-t - PREPARATI ON OF PHARMACEUTI CAL SALTS OF PI PERAZI NE COVPOUNDS Fiel d of
the Invention s This patent application generally discloses a novel process
to prepare ,pharmaceutically useful salts. It specifically discloses a novel
process to synthesize pharnaceutically useful salts of piperazine conpounds
such as piperazine, 4-[4- [(R-]I

-[ (cycl opropyl sul fonyl ) - 4-pi peridi nyl ]3-fl uorophenyl ) net hyl ]-3(S)-nethyl -1 -
pi perazinyl]-1-[ (4, 6-di met hyl -5-pyri m di nyl) carbonyl ] - 4- et hyl pi peri di ne
(Formula 1). 10 It further discloses a process to prepare pharnaceuti cal
salts that are enriched in desired specific rotameric configurations.
Background of the Invention 4-[4-[(R)-[I ,

-[ (Cycl opropyl sul fonyl) - 4-pi peridinyl](3-fluorophenyl)nethyl]-3(S)- is

net hyl - | - pi pPPREPARATIO ACEUTICAL SAI SOFMRERMHNE hyl pi per
idine (Fornula I
MIler, incorporated herein by re \' N IQ\IZO Unlted States
Pat ent No. 6,720,325 discloses several novel antagonists of the CCR5
receptor which are useful for the treatnment of AIDS and related H V

i nfections, including the conpound of Fornmula I. CCR5 receptors have al so
been -2- reported to nediate cell transfer in inflamuatory di seases such as
arthritis, rheumatoid arthritifeldiotthe IAveiidni S, psoriasis, asthma and
allergies, and inhibitors of §Ucl1—r€tr€p'r0'rra'r‘e- pected to be useful in
the treatnent of such diseases, and in the treatnment of other inflammatory
di seases or conEﬂhisipatmtapphnmlen@ehan‘dllﬂdmbee:yalmowa!l prdtmatsmrepmbti pl e
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[(R)-[1-[{cyclopropylsulfonyh)-4-piperidinyi){3-fluorophenyl)methyl}-3(S)}-methyl-1-
piperazinyl}-1-[(4,6-dimethyl-5-pyrimidinyl)carbonyl]-4-methylpiperidine (Formula 1).

10 It further discloses a process to prepare pharmaceutical salts that are enriched in
desired specific rotameric configurations.

Background of the Invention
4-[4-{(R)-[1-[(Cyclopropyisulfonyl)-4-piperidinyi}{3-fluorophenyl)methyl]-3(S)-
15 methyl-1-piperazinyl]-1-[(4,6-dimethyl-5-pyrimidinyl)carbonyl]-4-methylpiperidine
(Formula ) is disclosed United States Patent No. 6,720,325 to Milfer, incorporatéd

herein by reference.

20 United States Patent No. 6,720,325 discloses several novel antagonists of
the CCRS receptor which are useful for the treatment of AIDS and related HIV
infections, including the compound of Formula 1. CCR5 receptors have also been



of Formula | too, which nmakes the preparation of pharmaceutically acceptable
salts 10 of such conpounds quite inportant. The conpound of Fornula | has
two chiral centers and the absolute configurations of the chiral centers
are controlled by the chem cal synthesis. However, the conpound of Fornula
| exists as a mxture of rotational isonmers or rotaners. There are two
rotanmers (diastereoneric - relationshipgetween the two) 15 resulting from
restricted rotation about the anmide bond marked "a" in Fig. | and in Schene
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acceptable salts. This is true of CCR5 receptor antagonists such as the compound
of Formula | too, which makes the preparation of pharmaceutically acceptable salts
10  of such compounds quite important.

The compound of Formula | has two chiral centers and the absolute
configurations of the chiral centers are controlied by the chemical synthesis.
However, the compound of Formula | exists as a mixture of rotational isomers or
rotamers. There are two rotamers (diastereomeric - relationship between the two)

15 resulting from restricted rotation about the amide bond marked “a” in Fig. 1 and in
Scheme 1. For present purposes, enantiomers of rotamer 1 are considered
inclusively as rotamer 1 and the enantiomers of rotamer 2 are considered
inclusively as rotamer 2 which will be apparent from the examples that follow. The
two rotamers may be denoted as rotamers 1 and 2, in order of their elution from a

