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FORMULATIONS WITH IMPROVED STABILITY 

CROSS-REFERENCE TO RELATED APPLICATION 

[00011 This application claims the benefit of Provisional Application No. 62/466,955, filed 

March 3, 2017, which is incorporated herein by reference in its entirety, 

FIELD OF THE INVENTION 

1J0021 This in'ention relates to formulations with improved stability.



WO 2018/161054 PCT/US2018/020797 

BACKGROUND OF THE INVENTION 

10003] The Liver X Receptor (LXR) is a nuclear receptor transcription factor. It has been 

foundthat LXR modulators are useful in the treatment of a variety of diseases, including 

cancers. There is a need to provide formulations of such compounds with improved stability.  

SUMMARY OF THE INVENTION 

[0004] One aspect of this invention pertains to a pharmaceutically acceptable salt of formula : 

W, WVV' 

(R3 

o Ii-Y-(CR  5) NH IO 
0k 1C ~(R9)q 
A, (CRC 

HO" ((R- )p 

wherein: 

Z E is a fatty acid carboxylate; 

Y is selected from -OS-,-N(R ~, and CR)(R) 

W 1 is selected from CI-Csalkyl, CO-C alkyl, C-C cycloalkyl, aryl and Het, wherein 

said C1C8 alkyl, CrCscycloalkyl, Ar and Het are optionally unsubstituted or substituted with 

one or more groups independently selectedfrom halo, cyano, nitro, CC6 alkyl, CrC6 alkenyl, 

C3 C 6 alkynyl,--Cc CalkylC 2R '-oCR alkyC()SR -CC 6alky-CONR 'R 4, -C 0C 6 

alkyl-COR5 -CO-C6 alkyl-NR R ,C-C 6 alkykSR ', -CoC6 alkyl-OR", ~C& 6 alky-SO 3H, 

C0 C alkyLSO2NRR", -CoC6 alkylSO2 R C CsalkylSOR.C C6 alkylOCOR'C 

Ca alky-OC(O)NR' 3R 1 C6alky-OC()0R1
, eCeC Nalkyl NRC(O)OR , ~CC- I alkyl 

NR C(O)NR1 R, and-C-C 6 alkyl -NR COR 5,where said CrC 6 alkyl, is optionally 

unsubstituted or substituted by one or more halo substituents; 

W selected H,halo,CC alkyl, C2 &alkenylCrCsalkyny-Cn(( alkyL 

NR13R1 ,.-C alkyl-SR'C-C, alkyORC C alkyCO R, aCIkvC alky=C(0)SR 

C0-CsalkylCONR1ER, -C0 Cealkyl.COR, ~C-CC alkylOCOR -CrCs alky OCONRR 1313 14R15 R1 

AC0-1'Calkyl.(NR 1CONRR, C 0~CkalkyNR COR CRalkyl-Het-C0 CalkykAr,and 

*- 0~alkbC 3rC7cycloalkyl, wherein said C-Cs alkyl is optionally unsubstituted or 

substituted byone or more halo substituents,and whereintheCC 7cyloalkyl, Ar and Het 

~2-
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moieties of said -C 0-Calkyl-Het, (o-C6 alky-Ar and -C- alkyl-CrC7 cycloalkyl are 

optionally unsubstituted or substituted with one or moregroups independently selected from 

halo- cyano, nitro, Cj-_alkyl,C-C alkenyl, -salkyny,CCalkyl-CO 2R 12r,6 

alkyl-C(o)SRP,1CC 6 alkyl-CONR R14, -C-Calky-COR ,CCalkyNR R CC6 

alkyl-SR'C-C I alky.ORICo-C alkyS3-,-CoCalkySO 2NR"R4 ,- C OC6alky

SO2R'-CoCsalkyl-SOR,-C--C i alkyl-OCOR1C C alkylSOC()NR134  CrCalkyl 

OC(O)OR . ,Co-CalkyN NRRC()OR ,-Co-C alkyNR 1C(0)NR'R 1 and-CCealkyl

NR! COR where said CC 6 alkyl, is optionally unsubstituted or substituted by one or more 

halo substituents; 

W is selected fromthegroupconsisting of: ,halo, C-C6 alkyl, -C-C 6 alkyl

NR 3 R1 4,~Co-CalkylSR 1 2-Co-Csalkylo-R 2,"-Co-Calkyl-CO2R, -C -iC alkylC(O)SR 

Co-Coalkyl-CONR R14 -Co-Calkyl-COR C-~-Calkyl~OCOR-C-C alky
13 14 alk(, 1,"-,C aly-lt 

OCONR"R -C0-C 6 alkylON 1 C R 3R 4 CC aklkyl-NRCOR-C-Calky et,-CrC 

alkyl-Arand -C7C alkylC 3 -C 7 cycloalkyl, wherein said C-C 6 alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

Qis selected from C-Ccycloalkyl, Ar, and Het; wherein said C-Cs cycloalkyl, Ar, 

andHet areoptioallynsubstitutedor substituted withoneormoregroups independently 

selected from halo,cyano, nitro, C-Csalkyl,.Cralkenyl,CC alkyny,-C- alkyCO2R 

-C 0 -Calky-C()SR, -Co-C 6 alkylCONR R1 C,~C-Calkyl-COR -Ca-CsalkylNRR13
, 

C-C alkyl-SR ,-Co-Ce alkyl-OR,0-C-C0 alkyl-SO 3H,-C-C6 alky1S 2 NR R ~CC 6 

alkyl-S0 2 R -CCCalky-SOR -o-C(alky2OCOR, -Co-Csalkyl-OC(O)NR R' 4, ~-C 6 

alkyl-OC(O)R   alkylNRC3 ((O)OR1 -C-CsCalky)NR 3 C(O)NR3 R and -C-C 6 

alkyl-NR"CR wheresaid CrC alkylisoptionally unsubstituted orsubstituted by one or 

more halo substituents; 

p is 0-8; 

n is 2-8; 

m is 0 or 1; 

q is 0 or 1; 

each R and R2 are independenty selected from H, halo, C-C6 alkl, C ,&6 alkenyl, C3

C alkynyl,-C0-C6 alky-NR -RCCCC alkyR 2-oCalkyl-SR -C-Cs 6alkyl-Het,-C

C6alkyl-Ar, and-C-C6 alkyCr-C7 cycloalkyl, or R 1and R togetherwith the carbon to which 

-3-
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they are attached form a 3-5 membered carbocyclic or heterocyclic ring, wherein said 

heterocyclic ring contains one, or moreheteroatomnselectedfrom N, ,and S, whereany of 

said C rC alkylis optionally unsubstituted or subtituted by one or more halo substituents; 

eachRisthesame or different and is independently selected fromhalo cyanonitro, 

CPCb alkyl, C3 C6 alkenyl, CrCalkynyl,-C r CValky-Ar,C C alkyl-Het, -C-C alkyl-C 3-C7 

cycloalkyl, -C-C6 alkyl-CO 2R2 , -Co-Cs alkylC(O)SR2, Co- 6 alky-CONR3 R 4 ,-Co-C 

alkyWCORCoCalkyNR 13R1 C,C CalkylSR", -C0 C-alkyl-OR", -CO-C alkyl-SO3 H, 

C-CsalkyISO 2 NR 1 R 1 C-C alkylSOR', C.-C alkylSOR 5, -Co-Calky-OCOR'CCo 

alkyOC(O)NR' R 1 ,-I-C, alky-OC(0)OR1 , -CC! alkyl-NR"C1 (0)0R,-CC alkyl

NRO13(0)NR R , and -CC! alkylNR 13COR, wherein said Cj-Calkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

each R4 and R is independently selected from H, halo, C1-C alkyl, -C-C6 alkyl-let, 

C-C 6alkyI-Ar, and -CCj alkyl-CrC7 cycloalkyl; R 6 and R7 are each independently selected 

from H, halo, CrC6 alkyl,-r0 - alkylHet,-CC alky-Ar and -- C6 alky-C-C eycloalkyl; 

R8 and R are each independently selected from H, halo, CrC6 alkyl -C-C alkyl-Het,

Co-C alkyhAr and -COCO alky-C 3-C cycoalkyl; 

R and R" are eaeh independently selected from H, CC 12 alkyl, CrC1 2alkenyl, Cr 

C1 2alkynyl,-Co-Cgalkyl-Ar -CoC8 alky-HetC-Cs alkyhCrC7 cycloalkyl,-CrC 8 alkyl-0

Ar,-CCsalkyl-O-Het, -CYs alkyO-CA1cycloalkyl, 0-C8 akyl-S(0)-C-Coalkyl,-C

C alkyl-S(O),-Ar, -CC8 alkyl-S(0)-Het, -C-C, alkyl-S(0)-C 3rC cycloalkyl,-C-C8 alkyl

NH1-Ar,-C 0-Calkyl-NHi-Het, -CO-Cgalkyl-NH-C 3 C7 cycloalkyl -C-Cs alkyl-N(C-C 4 alkyl)

Ar, -Csalkyl-N(C 1 C4 alkyl)-Het-C-Cs alkyl-N(C-C 4 alkyl-kC 3-C, cycloalkyl, -Co-C alkyl

Ar, ~-CC alkyl-Het and -CvCs alkyrl-. ecycloakyl, whee x is 0, 1, or 2, or R and Rt 

togetherwith the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatorns selected from N,0 , and S, 

wherein said -C 2 alkyl, CrC 1 alkenyl or CrC12alkynyl is optionally substituted by one or 

more ofthe substituents independently selected from the group halo, -Of,-S1,-NIH 2,

NH(unsubstituted C, alkyl)- N(unsubstituted CeC6 alkyl)(unsubstituted (-C 6 alkyl), 

unsubstituted -OC-C6 alkyl,- CO21LCO2 (unsubstituted C-C 6 alkyl)-( ONH,

CONHn(substituted C-C 6 alkyl), -CON(unsubstituted C-C6 alkyl)(unsubstituted C1-C6 

-4-
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alkyl), -SO3H SO2NH, -SO2NH(unsubstituted CIC-alkyl) and -SO2 N(unsubstituted C -C6 

alkyl)(unsubstituted C-Cs alkyl), 

R is selectedfrom H, C1 C 6 alkyTC CalkenylCQCalkynylC0 & 6 alkykArtc 

C alkylbHet aid -C-C 6 alkyl-CrC7 cycloalkyl; 

each R 3 and each R 4 are independently selected from H, CCealkyl, Cr alkenyl, 

C-C alkynyl, -C-Ch alkykAr -CwC alkylHet, and-C0 -Calky-CrC7cycloalkyl; or R and 

R together with the nitrogen to which they are attached form a 4-7 membered heterocyclic 

ring which optioally contains one or more additional heteroatoms selected from N, 0, and S; 

and 

R15 is selected from C-C6 alkyl, CrC6 alkenyl, CrC_ alkynyl,--C 6 alkyl-Ar, -CO-C 6 

alkyl-Het, and -CC alkyl-C3-C, cycloalkyL 

[0005} Another aspect ofthis invention pertains to a formulation comprising a compound of 

formula 1H 

(R( CR R) 

0 f Y-(CR 4R),N., 

HO (CRIR2 CP 

II, 

or a pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from-0-, -S-, -N(R' 2 )-, and-C(R4)(R) 

Vis selected from CC alkyl CrC alky ,C3-C cyloalkyl, aryl and Het, wherein 

said CI-C alkyl, CrC cycloalkyl, Ar and Het are optionally unsubstituted or substituted with 

one or more groups independently selected from halo, cyano, nitro, CC alkyl, CrC6 alkenyl, 

C-C 6 alkynyl,-CoC6 alkyl-COR' -C Calkyl-C(0)SR", -Co-CG alkyl-CONR 3 R", -Co-C 6 

alkylCOR, -Cee alkyl-NR"R , -C.C, alkynSRf 2,-C-C alkyl-OR", -C-C alkyl-SO3 H.  

C"C alkylSO 2NR"R 14, -C CalkyVSOR -CCalkyl-SORV, -GC alkylOCOR -

C6 alkyl-OC(0)NR"R", -C-C,alkyl-OC(O)OR,.-C, alkyl-NR'C(0)OR'-C,-Calkyl

NR "C(O)NR"R', and-C- alkyl-NR' 3COR 5, where said C-C6 alkyl, is optionally 

unsubstituted or substitute by one or more halo substituents; 

-5-
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W2 is selected from H, halo, C-C, alkyl, CrCalkenyl,Q-C alkynylC-C 6 alkyl

NR'R 0- C a RRkalkyi-SP2-CO-C(alky Co-k O2kCClky -C()SR 

0-C 6 alkylCONR1 3R', -C0-Calky-COR, Co CalkylOCOR ,-Co-C alkylOCONR RR 

~Co- alkyI-NR CONR R C4,&0 -Cralkyl-NR 3COR -C,C, -alkylHet,~Co-Cealkyl-Ar, and 

-C0 - alkylCrC cycloalkyl whereinsaid C-C 6 alkyl is optionally unsubstituted or 

substituted by one or nore halo substituents, and wherein the C-C cycloalkyl, Ar and Het 

moietiesof said-C-C(alkyl-Het, -CO-C 6 alkyl-Ar and -C-Cealkyl-C3-C 7 cycloalkyl are 

optionally unsubstituted or substituted with one or more groupsindependently selected from 

halo, cyano, nitro, C-C6 alkyl, C3-C alkenyl Cr alkynyl -CCalkyl-C0 2RCo-c6 

alkyl-C(O)SR1 -C-C alkyl-CONR "R "-C-Co alky-COR", -Co-C 6 alkyl-NR"R XC-C 6 

12 alky SR, -G CeCalkyl-OR, C alkyl-SO 3 HR -- C( alkyl-S02 NR 3 R14,-Co-C6 alkyl

SO2R'-C0 Csalkyl~SOR1d, -CoCialkylOCOR' -Co-CoalkylOC(0)NRR1 -Co-C 6 alkyl

OC(0)OR", -C0-C alkylNRC(O)OR 1 -C-Calkyl-NR )C(0)NRR ,and -CCalkyl

NR COR where saidC-C 6 alkyl, is optionally unsubstituted orsubstituted by one or more 

halo substituents; 

W 3 is selected from the group consisting of:H halo,C1 C alkyl, -C-C 6 alkyl

NR"R4 ,Co-CealkylSR,~C 0~C alkyl-OR, -C0-Csalky-CO2R, P -C-C6 alkyl-C(O)SR 

Co-C6 alkyl-CONR 3R C 0 &alkyCOR,-C-C, alkyl-OCOR -Co-C alkyl

OCONR"R", -C-Ce alkylNR1 CONR 'R ,CCsalky-NRCOR -C1C alkylHetCr Ce 

alkyl-Ar and- C-C6 alkyl-C3-C cycloalkyl, wherein said C1-C 6 alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

Q is selected from CrCs cycloalkyl,Ar, and Het; wherein said CrCscycloalkyl, Ar 

and Het areoptionally unsubstituted orsubstituted with one or more groups independently 

selected from halo, cyano, nitro, CCs alkyl, C3-G alkenyl, C3-C6 alkynyl-Co-C alkylCO 2R", 

12 I 13 , 15 14 
-Co-Calkyl-C(O)SR, -Co-C alkyCONR'R -Co-C alky-COR.,-C-C) alkylNR -R 

CO-C alkyl-SR C,-C -Calkyl-OR 2 -C-C6 alkyl-SO3H,-C0-C alkyl-SO2NRR, --C 6 

alky-SO2 R C-C alkyNSR   C-Ce alkyOCR C0 CealkyOC()NRR -C0-C6 

alky-OC(0)OReCo-e alkylNRC(0)OR -C-C alkylNRC()NR RandCC; 

alkyl-NR13COR I where said C-Coalkyl is optionally unsubstituted or substituted by one or 

more halo substituents; 

p is 0-8; 

-6-
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n is24; 

m is 0 or 1; 

q is 0 or 1; 

each R and R are independently selected from -, halo, CrCalkyl, C3-Calkenyl C 

C6 alkynyl,-C0Csalky-NR13RR 14, C alky-0kR -C C alky-SR -CpC alkyHet, -Ce 

C alky-Ar, and -CrC alky-C-C cycloalkyl, or R and R2 together with the carbon to which 

they are attached form a.3-5 membered carbocyclic or heterocyclic ring, wherein said 

heterocyclic ring contains one, or more heteroatoms selected from N, , and S, where any of 

said CX 6 alkyl is optionally unsubstituted or substituted by one or more halo substituents; 

each R' is the same or different and is independently selected from halo, cyano, nitro, C-C 6 

alkyl, C3-C alkenyl, C-C6alkynyl-CVC6 alkyAr,-Co-Calky-Het, -C-C6 alky-C3-C 7 

cycloalkyl, -CAC 6 alkyl-CO 2R T2,CC alkyVC()SR, -C-Cs alkylCONRR"W, -C-C6 

alkyCOR, -CO-Calky-NR 3R 1 -CCbalkynSR4 -CoC-QalkyWOR ~Co-C-alkylrSO 3H, 

CO-CsalkylS0 2NR'R CR,-C-alkyVSO 2 R -CoC, alkyISOR 15,-C -Calkyl-OCOR' 5,-CoC6 

alkylcOC(O)NR R C Calky-OC(0),OR, CCalkybNR 13 C(0)OR 5 -(-C 6 alkyl

NR1 3C(O)NR'R ,and -C 0 CalkyVNRICOR 5, wherein said CrC(alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

each R4 and R is independently selected from H, halo, CC alkyl, -CO-C alky-Het,

Coll alkyAr, and-CC alky-CrC 7 cycloalkyl; R and R are each independently selected 

from HI halo, C"Ch alkyL-CC alkyHet, -C-C6 alky-Ar and -Co-C6 alky-Cr-C7 cycloalkyl; 

RH and RIare each independently selected from halo, CrC alkyl, -CC alkyl-Het

C0 -C6 alkyVAr and -C6 alky-CrC7 cycloalky; 

R0 and R1 1 are each independently selected froM H, CC alkyl, C3-C 2 alkenyl, Cr

C 12,alkyny,C-Csalky-Ar,-C-C8 alky-Het,-C Csalkyl-CrC7 cycloalkyl,-C-Cs alky-O

ArC0 -Cs alkyV-O-Iet, -C-Cs alkyVO-Cr C cycloalkyl-C s alky S(0)rCr-C alkyl-Co

CsalkyVS(0)-Ar-CvCg alky-S(0)ret, -CC Aalkyl SA) 31CrC 1cycloalkylC Calky

NH-Ar,-C-C 8 alkyV-NH-HetCsO-C alkyV-NH-C--C7cycloalkyl, -CO-C 8 alkyV-N(C-Cj alkyl)

Ar, -C-C 8 alky-N(CI-C 4 alkyl)-Het -Co-Calky-N(Cj-C 4 alky-C 3-Cy cloalkyl, -CoCsalkyI

Ar,-C-C 8 alkyl-Het, and -C-C alkylC C7 cycloalky, wherexis 0, or2, orR 0 and R11 , 

together with the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected fromN, 0, and S, 

-7-
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wherein said C Calkyl. C-C Ialkenyl, or CrC1 alkynyl is optionally substituted byone or 

more of the substituents independent selected fromthe group halo, -OH, SH, NH, 

NH(unsubstituted CI-C alkyl), -N(unsubstituted CC alkyl)(unsubstituted C C6 alky), 

unsubstituted -OCrC6 alkylCO 2H, CO2 (unsubstituted CIC6 alkyl). CONH 2,

CONH (unsubstituted CC alkyl).-CON(unsubstituted CC6 alky)(unsubstituted CCh 

alkyl), -SO 3H-SO2NH 2 , -SO2NH(unsubstituted C-GC 6 alkyl) and -SO 2N(unsubstituted CrC 

alkyl)(unsubstituted CC alkyl); 

R2 is selected from 1, CI1 C6 alkyl C3 C6 alkenylC3- alkynyl,-CO-C alkylAr, -C

C6 alkyl-Het and -C-Cn alkyl-CrC7 cycloalkyl; 

each R 3 and each R are independently selected from , C-C6 alkyl, C3 -C 6 alkenyl.  

C-C( alkynyl,-CVC6 alkyl-Ar,- Cw QalkylHet and-CyCl alkyl-C-C cycloalkyl, or R 13and 

R together with the nitrogen to which they are attached form a 4-7 membered heterocyclic 

ring which optionally contains one or more additional heteroatoms selected from N,0, and S; 

and 

RY is selected from C-C6 alky, C3-C alkenylC,-C6 alkyny -CCs alkykAr-CrC 

alkyl-Het and -CVC6 alkylC-C cycloalkyl and a lipophilic vehicle, comprisingat least one 

lipophilic excipient, in which the compound of the formula II, or the pharmaceutically 

acceptablesalt thereof, is soluble; wherein a p1 of the formulation is from about pH 4 to about 

pH 8.  

