AN AMORPHOUS AND A CRYSTALLI NE FORM OF GENZ 112638 HEM TARTRAT AS | NHI BI TOR
OF GLUCOSYLCERAM DE SYNTHASE RELATED APPLI CATI ONS Thi s application
cl ai ns t hwohenafssis2of U. S. Provisional Application no. @tra84016487951i 1 ed on
Novenber 27, 2009, the entire teachings of which are 5incorporated herein.
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differentiation, adhesion between cells or between cells and matrix 10
proteins, binding of mcroorganisns and viruses to cells, and netastasis of

tunor cells. GSLs are derived f 1.de (A cCer), which is
produced from ceram de and UDP-8%§@§§§§§§¥Lﬁ§&iﬂ§85e UDP- gl ucose:

N- acyl sphi ngosi ne gl.ucosyl transf eras cCer nthase).. The. structure of
ceraﬁidg isgshomn’ﬁBT@%ﬁ%@%ﬁvﬂwg§ﬁﬁ¢§ﬂ&g%?ﬁ@ﬁ%zﬁrﬂﬁoﬁ %ﬁ@hﬁﬁgﬂﬁﬁration of

GSLs has beensjlidakeg fiRd@dnNdWRaIbeP)7, P0BSARE Sntirk RGLHHLOGF JRYh gRChS, CGaucher,
and Fabry di seases (see, for exanple, U'S. Patent No. 6, 051,598). GSLs have

al so been3l i nkedperoteddeteai.n cancers. For exanple, it has been found that

certain GSLs occur only in tunors or at abnormally high concentrations in
tunors; exert marked stinulatory Oerﬁﬂgﬁkb?hM)aCtions on tunor 20 growth
when added to tunor cells in culturée nedia; and inhibit the body's nornal

i mmunodef ense system when she mors ,intao the .surroundi ng extracel |l ular
o d The compoai CREFRERBE Rs TR Sorfif sl FuBEhdrapl OusSihiE oo

i ncreasi ngl y wisth @y malidudifivhsigsies ftictoas tindlndieSkis dofityhd bronfiie gslowt h of
t unors. Compounds whi ch in%ibit A cCer synthase can | ower GSL
concent r at i orEowHd celhdidfeagntion gabaskan hepvesa qelepibetiveen ¢alls apd AR subj ect

o ‘ forormnt : rnea ‘
wth one,qg ﬁ?gtgﬂatsg&ﬁﬁfﬁ%mﬁ&gg%ﬁﬁﬁl§ Gid véxsggfq):c’e{ysf’indﬂﬂétﬁﬁ%séé %Qfg}or s 0

d cCer, refe ergin as "amno ceram € ‘conpounds™,
di scl osed i n ddiS. GRAt ertdeNosd frbm, DodosHle8anbdO®AcGa)), wibiclddprddied ol 6, 911

and 6, 030, 995. The coppound of Forpula (1), shown below, is a G cCer
synt hase i nhiBrayfe eleﬁ}aﬁ’rﬁycqsr% by the srieaner P Bieucoss: Af-H SPBRONERL of
Gaucher di seaggosyltransferase (GlcCer synthase). The structure of ceramide is shown below:

Ceramide

15 The accumulation of GSLs has been linked to a number of diseases,
including Tay-Sachs, Gaucher, and Fabry diseases (see, for example, U.S. Patent
No. 6,051,598). GSLs have also been linked to certain cancers. For example, it has
been found that certain GSLs occur only m tumors or at abnormally high
concentrations in tumors; exert marked stimulatory or inhibitory actions on tumor

20  growth when added to tumor cells in culture media; and inhibit the body's normal
immunodefense system when shed by tumors into the surrounding extracellular
fluid. The composition of a tumor's GSLs changes as the tumors become

increasingly malignant and antibodies to certain GSLs inhibit the growth of tumors.



There is a need for salt forns of this drug candidate that are crystalline
10and ot herw se have physical properties that are anenable to | arge scale
manuf act we.20Tlies3s2i s al so a need for pharnmaceutical forPocuwhskelons’osn whi ch
this drug candidate is stable and effectively delivered to the patient, as

wel | as inproved treatnent hods. yt.il.izing this co d. SUWARY OF THE
| NVENTI ON 151t has e 1tlﬂ%51tﬁ%‘é&?fépﬁl A1 RIS 6P EREA Bt pound  of
Formula (1) (gl oald:kporeaiyh dsdihd ok Reddald dubfeei Ve ake Bemer ystal | i zed

under well-defined conditions to provide certain non-hygroscopic
crystal |l i ne fabommentrorechdisgages) AHamteaof petest ihbibitem\od At Cerdredartealgeous

properties en.conpared to oth salts of, Forpula (1 desgcri bed
Purther i n BT B T b ARSI TpdE a P et ) Pefbr Soe, mal at e,
fumaric, BetybsiudsoRios? 33005 acRi42C 59609l daidb 086999t Bhd@dnpdungeli d form
Al t hough the hydrochloric and 1:1 tartrate salt of Forrmula (1) were

obt ai ned in dwirmglar(dy pRowiebalowr iswsrleCer syathabe inhbitgneumratly inehiricaldgals

hydr oscopi c f f i k (l') Hemtartrate is easier to

fornmul ate an48£§ﬁt‘%@%@%Ofﬁgﬁﬂgﬂgg%g%e base and the other salts. Formul a
(I') 25Hemtartrate is also crystalAimne, non-hydroscopic, water-soluble and
flows better than the correspondiégiffee base (hereinafter "Fornmula (I)
Free Base") and other salts. Thus)ythesg favorabl e properties nmake Formul a
(1) Hemtartrate anmenable to |arge |scal € manufacture as a drug candi date.
It has al so been found that stable granuhe apsul e formul ati ons of
Formula (1) Hemtartrate can be prepated uj d ratios of a water

5insoluble filler,_a water soluble fifRLer a A (1) Hemtartrate.
Based on this discovety, ab pharaceut i Ca | ati ons of Fornula (1)
Hemtartrate are disclosed. It has al so been found that the conpound

of Formula (1) or pharmaceutically @cceptable salts there(ﬂ)-(i ncl udi ng
Formula (1) Hemt r i Y ri by by

cyt ochrone P450 eﬁf;}%errl}gﬁss.eg g%%e%rgﬁlq?%@g&%%%g%% ftanﬁ%i%ﬁotgét %r? Cltr%{h%nt with
t he conpdind anfd dtemuiseaahqve)physicphpropaceustthatadrk yneoeelpttalbdrege sedle s t her eof

(including Fornmula (I mtartrate hat reduce t ofential for .
drug/ drug i BT B R 1?1?&6 e bugH ftqrtp%ﬁagacgrleaa@ lofha o whtehchioner
m ce adm ni stg(edafBAAEHE B@Ble ArddiCPG e e R tdrRananditiens kenmul a (1)
Hemtartrate showed |l ower levels of (GL1°in visceral organs and a reduced

nunber of Gauolpeevaskeir¢amient miatholds wetizognipsr @dnwiund. t reat ment with
gl ucocer ebrosi dase alone or Formula (lI) Hemtartrate al one. Based on this

di scovery, conbination ther a%&gﬂﬁ&éﬁlﬁﬁmgﬂq@& Forrmula (1) or

pharmaceutically acceptabl e

15 It has been found that the hemitartrate salt of the compound of Formula
(I) (hereinafter “Formula (I) Hemitartrate”) can be crystallized under well-
defined conditions to provide certain non-hygroscopic crystalline forms.
Formula (I) Hemitartrate has several advantageous properties when compared
to other salts of Formula (I). As described further in Example 1, many Formula

20 (@) salts, including citrate, malate, fumaric, methylsulfonic, and acetic, could
not be obtained in solid form. Although the hydrochloric and 1:1 tartrate salt of
Formula (I) were obtained in solid form, neither were crystalline and both were
too hydroscopic for formulation. Formula (I) Hemitartrate is easier to
formulate and synthesize than the free base and the other salts. Formula (I)

25  Hemitartrate is also crystalline, non-hydroscopic, water-soluble and flows

better than the corresponding free base (hereinafter “Formula (I) Free Base™)



20(including Fornula (1) Hemtartrate) are al so disclosed. One
enbodi nent of the present application is the hemtartrate salt of the
conmpound weprassnised by Fornmula (1). As noted above, theChamseelansm™ate salt
of the conmpound represented by Forrmula (I) is referred to herein as

"Formula (I) mipart ound represe For i S
eferred § o HERATOTEHE Thysdhres (or Bl ol OBRLES okt AREII S MO HEATIE ¢ he
present appl igadagn n%rlgﬂiei%ﬁle%m&ﬁ&ﬁfee&kté 8Als GAERRAR tion CO”D“ sing a
phar maceutical |y acceptabl’e carrier or Iuent and Formula (1)

Henmitartrate. Anotlhbas @ﬁb(bdfmﬁnmdﬁh@t\/ﬂtdﬁs gaand¢shiod C@Lﬁsulmfnrbnﬂatngls of

gl ucosyl cera t hase or werin cosphin I concentrations
in a subject r}?oﬁﬁwz%iﬁﬁ% ! Fratgfagg)ﬁlg{egeﬂg& %‘é‘gt(@%tnﬁg tbigwgrcat WaRT ef fecti ve
amount of sForigsdiable! fildiemwtadrisoniiRe fxller and Foﬁﬂﬂ%hﬂrH@iﬂhQﬂfﬁ@rﬁasBH Qwi des the
use of Formula (1) Hemitartrate for the nanufacture of a nedicament for

i nhi bi ting glthtsohsaavenaniabée sharmagseticn forsndniions of Kareun(Ingomipirgate
concentrati onﬁe 1’;10 ? bj ect in need thereof. Another enbodi nment provides

t he use of Forrru (S éf Hemtartrate for 5inhibiting glucosylceram de

synt hase or Iovver|Ingaghly6(bsahi“mgmlth@dtde@@ﬂ@enhdafFenﬁllliar(I)aorsubj ect in need
t her eof . Anot her enbodinent is a nethod of treati n%Ba subj ect vm th

Gaucher di sed¥@rmaraitisakly deccpiaips sadbstharsef mngwma@ortrwlﬁ Hemjtadiaten
effectivgpa f n

ot oot va amminr o Bl ba it IEERar B ach o ORI R %ﬂ%%%‘ﬁ?i c
agent is reprtbsahtedety nkaahodd @ tfdatment witbhh&s oaopodndal Fyrnade €ptaabl e sal t

t hereof; and the second thera tic agent ffec ive f he. tr eat.ment of
Cauehor dr codUBrmacRERaly Arsat e s Bemo e bt Forgyh h g RO i 1

Fabry di seasgpgilia@udethldGRIAPTdSEI g AN HislaefibMPark AiddM&sequbj ect an
ef fective anount 150f a first therapeutic agent in conbination with an

ef fective anount df has slecbaen fmdabetuﬁa@hageme adihenstmresltre@mbmpehu c agent

IS repres nte (@) utic accepi abl e salt

her oot - Tand S esERERHeStrliglin P TD fehubfiay pOE R NI ront of
Fabry di seas eGL Aot Resrabihads iRk rddiRet dRsnHeR AF MRG ek @ak i€ eiigsdrt i on
conprising: 20the hemtartrate salt of a conpound represented by Formul a

(1); at | eastcogiarethwen-tsagrpntevith glusocergbrasedise abme andiosmuf @bl ubl e
B e
di sease. The owetgvddodmpimaks(I} bepledrapsewically acceptable salts thereof

20 (including Formula (I) Hemitartrate) are also disclosed.

One embodiment of the present application is the hemitartrate salt of the
compound represented by Formula (I). As noted above, the hemitartrate salt of
the compound represented by Formula (I) is referred to herein as “Formula (I)
Hemitartrate.” The compound represented by Formula (I) is referred to herein

25  as “Formula (I) Free Base.”

Another embodiment of the present application provides a
pharmaceutical composition comprising a pharmaceutically acceptable carrier
or diluent and Formula (I) Hemitartrate.

Another embodiment provides a method of inhibiting glucosylceramide

30  synthase or lowering glycosphingolipid concentrations in a subject in need
thereof by administering to the subject an effective amount of Formula (I)

Hemitartrate.



25a)adm ni stering to the subject an effective anmount of a conpound of
Formula (1), or a pharmaceutically acceptable salt thereof; testing the
subj ect twodetigrwnisne whet her the subject is a poor, int@ecras2aEvass™s2
extensive/ultra rapid P450 netabolizer; if the subject is an internedi ate

or extensivel/ultra rapid P450 30netabolizer, determ ni an. adj ust. ed
effective anount Jpngt %r%‘_’r?fgﬁlﬁ%}f p‘é)P{_b‘Pes E‘E)el‘if/e%%r@?g? %ﬁﬁi@%g}f%z
d) adm ni st er i{fg nlaRubeurd Walaght didimadti f48 bRt eahd 04¢1 _RIRNAL sQhthhle,compound

of Formula (1) if the subject is an internediate or extensivé/ultra rapid
P450 met abol ileeeriapdhadapimngolepidrogntenttatons ubp eobjeaningfeed chérgef. anount  of

th d of F 1) i.f the 5subject i 0 i :
Aot her embodi mentiutingenbed gl Bt SuPoRgr a0 Tete T R okt i ¢ n
Gaucher disseasapibitiitegiRb\0ckraMdRY $y5@isast be 1SheRse Bfycoshaasbipigt ering to the

subj ect an effective amount of a conpound of Fornula (I), or a
phar maceut i c#longeridons abpsubigrt intpreddbereofiob) t esting the subject to

det er m ne whet her ' - [ edi - t hve/ultra
O o0 s apor NS RlpR 8 £ORIod LR LB.0 g
ext ensi ve/ ul tdigeasaprite RSO droetahiks adminisietiag md tHen@ibiset adjebietec shbent | ve
anmount of the coppound; and 15d)adm ni,stering to the subject ap adjusted

ef fective amstit 1ot thergpeifpsemid NSO NFBR#AT™ [t pnietiackye smopate! ¢ secand
| nter medi gl e RErBHiENSNe/ Hld iR iRRh u%%ggﬂieitsga%lfeg&ﬁéd 9@0?}1@;@?&%' ng to

t he subject an effective anount t'he corpoun For mu t he

subj ect i s a ghaonadtb0aliehadeplitiesalt RAdt ed thendeock drértapefitit hgentnyent i on

is a method of..treating a subject (}Nl tp F b‘Ee% di sease. The nethod conpri ses
et drete

the steps of :cHBFUXEAPAS RGOS -an effective anount of a
conpound represented by the follow ng structural formula:

Another embodiment is a method of treating a subject with Fabry
disease. The method comprises administering to the subject an effective amount
15  of a first therapeutic agent in combination with an effective amount of a second
therapeutic agent. The first therapeutic agent is represented by Formula (I) or a
pharmaceutically acceptable salt thereof; and the second therapeutic agent is

effective for the treatment of Fabry disease.

Another embodiment provides pharmaceutical composition comprising:
20  the hemitartrate salt of a compound represented by Formula (I); at least one
water-soluble filler; at least one water-insoluble filler; at least one binder; and
at least one lubricant.
Another embodiment of the invention is a method of treating a subject
with Fabry disease. The method comprises the steps of:
25 a) administering to the subject an effective amount of a compound
of Formula (I), or a pharmaceutically acceptable salt thereof;
b) testing the subject to determine whether the subject 1s a poor,
intermediate or extensive/ultra rapid P450 metabolizer;
c) if the subject is an intermediate or extensive/ultra rapid P450
30 metabolizer,

determining an adjusted effective amount of the compound; and



; or a 25pharmaceutically acceptable salt thereof; b) assessing trough
pl asma | evel s of the conpound in the subject; and WO

2011/ 066380RCT/166010/ 057952 c) adj usti ng the anmount of eOFASANG/057952
adm nistered to the subject so that the trough pl asma Ievel s of the

conpound are at least 5 ng/m Alte native pl asma | evel s and
Cmax of the conpodhd irf"dl“ﬁl%lséeﬁﬁ]ge‘@t hadusisdtiadinted R85 Veo mapi AfAbst ep )

the amount of 500”130”“(%0%%156%@0%9111&0@; mh§'§@é]@§ttls'aﬁ 1@1@&&5&1@%&0 t hat
trough plasma | evels of the conpound in the subject are at |least 5 ng/m

and the Cmax of the corqz@@nde/lﬂtmhep@dﬁiwaneuabolbmr@mBdcnmglemng tAnle her
enbodi nrent of the invention is of treating a subject w.th ucher
i sease. The met hod comprieket effetGeptogtc 1B ullp ek St iR
subj ect ag effective argggfgct ofa po&qrmqﬁgltab@m@sent ed by the follow ng
structural fornul a: har maceutical |y acceptable salt thereof;

assessing trough p‘F%@hﬁf fPfé igiegt of the ipweRssiing aimethpd of tispées 8 suBEAY
c)adjusting t ou t subj ect so that the
trough pl asma‘b?hv gﬂéorf { agé)cn%l Iggthgg%ﬁip%k%ﬁ%&éc)qs (tz}‘rae |l east 5 ng/m .

Al ternatively, the)tr owmlpisear@ ﬂo&hebﬁbﬁaohxﬁmecmz% dnlvain€ ofpeungound t he

subj ect are assessed in step b) and in step c) 20the anpunt of conpound
administered to the sulf J@EHW dotj Ut RItregceyiically peegialie saldharedel s of the

conpound jpn the S%ﬁl eClie gl gg @k /slr%@%ﬂ t02di@nfthe I et en BB Qfis kP oL OMPOUNd

in the subj ect is below 10
1ntermed1ate or extensive/ultra rapid P450 metabolizer;

c) if the subject is an intermediate or extensive/ultra rapid P450
metabolizer,
determining an adjusted effective amount of the compound; and
15 d) administering to the subject an adjusted effective amount of the
compound of Formula (I} if the subject is an intermediate or
extensive/ultra rapid P450 metabolizer and administering to the
subject an effective amount of the compound of Formula (I) if the
subject is a poor P450 metabolizer.
20 Another embodiment of the invention is a method of treating a subject
with Fabry disease. The method comprises the steps of:
a) administering to the subject an effective amount of a compound

represented by the following structural formula:

0 ;ora
25 pharmaceutically acceptable salt thereof;
b) assessing trough plasma levels of the compound in the subject;
and



25BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows the experinental XRPD
pattern (roomtenperature) for la (I) Hemtartrate. FIG 2 is a
graph of wbeogfdsbisacy of enzyme and substrate reducti onPCharsa@ioms79ar

| owering glucosylceramde levels in the liver of Gaucher mce. Liver G.1

| evel s were neasured in unt.rea}t ed 3 mont h-ol d Gglucher 810&6%% and
following 2 weeks Bf t rEHtSHBAIOGINE BsBMANEIGIIRBER (R B SEPIadse ) . 5
Mce treated with reconhi Beidh lﬂlaéiﬁé)&%@%fﬂl%'déﬁ%%uﬂ@&% a@&a&r}szxgdmio weeks

| ater without further treatnent (C) or after therapy with Formula (1)
Hemitartrate (D) at 15QIgn&kyehed. tra@igh plaswallevalnantdienk bt comppimgkin

adm ni stered Formula (I mtartrate alopne.for the entire periqd of study
(5 and i untreated,  dbetiAedtEsmdorEs teihd inter Sub RBBRY Bat o are
expressedslOas nmeans %ﬁﬂﬂﬁﬁ@a&ﬁﬁ%er@dﬁtdtﬂ_@sﬁ[ﬁ@a i RMred & thaought ati sti cal
significance was determ ned using the unpaired t test. FI 3is a
graph of the efficacy dflasamzlyrds ahitic sompeyns ia thesliact a of reptapresl ard

| owering gl ucosyl ceram | ev i of. . hol,6e. Spleen GL |
| evel s were neasured i &Hggfl?xeogtt%déo%ﬁr?gﬁ? %%’?gﬁ%gt}é%éﬁ&%gg@(’%@' and

foll ow ng 2 15weekSnahert eraBddimizht vi th iheanidal isanheibdodcenebs asiubiase (B) .
Mce treated w th reconbi nant_gl ucocerebrosi dase were, anal yzed 10 weeks

| ater wit hout™W¥thfaHeheridigasereitc peshogcogmises teertelsnyofni th Formula (1)

Hem tartngte (D). L1 1@8hidhd BneRhERD Af MLaR AU Sf abhobhaul a (1)
Hemtartrate alone for the entire period of study fE and 1 n untreated,
age- mat ched control s ( Fppasentad by thhtollowibDatsauatueal Z0rmaxfar essed as neans
standard error of the nmean (SEM (p—=.5). Statistical significance was
determ ned using the unpaired t test. FIG 4 is a graph of the
efficacy of enzyme and substrate duction therapies at |owering

gl ucosyl cerami de | evels in the |unghof &tcher mce. Lung G.1 | evels were
measured in untreated 3 nonth-old Gaucheg mce (A Oand foll owi ng 2 weeks
250f treatnment with reconbi nant gl ucoeereb ASE Mce treated with
eeks| | ater wi thout further
em tartrate (D). G.1

treatnent (C) or t er ~ther i-+h Eownul a
| evels in the lung of mi c& adni'ni st¥red Fornmula (1P Hemitartrate al one for
the entire period of study (E) and Ln untreat ed, age-matched controls (F)

are also shown. Data are 30 expresseéd as neans standaPi®error of the nmean
(SEM (n = 5). Stati stighalmaéamichil¢aneptds sdetiriggned using the unpaired t
test. FIG 5 is a graph showi ng the quantitation of the extent of CD68
staining in the |ilMer. apprssiaetteqitghgflammeBvelsstiithe somwpapnd Hythgrsubiest:| i ver
sections swas quanti fi eqldusi ng MetaMbrph software. Shown are levels in
untreatedl 3 nont h-ol d Glcher |iver (A) or followng treatnent with

gl ucocer ebr osi dase)( B) .adMsti@gttheainedniwb i dorepayide datidistdied tatal yubrdt 40 weeks
| ater without further therapeutic intervention (C) or after therapy with
Fornul a (1) S5Henitartrdt@l thpyroged phass fevelgof the empayl wdbesebisst &eaj ni ng
in the liver of

least 5 ng/ml. Alternatively, the trough plasma levels and Cyax of
the compound in the subject are assessed in step b) and in step ¢)
20 the amount of compound administered to the subject is adjusted
so that trough plasma levels of the compound in the subject are at
least 5 ng/ml and the Cpax of the compound in the subject is

below 100 ng/ml

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the experimental XRPD pattern (room temperature) for

Tnsenne la (I) Hemitartrate.
-6-



Gaucher mce admnistered Fornmula (1) Hemtartrate alone (E) and in
untreated, age-matched control mce (F) are also shown. The data was

col | at ed woemiawesnal ysi s of ten 400x i mages per secti omrCrrusaoieastysnf the
m ce. Statistical significance was determ ned using the unpaired t test.

10FIG 6 is a graph that sho ficac I l) mctartrate in
young D00V nut| - IGe DAoL 1B Er ey B R S o 10
week- ol d DA0QNLalds atiGferdidl élﬁc@%l%r%x%@&@ iRthAiHaSF Rfucher Rlicel 50 Mo/ kg
for 10 weeks. d ucosylceramdc |eévels in liver, lung, vascul ature and

spl een were dvatuaiédewntls piees ewedswed ithentseanety 3 myor}fP-OTd_Gauch@TanaeéAbr esent ed
as a 15percent reate hed contro shed

[ nes i ndi cat RSt 2 dveshs BEMF RTINS SRS PRbHRR: PhPur i B ce.
*p< 0. 05; 5** pviiQ- techtsEvathird€hBinkit F16ad REeHOSHAR! wéledntyakli @d, wabrpai r ed
t-test). Data are represented as neans + standard error of the nean (SEM
n= 5 for 75 nafekyithoutigtifegireagueniyh @y after therapm)@th Fognvlas(lt he ef f ect of
Forrmula (1) e 0 in Fabry nouse
liver, heart 'ﬁ%}hg%%é"@% gthl%mgggcggew ?gflg&%&%'thenh&eﬁ gmg shows a graph

of the effectadafinfsesrodiFarraiila (HeHehatattrat aldneeoahe cimiré periohsestudndE)
progression of perip heral neuropathy in Fabry mce. 25FIG 9 shows graphs
of measur emerit’d BUNEEAES nﬁ%"-k%‘@?hﬁfi cmlﬂﬁlém awcftlﬁfbﬁh%n FQBFVTﬁleéEr@tS?f@at ed

wi th Fornyl a algsllﬁee{ﬂ%@ L8k ddr8%fror of the mFir p%SE]ig ?? %tﬁ iRk ﬂ@mfff%angéq—r and

SRl studies of nouse popul ations recel Vi rug t hérapi es
Fabrazyme bi moas ddtgrmined Esmgmheau(lpa)lreldetrtea;tart rat e; B) Fabrazynme bi nont hI y

and Formula (1) SSFIée tartrate in ﬁftOOd Fabr gz admnlste ed at the
begi i ng of t he. iy SHEraR ORGP A S By RIS S )
Hem tartrate ji 'Ibvﬁé?ﬁ‘% gl@osﬁ@exﬁﬁ@d@l@’é@m ﬁ@%ﬂ%‘élﬁof((ﬁz)uchﬁ%k@r tsf)l%ﬁ gin food;

and E) no drug therapy. shows graphs of blood G.-3 Ievels
in ng/ L of BEcduwers rs¢a>suq§dpmtlam"¢amds3 mnnfh)oléﬁamlm nfige E\F'aidrfyllmgl 2and F
wld-typ t he ul ati ons edth A)

Fabr azy i obi M Py e oP i R bR ror PRl E i AR B tbont i

and Formul a (rbaon%MmoI@b&éramsmsefmel an@zeﬁa@r@gekmt@dmwus ﬁﬁﬂ@ﬂ at the
begi nning of the stu and at nonth four of the study and Fornul a

Henitartrate treﬁtm%&d’@) affes teagiyayinBornpgs gy Hgnytayrae P £rk | kvels |Hht1’e2)od E)
no drug ther as@}’e’e 3P a iR n AP ﬁ%ﬁ{fga{z?l Hgllnﬁartt%l% A %Heaq?x'ﬂf eno@'(b

| evel s in Fab a mce l1rver an dney; e mce popul a

recei ved t he shmyl (E\)Vhﬁtgmtlbﬁ’reaﬁ@d@%e 1ﬁétc1lr‘@hroairylm1?bamnbhhywn nDafacieul a ( | )
Hemtartrate; B) Fabrazyne bimnthly %ﬁForW|§MSI) Hemtartr?te in food;
C) Fabr aZfme XaFSHIA @RS ﬁtstapﬁ@fd@ér@r ﬁfﬁ gesp (PRED R ady- akds¥®l nont h four

of the study ang;&ar Ja?dét!a f@%&?‘iﬁe%ﬁ?axké&t‘cté’ﬁd D) no Fabrazyne, Fornula
() Hemtartra?eln d1 her apy FIG 13 shows

graphs of urine GEIS. Heﬂ/:egmph of Emtﬁffgtcala&gf mayeje dndesubitege mdpvioatthﬂameﬁ n= ’>)

ot L at o5 By PHR RO 1S BT BORTCAUERS M Lirt (2 BeR 1 ooa:

C) Fabrazyme ada@ihfasired ﬁﬂuﬁiteakh% REShIYNM Gauer Wi (‘T{A)lﬁﬁb{ ﬁ?lQ)vﬁﬁQ 28{ecRPNt h
four of the study and Fornmula (1) Hemtartrate in no- Fabrazyne,

Fornul a @°) Hdivienamant with reepnilpornt chwdcdybragdated)- tm@tpqated with

recombinant glucocerebrosidase were analyzed 10 weeks later without further
treatment (C) or after therapy with Formula (I) Hemitartrate (D). GL1 levels in the
lung of mice administered Formula (I) Hemitartrate alone for the entire period of
study (E) and in untreated, age-matched controls (F) are also shown. Data are
30  expressed as means + standard error of the mean (SEM) (n = 5). Statistical
significance was determined using the unpaired t test.
FIG. 5 is a graph showing the quantitation of the extent of CD68

staining in the liver. The extent of CD68-positive staining on the liver sections
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FIG 14 is a graph showing the latency in seconds of heat sensitivity of
Fabry-Rag mce receiving the foll ow ng therapies: Fabrazyne binonthly, no
For mul a (WY 2bimicbaset r at e; Fabrazyne bi nont hly and For nulP@T(USpo1bkesiosart r at e
25 in food; Fabrazyme administered at the beginning of the study and at
nonth four of the st? %i and Fornmul a (I% Hem éﬁtrtrate in food: no_ Fabrazyne,
Formula (1) P& FRnEigt asing Mspdlonnl sarugre nebupy arsiereisdp ypesirdd;  and
untreated at hoKBE ITRHRRer l'i:\l’é}'-{Ag of ol G gAF AR e SNOWh R dolBr b Rsddasamount  of
degradation area of an 30 HPLC trace of various bl ends conprising Fornul a
(1) Hemitart (& e Micadteotd Withehzxinated daspsawlahﬁzedgogwedt@ latadwithpuel PH 301

(M crocrystal | ul ose), after vin expo e 8 for 3 days.
The degr adat 11HS GErapuls Shefishtibn 18 bE PR PPk RORr Batndyid s ke

corr espondi ng{élﬁltﬁ@faf@a{:ﬁ) drk)alddeiMiuk@hdei aTRe atidnCetAdald @nhpliQdriet S.