20 HPLC column, rotamer 1 being the one eluting first, and rotamer 2 eluting second.

Figure 1
Scheme 1 illustrates rotation about the amide bond for two example rotamers:



Pending U.S. application, Serial No. 10/305, 100 filed Novenber 26, 2002
descri bes the preparation of the pharnmaceutical salts of bipiperidine
conpounds wherein the process results in the fornmation of certain enriched
rotamer 10 popul ations. It would be preferable to find nethods of synthesis
for piperazine conmpounds that would yield rotanmer populations that are
enriched in certain rotaners preferentilally. In view of the fact that the

rotational barrier in amdes is rather small, the period of rotation is
consequently sh and rapid |ntercoqyers|on %5 s place (see, for
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10 popuiations.

It would be preferable to find methods of synthesis for piperazine
compounds that would yield rotamer populations that are enriched in certain
rotamers preferentially. In view of the fact that the rotational barrier in amides is
rather small, the period of rotation is consequently short and rapid interconversion

15  takes place (see, for example, “Comprehensive Organic Chemistry”, Vol. 2, ed. 1.

0. Sutherland, Pergamon Press, New York, 1979, pages 887-988), novel methods
are needed to achieve the desired preferentially enriched rotamer population.

Summary of the Invention

20 in an embodiment, the present invention discloses a process for preparing a
mixture of rotamers of a salt of a basic compound, for example a substituted
piperazine compound, wherein said mixture comprises one or mare rotamers of the
salt in a higher (i.e., preferentially enriched) molar percent than other
corresponding rotamer(s) of the salt, with the process comprising reacting said

25 basic compound with an acid in admixture with a solvent. The invention also
teaches a method for preparing pharmaceutically useful salts. Additionally, it
teaches a method for the formation of the salts, pharmaceutically useful or
otherwise, of the compound of Formula | in high yields. It also teaches the direct



The term "high yields" refers to nore than about 50%yield of the desired
10 enriched product. Thus, unlike previously known processes which result in
a 1l:1 ratio of the salts of the rotamers 1 and 2, the present process
offers a way to obtain the selective formation of unequal ratios of the
salts of the desired rotaner directly. The term "higher nolar percent”
refers to selective preferred formation-@f-a certain rotanmer (or

di astereoi soner) or rotamers over the other corresponding rotanmer (or is
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I nvention 5 In one enbodi nent, e present invention discloses a novel,
easy- t16- us@iastereoisomer) or rotamers by at least about a 55:45 ratio of molar percent. The

formation of such differential ratio of rotamer (or diasterecisomer) directly in the
present process is influenced by the unique choaice of the solvent medium for the
reaction befween the particular acid and the basic compound. The term ‘directly’
means 'without the need for an additional step to separate the 50:50 rotamers

20  obtained', for example, in the conventional processes. Thus, for example, if rotamer
2 is the desired one with high pharmaceutical activity, the present process makes it
possible to obtain that rotamer directly instead of having to make an equimolar
mixture of the rotamers 1 and 2 by previously known processes, followed by
cumbersome separation of the mixiure; such a separation may or may not yield the

25  desired salt in decent yields and the process is also likely to be expensive.

Since the activity of pharmaceutical compositions may differ depending upon
the type of salt they are comprised of, the present process affords a unique way to
obtain desired specific salts with good pharmaceutical activity in highly enriched
rotameric content. In the case of the compound of Formula |, the present process

30  achieves such preferential formation of the isomers by creative selection of the acid
(for salt formation) and solvent medium for the salt-forming reaction.

The inventive process to make differing ratio of the rotamers of the salts of

the compound of Formula | has several advantages: it is economical, can be easily



process for preparing a pharmaceutical salt of the conpound of Formula I in
high yields. It also teaches the preferential preparation of specific
rotamers of the salt of the conpound of Formula | in high yields. The
present process conprises generally reacting the conpound of Formula | (or
a simlar base) with an acid in adm xture 10 with a sel ected sol vent nedi um
in order to obtain differing ratios of refamers as salts. The term

