sul f oxi d d t¥2aroflene3bhenzpatd3* =|mdninling 5
15.4%to s &anvented;to tazargteniic acidlin conplete
nonzero Th NADPH) (Tabie y). 1 n tihne absence of NADPH
i ncubat i onc¥idtratliond’of tazdrotenic acid (32 4M6to0
52. 7% of 1) . Tazaroteniggaci d makes Up only|a fraction
of the {the 10 eXistence pf ot her [netaboli1c pathways
such as ot e sul foxide of additional3netabelism of
tazarote c agiid sul foxsde and foazarfotemni c|acid

sul fone. xi de was [al so rap{dly netabolized in hupan
liver m Hdantilt ati¥e convdrsion 8 +he tazarptenic
acid sul 577b gM|r eawhi ong asssshown b the nass

bal ance ase_of 1|pMreactions wthout NADPH, thg
percent a e—sHifoxide %@nve'teﬁjto tazé?ot:nic aci d
sul foxid i se3an unexpected|{resuit Wwhich may be due to
i on supp n standand d sapmpl Oinjectbgns For 1D pM
substrat ran—50%of —tHhée—Test—Articie netaboti—zed| t o
tazarote | b4t2he presBrice of NADPH| t@faroptenic pacid
sul foxid ,ﬁgﬂF.its %gvel wer e Iome&nlﬁanlthosq
observed NADPH: uny a fracttom of NADPHdepengdent
met abol i rot®adi c aci d?gul f oxi d&2 Thi s03uggests ot her
met abol i Xi dgtgi on|of f{,gzarpteng, sulfoyide/to its

sul fone y ofismof tazarotenic acid sulfoxide to Its
sul fone. 15 WD 2011/ 009023PCT/ US2010/ 042225 Table 8 - Mt abol i sm of

t azar gt ergxagipld DXxifdi€hdrtuidg pA @RS adgiitd nsatdHobixdsde

NADPH,

tazarotenic acid was slowy netabolized by human |iver
tazarotenic acid sul foxide (Table 9).

In the presence of

m crosones to
Tazarotenic acid was not metabolized

5in the ab;em’aez‘mfziﬂl&A@RHz wAs masduicsypleot asaess fthe feramapotdnaaraenddsarhdanis de i s
shown in fgll&an tHhé application of a mixture of DUAC gel and TAZORAC cream to human skin.
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WO 2011/ 009023PCT/ US2010/ 042225 Table 9 - Metabolism of tazarotenic acid to
tazarotcnic acid sul foxide 31.7%to 47.6% of tazarotene benzoate was
convert edwbaotyp@iy tazarotenic acid in 1 pM reacti ons PaIrtus20NADPH25
Simlarly, greater than 50% of tazarotene benzoate was 5 converted to
hydroxy tazarotenic acid in 1 pMreactions wthout NADPH (Table 10). Since
t he mass dodlmmeed forsapprapminhichyathtdeyminags wikiaa nddd) Kpatphr toi angliraral horfiagenoise 1 uM
[ eact | ONSixhire ARARRIS Al RACHUMR! 2RPLAG 455 BGaR! 80 L@MBdly it (ke
pon yd

chr omat ogram an SS spectrumcorre ing to oxy tazarotenic acid is

shown i n Epejirnesss.1 2T kenproggcts digremaspethy as Foropggm DUAC gel does not contain
2011/ 0094236/ pSRPIVEY 228 test mixturdhGrefd Uk SGIRASHT eCirfal@lof split-

tazarqtene, tazayot sul foxi de, t roteni ¢ agid and tazarotene benzoate

wer e tatE’Gk’ilezsé& ‘Hfﬂq??éa‘ﬁnﬁgia\t/érdeoﬁ? e?égér@g{énf@éﬁpw CEPYE IS8 BYeiYeved

to be a rHjpdaccnehapipttiec pat hway. To determine the role of esterases in

nmet abol i sm of, § azar qt.ene azarotene sul foxide, tazarotenic acigd,an

Tazarot ene. beHisdarad ¢y iR 8P WFiar SR i b e AREF B Wieen it B lsn, &

pot ent i repidsimor wax padldd Femi the desnisrmgresa iheas| hidikngThaslbosxyinpks evas glsen

Par aoxon dxphidbj tgidh aé&éﬁi}rﬂ% SGRLALANG IR ADOH S Buligt YrAhERbEnaGhE A0

human |iver mcrosones, (i1) tazarotene sulfoxide netabolismto tazarotenic

aci d 18ul fdsgradants withitnths dpideemispileds apbsurfags gvash were auentiged B LN MSe

Tétp abol i Svﬁﬂt% @ gmqig{/myup%_.z ?n%th &@Eﬁ?@gﬂs Flyér@ pBHUﬁﬁbt d ineRf yalisly %ﬁgﬂ%dﬁdﬁfdﬁo nes.
ar aox not i nhi bi e netabol i za i c, Aci 0

azar of et T piiDates @b Prabatsng: ries ot BT gh BARORAL Girreseiadio

In all, thesecd @sitktamed dppoaliliy tevinglaud] Dand hhdureshepasss are responsi bl e

Lor ester hy%sollllxaira%?f{n ﬁi&%@ﬁﬁﬂ&m&tﬁ%@éf"bﬁﬁt"c géi'JnEiXI‘ngoﬁgg {BaRNPhgne

enzoate. uman©ri'ver m crosones metabol i zed 7- et hoXxycoumarin as

expedbed,stablity i semiphey 298t iis fthe fampatipn of batardenccsndixideconEhd guantitye ofidteabol i ¢

stabi | ity 2558 AN 10848 JBQbIEL SondhESIRAY tnll g&nwa; ehd gelt finkd as
tazaroteni ¢ acid benzoate WD 2011/009023PCT/ US2010/ 042225 (m z 444),

hydr oxy tRe¥Hr SxsetOWir 8l F12368)2B. dRerrofia bryzopte, alsotiarned. abgadn.(ther 3ap)

Hydr oxy tsazifi@in fHceead€ irdthe@@antte B tdzhRterdScazdiid Presdibaeld hdur tivis gdied i t es

with raiz 8 an 6 were al so observed. Wiile not bound by the proposal,
it is belrFé?}E%%tTﬂSg%PH‘é@@eQPlél%'pr oducts followi ng enzymatic oxidation of the

t hi ol28ct ol grfbaptudy dldvestolicd|thattadtae 2ihoars dfoappficativnkedtthe DAZEC dtTRYIEORAL ket o
t azarot enj i i . S [Fale)] a i.She ith
cl eavager}%]?mggttﬁ tielgtsg?hr’ g%%aggste%%/@%@é}lel?%é%gﬁelf‘lﬁ%%TEgﬁber %@8@@? r?%?a%o I sm of
(i) tazar(bisirs 3dfdagd pB)t adfiendeheurberfzamlisation, j thergswpsareepntinue] desseef 22

and 23, rigap&eid Ml sulthBt foXRRR o tazardBh ARk RN (Plout@ZN slea®) benzoate in
t he presence of humair; skin m c(%osorrg‘z as several liver

. nsof ar.

mi crosomal e AFHBENE PRRACHE Wy dekckPisiagy! A e AA the
met al2gl | simdoSBY. aZEticopeBschbasfz pasietenasbehdsdtdieh the ydibo i sampld sogdedtst thet
presence of, human skin m'({:,r OSPIES.

endogenous bénzoic acid may be present.

While tazarotene and tazarotene benzoate could not be detected in the receiving
medium of the assay (i.e. did not pass through the skin), tazarotene sulfoxide was detected
in the receiving medium, as shown in Figure 6.

30 Tazarotenic acid was not detected under these experimental conditions.

Example 3 - Retinoid activity of tazarotene, tazarotene benzoate and tazarotene

metabolites
A study was conducted to evaluate the retinoid activity of tazarotene, tazarotene
35  Dbenzoate and tazarotene metabolites (tazarotenic acid, tazarotene sulfone, tazarotenic acid

sulfone and tazarotenic acid sulfoxide).
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15Fi ve tine points were chosen, but because of the limtation of human skin
m crosonme supply, each one was carried out in duplicate. Skin m crosonal
reacti onswaens/a028i ed out as descri bed above for hepat iPCTRISCH1090I22F
reactions with the following two exceptions. Firstly, the total reaction
volunme was 0.1 nL Secondly, incubations were termnated with 0.1 nL

acet oni tri | e Skix(BthioeRHE kulunes ereos oaesdercat atoy 6ot pzlxm‘s enatdinti@ { Ormbtvadin f rom
for T enad dEw(iPaskh! U SAbieore EARTbAING 33icianiTANONL R Gn ARl

ene be

human ski m cr osones azaro nzoat e an taz oten?{c aci d

met abol i tEhecaisentweeisabrsquwntly RleeedtinfG0emmppety clings rvsntamm - &sultmogtoned
that whi ll’ﬁe({l?ﬁ@'rlyf*Pta@laﬁOtB%TZtﬁ@'t’]%SttA@x%tlélT@g FRRIA Zedabi 3 h}?er@;éﬁﬁlnedzﬁf Hhﬁhcate .

m cr osones e_congound ahol i 0 rate relativ o uman
T ver S cubGEbS CHUTG VER HeH Wﬁ 133 /J%f7%alﬁg%m?\émecen&e9ﬁthsw

met abol i zredotntht rgeovmheﬁ@;ﬁaeza@fcolzedmvm dioradat sSI0°qa. Mhertswyescre kot itetalon of
hydroxyta aroqt.eni c_ac et| sferase abollsm
of 1 o SR BRRER, §af Blao TRy AN Br 307 16y, SRR o FRLRT e A

t azar ot erfNAl@zdY solenien bempoal.e Thh)fdhwmgtmbfs@t waiccpeairmed-k @) dltlazzndot eni ¢
acid, ket 9 g %E@Jl% ?%I | ﬂaﬂlﬂi"?t% m@f g gﬁlgf(g)fchétﬁl%gg%lekqobﬁléoﬁ{de ver e

eval uate usin 51 e ounds arc set out

Tabl 011, ﬁl%@nw# s uBd- mmqwﬂé?é@ queg%i#md ﬁkaggmgxm;é%@nem tured

i n-house as previously 35descri bed by Poumay et al. Briefly, polycarbonate
culture inserts (12 mpuelcgneter and 0.4 pm pore size, MIIlipore) were
filled wth 150 pL &
2011/ 009023PCT/ US20 1j5#8+ adul t human
keratinocytes. The inser|sukfaaiyedc.andt her 500 jilL of kerfatinocyte culture
medi a and were placed infa 6-well plate insert/well) cgntaining 2.5 nL
of RUE Growth Medi a ((szpi Pﬁ&‘gdo?f‘éaa‘?lé&lfh’gleéﬂ“/l‘%aClZ) RHE culftures were

i ncubated at 37C i n |8 huptaioRineth.atemspher e cont ai ni ng 5%|CO2, for 24
hours. 5 Subsequentljly, (o cultures were exposed to the
air-liquid interface% rféer%)éllv%dtoggﬁ%@ owh Media fromthe top of the
cul tures, and repl acifng M Ethoid 0B%mO)wel | of RUE Growt h di a containing 50
(tg,/nmL vitamn C. Megia y@a'got&@(@ngglqmﬁvery ot her day until| the cultures
were dosed with Test| Art|cles. A sto solution of 0.1%tazarotenc (2.83 nM
at 99.5% purity) in |00/ 19 TNBErHES ¥ EPAr ed. For tazarotedne 10 benzoate,
hydr oxyt azar ot eni ¢ acd d, | ktaent @eadiabd.ennopaci d, kcto tazarjotene, and

t azar ot ene ni coti nat a ol ution (in DVBQ) was al ready
prepared. Fromthis ggtoc 'i]'azarng% |“H1ﬁe(§tl9 %?2 mM wor ki ng sol Ution (in

oct yl dodecanol ) was |pileppaFedatenidhdid sgfokidr(0.1%eis b corrpounds re resuspended
in DVMBO and CD to obtgi n| 8, fjdah:&IRESNL Abbpn of 2.83 mM|in 00/ 10% DVBO.

On Day 12, the cultures were ptaced rnm o0 mm pctri alshes 15 containing 3
m. of RUE Gowh Media (+ VitC). Test articles (6 )t1l) were applied to

triplicate cuhbWhesy @mbrstthicd tes Mt@ﬂ@ummub@m@)qa pP3dSnfi@imASrnetbsine)
rved as, .ne e en %f t he

Unt r eat ed QD al.on i At t

eubat + iRy ey on R RO i BeftrCeiB et artitns Bragie Demet The
ti ssués wertezacatbnd metahb]ﬁtes oorepdrad fto meqné(hmﬁﬁvehlmlélﬁ%tNBE(ﬁlgureh|7S?tnd| Iogy, and
the other &%J r N§S1 @t?\ﬁ {VQS Mf%'ér?t TMC?G% alltfu?é’sl\tiggate&z\gltﬂ PI%OM was

i sol at ed and co’ncen ra rmne

spect r optrstaoneted .to] lawrt¢>@¢nttW1tbsRn@n ﬁhé\/lgmtraﬁmmt gdf SFEBB!@Sﬁ@g thalch

sanpl e, dgtauWash &&'iﬂ’[@x{tb ﬁ%? cToRtribﬂ%e% nRd 1r§t%?5¥f‘ HB%I'&Y&hﬁn&” dEdrt‘ﬁeﬁfﬁ%essed
as rel ative quantlflgﬁﬁlon to untreated contros RNA extracts from

each repliNCHEEINS ALk ipro-EHldumagryreptelpesRsPepHis foglclpeide) wandswlistulsi on
of fi2ee bhewmicHeh &11%&11&5(11%&6%1@6cbthﬁrseHompaﬂe@ to K@kt d aw ,Velﬁbleatﬁ@ltddn

Keratin 4 Keratin su t.s of the a arc

i gar s £EG, MEeHik b aaLend CEMERa BRZHE B SReLAEPTE GRERTED (o 21
corresporhalveoetmbeimw;o(mgsresétandmm in Table 11. The conpounds were ranked
for their effgct e i E@%?C (K4)
i s not nor rraljﬁlyg/ helgtglr gsse gﬁu% Ju’ltu%?d%%tﬁds)%t&t Ji‘l S %?an%e& %%ﬁhﬁ

upr egul atMeregeh vere as n@ﬂ?ﬁCt@\ﬁl t hamedyi Hsrdgvasap |deergasy ot dnetelepliy grindes
caused significant upregulation of K4 ¢from 11-180-fold) conpared to
untreated and vehicle controls. Tazarotene, keto tazarotenc, conpound 17,
conmpound 25 and conpound 28 showed the highest increase (from 103 to
180-fol d). Conpound 21 and conpound 19 showed the | owest upregulation with
11 and 19-fold, respectively. 35Keratin 10 (K10) is an early
differentiation nmarker that is normally expressed in the suprabasal |ayers
of the viable epiderm s, but is known to be downregul ated upon WO