DETAI LED DESCRI PTI ON THE | NVENTI ON The present rag(g)l I cation provides

uni que cryst dFaucher ﬁ%‘l‘f@n%df@lﬁllﬁlr@ﬁeﬁlﬂ%m(l 3 (I afEpteradane @dndnddaguntreated,
phar maceuti cgl, ¢ nqg@ﬁgc}:&rﬁpqﬁ I&(CF)(?LE}% a,?sc( %ﬂov{xﬁe pf'&xeeacfau %’t‘ég cﬁl‘?ﬁ@ﬁ lﬁ%'nﬁl‘_gré the

crystalline forns o SCri erern. pr esent
application ahabyspr @etlds0renhggspedisedtivti frbin dagh @if Weosyec Staistidel synt hase
or lowering glycqsphingolipid concentrations in a subject in need thereof
Addi ti onal | y,Slgﬁgcﬁ}cés%%ﬁtdeéﬁﬁlﬂpé‘éf‘?léﬁ tht BopEsd titthods for preparing 10

specific grystallimg f gg%rgg}b{i{é'{ g;%{!@s {hle)eff"&mai@fr Fdrth&a Iﬁ%lﬁ'ifﬁﬁfétm

appllcatlon al so provi es st arnmaceuti c fornu a i ons Formula (1)
Hem t art r at e,yonopgid4(8M/oull nhee. aEDHBulw(i)H{erh&anm@manddmﬁmﬁcerermﬂoal(( 1) or

phar maceuti cal | e salts reof (i ncludi

o tartrat o) Veka RaS A nEH it Se by ik v oie teb Rgtsn b ot ke (1) or
phar maceut i cabl Y0 3GGRRP! &lth&@:s Q%ﬁintn%c tlé\%‘l@ﬁlf h\(érnﬁﬂnlgd\f&&uﬁ%r@léﬂna splekn

Hem tartrate) that mnim ze the risk drug/drug i nteractions. Crystalline

Forns of For rmg¢ra e¢hhuardemitithe erdipbthe Study bnHE- Ehﬂt ilath are prebodiedrenn, at

| east a rtlcular r ht of , For tratels
oot ol T R R sl S A Bl RE T hist, GHhSBERESLS, ' 570
80% 82% 85%ndR60H 1Bl 138%ni BRI e190YerPddin Qd¥al X308 tv84%aicO5%< (96‘3/9 97%

98% 99% 99. 5% 99.9% or a percentage between 70% and 100%
anot her parti‘dwlaP- Oérmifw’ﬁémmtra@ted sasrolytyarteiled:vapaied &éfm)agléatwr%\eu ght

of Formul a “%g&@%&}&@%h&taﬁs LS had GG gfrt%%txl?éallrxh(g%l\%)c)xgﬂk%g 9%%‘}(5‘ 1) 25

Hemtartrate Far wel ght percen ages I'nc %
80% 82% 85% 63604 5BUWkdEB8% 89% 90% 91% 92% 93% 94% 95% 96% 97%
98% 99% 99.5% 99.9% .or a per centa e between 70% and. 100% As used
herein, 2Orystal | ilHE" /rdpwsdhe 6ffact§t§| gy s L lemitaripatedherspy aithe e wher ei n

e vt sk Rl eeher AT e o T SO sy aep PENE R,
crystals of elsodgle crystal line formof Fornula (I) Hemtartrate, or a
m xture of cryst alPsIG 8 shows a graph of the effect of Formula (I) Hemitartrate therapy
on the onset and progression of peripheral neuropathy in Fabry mice.
25 FIG. 9 shows graphs of measurements of some markers of kidney
function in Fabry mice treated with Formula (I) Hemitartrate.
FIG. 10 shows a timeline for ERT and SRT studies of mouse
populations receiving different drug therapies: A) Fabrazyme bimonthly, no
Formula (I) Hemitartrate; B) Fabrazyme bimonthly and Formula (I)
30  Hemitartrate in food; C) Fabrazyme administered at the beginning of the study

and at month four of the study and Formula (I) Hemitartrate in food; D) no

Fabrazyme, Formula (I) Hemitartrate in food; and E) no drug therapy.



different single crystalline forns. A single crystalline form neans Fornul a
() Hemtartrate as a single crystal or a plurality of crystals in which
each crysweal2ohaseishe sane crystal form Wen a parti cul acTseciens®mge by

wei ght of Fornula (1) Hemitartrate is a 5single crystalline form the

remai nder of For (L) Hemtartr i o] conbi nati o f anor.phous
Formula (1) Henit el éﬂé}loyﬁ@fws&?@ﬁ%qu ﬁ@rgﬁdﬁ el lt%?yit%ﬁhq%@% s of
Formula (1) l'g%ﬁhlaﬁfohé%ﬁﬁ?)ed@hié@'(ﬁgEtﬁaSrﬁRﬁgf £ECr Yalelypenans aile Wen the
crystalline Formula (I') Hemtartrate is defined as a’'specified percentage
of one parti quipatatony s¢livddribe flollonwofe thorapdsa /) Habdersinabmattely, nhe 10
remai nder is de.,u a ho form and/.or _grystalline forns other than
he one or nehar B lsrfFRhBiEn s Fali P d tuploniy 38 Fei B &L or a st nol e
crystallige flosmthmekditeroodr @) Rabfazi@e mMdhanistere d@ntht debinaii: @mé@ﬁtdg/ri zed
by one or nore properties as discussed herein. Because tartaric acid has

two car boxyl ia@dzémprgh degof the sdy apdhipraala §) Wepntarsaiefindeodid hid ar rati os
of the conpo e Formul a (1) t rtrat . jugat e base
of tartari o duoe SR TORLER RYHCERIHEe b hod ' Rl il B on e T
one nol ar ratdrog@ferhgytrate to Formula (1) is Fornula (I) Tartrate (1
tartrate: 1 Formnul a (Ié)' and the salt in which there is ahout a one to two
mol ar ratio of tartifate shewesrarisef(Gh-3ilevelsindipbrycRyg puss Hugriangt e (1
tartrate:; g2 . : :h)erg: - : i.Shyi N various
st ereoi solr(%er il-_[ég&?ééjr’?rl}se.(hﬁs%ee Oc%ﬁl%sté)or?g?g are %:lg%gﬁéng)sn%?dﬁg ﬂ%??@éér %I)H y in their
spatial arr arpbrenyine EHnamthlygmes Foanelagdl Hemohristter @ plFsloaeymse bhosehlyi rr or

i mages are not er po e,. nost .c nly_hecause they contain an

noyimet 1 cal IAPISUBERE U] SRR A OM pLE e HEpuS R NE R A B or

Di ast er eoner Soe%[rﬁxiﬁg I BRI SAELR AN Abn@ BuP Ot thek@lyeth@BordRuIF(Y)r or | mages,
most conmonly becausSe they contain two or nore asymmetrically substituted
car bon at ons.Hemitartraghenfoode D3 merfebedramies Foymiks (haheatitarsate i foask anganpl e,
L-(+)-tart5arir@ aci dl)  _depicted by structure (as in for exanple Formul a
(1)), thé na d“%?“&éﬁ?fé%d stereoi soner is at |least 60% 70% 80% 90%
99% or 99. 9% by 3G1eeilghthoRyctapislFturie GD-3tkeelotih®abSLRAEAIISONRE micdhen a
single enantioner is naned (as in, for exanple, L-[%+;:-tartari c acid) or
depi ct ed by spgkatigns (p2ad eecivedihedpdaping tsrapesa ) Fybragyae gappethbd or
naned enanti Qef. I - %. % % O : % Laht optically
pure. Percent op(fllin?:ué kldﬁﬁqﬁ{‘/arg@‘@mﬁ%gﬁ?of%ﬁ eﬂg{g% ?%@f(?ggf%?ﬁgﬁmg?ght of the
enant i omer ové@mitheraceirgfiodoC) Fakragpaptadativistapedist thbdevinghy obdheistigiyopt i cal
i soner. "Racemate” or "racem ¢ m xture" neans a conmpound of

equi ol arzoqu%wi%%tggoqr\ﬁt@ﬁé ¥ SR f“\kbi?e@éﬁﬁmé%‘ﬁatﬁilktfﬂ? L e%hi bit no
optical actiWfya, e & ol ta 84 £ rized |ight.
Tartaric aci ?%a%zy? e'r’egrlg%l%ﬁg)oﬁglgqngﬁg:{t%- ?4%& '? a?t gﬁ%ﬁdrgaﬂg&géy.
dextrotartaric acildGand is agrapasitovanethe latarey an secdngds af ihdatorenftifity-ofart ari c
acid, and the‘_E chiral form .rr.eso{la%tg{i‘c a]gi d.. The L or D designati on does
not i ndi cat e TRE REEIMECIBIAT Y RO BIHPE HHAPISH AP HoP MY PP ght .
10Any of the mfiRR@L{1s BN iBarRhtet BhbALYGe BehEnGRNaREFYREMa (D WERRAAEOr MUl &
(1) Hemtartrate. For exanple, the hemtartrate can be formed fromonly one
of its st2érechdoodirimbranynee abniyiviered@n thef baghening loé tleostud Thed hewtondr t r at e

salt is selected omD-henmtartrate,L-..hemtartrate en nesotartaric
20 d or tacenvi B Pkt FEpbne| il & bhEoh afRLTERCE il

hem tartrat e (spHbmitartkate 15 Ry hardrii@tiferap L -WiRIMd/pé bhiiaé; eindreanatddhat the

hemtartrate salt is formed fromL-tartaric acid. Racemic D, L-hemtartrate

neans that bdbfeemeRtherate and L-tartrate were used in the preparation of

Formula (1) Hemitartrate. The anount of D-tartrate in racemc

B tLa:‘ te;"a{ g” H 2tsgntrﬁ§ux%el P1:685:8ph LA &AM B taf Sno@ike JFRRErddAABN LAG FRuUNt of
30 HPLC trace of various blends comprising Formula (I) Hemitartrate, Lactose

Monohydrate capsulating grade and Avicel PH 301 (Microcrystalline cellulose)
after having been exposed to 85°C for 3 days. The degradation area of the

TYTNTY

trace 1is ratio of the total area of peaks corresponding to degradation
-9.



"Levorotatory" signifies that polarized light is rotated to the |eft when
passed through an asymmetric conpound. The prefix to designate |evorotary
is CCU,. WO 2011/06635Dext ror ot at ory" signifies that pol ari rped/useglosios2 r ot at ed
to the right when passed through an asymmetric corrpound The prefix to

desi gnate 25| evorot ar "D aration f For ( mtartrate
Formila (1) MERTVE Mk b ot are el %33559385%}1 mqﬁor@ f}rﬂbiﬂgﬁl}afﬂm@rﬁn
L-tartaric agjedrddatidnpbdd e sol vent. Precipitation of Formula (I)
Hemtartrate can be assisted by the addition of a seed crystal. The
solvents that may be used are 30nethanol, water, ethanol, acetone, ethyl
acetate, or conbinati oﬁ%EThéIFEEfDESCRIPTfﬂi‘éQfaTHEciN‘éENéfé@Nd fornms of
Formula (1) Hemitartrate can be prepared, for exanple, by slow evaporation,
sl ow cool i ng, and ti i i LV - in

t hese net hods inclu e[5 r\%gétn\{%% %Paﬁfz‘)% fﬁ %teg Bﬂr ue C?y%;ﬁphp g{)rﬁ%ﬁ%ﬁp&nﬂﬁgﬁ)

di chl or onst habemitstthanotd nés (pbmmdeuabﬁmﬁiposamts efiFormbB, (IeHbylitadegt at e,

nmet hanol , acetone, nethyl tertiary-bu ether (referred to " TBIVE"
herein), p-diORERsnGHE qr&iaéwﬁmwéﬁowéﬁ& I%%mtt%rtré%e dwge%éﬁ@ﬂrﬁ)

Formula (1) ) £.a

Sevapor ati on Thohes L apEy PRI RN Fa o RLEPRARNY SRENERLamde, o a
sol vent m xt wyethaSebt bctweﬂrufppglyecmphmgoﬂmrcésonqentrmﬁmsrmtdmrbg)éct iehbahol |
acetone, wat eh eé AK‘iﬂiacet e, _and di chl Brorret hane Pre ?@ﬁﬁg sol vent

mi xtures i ncl'Bef&%&t BPna ARGt ARPEFALRIPRY Mg Faet IPESRAFE

Hem tartrate s%)@&'fi‘é Jr?sl’tﬁ'ﬁm@@8rr9§09F@1&ﬁf1§@I)tI@élﬁH%a§é o ReRak bﬂ}lﬁll&ftloﬁ heat ed
solution of Forrmula (I) Hemitartrate in a solvent. Suitable s ents

i ncl ude et harid$q pmtdiarstﬂble mmremce@twﬂ (ﬁ@t@lulamhseqﬂﬁbrra@l@t(é)tIéemltartrate For nul a
(I') Hemtartrat SOtlId or s can 1 _hroi%ﬂvra d cool qq of a
heated sol uti r‘P SRS GRS e 18 "a’& P a%’;‘ﬂcﬁ}lé% Rg the
solution in ad&c@}ﬁelbllersgltbateheoﬁmdl@dlhg F‘o‘)ﬁhu&r(HﬁHbﬂﬁﬂablt@ﬁe}EMftﬁmé{hodﬁ%&"hanO|
15acetone, water, ethyl acetate or m xtures of these solvents. Fornula (I)

Hemitartrat e tsestmant wihsheeempeunsk efiaraml v () saahagnaseybralhy giseprRbior mul a
(1) Hem tartrate iq (%)Jh\(c??% mﬂfa;ﬁf H‘%gﬂg g&@%\égt a?nﬂ ik i ehﬁgll yent at a

gi ven terrperature ven is e acet at e,
acet one, acetdogidiugd mteﬁaodxmsne, THF, TBME, p-di oxane, isopr opanol or
hept ane. Particul ar sol vent/anti sol vent nixtures include methanol /et hyl
acetate, neth noI /[a ee}:one t ha eﬂexane nmet hanol / hept ane,

met hanol / acet' ORI el Ork ¢ W”ﬁf 6I(Q migtanol / THE, met hanol / TBVE,

met hanol / p- di oxanqn a%aﬂﬁ&%{ %Mbm?&@tﬁtl@ast @tpﬁﬁ'it%hz{r*}%@é?ﬁa eBrS}h@'@ MB?pt ane,
et hanol , acetone, ethanol/acetonitrile, ethanol/tol uene, %hanol/

25et hanol / THFFormrdzeﬂb TR itanerherip |cs3®mlbpan8artlcwh1revdlglmtatemmrttagelsenclude

wat er/ ac e}d,{:}glo % n e 5o, di I@n&sg/c one,,
di chl oro t ha e “h@’l 5%‘59 a?egé%r g%\ r?“etgﬁé%gﬂénggttgoﬁl 8 Y91%,
di chl or omet hame,, todoyensy,, @Is%hb@%ow%ha@ﬁ/ b7, 99!59J8|W9‘V€ebhafp@ch%e
di chl or onet hane/ p- di oxane, and di chl or onet hane/ i sopr opanol .
between 70% and 100%.
In another particular embodiment, at least a particular percentage by
weight of Formula (I) Hemitartrate 1s a single crystalline form of Formula (I)
25  Hemitartrate. Particular weight percentages include 70%, 72%, 75%, 77%,
80%, 82%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%
96%., 97%, 98%, 99%, 99.5%, 99.9%, or a percentage between 70% and 100%
As used herein, “crystalline” refers to a solid having a crystal structure
wherein the individual molecules have a highly homogeneous regular locked-in

30  chemical configuration. Crystalline Formula (I) Hemitartrate can be crystals of

a single crystalline form of Formula (I) Hemitartrate, or a mixture of crystals of

- 10 -



30Preferred solvent/antisolvent m xtures include nmethanol/ethyl acetate,

nmet hanol / acet one, net hanol/ TBME, and wat er/ acet one. As used herein,
"anti-solwennivmedsers to a solvent, in which Formula (I pCHarseelansT™at e has

| ow solubility and cause the Herri tartrate to preci pi tate out of solution in
the form of g;f)pte owde or Chﬁ |'s. Addit] onal gods to ner e t he

sol i d forms oHEGRANg! S(rysBHEIR O5Ppr 4y Eng learvaialliy BF Bﬁ%Pieé‘P QUFH bl i d

from et hyl a%érﬁft%ﬁ@@&so@%nawc&%l Qf@:ph}faﬂ{y%fﬂg y§Qlsiifl W IRERBELIALy§@PM
tenperature. In another the solid can then be recrystalllzed from

acet one wit h has thé smmytstaéf@mh t| on of a seed crystal. Alternatively,
Formula (1) Hemt rate can be tated.fr et hyl cet one

Sol vents and recryShEh PRAERFRTRTE: ebEtsof Fofh il REEFVERGrER hut a
(1) Hemitartradde eaptdlNed fdren, rtls;@fefﬁzhaaéﬂ Fethrhfu@A 1) Hwﬁmﬁa@l is séker natively
Formula (1) Hemtartrate can ‘be 1Qre pared using acetone only with no further

recrystal | i zaomgnnatn e saeiphens - enwal(l Hemitperate. andratoac oamae other

precipitated f %

ecryotarl | zdeySREEREo Bl 8 ikalthflard Ficttne e PRU SRR e
recrystalli ZefdrfhrWhemihélaf}@teﬂHE@FOﬂﬂulw(I)mathttalﬁ@mtdetfhﬁdatédi dpkcifiecdf a seed
crystal. Alternatively, Formula (1) Hemitartrate can then he recr stal lized

from wat er / adSrEH8Ri qfrPﬂ@rpE\ml%terYﬂ%BH&df@r% it ogmudp deBgnutapaptg) the
Char act ermzatﬂe&gnﬂfa%aﬁaﬂ@{d& PGl ﬁ?l Cf?nﬁ%ﬁmlr% O)Qte)l 11'@?3ﬁ1?sr5tﬁ@1tﬁa30| n a
I ne rru a

particul ar enbodi nment rysta ormof F Hemtartrate,
crystal For mthe ohe ocharapteicuedobys dneard pecifteldr d&xanfpder ofox srlhglee maj or

XRPD peaks at les of 5.1 6.6, 10.7, .1 15.9, and 21. I.n an even
o6 bart ! calcarstelBRd R R4 o (Lo T a1 e B Qe actinisd By XD

peaks at 20 Elﬂﬂlcﬁsm&feﬁ %em@s Bs dﬂi@us%edlaére@m 13.3, 15.1, 15.9, 16.5, 2517.6,
18.6, 18.7, 19.0, 20 . It is to be understoodthat a

speci fied 20 angl d3arevsedantine a@pﬁbhantwedzaxb@kmlec aqdd groups, it canAgrnysdts widr ei n,
"maj or XI?PD

e O pel G T Frctof o he el doy Bt bR RR4 e Ot eosit

of the peak Qfonjuﬂh@fb@%oMﬁﬁﬁktSacﬁ@eF&ee&léIﬂpm @feSdalt¥n @hidhiBerk & GRSt a 38 peak.
Met hods of Treatnment Using Formula (1) Hemitartrate As used herein, a

subj ect is a tP@pfEIclarFRlET e tariAe t@ Hagmile (Das Fermula blitTagsaie 6l Gorass lan ani nal
d of
'Cgt geeang t‘égiq%b{‘é)a(b\f efnfdgrﬁ‘ém Eﬁ;{r}lﬁxmlﬁ&\f&efae'sx,s G GRTRAR Ry Ao iE?lrat(oh anma%Ogs

cows, sheep, orses,
the |ike) or taFoaholadl)as Yoramniladh Hemigrtratd @t tastratd: Q@orglular(e)a pi gs, and 5t he
like). Subj ect and p tient are _used interchangeably. One enbodi nment
of the prfsent appihiedBPIBHTAIE S GABIEREY oYU Nerrgisomerig formsnni pi ti ng or

reduci ng the S’%&rebi\ébﬁl&s%e &Jrﬁ‘;lfd%lﬁ){é &t @@ef’ﬁn@ﬂi‘m}%‘% a é ﬁ\@ern'l&g

gl ycosphi ngol i pid concentrations in a su . _ er eo
admi ni st er i ngEntaotivthers subpactof atereifoaet s WbO&EI’IDlHlN)ﬂ” 1magd§(arermdtaupdr})>osable,
Hemtartrate salt, mclugling . , .
most commonly because they contain an asymmetrically substituted carbon atom
that acts as a chiral center. Diastereomers are stereoisomers that are not related as
25  mirror images, most commonly because they contain two or more asymmetrically
substituted carbon atoms.

When the stereochemistry is named (as in, for example, L-(+)-tartaric
acid) or depicted by structure (as in, for example Formula (I)), the named or
depicted stereoisomer is at least 60%, 70%, 80%, 90%, 99% or 99.9% by

30  weight pure relative to the other stereoisomers. When a single enantiomer is
named (as in, for example, L-(+)-tartaric acid) or depicted by structure (as in,

for example Formula (I)), the depicted or named enantiomer is at least 80%

90%, 99% or 99.9% by weight optically pure. Percent optical purity by weight
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10crystalline fornms thereof, as described above. A subject in need of
treatnent is a subject with a condition or disease that benefits from

i nhi bi ti *yoghuaws3skcer am de synt hase or | owering gl ycosphlirasgediopsds2
concentrations in the cells, particularly the |ysosone or the nmenbrane of
cells. Inhibitors of cosyl cer.am de synt hase have .bgen. shown to be useful
for treating 1&5@%@8@&9{% ¢ SRl 9e Ui Sunbibmed qepr & Vel Sl IRE CTRMHRRET or
Fabry di seaseg, (s8R wiight & ®oal HomerPat ent Nos. 6, 569, 889; 6, 255, 336;
5,916, 911; 5,302, 609; "6, 660, 749; 6,610, 703; 5,472,969; 5,525,616, the
entire teachings ofRapfinath” ar Ga¢ansionpatuad ededne asompbynd ef esuencle) . Exanpl es

of conditions_ or..di seases include polycystic. kidney.disease 70, and
menbr anous. oI BRBIEHGRAL P eay. aeisHE YR R SRRl a B
61/ 130, 403 and. Gadl2ndr4diatetthepRié bf golheaghighgs of which are incorporated

herein by reference), 4 onerul onephritis and G oner ul osclerosis (See U.S.
Provi si onal Pat entTaagpici acad hamtheay stereompayers: dp(is)-(asagicpe ©/52009/ 001773,

i abetes, 25 ThnPOARed e buibn S Ragh PRAEGRA DGR B aA T IRETER

t eachi ngs of andithé aeliiealifonns pesabestihacidi Mhey. seh dedpsjon ddedaloitng
di sorders involving cel]l growh and division, including cancer, collagen
vascul ar di seBdisate the peidoseliginty wiatg e plage pERalarikghEeht ophy of diabetic

patients jgsee U.S.,fRabep s%Q%ois@m%%G%ﬁggaﬁ@gciﬁ’c%?i%e‘?l%gd td Bgegﬁﬁlf;:%&ula

teachi ngs of which are 1 ncorporated herein by reference),; iting the
growt h of ar t(ér Hamiteprdthe Foakxamplesthedeenitdr@SateRahéntfoNosd fionDdily02 «tnd
5,849, 326); treatin @8%“ ents syfferin rom i nf ?ctsl_'horﬁ&]gsee Svensson, M
et al., "Epit'Hel'fapP Esca%HiCﬁgg%lﬁﬂ‘H“ FRJEFSA as & "BRYBHFAIR AR of

Bacterial AdhgienceraRth Mehlakiife PLDH&ﬁithﬁf%té,mt%ﬁfiﬁﬁgotaﬁQﬁc hod#acemic
(0] I C

62: 4404- 4410 (1994), the entire teachi ngs are incorporated herein

by reference)D.lphementiatg hespeostic embedimepatthe bemitartoate gelhes bt i ng

ant i bodi agai nst the tupor. (see.lnokuchi, J. et al., "AntLtunmor, Activity
T oe 33 AdR s iR hEE R P weBipRrieen ™ MRS e
38: 23- 30( 1987)-tartdi: #1d.1 R@c&hRAT Ni-RGRitRftrath hehnaftat bogoD perftakednder ei n by

reference); and treating tunors (see Hakonori, S. "New Directions in Cancer
Ther apy Based2@itansrs aind imthe axpasriioprofd guaslpilidenitpitede. Ahe pmadhesi on

S T e T

Car ci nona by tamn thehithddmrofaf-tat@atelpieesay ! cer ami de Synt hase and its Possible

Mechani sm of Action," Cancer Res., 50: 67%.— 673&@&1990) gnd Ziche, M et

al ., "AngPogenesi s LCYArGRORY | Fignidies dhasporsireddisdd s 1wtatad 8 (6 I8{t véhathange in

GVB : (D3 Gangl.i.Qsi t4 00 o A : ire
%as&%’ {60 Rt drf aslynl-rﬁarlc a:'aﬁ rhnd. @Yw}%&%ﬁg fPddsi e levBRﬁfn‘;ﬂ%l )

t eachi ngs of "which are i ncorporate el n by erence)- 15Fornu
Hem tartrate ‘ddn al so be used for a cancer vaccine-like preparation (see,

for exanple, U S. ,Patent Nos., B 6,569, 889; 6,255 336;. 5,91,911; .5 302, 609;
6, 660, 749; 6, 610, 70’ ,th@}”%%{f%@%gng,?qﬁég?‘éi‘gs‘?lzed right 1%5‘&3@3&86 e For mul a
(1) or a pharpRGepdss &Yy aEEE RS R dmpdieue afhe(jrBak wsluBdotdie
hemtartrate salt thereof) can be used in the disclosed
25  levorotary is “D”.
Preparation of Formula (I) Hemitartrate
Formula (I) Hemitartrate can be prepared by mixing Formula (I) with L-
tartaric acid in a suitable solvent. Precipitation of Formula (I) Hemitartrate can
be assisted by the addition of a seed crystal. The solvents that may be used are
30  methanol, water, ethanol, acetone, ethyl acetate, or combinations thereof.
The particular solid forms of Formula (I) Hemitartrate can be prepared,
for example, by slow evaporation, slow cooling, and antisolvent precipitation.

T

- ~~lvents that may be used in these methods include water, heptane, hexane,
-12-



20nmet hods as a nono-therapy, i.e., as the only pharmaceutically active

i ngredi ent being adm nistered to treat the indication. Al ternatively,
t he conpowoadoafoskssenul a (1) or a pharnaceutical |y acceptrablusS2&aios79sher eof
(including the hemtartrate salt thereof) can be used in the disclosed

met hods as a cpnbi nation therapy wth other tsagera euticall% Zf':glctive drugs
known in t he ‘BMEDFFChIOEAREHENS ithagesi P OBy el Hetqmil et Ysetate,

" Co-therapy” R&chaf@RidIGEd, Aeth ArtertCRPBuRALLRA (d1eFaRYo a@“TﬁME’%iﬁ&Pﬁt er ed”
are used interchangeably herein and nmean that the conpound of Fornula (1)
or phar nmaceutp-daixhye, aoddptrabideoRmarnt (refraredab agi“Adilidiengini.he henmitartrate
salt) is adm ni stered be ..after, or. concurrently with one qor nore other
t her apeutic 30 ag§%¥gm&1ﬁ93%@“§ﬁ%8@fwﬁﬂﬁgﬂasﬁﬁ ?R&%@&#”Fh%ﬂéﬁg is used to
treat a | ysoseApbratibs €ase aSYhRicaSofGENE! (1) iHxaasetrele ifabyoyydit Sease.

Al ternatively, the conpound of Formula (1) or pharmaceutically acceptable
sal t thereof seiveer odktige tHetalbensol gent maixenrgaincjudeqmetbanelnthiagele pegione,

si mul t aneousl : u ith f | or as a
Foint. fornut &tk BRI ERS kM p Ry bt BhesRRELAL S A 0
sequenti al | y,etsmosapathahél, sargasidtacerss. W thin an appropriate tine frane,
as determned by the skilled clinician (e.g., a tinme sufficient to allow an
overlap of the phdrrEsguth) Eemigriraersolidiforpecambe apsrad thpughsioWmpound of
Formul a (i) CHOOPH?ro%ﬂl%%e'd%%lldt)’onaﬁcﬁﬂhﬁ@el ?I%??ellﬁitérnﬁ{eqma s(o'l@éhlt.u@'uggbltehe
hemitartrate salt) and one or nore other erapeuti c agents can be

admi ni st er ed solveatsinalyide etlose!.onethanstfuivaiap] scetomesand ethyhncaader and on a

schedul e suitable to achi a desired therapeutic effect. Therapeutic
2gents. ef fect [ve. AR VEat R teon NaLEneF ol s Bisdareiobidant

gl ucocer ebr oI Q@88 of aNRhRAUSStRIn & TUGRASL EHTRSI ARG ihHIINAR! Sy Placing
gl ucosyl ceram de synt hase and nol ecul ar chaperones which bind to

gl ucocer ebr oshdaglatiandn respolies bedh. dovtablst sobomftomettdecsihar@lumedenelbr osi dase
or anal ogues thereof can human or .mammal. derived. Alternatively,

gl ucocer ggr osﬁcﬁg’é’g’ AT %gﬁoﬁﬁggé P‘hg]r”é%lfescoafﬁgﬁsg S@E‘feé)it%ed reconbi nately. 15
Anal ogues of gl ucauenriy asiHéasitrirhel sede biHneat Bépfpars ©f addigg @nzyme

and/ or enzymes with am no acid substitutions relative to the native am no
sequence of tseEutipat ¢ilecoranys tip Hoppisarfraed ntenstl verk @s Wegdrdgidakovate sy i s

retained. Exash%Rle%? 2Pl R%ﬁ't%gﬁg&u% %&%@W@ﬁé@%ﬂ%ﬁﬁisﬁﬁleﬂ?%étH?ylg' ucerase

(sol d under the tradenamnme zyme( poratio

Tal i gl ucer aseicAlatd actnbeacénimitkableneMUHF, TBAE radiniane, ibpirgsaol, éand
devel oped by Protalix Biaqtherapeutics, Inc,) and Vel agl ucerase Alfa
(devel oped byreskinee P;aﬂeslﬁamlwta?fl@sqlé%rmxxrﬁlarﬁﬁ ippdemsthiee efiﬁlm ogue of

human 13- g1 ucoest ShiARIdIASEonEXABRLAS! AL B0 B0AREONeS | ncl ude

i sof agom ne (I ével opnent under the tradenane Pliceralm’by Am cus
Ther apeut i ¢cs,m@hamddacygtonbilg Jmethswfl4gbwhnaenethandlé BHK naathaasl/2Bdfiost at

rtr n ins . th rir It form,of j sof I N i iv
it ﬁgf’ egit :n? ' déﬁ%{ tﬁ?(élépsiggoxgnft:,aetltlanaotlﬁethsy? agetat%, eth%nol/l?ecg(a% ,Oe%aneol %ptatng, active

ethanol, acetone, ethanol/acetonitrile, ethanol/toluene, ethanol/TBME,

25  ethanol/THF, water/THF, water/isopropanol, water/acetonitrile, water/acetone,
dichloromethane/heptane, dichloromethane/acetone, dichloromethane/ethyl
acetate, dichloromethane/acetonitrile, dichloromethane/toluene,
dichloromethane/THF, dichloromethane/TBME, dichloromethane/p-dioxane,
and dichloromethane/isopropanol.

30 Preferred solvent/antisolvent mixtures include methanol/ethyl acetate,

methanol/acetone, methanol/TBME, and water/acetone.

- 13-



gl ucocer ebrosi dase inhibitors include mglustat (devel oped under the
tradenane of Zavesca TM by Actelion Pharmaceuticals Ltd. Allschw |,

Swi t zer | amORo11Tlsessapeut i ¢ agents effective for the trearcEmS2a/0F®b? vy

di sease include 30 a gal actosi dase A, anal ogues of a gal act osi dase A and

nol ecul ar chaper onges i.ch bind to . a gal actosidase A and.r ore. i

correct conformat i ‘.‘gﬂégi 1@5?130t%§1'6‘§¥%1%Ar rsa??a‘? uey: Ph‘éfp’é’gfsptoé%ﬁd%gfhunan
or mamal derfiuptariAkd BIRW d@hdiitPatBLARE 9B HRERaAr ARG, PR SGHES UL ber eof
can be obtained reconbinantely. Anal ogues of u gal actosi dase A include
truncat ed forsekutof mhbe dorny nbfiaagowodeeozenys®isni t h ami no aci d substitutions

relative to the natiye anino,sequence of .the ive ne ovi ded t hat
the bi ol ogi cal _act LG T TEPST okt eEsts i wulCers ar SgUaTagh) |

gal act osi daseidmithclaudmcAgr! stelpaeiRetiR H1idaréReaia0aRte/ AedHe and

ct-gal act osi dase sol d under the tradenane Fabrazyne) as a freeze-dried

nmedi ci ne by GMERABY devipssalid sermesiid ragal tsmgarsurg| fa apathepawisidadit protein
sol d under t T I ' of ; m| e ar
chaper ones i }r%c}lucfggaﬂ%gﬁ%gt%%ﬁ%g%%&e) r8§12£c‘1&3%£e|—\9 t? ﬁg&t’;} {rHé g%’aeﬁiedd%nggf#M by
Am cus Ther apeudd costal Crdrdbuttivel WFoamuda d) BigndiQeonteajanibegpratigahi@d ttadm
hydrochloride as its active ingredient). In one enbodi nent, the

combi nati on tSHBYAsGttORctPRe 1 eenttand restystallierd frogt ctpybisetidfsease i s
carried (G - ' , ' or the
Freat ment Cof CatRar o e amal? (B b B S ey St Rkl fRor

gl ucocer ebr ossaasparafl. aiteanahe@dy €otrnelind Of HémrtaEeae har be pspasel wae 15

gal act osi dase A or an anal ogue.thereof for . Fabry dise is used to

Jrabi || ze e EBF Ry SRBOEST Gheryvbitor A GeRS DB ol cease)
one of these HAS tlate HEEHL %%gﬁﬁfi’t’&ﬁfréﬁ%c’é’eﬁn@%ﬂ%h@—a brist QERGEwithohhe

visceral organs such as int iver, spleen, lung and/or kidney. Once this
has been accdrphestestystalheatoonpound of Fornmula (1) or a pharmaceutically

acceptabl.e salt thereof. .7Q(incl udi he. hemtartrate salt) j,s ed in the
second stldge as a Seoen e et CACEPRASEN DTt alEIty of cal Ty
l'asts up to Qf@hakyhcelddeBEitIObr WORbuV@KIdRTonWY 4 SeaR@ystiMAltediiRRly, f Our,
six, nine or twelve nonths, or until the subject's platelet count is equal
to or greaterFarpara Goblcontrirar caniberbbe sistystelbiaed fopnwviata/acetoaguath ¢lo or
greater than 11 afdi. S{kﬁﬂ%%}a%e&%y@{a‘iﬂ 75(mal e); and/or the subject's

spl een volune 1's |less an or equal “to 10 nultiples of normal and liver

vol unes are less than or equal to 1.5 multiples of normal. Adm nistration
of the first Ghagerergatiypbtarilsyaléndédranog I'ohenapy) Wettvarinereconpound of

Formula (l) is initiated. As used herein, an "effecti ampunt " refers to
an Amoun e ect i V8 A RATHEUAT wﬁa&mﬂﬁékafwlhae §m}9gﬁ%mgﬁaghe_ subj ect
bei ng treat eché%mtmézIcﬂyét?lmﬁpgpﬁsqma%&ér@z%decf &fd swhnimtdhe fsuirepte  The

exact fornulation, route of adm nistration, and dosage is chosen by the
i ndi vi dual phygioc X&PD pealisew 20fanghes qfalt 1 ©16t6°s 1801di 1.0Bn.5. Dosage Laifodnt and

interval can be adjusted individual.l rovi de asma | evel s. of, .t he

act i ve: compodtitF ERatorgrarafites phtimeat duf hERlSRELTRCR PReFiSEgt Ry
effects. In adrlpbipaks o 2dhendad bERL® Se.60NW 19 an @nds Bhel srpdea saf° 16.5°,

adm ni stration, the dose adm ni stered woul d d\(laéend on the severity of the

pati ent' £5syniptons 8&d 188 a1 .afi2°s 28 ge aafd3viei dhts. todre wirdeesteod, thagfount
w |l Stypically esult | I t | s,6t the conpound above at
| east 5 ng/ mspx?@%gl“gsar%?%ﬁgugﬁlees@g#ggg&gﬁ%eﬁ 8\% 5 ng/m follow ng

adm ni stration of agueldflectinyemajmp WRPDfpehkiercdannounXRPhgedbsdiibei ng

adm nistered to that subject is chan0 ed to an " ad{ usted effective amunt”
such that theetatiggdpepaiersart thael TanPelatyc aptenyty isealqulageday pratio of

Al ternativel [ ; : ar ng/ m
and/ or the Cr%}r}]e bl&éﬁ gQ%{%E& Y?Jggﬁ%g?%fyf%ﬁrg%&&ﬁgﬁ laséfr}ne ﬁ?@@% 8'2 ngt Qeglna?%éfsi ective
anount of30t heeabnpound, the dose being adm nistered to the subject is

changed to an "adjusted effective amount” such that the trough plasna

| | f th t 1. 5 / d the Crax i bel 100
e D ¥ e b Bty Sl Bt A

15Al ternatively, the effective anmount ranges from 50-300 ng/day. |In another
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alternative, the effective amount ranges from 100- 300 ny/day. The conpound
of the present application may be adm ni stered continuously or at specific
ti med i ntwovaligesor exanpl e, the conmpound of the preseRCTASPIINOSISDN Ay
be adm nistered 1, 2, 3, or 4 ti mes per day, such as, e.g., a daily or

twi ce-daily 70 forul atj on. rC|aII aval | abl e gssays ma | oyed
to deternine opti “%fé‘slbef?‘&ngé‘é Jﬁ%‘ﬁ&r YBHEGE f‘?‘ﬁy a%‘l’ﬁ% lgﬁt“reaf %gg

I'n one enbodigBNliso BNaehfiBfd i Be QMO e i R4ry Iha AP Ahchof cdiRpdba (1) or a
pharmaceutically acceptable salt thereof (| ncluding the hemtartrate salt

descri bed abowmenai @. ngheatsa@dathndﬂ@b raefaalpyalmmah@ @, covs,Isbegpy)gsa daily

dose 250f frgm 25 m 300, m | ternatlvely 25 m.ligrans
Lo T80 m 111 g, Moy el hJabelpiely oI Ee St FHis g s 408
mlligrams; and!ikp) asetjbarandl fagiehtdreVBed meach@@%e%l;l igrams to 300
mlligrams), such as 2 50, 100, 200 or 300 mIlIligranms per day. In a

speci fic embodi merfone embedimsest pi Eheapresant aﬁph@aﬁ@n@émﬁhad@f slp@»fmmag(l) or
2 phar maceut LYo PGr AR RS BLEyR0 ¢ RE RS LAl AR EQE I ddd)
daily dose Ofolﬁ@asphidobgpmn(cfaﬁlﬂfata)ﬂmhalsubjecﬂ.ﬁﬂnemdl thegod s agatinidaying 100

mlligranms (for a taotal of 200 mlllgram; per day) or 150 mlllgrams (for a
total of 300 tRith¢ ﬁl@]waqfsanp‘%ffecaawmowﬁ aht ainpda fRii Gaitagiptosh mptiudigy
effectivgpa f (1) or a pharnmaceutically
accept ablqg gg??&t%%r%gg |nc d%%&ég?%?ﬁ%%) Hemtartrate) is (whether as

a nonot herapy or a&sﬂ)je@m hexdag\teamanit b stubjeedwab a&onmuendadﬂs@asddme of 100
mlligranms/day, 20Q mlligrans/day, or 300 m||li /day an

orbod: mont . ke gt vt RCY Gptn s & B R h R bithe

subj ect is a coROMraBdROinTRE AIR! pASEularB e 1IBBAS SL&S nRh kUt asMa

| evel s and/ or Cnax. The anmpunt ‘admi nistered to the subject is then changed

to an adj ust dahibftbed ighsosyerummidegsnitiessday b beenodionw, 0 ?OE usdiel for beafingpl asma

| evel s a b or the f t oun are 10 bel ow
5 mel ot -5y v ShBaliibe plaskiich 3OS CapHer Y PR (R s for

determ ned t axb@pRNU iPateReNoat®s 6 38X bers3ve/ Uh tg ariapizd2 84606 o860, 2ol i zer .