"adm xture" refers to physical contact of the ingredients as is known to

those skilled in th rt - | I on uspensi on

enul si on, Scc?i?‘é’@?t aﬁ?@&fﬂﬁ%%gﬁgar P@?érﬁﬁﬁg]g)}s)eﬁ'?ﬁ% ’ﬁ%é'i"ﬁF 5%&1%21’9%”@1913, and
the like. Amd Rgendricafiy Bpplicdbleas shown in one of the follow ng EXAMPLES,
the ratio of the 1:2 pair in 15 the solid benzenesul fonate salt of the
conmpound of Forrmula | is respectively 1:99 when prepared in acetone.
However, that ratio changes taqg.7:93 when RhERAVE .in EtOH/ MIBE. O her salts
may be prepared simlarly by c Yo LLLLL he solvent as shown
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present I nygatfdh, A'PBWiintdhd BEHR'BEGHRgEXEMPLES, the ratio of the 1:2 pair in

15 the solid benzenesulfonate salt of the compound of Formuia | is respectively 1:99
when prepared in acetone. However, that ratio changes to 7:93 when prepared in
EtOH/MTBE. Other salts may be prepared similarly by changing the acid and the
solvent as shown later.

In another embodiment, the present invention is directed to the process

20  herein wherein said molar percent of said one or more rotamers of the salt to said
other corresponding rotamer or rotamers of the salt is 45:55.

In another embodiment, the present invention direcied to the process herein
wherein said molar percent of said one or more rotamers of the salt to said other
corresponding rotamer or rotamers of the salt is 25:75.

25 In another embodiment, the present invention directed to the process herein

| wherein said molar percent of said one or more rotamers of the salt to said other
corresponding rotamer or rotamers of the salt is at least about 10:90.

In another embodiment, the present invention directed to the process herein
wherein said molar percent of said one or more rotamers of the sait to said other

30 corresponding rotamer or rotamers of the salt is 5:95.

In another embodiment, the present invention directed to the process herein
wherein one rotamer is present in an amount greater than about 55 molar percent
of the fotal amount of salt present.



wherein one rotanmer is present in an anount greater than about 75 nol ar
percent of the total anmount of salt present. In another enbodinent, the
present invention is directed to the process 5 herein wherein one rotamer is
present in an amount greater than about 90 nolar percent of the total

amount of salt present. In another enbodi nent, the present invention is
directed to the process herein wherein-de rotanmer is present in an anount
greater than about 95 nolar percent of the total amount of salt present. 10

I n anot her e”b%'éfgﬂher én‘i‘n%o@frﬁél‘i’t”ihé pre%@ht Wehﬁoﬁﬂir@éfe@l%ttﬁe?? RAieh

herein wherein sal d substituted pi pefazinyl conpound is a maceut | cal
conmpound. Whereiodhe rotamerds psesenttinanareeentgreatesrthan abppt ?15 nealaepencent he
process n‘b{otg R%Wherel n ?I d,.aci d s a pharnaceutically useful acid. is In
anot her e eieted amaunt of SALRFESSlention is directed to the process herein
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respect to said substifute plperaz nyl conmpound. n anot er
t he presenheleinveherain ong rotamet iscbreeemiha gor aroeunt greatar thantadoet 80 sudldr
solvent is used | aéirgéiiofr m_abgut 5:1 to about 20:1 with 20 respect to -

sai d substﬁ’?"ﬁ?@tjo amunt ghssttdesent. anot her aspect, the present
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O ~-- % Ndrefd Whdreifroneubtarhels present in an amount greater than about 95 molar
percent of the total amount of salt present.

10 In another embodiment, the present invention is directed to the process
herein wherein said substituted piperazinyl compound is a pharmaceutical
compound.

In another embodiment, the present invention is directed to the process
herein wherein said acid is a pharmaceutically useful acid.

15 In another embodiment, the present invention is directed to the process
herein wherein said acid is used in a ratio from about 1:1 to about 3:1 with respect
to said substituted piperazinyl compound.

In another embodiment, the present invention is directed to the process
herein wherein said solvent is used in a ratio from about 5:1 to about 20:1 with

20  respect to said substituted piperazinyl compound.