2011/ 009023PCT/ US2010/ 042225




treatment with retinoids. Wth the exception of the S enantioner of
tazarotenc benzoate, conpound 19 and conpound 21, all other tazarotenc
derivati Wwe® 20aumea3a si gni fi cant downregul ati on of K10 @apprseciomet2es y
74-fol d) conpared to untreated and vehicle controls. The hi ghest K10
downr egul ati on was observed with tazarotene nicotinatc, keto 5tazarotenic
aci d, andHeodppandtc®4sq 14Kl 0 ckprebodmd)n the suprakesahtiayers] 3nd K 3hcrease notkK19

% D38 [ . . ber
rreat mentChrp Ao 3ol i R]L RLELI AR o RONSah G HBIERY BldifletpOr
21, all tlazsvlgrensceed iwith fagaotangutigerotensiynrdate apd theptraaeiotcae i metallites 3

(appr oxi npdrel ymiltdStd Modd o IMRAORAC rddht EPRREANZFNMNEN I §r&QdnE OfugtherT NE
s ohserved with conpound 24 (23-fold), kcto

hi ghe%t K13, 10 prleguLatl on WGa[

t azar ot erfivideaes tat thRy haNFdeBug/d eeh ot ene (20-fol d), conpound 23 and
conmpound 27 (Ebﬁg‘fv'ﬁigdhe hmgu::ilfbraﬁle(sﬁ&i-yf gglds) exp?;ﬂ@ioﬁ@ﬂ@@lg@ﬁor%l({,b K zﬁidg) :
Keratin K19) i ot .par expressed in human epi derm s .but ks _known
fo be uprbgti iy du TPy 0P okt PR SREF erlgls RGOS ittt eyt st e
wi t h ret ioxpiadgion \fitofled Sverh eomsistept wisin hastologieploolsdrve8oand Thergpeand 31to al |
other taz teene i I d i O f.] i

(appr oxi n@?glﬁgz%d%?{ *e&ﬂ%@@?ﬁpﬁg@zﬁ %lgr%{r?tg we%%&e%{]gl#gpéi I C eécggbntg,{ltg%gs.
Tazarl@t erfdd puRatrals, wWibdnihsuprssdl crxempeurd taargisae dSRsih dvbirh stighwed

t he hi ghegfintbipedt@as dud &3 high4Bmbaddeviatibh aB0iddtidrS tikré d0&a I5a8€1500-fold

differentiation .mar that, is.nornally expressed in the 20 stratu

Or el o salaiEs ot e Moy aSidit:attd sPURs SamOMER 40 DHESey £ha ERElfoi ds.
Wth the eextep! iThorcofastdie® &2-edstiobhdorwofegtiarian of Ahagetie iz datetinokieteated
tazarote nd. 17, nd. 21 I

ot hor t o iuRRrRRed g  GRURGH M, CunERTRAM, L Phe FRLBRTBRNINIGH vl
downrlégultesainaent ofitlf itdzaxpggnicrbenTdnde pptiest cquvasial diie o ladygh ivaridolinr wgeneat i on

was obseryadrdMibhelaZ #lcateRoRistRhéMRES iltuk8 et alad hlaﬁgﬂﬁﬁo&% %%ufaltse@‘by
d (36-fol d) and 27 (23-101d).

25fol d), kcto tazarotcnic acid (36-fold) and compou
Based on aZ¥Rians bagpyfe assessnent of gene expression profiles (Table 12),

the top 5 tazaeotsilts gethasatsurs pfovideC aRRUBHJAte hanmpouRtend3 taestmeund

11, compqund 29 0 und . n summar the.retinoid activity of a
vari ety JEngaen il n SRR st G AR S b drAE ek IR B s easent by &
bi om@0kers (Keratins 4, 10, 13, 19 and Filaggrin). The respective conpounds

had uni Que. Gl £ REARBLOMLAT udodANDG,E he compounds tested, 13
derivati ) n tazarotenc. 35 WO
2011/ 009023PEeT sud? 010/ oudpctsd By apgridcadly Sabitstd theyrebnoid etividy o dazseaioiisat e

and tazar&]g@(ga@e,@itsﬁgtaiuﬁtﬁ{aﬁHefhttﬁlbaw?%a@rg%@j benzgyl per 0;<i de - T_hg
reaction o | azar ot enc, a otenc enzoat e, yar oxy azar cni acCl

and t azar ot edt i CUp iveke @uwh%%?é%w% é@ﬁlﬁéﬁé}-i d—gﬂém S?Weg@%‘%g%reous
sol ut25onswaibplates AP NI HIRS0IBC,ccll9avil aadpaibitdd goralhds at 37°C/3Mwdigy dual

| uti d t i,mat el . [ i
2cct ont ¢ o o Rogifls 8 TR U O RpPe R B AR T R (&M g
equal vollMS® OO mbenl ewrk)s vlaskiddel nid boreantegionai Paigany. 4@ ngiherdls sefeut i on
of DenzoylgPRtPXdifientRiM of 8.AE! ORI iSnt'8 8 mb it sB¥ YAUHER)n pLigHET Ore,

the reaction solution containe %Qr oxl mately y m% ) e test
conpound @HaresecBRCURasd der 48 BOUS 8 1 “Ex ey iyl aldhgirculatiop peded.idiewdame
rati goas raeddi QFHdColIcORE indi U Piabilfty 3%AT REE RS RANELIBY B Titef Gl UL Kf t he

reacti on solutions were stor t varjous.t e res, protect from
ot O™ (Porsd G oenasions ol L bt it WoE Bl ot Bpoagiged Bt

sol uti on det vdbilikz. Wi th a diluent (acctonitrile: water in a ratio of 1:1 by

vol une) and st ori t I i 5 e L S .t at 5C
for storage. SIT[ﬁplf I?’%_’é]t‘{eh%% EW@ %?lé%grlg%a%@dggfonet%%i t?rar'eﬁgillocgllvtﬁ{l(ﬂ{f ﬁ?lle_ee at
t he st ar tnugfeat iansceipton dagtomniiPtlhe Reaseifls, ssugkras tastmoay ede tkagenhter inhiit

genersat e & 3idighGorVH AIB-1 via retinSRMRI G 4§ anal yzed on a Waters Acquity
UPLC with a Waters Xevo T u an ES1 source in the positive node

\ Sl ng. .
control | ed by hwgsdekstw%shébPMﬁai@ucgtbﬂsé paleate wassigrifisasby desegrsee tsi ng
an Acquity BEH C8 UPLC colum (1.7 p.mparticle size, 2.1 x 50 mm at 45C.
The nobi |l e phase consisted of water andsacetonitrilc, each containing 0.1%
formc acid. Aflowrate of 0.4 mimn was used The results arc set out in
Fi gures 24A, 24B and 24C. Significantly, at all three tenperatures,
t azar ot ene benzoate and tazarotene nicotinatc 25 were in the order of 25
tinmes |l ess reactive than tazarotenc and hydroxy tazarotenic acid (with
BPO . The rate of reaction of each of the test conpounds with BPO was found
to be a function of tenperature. The rate of reaction increased roughly by
a factor of 5 at roomtenperature conpared to 5C and i ncreased a further
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30t azarotene nicotinatc appear to be simlar at all tenperatures. WO
2011/ 009023PCT/ US2010/ 042225 Exanple 10 - Synthesis of tazarotene

deri vati W&® 2011/009023The i nvention wi Il now be descri bed PpgTrst@osnresto the
foll owi ng exanples which arc nerely illustrative and arc not to be
construed as a limtation of the scope of the present invention. All

t enper at uuésreartecagridventhi tazategne dsnzeant, i gdades sabilar tol thentsular ebtéihedfiest

avai | abl &y Bifc 1 RBG A eSS AR g HDARK AN Al agndi ti ons Tn an A

at nosphere cessar revi at | ons
4- (Di rret hyl apﬁsmylpythmurﬁ@ﬂtsm@w%furalepnﬂééncé%hmé@@airmnquzo@p &hs sYtigaist hane
m CPBA:  3fhirpohensemacar boper oxoi ¢ aci d DM N, N-Di net hyl f or mam de Fnoc:
Fl UOI’%[’]W met hyl oxycar bonyl dppf: | ,1"-Bis(di phenyl phosphi no)- ferrocene
NI S: | odosucci ni m de DVMSO Di net hyl sul f oxi de HATU:
49- ( 7- Azabhenmds § i-St‘a(b[lrtilﬂﬂfh)zarofénblbbhjowelh(bla’sﬁm?t hyl uroni um
hexaf | uor ophgsp e D P N-Di i so | et
0= Bonzotr  azar: RTURRCRRECHeS Lokl poPt En MinTuly PES iz hetravesc
differ enttaailrotsmawhﬁongiecaad dxmarmetneyn h@@m add ty gbxypbevizetudicdz ol e hydr ate
Et OAc: Ethyl TAZSbRLE 'JaE otehé %8{1]’9)9 gh 3%%‘[%1@% bate Were 1acubated at room

car

- (3- Di_met hyl am nopr opy Lrm roch ori
10  temperature with hurnan and rat plasrna The 1ncubat10n was carried out in duplicate and

samples were taken at specific time points for stability analyses (i) rat samples (0 hour, 2

hours and 4 hours) and (ii) human samples (0 hour, 2 hours, 4 hours and 8 hours).
Samples were analyzed by LC-MS/MS.

The study demonstrates that in rat plasma, tazarotene, tazarotene sulfoxide and

15  tazarotene benzoate showed rapid degradation, with 75-100% loss in 2 hours (Table 4 and

Figure 9). In human plasma, the rate of degradation of tazarotene, tazarotene sulfoxide

and tazarotene benzoate was significantly slower, with < 10% loss at 2 hours and < 15%

loss by 8 hours (Table 5 and Figure 10). The degradation products were the corresponding

ester hydrolysis products of each compound tested.

20

Table 4

Tazarotene (ng/mL) 16.4 <LOD <LOD
Tazarotene sulfoxide (ng/mL) 34.1 <LOD <LOD
Tazarotene benzoate (ng/mL) 59.8 15.0 2.29
Table 5

Tazarotene (ng/mL) 17.1 17.1 16.6 17.5
Tazarotene sulfoxide (ng/mL) 36.2 34.0 32.2 31.9
Tazarotene benzoate (ng/mL) 52.0 52.0 50.0 45.8
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THF: Tetrahydrofuran TFA: Trifl uoroacetic anhydride nol: noles TEA
Triethylamne VCD: Vibrational Crcular Dichro smanalysis M nolar nmol:
m | i nol cwo 20/@09m@3/ 009023PCT/ US2010/ 042225 L: |iters sacu/ussavuosreed ni:
mlliliters eq: equivalents g: granms mn: mnutes ng: mlligrans np:
melting point h: hours rt: roomtenperature Ag: aqueous NWP =

1- met hy| -Exapple di i-dMuatelisiGe né rtatargens ethaaretchor sulfoaidor eépaaretnionand aci d

chlori des[azaroten lz Ateﬁmhgr.&@n AUleu Hillj\(]I glll%ﬁtr@? S added to a solution of
mﬁ%ﬂﬂrﬁ%ﬁ (,DCM

car boxyl i while stirring,
al ong with aTdatmartpbolic siebiiy obftazaotanhydraaisnelisvtoxigr, fartanicdecidDNm) . The

resul t antt, 50btdhd Shz¥&S id Bkl %@é@&ceaéf Iﬁﬁlﬁnfli%r 1%1&?6&!65&5 wERBtugRIqut i on was
cool e t he | vent rem)veé) under vacuum. the excess ox alé chl ori de

removed usi ngIPBIG SHETOSaRAl Feastipnss mefeaﬁﬁmaé. Pty BrGraeenfiEyes dubSsh Med i n
DCM and suhsemiganidnyr. udechai dikcre@icssofr@s IBE io®n.0 mg/ml protein), Test Article (1 or

10 uM), paraoxon (0, 10 or 100 uM), NADPH regenerating system (10 mM glucose-6-
phosphate, 1 unit/ml glucose-6-phosphate dehydrogenase, 1 mM NADP"), magnesium
chloride (5 mM) in 0.1 M potassium phosphate buffer, pH 7.4 were incubated at 37°C in a

10  shaking water bath. Reactions were initiated with the addition of substrate with the

exception of the zero-time incubations. The total reaction volume was 0.2 ml. The
reactions were incubated for 15, 30, 45 or 60 minutes, terminated with 0.2 ml ice-cold
acetonitrile and then placed on ice. For zero-time incubations, ice cold acetonitrile was
added to the mixture containing microsomes, along with NADPH regenerating system,

15  magnesium chloride in phosphate buffer and the Test Article. Each time point was carried
out in triplicate.

Disappearance of Test Article and formation of metabolites following in vitro
metabolism were determined by LC-MS/MS using multiple reaction monitoring.
LightSight® software (Applied Biosystems, Foster City, CA) was used to generate the

20  mass spectrometry methods and carry out the data mining.

Control incubations were carried out with the identical incubation procedures as
described above with the following exceptions. In negative control reactions, microsomes
were not included. Positive control incubations for liver microsomes included an
assessment of the microsomal stability of 7-ethoxycoumarin, which is quickly metabolized

25 by CYPs in liver microsomal incubations of laboratory animals and humans. Duplicate
reactions with an initial concentration of 10 uM were incubated for 0 or 30 minutes.

