WO 2011/ 009023PCT/ US2010/ 042225 TAZAROTENE DERI VATI VES FI ELD OF THE

| NVENTI ON 5The present invention relates to derivatives of tazarotene.
BACKGROUNROQCH1 11068028 NVENTI ON Tazar ot ene has the chem cal Poans2016t0im2ks

642- (4, 4-di met hyl t hi ochroman-6-y1)- 10 et hynyl nicotinate. Tazarotene is a
retinoid prodrug which is converted to its active form tazarotenic acid,
by rapid de-esterificati on TAZAROTEHNI DFRIMAFIME®RNs. Tazarotenic acid
binds to all three nmenbers of the retinoic acid receptor (RAR) famly;
RAR, " RARp and RAR7, but has relative selectivity for RARp and RAR7, and
may nodi f F(}éh@FeIHEeE%VENTIﬂN ergan, Inc. market TAZORAC(r) (tazarotene)
cream and TAZORAC(r) 15(tazarotene) gel for the treatnent of acne and
psori asis. The treatnment, of skin disorders using a retinoid or an

anti bPotic i n KSMEYTAL PEFUARTRIALSE HO BTV aHET G BRI great interest to
der mat ol ogi sts. However, this presents challenges to the fornulation

chem st i Mol jbiotics often readily degrade in the
presence %eméﬁﬁ‘g?fo%@ﬁ%@ﬁ‘mbﬂm y, the active ingredients are often
20 not m xed together until immediately before adm nistration to the

patient, or arﬁaz%’f@n%‘ fdseiRdc defﬁaﬁﬁee”éth i 8‘?% -(2h- (fug@thgﬁﬂloclﬁlo %@%I?VE' Y

t he ret|n0|d or antibiotic mg r ot ec ncapsu from

r eactilon syl pisetingez E%ar%é%s&acrétm%fi pmdeﬂl&mhil%ls |Cﬁ@\f€éf@fiémtt§ aﬁw feenhoused
in separ aa@r@tbﬁm@r@ wf raﬁldd&@bst&{mtiﬁﬁ iflinSRe BERbgical Ny Stemb N Rrdtsniad a0red for

i nproved derma i cal conpaqsiti cont ai ni.n 5.cQ ctive
| oy e G Ri L BB dF BT RE ook ne e L GrUL GRUE) PGP CaD ARCHED 1
l'ife. SpeRAR|,bat has relatineedectivity far RAR, tiiteR AR nint frlayahodify gdneskpiebdon.
retinoids that e comj ! Y, d h iecal
conposi tion. Sﬂ%ﬁg &@ WEEQ‘?%VW (Itazgl% e(l)n%«i: greese e, al\pljg?\@?%tnd is
di r edbed (tazarotanciigelifonthe westment ofzacae ondpwriabiat penetrat e the skin and

exhi bi t retinop-{ik@emcht éﬂlﬂ 3ﬂ1sorders usﬁ%g %OIVGQh&Q Groarﬁﬁhtmﬁdln”&;}ﬁbmﬁt%
pr esent i nvention provi des for Oun %ener al formul a

2011/ oogoleﬁpéwmiszmxed@z@zsf gmiz v(ltp5est %éﬁ’éﬁl olqgists. o Hopveyer, this bresents

challenges to the formulation chemist insofar as retinoids and antibiotics often readily

degrade in the presence of benzoyl peroxide. Accordingly, the active ingredients are often

20 not mixed together until immediately before administration to the patient, or are

administered at different times of the 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):



R is hydrogen, optionally substituted C1_18 al kyl, optionally substituted
C2-18 5 al kenyl, optionally substituted C2_18 al kynyl, optionally

substi t utwo 2arydoo@soup, optional |y substituted heterocye@lCirasgriongm22s
optionally substituted cycl oal kyl group, or an optionally substituted
het er oaryl group; and R2 is hydrogen, optionally substituted C1_18
al kyl, optionally substituted C2-18 al kenyl, optionally]|jsubstituted C2_18
al kynyl, optionally substituted aryl group, optiopally 1Qsubstituted

het erocyclic group, optionally substituted cycl
optionally substituted heteroaryl group; or a eutically acceptable
salt thereof According to anot her enbodjsae he present invention
provi des a compound of for (II): 15 BZ wheMNein R3 i s hydrogen,
optionally substltuted C1 - ponal |l y substituted C2-18 al kenyl,
optionally substi A optionally substituted aryl group,
optionally 20subsii [t group, optionally substituted

cycl oal kyl group, ! sabstituted heteroaryl groqg
pharmaceutical ly acceptable salt t her eof According to t he

enbodi nent, the present invention provides a pharnaceuti cal conp05|t|on
conprising a aynds 8forformula (1) or (I1), or a pharmaceutically WO
2011/ 009023PCT U82010?042225 acceptabl e salt thereof, and one or nore

phar maceut i calRy SaBy¥digeeb| etionalipisahtisuted Ciis aliylg oplionalar sbbioidnents, t he

present laflllt/eﬁtﬁtt iopfofd BVibeStutdnet @qtky«am topBéidlRkuBstittiicd a8y1S@6EIEoptiBnaly
sing adm conpri.s

subj ect , rin ition
hor smeut Bt PR he e ep oty A SRS e of gt %or 4
5phar mac eubsttatet Yictamaeyteadlpe asdl t thereof and one or nore pharmaceutically

t abl subyj i t d t,
acceptabl e exatpLel ol GuBHMLP L AIESe LBEAOConuly LAl ”?Ozn' or |
(11), or akqnhropticeallyi sdbtitytedcaptityng!, 9at1@natllbrequésﬁtuteﬂ@ryltgteutp reppana on of
a medipcan@pltith@l HehfodytBaLRRM oﬁﬂo@all%utlstﬁht%afdgiz%roalk%ngfbu?“‘alé hgropeibhag ment,

the present invention'relates to the use a Cco
P {)stltute heteroaryl group; or a pharrnaceutlcal?y acceptable salt thereof.

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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Formula (I) or (I1), or a pharmaceutically acceptable salt thereof, for the
treatnment of a skin disorder. BRI EF DESCRI PTI ON OF DRAW NGS 15 Fi gure
1 ill ustraoestiitdego2degr adati on of tazarotene into its degcadseélon4sppedduct s
when DUAC(r) gel and TAZORAC(r) cream are m xed together. The degradation
was observed over 8 hours once "fresh" sanples of DUAC gel and TAZORAC

cr eam weraecqntatdel sal2Bifiecgf)med ke ot hostphatrescetiellyrocaptabdd cxcapantat ene

sul f oxi de and i al jcates
and 4 donor s (h AR BARRLE, &0 pRAAR il BIRIES Lt RBhedhink 2R

t azar ot erfbsdsdaizioan eubiiert.sthalnethed, cgranml@% afministerieg a FopPpbifieR CORPEMHS 4

donors (Qh&a%el:)ﬁcal%E'\foectlve amourft! 99" € gcﬁnbédn'dStorfaFgﬁnﬁlQe(I@n‘BfJn((H)Ofor a
tazar qQt en Zar%ﬁene sul OXl e, and taéar otenic 25aC| din, tlli]ye c%ﬂa% m s 2

hour s pospc gcPicH iy orpoeRipbIF gl tthareple g QI ey WAL BhATBRETAICE] °SEM) .
Fi gure 3&xbiphdm$d,tcaﬁaﬂojédﬂﬁlmmﬂére@ﬁ t azarotene, tazarotene sul f oxi de and

tazarotenic a |d |n s 2 hours post - cation e

replicates an m%?(gl {rrh ﬂreseg'Ef\%VG &= qutg “ﬁﬁ‘? W%g’? Pat €8 p?lﬁlé %mount
of tazar dicamela (tl)aszlaﬂbt ene phuma@mtwellmadcepaﬂbbﬁr siltethercof domthe prefaeatepidder nis 6
hours pos}s (}q én@%ltﬁ)é‘ltr% ehte(ﬁsdtskl}#&g&h&cat es and 4 donors (n > 17) SEM.

Fi gure 4B 11l ustrates the anount tazar otene, tazarotene sulfoxide and
t azarl@t eni c ac,lndmp?hlet pabedpNS 5 Prssans iysatiom ket the sy af @ camppung of

replicat eranth @) P00y, or @NphardhddcutidflySEMeptable Gt &h&Aof, btk rda@fiert REF aanount
of tazar%% gbggoatelnthe epiderms and WD
2011/ 009 2010/ 042225 derm s 2 hours post-application (at |east 4

replicates and 4 donors (n > 17) SEM Figure 5B illustrates the
anount of l&ﬁ% %SFF]?‘ piderm s and derms 6 hours
post - applicati on Ieast p |ca es and 4 donors (n > 17) SEM. Figure

6 illldstrates skin penet ratl on fromm xtures of DUAC gel and TAZORAC

Scream The déftlgureol nﬂ&tﬂa%@&ﬁé% raHE'@oIP B Alde ﬁﬁl‘?%td a&aﬁéﬁ‘rﬁ%&iﬁ%
sul foxi de from east rﬁf res from4 donors (n 3)

Fi gure 7 WhanyRUAL e§elp?“%f1| d*‘rTW%;ﬁtf%I@iﬂﬁ%d (qaethes am? ﬂtgrst}atlpavﬁ%ﬁse

f rom Ski rggkétived B € ubtitdrase f ﬁ‘eélﬁWaﬁQal@X&DEUrAﬂC bel Ml TAEORAL ichhtlgerdEach
bar represents the average of duplicate cultures ( Stdev). 10Fi gure 8
i 11 ustrat®8fhe PMA-induced IL-6 release from A31 cultures fol I ow ng

20 Figure 2A illustrates the amount of tazarotene sulfoxide and tazarotenic acid in

stability samples (at least 4 replicates and 4 donors (n > 17) + SEM).

Figure 2B illustrates the amount of tazarotene benzoate in stability samples (at
least 4 replicates and 4 donors (n > 17) + SEM).

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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exposure to various retinoids. Each bar represents the average of

triplicate cultures ( Stdev). Figure 9 illustrates the stability of
t azar ot erwQ 20azm9@Bene sul f oxi de and tazarot ene benzoat eCirruse@v/opi2asma at
roomtenperature. 15Figure 10 illustrates the stability of tazarotene,

t azar ot ene sul foxi de and tazarotene benzoate in human plasnma at room
t enper at uteemis 2 hours pasgrapeichfion (dt lesstratopl catéreandebdorfoor (nt>akArio$EMe. benzoat e

measured with }E}?ﬁ]@' @qﬁﬁsnld%s he ¢ %Q&L B ABURE A0 %B%Eidermis and.

. . t
Figure 12 illusfrates the pea % roxytazaroteni c ac asured wth a

20 Shi madiEtmisgLours pestrpriiFaBpn 6 dasibrapbodesanardonoryire 13- PEMist rat es t he

mass spectra fF'iQﬂWﬂl%&tiré?t@s &fin @Eﬁ’ét%h TRk alights @%@AC@& Whg TMZORAC.
illustrates th %gent atll on of tazgrotenl [ arl d .sul f oxi de.

Ss spectra fra

Fi gur & LT udPF ARRPTHE TEERGAE TSrUUUYS Aol 8 P ArOf G0 SHHeRdR fompt
various rledst fe¢plivate? fohptidenctS(n * 185t BEMES the anpunt of 1L-8 released in
t he presence QPfi vrarj]oletra<tati nlroii(I:I1 Ammat Fi ure 7.1 lalm S%igﬁﬁsl Bhefr

bi ol ogi cal (retPnsid)" activiPy'6 VIO B A ST S s ar 6gted °oF

t azar ot ertkilghcoRHE dultercs Hyllaieing rexpodiung tayeareous xphiresdd. dlach bueteprdsents k. The
respectiv ' s are shown in Table 11 (I abel ed

RgPE BOR)IITS ALireSNESORVE

conpounds Il lustrates the biological (retinoid)

acti vty of vdriggas® Husupet theeRManmdyerd Bghaslesre fremarbilestdtupsniparary | e.

by det er rixpbdifle 96 RariOXPFBIRSIIQNEL@Y BArSrehRiserttd Ghe ANRagLEPAGIlICHR FRfusROf t es
and anal ;ﬁ%?eV are shown in Table 11. Figure 19 illustrates the
r

bi ol ogi c etinoid) activity of various netabolites and anal ogues of
t azar ot ene berEigatd illustratly/thdestability nif ngrageae:, exrproeari wifokeeahd tizarotkik3. The

35r espectyi t i n are shown in Table 11. WO
2011/ OOQ&%%E%?B%?@@&%@%?%B@QQ%%%%%?gure 20 illustrates the biol ogical
(retildoi d) actHiguey Ooflusieatdssbe stakilighol terargteandazanettugidioxiic and zerapitenve

benzoat e YenSoatbih HRILTRARNG 1S8R RREERSI On | evel s for K19. The respective
met abol i tes and anal ogues are shown in Table 11. Figure 21

i | lustrates tHagWElodfustsates themicalbifer) tazrpicts Lynzopte measyird Wik apdiimedar and
Sanal oguasPiof —tAxic0 RR6E steaR 210680 QTiRpep, by determ ning gene expression

I s f fil [ Th t | i d I h [
Tabl e 11, Fi gUietso 7 | HSEHS 85 PHE dPogo0Ra  HERaBEls antorerasey otthd. |
Fi gu2é 23hinhdistHEELEs- Appdicgibpgsecsme0akdRAMm of tazarotene benzoate.

Fi gures 24A, ﬁu‘@gggr@ gﬁsgale's kﬁ%s%ss%ts eétféﬁfr aRd o?hgﬁ’ﬂg%cy%é’aré?tfen gy otene

benzoate 10and )t ene ni cotl nate e presenc yenzoyl peroxi de,
rel ative to tdidawetlénbusiites hymassyspeeidirasmeanitation®if gazarotenic 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.



DETAI LED DESCRI PTON OF THE | NVENTI ON Accordi ng to an enbodi nent,
the present invention provides a conpound of 15general formula (1): (n)
wher ei n 'wo=00/09023; R is hydrogen, optionally substitecewsgiiong2as kyl ,
optionally substituted C2-18 20 al kenyl, optionally substituted C2_18

al kynyl, optionally substituted aryl group, optionally substituted

het erocycl i ¢ dtigup,20optustoated the ls;iulmgt‘dat OtegooidB adtiatycodfoadriopk rgﬂftainqiui,tesoandan

optional | t

opt i onal I%l %ggést(ﬁ%%e% %65%85{ kyI g%?ngn %{ene ¥ gtgil%%dﬁlflgﬂéigg&%ﬁl en I,
opti onal |ryspegtb\sqm@t@b@dewﬂmawgkwp shaypn inohdile Y1.substi tuted aryl gr oup,
optional ly 255}*451%'21%11%@&51% BObBRIgi@l GeAlFd) aatvignat bého%@t}ﬁéthﬁdhft@da@ 7
cycl ngl kyl %roup, an OB'[I onal ly :(,libStIIUt ed heteroar [Sfugf :

phar mec e’ &rHP é&%aé%tﬁ% zealeti- h& (Gfmining genSLﬁXPE?éIl9 I&ggaﬂ-

i nt eger hehel rBgpeativametabelitesland dhalgacearbekbwieimt Table 15 1. | n anot her

enbodi nent n | one odi nent,, n.is 0, .and R _is hydrogen. WO
2011/ 006023PCT) B3 370/ Gh5S AR TP mdaghiyR obtotinsy o0t oot onal 1y
substi tut ed CIFig@caBklustratppthaprapdsgd sndtahiolismtod thz@td® tehkehyl , optional |y
substituted C; eé‘blf)(”Q’AB a{?&’hh@@ﬂﬁétﬁét P%hh&r%&&gtaﬁﬂﬁ(} oEIaQéIBtenQ%h{HA?e' ly
substituted hetérocyclic group, optiona stituted cl oa

groug0 orangdrazsetEemBaIcPinae i thet I?I?%f‘é‘c% ef éewwyper@méeprelelse@ é@ﬂagpternzands
hydr ogen, hydpixdyanakdtynisWbigt i tuted C1_18 al kyl, optionally substituted C2_18
al kenyl, optionally substituted C2_18 al kynyI optionally substituted aryl

group, optlonally substituted heterocyclic group, optionally substituted
C3_7 cyc DETKYLEDrDESCRIPTAN O)MTHEalN\\]EN[rb@N tuted heteroaryl group. Wen

Rllsanoptlo I st| I ke. , | kynyl ,
aryl, 10 het er[ro w %L{Q fg ?gmf%% i egegérl%z érg%fpr,o%p %‘Je ag%%&lng gfy

opt i daal Igﬁn@t@bﬁm‘mvlﬁt(é)d one or nore tines, preferabl y 1to 4 tines

i ndependent |y by hal ogen; hydroxy; NR4R5; hydroxy substitiuited Cl1_6 al kyl;
Cl- 6 al koxy, such as nethoxy or ethoxy; hal osubstituted
hal osubstituted Cl1_6 al kyl, such as CF2CF2H or
nmet hyl , ethyl, isopropyl etc.; -C(0)OR6, or I In one enbodi ment ,
t he opti onal 15substituents are sel ected from hroxy NR4AR5, or hydroxy
substituted C1_6 al kyl, or R4 and R5 are

i ndependent |y sel ected from "I'n one enbodi nent both

R4 and R5 are hydrtﬂ.
n
1

R O S

M
whereinnis 0 or 1;
R' is hydrogen, optionally substituted Cj.s alkyl, optionally substituted C,.s
20  alkenyl, optionally substituted C,.15 alkynyl, optionally substituted aryl group, optionally
substituted heterocyclic group, optionally substituted Cs;.; cycloalkyl group, or an
optionally substituted heteroaryl group; and
R’ is hydrogen, optionally substituted Cj.s alkyl, optionally substituted C,.is
alkenyl, optionally substituted C,.;5 alkynyl, optionally substituted aryl group, optionally
25  substituted heterocyclic group, optionally substituted Cs;.; cycloalkyl group, or an

optionally substituted heteroaryl group; or a pharmaceutically acceptable salt thereof.