In another aspect, the present invention is directed to a process wherein
said substituted piperaziny! compound has the structure of Formuia I;

Formula |

25
In still another aspect, the present invention is directed 1o a process wherein

said higher molar percent refers to the concentration of rotamer 1 of the salt of said



In still another aspect, the present invention is directed to a process
wherein said higher nolar percent refers to the concentration of rotanmer 1
of the salt of said -7- conpound of Formula | conpared to the rotanmer 2 of
the salt of said conmpound of Formula I. In still another aspect, the
present invention is directed to a process wherein said higher nolar
percent refers to the concentration of thé-rotamer 2 of the salt of 5 said
conmpound of Forrmula | conpared to the rotamer 1 of the salt of said conmpound
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the process herein wherein said salt is selected fromthe group consisting
of benzenedWringimt.e, nicotinate, benzoate, hydrochloride salt, glutarate,
D- 10- canphor sul fonate apnd 2- 10 ketoglutarate, In still ,gnother enbodi nent,
Che present. i nveReTbAnUsAspEch 45 Bashb bivsoticn s fkpeien TRRPBLRSI MG |
s benzenesuld ARREPmOldr poeAfRIBRo b eEhEBRFaldiG tReqBRIthel 2YPiid St o
directed to the process hereln wherein said benzenesul fonate is prepared by
reacti ng t Isaicomppound of Forfiuleok canmparedibtthe betanerek of thensalt afcsaldi n a
solvent. In still y tF anot her enbodi ment, the present invention is directed
to the pr&OFROUNGTROTAREALI n said benzenesul fonate is formed at about

0-80C. In still t ﬁkﬁﬁ” li | i hiected to
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wherein sai d D 10-canphorsuffonate |s prepared by reacting the conpound of
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anot her, e ' the present invention is directed to the process herein
wher ei IEIO s%@@%ﬁ‘%’{gmhor sul fonate is prepared by reacting the conpound 25

of Formula | w tih stil dfotreranibedihientithe aceskritinwdrition is cteaterl tol thexirotéss
anot her enbodi nent, the present invention is directed to the process herein

wher ei n sai rgigwheprglrgq;@jg Salkis benzenesulfonate.
in yet another embodiment, the present invention is directed to the process

herein wherein said benzenesulfonate is prepared by reacting the compound of

15 Formula | with benzenesulfonic acid in a solvent.

In still yet another embodiment, the present invention is directed to the
process herein wherein said benzenesulfonate is formed at about 0-80°C.

In still yet another embodiment, the present invention is directed to the
process herein wherein said salt is D-10-camphorsulfonate.

20 in another embodiment, the present invention is directed to the process
herein wherein said D-10-camphorsulfonate is prepared by reacting the compound
of Formula | with D-10-camphorsulfonic acid in an ester solvent.

In yet another embodiment, the present invention is directed to the process
herein wherein said D-10-camphorsulfonate is prepared by reacting the compound

25 of Formula | with D-10-camphorsulfonic acid in ethyl acetate.

In still another embodiment, the present invention is directed to the process
herein wherein said salt is glutarate.

In still yet another embodiment, the present invention is directed to the
process herein wherein said glutarate is prepared by reacting said compound of

30  Formula I with glutaric acid in a nitrile solvent.

In another embodiment, the present invention is directed to the process

herein wherein said nitrile is acetonitrile.



In still yet another enbodi ment, the present invention is directed to the
process herein wherein said glutarate is prepared by reacting said conpound
of 30 Formula | with glutaric acid in a nitrile solvent. In another

enbodi nent, the present invention is directed to the process herein wherein
said nitrile is acetonitrile. -8- In still another enbodinent, the present
invention is directed to the process her@&kn wherein said salt is
2-ketoglutarate. In yet another enbodi nent, the present invention is

directed to the|pEgFaaGthef @ndHiMBAT, 3he phetictht Anveptionlis Uiea{cd tosnhe pricdsed by
reacting said conpound of 5 Fornula | wth 2-ketoglutaric acid in‘a nitrile

sol vent . | meseiniwheyein saidishliis @ritedogintanate. t he present invention is directed
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invention is directed to t ocess rein wherein tinate is
prepar ed byFormala i with 2aketoglutgriciaciddnh afdtrifusaiveént.wi t h nicotinic acid in