Microsomal metabolic stability of 7-ethoxycoumarin was determined by LC-MS/MS.
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25 room tenperature for 18 hours. The reaction was then concentrated under
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t hen sepdrigired4. and t he aqueous | ayer was extracted with DCM (2 x 100 niL
aliquots). 30 The organic fractions were pooled, dried over Na2SO4,
filtered, and concentrated under reduced pressure. The crude sul f oxi de
product was then chromatographed using a DCM Et OAc sol vent system Yield:

9.00 g (86%. -LH NWR (400 MHz, CDCl11l) 6 ppm 1.34 (s, 3 H, 1.43 (t, J =
7.1 Hz, 3 H, 1.47 (s, 3 H), 1.91 (ddd, J = 15.1, 8.9, 2.3 Hz, 1 H), 2.45
(ddd, J = 15.1, 10.3, 2.4 Hz, 1 H), 3.04 -3.29 42 WO

2011/ 009023PCT/ US2010/ 042225 (m 2 H), 4.44 (q, .1 =7.1 Hz, 2 H), 7.58
(dd, .1 =8.1, 1.6 Hz, 1 H, 7.63 (dd, .1 =8.2, 0.7 Hz, 1 H), 7.71 (d, .1
=1.6 Hz, 1 H, 7.78 (d, J =81 Hz, 1 H, 832 (dd, .1 =8.2, 2.2 Hz, 1
H, 9.22 (dd, J= 2.1, 0.7 Hz, 1 H. M5 (ESI+) 368.0.

6- ( 2- Acet oxy- 4, 4-di t net hyl t hi nchroman- 6-yl et hynyOni catinic acid ethyl ester
5A solution of the above sulfoxide (9.00 g, 24.5 nmmol) in acetic anhydride
(185 nL) was heated to 130C for 5 hours, then concentrated under reduced

procedure, with toluene added to aid evaporation of the acetic anhydride.
The crude acetate was then chromatographed on a silica plug using a
hept ane: Et 0Ac sol vent system Yield: 8.47 g (84%.
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20J=8.15, 2.10 Hz, 1H), 9.17 (d, J=1.56 Hz, 1H) Conpound 14 - Et hyl

6- [ (2- hydr oxy- 4, 4-di net hyl t hi ochr oman- 6-yl ) et hynyl ] pyri di ne3-car boxyl at e
(hydr oxy wezarigweee) Hydrol ysis of conmpound 17 with sodiPamiuseérosnixes i n
refluxing THF gave a m xture 25 of the title conpound, along w th conpound
10. The title conpound was obtained (51% by colum chromat ogr aphic

puri fi catTabte 10— Metabodismivd tavervigel lenzoatpertiydiey tandoteniopokind 10 (t he

hydr oxy
J=7.13

(dd,

J=13. 47, )
5.48 (dtf 3=13.65 a4 ay o ldNGilegmier | glg Db il Coseetigtion 1 308" 10,
1.56 Hz,| 1H), 7.53 (d, J+8 20 Hz, [lt)aod 57 (d. |I=1 46 Hz, Wdos 8, 24 (|dd,
J=8.15, 2. , 1 9.15 (d, J=1.56 Hz, | 1H) 3% )
Comoundis. 8RS (3HFSRY dr oxeT | 4 o bt y PRI BiRSG)

ypet hynyll | Mewtmi ni dma@ing | et hiyhzosstler acid T@lygcol i bengepd|(4ad g, | Mot
mol e) and tcgzlgd;le-tebut yl dj met hyl chlorasidane (Lol 0, 0. QL2 nmol g)ymer e g d,ilrred
in 40 nm of dry DW. I|m dazole (15.62 g, D.23 nmpl) was added to the 5

m xture |[attdh A ed dhden ni 2P-dgen fYr718| h8drs| Theritxt ur & Was pshtred
i nto deiljoni zed wat er 3gappr oxisaet elly 2% nlL)s2and|ext racted |W s, di egotay
ether (3 x 100 ni|aliquots). The grganic fractions were conbi ned,| washed
with satlurated Nakcod) difi ed 'dU&r MyS&, and Concent Pat’ed |i m4cu®’td |gi ve
an oil. |Further dnyimg under oisygh |[vasuum prioviedeéd 10552%Q (| 9199%o0f | t4he

bi s-silyl at‘g.glo | ycol ioc aci d alﬁ(%%ad\/\hi @@Iso i 0% 10The PJO(?' si|ly 'O%edowo%ﬁm iC
e

acid was| di ssdlved in 125 nL 0 rly cpntar'ning severall drops . A
sol uti on ofNADBHA i dxal yl chli-&i de {E%8 mmivkes, 4. 587@gui val @Ats) % |added
drop w se under niltraqgen|for ,20, minujgs. [Thg g xturey,was stihned fQr.4
hours at| anbi ent tenperafure, then concenftrated|under vacuumto renove the
vol atiles (unreacted*xalyl dRlorildedto gi&te*t he cride aci d*éhl of Hde
(tert-butyldi methyl - «d5sill yl @%w, gllycaliic pcizd,chl ori gde), as asiyel | owsai|l .
A sol ution of Ethyl

6- [ (2- hydr oxy- 4, 4-di net hyl t hi ochr oman- 6- ypet hynyl ] pyri di ne3- car boxyl at e
(hydr oxy t azdihotsturly) d¢drd@Gtragd thatnmmiretpie,itazap@hhd sulfoXidd, tazacotetie mper atdur e
was prep ] ungs i t .t he
above acﬁ%&g tﬁ%%]?g{go?t%}g&ﬁéﬁ ai%ﬁ%%s, a{f @V%qﬁd{c\g%ﬁglre\? S)rgg%ggl %’gﬁ)éggggéﬁ ow y
at rodm Julipeaddebaeunaior mpebefiomaiwayaas stirred at anbi ent tenperature for
17 hours aft gip Jiirfind thERoelc lWENVRCABA! i ThSalIMRMES EARERL, 228 RAMRY il BRide,The

m xture was diluted, with DCM (50 rrL%? and, ﬂﬁ’Shed with H0 (15, gt) f ol.| owed
by sat ur dtedOREFCERd (Al MZRrLeRe BER4RELcs JRBIDTINR. SIS oG CRTicdy Y WEY! dr i ed
over Na2S$égoxbnld potedt iahibitcooCehidrakadictBeaimchiding catbsdylegteddsesl Paraoxon

i nterrredihehtﬁ e omat ography on silica gel eluting with an ethyl acetate-
25hept anes gr% ient gave 300 ng of purified product. The silyl ated

i nt erlfedi(at e tavamtelicgscthbddni to tFadFotéric ptijl imhdmai By éraniagisdme®. 5 nl) The

SUi i ng () XUk RouRSulibERl fibalolitin AT RORrd ity slifIRIa) raRdn fiLr Ted for 1
hour at anbi ent tenperature. The crude reaction mxture was concentrated to
an oi | . The @RFrofREct pedt ed with hept anes (5 nL) and kept cold 4 O

over ni ght(ij) ThezafR&id BenbBehts Rlctaolas tQydrbky tLaRemNsbiNas hedaMil & ngpkanes to
give 130 mg (299 of conpound 15 as a white translucent solid. 111 NWR
(400 MHz, CHC -d) 51.36 - 1.51 (m 11H), 2.10 - 2.29 (m 2H), 2.35
(t, J35. Garddxon Ui nodinRibit(tle mbtbobemHdf, taz2k)tenid ad8id to tdzabflefimacidHulfosidd6 ( dd,
J=6. 59, 1 Y/ J=8,.10 Hz, 1H), 7.36 (dd, J=8.10, 1.56 Hz,
1H. 7. 53‘%&?%fﬁygb!‘_‘qﬁlfdo%’i}be@"?@é%“flﬁg J=1.46 Hz, 1H), 8.29 (dd, J=8.15,
2.10 Hz, 1H) Ingll21hqsd regudts sippeit a tefclusionCihmp sotisthsdbare mspyisible for ester

642- (24( %fg??dl?&%M%%rb!ﬂ%{%éﬁﬁz'afbt@ﬁedéu%&f% lh P EQEIERIBRA R5aYel)

5et hynyl ] 1. di ne- 3-car boxyl ate , , ,
Human liver microsomes metabolized 7-cthoxycoumarin as expected, confirming

20  satisfactory incubation conditions for the metabolic stability assay.

Among the metabolites detected, three were identified as tazarotenic acid benzoate
32



Et hyl

6- [ (2- hydr oxy- 4, 4-di net hyl t hi ochr oman- 6- yeet hynyl ] pyri di ne- 3- car boxyl at e
(hydr oxy weazarigwese) was reacted with net hoxyacetyl chl eciras2émw/oDeks/ TEA
at roomtenperature. The crude product was purified by colum

chromat ography to give the desired conmpound. 10 11-1 NWVR (400 MHz,
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J 1 37 Hzte Pﬁe g1 H‘&acﬁmé“%e 2 10 Hz, 1H), 9.21 (d, J=1.56 Hz, 1H) 5

Conpaind 19 Humtdmuskibmic2esoRief dadbeeah qubfmydmd f@d’ﬂrel'tinmﬁh;d tetfecimeoman- 6- y1)

et hynyl | g%é&%@&fﬁgﬁaéﬁﬁﬁ%{lﬁ (g"(l:l% rnetaboﬁ éactl it l]urnan s(l§1n rmc 0some
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(hydroxy taz uh@tt@mtemd@nzmwﬂlmww tazagpigyic a@hﬂ r@ﬁiﬂ@éltﬁ ﬁormsmratwnEA at room

t enper at e {[g}glfféa Q@_WM{; was purified by colum chromatography to
give the 10 S|re conp

-1 NMR (400 , 5 0.88 (d,
J=13.71 He, TGSG‘ dtgﬂ)whl Ggghotons azpsf W&ﬂ)‘netw w 9‘? gpgnan g A (s,
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pyri dione-Bragidoxyl at e

The retinoid activity of tazarotene, tazarotene benzoate, hydroxy tazarotenic acid,

keto tazarotenic acid, keto tazarotene and a number of analogues of tazarotene benzoate

were evaluated using the following methodology. The compounds are set out in Table 11.
Reconstructed human epidermis (RHE) tissues were cultured in-house as previously

35  described by Poumay et al. Briefly, polycarbonate culture inserts (12 mm diameter and

0.4 um pore size, Millipore) were filled with 150 uL of a suspension containing
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Hz, i), @gﬁlit@ﬁjuﬁ)&trﬁe@tﬁlentzwﬂtﬁ rEnoiddd) All%adotele ddiiatidBs Elused Klgnificant
Compound

642- (2- (mpawéﬁawosz@m (Bongi Wkt ROTRIAY SemPatedntos peates, gy vehicle controls.

Tazarotene, keto tazarotene, compound 17, compound 25 and compound 28 showed the
highest increase (from 103 to 180-fold). Compound 21 and compound 19 showed the
lowest upregulation with 11 and 19-fold, respectively.

35 Keratin 10 (K10) is an early differentiation marker that is normally expressed in

the suprabasal layers of the viable epidermis, but is known to be downregulated upon
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5pyri di ne- 3-car boxyl at e Et hyl

6- [ (2- hydr oxy- 4, 4-di net hyl t hi ochr oman- 6- ypet hynyl ] pyri di ne- 3- car boxyl at e
(hydr oxy weazarigwese) was reacted with propionyl chlori decCrruspamowizeh TEA as
a base at roomtenperature. The crude product was purified by colum
chromat ography to give the desired conmpound. 10 11-1 NWVR (400 MHz,

CHL OROFORMatther8 whithliRtifvids.J Witl ez ceptidn, of th88-endntidm¢rmf tdZa)ten2bdzoftd,

J=6. 74 1 2

127,13 £ 8% %‘";(ég%mﬂ%lﬁlg LB ol arifpd Bl Ralfey ity

7.34 (dd,doyergeauintion. o6 K9, (apppoximatsly 74-faldl comppied toHyntreptesis ayd velicle 46
Hz, 1H), Bn#8is( ¥k hi ést&(ﬂﬂdm%nr%éulhﬁon Wal) obstrécH Wwilh tdatotdR Héetinkkd, KeMPOUNd

§F| et ;2%?4%‘;}?@8 ﬁlg a édroxz}li?gﬁz?é%g%go AS 4- di met hyl t hi ochr oman- 6-

6;1(3 hydr oxy-I@erdtirdﬂerKm)l i mbOﬁdsm‘:amlprexﬁrey@atlhl)hmmah&prdednm&ru&szlardmxmlt&t e 20

rox taza | C _acCl n

The 1 ons R P, et G SE s sHiso ot HeoreSpfioh o Waip a6, 4P

i npurity. coilﬁpeunkésllr, edl pazdetene wasivabiteai craided/iaa srgnifu:tant olmrqguhatlogr afpiyl3 NVR
400 MHz

(2 iy 2( gﬁb Qé fﬁg}co"ﬁ} a(rEdz to]&gt %?bd%g Jéﬂ)cga éon"cF'%ls( SThd lﬁ)g?es]t 1@1%37( .
Hz, 4P), wregn 1011 W"*% @iemﬁd vz1ﬂ|) coelpvgnd 2. 3-{ohd), o t@zaggelpe acytha@o Hz,
2H) 7. 1Q1y(i§bx tllz-zﬁo‘éeﬁe |(ZO fcalﬂ 1CO é@én(( dd, an&-c%nﬂp@uncl 237(lb|2fold3 H)o dlyouﬂ@ A8s,

2H) 757 (d, J117Hz 7.96,

1.32 Hz 01‘% a5 C?la‘aoun“ﬁﬂ%clié‘o 05 Hz, 9.18 ( d. J 1 37 H,z 2H) ,
10. 53 S, 1 Hferafh 19 (K19) is not normally expressed n hurnan epidermis but is known to be

Conpound Lﬁ) %&E&f&? 1n[ ﬁ {h% \(1 lﬁe ﬁ?fgi/ dcng[BXr ﬁ é‘mxl ﬁgﬁ t?r%?%{e%%( %th%éélﬁlgs With

di met hyl t roman- -
64(2 lﬁydrtb&yxaw:pﬂmdpfmrhmumﬁ|l8@hd@mm0@lq/21 @ﬂm}lrrgrltqq@wmh dﬁéwatlqua@scyll aat e

(hydr OXY %%l%ﬁéa% %?ﬂ‘?ul@(ﬁ%n Baciehp ?H bty QfHqurfB r&%p‘hrefda{obﬁrﬁ}’éat&ihi&“ de

oomte eratu The “cr ude 2}1 duct vvas UI‘I lmq’\z/
coI um ch‘i’eé}?h@t HPHRbhy %Z@,rog@% CPMBOYKs] @am@%% ompeynd 2 ﬂmﬂé e@@eo
g‘:{)l-mz g?%iﬁbv@dﬂleaﬁghesﬂln%aédel&&Bﬁfola) 69 - 1.92 (m 5H), 2.04 '1]2- ig (m
t

2.88 Hz, Fllilggfrin (1%] a%’[?e_s]; I_‘g)fgdll_@renélﬁblon énafger th%t%n?rmaﬂ'lgﬂﬁxpfefse% 1n( ahe

. 7=8.200 I-ler,atu.’iInganmo%ﬁm(dﬁﬂ, 1S. Hmﬁvnl&b b . dbGvnirtzgulatéd ppdn HiGathebnt withS8retidoidz, 1H)