Suitably, n is 0 or an integer having a value of 1. In one embodiment, nis 1. In

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



Suitably, R6 is independently selected fromhydrogen or C1_6 alkyl. In one
20enmbodi ment R6 is C1_6 al kyl. In another enbodinent the C1L 6 alkyl is

met hyl .  wo208uiop@bl y, when Rl or R2 is an optionally seb3ftiscanad2asyl
group, the aryl is an aromatic cyclic hydrocarbon group of from5 to 20
carbon atons having a single ring (e.g., phenyl) or multiple condensed
(fused) rings, &BMMhraélmhpmbgyiophaﬂéﬁembmnawﬂhhmkamWh(ummnémbmdmnemﬂithe

aryl gr OL@rfblI% IE&W? p%%t@dﬂ%ll& ysu%%%{eldt ét alI% E}I,(}YI[ 8n Er; the I&Ijﬁ n§r Hén 25

anot her e roup stl uted nyl or
napht hyl Oprflﬁnf&}vowbéﬁltu fﬁ“é’rﬂlc gmupi, §pfa9naélr5tslubﬁauq69 Cgul?é’?IO@IlWIsamﬁﬁeWyl In
anot her q&pg@bﬂﬁghwbﬁhuhghggggwagém@ydroxy substi tuted phenyl.

Sui tahly, whe s,an opti.ona] | substl uted heteroaryl rou
heterdaryl ri I%llﬁaEIYaRnﬁ%I%%g% opfigrally; YbstyieA-Crnp I RPUGRALY i
aronat i ¢ ¢ydrakaiyhosptidnay 3@1b§t¢mtedl (n anl&pnylea@hoﬁmgz betiseiruaed lesgﬂoapt ed

from XY % E[‘lb%lény u%ggtute%ql%lte%gé I%/(?u I t@&&n lg;lsﬂgs?ltut@& >;I7e0’ygIrI%gﬁ<¥ﬁé1%uB O

limted t
i soxazol wnommmallm albsilltyted hﬁttr@azlcgrwlq pyrazol yl, oxadiazol yl,

oxat hi adi azol Wyped R 61%941 %I)tloﬁaﬁ% rAgQlkd 0! @ﬁylaﬁgll%me bAfor: 1¥Ialkyﬂﬁf'ﬂgz' nyl,

pyrim dinyl yrazin or uraci Thé "het eroar y also

i ncl Ufe flli%f‘éQFY&Iﬂ@)n%}tCI{Q? kxlrvgshe&s%ﬂ 810wy, Hic greEB s opbeRallyet ﬁtetateéner@eqﬂect ed
from oxygfeke tivhds! p@e@amd U fithes indagéhdehtly be hhleged Hyuftg@ N@QR@I glrdiyve or

w0 20117 ob0 iR LS, BATBUSE,Rluch RSHAp ool il oL (P e

i ndazol ylalkaxygbalpsubayiuteddziab nierl ysuch B%QEQQEZHIO}?ICF%@riz(i Wﬁlaw@hw rnethyl
benzot hi a2 1y'1sogPo§J§,¥ {t&"a@(b?]oﬁené bg?@@l’%“y' n ! n&IlI%IAdlmef?T?OtH (gdt%Inal

qui nazol i nyl hyl C|nno
pht hdPazisH $t1tu€fnﬁs G selss f@é.mmt Y%a@h NR4Rs gh hasquasn%ubls tuéf‘lﬁib\étlrﬁ dled,

het er oar yj; g ..the 5 heteroaryl is an optionally substituted 2-, 3- or

4-pyridyl or r| n I n .anot h enbodi nent the heter is an
optionally sub%%“iag%/ft Bgjand Rs gre laaiep&n%mlm cctefl frognpydiege aI-II@’rIt Ippng 5 an
optlonaIIammﬁuhﬁ&umuﬂﬁm4myermBhy&mgml Suitably, when R or R2 is an

monooyel 15 ¢ hrakebl, oo el hBERLE LoPR bl B FRERTE) Gree pEYT gh o
unsat2lr ateadooldyqu:md?anbﬁm alikply In@nomemm@)dameﬂltehecl oalgyhistnertindt om sel ected
from nitrogeng,pxygen ert thé}uﬁz R X Hb&aehgz %I‘I)ISR‘LI&EBH SFﬁI eg%&ﬁaé thS YA 1@S4nS(0) M

and mis 0 or an |ﬁte aving a va ue o rocy |c group
may al so dreptigeycliodedropirhgs groslam et grabaer gpmy h@ﬂgawmieerdng @

wher ei n qm%nm 0I= RR18 88n IRYe OGuRHP BRES, Gu aNBIAIRAT A8 & anBRGh Bf ordche

fused rings have from four to Sev atons. 15 Sujtabl e exanpl es of
het er ocycqngho w%ﬁge PR | 9 ISpdft opfiena xtsuIItﬁvtﬁéd)h%vl %@t%%rla@%@ o

par th i23l | wnsalbﬁ E:l%b@diméﬁf thic CKISarplf grtr)]ﬁgﬁ ishet @itioasyy su‘ﬂsn@lgedqsleaﬁl stefiphtdg. alove,
tet tetr r tetr r 1.

ot r anydrSPHECERERTAE T Gt heP GRHAY SRUOR L EhET JF bR hasimses Bt §y

azepi ne, phicaylewihpdroxazibstitlited/phengyr rol i nyl , pyrrolidinyl,

2- 0x0- 1- pyrr ol g di, piy! Wlhg‘n Roéf’R g%trpflgn*Iy%'uBé‘[ tute%hg‘teferﬁ r%IférI%}etrér?e}fIrl 20

i mdazolinyl, imd zol1din pyrazoliny
pi peri di g 1S5 [RADQSY Ghig| ﬁVehﬁPpﬂ%‘Fﬂ ﬂ@elah@re@mn&mﬁa qtrpﬁ@ elhﬁéquqaﬁbﬁg 8% di zed

ver sizons Qhtaidifg at!ldabtr ofh&Erddtom selectecﬁﬂbhla@i%en\Aﬁ%gaI ah® s@ﬂJrOpSlhﬁﬂBféI ly
substitut ed hete(gg%pllc(%rou eterocyclic.is ption

subst i t ut'@ESgrgRds: dithgic ™ %Igte&ztpnﬁw PEEPYhyRIFByP yOBRARNY, tilazolyl
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substituted

i ndependeRfas BT six g @oerrésutﬁg}e ﬁwﬂﬁw rerkegomatic gngy Jaghuge, byt are
-C(0)OR6. In another embodinent the G _ig alkyl is unsubstituted. In
anot her enbodinent R is a C1_3 alkyl ¢ a Cl15 al kyl. In another enbodi nent
Rl is a G _3 alkyl. In another enbodinent the Cl1_18 al kyl is substituted
byC(0) OR6. In another enbodinment, R6 is a C1_6 al kyl, preferably nethyl.
351 n one enbodinent, R is an optionally substituted C2_18 al kenyl. WD
2011/ 009023PCT/ US2010/ 042225 I n anot her enbodinent, R is an
optionally substituted aryl, heteroaryl or heterocyclic group.



In anot her enbodinent, R is selected froman optionally substituted C1_18
al kyl, a C2_18 al kenyl, optionally substituted phenyl, optionally

substi t utwo 2pywdogi2ayl , optionally 5 substituted tetrahy@copseaaph222or
optionally substituted piperidinyl. In a further enbodinment, R is selected
froman optionally substituted phenyl, optionally substituted pyridinyl,
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enbodi nent rogen. or 0 |tuted Cl 18 alkyl. In an
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al kyl i s @iRy). This corrpound i s ethyl 6 [ (2- hydroxy-4,4- WO

2011/ 009023PCT§LH§8@1%%§2 49an optlonally substltuted heterocychc group, the heterocyclic
di met hy1- 3, 4-di hydr chrorren- - oxyl at e,

-carb
and i s alissn gedill s SFF&F PPgd 1H¥]dP’(P>?§ﬁ‘Z’c géﬂ&@ﬁ@pyraﬂy ety o ded EUHFBYNds  of
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1 d %u
filtration o¥£ﬁ§n @e P’[T%ovgr ed by evaporation of the solvent. According to
an enbodi ment Ina?né@mb@éwnbe Asemepgonally supstitaief dotiedlkyly dan 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

In

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.



10(1)6-[4, 4-di net hyl-2- (pyridi ne- 3-car bonyl oxy) thiochroman-6-yl ethynyl ]
nicotinic acid ethyl ester, (ii)

(S)-6[ 4, woiznatdog3 2- ( pyri di ne- 3- car bonyl oxy) t hi ochr omeaTasSgé 16083225 | |
nicotinic acid ethyl ester, (iii)

(R -6-[4, 4-di net hyl- 2- (pyri di ne- 3- car bonyl oxy) thiochroman-6-ylethynyl]
15ni cot i ni ¢ adndamithgrl embodimen(,i R) iEt Iyl optionally substituted aryl, heteroaryl or

6-[ 2- palqkkgg Cﬂcg(g¢nethy1 3, 4-di hydr o- 2-t hi ochr onmen-6-y1) ethynyl]
pyri di ne- 3-carbo i

6- [ 2- (2- Hydr oxyn Mh%)@yf}hodlmmﬂalRreltsIﬁ?lleCt?d}ﬁ@@h@%@ﬁ@n@UX/F‘&SHWﬁkm@H@ﬂa@m c
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pyrldlnegsgmarboxylate (|x) EthyI
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pyri di ne3-car

6-[ (2- I|rﬂlémehalﬂSWS@ﬁuF?ét(Fly!E-a@(yllr%ﬂhwﬁBQQFnﬁl%(ﬂﬁbﬁd@ﬂ@y&Whéﬁ el

pyr|d|ne t (
6-[ (2- (Nn@ﬁhlg‘?ﬁ%’% ik %‘:dr? aar bo%o)zB64 di met hy1- 3, 4- di hydr o- 2-
35t hlléchrornerlnemlyelt)mquwnlycl?\ iy hydipaeBor aptnelly substitutgd Ciis alkyl. In an

2011/ 009%%%,2@4{%/ lg/élgc?g%ﬁ or optionally substituted C; ¢ alkyl. In another embodiment,
R’ is hydrogen. In another embodiment, R* is C,¢ alkyl. According to a further

embodiment, R” is ethyl.
According to one embodiment, n is 1, R' is phenyl and R? is hydrogen or C g
20 alkyl. In another embodiment, n is 1, R' is phenyl and R? is hydrogen. This compound is
known as 6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl) ethynyl) nicotinic acid, and
1s also described herein as tazarotenic acid benzoate.

In another embodiment, n is 1, R! is phenyl and R? is Ci6 alkyl. In one
embodiment, the Cy g alkyl is ethyl. This compound 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 is (S)-6-(2-(2-benzoyloxy-4,4-
dimethylthiochroman-6-yl) ethynyl) nicotinic acid, ethyl ester. In another embodiment,
the compound is (R)-6-(2-(2-benzoyloxy-4,4-dimethylthiochroman-6-yl) ethynyl)

30 nicotinic acid, ethyl ester.

According to a further embodiment, n is 0, R' is hydrogen and R” is hydrogen or
Crs 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 C 4 alkyl. According to a
further embodiment, C,¢ alkyl is ethyl. This compound is ethyl 6-[(2-hydroxy-4,4-
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(xiv) Ethyl 6-[(2-propionyl-4,4-dinethyl-3,4-di hydro-2-thiochrornen-6-y1l)
et hynyl] pyridine3-carboxyl ate, (xv) Ethyl

6- [ (2- salwoybiipde24, 4- di met hy1- 3, 4- di hydr o- 2-t hi ochr or n@aTarsgdip/ogx2byny| |
pyri di ne3-car boxyl ate, 5(xvi) Ethyl

6-[ (2- (4- pyranyl oxy-4, 4-di met hy1- 3, 4-di hydr o- 2-t hi ochrornen-6-y1) ethynyl]
pyri di ne3limathybX i dibwjro{xthidchrdatdmyé-yl)ethyynyl] pyridine-3-carboxylate, and is also
6-[(2-no I - - di - 3, 4-di hydro- 2-t hi ochrornen-6-yl)

et hynyl | Q%;% ?{#g%%ggsrllﬁ’gd@iﬁ?%%@% C(xviii) Ethyl

6- [ ( 2- ( 3- rononkEtcpmpendefitee predend invisnhymmay he g1 thy doran of andiasamdyornen106- y1)
ethynyl | 4ayfihidicR@3ns G3haRNAdaliGllyaRebptabldalt. For a review on suitable salts see Berge et

6- [ 24(S) % Ar’B no- 3- et Q?q - gui] F)yl oxy) - 4, 4-di net hyl - t hi ochr oman- 6-

yl et hyny 7 hi [dBImnde- 427 4 08t § ~ester; or a pharmaceutically acceptable
salt thereof 15Suitably, the conpound of Formula (1) is ' '

644, 4- di met hy ILypiqaflyr 4 phareaguticalrasoepydbd salt miy be readipnrepangtl by fuyimyg|a)desired

ni coti ni oALethagt AV ppRsiirfate. e ItRPATFRGEIIE Gdh! 61 ARLREREBRE1&H D byt her eof
Sui tably, _the corrpourlfd of Formula (). 1s (S)-644, 4-di net hyl-2-(pyridi ne- 3-
car bonyl diifstienerdasy biisaowrsd Bt sargTatioppEdisalventaci d et hyl ester, or a
20pharmaceutically acceptable salt thereof Suitably, the conpound of
Formul a (1) i sA¢oRydisgt, b anbretitgrits 2 c§ppoundioféoBnule 4hbonyleoxy from:

t hi oglar oman::6- vyl etrhwr [ ceutically
acce|co‘1lt6 abl e ggl t ? Ag)rl‘g%{&%gll t(2 ;(Hﬂ;?/d,hﬁ% %gdaggc?ﬁ%g%k)dﬁﬁﬁ@grlﬂn{ﬁ ZIE I}; rylmg et hyl
642- pal mi t oy1- 4, Bicgiinsprdrilyl gsttn5di hydr o- 2- t hi ochr onen- 6-y1) et hynyl ]

pyri di ne- 3- ggr boxyl@tL4-dahetBy PR RIGRUS -C&Bbhy o AORREABIAN %2 [bthi ha eof .
Suitably, the conpound of Fornula (1) is

642- ( 2- Hydr oxy- aBEPBRG Ped At hy| t hi ochr oman- 6-yl et hynyl | - ni coti ni ¢ aci d
et hyl ester (iiipr Rph Aridacthyc2H(pyidues dphdbhelosa) thiccheneato-gRGynydbl y, t he
conpqund of For (1) d.s.qethyl 6-[(2-(2-nethoxyacetyl)-4, 4-

di rreﬁﬁyl -3, 4-di Eﬁ%ﬁ%ﬁlﬁﬁfﬁi (t)l_},yt%?%;tﬁ%n_- 6-yl) ethynyl] pyridine-3-carboxylate,

or a phar mateut i Ediyl 9-[2gebpitaiidel-dimathytlidet-dify dou?-thibthromeiné-ydbethpudl  of

Formula (1) is e B[ L2, 1-4, 4-di nmet hyl- 3, 4-
di hydr o- 2-t hi ocht?ni}ﬂ@gcg%&g%%nyl ] h(ﬁyri di ne- 3- car boxyl at e,
phar maceut i €4l | yo3542Ebidranracctoani-4¢

acid ethyl ester,
20 (vi)  Ethyl 6-[(2-(2-methoxyacetyl)-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl)
ethynyl] pyridine-3-carboxylate,
(vii)  Ethyl 6-[(2-acetyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl) ethynyl]
pyridine-3-carboxylate,
(viii)  Ethyl 6-[(2-n-butyryloxyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl)
25 ethynyl] pyridine-3-carboxylate,
(ix)  Ethyl 6-[(2-lauroyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate,
(x) Ethyl 6-[(2-isobutyryloxy-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl] pyridine3-carboxylate,
30 (xi)  Ethyl 6-[(2-linocoyll-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate,
(xi1)  Ethyl 6-[(2-linleolyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate,
(xiii) Ethyl 6-[(2-(N-methyl-4-piperidinylcarboxy-4,4-dimethyl-3,4-dihydro-2-
35 thiochrornen-6-yl) ethynyl] pyridine3-carboxylate,

=

or a
msthyyl-thiochroman-6-ylethyny1]-nicotinic
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Suitably, the conpound of Formula (1) is ethyl

6-[ (2-n-butyryl oxyl-4, 4-di net hyl 3, 4-di hydr o- 2-t hi ochronen-6-yl) ethynyl]
pyri di ne-\8ocarioggBat e, or a pharnmaceutically accept abl @eCzaistomleredf
Suitably, the conpound of Fornmula (1) is ethyl

6-[ (2-1auroyl-4, 4-di met hyl- 3, 4- 5di hydr o-2-thi ochrornen-6-y1) ethynyl]
pyri di ne- 3- GavboXtiyatd(2-propmnyhdsrticetityl-d g dijrydroethiablengrb iyl X dilemybif

Sui tably, the co la (1) is ethyl 64(2-
i sobutyryl oxy- 4, Hyg(?{{r?rgeg[ %Ir?ggfl -di hydr o- 2-t hi ochrornen-6-yl) ethy

pyri di ne- 3- (6ar b5yl A€ S%hcylacyéﬁeﬂ*m]@tlr%ﬂﬂyd@c%&p@%{Ep@eééﬂfl) @uhem]ébf
Suitably, the coppeuRss-efrb&gnawl a (1) is ethyl
oh e B b R b s et - S e el oy ™
gui[tgb: Y, I t he COBﬂh@ﬂﬂ@lpﬁﬁdlEﬁﬁ’ gat‘Z@q(édté is ethyl |

- -lin e i [ or.ne
pyri di ne- 3- "ioxy g %mﬁ‘il%élaf%%%‘/gﬁ‘ﬁ @erﬁl Gft{l/}na%%gﬂ%ygﬁ % tﬁg%’(l%r% FHEY é@%( ]
15Sui t abl y, the ctbmyﬂlpyirubﬁeFmrhmmtél) is ethyl 6-[(2-(N-nethyl- 4-
pi peridi nyl @%}1131{*6"[(21 ﬁﬁﬁoﬁ% ﬁz&h@a)f@'ﬁq dinde g@@hﬂ hP&B- B nyl']

X te p

pyrldlne3c ceutlca1% acc tabesaltt reo
yl

SuitdBly, the coﬁwélmhwwﬂ] Méwmﬂ3a:a(hq><ya§e ét
6-[(2-pr opl payyL- 4. [é(@)@hhﬂha@rﬂe‘chﬁ'—ﬁiﬁﬁ&ﬁrx? b geRig1-agocRordl-6et hynyl |

pyri di ne- 3- carboxyl.ate, or a ceutica y 20accept abl e salt thereof.
Sui t abl y, t he coﬁ%ﬁﬂ’ﬁﬁr]dlﬁcqﬂﬁcﬁarﬂé”?}’l)es & ¥t hyl

6- [ (2- sal i cylphayibedytally adichyable3alk thadedty dr o- 2- t hi ochr or nen-6-y1) et hynyl ]
pyri di ne- 3- car boxyl ate, or a pharmaceutically acceptable salt thereof.