An effective am)unt for poor P450 net abol i zers is (vvhet her as a nonot her apy

or as a co-t He? ¥hif3; éé%%ﬁﬁ?)ﬁ bt Ole thermoregachings| of grhaghsarp drcomgyated or
exanpl e 100 q{e ﬁngg mdlgnams, as a once daily dose or twice daily dose.
15Typical l y, har maceut cal conpositions of the present application can

be adm ni st ered bﬁm@lesr obfdrtitiensn@alisea®és Mnichhieépommistlc Asdnsselisdaet ei n,
"bef ore” or "after" a meal is t% pically wthin two hours, preferably wi t hi n
one hour 2Onord@dgpepkraasy slanterioratiy5e H%Lﬁr%wl%k?mﬁ%ﬁépaﬁtgﬂrw thin ten

minutes of coTERLiAY, o[ Db S e fTRlenchBSPEE LG e if0ibofiisy Now been

found that the corpoun For nmul a armaceut | cal cceptabl e
salts ther eofhe@emcblyuﬁfmgnd%c)r(&idrmer(llo)nephmm amd Gdidzm¢ruﬂ®ctmbsab()$eez@cs by the

liver, primarjly. b tochro P450 hr are
the pri lr[:ci palﬂrﬂ}é/ﬁh‘%’iagigﬁtgﬂbﬂpgﬁ@%éﬂngfﬁg)ﬁ%%wﬁ%%giép&%gz;ev)
xenobi ot i c- mahabeliiezikRthif F%st@Wﬁfeﬁear?ﬂﬁ;%@&éeamf@ﬁ%gc}efaile@e viRibegds human
liver (i.e., CYP |IA2, CYP2A6, CYP2B6, CYP2C3/9/18/1 CYP2D5, CYP2E1 and

CYP3A4/ 5125 | tinbladingowpa R sbalimsen(sto Y 2006{0589F2 08¢ andreQvidiugaofowhish
primary cytochrone P450dhs9f18rb X Qa& gtr 2SP nsrl bl e, f o ; de- tlf)Xrl fﬁhng t he
conmpound of Fof mﬂoép((rflse and® Se Frace (it Cal §/0 QE&S gal}gtce g0
Formula (1) Hewdidikidnai®ludi hg cb@o/eelc&faoéﬁ)aﬁidu\mrtdds@fsemaibr@mms did fers

according to the individual. For exarrpl
the renal hypertrophy of diabetic patients (see U.S. Patent Nos. 6,916,802 and

5,849,326, the entire teachings of which are incorporated herein by reference);

30  inhibiting the growth of arterial epithelial cells (see U.S. Patent Nos. 6,916,802
and 5,849,326); treating patients suffering from infections (see Svensson, M. et
al., "Epithelial Glucosphingolipid Expression as a Determinant of Bacterial

Adherence and Cytokine Production,” Infect. and Immun., 62:4404-4410
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i ndi vidual s can be classified as poor, internedi ate and extensive/ultra
rapi d P450 netabolizers. Because | ower |evels of P450 activity in an

i ndi vi duaocan/mgs3se rise to drug/drug interactions (" DDPCI/USamoNMEs2

enbodi mrent of the invention is to determ ne whether the subject is a poor,

i nternedi ate e ten5|ve/u tra ra P450 net abol | zer he subject is
an i nt er nedi 4?59‘8,: the g iTRAS mg@roaﬁ“ﬁag% BB ABSFaLS Lereflh@ﬁr%f% Enggke

ad”‘n'SFered;ﬁ@v&ﬁﬁ&tﬁyﬁb§C¥eSBQH&ﬁ H@n{9&§%9nkgn%%odﬁgh%§ﬁ§ﬂﬂﬁﬂﬁﬁ&E'Ve
dose", i.e., ‘the amount which'results 5 7n trough plasma | evels of the

c?npgund of dsed bakucly, hgfind/,, "Anﬁﬁfnpm%fmwquWﬂhiem%@uhﬁ@nkn(grgu?h | evel s
. L 100
e Srer e e Rt Meg 688 B o sk A Fu s 1 2 2 PSR HEENRE one.

twi ce, thpee, tezi&hhﬁngfo\ﬁﬁch%Béhﬂcb @8 hRRSR DGk erd Rk eRCHHIQAY QAR taslokSt ed
effective dose or the CYP 2 gene there are four predicted phenotypes:

A "poor P450 (fe Habemesyr 8. égw Direchigps Hut anger dibeepaBasghiosm\ pagantt i n

conplete |os y t Jretabol i zer"
possess one ﬁggicedﬁynggggfﬁlb(ﬂlnds 1§%gh%n§ gﬂfﬁgﬁogﬁﬁé%%héxtensive
P450 nEtabolVEﬁﬁmnpr%ﬁSuﬁfemﬁﬁgﬁIQWG(aﬂﬁnnﬁummbﬁxUhanﬂLWDﬂﬂDMthﬁ
functional alleles. ltra rapid PA50 netabolizer” carries nultiple

copi es (3-13) ?aﬂreﬂﬂrtﬁ%%hl\éﬁt&ﬁtaaqs|0é|1\é§r%aems&dmge asekpRa By 2y dakipgonet i vity.

A subj ectygi s g o] 1 hahidh R e gL gxtensive
[ Tultra rap|é lgli%géé%?Z%sﬁgce%egﬂdhgslrﬂ%s%ogg Cg]gnlgtly%l ngﬂ%% t(hréugh t he

noni t ori ng ofRasheOt6BUgh’IN d9a8) hel/BlchepoM. @r diugkmglageneswr@naBel ized by a

P450 enzyne s ch as CYP2D6 or CYP3 Y, Ievels
and/ or O WER A OTHEBe BT Sy MBS bR e B et Recoept abl e
sal t ther eof RAtREt &b NGvEQT wylA 1(1)5 (1@912} ahé Eﬁ’t‘il% 184G MR 1ok e aw the
subject for 25up’to one, two, three or four weeks, or up to one, two,

t hree, six, nnﬂerporat‘tmmm bmmfh@nm) m)re following initiation of treatnent

with the onpound 0, the e are.nmade, as_necessary, to
mai 0t ai n 1ohe | eveifo T Rl Bt B PR R ETR R P RN 11 s

level at or ghepseatonNGeTfor eRbRpRCUSS. PaRNPRESMESAIERY; BA593s@tab 9izers as a
result of being treated 30 with certain drugs that are P450 enzyme

i nhibitors. Bx Ws 6 5p0JA2H0. A1 GE: PR 988; patokEVi ne, fl uoxeti ne,
qui ni dine, or ket Oﬁ%nclaozr\?é)cﬁmld'%ftl‘% Hﬁid %Yag?taﬁﬁ'%fgggalh;a&e [e f‘f#o

net abol i zer as a resu om/expres glch

i nst ances, thﬁakoﬁmﬁ&mﬂﬁggmemeﬁanmbafasﬁeﬁaedﬂbﬁndﬁhﬁé@hﬂﬂﬁgﬁﬁﬂ&&denzyne
expressigon in the subject, i.e., genotyping the subject for. the P450
enzynme. PFr é&%mﬁ%as @mn@sfél?@ﬁmec%»ém ?%PE@%ﬁPS?C%bfs%%’ééan peR

McEl roy et. ternative to Phenotyping for
( y &eing %g %f gﬁﬁf&qgk%ﬁ R iddical d)lf" yp! ng

Determ nation o Ic Status in a inical Trial Setting", AAPS
Phar nsi 5(2000) ZQMumaamvdyeﬁ@3oﬁumupdbﬁﬁhmmphaﬁhmsmphmngm?pumﬂbby

m croarray based ar nacogenom est Bac Inf i on, . Roche

Di agnosti cs Z*ﬁgn%gﬁﬁggt@%ﬁgpggﬁPhV%é E#% %%d# CPB%FHﬁﬁ%”la Roche
Ltd.), the enhiggclRagMdaBsdsols AU Ehinadién Uféq;afypmtﬁto%rhﬁéﬁgaunmweference-
As such, the subject can be conveniently genotyped for P450 expreéession

(e.g., CYB2 DEY-tiye dprgsdinomar mhbe iarti for aeniong gfe derserad deasasesrd indinrtndrst er ed an
adj usted effe anmpunt., % Cessal. # he .event, of.. ge prior
fo the i ni ti atSH oo RastRBbERERE" R trbPabigt  BXERY o PR Fglon
pl asma | evel Saraﬂee@me«cmngebslqummd i e tstcohlpoud@De ForsunRgELsSsary.
Ef fective anounts for migal astat, agal sidase im glucerase,
pharmaceutically acceptable salf thereof (including the hemitartrate salt) is
administered before, after, or concurrently with one or more other therapeutic
30 agents. In one embodiment, a combination therapy is used to treat a lysosomal
disease such as Gaucher disease or Fabry disease. Alternatively, the compound

of Formula (I) or pharmaceutically acceptable salt thereof (including the

hemitartrate salt) is co-administered simultaneously (e.g., concurrently) as
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15i sof agom ne and m glustat are as described on the drug | abel or as
carried out in the clinical trials of each drug. The conmpound of Fornul a
(1) can rwacbimictIszphar maceuti cally acceptabl e aci ds t oPCOUSR@0/057952
pharmaceutically acceptable salt. Exanples of pharmaceutically acceptable
aci ds included,inorganic acids such as. 20hydr ochl oriA§ aci d, hyfir obrom ¢
acid, hydr oi GAiPET STAgAte SO YIAT NS 45, 3 INYSTORBHI3E OB i/t teTBp Al helhF ARENS and
organi ¢ aci dgaaUehhd@sinRidrel YENRAHLAPNsGepsiath cdBpLANGRULi @M gnaci d, oxalic
acid, p-bronmophenyl-sulfonic acid, carbonic acid, succinic acid, citric
aci d, benzoi apacimtiatatiete framei ab, detgrehinekby idheeskiBxdoiphiesind?. gsuchimsal t s

i nclude the sulfate, pyrosulfat bisulfate, sulfite, bisulfite . 25
bhosphat e, - notergaTugR o tbRErEe o B arBtSinshbsiatfes s o tpRate,

pyr ophosphat e]?heCJUn%dtﬂl@ofmcﬁﬂiiudﬁﬂ%io@ﬁhﬂﬁlacéﬁﬁéa@lty%cc@;ﬁt@@fe@ﬁﬁttﬁeregﬁC anoat e,
caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propio

| at e, oxal at dinchedingsheheniiedistasadt) andivae 0 anors exlbgs 4herap eulifadEenés Camal eat e,
butyne-1,4- dio . ne-1. Loate,. .0at r.o

ot byl benzoatts CugniEY PEBSHEGHER G RfRR Sust h RO s e,

pht hal at e, sulchehat evitablé enediibfondtdredphenpbateteq, phenyl propi onat e,

phenyl butyrate, citrate, |actate, gamma-h drox%lbutyrat e, glgl.col at e,
tartrate, methanesUlresatis a2ppssalseEys fUrihe &eatimpinioh 41a8aBer1dissase onat e,
napht hal gpe- 2- Q l.at I [
Conposi tiqgns%}]ﬁlglhgﬂp%ggggﬁdulﬁg&?’l %a%rﬁﬁgf E)g %drcgtl§ %eglg)g?{ag%’ﬁgﬁbgg?#u?gti ons and
nodes of admglisisybteranidesynthaee endmpolsedlafchEperontawhich tond &

phar maceut i cal{ﬂéoac ept.abl e %alt t her eof <|(§i ncl. udi ng %EE hemtartrate salt

t her eof ) i nclg @ EHPER GRS ACH B O T UL BT PGB RGO 7, 358 8BSt e Bhtire
teachings of ahidhefiRrdICALRRALSH HehenhaPefi®éETARGRativAIPr ef erred
formulation for Formula (1) Hemtartrate is described in the follow ng 10
par agr aphs. Q@lecaehabdpsidane ol anhbo guay drrédiean deabphaedeasentbiestlyconposi ti on
conpri si Fo la (1), Hemtartrate, .at, l.east gne_.water-soluble filler, at
enet ond e apipfubidiarEiher ot fod ifuef Bhe EE Bl O CRg p Feakdofhe
l'ubri cant. Suintakles witht £ msAcibbstitltl @k FeladiRe kd HeUtdRive fa@iin@XadiRin€e of
anhydrous | actose, |actose 15nmonohydrate, mannitol, sodi um chloride,

powder ed sugdhe ngbyhenrzyime, pueyidedthat theshiokigieahdcpyiy & wtained: dkagpdescof.

Sui tabl e wat ef - | L& . : ] f p.crocrystalline
cel | ul ose, cgalrngll(%’%mgépﬁg§§lﬁé%éelf\%§rr?gld§?%rdgﬂ?deé&?lfﬂa Cglésgiéﬁogglﬁlgd%%gi ncl ude, for
exanpl e, pre-tgalcatmbiCzeer s’ 60 ,G@eeingrad @aohoyNEL MidiueeddeUl 95 eo be

hydr oxypropy! cellul ose, hydroxypropyl nethyl cellu]ose, polyvinyl
pyrrolidéfe, B W‘W’é‘@’h@‘,eté%‘eat“inﬁ}?ﬁ%é%%rQPXSEYF‘éE’P%dt‘%XBFP%%%te, sucr ose,

corn. syrup.  RgbUR L ERe 1B Sal S andaadi @ Bl fed BUHRDPRChUDI ] cant s

can include, for exanple, rogenat ed vegetable oi'l, clum stearate, and
gl yceryl behenkitk ard recombimem ON Agmodwfedtanel qguaoirhosanifcal conposition, the

water-soluble filler is selected fraomthe grqup consisting. of anhydr.ous
et ose. | actuosEHERSAgHr BEETP IR St R R S P EWaEr e Bugar
sorbitol, SUQeRPnicRPEhI& thaRddAERUEPBEIATZEYH ASHRLS ThetaBButial @rraﬂlﬂlsf,l ubl e
filler is selected fromthe group consisting of mcrocrystalline cellul ose,

cal ci um phosphbt Bofgrdnsinanchise keowinrmd@fegostas edriratecandf qammainh thegrigie
consi sting of pre-gelatinized sta chtivgodiru(?n 8{” Xox%rlrestol'fyl cel | ul ose,
hydr oxypr opyl celPTI%6 &%, %%/%r(g)&/p oaﬁyl lﬁy‘ ¢EMPuTose, pol yvi nyl

pyrrolidone, @oeaakybréisse igBibAbEinchaleuhiglusgiHeyv SoRdCihdeasiEiradh@hRse,
corn syrup, polyethyl ene g:qyc,ol s and sodium al gi nate; and the lubricant is
sel ect ed f r orAftdfeegiaolibby dstalion igropcaygabdedatdachedet wbraland). cal ci um

stearate, and gly naLe. " LGaly |
conprises bet menog{%gflﬁgeaggﬁt\%ﬁe%ecg‘é? %&ﬁ@g@%ﬁ%@%b%%{eﬁ%e \%gledr? 12 wt %
to 20 wt ®&oor dgilesidide Mt dhdlogds oftdedhctbhidaswd andimsletulbt ehdpetdres on a
dry solids basjs, . . ) . .

which bind to « galactosidase A and restore its correct conformation. ¢

Galactosidase A or analogues thereof can be human or mammal derived.

Alternatively, o galactosidase A and analogues thereof can be obtained
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The pharmaceutical fornula conprises between 26 w%to 50 wt % between 5 30
w%to 46 wt %, between 34 wt%to 46 wt % or between 38 wt%to 44 wt % of the

wat er solwbl2e1ifiebiser on a dry solids basis. The plrarsc@nios™at
conposition conprises between 30 wt % and 45 wt % between 35 mt% and 40 Wt %
and 36 wt%to 39 wt % Hem tartrate on a dry soljds basis. 10The
phar maceut | cdECTBP Y oﬁ*f‘atl?/%}leéé’lf yealafiprifiassh Bet e friine é/?ogﬁe <éj b o6

bi nder on a diy ﬁ@la'nq)%r%ﬂ/r%es with amﬁB%cRﬁﬁfb@ﬁﬁﬁf&lk ¢Ahti{OtdMHeatakiop
typically conprises between 0.1 wt% and 2 wt % binder on a dry solids basis.

In a specifi amembodiweet of tﬂtﬁenepharmgemt poatidddathattha beologicabegihet meen 8 15

w%to 32 wt % wat ubl | | t 6 % 5 te
soI ub?e fill erF%albe \%é‘g%%% q&e@a gégf V\Aeg@ya\%gq’sfésg\% 1Be qqgrf&%ﬁ%’f‘%%ﬁv@eta bet ween
2 W % and 56 %%&iﬂﬂﬁﬁﬁnﬁﬂﬂnzﬁﬁ&%%tcﬁuﬂas&\ﬁs&m&ﬂﬁiegth’&t%d%'nﬁﬂl@mab?éz'ym A dry

solids basis. Mre specifically, the water-soluble filler is |actose
monohydr at e; afigezehdisdamedicinenaoGaptyng Cprmram@n)rﬁn@r@galylsim #lifme cel | ul ose.

Even more SP&& %ijgﬁail {;\ty]frolf'em\é’gltdeurndez 9§eot|r melfu ?{gral b gﬁ ? Cgo nohydrat e;

the water-inso I"er "i’'s m crocrys I ne ul o nder is

hydr oxypr opy|Exuigyd eeﬂnbwcasae,chaisgioﬁdfﬁnbmaenr@@atastas((gdxyweyllunbemleate. In a
speci fic enbodi nent, the FTh[ar maceuti cal formula conprises between 8 wt% to
32 wt % wat er taBRUBIAMIZal by ABHEYe EREToBEUIS, CENBETYMY, aBIRE sol ubl e 25

filler, het V‘%&Btﬁém @oaraqtaéﬂ é‘hi: ?0 s %&s(dclwt"?mrgafehf)ate between 2 wt %

and6wt%b er an §ween W % bimn all on a dry solids
basis. Mre speci flnmlelembctdhmemtlmrccﬁmlbmbmm thelrdpar for shd aedtom@t nbnohydr at e;
and the water- insoluple filler. is mgrocrystalllne cel l ul ose. Even nore

speci fi cal | y HEPRRPRF AR IGitnase i Jarded put ing@ostasesouh it afage. ¢ fue

wat er - i nsol ubleg.ctiiL lrgr th'estre'&hﬁ&ﬁqf)@éﬁhﬁ H‘L@eé)sg%‘?|FiaHf}p§1§easte|'(?ypt?édYgfer i's
hydr oxypr opyl net hyl cel lul ose; and the lubricant is glyceryl behénate.

| n anot her s@mdqeo%bem)é@ﬁemfmm antdh@ﬂphlaﬁrrﬁaﬁﬁut(iw&helf drseaseandonpri ses

bet ween W % 24 Wt % wat er _i.nsol r e en 30 % 1.0 46 W %
bt or Contdn dapftifdgate A BRASAnBRE Rkt Py, PERNTS oFry bR Bt o
bet ween 2 wt %haghibctVF%e @x&ﬂlﬂé AndaRglnaraa . (br%%yacﬂﬁlea%e)/\ﬁo%@flﬂl%é all on
a dry solids ba5|s Mor e Eemflcally, the water-soluble filler is | actose

nonohydr at e; cbmes tsneecm aslest biden pf Clel sicgags oy benyseeelorgrnscarh ul ose.
Euen o SPSEELRE |3 {08-HOLALwpBRPLHILT, BhLL B by A5 RE SRR 7L
hydr oxypr opylthérebﬂmpba@d biiF oseyla dncbrtdghdrmbcéwaatlyiascaryide syl ﬂkmk\@fhat e.
20 (including the hemitartrate salt) is used in the second stage as a convenient
maintenance therapy. The first stage typically lasts up to one, two, three or
four weeks or up to one, two, three, four, six, nine or twelve months, or until
the subject’s platelet count is equal to or greater than 100,000 mm® :
hemoglobin concentration is equal to or greater than 11 g/dl (female) or 12 g/dl
25  (male); and/or the subject’s spleen volume 1s less than or equal to 10 multiples
of normal and liver volumes are less than or equal to 1.5 multiples of normal.
Administration of the first stage is typically ended once therapy with the
compound of Formula (I} is initiated.
As used herein, an “effective amount” refers to an amount effective to
30 alleviate the existing symptoms of the subject being treated with minimal
unacceptable side effects in the subject. The exact formulation, route of

administration, and dosage is chosen by the individual physician in view of the

patient’s condition. Dosage amount and interval can be adjusted individually to
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I n anot her specific enbodi nent, the pharmaceutical formula conprises
between 12 wt%to 20 wt % water insoluble filler, between 34 wt%to 46 w %
wat er 10 wolotlmwedsel | er, between 35 wt % and 40 wt % For mrCa/uSk(010/057952
Hemtartrate, between 2 wt% and 6 w % bi nder and between 0.1 wt% and 2 wt %
bi nder, all on a dry soljds basjs. Mre specifjcally, _ the water-soluble
filler is | adtBEEeHAONYla st thinbett Freecmaundithdiirg Bi s g maigtamn

i crooryst al |dageg eldlAne ot RYRN MONAIRRAG!HE St { AL edlubbse f111 er

i s |lactose nonohydrate; the water-insol ubl iller is mcrocrystalline

15cel | ul ose; dafrednbistetion.shhgdsoxgmpmepyiedmetityidepéididm e seaadtyt diethkubr i cant
is glyceryl behenate. | n.anot.her speci fic. enbadi nent., the .
pharmaceut i it DL nal APt FIELE PBLE e R I Shh 8 S VAL RS ubi
filler, batwagpicaly vsHitia pdsndt fouWRic@blsSiHlthOLembbhdEiboRei N&RN 5 32/Mt % and
40 wt % For nul a imls) Hemtartrate, between 2 wt% and 6 w % bi nder and bet ween

0.1 wt % and 2 plasngptheusdidevelalare below dng/nddpllgyingmadminisgationsyéd fi cal |y,
the water-solyble fill LS.l e 1 ter-i ubl e
ot oL OB Lol L AP RS NEE B8 AR LY By Al

wat er - sol ubl ds thidgd tb anl‘adjetd dftvrohydnaiuai” dutd thatile tongblisilieof thel er is
m crocrystalline cellulose; the binder is thdroxypropyI nmet hyl cel | ul ose;
and the 25| usonyenndiage g leadryne/geneHamatively, if trgyghaMasme fevehedf the

enbodi ment,, tl i o FOr Sl ri; 8] Y%to 18 wt %
vater 1nagl ust o T are Bhhens e, o T 0 PearE Rk iobb e, 5,

bet ween 36 wddnandtrdonb¥akefieuliee §ihpuldarti thacomabvend, bt desnbdngt % and 6 wt

% bi nder and between 0.1 wt % and.2 w % bi nder,,.all ,op a.dry soljds 30basis.
More speci fi é’éilnPﬁ}l,S“irﬁ&‘?/\H’(eesﬂ‘- L (pTEngrq [0 | alpsied SHBCURSIRORIATEE and t he

wat er - i nsol ubhg thi ldoRibh ipSasM L1061 YT iR _&érﬂﬁmﬁﬁi’ drdla@ $Rst FNEMIMdhe Conay
specifically the water-soluble filler is 1actose nonohydrate; the
wat er - i nsol uldb &elowt |G ngianinEéieoay s smahnisgen catdeuirond). | théOGimedesr day.

hydr oxypr,Qpy! thyl cel Lul ase:. and the |ubrjicant, i | yeceryl behenate.

The i nverlo o FEnr§: Pty e thatrErnes Heonp B oGnaaneie nor

Si ntended t o derhdtiviet iR TR tidd imat rdnPERLVENIAB 06 ke € Tihe dBhgPanat i on of
Salts of Formula (1) The hemtartrate salt of Fornmula | is readily

crystal | i zed drible Bsdspwi applitatieinipnay dsardministerpd spetinoaslyer atGaprified to ot her

salts. For e frol | ow ' [ i of

el ts of tho R eR, IR SRR, B EAnlFE (R ot bl BoolleRE B 17 g
salts in 1:1,admiBistaaed 11233 (wal imEopeuday, bach &, ieqs)a daidyrat twicé-Haillyand 1: 2);
met hane sulfonic acid (1:1); fumaric acid (1:1 and 1:2); hydrochloric acid
(1:1); acltidoggpition: gf)onaﬁer%aém aaVraiﬂéglfsa%Siaas Ry Pegioppyey o ¢sieynigg) t s
gener ated by | i b Le-achd(1:1) and tartaric acid
(1:2) were ofdpsﬁgﬁ?gi%%ggdnr{ge%%b?ﬁﬁeéceﬂ%lﬂlr%gﬁégﬁmtﬂs}nﬁgd&g)géhI oric acid (1:1) and
tartaric acid (1:1n onereenticgliment, an lb&ebygr anoupi for drdcanopewrdystairmute and

NS T LN W T I
201 was foundjeb@rifQl sIoxet & (WHiehand aNABn Y &ap$ ©PRS & -co-therapy) a daily dose
25  of from 25 milligrams to 300 milligrams (alternatively 25 milligrams to 150
milligrams; in another alternative from 50 milligrams to 300 milligrams; and in
another alternative from 100 milligrams to 300 milligrams), such as 25, 50,
100, 200 or 300 milligrams per day. In a specific embodiment, an effective
amount of the compound of Formula (I) or a pharmaceutically acceptable salt
30  thereof (including Formula (I) Hemitartrate) is (whether as a monotherapy or as
a co-therapy) a twice daily dose of 50 milligrams (for a total of 100 milligrams
per day), 100 milligrams (for a total of 200 milligrams per day) or 150

milligrams (for a total of 300 milligrams per day). In an alternative
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Acet one preparation of Fornula (1) Hemtartrate L-tartaric acid (6.02
g, 40.11 mmol, 0.497 equivalents) was dissolved in acetone (175 nL) by

r ef | uxi ngwohelgebasei on and then cooling to roomtenperatraras2esmemsul a (1)
Free Base (32.67 g, 80.76 mml) was dissolved in acetone (300 nlL) at room
tenperature. The L-tartaric acid solution was adde o the Formula (1) Free
Base sol utiorF“gi()d:;‘HSPﬁ’lag SFAYurBoBYeior 16 ?ﬁrﬂmw%ﬁﬁ%ﬂm&%r?ate f or med
hal f way thr qughnhhe R héQPrablbCalMpetdd ] i@sding FoHRMaAN) HeAMaleIPefsat ure
for 0.5 h hours and then briefly refluxed and cooled to roomtenperature.
After stiffiryhat3oas oonontathgreprbunaeaorth@rapy hadmimestevedtas apmeeidpilyat e was

filtered. The, whi ol.i.d was, was twce wiith a ong. (2 x,,130 nL). The
Sol 1 d was ar Ko PEa0d Rl kRS R i et B0 BE00RMEikfySa s 36, beg
(95 % . 5% Met hangh anbtide ehdbEiRERPA afftal ofmbaitnyitiaefhinetiegbyartrat e.
Formula (1) Free Base, 10 g/24 7 nmol, was dissolved in 5% Met hanol / Acet one
120 L or 24Gspyming thaythgspbiegeisd “progB4gP mretabakivsl” andadicniassessiped in 5%
Met hanol / Acet 6 I N .m - b4 , and

thi o sl ut i o et Hadln ¥s el Cay Inf e it SHFIsRsd fo BBk

preci pi t ati orthed chighgetl t&ah ad|watdd offddeint aatdungtae dsasimddadowsifahs aedgh
crystal. Precipitation occurred after 5 mnutes, and the reactjon continued
to stir for FoasmMNlevels apPelovThagrmhoritirqesh tenels didhe samapuidticux for 5

i nut h ispl I . - dt
m nutes (jphe RISEISA /A ggatq@%%e?ggu%ngémwg/ﬁh én tﬁé‘ﬁggjga fed to room

tenperature in a water Precipitate forne nd the reaction
conti nued to d&térmihad taSbdhaurgernidieatt ionaktepsiodudtranaps! B410 metabdlibgt. An
filtration and.was washed . w th ggg@one, g.x 40 ,.and then dried in the
vacuum oven &t 65YEEMEURGEOr PEORETir S mashalizets %%ﬁ@%%aglﬁf@t FIRBY i el d.

15 1% Water in aA&ﬁﬂfé%ﬂrc@ﬁﬁﬁ@l{l%%@t\@enﬁqmn}mﬁm@l' rdiR{Théaddy! 8d€example
Formula (1) Free Base 0 g/ 24 nmol ) was di ssolved 1 n 1% Wat er/ Acet one

120 L or 240 09lorg200rodhetasmpes atouce daily tasa arivgcadaidly dase85 g/ 12 3 mmol ,
was di ssqgl.ved in 1% Water/.Acet one 60. or 120 mL (N or 2 by.warmng to
%045 & Jand thi s BOR PotatiasediAbethedf el of fe doriht aigisdfod hou
Wi thout 20 preaitRiddatinRfered beWrobr FREMUMRaL lor WAEM hivhl I Ak @s¥vdberafided as a
seed crystal. Precipitation occurred after 5 mnutes, and the reaction

conti nued t o “defqret oF “dterniadueads typealbveutthingny oneurs Healeredy edthin opef | ux
for 5 minut it at - , | ed
O S o Pt Skt iRl SRS AL SR SR Sl 00!

reaction contdfrisathéming or fihiBhing howeals respeetifdipal 25 product was col | ected
by filtration and s washed with acetone, 2 x 4Q m., and then dried in the
vacuum ovén at 55-16 a@%rbe%f%w@?tfﬂi@&@&&ou%iogﬁpr%@ @ ¥l g 73% yiel d.

5% Met hanol | LAald . 3 i .
SOFormita (1 PHEEERARRIESEAPAL LAR HERGPLinERIH Pololdy PRGBS, hanol
i n acetone atis neftdhntizedthe tholivei, pnnvady byalyesthrome #did teempeeat ur e and

sLirred 2t oo LeMREralALS. (002 I (TS ML RSCLRLLALE, ve L) oy od and

enzymes. There are eleven xenobiotic-metabolizing cytochrome P450s

25  expressed in a typical human liver (i.e., CYP1A2, CYP2A6, CYP2B6,
CYP2C8/9/18/19, CYP2D6, CYP2E1 and CYP3A4/5). It has now also been
found that CYP2D6 and CYP3A4 are the primary cytochrome P450 isoforms
that are responsible for de-toxifying the compound of Formula (I) and its
pharmaceutically active salts, such as Formula (I) Hemitartrate. The level of

30  activity of P450 enzymes differs according to the individual. For example,
individuals can be classified as poor, intermediate and extensive/ultra rapid
P450 metabolizers. Because lower levels of P450 activity in an individual can

give rise to drug/drug interactions (“DDI”), another embodiment of the
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After vacuumdrying for 18 h at 55-60 C, received 2.38 g of Fornula (1)
Hemtartrate (78 (?/0 recovery). 1 % H20 in Acetone Recrystallization of
Formul a (WY 2bimicbasetrate. 5 Fornula (1) Hemtartrate (3P0O%/Uspomas7dt ssol ved
in 125 nL of 1 % H20 in acetone at reflux. The solution was cooled to room

tenperature and sti r.reddat room]t{fr%ferlatg}ée for 2 h.. The white precipitate
was filtered BAHAASTH Y SRICTRIEOV AT INE SYPISDIS 1P A e b SSHIC A% acet one

(15 nl). Aft e MAGKMILETYHIRP BOGHAB0G 2Rt 113Re 60biCet i€ aR n@rRbdikRrgrul a (1)
Hemtartrate (77 % recovery) was 10obtai ned. Exanple 2: Preparation

Crystal | i ne Rotensha/(lip rhedi membolages, then the d¢tgradmiais(drypd Hethat anlijeeit e was

cttat e acot GRRROIVERES BAN APIEl DR p L at o &o R Rl s

prepared gsing tRfudklplaeed RYelsFEhOBEMEOMMEHT & 1804 SNBemYSdrahb aARenf rom et hyl
15acetate. Batch 4 was recrystallized fromacetone using Batch 1 material .