1,62, (9. dah Rl it 20ty o B0l e ot® olflogll- 37
i et by hy! i BORPaTE-T209mpindedngid traxenise |2éa41bot2@mzarotene Q2vatives caused

6- [ (2- hydr gpspifttaft G- DERI-Rd) BoWacHalefi& o8 -MBSLRY NYht MERLL MeeBofanR at e
10 (hydroxy ta r ot ene) vvas reacfed with nnnonetfzﬁﬂg%ll poyl chloride in DCM

| TEA at 9o356Wsauiationr Wy phservedewit l}a@r%?%a@?%@ée De Fomporns} gni6-
chr ormat ogbﬁlphgetd fzgokaid el Gesforddnd oompound. 271R3MM3).( 400 MHz, CHLOROFORM cO

5 1.40 (d, 16,40 Hz
> 1.0, (0 0 00 Bl ade G op B &Gk 1 9, 1D, o
3H) , 4. 40a2(aqoten]¢d’erﬂs®tlm ar@Hpompoubd Y4d dompaim@l. 239 coBp@ihdHzl,, cdilpound, Z97an(dd,
810'%)ﬂ1f%§%d1 31(dd J=8.10, 1.56 Hz, 1H), 7.55 (d, J=8.20 Hz, lH)

761(d 8.26 (dd, J=8.10, 2.15 Hz, 1H),917(dJ
Hz, 1H) 2000&90%@2%, tb@[rstv(u@ heskiysr Doy VISHY | ofi #azarojence mejabplies - and4

30  derivatives were assessed by 5 biomarkers (Keratins 4, 10, 13, 19 and Filaggrin). The

respective compounds had unique expression profiles. In ranking the compounds tested,

13 derivatives were found to be more active than tazarotene.
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di met hyl t hi ochr oman-2-y1 9-net hyl nonanedi oat e Et hyl

6- [ (2- hydr oxy- 4, 4-di net hyl t hi ochr oman- 6- ypet hynyl ] pyri di ne- 3- car boxyl at e
(hydr oxy weazarigweee) was reacted with nononet hyl azel at @Cthisesiode22e:r DCM /
TEA at roomtenperature. The crude product was purified by col um

chromat ography to give the 25 desired conmpound. 11-1 NWVR (400 MHz,

CHL O?G:O%ﬁaﬁ@ﬂie 9 —Salfilnty.of $azarotdiid)bendoaBOanditaZ@otene nitdtate ih th8 presdnc@df ( m

2. 15oe§1 Qigh4 Hz, 2H), 2.17 (d, J=5.17 Hz, 1H), 2.26 - 2.46 (m
7H) 35 5H), 4.44 (q, .7=7.13 Hz, 2H),622(dd J=6. 54, 537
Hz, d, 30J 7.34 (dd, .7=8.10, 1.56
(d, 7 8. 20 (e rfﬁﬁtlonﬂ%é?(t%?amjﬂ? 5 f—%enel H,Z%t.efzgy%%y t%za@t%c aﬁlja')l%}ldl—h
1H), 9. Zkaz(adotede‘ihlcéﬁnd-ﬂz ,willH)ii) benzoyl peroxide (BPO) in 30% aqueous solutions was

Conpo nd otlf:r{ I?g(i aG[ 3[5 %(%og{tgﬂlﬁgraf‘% Qﬁ)d% thyl -n-butyryl oxy) -4, 4-

di met i oenr oman- pyridi ne- 3- car boxyl ate Et hyl
6-[(2- hydr ox yindividugi svémtmls tOIﬁ c@x&lmoaimmnﬁwpﬁepmymd Phanireimatedy 635 ee(llat e

(hydroxy 15%&6%1%@&)%%6@?6 4 %g%ﬁﬁ'néﬁﬂ tﬁéa&m&% v%r@iﬁﬁét@@' b9%19 %ghﬂ WillfEd de
(fromVallne) S5to give rotected amno ester. e rotectlon

was faci 19ftthg gt whftwndwﬂa@% abprﬁémaa¢lﬁé2 fﬂg/mFSOAFtl‘?Ib‘éﬁ’r‘?%%é%’eéﬂ %(B
follows: in acetord@e:-Water el rtgx (vVoluah)! Vv artRpifsne, | the Tidkctivfs selddesl doddtdned

PR AR R A T B A IR AR
peri odi cakdightn@ri totiedsdnye taGoMs. a Atrodiemebetinarg 6f1 % heraidencearct ﬁ%nBPOI)e
reaction Mdﬁ?‘rkf&t}’f@?ea&?#{ s%%tlo% %e%&S{Tg%PQ%%E Egﬁ%ggtu}@sf]‘)b%g&gfﬁoﬁ (20Nt

al i quot s) rine d over

anhydr ous Naé@@atlorts(ymr@ ﬁp@@b@@lbﬁddutmg 3¢ pb@fithe rsacismpahition tpapintli zzvaiﬁluaon
system U%lﬁgnta(aéé%oﬂgllG%ﬁtE{j glgéaratl%%flllﬂ- b%?&xﬁ%?@n%m@ﬂr%% d9°Bin0. 92

(t, J=6 7% 35 - 1.59 12F%%] .97 -
2. 09 lém gy dlginrds gy (ornaté fOTSSt%rfg?d u@h@dtﬁi?arpﬁles me Pispaisd @ oadi? 0
HZ, tﬁne?@omt chﬁe% z(tnfhe Jshi}t of thkOrchétiond a8d kR Hsnltd Mere dvaddgdddtogdthés 0 Hz,

758 I’ate aI-iz 7.64 (d, J=1.27 Hz, 1H), 8.28 (dd, J=8.10,
2 05 Hz, of é‘séﬁgfﬁ 05— 1 56 Hz, 1H) 20 Table 11 esDcnptin ¢
Sarnples were analyzed on a Waters Acquity UPLC with a Waters Xevo TQMS

using an ESI source in the positive mode controlled by MassLynx V4.1 software.
20  Separations were performed using an Acquity BEH C8 UPLC column (1.7 um particle
size, 2.1 x 50 mm) at 45°C. The mobile phase consisted of water and acetonitrile, each
containing 0.1% formic acid. A flow rate of 0.4 mL/min was used.
The results are set out in Figures 24A, 24B and 24C.
Significantly, at all three temperatures, tazarotene benzoate and tazarotene nicotinate
25  were in the order of 25 times less reactive than tazarotene and hydroxy tazarotenic acid
(with BPO). The rate of reaction of each of the test compounds with BPO was found to be
a function of temperature. The rate of reaction increased roughly by a factor of 5 at room
temperature compared to 5°C and increased a further factor of approximately 3 when the
reaction temperature was increased to 35°C. The reaction rates of tazarotene benzoate and

30  tazarotene nicotinate appear to be similar at all temperatures.
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5 Tazarotene benzoate (S isoner) (S) - 64242- benzoyl oxy-4, 4-
di nmet hyl t hi ochroman-6- yfl ethynyOnicotinic acid, ethyl ester o os o 0"--
MN 471. 58WBuni1iop9n297. 0% 6 Tazar ot ene benzoate (R i somer PCTR)S2010047225 ( 2-
benzoyl oxy- 4, 4- di net hyl t hi ochroman- 6- ypet hynypni cotinic acid, ethyl ester
0. 0Os, 0----.., MNV471.58 Purity >97. 0%

Example 10 — Synthesis of tazarotene derivatives

The invention will now be described by reference to the following examples which
are merely illustrative and are not to be construed as a limitation of the scope of the
present invention. All temperatures are given in degrees centigrade, all solvents are

5 highest available purity and all reactions run under anhydrous conditions in an Ar

atmosphere where necessary.

List of Abbreviations

DMAP: 4-(Dimethylamino)pyridine SPE: Solid phase extraction

DCM: Dichloromethane m-CPBA: 3-Chlorobenzene-
carboperoxoic acid

DMF: N, N-Dimethylformamide Fmoc: Fluorenylmethyloxycarbonyl

dppf: 1,1’-Bis(diphenylphosphino)- NIS: N-lodosuccinimide

ferrocene

DMSO: Dimethylsulfoxide HATU: O-(7-Azabenzotriazol-1-yl)-
N,N,N’,N -tetramethyluronium
hexafluorophosphate

DIPEA: N,N-Diisopropylethylamine HBTU: O-Benzotriazol-1-yl-
N,N,N’,N -tetramethyluronium
hexafluorophosphate

DSC: differential scanning calorimetry HOBT: 1-Hydoxybenzotriazole
hydrate

EtOAc: Ethyl acetate IPA: isopropyl alcohol

EDC: 1-(3-Dimethylaminopropyl)-3- THF: Tetrahydrofuran

ethylcarbodiimide hydrochloride

TFA: Trifluoroacetic anhydride mol: moles

TEA: Triethylamine VCD: Vibrational Circular Dichroism
analysis

M: molar mmol: millimoles
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7 Tazarotene nicotinate 6-[ (4, 4-Di nethyl-2-(pyridine-3-carbonyl oxy)

t hi ochroman-6- yflethynyl]nicotinic acid ethyl ester NO"."""-- - 11,.. .,4
00 S 110 WO 2p11$0232. 57 Purity 94. 0% 8 Tazar ot ene ni cot PORAS2¢1®0R0Er )
S-6-[(4,4-Di nethyl-2- (pyridine-3-carbonyl oxy) thiochroman-6-

yf | et hymyrriecoti-niec—actdethyl—ester o—6—MAM472- 56 Purity95. 0% 9
Tazar ot grie litersot i nate (R i sonmer) R-6-[ (4atd: &turetcdy 1- 2-
(pyridine-3-carbonyl oxy) thiochroman-64 yflethynyl]nicotinic acid fethyl
ester  QsmL: milliliters eq: equivalents

g: grams min: minutes

mg: milligrams mp: melting point

h: hours rt: room temperature

Aq: aqueous NMP = 1-methyl-2-pyrrolidinone

General procedure for the preparation of acid chlorides
Oxalyl chloride (4.0 equivalents) was added to a solution of carboxylic acid (1.0
equivalent) in dichloromethane (DCM) while stirring, along with a catalytic amount of
5  anhydrous dimethyl formamide (DMF). The resultant solution was refluxed at 40°C for 2
hours. The solution was cooled, the solvent removed under vacuum, the excess oxalyl
chloride removed using toluene, and the resultant acid chloride was redissolved in DCM

and subsequently used for ester formation.

10 General procedure for the preparation of esters from acid chlorides
The acid chloride (1.6 mmol) was added to a solution of compound 14 (0.5 mmol) in
DCM (5 mL) while stirring. Triethylamine (TEA) (2.7 mmol) was subsequently added
and the reaction mixture was stirred overnight. The progress of the reaction was monitored
by LC/MS. Upon completion of reaction, the reaction mixture was poured into water,
15  extracted with DCM (2 x 5 mL aliquots). The organic extracts were combined and washed
with water/brine and dried over anhydrous Na,SO4. The organic extract was concentrated
and the crude ester was purified with an ISCO cartridge in a Companion system using an

cthylacetate/heptanes solvent system (0-40%).

20  General procedure for the preparation of esters from the coupling of a carboxylic
acid and an alcohol (using EDC and HOBt)

N-(3-Dimethylaminopropyl)-N’-cthylcarbodiimide hydrochloride (EDC.HCl) (2.7

mmol) and HOBt (2.7 mmol) was added to a solution of the carboxylic acid (2.7 mmol) in

DCM (10mL), while stirring. TEA (5.4 mmol) was added, followed by compound 14 (an

25 alcohol). The reaction mixture was stirred overnight at room temperature. Upon

completion of the reaction (determined by LC/MS), the mixture was poured into water (20

mL), the organic phase removed and the aqueous phase extracted with DCM (10 mL).
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No "....

MN 472.56 Purity 95. 0% escnpti ¢ Not es 10 Hydr oxy

tazarotenic acid 6-((2-hydroxy-4,4- dinmethylthiochroman-6-
yl )yethynyl)nicotinic acid 110 HOS ID OH MW 339.42 Purity 99.3% 11

Keto tazarotenic acid 64(4,4-dinmethyl-2- oxothi ochroman- 6-
yl ) et hy nyTl)en(Pi'@?ﬁlP hPEMplpse was washed with brine and dried over anhydrous Na;SO, to

10

15

20

25

30

35

give the crude ester.

The molecular weight of the metabolites and analogues as determined by mass
spectrometry is listed in Table 11.

Analysis of the metabolites and analogues was also conducted using 'H NMR
spectroscopy at 400 MHz (Varian), with the samples dissolved in deuterated chloroform or
deuterated DMSO.

Compound 4 - 6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl)ethynylnicotinic

acid, ethyl ester (tazarotene benzoate)

Triethylamine (0.75mL) was added to a cooled (0°C) solution of compound 14
(0.551 g, 1.5 mmel) in DCM (15mL) under nitrogen, followed by the addition of benzoyl
chloride (0.281 g, 2.0 mmol) in DCM (3 mL). The mixture was stirred for 1 hour at room
temperature and then diluted with DCM (50 mL) and then treated with saturated NaHCO;
solution, followed by water (30 mL) and brine (30 mL). The organic phase was extracted,
dried over anhydrous Na,SO4, concentrated and purified using column chromatography
(20% EtOAc/Heptanes) to obtain a colorless solid. Yield: 0.700g (99%).

1H NMR (400 MHz, CHLOROFORM-d) d 1.43 (t, I=7.08 Hz, 3H), 1.49 (s, 3 H), 1.56 (s,
3H), 2.32 (br. s., 1H), 2.33 (d, J=1.66 Hz, 1H), 4.44 (q, J=7.13 Hz, 2H), 6.49 (t, J=5.52
Hz, 1H), 7.13 (d, J=8.10 Hz, 1H), 7.35 (d, J=0.88 Hz, 1H), 7.46 (t, ]=7.71 Hz, 2H), 7.59
(d, J=7.91 Hz, 2H), 7.69 (s, 1H), 8.05 (d, J=7.52 Hz, 2H), 8.29 (dd, J=8.15, 1.81 Hz,
1H), 9.21 (s, 1H)

Compounds 5 and 6 — (5)-6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl)ethynyl)
nicotinic acid, ethyl ester and (R)-6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl)

ethynylinicotinic acid, ethyl ester (enantiomers of tazarotene benzoate)

The S and R enantiomers of compound 4 (100 mg) were separated by HPLC using
a chiral ADH column with a 10-50% gradient of isopropyl alcohol / water. UV
absorbance was monitored at 340 nm. 33 mg and 27 mg of the respective enantiomers
were obtained in > 97% purity.