Suitably, the conpound of Formula (1) is ethyl
6- [ (25( 4- pyr arijitekly, thegotiprenhyl gl d) iperot-dimethdehipotiden36- y1) et hynyl |

pyri di ne- alt thereof
Sui tably. tE%"%‘é’é%%ﬂ%ﬁ"%%%%?w5"“?%?"?%9‘3*‘1*%Cl%%‘?%ﬁﬁ"oﬁoﬁet hyl adopy1- 4, 4-

di met hyl - 3, BbamRgatisely waerpiahlesrMEIRI® Yy 1) et hynyl | pyri di ne- 3- car boxyl at e,
or a phar rracetguueallyl Mle&@ﬁ@@h@cbd)ﬁcﬁrﬁiula (quer(epé [43@%%@?1 Y-(pritEn&@npound of

it o1 5 siBoRiar Bottpahi o naNral fiestae AR5 a7 fe- 3- car boxyl at e,

or a2fhar maphkartiacaiticyllypeweptablolselt gakdoft her eof Sui tably, the conpound
of Formula (1)

5424(S) - 2- Ari 1ALl e spBRpURd lFarmula () i3 R et 2 UrdBedr o yny 1y -
icotinic acic@rbemmgw)é@pehmm@n 6ay1 melﬂm@emﬁuaelélelﬂgyla&t@rept abl e salt thereof
WO 2011/ ooggmgéﬁggm%ggcgﬁgg@@aht@g&gr ding to another enbodi ment, the

conpound of  Far nu i s sel|lected mt up con ing of: Et hyl
6- [ ( 2- pr opi on ul&LIZY éﬁer?@’?ﬁ?‘in blS§n}y|l]8([§ 6‘f 9111}et1e5f1‘r§y41yl ]

pyri disne- 3- diybxy-tibeiromEt- byyﬂ) ethynyl] pyridine-3- carboxylate, or 2_1 pharmaceutically
g [(2- (N rregchaé%t-aﬁl-epslaﬁeﬁelrgolfpyl car boxy- 4, 4-di met hyl- 3, 4- di hydr o- 2-t hi ochrorne
Suitably, the compound of Formula (1) is 6-[2-(2-Hydroxy-acetoxy)-4,4-dimethyl-
thiochroman-6-ylethyny1]-nicotinic acid ethyl ester, or a pharmaceutically acceptable
salt thereof.

30 Suitably, the compound of Formula (I) is ethyl 6-[(2-(2-methoxyacetyl)-4,4-
dimethyl-3,4-dihydro-2-thiochromen-6-yl) ethynyl] pyridine-3-carboxylate, or a
pharmaceutically acceptable salt thereof.

Suitably, the compound of Formula (I) is ethyl 6-[(2-acetyl-4,4-dimethyl-3,4-
dihydro-2-thiochromen-6-yl) ethynyl] pyridine-3-carboxylate, or a pharmaceutically

35 acceptable salt thereof.
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6-y1l) ethynyl] pyridine-3-carboxyl ate;

6- ((4, 4-di net hyl- 2- oxot hi ochr oman- 6-yl ) et hynyl ) ni cotini ¢ acid;

6424(S) - 2vormnaow2aet hyl - but yryl oxy) - 4, 4- di et hyl -t hi ocirCorsre10/0yizes hyny1] -
nicotinic acid ethyl ester;

106- [ 2- ( 2- Hydr oxy- acet oxy) - 4, 4- di net hyl -t hi ochr oman- 6-yl et hyny1] - ni coti ni c
aci d et hyl estSatablgnthe comgbimd of Formula (I) is ethyl 6-[(2-n-butyryloxyl-4,4-dimethyl-

6.1 (2- monons b et bty koot fhgeniar nen- o y 1)

et hynyl] pyri FITRCEUt T Ca 'y "accept abl e salt
t her eof 15|nhmﬁwalésswéptabheﬁéltthw%u on provides a conpound of the

f0r”U|a|| Whﬁﬁﬁbl E@cbﬁlbﬁﬂHéﬁFthu J RR#HY B[ éuﬁﬁki-ﬁhﬁﬁngﬁg%§4ﬁ|ky|
ZFL;,?, o afﬁaja }F-;?ng&*acz 1?@@521@@}/@%5 - 5&&]& 6}ﬁlatef§r SO
heterocrf|'ﬁagb?b?E?ngﬁ@ﬂashﬁﬂﬂFQﬁ@b®ﬂP@ﬂwG3P3HﬁuﬁKDa$f&bl§PQUp, orta&
optional ly substitute 4cﬁ§,h,?g% %%f or . a nﬁ aut i cal | y. Efep abl e
salt thereof d SnQP f Pute pyg ar yl, C2_18
aLkenyI, C?gmbmaHM;giP}ﬁangwmuh@ﬂggfcqnﬂﬂ@i%gy@koéIkyI or het;rog;zl group,
the group is PRl eoRiiBEd b RIUBPITPLEinddoBSp 4 BLFLGAADLY 1 Lo 4
ti mes i ndepende r OX RAR % stitutéd ClL 6

al kyl10 c1- edlélb/ti@x%rthlgﬂvéﬁma rbéi ﬁbxwylbpyr&ufrrowarmaylé@uarsq plwméepuefalé/ al koxy;
hal osubst i t iéRptabll @It Mdfydf, such as CF2CF2H or CF3; Cl1_6 al kyl such as

e et YL s BB AR oo S e s PO e Mooty ey s L BBLY

enbodi nent bmm@tmmrmemeylhmﬂympmndm 3\ RRHDDOODRRPETLQERALD/ 042225

Sui t abl y, |y selected from hydrogen or C1_6 alkyl. In one
enbodi nent ﬁmb@%ﬁ@%ﬁ?{qt | n anot her enbodi ment the Cl1 6 al kyl is
met hyllS. WisntaR3, the campgpmd offadrmplas@ibis ethtyli 6 d 2-E¥ymetigrldlip, it is as

e 18, oo el g TR S s Dt ) it onl 1
-carboxylate or a pharmaceutically acceptable salt thereof.

Suitably, the compound of Formula (I) is ethyl 6-[(2-propionyl-4,4-dimethyl-3,4-
dihydro-2-thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate, or a pharmaceutically

20 acceptable salt thereof.

Suitably, the compound of Formula (I) is ethyl 6-[(2-salicylicyl-4,4-dimethyl-3,4-
dihydro-2-thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate, or a pharmaceutically
acceptable salt thereof.

Suitably, the compound of Formula (1) is ethyl 6-[(2-(4-pyranyloxy-4,4-dimethyl-

25 3,4-dihydro-2-thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate, or a
pharmaceutically acceptable salt thereof.

Suitably, the compound of Formula (I) is ethyl 6-[(2-monomethyladopyl-4,4-
dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate, or a
pharmaceutically acceptable salt thereof.

30 Suitably, the compound of Formula (I) is ethyl 6-[(2-(3-monomethylazelauate-4,4-
dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate, or a
pharmaceutically acceptable salt thereof.

Suitably, the compound of Formula (1) is 6-[2-((S)-2-Amino-3-methyl-
butyryloxy)-4,4-dimethyl-thiochroman-6-ylethynyl]-nicotinic acid ethyl ester, or a

35 pharmaceutically acceptable salt thereof.
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or R2 in Formula (1) herein. Wien R3 is an optionally substituted
heterocyclic group, it is as defined above for R or R2 in Fornmula (1)
her ei n. Iwocena/®nd2ddi nent, R3 i s hydrogen or an opti onalPCy/usatsi12es ed CL_6
al kyl. 10 1In one enbodinent, R3 is hydrogen. This conpound is

6- ((4, 4-di net hyl-2- oxot hi ochroman-6-yl)ethynyl)nicotinic acid, and is al so
descri bed hdrcedrdinggo kedtbert aztadonert| the aomgdound of FoAmalar(@) ingeleaedfromitbe

enbodi e uﬂ%%ns g% p al kyl. In another enbodi ment, the C1_6 alkyl is
ethyl. Thi s conp I's et hyl 4, 4- dlnet 1- 2- oxot hi ochr oman- 6-

15yl ) et hy nyE}hYul éd(Z n@p@nwaﬁd dl@le bé 4oéiBygrp @lcwémlw ayDictiyaytlazar ot ene.
Tazarote rlﬁﬁng&goxlam Accordlng to a particul ar enbodi nent, the conpound
is 6- dlnet Ith ochro nyl) .nicotinic

aci d, et hyI E@%ﬁ gr[@c@( SRS A B 9outHdy lmfg‘yﬁ Ao Eyéﬁe? & s

f or med byiybﬁﬂbﬁymgyﬁ@ﬁaBahﬂﬂﬁy&md benzoyl peroxide. This novel conpound

penetrates I noi e S and R enantioners
have been |§gf %gdndﬁﬂ' %?]PF%E%;YQ%EWH'ggppﬂ%fcﬁgreln A range of
anal ogues aﬁd21€€ﬂ)6236m1m<e§ rmthyldzmy@toe(mMHeChm&wetfha@mommé -etbynyilkol at ed,

synthe5|qggngggm9@@%>p&@ﬁlzed as is further described. 25 Active
met abolites of tazar tene Known netabolites of tazarotene

t azarl8t ene §ﬂ?ﬁ%ﬁﬁ@é”@hﬁfﬁéibﬂ6&@ﬁﬁ&W&ﬁﬂﬁﬂHW@We6bé@hW%H&W#DPBwﬁ@HE?hﬂIe t he

skin. Howgierandot her known netabolites of tazarotene, nanely ethyl

6-((4,4-di 1- di ox ch ) nicotin (tazarotene
S0 el T onel S bAoAy RIPEAZk BB R SL Sl Py GG cot i ¢

aci d (tazaotygmyeidacdcabidfydate de)a, phandaceutically acceptable salt thereof.

6- ((4, 4-di met hyl1-1, 1-di oxi dot hi ochr oman- 6- yI)ethynyI)nicotinic aci d
(tazarotenic acid sulfone) whi ch were previously thought by others to have
littllé or no rletahpibeasaedti bhpquenhmproﬁggﬁadp@p@m@@fdhe regbrt retinoid |ike
activity (Figure 22 and Exanple 3). 35Accordingly, ”he present invention
also relates to a nmethod of treating a skin dlsorde| in a subject, the

met hod conprising adm nistering a conpositiggFeQqnprising a WO

2011/ 009023PCT/ US2010/ 042225 t herapeutical [y effwctivecaﬁnunt of a conpound
selected fron1the group consi sting of ethyl

yethynyl)ni cotinate, 64(4,4-

zayl )ni cotinic acid and 64(4, 4-
-yI)ethynyI)nicotinic acid, or a
%t hereof , along with one or nore
pharmaceutical ly acceg ' to a subject in need thereof
In an enbodi nent, € e ventlon relates to the use of a conmpound
sel ected fronlthe group conS|st|ng of et hyl (1)
6- ((4, 4-dinmethyl-1, 1-di oxi dot hi ochronman-6- yl)ethynyl)nicoti nate,
6-((4, 4- d|nethWMXQHOX|doth|ochronan 6- yI)ethynyI)nlcotlnlc acid 10 and
6- ((4, 4-di net fpﬁllslh}aﬂa %'&@fohaw%wme@ @q 1)8 eJll%M”%b@l&a@?t édysﬁtu?&i' @, ,or a

pharnaceutlcally acc abl e sal t reparafion of
redi Arertkansh opHiandlbespngitedds: a a&wmi @pgwéléfrsubsﬂtuted Ay gouh opHgrally

enbodi menfubstithed i hatedtydiz gedu@t asptiogallihaubsizuted @; ¢ wypungl sgbegt ed for om
t he group ¢con 0 4, 4- d met h ' h%onan 6-

15yl ) et hWP?ﬂly %ﬁtﬂ[}ﬂe]é he%erc}/aryl gr&{ sorap armacglilﬁc:!aﬂl}]f _agc!egélbfie saﬂlther
6- ((4, 4- di met Wherl Roxs dobhiiochly oobstitéey 0 et &y 0y i dberiyhi €. a@ikynyl, aryl,

heterocyclic, cycloalkyl or heteroaryl group, the group is optionally substituted one or

dinmethyl-1,1 - dioxidq
pharmaceutical |l y acceq

25  more times, preferably 1 to 4 times independently by halogen; hydroxy; NR4Rs; hydroxy
substituted C1-¢ alkyl; C1-¢ alkoxy, such as methoxy or ethoxy; halosubstituted C1-¢
alkoxy; halosubstituted C1_¢ alkyl, such as CFoCFoH or CF3; C1-¢ alkyl such as methyl,

ethyl, isopropyl, etc.; -C(O)ORg or -OC(O)R.
Suitably, R4 and Rs are independently selected from hydrogen or C;¢ alkyl. In one

30  embodiment both R4 and R5 are hydrogen.
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and6- ( (4, 4-di net hyl- 1, 1-di oxi dot hi ochr oman- 6-yl ) et hynyl )ni cotini cacid, Oa
phar maceutically acceptable salt thereof, for the treatnent of a skin

di sor der .woO 2011/00pa23yet anot her enbodi nent, the inventi oRCralSat1e941205 a
pharmaceutical conposition conprising a conpound sel ected fromthe group
consi sting of ethyl 6-((4,4-dinmethyl-1,1-

20di oxi dot hi ochiiteblgn-Rs- il Jrelchgmighiiniscloticdafren6hydrdged- di atshylkyll- dri @t hi och
roman- 6- Iﬂé&{%ﬂ )1§'ECO£ f q %ﬁb e@é}gbod ment the C 6alk is methyl.

6- ((4, 4- V‘?’ IOXI t hi‘ochr oman- 6- 51 Hynyl ) ni cot nic acid,, or a
phar maceutl ca Wné?ecléﬁtl le@naélﬁlsvb&tﬁ’étﬁé@fyl gacpupngt i He abpverfrk’ or R

phar maceuf ireahhy (AGeRR.abl e excipients. 25 Pharmaceutical Conpositions

According to adi ment. resent | nve tion provide har euti cal
corrpogl tion c%rl. lﬁQHQPE?JWﬁJ%&H ERtegors gupoﬂt ig wﬁ figsd dpove for K

phar rraceLdriR'?athymaﬁ@eIphaﬂehe salt thereof, and one or rmre phar maceutical ly
accept abl e ca |er ar _exc n armaceut i cal
Compos 1 on clsTiSes a ERBHE i RU IR Rl o DEpRURRE B c2l

embodi merk’ ortl?:lenﬁeumdel(lphalrenaceutl cally active agent is selected fromthe
group consi stig Iy ?ﬁ@’i N B8kl ¢ iccosfiefoid and a
Vi tam n D anal o%&gggég%ﬁ # rr%q%‘drﬂé&& 02 i8 gfnsélgs ﬁg{e?racgeu&?cal ly active
agentl0i s benzdyl oveﬁasbp@l@lenr nRaﬁéthVéiFO@ﬁbO(Tthﬁeﬁ@mp@lﬁ@ &e &dfth4-dimethyl-2-

phar maceWxofabdhYorast-6 j&‘i‘) ﬂ%’ﬂgﬂ)nlb&lrﬁﬂ a1l ki@t iC,alsoMescribed herein as keto
2011/ 009023PCT/ Us2. 042 such as clindamycin or a pharmaceutically
accept ablBLFRica reof (e.g. clindanycin phosphate). | n anot her
enbodi ment, t heccoedinnth pldreranbodineat, Ry ia€t. }alkylageatother mtmd[mempm:er oi d.