[0006] In an aspect of the invention, the invention features a pharmacutically accptable salt 

offormulaI 

O Y~~(CRRRR))H 
0 -Y-(R R),,-NH [e 

HO (c R,) 

I, 

wherein: 

Z -'is a fatty acid carboxylate; 

Y is selected from~0~ -- ,-N(R0 )-,and-C(R)(R )
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W1is selected from CPC alkylCOAlkyl, CYC6 cycloalkyl aryl andl et, wherein said 

C-C alkylC 3-C cycloalkyl, Ar and Het are optionally unsubstituted or substutedwh one or 

more groups independently selectedfrom halo, cyano, nitro, C-C alky,()-'6 alkenyrl, 3 -C 6 

alkynylCoCb alky-C 2 R 2 , -C-C alkyl-C(O)SR2, -C-C 6 alkyl-CONR 3R14 -C-C alky

COR, -CrC6 alkyl-NR R, -CC 6 akyl-SR 12 ,.CalkyRC 0 C alkyl-SOH, -C.C 
alkyl-SO2NRR -Co-C alkyl-SO2R 2 ,-CVC6 alkySOR, CrC alkylOCOR', -C-C6 alkyl

OC(O)NR 13 , -CrCl alkylOC(O)OR r, -CQ alkylWNR"C(O)OR', -CmCalky

NRI'C(O)NR 1 R and-CoChalkylNRlCOR where said C-C 6 alkyl, is optionally 

unsubstituted or substituted by one or more halo substituents; 

Wis selected from Ihalo, CPC alkyl, CC6 alkeny, C2-C 6 alkynyl -CO-C 6 alkyl

NRIR1 4,Co-C alkykSRM, CCh alkyl-OR2 -Cr-C6 akylCO 2R", -CO-C 6 alkyl-C(O)SR, Co

Cc alkyCONR 1 R 4 -CO-C 6 alkyl-COR 5 , ~Co-CalkylOCORIA -C0 C6 alkyl-OCONR;R 14,-CO_ 

C 6alkylNR1 CONR R1 4 -- C alkyl-NR'CORuC, C6 alkyHet, -CCI alkyAr, and -Ce

Ca alkylC7 cycloalkyl, whereinsaid C~Cialkyl is optionally unsubstituted or substAuted by 

one or more halo substituents,andwherein the CC cycloalkyl, Ar and Ilet moieties of said

Co-C alkyhHet, -C~C alkyl-Ar and C-C alkyl-Cr C7cycloalkyl are optionally unsubstituted 

or substituted with one or more groups independently selected from halo, cyanonitro, C-C 6 

alkyl, CC6 alkenyl, CrCV alkynyl,-CC6 alkyl-COR 2 ,CC 6 alkyC()SR -Co-C alkyI

CONRR13R -C-C 6 alkyl-COR 5,-C-C6 alkyl-NR"R",-CoCoalky-SR' 2 -CwC6 Qalkyl-OR'2 , 

C-C alkyl-SO 3H,-CVC6 alkylS02 NR 13R", C-C6 alkylSO2R1 C,- Co6 alkyl-SOR',-CO--C6 

alkyl-OCOR , -~-C6 alky-OC(O)NRRcCoC alkyl-OC(O)OR 5 -C-C( alkyl

NR (O)OR 0-C.1, alkyNR"C(O)NRR 1 and Co-C alkylNR TOR 1 5 where said C

C alkyl is optionally unsubstituted or substitutedby one or more halo substituents; 

W3 isselected from the group consisting of: H halo, C-C alkyl, -C6 alkyl-NRR 

CoC alkylSR CCalkyl-ORM&-C-C6 alkyKC 2 R",-Co-Cbalky-C(O)SR C-C-G alky

CONR -R ,-CoC alkyl-COR ~Co-C alkyl~OCOR',-C-CsalkyOCONRR,-C 6 

alkyINR"CONR 13 1, C-Cialkyl-NR 1 CO.R 5, -C-C 6alkyl-I-et,C-C 6alkyl-Arand-C1 -r 

alkylCr-CcycloaIkyl, wherein said C-C6 alkyl is optionally unsubstituted or substitutedby one 

or more halo substituents; 

Q is selected from C3-C 8 cycloalkyl, Ar, and Het; wherein said C3-Cs cycloalkyl, Arand 

Het are optionally unsubstituted or substituted with one or more groups independently selected 
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from halo, cyano, nitro, C-Cs alkyl, CC, alkenyl, CC alkyny,~o~C alkylCO2R, -Co-C6 

alkyl~C(O)SR 2 , ~Co-CealkyICONR 3 R1 , -Co-C6 alkyl-COR 5 , -C-C alkylNR R , -C-C6 

alkyl-SR"2 ,~Co-Ce alkyl-OR"2 ,~Co-Ce alkyl-S 3 H, -C 6 alkyS0 2NR"RI'.C-C 6 alkyl

SO2 R1 ,-~Co~Cs alkylSOR,~C-C alkyl-OCOR'5,-Co-C 6 alkyl-OC(0)NR 3 R14, -Co-Ce alkyl

13 145 OC(0ORCo-C alyNR1"C() 0 , ~C-C alk 'N C()RRan -Co-Ce ly 

NRCOR", where said CIC alkyl isoptionally unsubstituted or substituted by one or more 

halo substituents; 

p is 0-8; 

n is 248; 

m is 0 or 1; 

q is 0 or 1; 

eachR andR areindependentlyselected from H, halo, C-C alkyl, ,-C( alkenyl, C

C 6 alkynyl, -CC.alkyl-NR RM, -Co-CalkyOR -- C alkyl-SR, -CPC, alkyl-Het-C-C 6 

alkyl-Ar, and -C-C 6 alkyl-C 3-C cycloalkyl, or R' andR togetherwiththecarbontowhichthey 

are attached form a 3-5 membered carbocyclic or heterocyclic ring, wherein saidheterocyclic 

ring contains one, or more heteroatoms selected from N, 0, and S, where any of said C-C alkyl 

is optionally unsubstituted or substituted by oneor more halo substituents; 

each Risthe same ordifferentand is independently selected from halo, cyano, nitro, C

C alkyl, C(' alkenyl, C-Csalkynyl,C-C6 alkyl-Ar, -C-CalkyJ-I let, ;alkyl-C7C 

12 13 14 
cycloalkyl, -Cs- alkyl-CO2R1 , -CO-C 6alkyl-C()SR -CO-C 6alky-CONRR , -C)-C6 alkyl 

C0R CCC SalkylNR'R1,CalkykSR CC alky-OR -C-C 6 alky-SO3H-C-C6 

alkylSO 2NR R 4~ 0 -Calkyl-SO2 R '2 -C-C6 alkylSOR A -C-Calkyl-OCOR,-C_ 6alkyl

OC(O)NRR C0 -Calky-OC(O)OR 5 -COC 6 alkyl-NR'C(0)OR -CO-C 6 alkyl

NR" 3C(O)NRR 1 , and-Co-C 6alkylNR COR whereinsaidC 1 C alkylisoptionally 

unsubstituted or substituted by one or more halo substituents; 

each R4 and R is independently selected from H, halo, C-C6 alkyl, -C-C6 alkyl-Het,-C

C 6 alkyl-Ar,and-C-Co6 alkylb--CcyCyloalkyl; 

R andRare each independently selected from HhaloCC alky-C-Calkyl-Het, 

Co-C 6 lkyl-A and-C0 -(6 alkyCrC cycloalkyl; 

R 8 and R9 are each independently selected from H, halo, C-C6 alkyl,-C-C 6 alkyl-Het, 

C-Cs alkyl-Ar and -C-C alky-C3-C 7 cycloalkyl; 
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R and R"are each independently selected from H, CIC, alkyl, CrC2 alkeny, C-C 

alkynyl, 

-C 0-Cgalkyl-Ar,-C 0 sC alkylIHet,-C0 S alkylC3-C7 cycloalkyl, ~Co alky-O-Ar, -C

Cs alkyl-O-Het, -C-C 8 alkyl-O-C3-CcycloalkylCo-Csalky-S(0)-CC, alkyl,-CCs alky

S(O),-Ar, -C-Cs alkyl-S(O),-Het, -COCs alky1S() ,-C 7Ccycloalkyl,-CrCs alkyl-NH-Ar~ 

C0~Cjalkyl-N-AHet-C-salkyl-NH-C 3-C 7cycloalkyl, ~C0 Calkyl-N(C-C4 alkyl)-Ar-C-C 8 

alkyl-N(C1-C 4 alkyl)-Het, -C-Csalky-N(C-C 4 alkyl-C3 -C 7 cycloalkyl, -CsC8 alkylAr, -C-C8 

alkyl-Het, and- C-C% alky-C 3-C 7cycloalky , where x is 0, 1, or 2, or R and R, together with 

the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring which optionally 

contains one or more additional heteroatoms selected fom N, 0, and S, wherein said C-C 2 

alkyl, C3 -C alkenyl orQ-C1 2 alkynyl is optionallysubstituted by one or more of the 

substituents independently selected from the grouphalo, -OH, -SH, -NH 2 -NH(unsubstituted C

Cs alkyl), -N(unsubstituted C-C6 alkyl)(unsubstituted Cl-C6 alkyl), unsubstituted -OC. alkyl, 

-CO2H. -C0 2(unsubstituted CC alkyl) -CONH2,-CONH(unsubstituted C-C alkyl),

CON(unsubstitutedC Calkyl)(unsubstituted C~Calkl), -SO3 H, -SO2 NI, 

SO2 NH(unsubstituted C-C 6 alkyl) and -SO 2N unsubstituted C-C, alkyl)(unsubstituted C-C6 

alkyl); 

R is selected from H,CC alkyl, CrC6 alkenyl, CrCalkynylCC4 alkyl-Ar-eCrC6 

alkyl-Het and -C-C 6 alkyl-C3-CIcycloalkyl; 

each R1 and each R are independently selected from HCri alkyl,C-Calkenyl, C3

C alkynyl,~C0 C alkyl-Ar-CC6 alkylHet, and-CVC1 alkyCrC-cycloalkyl, orR13 and 1 4 

together with the nitrogen to which they are attached form a 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected from N,0 , and S; and 

R is selected from-C alkyl, C3 -C alkenyl, CC alkynyl-CC1 alkyAr -C-C 6 

alkyl-kHet ,and -C-C alkyl-C-C cycloalkyl.  

[00071 In some embodiments, thepharmaceutically acceptable saltofformula I has the 

structure: 
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0Z 

H (CH (CR RF) NH 

[0008In some embodiments the pharmaceutically acceptable salt of formula I has the 

structure: 

Fi Z,-) HO O [Z 

or 

00091 In someembodimentsthe pharmaceutically acceptable sat of formula I has the 

structure: 

[00101 In some embodiments, the fatty acid carboxylate is a short chain fatty acid carboxylate, 

a medium chain fatty acid carboxylate, a long chain fatty acid carboxylate or a very longchain 

fatty acid carboxylate, In some embodiments, the atty acid carboxylate is a medium chain or 

long chain fatty acid carboxylate. In some embodiments, the fatty acid carboxylate is a long 

chain fatty acid carboxylate. In some embodiments, the fatty acid carboxylate is a saturated 

fatty acid carboxylate selected from palmitate, caprylate, caprate, laurate, and/or stearate or an 

unsaturated fatty acid carboxylate selected frommyristoleatelinoleate linoenate, 
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arachidonate, eicosenoate, palmitoleate, sapienate, oleate, elaidate, and/or vaccenate.In some 

embodiments, the fatty acid carboxylate is oate.  

[0011 In an aspect the invention features a formulation comprising; any of the foregoing 

pharmaceuticallyacceptable salt; a suffering agent (e.g, a lipid soluble carboxylic acid such as 

sodium oleate)and a lipophilic vehicle, wherein thelipophilic vehicle comprises: a lipid 

excipient (e.ga lipid recipient comprising a monoglyceride, a diglyceride, and/or a 

triglyceride such as glyerol linoleate); and/or a surfactant (e.ga surfactant comprising at least 

one polyglycolized glyceride such as lauroyl macrogol-32 glyceride).  

[00121 In some embodiments, the formulation further includes a stabilizing agent e.g, a 

stabilizing agent including EDTA (ethylenediaminetetraacetic acid),sodium citrate, BHA 

butylatedd hydroxyanisole), and/or BHT butylatedd hydroxytoluene).  

00131In some embodiments, the formulation is a seni-solid suspension. In some 

embodiments,the formulation is selfemulsifying. In some embodiments,the formulation is 

formulated for oral administration.  

[00141 In some embodiments, the formulation, the lipid excipient content of the lipophilic 

vehicle is about 40% by weight to about 80% by weight; the surfactant content ofthe lipophilic 

vehicle is about 20% by weight to about 60% by weight; about 0.2% by weight to about 5% by 

weight of the formulation is lipisolublecarboxylic acid salt; and an amount of the 

pharmaceutically acceptable salt is about 2% by weight to about 10% by weight ofthe 

formulation. In some embodiments, the formulation further includes about 0.2% to 2% by 

weight of the stabilizing agent.  

[00151 In some embodiments, the pH of the formulation is from about and to about 8, e.g 

from about 5 and to about 7.  

[00161 In some embodiments, the formulation has increased bioavailability upon oral 

administration compared with a formulation comprising a structure of formula I wherein ZS is 

an inorganic salt, e.g, a chloride salt. For example in some embodiments,the formulation has 

increased bioavailability upon oral administration compared with a formulation comprising a 

structure of formula I wherein ZO is the hydrochloride salt and the hydrochloride salt is 

formulated as described in Collins et alJ.Med Chen 2002, 45:196311966, the formulation 

methods of which are herein incorporated by reference. In some embodimentsthe formulation 

13-



WO 2018/161054 PCT/US2018/020797 

has increased bioavailability upon oral administration compared with a formulation comprising 

a structure of formula I that does not comprise the lipophilic vehicle.  

00171 In some embodimentsan amount of the pharmaceutically acceptable in the formulation 

decreases by less than about 2% after storage for I week, 3 weeks, 3 months or 6 months at a 

temperature of 40C and a relative humidity of 75%.  

10018 In anaspect, the invention features, a capsule including any of the foregoing 

formulations. In some embodiments, the capsule is a gelatin capsule,e.g, a hard gelatin 

capsule or a soft gelatin capsule such as an HPMC (hydroxypropyl methylellulose) capsule or 

a non-gelatin soft shell capsule.  

100191 In an aspect, the invention features a method of treating cancer, e.g. ovarian cancer, 

breast cancer,lung cancer, glioblastoma, melanoma bladder cancer, head andneck cancer, 

renal cell cancer, colorectal cancer, lymphoma, leukemia, multiple myeloma, hepatocellular 

carcinoma, a high grade neuroendocrine tumor and/or a smallcell carcinoma such as a lung 

cancer. This method includes administering an effective amount of any of the foregoing 

pharmaceutically acceptable salt, formulations, or capsules to a subject in need thereof.  

[00201 In an aspect, the invention features a method of producing a formulation. This method 

includes mixing a lipophiliL vehicle, comprising a lipid excipient and/or a surfactant, and a 

compound of formula II: 

WiW2 W3 

(R3)k 

(CRR) 

HO' R (C)I 

II, 

or pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from -0 , N(R ) and C(R)(I)-; 

WI is selected from C r C 6 alkyL CO-C alkyl,-CrC cycloalkyl, aryl and Het wherein said 

CrCs alkyl, C cycloalkyl, Ar and Het are optionally unsubstituted or substituted with one or 

more groups independently selected from halo, cyano, nitro, CCalkyl, C3 -C alkeny ,CrC 

alkynylCO-C6 alkvLCO2 R -C0 CCalkylC()SR 1 C 0 C6 alky[CONRPR, C0 C alkyl 
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COR ,-C-C 6 alkyl-NRR,CC alkyl-SR 2,-C0 -C 6 alkyl-OR,,-CCalkyk1-SO,-C-C 

alkyl-SO2NR R, «Co-Ccalkyl-SO2R, ~ 0 -C6 alkyl-SOR 5 , -C0 -CsalklOCOR1 ,C 0-C0alkyl

OC(O)NR 3R*-Co-Calkyl-OC(U)0)R 15, UC0 alkyNi(C(o:RCoC aky

NR.'(0)NRR 14,and-CC alkyl-NR 1COR", wheresaid C-C 6 alkyl, is optionally 

unsubstituted or substituted by one ormore halo substituents; 

W! is selected frm H, halo, CC6 alkyl, C2 -C alkenyl, CrC6 alkynyl-C-C alkylk 

NR" 12esayS -rsakbR, -CO-COalkylCO2R" -Co-Gq lkyl-C(O)SR, ~Co~ 
13 !4 CalkylCONR R cCCe alky-COR", -C. C.alkylOCOR",-C-C.Galky-OCONRR 4 -Ce

Cs alkyl-NR1 CO0NR 1 R 1 C 0 C alky-NRCOR CC alkyl-Het,-c 0-C. alkyl-Ar, and -Co

C6 alkyl-" 3-C7 cycloalkyl, wherein said IC 61~alkyl is optionally unsubstituted or substituted by 

one or more halo substituents, and wherein theC-Ccycloalkyl, Ar and Het moieties of aid -

Co-Csalkyl-et,-C 0 -Csalky-Ar and -C0-C.alky-Cr-Ce yloalkyare optionally unsubstituted 

or substituted with one ormore groups independently selected from halo, cyano, nitro, C-C6 

alkyl, C 3-C6 alkenyl,C3-C6 alkynyl, -Co-C alkykl-C02 R 12 -C-C 6alkyl-C(0)SR 2 , -Co-C6 alkyl
13 14 3 1 i12 CONR R -C6 alkyl-C0RCR6 SRlkylSR -Co-C(alkyl-OR 

Co-C alkyl-SO 3H, -C-C6 alkyl-SO2NRR" Co-CealkyS 2R 2 ,--Cakyl-SOR ,-Co-C 6 

alkyl-OCOR -C-C 6 alkyl-OC()NR 3 RC-C alky-OC(O)OR -C-C alky
13 15 Il 13 ,1 

NRC(O)OR -C-C alkylNR 3C(0)NR RI and --- C6 alkyl-NR C R ,where said C 

C 6 alkyl, is optionally unsubstituted or substituted by one or more halo substuents; 

Wis selected from the group consistingof: H, halo, C-C alkyliC-Calky- NR"1 3 , 

C,-C aIkylSR -CCGalkyl-OR -C-Calkyl-C 2R -C-C alky-C(O)SR -- C alkyl

CONRR 1 CrC.6alkylCOR 1 -C.-C alkylGOC)R ,-C aC alkyO-CONR 1R-, -CRC 

alkylNR 3CONR 1 R' -C6Calkyl NRCOR 1 C.C alkyl-et, -C-C6alky-Ar and-CC6 

alkyl-C 3-C cycloalkyl, wherein said C-C 6 alkyl is optionally unsubstituted or substituted by one 

or more halo substituents; 

Q is selected from C3-Ceycloalkyl, Ar, and Iet; wherein said C3-Cs cycloalkyl, Ar, and 

Het are optionally unsubstituted orsubstituted with one or more groups independently selected 

from halo, cyano, nitro, CCalkyl,CC6 akenylCC6 alkynylCC.6 alkylCO2R,-C-C 

alkyl-C.(O)SR , -C-C alkylCONRR-o- 6 alkyl-CCOR,-C-C alkyiNRR,CC 
12 13 14i 

alkySR,-Cr-C 6 alkyl-R1  CC alkyl-S0 31H 1,- 0-C6 alky-SO 2NRR',-CC alky

S02R 2, -Co-C. alkyl-SOR, -C,-C alkyl-OCOR, ,-CO-C 6 alkyl-OC(O)NR3R14, -C-C 6 alkyl
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OC(O)OR 5,oCO-C 6 alkylNR13C(O)OR", -C-C 6 alkylNR"C(O)NR"R 4,and -CO-C 6 alky

NR 3COR 15, where said C 1ICsalkyl is optionally unsubstituted or substituted by one or more 

halo substituents; 

p is 0-8; 

n is 2-8; 

m is 0 or 1; 

q is 0 or 1; 

each RI and Rare independently selected from H halo, CP alkyl, C3 C akeny, C

C 6 alknyL-CCealkyNR"R", -COCe alky-ORA -C , alkyl-SR 2 ,-C1 T!alkyl-Het, -CCs 

alkylIAr, and C 1 C 6 alkyC 3-C7cycloalkylor Rand R t ogether with the carbon to which they 

are attached form a 3- membered carbocyclic or heterocyclic ring, wherein said heterocyclic 

ring contains one,or more heteroatoms selected from N, 0, and S, where any of'said CC, alkyl 

is optionally unsubstituted or substituted by one or more halo substituents; 

each R is the same ordifferent and is independentlyselectedfrom halo cyano, nitro, CI 

C! alkyl, CC alkenyl, C alkynyK -CC alky ArCrC alkyl-Heti,- 6 alkyl-CrC7 
121 cycloalkyl Cr Coalkyl-CO2R, Co? 6alkylC(0)SR-C0 (C6alkylCONR1 R",-CrC,alkyl 

COR1'C 0 C 4alkyl NR13R -Co-C6alkyl-SR'j~C C alkyICOR -CCaalkySOH .-CC6 

alkylS0 2NR"R tCoCs alkylSO0 2R1 , -(C0 CalkylSOR",CoCealkyk0COR 5 CC alky 

OC(0)NR1 3R'4,CeCoalky-OC(0)R 5,C-CsalkylbNR 3 C(0)0R 5,C 0 -Csalky

NR'"C(0)NRR 14 ,and -CC alkylkNRl3COR, wherein said Cl-C alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

each R4and Riis independentlyselected from H, halo, CrC alkyl-C-C 6 alkyl-Het,-CO

C6 alkyl-Ar, and -CVC 6 alkylCrC7 cycloalkyl; 

Ri and R 7 are each independently selected from H, halo, CpCb alkyl-CC6 alkylHet,

Cp-j alkylAr and -C0 C alkyl-CYC 7 cycloalkyI; 

RR and R are each independently selected from H halo, CC6 alkylCQC alky-Het, 

C-C6 alkyl-Ar and -C-C6 alky-C3 -C 7 cycloalkyl; 

R ° andR are each independently selected from H C-C12 alkyl, C 12alkeny, ( 3-C12 

alkynyl,-CwC alkyl-Ar, -CyC 8 alkyl-Het, -cCS alky-C 3 & cycloalkyl,-C-C alkyl-0-Ar,

CrCs alkyl-0Het, -C-C8 alkyl-0-CrC cycloalkyl -CrC alkyS(0)-CC alkyl, -C-C8 

alkyI-S(O),-Ar-C-Cg alky-S()w-Het, -CvCg alky-S(O),C-Cycycloalky, ~-C 8 alkyNH
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Ar,-C 0Calkyl-1NH-Het, -C 0-Calkyl-NHSCr-Ccycloalkyl,-Co-Csalkyl-N(Ci-C 4 alkyl)-Ar 

CCalkylN(C-C4 alkyl)~Het -C-C alkyl-N(C1-C 4 alkyl-C-Cicycloalkyl, -C-Cs alky-Ar, 

CVCg alky-Het, and- C-C alkyl-CCcycloalkyl,where is 0, 1, or 2 or R and R together 

with the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring which 

optionally contains one or more additional heteroatoms selected fromN0, and S wherein said 

Ci-CialkyL C3 C alkeny, or C3 C 2 alkyny is optionally substituted by one or more of the 

substituents independently selected fromthe group halo, -H,-SH NH 2,-NH(unsubstitutedC

C alkyl), -N(unsubstituted C1 C alkyl)(unsubstituted C-CO alkyl), unsubstituted --OC-Calkyl, 

-CO2H,-CO 2 (unsubstitutedC-C alkyl), -CONH2 ,-CONH(unsubstituted CrC alkyl),

CON(unsubstituted CPC6 alkyl)(unsubsaituted C-C alkyl),-SO H-SO 2NH 2.  