The stereochemistry of the enantiomers was determined using Ab Initio Vibrational
Circular Dichroism (VCD) analysis.

Compound 7 -  6-[(4,4-Dimethyl-2-(pyridine-3-carbonyloxy)thiochroman-6-

vl)ethynyl] nicotinic acid ethyl ester (tazarotene nicotinate)
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0 s SO o OH MN337.40 Purity 87.0% 12 Keto tazarotene Ethyl
6- ((4, 4-di net hyl 2- oxot hi ochroman-6- yl)ethynyl)nicotinate SI 0S MV
406. 00 Purity 99.0% 13 Ethyl 6-[2-(2- pal mtoyl oxy-4, 4-

di met hyl t hi ochr oman- 6- _yfl et hynyl ] pyri di ne-3- carboxylate 1S cH3(CHA
N MW 505 89, PenEomat Komromnth G & 4 inoRandsyt (100 L) was chilled o
6- [ ( 2- hy iy whted batlli to®P Oyihehichahed v -TEA Y088 by YU Ik pyr3.6linhes1Band then

car boxyl anti(%tinoyl chloride hydrochloride (605 mg, 3.40 mmol) was added. The reaction was then
allowed to warm to room temperature and stirred for 18 hours. The reaction was diluted
5  with DCM (200 mL}) and washed with water (2 x 200 mL aliquots). The aqueous washes
were then pooled and back-extracted with DCM (2 x 100 mL). The organic fractions were
then pooled, dried over Na;SQy, filtered and concentrated under reduced pressure. The
crude product was chromatographed on a silica column using a heptane:EtOAc solvent
system. Yield: 968 mg (75%).
10
'H NMR (400 MHz, CHLOROFORM-d) & ppm 1.43 (t, J = 7.1 Hz, 3 H), 1.49 (s, 3 H),
1.56 (5,3 H),2.33(d, J=5.6 Hz, 2 H), 444 (q, /= 7.1 Hz, 2 H), 6.51 {t, /= 5.6 Hz, 1 H),
713 (d,/=8.2Hz, 1 H), 7.37 (dd, /= 8.1, 1.8§ Hz, 1 H), 7.41 (ddd, /= 8.0, 4.9, 0.8 Hz, 1
H), 759 (dd, /= 8.2, 0.8 Hz, 1 H), 7.69 (d, /= 1.7 Hz, 1 H), 8.22 - 8.36 (m, 2 H) 8.81 (dd,
15 J=4.9,1.7Hz, 1 H), 9.22 (ddd, /= 9.3, 2.1, 0.8 Hz, 2 H).

Compounds 8 and 9 - 6-[(4,4-Dimethyl-2-(pyridine-3-carbonyloxy)thiochroman-6-

ylethynyl]nicotinic acid ethyl ester (tazarotene nicotinate — S and R enantiomers)
The S and R enantiomers of compound 7 were separated by supercritical fluid
20 chromatography using an OJH column (10 x 250 mm at 10 ml/min) using 15% ethanol as
a modifier. UV absorbance was monitored at 254 nm. The respective enantiomers were
obtained in a purity of about 96%.
The stereochemistry of the enantiomers was determined using 45 Initio Vibrational
Circular Dichroism (VCD) analysis.

25
Compound 10 - 6-((2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl)nicotinic acid
(hydroxytazarotenic acid)
6-(4,4-Dimethyl-1-oxo-1A*-thiochroman-6-ylethynyl)nicotinic acid ethyl ester

30 A suspension of tazarotene (10.0 g, 28.5 mmol) in methanol (300 mL) was chilled

in an ice water bath to < 10°C, and then charged with the dropwise addition of a solution
of NalO4 (9.13 g, 42.7 mmol) in water (100 mL) over 30 minutes. The reaction was
allowed to warm to room temperature while stirring for 18 hours, and was then
concentrated under reduced pressure to remove as much methanol as possible. The
35  reaction was then diluted with DCM (500 mL) and water (150 mL). The two layers were
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..l. HO8 . I S1 MN367.47 Purity 98.4% 15 642424( 2-
Hydr oxyacetyl ) oxy) -4, 4- di met hyl t hi ochroman-6- yl)ethyny I Thicotinic acid
et hyl estw02011H®@@8& 1110 o 1 N MN425.50 Purity >99. 5¢CTASEAlnph22832424( 2-
nmet hoxyacetyl ) oxy) -4, 4- ethynyl | pyridi ne-3- carboxyl ate
SQdi net hyl t hi ochroman-6-y1) ...---

then separated, and the aqueous layer was extracted with DCM (2 x 100 mL aliquots).

The organic fractions were pooled, dried over Na,SO,, filtered, and concentrated under
reduced pressure. The crude sulfoxide product was then chromatographed using a
DCM:EtOAc solvent system. Yield: 9.00 g (86%).

5 'H NMR (400 MHz, CDCls) & ppm 1.34 (s, 3 H), 1.43 (t, J = 7.1 Hz, 3 H), 1.47 (s, 3 H),
1.91 (ddd, J=15.1, 8.9, 2.3 Hz, 1 H), 2.45 (ddd, J = 15.1, 10.3, 2.4 Hz, 1 H), 3.04 - 3.29
(m, 2 H), 4.44 (q, J = 7.1 Hz, 2 H), 7.58 (dd, J= 8.1, 1.6 Hz, 1 H), 7.63 (dd, J = 8.2, 0.7
Hz, 1 H), 7.71 (d, J= 1.6 Hz, 1 H), 7.78 (d, J = 8.1 Hz, 1 H), 8.32 (dd, /= 8.2, 2.2 Hz, 1
H),9.22 (dd, J=2.1,0.7 Hz, 1 H). MS (ESI+) 368.0.

10 6-(2-Acetoxy-4,4-dimethylthiochroman-6-ylethynyl)nicotinic acid ethyl ester

A solution of the above sulfoxide (9.00 g, 24.5 mmol) in acetic anhydride (185
mL) was heated to 130°C for 5 hours, then concentrated under reduced pressure, with
toluene added to aid evaporation of the acetic anhydride. The crude acetate was then
chromatographed on a silica plug using a heptane:EtOAc solvent system. Yield: 8.47 g

15 (84%).

'"H NMR (400 MHz, CDCls) & ppm 1.40 (s, 3 H), 143 (t, J= 7.2 Hz, 3 H), 1.46 (s, 3 H),

2.10 - 2.22 (m, 2 H), 2.11 (s, 3 H), 4.43 (¢, J = 7.1 Hz, 2 H), 6.22 (dd, J= 6.9, 5.2 Hz, 1

H), 7.11 (d, /= 8.1 Hz, 1 H), 7.34 (dd, /= 8.2, 1.8 Hz, 1 H), 7.58 (dd, J = 8.2, 0.8 Hz, 1

H), 7.64 (d, J= 1.7 Hz, 1 H), 8.29 (dd, /= 8.2, 2.2 Hz, 1 H), 9.20 (dd, /=22, 0.8 Hz, 1
20 H). MS (ESI+) 410.0.

6-((2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl)nicotinic acid

A suspension of the above acetate (3.00 g, 7.33 mmol) in ethanol (90 mL) was
charged with the dropwise addition of a solution of KOH (2.47 g, 44.0 mmol) in water (15
mL). Within 30 minutes the reaction became homogenous, and was then allowed to stir at
25 room temperature for 18 hours. The reaction was then concentrated under reduced
pressure, diluted with water (40 mL), and then treated with the dropwise addition of 1.0 N
HCI (33 mL) until a pH of ~5 was reached. The resulting yellow precipitate was filtered,
and the filter cake was then washed with water (40 mL) and heptane (40 mL), and then
dried under vacuum at 50°C for 18 hours. Yield: 1.95 g (78%).

30 'HNMR (400 MHz, DMSO-ds) 8 ppm 1.24 (s, 3 H), 1.42 (s, 3 H), 1.90 (dd, J = 13.5, 9.8
Hz, 1 H), 2.11 (dd, J = 13.5,4.2 Hz, 1 H), 5.43 (dd, /= 9.8, 4.2 Hz, 1 H), 7.11 (d, /= 8.2
Hz, 1 H), 7.32 (dd, /= 8.1, 1.8 Hz, | H), 7.62 (d, J= 1.8 Hz, 1 H), 7.72 (dd, J= 8.1, 0.7
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car boxyl awe 208/009023. - -' 110 MW 409.51 Purity 95.4% 18 PCT/US2010/042225
Et hyl 642- (2- (n-butyryl oxyl)- 4, 4-di net hyl t hi ochr oman-6-y1)
et hynyl ] pyri di ne- 3-car boxylate 0 0*- ,--N "---",50s
Hz, 1 H), 8.26 (dd, J = 8.1, 2.2 Hz, 1 H), 9.04 (dd, J = 2.2, 0.8 Hz, 1 H). MS (ESI+)

340.0.

Compound 11 - 6-((4,4-dimethyl-2-oxothiochroman-6-yl)ethynyl)nicotinic acid (keto

tazarotenic acid)

5 A suspension of compound 12 (1.28 g, 3.50 mmol) in ethanol (30 mL) was charged with
the dropwise addition of a solution of KOH (2.47 g, 44.0 mmol) in water (15 mL), and the
reaction was allowed to stir at room temperature for 18 hours. The reaction was then
concentrated under reduced pressure, diluted with water (20 mL), and then treated with the
dropwise addition of 1.0 N HCI until a pH of ~5 was reached. The resulting yellow

10 precipitate was filtered, and the filter cake was then washed with water (10 mL) and
heptane (10 mL), and then dried under vacuum at 50°C for 18 hours. Crude product (1.12
g) was then dissolved in DMSO and purified by reversed-phase HPLC using a
methanol:water gradient with 0.1% HCO,H present in both solvents. Yield: 26 mg
(2.2%).

15 'HNMR (400 MHz, DMSO-Dg) & ppm 1.35 (s, 6 H), 2.80 (s, 2 H), 7.37 (br. d, J=7.8 Hz,
1 H), 7.52 (br.d,J=7.8 Hz, 1 H), 7.65 — 7.80 (m, 2 H), 8.23 (br. d,/=7.2 Hz, 1 H), 9.01
(br. s, 1 H).

Compound 12 - ethyl 6-((4,4-dimethyl-2-oxothiochroman-6-yl)ethynyl)nicotinate

20  (keto tazarotene)

6-(4,4-Dimethyl-1-o0xo0-1A*-thiochroman-6-ylethynyl)nicotinic acid ethyl ester

A suspension of tazarotene (10.0 g, 28.5 mmol) in methanol (300 mL) was chilled

in an ice water bath to < 10°C, and then charged with the dropwise addition of a solution

25  of NalO4 (9.13 g, 42.7 mmol) in water (100 mL) over 30 minutes. The reaction was

allowed to warm to room temperature while stirring for 18 hours, and was then

concentrated under reduced pressure to remove as much methanol as possible. The

reaction was then diluted with DCM (500 mL) and water (150 mL). The two layers were

then separated, and the aqueous layer was extracted with DCM (2 x 100 mL aliquots).

30  The organic fractions were pooled, dried over Na,SQ,, filtered, and concentrated under

reduced pressure. The crude sulfoxide product was then chromatographed using a
DCM:EtOAc solvent system. Yield: 9.00 g (86%).

'H NMR (400 MHz, CDCls) & ppm 1.34 (s, 3 H), 1.43 (t, J= 7.1 Hz, 3 H), 1.47 (s, 3 H),
1.91 (ddd, /= 15.1, 8.9, 2.3 Hz, 1 H), 2.45 (ddd, /= 15.1, 10.3, 2.4 Hz, 1 H), 3.04 - 3.29
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MN 437.56 Purity 98.4% 19 Ethyl 6-[2-(2-(dodecanoyl oxy) -

4, 4-climethylthiochroman-6-y0 et hynyl]pyridi ne-3-carboxylate 0 NO

Cl- 13( CH2y 0o iw03023. 78 Purity 98.5% 20 Et hyl 6-[ 2- ( 2- (i s@butuseelo0¥22p5

4, 4-di net hyl t hi ochroman-6-y1) ethynyl ] pyridi ne-3-carboxylate Si MN437.56
Purity 98.4% 21 Et hyl 6-[2-(2-(linol eoyl oxy)- 4, 4-di net hyl t hi ochroman- 6-
yeet hynyl(hperidgideded- @ J car.bdly Rl e 7689 dd M-&20. 1990 HRut iH)y7.68 (88622 8.2, 0.7

et hy] 642° 2y (). h0) 10y OK Wk, 4., 9ARUNY LN RENT PR30 = 82,221z, 1

et hynyl r ar box
yny ]p% ),9.22 (dd, J=2.1, 07sz 1 H). MS (ESI+) 368.0.

6-(2-Acetoxy-4,4-dimethylthiochroman-6-ylethynyl)nicotinic acid ethyl ester

5 A solution of the above sulfoxide (9.00 g, 24.5 mmol) in acetic anhydride (185
mL) was heated to 130°C for 5 hours, then concentrated under reduced procedure, with
toluene added to aid evaporation of the acetic anhydride. The crude acetate was then
chromatographed on a silica plug using a heptane:EtOAc solvent system. Yield: 8.47 g
(84%).

10 'H NMR (400 MHz, CDCls) 8 ppm 1.40 (s, 3 H), 1.43 (t,J = 7.2 Hz, 3 H), 1.46 (s, 3 H),
2.10 - 2.22 (m, 2 H), 2.11 (s, 3 H), 4.43 (q, /= 7.1 Hz, 2 H), 6.22 (dd, /= 6.9, 5.2 Hz, 1
H), 7.11 (d, /= 8.1 Hz, 1 H), 7.34 (dd, /= 8.2, 1.8 Hz, 1 H), 7.58 (dd, J = 8.2, 0.8 Hz, 1
H), 7.64 (d, J= 1.7 Hz, 1 H), 8.29 (dd, /= 8.2, 2.2 Hz, 1 H), 9.20 (dd, /=22, 0.8 Hz, 1
H). MS (ESI+) 410.0.