Sui t abl e e S oi met asone 5
di pr opi ona']t Eky?% étﬁyl @% é%&oﬁgﬁﬁt%ﬂﬁé%@g onat?(gthﬁ)chf Cil[ﬁasone
benzdat e ylh@tyawbnmatmﬁ@ adlil pr i dvartilesd Mlaﬁ&kﬁaém@twl erate, budesoni de,
cl obet asol propionate, clobetasone butyrate, cortisone acetate, desonide,
desoxi nmet asone, d| fl orasone diacetate, diflucortolone valerate,

f1 ucl or ol 4aroLNEOSAINAE | unet hasone pival ate, fluoci nol one acetoni de,

f1 uoci noni deAJcbchthd Ia%I RUEWAr, erhbohigRAL, Qh@@@mptnhnuo[seammd%en@@ﬁix@tze4 10

fl d I fl t t |

nal obot adBmeiY BpEHATEn (08D miseic AR el FRedne. Geuplpe banzbetsS:
hydr @0or tTazemnénbbeyzatels fogarddgocdnitsomg tpraopemnatdehenhyyd peoxide. $biserovel
val erate, I[?&ﬁ)toﬂ%{& @Ex‘? k3 9he @Em %t Rise retlg&ﬁq{k%sé%ﬂ‘é t U QAL E andp rRaQRa%ﬁ'n]Bﬁlers

hydrochlor ni sone acet ni sone va e€rate, triancin

acet oni délanrbééih isoatesh aed cl@mctpth@drra@%d@sceﬂbﬁql Vicit e Pt Eige of Ainglogudsednslof 15
I'n anot h%et%ﬂ?@é’é Wﬂiarot‘éﬂ@b&%@t@%apg@fs%‘é@rmsbﬁl@édl B’yrﬁﬁés'lié@ aﬂg%ﬁﬁrab@nﬁ’ed
vitamn D ang@%gu(gq Sw tabl e vitam n D anal ogues include, but are not
limted t4§S §dfsgibedeal citriol, calcipotriene, paricalcitol,
22-oxacolcitriol, di hydr otachysterol, calciferol, and phar maceuti cally
accept abl salntlest th1 re ft. In an enbodl ment, the invention provides a

phar nace e =t orrprlsmgacorrpound of Formula (1) or (I1)
or a phar macenwal metzotiept ablaearsht ichézenterenslxscondtaabione agdnt ,
wherein t e%&@fﬁﬂo‘wﬁytogjenétp’ﬁe %rg% INfoRbvdr OS% E’ncﬂv&}r) rngfab&llnleg of &z%%@' or to

t he stabi tazarotene I n arnmaceut | nmposi tion conprising

t azar ot em@n@ cthiled- é(ééo@lialeﬁbthlvledlag@ﬁthlothpraﬁl éﬁﬁl@ﬂiyﬁ’élamwotm%e Gerapsened of
For mzpa (sulfod), (d-{(4,4- @m{eﬂgammd&hﬂa@maﬁh% PhethpZAnRERR %bﬁOt(taE!%%mc

I
AU P A T e T N e
t her apeut(tazaﬂoltqm@facflécsulfmea)amhwht \Serfe(p’re‘tlbﬁ!slj‘z nl&aigh”eby otffiers ki hawti Stole che .
The conpad 1901d & t1V13§(ﬁ RIS Eilgélov % d°{2> T%no?({ g‘l& aatc%wt}?‘ S(Fgéﬁ% HBC S | cal

conposi ti ons nistered ora eht€rally, by
i njecti orExabwle 3).

35 Accordingly, the present invention also relates to a method of treating a skin

disorder in a subject, the method comprising administering a composition comprising a
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30 pul nonary or nasal delivery, sublingually, rectally or vaginally.
According to a particular enbodi nent, the pharmaceutical conposition is
adapt ed fwo 20rizloo@s t opi cal adm ni stration. The term "aagirnisstiener2by

i njection” includes intravenous, intraarticular, intranmuscular (e.g. by
depot injection where the active conpounds are released slowy into the
bl ood f rdhempmltidelnobffaﬁdlecanmumd)ffer oompherdesd @tddh&omathgedroop gansiting of

i ntraperi e i 201 ) §; L 4 hons,
as vl | Sl A B o A B T A B A LA L BBl e
t opi cal oroxideiingaromdn- @ramthmﬂ}m@qtmw Tr @ssder rgndwo  6-((4,4-dimethyl-1,1-

2011/ 009083 AGTAIISROADHOAZAAR, RIMIGHIC atia0: CAPHRASEATRY %@ﬁta@l}é s tabl e
patch%s E ﬁ%tt ns, emul Si ons, 6@3 ensi on oi ntnents,. pastes, g}\é\\ders

f oans; cri@d Wi BH. opF Oﬁé]ll%re 8@ ar@ﬁ P FXEIREN Ly fo a§b‘ Ffical 1y
desi gned ﬂe@dtﬁeh@ft ransdermal delivery of actl ve agent s, opti onal ly in the
presence of specifi er enhancer to

D i st r at i onnemsirgtEn Bt SR B8 S bis Wos bt e <PBRO M selesied on,

oi nt ment ,frpasttey  gowger ¢orkpting ©f e@mhyll (ﬁ-((éﬁ d)megryl 1 ll-ctlloaldp‘dnmqllmlhm 6-
enbodi ne r q i I m
el ary ShAPRDEERIRRE) ”“@3@3%@2‘9{?2 %E{Oﬁ’g?éﬂﬁt&?gﬁ S ARRELATE, oRF

aci dilfyi r?@dagénﬁ(é“ Hergdyi- sdloélé@‘@i%‘émf%an yRathyByY idcaigént sacidnt iBactier | al

agents, HharhaklichlF98RESablé KafNthbRST, dantihe poégasitios GOENh&dicdMmtink &bt fig

agents, bul kin e el ating agents, coating agents, coloring agents,
conpl exi rf aﬁ’@@ﬁpgg ]g‘ﬂrﬁjﬂsr%‘ﬁ] "ed rel ease agents, cooling agents, detergents,

di l uents, d| s Heraiothgr agﬁndmendithsoﬂmmhom relatoane dicsuscentod kompdend ebacksl fyi ng
agents, Sltﬂ{' %{‘0%%' %{sﬁn%f ! lf eft}ﬁrc &4 @lgcﬂ}lt ﬁlt”yl qell Jh'o;ggo%?olcmo%na

gl i dant s, hunec ts ({vﬂ ene on enh ancers,
pH adﬁust}ilhﬁl}’a@@nltcgtlnqm grfe“ﬂé dupsthwl A X tmeq:lgompnésbé}@ﬁaﬂlb’@egotlmpo@@id ants,

sequest erd,ng WD USdime ?Pﬁ“l' di&kinGthALBRIrSan- é?l)&%%y’il niSni@ct A94S, stuspendi ng
agents, thickening agen VI SCOSI t% i ncreasing a ents and wetting agents.

The phar r?&egmqeefafrallwﬁfﬁ@éthq Wt thetgohdor therisrnddy ofig g dimetdsdds known in the

art as i medi aheet ehRRG&MiHdFh&itNndd 1ﬁ@dnaaﬁ eelaﬂé@ltcay daﬂh@ie@@tﬁﬁl c &aidnl e
rel ease or two. step 20rel,ease, f.or ftlve

X
Lgent 1 n A B e RE SEOEsh 50 FEOW fansiniped e@fﬁﬁﬁ?@e ity
fact @0s, dieratiettiochrooan-Gekethymilingabtinate, t he 6d, 4Jallmgthyiil-bimdoﬁmmmeneagént ,

t he condi { eate t he ure C sition,
t he node ‘o 9&3215%1:8@%11&1%“ ongé(rild th%ﬁfa e, (ﬁ{)(é%h(ﬁmlghﬁ! T ﬁgélrd gﬁll% ﬂ? J?’;md
gender ofyl}eﬁé/nwamcetmlc apl, Nt mb@i@a@wt@@k%y acceptabl@c%rtbﬁ:rﬁ@f plongrvidhersdenent ,
the presepbreiphi@itick@icali$laddptableRipi&ihiod of treating a skin disorder. The
met hod conprises adm niStering to a subject a pharmaceutical conposition
conprising a therapeutically effective amount of a conmpound of Forrmula (I)
30or 26! I )RhaphackupbdiOsagRuitioaal | y accept abl e sal t ther eof, along with one or
nore pharmaceuti cal. acce bl.e ex ients, . need thereof.
Another 1o an AR TR ShEGFALR it CufbroPRhERS 4 BrdRaLabiEt hea
i cht hyosi®nposikien atoosirsing Iaaccvrspomdcof d’ongultao(la gaflf), cul arplampediutredity, t he

skin dis n R 0 42225
Dot 1 i 1 R SRERAP I, B wor P P g A G o (e
hal ogens, exgidte, fl uoro, brom) and | odo. The term"alkyl" is used herein

to mggn an al ilphahé Cehpedineal AR PhathosMicd E@Mposition comprises a second
pharmaceutically active agent.
In one embodiment, the second pharmaceutically active agent is selected from the
group consisting benzoyl peroxide, an antibiotic, a corticosteroid and a vitamin D
analogue.
35 In an embodiment, the second pharmaceutically active agent is benzoyl peroxide.

In another embodiment, the second pharmaceutically active agent is an antibiotic,
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5 be straight or branched chain having about 1 to about 18 carbon atons in
the chain. A preferred enbodinent is an al kyl group having from 1l to about
6 car bon woansl/008i28yl as defined herein may be optional IPgTASh&wI0s22Rd W t h
a designated nunber of substituents. The term "unsaturated" refers to
the presence of one or nore double or triple bonds between carbon atons of
a hydr ocesnblmmscd:imdamy&iﬁﬂme at plianmaedultienllyl ‘acieptabbedalhahaeof {og.melanlasnycin
hydrocar éya ahn of a specified nunber of carbon atoms of either a

strai ght “or a%ched configuration and having at |east one carbon-carbon
doubl e bond, ki ¢rothaly erkefimant, atly perand athermgaachiscativaiantive ugenhsisetthenyl

propenyl copt'ttto@t@i/dld p@lﬂ’za%ﬁ’y E@rtl%sﬁ‘éirblds alhKHe, Obut2arb Wd? rl}irﬁutecta\ltcl< enYlbmituseief i ned
her ei be. o tlonal su bsti

a desi gnat ed er of
subst Pt uGHRPIONEPhe AT A k‘@ﬁﬁiﬂmeﬂ?aé%%eelpﬁ@l@iage i F?érﬁ‘ﬂ“aéomf‘yd'i’%’éﬁ?tﬁon
chai n of I&tasxmlmsbneedlpmm&mt djetmétbecmnatvalr&mt@fblﬁbidm&te &lcﬁ)bfa&blqhbpleﬁate
br anched (fqo ne ?ttl Par‘ge acmtjt %%Vlan%ate SON Qs% Pn%taon cghb%rs] ne 1@ %at
whi ch na occ& 3 8’&% 816 tﬂ% H%I n eign%l OF AN % % ny1 |s
acet yl englifluddtptopic asledaéeh rﬁl@dlom:lom recateyidoe fhpn¢tb¢sah¢ ypisalotst | fluncsmblene h a
desi gnat %@eﬂaﬂfzf@er ARbCiRHNEE,! t HERRin 2%&}‘? tﬁﬁé@ort%Yo?lleoa Jednid éjsggetgi@r el n

torefer to cyclic I’agl ca% ) SUCEt as a non- aI’OI'TB.tIC g%‘ocar on ring

cont dni iprendsenadide; eﬂmﬁa%é@loaff, chitisaspngt gHEPIomye, eb@é%‘l)léde chapobeiaspboal kyl
Means a nRepishaBAt iy dfdcBgiseMt awaﬂagor@koﬂeeasatceﬁaw eehycaaébragon@stbu Men,

ring car at ons epr esent atj ve exa cycl gal k s used herein
N el o e R e A T L ey e
cycIohexyhmﬁa@ym&dmﬁhﬁpQymnoﬂﬁamgmmeandarmhmnmsmuﬁmdu@qﬁahmxme\mEQMean
aromat i c t%% fn81oﬁl¥%£ Q&ﬁd??p?ecﬁﬁ&wﬁ 1&Tand bR LR §H f%&rg 1eas5f?§"ﬁae %}” ng a
single ri f N 1 Pe condense ¥ rings

naphtlAy| or arlnmnyth)er embedlmenedh@s@qon@ mbayeaciwiedally eciive agdnt ang Vtttalpim' Ryl .

The ter”ﬁmaﬁ@ﬁ@@%ﬁﬁMEvhwﬂﬂlDzmﬂﬁ%ﬁ&ﬂﬁéMﬁeWﬂt%%%othﬁﬂgduh%ﬁﬁkﬂﬁr&hmnﬁﬂe used
herein to mean a nonocyclic five- to seven- nber ed unsat ur at ed

aromatic Cﬁ%ﬁ%@%@bo rP?’trﬁcﬁlﬁlt% nt 24-pracgledtiol, ea@ltl%ﬁ%acmt@%at giridaPlect @Y from

oxygen, qﬁhﬁﬁggﬂnﬁm@a@&ﬁﬁﬂﬂgg&%@M@&ﬁS of heteroaryl rings include, but are
oxazol t hi azol

t | ted t f t.hi I
Soxazol yi. 1 9Bt AbaSbigiRY dhe, dyrion, UG ¥ sydifadulgr tomRion
oxat I‘IiOadicazrmlrlying at coirgwohy bf Foretuladp by (1) drlalmdmahtydallypaycapo@bllq saﬂt;therda&l nyl ,
di t
g, b, RO A B pen WG BTy WF O comablfis LEFRRUBTH AN
refer to stpeét aar cslm@tsta@ﬂrty nefs tazergterics it g @ham@&gutlcav\@omposmon comprising
2011/ 009Q2RREALUS%0d0/ 042 A%R 11 PO 8o dhet &f SRLRABLSRIRE ttﬁ‘éjccfrﬁﬁﬁﬂnﬁ)b\fg%ﬁnuﬁ' (ﬁ)r ogen

and sul fur. Each of the fused rings may contajn five or six ring ‘ﬁ
Exanpl es Bt (Py s d223FArs D Enﬁaﬁg&ﬁﬁ@rﬂt&%e HeRUNg[Ce n%‘ECOF‘ilﬂgtt@datBam? #ol yl,
i soi rrdol ydmbodira@ar olhy Isccanddietiiv@ gt is E@’Iﬁbylldlﬁblryilde bSﬁ]ZiﬁX}a,Ztﬁb yihlounts present

benzi m da o | . ben oth a be of Fnol yl,

" <oqui nongt eetaERO8 nG MekuonBET RN pRORYS af 1P, F P R
purinyl ahdn¢hshala2|nyl The terns heterocycllc ri ngs" heterocyclic
noi eti es" and tihe " e i e- to
ol ot es:  and FICLEAARIEL LHiERRASCADRIR Aol SRR AIDRORKGLE- AAE

cont ai ni f§MEEsitiens and admHbtteied o0 é@rléeéiyedlelf%m m’ﬁlteﬂ%%h’; beyifigeion. i phur
or oxidi zlﬁﬂin&wryfau hamuawe?ﬁ,sum&ghaﬁ §, 19C@IMor 2AnaTy. ALoing?@ 4 pirBEREr 10

having a v e of erms "heter clLc rin terocyclic
ot o Y aehigdiindlt the Phadiacical fimposi S passd {of oFt| QR Ipricah JAmSEIPAS od or
parti al | yrhensah Uadin@dster@d chywhgeosion” amdudeb ihtrerenousg Sntrmytiduéar aimrmivscylaror

het er oar c used V. om), f .0 S n.ring
N e i S R T S
sat ur at edram thadenoalang cglatedrfmredh@re r’as itntrgst orgrash enteapstitopkalywitedemeal as
definy Pﬁgﬂye%us Sdi'l@lhlnﬁ'ﬁth%@i:l rn%*aigl n@PX§ rv&%hea Lt (‘;taﬁ%ﬁ'i&pyercﬁlﬂ ues. Dermal
tetrahydro uran, tetra ydrot i Op ene (1 ncluding OX|d|ze versions of the
sul fur modgtyiptratione pinay | infludee fppisal 91 riransAsrmal ppdmgyistigion. piranslermphy| |
2-0x0 -1 -pyrro lidinyl, 3 -oxo -1 -pyrro lidinyl, 1,3 -b enzdi oxol-5 yI

i m dazol i nyl, inidazolidinyl, i ndol i nyh5 pyrazolinyl, pyrazolidinyl,

pi peridi nyl, piperazinyl, norpholino and thionorpholino (including oxidized
versions of the sulfur 20noiety).



The terns "arylal kyl" or "heteroarylal kyl" or "heterocyclical kyl" are used
herein to nmean a Cl1_4 al kyl (as defined above) attached to an aryl,

het er oar ywoanimep@socycl i ¢ noi ety (as al so defi ned aboverTask@sssneherw se
i ndi cat ed. "Heteroatoni refers to a nitrogen, sulfur or oxygen
atom wherein the nitrogen and 25sul fur atons may be optionally oxidized.
The phr as@sisistréteif o b veccammished bysuitable mmnahantsoktibes timuésidns; suspenaions,

"t her apeyt:] y ect i t- r ufJ i or
 ngr od ot ERELY pELGS Rwle MM oy JoRlIR JAGR b feialy ADL MR S0ERL P

active agentifialfy designed fos thavieanadermet slgbvary cofepqtivet ageptsn ortigmatiys iy #ha on.