water. In yet another enbodi nent, the present ipventjon,isg, directed to the
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i nvention is direc 0 the process | rern said ester solvent is
sel ect ed f hereihwheayeinugaid dicotimateis prepatdtlby reantingtsaid compoopy|of #Foematel and
m xtures thereaof. I n anot her enbodi nent, the present invention is directed
to the proddhicotinic acid in water.
In yet another embodiment, the present invention is directed to the process
herein wherein said salt is benzoate.
15 In still yet another embodiment, the present invention is directed to the
process herein wherein said benzoate is prepared by reacting said compound of
Formula | with benzoic acid in a mixiure of water and acetone solvent.
Iin another embodiment, the present invention is directed to the process
herein wherein said solvent is water, a ketone, ether, ester, alcohol, nittile,
20 hydrocarbon or mixtures thereof,
In another embodiment, the present invention is directed to the process
herein wherein said ester solvent is selected from the group consisting of ethyl
acetate, isopropyl acetate and mixtures thereof.
in another embodiment, the present invention is directed to the process
25  herein wherein said alcoho! solvent is selected from the group consisting of methyl
alcohol, ethyl alcohol, isopropyl alcoho!l and mixtures thereof, said nitrile is
acetonitrile, and said ether is tetrahydrofuran (“THF"), and said hydrocarbon is
toluene.
In another aspect, the present invention is directed to a process for
30  preparing a mixture of rotamers of the benzenesulfonate salt of a compound of
Formula I, wherein said mixture comprises one or more rotamers of the
benzenesulfonate salt in a higher molar percent than other corresponding ratamer

or rotamers of the benzenesulfonate salt, said process comprising:



25 herein wherein said al cohol solvent is selected fromthe group consisting
of nmethyl alcohol, ethyl alcohol, isopropyl alcohol and m xtures thereof,
said nitrite is acetonitrile, and said ether is tetrahydrofuran ("THF"),
and said hydrocarbon is toluene. In another aspect, the present invention
Is directed to a process for 30 preparing a m xture of rotamers of the
benzenesul fonate salt of a conpound of -Fornula I, wherein said mixture
conprises one or nore rotanmers of the benzenesulfonate salt in a higher

nol ar percent tgn opﬂ@@@riggrarﬁu%p@ﬂmm@ niRtae®f saiel carapedied of Pbrrhia | in a
benzenesul fonate salt, said process conprising: -9- (a) preparing a first

inti mate n®¥eRte of said conpound of Formula | in a solvent; (b)

mai nt ai ni ng sai g.first;i.nLi i xt.UL -AOC  (cd~Ppreparing a
second | nti mat e(%r)n' tﬁ‘%@tgﬁ"'ﬁ%&gﬁk‘ég’ﬁfﬁgﬂ% gﬁg@rgda{)ﬁ&(?ﬁeo'q@ %'arre or different
solvent as stat@y i nprparngd seddhd Bt MiurRbibéRZSre SifdiBkeidThHar e and
said second intimate mxture at 0-10C to prepare a conbined m xture and
heati ng t heamse ebidiftarent selvenrt amstatediincstep(gkt al | i zati on of the
benzenesul fonatg,sal{;: and (e).isolat.ing the benzenesulfonaje,salt. .10 In
anot her aspect,(edt)he %‘?’B@E\%é F%\S’ff{?{ lghrqage Hl"ﬁ&&% @Bgtsé'cgﬁ%?f) inimate Mg n
sai d nol ar H ' rdarBauref #iRE&Hh tRi t,to said
the ot heratggﬁrrggg%ﬁg?%b%omg of thuer%baeﬁrﬁi;g%es f onat eﬁizl%'ﬁtrﬁllxgﬂ’%éc:)%- In
still anotinducaspystallization pfitbedrenzenesulforate saltgimdct ed to such process
wherein said noj ar p.erég.nx ﬁf sai.d on ro%arreL of the benzenesul fonate salt
tzg igi dI 15 1(:)t Mr&;’ﬁp ngit ?E"Fﬁf‘% fo{';'fefﬂi rIi)ganze.nesa!]fonate Zalt ia

: 75.451 N ye Rt 3 | :
pr oceslg wher e?ln sal gefrﬁi)l ar 'pter E@ﬁ?éﬁgﬁsa?tmﬁe ll:égtfl?;ldng o‘?ﬁaﬁ?ggs WhEXSi
benzenesul $aid matas pétcent of adid one fodameoof thepuerdiang sutforatersaltf totdaid the

“nvent on 8eaPsEEsRNdiR Sotamesadad benzeeawPBrte St BREBY: percont of said
one rotaner of jh&iRepARECSPdRReSradtdt ihfertfis directed to such process
wherein said molar percent of said one rotamer of the benzenesuifonate salt to said

15  other corresponding rotamer of the benzenesulfonate salt is 25:75.