Batch 5 was rekiehseslisiiz s@uih ditislsobihgsapmounsar ehlepsimnBe/priapdracdnusitng
ethyl acet at %Q%Sﬁ@gﬁnc?Bél‘é%ﬁfeosﬁ%llf"‘ﬁ‘hteodo§€%%‘ra%§e%ui§uﬁ}eﬁle%tall%%fd ﬁql%?" €
o W no tur rysta

Bat ch 8 was prepar usi ng acet one only er rec i zation.

Batch 9 was pubjaat adedisd ogcateicenehred) fpumbit &3 Manefinteefak uxcesaggito no further
recrystallization. 70 Table |: Sunmary of pol ynor phi sm screeni ng of Batches
1-9 of For nmul%{eVy apediysied $148@1VBAH No. Processi ng Met hod DSC Mel ti ng

Pont (C) jnt hal py fu}/i83 CMI£585 o3h0BRrd F ufbRiRAEs phivdypget ate 162

A “poor P450 metabolizer” carries two mutant alleles, which result in
complete loss of enzyme activity.
A, “intermediate P450 metabolizer” possess one reduced activity allele
and one null allele.
15 A “extensive P450 metabolizer” posses at least one and no more than
two normal functional alleles.
A “ultra rapid P450 metabolizer” carries multiple copies (3-13) of
functional alleles and produce excess enzymatic activity.
A subject is typically assessed as being a poor, intermediate or extensive
20 //ultra rapid P450 metabolizer either through genotyping or through the
monitoring of the trough plasma levels of a drug that is metabolized by a P450
enzyme such as CYP2D6 or CYP3A4. Commonly, the trough plasma levels
and/or Cpax of the compound of Formula (I) or a pharmaceutically acceptable
salt thereof, including Formula (I) hemitartrate are monitored in the subject for
25  up to one, two, three or four weeks, or up to one, two, three, six, nine or twelve
months or more following initiation of treatment with the compound.
Adjustments to the dose are made, as necessary, to maintain the levels within
the described limits, i.e., a trough plasma level at or above 5 ng/ml.
Subjects can become poor P450 metabolizers as a result of being treated
30  with certain drugs that are P450 enzyme inhibitors. Examples of such drugs
include paroxetine, fluoxetine, quinidine, or ketoconazole. Alternatively, a
subject is a poor P450 metabolizer as a result of low expression of a P450

enzyme. In such instances, the low expression can be assessed by determining

-21-



-81.4 Crystal 99.91% at 100 C precipitation* 98.73% at 175 C N Ac

etone/ ethyl acetate precipitation-dried at roomtenperature* 164 -95.6
Crystal Nv@2811AB6350ne/ et hyl acetate 166 -97.8 Crystal 100TAZR@/0i062 C

precipitation- dried at

P450 enzyme expression in the subject, i.e., genotyping the subject for the P450
enzyme. For example, expression of CYP2D6 is commonly assessed by PCR
(McElroy et.al. “CYP2D6 Genotyping as an Alternative to Phenotyping for
Determination of Metabolic Status in a Clinical Trial Setting”, AAPS Pharmsi

5 (2000) 2(4):article 33 (hitp://www.pharmact.org/}) or by microarray based

pharmacogenomic testing (Background Information, Roche Diagnostics “The
CYP450 Gene Family and Drug Metabolism”, Hoffmann La Roche Ltd.), the
entire teachings of which are incorporated herein by reference. As such, the
subject can be conveniently genotyped for P450 expression (e.g., CYP2D6)

10 prior to the initiation of treatment and administered an adjusted effective
amount, if necessary. In the event of genotyping prior to the initiation of
treatment, it is still advisable to monitor trough plasma levels and Cpax of the
compound and adjust the dose, as necessary.

Effective amounts for migalastat, agalsidase §§, imiglucerase,

15  isofagomine and miglustat are as described on the drug label or as carried out in
the clinical trials of each drug.

The compound of Formula (I) can react with pharmaceutically
acceptable acids to form a pharmaceutically acceptable salt. Examples of
pharmaceutically acceptable acids included inorganic acids such as

20 hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric
acid, and the like, and organic acids such as p-toluenesulfonic acid,
methanesulfonic acid, oxalic acid, p-bromophenyl-sulfonic acid, carbonic acid,
succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of
such salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,

25  phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, 1odide, acetate, propionate, decanoate,
caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate,
oxalate, malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-1,4-
dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate, methylbenzoate,

30  dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate,

lactate, gamma-hydroxybutyrate, glycolate, tartrate, methanesulfonate,
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propanesulfonate, naphthalene-1-sulfonate, naphthalene-2-sulfonate, mandelate,

and the like.

Pharmaceutical Compositions Including Formula (1) Hemitartrate
5 Suitable formulations and modes of administration for the compound of

Formula (I) or a pharmaceutically acceptable salt thereof (including the
hemitartrate salt thereof) include those described in U.S. Patent No. 7,253,185,
the entire teachings of which are incorporated herein by reference. A preferred
formulation for Formula (I) Hemitartrate is described in the following

10 paragraphs.
One embodiment of the invention is a pharmaceutical composition comprising
Formula (I) Hemitartrate, at least one water-soluble filler, at least one water-
insoluble filler, at least one binder, and at least one lubricant. Suitable water-
soluble fillers can include, for example, anhydrous lactose, lactose

15  monohydrate, mannitol, sodium chloride, powdered sugar, sorbitol, sucrose,
inositol and pregelatinized starch. Suitable water-insoluble fillers can include,
for example, microcrystalline cellulose, calcium phosphate and starch. Suitable
binders can include, for example, pre-gelatinized starch, sodium carboxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyvinyl

20 pyrrolidone, copolyvidone, gelatin, natural gums, starch paste, sucrose, corn
syrup, polyethylene glycols and sodium alginate. Suitable lubricants can
include, for example, hydrogenated vegetable oil, calcium stearate, and glyceryl
behenate. In one embodiment of the pharmaceutical composition, the water-
soluble filler is selected from the group consisting of anhydrous lactose, lactose

25  monohydrate, mannitol, sodium chloride, powdered sugar, sorbitol, sucrose,
inositol and pregelatinized starch; the water-insoluble filler is selected from the
group consisting of microcrystalline cellulose, calcium phosphate and starch
the binder is selected from the group consisting of pre-gelatinized starch,
sodium carboxymethyl! cellulose, hydroxypropyl cellulose, hydroxypropyl

30  methyl cellulose, polyvinyl pyrrolidone, copolyvidone, gelatin, natural gums,
starch paste, sucrose, corn syrup, polyethylene glycols and sodium alginate; and
the lubricant is selected from the group consisting of hydrogenated vegetable

oil, calcium stearate, and glyceryl behenate.
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The pharmaceutical formula comprises between 8 wt% to 32 wt%, between 8
wt% to 24 wt% , between 12 wt% to 20 wt% or between 14 wt% to 18 wt% of the
water insoluble filler on a dry solids basis.

The pharmaceutical formula comprises between 26 wt% to 50 wt%, between
30 wt% to 46 wt% , between 34 wt% to 46 wt% or between 38 wt% to 44 wt% of
the water soluble filler on a dry solids basis.

The pharmaceutical composition comprises between 30 wt% and 45 wt%,
between 35 wt% and 40 wt % and 36 wt% to 39 wt % Formula (I) Hemitartrate on a
dry solids basis.

The pharmaceutical formulation typically comprises between 2 wt% and 6
wt% binder on a dry solids basis.

The pharmaceutical formulation typically comprises between 0.1 wt% and 2
wt% binder on a dry solids basis.

In a specific embodiment, the pharmaceutical formula comprises between 8
wt% to 32 wt% water insoluble filler, between 26 wt% to 50 wt%, water soluble
filler, between 30 wt% and 45 wt% Formula (I) Hemitartrate, between 2 wt% and 6
wt% binder and between 0.1 wt% and 2 wt% binder, all on a dry solids basis.
More specifically, the water-soluble filler is lactose monohydrate; and the water-
insoluble filler is microcrystalline cellulose. Even more specifically the water-
soluble filler 1s lactose monohydrate; the water-insoluble filler is microcrystalline
cellulose; the binder is hydroxypropyl methylcellulose; and the lubricant is glyceryl
behenate.

In a specific embodiment, the pharmaceutical formula comprises between 8
wt% to 32 wt% water insoluble filler, between 26 wt% to 50 wt%, water soluble
filler, between 35 wt% and 40 wt% Formula (I) Hemitartrate, between 2 wt% and 6
wt% binder and between 0.1 wt% and 2 wt% binder, all on a dry solids basis.
More specifically, the water-soluble filler is lactose monohydrate; and the water-
insoluble filler is microcrystalline cellulose. Even more specifically the water-
soluble filler 1s lactose monohydrate; the water-insoluble filler is microcrystalline
cellulose; the binder is hydroxypropyl methylcellulose; and the lubricant is glyceryl
behenate.

In another specific embodiment, the pharmaceutical formula comprises

between 8 wt% to 24 wt% water insoluble filler, between 30 wt% to 46 wt%, water
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8 Acetone precipitation 165 -100.7 Crystal ** 100.0% at 100 C 100. 0% at

153 C WO 2011/ 066352PCT/ US2010/ 057952 9 Acetone precipitation with brief

reflux 1680-200(6@35¢r ystal **  *: containing some free base/lispomls79BsSC

t hernogram **:containing habits changed in these batches fromrod,

pl ate-shaped sto?uble filler, between 35 wt% and 40 wt% Formula (I) Hemitartrate, between 2
wt% and 6 wt% binder and between 0.1 wt% and 2 wt% binder, all on a dry solids
basis. More specifically, the water-soluble filler is lactose monohydrate; and the
water-insoluble filler is microcrystalline cellulose. Even more specifically the water-

5  soluble filler is lactose monohydrate; the water-insoluble filler is microcrystalline

cellulose; the binder is hydroxypropyl methylcellulose; and the lubricant is glyceryl
behenate.

In another specific embodiment, the pharmaceutical formula comprises
between 12 wt% to 20 wt% water insoluble filler, between 34 wt% to 46 wt%, water

10 soluble filler, between 35 wt% and 40 wt% Formula (I) Hemitartrate, between 2
wt% and 6 wt% binder and between 0.1 wt% and 2 wt% binder, all on a dry solids
basis. More specifically, the water-soluble filler is lactose monohydrate; and the
water-insoluble filler is microcrystalline cellulose. Even more specifically the water-
soluble filler is lactose monohydrate; the water-insoluble filler is microcrystalline

15 cellulose; the binder is hydroxypropyl methylcellulose; and the lubricant is glyceryl
behenate.

In another specific embodiment, the pharmaceutical formula comprises
between 14 wt% to 18 wt% water insoluble filler, between 38 wt% to 44 wt%, water
soluble filler, between 35 wt% and 40 wt% Formula (I) Hemitartrate, between 2

20 wt% and 6 wt% binder and between 0.1 wt % and 2 wt % binder, all on a dry
solids basis. More specifically, the water-soluble filler is lactose monohydrate; and
the water-insoluble filler is microcrystalline cellulose. Even more specifically the
water-soluble filler is lactose monohydrate; the water-insoluble filler is
microcrystalline cellulose; the binder is hydroxypropyl methylcellulose; and the

25  lubricant is glyceryl behenate.

In another specific embodiment, the pharmaceutical formula comprises
between 14 wt% to 18 wt% water insoluble filler, between 38 wt% to 44 wt%, water
soluble filler, between 36 wt% and 39 wt% Formula (I) Hemitartrate, between 2 wt
% and 6 wt % binder and between 0.1 wt% and 2 wt% binder, all on a dry solids

30  basis. More specifically, the water-soluble filler is lactose monohydrate; and the
water-insoluble filler is microcrystalline cellulose. Even more specifically the water-

soluble filler is lactose monohydrate; the water-insoluble filler is microcrystalline
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EXPERIMENTAL
Example 1: Preparation of Salts of Formula (1)

The hemitartrate salt of Formula I is readily crystallized and exhibits
many beneficial properties as compared to other salts. For example, the
following acids were used in the preparation of salts of the compound
represented by Formula (I): citric acid (generating salts in 1:1, 1:2, and 1:3
(salt:Formula I) ratios); L-malic (1:1 and 1:2); methane sulfonic acid (1:1);
fumaric acid (1:1 and 1:2); hydrochloric acid (1:1); acetic acid (1:1) and tartaric
acid (1:1 and 1:2). Only salts generated by hydrochloric acid (1:1); tartaric
acid (1:1) and tartaric acid (1:2) were of solid form. Of these three salts
hydrochloric acid (1:1) and tartaric acid (1:1) were found to be hygroscopic and
non-crystalline and therefore unacceptable for use in a pharmaceutical product.
The hemitartrate ( 1 salt: 2 Formula I) of the compound represented by Formula

I was found to be crystalline and non-hygroscopic.

Acetone preparation of Formula (I) Hemitartrate

L-tartaric acid (6.02 g , 40.11 mmol, 0.497 equivalents) was dissolved in
acetone (175 mL) by refluxing the solution and then cooling to room temperature.
Formula (1) Free Base (32.67 g, 80.76 mmol) was dissolved in acetone (300 mL) at
room temperature. The L-tartaric acid solution was added to the Formula (I) Free
Base solution at room temperature over 15 min. A white precipitate formed half
way through the addition. The mixture was stirred at room temperature for 0.5 h
hours and then briefly refluxed and cooled to room temperature. After stirring a
room temperature for 0.5 h, the white precipitate was filtered. The white solid was
washed twice with acetone (2 x 130 mL). The solid was air dried and then vacuum

dried at 55-60 °C. The yield was 36.66g (95 %).
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Tabl e 3: Worenarog63s2 pol ynor phi sm usi ng sl ow evapor at i onpPaprse@ois79ssol i d

f orm gener at ed Organi c

5% Methanol in Acetone preparation of Formula (I) Hemitartrate.

Formula (I) Free Base, 10 g/24.7 mmol, was dissolved in 5%
Methanol/Acetone 120 mL or 240 mL. L-tartaric acid, 1.85 g/12.3 mmol, was
dissolved in 5% Methanol/Acetone 60 mL or 120 mL (N or 2N) by warming to 40-

5 45 °C, and this solution was added to the first solution. After 1 hour without
precipitation, I mg of Formula (I) Hemitartrate was added as a seed crystal.
Precipitation occurred after 5 minutes, and the reaction continued to stir for 30
minutes more. The reaction was then heated at reflux for 5 minutes (the precipitate
was completely soluble) and then cooled to room temperature in a water bath 20-22

10 °C. Precipitate formed and the reaction continued to stir for 3 hours. The final
product was collected by filtration and was washed with acetone, 2 x 40 mL, and
then dried in the vacuum oven at 55-60 °C for 16 hours. Product weight was 8.72

g/74% yield.

15 1% Water in Acetone preparation of Formula (I) Hemitartrate.
Formula (I) Free Base (10 g/24.7 mmol) was dissolved in 1% Water/Acetone

120 mL or 240 mL at room temperature. L-tartaric acid, 1.85 g/12.3 mmol, was
dissolved in 1% Water/Acetone 60 mL or 120 mL (N or 2N) by warming to 40-45
°C, and this solution was added to the first solution. After 1 hour without

20 precipitation, 1 mg of Formula (I) hemitartrate was added as a seed crystal.
Precipitation occurred after 5 minutes, and the reaction continued to stir for 30
minutes. The reaction was then heated at reflux for 5 minutes (the precipitate was
not completely soluble) and then cooled to room temperature in a water bath 20-22
°C. Precipitate formed and the reaction continued to stir for 3 hours. The final

25  product was collected by filtration and was washed with acetone, 2 x 40 mL, and
then dried in the vacuum oven at 55-60 °C for 16 hours. Product weight was 8.62 g

73% yield.

5% Methanol in Acetone Recrystallization of Formula (I) Hemitartrate.
30 Formula (I) Hemitartrate (3.06 g) was dissolved in 116 mL of 5 %

methanol in acetone at reflux. The solution was cooled to room temperature

and stirred at room temperature for 2 h. The white precipitate was filtered and

washed with 10 mL of 5 % methanol in acetone and then acetone (15 mL).
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After vacuum drying for 18 h at 55-60 °C, received 2.38 g of Formula (I)

Hemitartrate (78 % recovery).

1 % H;0 in Acetone Recrystallization of Formula (I) Hemitartrate.
Formula (I) Hemitartrate (3.05 g) was dissolved in 125 mL of 1 % H,0
in acetone at reflux. The solution was cooled to room temperature and stirred at
room temperature for 2 h. The white precipitate was filtered and washed with
10 mL of 1 % H>O in acetone and then acetone (15 mL). After vacuum drying
overnight at 55-60 °C, 2.35 g of Formula (I) Hemitartrate (77 % recovery) was

obtained.

Example 2: Preparation Crystalline Formula (I) Hemitartrate

Formula (I) Hemitartrate was crystallized by several methods. Batch 1 was
prepared using ethyl acetate/acetone solvents and dried at room temperature. Batch
3 was prepared using ethyl acetate/acetone solvents and recrystallized from ethyl
acetate. Batch 4 was recrystallized from acetone using Batch 1 material. Batch 5
was recrystallized from isopropanol. Batch 7 was prepared using ethyl
acetate/acetone solvent similar to Batch 1 but in a large scale, Batch 8 was prepared
using acetone only with no further recrystallization. Batch 9 was prepared using
acetone only with brief reflux, again no further recrystallization.

Table 1: Summary of polymorphism screening of Batches 1-9 of Formula (I)
Hemitartrate

Batch | Processing Method DSC Micro- TGA
No. Melting Pont (°C) Enthalpy (J/g) scope

1 Acetone/ethyl acetate | 162 -81.4 Crystal 99.91% at 100 °C
precipitation™® 98.73% at 175 °C

2 Acetone/ethyl acetate | 164 -95.6 Crystal N/A
precipitation-dried at
room temperature™®

3 Acetone/ethyl acetate | 166 -97.8 Crystal 100.0% at 100 °C
precipitation- dried at 99.98% at 153 °C
55-60 °C

4 Recrystallization 166 -107.2 Crystal 100.2% at 100 °C
from acetone 100.2% at 153 °C

5 Recrystallization 166 -102.6 Crystal 100.0% at 100 °C
from isopropanol 100.0% at 153 °C

7 Acetone/ethyl acetate | 166 -99 4 Crystal** | 100.1% at 100 °C
precipitation 99.91% at 153 °C

8 Acectone precipitation | 165 -100.7 Crystal** | 100.0% at 100 °C

100.0% at 153 °C
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C. The rewol2pimge3sel uti on was then all owed to cool to ambirarstomwess: at ure
(slow cool). If no solids fornmed after a day, the vials were placed in a

al |l owed to dool A’éeﬁ"%ef?rf;yéipﬁﬁbr 10The sol i|as00&re cqli B8t ed by filtration
an 10air-driled T' ar v nolvrmerpnhi-sm-usinag—sl ow-cooli ng

appr oach. Organi c SR oay o Hete DCedeHRRHAB] ow Cool i ng DSC
Mel ting Pont (C) En‘t.&%a%’mé RAls c%u‘féeﬁ in §&0PBarl i @H%H?blate-shaped to

needle, rod, and irregular shapes.
Crystal forms of Formula (I) Hemitartrate were also prepared using slow

ref rl ger at or- Fcr fact ~nnl AvnArs rents the l‘eSIII ti N conl ||+ } on—was—t han

5  evaporation, slow cooling, fast cooling and anti-solvent precipitation with a variety
of solvents.

Slow Evaporation Method. A weighed sample (usually 20 mg) was
treated with aliquots of the test solvent. Aliquots were typically 100-200 pL.
Between solvent additions, the mixture was shaken or sonicated. When the

10 solids dissolved, as judged by visual inspection, the solution was allowed to
evaporate under ambient conditions in an open vial covered with aluminum foil
perforated with pinholes. Solubilities were estimated from these experiments
based on the total solvent added to obtain a clear solution.

Table 2: Approximate solubility of Formula (I) Hemitartrate at room

15 temperature (20-25 °C).

Organic Solvent Approximate Solubility (mg/mL)
Heptane Not Available
Hexane Not Available
Toluene <5
Dichloromethane 100
Ethanol 29
Isopropyl alcohol <5
Acetonitrile <5
Ethyl Acetate <5
Methanol >200
Acetone <5
Methyl t-butyl ether (TBME) <5
p-Dioxane <5
Tetrahydrofuran (THF) <5

-29 .



Yes 167 -106.2 Crystal ** 100.1% at 100 C 100.1% at 150C **:particles were
pl ate and rod-shaped Table 5: Summary of pol ynorphi smusing fast cooling
appr oach.worganics3ssol vent Solid form generated from FasPCCaskimngsDSC
Melting Pont (C) Enthal py (J/g) Mcro- scope TGA Et hanol Yes 167

Table 3: Summary of polymorphism using slow evaporation approach.

Solid form
generated
Organic from Slow DSC Micro-
Solvent | Evaporation | Melting Pont (°C) Enthalpy (J/g) | scope TGA
Methanol | No N/A N/A N/A N/A
Ethanol Yes 165 -950 Crystal** | 100.0% at 100 °C
100.0% at 150 °C

**: particles were plate and rod-shaped

5 Stow/Fast Cooling Method. Formula (I) Hemitartrate was dissolved in a
test solvent at 50-60 °C. The resulting solution was then allowed to cool to
ambient temperature (slow cool). If no solids formed after a day, the vials were
placed in a refrigerator. For fast cool experiments, the resulting solution was
then allowed to cool in a refrigerator. The solids were collected by filtration an

10 air-dried.

Table 4: Summary of polymorphism using slow cooling approach.

Solid form
generated
Organic from Slow DSC Micro-
Solvent Cooling Melting Pont (°C) Enthalpy (J/g scope TGA
Ethanol Yes 167 -106.2 Crystal** | 100.1% at 100 °C
100.1% at 150 °C

** particles were plate and rod-shaped

Table 5: Summary of polymorphism using fast cooling approach.

Solid form
generated
Organic from Fast DSC Micro-
Solvent Cooling Melting Pont (°C) Enthalpy (J/g) | scope TGA
Ethanol Yes 167 -106.2 Crystal** | 100.0% at 100 °C
100.0% at 150 °C

15 **particles were plate and rod-shaped

Anti-Solvent Method. Formula (I) Hemitartrate was dissolved in a
solvent. An anti-solvent was added to the solution. The solids that formed

were collected by filtration an air-dried.
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di ssol vedwODroa/weiseent . An anti-sol vent was added to thecsalSatioos’9sThe
solids that fornmed were collected by filtration an ai r-dri ed. WO

2011/ 066352PCT/ US?],i)qu/ 057952 abl e 6 Surrmar of %nq $h| sm
screening using ant?R188F UMY SE PIOAN PR SIS Htgmgcﬂnlt SH¥YH gener at ed
fromAnti- sqlppesdchApproach DSC Melting Pont (C) Enthal py WO M cro- scope
TGA Met hanol / "ethyl acetate

Solid form
generated
from Anti-
Organic solvent DSC Micro-
Solvent Approach | Melting Pont (°C) Enthalpy (J/g) | scope TGA
Methanol/ | Yes 167 -995 Crystal* | 100.1% at 100 °C
ethyl 100.1% at 150 °C
acetate
Methanol/ | Yes 167 -106.2 Crystal* | 100.3% at 100 °C
acetone 100.2% at 150 °C
Methanol/ | No N/A N/A N/A N/A
acetonitrile
Methanol/ | No N/A N/A N/A N/A
toluene
Methanol/ | No N/A N/A N/A N/A
THF
Methanol/ | Yes 167 -102.0 Crystal* | 100.2% at 100 °C
TBME 100.1% at 150 °C
Methanol/ | No N/A N/A N/A N/A
p-dioxane
Water/THF | No N/A N/A N/A N/A
Water/ No N/A N/A N/A N/A
TMBE
Water/ No N/A N/A N/A N/A
isopropanol
Water/ No N/A N/A N/A N/A
acetonitrile
Water/ No N/A N/A N/A N/A
acetone
Dicholoro- | Yes 165 -892 Crystal** | 100.0% at 100 °C
methane/ 99.99% at 150 °C
heptane
Dicholoro- | Yes 167 -97.8 Crystal* 100.2% at 100 °C
methane/ 100.1% at 150 °C
ethyl
acetate
Dicholoro- | Yes 164 -89 8 Crystal* 99.95% at 100 °C
methane/ 99.86% at 150 °C
toluene
Dicholoro- | Yes 167 -98 6 Crystal®* | 100.0% at 100 °C
methane/ 89 .91% at 150 °C
TBME
Dicholoro- | Yes (little) N/A N/A N/A N/A
methane/ p-
dioxane
Dicholoro- | No N/A N/A N/A N/A
methane/
isopropanol

: The particles were plate and rod-shaped.
#%: Individual particles had more than one bifrigence color.

5 #%%: The particles were needle and rod-shaped.
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Example 3: Physical Properties of Formula (1) Hemitartrate

Differential scanning calorimetry (DSC). DSC data was collected on a
TA Q100 instrument utilizing nitrogen as the purge gas. Approximately 2-5 mg
of sample was weighed accurately into an aluminum DSC pan. The pan was
5 covered with a lid and perforated with a forceps. The sample cell was
equilibrated at 30 °C and heated at a rate of 10 °C per minute to a final
temperature of 220 °C.
Hot stage microscopy. Hot stage microscopy was performed using a
Linkam hot stage (model FTIR 600) mounted on a Leica DM LP microscope
10 equipped with a Sony DXC-970MD 3CCD camera for image collection. A 40x
objective was used with polarized light to view samples. Each samples was
placed between two cover slips. Each sample was visually observed as the
stage was heated. Images were captured using Links version 2.27 (Linkam).
The hot stage was calibrated using USP melting point standards.
15 The endothermic transition observed in the DSC profile was confirmed
to be a melting transition at a temperature between 160-163°C by hot stage

microscopy.

Example 4: X-ray Powder Diffraction of Formula (I) Hemitartrate
All the X-ray Powder Diffraction (XRPD) analyses were done at SSCI, Inc.
20  (West Lafayette, IN 47906). XPRD analyses were performed using a Shimadzu

XRD-6000 X-ray powder diffractometer using Cu K a radiation. The instrument is
equipped with a fine focus X-ray tube. The tube voltage and amperage were set to
40 kV and 40 mA, respectively. The divergence and scattering slits were set at 1°
and the receiving slit was set at 0.15 mm. Diffracted radiation was detected by a

25  Nal scintillation detector. The theta-two theta continuous scan at 3°/min (0.4
sec/0.02° step) from 2.5 to 40 °26 was used. A silicon standard was analyzed to
check the instrument alignment. Data were collected and analyzed using XRD-6000

v4.1.

30 Example 5: Comparison of Formula (I} Hemitartrate to Formula (I) Free Base

The solid characterization of the free base and the hemitartrate salt are
summarized in Table 7. Formula I Hemitartrate has superior properties as
compared to Formula I free base. For example, Formula I Hemitartrate has a

-32-



No VA NA NANA Methanol/ THF No NA NA NA NA Methanol/ TBME Yes 167
-102.0 Crystal* 100.2% at 100 C 100. 1% at 150 C Met hanol/ p-di oxane No
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higher melting point (> 150 °C), higher packing energy (greater endothermic
enthalpy), lower variance in particle size, higher aqueous solubility (over 300
mg/mL in water), suitable crystal shape, and higher bulk density as compared
to Formula I Free Base.

5 Table 7: Summary of solid state and physical and chemical properties of
Formula (I) Free Base and Formula (I) Hemitartrate.

Physical Characteristics Formula (1) Free Forr.nula (1)
X Base Hemitartrate
Melting Point (°C) §6-88 163
Endothermic enthalpy (J/g) 75-82 96-106
Particle size (um) <10 to 100 ~ 3 (Average)
Aqueous solubility
>2
(ma/mL) 0.04 16
Crystalline Yes Yes
Crystal Shape Needle Platg > rod, some
irregular
Hygroscopicity (40°C/75 % None None
RH)
Bulk Density ~0.2 0.4-0.5

Example 6: In Vitro Activity and Specificity

Activity of Formula (1) Hemitartrate at inhibiting glycosphingolipid
10 synthesis in vitro. Two assays were used to quantify the inhibitory activity of
Formula (I) Hemitartrate for glucosylceramide synthase. Since
glucosylceramide is the first and rate-limiting step in the biosynthesis of
glycosphingolipids, a flow cytometry assay that measured cell surface levels of
GM 1 and GM3 was used to indirectly assess the activity of the inhibitor in
15 intact cells. Incubating K562 or B16/F10 cells for 72 h with increasing amounts
of Formula (I) Hemitartrate (0.6-1000 nM) resulted in a dose-dependent
reduction of cell surface levels of both GM1 and GM3. The mean ICs, value for
inhibiting the cell surface presentation of GM1 in K562 cells was 24 nM (range
14-34 nM) (Table 8) and that for GM3 in B16/F10 cells was 29 nM (range 12-
20 48 nM). No overt cellular toxicity was noted in either cell line even when tested
at the highest dose.
An alternative assay for activity measured inhibition of
glucosylceramide synthase in human cell derived microsomes. In this assay,

microsomes were prepared from human melanoma A375 cells by sonication
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and centrifugation. The microsomal preparation was incubated with a
fluorescent ceramide substrate (NBD-C6-ceramide), UDP-glucose, and
increasing amounts of Formula (I) Hemitartrate (0-1000 nM) for one hour at
room temperature. Following the incubation, fluorescently labeled

5 glucosylceramide and unreacted ceramide were separated and quantitated by
reverse-phase HPLC and fluorescence detection. In this assay the ICsq value for
inhibiting glucosylceramide synthesis ranged from 20 to 40 nM. This value was
similar to those obtained above for GM1 and GM3 and suggests that
measurements of these cell surface glycolipids are good surrogates of the

10 activity of Formula (I) Hemitartrate for glucosylceramide synthase.

Specificity of substrate synthesis inhibition by Formula (I) Hemitartrate.
The specificity of Formula (I) Hemitartrate was evaluated in a series of in vitro cell-
based and cell-free assays. The intestinal glycosidase enzymes were assayed in rat
tissue homogenates (see U. Andersson, ef a/., Biochem. Pharm. 59 (2000)

15 821-829, the entire teachings of which are incorporated herein by reference),
and the glycogen debranching enzyme was assayed in a cell free assay as
described {see U. Andersson, ef a/., Biochem. Pharm. 67 (2004) 697-705, the
entire teachings of which are incorporated herein by reference). No detectable
inhibition of intestinal glycosidases (lactase, maltase, sucrase), a-glucosidase I and

20 11, and the cytosolic debranching enzyme (a-1,6-glucosidase), was found at
concentrations up to 2500 uM (Table 8).

Non-lysosomal glucosylceramidase and lysosomal glucocerebrosidase
were assayed in intact human cells using Cs-NBD-glucosylceramide as
substrate (see H.S. Overkleeft, er a/. J. Biol. Chem. 273 (1998) 26522-26527,

25  the entire teachings of which are incorporated herein by reference).
Conduritol B epoxide (a specific inhibitor of lysosomal glucocerebrosidase)
was used to differentiate lysosomal versus the non-lysosomal activity.
Glucocerebrosidase activity was also measured by fluorescence-activated cell
sorting (FACS). K562 cells were cultured with increasing amounts of

30  Formula (I) Hemitartrate in the presence of 1 uM 5-(pentafluorobenzoylamino)-
fluorescein di-B-D-glucopyranoside (PFB-FDGlu, Molecular
Probes/Invitrogen. Carlsbad, CA) for 30-60 min. Cells were immediately

chilled on ice and the fluorescence quantitated is above. The non-lysosomal
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glucosylceramidase was weakly inhibited with an ICsg of 1600 uM. There was no

mhibition of lysosomal glucocerebrosidase, the enzyme that is deficient in Gaucher

disease, up to the highest concentration of 2500 uM (Table 8). Hence, a differential

of approximately 40,000 in the concentration was required to inhibit

glucosylceramide synthase compared to any of the other enzymes tested.

Table 8: Biochemical activities Formula (I) Hemitartrate in vifro

Substrate inhibition potency (in vitro 1Cso): ~0.024 uM
Enzyme specificities, [Csp:
a-Glucosidase I and I1: >2500 uM
Lysosomal glucocerebrosidase (GBA1): >2500 uM uM
Non-lysosomal glucosylceramidase 1600 uM
(GBA2):
Glycogen debranching enzyme: >2500 uM
Enzyme specificities, K;:
Sucrase inhibition: No inhib. to 10 uM
Maltase inhibition: No inhib. to 10 uM

Example 7: Improved manasement of Lysosomal Glucosviceramide levels in a

Mouse Model

A. Fabry Disease.

To determine if the combined use of both enzyme replacement therapy (ERT) and

substrate reduction therapy (SRT) may maintain enzyme debulking or provide

additional benefits, the relative efficacies of separate and combined therapies in a

murine mode!l of Fabry disease (Fabry-Rag) were compared. The parental Fabry

mice is described in Wang, AM et al. Am. J. Hum. Genet. 59: A208 (1996). The

Fabry-Rag is crossed with a RAG-1 mouse and does not develop mature

lymphocytes or T-cells (immune-compromised).