Ef f ecti ve,rayepe s PheitibepPhaiiiRGetiHaasdrl y SRsildre 888Nt athinlistdBsy 3L h the
particul ar conditi gn or conditions being.treatéd, the severity of the
f %Bngﬁ%rg, of

condi Pi orfcCYRRIYGT B iaoRIEIont FAUISI08 At ERISIOns RHIMRRL BEGINOMECE df
t he conpdsiiéi engdeilng pasedhlar embodigent ebpigal alhiihizirati@r isngcorapithhed with an
"adm ni stratipp" are used herein to nean any nethod which in sound nedical
. agrqQso am. . 7. . .
practice GelPPVErE t he pharmaceutical conposition to a subject in such a
manner as to proylage rhatthercapedlyi ecaeplablet cx@pithie inehude " grradvasgacidsfyinged
herein t n LC : i WLV t he
prodr ug ?dgg‘ig%’maﬁ}eg?g? e Q%g)é‘ﬁ;k,silgjélgﬂgfg"j‘ﬁ er?lé%;hﬁlggédé ?aéﬁa%glg{%’i- %‘/Iglcglélé%ta%@\%
2011/'809028Patmisonding szonts, BHErREctansd bBYINgoREIONTH Rbclaine agchifprcaating
fug_c]E! Ontaa!geﬁlt'é,obl&&iﬂg% eit, gapﬁleﬁpgqgltem@, a?ﬁftmeutnrﬁ&u@tagemycdomg b, -
nmodi ficatjon ma cleaved in viv rel ease the active conpou : e
Form -t e OBty Abmersg: S SRR oo tarT o COHpSESe TN Wt § on
of at | eagtntonemsisivpt aavitikes,efifn farntieguetntongdlling hgergevdidants, hhereeafits, or
t he del a ent | . 5 1nhihjtj o] rogr ' eof. at ment
need not %H%@%sthaﬁpa?%gg%i a9§(f°)1rlt§ierp Qlllést{at%g{la%l}hégézeﬁge : %ﬁﬁgﬁgu%&g%snpé}g?ﬁqtg’n
her eild nedebtiohkss, prsersatinge, plopclipiestquesiofing hgerds, sohubdizing eghntse sphvents,
severity Qffa&yRmL éﬁ@?erﬁﬁ%%eﬁfs?ﬁliéﬂ%ﬁfn%‘% b, MEQUHHhd IRMB%EERE land Yeting
patient's quality of |ife,” or delay, prgevent or 1nhibit"the onset of the
di sor der .28YH& t erm "pharmaceutical Iy acceptable salt" refers to salts that
are phar maceuti gakinyactBticat eappesich ang bt RarinuPAss essg hidehode &héwd in the art
phar macol ogi cal .atctilvi%:y of, t & g]grent anrr(ﬁo?jnd. Sulch.salfs i ncl ude:t (1)
aci d addi®i GHNSHIE Jelopssy MyaRPd felgesSydelyed, Telgases BpISUYg sicase QL L¥y &' d,
benz@0c acledse, tirtexammplaci d, gl uconi ¢ acid, glutamc acid, glutaric acid,
gl ycolic aci riG id, - i Ld; | G:.aCGI i i.d,
mal oni ¢ aci d%hﬁgﬁg‘g%%? It%c%cgvgg%eg% BL%%&%Q%%?& ICBr Qﬁ}%oo(r%}t%%a\%li l(fi,EB és%&r: [ glaaci d,
succi ni ¢ vaeiet, of fadtersi enchuiing buamphdingtedciod tha Behetucalthy aghe sgenrthéhd cal |y
derived amh8RioAChdSy RILIMA WhRse LRahe PharMicelifdal S@nipdshiBhTaik Warle &n

acidic protaon present in th arent conpound is either (j) replaced by a
met al ior?d@l@lﬁtr%twnaﬁnrééfr? agfebofy Wﬁlﬁfm aFPeapbapihen FF‘??%’P%PM}GBH or an

al um2sumion; or (ii) protonates an organic base such as, for exanple,
et hanol amj n di tsheanol am ne, triethanol am ne, tronetham ne and
N- et hyl MZOAW concentration range, percentage range or ratio
range recit edideerdagtoi & ¢rabdsementdehegiroedt ingentival rakieesdoraeethoddf weming a
per cent a : i o] i WY r - an i
t her eof , %gglcﬁlaq_sao_g@%hg%te_ eﬁewng&%ﬁgﬁﬁu%—& %(Iliét{]% ftt%m@i@%tﬁjggteg, {3]{1”] eggﬂéal
ot her wi secoMp@pigian éamprising geherapaéicelhueifetiys amonat of heormpqurd of Formplg (Dan" as
used 3per &N (MEf 6F 4 PhafffclicAy ABEDtabRf shiietRMITENM R vaITRARERE Smotd W | |
be clear to one of ordinary skill in the art. that the_.use of the singular
i ncl udes RPAEFACHIGALY GRr LD S preriprede PyURFHIB 4Gt HETM-se. Therefore, the
terms "a," " anotlant d@tmbedisicngie’ skan disorsledisiache& pebadayipe adtoyrhes ithithgosis
appl i catl Pkeratosis gﬁ&%qusggotrdlt hetoadogeltju&ﬁaﬂ gtﬂbO(f{]%%ﬁtc Itl?et 4aR Sdis%;c%e\{al‘g LS or
enbodi nent s ‘use’ " €onpri sihg nIgangu ge, however i'n’sone specliTic i hstances,
an enbodipsenssican alternatively be 30descri bed using the | anguage
"congjssting essentially of' or "consisting of'. Al'l nunbers expressing
guantities, percentages or proportions, and other nunerical values used in
the specification and clains, are to be understood as being nodified in all
i nstances by the term "about."
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As used herein, the term"optionally" nmeans that the subsequently descri bed
event (s) 35 may or may not occur, and includes both event(s) which occur
and eventwothatoog3not occur. WO 2011/ 009023PCT/ US2010/ ®¢2aR3010/042225 As used
herein, the term"substituted” refers to substitution with the naned
substituent or substituents, nultiple degrees of substitution being allowed
unl ess otDemaies st at ed. Wth regard to stereoi soners, the conpounds

of the Formul ag,(lk, %‘i‘%{(der'"h%lgg&ﬁi' % JBY hBRHE o MENThe QBE eg@f%ﬁ%it%%[),car bon

atom and may ocCuf as racena racem ¢ m xtures an
enant i ongremgandjiofet er eoners. Al such isoneric forns are included within

the present iTWl%}%ﬂ Oyl Wﬂ_}_éﬁgih@g:im&{n@_ﬁrﬁﬁn h{ﬂﬂa@i@fhy%o%g&%ﬁt _\R/ﬁféﬁﬁxéa(yzl)

i sonerism may.al so_occur e _present invention_includes the individua

steredi sofenGigH Ofﬁéaneﬁ?#pﬁfeﬁalaégﬂpgtaﬁ%uﬁ ﬂ%ﬁ@%ﬁ%ﬂo(\m@@%bﬁﬁo it & the

i ndi vi dugdrefearsd enbodienchorsnm dlikgrgeafp hdvigefrb@ri ol dboun® xioe atohiver il as

10Separ at | on di aster eoi.soners .or.. Ci nd .trans j Soners .pbe achi eved

by converfer Braertud o g BAgRY, Sugfefd TS b ERR AR SL e

chr omat ogr apfihe dernHRINGatutat ' ecteod wahe prasemicxifione cofmarb dowlge ot tmply bahdso be

prepar edlglgg\gggnaca%glra@(ﬁg%@ @gié RibdAla, pure internediate or by resol ution,
LC of ndi '

such as of the corresp ng racemate using a suitable chiral support
or byl0f ract i dhalteeny stkenyl Zigtusedh herein He Bpas o dpslbesshnss Fhain s spesifidd by

r eagt [ onbnll%cﬁ‘er bhearbek ﬁt%ﬁ_ﬁcﬁ‘ff&t jitRer 4 ﬁ@%@fﬁet& BtMﬂche@c&m ﬂé@ioﬂ_ a@atﬂacﬁgla% @gﬁ ijvte
acCl or ase, .dasS a ropr.i . . er erns use rern are. 1 n ndae 0
bo defi nddetyrRRErOoRoqubln B il FBE QoRvt Heng o NS E: Bk e 1 -
Degr adat icotrengf, praraybbeteeyl, peitheyl priaglentkgl of 2hettngh/| Afkenypxisdiefined heldAC( 1)

gel (1% clindamycin % benzoyl i r Stiefel
Labor at orr%l%?{s,e ne. fllgg%sﬁl%@?)degg%g% ‘?@“@PF gébgﬁ%ﬁ%}étrsre “mar ket ed by
Al | erl§an, | ndhy teeme'abbeenl"sigcesed sfadih yroumean gohytdrecarbonachaan odchepecHisgever

these topjeer bf 8ALIE HoPnsI it a &rPai SRR BYERhEPLorTAEAINLARthaliBg at IQsST UdY
whet her tazarotene Is susceptible to oxidative deconposition by benzoyl

per oxi de,ongrrafbenyeathoy triplsdoat ovlick magpcaset @By aoiet algngkisr dpi- AnFRipice of
DUAC gel aand allAAPRAG cetiy&an MASnpIr SRRIAAEd herein mSABP bfGondEly SubNt@Red &ckhly

t aki ng equal &Ortwsﬁﬁl %AC gﬂ and TAZORAC cream and m xi ng them

t hor oughl §rSPaF S BHPP I SFAYEYE™0i t h a spatula in a suitable 30 container to
f or m28 uni f or M tetnuteyclobie 1T wiusedhersianprefsr toeryeliand cylsedich mse dbatelyatizy

HPLC. Thenyatdtarbonaingl @ftavihiea BpRERM dutitRr 8NcAY& atains 356r dachplemyved for
anal ysis after one, two, four, six and eight hours. An allowancé was nade

for produoeloalkapaeasi anprovematipang eefrtgiaingat {49t thragdynd at most seveiLgieecatbaind
Tabl e 1 iddHst R Eschilc BRMAXI MBISENa RPN PHAEIALENEINBS drOabt 1BhE&T to
35four hours. Th j or degradant product s tazarotene sul foxi de (-16%
after 4 Wﬁﬁ]PgSO.pyﬁCg&@b‘?%ﬂ§Y%}°W¥40%?Og‘éf‘¥l\ﬁ\é@i°¢/%l°6ﬁ§ylal so identified, nanely
t azanst ene bahzaaitne,"amili BhusciVBeZd 16 GRAA23PEFbNIH2 QYOO AR EBbarbbleslp of
chr omat ogr aph cabhy, Al el LAZAL IR AR Sl B or nfiRie RndBiE
(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
30 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,

35  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
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Simlar results were obtained when "aged" sanples of DUAC gel and TAZORAC
creamwere used (Table 2). It is believed that the tazarotene sul foxide and
t azar ot erm03bawoRBe are oxi dative reaction products aripsirng26100m2eeact i on
of the benzoyl peroxide in DUAC gel with the tazarotene in TAZORAC cream
TabI e 1 - HPLC analysis of m xtures of DUAC gel and TAZORAC cream (using
"fresh" oo REIGHODIORBRCTdUSROLBMNOARDZEN TadbdfiR. - EMPLE thodhisedirsmgefmay

m xtures ct%& i3 Oge %‘?'mf‘ﬁﬂ R RAG GheRE éf”ﬁ:rs&? aro%%‘?‘é ”iHélﬁée 5@3%@% 2 -

further s taz arot ne and its mstab tro s

conduct edimigedas®es ndohd. f spidelybn 1@¢azpb/%ar1@ﬂ@1h7énﬁdegﬁ@@m}§ fbfmzemmbflx he
app! | cat 112f;i8figolVix buifd Rl BUAG sl fudRgl, TRASRAGSEEAMGu oGS b1, Equal

portiqgns of C.gel. an AC cr eam. Wer e Iass vial WD
bo11/ 9 ogd@lw«éﬁrﬁ@émww 93212Ba TR RSN ;BP & r?aagwafaﬁm m nutes with
a nmetal spat alha térﬁlsemﬁwf@:yahdﬂﬁﬁ@@gehlﬁnl&oﬁ?@llfcliﬁ@etlﬁarﬁnﬂe‘ﬁet@foc{fwyb’pa@éllﬂsdaUAC

gel and were used. i eparat e_expe e Pr oducts differ
s much 1 o ‘BokeSic, BulSTAl ShEnrARROET Rl e ChOEEDRLY e
test m xtumsagramir l@ydrh@mbcappng edntaml@a Isant foacéletafommselectﬁdtﬂum rfessnski n

(-0.25 m@xxgén %ugﬂ’iﬁfa oPBfo?zK? Hgfh% sSRlcRad § }?21'?1' Ynd'$i R0 Q)r Qﬁslh{eEé’re

di spl acene 6 hour s, I n sanpl es wer
washé§, t%@gs% wl%@é 1t Qfi Ze, T%f—‘ntfrmh ehettﬂf@éycém %%Sm slle\?@‘égc}’ﬁ@él%etﬂqﬁo’nﬁdhe

derni s usihBgraybgat slballpﬁiso the ®KhRes %ﬁ’@s%amﬁﬂf&{ bR ArtRX T @GshReat¥d, t dhd
acetonitrile .overn t.at 4C. The dlstr buti on t ‘fﬁ nd its 10
oo ot hntnGEriR RS OF S risd gl et L S S Ah N Re g od by
LC/ MS/ VS hawvt ffrom folir fagdentn tiffatoise Expeplesefittcscrosyictyl gesdpe nnmddet,xbdmre yleﬂ | ow
i ght Corlgnﬁécp the sgtflratt&fsorg)%rtg)aq)%esgt deIte(? 9&? %M glftgle hg?t %Da%f 019t[1 I%%'J and

TAZORAC cream wiar Fetai ned
and 65houwbové,nrichais rt@tsahy/:lgopynlotm ttetaaherdrapyirami g@jraéaerAfurtametetrahotdmtélo@ er[eUAC

gel and The(Rie Cdx%ﬁ%d %hli&lsl%f%@bsdlﬁfrym%@af) easzef)ﬁ%uloﬁfz@?me taQﬁ'ldfngfl mat i on

of tazarotene sul foxid h uant i tél azar ot ene sul f oxj de dé radant
doubl ed f&IRiKe mﬂﬁaﬁmk |2rr%><%é1pﬁfml1 nyh &S-exbww e gy ol droenzaioxelreutt
Fi gure 2Bmid23hh@l enmidesidiayle ahsslidydr rrpglrazdlg@ll N, pyhgsledinas €p11§drﬁllih§fll cant

th t f t t t at t t
poi nt - r eifiiranyg tpicsthacind B FasthEe thg ¥t il EiaBloondae SR af er
2 hods aﬁomypllcatlon of the DUAC / TAZORAC mixture to the skin,
Lazarof ene, SUhCqul e R B LB G I ORLARLILRADE S8 T8 LB o 9A
t azar ot errecaariiCr. e%lli}’lt (aﬁﬂeﬁ@dr?é?w@rﬂt‘f@ﬁhqdd@ ansrdnketerghfyb Rl bicIOFygigriegicyA and

4B) . Taza(ﬁ@&l@@aefn%zaga&@ u‘Hfb%s %Eﬁ)ﬁ&@ﬂh%ateﬂ al| sanples including the

pl acebo (Figures 5A 2 rtL ence of tazarotene henzoate in the
pl acebo sanpl Elegeg%(ggt & Flﬁét) a nltrogen sul ur 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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endogenous benzoic acid may be present. Wil e tazarotene and tazarotene
benzoate could not be detected in the receiving nmedium of the assay (i.e.

di d not pae=otimogargh t he skin), tazarotene sul f oxi de wagCuaisecwad22h t he
receiving nmedium as shown in Figure 6. 30Tazarotenic acid was not detected
under these experinental conditions. Exanple 3 - Retinoid activity of

t azar ot enegg ptepasddiyemedifging et eor anaret farctrontkgeupe pebaltiihébe active agentAinst udy

vwas condygted f, tﬁa}f@lllebﬁt)&iftcg't?onrbrﬁ% ?é)&lgg@eﬁtzh Yhh¥o PJleané‘l a%ﬁ%'@om]%d'@lﬁlﬁ.r otene

35benzoat e and tazar ot ene zarotenic ene
sul fone, tazdmhetiemisc treineEns|pr Srrating dok & skin diserdcs caeerapasedstabieyigtyn of yiO

2011/ 009(18&%?@{[«4 HReMRY B2 reductionh ML fveriffieieot, LHERSIANEY, %retv%ﬁtﬁbﬁi‘ & red

into | at'es, containin wel | wth media, . The cul tures were
equi | Sbr dP‘é‘HRlé’P of Fes BRATGEHEn ﬂ%‘f"g %%at@ﬁ%&s nghmen th%h@ecdmozf%%r tolbve
subsequendukad. plaaaeduli Cbtﬁlﬁbs[fmnpbérélln @beah&ﬁy Q@riécaiclithg SBVé\iltj‘/ﬂofgh@\&ﬁsbrd&dl a. 6
pl allquotguof the T {a Articl todpllcate

o
Pl b ok ducimd GelfRSr Siahs ResB Rl ah e B o Bt BhsindRRut e R e o ot
t he |ncul:caltahtyrofrhé¢ md;:laynare@mmmimhrmtthaommoahmdwn&d and stored at -20C.

The tissues re% La?%v?/gésﬁ l{'@gilt W%?er & tifp ard Opﬁawﬁgcefuﬁ all

hi st ol ogy, whi aced at er TM sol ut1 on i on).
The 811 W%at&%am%@wwéﬁ@ tb@ﬁﬁ%ﬁemmﬁe}co qaha%mdtqu_f the a&rtenwtwpoa@éay b)

HandE st &ueh RElts ﬁl)cluhmmr)qtaﬂdsadqﬁmrgaﬁé rrch @ whth QcidKtQcraung fa{O&ah@geg rabéhc and
gRT- PCR. uantitate.K1Q, 9 and f|| r|n pr essi on. ble 3

Unt roat odv{th 5340 8 Eoftiom oL BERT doteelnane e SRS e AP G aeid.

TAZORAC( rhydeébchfericr edd) thcRetadcit, Andkier adid,) nli0484d, t melohicoadid, gahddicTa@tj noi n

(0.1%in pgo)gphoric acid, propionic acid, sorbic acid, succinic acid, sulfuric acid, tartaric acid,

15  naturally and synthetically derived amino acids, and mixtures thereof; or (2) salts formed
when an acidic proton present in the parent compound is either (i) replaced by a metal ion
¢.g. an alkali metal ion, an alkaline earth metal ion or an aluminum ion; or (ii) protonates
an organic base such as, for example, ethanolamine, dicthanolamine, tricthanolamine,
tromethamine and N-methylglucamine.

20 Any concentration range, percentage range or ratio range recited herein is to be
understood to include concentrations, percentages or ratios of any integer within that range
and fractions thereof, such as one tenth and one hundredth of an integer, unless otherwise
indicated.

It should be understood that the terms "a" and "an" as used herein refer to "one or

25  more" of the enumerated components. It will be clear to one of ordinary skill in the art that
the use of the singular includes the plural unless specifically stated otherwise. Therefore,

“ 2% ¢

the terms an” and “at least one” are used interchangeably in this application.