In yet another aspect, the present invention is directed to such process
wherein said molar percent of said one rotamer of the benzenesulfonate salt to said
other corresponding rotamer of the benzenesulfonate salt is 10:90.

In still yet another aspect, the present invention is directed to such process

20 wherein said molar percent of said one rotamer of the benzenesulfonate salt to said
other corresponding rotamer of the benzenesulfonate salt is 5:95.

In another aspect, the present invention is directed to such process wherein
said solvent is water, a ketone, ether, ester, alcohol, nitrile, hydrocarbon or
mixtures thereof.

25 In another aspect, the present invention is directed to such process wherein
said ester solvent is selected from the group consisting of ethyt acetate, isopropy!
acetate and mixtures thereof.

In still another aspect, the present invention is directed to such process
wherein said ester solvent is isopropyl acetate.

30 In yet another aspect, the present invention is directed to such process
wherein said ketone solvent is acetone.

In yet still another aspect, the present invention is directed to such process

wherein said ether solvent is THF.



ot her correspondi ng rotanmer of the benzenesulfonate salt is 5:95. |In another
aspect, the present invention is directed to such process wherein said
solvent is water, a ketone, ether, ester, alcohol, nitrile, hydrocarbon or

m xtures thereof. 25 In another aspect, the present invention is directed to
such process wherein said ester solvent is selected fromthe group
consisting of ethyl acetate, isopropyl -#@etate and m xtures thereof. In
still another aspect, the present invention is directed to such process

wherein said espheindiReNafboliméeoHePdseAriplahtion RUdildtt¥dto 306k BRIcedgPect

the present invention is directed to such process wherein said ketone

sol vent i swhereinaaid nitrily solvent Isl acetonitrile. aspect, the present invention is
directed to such proce whereji n saj,d ether, solvent.is THF, . -10- I n another
embodi ment, t hell @ﬂﬁﬁﬁ‘?w@ﬁﬁw'ﬁs{% RIESERNYENUQR i %F%%@éo SYfer ei n sai d
nitrile sohpeBLs WwhefSiRt<AM hidnh bt i & enmbodi ment, the present

I nventi onoés d%sr' ected té(?iushg?] O%Sgﬂoc{:he‘:ss‘ésl %\ﬁé?g@%ggai d hydrocarbon solvent is
tol uenge. 5 | n yletyedaootieer embodiment; thetpresemtdaegntiamisediteicbed tossulihy process t o

such proces wherein sai d al cohol so]vent is selected fromfghe, group

consi st i ngWE?f%%g%acawcﬁ?i\@n?& ﬁgpcégdcfnmmﬁﬁe G5 BBW'S{WQ:B Bt BAd i xt ures
t hereof. | Ml ] | t knvention is directed
to such pér](c)é@%l'sbt e%@ﬁ%%&@@ﬁ%@%ﬁ}eﬁ&ﬁ%gzﬁ ylor'al cohol. 10 In

anot her enbodi nienstifl yet@anptlereambodinrent, the presehtrimedrdibrtis directeddioosiehs

wherein said sol vent conprises |sopropyl acetate and ethyl alcohol. In
anot her asPOEEss r@né@é@%@ﬁvbwl %ng@W'lam to a mxture of rotaners
of a It of a i ' ' el | ]

conpr ibes one Ty huihebBoIRERE e MleshiROLRot K fedted T Subh Blatels | .,

ot her corrwhershtisaid sdlventtcomirisys isoprepyr scathid dred sty alcthbll salt can be
prepared by a process conprising reacting said substituted piperazinyl
conpound wi t h alf 2Rather asRefti theresantinvention is directed to a mixture of rotamers

of a salt of a substituted piperazinyl compound wherein said mixture comprises one
or more rotamers of the salt in a higher molar percent than other corresponding
15  rotamer or rotamers of the salt. Said salt can be prepared by a process comprising
reacting said substituted piperazinyl compound with an acid in admixture with a
solvent. Here again the solvents may be water, a ketone, ether, ester, alcohol,
nitrile, hydrocarbon or mixtures thereof.
In still another aspect, the present invention is directed to a mixture wherein
20  said substituted piperazinyt compound is the compound of Formula |:

| :
CHg

N
I\O/\d M ol N
s~ N
O N g N
O CHj

Formula f
said acid is benzenesulfonic acid, said salt is benzenesulfonate, and said molar
percent is 45:55 of one rotamer of the benzenesulfonate salt to said other
25  corresponding rotamer of the benzenesulfonate sak. Solvents may be as noted

above.