99.99% at 150 C Dichol oro- nethane/ ethyl acetate Yes 167 -97.8 Crystal *
100. 2% at 100 C 100. 1% at 150 C Di chol oro- nethane/ toluene Yes 164 -89.8
Crystal * W0.208%66152100 C 99. 86% at 150 C Di chol or o- net iramarS20iBNE7952

Animal studies.
For the monotherapy studies, Fabry mice were put on study at 1 month old
(prevention model). Treatment groups received Formula (I) Hemitartrate
5 (Genzyme Corp., Cambridge, MA) as a component of the pellet food diet. The
drug was formulated at 0.15% (w/w) in standard 5053 mouse chow (TestDiet,
Richmond, IN) and provided ad libitum. This formulation provided 300 mg/kg

of Formula (I) Hemitartrate per day in a 25 g mouse.

For the combination therapy studies, Fabry-Rag mice were put on study at 3

10 months old (treatment model). Mice in group A received intravenous injections
of recombinant human alpha-galactosidase A (Genzyme Corp.) at a dose of
Img/kg every 2 months (i.e. 3, 5, 7 and 9 months old). Group B received the
same intravenous enzyme doses plus it received Formula (I) Hemitartrate
(Genzyme Corp., Cambridge, MA) as a component of the pellet food diet. The

15  drug was formulated at 0.15% (w/w) in standard 5053 mouse chow (TestDiet,
Richmond, IN) and provided ad libitum. This formulation provided 300 mg/kg
of Formula (I) Hemitartrate per day in a 25 g mouse. Group C received enzyme
ijections every 4 months (i.e. 3 and 7 months old) and was on the same drug-
in-food diet as group B. Group D received only the drug-in-food diet (same as

20  groups B and C). Group E was untreated Fabry-Rag mice and group F were

wild-type controls. See FIG 10.

Quantitation of tissue globotriaosylceramide (GL-3, Gb3) levels
Quantitation of GL-3 was by Tandem Mass Spectrometry essentially as for GL-1.
Hot plate Assay was performed as described previously (Ziegler, RJ et
25  al Molec. Ther. 15(3), 492-500 (2007).

Results

Monotherapy of Fabry Mice with Formula (I) Hemitartrate

SRT was evaluated in a mouse model of Fabry disease, which is caused by a

deficiency of a-galactosidase A activity. Therapy with Formula (I) Hemitartrate
30  started with one month-old Fabry mice and continued until the mice reached one

year of age. The animals were dosed with 300 mg/kg Formula (I) Hemitartrate in
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their diet each day. Behavioral tests (7.¢., hot-plate assay) and biochemical tests
(i.e., urinalysis and GL-3 level analysis in tissues/blood/urine) of the mice were
performed bimonthly.
As shown in FIGURE 7, administration of Formula (I) Hemitartrate to Fabry-Rag
5  mice over a period of 11 months abated the rate of lysosomal accumulation of
globotriaoslyceramide (GL-3) in the somatic organs (liver, kidney, heart and spleen)
by approximately 50%. This translated to a delay in disease progression as
evidenced by a later presentation of insensitivity to an aversive heat stimulus (see
FIGURE 8) and a prevention of deterioration of urinalysis factors, e.g., urine
10 volume, creatinine and sodium levels (see FIGURE 9). Hence, Formula ()
Hemitartrate-mediated inhibition of glucosylceramide synthase that catalyzes the
first step in the synthesis of glycosphingolipids, is not only advantageous in animal
models of Gaucher disease but also of Fabry disease, and could also have positive
effects in other glycosphingolipidoses.
15
Combination Therapy of Fabry Mice with a~galactosidase A and Formula (1)
Hemitartrate
The efficacy of ERT alone and in combination with SRT using Formula (I)
Hemitartrate was evaluated in five populations of Fabry-Rag mice {w=12/group).
20  Beginning at three-months of age, the mice were subjected to a schedule of
behavioral tests (i.e. hot-plate assay) and biochemical tests (i.e., GL-3 level analysis
in tissues/blood/urine), as shown in FIGURE 10. In mice subjected to ERT, 1
mg/kg doses of a-galactosidase A were administered on the schedule as shown in
FIGURE 10. In mice subjected to SRT, 300 mg/kg doses of Formula (1)
25  Hemitartrate were administered daily in the mouse diet.
As shown in FIGURE 11, ERT reduces blood GL-3 levels in Fabry-Rag mice,
whereas SRT does not. As shown in FIGURE 12, combination ERT/SRT is most
effective at reducing GL-3 levels in Fabry-Rag mice liver and kidney.
As shown in FIGURE 13, SRT reduces urine GL-3 levels in Fabry-Rag mice,
30  whereas ERT does not. As shown in FIGURE 14, SRT but not ERT delays onset of
heat-insensitivity in Fabry-Rag mice.
In summary, Fabry-Rag mice treated with a combination Fabrazyme and

Formula (I) Hemitartrate exhibited improvements in disease markers over ERT
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Free Base@0 had indicated that there was no difference in response between males and

females to recombinant glucocerebrosidase or Formula (I) Hemitartrate. The
study had 6 groups of mice with group A being sacrificed after 2 weeks to
provide baseline levels of tissue glucosylceramide. Groups B, C, and D all
received recombinant human glucocerebrosidase (Genzyme Corp., Cambridge,

25 MA) (10mg/kg) intravenously via a tail-vein (100 uL) every 2 days for a total
of 8 injections. Group B was sacrificed at the end of this regimen (at the same
time as group A) to provide enzyme-reduced levels of tissue glucosylceramide.
Groups D and E were both fed Formula (I) Hemitartrate (Genzyme Corp.,
Cambridge, MA) as a component of the pellet food diet. The drug was

30 formulated at 0.075% (w/w) in standard 5053 mouse chow (TestDiet,
Richmond, IN) and provided ad /ibitum. This formulation provided 150 mg/kg
of Formula (I) Hemitartrate per day in a 25 g mouse. Group F received no
treatment and was sacrificed along with groups C, D and E 12 weeks after the
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5 Table 7: Summary of solid state and physical and chem cal properties of
Formula (1) Free Base and Fornmula (1) Hemtartrate. Physical

Char act erwetzntgebaserrul a (1) Free Base Formula (1) Hem t acrast@oNE1Ist ng
Point (C) 86-88 163 Endotherm c enthal py (J/g) 75-82 96-106 Particle size

(C?%t ;IlPi ;Ce) %sgzgrt ﬁrgé\e%%@{ 2‘98@1@81%%{%}538%%'33 l%limltiste%ve' gl?t/snvgf_ re (1)1'10%111‘[0?62 &ree
times per week to determine drug intake and the potential impact of the drug on
overall health. Animals were killed by carbon dioxide inhalation and their
tissues harvested immediately. Half of each tissue was snap frozen on dry ice

5  and stored at -80°C until ready for further processing. The other half was

processed for histological analysis.

Quantitation of tissue glucosylceramide levels Glucosylceramide levels were
quantified by mass spectrometry as described previously (see K. McEachern, ef al.,
J. Gene. Med. 8 (2006) 719-729; T. Doering, J. Biol. Chem. 274 (1999) 11038-

10 11045, the entire teachings of both are incorporated herein by reference). A known
mass of tissue was homogenized in 2:1 (v/v) chloroform:methanol and incubated at
37°C for 15 min. Samples were centrifuged and the supernatants were extracted
with 0.2 volumes of water overnight at 4°C. The samples were centrifuged, the
aqueous phase was discarded, and the organic phase was dried down to a film under

15  nitrogen. For electrospray ionization mass spectrometry (ESI/MS) analysis, tissue
samples were reconstituted to the equivalent of 50 ng original tissue weight in I ml
chloroform:methanol (2:1, v/v) and vortexed for 5 min. Aliquots (40 uL) of each
sample were delivered to Waters total recovery vials and 50 pL of a 10 ug/mL d3-
C16-GL-1 internal standard (Matreya, Inc., Pleasant Gap, PA) was added. Samples

20  were dried under nitrogen and reconstituted with 200 uL of 1:4 (v/v)
DMSO:methanol. ESI/MS analysis of glucosylceramides of different carbon chain
lengths was performed on a Waters alliance HPLC (Separation Module 2695)
coupled to a Micromass Quattro Micro system equipped with an electrospray ion
source. Lipid extract samples (20 uL) were injected onto a C8 column (4 mL X 3

25  mm i.d; Phenomenex, Torrance, CA) at 45°C and eluted with a gradient of 50 to
100% acetonitrile (2ZmM ammonium acetate, 0.1% formic acid) at 0.5 mL/min. The
first 0.5 min was held at 50% organic and then quickly switched to 100% for the
final 3.5 min. The source temperature was held constant at 150°C and nitrogen was
used as the desolvation gas at a flow rate of 670 L/h. The capillary voltage was

30 maintained at 3.80 KV with a cone voltage of 23 V, while the dwell time for each
ton species was 100 ms. Spectra were acquired by the MRM mode to monitor eight
dominant isoforms (C16:0, C18:0, C20:0, C22:1, C22:0, C22:1-OH, C24:1, and

SN A NN

. Quantitation of glucosylceramide was based on the sum of these eight
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a flow cytomapbny asspy that neasured ceII surface levels of GM1 and GVB
was used to |nd|rectly assess the activity of the inhibitor in 15intact
cells. Incubating K562 or B16/F10 cells for 72 h with increasing amounts of
Formula (1) Hem taﬁltfr()é@@ (Eordn_s_t@dltgleﬁ%analefwt tl@sdles wege fizséinemeridentlin

d f ref I
re U.Ctlpn. o ? ronLM ﬁargsecop%/\é%tenclgse ﬁ’eﬁ%tg |on OaTtr Gv{%tlenr}p?{g’gliec% %4{:%0 val ue

for inhibiti HENEITOLTPY 88 presen S was 24 nM

(range 14534 théﬂ stbﬂ'@binePBS)l attlC thal réady f&MBiriher Bk ksifg calll sinwass w8renM
(range 12- 2048 nM. No overt cellular toxicity was noted in either cel

line even whelshyduiedingthingd, drgsddr xylsses. infiltiatedandhembeddedsay for
S oS R B TS PHCR IR A SRR MR 8
mel anoma A375isted 4 sotbyy monbwatd @l dridBin-a 60°C oven prior to staining. Sections
were deparaffinized in Hemo-De (Scientific Safety Solvents, Keller, TX) and
10  rehydrated in descending concentrations of ethanol followed by a PBS wash.
The sections were stained with Hematoxylin and Eosin (H&E) and labeled
using a rat anti-mouse CD68 monoclonal antibody (Serotec, Raleigh, NC) to
identify macrophages. After washing for 5 min in PBS, the slides were
dehydrated in ethanol and cleared in Hemo-De prior to mounting with
15 SHUR/Mount™ coverglass mounting medium (TBS, Durham, NC). The
percent area of CD68 immunopositivity in the liver was quantified using
MetaMorph (MDS Analytical Technologies, Toronto, Canada) analysis of ten

400X images per tissue section. A board certified veterinary pathologist

blinded to group designation examined all the sections.

20 Results
Dosing regimen of glucocerebrosidase for debulking accumulated GLI in the

liver, spleen and lung of 3 month-old Gaucher mice. To investigate the relative
merits of combination and monotherapy with either enzyme or substrate reduction
therapy, the enzyme regimen that maximally depleted GL1 levels in the visceral

25  organs of Gaucher mice was first determined. Three month-old Gaucher mice
(D409V/mull) were intravenously administered 2, 4 or 8 doses of 10 mg/kg
recombinant human glucocerebrosidase. The mice that were treated with 2 or 4
doses of the enzyme received drug infusions every 3 days while those that were
treated with 8 doses received the enzyme every 2 days. The use of a shorter time

30  interval between infusions in animals that received 8 treatments was designed to
minimize the potential impact of any immune response to the administered human

enzyme. The animals were killed 7 days following the last enzyme infusion and the

- 40 -



and centrifugation. The m crosomal preparation was incubated with a
fluorescent ceram de substrate (NBD- C6-ceram de), UDP-glucose, and

i ncreasi /yoanowmesiszof Fornula (1) Hemitartrate (0-1000 mij/dSeetoos®shour at
roomtenperature. Followi ng the incubation, fluorescently |abeled 5

gl ucosyl ceram de an nreacted .ceram de re separated and quantitated by
reverse- phasé‘IWElogﬁ IF?‘%P‘élgd‘éﬁ??érTH@fse\é\ﬁF%: at ‘ﬁu{lﬁ ‘é’erﬁé’éﬁgmﬁae | C50 val ue
for inhibiting gl usesyleaehalRs&YITHNRSLShRNESD FaRFY AR [LC140r oM idhi s
value was simlar to those obtained above for GML and GVB and suggests that

measur ement s tbé livérdyed08el Incmasihg the ginywo bf praymeantisgoeth 4 or $.ogakestaf t he

10activity of Fornul a. (|l mtartrate for glucosyl ceram ynt hase.
Spect 11 ci Ly, el tsdves b Iaan ot S4fiey Pund B RYORBRRT 1567 TheRs®
Hemi t ar t r gt e.thdihe@nsheeilbw&idyo L FRVEM! ével WithHeddsearns ealsetanas @\ uated in
a series of in vitro cell-based and cell-free assays. The intestinal

gl ycosi dase ewpguanse Wetaudiss apasty showane thpshapatonpperjaesailels redised only
Ander sson, ety @l v, oL RRAGHOPIALME0 (2000) 9R21a829,, kg, GRE A&
|crl"’1 d he yr S an e gl ycogen

t eachi ngs of are rncorporate ein eference)’,

debr anchi ng ernzzyreo)as-38s gr\adrd thachigsof whidearassayoagedpsemnihed (see U
Ander sson, et al., Biochem Pharm .67 (2004) 697-705, the entire teachings
of which are FREBIporHiceybHiEeienclsin thempleapcCaugBerdBice M{eBHMBIS nhi bi ti on of
intestin gl ' ; : oIN | -qand
IR R SR A T S i SRR B s G
at concent r atioosgnifpantty 20O 1. ehl{ fratn tho®)noted in untrilated Eyrsmdonimkbreasing

D e B O ST ST SR TR |
Overkleeft, efpogl in dle 1ROk redtBEN to?aﬁﬁro&%ﬁ;%&)y @%ggmﬁl@ﬁ?e)zbcogé&l%sem ire

teachi ngs of which are incorporated herein by reference) Conduritol 13
epoxi de (a spweérvedaiterts duisesor Thsfslighdy koveslexghuelcobstette wdidige) thalkngsed to
differenti.ate | ysos l, versus the non-| somal .activi .

G ucocer dbr oSSR ALY P By A “Srest B e AV By IRF (oI s SBidsed ¢ ed
cell sorting di¥dGPmacldph@zest aiHeob¥@ Ui B £d VW1 fleirdtdcaashdigveaanat s of
30 Fornula (1) Hemitartrate in the presence of 1 [I

M
5- ( pent af | uorcoBwaKGYWishihgspleen pgbluas ikely reflecisthpbiidistopitioarsd sheruzyme
PFB- FDGLu, I ' |.sh - jn. Cell
\(/ver e i mmgi a'lt\fgil&%ﬁ?&ftg%%gﬁﬁ{si:ogy%éne? gﬁgf @%@F@s@%éﬁ%ﬁ%ﬁég‘?& @go?asnabove. >
The non-| ysoswTed78, IO afiklitAHGS 2PEHMdUS20 b o rASPb glaieesyd) cBagsdiohase was

weakly inhibited with an 1C50 of 1600 uM There was no i nhibition of
| ysosonal?Vg| Jh%ﬁéé?%l&}?dg“r‘ Heyment IggImsRAPRESENER! § congequtive dates o [ eaedrer

di sease, up tgg?éoggremogfa%&t adnPALRALd At s ﬂItex%?lQ QraR M| t‘é@ﬁleesu@equéﬁf‘ ce, a

differenti al approxi mately 40,000 in"the concentration was required to
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tested. Table 8: Biochem cal activities Fornula (1) Hemtartrate in vitro

Substrate inhi bi t]ée?ar}iv‘g%%ﬁpﬁzy q]c é}z%f}%i) tmrlg szlb??r;‘(c)/)e: reduction therapy to lower GLI
levels in the liver of Gaucher mice. Cohorts of 3-month-old Gaucher mice were

25  treated with either recombinant glucocerebrosidase or Formula (I) Hemitartrate
separately or sequentially. Mice in groups B, C and D were given 8 doses of
enzyme as described above (over a period of 2 weeks) to clear accumulated GL1.
Different groups were then fed either regular chow or chow containing Formula (I)
Hemitartrate (150 mg/kg/day) for an additional 10 weeks with group F receiving no

30  treatment and serving as the naive control. Irrespective of the chow formulation, the
mice ate comparable amounts of food and there were no discernible differences in
weight gain. Approximately 80% of the stored GL1 levels were cleared from the

Y=~ “-llowing 2 weeks of enzyme therapy alone. When these animals were allowed
- 41 -



-0 .024 ti M Enzyne specificities, 1C50: u-Qucosidase | and I1: >2500 |.LM
Lysosonal gl ucocerebrosi dase (GBALl): >2500 uMttM Non- | ysosomnal

gl ucosyl ceoanmdmsis2( GBA2) : 1600 | i M d ycogen debr anchi ngCensgome/05792500

ttiVl Enzyne specificities Ki: Sucrase inhibition: No inhib. to 10 u.lV
Mal t ase |nh|b|t|on 10 u oved
management  of 0@{%@3&%}“@5 ﬁl&%&fyqr%a@flssaﬁga% @ woesoth T enhd bR Cased Fabry
Di sease. To dgighiHoNBar rfe abOEn @it Safle YaRk HHOLBCRREYENE SR AReEM
therapy (ERT) and I5 substrate reduction therapy (SRT) nmay maintain “enzyme
debul ki ng or periodiigurddicoluomal). Bbessflevads welsarot sigaificohedifiersat frem thfse

(Fabry- Rag) VTR EOTSIUR FHETpArhP ) FadrY ool 1 GRSt BBte K 'bang, AM

et al. Ams J.enbhiite afeiiRh Foﬁﬂula@@%nﬁxﬂz@@@& in tHRR t5aDEYer RAQ Wk PeAsgaHei th a
RAG 1 nouse and does not devel op mature
liver GL1 levels were significantly lower than the untreated controls (Figure 2,

column D & F). This result suggests that the additional treatment with Formula (I)
Hemitartrate had slowed the re-accumulation of the substrate. Interestingly,
Gaucher mice treated with Formula (I) Hemitartrate alone during the entire study

10 period (12 weeks) also showed lower GL-1 levels (Figure 2, column E) when
compared to untreated, age-matched controls (Figure 2, column F) though the
difference was not significant. The ability of SRT alone to reduce GL1 levels in this
animal model is consistent with our previous report (see K.A. McEachem, et /.,
Mol. Genet. Metab. 91 (2007) 259-267, the entire teachings of which are

15 incorporated herein by reference) and likely reflects the fact that the Gaucher mice
(D409V/null) retain residual enzymatic activity (see Y-H. Xu, et al., Am. J. Pathol.
163, 2003, 2093-2101, the entire teachings of which are incorporated herein by

reference).

Relative abilities of enzyme and substrate reduction therapy to lower GL1

20  levels in the spleen of Gaucher mice. Treating 3 month-old Gaucher mice with
recombinant glucocerebrosidase alone for 2 weeks reduced splenic GL1 levels by
approximately 60% (Figure 3, column B). When these animals were allowed to age
for an additional 10 weeks without further intervention, the substrate levels returned
to those observed at the start of the study (Figure 3, column C) and were not

25  significantly different from the untreated control (Figure 3, column F). This
suggests that the rate of re-accumulation of GL1 in the spleen was higher than in the
liver. This supposition was also supported by the observation of higher basal levels
of the substrate in the spleen (~1500 mg/g tissue; Figure 2, column A) than in the
liver (~500 mg/g tissue; Figure 3, column A). Animals that had been treated with

30  enzyme and then Formula (I) Hemitartrate for the next 10 weeks showed the greatest
reduction in splenic GL1 levels (Figure 3, column D) and these were significantly
lower than those in the untreated control spleens (Figure 3, column F). This

**--*2d that the deployment of SRT not only delayed the re-accumulation of
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20 | ynmphocytes or T-cells (inmune-conprom sed). Aninmal studies. For the
nonot herapy studies, Fabry mce were put on study at 1 nonth old
(prevent iwo 200dwb3s2 Tr eat nent groups recei ved Fornul a (PCTHS0As95at e 5
(Genzyne Corp., Canbridge, MA) as a conponent of the pellet food diet. The
drug was fornu| ated at O. 15%8}90’\{/}? in st ng)ar 5053 nouse .chow (IestDiet,
Ri chnond, | NSUGHEOPHH QA eAdO IHHier frucerieduresinl Sora &5 Brd0ieBa 300 my/ kg
of Fornul a (!\ond'@gbﬁe%f {Hafh@eReln @RYindth@, #@ nBt SMRUSEE thERLidALkREBIRAL | on

t herapy studies, Fabry-Rag m ce were put on study at 3 10 nonths old
(treat ment noueyhe and subsirate gedgpoledde eifyrtiebridatlireve nersllisnpstrate londs. of

r econbi nant man al pha- gal act osi da A nzyne. Car a dose, .of | ng/ kg
every 2 nonth e(qb.seéryg n ,OWeraWEe%c ﬁirlltl%‘&%glflé%(e m&ﬁgglfgfe)é VY@E@?W @Iﬁe same
i ntravenoys enayiRireSfmeFUS Whells@ERIUMEY RIMUE Rthah In iafdated coh@ble ( Genzyne
Corp., Canbridge, MA) as a conponent of the pellet food diet. The 15 drug

was formul at dfigite . cobop ) wconyistertariduihe w098, hewudethe Holererestainet |

Ri chnmond, | N)_.an i ded. ad..l i is f . V] 300 ng/ kg
o “Formui a (1S TA autpiae Ll CalbiPhet B b GRRRIBERTC
enzyne i nj ectacanisy, egtiyend withrHHIB fdllowed by SRcohidrpodkhsal Bl adpelamct hasaton t he
sane drugi n-foqd diet as group B.. Goup D.recejved onlé the drug-in-food
diet (same asndpegrpupenhamger)of cleatige of Raotispdipg stksdateapr y- Rag i ce and
group F were wild-type controls. See FIG 10. Quantitation of tissue

gl obot ri ggsyl cer g flfe (s ofBBymb EYELsHs ARVl &k ORerQfy fipweM@$ 1 by Tandem
Mass Spectronetry essentially as for G.-1. t plate Assay was

perfornmed as /dedcwithbebingoétuodsty yi¢Zi sghaed eRlierpuldkaary Gbl éevelsThae. 15(3),
492-500 (2007). sul t nog he of Fabry.Mce w.th Formula (1)

e tart ate & URd el A TARLE PuRUt S ar B ABPG as case, whi ch i s
caused by a dghdsebRbfoyidale. Frddhaal@SIHRRE- oM 6&Edh fYoe WillCEBRheWbE B For mul a
(I') Hemtartrate 30 started with one nonth-old Fabry nice and conti nued

until the ni ceeckeashberl oraaly@apdogedusgien ITsibste diveds inshelugp slaguigid h 300
ng/ kg For,zul a (| ifartrate in ir diet each,day.  Behayi.gral tests
(&0 ot itablotn BETAELRLE shltnalt R dopfaftofAS oty FEIOEE Heit &1 5

| evel anal ysistoisd, tak espesddpteoadiilation o® GLI @ dw e nuvesi ghi et dnfdent
bi nonthly. As shown in FIGURE 7, admi nistration of Formula ( Hemtartrate

L (1)

t o Fabry- Rag fpmiheangigated devistsy Frgret. columphtdad) abutosgasthanipalsdedehaw sosonal
accunul ati on : i -am | i (liver,
ki dney, hear t&gﬁg{@%%@%‘)ﬁg@%%ﬁ%%ﬁﬁ%‘g% r}g’%é}%?? nEFE‘l%g %;?;e_nso Fiesl?%‘g&?% a del ay
i n di sease prreguoess ilnsubagate \lévaéno ddlobythasd aln@nisprabantat iabme ¢Figure 4,
insensitivity to an aversive heat stinmulus (see F] GURE 8) and revention
of det er A o) G HEIe S reay Je Sor oS e _ ol Pty ni ne
and sodi um | ey ehRindnS8e Adafd s NoeetiS i in HOTMY & fnlthe HREH Betd-pl BeTRMi at ed

inhibition of glucosyl ceram de synthase that catalyzes the first step in
t he synt hesi FFoofull (ycldeplidrtrge! (inptihd presecerndresadiay erdbgamitageoyrsge adiivan) nal

nodel s of Gaucher, di se but al so of F di seas a oul d al so have
posi ti ve. ef f et M e BRRAI G BuRR AR Pl B-n6EbEET fed BHimfS e idhn
to below the starting levels. As with the other visceral organs, treatment by Formula
25 (1) Hemitartrate alone was effective in lowering pulmonary GL1 levels (Figure 4,

column E) when compared to untreated controls (Figure 4, column F).

Histopathological analysis of the liver of Gaucher mice after enzyme and
substrate reduction treatment. To visualize the effects of the different therapeutic
regimens in the liver, tissue sections were stained for CD68, a macrophage marker.

30  Analysis of liver sections from untreated 3 month-old Gaucher mice showed the
presence of large numbers of lipid-engorged, CD68-positive Gaucher cells that

remained largely unchanged when analyzed 12 weeks later. Consistent with the
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Combi nati on Therapy of Fably Mce with a-gal actosi dase A and Fornula (1)
Hem tartrate The efficacy of ERT alone and in conbination with SR using
Formul a (W9 2plamebaset rat e was eval uated in five popul ati @a3/uskolbabrgz Rag
mce (n-124,,:.oup). 20 Beginning at three nont hs of age, the mce were

subjected to ched l.e o aV| oral. tests .e. hot-plate assay) and
bi other cal _taegEnqal gaia bpies IV e 8F AR W@SW%%@%%@ "Wilood/ urine), as

shown in Fl %&&ebﬂo@ld%é@ve@‘d 864 6 HeelERRowdd E@fslﬁ%ﬂl%?@a@a&% of the
a- gal act osi dase A were adm ni stered on the schedul e as shown in Fl GURE 10.
I n mice subj dgidah dlmeabnprMmao;gmhgg@oéé@ewanﬁmalﬁmeae (llﬂc)wezﬁblege n@artrate

d t {. h I RE 11, ERT
\rlvgcrjﬁcgsmblni)ch1 a_lof%dllafecil‘é?%sl“ﬂ ﬁgﬁﬂrlt%ﬁa%eaﬁ?l@et se\g%vswé]‘ Vll%ﬁfea '§5 not. As shown

in FI GURE512,ace@itblaiied b@@LEBJlrﬁEEﬁtdds%m@te -ehéeshdeT Gluch@duls Ngokkved, | evel s
in Fabry-Rag mce liver and ki shown in FIGURE 13, SR reduces

urine GL-3 | ebisligcrpase Paﬁa\}dﬁagel}ﬁw neggfeihe Bicenrare goves shbtiratoxededionn i n
FIGURE 14, S Ra
i ce. e 8RR R 86 B RE by Lt S IR PR bl ADnTREL Y 00

and Formul a (dajliceGadchtit hive eha xddebictl @drimtiar DVesnRitdraate ralcdxleaﬁa&ﬁom ker s over
ERT - 37 - or SRT alone in a treatnment nodel in the follow ng

si gni fi cant | yedusat cedumpylgtan offhe )ybaway. Bélmgglae%mheasem@rée%e@ 33 w%rh@at i on
t her apy, np P

ol S LR G S e LSO SO Byl T
di seas e To dbt exndugedtiont has slbguenttifeld vumg Métablotth @xfizyane(Higpkd8enment

t her apy (ERT) and substrate reduction thera oV addi ti onal
bonert s 1 TR L B H T HanEe shrousparaled i euine TSI e S es 1 a
nurine rmdel &Eerﬁi%é@lh%ch@h%ﬁ?@&%oﬁwfﬁ%&)suﬁ&"rt“r‘n%%@ég%@'ﬁmﬁ%n"@é hods

Ani mal studies. Procedures involving aninmals were teviewed and approved by
t he | nstitut irolative meiitsel! tGadiEermtitremeorginenee (| ACUC) at Genzyne
Corporation follow ng the guidelines issued by the Association for
Assessrent, and. AGer edprat 0N Pl Abe 4G e 15
Gaucher nMduse={oAUSYV c L xhi biting
accunul ati on Dkegk ucosyl ceram de i n liver, spleen and |ungs but |acks bone
or brain pathology (see Y-H Xu, etal Am J. PaThol. 163, 2003,

2093-2101, the entdt@af gdekisndEoesrdugs iaNoline FHEBIDRRE S eNedA] by

reference). | i f age
s pr ovi ous ARBoR R BN RAE pElF Bl oRie HAC TP Bl
response bet moeﬂncimabefoﬁawesfsmmlt asd hocreécaitn sfaiabogtargaaanalbransi dase or

Formula () mitartrate. The study had 6 groups of mce wth group A being
sacrifi c«gzg aR&ﬁAEA&éeks to provide baseline |evels of tissue

gl ucosyl cer anjig@. an@ RS Buidelin@9dTR: @iahcl’i&%’%‘avg@h reéqorbigany humen o
gl ucocer ebrosi dase (Genzynme Corp., Canbridge, 25MA) (10ng/kg) intravenously

via a tail-veiln Am0D Hauth_c)l éﬁﬁe@%ﬂOZ) 28210, the eotind teothiggh of edtitlons. Group B

was sacrificed at t srelmen hesmetl as g A) to
brovi de. enzynleobalmEd TSPy ool Sd siTg plBet PE abRR ast TR B g
were both fec}elf@&éméxﬁs(N)od*eﬂaér@@tlﬁ?held@@wf@p&@reno,Foﬁamralyige MA) as a
corrponent of the pellet food diet he drug was 30 fornmul ated at 0.075%

(W w) in 28t addrdanes3hiobesa f@h@@vbemegmud@s aiR emmederd so PRYh sax@s preawi ded ad
libitum Thi %li%&g%ﬁsg{é&@ pﬁ8}ﬁ5@3‘2g%§9mﬂgﬁ}r}9e L ?&rer\%t aog(é LR jRrtrate

per day in a ceive rea d was sacrificed
al ong W th graupsavage bBx @ﬂdldﬁlelaf reekskaf Agiimdli®ere acclimated to oral

gavaging with a similar volume of water for one week prior to initiation of
treatment. Formula (I) Hemitartrate was dissolved in Water For Injection

30 (WFIL, VWR, West Chester, PA) and administered in a dose escalation from 75
mg/kg/day to 150 mg/kg/day over the course of nine days, with three days at
each dose and increments of 25 mg/kg/day. Mice were weighed three times per

- 0 monitor the potential impact of the drug on their overall health.
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- 38 - start of the study. Food consunption and nouse wei ghts were
nonitored three tines per week to determ ne drug intake and the potenti al

i npact ofwohelidwedfzon overal |l health. Aninmals were kill @edThg2@anbmdn2 di oxi de
i nhal ation and their tissues harvested immediately. Half of each tissue was

snap frozen o ice 5 stored 80C nt|I for f rther
processi ng. T‘ﬂen we%la?lﬁgdea&b@% oxislg 17ks aﬂ?%%q? g{ﬁ”c%ﬁ“% fryested

Quantitation jgfmddigele FAMGPINLIEREREIIR |n§y§éc§fr8%éiﬁ&§bﬂ3ﬁi%é%ﬁh derk@yels were
quantlfled by mass spectrometry as described previously (see K. MEachern,

et al., J. Ge?rﬂeCManll readyfmomthmgmzzgspngﬂmmmlf Was BoldctedCfrem 274
(1999) 11038h ]‘OiL the. entire teachings of both are incorporated herein
by reference). ﬁlﬁ@lﬁ of tissue was honogenized in 2:1 (v/v)

chl orof or m1 et han@mﬁﬂﬂaﬁz@ﬁbﬁﬁ%@d g co8¥leetidd BevOR bSAIFR| RSfOMRERCe thin
centrifuged and t he supernatants wer e ext ract ed with 0.2 volunes of water
over ni ght at lar cr‘fﬂfemgmﬁswe@ weigh pesfrrpianegyddn [ayee chepmesographnédPras

di scar ded, r t I

ni trogen. For e(tF ai)sggwg% ?Més%np@égﬂnéggeg eC &H? Ifnk ?&W léﬁél ysi s,
ti ssue sanpl e1$7weHeZlhecomsﬂlmwﬂaecést5@ (tzbe7)emmv53®1tandfs BO. Mller, ieguhdl
tissue weight in 1 m chloroform nmethanol X v/v) and vortexed for 5 mm

Aliquots (40 kb Cé‘ﬁl g lgaﬁﬁ?%)\ﬁééé%meveﬂea t?*’&h%S@rfseaF}bf”é‘ﬂ recovery
vial's and50 k., Bra?c—f;d ?er%gxlg v} é?ﬂ ési} 1]%'{@ Qtodariliy g@fﬁ@ho&%@@aﬁfa%&fvm reya,

Inc., Pleasant was ‘a ’20wer e "dri ed under ni'trogen and
reconstl t ut edawhdrhommmﬂlg tilsswef inlcodd PB/S\/)exMﬁgmetthanb(v/vESUNB anal ysi s of
gl ucosyl ceram des .of different carbon chain t hs was Ipegfor d on a

Vaters al | i arfd&meBE: psdaekandsomsating 1%9‘53}61’ PUYHCHIBE 2> KRICS LS

Quattro Mcr Qeﬁﬁ%g&l RAPAPRE (I pHhsadafd ﬁfétsﬁlﬁéﬁ%?a\ﬁt Meld r§&)%€é%i i d
extract sanples ( were injected onto a colum (4 mL X 3 25 nmi.d;

Phenonenex, mdhearwere r@Apnwatedac chtfodirot: m@thmlohsaémgr aﬁlteﬁtgedfanaohc 0 100%

acetonltrlle um ace ld / in., The
frrst 0. &5 SUNRE R hd 5k fos bt famt SaRButy Cp et & Faose ror
the final 3.JvahrhlokbRoraniHGERe rﬁ&ﬁﬁ@rvadstbﬁ@ed/\mheebﬂlb@rmsg@eina@dmétSOC and
nitrogen was used as the desolvation gas at a flowrate of 670 L/h. The

capi | lary voltoagachandapnisiugedi Mber discadpg Ry uppemaceshdyobl t age of 23 V,

whil'e the d"‘ﬁJaéth%ﬁ&Esa if w%@%ﬂdﬁ”l FREEY fiitd }@%ﬁ;n"tp‘ﬁ g&g&%@g@%& acquired

by the MRM 0 m)nl or erg dom hant . 186 C20: 0,
C22:1, C22:0,w&2@kdn B dfied udderatittogen, @abweﬂahlzon(xdff) ghlueacfsith eestamade was
based on the sum of these eight 39 - rms rel atiove to the internal
st andar d,2%i t3 lanEder Bl aspeﬁlre&eéeler%ﬁ@hhwo HerRdrtr 20010 1. . tg/nL

Hi st ol ogy. For i o4 Shaaheal iRy sl AHES RIS NXSM bRoghae. [aalin

(El ectron M croscopy Sciences roomtenperature’ for 24 h,
5t hen st ored B.N. E‘Bﬁesaﬂ\/ldﬁbdm}iniym@aayl%ﬁ) lfthI}Eenhqoemtuesteaqhglgsmﬂwlsla}rpl es

wer e dehydrated.in etha cl ear in | enes ated and enbedded in
Sur gi pat bR S HPERPTOGUTSHAK REH et TEPORUALNS £ BinCRCEF dRd ver o
cut using a rigfedidl st ORe mlﬂamgldlefwen@%xm\é%taaﬁagsl&@o sdrAbWH NQ.
Sections were deparaffinized in Heno-De (Scientific Safety Solvents,
Kel | er, BX) ah@spholipids that migrate with glucosylceramide on the HP-TLC plate.