S02NH(unsubstituted CrCalkyl) and -SO 2 N(unsubstuted C-C alkyl)(unsubstituted C-C6 

alkyl); 

R1 is selected from H, C1 C6 alkl, CrC6 alkenyl, C-C(alkyny ~C-Csalkyl-Ar,-(,-C 6 

alkyl-Het and -C-C 6 alkyl-CrC- cycloalkyl; 

each R 3 and each R14 are independently selected from HC Cj alkyl, Cr Calkenyt C 

C alkynyl, -C-C alkylAr, -CoC 6 alkyl-Het, and-C-C6 alkyKC 3-C cycloalkyl or R13 andR 

together with the nitrogen to which they are attached form a 4 7membered heterocyclic ring 

which optionally contains oneor more additional heteroatoms selected fromN, 0, and S; and 

R is selected from C-Calkyl, 3 -C6ralkenyl, C3 C, alkynyl ,Cis alkyl-Ar, -C-C 

alkyl-Het, and-CC6 alkyl-CCY cycloalkyl 

100211 In some embodiments, the method includes dissolving the compound of formula 11, or a 

pharmaceutically acceptable salt thereof in the lipophilic vehicle. In some embodiments, the 

method furtherincludes adding a sodium salt of fatty acid. In some embodiments, the sodium 

salt of a fatty acid is added to the lipophilic vehicle before the compound of formula 11, or the 

pharmaceuticallyacceptable salt thereof. In some embodiments, sodiumchloride precipitates 

upon addition of the sodium salt of fatty acid, In someembodiments, the method further 

includes adding a stabilizing agent.  

[0022] In some embodiments, thecompoundis: 
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CF3 

CI 

or a pharmaceutically acceptable salt thereof.  

[00231 In some embodiments, the compound is a hydrochloride salt of: 

O0 

N OH 

[01024] In some embodiments, the lipophilic vehicle comprises at least one glycerol fatty acid 

ester, e.g.,glycerollinoleate. In some embodiments, the lipophilic vehicle comprises at least 

one polyglvcolizedglyceride, g.,lauroyl macrogol-32 glyceride. In some embodiments, the 

stabilizingagent comprises EDTA and/or sodium citrate.  

[00251 In an aspect, the invention features a formulation including: 

a compound of formula II: 

CCR R ) 
9 tj,;Y (R 4R5 rN\ 

HO (C / 2,IRpq 

II, 

or a pharmaceutically acceptable salt thereof, 

wherein_ 

Yis selected from -0-,-S- -N(R)-, and (R)(Ra) 

W' is selected from -C 6 alkyl, C-C 6 alkyl, CrC6 cycloalkyl ,aryl and Het, wherein said 

C-C' alkyl, C 3 C eyloalkyl,Ar and Het are optionally unsubstituted or substituted with one or 

more groupsindependently selected from halo, cyano nitro, C-C alkyl, CC6 alkenyl, CrC6 

alkynyLeCo-C alky-C02 ReC0 Cealkyl-C(0)SRp2, -C0 C6alkyl-CONR 13 CR 4 -C alky
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COR', ~CoCoalkylNR 13R14, CC 6 alkyl-SR",-Co Cealky[OR, -COC 6a aky-SO3  eCO-C6 

alky[SO 2NRR 4 ,'C 0 .Calky-SO 2R", -Co,-Csalkyl-SOR1  C IIC I alkylOCOR , ~C -Calky 

OC(O)NRL R -&C6alkyLOC(O)OR",C 0 &6 alkyN 1  (0R Co~Calkyl 

NR1 3C(O)NR 13Rand-CorCalkyl~NR ICOR', wheresaid Cj-C alkyl, isoptionally 

unsubstituted orsubstitutedby one or more halo substiuents; 

W is selected fror H, halo, Cr C alkyl, C2-C 6 alkenyl C 6. alkynyl, -Co-C alky

NR R1 ,C-C 6 alky SR , -C Calky-OR' 2, -C0 alkylCO 2R 'C 0 C alkg.C(O)SR1 C 

Ce alkylCONRR -CO-C 6 alkyCCOR, C0 CalkyOCOR15, -C-C6 alky-OCONR R -C0 

CalkylNR 3CONR R 14 ,-C 0 C alky-NRCOR1  -Co-CalkylHet, -CC6 alkyl-Ar, and -Co

C6 alkyl--C 7 cycloalkyl, wherein said CvC, alkyl is optionally unsubstituted orsubstituted by 

one or more halo substituents,and wherein the C3-C cycloalkylAr and Het moieties of'said 

C0 -Q alkyl-et-C-C alkyl-Ar and -CC alky C 1C61cycloalkyl are optionallyunsubstituted 

or substituted with one or more groups independently selected from halo, cyano, nitro, C-C6 

alkyl, C3-C6 alkenyl, C3-C6 alkynyl, -C-C alkyICOR -C-Cs alkyl-C(O)SR,-CCsalkyl

CONR R",-C-C 6alkyl-COR,~C~C,,alky1NR 1 3R C CsalkylSR ' Calkyl0OR 

CO-C 6 alkyl-SO3 2RR C aalkyl-SORNR'3 R1R,-C0 -CPalky, -Co--C 6 

alkyl-OCOR 5 , -C-C6 alky-OC(0)NR R ,-C-C 6 alkyl-OC(O)OR ", Co-C, alkyl

NR'C(0)OR 5 -C-C 6 alkyl-NRE'C(O)NR 1 R 4 ,and-CoCalkylNR' 3COR' 5, wheresaidC1

Calkyl, is optionally unsubstituted or substituted by one or more halo substituents; 

W 3 is selected from the group consisting of: H, halo, C-C6 alkyl,CCs alky-NR 3 R 

Co-C 6alkylSR -C 0-CalkkOR-CCalkyC0R 1CrO alkylC()SRCrC alkyl

CONRR 1 -CO-C6 alkylCOR, -C-CalkylOCOR1  -C0 -, 6 alkyl-OCONR3 R1  Co-C 

alkylNR1  CONR R ~C-C alkyl-NR CORI, -c alkyl-Het, -C-C6 alkyI-Ar and -CI-C 6 

alkyl-C-C7 cycloalkyl, wherein said C-C 6 alkyl is optionally unsubstituted or substituted by one 

or more halo substituents; 

Q is selected from C-(acycloalkyl, Ar, and Het; whereinsaid 3-Cscycloalkyl Ar, and 

Het are optionally unsubstituted or substituted with one or more groupsindependentlyselected 

from halo, cyan, nitro, C-C6alkyl,y C-alkenyl-C alkyny,-C-C -alkylCO2 R -C-C 6 

alkyl-C(0)SR , -C-C 6 alkyICONRGR ) -C ,C alkylCOR C C alkyiNR R CC6 
1- 2 13) 14 alkyl-SR, -CO-Csalkyl-OR, -C -CalkylS 3H -Co-C, lalkySONR , -C-C6 alkyl 

So0R1 , -Co-C 6alkyl-SOR', -CoC alkylOCOR 1, -Co-Qalky-OC(O)NR 3 R" -CO-C 6 alkyl
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1314 
OC(O)OR COC6 alkylNR 1 C()0R1  CO-CC alkykNR1 (C(0)NR R and-COC 6 alkyb

NR COR , where said C-Cs aikyl is optionally unsubstitued or substituLed by one or more 

halo substituents; 

p is 0-8; 

n is 2-8: 

m is 0 or 1; 

q is 0 or 1; 

each R' and R areindependently selectedfrom H, halo, C C- alkyl, CrC, alkeny, Cp 

C alkynyleC 0 CsalkybNRR -C0 CalkybORR, -Co alkyl-SR , .C1 (alky-Het,-Cr-C6 

alkyl-Ar, and CvC6 alky-C 3-C cycloalkyl, orR and Rtogether with the carbon to which they 

are attached form a 3 membered carbocyclic or heterocyclic ring, wherein said heterocyclic 

ringcontains one, or more heteroatoms selected fromN, 0, and S, where any of said C-Q alkyl 

is optionally unsubstituted or substituted by one or more halo substituents 

each R is the same or different and isindependenly selected from halo, cyano, nitro, Cj 

C alkyl C3-C6 alkenyCrC 6 alkynyl,~C-0 C 6 alky-Ar,-C-C -alkyHet,-C( -alkyl-C3-C 7 

cycloalkyl,-C0eCsalkykCQ2 R"-CeCalkyC(0)SR2 .CCealkyl CNRR Co-C6 alky

COR 5 , -C-C alkyl-NR"R 1  ,-C.C 6 alkybSR 1 C 0 Calky-OR C2,oCCalkySO 3H, CO-C6 

alkylSO 2NR R C, alkyl.SOR -C12,Cs alkylSOR Co (-C6alkylOCOR'5 , C-Ccalkyl

OC(O)NR 3 R1 , C0&6alky-OC(0)RCCsalky-NRC(0)R ,-C-Co alky

NRF1 C()NR1 Rand -C 0 Calkyl-NRCR 1 , wherein said C-C6 alkyl is optionally 

unsubstituted or substituted by one or more halosubstituents; 

each RandR is independently selectedfrom H, haloC-C alkyl, -Co-C alky-Het,-C

C 6 alkyl-Ar, and -C0426 alkyl-CrC 7 cycloalkyl; 

R 6and R' are each independenyselectd from H, halo, CI-Csalkyl,-C -Calkyl-Het, 

Co-C.-alky-Ar and -C 0-~6alkyl-CrC7 cycloalkyl; 

p ;and Rare each independently selected from H, halo, C-C alkyl-C0-C alkyl-Het,

COC6 alkyl-Ar and -C-C alkyl-CrT cycloalkyl; 

R andR are each independently selected from -, CIC 12 alkyl, CC alkeny, (-C 1 2 

alkynyl, -Co-Csalkyl-Ar,-«Co-Csalkyl-Het,-Co-Csalkyl-Cr-Cy yloalkyl,-Co-Csalkyl-0-Ar, 

CO-C alkyl-0-I-et,-Co-C 8 alkyl-O-C 3 -C7 cycloalkyl, C6C alkylS(0)-CoCoalkyl,. Co~C 

alkyl-S(O)-Ar,-C-C 8 alkyl-S(0)eHet-C-Cs alkyS(O)-C3 C-cycloalkyl, -Co-C 8 alkyl-N
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Ar,~C-Csalkyl-NH-Het,-C-Cs alkyl-NI-I-C-C cycloalkylC CsalkylN(C 1-C 4 alkyl)-Ar,

Co-Cs alkyl-(C-C 4 alkl)-HetCr-Csalkyl-N(CC 4 alkyl-C-C 7 cycloalkyl, C Cs alkyIAr, 

C 0 -Csalkyl-Hetand -CoGalkylCC 7 ycloakylwherexis0, 1,or2,orR 1and k together 

with the nitrogen to which they are attached, form a 4-7 memberedheterocyclic ringwhich 

optionally contains one or more additional heteroatomsselected from N,0, and S, wherein said 

C,-C ,alkyl, C 3-C alkenyl, or Cr-C alkynyl is optionally substituted by one or more of the 

substituents independently selected from the group halo, -OH, -S1,-NH 2 , -Nt(unsubstituted C

C6 alkyl), N(unsubstitutedCrC alkyl)(unsubstituted C-C. alkyl), unsubstituted -OC-C alkyl, 

~C02H, -CO2 (unsubstituted CC alkyl),-CONH 2 ,-CONH(unsubstituted CC6 alkyl), 

CON(unsubstituted C -C6alkyl)(unsubstituted C-C6 alkyl),-SO 3H, -SONH 2,

SO2NH(unsubstituted C,-C alky )and -S02N(unsubstituted C-C6 alkyl)(unsubstituted C-C6 

alkyl); 

R 2 is selected from H, -C6 alkyl, CC6 alkenyl, C-C alkyny-C-C 6 alkyl-Ar,Ca-C6 

alkyl-Hetand -C-C alkyC 3 -cycloalkyl; 

each R and each R are independently selected from H, C-C, alkyl, C-C alkenyl, C3 

Co alkynyl, -Co-C alkyl-Ar,-Co-C alky-Het, and-C C alky-C-C ,cycloalkyl, or R 3 and R 4 

together with the nitrogen to which they are attached formal 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected fromN, 0,and S; and 

R' isselectedfrom C( alkyl, Cr4 alkenyl, CC alkynyCo-CakylAr,-Co-Ce 

alkyl-Het, and -C0 Csalkyl-C 3-C 7 cycloalkyl and 

alipophilic vehicle, comprising at least one lipophilicexcipient, inwhich the compound 

of thefomlaorhe pharmaceutically acceptable salt thereof, is soluble, 

wherein a p11 of the formulation is from about p1 4 to about p1 18.  

[0026] In an aspect, the invention features a formulation comprising: 

a compound of formula I: 

(R3) 

~ Y CR 4R)N 
(CR8R) 

HO (CRR2)p Q 

II, 

-21-



WO 2018/161054 PCT/US2018/020797 

or a pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from -O S~, -N(R) and-C(R4)(R)~; 

W is selected from C alkyl, C 0 Co alkyl, CrC cycloalkyl, aryl and Het, wherein said 

CpC8 alkyl, CrCycloalkyl, Ar and Het are optionally unsubstituted or substituted with one or 

more groups independently selected from halo, cyano, nitro, CQ, alkyl, C&C6 alkenyl, Cr;C 

alkynyl/Co CsalkyLCO2 RT 2 -C.C6 alkylC(O)SR"o-C alkyl-CONR R", C0 C6 alkyL 

CORC -C alky-NRR4 , Co-C 6 alkySR C alkyl~OR1 , -CorC alkykSOH CrCo 

alky[SO2NRRn, ~CC6 alkyPSO 20R A -C 6 alkykSOR", -CC 6 alkylOCOR' -CoCoalkylI 

OC(O)NR R Co-C 6 alkyl-OC(O)OR,-C,~C alkyNR"3 C(0)OR , -COC6 alkyl

NR 'C(O)NR 13R 1 andCKC6 alkyl-NR1 3COR" where said CC 6 alkyl, is optionally 

unsubstituted or substituted by one or more halo substituents; 

W2 is selected from H, halo, C alkyl, CC alkenyl 2 -C6 alkynyK -CC6 alkyl

NRR 13R4Co-C alkylSR 4-Co-C alkyl-0R 2 -CoC alkylcO2R2 ,2-CCalkyl-C(O)SR 1, -C 
(1P\2 -COC 13 14~l 

Cs alkylCONRR 4 ,Co-C alkyl-COR, -C-C alkylOCOR 5 , ~C0 ~C alkylOCONR R- C 

Q alkyl-NR C0NR 3 R ", -C(C)alkyCNRRC"COR"~C0 C, alkyl04et ,CoC alkylAr, and -Co

C 6 alkylCrC7 cycloakyl, wherein aid CC 6 alkyl is optionally unsubstituted or substituted by 

one or more halo substituents, and wherein the C3-C7 cycloalkyl, Arand Het moieties of said

Co-C alkykHet,-C CalkyhAr and -CwC, alkylCrC cycloalkylare optionally unsubstituted 

or substituted with one or more groups independently selected from halo,cyano, nitro C 1-C 

alkyl,C C alkenyl Cr6 CalkyIyl -CrC 6alkyC2 R-C0C alkyC(0)SR,-CC alky
'3 1 ,131 14 12 12 

CONR'R",-d0  alkyCOR', -C-C6 alky NR R C-C 6 alkyI-SR, -C-C alky-OR 

CVCj alkyl- SO , -CC alkyl SO2NR3R, -CC6 alky-SO2 R CCs alkylSOR'% -CA 

alkyl-OCOR, -CmC6 alkyWOC(0)NR 3R"'3 R1  C, alkyl-OC(0)OR", -Co-C alkyl

NR"C(O)OR 5 - Co-C 6 alky-NR'!C(O)NR "W',and--C-C 6 alkyl-NR"COR' where said Ca 

C alky, is optionally unsubstituted or substituted by one or more halo substituents 

W3 is selected from the group consisting of: H, halo, CC alky-C0C alkyl-NR1R4,

Co-CsalkylSRR,-~C-Csalkyl-OR zCo -Qalky-CO2R -C-Co6alkyl-C(O)SR C,-CCalkyl

CONR'bR1 ,-Co-Cealky RaCOR1 ,-C-Caky COR 1 ,-Co-C6alkyl-OCONR'3 R, -C-C6 

alkylR 13 CONR1R'RC-C alkyl-NRCOR .CC alkyl-Het, -CI-C alkyl-Ar and -C-C 6 
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alkyl-Cr-Ccycloalkywherein said C-C 6 alkyl is optionally unsubstituted or substituted by one 

ormore halo substituents; 

Qis selected fromC cycloalkyl Ar; and Het; wherein said C3 4cA ycloalkyl, Arand 

Het are optionally unsubstituted or substituted with one or more groups independently selected 

from halo, cyano, nitro, C-C alky C3-C 6 alkeny CrC alkynylCOC6 alkyICOR, -C 

alkyC(O)SR, CoC alkylOONRR 1 -Co-C alkyl-COR 1 ~C~C "alkylNR R, -C-C 

alkyl-SR CCalkyl-OR ,C C6 alkyl-SO 3H, -Co-C alkySOSNR R, -C-C6 alkyl

SOoR1 2,o-C alkylSOR", -C alkyl-OCOR, COC alkylOC(O)NR (R) CC6alkyk 

OC(0)OR'C-C6 alkylNR"C(0)OR -CoC alkyl-NR"'C(O)NR',R and---C alkyl

NRC13COR ,where said CC 6alkyl is optionally unsubstituted or substituted by one or more 

halo substituents; 

p is 0-8; 

n is 2-8; 

m is 0 or 1; 

q is 0 or 1; 

each RI and R2 areindependentlyselected fromL, halo, CI-C6 alkyl, C32alkenylC

C6 alkyny, -Co-C alkylNRAR, CO-C 6,alky -OR', -CpCV alkySR 1 -C alkyl-IHet,-CI-C 6 

alkyl-Ar, and -CrC alkylCC7 ycloalkyl, or R' and RWtogetherwith the carbon to which they 

are attached form a 3-5 memberedc arbocyclic or heterocyclic ring, wherein said heterocyclic 

ring contains one, or more heteroatoms selected from N, 0,and S, where any of said C-C6 alkyl 

is optionally unsubstituted or substituted by one or more halo substituents; 

each R3 is the same or different and is independently selected from halo, yanonitro, C

C6 alkyl, C-C alkenyl, C3 C1 alkyny -Co-C(alkyl-Ar, CCalkyl-HetC-Ce alkyCrC2 

cycloalkyl,-C-C alkylCO 2R, -Co C alky-C(C)$R2 -CP C alkyl-CONRRY, ~o~ alky 

CORA ~CC6 alkyl-NR R I-C Calkyl-SR ',-C C alky-OR2, -Co-C 6 alkyl-SO 3H,-Co-C 6 

alkyIS0 2 R' 3R1 'YC, CalkylS02R 1 -C-C alkyISOR -C 0-C, alkyl-OCOR ,.Co.-(,alkyl