Throughout the application, descriptions of various embodiments use “comprising”

language, however in some specific instances, an embodiment can alternatively be
30 described using the language “consisting essentially of”” or “consisting of”.

All numbers expressing quantities, percentages or proportions, and other numerical
values used in the specification and claims, are to be understood as being modified in all
instances by the term “about.”

As used herein, the term “optionally” means that the subsequently described event(s)

35  may or may not occur, and includes both event(s) which occur and events that do not occur.
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6 Tazarotene (0.1%in OD) 7 Tazarotenic acid (0.1%in OD) 8 Tazarotene
benzoate (0.1%in OD) 9 Tazarotene sulfone (0.1%in OD) 10 Tazarotenic acid
sul f oxi dewQQ@01940pe23CD) 11 Tazarotenic acid sul fone (0. 1¥CIrUS@P/042225 The
study denonstrated that interleukin-1 a (IL-1a) (a pro-inflanmatory
cytokine) activity was only slightly increased in cultures treated with

t azar ot ene, t akauset dneirhénztoah Esubstiored!’ agfarsad enlsstimgtoabalh the aamodparsatheho
untreate yehi.c q FJ QL JLe activity
was. o gni FrORH IS RRIGACHERLS S Eon beAlf bR RISt ge ne T
a | esser ext enVithiregerdststercpisomers ghe pompeindn of hedormules ¢g esd (phareiatmay

f 0[ mul ?-Ej'lﬁ'i}le: ﬁﬁflﬁﬂh@f& ﬁyﬁﬁ%%@f&%dﬁ?&&% aT(nla nhdYockhif dstrﬁédn%ﬂelspﬂic&'tﬂld Iﬁlxtﬁ%{es aknd
retinqgids. Furthernore, interleukin- -8) .(a pro-infla ry .cytokine
speci Pi ¢ BNHEIIHEARYOMRS O HigHFICPRSH I@lk%l‘ilé%‘ﬂeg%f@’anﬁ e apqudeg il dhe
treat ed wrtdent @vempindihchadingansurtothyitbf.eat ed and vehicle treated controls,
suggesti ng that. araten t azar.ot ene benzoatewand the tazaroten

rerabol | (a5, have CERiTS CasPOREG FRS ghpREes’ i M heint ARAGTANEs e

hi st ol ogiiodividurloftérceisorérs ofi ttewoemotindsatfalk wivehtioRANORACTC aaopronte, Met i n- A
Mcro geli,NelfaAS ectsdss YooolREH6h BiS fed se in keratohyalin
gr anul es 11216411\1% a 28??%089%%1§P , SZ%%%OE@ZZS (%nﬁ%e?@a decrease in K10
expr é8si on i n Seneratiopphiasiaicoisapersr cardrdding Hemsesay be sehieved Pyessi on in
al I vi abl @n¢&@ltionhla¥enSques, QP ¥ Eehctiondl BiysRAiRAtof WRE R4S graphys 61 HPOC C A
profiles for .cultures t dwth't ot ene azar ot ene benzoate and the

reat.e z ,
t azar ot enE HREPUBIIG %‘éurﬁ@?g‘eﬁgﬁ’ilﬁ By ¢ Boa{)%@@a%? tf1“19)3&%31?%{?SB? RS ARHLPAREPHES- A
M cr o gelintepnediatdionyy tespivtien, swel b HRE.E dfhiad cdrimportiiveracahatn asidgacuitabile y.
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DUAC® gel (1% clindamycin and 5% benzoyl peroxide marketed by Stiefel
Laboratories, Inc.) and TAZORAC® cream (0.1% tazarotene marketed by Allergan, Inc.)
have been successfully used to treat facial acne. However, these topical treatments are not

25  approved for concomitant use. To study whether tazarotene is susceptible to oxidative
decomposition by benzoyl peroxide, an in vitro laboratory study was conducted wherein a
mixture of DUAC gel and TAZORAC cream was prepared.

Samples were prepared by taking equal portions of DUAC gel and TAZORAC
cream and mixing them thoroughly at room temperature with a spatula in a suitable

30  container to form a uniform mixture. The initial samples were analyzed immediately by
HPLC. The other samples were placed into an oven at 35°C and removed for analysis
after one, two, four, six and eight hours. An allowance was made for product evaporation
over the course of the study.

Figure 1 and Table 1 illustrate that approximately 22% of tazarotene was lost after

35  four hours. The major degradant product was tazarotene sulfoxide (~16% after 4 hours).

A previously unknown derivative was also identified, namely tazarotene benzoate, which

20
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233 9.1 0.6
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27.8 10.5 0.6
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29.4 10.6 0.6
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Tazarotene (ng/nL) 16.4 <LOD <LOD Tazarotene sul foxide (ng/nL) 34.1 <LCOD
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64.2 25.2 10.1 0.6

54.6 31.9 12.9 0.6

54.2 322 12.9 0.7

53.6 32.7 13.1 0.7

5  Example 2 — further study of tazarotene and its metabolites

An in vitro study was conducted to assess the formation of tazarotene degradants
following the application of a mixture of DUAC gel and TAZORAC cream to human skin.

Equal portions of DUAC gel and TAZORAC cream were dispensed into a glass vial
22
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endogenous benzoic 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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The study demonstrated that interleukin-la (IL-1a) (a pro-inflammatory cytokine)

activity was only slightly increased in cultures treated with tazarotene, tazarotene benzoate

15

or tazarotene metabolites compared to untreated and vehicle controls (Figures 7 and 15).

However, IL-1a activity was significantly increased in cultures treated with TAZORAC

cream, and to a lesser extent with Retin-A Micro® tretinoin gel, suggesting that

formulation excipients may contribute to the irritation potential of retinoids. Furthermore,

interleukin-8 (IL-8) (a pro-inflammatory cytokine specific to retinoids) was significantly

20

increased in all cultures treated with retinoids compared to untreated and vehicle treated

controls, suggesting that tazarotene, tazarotene benzoate and the tazarotene metabolites

have retinoid activity (Figures 7 and 16).
The histological profiles of cultures treated with TAZORAC cream or Retin-A

Micro gel were as expected: namely, there was a decrease in keratohyalin granules
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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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DSC. differential scanning calorinetry HOBT: 1-Hydoxybenzotriazole hydrate
Et OAc: Ethyl acetate |IPA: isopropyl alcohol EDC

1- ( 3- Di newbybamion2pr opyl) - 3- et hyl carbodi i m de hydr ochl ecirds20e#012225
Tetrahydrofuran TFA: Trifluoroacetic anhydride nol: noles TEA
Triethylamne VCD: Vibrational Crcular D chroismanalysis M nolar mol:
m | 1inoles WO 2011/ 009023PCT/ US2010/ 042225 L: liters satd: saturated ni:
milili teﬁﬁbl%% FRLS AL B SazrotédHeaBBarStdie sTMEE SaRote Tl abidSH T aPRene

mel ting po

be ?Pt
Tazarotene HLM 1 Complete -0.0880 0.977 7.88 176
Without NADPH -0.0899 0.981 7.71 180
10 Complete -0.0827 0.988 8.38 165
Without NADPH -0.0914 0.988 7.58 183
Tazarotene sulfoxide HLM 1 Complete -0.0689 0.963 10.1 138
Without NADPH -0.0779 0.994 8.90 156
10 Complete -0.0647 0.977 10.7 129
Without NADPH -0.0763 0.995 9.08 153
Tazarotenic acid HLM 1 Complete -0.0064 0.980 108 6.40
Without NADPH 0.0003 0.124 0.00 0.00
10 Complete -0.0047 0.596 147 4.70
Without NADPH 0.0006 0.037 0.00 0.00
Tazarotene benzoate HLM 1 Complete -0.0893 0.967 7.76 179
Without NADPH -0.0964 0.954 7.19 193
10 Complete -0.0097 0.897 71.4 9.70
Without NADPH -0.0146 0.980 47.5 14.6
Tazarotene benzoate HSkM 1 Complete -0.0014 0.656 495 0.700
Without NADPH -0.0032 0.360 217 1.60
10 Complete -0.0017 0.283 408 0.850
without NADPH -0.0015 -0.194 | 462 0.800
= ml/min/mg

15.4% to 19.8% of tazarotene was converted to tazarotenic acid in complete non-
zero minute incubations (with NADPH) (Table 7). In the absence of NADPH, incubations
contained higher concentrations of tazarotenic acid (32.4% to 52.7% of tazarotene
converted). Tazarotenic acid makes up only a fraction of the metabolism, suggesting the

10  existence of other metabolic pathways such as sulfoxidation to tazarotene sulfoxide or
additional metabolism of tazarotenic acid to tazarotenic acid sulfoxide and tazarotenic acid

sulfone.
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(keto tazarotenic acid) 5 A suspension of conmpound 12 (1.28 g, 3.50 mmol)
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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
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comp@ynd skth Iﬁﬁdﬂ&oh}é@,rtﬁéi yorapduthd. was metabolized at a slower rate relative to human liver

microsomes i.¢. after 150 min, 20% of tazarotenic benzoate was metabolized in the

presence of 2 mg/ml human skin microsomes. Formation of hydroxy tazarotenic acid was

again observed, suggesting esterase metabolism of tazarotene benzoate.

30 Example 8
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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ynyl] cP %vnregulatlon was observe?l with tazarotene nicotinate (100-fold), compound 24 (56-

25  fold), keto tazarotenic acid (36-fold) and compound 27 (23-fold).

Based on a qualitative assessment of gene expression profiles (Table 12), the top 5
tazarotene derivatives are: compound 24, compound 23, compound 11, compound 29 and
compound 15.

In summary, the retinoid activity of a variety of tazarotene metabolites and

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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chromat ogr a gl ve t e desi ound. 1H N
CHL OROFORIH tgff ?’eS%SOéutm withy a@ ?plerﬁfmmlsly mgmL &Ole@r( bepgpyl perpxidyRPQ), 50
( m 15H) ,in la&for(iteile: whter 1)1 bl &8lunth). J=Theddoldz , the HeactdnO3olulibn Sontalidd, 2. 05

4. 3004 getfmiblyo ?2;1%&"% LN A N

4. 44 (q, Weaghtl@.cHat tidH)ambra?ip asSa 4bodurt cbhfpiniy B3 % dakaralerts. &l 5%. BPOBiz

128 20 1 My gl Piofy Wl iRkl Gatilis piSbyed o,

Corpound 22 q@etigrs were quenched by dllutlng 0 uL of the reaction solution to 50 mL with a
6-[(2-1i ’Hlﬁl@ﬁt)’(%icé’c@ﬁtrﬂb MRABY b Brabiodhy 069 v8tdnkt) AR RHAE Th Ssatdple &t oyl

pyri |ne-
Et hy!' g E%M&@mw Aty RBEhy1C R0rastefRRs d PIPICHR SHERFD HEH: BEPrFdehyih ] 15
pyri di ne-tan@@momk@ta thb eyl tHeazastdingnag the scsufadtced avdrhded fogehenay |
chloride in at roomtenperature. The crude product was purified
by col umeCH r%ﬁ"&%?gfﬁlﬁy to give the desired conpound. 1H NMR (400 MHz,

CHL OROFORM ¢ |Santpl¢. ®8re( dnalyked .0b2a Megted Hhcquity2BPLC1wBIB a Watetst Pjeyvo 2TDMSC38 -

1 50 6 , 2
, (m gljs?')[g) an ]Eﬁ i&ﬂze 112 é’l_lgovs% 1418&% coéﬁﬂgjé%iz b')_I'ZMagJ'li)y{lq VjS sofgwgrg (m 3H)
5 28 Sﬁsal(aﬁpn@wyre Eerﬁvsm@édlsmg-@ A4quity B 8 lilﬂyc cplupmn (1d7 Mﬁ*@alil@lel—h
1H), 7. 3Asu(edd 1 ¥56.18) ad4$5€. Hihe ddbile phaR dodsisttdfbatéiZandlddtontrifs chdh

ol (o  oatiie B 18 B)&Wf%%%%iﬁvowmfﬁm%mﬁgo ound 23" Ethy

di hydr o- 2- t hiiehtiteare &t ydt)in @idiresy24A, 2YBI aaid 124 C3- car boxyl ate

Et hyl 6- [ ( 2- hy§’1| 1%% n 4atd%ln§};e®{g'm$ ratugésh‘y £r§te%e%hﬁz%ggra ? é(r? nl&gﬁﬂrl ]

pyridi ne- 3- car azar was reacte
pi perZ5di necre an blcmqﬂdet: pf éﬁ |t1m¢5|l¢ssmtvve'rm wraomane rklwéroawua@rot¢mIe acrdude

product vQsm I\/Rj 1B IQﬁé ﬁ@e&ﬁbﬂ Hf'eaféﬁro?@l?ct 263 uﬁd% \Ql'tlYBPb*\?asdf%ﬁhd fhe
conmpound.” 1H N 400 MHz, 6 1.3 r’rf] I—P .70 -
1.85 (m al ctlon 0 ternperature The rate of reactlon increased roughly by a factor of 3 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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Hz, ethylacetate/heptanes solvent systern (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
alcohol).

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

25 The reaction mixture was stirred overnight at room temperature. Upon
mL), the organic phase removed and the aqueous phase extracted with DCM (10 mL).
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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 (g, J=7.06 Hz, 2H), 6.20 - 6.34 (m 1H), 7.10 (d,
J=8.10 HzwoOZRbh1p9®4 (d, J=8.10 Hz, 1H), 7.58 (d, J=8.2@CHaS2d16l042275 64 (d,
J=1.27 Hz, 1H), 8.28 (dd, J=8.10, 2.05 Hz, 1H), 9.20 (d, J=1.56 Hz, 1H) 20
Table 11

The organic (DCM) phase was washed with brine and dried over anhydrous Na,SO, to

give the crude ester.
The molecular weight of the metabolites and analogues as determined by mass
spectrometry is listed in Table 11.
5 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) ethynyl) nicotinic
10 acid, ethyl ester (tazarotene benzoate)
Triethylamine (0.75mL) was added to a cooled (0°C) solution of compound 14
(0.551 g, 1.5 mmol) 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;
15  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, J=7.08 Hz, 3H), 1.49 (s, 3 H), 1.56 (s,

20 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, ]=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)

25  Compounds S and 6 — (S)-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)

ethynyl) nicotinic 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
30  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 [nitio Vibrational

Circular Dichroism (VCD) analysis.

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

nicotinic acid ethyl ester (tazarotene nicotinate)
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10 Hydroxy tazarotenic acid 64(2-hydroxy-4,4- dinethylthiochromn-6-

yl )ethynyl)nicotinic acid HO 9 -,--.CH il MWV 339.42 Purity 99.3% 11 Keto
t azar ot erwo 2aclV@9®@4( 4, 4- di net hy1- 2- oxot hi ochr oman- 6- ylPr@tusgergioyazegoti ni c
acid 0 ...-" 1k "..s.,.. V-T-OH'I! MN337.40 Purity 87.0%

A solution of compound 14 (1.00 g, 2.72 mmol) in DCM (100 mL) was chilled in
an ice water bath to 0°C, then charged with TEA (1.38 g, 1.90 mL, 13.6 mmol), and then
nicotinoyl 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,SQO,, 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 (s, 3 H),2.33(d, J=5.6 Hz, 2 H), 4.44 (q, /= 7.1 Hz, 2 H), 6.51 (t, /=5.6 Hz, 1 H),
7.13(d,J=8.2Hz, 1 H), 7.37 (dd, J=8.1, 1.8 Hz, 1 H), 7.41 (ddd, J = 8.0, 4.9, 0.8 Hz, 1
H), 7.59 (dd, J=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=49,1.7Hz 1H),9.22(ddd,/=93,2.1,0.8 Hz, 2 H).

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

vlethynyl] 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 Ab [nitio 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-o0x0-1A*-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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12 Keto tazarotene Ethyl 6-((4,4-dinethyl 2-oxot hi ochroman- 6-

yl )ethynyl)nicotinate - 8--- - |I. s,- g: MN406.00 Purity 99.0% 13 Et hyl
6[ 2- pal mwoyatiode2di net hyl- 3, 4- di hydr o- 2- t hi ochr onmen- 6P¢T)USeatlopmebi
pyri di ne-3- carboxylate ~-... -- [,-,---/ " _--- - ----- K---- 0-'"- MWV

605.89 Purity 94.8% 14
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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Hydr oxy Tazarotene Ethyl 6-[(2-hydroxy-4,4- dinethyl-3, 4-di hydro-2-

t hi ochronen- 6- ypet hyynyl] pyridi ne-3-carboxylate , . MWV 367. 47 Purity
98. 4% 15 WO[2B11(@903gdr oxy- acet oxy) - 4, 4-di met hyl -t hi ochr @CRMS2010/042225
6-yl et hynyl]-nicotinic acid ethyl ester ci i -o0.,-1\) MN 425.50 Purity

>99.5% 16 Ethyl 6-[(2-(2- methoxyacetyl)-4, 4-di nmet hyl-3, 4-di hydro- 2-
t hi ochr orfén-16HY,1§. 2@ {dd; nk+]8. hyx.2 dizné-13), Olidbaidy UVat .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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N MA 439.53 Purity 96. 3% 17 Ethyl 6-[ (2-acetyl -4, 4-
di met hyl- 3, 4-di hydr o- 2-t hi ochronen-6-yl) ethynyl] pyridine-3-carboxylate ,
joIt - -w0.2011/009023. - --: (-, MWV 409.51 Purity 95.4% 18 PCT/US2010/042225
Et hyl 6-[ (2-n-butyryl oxyl - 4, 4-di met hyl1- 3, 4-di hydr 02-t hi ochr onen- 6-y1)
et hynyl ] pyri di ne-3- carboxyl ate
(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.