solvent. Here again the solvents nmay be water, a ketone, ether, ester,

al cohol, nitrile, hydrocarbon or m xtures thereof. In still another aspect,
the present invention is directed to a m xture wherein 20 said substituted
pi perazinyl conpound is the conpound of Formula I: CH3 N CH3 ~/N-~ N H3C N
OM ONIN \IINOIATICH3 Formula | said acid is benzenesul fonic acid,
said salt is benzenesuifonate, and said-fdi-ar percent is 45:55 of one
rotaner of the benzenesul fonate salt to said other 25 correspondi ng rotaner

of the benzenesiThewaltsdn thd mixited canbe selgetee frasn the groupadonsistingldf- The
salts in the mxture can phe sel ected fraomthe group ¢onsisting of acetate,
benzenesul ﬁﬁﬁ’@ﬂ%,b%l?ﬁ?@%‘&?”@?cg?m?et)m%r&)@ﬁﬁ&%rgﬁl' &%T‘é'é@t efate,

canphor sul 0L ' ok i te, N, N

di (dehydr oggﬁ@“@ﬁ"gﬁ@%?léeag?%ﬁn&%é{:ﬁ@ﬁé?/gw F@#ﬁ%g@é‘%. sN’@onat e, 5

et hanesul f difdeékydrbablstd)ethyiehadiabhsing osddtete, d| 2ietirnicelisudfonatayat e, gl utarate,
2- ketoglutarate, p-glycollam dophenyl arsonate, hexylresorcinate, hyclate,

hydr obrfoni @thangpyifnates furparate. glyephsatanatenglisrnateatiutamaie.clyiasaie: Boat e,

i odi de, la t ohj : n | e, mandel ate,
met hanesul % %ﬁ}?[ﬁ’g?}arirét ﬁ&’ﬁ@%ﬁ‘d‘é‘?wﬁﬁ#%ﬁ aﬁ%’?y "}‘%{Bﬁ@f‘g{ﬁ’ gg{:%,?é'rrucat e,

naf ate, 10 hydbyrbmide, hydroctiierde@vapdrexyethahesiiforite, hydrospihehshatehosphat e,
pol ygal act uronate, salicyclate, sodium succinate, stearate, subacetate,

succi nat e, lodide fla¢tate tlacipbignate tlawhselfonaie t matatey walaate anandelate,
anhydr onet TaNaey IRLBte. @ BB, opfylnfEiE: miBatdo, AlCHRS Rardié” = ©

10 napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate,
polygalacturonate, salicyclate, sodium succinate, stearate, subacetate, succinate,
sulfate, tosylate, tannate, tartarate/bitartarate, 8-chlorotheophyllinate, triethiodide,
adipate, alginate, aminosalicyclate, anhydromethylenecitrate, arecoline, asparate,
bisulfate, butylbromide, camphorate, digluconate, dihydrobromide, disuccinate,

15  glycerophosphate, hemisulfate, hydrofluoride, hydroiodide,
methylenebis(salicyclate), naphthalenedisulfonate, oxalate, pectinate, persulfate,
phenylethylbarbiturate, picrate, propionate, thiocyanate, undecanoate,
acetylaminoacetate, N-acetyl-L-asparaginate, N-acetylcystinate, adamantoate,
adipoate, N-alkylsulfamates, anthraquinone-1,5-disulfonate, arabolactansulfats,

20  argininate, aspartate, betaine, carnitine, 4-chloro-m-toluenesulfonate, decanoate,
diacetyl sulfate; dibenzylethylenediamine, dimethylamine, diguaiacylphosphate,
dioctylsulfosuccinate, pamoate, fructose-1,6-diphosphate, glucose phosphate, L~
glutaminate, hydroxynaphthoate, lauryl sulfate, lysine, 2-naphthalenesuifonate,
octanonate, tannate and thecbromine acetate.