OC)NRR4, -CoCjalkyl0C(0)OR, -Co-C6alkyl-NR 3C(0)OR, -C-C alkyl

NR C(0)NR1 3R3, and1-CoC alky-NRCOR , wherensaid C-Calkyl is optionally 

unsubstituted or sibstituted by one or more halo substituents; 

eachRandR is independently selected from ,halo, CC6alkylCCalky-Het,C

C6 alkyl-Ar, and -C-C6 alkyl- 3-C7 cycloalkyl; 
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R 6 and R7 are each independently selected from H, halo, C-C6 alkyl,-CCalkyl-Het, 

Cr C 6 alkyl-Arand -CyC alkyl-CrC~yccloalkyl; 

R and R9 are each independently selected from 1 halo, CC6 alkyl,-CrC6 alkykHet,

Co-C6 alkyl-Ar and -CQC alkylCrC cycloalkyl; 

R and R 1 are each independently selected from H, C-C alkylC3 -C2 alkenyl C-C1 2 

alkynyl -C-Cs alkyl-Ar,-CoCs alkyl~Het, -CWC alkylCrC cycloalkyl, -C-C8 alky-O-Ar, 

CoCs alkyl-O-iet,-Co-Cs alkyl-o-C3-Ccycloaiky C-C alkyS()Co-CR alkyl,-C-Cs 

alkyl-S(0)-Ar,--Cg alkyl-S(O)-Het-CyC8 alkyS(O)CrC cycloalkyl,-Co-C alky-NH

ArC,-Cs alkyl-NH-Het-CC 8 alkyNH-CrC 7 cycloalkyl-Cr-Cs alkyl-N(C -C 4alkyl)-Ar, 

CoCs alkylN(Cr C4alkyl)-HetC calkyN(CCalkylCrCycycloalkyl, -C Calkyl-Ar, 

CyC 8 alkylHet, and-C0 CC8alkyl-CrC7 ycloalkyl, where x is 0, 1, or 2, or R and R, together 

with the nitogen to which theyare attached, form a 4-7 membered heterocyclic ring which 

optionally contains one or moreadditional heteroatoms selected from N, 0, and S. wherein said 

C-Clalkyl, C3 C 2 alkenyl, or 3-C 2 alkynyl is optionally substituted by one or more ofthe 

substituents independentlyselectedfrom the group halo,-OH,-SH, NH2 .NHunsubstituted C

Co alkyl),-N(unsubstituted Cn- Ce alkyl)(unsubstituted CC alkyl), unsubstituted -OCC 6 alkyl, 

-CO 2H- CO2 unsubstituted CC6 alkyl), -CONH2 ,-CONH(unsubstituted CC alkyl), 

CON(unbsustituted CrC6 alkyl)(unsubstituted CCalkyl), -S03H,-SO 2NH, 

SO2 NH(unssubstitutedC1-Calkyl)and-S0N(nsubst d C-C6alkyl)(unsubstituted Cr-C 

alkyl); 

R 12is selected from H, C-C6 alkyl, C3-C 6 alkenyl, C3 -C6 alkynyl, -Co-C 6 alkyl-Ar-C-C 6 

alkyKHet and CjC6 alkyl-C-C 7 cycloalkyl 

each R 3 and each R are independently selected from H, C-C6 alkyl, C-C( alkenyl, C

C6 alkynyl-Co-C 6 alkyl-Ar-CO-C 6 alkyliet, and-Co-C alkyl-C 3-C 7 cycloalkyl, or R and R 4 

together with the nitrogen to which they are attached form a 4- membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected from N 0, and S; and 

R is selected from C-C6 alkyl, CC6 alkenyl, C3-C 6 alkynylC-C 6 alkyl-Ar.-Co-C 

alkyl.Het, and -C-C alkylCrC 7 cycloalkyl; and 

a lipophilic vehicle, comprising at least one lipophilic excipient in which the compound 

of fonnula 1, or the pharmaceutically acceptable sat thereof, issoluble, 
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wherein an amount of the compound of formula II, or a pharmaceutically acceptable salt 

thereof in the formulation decreases byless than about 2% afer storage r I week, 3 wceks, 3 

months, or 6 months at a temperature of 40 C and a relative humidity of5% 

[00271 In an aspect, the invention features a formulation comprising: 

a compound of formulaII: 

Y-(CRRRR))N 
CRR 

HO (CRR)r 

II, 

or a pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from - S-N(R ) and -C(R4)(R> 

W is selected from CpCjalkyl, CWC alkyl, CrC cycloalkyl, aryl and Het, wherein said 

CrC8 alkyl, Cr cycloalkyl, Ar and Hetare optionally unsubstituted or substituted with one or 

more groups idependentlyselected from halo, cyano, nitro, CrC- alkyCrC alkenyl, CrC6 

alkynylCQCs alkylCO2R ,rC akytC(0)SR -Co~C, alkylCONRR ,ClC 6 alkyl 

COR'CqCalky-NR"R 14, -CwC alkySR ,-C0-C6 akylWORtCC allyl-SO3H, -CC 

alkylSO2 NR "R, -C0 -Coalkyl.SO2RC12 ,rC-C 6alkylSOR, -C CalkylOCOR, -COCsalky-.  

OC(0)NR1 R -Co-C, alkyl-OC(')OR , -- C6 alky-NR'C(0)OR C alkyl

NR 3C(O)NR R, and-C C alkyl-NR 1COR 5, where said C-C alkyl, is optionally 

unsubstituted or substituted by one or more halo substituents; 

W isselected from H halo CiQ alkyl, C2 -C 6 alkenyl, 2-C, alkynyl, -CO-C 6 alkyl

NR 13R 14, -C 0-CalkybSR' -CoC 6 alkyNOR -CO-C 6 alkylCO2R 2,C.C alkyl-C()SR 12 co

C, alkylCONR'R, -(C-C 6 alky-COR,-C-C 6 alkylOCOR15,-COC6alky-OCONRR' 4,~Ce 

C6 alky-NRCONRR 4 -CvC, alkyNR3COR, -COC 6 alky-Het, -CrC6 alkyl-Ar, and -CO

C6 alkyl-C-C7 cycloalkyl, wherein said C1C alkyl is optionaHy unsubstituted or substituted by 

one or more halo substituents, and wherein the CrC7 cycloalkylArand Het moieties ofsaid

CrC alkylHet, -CCalkylAr and -C 0 -Csalkyl-CC7cycloalkyl are optionally unsubstituted 

or substituted with one or more groups independently selected from halo, cyano, nitro,C1 C 
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alkyl,C-C alkenyl, C3rC alkynyl,-C-C 6alky-COR,CCsalky-C()SR, -CO-C alkyl

CONR'3R ,-C-Cs alkyl-COR'" Co-Csalkyl-NR R14 -CrC(alkylSR -COCsalkyl-OR2, 

C-C 6 alkyl-SO 3HiC Csalkyl-SO 2NR R -C-C, alkyl-SO2 R' -C0 C6alkyl-SOR -Co-C6 

alkyl-OCOR 1 C-Csalkyl~OC(O)NR'R 4 ,-C0 -C6 alkyl-OC(O)0R1
, -CO-Cealkyl

NR13C(O)0R .Cr- Galkyl-NR' C(O)NR"R ",and -C-C, 6alkyl-NRI3COR1 ,where said CI 

C alkyl, is opdionally unsubstituted or substituted by one or more halo substiuents; 

W3 is selected frorn the group consisting of: Hhalo, C-C6 alkyl, -CG alkyNR R 

Co-CsalkylSR 1 2 ,C 0 Calkyl-OR 1 ,-Co-Q alkyl-CO 2R' 2 ,Co-salkyl-O(0)SR 2 , ~C-Csalkyl

CONR1 R -C-C6 alkyl-COR', -CC alkyl-OCOR 1 ,-C-C 6 alkyl-OCONR' 3R C- 6 

alkyINR 1 3CONRiR'C-CORalkyl-NRCOR 1 -CO-C alky et, -C 1-C6 alkyl-Ar and -C-C6 

alkyl-C 3-C cycloalkyl, wherein said C1 Calkyl is optionally unsubstituted or substituted by one 

or more haloubstituents; 

Q isselected from C3-C cycloalkyl, Ar, and Het; wherein said C3 -C 8 cycloalkyl, Ar. and 

Het are optionally unsubstituted or substituted with one or more groups independently selected 

from halo, cyanonitro, C Calkyl, Crs6 alkenyl, CCalkynylC-CalkylCO 2R2 ,~C-C 

alkyl-C(O)SR 2CoC 6 alkylCONR R-CkCalkyl-COR -Co-C alkylNR,'R -C-C 

alkyl-SR' CCCalky-OR2  -Cs alkyl-SO 3HC CCalkyl-SO 2NR R ,~Co-C alkyl

S02R, ,-C,-Calky-S0R 5,CoC alkyl~COR -C-C alkyl-OC(O)NR 3R4'C- 6 alkyl 

OC(0)OR 5 ,-CC alkylNR 3C(O)0R1  ,-C-C 6 alkyl-NR C(0)NRWRR, and -C0 Calkyl

NR"COR15 , where said C-C alkyl is optionally unsubstituted or substituted by one or more 

halo substituents; 

p is 0-; 

n is 2-8; 

m is 0 or 1; 

q is O or 1; 

each R1 and R2 are independently selected from 1, halo, CrCs alky C3 -C 6 alkeny C3

C6 alkynyl, -Co-C alkyl-NR 13R, -C-C6alkyl-OR C12,alkylSR~C1 ~C alkyHet-CC6 

alkyl-Ar, and -C-Csalkyl-C-C- cycloalkyl, orR1 and R togetherwith the carbon to which they 

are attached form a -5membered carbocyclic or heterocyclic ring, wherein said heterocyclic 

ring contains oneor more heteroatoms selected from N, 0, and S, where any of said C-C 6 alkyl 

is optionally unsubstituted or substituted by one or more halo substituents; 
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each R3 is the sarne or differentand is independently selectedfromhalo,cyanonitroC 

Cb alky C)C alkenyl, Cr3-Calkynyl -C alkyl-Ar,C-C alkyl-Het -CC 6 alky-CCrA 

cycloalkyl, C0-C 6 alky-C0 2 R 2 , -C-CV alkyl-C(O)SR 2, -C-C, alky-CONR "it",-Co Calky 

COR15 -Co-Calkyl-NR 1 3R' 4,-C0-C6 alkyl-SRI, -C-C alkylOR', -C-C, alkyl-S0 3H, -C-C6 

alkylSOfNR1 3R"f,-CyC 6 alkyl-S0.R,-C-C, alkylSOR", -C&C alkyl-OCOR, C-C6 alkyl

OC(O)NR '3R I CV C 6 alky-OC(0)OR , -C(-C alkyI-NR'-C(O)OR'-R C-C alkyl

NRIC(O)NRR, and -C-C alkyl-NR' 3COR 5, wherein said Ci-C alkyl is optionally 

unsubstituted or substituted byone or more halo substituents; 

each Rand R5 is indedently selected from H halo, CC6 alkyl,-GC 6 alkyl-Het,-Co

C alkylAr, and -- C-CC alkyl-CrC7 cycloalkyl; 

R andRiareeachindependently selected frorn H, halo, CPC6 alkyl,o-Cc alkyl-Het, 

C-C 6 alkyl-Ar and -C 6 alkyl-C3 C 7 cycloalkyl; 

R and R9 are each independently selected from H, halo, CC alkyl - 0 0 alkylHet, ~ 

Co-C 6 alkylAr and -C-C alkyl-C3 C7 cycloalkyl; 

R 0 and R 1 are each independentlyselected from H, C 1 alky CC1  alkenyl, C3-C 2 

alkynyl,-CWCS alkyl-Ar-Co-C alkyl Het -Co-Cs alkyCrCy cycloalkyl, -C-Cs alkyl O-Ar,

Cq-C alkylO-Het, -CoCs alkyl-O-Cr-C 7cycloalkyl, -C~C 8 alkyI-S(0),-C-C 6 alkyl, -CWC8 

alkyl-S(O),-Ar, -C-Cs alkyl-S(O)-Het -CrC alkyl-S(O),-C3 C cycloalkyl-CO-C, alkyl-NNHI

Ar, --CQ alkyl-NI-Het -CC alkyl-NH-C 3-C7 cycloalkyl, -C0-Calkyl-N(C-C 4 alkyl)-Ar, 

CVCs alkyiN(CC4 alkyl)-HetCCs alkyl-N(Ci-C 4 alkyl-C 3-C7 cycloalkyl, CoCsalkyl-Ar,

C-C 8 alkyl-Het, and-CC8 alkyl-CC 7 cycloalkyl, where x is 0, 1, or 2.or R and R" together 

with the nitrogen to which they are attached, form a4-7 menbered heterocyclicringwhich 

optionally contains one or more additional heteroatoms selected from N, 0, and S, wherein said 

Ci-C, 2alkyl, C 3-C 12 alkenyl 0or C-C alkynyl is optionally substituted by one or more ofthe 

substituents independently selected from the group halo, -Ol, -SH, -NH2-NH(unsubstituted C

C6 alkyl)-N(unsubstituted CrC alkyl)(unsubstituted C-C alkyl),unsubstituted -OCrC 6 alkyl, 

-CO2H,-C0 2(unsubstittedC]-C 6 alkyl)-CONHI 2,-CONH(unsubstituted C-C 6 alkyl),

CON(unsubstituted C-C6 alkyl)(unsubstituted C-C alkyl),-SO 3H -SO2 NH2 ,

SO2NH(unsubstituted C-C6 alkyl) and 42N(unsubstituted CrC alkyl)(unsubstituted CrC6 

alkyl); 
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R 1 is selected from I, C-C( alkyl, C-C alkenyl, C3-C6 alkynyl, -COC6 alkyl-Ar, CC6 

alkyl-Het and -Co-Calkyl-CC 7 cycloalkyl; 

each R Iand each R 4 are independently selected from H, C-C6 alky, C3-Calkenyl, Cr 

Cbalkynyl, -C-CalkyAr -C~COalkylet, and-COC alkyl-CiCecycloalkyl, or R 13 and R1 

together with the nitrogen to which they are attached form a 4 7membered heterocyclic ring 

which optionally contains one ormore additional heteroatoms selected from N,0, and S; and 

R" is selected fromC alky CC alkenylC C alkynyl, -C-C 6 alkyl-Ar, -C-C6 

alkylHet, and-CoC alkyl-C-Cy cycloalkyl; and 

a lipophilic vehicle comprising at least one lipophilic excipient, in which the compound 

of formula II, or the pharmaceutically acceptable salt thereof, is soluble, 

wherein the lipophilic vehicle comprises at least one lipid excipient and at least one 

surfactant.  

[00281 In some embodiments, the at least one lipophilic excipient comprises a lipid excipient 

In some embodiments, the at least one lipophilic excipient comprises a surfactant. In some 

embodiments,the lipophilic vehicle comprises at least one lipid excipient and at least one 

surfactant. In some embodiments, the lipophilic vehicle content is at least 60% byweight, at 

least about 70% by weight, orat least about 80% by weight, ofa total weight of the 

formulation.  

[0029] In some embodiments, the formulation further includes a buffering agent, e.g., a weak 

base such as alipid-soluble carboxylic acid salt. In some embodiments, the lpid-souble 

carboxylicacid salt is at least one selected from the group consisting of a sodium, potassium, 

magnesium, and/orcalcium saltofcaprylic acid, capric acid, laurie acid, stearicacid, 

myristoleic acid, linoleic acid, linolenic acidarachidonic acid, eicosenoic acid, pamitoleic 

acid. sapienic acid, oleic acid, elaidic acid, and/or vaccenic acid. In some embodiments, the 

formulation includes sodium oleate. In some embodiments, the lipid-soluble carboxylic acid 

salt (eg., sodium oleate) content is about11 molar equivalents to about 3 molar equivalents 

with respect to the compound of formula 1 or the phannaceutically acceptable salt thereof.  

100301 In some embodiments, the pH of the formulation is from about pH 5 to about pH 7.  

-28-



WO 2018/161054 PCT/US2018/020797 

[0031] In some embodiments, the lipid excipient content of the lipophilic vehicle is about 40% 

by weight to about 80% by weightIn some embodiments, the lipid excipient comprisesa 

monoglyceride, adiglyeride and/or a triglyceride(e.g ,at least one glycerollinoeate).  

[032] In some embodiments,the surfactant content of the lipophilic vehicle is about 20% by 

weight to about 60% by weight In some embodiments the surfactant content ofthe lipophilic 

vehicleisabout80%byweight to about 100% by weight In some embodiments, the surfactant 

includes at least one polyglycolized glyceridee-g. lauroyl macrogol-32 glyceride.  

10033] In some embodiments, the formulation further includes a stabilizing agent, e.g., an 

antioxidant such as at least one of sodium citrate, BHT (butylated hydroxtoluene), and 3HA 

(butylated hydroxyanisole, or at least one of a TPGS compound (eg, D-aatocopheryl 

polyethylene glycol 1000 succinate) and EDTA (ethylenediaminetetraacetic acid), 

[0034] In some embodiments, the compound of formula II is a hydrochloride salt.  

[00351 In sonie embodiments, the compound of formula II is a fatty acid carboxylate salt (e.g., 

the oleate salt).  

[0036] In some embodiments, the compound of formula comprises Compound (I): 

C 

or a pharmaceutically acceptable salt thereof(e g., the hydrochloride or oleate 

salt).  

[0037] In some embodiments, the compound of formula I comprises Compound (II): 

N O0 

oH 

or a pharmaceutically acceptable salt thereof (e.g., the hydrochloride or oleate 

salt).  
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[00381 In some embodiments, the formulation includes about 10 mg to about 200 mg, about 10 

mg to about 100 mg, or about 10 mg to about 40 mg of the Compound (H), or the 

pharmaceutically acceptable salt thereof.  

[0039] In some embodiments, the lipid excipient content ofthe lipophilic vehicle is about 40% 

by weight to about 80%by weight; the surfactant content of the lipophilic vehicle is about 20% 

by weight to about 60%byweight; and about 2% by weight of the formulation to about 10% by 

weight ofthe formulation is lipid-soluble carboxyli acid salt. In some embodimentsthe 

formulation includes about 10 mg to about 40 mg of the Compound (II), or the 

pharmaceutically acceptable salt thereof. In some embodiments, thie formulation further 

includes about 0.1% by weight to about 1% by weight EDTA; and/or about 0. 1% by weight to 

about 1% byxv'eight sodium citrate.  

100401 In some embodiments, the lipid excipient includes at least one glycerol fatty acid ester, 

e.gglycerol linoleate. In some embodiments, the surfactant comprises at least one 

polyglycolized glyceride, e.glauroyl macrogol2 glyceride. In some embodiments, the lipid

soluble carboxylic acid saltis sodium.oleate 

[00411 In someembodiments, the compound of formula I, or the pharmaceutically acceptable 

salt thereof is dissolved in the lipophilic vehicle.  

[00421 In some embodiments, theformulation is self-emulsifying. In some embodiments, the 

formulation is a semi-solid suspension.  