15 6-(2-Hydroxy-4,4-dimethylthiochroman-6-ylethynyl)nicotinic acid ethyl ester

A solution of the above acetate (3.29 g, 8.03 mmol) in THF (50 mL) was charged
with NaOEt (2.18 g, 32.1 mmol), and the reaction was heated to 75°C for 12 hours. The
reaction was then diluted with EtOAc (250 mL) and washed with water (2 x 100 mL
aliquots). The aqueous washes were then pooled and back-extracted with EtOAc (2 x 100

20 mL aliquots). The organic fractions were pooled, dried over Na;SOj, filtered, and
concentrated under reduced pressure to give the thiolactol. Yield: 2.31 g (78%).

'"H NMR (400 MHz, CDCls) § ppm 1.31 (s, 3 H), 1.43 (t, /= 7.1 Hz, 3 H), 1.48 (s, 3 H),
1.95 - 2.07 (m, 1 H), 2.26 (dd, J = 13.5, 4.5 Hz, 1 H), 2.54 (d, J= 8.5 Hz, 1 H), 443 (q, J
=72 Hz, 2 H), 5.50 (td, J= 8.8, 4.5 Hz, 1 H), 7.09 (d, J=8.2 Hz, 1 H), 7.32 (dd, J = 8.1,

25 1.8 Hz, 1 H), 7.58 (dd, J=8.2, 0.8 Hz, 1 H), 7.62 (d, /= 1.7 Hz, 1 H), 8.28 (dd, /= 8.2,
2.2 Hz, 1 H), 9.20 (dd,J=2.2, 0.8 Hz, 1 H).

ethyl 6-((4,4-dimethyl-2-oxothiochroman-6-yl)ethynyl)nicotinate

A solution of the above thiolactol (2.31 g, 6.29 mmol) in DCM (500 mL) was

charged with Dess-Martin periodinane (2.80 g, 6.60 mmol), and the reaction stirred at

30  room temperature for 1 hour. The reaction was then concentrated under reduced pressure,
then diluted with EtOAc (250 mL) and washed with a saturated aqueous NaHCO3 solution

(2 x 100 mL aliquots). The aqueous washes were then pooled and back-extracted with
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on a silica plug using a heptane:EtOAc solvent system. Yield: 1.28 g (56%,).

'H NMR (400 MHz, CDCl5) 8 ppm 1.44 (t, J= 7.2 Hz, 3 H), 1.4 (s, 6 H), 2.71 (s, 2 H),
4.44 (q,J=7.1 Hz, 2 H), 7.23 (d, J= 8.1 Hz, 1 H), 7.48 (dd, J = 8.1, 1.7 Hz, 1 H), 7.62
(dd, J=8.1, 0.8 Hz, 1 H), 7.73 (d, /= 1.7 Hz, 1 H), 8.31 (dd, J = 8.2, 2.2 Hz, 1 H), 9.22
(dd, J=2.2, 0.8 Hz, 1 H).

Compound 13 - Ethyl 6-[2-(2-palmitoyloxy-4,4-dimethylthiochroman-6-yl)ethynyl]

pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl|pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with palmitoyl chloride in DCM and TEA at room
temperature. The crude product was purified by column chromatography to give the

desired compound.

'H NMR (400 MHz, CHLOROFORM-d) & 0.85 (d, J=13.57 Hz, 2H), 0.85 (s, 2H), 1.22
(s, 26H), 1.29 (br. s, 6H), 1.35 - 1.50 (m, 11H), 1.56 (s, 2H), 1.63 (br. s, 1H), 1.60 (d,
J=7.42 Hz, 2H), 2.03 - 2.20 (m, 2H), 2.31 (d, J=15.03 Hz, 1H), 2.31 (s, 1H), 4.40 (q,
J=7.13 Hz, 2H), 6.19 (dd, J=6.49, 5.32 Hz, 1H) 7.07 (d, J=8.10 Hz, 1H), 7.31 (dd,
J=8.15, 1.61 Hz, 1H), 7.55 (d, /=8.10 Hz, 1H), 7.61 (d, J=1.56 Hz, 1H), 8.25 (dd,
J=8.15,2.10 Hz, 1H), 9.17 (d, J=1.56 Hz, 1H)

Compound 14 - Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-

3-carboxylate (hydroxy tazarotene)

Hydrolysis of compound 17 with sodium ethoxide in refluxing THF gave a mixture
of the title compound, along with compound 10. The title compound was obtained (51%)
by column chromatographic purification to remove the non-polar impurities and
compound 10 (the hydroxy acid).

"H NMR (400 MHz, CHLOROFORM-d) 5 1.25 (s, 3H), 1.38 (t, J=7.13 Hz, 3H), 1.42 (s,
3H), 1.98 (dd, J=13.42, 9.32 Hz, 1H), 2.21 (dd, J=13.47, 4.49 Hz, 1H), 3.21 (d, /=8.10
Hz, 1H), 4.39 (q, J=7.13 Hz, 2H), 5.48 (dt, J=13.03, 4.47 Hz, 1H), 7.02 (d, J=8.10 Hz,
1H), 7.26 (dd, J=8.10, 1.56 Hz, 1H), 7.53 (d, J=8.20 Hz, 1H), 7.57 (d, J=1.46 Hz, 1H),
8.24 (dd, J=8.15, 2.10 Hz, 1H), 9.15 (d, /=1.56 Hz, 1H)
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mole) were stirred in 40 mL of dry DMF. Imidazole (15.62 g, 0.23 mol) was added to the
mixture and stirred under nitrogen for 18 hours. The mixture was poured into deionized
water (approximately 250 mL}) and extracted with diethyl ether (3 x 100 mL aliquots). The
organic fractions were combined, washed with saturated NaHCOs, dried over MgSO4, and
concentrated in vacuo to give an oil. Further drying under high vacuum provided 10.7 g
(91%) of the bis-silylated glycolic acid as a white solid.

The bis-silylated glycolic acid was dissolved in 125 mL of dry DCM containing
several drops of DMF. A solution of 13.4 mlL oxalyl chloride (148 mmoles, 4.5
equivalents) was added drop wise under nitrogen for 20 minutes. The mixture was stirred
for 4 hours at ambient temperature, then concentrated under vacuum to remove the
volatiles (unreacted oxalyl chloride) to give the crude acid chloride (fert-butyldimethyl-
silyloxy glycolic acid chloride) as a yellow oil.

A solution of Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-
3-carboxylate (hydroxy tazarotene) (400 mg, 1 mmole)) in DCM / TEA at room
temperature was prepared. The mixture was placed under a nitrogen atmosphere and the
above acid chloride (340 mg, 1.5 mmoles, 1.5 equivalents) was added slowly at room
temperature. The mixture was stirred at ambient temperature for 17 hours after which
time, LCMS analysis showed complete conversion. The mixture was diluted with DCM
(50 mL) and washed with H,O (15 mL) followed by saturated NaHCOs (15 mL) and brine
solution. The organic layer was dried over Na,SQy, filtered and concentrated to an oil - a
silylated intermediate. Chromatography on silica gel eluting with an ethyl acetate-
heptanes gradient gave 300 mg of purified product.

The silylated intermediate was dissolved in THF (4 mL) and acetic acid (0.5 mL).
The stirring mixture was treated with 1M TBAF (ImL, Immole) and stirred for 1 hour at
ambient temperature. The crude reaction mixture was concentrated to an oil. The oil was
treated with heptanes (5 mL) and kept cold (~ 4 °C) overnight. The resulting solid was
filtered and washed with heptanes to give 130 mg (29%) of compound 15 as a white
translucent solid.

'H NMR (400 MHz, CHLOROFORM-d) 6 1.36 - 1.51 (m, 11H), 2.10 - 2.29 (m, 2H),

2.35 (t, /=5.66 Hz, 1H), 4.21 (d, J/=5.66 Hz, 2H), 4.37 - 4.50 (m, 2H), 6.36 (dd, J=6.59,
5.32 Hz, 1H), 7.11 (d, J/=8.10 Hz, 1H), 7.36 (dd, /=8.10, 1.56 Hz, 1H), 7.59 (d, /=8.20

45



met hyl hexanedioate o .-a-C-"---A0 s O | NO,---.. MWNVW509.63
Purity 99.5% 28 6-1245- (ethoxycarbonyppyridin-2-yliethynyll-4,4-

dinethylthiochronan 2-y19- nethyl nonanedi oat e MWV 551. 71 Purity
i ni("hif”tfﬁ%)%u%néﬁ TGPl Tl et be. i B e A b
1H

Compound 16 - Ethyl 6-[2-(2-((2-methoxyacetyl)oxy)-4,4-dimethylthiochroman-6-yl)
5  ethynyl]pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with methoxyacetyl chloride in DCM / TEA at room
temperature. The crude product was purified by column chromatography to give the
desired compound.

10
'H NMR (400 MHz, CHLOROFORM-d) & 1.43 (d, J=14.45 Hz, 7H), 1.43 (s, 2H), 2.0 -
234 (m, 2H), 3.46 (s, 3H), 4.07 (s, 2H), 4.43 (q, J=7.19 Hz, 2H), 6.33 (dd, J=6.64, 5.27
Hz, 1H), 7.11 (d, J=8.20 Hz, 1H), 7.35 (dd, /=8.15, 1.61 Hz, 1H), 7.58 (d, J=8.10 Hz,
1H), 7.64 (d, J=1.46 Hz, 1H), 8.28 (dd, /=8.15,2.10 Hz, 1H), 9.20 (d, /=1.46 Hz, 1H)
15

Compound 17 - Ethyl 6-[2-((2-acetyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

Tazarotene was oxidized with sodium periodate in methanol/water to give the
corresponding sulfoxide. After column purification it yielded 47g (90%) of the sulfoxide,
20 which was subjected to Pummerer rearrangement with acetic anhydride as the solvent and

acylating agent to yield the desired product (42g).

'"H NMR (400 MHz, CHLOROFORM-d) 8 1.39 (s, 4H), 1.41 (s, 2H) 1.43 - 1.49 (m, 4H),
2.10 (s, 3H), 2.11 - 2.18 (m, 2H), 4.42 (q, J=7.13 Hz, 2H), 6.20 (dd, J=6.69, 5.42 Hz,

25 1H), 7.09 (d, /=8.10 Hz, 1H), 7.33 (dd, J=8.10, 1.37 Hz, 1H), 7.57 (d, /=8.10 Hz, 1H),
7.63 (d, J=1.27 Hz, 1H), 8.27 (dd, J=8.15, 2.00 Hz, 1H), 9.19 (d, /=1.37 Hz, 1 H)

Compound 18 - Ethyl 6-[2-(2-(n-butyryloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

30 Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynylpyridine-3-carboxylate
(hydroxy tazarotene) was reacted with butyryl chloride in DCM / TEA at room
temperature. The crude product was purified by column chromatography to give the
desired compound.

35 'H NMR (400 MHz, CHLOROFORM-d) 6 0.97 (t, J=7.42 Hz, 4H), 1.38 - 1.50 (m, 11H),
1.63 - 1.74 (m, 3H), 2.15(d, /=6.83 Hz, 1H), 2.17 (d, /=5.27 Hz, 1H), 2.33 (d, /=15.13
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J=8.10 Hz, 1H), 7.34 (dd, J=8.10, 1.56 Hz, 1H), 7.58 (d, /=8.10 Hz, 1H), 7.64 (d,
J=137 Hz, 1H), 8.29 (dd, /=8.15, 2.10 Hz, 1H), 9.21 (d, /=1.56 Hz, 1H)

Compound 19 - Ethyl 6-[2-(2-(dodecanoyloxy)-4,4-dimethylthiochroman-6-yl)
ethynyl]pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with lauroyl chloride in DCM / TEA at room
temperature. The crude product was purified by column chromatography to give the
desired compound.

'H NMR (400 MHz, CHLOROFORM-d) 5 0.88 (d, J=13.71 Hz, 2H), 0.88 (s, 2H), 1.20 -
1.38 (m, 4H), 1.26 (s, 18H), 1.41 (s, 4H), 1.43 (s, 2H), 1.44 - 1.49 (m, 4H), 1.57 - 1.73
(m, 4H), 2.14 (4, J=6.74 Hz, 1H), 2.17 (d, J=5.22 Hz, 1H), 2.31 - 2.39 (m, 2H), 4.43 (q,
J=7.11 Hz, 2H), 6.22 (dd, J=6.64, 5.22 Hz, 1H), 7.10 (d, J=8.15 Hz, 1H), 7.34 (dd,
J=8.13, 1.73 Hz, 1H), 7.58 (dd, J=8.15, 0.83 Hz, 1H), 7.64 (d, J=1.71 Hz, 1H), 8.28 (dd,
J=8.15,2.15 Hz, 1H), 9.20 (dd, /=2.15, 0.78 Hz, 1H)

Compound 20 - Ethyl 6-[2-(2-(isobutyryloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with isobutyryl chloride in DCM / TEA at room
temperature. The crude product was purified by column chromatography to give the

desired compound.

'H NMR (400 MHz, CHLOROFORM-d) § 0.74 - 0.98 (m, 4H), 1.20 (d, /=7.03 Hz, 7 H),
1.44 (d, J=14.15 Hz, 6H), 1.43 (t, J/=7.13 Hz, SH), 2.17 (d, /4.39 Hz, 2H), 2.15 (s, 1 H)
2.49 - 2.66 (m, 1H), 4.44 (q, J=7.13 Hz, 2H) 6.16 - 6.26 (m, 1H), 7.11 (d, J=8.10 Hz,
1H), 7.34 (dd, J=8.10, 1.46 Hz, 1H), 7.59 (d, J=8.20 Hz, 1H), 7.65 (d, J=1.37 Hz, 1H),
8.29 (dd, J=8.10, 2.05 Hz, 1H), 9.21 (d, J=1.46 Hz, 1H)

Compound 21- Ethyl 6-[(2-(2-(linoleoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with linoleoyl chloride in DCM /
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TEA at room temperature. The crude product was purified by column chromatography to

give the desired compound.

'H NMR (400 MHz, CHLOROFORM-d) & 0.76 - 0.97 (m, 9H), 1.19 - 1.39 (m, 26H),
1.40 - 1.50 (m, 15H), 1.67 (br. s, 1H), 1.64 (d, J=7.32 Hz, 2H), 2.03 (br. s, 1H), 2.05 (d,
J=6.74 Hz, 5SH), 2.15 (d, /=6.83 Hz, 2H), 2.17 (d, /=5.27 Hz, 1H), 2.35 (d, /~14.93 Hz,
2H), 2.35 (s, 1H), 2.78 (d, /=12.49 Hz, 1H), 2.78 (s, 1H), 4.44 (q, /=7.13 Hz, 3H), 5.27
- 5.45 (m, 6H), 6.23 (dd, J=6.54, 5.37 Hz, 1H), 7.11 (d, J=8.10 Hz, 1H) 7.34 (dd, J=8.10,
1.56 Hz, 1H), 7.59 (d, J=8.20 Hz, 1H), 7.64 (d, J=1.46 Hz, 1H), 8.29 (dd, J=8.15, 2.10
Hz, 1H)

Compound 22 - Ethyl 6-[2-(2-(linolenoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with linolenoyl chloride in DCM / TEA at room
temperature. The crude product was purified by column chromatography to give the
desired compound.