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

43



: , 7, N . "> --0 s i1 d oL, ".C,...S...- .."-- MN437.56 Purity
98 4@619 Et hyl 6- [(2 Iauroyl 4, 4- dlnethyl 3 4 dlhydro 2- thiochrornen-6-yl)

et hynyl ] worodioes23- car boxylate :-.-s---" 9- - - ----- PCIONS2e18/0FR2PuUr i ty
98.5% 20 Et hyl 6-[ (2-i sobutyryl oxy- 4, 4-di net hyl 3 4- di hydr o-
2-thi ochrornen-6-yl) ethynyl]pyridine-3- carboxylate 0---" 0 Ao 'S MV

437.56 PWEOAc Q& 20RL). The organic fractions were then pooled, dried over Na,SO,, filtered,
and concentrated under reduced pressure. The crude product was then chromatographed
on a silica plug using a heptane:EtOAc solvent system. Yield: 1.28 g (56%).

'H NMR (400 MHz, CDClz) & ppm 1.44 (t, J= 7.2 Hz, 3 H), 1.44 (s, 6 H), 2.71 (s, 2 H),

5 444 (qJ=7.1Hz 2H),7.23(d,J=8.1Hz 1 H),7.48 (dd, /= 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, /= 8.2, 2.2 Hz, 1 H), 9.22
(dd,J=2.2,0.8 Hz, 1 H).

Compound 13 - Ethyl 6-[2-palmitoyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl)
ethynyl| pyridine-3-carboxylate

10 Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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.

15 'HNMR (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, J=8.10 Hz, 1H), 7.61 (d, J=1.56 Hz, 1H), 8.25 (dd,

20 J=8.15,2.10 Hz, 1H), 9.17 (d, J=1.56 Hz, 1H)

Compound 14 - Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-
yDethynyl| pyridine-3-carboxylate (hydroxy tazarotene)

Hydrolysis of compound 17 with sodium ethoxide in refluxing THF gave a mixture
25  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) § 1.25 (s, 3H), 1.38 (t, J=7.13 Hz, 3H), 1.42 (s,

30 3H), 1.98 (dd, /=13.42, 9.32 Hz, 1H), 2.21 (dd, /=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, /=8.10 Hz,
1H), 7.26 (dd, J=8.10, 1.56 Hz, 1H), 7.53 (d, /=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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Et hyl 6-[ (2-1inoeoyl1l-4, 4- di net hyl- 3, 4-di hydro-2-thi ochrornen-6-y1)

et hynyl] pyridi ne-3-carboxylate -1 MV 629.91 Purity 98. 3% 22

Et hyl 6-[ (Wol2onlm@eizg1- 4, 4- di met hyl- 3, 4- di hydr o- 2- t hi oclrCOrusen0042321j

et hynyl] pyridine-3-carboxylate , 1,--- , ,,,..----- -t .- Pryurity
96. 1% MW 627. 89 23 Et hyl 6-[ (2- (N-net hyl -4- pi peridi nyl car boxy- 4, 4-

di met hy 1-Gomipduind dt5--2 -6-2h2dd dimxparce®xy )4, 4atimethyljthjpghranae-63dethy by | at e

0 -"- -~ JhcHinic acid ethyl estef MV 492.64 Purity 94.9%
Glycolic acid (4.2 g, 0.05 mole) and tert-butyldimethylchlorosilane (17.7 g, 0.012
mole) were stirred in 40 mL of dry DMF. Imidazole (15.62 g, 0.23 mol) was added to the
5  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.

10 The bis-silylated glycolic acid was dissolved in 125 mL of dry DCM containing
several drops of DMF. A solution of 13.4 mL 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-

15  silyloxy glycolic acid chloride) as a yellow oil.

A solution of Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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

20  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 NaHCO; (15
mL) and brine solution. The organic layer was dried over Na,SQO., filtered and
concentrated to an oil - a silylated intermediate. Chromatography on silica gel eluting

25  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 (1mL, 1mmole) 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

30  filtered and washed with heptanes to give 130 mg (29%) of compound 15 as a white

translucent solid.
'H NMR (400 MHz, CHLOROFORM-d) & 1.36 - 1.51 (m, 11H), 2.10 - 2.29 (m, 2H),

2.35 (t, J=5.66 Hz, 1H), 421 (d, J=5.66 Hz, 2H), 4.37 - 4.50 (m, 2H), 6.36 (dd, J=6.59,
35 532 Hz, 1H), 7.11 (d, J=8.10 Hz, 1H), 7.36 (dd, /=8.10, 1.56 Hz, 1H), 7.59 (d, /=8.20
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24 Et hyl 6] (2-propi onyl-4, 4- dinethyl- 3, 4-di hydro-2- thiochrornen-6-yl)

et hynyl ]

pyri di ne-3-carboxylate -0 "----," ) MN423.54 Purity 98. 7%

2011/ 0090x6RaI/W082610/ 042225 Table 12. Qualitative sumMmBCy/Uskoigam2s

expression data fromRHE cultures treated with tazarotene derivatives.

WO
Rank

Compound Fol d Change vs Untreated/ OD controls Upregul ation / Downregul ati on
Ranki ng Sénrlél), KAD(KV91RbIHgdH)N 8.29 (dd, J=8.15, 2.10 Hz, 1H), 9.21 (d, /=1.46 Hz,

10

15

20

25

30

35

1H)
Compound 16 - Ethyl 6-[(2-(2-methoxyacetyl)-4,4-dimethyl-3,4-dihydro-2-
thiochromen-6-yl) ethynyl| pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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.

'"H NMR (400 MHz, CHLOROFORM-d) & 1.43 (d, J=14.45 Hz, 7TH), 1.43 (s, 2H), 2.09 -
2.34 (m, 2H), 3.46 (s, 3H), 4.07 (s, 2H), 4.43 (g, 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, J=1.46 Hz, 1H)

Compound 17 - Ethyl 6-[(2-acetyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-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,
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) & 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,
1H), 7.09 (d, /=8.10 Hz, 1H), 7.33 (dd, /=8.10, 1.37 Hz, 1H), 7.57 (d, /=8.10 Hz, 1H),
7.63 (d, /=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-n-butyryloxyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-
yl) ethynyl] pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl)ethynyl]
pyridine-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.

'"H NMR (400 MHz, CHLOROFORM-d)  0.97 (t, J=7.42 Hz, 4H), 1.38 - 1.50 (m, 11H),
1.63 - 1.74 (m, 3H), 2.15 (d, J=6.83 Hz, 1H), 2.17 (d, J=5.27 Hz, 1H), 2.33 (d, /~15.13
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Hz, 1H), 2.34 (s, IH), 4.43 (q, J=7.13 Hz, 2H), 6.23 (dd, J=6.49, 5.42 Hz, 1H), 7.11 (d,
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=1.37 Hz, 1H), 8.29 (dd, J=8.15, 2.10 Hz, 1H), 9.21 (d, /=1.56 Hz, 1H)

Compound 19 - Ethyl 6-[(2-lauroyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl| pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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) & 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 (d, 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, J=2.15, 0.78 Hz, 1H)

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

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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, J=7.03 Hz, 7 H),
1.44 (d, J=14.15 Hz, 6H), 1.43 (t, J=7.13 Hz, SH), 2.17 (d, J=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, /=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, /=1.37 Hz, 1H),
8.29 (dd, J=8.10, 2.05 Hz, 1H), 9.21 (d, /=1.46 Hz, 1H)

Compound 21- Ethyl 6-[(2-linoeoyll-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl| pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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, 5H), 2.15 (d, J=6.83 Hz, 2H), 2.17 (d, J=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
- 545 (m, 6H), 6.23 (dd, J=6.54, 5.37 Hz, 1H), 7.11 (d, /=8.10 Hz, 1H) 7.34 (dd, J=8.10,
1.56 Hz, 1H), 7.59 (d, /=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-linleolyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl| pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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, J/=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, /=7.13 Hz, 3H), 5.28 - 5.45 (m,
9H), 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, /=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-(N-methyl-4-piperidinylcarboxy-4,4-dimethyl-3,4-
dihydro-2-thiochrornen-6-yl) ethynyl| pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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, 5H), 2.14 (d, /=11.81 Hz, 1H), 2.14 (s,
1H), 2.21 - 2.36 (m, 1H), 2.25 (s, 4H), 2.79 (d, J=11.23 Hz, 2H), 4.42 (q, J=7.13 Hz,
2H), 6.15 - 6.26 (m, 1H), 7.09 (d, /=8.10 Hz, 1H), 7.33 (dd, J=8.10, 1.56 Hz, 1H), 7.57
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(d, J=8.20 Hz, 1H), 7.63 (d, J=1.37 Hz, 1H), 8.27 (dd, /=8.15, 2.10 Hz, 1H), 9.19 (d,
J=1.46 Hz, 1H)

Compound 24 - Ethyl 6-[(2-propionyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl| pyridine-3-carboxylate

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl)ethynyl]
pyridine-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) § 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, J/=7.58 Hz, 2H), 4.43 (q,
J=7.13 Hz, 2H), 6.23 (dd, /=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, J=8.10 Hz, 1H), 7.64 (d, J=1.46 Hz, 1H), 8.29 (dd,
J=8.20,2.15 Hz, 1H), 9.21 (d, J=1.56 Hz, 1H)

Compound 25 - Ethyl 6-[(2-salicylicyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl| pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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) § 1.40 (t, J=7.13 Hz, 7TH), 1.47 (s, 7TH), 1.52 (s,
8H), 2.29 (d, J=1.56 Hz, 2H), 2.31 (d, J=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, /=8.30 Hz, 2H), 7.10 (d, /=8.10 Hz, 2H),
7.34 (dd, J=8.10, 1.37 Hz, 2H), 7.46 (s, 2H), 7.57 (d, J=8.10 Hz, 2H), 7.66 (d, /=1.17
Hz, 2H), 7.76 (dd, /=7.96, 1.32 Hz, 2H), 8.26 (dd, J=8.10, 2.05 Hz, 2H), 9.18 (d, /=137
Hz, 2H), 10.53 (s, 1 H)

Compound 26 - Ethyl 6-[(2-(4-tetrahydropyranyloxy-4,4-dimethyl-3,4-dihydro-2-
thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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) § 131 - 1.50 (m, 11H), 1.69 - 1.92 (m, SH),
2.04 - 226 (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, /=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, J=1.37 Hz, 1H)

Compound 27 - Ethyl 6-[(2-monomethyladopyl-4,4-dimethyl-3,4-dihydro-2-
thiochromen-6-yl) ethynyl| pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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, /=7.13 Hz, 2H), 6.19 (dd, J=6.59, 5.32 Hz, 1H), 7.07 (d, /=8.10
Hz, 1H), 7.31 (dd, J=8.10, 1.56 Hz, 1H), 7.55 (d, J=8.20 Hz, 1H), 7.61 (d, /=146 Hz,
1H), 8.26 (dd, /=8.10, 2.15 Hz, 1H), 9.17 (d, J=1.46 Hz, 1H)

Compound 28 - Ethyl 6-[(2-(3-monomethylazelauate-4,4-dimethyl-3,4-dihydro-2-
thiochrornen-6-yl) ethynyl] pyridine-3-carboxylate
Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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) $ 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, 1H), 2.26 - 2.46 (m, 7H),
3.58 - 3.77 (m, SH), 4.44 (q, /=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, /=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, /=1.46 Hz, 1H)
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Compound 29 - 6-[2-((S)-2-Amino-3-methyl-butyryloxy)-4,4-dimethyl-thiochroman-
6-ylethynyl|-nicotinic acid ethyl ester

Ethyl 6-[(2-hydroxy-4,4-dimethyl-3,4-dihydro-2-thiochromen-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,S0,, concentrated and purified in a Companion purification system using a 12.0g
cartridge.

'"H NMR (400 MHz, CHLOROFORM-d) § 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, /=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

1 Untreated (negative) | NA None
control

2 OD (vehicle) control NA None

3 Tazarotene (0.1% in OD) i MW 351.46

:: oo Purity 99.5%

4 Tazarotene benzoate ,-;f\v:ginf - MW 471.58
6-(2-(2-benzoyloxy-4,4- N ) gf-fo\N ,F Purity 98.0%
dimethylthiochroman-6- . lJDL YT
yl) ethynyl) nicotinic (\ V,T )
acid, ethyl ester
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5 Tazarotene benzoate

(S isomer)

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

acid, ethyl ester

MW 471.58
Purity >97.0%

6 Tazarotene benzoate

(R isomer)

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

acid, ethyl ester

MW 471.58
Purity >97.0%

7 Tazarotene nicotinate

MW 472.57

6-[4,4-Dimethyl-2- N LT Purity 94.0%
il "

(pyridine-3-carbonyloxy) T

thiochroman-6- o

ylethynyl] nicotinic acid

ethyl ester
o
8 Tazarotene nicotinate (S lA\{)LO | MW 472.56
isomer) Purity 95.0%

S-6-[4,4-Dimethyl-2-
(pyridine-3-carbonyloxy)

thiochroman-6-

ylethynyl] nicotinic acid

ethyl ester
)
9 Tazarotene nicotinate (R /\) o MW 472.56
, | ,
isomer) LN// ' Purity 95.0%

R-6-[4,4-Dimethyl-2- (\ H e P
(pyridine-3-carbonyloxy) i 2
thiochroman-6-

ylethynyl] nicotinic acid

ethyl ester
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10 Hydroxy tazarotenic acid Q MW 339.42
= OH .
. /ij Purity 99.3%
2z N
6-((2-hydroxy-4,4-
dimethylthiochroman-6- HO™ 73
yDethynyl)nicotinic acid
11 Keto tazarotenic acid f\ MW 337.40
O
i 3 0,
‘x’ N Purity 87.0%
6-((4,4-dimethyl-2- . ["' ™ -1”“\%5-’ i
oxothiochroman-6- 07 g
yDethynyl)nicotinic acid
12 Keto tazarotene ? MW 406.00
v '\:‘ “-“\G .
[ § | Purity 99.0%
Ethyl 6-((4,4-dimethyl- _ }f’ . T N ~
2-oxothiochroman-6- - ,[ /’}]
. o7 T
yDethynyl)nicotinate
13 Ethyl 6-[2-palmitoyl-4,4- /;jjtof\ MW 605.89
. . . .
dimethyl-3,4-dihydro-2- A ,f;’i‘m Purity 94.8%
hiochr 1 SO0l
thiochromen-6-yl) CH(CH 07 s o
ethynyl] pyridine-3-
carboxylate
14 Hydroxy Tazarotene cii MW 367.47
rs e
Ethyl 6-[(2-hydroxy-4,4- : o Purity 98.4%
~ = N
dimethyl-3,4-dihydro-2- > N
| )
thiochromen-6-yl)ethyynyl] HOV(S § =
pyridine-3-carboxylate
15 6-[2-(2-Hydroxy-acetoxy)- MW 425.50
4.4-dimethyl-thiochroman- Purity >99.5%
6-ylethyny1]-nicotinic acid
ethyl ester
16 | Ethyl 6-[(2-(2- MW 439.53
methoxyacetyl)-4,4- Purity 96.3%
dimethyl-3,4-dihydro-2-
thiochromen-6-yl) ethynyl]
pyridine-3-carboxylate
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17 Ethyl 6-[(2-acetyl-4,4- f’\\ﬁ{) ~ MW 409.51
dimethyl-3,4-dihydro-2- - . /L\\N}P Purity 95.4%
. P
thiochromen-6-yl) ethynyl] E\ 1 J/
) o
pyridine-3-carboxylate b
18 | Bihyl 6-{2-n-butyryloxyl- ~ ﬁio,\ MW 437.56
g ' :
4 4-dimethyl-3,4-dihydro- ‘:x%f ,‘;;"\‘NJ/ Purity 98.4%
Sy
2-thiochromen-6-yl) ,X\JEOJ\S;\'«)
ethynyl] pyridine-3-
carboxylate
19 | Ethyl  6-[(2-lauroyl-4.4- ) \jo,\ MW 549.78
. .
dimethyl-3,4-dihydro-2- o ~s l’“*éf’ W Purity 98.5%
thiochrornen-6-yl) ethynyl] (;H}(c;-umf‘j LU’LS' <
pyridine-3-carboxylate
o
20 Ethyl 6-[(2-isobutyryloxy- A \,T,«-ﬁ\ o MW 437.56
o b
4 4-dimethyl-3,4-dihydro- ,,;,/E;i/ Purity 98.4%
a m/
- i == K ‘
2-thiochrornen-6-yl) \}"}L\O -
ethynyl] pyridine-3- '
carboxylate
21 Ethyl  6-[(2-linoeoyll-4,4- f"“jiﬁo" MW 629.91
dimethyl-3,4-dihydro-2- 9 Oy Purity 98.3%

thiochrornen-6-yl) ethynyl]

pyridine-3-carboxylate

22 | Ethyl  6-[(2-linleolyl-4,4- {Tfi"”‘ MW 627.89
dimethy1-3 4-dihydro-2- Pl T Purity 96.1%
thiochrornen-6-yl) ethynyl]

pyridine-3-carboxylate

23 Ethyl  6-[(2-(N-methyl-4- L:\} o MW 492 .64
piperidinylcarboxy-4,4- ﬁ %E\ /:_T,;;;?/ N Purity 94.9%
dimethyl-3,4-dihydro-2- ﬁ\* 07
thiochrornen-6-yl) ethynyl] i
pyridine-3-carboxylate

24 Ethyl 6-[(2-propionyl-4,4- - _jt o™~ MW 423.54
dimethyl-3,4-dihydro-2- X N ol Q~‘NE Purity 98.7%
thiochrornen-6-yl) ethynyl] WRD» S’}{l‘v [J/ .

pyridine-3-carboxylate
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25 Ethyl 6-[(2-salicylicyl-4,4- | . ey MW 487.58
dimethyl-3,4-dihydro-2- N Purity 98.7%

thiochrornen-6-yl) ethynyl]

pyridine-3-carboxylate

26 Ethyl 6-[(2-(4- ' /E“ }jic:’\ MW 479.60
tetrahydropyranyloxy-4,4- o \’</'%§/'/’”/ h Purity 98.3%
dimethyl-3 4-dihydro-2- gj © ‘
thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate

27 Ethyl 6-[(2- /{\’fﬁg/\ MW 509.63

monomethyladopyl-4,4- 2 g AE N Purity 99.5%
dimethyl-3,4-dihydro-2-
thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate

28 | Ethyl 6-[(2-(3- @ﬁ({o« MW 551.71

i

s P e )
monomethylazelauate-4,4- \gﬁ\/\/’\v/\\;ﬁo ’Es\ & J/ Purity 95.3%

dimethyl-3,4-dihydro-2-
thiochrornen-6-yl) ethynyl]
pyridine3-carboxylate
g
n
29 6-[2-((S)-2-Amino-3- /E/TJKO MW 466.60
f

methyl-butyryloxy)-4,4- ;ﬁ: W Purity 97.8%
. )
dimethyl-thiochroman-6- | .~ D«JLS |

ylethynyl]-nicotinic acid

ethyl ester
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3297 8426132 4138689 271922219 2 90 Al'l publications,
i ncluding but not limted to patents and patent applications, cited in this
speci fi cavDan11z0802Ber ei n i ncor porated by reference as i PCeashotoodizes dual
publication were specifically and individually indicated to be incorporated
by reference herein as though fully 5set forth.