[0043] In an aspectthe invention features, a formulation produced byamethod comprising: 

mixing a lipophilic vehicle, comprising at least one lipophilic excipient, and a compound 

of formula II: 

W W2 W 3 

k,(CR6 R7 )m 

0 -Y-(CR 
(CRIR 9) 

HO (CR 

II, 

ora pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from -0-, -S-, -N(R)-, and -C(R)(R)
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W is selected from CPC6 alkyl, CC alkyl, CrCcycloalkyl, aryl and Het,wherein said 

CrCsalkyl, C&CI cycloalkyl, Ar and Het are optionally unsubstituted or substituted with one or 

more groups independently selected from halo, cyano, nitro, CC alkyl, C3 -( alkeny, CO-C 

alkynyl,-Co-C 6 alkyl-CO2 R 2 -COC6 alkyl-C(O)SR", -C-C6 alkyl-CONR_"R"-C-Cs alky

COR, ~C-CQ alky-NR 3R ",C-C alky-SR CC alky-OR2-CC6 alkyLSO3 HL-CrCc 

alkyl-S0 2NR1 3R, -CrC6 alkyl-SO2R, -Co0-C(alkyl-SOR ,-C~C alkylOCOR,-Co C6 alkyl

OC(O)NR"R 1 ,-C 0-Ccalkyl-OC(O)OR C-C alkyl-NR"C(O)OR-, -CO-C 6 alkyl

NR 1 C(O)NR"R , and-ClC alkyl-NR 1 CR 5P, wheresaid CrC6 alkyl, isoptionally 

unsubstitutedor substituted by one or more halo substituents; 

W 2 is selectedfrom H, halo, C-C.alkyl, CrC6 alkenyl, C2-C alkynyl, O--C alkyl

NR 13R", -C-C alkyl-SR", ~Co-Csalkyl~OR2 -C-C6 alkylCO2 R",-Co-C alkyl-C(0)SR ,-Co

Ce alkylCONR 3R 1", -C-Calkyl-COR", -Co-C6 alkOR'5,R C,-C-, 6 alkyl-OCONR 3 R'4 ,~Co

Co alky-NR 1 CONR'R ,14 ~CO~C alkyl-NR 'COR", -C-C6 alkyl-Het,-Co-C, alkylAr, and -C o

C6 alkylCrC 7 cycloalkyl, wherein said CC6 alkyl is optionally unsubstituted or substituted by 

one or more halo substituents, and where the CrC 7 cycloalkyl, Ar and Hetmoieties of said 

Co-C 6 alkyl-Het, -C-C6 alkyl-Ar and -Co-C alkyl-CrC 7 cycloalkyl are optionally unsubstituted 

or substituted with one or more groups independently selected from halo, cyano, nitro, C-C 

alkyl C3-C6 alkenyl, CrC alkynyl,-Co-C alkyCO 2R, -C-C alkyl-C(O)SR2, -(-C 6 alkyl

CONR"Ri",-Co-C 6 alkyl-CR, -Co-Calkyl-NR 3 R,-Co-C alkyl~SR ,C-C;alkyOR", 

CO-CO alkyN 3 H, -Co-C6 alkyl-SO 2NR"R R, -Co-Cr alkyl-SO 2R 1, -Co-C 6 alkyl-SOR, -CO-C 6 

alkyl-OCOR ", -CrC alkyl-OC(O)NR1 3R1 ,-C-C alkyl-OC(O)ORs'. -Co~C 6 alkyl

NR C(O)OR " , a-CO-C6 alky-NRC()NR"R ', and -Co-CalkylNR' COR, where said Cr 

C6 alkyl, is optionally unsubstituted or substituted by one or more halo substituents; 

W3 is selected from the group consisting of: H,halo, CC6 alkyl, -C-CalkylNRR,

Co-Ce alkyISR, -C-C alkyl-OR , -Co-Cs alkyl-CO2R' 2,-~Co~Csalkyl-C(O)SR1 2, -Co-Ce alkyl15~1 14131 

CONR R , -C-C6 alkyl-COR", -Co-C alkyl-OCOR, -Co-Cayl-OCONRR -CO-C6 

alkyIlR"CONR 1R 4,-Co-C 6 alkyl-NR"COR', -Co-C 6 alkyl-Het, -C-C 6 alkyl-Ar and --- C1-C 6 

alkyl-CrC 7 cycloalkyl, wherein said CC 6 alkyl is optionally unsubstituted or substituted by one 

or more halosubstituents; 

Q is selected fromCrCs cycloalkyl, Ar, and Het; wherein said C3 -C 8 cycloalkyl, Ar, and 

Het are optionally unsubstituted or substituted with one or more groups independently selected 
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from halo, cyano, nitro, C-C6 alky, C3-C akenyl, C, C alkynylCo-CalkylCO 2R 2 -C-C 6 

115 -3 

alkyl-C()SR , -C-C6alkylCONRBR',CC alkycR -C -C alkylNR R ,-Co-C 6 

alkyl-SR C-C6 alkyl OR C A YalkylSOHtC-C 6 alky-S0 2NR R", CrC 6alkyl

SO2R2, -C-C 6 alkyl-SOR', CrCalkyl-OCOR, -Co-C6 alkyl-OC(O)NR R", -C0 -Cralky

OC(O)OR1 ,-Co-C 6 alkylNR 13C(O)OR 1 5 -CO-CalkylNR1 C(O)NR' 3R i 4 and -CC 6 alkyl

NR 1 COR 15, where said C-C 6 alkyl is optionally unsubstituted orsubstituted by one ormore 

halo substituents; 

n is 2-8; 

m is 0 or 1; 

q is 0 or 1; 

each R and R 2 are independently selected from H, halo, C-C, alkyl, C3 -C 6 alkenyl, C

C( alkynyl, -C-Cs6alkyl-NR 3R 14 -Co- alkyl-OR C-C alkyl-SR,-C-Cs alkyl-Het,-C-C6 

alkyl-Ar and -CC 6 alkyl~CrC cycloalkyl, or R' and RI 2 together with the carbon to which they 

are attached form a 35 membered carbocyclic or heterocyclic ring,whereinsaid heterocyclic 

ring contains one or more heteroatoms selected fromN, 0, and S, whereanyofsaid CrC alkyl 

is optionally unsubstituted or substituted by one or more halo substituents; 

each R is the same or different and is independently selected from halo, cyano, nitro, C

C6 alkyl CrC alkenyl, Cr1 alkynylCo-C alkyl-Ar, -CVC alkykHet, -C"Cb alkyCC7 

cycloalkyl, -CrC alky-C0 2R -C-C alkyC(O)SR-, -Co-C alkyl-CONRR", -C0-C6 alkyl

COR', -C-Cealkyl-NR"3R 1 , GCM alkySR UC-Ce alkyl-RC2  C alkyl-SO3H, -CC 

alkylSO2 NR R 41CoC alky-SO 2 R 2 ,,-C CalkylSOR" CyClakylOCORC-C alky

OC(0)NR"R "W,-C r C6 alkyl-OC()OR -CC alkylNRC(0)OR '-C-Cs alky

NR "C(0)NR R' and -CrCj alkyl-NR 13COR 5, wherein said C1-C6 alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

each R4 and W is independently selected from H, halo, C-C6 alkyl, -C0 -C6 alkyl-Het,-Co

C alkyAr, and -CA76 alkyl-C-C7cycloalkyl; 

R and R are each independently selected from H, halo,C 1-CallylCO-C alkyl-Het,

C0 c6 alky-Ar and- C-C6 alkyl--C,7 cycloalkyl; 

R 8 and R9 are each independently selected from H halo, CrC6 alky,-CralkyllHet, 

C-C alkykAr and -C4 6 alkylCr3 C-c ycloalkyl; 
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RI 0 and R1 are each independently selected from H, C1 -C12 alky CC 12 alkenyl, C3 -C 1 2 

alkynyl,-C-Cs alkyl-Ar,-CyC 8 alkyl-Het, -C-C alkyl-C-C 7 cycloakylC C alkyl-O-Ar, 

Co-C alkyl-O-Het, -CyC. alkyl-O-CrC- cycloalkyl -CvCsalkyl-()gCo-Co alkyl, -CC8 

alkyl-S(O),-Ar, C ,,Calkyl-S(0),H-let,-Co.C alkyl-S(0),-C 3-C cycloalkyl,-C-C 8 alkyl-NH

Ar -CvC alkyl-NH -Het,-CoCs alkyNH-C 3 C cycloalkyl,-C-Csalky-N(C-C4 alkyl-Ar

Co-Csalkyl-N(C-C 4 alkyl)-Het, -C-Csalkyl-N(CrC 4 alkyl-CrC cycloalkyl, CrCs alkyl-Ar, 

CwC 8 alkyl- Hetand -Cr C alkylC C cycloalkyl, where x is 0, 1,or 2, or R and R t ogether 

with the nitrogen to which they are attached, form a 4-7 rnmbered heterocyclic ring which 

optionally contains one or moreadditional heteroatoms selected fromN, 0 and S, wherein said 

CrCa alkyl,C CrCaleny or CAC alkyny is optionally substituted by one or more of the 

substituents independently selected from the group haloOH -SH, -N 2 -NH(unsubstituted C

C alkyl)-N(unsubstituted CrC alkyl)(unsubstituted C1 C6 alkyl), unsubstituted -0C-Cs alkyl, 

-C0 21l, -C02(unsubstituted rC alkyl)-CONH 2,CONH(unsubstituted CrC6 alkyl)

CON(unsubstituted CIC alkyl)(unsubstituted C-C alkyl) -SO 3 H, -SO 2 NH,

SO2 NH(unsubstitutedC 1 C6 alkyl and -SO 2 N(unsubstituted CC6 alky)(unsubstitutedCrC6 

alkyl); 

R1 isselected from H, CrCs alkyl, C-C6 alkenyl, C3-C 6 alkynyl,-CO-C6 alkyl-Ar, -C 0-C6 

alkylHet and-C-C 6 alkyl-CC7 cycloalkyl; 

each R and each R are independently selected fromH C - C(alkyl, C-Calkenyl C3

Cr alkynyl, -Co-C alky-Ar, -CeC6 alkylHet, and-CCr alkyI-C-C- cycloalkyl, or R and R 1 4 

together with the nitrogen to which they are attached form a 4- 7membered heterocyclicring 

which optionallycontains one or more additional heteroatoms selected from N, , and S; and 

R 5 is selected from C rC alkyl C C alkenyl, C-C alkynyl, -CC. alkyAr, -C-C6 

alkyHet, and-Co-C alkyl-C-C 7 cycloalkyl.  

In some embodiments. the method comprises dissolving the compound of formula ILor 

the pharmaceutically acceptable salt thereof,in theipophilic vehicle. In some embodiments, the 

method further includes adding a sodium salt of a fatty acid. In some embodiments, the sodium 

salt of the fatty acid is added to the lipophilic vehicle before the compound offormula II, or the 

pharmaceutically acceptable salt thereof In some embodiments, the sodium chloride precipitates 

upon addition of the sodium salt of the fatty acid. In some embodiments,the method further 

comprises adding stabilizing agent. In some embodiments, the compound is: 
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CF3 

N O 

or apharmaceutically acceptable salt thereof (e.g. the hydrochloride salt).  

In some embodiments, the ipophilic vehicle includes at least one glycerol fatty acid 

ester, e.g.,glycerol linoleate. In some embodinents, the lipophilic vehicle comprises at least one 

polyglycolized glyceride, eg. lauroyl macrogo32glyceride. In some embodiments, the 

stabilizing agent comprises EDTA and/or sodium citrate.  

[00441 In an aspect the invention features capsule that contains any ofthe foregoing 

formulations. In some embodiments. the capsule is a gelatin capsule (eg., a hard gelatin 

capsule or a soft gelatin capsule), an HPMC (hydroxypropyl methylcellulose) capsule, ora 

non-gelatin soft shell capsule, 

[00451 In an aspect the invention features a method of treatment including administering any 

of the foregoing formulations or capsules.  

[00461 In anaspect, the invention features a method oftreating a cancer, e.g., ovarian cancer, 

breast cancer, lung cancer, glioblastoma, melanoma, bladder cancer, head and neck cancer, 

renal cell cancer, colorectal cancer, lymphoma, leukemia, multiplemyeloma hepatocellular 

carcinoma, a high grade neuroendocrine tumor and/ora small cell carcinoma such as a lung 

cancer. This method includes administering to a subject in need thereof any ofthe foregoing 

formulations or capsules, which comprises a therapeutically effective amount of the Compound 

(II), or the pharmaceuticaly acceptable salt thereof. In some embodiments, anyofthe 

foregoing pharmaceuticallyacceptable salts, formulations, or capsules have improved 

properties compared withother salts or formulations ofcompounds of formula II For example, 

in someembodimehts any of theforegoing pharmaceutically acceptable salts, formulations, or 

capsules have increased stability (e.g, a reduction in the loss ofthe compound of formula H to 

degradation in the formulation after storage for about 3 months, 6 months, or 2 years at 40 C 

and 75% relative humidity in comparison to formulations ofthe compound without a self

emulsifying lipid vehicle or without a fatty acid salt form) and/or increased oral bioavailability 

(e.g, bioavailability (e.g.Fas or Fe in comparison to formulations of the compound without a 
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self-emlsifying lipid vehicle or without a fatty acid salt form. In some embodiments, any of 

the foregoing pharmaceutically acceptable salts, formulations, or capsules have improved 

bioavailability (e.g, Fgor F,) compared to the hydrochloride saltof'a compound of formula 

i formulated as described in Collins etal. "Identification of a nonsteroidal liver X receptor 

agonist through parallel arraysynthesis of tertiary amines" T Med. Chemw 2002, 45:1963

1966, the formulation methods of which are incorporated herein by reference In some 

embodiments, the formulation has increased bioavailabilityupon oral administration compared 

with a formulation comprising a structure offormula I that does not comprise the lipophilic 

vehicle.  

[0047] Further features of the present invention will be even more apparent from the following 

description and the appended claims.  

DETAILED DESCRIPTION 

[0048] It has now been found that compounds such as those of formulalI, which can be LXR 

modulators, present particular formulation challenges. These challenges pertain to the stability 

of the formulation and systemic bioavailability upon administration, and oral administration in 

particular. For instance, these compounds, or their pharnaceutically acceptable salts, can be 

considerably acidic (e.g, forming solutions of about pH 1). This can lead to degradation 

reactions occurring between the active compound and excipient(s) and other components of the 

formulation, which can lead to instability, degradation, and/or reduced systemic bioavailability 

and, as a result, negatively impact efficacy. The present invention provides formulations of 

compounds of formula II (and pharmaceutical acceptable salts thereof) with improved 

stability that help to mitigate these problems, In some embodiments, thepharmaceuticay 

acceptable salts and formulations of the invention have improved properties compared with 

other salts or fonnulations of compounds of formula IL Forexample, in some embodiments, 

the pharmaceutically acceptable salts or formulations of the invention have increased stability 

and/or increased bioavailability.  

[00491 In one aspect, the present invention provides a formulation comprising a compound of 

formula II: 
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W, W N 

(R /C R&R)m 

Y-(CCR 8R 5N 
HO (CC'R2) 

p, 

or a pharmaceutically acceptable salt thereof, 

wherein: 

Y is selected from -0-, -S-, N(R), and-C(R4)(R) 

W 1 is selected from C-C- alkyl, C fC alkyl,C-C cycloalkyl, aryland Het, wherein 

said C-CS alkylC 3-CScycloalky, Ar and Het are optionallyunsubsitutedorsubstitutedwith 

one or more groups independently selected from halo, cyano, nitro, CC alkyl,CC alkenyl, 

C3-C 6 alkynyl,--C alkyl-CO 2 R"Co-C. alkyC(O)SR 2 -C-C6 alkyl-CONRR , -C-C 6 

alkyl-COR -Co-Ce alkyl-NR" C Gi alky-SR C,--C(alkyl-OR -CofC alkySO 3H

Co-C 6alkyl-SO 2NR R ,-Co-C(,alkylSO 2R'Co-C alkyl SOR -C-, alkylOCOR -C

C alkyl-OC(0)NR"R", -Co-C alky-OC(0)OR1 , -Co-C alkylNR'C(0)OR",-CC 6 alky

NR1C(0)NRR ,and-C alkyINR"COR 15 ,where saidC-C 6 alkyl, is optionally 

unsubstituted or substituted by one or more halo substituents; 

W 2 is selected from H halo, CCQalkyl, C2 -C(akenyl, C2C6 alkynyl,-Cro alkyl

NR'3 R'4 -Co-C, alkyl-SR -CC alky-OR ,-C-Ce alkylC02
R   Co-CalkyC(O)SR 1 2 ~ 

13 14 R~ 14 
Co-C( alkylCONRR.", -Co-Cs alkyl-COR, -Co-C6 alkylOCOR 1 -Co-C akylOCONRUR 

-C0 CsalkylNR1 CONR 3R ), -CC) alkyl-NR 3 COR -C0 C'alkyl-Het,-CC alkyl-Ar, and 

-C-C 6 alkyl-CrC7 cycloalkyl ,wherein said 1-C 6 alkyl is optionally unsubstituted or 

substituted by one ormorehalo substituents,and wherein the C cycloalkyl, Ar and Het 

moieties of said -C-CealkyHet,CCealkyl-Ar and-C~alkyC-C cycloalkylare 

optionally unsubstituted or substituted with one or more groups independently selected from 

halo, cyano,nitro C C alkyl,CrC alkenyl, -C6 alkynyl, -C-C6 alkyl-C0 2R12 ,-C-C6 

alkylC(O)SR 2 Co-C alkyICONRR, -C0 Calkyl-C0R'% -Co-CalkyINR"- R ,-CC 

alkyl-SR',~C-Csalkyl-OR 2 , -C-Calkyl-SOH-C-Cc alky- SO2 NR3 R ,C-Calky

SO 2R, -C-Cs alkyl-SOR, -Co-Cf alkyl-OCOP -CO-C alkyl -OC(0)NRR ",-Co 6 alkyl

OC(O)OR C, -C(alky-NR 3 C(0)OR,-~Co-C alkyl-NR 3 (O)NR 1R ,and -- Cr 'alkyl
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NR 1 CR 15,where said C-Cs alkyl, is optionally unsubstituted or substitutedbyoneormore 

halosubstituents; 

W 3 is selected from the group consisting of: H, halo, CC alkylC-C alkyl

NRRR Cr~o-(alkylSR, Co-Q alkyl0R 2 , -Ce-Csalky-C 2 R2 ,C-Csalky-C(0)SR, 
114-CO-C6 lklC-C0R1 5, 

C a-C6 alky-CN R CClkylCOR CC6 alkyl

OCONRR CCValkylNRCONR R",-Co-C6 alky-NRCOR 5 ,-C-C alky-Het, -C-C 6 

alkyl-Ar and -Cl-C alkyl-C 3 C7 cycIoalkyI, wherein said 1-C6 alkyl is optionally 

unsubstituted or substituted by oneor more halo substituents; 

Qis selected from CrCscycloalkylAr, and Het; wherein said CCcycloalkyl, Ar 

and Het are optionally unsubstituted or substituted with one or more groups independently 

selectedfrom halo, cyano, nitro, C -C, alkyl, CC alkenyl, C-C, alkynyl,-C0-CsalkylCO 2R, 

-CoCalkylC()R C alkylCONR R 4 -Co-Csalkyl-COR, -CCSalkylNR 1 R,

C-C 6alkyI-SR CO-Ce alkyl-OR ~-CoC1 alkyl-SOHCC alkySONRR ,-CC 6 

12 13 1I 
alkyl-SO2R, -Co-Cfalky-S0R'%~-C-C alkyl-OCOR", -Co-Calkyl-OC()NR RCOC6 

alkyl-OC(0)0R1 NC-RC alkylNR-C(0)OR C(, and - C -C 6 

alkyl-NR' 3COR where saidC 1C alkyl is optionally unsubstituted or substituted by one or 

more halo substituents; 

p is 0-8; 

n is 2-8; 

m is 0 or 1; 

q is 0 or 1; 

each R1 and R are independently selected from H, halo, CI-Calkyl, C3-Calkenyl, C3

C 6 alkynyl, -C0 C 6 alkykNR R '-CC I6alkyl0R' -C 0-C6 alky-SR C1 -C6 alkyl-Het,-C 

Calky-Ar, and -CrC6 alky-C-C cycloalkyl, orR 1 and Rtogetherwiththecarontowhich 

they are attached form a 3-5 membered carbocyclic or heterocyclicring, wherein said 

heterocyclic ring contains one. or more heteroatomsseleted fromN, ,and S, where any of 

said CrC6 alkyl is optionally unsubstituted or substituted by one ormorehalo substituents; 

each R is the same or differentand is independently selected from halo, cyano, nitro, Cr-C6 

alkylCrC alkenyl, C-Ca alkynyl, -C 0-C6 alkyl-Ar-CCalky-Het--C0alkybl-C-C 7 

cycloalky~,-C-C6 alkyl-COR '2,-CO-C6 alkyl-C(O)SR 2 -C-C 6 alkyCONRR 4,-CC 

alky-COR 1 , -Co-C 6 alkyl-NRR", CC alkyl-SR 12,-C-C 6 alkyl-OR12 CSalkySOH, 
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C,-.C(alkylSO2 NR RCRW C6 alkylS0 2R1 , -Co-CalkylSOR",-Co C alkylOCOR 1-C0rC 

alkyl-OC(O)NR"R ,CoC (alkyl-OC(I0R\ CIC alky-NRC(O)OR , -C-Calkyl

NR 1 C(O)NRR and -CO-C 6alkyl-NR C0 15 Cwherein said C 1-Cs alkyl is optionally 

unslbstituted or substituted by one or more halo substituents; 

each R and R is independently selected from H, halo, CIC alky1C-rC alkylHt, 

C-C 6 alkylAr, and -C 0-C alkyl-C-C 7 cycloalkyl;R and R7 are eachindependentlyselected 

from It halo, CpCj alkylC-C 6alkylet, -CrC alkyl-Ar and -C-C6 alkyl-C3-C 7cycloalkyl; 

R andR are each independently selected from H, halo, CC6 alky Cr-C alkylHet, -CC6 

alkyrAr and -C-C 6 alkyl-CC 7 cycloalkyl; 

R and R" are each independently selected from H, C-C alky, C-C12 alkenyL C

C 1 alkynyl, -C-C alkyl-Ar,-Co-Csalkyl-f let, -Co-Cs alkyCrC 7 cycloalkylC-Cs alkyO 

Ar-C.-C alkyl-O-Het, -C-Cs alkyO-C-C7 cycloalkyl-CCs alkyl-S()Co-C alkyl,-C

Cs alkyl-S(O)-Ar -Co-C alkyl-S(O),-Het, -C-Cs alkyl-S(0)-Cr Ccycloalkyl,-C-Cs alky

NHAr, -C-Cs alkyl-NH-Het,- -CC8 alkyl-NH-CrCycycloalkyl, -C-Cs alky-N(C]-C 4 alkyl)

Ar,-C-C8 alkyl-N(Cj-C 4 alkyl)-Het -CC alkyN(C-C 4 alkykC3 -C7 cycloalkyl,-CrCs alkyl

Ar,-CoCs alkyl-Hetand -C C alky-CrC- cycloalkyl, where x is 0, 1,or 2,or R and R 

together with the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected from N, 0, and S, 

wherein said C -C 2alkyl, C3 -C alkenyl, orC 3-C 2alkyny is optionally substituted by one or 

more of the substituents independently selected from the group halo, -O1, -SH -- NH2 ,

NHunsubstituted C-C alkyl),-N(unsubstituted C-C 6 alkyl)(unsubstituted 7-C alkyl), 

unsubstituted -OCPC 6 alkyl-CO 2H,-COiunsubstituted C1 -C 6 alkyl),-CONH,

CONI(unsubstituted C-C 6 alkyl),-CON(unsubstituted CC6 alkyl)(unsubstituted CrC6 

alkyl), -SO 3 H, -SO 2NH 2, -SO 2 NH(unsubstituted CrCalkyl) and-80 2N(unsubstituted C-C6 

alkyl)(unsubstitutedCi-C, alkyl); 

R' is selected fromH, C-C6 alkyl, CrC6 alkenyl C-Calkyny,-C 6 alkyl-Ar,-Co

C( alkyl-Het and-C-Ch alkyl-C-C 7 ycloalkyl; 

each R and each R are indepndently selectedfrom H, C1 ( alkyC-C 6 alkenyl, 

C,Csalkynyl, -Co-Cailkyl-Ar, -CoCalkyl-Het, and-CoC alkyl-CC7 cycloalkyl, or R 13 and 

R together with the nitrogen to which they are attached form a 4-7membered heterocyclic 
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ring which optionally contains one or more additionalheteroatoms selected from N 0, and S; 

and 

R is selected from CC alkyl, C3 0 alkenyl, QC alkynylCQt6 alkyAr, .CYC6 

alkyl-let, and C-Ch alkyl-CrC cycloalkyl.  