'H NMR (400 MHz, CHLOROFORM-d) & 0.98 (t, J=7.52 Hz, 4H), 1.22 - 1.38 (m, 14H),
1.38 - 1.50 (m, 13H), 1.66 (br. s, 1H), 1.64 (d, /=7.22 Hz, 2H), 2.01 - 2.22 (m, 9H),
2.35 (t, J=7.52 Hz, 3H), 2.69 - 2.93 (m, 6H), 4.44 (q, J=7.13 Hz, 3H), 5.28 - 5.45 (m,
OH), 6.23 (dd, J=6.54, 5.37 Hz, 1H), 7.11 (d, J=8.10 Hz, 1H), 7.34 (dd, /=8.10, 1.56 Hz,
1H), 7.59 (d, J=8.20 Hz, 1H), 7.64 (d, /=1.56 Hz, 1H), 8.29 (dd, /=8.15, 2.10 Hz, 1H)

Compound 23 - Ethyl 6-[2-(2-((1-methylpiperidin-4-yl)carbonyloxy)-4,4-
dimethylthiochroman-6-yl)ethynyl] pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl|pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with 1-methyl piperidine carbonyl chloride in DCM /
TEA at room temperature. The crude product was purified by column chromatography to

give the desired compound.

'H NMR (400 MHz, CHLOROFORM-d) § 1.35 - 1.50 (m, 11H), 1.70 - 1.85 (m, 1H),
1.78 (dd, J=11.23, 1.46 Hz, 2H), 1.85 - 2.06 (m, SH), 2.14 (d, J/=11.81 Hz, 1H), 2.14 (s,
1H), 2.21 - 236 (m, 1H), 2.25 (s, 4H), 2.79 (d, J=11.23 Hz, 2H), 4.42 (g, J/=7.13 Hz,
2H), 6.15 - 6.26 (m, 1H), 7.09 (d, /=8.10 Hz, 1H), 7.33 (dd, /=8.10, 1.56 Hz, 1H), 7.57
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(d, /=8.20 Hz, 1H), 7.63 (d, /=1.37 Hz, 1H), 8.27 (dd, J=8.15, 2.10 Hz, 1H), 9.19 (d,
J=1.46 Hz, 1H)

Compound 24 - Ethyl 6-[2-(2-(propanoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyl]
pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyllpyridine-3-carboxylate
(hydroxy tazarotene) was reacted with propionyl chloride in DCM with TEA as a base at
room temperature. The crude product was purified by column chromatography to give the
desired compound.

'"H NMR (400 MHz, CHLOROFORM-d) 5 1.17 (t, J=7.56 Hz, 4H), 1.34 - 1.51 (m, 11H),
2.15 (d, J=6.74 Hz, 1H), 2.17 (d, J=5.27 Hz, 1H), 2.38 (q, /=7.58 Hz, 2H), 4.43 (q,
J=7.13 Hz, 2H), 6.23 (dd, J=6.59, 5.32 Hz, 1H), 7.11 (d, /=8.10 Hz, 1H), 7.34 (dd,
J=8.10, 1.56 Hz, 1H), 7.59 (d, /=8.10 Hz, 1H), 7.64 (d, /=1.46 Hz, 1H), 8.29 (dd,
J=8.20, 2.15 Hz, 1H), 9.21 (d, /=1.56 Hz, 1H)

Compound 25 - Ethyl 6-[2-(2-((2-hydroxybenzoyl)oxy)-4,4-dimethylthiochroman-6-
yhethynyl]pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with salicylic acid using EDC and HOBt. The reaction
afforded the desired compound, along with a self coupled impurity. The desired product
was obtained via column chromatography.

"H NMR (400 MHz, CHLOROFORM-d) 6 1.40 (t, J=7.13 Hz, 7H), 1.47 (s, TH), 1.52 (s,
8H), 2.29 (d, /=1.56 Hz, 2H), 2.31 (d, /=2.44 Hz, 2H), 4.41 (q, J=7.06 Hz, 4H), 6.47 (t,
J=5.51 Hz, 2H), 6.79 - 6.92 (m, 2H), 6.98 (d, J=8.30 Hz, 2H), 7.10 (d, J=8.10 Hz, 2H),
7.34 (dd, J=8.10, 1.37 Hz, 2H), 7.46 (s, 2H), 7.57 (d, /=8.10 Hz, 2H), 7.66 (d, J=1.17
Hz, 2H), 7.76 (dd, J=7.96, 1.32 Hz, 2H), 8.26 (dd, J=8.10, 2.05 Hz, 2H), 9.18 (d, J=1.37
Hz, 2H), 10.53 (s, 1 H)

Compound 26 - Ethyl 6-[2-(2~(tetrahydropyran-4-ylcarbonyloxy)-4,4-

dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl|pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with tetrahydropyran-4-carbonyl chloride in DCM /
TEA at room temperature. The crude product was purified by column chromatography to
give the desired compound.
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'"H NMR (400 MHz, CHLOROFORM-d) § 1.31 - 1.50 (m, 11H), 1.69 - 1.92 (m, 5H),
2.04 - 2.26 (m, 2H), 2.55 (t, J=10.54 Hz, 1H), 3.32 - 3.48 (m, 2H), 3.94 (dd, /=11.47,
2.88 Hz, 2H), 4.41 (q, J/=7.13 Hz, 2H), 6.14 - 6.28 (m, 1H), 7.08 (d, J=8.10 Hz, 1H),
7.32 (dd, J=8.10, 1.46 Hz, 1H), 7.56 (d, J=8.10 Hz, 1H), 7.62 (d, J=1.27 Hz, 1H), 8.26
(dd, J=8.20, 2.05 Hz, 1H), 9.18 (d, /=1.37 Hz, 1H)

Compound 27 - 6-{2-[5-(ethoxycarbonyl)pyridin-2-yl]ethynyl }-4,4-

dimethylthiochroman-2-yl 6-methyl hexanedioate

Ethyl 6-{(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with monomethyl adipoyl chloride in DCM / TEA at
room temperature. The crude product was purified by column chromatography to give the
desired compound.

'H NMR (400 MHz, CHLOROFORM-d) & 1.40 (d, J=16.40 Hz, 8H), 1.40 (s, 3H), 1.66
(d, J=14.06 Hz, 1H), 1.66 (t, J=3.42 Hz, 3H), 2.05 - 2.21 (m, 2H), 2.25 - 2.42 (m, 4H),
3.64 (s, 3H), 4.40 (q, J=7.13 Hz, 2H), 6.19 (dd, J=6.59, 5.32 Hz, 1H), 7.07 (d, J=8.10
Hz, 1H), 7.31 (dd, J=8.10, 1.56 Hz, 1H), 7.55 (d, /=8.20 Hz, 1H), 7.61 (d, J=1.46 Hz,
1H), 8.26 (dd, J=8.10, 2.15 Hz, 1H), 9.17 (d, /=1.46 Hz, 1H)

Compound 28 - 6-{2-[5-(ethoxycarbonyl)pyridin-2-yllethynyl } -4,4-

dimethylthiochroman-2-yl 9-methyl nonanedioate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with monomethyl azelate chloride in DCM / TEA at
room temperature. The crude product was purified by column chromatography to give the
desired compound.

'H NMR (400 MHz, CHLOROFORM-d) 6 1.32 (br. 5., 11H), 1.39 - 1.50 (m, 11H), 1.53 -
1.73 (m, 7H), 2.15 (d, J=6.74 Hz, 2H), 2.17 (d, J=5.17 Hz, [H), 2.26 - 2.46 (m, 7H),
3.58 - 3.77 (m, 5H), 4.44 (q, J=7.13 Hz, 2H), 6.22 (dd, J=6.54, 5.37 Hz, 1H), 7.11 (d,
J=8.20 Hz, 1H), 7.34 (dd, J=8.10, 1.56 Hz, 1H), 7.59 (d, J=8.20 Hz, 1H), 7.64 (d,
J=1.46 Hz, 1H), 8.29 (dd, J=8.15,2.10 Hz, 1H), 9.21 (d, J=1.46 Hz, 1H)
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Compound 29 -  Ethyl  6-[2-(2-((S)-2-Amino-3-methyl-n-butyryloxy)-4,4-
dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-carboxylate
(hydroxy tazarotene) was reacted with Fmoc protected amino acid chloride (from Valine)
to give the Fmoc protected amino ester. Fmoc deprotection was facilitated with dilute
piperidine in THF at room temperature, as follows:

20% Piperidine (5 equivalents) in THF was added to a solution of the Fmoc-
protected amino ester in THF, while stirring. The reaction mixture was stirred for 5 hours
and progress of the reaction was periodically monitored by LC/MS. At completion of the
reaction, the reaction mixture was poured into water and extracted with EtOAc (2 x 20mL
aliquots). The organic layers were combined, washed with brine, dried over anhydrous
Na;SOq4, concentrated and purified in a Companion purification system using a 12.0g
cartridge.

'"H NMR (400 MHz, CHLOROFORM-d) 6 0.92 (t, J=6.78 Hz, 3H), 0.99 (d, /=6.74 Hz,
3H), 1.35- 1.59 (m, 12H), 1.97 - 2.09 (m, 1H), 2.09 - 2.26 (m, 2H), 3.31 (d, J=5.17 Hz,
1H), 4.43 (q, J=7.06 Hz, 2H), 6.20 - 6.34 (m, 1H), 7.10 (d, J/=8.10 Hz, 1H), 7.34 (d,
J=8.10 Hz, 1H), 7.58 (d, J=8.20 Hz, 1H), 7.64 (d, /=1.27 Hz, 1H), 8.28 (dd, J=8.10,
2.05 Hz, 1H), 9.20 (d, J=1.56 Hz, 1H)

Table 11

Description:
1 Untreated {negative) | NA None
control
2 OD (vehicle)} control NA None
3 Tazarotene ((.1% in OD) G MW 351.46
# OCHCH; .
< ) Purity 99.5%
4 Tazarotene benzoate i MW 471.58
& i o7~
6-{2-(2-benzoyloxy-4 4- P Sy Purity 98.0%

dimethylthiochroman-6- iy
o s
yl)ethynyl)nicotinic acid, ©)

ethyl ester
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Tazarotene benzoate

(S isomer)

(S) - 6-(2-(2-
benzoyloxy-4,4-
dimethylthiochroman-6-
yl)ethynyl)nicotinic acid,

ethyl ester

MW 471.58

o Purity >97.0%

).

Tazarotene benzoate

(R isomer)

(R) - 6-(2-(2-
benzoyloxy-4,4-
dimethylthiochroman-6-
yljethynylnicotinic acid,
ethyl ester

MW 471.58
Purity >97.0%

Tazarotene nicotinate
6-[(4,4-Dimethyl-2-
(pyridine-3-carbonyloxy)
thiochroman-6-
yljethynyl]nicotinic acid

ethyl ester

MW 472.57
Purity 94.0%

Tazarotene nicotinate (S
isomer)
5-6-[(4,4-Dimethyl-2-
{pyridine-3-carbonyloxy)
thiochroman-6-
yl)ethynyl]nicotinic acid
ethyl ester

MW 472.56
Purity 95.0%

Tazarotene nicotinate (R
isomer)
R-6-[(4,4-Dimethyl-2-
{pyridine-3-carbonyloxy)
thiochroman-6-
yljethynyl]nicotinic acid

ethyl ester

MW 472.56
N Purity 95.0%

52



100 on .i

8 57 17 12 2 27 1 173 15 59 18 16 7 20 7 69 9 63 WO

2011/ 009023PCT/ US2010/ 042225 Rank Conpound Fol d Change vs
Untreated/ OD control s

10

Jalst

Hydroxy tazarotenic acid

6-((2-hydroxy-4,4-
dimethylthiochroman-6-
yl}ethynyDnicotinic acid

o}

MW 33942
Purity 99.3%

11

Keto tazarotenic acid

6-({4,4-dimethyl-2-
oxothiochroman-6-

vlyethynyDnicotinic acid

OH

[
I

= OH
Sy
2
HO
-
.
A

]
07 s

MW 337.40
Purity 87.0%

12

Keto tazarotene

Ethyl 6-((4,4-dimethyl-
2-oxothiochroman-6-

ylethynyDnicotinate

l

MW 406.00
Purity 99.0%

13

Ethyl 6-[2-(2-
palmitoyloxy-4,4-
dimethylthiochroman-6-
yljethynyl]pyridine-3-

carboxylate

Q

=

7
#Z N

CH,y(CH, ) 078

MW 605.89
Purity 94.8%

14

Hydroxy Tazarotene
Ethyl 6-[(2-hydroxy-4,4-
dimethylthiochroman-6-
ylethyynyl]pyridine-3-

carboxylate

I
o o ™~
|
,:;N
HOSE .