Aliquots of the extracts containing equivalent amounts of the total phosphate

were spotted onto a HP-TLC plate along with known glucosylceramide

standards (Matreya inc. Pleasant Gap, PA). The lipids were resolved and

visualized with 3% cupric acetate monohydrate (w/v). 15% phosphoric acid

30  (v/v) followed by baking for 10 min at 150 °C. The lipid bands were scanned
on a densitometer (GS-700, Bio-Rad, Hercules, CA) and analyzed by Quantity

One software (Bio-Rad).



10 rehydrated in descendi ng concentrations of ethanol followed by a PBS
wash. The sections were stained with Hemat oxylin and Eosin (H&E) and

| abel ed wwOngLIA6s32 anti - nouse CD68 nonocl onal anti body PCBarsetiems7IRal ei gh,
NC) to identify macrophages. After washing for 5 min in PBS, the slides
were dehydrated in ethanal anpd cleared jn Henp-De prior to nounting with 15
SHUR/ NbUNt T cov er@FHUa el it i1Hg e e oaICe rRaTe IRHERo S SPerhemslicent ar ea
of CD68 i MuNORE§iiéthinydd Rad Badt RN YREsOYRBEbieY a4 B iRt albe Rh (VDS
Anal yti cal Technologi es, Toronto, Canada) analysis 0f ten 400X i mages per

ti ssue secti dvicEachsoarad addr Gehi dded e @0PORT 1P-FaP bl Dgersng, ¥ thdddBid. gr oup

desi gnati on am t ectiqns. 20. Results Si regi men of
gli tcocerebrgél?e [ f@bb%)egﬁq%ﬁgd@c@lﬁﬁﬂqg?g c&ngis%?ﬁa{\ﬁ%rellﬁg%rp?ragﬁ een and
lung o/ 3 montHeréihbyGREGERIe) MTeRue TasiHdveslehBatien thiewe) ative nerits of

combi nation and monotherapy with either enzyme or substrate reduction
t herapy, the aioipienyegiivaal endincyhxtichal PY “Hephropked vare creyidpged and the

visceral 25 q C 1 Ce. 1St r 0 - I -old
Gaucher m ce SEJ %%8%{?% frtlsu&%é %g{aecpe:dﬁ‘?’rtg@?n{)@éﬁjf Sggkrr‘?aﬁ%ps@%glgé@ ,ﬁl% 61 Ig%&dos es
of 10 ng/ kg neserbhiEngedhugmn Wk uqoersgbaosivdadicarted, M dchetdrginiv@hease
treated with 2 or 4 doses_of the enzyne received drug infusions every 3
days while tHE&E dqvat g Fikmindst B@ORREh 8 doses recei ved the enzyme every 2

days. Thgpuse of I ey gt i il s
th)altt recgiOved 8 the"EF ?r%actrtllt%;sp I\tf\lggg %%g{ﬂg%g{c?g?gp %ﬁtﬁﬁ?ﬁ?&ecﬁgﬁéﬁ%g?%%?%ﬁ@sggact of

any i nmune r espphsewte rebensadredis thereegnhaliora o fef® ygeriglita tianienwbighner e

killed 7 days, follqw the | ast enz i nfusion, and the - .40 - _amunt of
G1 remai i ng T SHBIOm Piciiol FetE) afeorngs i witeslidifusior &R "

Treat ment w tslan‘gpléj SLPlvefl HARGEIPRI WatdaaRal RESEY Vid1§ ah@¥els #ToCG1 in
the liver by 50% Increasing the nunber of enzyne infusions to 4 or 8, as

expected, redued dh€ 161Gkr! Gtadmplestandard 6 Matggyeatner, Rigasant GapyPA) was

appr oxi ely 759 The | ess 5t han .conplete | owerin f vel s, even
oPPh°s gses dhed) subpfee bR e PHE° BisErR ah SS o Ruslieh B AR BB Ehowi ng
that hepat ospghersee@Mdnol ESiedsead@n of @hit@yl@nanides dddtraeni @dbei
treatment (see G A Gabowski, et al., Ann. Int. Med. 122 (1995) 33-39, the

entire teachidhgs neikives nerormgd onpoVatead aHenee iIC (efraratime)lodyige

substrate | ev I f . m r re. 1 fractory to
enzyne treat rrzgilr?'?) C{iuoér%‘?(gfozFlrl\glt%lpogﬁ%gf&%‘qﬁgg\glg%g&éﬁggggﬁggr‘%lgllgase did not

si gni fi cant | yeladti®praglidn lsevek sTiveon imhwsktentibabesitracusimpiat ectre arjectod s.
| ncr easi ng the nupmber of enzyme infusions to 4 or 8 reduced the splenic G.1
| evel s byPabdtit? S8elymn {halixhgim 4 dy BRERAMGISXt OHPRTo ki Mettétly (6eR4 of

untreated co Q f iRy, i I . gxlent of
14l WFa c?ﬁi‘e?&?{%@‘ seLi %c@leﬁxzﬁey@gﬁwﬁ&h%%ién aB0UGle, BXLE!

substrate reduction I n ung 15was pro e to poorer accessibility
of the infusddrenzame) dt®.§ hd./hipi Thd fden. ainve aledreldraci @Pphagesc alith¢hen

observation of .greater 1 clearance in the Liver when conpared with the
apl oen and | GHEHT RershroH EUPE PR B S RIS IGHE ERECEHSYERT o | ovi ng
system ¢ i nf Ugi@BoAER ad1 M ~VamdRatb 8h wal ud asFhy GeRi1Ph@RY gdklat G2OS)
467-478, the entire teachings of which are incorporated by reference).

Based on 220 trAwse ¢7dslyiht $he chpillareaolmestwasoyhimsginedaisi - §0 ikng vath gcone
consecut | Ve S5388a0) 1% TR ESHRLHTEERE ORI BAMLAL Fo8h okt
were acquired by the MRM mode to monitor eight dominant isoforms (C16:0,
C18:0, C20:0, C22:1. C22:0. C22:1-OH, C24:1, and C24:0). Quantitation of
glucosylceramide is based on the sum of these eight isoforms to the internal
30  standard, with a calibration curve range from 0.1 to 10 pg/mL.
Histology. For histological analysis, tissues were fixed in zinc formalin

(Electron Microscopy Sciences, Hatfield, PA) at room temperature for 24 h,

then stored in PBS at 4 °C until ready for further processing. All samples were

- 46 -



Rel ative abilities of enzynme and substrate reduction therapy to | ower G.I
|l evels in the liver of Gaucher mce. Cohorts of 3-nonth-old Gaucher m ce
wer e 25t rwated/oshish ei t her reconbi nant gl ucocer ebr osi dageTas2Honmba (1)
Hemtartrate separately or sequentially. Mce in groups B, C and D were

gi ven 8 doses, of enzynme as descri bed above, (,over eri.od of 2 eks) to
Al ear accumilGPEFREA wry P%ﬁ?ﬂﬁﬂl&&ﬁ@%#é%‘h@éngk ddfonEnct agfil ar chow

or chow cont aiiAfe £ o MihBeddou STkl RiardikAq B dRYhnf i, A0

addi tional 10 weeks with group F receiving no 30 treatnent and sServing as

t he nave conthipt mitromespeacits weregfut ke gchmary onictdtamieond dried imace Ut e

conpar abl e anounts. of food a(%j &).here wer, e nofdi.s erni ble dif eﬁencgs in

wei ght gai n. XSPrROWT Aac BN E0EcHPT: RE S R A Brel et EredPE  rom
the |1 ow B9 ZnWRekndify @meyiRatiBRrAERYco0 AdloWHERY b ReSe RANhTR fler \Wer €
allowed - 41 - to progress without further treatment for 10 weeks, their
liver GL1 | eveingingecingdds agietinafiid atlidey wenastapeddee dfuiatindie dfcipnBleaibst r at e
had occurred [ [ [ i.0do( FlLgure. u o e
| evel s were n@é?&ﬁ?@ﬁ%%ﬁ?\éﬁ% ? %rn g%{) lgg’égmg‘%eﬁ%saecl%? Hct?r)l{)r eat lge:%}nsé%;g'? I?ol S
(Figure 2, colatenar oxidiwiey ar 1%l geriddéc #3id €ome heint $1RRk ebrivstalnd wnzyme and
t hen For nul aei(;léx%l Hemtartrate in their food over a 10 week period, their
liver G I | i sispgend ( gpigtnashhtor y 21 8ige Attan ayrsh e foR e Bk 181 3Ftslel s
(Figure C ) i S ! :

treat rrent21 Owi ? hél Igic?)(riér?u\?%%(dle)@%rﬁ({glrét{%%}%%%ﬂggﬁa?%%\e %lﬁlgb%rlgggct% tﬁl?r%lﬁ‘gltnigon of
t he subst r at ewith SE&FRSémgl Y coGagobemoniteg tredatre (TRt PuFemmiNG).( 1)

Hem tartrate al one dyri. the entire st .1 eriod (12 we .al so showed
e e T T GufDe, Sl R Bt Te i el S6irt aTuH eyt &
age- mat ched GaRikell CByLee 18 higPhuRe: Fiidshaweh ddig)di fference was not

significant. The ability of SRT alone to reduce G.1 [evels in this aninal
nmodel is condRetudtst with our previous report (see K A MEachern, et al.,

Mol . Genet. Metab., 91 (2007) .259-267, the eptire.teachin whi,ch are
15i ncor pdvat ed. herdie B avETEHREs Kt YR TRERP T A e The
Gaucher ni ce KHAGBM BEkHhidiSlkahd Foesuua) HeR M@tk Go BRIOOYI/AY] he€ewYs H. Xu,
et al., Am | Pathol. 163, 2003, 2093-2101, the entire teachings of which
are i ncor por aseesserbr Apprapymae! e epeith-olkanige wese adiniisteed B0 reakgrayand
Substrate re i | i ! i . ucher
mce. Treati %&é{uﬁ%gﬁ EE(E)T?} ga\{gg%c(ﬁgﬂ@%‘lsce W #e‘rﬁ\é?g%% SJ?nlzlié}]ltg ?6 gécgfggcrtg%ragz i dase
al one for 2 viekibstineduces|sghmidcsyattask e bsal lpyvagpfoaXionedekkyThI% ( Fi gur e
3, colum B). Wen these animals were allo to age f.or an additional 10
weeks wi PRoutireainemidiad i eetgRistatigts %@65\&%@%?%@%@%}% hakiuPhdE to those
observed at t S L QLY G , not

25si gni fi cant %ed]iv%% Eel}rg%tehgfooﬁh%iﬂ}esoggk% g(%%?et 0(1:15%{)1?{:}? © ?ﬁﬁdgl??g%%?%gol um F).
Thi s suggest sighétanthevratoa fofmrtkemodumiieatedanicefsu@dsting thiter apluéed) was

hi gher than in the liver. This supposition was al so supported .by.th
observation demitgiaie Basaet QU Elar o cher it fufee fitRne: SHhBlingHiesoo
ng/ g tissue; Slg,'hgws@ 2, colum A) than in the liver (-500 ng/g tissue;
Figure 3, colum g Animal s that had been treated with 30 enzyne and then
Fornul a @°) Heni t diffiratieof lorrmute (Adkamiqy iode ks rshbuetonige poe-euvpigmatic
reduction in lenic G I.level s.(Fi gur ,...Ccol U D) ~an hes r e
Sant 1 cant |y TisTRr i ForBtde P o feron e Tlned 47 ot A8 o Sur e 5,
colum F). Thiysosomdl dcdunailatibie ol eRicoyyefthnede SRIthRGppesthicdef @iechet he
re-accunul ation of - 42 - substrate but also acted to further reduce the
burden of st ciedgén yaurhid-yeganld) R40R3unel appear Thase yarng Gapher migqij s

i nstance, th - ef 1,10 g I esi n ) / rate
e R L B e
obser vat i3on cidnlioivedred piteeri 5 &L150 mgdiggdddynoft hanmilg €l) tHeaattatavd bhofadr nul a

(I') SHemtartrate alone faor 12 weeks (Fi gLIlre 3, colum E)l than in untreated
control s gavage for 10 weeks. Measurement of glucosylceramide levels showed a dose-

dependent reduction when compared to age-matched vehicle-treated controls.

In the cohort that had been treated with 150 mg/kg/day, glucosylceramide
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(Figure 3, colum F) is consistent with this notion, though the difference
was not significant. Hence, in mld Gaucher type 1 patients with high

resi dual wozynmeessei vity, treatment with ERT fol |l owed bpCERB2@0051952
potentially accelerate the rate and perhaps even the extent of clearance of

the of fendi ng suybstrate. 10 tive abilities of enz . and substrate
oot on Rl et bt o 1 ol I iy b Eon By B BRI Ae ot ed

earlier, pul nRnRRLYrdddct VeSOV e TheasdisatdIBrtibMal Mnal ek adiebysigpt ravenous
adm ni strati on of reconbi nant gl ucocerebrosi dase. Treatnent of 3 nonth-old

Gaucher ni ce ghirtdsybrramgefobseRedmeils Ineswntiddng of oaitgd H4990%/ ndboaed on in
substrate | evel,s | he. | un iLgure 4. 15 col.u B). The cohort of aninals
Foa norrmi - cronersh hricariRPa B LG Rak e e i8St oo

re- accunmulkat i @Bulilddeoh AENRIsVEY®sPRIingsligHl hitBenttidued.fferent fromthe
untreated levels (Figure 4, colum (g: & F). In contrast, animals fed chow
cont ai ni ng For nul dligiopatkede gigtlavatuatioped thhbvers o unfeated M09y /pelt ibee showed
a reduction i u e I i Nj one
(Fi gure 4 205 AR SEE sk P ot S LARR TP A SRR Bl
unt r eat ed conhfaalgho(fthguiver AMicotread yith AdRiIng/kd/BasosbggadhshHt hat in the
l ung, as in the spleen, the net effect of Fornula Hemtartrate (in the

(1)
presence of y%@pa@réqat%ﬁmd&e\ﬁ%@ sBAYGHORcteRceyioniPTeERge PEEARH t he
r e accumyoat | QN g ke R 1Al S03AC LRI LIl Ui NSk RAHGE of RT bOUOR pW Uhe
starting levels. As wth the other visceral organs, treatnment by Formula
75(1) Hem t armunstiee odldoifierewasecabheconfirenddnthhotherfraygepey obGangheGlcdlls evel s
(Figure 4, col urm.E%.5 when conpar ed 1;So urllt rggﬁ ed controls Fi.gure 4, colum
F). H StIpatHOTGYI alo Vg 3t s orgriy SR ERIEhEH i ce after
enzynme and sufisfetid ehbQAbBEhARichl 884 IBMlogil NhEHM §iReiRE RifRL o the
different therapeutic reginmens in the liver, tissue sections wereée stained
for CD68, a reoriophagen wafkenuladd) Kemlitpgiaie of pre-syamptoprtic drmicheomident r eat ed
3 nont h-gl.d Gaucher .m ce .showed the presence of |ar nu r.s  of
i bi d- engar et ks B L HEHATen 1B BEFIER, Qe b M PEREIR By unchange
when anal yzed ffetaegdcted adPihe AR uShermMtibh of lRiuch&3ells bh @chigpdrcal dat a
above, livers of animals adm nistered reconbi nant gl ucocerebrosi dase over a
period of 2 weeks sfeqedo/simstidnt D dieneli@didndelréftinhalder sicacher nfgse
abnor mal macr e5..: )] Ni-al S ditional 10
weeks wit hout&?@?‘hé’\;l“ﬁ%é{%ﬁé% ot e’r‘:’ifrﬁ%Cr %@%A gﬁ@%(%gq e?%?argggg%unul ation
of GL1 as i ndircstieg obyevedng disensy goacssioh italdhesynggtbhmtic owelier midehi s
i ncrease in Gaucher cells was negated jf the m ([;e were given substrate
reduct i 0?0t het&mAlsupYHusd marBen-Mentiepid Bt aowllgyice teie admmistergetfbni ng
period. As naqig I+ LA ce [, I a
Hem tartrat eq{éf%ﬁgﬂlglpsog&g%ﬁz?%?%t uég% ;i cculnﬁ gt%:egﬁpégg{e%é'sﬁgé%’rsgst %f,
al t hough not dlocdashbesaneledegriem ds livrosleng had spieen ef eicved maice anbiandtlibon of
ERT and SRT. The extent of ngf% itivg stainin gn th hvarigus sections
was al so quant 9 EaSGEFHEREENER ORI GRERH Brepsogh PEvors) thosth ebByrkd of
stai ning in thesRrSaGhE QRRYMANEPN 8 deRE o ARkt Oflubd Y Rlerdahilic!18VAL S
determ ned bi ochem cal ly (|¥I gure 15) further supporting the suggestions on
t he rel atZdve weeideterofingchie W §F°erdewer torleer n&eft lpwgi melvag ang 46%apres i8:

Ef fi cacy of Far nul ) Hemitartrate in.a Mus del ,of ucher,., D sease
o oot uci 60 Py Bt lr O PGt af S SRP 6 Bl RIR br ovea by
an I nstituti gighitamiat@lyvas affectantdatusribeiamibetfaahéd ACHkauldtdd O ng

Associ ation for assessnent and accreditation of |aboratory animal care 20

(AAALAC), St atlecosmtreranidedn nyap dath sieexistinebagge wéstogheeodbelogy. ul | nice

(See Y.-H Xu. et @& P, : - , tire
toachi ngs of whi ch 5ipefiblofcel B Its oftiiut Eth S L) Wau BRI
mat ur e adoor diffGadchestalbyinrtkeliveentmnésed Nd0dViifigl mixcewhen phepatype or

response to For nul I
P untreate% c(on)trols. Quantitation of the number of Gaucher cells corroborated
the biochemical findings; treated D409V/null mice displayed Gaucher cell

counts that were not significantly different from those at the beginning of
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25 Hemtartrate has been found between nmal es and fenmal es, so both sexes
were used in the studies. Formula (1) Hemtartrate delivery was by a single
dai |y or avogauagessat a vol une of 10 ni/kg. Ani mal s wer ePpatalSeomes: o or al
gavaging with a simlar volume of water for one week prior to initiation of

treatment. Formula (I itartr s .di ssol ved i r Injection 30
(W R vestenuathol B £ g ErRr sbeaantrOatchst 6 L euibsrs Pt om 75
ng/ kg/ day to (}eQ mé b%ﬂ@%e%’ﬁ%ffﬁ%nﬁ?%@@r @hn AJIE oFAVreateli DU doR/gE days at
each dose and increnents of 25 ng/kg/day. Mce were weighed three tinmes per

'-¢) nonitaonicehd qg@th@mthase da’t@dcmooﬁtrathehedﬂ:@gnoh (tIhHﬁmxtavteatall heal th. -
44 - Animal s r d|0|de|nhalat| n. and .t ti ues
nar vest ea- i misiear Sy Ry Rhand Sl RnpleRPhg aich ) T oe
and stored atdeveBPnfentit adinfa@2@%hiRé-ckisihbQatiMOsessi ng. The other half was
col l ected for histological analysis. 5Quantitation of tissue
gl ucasyl cer arPigeussére| s by hi gh performance thin Iayer chromat ography. Hi gh

performance thin | r K h ri bed
(A Abor et al. . o OrEEl PR RGHRR il ARROERIR 1SpEARTTH

D abetes 56 (tH@@ﬁjylﬂégﬁrcﬂiﬁy’leeraﬁﬂdh Siaithdse. NtHeketvas alsalno deasuedble O i n. Med.
127 (1996) 353-358, the entire teachings of each are 10incorparated herein
by reference)l hibitiesy phelugogeselypsidags Pty t%e%%m&bi%ten@awg SRBrogeni zi ng
ti ssue inpcol:d. R ;;a&d

soni cat i 28 i r%ql O\iﬁg{ne?éggt@ﬁmgg%fégg%}g C?auég%élg%as\%g%& 0 g{“ﬁt 3{]&? (Ié)m eparate
t he phases anlehdrheetsﬁpmsnmabghmmmebresmm miiviﬂjzhe&pﬁﬂeleéfestmedeserﬁ‘ Bdni cat ed
in chloroform t nol : sal i ne, trlfu ed and the 15resu t;le'?evsecond

super nat ant WAS aP’e@’Fé‘H“SFFd“‘&B emPSttFP {ifestina} sguesp Wi no

chl orof orm Sadlff@%n% X Hb@y WRRshd B’@c@qe&ﬁ’ tﬁé‘@eaﬁ@&'@h&‘%’nt%&%ftfé%{e@’%réupy ortexed,
and centrifuged. After di'scarding the upper aqueous | ayer anol : sal i ne
was added, vorerexewnaeriratensahand Abgedhe The (@ﬂq%nM)mseeaA}aly atakeabland
dried un nitro sol ve thano 70at 1 nL
ol ed ungst nLLASAT oSl ASELYEG 0 B pb¥ DI SRRIE R RRRL 10t L
the li pid extp@gitar@se HSE atsQemig,SﬁiéﬁtbeE@d ath@spRat Both(paeént Bobhpohies,

Met hods Enzynol . 8 (1966) 115-11 the entire teachings of which are

i ncor por at ed andraetabelytes effepayrie plearedewithinngd hias showsn ipridgteomdeispeato use as
an internal r.d [ r . S to
renove 25 phootsr%ﬂéjfsl pﬁ %Mj&?ﬁﬁ]? %ﬁq“ggg %@\r}mg lﬁy%{él}g(gsé@%g{r}gdmmé%?%gﬂ %@’SHP- TLC

plate. Aliquots ofUdihgaexhr@aisized dbanpiregneguiuadiegle daipwiilsscaabgé he tot al
phosphat e were spo{ted onto (f/gHP—TLC Iate al ong wi th known
gl ucosy! Z8r arfilgess “éWd&PH%ﬂt? e ce TR dPReEIEHHE GhIR DPAYOURRIET pi ds wer e

resol ved and 0% 15%
phosphori c ac& 30 1\4/(76\‘:/11)1 fo %8@9{;{}5% t%:fﬁ%@% %a%ﬁ%%f%ﬂh%é%d"’éé@a ee |(I)pl d

bands were sqgatimddgyonThe gewsy, tl@H‘B’Etd{ ol(d@SwEOﬁ)Ltthugdl lﬁabbmtgeleudtteé CA) and

anal yzed by ant i war e antlt of tissue
gl ucosyl cer am' B e é‘?né’dﬁj Yé%éemté Eﬁéﬁ%coﬁ%%@l@éﬁ’ﬁ Wed
quantified by,ERASaSRECHE OABIEY] ﬁ§s@%5&b{a§%es(§%e&am@%ﬁm et al. J.
Gene Med. 8 (2006) 719-729; T. Doerin Biol. Chem 274 (1999)

11038- 11045, Treetneant iwith tﬁhmlg{lfgjéamfﬁar@mla(@ Hm@arpr@tfahféttd&ﬂbrel n by

reference). Tissue honogeni zed i n ofor nol ;,and
neubar ed at 57 teolERP R TERS Sanel FbbtAil FeREThR TLERHEITarE
extracted witi fddet MidkwRBHiOhg Wi EHer Q3R m‘gh sonhHiez 16 868t @samMRIcangent ri f uged
again, the aqueous phase was dlscarded and the organic phase dried down to
a filmunder TiMbeg@éiaucher cells, there was no further i mcrease in the levels of the
glycosphingolipid or in the number of storage cells after either 5 weeks or 10
30  weeks of treatment. As the major source of glucosylceramide in Gaucher cells

is reported to be extracellular in origin these results implied that Formula (I)

Hemitartrate inhibition of glucosylceramide synthase was systemic.
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10For el ectrospray ionization nmass spectronetry (ESI/MS) analysis, tissue
sanpl es were reconstituted to the equivalent of 50 ng original tissue

wei ght i rw@ 2oi1/esbdser of or mf net hanol (2: 1, v/v) and vort ePea/uSee10H5195n.

Al'i quots of each sanple (40 L) were delivered to Waters total recovery

i al d 50 !'IL 10 t d t | t Mat I .,
Bl oheant con. | PR sotsstan Rt raral (R HEng A Bate e e dBon and.
reconst tut et Hind bl AT ARRSkm SN 2 B

gl ucosyl ceram des o fferent carbon chain | engths was perforned on a
Waters al | i artmtddRLEa SepdlfatharenMohel the mga)emmﬁ}é}?eldhtlodlaewbcr oMass

maroliter | ipid dnepatvo S B fbl e SR5tal Al b nITE T

mm i . d; PRenan@nRXstralOfsl Anetive @M spbcifio ifhiBner 6f sluedsyMdrhmadOyaehAR8t of
50- 100% acetoni tril e (2 mM ammoni um acet at e, 0.1% form c_aci d) at 0.5

nmL/ min. The faxhgiting 5o wivartadserse edfegts 15@%1@msgaﬁp@elaﬁdiwbﬁr H8PasR! Yt swi t ched
to 100% for t Y r ant at

150 C and ni v syeRifhteRalbduistnE GRYFGoh TERBLANLSISRAE SufBIRLCE 57
L/ h. The capldxmuwd G@hﬂe@enma%ynﬁmrbitmg@ldc&yl&r&ﬁxdé\éomtﬂmlalcmoaiﬂ voI t age of
23 V, while the dwell time for_each ion species was 100 ns. Spectra were

acquired by t%‘CW%%m&Oﬁnﬁh%rﬁI&”@%&S%ﬁtﬁa?ﬂquW%ﬁwee@l%tf@te C18: 0,
C20: 0, 1. (gj@n f

gl ucosylc?:lér arﬁ]%%?epge ase ]acl)%u%e g?e ;&Séﬁut?r}%ﬁ%gfog?)g |séo*%radtrr#é%tIa SRt he

i nt ernal 30stGmdhedtypwai ltdhseaseahdlploaantmﬁymharglymghmfgnbmd&tdrage 10 lig/n.
Hi st ol ogy. Fé{l hi st ol ogi cal analysis, tissues were fixed in zinc formalin
(El ectron M CH¥¥EESy Sci ences, Hat fi el d, PA) at roomtenperature for 24 h,
then stored in PBS at 4 C unt|I ready for further processing. Al sanples
wer e dehydrated in ascending concentratlons of alcohol cleared in xyl enes
and i nfiltratkednage 9% Fhas¢ddlinicalilrigl ¢ Rilp AF) ke gi pat h, Ri chnond,

60 ¢ overlSar i ort STt RS THR e 6%@'??3?%%2%@? Y ﬁé%”ﬁweszwog%' 59 Lo

rehydrat ed S5ifg@esermei fgate@n6a@ultaiitnca@fhealitehal tybelll (@mn (Mmowat er
wash. After a 1 minrinse in 3% acetic acid, slides were stained for 40 mn

in 1% Al ci an Bfalea®®{ 1yt rrélﬁgqviwas@%wu%@ﬁ@ég)smeﬁngﬁ/oca@@tﬂfieé acid pH

2.0. After ri hd d for 1 mn.
slides were S%Z%eﬁg’ddv%ewﬁ%g %%? ng&lﬁ%‘ggé&? %%ulgog% pghf Gcelﬂ% mn. After
washing for Shronbdoytdpehiaglseletslds, 00® 160006 8N & zdﬁhnﬁll(l@érﬁ@glbbmaﬂ-QOhol

and cl eared in xyl enes prlor to mounting with SHUR/ I\/bunt| m cover gl ass
mount i ng-ﬁedigﬁ%% ge; Burlnsi], mady). Teankfreeivediengymng aer! Wf%ﬁlﬁ%ﬁ%ﬂg{%@i cal ly

in the liver £ 1501 2 al ol @ h povver
fields (HPFs, @ﬁlﬁ)(g%l g&ll %éj@ 1{)‘19%{1{6% a nlfeﬁ%dgglg(%?kg rose{rfgtj)errlr%g

Hem tartrate elndpmgsvglnbiﬂ lemelo(e0.5T; g/@l)ecﬁrf;datteleztfcoadmwwtoaaafte:gsziwmkd @f (1)
Hemtartrate to D409V/ .null m ce was assesse teI old

mce were adifSHISFE: ddVi50° gk G ENOBGR IS ‘1°€A§1°F@ml Pf%%’lﬁ%aisgwgse shown
in prelim narpa2htddiodsinh (PBe %at%ataha%@{ndrsmwaoueﬁg gl ucosyl cer ani de

synthase) by oral gavage for 10 weeks. This 70 treatnent had no notable
effects @ the welXesh&h.nlyapk 5‘2efé€da mgThatritableofortupeofilmtiemsad ntiesrent s of
their body vvelg (g thrrou%E 1rult ,teudgl shovve n(C) SI %flr%%nt é?ledVIO%[tl on from
those of untreé l? VR UUE; |n A nu %1 (leﬂf) Prat®oits wel |

tol erated at eadd@seby ms»wmﬁeozd)pateefnft@cmeuﬁ (88D Bl ifidgn bi 1By RS Mask.
25Ef ficacy of Formula (I % Hemtartrate at treating youn pre syrrptomatlc

Gaucher, . ni ¢& WrsE emagiobyn i A3ty & d: M%‘eE\PQP%ﬁe‘@ gér(léf}éf’eq}ent of the
I ysosonal £ feoaucher

e s T yourd g Hahe® b B PR e A AP AR A S ce
exhi bit 130w [(@veBs%0f reshectiviety;tand chftbetisathst MQSI%:EIZGFMIQ/&I)EGNaS)hﬂ ani mal s
were 30 adm ni ster delther 75 or 150 /day of Fornul a Hemtartrate
by or al gavad%“?%yﬁ:féa mideregvel %a@eﬁ?‘ rﬁrlg 3 efffé r@éﬁaﬁﬁsa oyl showed
a_dose- dependenhith AUCHLO WS- £RARANESh §Q.cRBS1 faggq pehi elentgaled
controls. In t‘ﬂ%l cohort at haet haé been treat gg vvi{%tl rorg/ kg/ ﬁy,r

gl ucosyl ceram de | evel s were 60, 40 and 75% of those in the controls, in
the liver, lung and spleen, respectively (FIG 6). The statistically
significantly | ower |evels of glucosylcef@ni de observed in the |Iiver and

l ung of treated D409V/ null mce indicated that Formula (1) Hemtartrate was
effective at reducing the 5accunul ation of this glycosphingolipid in these
tissues.