[0050] Compounds of formula II can be synthesized bymethods known in the art, e.g. as 

described in US patent No. 7,365,085 and 7,560586 incorporated herein by reference.  

[0051] The compound of formula II may be in any suitable form. For instance, it can be 

crystaline, amorphous, or a combination of both crystalline and amorphous forms Alsothe 

compound offormula II may be in a free base form or in a derivative form, such as in a 

pharmaceutically acceptable salt form. A hydrate, solvate, and/or co-crystal forms, as well as 

other derivatives, are also encompassed in this disclosure by reference to the compound of 

formula II (or a pharmaceutically acceptable salt thereof), unless specified otherwise. More 

than one compound of formula II or its pharmaceutically acceptable salt, may represent in a 

formulation.  

10052] The compound of formula II may be either a single enantiomer (i.e., the R enantiomer 

or the Senantiomer) or may be amixture of enantiomers, e g.,aracemate. If multiple 

diastereomers are present, the compound of formula 11 may be either a single diastereomeror a 

mixture of diasteromers. Unless specified otherwise, a reference to the compound is intended 

to encompass any one ofthese forms.  

10053 Forexample,the compound of formula i maybe 2-{3-[3-({[2-chloro-3

(trifluoromethyl)phenyl]methyl)(2,2-diphenylethyl)amino)butoxy]phenyl}acetic acid 

(Compound (1)) (CAS No. 610318-54-2), thestructure ofwhich is: 

I I OH 

[00541 Compound (I)may be either a singleenantiomer (Le. the R enantiomer or the S 

enantiomer) or may be a mixture of enantiomers, e.ga raceate. For example, the R 

enantiomer of compound (1) is 2-{3[(3R)3-({[2-chloro-3
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(trifluorormethyl)phenylmethyl)(2,2-diphenylethyl)amino)butoxy]phenyl}acetic acid 

(Compound (11))(AS No 610318-03-1), the structure of which is: 

c00551Compound (I), for instance, may be in a form of a free base and/or in a salt form; such 

as a hydrochloride (HCI) salt form or fatty acid carboxylate salt forn. By "fatty acid 

carboxylate" is meant the deprotonated form of a fatty acid, i.e., a carboxylic acid with a long 

aliphatic chain either saturated or unsaturated. . Non-limiting examples of fatty acidsinclude 

myristoleic acid, pahnitoleic acid, sapienic acid, olei acid, elaidic acid vaccenic acid, linoleic 

acid, linoelaidic acid, arachidonic acid, eicosapentaenoiacid, eruci acid, docsahexaenoic 

acid caprylic acid, capric acid, lauric acidmyristic acid, palmitic acid, stearic acid, arachidic 

acid,behenic acid, lignoceric acid, and cerotic acid.  

100561 Other LXR modulators that can be used with the compositions, formulations and 

methods described herein are disclosed, forexample,in U.S. Patent Nos. 7,247,748, 7,323,494, 

7,365,085, and 7,560,586, the disclosure ofeach of which is incorporated herein by reference.  

100571 The formulation may be suitable foradministration via at least one ofrthe routes known 

in the art, for example, parenterally, topically, sublingually, or orally. Preferably, the 

formulation is suitable at least for oral administration.  

[00581 The term "pharmaceutically acceptable salt" as used herein refersto any adduct 

between two or more chemical species that are capable of undergoing proton transfer. As such, 

the term pharmaceuticallyy acceptable salt" encompasses adducts in which complete proton 

transfer has occurred.adducts in which partial proton transfer has occurred (e.gin which an 

equilibriummixture of charged and uncharged species is formed), and/or adducts in which 

proton transfer has not occurred but the chemical species are associated e.g, by hydrogen 

bonding. It is understood that the term "pharmaceutically acceptable sal'also encompasses 

adducts in which close ion pairs are present. It will also be understood that the term 

"pharnaceutically acceptable salt" encompasses a continuum of adducts betweenthose adducts 

in which complete proton transfer has occurred to form discrete ions and/oradducts in which 
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two species are associated but proton transfer has not occurred, or has only partial occurred.  

See, e.gAitipamula etal.Mo cPharmaceutics, 2007,4 (3), pp 32338 A given 

pharmaceutically acceptable salt can contain one or multiple adducts on this continuum. For 

example the representation of the pharmaceutically acceptable salt of formula I, the structure 

of which is: 

RN 
VV W3 

(CRR) 

0Y-(CR4Ro)nCNH 
(CRBR9)q 

HO (CR1 R2) p 

encompasses one or more species on the continuum between discrete ions and adducts in which 

proton transfer has not occurred from the Z group.  

[0059] The formulation includes a vehicle that is capable of carrying the compound of formula 

U (or a pharmaceutically acceptable saltthereof).  

100601 The vehicle can be a lipophilic vehicle that includes at least one lipophilic excipient 

and the compound of formula II, or its pharmaceutically acceptable salt, preferably is soluble 

therein. In particular, the lipophilicvehicle can include at least one lipid excipient in which the 

compound of formula Iis soluble. In one aspect, thelipophilic vehicle comprises at least one 

lipid excipient and/or at least one surfactant 

[00611 The term "soluble", as used herein, refers to a solubility of at least about 25 rng/ml, 

e.g.50 mg/mL, 72 mg/mL, 100 mg/nL, 150 mg/mL, 200 mg/mL in a given medium, either 

withorwithout the presence of other substances such as surfactants or solubilizing agents.  

Preferably, the compound of formula II (or a pharmaceutically acceptable salt thereof) has a 

solubility of at least 100 mg/mL in at least onelipophilicexcipient.  

[00621 The term "lipophilic" as used herein refers to substances havinga tendency to dissolve 

in substances such asfats, oils, and lipids.  

[0063] Preferably, to achieve better stability, the pH ofthe formulation is at leastabout 4. For 

instane the pH can be about 4 to about 8, about 4 to about 7 about 4 to about 6, about 5 to 

about 8, about 5 to about 7, about 5 to about 6. It has been found that achieving suchpH values 

can lead to reduced degradation of the compound of formula H during storage of the 

formulation. Preferably, the p 1of the formulation is about 5 to about 7. The term "pH" as 
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used herein refers to the apparent pH that is the pH measured using 11paper (e.g.  

MColorpHasto pH 060 or Universal Indicator 0-14) by the following procedure:the pH 

paper is wetted with water, a drop (approximately 20 ) of the formulation is applied to pH 

paper, and thecolor change is compared to the pH color chart ofthe pH paper manufacturer.  

10064] Preferably, the formulation is such that the amount of the compound of formula II, or 

its pharmaceutically acceptable salt, decreases by less than about 2% (e.g. less than about 

1.5%, less than about 1%, less than about 0.5%) after storage for at least I week (e.g., at least 2 

weeks, at least 3 weeks, at least 6 weeks, at least 3 months, or at least 6 months) at a 

temperature of 40 °C (as used in this disclosure, the temperature variancecan be±142 °C) and 

a relative humidity of 75% (as used in this disclosure, the relative humidity variance can be +b 

5%). All storage conditions herein refer to storage at atmospheric pressure (at or about I atm).  

[00651 In one aspect, the lipophiliexcipient comprises a lipid excipient. In another aspect, 

the lipophilic excipient comprises a surfactant. The lipophilic vehiclecan also comprise at 

least one lipid excipient and at least one surfactant, The lipophilic vehicle can be at least 50%, 

at least 60%,at least 70%, or at least 80% of the total weight of the formulation 

100661 The lipid excipient can comprise a lipid ormixture of lipids For example, the lipid 

excipient may comprise a monoglyceride, a diglyceride, and/or a triglyceride. Preferably, the 

lipids dissolve the compound of formula II or its pharmaceutically acceptable salt, and may 

also facilitate its absorption into the lymphatic system. Nonlimiting examples ofsuiable 

lipids that can be useful in the formulations ofthe invention include glycerol fatty acid esters 

such as glycerol linoleates, glycerol stearates; glycerol leaves, glyceroethylhexanoates, 

glycerol capryrates, glycerol behenates, and glycerol laurates. Glycerol Esters of Fatty Acids, 

as known in the art, are esters of fatty acids and glycerol or polyglycerol and their derivatives 

Glyceol Esters of Fatty Acids include glycerol fatty acid ester, glycerol acetic acid fatty acid 

ester, glycerol lactic acid fatty acid ester, glycerol citric acid faty acid ester, glycerol succinic 

acidfatty acid ester glycerol diacetyl tartaric acid fatty acid ester glycerol acetic acid ester, 

polyglycerol fatty acid ester, and polyglycerol condensed ricinoleic acid ester. Commercial 

sources of glycerol linoleates-containing vehicles include, but are not limited to, Maisine 35-1 

from Gattefosse and Cithrol GMO HPfrom Croda. Lipid chain length and/or degree of 

unsaturation may play a role in providing more favorable formulations from the standpoint of 

flavor or smell or have toxicological effects. In one embodiment, the lipid excipient is about 
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40% by weight to about 80% by weight of the lipophilic vehicle, or about 50% by weightto 

about 80% by weight of the lipophilic vehicle, or about 60% by weight to about 80% by weight 

of the lipophilic vehicle, or about 60% by weight to about 70% by weight of the lpophilic 

vehicle, or about 50% by weight to about 70% by weight of the lipophilic vehicle In one 

embodiment the formulation comprises about 20% by weight to about 32% by weight glyceryl 

monolinoleate, about 25% by weight to about 34% by weight glyceryl dilinoleate and about 3% 

by weight to about 12% by weight glyceryl trilinoleate 

[00671 Suitable surfactants include lipophili and/ornon-ionic surfactants and mixtures 

thereof. Such surfactants may have a hydrophilic-lipophilic balance (1LB) value ofabout 14 

or less; or about 12 or less; or about 10 or less; or about 8 or less. In some embodiments the 

surfactant is a polyglycolized glyceride. By "polyglycolized glyceride" is meant a 

polyethylene glycol glyceride monoester, a polyethylene glycol glyceride diester, a 

polyethylene glycol glyceride triester, or a mixture thereof containing a variable amount of free 

polyethylene glycol, such as a polyethylene glycooil transesterification product. The 

polyglycoized glyceride can include either monodisperse (ie., single molecular weight) or 

polydisperse polyethylene glycol moieties of a predeterminedsize or size range (e.g., PEG2 to 

PEG 40). Polyethylene glycol glycerides include, for example: IEG glyceryl caprate PEG 

glyceryl caprylate, PEG-20 glyceryl laureate (TagatL, Goldschmidt)PEG-30 glyceryl laurate 

(Tagat@ L2, Goldschmidt), PEG-5 glyceryl laurate (Glycerox L series, Croda), PEG-40 

glyceryl laurate (Glycerox L series, Croda), PEG-20 glyceryl stearate (Capmul EMG, 

AITEC) and Aldo MS20 KFG, Lonza), PEG-20 glyceryl oleate (Tagat0 0, Goldschmidt), 

and PEG-0 glyceryl oleate (Tagat02 Goldschmidt). Caprylocapryl PEG glycerides 

include, for example, caprylic/capric PEG8 glyceride (Labrasol@, Gattefosse), caprylic/capric 

PEG-4 glyceride (Labrafac® Hydro, Gattefosse) and caprylic/capric PEG-6 glyceride 

(SFTIGEN767, HuIs). leoyl PEG glyceride include, for eaxmaple oleoyl PEG-6 

glyceride, (LabrafilM1944 CS, Gattefosee). Lauroyl PEG glycerides includes, for example, 

lauroyl PEG-32 glyceride (Gelucire ELUCIRE 44/14, Gattefosse), Stearoyl PEGglycerides 

include, for example stearoyl PEG-32 glyceride (Gelucrire 50/13, Gelucire 53/10, Gattefosse).  

PEG castor oils include PEG-3 castor oil (Nikkol CO-, Nikko), PEG-5 9, and 16 castor oil 

(ACCONGN CA series, ABITEC), PEG-20 castor oil, (Emalex C-20, Nihon Emulsion), PEG

23 castor oil (Emulgante EL23), PEG-30 castor oil (Incrocas 30, Croda), PEG-35 castor oil 

-43-



WO 2018/161054 PCT/US2018/020797 

(Incrocas-35, Croda), PEG-38 castor ol (Emulgante EL 65, Condea), PEG-40 castor oil 

(Emalex C40 Nihon Emulsion), P1G-50 castor oil (Emalex C~50,Nihon Emulsion),PEG-56 

castor oil (Eumulgin@ PRT 56, Pucra SA), PEG-60 castor oil (Nikkol CO-60TX, Nikko), 

PEG-100 castor oil, PEG-200 castor oil (Eumulgin@ PRT 200, Pulcra SA), PEG5 

hydrogenated castor oil (Nikkol HCO-5, Nikko), PEG-7hydrogenated castor oil (Cremophor 

W07, BASF), PEG-10 hydrogenated castor oil (Nikkol HCO-10, Nikko), PEG-20 

hydrogenated castor oil (Nikkol HCO-20, Nikko), PEG-25 hydrogenated castor oil (Simulsol@ 

1292, Seppic), PEG-30 hydrogenated castor oil (Nikkol HCO-30, Nikko), PEG-40 

hydrogenated castor oil (Cremophor RH 40,J3ASF), PEG-45 hydrogenated castor oil (Cerex 

ELS 450, Auschem Spa), PEG50 hydrogenated castor oil(Emalex HC-50, Nihon Emulsion), 

PEG-60 hydrogenated castor oil(NikkolHCO-60, Nikko), PEG 80 hydrogenated castor oil 

(Nikkol HCO-80.Nikko), and PEG-00 hydrogenated castor oil (Nikkol HCO-100, Nikko).  

Additional polyethylene glycoloil transesterification products include, for example, stearoyl 

PEG glyceride (Gelucire® 50/13 Gattefosse). The polyglycolized glycerides useful in the 

formulations of the invention can include polyethyleneglycol glyceride monoesters, dieters, 

and/or triesters of aceticpropionic, butyric, valeri, hexanoic, heptanoic, caprylic, nonanoic, 

capric, lauric, myristic, palmitic, heptadecanoic, stearic, arachidicsbeheie, lignoceric,a

linolenic, stearidonic, eicosapentaenoic, docosahexaenoic, linoleic, y-linolenic, dihrno

linolenic, arachidonic. oleic, elaidic, eicosenoic, erucic, or nervoniacid, or mixtures thereof.  

The polyglycol moiety in a polyglycodzed glyceridecan be polydisperse; that is, they can have 

a variety ofmolecular weights.Examples ofsuitable surfactants include fatty acid macrogal-32 

glycerides, such as lauroyl macrogol-32 glycerides (lauroyl polyoxyglycerides) Commercial 

sources of lauroyl macrogol-32 glycerides includeGeluire 44/ from Gattefosse. Suitable 

surfactants include fatty acid macrogol-6 glycerides and fatty acid esters of propylene glycoL 

The surfactant (or mixture of surfactants) may be capable ofpromoting formation of an 

emulsion upon contact of the formulation with gastrointestinal fluids. In one embodiment, the 

surfactant is about 20% by weight to about 60% by weight of the lipophilic vehicle, or other 

aqueous systems, In other embodiments, the surfactant may be about 80% by weight toabout 

100% by weight of the lipohilic vehicle. In some embodiments, a surfactant can serve a dual 

role by both dissolving the compound of formula 1, or its pharmaceutically acceptable salt, and 

acting as a surfactant.  
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100681 The formulations may also comprise an agent that is capable of raising the pH ofthe 

formulatio. This agent nay be a weak base and/ora suffering agent A weak base is abase 

that does not fully ionize in aqueous solution. In some embodiments the weak base may act as 

a buffering agent and form a buffer system in the formulation. It will be understood that when 

the weak base acts as a buffer in the formulation it is presenting the formulation as an 

equilibrium mixture ofits protonated and unprotonated forms i.e., as a mixture of the weak acid 

and its conjugate base. The protonated and unprotonated forms of the compound of formula il 

may also participate in the buffer system. Suitable weak bases include lipid-soluble carboxylic 

acid sats with a suitable counterdon such as sodium, potassium magnesium, and/or calcium 

Soluble saltsof short carboxylic acids are suitable. A short carboxylic acid may have between 2 

and carbons For example, salts of acetic acid, propionic acid, butyric acid, isobutyric acid, 

valeric acid, pivalic acid, benzoic acid, and/or substituted benzoic acids. Salts of short chain 

fatty acidsmedium chain fatty acids, long chain fatty acids, or very long chain fatty acids are 

also suitable. In some embodiments, the weak base is the saltofa long chain fatty acid. As is 

known in the art, a long chain fatty acid is a fatty acid thathas between 13 carbon atoms and 21 

carbon atoms. For example, salts of saturated fatty acids such as caprylic acid, capric acid, 

pahlitic acid, 1auric acid, and/orstearic acid are suitable. Salts of unsaturated fatty acids such 

as myristoleic acid, linoleic acidlinolenic acid, arachidonic acid, eicosenoic acid; palmitoleic 

acid, sapienic acid, oleic acid, elaidic acid, and/or vaccenilacid are also suitable. Very long 

chain fatty acids having 22 carbon atoms or more may also be suitable.Preferably, the weak 

base comprises sodium oleate.  

[0069] Without wishing to be bound by a particular theory, it is believed that if the pH of the 

formulation is too low (e.g due to an acidic compound of formulaII), reactions of the 

compound of formula II with alcoholic groups in the excipients,such as esterification of a 

carboxylic acid group with glycerol, can occur. By adding a weak base, the p Iof the 

formulation can be raised, e.g., to about pH 5 to about pH 7, to minimie such degradation 

reactions.  

[0070] A content of a weak base, such as a lipid-soluble carboxylic acid salt, may be about 2% 

by weight to about 10% by weight of the formulation, or about 2% by weght to about 5% by 

weight of the formulation, or about 5% by weight to about 10% by weight of the formulation, 

or about 0.2% by weight to about 5% by weight of the formulation, or about 0.2% by weight to 
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about 10% by weight of the frmulation. For example, about 5% by weight of the formulation 

to about 7% by weight ofthe formulation.Without wishing to be bound by a particular theory, 

it is believed that the salt of a weak base, such as the sodium sal of fatty acidmay react with 

a compound of formula II(or apharmaceutically acceptable salt thereof) to formafatty acid 

salt ofthe compound of formula IIIt is believed that such fatty acidsalts improve the 

systemic bioavailability and stability of compounds of formula Il 

[0071] In some embodiments, for example, when the lipid-soluble carboxylic acid salt is the 

salt of fatty acid (such as sodium oleate), the lipid-soluble carboxylic acid salt can act as a 

surfactant as well as a buffer If the buffer is not the salt of a fatty acidit may be beneficial to 

include additional surfactants in the formulation.  