MW 367.47
Purity 98.4%

15

6-{2-(2-((2-

Hydroxyacetyl)oxy)-4,4-
dimethylthiochroman-6-
yDethynyl]nicotinic acid

ethyl ester

0
—
0
7
=N
4
o
Ho\)]\o s

MW 425.50
Purity >99.5%

16

Ethyl 6-f2-(2-((2-
methoxyacetyl)oxy)-4,4-
dimethylthiochroman-6-yl)
ethynyl]pyridine-3-

carboxylate

MW 439,53
Purity 96.3%
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Descriptio

Upr egul ati onDownr egul ati on Score Ranking 19 17 1 24 2 180 15 64 20 6
8 S 16 20 7 64 21 20 10 15 12 22

17 | Ethyl 6-[2-((2-acetyloxy)-4,4- MW 409.51
dimethylthiochroman-6- Purity 93.4%
ylethynyl]pyridine-3- j\
carboxylate o s

18 | Eihyl 6-[2-(2-(n-butyryloxyl)- MW 437.56
4 A-dimethylthiochroman-6-yl) Purity 98.4%
ethynyllpyridine-3-carboxylate /\j\o 8 '

19 Ethyl 6-[2-(2-(dodecanoyloxy)- MW 549.78
4,4-dimethylthiochroman-6-y1) Purity 98.5%
ethynyl]pyridine-3-carboxylate CHy{CH,)y5” 0

20 Ethyl 6-[2-(2-(isobutyryloxy)- MW 437.56
4,4-dimethylthiochroman-6-yl) Purity 98.4%
ethynyl]pyridine-3-carboxylate

21 Ethyl  6-[2-(2-(linoleoyloxy)- MW 62991
4 4-dimethylthiochroman-6- Purity 98.3%
yljethynyl]pyridine-3-
carboxylate

22 Ethyl 6-[2-(2-(linolenoyloxy)- MW 627.89
4 4-dimethylthiochroman-6-y1) Purity 96.1%
ethynyl]pyridine-3-carboxylate

23 | Ethyl 6-[2-(2-((1- MW 492.64
methylpiperidin-4- Purity 94.9%
yl)carbonyloxy)-4,4-
dimethylthiochroman-6-yl)
ethynyl]pyridine-3-carboxylate

24 Ethyl 6-[2-(2-(propanoyloxy)- MW 423.54

4.4-dimethylthiochroman-6-y1)

ethynyl]pyridine-3-carboxylate

Purity 98.7%




6 65 22 26 4 DO4 90 1068 235181457 76242112111 rr,

25

escriptio

Ethyl 6-[2-(2-((2-
hydroxybenzoyl)oxy)-4,4-
dimethylthiochroman-6-y1)

ethynyl]pyridine-3-carboxylate

MW 487.58
Purity 98.7%

26

Ethyl 6-[2-(2-(tetrahydropyran-
4-ylcarbonyloxy)-4,4-
dimethylthiochroman-6-yl)

ethynylipyridine-3-carboxylate

MW 479.60
Purity 98.3%

27

6-{2-[5-
{ethoxycarbonyl)pyridin-2-
yl]ethynyl}-4 4-
dimethylthiochroman-2-yl ~ 6-

methyl hexanedioate

MW 509.63
Purity 99.5%

28

6-{2-[5-
(ethoxycarbonyl)pyridin-2-
yljethynyl}-4.4-
dimethylthiochroman-2-yl ~ 9-

methyl nonanedioate

o™

"oi/\/\/\/PLO 13

MW 551.71
Purity 95.3%

29

Ethyl 6-[2-(2-{(8)-2-Amino-
3-methyl-n-butyryloxy)-4,4-
dimethylthiochroman-6-
yDethynyl]pyridine-3-

carboxylate

MW 466.60
Purity 97.8%
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Table 12. Qualitative summary of gene expression data from RHE cultures treated with

tazarotene derivatives.

Fold Change vs Untreated/OD controls
Rank Compound Upregulation / Downregulation Ranking
Score
K10 K19 Filaggrin K4 K13
1 24 14 33 56 74 23 20
2 23 9 43 18 73 19 23
3 11 17 21 36 52 20 27
4 29 9 29 11 71 13 31
5 15 7 36 8 64 12 33
6 27 10 41 23 70 19 40
7 28 6 30 7 77 18 43
8 14 7 29 11 87 20 44
9 8 7 18 9 35 7 47
10 18 4 22 7 60 9 48
11 10 6 25 6 65 11 48
12 22 7 12 11 38 10 49
13 25 3 23 4 103 17 52
14 Tazarotene (3) 3 41 3 119 12 52
15 9 6 17 10 32 5 35
16 7 19 17 100 23 8 57
17 12 2 27 1 173 15 59
18 16 7 20 7 69 9 63
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or -0C(0)R6; R4 and R5 are independently sel ected from hydrogen or
Cl.6 alkyl; and R6 is independently selected from hydrogen or Cl1.6

al kyl. 7. The conpound according to claim®6, wherein Rl is Cl-18

al kyl or Cl1 18 al kyl substituted one or nore tines by hydroxy, NR4R5,
G _6 al ko\wlat)tsﬂﬁ(m%blsm 8. The conpound according to claim 4,
wherein RL is an optionally substituted phenyl, optionally
substituted pyridinyl, optionally substituted tetrahydropyranyl or
optionally su%sﬂ$?@?@@1 ndi Pegenerphiprmulagl): The conpound according to any
one of the preceding claims, wherein R2 is hydrogen or C196 al kyl .

10. The compound according to claim8, wherein Rl is phen.l 11. The
conpound according to claiml1, 3, 4, 5 or 10, wherse Cl 6

al kyl . 12. The conpound according to claim 11, [thereip R2 iSRethyl.
13. The conmpound according to claim1, mherein [ 14. The
conmpound according to clai m\13/ wherein Rl g RZ is H 15. The
conpound according to claim:?

6-[ (4, 4-di met hyl-2-§Rryri di W exy)

t hi ochr oman- 6- ypet hiynyl ] nifcot i ni et hyl ester;

(S)-6-[(4, 4-di et -2 (p r|d|ne pony| oxy)

t hi ochr oman- 6- ypet hynybtni cotgd-ni =¥d et hyl ester;

(R -6-[(4, 4-dinethyl-2-(pyridine-3- car&gnyl oxy)

t hi ochr oman- 6- yDet hynyl ] ni cotinic acidvethyl ester; Ethyl

6-[ 2- (2- pal m t oyl oxy- 4, 4-di net hyl t hi ochr oman- 6- yDet hynyl | pyri di ne- 3-
car boxyl at e;

642- (24(2- I—Iydrﬁﬁﬁrlee{%gt@%g%/) -4, 4-di met hyl t hi ochr oman- 6- ypet hynyl ] ni cot
inic acid et mﬂ s hygrogen, ngtlonally substituted Cj.;3 alkyl, optionally substituted Ca.1g

6-[(2- (24{@%@95@9%&&@&)@% AnSh e b Pty WD RTRE 2Fy1Ygrd &, Bp iYLy

pyrldlneS}t)zﬁB yl ate;

642- 42- acB %%’1 S‘z@)yhe@f%yalil?r&% toRtiprAosHbstimied Fxaloallaxl| groyp.i off a@pBonally

girz bo>2<yl atdgﬁtmﬁédl}sidateroaryl group; and ‘h et h . g 3
n- but o ochr et hyn r ne- 3-

car b(()xyl( at eu é{zy é}ldrg)gen op%orqal substlltuteci1 1-18 alkyl optlgna){ly Eu Sf!l'ﬂllted Cois

6 [ 2- (ﬁ (aﬂ@d!e‘capwaﬁw)lbmtdtedﬂm& hikdvhill optisatiRRubstitited Ay Yerdwy, opebRtty
- calrpo
e ??“é%%‘ﬂ%; Fetbidoustic, sroup, emtionaly, subsit It YRl gR 1 9o opipRAly

3- car boﬁg«bsapge eqﬁparyl group; or a pharmaceutically acceptable salt thereof.

6-[ 2- ( 2- (I | noI eoyI oxy) - 4, 4- di met hyl t hi ochr oman- 6- yDet hynyl ] pri di ne- 3-
car boxyl &\\

642- (2-( | noI aRe FrBRgyndmcgomdingstoipldimni, sdieredrais 5- ypet hynyl | pyri di ne- 3
- carboxyl at e;

3. The compound according to claim 1 or 2, wherein R! is an optionally substituted
C]-IS alkyl
4, The compound according to claim 1 or 2, wherein R! is an optionally substituted

aryl, heteroaryl or heterocyclic group.

5. The compound according to claim 1 or 2, wherein R’ is an optionally substituted
Cz_;g alkenyl.

6. The compound according to any one of the preceding claims, wherein when R! is
an optionally substituted C,.i5 alkyl, Cy.15 alkenyl, Ca.1g alkynyl, aryl, heterocyclic, Cs.7
cycloalkyl or heteroaryl group, the group is optionally substituted one or more times,
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Et hyl
6-[ 2- (2- (0- net hyl pi peri di n-4-yCQCcar bonyl oxy) - 4, 4- di et hyl t hi ochr oman- 6
-yl) ethynyll pyridi ne-3-carboxyl ate; Ethyl

642- ( 2- propa I OX}é) 4, 4- di net hyl t hi ochr oman- 6- ypet hynyl ] pyri di ne- 3-
car boxy| am pelgileng}y y halogen hydroxy; NR4Rs; hydroxy substituted C1-¢ alkyl; C1-6 alkoxy;

642-( 24( %ﬂ&x&&%&&?”@%%xﬁ Al ABL Al NcqSE T ARPE- B YP SN d(0)OoRs,

pyri di ne- 3- car boxyl at e;
642- ( 2- (etPEMOPyr an- 4- yI car bonyl oxy) - 4, 4- di met hyl t hi ochr oman- 6-y1

) ethynyl ] pyrigdingR3-¢&;

{2[5- (et hoxycaltgbony ) pyri nlagﬁ ld%“& ﬁeﬁecﬁed fmﬂhxdrz?g%nor Cln6 ?lk]ﬁi‘ocdnr oman- 2-
yl 6- nethyl HKeidkdepadertly fg:lected from hydrogen or Cy.¢ alkyl.

{2-[5- (et hoxycar bonyl _)pyrl d| n- 2-yfi et hynyl | - 4, 4- di net hyl t hi ochr oman- 2

-yl 9- mé hyl Aﬂ}gnanedl og or Ethy

642- (24( 9 NPFRYR Wporﬁl%quﬁwrax@) wheraingRivds H5ie Hllod Hrofan- gkyl
| - et hynyu@qhymbdjbmmeﬁnmnbmswymdmm NRsRhaC g atwky oalCHD)0Rgept abl e
salt thereof. 16. The conpound according to claim1 which is:

6- (2- (2- benzoyl oxy- 4, 4-di net hyl t hi ochr oman- 6-yfl et hynyl ) ni coti nic
acid, etlyl esTbe comjn@undAapdmnimgoteucﬂh;@ﬁM odrepesi R tnag epfiohaiyngnbatituted

onar ety on phadl, S AREL Bl Bh.oBodorefy! Sy ied Wiyt or

phar mace@ptieral Y@hﬁﬁ@tﬁdpmﬁndm@br d| ng to claim17, conprising a second
pharmaceutically active agent. 19. The phar maceuti cal conposition
accor di n% to claim 18, wherein the second ghar maceutically active
agent isbenzdye GERRSEpd eAccording s anpfong ebsonrrseding claimsg wheremyR® is
one of cmga@eﬁoﬁgl_él@kﬁor the treatnent of a skin disorder. 61

10.  The compound according to claim 8, wherein R' is phenyl.
11.  The compound according to claim 1, 3, 4, 5 or 10, wherein R? is C1.6 alkyl.

12,  The compound according to claim 11, wherein R? is ethyl.
13.  The compound according to claim 1, wherein n is 0.
14, The compound according to claim 13, wherein R! is H and R? is H.

15.  The compound according to claim 1 which is:

6-[(4,4-dimethyl-2-(pyridine-3-carbonyloxy) thiochroman-6-yl)ethynylnicotinic acid
ethyl ester;

(8)-6-[(4,4-dimethyl-2-(pyridine-3-carbonyloxy) thiochroman-6-yl)ethynylnicotinic
acid ethyl ester;

(R)-6-[(4,4-dimethyl-2-(pyridine-3-carbonyloxy) thiochroman-6-yl)ethynylnicotinic
actd ethyl ester;

Ethyl 6-[2-(2-palmitoyloxy-4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-
carboxylate;
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6-[2-(2-((2-Hydroxyacetyl)oxy)-4,4-dimethylthiochroman-6-yl)ethynylJnicotinic acid
ethyl ester;

Ethyl 6-[(2-(2-((2-methoxyacetyl)oxy)-4,4-dimethylthiochroman—é-yl)ethynyl]
pyridine-3-carboxylate;

Ethyl 6~[2-((Z-acetyloxy)-4,4-dimethylthiochroman-ﬁ-yl)ethynyl]pyridine-3-

carboxylate;

Ethyl 6-[2-(2-(n-butyryloxyl)-4,4-dimethylthiochroman-6-yl)ethynylpyridine-3-
carboxylate;

Ethyl 6-[2-(2-(dodecanoyloxy)-4,4-dimethylthiochrornan-6-yl)ethynyl]pyridine-3-
carboxylate;

Ethyl 6-[2-(2-(isobutyryloxy)-4,4-dimethylthiochroman-6-yl)ethynyl pyridine-3-
carboxylate;

Ethyl 6-[2-(2-(linoieoyloxy)—4,4-dimethylthiochroman-6-yl)ethynyl]pyridine-3-
carboxylate;

Ethyl 6-[2-(2~(linolenoyioxy)-4,4-dimethylthiochroman-6-yl)ethynyl]pyﬂdine-S—
carboxylate;

Ethyl 6-[2-(2-((1-methylpiperidin-4-y1)carbonyioxy)-4,4—dimethylthiochroman—6—y1)
ethynyl]pyridine-3-carboxylate;

Ethyl 6-[2-(2-propanoyloxy)-4,4-dimethylthiochroman-6-yl)ethynyljpyridine-3-
carboxylate;

Ethyl 6—[2—(2-((2-hydroxybenzoyl)oxy—4,4-dimethylthiochroman—é-—yl)ethynyl]
pyridine-3-carboxylate;

Ethyl 6-{2-(2-(tetrahydr0pyran-4-ylcarbonyloxy)-4,4-dimethy1thiochroman-6-y})
ethynyl]pyridine-3-carboxylate;

6- {2-[5—(ethoxycarbonyl)pyridin—Z~y1]ethynyl}-4,4-dimethy1thiochroman—Q—yl 6-
methyl hexanedioate;

6- {2~[5—(ethoxycarbonyl)pyridin—Z-yl}ethynyl}-4,4-dimethylﬂliochroman-Z-yI 9-
methy! nonanedioate; or

Ethyl 6-[2-(2—((8)-2~Amin0-3-methyl-n~butyry10xy)—4,4-dimethy1thiochroman-6~y1—
ethynyl]pyridine-3-carboxylate; or a pharmaceutically acceptable salt thereof,

16.  The compound according to claim 1 which is:
6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl)ethynylnicotinic acid, ethyl ester.

17. A pharmaceutical composition comprising a compound according to any one of
claims 1 to 16, and one or more pharmaceutically acceptable carriers or excipients.
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18.  The pharmaceutical composition according to claim 17, comprising a second
pharmaceutically active agent.

19.  The pharmaceutical composition according to claim 18, wherein the second
pharmaceutically active agent is benzoyl peroxide.

20.  Use of a compound according to any one of claims 1 to 16 for the treatment of a
skin disorder.
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