Hi st opat hol ogi cal evaluation of the livers of untreated D409V/ null m ce at
the end of the study (20 weeks of age) showed the presence of Gaucher cells
t hr oughouwot2ha/désdser . M ce treated with 150 ng/ kg/ day ofrCRarspuoms195)
Hemtartrate for 10 weeks showed only the occasional presence of Gaucher
10cel I s t hat re also i.nvari.ably srrgl ler in size. %?n{li tatian, of  these
celI's in a ndfBBICSH YR BRHENSAAYF ORED BB Aedelefrds 2t meere MLty of
Gaucher cel | s;ge1& st gnfd cantly lower in the Formula (1)
Hemtartrate-treated mce. Together, these biochem cal and histol ogical
findi ngs suggested that daily oral adm nistration of Formula (1)

Henit artrat e Exanle-18y Hpmanat(DcHanitatieate Rhaenargurenl dfdnapasitian. 400deer easi ng
t he accunul at&onleg gl ucosyl ceranmide in the affected tissues and the
consequent fm%ﬁr’ on of Gaucher cells in the liver. Ef fi cacy of
Formula (I) Hemtar/rate in treating older Gaucher Mce with pre-existing
pat hol ogy s The ef fAMedoy optPrémrraviba of 1 90 Went tani¢sat Boratulal h) ésdmingtiate,

reversi ng di sease proHressi on in ol der, s?i t omat i %éGauc er mi.ce 20 was
al so eval uat dBCTESEVEATRSHEHUNSE IPROSVIINIORYHrtce e MEP LR IS8 kel 2t el 0

ng/ kg/ day For i t al,..0a veeks; Anal yses of
gl ucosyl ceran%%géﬁf&e%éﬁég%?]ﬁﬁ%ﬁgﬁI%iz?el%dfiﬁéergn%ﬁ%gf}%g%f %g S%glge:ded mce at 5
and 10 weeks ipgstidntemdnand sHbakde Otviey bhadied ot aihngh-shese ggrioreyand fdrhose
observed at the start of .the study. Alter 10 weeks of treatnent,

gl ucosyl cer aftBed BVRYS ™MBUGEr ¢ deterfnined to be 60% | ower in Iiver, 50%

| ower in lung and 40% | ower in spleen than in vehicle-treated mce. These
resul ts ghowed thatatf®d Mpharrhddeutes Eanlulatch asoefechpygeat i nhibiting
the further accumul ati on of glucosylceramde in mce with an existing
burden of storage pathology Histgopathological analysis of tissue sections
showed a redyced nunber 30 of Gaudher cells {pittAigoddsver of trepated

D409V/ nul | mlce when conpared to untreated controls. Quantitatijon of the
nunber of Gaycher celgpeqfns roboratied ghg bijochg j.cal Nduigh BSen [ r eat ed
D409V/ nul | mjce di spl ayed Gaucher |cehho@RUNt &nk Dade Wersgemtoosi ghi ficantly
different frogmthose at the beginri ngo@mhg t|r gadwent| ataphadshrotahe| 5- and
10-week time|points. Gaucher cell |[nughens at both th@satiy e Kgoj nts were
significantly | ower than those of |untmeated D409V/ nul |l m ce. Toget her,

t hese data dt,lﬁgﬁ{ﬁfal(ﬂhgnﬁa'&mﬁe Formuta(fgh otentagtyate effegtTvety inhibited
further gl ucg M&&&;ﬁ{f{hg&uﬁ&%unui at{ o gpd—Gaucger celd 5g§ve1—crp|yrrent in

ani mal s wi t h [Pr&sExbhidikE Pat 1ol 09y. [ SCUSST O 3 Forguta (] )
Hem tartrat e GEFBRSIEAERT @ Ni g dedr ggs Of [SPeghfIcf Ty gk the enzyne

gl ucosyl cera crSMARcHASE. There was al50 Nno negsurjabl e pani biTj on of

gl ucocer ebr ogi daser@edw¥dnl pheAl (Ne ef Legli Ve doSe, Whi GRodEm@n [10i nport ant
feature when [TTeatioRD, Gatehen 01 Sgase type [T padoenfs, {dmsxmajority of whom
retain residual glucocerebrosidase aciivity. Al the effeciive dose of 150
ng/ kg/ day, there were no observable gastro-intestinal issues and there was
no difference in body wei ghts between the treated and control untreated

groups. Serum conclEt ingtgdesids aeratgn avd eeaniiated @yohe¢ pddigon wfjpuiigied readi |y
attai nabl e 15w.th | . es at._wer el ow XI ol,erated. | evel .
For mila (1) Renrt & Rl EP2PSo! R anPBUGnS Vbl Sp TX A iAot

par ent conpouwthpaatorTet ablallyesnfifhedt Tuehet gtaal fbnwihdiscZdgdd Asmshown in
single and reﬁeat oral dose ADME studies with 14C-radi ol abel | ed conmpound in
rats and ldogdhe beWhgné PavRd difonah Adatagagiimgellegispresnive milki hyt wetai |y oral

gavage 70succggsliiby wak BYENESe G HE08K neqli AN HRi ACEHIAL LAD a0 PGt L

young, pre-

i

50+5°C to moisture content of not more than 3.5%, as confirmed by in-process

check. The dry granules were then passed through a screening mill and the

screened granules were transferred to a V-blender. Glyceryl behenate (0.2 kg)
20  was added to the V-blender, and the final blend was mixed until the blend was

uniform, as determined by an in-line or off-line blend uniformity test, typically
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synptomatic mce and in ol der Gaucher mce that already exhibited storage
pat hol ogy. The young, 10-week old m ce, although harboring el evated

gl ucosyl cepanidescisevel s relative to wild-type control s, PoadSaay/ 0yms2

devel oped the characteristic engorged tissue nacrophages, ter rred Gaucher

cells. 25 Treatnment with 150 ng/kg/ day, of For te halted
al| measurabligl aqnst@af%nmegwessfé%fm%b o Da ehesbb B Ge Gaucher
cells. I'n ol dﬁbsﬁﬂeQﬁln%)q'ée}?ﬂutéﬁgnlﬁtlbh%ﬁ[e havelo @k ab@{&%@{@hn weight (270

gl ucosyl cerani de and nunber of Gaucher cells, there was no further increase

in the | evel snghvelage)glhyd dsphiledodpsplad voereidadudied henﬁmbepaaidaostgor age cells
after either 5 vveeks or 10 30 weeks of treatnent. As the mmjor source of

gl ucosyl ceran de, 0 | GRUCNEE G el LEROThEL R RERUBSSEELM @l ori ol n
gl ucosyl cer aniggukgnt hase was system c. The observation that

Formula (1) Hemtartrate was effective in preventi ng further accurul ation
of gl ucosyl ce¥eirde/ Sugpyastien &f #ﬂé?”rgab@mule sTh%P@gy vk Fogmude f 0 raser

enhance the t f 3G@M% e I t ent ed
her e denonst rfggggggﬂgttglg] 25{1 ?b‘?r@@ﬁ] tartr a %Q?%Mgré pﬁsg%éﬁéegggépem fic
i nhi bi tor of lgénrt@/sylemmpamachel m),ar#masészhlclap:tulagsmg aoaa@sﬁlea“dhﬂgse effects
in a nmouse nodel %gcher dj se e | 1 l,%ccessfull eve h(? di sease
progr essi on |1ﬂa‘B’6‘t‘%t°p @9%&%@&% W%{ﬁ]at @I deg 24r'48 é g &t C#RSEEShy

i nhi biting gl\;,@g%éhﬁﬁgg%g)ee @5@1& ation and Gaucher cell formation. These

findi ngs suggest that Fornula (I mtartrate 10 may represent yet another
t herapeutic option for both pedl atric and adult Gaucher type 1 di sease and
potential |y dixeemplgllyBoé caditatteate Bbamiacentieal Conmxesitdm 59 mPhase 2

Clinical Tri of , Formul a (I) Hem tartrate 15Met hods. This clinical trial
of Formul a (Iaé);—qé%xﬂ?rtartrate given 50 or 100 ng bid orally, treated 26
adul ts with Gaugber#regasatiol YPeo nd CiBulést6Fhd PMcedBrviag@ngfle 36 wiear s,
range 18-60; all Caucasian) at 7 sites in 5 countries. Patients were to
have spl enonggHpyed valia ke @@:aa&flﬁﬁm} stgid Tei RIRdrce ﬁé%m@%&ssbemeaﬁw atel ets
45 000 10G, 0QQLMR) Ofic4 %@ﬁ%}e% Ghemogd ol i\, 8 &%ng%%gl;ule ?nacﬁ nehod/ dl

| e). None recelved en repl acenent or su rat herapy in
t he prior 12 tlfmapm;)rﬁheﬁnmg&l(ﬂ 85 prg ma/geefzinctale)ﬁlmnmqmsms wergl obi n
| evel (+0.5 C{ g FI atel et count (+15 04) after 52 weeks of treatnent.
Li ver vol ume, eéHFtF PEIBE PALSEING| ucosyl cerani de are al so assessed. Patients
continue to be treated and nonitored long-term 25Results. Wek 52 data
ver e avai | ablgfgfie YRCE €odBuRATY BEhSartfhr® PRSMSa M i B QR P SIHE U8l o and 2
were ongoi ng.” The conposite prinmary endpoi nt was net by I9 of the 20
patients. I\/Eaﬁnp(_m@) changes from baseline to Wek 52 vvere henogl obin +1. 6

(i o1 1 28° oM RPivar Pratsbey 145G Cfianas bos Beriaut sodyatitie SRt ver y.
and chi tOt ri aplidase upQe Me EdcdBsuiatidi stepl ﬂ%o@h@c@?ﬂ@ ﬁ%@dﬁsd@ Heveh

normal i zed after 4 weeks in all patients rmul a mtartrate was wel |
tol erated wi thielahwa&éecmpahllaéedslafae#@sw SRpIude ueegérfsaperlatféhn ggbisdoevent s

in 6 patient S[h@%}\ﬁ?rog? G0 fiff %@ﬁ%éﬁ" n{geinﬁetrfge'), z?ijx(i tthFedrgapgul%ngetre ansient in

nat ur e.

dedusted before packaging.

25  Example 12: Formula (1) Hemitartrate Pharmaceutical Composition, 25 mg

Capsules
Method of Preparation of 25 mg Capsules: The procedure of Example 10 was

followed up to the encapsulation step. To produce a 25 mg capsule, the final
blend was encapsulated in a #4-size capsule using a capsule filling machine to
30  the appropriate fill weight (67.5 mg average), and the filled capsules were

dedusted before packaging.
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Exanpl e 10: Formula (1) Hemtartrate Pharmaceutical Conposition, 100 ng
Capsul es 5Method of Preparation of 100 ing Capsules: Formula (1)

Hem t ar t rsioep1mieessecr ystal | i ne cel | ul ose, | act ose nonohydraise¢10ants2
hypronel | ose, E15 were separately passed through a 20 nesh screen. Amounts
of the screene di

hi gh- shear grei HE & CUONT A1 %%%utlca
Forrmul ati on for 100 ny Capsules Uni t Anount | ngr edi ent Uni t Anount 100ny
Capsule (nmg) ")/0 A?@fudyrblzés @?ﬁﬁn{e%tWeWMuM@ ha@@é&'&u@t%? sa?@tyggg Capsul es
Total Quantity 19.2 kg Fornula (1) Hemtartrate 100.0 3

M crocryst al Itplesatg by off wgbids oml deses of Formula (1) Hemltartrate (IOO m0 BID)

administered with and without paroxetine (30 mg once daily), a potent inhibitor

5 of CYP2D6. This was an open-label, fixed-sequence study in 36 healthy
subjects (17 males and 19 females). The secondary objectives were to evaluate
the PK of paroxetine in combination with multiple doses of Formula (I)
Hemitartrate (100 mg BID) in healthy subjects and to further evaluate Formula
(I) Hemitartrate PK following multiple-dose compared with single-dose

10 Formula (I) Hemitartrate administration.

The mean PK parameters of the free base of Formula (I) Hemitartrate as
it exists in plasma were nonlinear and showed a 2-fold accumulation in AUC
and Cy,x with repeated administration (100 mg BID) as compared to single
dose administration. Concomitant administration of Formula (I) Hemitartrate

15  and paroxetine resulted in a 7-fold increase in Cpax and 9-fold increase in AUC
as compared to the multiple-dose administration of Formula (I) Hemitartrate
alone. These results indicate that paroxetine can inhibit the metabolism of
Formula (I) Hemitartrate and increases blood plasma concentrations of the
drug. Similar effects would be expected with other potent CYP2D6 inhibitors

20  (e.g. fluoxetine and quinidine) and careful monitoring of drug plasma levels
and potential dose adjustments are necessary when Formula (I) Hemitartrate is
co-administered with a drug known to be a potent CYP2D6 inhibitor.
Paroxetine concentrations were about 1.5- to 2-fold higher than expected which
suggests that Formula (I) Hemitartrate or one of its metabolites may be a mild

25  inhibitor of CYP2D6.

Example 14: Formula (1) Hemitartrate Drug Interactions - CYP3A4 Inhibitors

and p-glycoprotein (PGP) Inhibitors

A study was performed to evaluate the pharmacokinetics, safety, and
tolerability of multiple doses of Formula (I) Hemitartrate (100 mg twice daily)
30  with and without multiple-dose ketoconazole (400 mg once daily) in healthy

male and female subjects. This was an open-label fixed-sequence study in 36
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3.2 Lactose nonohydrate 111.5 41.3 7.9 Hypronellose, EI5 10.8 4.0 0.8
A yceryl behenate 2.7 1.0 0.2 Filled weight (ng) 270 248-292 ngy - -b Total
% conposiwDan /668320 19. 2 kg PCT/US2010/057952

10

15

20

25

healthy subjects (18 males and females) consisting of 3 periods which included
100-mg single-dose administration of Formula (I) Hemitartrate, multiple-dose
administration of Formula (I) Hemitartrate, and concomitant administration of
Formula (I) Hemitartrate 100 mg (twice daily) with ketoconazole 400 mg (once
daily). Repeated administration of Formula (I) Hemitartrate and ketoconazole,
a strong inhibitor of Cytochrome p450 3A4 (“CYP 3A4”) and p-glycoprotein,
resulted in a 4-fold increase in exposure of the free base of the Formula (I)
Hemitartrate as it exists in plasma at steady state. Thus, patients already
receiving Formula (I) Hemitartrate may require a temporary dose reduction
while on concomitant therapy with strong inhibitors of CYP 3A4 or p-

glycoprotein.

Example 15 - Stability Studies for Formula (I) Hemitartrate Formulation

Blends were prepared by mixing Formula (I) Hemitartrate and excipients
(Lactose Monohydrate capsulating grade, Avicel PH 301 (Microcrystalline
cellulose) and Methocel E15 Prem LV (Hydroxypropylmethylcellulose) in a
scintillation vial at about a two gram scale. 15.6% water was added to the blend and
mixed to form wet granules. The wet granules were screened using a #10 sieve
(opening of 2000 microns). The screened granules were then dried in an oven at
50°C for 2 hours. The dried granules were screened using a #18 sieve ( opening of
1000 microns). The lubricant, glyceryl behenate, was added to the blend and mixed

to form the final blend. The blends prepared are shown in the table below:

Table
Lactose Avicel PH | 56 mg /100 mg

Lot # AP Monohydrate 101 Formulation Comment
1 1 2.1 2.1 50 control
2 1 2.1 0 50 without Avicel
3 1 0 2.1 50 without Lactose
4 1 2.1 1.1 50 less Avicel
5 1 1.1 2.1 50 less Lactose
6 1 2.1 0.8 50 Avicel and Lactose ratio

comparable to 100 mg

7 1 1.1 0.4 100 control

Methocel (HPMC) was used in the range of 2 to 4%

Comoritol ATO 88 was used in the range of 1 to 1.6%
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The ingredients were then wet granul ated by the addition of purified water
(2.2 kg; 11. 7% of dry ingredients' weight) to the granul ator bow until
conpl eti owp 2as/06635@al | y confirnmed. The wet granul ati on wag/useaolarged from
15t he bow and passed through a rotating inpellor, screening mll. The wet
granul ation was then dried in a direct heating, static, solid, bed, tray
dry oven at 505C to noisture content of not nore than 3.5% as confirmed by
i n-process check. e ey @SS o MRES &ﬁl@ﬁ'hQ@@é%ﬁer&rﬁWﬁEf&cﬁmé%ﬁ@&' ng
mll and the screened granules were transferred to a V-blender. dyceryl
behenat e (0. Zakg), IBEedwimvaddad ekposeddo U-thgle tatepsrammnel at $& G fomdl ddyséad was

m xed until the hlen det er m_ned off-1ine
bl and uni f or rietsrr e R B Ry AR I R e b ek Gadin iy

bl end was 5t hemdane @ﬂ%ul@toetéad:mfcﬁrnﬂﬂatsdnzeTﬁaspﬁdékl%méa BEndtisE R asaUbsImAL i C
capsule filler to the appropriate fill weight (270 ng average), and the

filled capsulbaseder shajuuds reselthdras it @stéma‘yﬁ thg degradagmm pgidactsiof theor mul a
) Henmitart tj cal d of
(1) Hem tar W%E’J% @g@ﬁla'égﬁ %QgHP%Us Mar t%Qh@ &?@B@%F d“’fotr@o 0

Preparation roce ure of ol'l owed up
to the encapsdayation step. To pr oduce a 10 ny capsul e, the final blend was

encapsul ated in a 44 or 45-size capsule using a capsule filling nmachine to
the appropriate fi (2 aver age) , and he filled capsul es 10
wer e dedusted bef o’hée fgeﬁf%aé‘? @Zat aﬁ%‘few 3 BerfRigneA Mg RYCYRENG PRASEr at e

Phar maceyp Caﬁra&@ﬁPﬁ?LU 8Bthoa QyiiBh 9@&?5’@% co?‘(ﬁﬁxﬁ‘?@a@érs 3e@ﬁ‘ﬁlatlb@'il 06 50

I11g Capsul es: The procedure of Exanple 10 was | owed up t
encapsul at i ormmt),elpobff@pbataaduoeslan@oﬁgateapsdllaeetomrmelefwnﬂaIO I%bl end was

encapsul ated in a 43-size C I ule fillli machine to the
oppr oot 1 at o TOUEER A0998PA: GYeTagdich SrROME S PEAeBRSHES: ver o
dedust ed bef afpecpaskagingte Foompl@inl 1fhe HrafidiH fartdd)at Herideaditspabe

Phar maceuti cal Conposition, 150 ng Capsules 20 Method of Preparation of

150 ng Capsul(aestoride mebQé%fuTléAbfor Bxaifpiluges 1@d idien fagiiiRgvsioNgenico t he
encapsul %l on. p%B%TP4%59d§§ mu?e upn% f:sa muke% the final blend was
ng

encapsul ated S°n Size' ca e usi'ng a capsule filling machine to the
appropriate fill weight (405 average), and the filled capsul es were
dedust ed before painieazgitaigieo&ﬂaﬁsmfmbeh i[cﬁmlﬁmdmbland Mas Samnial drrdapletted

Phar maceuti cal sitio Capsul es hod of Preparation of 25 ng
Capsul es: Thé‘%?@%&ﬁ@o@? @Jarﬁﬂcéosfo Andseliay |t e Bafeoshor%“ éh%‘&ﬁé‘hl ation

step. To producet@eRdieS pas#lé%?stttﬁ'ﬁ Fhiak éf)llr?tn%evﬁﬁl SNCRRSYIALED 1n a

44-sj ze capsul e using ca 1 ng mac i'ne to 30the appropriate fill
wei ght (67.5 crmgstanerdage:)asmgmhie sineufit ¢fl Buced appulves theestebidigdloSthed bef or e

packagi n% formulation. When avicel is removed, the formulation has API:Lactose:Avicel
ratio of 1:2.1:0, it is the most stable formulation. When the lactose is
removed, the formulation has a API:Lactose:Avicel Ratio of 1:0:2.1, and this
formulation is not the most unstable comparing to other ratios. The combined
information suggests that lactose stabilizes the formulation, while avicel

25  destabilizes the formulation. However, when both excipients are present, they

interact with each other. The ratio most be adjusted to obtain a stable

formulation.

For active pharmaceutical ingredients like Formula (I) hemihydrate that
are water soluble, microcrystalline cellulose helps to form granules during wet
30  granulation as it is insoluble in water. If microcrystalline cellulose was not

used, a sharp change occurs from the granule stage to a paste form. The paste
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Example 13: Formula (I) Hemitartrate Drug Interactions - CYP2D6 |nhibitors
A study was perforned to eval uate the pharmacokinetics, safety and

t ol er abi IwWOyoofoenaskt i pl e oral doses of Formula (1) Hem rartusatie/ 0§80 ny
BID) adm nistered with and wi thout paroxetine (30 ng once daily), a potent

i nhi bi tor 5of,. CYP2D6,. . This was an open-|abhel, fixed-sequence study in 36
heal thy subj €68 V(afﬂlﬁfm%wﬁ}a?ad%gél}iﬁﬁ|rsg t.lﬂgrﬁ%ﬂ@_ﬁ«‘é&?@gﬁmsjde&qt ba¥e ver o
to evaluate tifie sRiGE nRRRSKEAI iRnl Wm@ws@& Wstribufih! ipee doses of

oth
Formula (I) Hemtartrate (100 ny BID) in healthy subjects and to further
eval uat e For mhblasm¢euticehddrapasitaorethRKhiod T owlng abivtniygh ¢Dddsaitetrapar ed wi t h

si ngl e-dose 1QFornul a. (1), Hem t art.r.at mpi stratian . The an PK
par anet er s ofﬂt(ﬁg"tf"r e Bé‘éeé'sg}utbg%}%lﬂﬁf’g6??Ytd&ecﬁ$afldpfcﬁgpl§ filler; 2 Vg%? Egtes in

pl asma werse nmali #&ar, angdbilieres dabduf 0l1dvae ed MR W iof aAlkriedtd, Jmax with
repeated adm ni stration (100 BID) as conpared to single dose

admi ni st rati ont a dohedigstbaps hég%’l‘%li’e,ﬁ ptabilem peelileoy ith Fespest) toeprpmapnt ot e
15and par oxet | ina 7-fold increase in Cmax and 9-fold increase
in AUC as cor?lﬁgfaeggfsgo%lﬁgd'wl tipl e-dose adm nistration of Formula (1)
Hemtartrate al one. These results indicate that paroxetine can inhibit the
met abol i sm of For rileatebdhingient dibphteatseparicchedappsenblaaddefelasamcited
concentrati ([))85 of the druog. gi m | ar eff.echs. woul d be expected with other
pot ent CYP2DA#HRiT {5PEPIBIEE by refareinedfithelr AU ni di ne) and car ef ul

moni toring of drugypliashR hRMR.S ARG AT ENdwl afPaE ABEYSTERES A& to
necessary when Fornula (I) Hemtartrate 1s co-admnistered wth a drug
known to be axpoipdnemBYEHARGS thietdoift wwillPeroxetstom by tosntskdledonshenvete about
1.5- to 2-fold higher than expected i ch suggest hat. For.mul [ ).

em tartrat o B G TSE L TR RSEb AN elofay ey I Sen v Sgartpe
CYP2D6. Exanmiénlide sdeopedfliBe (dnkomipiiseablrtht @ppdnddd ciigsact i ons - CYP3A4

I nhi bitors and p-glycoprotein (PG Inhibitors A study was perfornmed
to eval uate the pharmacoki netics, safety, and tolerability of nultiple
doses of Fornula (1) Hemtartrate (100 ng twice daily) 30 with and w t hout
mul ti pl e-dose ketoconazole (400 ng once daily) in healthy male and fenal e
subj ects. This was an open-| abel fixed-sequence study in 36 - 53 - healthy
subj ects (18 nmales and fenal es) consisting of 3 periods which included
100-ng singl e-dose adm nistration of Fornula (1) Hemtartrate,

mul tipl e-dose adm nistration of Formula (1) Hemtartrate, and concom tant
adm nistration of Fornula (1) Hemtartrate 100 ng (twice daily) with

ket oconazol e 400 ng (once 5daily). Repeated admi nistration of Forrmula (I)
Hem tartrate and ketoconazole, a strong inhibitor of Cytochrone p450 3A4
("CYP 3A4") and p-glycoprotein, resulted in a 4-fold increase in exposure
of the free base of the Fornmula (1) Hemtartrate as it exists in plasnma at
steady state. Thus, patients already



receiving Formula (1) Hemtartrate may require a tenporary dose reduction
10 while on concomtant therapy with strong inhibitors of CYP 3A4 or

pgl ycopr oveizn1v/desisapl e 15 - Stability Studies for FornulpaT(Uspoibesiosartrate
For mul ati on Bl ends were prepared by mxing Fornula (I) Hemitartrate
and exci pients (Lactose Mnohydrate c%?ﬁghgﬁing grade, Avicel PH 301
(Mcrocrystalline 15 cellul ose) and Meth E 15 Prem LV

(Hydr oxypropyl net hyl cellulose) in a scintillation vial at about a two gram
scal e. 15. 6% wat er s gdded to the blend and m xed to formwet granul es.
The wet granu EtWéxgn§@ﬁ%ened usi ng a #10 sieve (opening of 2000 microns).
The screened Qr anufiRsh & bR £6bthPo i RYRReRbd DIGhE BSliAviRgur s. The
dried granul es were screened using a #18 sieve ( opening of 201000

m crons). The | ubrstwantral iprpokryl behenate, was added to the bl end and

m xed to formthe final blend. The ds prepared are shown in the table
bel ow. Table Lot # AP Lactose anoﬂ?;f%te Avicel PH 101 50 ng / 100 ny

Formul ation Comment 1 1 2.1 2.1 50

N H

Q

Z e
I

\/\/\/W o
5 o] wherein the salt is
an amorphous salt.
2. The hemitartrate salt of a compound represented by the following

structural formula:

o} wherein at least

10 70% Dby weight of the salt is crystalline.

3. The hemitartrate salt of a compound represented by the following

structural formula:

o] wherein at least

70% by weight of the salt is in a single crystalline form.
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control 71 2.1 0 50 without Avicel 3 1 0 2.1 50 without Lactose 4 1 2.1

1.1 50 less Avicel 51 1.1 2.1
WO 2011/066352 PCT/US2010/057952

4. The hemitartrate salt of a compound represented by the following

structural formula:

N OH

O wherein at least

99% by weight of the salt is crystalline.

5 A The hemitartrate salt of a compound represented by the following

structural formula:

N OH

0 wherein at least

99% by weight of the salt is in a single crystalline form.

6. The hemitartrate salt of any one of Claims 1-5, wherein the hemitartrate
10 salt is selected from D-hemitartrate, L- hemitartrate,
hemimesotartaric acid or racemic D,L-hemitartrate.
7. The hemitartrate salt hemitartrate salt of any one of Claims 1-5, wherein

the hemitartrate salt is L-hemitartrate.

8. The salt of Claims 3 or 5, wherein at least 70 % by weight of the salt is
15 the single crystalline form Form A.
9. The salt of Claims 3 or 5, wherein the single crystalline form is characterized

by at least one major x-ray powder diffraction peak at 26 angles of 5.1°, 6.6°,

10.7°, 11.0°, 15.9°, and 21.7°.



50 less Lactose 6 1 2.1 0.8 50 Avicel and Lactose ratio conparable to 100
mg 7 1 1.1 0.4 100 control 25 Methocel (HPMC) was used in the range of 2
to 4% Cormwipi2bnl/06685® 88 was used in the range of 1 to 1. ®UTAISBEN0/057952
The seven formul ati on bl ends, which have different API: | actose: Avi cel

ratios, liste edtoah| h tepperature_.at 85C for .3 days
(a forced-degﬁ’adat 1@@“‘5@36@3 @aﬁ&rtmﬁ?mftﬁ&w% R Felh harpderized
degradation rate Wléa@ﬁwﬁhﬁgb} LYy fwaaeirrhof bkt Ao ankits$raqeel erat ed
condition was chosen based on'the study results that the extent of the

degradati on product&’, d0.7f hid GOy 9Urand 2p/dduct at 24 nonths was similar to
t hose obtained at 85C for 3 days.

11.  The salt of Claims 3 or 5, wherein the single crystalline form is characterized
5 by at least three major x-ray powder diffraction peaks at 26 angles of 5.1°,
6.6°,10.7°,11.0°, 15.9°, and 21.7°.

12. The salt of Claims 3 or 5, wherein the single crystalline form is characterized
by at least four major x-ray powder diffraction peaks at 26 angles of 5.1°,

6.6°,10.7°,11.0°, 15.9°, and 21.7°.

10 13.  The salt of Claims 3 or 5, wherein the single crystalline form is characterized
by major x-ray powder diffraction peaks at 26 angles of 5.1°, 6.6°, 10.7°,
11.0°,15.9° and 21.7°.

14, The salt of Claims 3 or 5, wherein the single crystalline form is characterized
by x-ray powder diffraction peaks at 20 angles of 5.1°, 6.6°, 10.7°, 11.0°,
15 13.3°,15.1°,15.9°, 16.5°, 17.6°, 18.6°, 18.7°, 19.0°, 20.2°, 21.7° and 23.5°.

15.  The salt of Claims 3 or 5, wherein the single crystalline form is characterized

by x-ray powder diffraction pattern of FI1G. 1.

16. A pharmaceutical composition comprising the hemitartrate salt of a

compound represented by the following structural formula:

and a




The forced-degradation study was perforned using a reverse phase 10
gradi ent HPLC net hod which used a C18 colum (Waters T3, 3[1.m 100 x 4.6
nm), nobiwe 2phzwess2consi sting of water and acetonitril ePartus2@.00%6952
trifluoroacetic aci d (TFA), UV detection at 280 nm colum tenperature at

40C, and flo at 2 nL/mn. The gr.adi egtC sta{éwg at. h Id|n at 5% B
(acetonitril and rehTRAT iSR! e0BPosiTioR a5 C1 WIPRAPE AYt fp¥br gani ¢ 15
conponent at 4.83%&,pRbudldlute up to 15 mnutes. The tot al
degradants of each formulation bl end was sumred and plotted agai nst the
ratio of APl : Lactose : Avicel and the results are shown in Figure 15. The

study resul tslssuggﬂsﬁtphammcfw’ﬂclabcwémﬁmgn phElAm 1 arychdraintagdenst 20 Toby
constant, decreasi g Bthgf munt  of Spylugzel i nproves the stability of the

20f or mul ati on. Wheh® &Ui TeliCPd ti% c11 % he formul ation has

APl : Lact ose: Avicel ratio of 1:2.1: 0, it is the nost stable fornul ation.
Wien the bacti®se iEBhe gpmackutichbediapositiat bdQlHas! @ vARicihattiase70Milpel Ratio
of 1:0:2.1, and this for Iatlon is no[ t he st unstabl e conparing to
other ratios. The ¥Y&B! eispkt oF Het Pi98lestiyfalitng PHEt | act ose stabilizes the
formul ation, while avicel 25destabilizes the formul ation. However, when
both exci pi entys argdXiesfAtouttddPYohfb&HaEhr eidifh RAGMALRGH leabi90¢,agy O nost
be adjusted to obtain a stable fornul ation. For active pharnuaceuti cal
i ngredi ents |ike Foeight ef thesahentihyy@tlatee t hat are water sol ubl e,

m crocrystalline cellul ose helps to formgranul es during wet 30granul ati on
as it is insaqj,ubl |nvvater fmcroc St |ne eIIqus t, used, a
shar p changeqolCcurs ef?htf%nf'lﬁeutbcflaﬁ%rp%om{é kalm 1p<9isv¥her’? a?‘nleafﬁgg(gabsyt e form
was diffijoult to hagidheofayhd shiies rneéshlnglengyaanmeqbﬁﬁ. after drying do not
have the suitable nechanical strength and particle size di stri bution. The
phar maceuti cal conposition that has 37 W% of a Formul a Hem tartrate,
41.0 wt % of &wat evhesRfiammpecytion] eympastion gf b4am b wlrﬁé%lmbﬁ EMiRIENE 2 wt %

to 5 about 6 w % qf 1t3r 9&1@9@& és&g%'ﬁp{ﬁ Ertg\“{% M4t AR fne&uﬂ@s@taﬁftﬁre Wi th

| ubricant, all on a dry soli asl s ast ie best stability pro
respect to the anoent oofacdeir Rdahbmitarared. The teachings of all
pat ents, published applications and ref erences ci ted herein are

[ ted th ti.ret
oar 01 b0l ar Ty “Showr eeeEr 1 sabedp B vef ol CieatT ot Bt Pemir e n:

t hereof, jist wll hgrupdersheaeaky those skill ed in the art that various
changes in formand details may be made therein w thout departi ng fromthe
scope of the enconpassed by the appended clains. CLAIMS Wat is clained
is: 1. The helfit arkhrcaplargateutspl eorspesibemal C&pmekent 28 Wwiereteatfleast dli ng

structural formila;, by weight of the salt is the single crystalline form Form A.

25.  The pharmaceutical composition of Claim 19 or 21, wherein the single
crystalline form is characterized by at least one major x-ray powder

20 diffraction peak at 26 angles of 5.1°, 6.6°, 10.7°, 11.0°, 15.9°, and 21.7°.

26.  The pharmaceutical composition of Claim 19 or 21, wherein the single
crystalline form is characterized by at least two major x-ray powder

diffraction peaks at 26 angles of 5.1°, 6.6°, 10.7°, 11.0°, 15.9°, and 21.7°.

27.  The pharmaceutical composition of Claim 19 or 21, wherein the single
25 crystalline form is characterized by at least three major x-ray powder

diffraction peaks at 28 angles 0of 5.1°, 6.6°, 10.7°, 11.0°, 15.9°, and 21.7°.
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50wherein the salt is an anorphous salt. 2. The hemtartrate salt of a
conpound represented by the follow ng structural fornula: Owherein at

| east 10MW@2by/oseisght of the salt is crystalline. The hegriiseeiwas®ssal t of

a conpound represented by the follow ng structural fornula: Owherein at

ofthesal Is in.a alline form - 57 -
Lot Gss i enrhEie oh ¢ Fiak 4 GhE L herdn dhting
represent ed by thecr{zs@élhf?é"fdf'ﬂl 1§Elﬁeh'§6téﬁz%|d bfy% Bdk@our &%@&%ﬁn

wei ght of the salt is crystalline. 55.Thé hemtartrate sa ? of a conpound

| east 70% by
2011/ 066352P

represent ed by t hdliffuictionpendss st 2mtalesalt S5t onaf.a:0.7°0Whet,diSrP° aand Hast

10

15

20

29.