{0072] If the form of the compound offormula IIused in the formulation isa salt e.g.,a 

protonated form such as the hydrochloride salt), at least 1 1 molar equivalents of lipid-soluble 

carboxylic acid salwith respect to the compound offormula . maybeincluded in the 

formulation. For instance,about L1 molar equivalents to about 3 molar equivalents, about 1.1 

molar equivalents to about 2 molar equivalents, about 1.1molar equivalents to about. molar 

equivalents, about 15 molar equivalents to about 3 molar equivalents, or about 1.5 molar 

equivalents to about 2 molar equivalents. Without wishing to be bound by a particular theory, 

it is thought that the first equivalent of lipid-soluble carboxylic acid salt effects an ion exchange 

with the protonated compound of formula II (eg. the chloride of the hydrochloride salt 

exchanges with the carboxylate of thelipid-soluble carboxylic acid salt such as the oleate ion in 

sodium oleate) and the other amount equilibrates with the carboxylic acid group of the 

compound of formula II to form a buffer system. For instance, this results in the formation of a 

pharmaceutically acceptable salt offormula I: 

0 ,-Y-(CR 4R )0 

HO (CR 2), 

wherein: 

Z is a fatty acid carboxylate; 

-46-



WO 2018/161054 PCT/US2018/020797 

Y is selected from-0-,-S-, -N(R")-, and-C(R)(R)-; 

WI is selected from C alkyl, CO-Calkyl, C-C6 cycloalkyl, aryl and Het, wherein 

said C-Cg alkyl,C-C8 cycloalkyl, Ar and Het are optionally unsubstituted orsubstitutedwith 

one ormoregroups independently selected from halo, cyano nitro, C Cs alkyl, C3 -C 6 alkenyl, 

C3 -C alkynyl,-C-C, alky-CO 2R 2CC alkylC(O)SRl -Co-C alky-CONR, R, C-C6 

alkyl-COR1",-C0-Csalky-NRR4 ,~CQCs alkylSR1 ,CCs alkyOR ,-CC alkyl1SO3H, 
12 

Co-C 6 alkyl-S0 2NR R", -C-C, alky-SO2R, -CoCalkyl-SOR' o-C alkylOCOR ,-C

Cs alky-OC(0)NRR" -CC alkybOC(0)OR', 1-C3 alkyNRC(O)OR', -CC 6 alkyl

NR 1 C(0)NR R ,and-C-C 6 alkyl-NR CO1 R 1, where said I-C 6 alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 

W isselected from H,halo, CC, alkyl, C2 ~C lkeI CrC 6 alkynyl-C-C 6 alkyl

NR1 3R 1 CoCalkyl-SR'O-C 6 alkylOR',C-' alkylCO2 R 2 -C0 - alky-(O)SR2 , 

C1C 4akyICONR R C-C 6 alky1-COR -CO-C 6 alkylOCOR C, alkyI-OCONRIR14.  

-C-C6 alkyl-NR CONR"R 4 ,CrC alkylNR'COR Co-~6alkyl-Het, ~C alkylAr,and 

-Co-C alkylCrC7cycloalkyl, wherein said C-C 6 alkyl is optionally uisubstituted or 

substituted by one or more halo substituents, andwherein the C3 -Cyyeloalkyl, Ar and Het 

moieties of said -CC alkyl-Het, CC alkyArand -C-Calky-C-C 7 cycloalkyl are 

optionallyunsubstitutedor substituted with one or more groups independently selected from 

halo, cyano, nitro, CrCc alkvl,C -Co alkenyl, C-C alkyny,-C-C'alkyC 2 R -CC 

alkylC(O)SR1 Co-Csalkyl-CONkR'R-CoCsalkyl-COR-Co-C6 alkyl-NR 3R 4 -C0-C6 
13 14 -oCakl 

alkylSR ,Co-Cealky-OR2,C 0 CealkylSO3  C0 C -alkyl-SO2NR R CrC alky 

SO2 R'2,~alkylSORCo-CalkyOCOR, -CCalkyOC(0)NRR,CrCs alky
13 13 13 14,a d ..C _ ti I 

OC(O)ORSi-Co alkylNR 1 TC()OR",-Co-C 6alkyl-NR C(QO)NRR CandC-Calkyl 

NR'CORk where said CC alkyl, is optionally unsubstituted or substituted by one ormore 

halo substituents; 

W3 is selected from the group consisting of: H, halo, C-C6 alkyl,-C- C6 alky

NR'3 R'-CoCsalkylSR'-C 0 -Csalkyl-OR,-~C0 Calkyl-CO 2R 2 ~-Cj-C 6alkyl-C(O)SR, 

Co-C(alkyl-CONRP'R' COCalkyiCR CoC alkylOCOR C-- alky

OCONRTR 1,-C-CalkylNR CONRR -Co-C alkyl-NRCOR -C-C alkylHet, -C-C 6 

alkyl-Ar and -C1 -Coalky-Cr-Cicycloalky, wherein said C1 Cs alkyl is optionally 

unsubstituted or substituted by one or more halo substituents; 
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Qis selected from C-C8 ycloalkyl, Ar, and -et; wherein saidCCs cycloalky, Ar, 

and etare optionally unsubstituted or substituted with one or more groupsindependently 

selected from halo, cyano, nitro, -C alkyll, C3-Calkenyl, CC6lkynyI,CO-C 6 alkyICOIR! 

~CrC( alkyl-C(O)SR", -CCalkylCONR1RR 4 C0 C6 alkyCOR , -CCs alkyNR' R4 4 

C-Calkyl~SR', CC. alky ORl -C( alkyl-SO3i, CeC6 alky-SOINRR , -C-C 

alkyL02R12, -C0-CalkyS0R1, C C alkyl-OCOR CO-CsalkyOC(O)NR' 4 -CC 6 

alkylC(0)ORCvCeakylNRC(IO)OR', CCealkylNR1 C()NRR ,i and- C C 

alkykNRk'C0R w here said CC alkyl is optionallunsubstitutedorubstituted by one or 

morehalo substituents; 

p is 0-8; 

n is 2-8; 

m is 0 or 1; 

q is 0 or I 

each R3 and R2 are independentlyselectedfom H,halo, CIC 6 alkyl, C-Csalkenyl, Cr 
- 13k 14, 12 

C alkynyleC 0eCealkylNR R , -oCr~alkyLOR, C0 Calkyl-SR ', Cr-Calkyl-let,-C 

C alkyl-Ar, andCr-C6 alky-C 3 Ccycloalkyl, or R 1and R together w ith the carbon to which 

they are attached form a 3-5 membered carbocyclicor heterocyclic ring wherein said 

heterocyclic ringcontains one, or more heteroatoms selected from N, 0, and S, where any of 

said-C Calkyl is optionally unsubstituted or substituted by one or more halo substituents; 

each R is the same or differentand is independently elected from halo, cyano, nitro, 

C-C6alkyl, Cryf alkenyl C3 -C(alkynyl, CC alky-Ar,-Co-C alkyl Het,&COC alkyC-C 

cycloalkvl, CrCealky-COR' 2 CCsalkyC()R CrC alkyLCONRR 4,~CC 

alky-COR 5,COC 6 alky-NR1 R -CC alkylNSR' -C0 C6 alkyLOR 1, ~-CO 6 alkySO3Hl, 

C0 -CsalkyISO2NR3 R1 ~~C0eCealkyl/SO2R1TCoCealky1S0R', -CCalkyl-OCOR , CO-C6 

alkyl0C(0)NR 3 R 14,C Csalkyl -OC(0)OR, _CCe alkyl NR')C(O:R CeC oalky~ 

NR1C(0)NR1R14, and -C I Calky-NRCOR 5, wherein said CCalkyl is optionally 

unsubstituted or substituted by one or more halosubstituents; 

each R and R5 is independently selectedfromHhalo, Cr-Calkyl, CC! alkylIket 

C-C. alkyl-Ar and --CO-C 6 alkylCrCcycloalkyl; R and R are each independently selected 

from H, halo, CC6alkyl,-CO-C 6 alkylI Het,-CO-C6 alkyl-Ar and-C-C' alkyl-C3 -C7 cycloalkyl; 
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R ind R9are each independently selected from I, halo, CC6 alkyl, -CC6 alkyl-Het 

CrC 6 alkyl-Ar and-CYC6 alkyl-CrCy cloalkyl 

R0 and R are each independently selected from H, C-C2 alkyl, C-C, alkenyi C3

Cia.alkynyl,-Co-C alkyl-Ar, -- C8 alkyl-HetC Csalkyl-C3-C cycloalkyl, C-Csalkyl-O

Ar,-C-C8 alkyl-O-Het, -CGC alkyl~O-C-cycloalkyl-C-C 8 alky-S(O)-C-C6 alkyl-C 

C8 alkyl-S(O),Ar, C-C 8 alkyl-S(O)rlHet.C-Cs alkyl-S()-CrC 7 cycloalkyl, CrC alkyl

NHl-Ar, -C-Cs alkyl-NHHet-, -CgalkylNNHCrCycycloalkyl, -C-C8 alkyl-N(C-C 4 alkyl)

Ar-CrC~salkyNN(CrC 4 alkyl)-Het, -CeCsalkyN(C-C4 alkyl-C3-Ccycloalkyl,-C0 -C 8 alkyl 

Ar,-C0 C alkyklHet, and -C 0 Csalkyl-C 3-C-cycloalkyl, wherex is 0, 1, or 2, or R and R, 

together with the nitrogen to which they are attached, form a 4-7 membered heterocyclic ring 

which optionally contains one or more additional heteroatoms selected fromN 0, and S, 

wherein said C,-C alkyl, CC 2aakenyl, or CC alkynyl is optionaly substituted by one or 

more of the substituents independently selected from the group halo,-OH, -SH, -NHI,

NH(unsubstituted C,-Calkyl),N unsubstitutedCrC alkyl)(unsubstituted C-Csalkyl), 

unsubstituted -OC-C 6 alkyl, -COM,-C 2 (unsubstituted Cr-(alkyl),-CONH 2 ,

CONH(unsubstituted CC6 alkyl) -CON(unsubstituted CC6 alky)unsubstittedCC 

alkyl), -SO3 , -SO2 NHi,-SO2 NH(unsubstituted CeC6 alkyl)and -SO 2N(unsubstituted C-C6 

alkyl)(unsubstituted C1 C 6 alkyl); 

R is selected fromHCr alkyl.-C 6 alkenyl CC6 alkyny,-CC alky-Ar, -Co

C6alkyl-Hetand-C-Calky-Cr-G cycloalkyl; 

each R andeachR 4 are independently selected from H CCjalkyl, C-C alkenyl, 

C3 C alkynyl, -CwC alky-Ar, -CCe alky -Het and-CO-C alkyCr-C cycloalkyl, or R 3 and 

R t ogether with the nitrogen to whih they are attached form a 4-7 membered heterocyclic 

ringwhich optionally contains one or more additional heteroatoms selected from N, , and S; 

and 

R is selected from C 1C alkyl, -C alkenyl, C-C alkynyl, -CO-C6 alkyl-Ar-CO-C 6 

alkyl-Het, and-C-C6 alkyl-C&- cycloalkyl.  

[0073] In other embodiments, where greater than 1.1 molar equivalents of lipid-soluble 

carboxyli acid salt with respect to the compound of formula 11 are included in the formulation, 

it may beneficially further raise the pH of the formulation During manufacturing, the lipid

soluble carboxylie acid salt is preferably added to the formulation before the compound of 
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formula 1 in order to minimize formation of glycerol esters of the compound of formula II that 

can take place at low p1-.'Ihe formation of glycerol esters can also be minimized by reducing 

the temperature of the mixture e.g., to 40-45 0 C 

[0074 One or more stabilizing agents may also be present in the formulation, such as 

antioxidants and metal chelating agents. Suitable antioxidants include sodium citrate, BHTand 

IA. An antioxidant may be included in the formulation at a content of at least about 50 ppm 

by weight of the formulation to about 2% by weight ofthe formulation, or about 50 ppm by 

weight ofthe formulation to about 1%by weightofthe formulation or about 100 ppm by 

weight of the formulation to about 2% by weight ofthe formulation, or about 200 ppm by 

weight of the formulation to about 2% by weight of the formulation, or about 0.1% by weight 

ofthe formulation to about 2% by weight of the formulation, or about 0.1% by weightof the 

formulation to about 1% by weight ofthe formulation, or about 200 ppm by weight of the 

formulation to about 1% by weight of the formulation. Other stabilizing agents include, for 

example, sodium citrate, TPGS compounds and EDTA. EDTA may be used as its sodium salt, 

disodiumEDTA. These stabilizing agentcan help to reduce degradation of the compound of 

formula i during storage due to processes such as oxidation, Chelating agentssuch as EDTA 

are also thought to slow degradation by chelating metalions that cancatalyze theoxidation of 

thecompound of formula I. A TPGS compound may be included at about 5% by weight to 

about 25% by weight ofthe formulation. EDTA may be included at about 0.1% by weight to 

about 2% bywveight of the formulation, or about 0. 1% by weight to about 1% by weight of the 

formulation. By "TPGS compound" is meant a compound or mixture of compounds containing 

one orm rore vitamin E moieties (e.g. a tocopherol, tocomonoenol, tocodienol, or tocotrienol) 

bonded to (e.g. by an ester, amide, or thioester bond) to one or more polyethylene glycol 

(PEG) moieties via a linker (e.g., a dicarboxylic or tricarboxylic acid). The vitamin E moiety 

can be any naturally occurring or synthetic form of vitamin E, including on 3-, y-and &~ 

isoforms and all stereoisomers of tocopherol, tocomonoenol, tocodienol, and tocotrienol.  

Linkers include, for example,dicarboxylic acids (e.g. succinic acid, sebacic acid, 

dodecanedioic acid, suberic acid, or azelaic acid, citraconic acid. methyleitraconic acid, 

itaconic acid, maleic acid glutaric acid, glutaconic acid, fumaric acids and phthalic acids) 

Exemplary tocopherol polyethylene glycol diesters are TPGS,tocopherol sebacate polyethylene 
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glycol, tocopherol dodecanodioate polyethylene glycol, tocopherol suberate polyethylene 

glycol, tocopherol azelaate polyethyleneglycol ocopherl citracoate polyethylene glyco, 

tocopherol methylcitraconate polyethylene glycol, tocopherol itaconate polyethylene glycol, 

tocopherol maleate polyethylene glycol, tocopherol glutarate polyethylene glycol, tocopherol 

glutaconate polyethylene glycol, and tocopherol phthalate polyethylene glycol. ach of the 

PEG moieties of the TPGS compound can be any polyethylene glycol or any PEG derivative, 

and can have molecular weight of 200-6000 kDa (eg., 400-4000 kDa 500-2000 kDa, 750

1500 kDa,800-1200 kDa, 900-1100 kDa, or about 1000 kDa). The PEGmoeietie' can be 

polydisperse; that is, they can have a variety of molecular weights PEG derivatives include, 

for example, methylated PEG, propylene glycol, PEG-NHS, PEG-aldehyde, PEG-SH,PEG

NHi PEG-CO2H, PEG-OMe and other ethers, branched PEGs, and PEG copolymers (e.g., 

PEGbPPGb~PEG-1100, PEG-PPG-PEG-1900, PPG-PEG-MBE-1700, and PPG-PEG-PPG

2000) Any known source of TPGS compoundcanbe used in the present invention. An 

exemplaryTPGS compound is tocopheryl PEG- 000 succinate (TPGS-1000), which has aPEG 

moiety having a molecular weight of 1000 kDa. A food grade TPGS1000 is available, for 

example, under the trade nameEastman Vitamin ETPGS@ (Eastman Chemical Company, 

Kingsport, Tennessee). This TPG is water-soluble form of natural-source vitamin E, which is 

prepared by esterification ofcrystalline Dtocopheryl acid succinate with polyethylene glycol 

1000 (PEG 1000), and contains between 260 and 300 mg/g total tocopherol. Another 

exemplary TPGS compound is Water Soluble Natural Vitamin E (ZMC-USA, The Woodlands, 

Texas). Methods of preparing TPGS are described in U .S. Patent Nos. 2,680,749 and 

310278 and in US. Publication Nos. 2007/0184117 and 2007/0141203, which are herein 

incorporated by reference. TPGS compounds also include TPGS analogs that differ in 

chemical composition from TPGS by the substitution, addition, or removal of one or more 

atoms, methylene (CH2 units, or functional groups. TPGS analogs also include include 

chromanol derivatives (e.g., 6-chromanol PEG1000 succinate and 6-chromanol PEG-400 

succinate), steroid derivatives (e.g., cholesteryl PEG-1000 succinate, cholic acid PEG-1000, 

dihydrocholic acid PEG-1000 lithocholic acid PEG-1000, ursodeoxycholi acid PEG-1000, 

chenodeoxycholic acid PEG~1000), and others e.g.,indomethacin PEG-1000, chromone-2

carboxylic acid PEG-000 chromone-2-carboxylic acid PEG-I100-OMe, chromone-2
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carboxylic acid PEG-1500, chromone2-carboxylic acid PEG-2000, naproxen PEG-1000, 

probenecid PEG-1000, 7-carboxymethoxy~4-methl-coumarin PEG-1000,5-(4~hlorophenyl)

2-furoic acid PEG-1000 probenecid tocopheryl PEG-000 succinate,thocholicacidPEG

1000, and chromone-)-carboxylic acidPEG-]000, 7~hydroxy-coumarinyl-4-acetic acid PEG

1000).  

[0075 In one embodiment, the compound of formula 1 is present at 10-200 mgper unit dose, 

or 10-100 mg per unit dose, or 10-40 mg per unit dose.  

[00761 In one embodiment of the formulation 

(1) the lipid excipient content of the lipophilic vehicle is about 40% by weight to about 

80% (e.g., about 40% to about 60%, about 50% to about 70%, about 60% to about 80%) by 

'eight; 

(2) the.surfactant content of the lipophilic vehicle is about 20% by weight to about 60% 

(e.g., about 20% to about 40%,about 30% to 50%, about 40% to about 60%) by weightand 

the formulation comprises: 

(3)about 2% by weight to about 10% (e.g, about2% to 5%, about3% to 7%, about 5% 

to about 10%) by weight of lipid-soluble carboxylic acidsalt; 

(4) 10-200 mg (e.g., about 10-50 mg, about 30-70 mg, about 50-100 mg, about 70-125 

mg, about 100-150 mg, about 100-200 mg) of Compound (II)(or equivalent effective amount if 

a salt of Compound (11) is used).  

[00771 In another embodiment of the formulation: 

(1)the glyceryl linoleates content of the lipophilic vehicle is about 40% by weightto 

about 80% (e.g., about 40% to about 60%, about 50% to 70%, about 60% to 80%) by weight; 

(2) the lauroyl macrogol-32 glycerides content of the lipophilic vehicle is about20% by 

weight to about 60% (e.g., about 20% to about 40%, about 30% to about 50%, about 40% to 

about 60%)byweight; and the formulationcomprises 

(3) about 2% by weightto about 10% (eg, about 2%to 5%, about 3% to 7%,about 5% 

to about 10%) by weight of sodium oleate; 

(4) 10-100 rng(e.g., about 10-50 mg, about 30-70 mg, about 50-100 mg, about 70-125 

mg,about 100-150 mg) of Compound (II) (orequivalent effective amount if a salt of 

Compound (II) is used). The salt may be an HCI salt.  

[00781 In another embodiment of the formulation: 
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(1) the glyceryl linoleates content of the lipophilic vehicle is about 40% by weight to 

about 80% (e.g, about 40% to about 60%, about 50% to 70%, about 60% to 80%) byweight; 

(2) the lauroyl macrogo?32 glycerides content of the lipophilic vehicle is about20% by 

weight to about60%(e.g., about 20% to about40%, about 30% to about 50%, about 40% to 

about 60%) by weight; and the formulation comprises: 

(3) about 2% by weight to about 10% (eg.. about 2% to 5%, about 3% to 7%, about 5% 

to about 10%) by weight of sodium oleate; 

(4) 10-40 mg (e.g, about 10-20 mg, about 15-25 mg, about 20-30 mg, about 25-35 mg, 

about30-40 mg) of Compound (II) (or equivalent effective amount if a salt of Compound (11) is 

used). The salt may be an HCI salt, 

[00791 In another embodiment the of formulation: 

(1) the glyceryl linoleates content of the lipophilic vehicle is about 40% by weight to 

about 80% (e, about 40% to about 60%, about 50% to about 70%, about 60% to about 0%) 

by weight; 

(2) the lauroyl macrogol-32 glycerides content of the lipophilicvehicle is about 20% by 

weighttoabout 60% (e.gabout 20% to about 40%, about 30% to about 50%, about 40% to 

about 60%) by weight; and the formulation comprises: 

(3) about 2% by weight to about 10% (e.g., about 2% to 5%, about 3% to 7%, about% 

to about 10%) by weightofsodium oleate; 

(4) 10-40 mg(e.g., about 10-20 mg, about 15-25 mg, about 20-30 mg, about 25-35 mg, 

about 30-40 mg) of Compound (I) (or equivalent effective amount if a salt of Compound (I) is 

used). The sat may be an HCl salt; and the formulation optionally comprises, 

(5) about 0.1% by weight to about 1% (e.g., about 0.1% to about 0.5%, about 0,3 to 

about 0%, about 0,5% toabout 1%) by weight EDTA; and/or 

(6) about 0.% by weight to about 1% (e.g, about 0. % to about 0.5%, about 0.3to 

about 0.7%, about 0,5% to about 1%) by weight sodiumitrate, 

[00801 The formulation can be a semisolid suspension in which the compound of formula II, 

or its pharmaceutically acceptable salt, is dissolved. The term "semi-solid" as used herein 

refers to a materialhaving a viscosity and a rigidity intermediate between that of a solid and a 

liquid (e.g., such as ointments, creams, ges, jeies, or pastes). It is thought that in some 

embodiments, the formulation can act as a SelfEmulsifying Drug Delivery system (SEDDS), 
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Self-Microemulsifying Drug Delivery system (SMEDDS) and/or a SelNanoemulsyingDrug 

Delivery system (SNEDDS). The term "selfemulsifying"refers to a formulation which, when 

diluted by water or other aqueous medium and gently mixed, yields a stable oil/water emuision.  