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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The present invention being thus described, it will be apparent that the
sane may be nodified or varied in many ways. Such nodifications and

vari ati orsoana/qe23t 0 be regarded as a departure from tReT4sR010/042208] Scope
of the present invention, and all such nodifications and variations are

i nt ended to—betnetuvded—wthinthe—secope—ofthefolowng18etatns—\\0O
2011/ 009023PCTJ US2010/ 042225 Whattold Ghaa} s Waaedt&l/OIL confros ONPOU ndRQJ .n%en er al
formula (Ipank | (dmpdeaaein nis 0 or 1; R is hydroggn, o&flonally
substituted Cl] 18 al kyl, optional | y,sulsifohl Bheftedapiid® al kenyl, ¥pted ongl Iy
substitutled C2/ 18 al kynyl, optional?y substituted aryl groug, optionally

substi tuted npterocy l'ic group, optianqgly sub titutﬁgacy?goalkyg gropp, or
c . 3 4 . 4

a optionally substituted heteroaryl group; |an i S” hydr ogen

opti onal 'y substituted CI_18 af Kyl, pptionat iy substitutied ¢2- 18 al kepyl,

optional l|ly sttbstitutéd C2_18 al Rynyl | opti pnallPy subs?itlut’ed aryt¥ group,

opt i onal |n—substitutedhetaroeeyelie—groeup,toptiona-yr—substituted

cycl oal kyl grioup, or20a optijonalloy supstist ut ed ihet ef oazyl| grqup; ©r a

pharmaceutical |y acceptable salt thereof 2. The lconpound dccording to

claim1, (wheje|n nig 1. 3. Thg conpoupd accoyding b cll gym 1 o 2,

wherein R is Aan optionally substituted CL18 al kyl|. 4. [The |[conpound

accordi ng to,.c aim1l_or 2, \wherein R| iﬁ an opfionalhy suQstitut%p aryl ,

het er oaryl of heterocyclic |group. 5| The ¢onpound accor|ding to claim1l or

2, whereim R[S an optionat iy substituted[CZ_1I8 afkenyl|. qg. T1ne compound

accordi ng to*apy of ilhe precedi hg cl ai n&, wherkin whéh R 3i g an @ptiohal ly
r h

Substl tut oad 1 19 Al lensl 9 19 Al leanyl C21 19 Al leyvdnnl i | ot Ar Nnevs | I C

\w v | \/.I._.I.U TAT l\)’l y VL_.I.U AT INCTTT L) \/L__.I.U M! l\yllyl ., yl y LLAA A Y2 .Ll\l)' y
C3_7 cyclioalisy| or heteroarlyl geoup, |the groupsis joptoonally substitufed
one or re tipes independently byl hal ogen; hydrloxy; NRARS; hydroxy

substitutied £1| 6 al ksl ; C1-6 al koxY; | hal osubstj t utjed;£1-[6 sallkoxysge
hal osubstituted CL 6 alkyl; ClL 6 alkyl; -C{0)OR6, jor -0C(0)R6; R4 and| R5
are independenily se]ected|fro hydragep of C1_6 alkxg; a$d R6 1
or C |. 7 7.| The ﬁ%ound
at

i ndependent | sel ect €d from hydfogen L 6 %Iky co
according to craimo, wierein R 15 CI_18 atkyt—or CI I Ryl—substit ut ed
one or nore tinmes by hydroxy, NR4R5, Cl_6 al koxy or -C(0)OR6. 8. The

conpound accorali Pgbltdatiﬁﬂsgiﬂmﬂﬁngﬂﬂsw\ﬁ met Bmfbd toSpaadhtORid i@k hypleodhstsd, tiddeid
phenyl, aptiona z%msubstltuted

ridinyl, optionally substjtuted.
Fet ahydr By PayToR ARgisrT B SOrRPrED LY FEBE B petduny vl publEktion were
specifically and individually indicated to be incorporated by reference herein as though fully
5  set forth.

The present invention being thus described, it will be apparent that the same may be
modified or varied in many ways. Such modifications and variations are not to be
regarded as a departure from the spirit and scope of the present invention, and all such
modifications and variations are intended to be included within the scope of the following

10 claims.
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9. The conpound according to any of the preceding clainms, wherein R2 is
hydrogen or C 1 6 alkyl. 10. The conpound according to claim8, wherein R
i s phenylwo 20/00%i2¢ conpound according to claim1, 3, 4pCP/useolb@422aherein
R2 is C1_ 6 alkyl. 12. The conpound according to claim1ll, wherein R2 is
ethyl. 13. The conpound according to claim1l, wherein nis 0. 14. The
conpound Wbebtisdilagnddlscl ai m 13, wherein R is Hand R2 is H 15. The
conmpound according to claim1 which is:

644, 4- di met hy1- 2- (pyri di ne- 3- car bonyl oxy) thi ochroman-6-yl et hynyl ]
nicotinic acib ¢t egmpawdef gegemylformpua 4Ddi met hy1- 2- (pyri di ne-3- car bonyl oxy)
t hi ochroman-6-yl ethynyl] nicotinic acid ethyl ester;
(R) -6[ 4, 4-di net hyl- 2- (pyri di ne- 3- car bonyl oxy) thlochronanI
nicotinic acid ethyl ester; Ethyl =
642- pal m t oyl-4, 4-di net hyl- 3, 4- di hydr o- 2-t hi ochr{onen-
pyridine- 3 -carboxylate ;

6-yl et hynyl ]

? yl) e?ﬁynyl]

6-[ (2-acetyl-4, 4-dikgthy t hi ochronen-6-yl) ethynyl]

pyridi ne-3- car Xyl ate; Et'z

6-[ (2-n-butyryl oxyl-4, 4-di met hyl- 3, 4- dhyydro-Z-thiochronen-6-y1) et hynyl ]
pyridi ne- 3- carboxylate Et hyl

6-[ (2-1auroyl-4, 4-di net hyl- 3, 4-di hydro- 2-t hi ochrornen-6-y1) ethynyl]
pyridine-3-  whereinnis0or1;

R' is hydrogen, optionally substituted Ci.is alkyl, optionally substituted Cy.1s
alkenyl, optionally substituted C,.15 alkynyl, optionally substituted aryl group, optionally
substituted heterocyclic group, optionally substituted cycloalkyl group, or a optionally
substituted heteroaryl group; and

R” is hydrogen, optionally substituted Cys alkyl, optionally substituted Cj.g
alkenyl, optionally substituted C,.15 alkynyl, optionally substituted aryl group, optionally
substituted heterocyclic group, optionally substituted cycloalkyl group, or a optionally

substituted heteroaryl group; or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein n is 1.

3. The compound according to claim 1 or 2, wherein R' is an optionally substituted
Cl_lg 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_lg alkenyl.
6. The compound according to any of the preceding claims, wherein when R' is an

optionally substituted C,5 alkyl, C,.5 alkenyl, C,,5 alkynyl, aryl, heterocyclic, C3_5

cycloalkyl or heteroaryl group, the group is optionally substituted one or more times,
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car boxyl ate; Et hyl

6-[ (2-isobutyryl oxy-4, 4-di net hyl- 3, 4-di hydr o- 2-t hi ochrornen-6-yl) ethynyl]
pyri di ne-\8ocarioggeBat e; Et hyl PCT/US2010/042225

6-[ (2-1inoeoyll-4, 4-di nmet hyl- 3, 4-di hydr o- 2-t hi ochrornen-6-y1) ethynyl]
pyri di ne- 3-carboxyl ate; Ethyl .

6- [ (2- 1 i Andaprydenty Ay dialagemyiyvdgoxy: fRafdr dpoxyniubsitse eine 8lkyk)Cle6 aikeyy)]

pyri di neZneRub@xmubdt €j_cEtdMdxy; halosubstituted C1.¢ alkyl; Ci.g alkyl; -C(O)ORs,

6-[ (2- (N-net hyl- 4-pi peridinylcarboxy-4, 4-di nme hyl-é,4-&?hyd¥o-2-th|ochrorne
n6-y1) etliyAGIPBoyri di ne- 3- carboxyl ate; Et hyl

6- [ (2- propi onRL-hd R Cr&Rideydrddnty ShlEY& Bord Wl Mo@ehbOC NELK P ¥dd et hynyl ]

pyri di ne- 3-car ox&kﬁte; ﬁﬁX I ;

6-[ (2-sal i cyl ifsyd Inflepcrige gﬁ}fic-t%d, ongibygepesn o Cns ¥ or nen- 6-y1) et hynyl ]
pyri di ne- 3- car boxyl ate; Et hyl

O 1 (2 (4-pyr ang oy BN cfadl £ SRGERT R0 Qg 8 ¥, Sy
6- [ ( 2- nortBREHHY( aapRmMore tnes hydtidyoxya NR4Bs-Hyldp 8lexy B delthORaen- 6- y1)

et hynyl] pyridi ne-3-carboxyl ate; Ethyl

6-[ (2- (3-nononet hyl azel auat e- 4, 4-di net hy1- 3, 4- di hydro-2-t hi ochrornen-6-y1)
et hynyl ] Spyri dﬂ"h@_cgnypap%%]‘qoa@]@g tgrclaim 4, wherein R™ is an optionally substituted

6- [ 24( S) pheYTl ptidndIRE Ribstiditbd i) - Sptoshil e kibstitudt Q&M@Hﬁ?yﬁmyl,-&t hyny1l
]- nicotini.c id ethyl ester; or a pharmaceutically acceptable salt

t her eof (?§9nﬁﬁﬁﬁawﬁg%gQHFEEFW%onposition conpri sing a compound accordi ng
to any one of clainms 1 to 15, and one or nore pharnmaceutically acceptable

carriers o eXGLRENIng obra TS BRACFIGSHLLGRl: GRIRORILIANRGERIALEG O

claim 16, conprisin secon i‘ca veé age
or C1_6 alkyl
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 Ci 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-ylethynyl] nicotinic acid
cthyl ester;

(S)-6-[4,4-dimethyl-2-(pyridine-3-carbonyloxy) thiochroman-6-ylethynyl] nicotinic
acid ethyl ester;

(R)-6-[4,4-dimethyl-2-(pyridine-3-carbonyloxy) thiochroman-6-ylethynyl] nicotinic
acid ethyl ester;

Ethyl 6-[2-palmitoyl-4,4-dimethyl-3,4-dihydro-2-thiochromen-6-yl) ethynyl] pyridine-

3-carboxylate;
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WO 2011/ 009023PCT/ US2010/ 042225 18. The pharmaceuti cal conposition
according to claim 17, wherein the second pharnaceutically active agent is
benzoyl pEOaRi1d®902319. Use of a conpound accordi ng to amrgTarseoiof42bai ns 1
to 15 for the treatnment of a skin disorder. 20. A nethod of treating a
skin disorder in a human in need thereof, said nmethod conprising

admi ni st er i 624D Hdrakyhuerany ph, 4edifne thtyl -theo dinmaat-6 ofl ety yd fraaotidic aotd ethyl
pharmaceuti cal ly. .acceptabl e salt thereof, according to any one of cI a| m; 1
to 15. 21. Aco ound of general forrrula [1): wherein

hydr ogen, opthybfrd Z -2 @Q@QKYQCQWM é:ﬂlraetéyk% dﬂmﬂmﬁrtmopbrombsﬁ -y @t@dyld:z 18
al kenyl, opti Id{n)é RERBEAN aged C2_18 al kynyl, optionally substituted aryl
group, optlo ubsti t yclic group, optionally sub ut ed
C3_7 cycl an %%Fﬁtyl épf Qmeﬁ&ﬁo%%m d%ﬁ-éltlp%f&t)@anﬁ@tl)e?tg&mg}] pg&(ﬁ%ﬂ‘p “or a
phar maceut i calchtboagiagpt abl e salt ther eof . 22. The conpound according to
claim 21, dro 23. The und, accor di ng
to claim 22, Méﬁ@mbk@rﬁgxﬂy hﬁ 32_% dﬂlf/ﬁg 83%%3}88163'06%(1?5% H&ng o claim
22, wherein R3>yr1s11n@3 3-Garbdiyydte; 25 The conpound according to claim 24,

wherein G ﬁt Br(gz !aﬁro EM' dlglfﬁﬁg]% &hg&%%ﬁﬁ&ﬁ%&%%%ﬁ%@ HRidind}:

conpound acco
6((4, 4-di net hfﬂszmblﬁ& h| ochrorran 6-yl) et hynyI )nicotinic acid; or Ethyl

6((4, 4-di rreEh?;rité% 20%6b @m@mmrdnﬁem&])ﬂ kg DLERLhOM R 6-9F) cthynyl]
a

phar ITB.CEUtI c acceg @ sal t ther eof 7. A pharmaceutical "conposition

conprising a PSRABEMICHREE4fng to any one of claims 21 to 26, and one or

nor e phar naEgiyt 6-¢@-liocagid ept-dindethyd & 4-dhydrool-tiesdirpinentosyl) etBgnylThridine-

phar maceut i cal3 SQ0BQ §até| on according to claim 27, conprising a second

phar maceut i cal’ly acrive agent. 29. The phar ITB.CEUtI cal conposition

accor di ng tBthyl én[@ lzﬂeolvhéﬁeilmethbf&ée@bwﬂoﬂﬁ‘dwwmmmn -eabl ghyaptlipyeidagent i s

sel ected fromqt I} consi stl ng benzoyl perOX| de an antibiotic, a
corticosteroi and vi‘tamin D anal o a conpound_ accordi ng

to any one BtyEpAiZneN-methyd 421@p$r&lnxlﬁ?€b@>ﬂeét4rééwhd¥ 3& dhydrogi-thinchermen-31. " A
nmet hod of treasr_ym\gthgngqipyhah@grddﬁfoxymea human i n need thereof, said nethod

RN S NS L I R A R o
21 to 26. pyridine-3-carboxylate;
Ethyl 6-[(2-salicylicyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl]
pyridine-3-carboxylate;
Ethyl 6-[(2-(4-pyranyloxy-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl) ethynyl]
pyridine-3-carboxylate;
Ethyl 6-[(2-monomethyladopyl-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl] pyridine-3-carboxylate;
Ethyl 6-[(2-(3-monomethylazelauate-4,4-dimethyl-3,4-dihydro-2-thiochrornen-6-yl)
ethynyl] pyridine-3-carboxylate; or
6-[2-((S)-2-Amino-3-methyl-butyryloxy)-4,4-dimethyl-thiochroman-6-yl-ethynyl]-

nicotinic acid ethyl ester; or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 15, and one or more pharmaceutically acceptable carriers or excipients.

17.  The pharmaceutical composition according to claim 16, comprising a second

pharmaceutically active agent.
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18.  The pharmaceutical composition according to claim 17, wherein the second

pharmaceutically active agent is benzoyl peroxide.

19.  Use of a compound according to any one of claims 1 to 15 for the treatment of a

skin disorder.

20. A method of treating a skin disorder in a human in need thercof, said method
comprising administering to said human an effective amount of a compound, or
pharmaceutically acceptable salt thereof, according to any one of claims 1 to 15.

(D

21. A compound of general formula (II):

| Or’

o S
wherein
R’ is hydrogen, optionally substituted C)_;s alkyl, optionally substituted Cy.15
alkenyl, optionally substituted C,.15 alkynyl, optionally substituted aryl group, optionally
substituted heterocyclic group, optionally substituted Cs.7 cycloalkyl group, or a optionally

substituted heteroaryl group; or a pharmaceutically acceptable salt thereof.

22.  The compound according to claim 21, wherein R? is hydrogen or C\_s alkyl.
23.  The compound according to claim 22, wherein R? is hydrogen.
24, The compound according to claim 22, wherein R* is C alkyl.

25.  The compound according to claim 24, wherein C; alkyl is ethyl.
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26.  The compound according to claim 21 which is:
6-((4,4-dimethyl-2-oxothiochroman-6-yl)ethynyl)nicotinic acid; or
Ethyl 6-((4,4-dimethyl-2-oxothiochroman-6-yl)ethynyl)nicotinate; or a

pharmaceutically acceptable salt thereof.

27. A pharmaceutical composition comprising a compound according to any one of

claims 21 to 26, and one or more pharmaceutically acceptable carriers or excipients.

28.  The pharmaceutical composition according to claim 27, comprising a second

pharmaceutically active agent.

29.  The pharmaceutical composition according to claim 28, wherein the second
pharmaceutically active agent is selected from the group consisting benzoyl peroxide, an

antibiotic, a corticosteroid and a vitamin D analogue.

30.  Use of a compound according to any one of claims 21 to 26 for the treatment of a

skin disorder.
31. A method of treating a skin disorder in a human in need thereof, said method

comprising administering to said human an effective amount of a compound, or

pharmaceutically acceptable salt thereof, according to any one of claims 21 to 26.
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