31

33.

35.

The pharmaceutical composition of Claim 19 or 21, wherein the single
crystalline form is characterized by major x-ray powder diffraction peaks at

20 angles of 5.1°, 6.6°, 10.7°, 11.0°, 15.9°, and 21.7°.

The pharmaceutical composition of Claim 19 or 21, wherein the single
crystalline form is characterized by x-ray powder diffraction peaks at 20
angles 0of 5.1°, 6.6°, 10.7°, 11.0°, 13.3°, 15.1°, 15.9°, 16.5°, 17.6°, 18.6°,
18.7°,19.0°,20.2°, 21.7° and 23.5°.

The pharmaceutical composition of Claim 19 or 21, wherein the single
crystalline form is characterized by x-ray powder diffraction pattern of FIG.

1.

A method of treating a subject with Gaucher disease, comprising
administering to the subject an effective amount of the hemitartrate salt

of any one of Claims 1-15.

A method of treating a subject with Fabry disease, comprising
administering to the subject an effective amount of the hemitartrate salt

of any one of Claims 1-15.

A method of inhibiting glucosylceramide synthase or lowering
glycosphingolipid concentrations in a subject in need thereof by
administering to the subject an effective amount of the hemitartrate salt

of any one of Claims 1-15.

The method of Claim 32, 33 or 34, comprising administering the
hemitartrate salt at a twice daily dose of from 25 milligrams to 200

milligrams.

The method of Claim 32, 33 or 34, comprising administering the

hemitartrate salt at a twice daily dose of 50 milligrams.
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99% by weight of the salt is in a single crystalline form 6. The
hemtartrate salt of any one of Clains 1-5 wherein the hemtartrate 1l0salt
i s sel ectwo 2briowsid2henmitartrate, L- hemtartrate, hem nmesottsee@os™saci d or
racemc D, L-hemtartrate. 7. The hemtartrate salt hemtartrate salt of any

one of dains _1-5, where hem tartrate salt f L-hemtartrate. 8. The

aai t of Clainy3 o MSThohar Lrn ¢ Puest e PHGh SRS SO Bl t i s 15t he
single crystall'i ngdahmdrtidforhe QubjdbtasadcRE aﬂo’%in%ﬁ R dmpYaLei n the
single crystalline formis characterlzed by at |east one nmjor x-ray powder
diffracti on peak atp2@emngbgshofolbwing6iréctutd.téonulal. 0, 15.9, and 21.7. WO
2011/ 066352PCT/ US2010/ 057952 10. The salt of Cains 3 or 5, wherein the

single crystalline formis characterized by at | east two maj or x-ray powder
diffraction peaks at 20 angl es of 5 1 6.6, 10.7, 11.00, 15.9, and 21.7.
11. The salt of Cains 3 or 5 wh t he S|ngle crystalline formis

characterized 5by at |east three naPor x—Fay powder diffraction peaks at 20
angles of 5.1, 6.6, 10.7, 11.0, 15.9, 12, The salt of Cainms 3 or
5, wherein the single crystalllne f orm sterized by at |east four
maj or x-ray powder diffraction peaks & 20 @ S OEEF 10, 6.6, 10.7, 11.0
15.9, and 21.7. 1 . wherei n the single
crystalline formis CharacCterized bff major x-ray p8wder diffraction peaks
at 20 angles of 5.1, 6.6, 10.7, 11.80, 15.9, and 21.7.. 14 The salt of
Clainms 3 or 5, mherein t he single crystalline formis char acteri zed by
x-ray powder di ffl’p&tahhmupieakﬁ aatepZblapgl drraff ib cdhbiaton widh g4p 11. O,

1513. 3, 15.1, 15.9, 16.5, 17. 18.6, 18.7, 19.0, 20.2, 21.7. and 23.5. 15.
The salt of O ai me€ @Cawe@n%ﬁ&%@ seqond therapeuicageat dat inefedivnirs
characterized by X;d, % .RONRGE: dikffscaction pattern of FIG 1. 16. A

phar maceuti cal conp05|§|on conprising the hemtartrate salt of a conpound

represented by the following structural formula: 200and a
38.  The method of Claim 37 wherein the second therapeutic agent is

imiglucerase.

10 39.  The method of Claim 37 wherein the second therapeutic agent is

1sofagomine.

40.  The method of Claim 37 wherein the second therapeutic agent is

miglustat.

41. A method of treating a subject with Fabry disease, the method
15 comprising administering to the subject an effective amount of a first

therapeutic agent represented by the following structural formula:

or a pharmaceutically
acceptable salt thereof in combination with an effective amount of a

second therapeutic agent that is effective for treating Fabry disease.
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pharmaceutically acceptable carrier or diluent. WO

2011/ 066352PCT/ US2010/ 057952 17. The pharnmaceuti cal conposition of Claim
16, wher ewo 20h#@6e3kt i s an anor phous salt. 18. The phar mataiszéi0as7952
conposi tion of CI aim 16, wherein at |east 70% by weight of the salt is

crystalline. e ph tical o SItIO Cl ai.m 16, wherein at
| east 70% by %l gm eo"F‘e'ﬁllﬁga nggif‘m?g L er?g?F%“Q:ﬁk?ﬂpﬁquPF A&SHdEm 20. The

phar maceuti cahjgepgsition of Caim 16 wherein at |east 99% by wei ght of
the salt is crystalline. 21. The pharmaceuti cal conposi tion of O aim 16,
wherein at | east 99% by 10wei ght of the salt is in a single crystalline
form 22. Thet¥pharFeceatiodall (dampdsivthiesn thefsechad theteutin@geitrist he

hem tartrate salt | 3 s&al egted fromD hemtartrate, L- hemtartrate,

hemi mesotartaric a&id OF racemic D, L-hemitartrate. 23. The phar maceut i cal
conposition of Claim16, wherein the hemtartrate 15salt is L-hemtartrate.
24. The plsar meiceutTiahethodRdsiny ioad of fC1&inga 37-19 waferdld thovhiest@hdrapéuticeast 70 %
by weight of the salt js the single crystal line form Form A, 25. The

phar maceuti cal corfi#§8t SiagBisteerdphihedicstitarate ey Q?etorfeclé‘l%?gi‘é5
crystalline formis characterized by at | east one major x-ray powder

20di ffracti Omﬁpeakﬂﬁtmg&oﬁwlaﬁ? o@f(ﬂémils 3048, wikbetn trddnlint othdhe #¢ 21. 70 .
26. The pharmaceutical conposition of J ai m 19 or 21, wherein the single
crystalline form |tbemhamtaccam zqebbgmlyl adter Itleasnerttmerrajponocmf aylepsivider
diffraction peaks at gl}ng1 es Ofd% 10.7, 11.0, 15.9, and 21.7. 27.
The phar maceut i cal™ &Y Heahedt e&%%“?@a 55191 wherein the single
25crystalline formis characterized by at |east three major x-ray powder

di ffractijon pgaks Bie 2€thad@fesydhe2f LlaiPas637-49; Wherkin PeatdenOwitdnde Zitst7. WO
2011/ 066352PCT/ USZOlO/ 057952 28 The pharnaceutical conposition of daim 19
or 21, wherein thdheiapgutec egapsiabdguneaites tippinend et dreser ordithsyapsptit east

190, 15,9, “and’ 27 SHE G WhirAERLAMRERR & 3 BB R te b el or “r

wherei n the singl exfwrylset a{HJa:me; ;ﬂ@tremt|c5uﬁharequﬁletblozegdeebyr manoo())OOOamnpomder
diffraction peaks at ngles of 5.1, 6.6, 10.7, 1.7. 30.
The phar maceut i cal %&rﬁ% ltllcaﬂcealftra@oalwwlé? O%Yeaw{é%‘i hi g??é @nﬁ@?

crystallijpge formig 1‘5“?’/8?6&%%%%9/093{11%(sﬁlﬁé(ctpsoé’iﬁ@én \ddlmn 61§§és9@hd%e@1ks at 20
angles of 5.1, 6.6, 17.6, 18.6,

equal to 10 multiples of normal and liver Volumes are less than or equal

to 1.5 multiples of normal.

47.  The method of Claim 45 or 46 wherein treatment with the second
therapeutic agent is terminated after initiation of treatment with the first

20 therapeutic agent.

48.  The method of any one of Claims 37-47, comprising administering the

first therapeutic agent at a twice daily dose of from 25 milligrams to 200

milligrams.
49.  The method of any one of Claims 37-47, comprising administering the
25 first therapeutic agent at a twice daily dose of 50 milligrams.
50. A pharmaceutical composition comprising:

the hemitartrate salt of a compound represented by the following

structural formula:
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1018.7, 19.0, 20.2, 21.7 and 23.5. 31. The pharmaceutical conposition of
Claim19 or 21, wherein the single crystalline formis characterized by
X-ray powserodidebysacti on pattern of FIG 1. 32. A net ho@Cofuskeieasiony a
subj ect with Gaucher disease, conprising l5admi nistering to the subject an
effective anount of the hemtartrat alt of any one of Clains 1-15. 33. A
nmet hod of treating a subject with Fabry di sease, conprising adm nistering
to the subject an effective anmount\of tlhe hemtartrate salt of any one of
Claims 1-15. 2034. A nethod of i nhibining gHucosyIceranide synt hase or

| owering glycosphingolipid concentrationsiin a subject in need thereof by

adm nistering to the subject an effe V- DU of-Phe henltartrate sal t

of any one of Cainms 1-15. 35. The nethod of 32, {33 or conpri si ng
ua|ly dose of fron125

mlligrams to 200 I g . met hod of~U argm 32, 33 or 34,

admini stering the 25henitartrate salt g, at

conpri sing adm nistering the hemtarfirate salt at a twice daily dose of 50
mlligrams. WO 2011/ 066352PCT/ US20100057952 37. A method of treating a
subject with Gaucher disease ,&Qaps! %hnge%ﬂg}nlsterlng to the subject an
effective anount of a first conpouné represented by the follow ng
structural fornula: ;znnaat5p®amnnaﬁuﬂubmhﬂyxacceptabIe salt thereof in
conbination with an effective nt of a second therapeutic agent that is
effective for treating ﬁ?ﬁ%? IE%%é@d 38. The nethod of C aim 37 wherein
the second therapeutic Qg9ent ohSidvfcghycerase. 10 39. The nethod of Caim 37
wherein the second therapeutic agent is isofagomne. 40. The nethod of

Cl ai m 37 wherein the second therapeutic agent is mglus tat. 41. A method
of treating &lsubjiephermacerisalceanpesgen of paimeChodierein the hemitartrate

salt is the hemitartrate salt of any one of Claims 1-15.

Al
o

The pharmaceutical composition of claim 50, wherein the water-soluble
filler is selected from the group consisting of anhydrous lactose, lactose
10 monohydrate, mannitol, sodium chloride, powdered sugar, sorbitol,

sucrose, inositol and pregelatinized starch.

53.  The pharmaceutical composition of claim 50, wherein the water-
insoluble filler is selected from the group consisting of microcrystalline

cellulose, calcium phosphate and starch.

15 54.  The pharmaceutical composition of claim 50, wherein the binder is
selected from the group consisting of pre-gelatinized starch, sodium
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methyl cellulose, polyvinyl pyrrolidone, copolyvidone, gelatin, natural
gums, starch paste, sucrose, corn syrup, polyethylene glycols

20 and sodium alginate.

55.  The pharmaceutical composition of claim 50, wherein the lubricant is
selected from the group consisting of hydrogenated vegetable oil,

calcium stearate, and glyceryl behenate.
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15conprising adm nistering to the subject an effective anount of a first
t herapeutic agent represented by the followi ng structural formula: or a
phar macewDceallog63saccept abl e salt thereof in conbinati orChitskoians®iiecti ve
anount of a second therapeutic agent that is effective for treating Fabry

di sease. - 62 - 2011/ 066352PCT/ US2010/ 057952 42. The .nmet hod of im4l
where the secnd (HE 'ﬁ‘@ff‘d“%f@g?m?%“ﬁ?‘gaﬁ 4 550 PR 5aeoroblE m a1
where the second td)esapetiti@d 3R thd @oﬁﬁ%bﬁéi%oﬁ%hyﬁ%s%&ﬂ%@@! 19éto@ny one
of Clains 37-43 wherein the first therapeutic agent i's admnistered as the
hemitartrate of anmpomredofte GhanmollsakbumTihéorndst, pod dofedamganfodimilne 37- 43,
wherein treatnent with the fi,rst, therapeutic aqgent is begun .aft t r eat ment
over a period of atcieastorAl NLASESITRA S Lde S atesr bRl Tlssdhe - The
met hod of sany one sefectddafrom tBE pfichip dIRIs@nD of heidfJrRtalliht RellBsé i dafdium

t herapeutic agent is begun after treatnment with the second therapeutic
agent and wher ei n Rhosphaieand giareh; thebmidests selpstesplaomi the gea cansistingtafat ed

after the subject’ | . et t i r 00 nmB
; henogl obi n concégflr?%ae?a ﬁ%ﬁzeﬁdssqaﬂe)rgg’a Od?%lggg%gorx &g}eﬁylt% 'gﬁfo%’ %&%? g | e) or
12 g/dl (male); angdilatosthieyduby@opylsmslybesiinioteupelyivinylgssrdifdaneor equal to

10 multiples of normal and |iver volunes are |ess than or equal to 1.5

mul tipl es of nor neloPOlYydoney gelap AU Somsi HRAS Rested BUGHAT: SPH! tY BBt ment
with thegecond t ' t,J ' ) Loy 4t d

treat rrentl%wi th thgﬁ);1 fa?g(?%lﬁ%?ﬂgr%%paéfgfﬁogﬁgg]gyﬁﬁ%%cﬁﬁg Hﬁr‘%l“?#c??%@%ﬁ%one of
Clains 37-47, conyromithggedipicvinsiseéng odhytegebnatst vepanlbpeul icalcagent at a
twice daily dose of from25 milligrans to 200 mlligrans. 49. The nethod of
any one of O ai ns SFRYY; 2 %F?@#E @ ni stering the 25first therapeutic
agent at a twice daily dose of 50 mlligranms. 50. A pharnaceuti cal

conposi ti on conpr imdghiarmaceutichN€oipiditian bf ala@n Sl whefeid tI&OmAHGGion
represented by the follow ng structural formula:

comprises 26 wt% to 50 wt% of the water-soluble filler on a dry solids

i5 basis.

58.  The pharmaceutical composition of claim 56, wherein the composition

comprises 8 wt% to 32 wt% of the water-insoluble filler on a dry solids

basis.

59.  The pharmaceutical composition of claim 56, wherein the composition

20 comprises 8 wt% to 24 wt% of the water-insoluble filler on a dry solids
basis.

60.  The pharmaceutical composition of claim 56, wherein the composition

comprises 12 wt% to 20 wt% of the water-insoluble filler on a dry solids

basis.

25 61.  The pharmaceutical composition of claim 56, wherein the composition
comprises 14 wt% to 18 wt% of the water-insoluble filler on a dry solids

basis.

62.  The pharmaceutical composition of claim 56, wherein the composition

comprises 2 wt% to 6 wt% of the binder on a dry solids basis.
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O at |least one water-soluble filler; at |east one water-insoluble filler;

at | east one binder; and 5at |east one lubricant. 51. The pharmaceuti cal

conposi t iwo 20f1/wbam2m 50, wherein the hemitartrate salt iPETiUsSe0l0@NI9SArtTat e

salt of any one of Cains 1-15. 52. The phar maceuti cal conposition of claim

50, wherein t%} er-sol uble. fj IIer I.S segecte m the group consi sting
act

of anhydr ous & PhARAGREicRbARBRY PP Clad vy POPTCIE SR SHRIOHER e,
powder ed sugar, SQ*o%ﬁri%'es 0SIUGTRSE 2 WP heLb ARG Bhadslablinl Beds starch.  53.
The pharnaceutical conposition of claimb50, wherein the water-insoluble
filler is selected fromthe group consisting of mcrocrystalline cellul ose,
cal ci um phosgtfat e M@ﬂ@lﬁ@wtlcﬁmlﬂ'@ﬁeﬂmafm%L wéaprmmlm@mpmn@f claim
50, wherein the binder. e @ r Qu onsj st

pre-gel atini zed st@re rfses 33 Jnfcag% t%r% tEe e aﬁuff Ss%lt %39890‘%&/?

cel | ul oses hydr OX)@ITtB@WathBiOMIe ﬁelleuﬂ %R, topnl Wk @ylthdowafe@imaﬂmge
copol yvi done, gelatin, natur starch paste, sucr ose, COrn syrup,

pol yet hyl ene gl ycdilderp@arido E{b@“g?ﬁ ofl G pader: I8! 0 FHepHas Medeot iheal

conposi tion of cl a}hglllgaqn %Yﬂ ELEId tsPﬁdJH ricant is selected fromthe group
consi sting of hydrogenated veg etabl e ol , calciumstearate, and glyceryl
behenate. WD 2011/ 066352PCT/ USZOlO/ 057952 56. The pharnaceuti cal

conposi tion df5.cl ailm Mm\ﬂb@lt@iahcmrhpommepf shimfloe wheetdiethd waselselubéd from

the group consisting aof . anhydrous |.acto | act os hydrate, mannitol,
Sodi om ohl o1 de. | JadIdr et ErtogRar BF vaderoaioly RSV Ror  and

pregel atijpi zed st %fé?@cr&ﬁﬁllﬁ@t&[luldﬁ{)ﬂh@t&@defr'li h?diro'x?pé%? getiflcdinosget he
group consisting of mcrocrystalline cellulose,” calcium phosphate and
starch; the bi nderandghe &itatantlistglpearyhleehgnatgp consi sting of pre-gel atini zed
starch, sodium carboxynet hyl cellul ose, hydroxypr opyI cel I ul ose,

hydr oxypr opyl sret hlyﬂe elr{n'ﬂ glﬁlc’al Qgrllggélﬁglll op¥fa§r8|6'5 %reng?l?e %3%4)

gel atin, nat ural guns, yI ene
gl ycol s and sodi umoa{;glsla@Be,wtemtb 4@1&7‘[%Jdﬂtheihﬁimﬂaﬁrz§€|s@l¢tlﬁjwf%ctm5'0het°@r oup
consi sting of hydrcﬁ%enat ed vegetable oil, calciumstearate, and gl yceryl

behenate. 57. The YHh¢ Fssessimenahydmtipos MTodn 8 Wi &f themicrapiseling he
i d
colTde 188asi o P et HEE AL R RMIPAL BBl BRI e 8ha PR, © T1Y

conposition conpriGéesvtd mz/m% (ﬁmmrg%orafyltﬂeheme,eerll omsalrybbleds bdsiser on a
dry solids basis. 59. The pharmaceutical conposition of claim56, wherein

t he conpositi . , . .
P 67 A method of treating a subject with Fabry disease, the method
comprising:
a) administering to the subject an effective amount of a compound

20 of Formula (I):

0 ;ora
pharmaceutically acceptable salt thereof;
b) testing the subject to determine whether the subject is a poor,

intermediate or extensive/ultra rapid P450 metabolizer;
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20conprises 8 ww%to 24 wt % of the water-insoluble filler on a dry solids
basis. 60. The pharnaceutical conposition of claimb56, wherein the

conposi t iwo 200mpsisges 12 ww%to 20 wm % of the wat er-i nseCuhiseoios196z on a
dry solids basis. 2561. The pharmaceutical conposition of claim56, wherein
t he conposition conpris 14 wt%to 18 wt% of the water-insolubhle filler on
a dry solids basi<) 62.’?’%&3 Sd‘l’%?'crtré%%‘h’cqt%‘??ed%%ﬁ&‘i§7"tepﬁfﬁe{5‘lltr%F"’él“;fn?)gg? wher ei n
t he conposition conpri Sg&aBoMcpto 6 Wt % of the binder on a dry solids
basis. WD 2011/ 066352PCT/ US20107 057952 63. The pharmnmaceutical conposition
of claimb56, wherein thktgonposian shugehpiitges gndunitofothocomppemdofnd

| ubricant on a dry,solids .basis. 64, The pharnpceutigal .conpositi of

el m 86, wherei nne CORUBGTETHOCBRAPMSBOTLANGatoh £ Be BN AR

hem tartrate salt, 26 WoHgcan8®Wo¥naRf (1} ITahvaigecsolanbh@rhidib@or 8 W% to
32 mt% of the water-insoluble filler; 2 w%to 6 wt% of the binder; and 0.1
W%to 2 w%of the | ubxitewhte/ ulgiirapid Bds@ryetabelizps apd sidminigwringre the

phar maceutical comnposit] i.m 56 erej . le .filler is
| act ose nonohydr at e; thsgg%acf érrl Eé#f%é%rqeu ?%miqfﬁ}éér]cé@si‘gfn& g%@%‘ﬁ?éﬁll? Hlee

cel lul ose; the binder issbjedisoxy@srapydo medqbyligel | ul ose; and the |ubricant
is glyceryl behenate. 66. The pharnmaceutical conposition of claim 65,
wherein the conposjtio opprises 35 ww%to 40 w % of the hemtartrate
sal t, 26 wt %t SOhRRTHRA of fentinct GoHOhGaPSS digpasg o ¢ o890 06 of the
m crocryspal I i ne J&Q@ds%gse; 2 M%to 6 wt% of the hydroxypropyl

nmet hyl cel l ul ose; and 0.1 Wt%to 2 wt % of the glyceryl behenate, all on a
dry solids basis..a) 67.adminstdiog ofthe selgectrap afsubjeantount bhaEatppudd sease,

t he net hod conpri si ng: rﬂ?,)1__adrri ias-eri ng to the subject an effective anount
of a conpound 20of For |£f?HUT% T oor a

0 ;ora
pharmaceutically acceptable salt thereof;
15 b) testing the subject to determine whether the subject is a poor,
intermediate or extensive/ultra rapid P450 metabolizer;

c) if the subject is an intermediate or extensive/ultra rapid P450
metabolizer, determining an adjusted effective amount of the
compound; and

20 d) administering to the subject an adjusted effective amount of the
compound of Formula (I) if the subject is an intermediate or
extensive/ultra rapid P450 metabolizer and administering to the
subject an effective amount of the compound of Formula (1) if the

subject is a poor P450 metabolizer.

25 69. The method of Claim 67 or 68, wherein the compound is the

hemitartrate salt of any one of Claims 1-15.
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pharmaceutically acceptable salt thereof; testing the subject to determ ne
whet her the subject is a poor, internediate or extensive/ultra rapid P450
met abol i 2#0;20ifo663%¢ subj ect is an internedi ate or exten®CYA/Sadwoa795api d
P450 net abol i zer, det erm ni ng an adj usted effective anount of the

conpound; and, d) adpmi ni s to th U, 'e n adj usted effect.ive anount
o T he. Seompolini ofeRariaH! Cpy anp O (35 ts D WETRHT Rt af PRI or
extensive/ultra re}ﬁbﬂt&ﬂﬁﬂtr{?@ékﬁﬂ%ﬁﬁ%w e@sﬂ@f ﬁ@%ﬁip%fuﬁﬂ ifthd Quidre frsupi ect an
effective amount of the conpound of Fornula the subject is a poor

P450 met abol i zer. ©8ioA afett headt ofie weelat i ng a subj ect wi th Gaucher disease,
the method 1Oconprising: a)admnistering to the subject an effective amunt
of a conpoun of F rmJI ; har cal accept abl e salt
Chereof - 15t est1 ng e atiokapy o et AR P Ereb kR HePMEERBBR "2 poor,

i nter medi ate or enh@lmsdmeg tbiglap @b deR4SOF MRtcdbourélin tlce)subljedt lier $ubj ect
is an internediate or extensive/ultra rapid P450 netabolizer, determ ning
an adj ust ed ef f ectlefi®dgivitifRasbentweeksonpound; and 20d) adni ni steri ng to the
subject an adjusted effective amount of the conpound of Formula (1) if the

subj ect is any nt | Sugﬁoﬁ offan 2’6‘&1?%?'@1?/&5' 67-81 " @R ﬁégugﬁpﬁgcﬁ | zer and

admnistering to t ect a fective anount o ounél of Formul a
(1) if the subj ectmiesmadqamomr B4 ivetbalapreP45Rhetdolihe emzyinedf pfasiaai m 67

or 68, wherein the co t he hem t.ar salt. of a neo Cl ai ns
150" Wb 5011/ 060 SEDEIP VNS 6 BB TURHGR th &0 e gt LBl van P EGREARE e ai e
67-69, “h@re' n teSaId' me@mwtm%dmwom{é &Qnécﬁ&iéi% s@ﬂe@t’%ﬁ% |r@§{1@1| e t@cfuo‘hhe

conmpound in the subj ect for a period of at |east one week. 71. The met hod

of any one of d aileeelg?f g, cqmiemmndnnttb@sumgct@cmphasteéng/mg

73.  The method of any one of Claims 67-71, wherein the subject is a poor
P450 enzyme if plasma trough levels of the compound are at least 5

ng/ml after being administered an effective amount of the compound.

15 74,  The method of any one of Claims 67 or 68, wherein testing in step b)

occurs before or after treatment begins.

75.  The method of any one of Claims 67-74, wherein the P450 enzyme is
CYP2D6 enzyme and/or CYP3A4 enzyme.

76.  The method of any one of Claims 67-75, wherein the subject is a poor
20 P450 metabolizer as a result of being co-administered an inhibitor of

CYP2D6 enzyme or CYP3A4 enzyme.

77.  The method of claim 76, wherein the inhibitor is selected from the group

consisting of paroxetine, fluoxetine, quinidine, and ketoconazole.

78.  The method of claim 67 or 69, wherein the testing in step b) is by
25 genotyping for P450 enzyme.

79.  The method of Claim 78 wherein the P450 enzyme is CYP2D6.

- 68 -



Smonitoring trough plasma | evels of the compound in the subject for a
period of at |east ten weeks. 79. The nethod of any one of Cains 67-71,
wherei n twe 28ulsjéexst i s an i nternedi ate or extensive/ ul t PETAHPIL/OFPHSD

nmet abol i zer enzynme if plasna trough Il evel s of the conpound in the subject

are below 5 ng/ m nd the 1 uste ffec unt of he conmpound i s
celected o rdsul (TTEmEmGUgn aruiar ot S Re bToRiran et BybABRoTor ot
least 5 ng/ng. 73.cfMEe BBHLPOEhPLs @Wc@ﬂ%l?ﬁo@ & BmO% hiliighhded & fnd he
subject is a poor P450 enzyne if plasma trough | evel s of the conpound are
at least 5 ng/m ahilbgrabsi ng adm ni stered an effective anount of the
conpound. 1574. The nmet hod of any one of Clains 67 or 68, mherein testing in

step b) occurg bef fter treatpant hod of any one
of 0 a1 - 67-Fa. v mRlhofioy oy bE 3 T Mns el S SRR P BrSlbha

enzyne. 78. The neifhbe cohpaiyd Bnetvdte Ghidy @S&Jf%mlmrﬁsn the subject is a
poor 20P450 netabolizer as a result of being co- admi ni stered an i nhibitor
of CYP2D6 enzyme or CYP3A4 enzyne. 77. The neth(g of claim 76, mhereln t he
inhibitor is Yel ect &Fthobaf trﬁ@%wﬁneﬁﬁwléfﬂ $ea58 CORRTIS G the FisBRet i ne,
qui ni di ne, arg ket oconazole. 78. The method of claim67 or 69, wherein the
testing in step b) is by 25genotyping for P450 enzyme. 79. The net hod of
Claim 78 wherein the P450 ermiymeisigingvie2b6 subj?@ an effective amount of a

2011/ 066352PCT/ US2010/ 057952 80. The net hod 8f any .one of d ai 67-79,
wherein the effective amountcOGIPWRE TRFHTONRHCY Sl igvdrs §aveydiose of from
25 mlliggpans to 200 m|!ligri@fgula8l. The nethod of any one of Clains 67-79,
wherein the effective anmount 5of the conpound is a twice daily dose of 50
mlligranms. 82. A nmethod of treating suljj ect with Fabry di sease
conprising the steps of:

H

N

;ora

pharmaceutically acceptable salt thereof;

b) assessing trough plasma levels of the compound in the
subject;
15 c) adjusting the amount of compound administered to the

subject so that the trough plasma levels of the compound

in the subject are at least 5 ng/ml.

83. A method of treating a subject with Gaucher disease comprising the
steps of:
20 a) administering to the subject an effective amount of a

compound represented by the following structural

formula:
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a)adm nistering to the subject an effective anobunt of a

conpound represented by the followi ng structural 10forrmula: ; or a

phar macewpDcallogemecept abl e salt thereof; assessing troegh/ysb@asmardsevel s of
t he conpound in the subject; 15c)adjusting the anount of conpound

adm nistered to the subject so that the ugh plasma | evels of the
conpound in the subject are at least 5/ng/nl. 83. A nethod of treating a
subj ect with Gaucher di sease conpri sing\t steps of: 20a)admi nistering to
the subject an effective amount of a confound@represented by the follow ng

structural fornula: ; or a pharnaceutl1aIIy_acceptabI% salt thereof;
b) assessing trough plasma | evels of the corpdund j ect;
5c) adj usti ng the anmount of conpound adnlnlsiered he su ject so that the

trough plasma | evel s of the nd t hentsubj 2 |l east 5 ng/m .
84. The nethod of Claim8 3, erei ] the subj &ct i§ tested before
treatnent with the conpound beglns to asgess whet her the subj ect is a 10
poor, internediate or extensive/ultra rapid P450 metabolizef, *and wherein

the effective anount is det gyt lﬂggﬂﬁﬁggfagﬂm“hﬁéQﬁfﬂkﬂﬁﬁsubject is a poor,
intermedi ate or extensive/ultra rapid P450 netabolizer. 85. The nethod of

Claim82, 83 or 84, whdPein asprssitgripoighdlryna ke eherfithacomapend it theof any
one of Oains 1-15 1586. Theug%cpod of Claim82 or 83, wherein in step b)
the Cmax of the o

5 c) adjusting the amount of compound administered to the
subject so that the trough plasma levels of the compound
in the subject are at least 5 ng/ml.

84.  The method of Claim 82 or 83, wherein the subject is tested before
treatment with the compound begins to assess whether the subject is a
10 poor, intermediate or extensive/ultra rapid P450 metabolizer, and
wherein the effective amount is determined based on whether the

subject is a poor, intermediate or extensive/ultra rapid P450 metabolizer.

85.  The method of Claim 82, 83 or 84, wherein the compound is the

hemitartrate salt of any one of Claims 1-15.

15 86. The method of Claim 82 or 83, wherein in step b) the Cyux of the
compound in the subject is also assessed and wherein in step c¢) the
amount of compound administered to the subject is adjusted so that the
trough plasma levels of the compound in the subject are at least 5 ng/ml

and the Cp,x of the compound in the subject are below 100 ng/ml.

20 87.  The method of any one of Claims 82-86, wherein the P450 enzyme is
CYP2D6 enzyme and/or CYP3A4 enzyme.

88.  The method of any one of Claims 82-86, wherein the subject is a poor
P450 enzyme metabolizer as a result of co-administration of a P450

enzyme inhibitor.
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compound in the subject is al so assessed and wherein in step c) the anount
of conpound adm nistered to the subject is adjusted so that the trough

pl asma | ewel2e11af63ske conpound in the subject are at | ea®CTAS2agbE79and t he
Cmax of the conpound in the subject are below 100 ng/nm. 20 87.The net hod

of any one of_ C ai 82- 8§, ereip the P450 epzyne.is CYP enzyme and/ or
CYP3A4 enzyn98.9'88.ﬁ“rs? nﬁ‘é‘?ﬁ&é\mw%ﬁga VBR%feB’ft i Fﬁmé?—%“%ﬁgggﬁ ®t he
subject is a poor Jp4 p@ﬁﬁé’t[ﬂ\%@ﬁ?a@@@ﬂr&eﬂu@)@etﬁlé §§H1|ic§in9,f arkik A BRL ST at i on
of a P450 enzyme inhibitor. 011/ 066352PCT/ U52010/ 057952 89. The met hod
of Claim88, wherein the inhibitor is selected fromthe group consisting of
par oxet i ne, f90uoxektheracthgdiodiady wae odhdaikest He8hawberein B0 avemiet hod of any
one of Qlaim 82- 80, yhonel 0 PAR0.8NZHIR  QARLERRLENd InkhiS, SO BRL: i
assessed to determ He Whet' Rer® t su jec§ i's 5a poor, RYSE HSdial €t o

ext ensi vehsul tra rappsbrPABE i AbOF ez@hsivOLltrd hpidPtiRoehedibdlzai m 90 wherein
the p450 enzyne is CYP2D6 or CYP3A4. 99. The nethod of any of C ains 82-90,
wherein the effective anouynt, of the i conmpound is_ a twice daily
dose of from¥s5 nilhe gedes of & loio % ovhersinghant 0 owymeisteY ROHOSE any of

G ai ns 82-90, whereypsyhihe effective amount of the conpound is a twice daily
dose of 50 mlIligrans.

92.  The method of any of Claims 82-90, wherein the effective amount of the
compound is a twice daily dose of from 25 milligrams to 200

10 milligrams.

93.  The method of any of Claims 82-90, wherein the effective amount of the

compound is a twice daily dose of 50 milligrams.
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