When such an emulsion is formed in the gastrointestinal tract after oral administration of a 

formulation,it may enhance absorption of the compound of formula II into the lymphatic 

system and thus improve its systemic bioavailability, 

100811 The formulation can be loaded into a capsule for oral administration. By "capsule" is 

meant a capsule that includes membrane that forms a two-part capsule-shaped,container 

capable of carrying a solid, semi-solid, or liquid payload of drug, additive(s) and, optionally, 

excipients. Suitable capsules include hard and soft shell gelatin capsules; IIPMC 

(hydroxypropyl methylcellulose) capsules; and other non-gelatin soft gel capsules. An example 

of a suitable non-gelatin soft gel capsule is Optishellmthat is available from Catalent, Further 

suitable examples are described in US. Patent Nos. 6,582,727, 6,340,473, 684060, 

8,231 896, and 8,377,470, the disclosures of which are incorporated by reference herein.  

[00821 The capsule can comprise about 10 mg to about 200 mg, about 10 mg to about 150 mg, 

about 10 mg to about 100 mg, or about 10 mg to about 40 mg of Compound (II) (or equivalent 

effective amount if a salt of Compound (II) is used).  

100831 The formulations of Compound (I) (and capsules comprising such formulations) 

described herein may be used in the treatment of a disease by administration to a patient 

suffering from'such disease. These diseases include cancers such as ovarian cancer, breast 

cancer, lung cancer, glioblastoma, melanoma, bladder cancer, head and neck cancerrenal cell 

cancer, colorectal cancer, lymphoma, leukemia, multiple myeloma hepatocellular carcinoma, a 

high grade neuroendocrine tumor and/or a small cell carcinoma such as a hmg cancer, The 

formulations of(and capsules comprising such formulations) may also be used in the 

preparation of a dosage fornn for the treatment of diseases including cancers such as ovarian 

cancer, breast cancer, lung cancer, glioblastoma, melanoma, bladder cancer, head andneck 

cancer, renal cell cancer, colorectal cancer, lymphoma, leukemia, multiple myeloma, 

hepatocellular carcinoma, a high grade neuroendocrine tumor and/or a small cell carcinoma 

such as a lung cancer.  

-54-



WO 2018/161054 PCT/US2018/020797 

EXAMPLES 

Example 1~ Solubility Study of Compound (H) 

100841 A solubility study of Compound (II) was conducted using lipid recipients and 

surfactants. Compound (Ii) 1 and Compound (II) free base was weighed into vials and the 

appropriate amountofexcipientwasaddedtoachievethedesiredconcentrationHeating and 

sonication was used, necessary, toachieve clear solutions. Limits of solubility of Compound 

(1) free base and Compound (11) HCl (amorphous form) are noted in Table 1.  

Table1 

Compound Compound(I 
Excipient (11) Ciomment HCl salt Comment 

(mg/mL) j(mg/mnL) 
LabrafacioW1 349 >)00 RT IsolUble<5m/c 

Labrafac PG >200 RT Insoluble <25mg/mL 

Peceol >200 20 min H&S 150 5mi H&S 

Taisine 35-1 >200 10 min H&S 150 5 min H&S 

Labrasol >200 clear 150 5min H&S 

Capimul MCM 50 10 min H&S 

Gelucire 44/14 >200 5min H&S 100 10minH&S 

Labrafil M 2130 CS >200 5 min H&S 25 10 mi H&S 

Labrafil M 1944 CS >200 RT 25 10 min H&S 

Labrafil M 225 CS >200 RT 25 10 min H&S 

Gelucire 50/13 150 10minH&S 50 10mi H&S 

Capryol 90 >200 RT 150 5 min H&S 

Capryol PGMC >200 RT 150 5 min H&S 

Lauroglycol 90 >200 RT 150 10 win H&S 

Lauroglycol FCC >200 RT 100 5 min H&S 

Plurol Oleique CC 497 >200 20 Min H&S 50 30 min H&S 

Ethanol >200 RT 200 RT 

PropyleneGlycol >200 5 min H&S 200 5 min H&S 

PEG-200 >200 RT 200 5mi H& S 

Transcutol >200 RT 150 RT 

PEG-300 >200 RT 200 5 min H&S 

PEG-0 >200 5 min H&S 200 5 min H& S 

Tween-20 >200 5 min H&S 200 20 in H&S 

Tween-80 >200 5min H&S 200 20minH&S 

Phosal 50-PG >200 5 min H&S 200 20minH&S 

hosa 53 MCT >200 5 min H&S 150 10 min H&S 
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Compound Compound (11) 
Excipient (n) Comment Hc salt Comment 

mg/L) (mgmL) 

VitE-TPGS >l00 '20mm n &S 150 10nin H&S 

---------- _________ ---- --------- ------ --------------------------Cremophor2EL 200 20 mn H&S 150 10 min H&S 
Cremophor RH-40 200 20 mn H&S 150 IIHS 

RTVortexing at room temperature; H&S eat and sonication 

100851 A further solubility study ofCompound (II) was conducted using lipid exipients and 

surfactants, Maisine 35-I(glycerol linoleates):Gelucire44/14(lauroyl macrogol-32 

glycerides): Lauroglycol 90 (propylene glycol monolaurate) mixtures were tested to explore the 

optimal combination. The following ranges of each substance were tested: (1) 40-80% (w/w) 

Maisine 35-1; (2) 20-40% (w/w) Gelucire 44/14; and (3) 0-20% (w/w) Lauroglycol 90. In 

summary: Compound (I)cFree Base exhibited high solubility >250 mg/mL; Compound (II) 

HC Saltexhibited good solubility 150 - 200 mg/mL; Gelucire 44/14 reduced the solubility of 

the HCl salt; and Lauroglycol 90 showed no clear effects on solubility.  

Example 2 -Emulsification Study of Compound (H) 

[0086] The highestachievable concentration ofCompound (11) in Maisine 351, Gelucire 

44/14 and Lauroglycol 90 fixtures was tested in emulsification studies. The mixtures were 

diluted with 1NTHC (as a surrogate for simulated gastric fluid) and the following dilutions 

weretested: 1/10, 1/30 & 1/100.  

[0087] In summary, Gelucire 44/14 clearly created fine emulsions, which became finer as the 

concentration of this excipient was increased. Lauroglycol 90 showed no clear effects on 

emulsion formation All dilution levels formed nice emulsions. However, the emulsions 

formed by 1/10 dilutions separatedmore quickly.  

[0088] Based on the results of the solubility and emulsification studies, formulations of 

Compound (II) with Maisine 35 and Gelucire 44/14 were selected for examination as to their 

stability properties.  

Example 3 - Compatibility and Stability Studies of Compound (1) Formulations 

[00891] The compatibility of Compound (I)with excipients used was established through a 

binary stressed-stability study (40 °C/75% RH) with the following solubilizing/emulsifying 
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excipients: Maisine 351; Gelucire 44/14; sodium oleate; sodium stearate; vitamin E TPGS; 

lysine; and sodium EDTA.  

{0090] The results indicatedthat short-term stability of Compound (II) in contact with Maisine 

35-1 and Gelucire 44/14 (70:0 w/w) was acceptable at room temperature (i.eabout 20 °C) for 

8 days, and then approximately 9% degradation occurred by 15 days. No significant 

degradation was noted after 15 days of storage at-20 C.  

[00911 Sodium oleate (5%w/w) was added to the Maisine/Gelucire formulation to improve the 

miscibility of the formulation components, and buffer the acidic nature of the solution,which 

was found to improve stability. The amount of sodium oleate used was 1.5equivalents relative 

to Compound (II) HC. This may demonstrate that 1.0 eq, of sodium oleate quenches the HCI, 

forming Compound (II), oleic acid and NaC. The remaining 0.5 eq. equilibrates with the 

carboxylic acid of Compound (II) to form a buffer system that inhibitsthe formation of 

glyercol ester degradation products of Conpound (11).  

Example 4 Stability of Compound (U) Formulations Containing Either Sodium Citrate 

or EDTA (40 °C/75% RH) 

[0092] In order to further reduce the potential for oxidation of the formulation, butylated 

hydroxyanisole (BHA) and sodim citrate were evaluated for compatibility with Compound 

(II), and fortheir ability to reduce degradation in the formulation DisodiumEDTA was also 

evaluated as astabilizing agent in the Maisine 35-1/Gelucire 44/14 formulation due to the 

possibility oftrace metal ions catalyzing the oxidative degradation ofCompound (1). A 

formulation containing Maisine 35~1/Gelucire (44/14)/Vitamin E TPGS/sodium oleate 

(75/10/10/5 w/w/w/w) was also tested, 

10093] The stability ofCompound (IT) formulations containingeither BHA, sodium citrate or 

EDTA were compared to control formulations that did not contain these additives. The results, 

summarized i Table2, indicate that both antioxidants and EDTA improve the stability of the 

Compound () formulations after four days storage at 40 C/75%I PI, with sodium citrate (1 

mg/g) proving superior to BA (02 mg/g).  
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Table2 

Formulation Time ()ay 4 

Assay(%) Assay(%) hmpuirity I Impurity 2 

(/o) (%) 
(RT 8.32) (RT 8.58) 

Compound (II) (100 mg) 1 Maiine 35 95.33 91.01 0.10 1.23 

1/Gelucire (44/14)/TPGS/sodium oleate 
(75/10/10/5) (A) 

Compound (1I) (100 mg) + Ig Maisine 35- 95.53 91.21 0.08 1.10 
1/Gelucire (44/14)/sodium oleate (7520/5) (B) 

A + 0.2 mg BHA 95.33 92.45 0.06 0.78 

8 4 0.2 mg BHA 95.76 92.83 0.14 0.76 

A + 1 mg EDTA 95.31 94.24 0.07 0.23 

B + I mg EDTA 95.4 95.09 0.20 0.40 

A + 1 mg sodium citrate 95.14 94.95 0.27 0.45 

B + 1 mg sodium citrate 94.94 93.76 0.16 0.39 

Example 5- Stability of Compound (II) Formulations Containing Both Sodium Citrate 

and EDTA (40 C/75% RH) 

[0094] In this example, the stability ofCompound (II) formulations containing both sodium 

citrate and EDTA were compared to control formulations that did not contain these additives.  

The results, summarized in Table 3, indicate that formulations containing the combination of 

sodium oleate, sodium citrate and EDTA are significantly more stable after three days storage 

at 40 °C/75% RH than those without these excipients. The additional stability conferred by 

sodium oleate is likely due to the buffering capacity (the pH of the solution is increased from 

pH1 to pH 5 by the addition of odium oleate).  
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Table3 

Formulation Time (0) Day 3 

________Assay (%) Assay (%) 

Compound (II) (100 mg) +I g Maisine 35-1/Gelucire 97.73 85.73 

(44/14)/TPGS/sodium oleate (75/10/10/5) (A) 

Compound ()(100 mg) +Ig Maisine 35-1/Gelucire(44/14)/sodium 97.70 95.20 

oleate (75/20/5) (B) 

A + I mg EDTA + I mg sodium citrate 98.23 90.88 

B+ I mg EDTA + Img sodium citrate 98.08 97.79 

A + I mg EDTA + 2 mg sodium citrate 98.18 92.82 

B + 1 mg EDTA + 2 mg sodium citrate 97.91 97.59 

Example 6 - Stability ofEncapsulated Compound (11) Formulations 

[0095] In this example, a six-week stability study was conducted on formulations containing 

Compound (11), Maisine 35-1, sodium oleate, EDTA, sodiumcitrate, and Gelucire 44/14 and/or 

Vitamin E TPS (see Tables 4 & 5). In addition to testing the blends (assay only), both gelatin 

and HPMC capsules were manually filled with each blend to evaluate compatibility and 

stability after 6 weeks of storage at 25 °C/60% RH and 40 °C/75% RH.  

[0096] The results, summarized in the Tables 4& 5, indicatethat each blend remained 

essentially unchanged after 6 weeks at 25 C/60% RH and 40 C/75% RH. Samples stored at 

40 C in gelatin capsules did not show any significant trend in degradation after 6 weeks, but 

Formulations B and C stored in HPMCcapsules exhibited a 1-2% decrease in assay value at the 

higher temperature storage conditions.  
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Table 4 Test formulations: 

Component Vendor Batch/Catalog Formulation 1 Fomulation 2 Formulation3 
. . .(A)(B)(C) 

Compound Sponsor ELS-70-106- 7.90% 4.345 7.90% 4.345 7.90% 
(II)HGI 70 g g 9 

Maisine' 35- Gattefoss6 N/A 62 20% 34.21 62.20% 34.21 62.20% 34.21 
1 g g g 

Gelucire* Gattefosse N/A 24.20% 13 3 1 12,10% 6.655 0% Og 
44/14 g g 

Vit-E.-PGS Isochem 318300 0% Og 12.10% 6.655 24.20% 13.31 
_ _ _ _ _ _ _g _ g 

Sodium Pfaltz & S06450 5.50/o 02 5.50% .0225 5.50% 3.025 
Oleate Bauer g g g 

Disodium Fisher S311-100 0.10% 0.055 0. 10% 0.05 0. 10% 0 055 
EDTA g g  

Sodium Fisher 279 -500 0.10% 0.055 0.10% 0.055 0. 10% 0.055 
citrate a 

Total 100% 55 g 100% 55g 100% 55g 

Table 5 Stability Results: 

Formulation Assay Assay(%) Assay (%) 
25 °C/60% RH 40 °C/75% RH 

Initial Week I Week 3 Week 6 Week I Week 3 Week6 

A (blend only) 97.4 97.0 98.0 97. 97.5 

A (gelatin capsules) 98.0 97.7 96.7 98.7 97.8 97.9 98.4 

A (HPMC capsules) 97.0 97.2 97.8 98.1 97.6 97.4 97.1 

B (blend only) 97.3 96.8 - i97.7 97.5 96.4 

B (gelatin capsules) 97.5 97.1 97.7 98.6 97.8 97.8 98.0 

B (HPMC capsules) 97.7 97.2 97.5 98.0 97.4 96.8 95.5 

C (blend only) 97.5 97.7 -- - 97.2 97.4 96.6 

C (gelatin capsules) 97.7 97.2 97.3 98.3 97.4 97.5 97.2 

aps 97.4 97.3 97.2 973 96.7 96.4 95.6 
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Example 7 Exemplay PharmaceuticalFormulations of Compound (11) 

Table 6 

Components Amount Weight Amount Weight Amount Weight 
per 10 mg (%) per 40 mg (%) per80rug (%) 
Capsule Capsule Capsule 

(mg) (mg) (mg) 

Compound (11) 10.99 7.90 43.97 7.90' 87.90 15 .8 
HC 

Maisine 35-1 86.52 62,20 346.21 62.20 292.5 52.5 
(glyceryl 
linoleates) 

Gelucire 44/14 33.66 24.20 134.70 24.20 113.8 20.4 
(lauroyl 
macrogol-32 
glycerides) . _. _...................  

Sodium Oleate 7.65 5.50 3061 5.50 6 11.1 

DisodiumEDTA 0.14 0.10 0.56 0.10 0.56 01 
Dihydrate 

Sodium Citrate 0.14 0.10 0.56 0.10 0.56 0.1 
Dihydrate 

Total (blend) 139.0 100 556.60 100 557 100 

Size 0 White 96.0 96.0 
Capsule 

Size4 White 38,0 
Capsule 

Total (drug 17710 ~~ 652.60 653 
product 
capsule) 

"As is" basis, the compounding formula is based on obtaiing 7.2wt% based on free base content with a72:28 
ratio of Maisine to Gelucire 

Example 8 - Manufacturing of Capsules Containing the Compound (II) Formulation 

1009] This example describes an exemplary manufacturing processfor capsules that contain a 

Compound (II) formulation that comprises Compound (II) hydrochloride, Maisine 351, 

Gelucire 44/14, sodium oleate, and EDTA.  

[00981 The manufacturing process begins with meling Maisine 35.-1. The liquid Maisine 351 

is then added to a mixing kettle thatha been heated to 40-45 °C. The sodium oleate, pre

screened, is added, and the mixture is stirred at 40-45 C for a minimum of 30 minutes.  
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Disodium EDTA and sodium citrate are slowly added, and the mixture is stirred at 40-45 °C for 

a minimum of 30 minutes. Next, Compound (II) HCl is added, and the suspension is stirred at 

40-45 °C for a minimum of 4 hours. Gelucire 44/14, which had also been pre-melted, is added 

to the mixture with stirring. The resultant blend is stirred for at least 20 minutes at 40-45 °C.  

The formulation remains slightly turbid (presumed to be finely dispersed sodium chloride).  

[0099] The hot, bulk blend is transferred to the encapsulation hopper with in-line filtration.  

Standard white hard gelatin capsules are filled with the liquid blend at 40-45 °C. The capsules 

are then banded using a gelatin/Polysorbate 80 banding solution, cooled to ambient 

temperature, and then dried for at least 12 hours. The bulk capsules are filled into HDPE 

bottles.  

[00100] While the invention has been described with reference to exemplary embodiments, it 

is to be understood that the invention is not limited thereto.  

[00101] The terms and expressions which have been employed in the foregoing specification 

are used therein as terms of description and not of limitation, and there is no intention, in the use 

of such terms and expressions, of excluding equivalents of the features shown and described or 

portions thereof, it being recognized that the scope of the invention is defined and limited only 

by the claims which follow.  

[00102] A reference herein to a patent document or other matter which is given as prior art is 

not to be taken as an admission that the document or matter was known or that the information 

it contains was part of the common general knowledge as at the priority date of any of the 

claims.  

[00103] Where the terms "comprise", "comprises", "comprised" or "comprising" are used in 

this specification (including the claims) they are to be interpreted as specifying the presence of 

the stated features, integers, steps or components, but not precluding the presence of one or 

more other features, integers, steps or components, or group thereof.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A formulation comprising: 

a compound having a structure: 

CF3 

N O 

-OH 

or a pharmaceutically acceptable salt thereof, and 

a lipophilic vehicle, in which the compound, or the pharmaceutically acceptable 

salt thereof, is soluble, 

wherein the lipophilic vehicle comprises at least one lipid excipient and at least 

one surfactant.  

2. The formulation of claim 1, wherein the lipid excipient comprises a 

monoglyceride, a diglyceride, and/or a triglyceride, preferably at least one glycerol 

linoleate.  

3. The formulation of any one of the preceding claims, wherein the 

surfactant comprises at least one lauroyl macrogol-32 glyceride.  

4. The formulation of any one of the preceding claims, wherein the 

compound is a hydrochloride salt, a fatty acid carboxylate salt, or an oleate salt.  

5. The formulation of any one of the preceding claims, further comprising 

a buffering agent, preferably a weak base such as a lipid-soluble or partially soluble 

carboxylic acid salt.  

6. The formulation of claim 5, wherein the lipid-soluble carboxylic acid 

salt is at least one selected from the group consisting of a sodium, potassium, 
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magnesium, and/or calcium salt of caprylic acid, capric acid, lauric acid, stearic acid, 

myristoleic acid, linoleic acid, linolenic acid, arachidonic acid, eicosenoic acid, 

palmitoleic acid, sapienic acid, oleic acid, elaidic acid, and/or vaccenic acid.  

7. The formulation of claim 5 or claim 6, wherein the weak base comprises 

sodium oleate.  

8. The formulation of any one of the preceding claims, wherein a pH of 

the formulation is from about pH 4 to about pH 8, preferably from about pH 5 to about 

pH 7.  

9. The formulation of any one of the preceding claims, further comprising 

a stabilizing agent.  

10. The formulation of claim 9, wherein the stabilizing agent is an 

antioxidant, preferably sodium citrate, BHT (butylated hydroxytoluene), and/or BHA 

(butylated hydroxyanisole ); or 

wherein the stabilizing agent is at least one of vitamin E-TPGS (D- a

tocopheryl polyethylene glycol 1000 succinate) and EDTA (ethylenediaminetetraacetic 

acid).  

11. The formulation of any one of the preceding claims, wherein an amount 

of the compound, or a pharmaceutically acceptable salt thereof, in the formulation 

decreases by less than about 2% after storage for 1 week, 3 weeks, 3 months, or 6 

months at a temperature of 40 °C and a relative humidity of 75%.  

12. The formulation of any one of the preceding claims, wherein the 

formulation is a semi-solid suspension.  

13. The formulation of claim 12, wherein the formulation is self

emulsifying.  
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14. The formulation of any one of the preceding claims, wherein the 

formulation is suitable for oral administration.  

15. A method of treatment of cancer, preferably ovarian cancer, breast 

cancer, lung cancer, glioblastoma, melanoma, bladder cancer, head and neck cancer, 

renal cell cancer, colorectal cancer, lymphoma, leukemia, multiple myeloma, 

hepatocellular carcinoma, a high grade neuroendocrine tumor and/or a small cell 

carcinoma such as a lung cancer comprising administration of a therapeutically 

effective amount of a formulation according to any one of claims I to 14.  

16. A capsule containing the formulation of any one claims I to 14.  

17. The formulation of claim 10, wherein the antioxidant is BHA 

(butylated hydroxyanisole).  

18. The formulation of claim 1, wherein the at least one lipid excipient 

comprises a glycerol oleate.  

19. The formulation of claim 1, wherein the at least one surfactant 

comprises a PEG castor oil.  

20. The formulation of claim 19, wherein the PEG castor oil comprises a 

PEG-35 castor oil.  

21. The formulation of claim 1, wherein the lipophilic vehicle comprises 

polyoxyethylene (20) sorbitan monooleate.  

22. A process of producing a formulation comprising: 

mixing a lipophilic vehicle, comprising at least one lipid excipient and at least 

one surfactant, and a compound having a structure: 
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CF3 

C1 

NXOOH 

or a pharmaceutically acceptable salt thereof 
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