25 In specific embodiment, the present invention is directed to a
benzenesulfonate salt of a substituted piperazinyl compound, wherein said
substituted piperazinyl compound has the formula:



bi sul fate, butyl brom de, canphorate, digluconate, dihydrobrom de,

di succi nate, 15 gl ycerophosphate, hem sul fate, hydrofl uoride, hydroi odide,
met hyl enebi s(sal i cycl at e), napht hal enedi sul fonate, oxal ate, pectinate,
persul fate, phenylethylbarbiturate, picrate, propionate, thiocyanate,
undecanoate, acetyl am noacet at e, N—acetiI-L aspar agi nat e,

N-acetyl cysti nate, adamantoate, adipoat N- al kyl sul f anat es,

ant hr aqui none- |, 5-di sul fonat e, arabol actansul fate, 20 argi ninate, aspartate,
bet ai ne, carnitine, 4-chloro-mtdhyermesul fonate, decanoate, diacetyl

sul fat e; di benzyl et hyl enedi am ne @ hyl am ne, di guai acyl phosphat e,

di octyl sul f osucci nate, panpat e, 6 di phosphate, glucose phosphat e,
L- gl utam nate, hydroxynaphthoate Iaury sulfate | ysi ne,

2- napht hal enesul fonate, og¢tano e and theobrom ne acetate. 25 In
speci fic enbodi ment, the Qresent vent on |3Hg|rected to a

benzenesul fonate salt of a ted nd, wherein said
substituted piperazinyl comﬁbﬂnd has t he for W It CH3 VN H3C
N O CH3 In another specific éhbodinent, the tionis directed
to a D-10- canphorsulfonate salt of a substi t ut ed i perfazi nyl conpound,
wherein said substituted piperazinyl conmpound has“ he®ornula: CH3 N W

0831 N i Moot briutihe s Hoebfog T4k BRTp 10

]pl perfﬂl ny tarph®eulfdnatehsiliebia sabstiteleaspibérazitl cOMPRUAG WhergAga/nd has the
or nul a:

substituted piperazinyl compound has the formula:
FO
(T @'
“og;

In still another specific embodiment, the present invention is directed to a
glutarate salt of a substituted piperazinyl compound, wherein said substituted
piperaziny! compound has the formula:

F\©
mp/\ (A b #g

10 In yet another specific embodiment, the present invention is directed to a 2-
ketoglutarate salt of a substituted piperazinyl compound, wherein said substituted
piperazinyl compound has the formula:



CH3 NI H3 \,/NHIC % O\ONN ~\ / alCCH3 10 In yet another specific
enbodi nent, the present invention is directed to a 2- ketoglutarate salt of
a substituted piperazinyl conmpound, wherein said substituted piperazinyl
conpound has the formula: -13- CH3 CH3 N H3C /N e% N OCH3 In still yet
anot her specific enbodi nent, the present invention includes a nicotinate
salt of a substituted piperazinyl conpouﬂ@f wherein said substituted

pi perazi nyl conpound has the formula: CH3 CH3 3C ONN 5 OCH3 In yet

still another specific enbodi nent R present invention is directed to a
benzoate salt of a substituted pi p nyI conpound, wherein said
substituted piperazinyl conpound h h%Hf ormula: CH3 N CH3

%\OAK/\@%D

In still yet another specific embodiment, the present invention includes a
nicotinate salt of a substituted piperazinyl compound, wherein said substituted
piperazinyl compound has the formula:

5 O  CHg
in yet still another specific embodiment, the present invention is directed to a
benzoate salt of a substituted piperazinyl compound, wherein said substituted

piperazinyl compound has the formula:

\©
O/\\;OAK/ bwp

in addition, the present invention includes a hydrochloride salt of a

10

substituted piperazinyl compound, wherein said substituted piperazinyl compound
has the formula:



SN~ ~NH3IC NO\ NN OCH3 10 In addition, the present invention includes
a hydrochloride salt of a substituted piperazinyl conpound, wherein said
substituted piperazinyl conmpound has the fornula: -14- CH3 Il H3 H3BC N S
O CH3 Furthernore, the present invention is directed to a process for
selectively crystallizing a rotamer of a salt of a conpound of Fornula 1:
CHB3CH3 SO ' H3C/N \pt)NINS o c said process conprising reacting
said conmpound of Formula 1 with an acid in admi xture with a solvent. The

processes, while described and i Nuystgated herein as the preparation of io
specific desired rotaners of the c nd of Fornula |, are applicable
generically to the preparation of ~pbdfmgceutically useful salts from basic
pharmaceutical conpositions. By appfop dte choice of the solvent nedium

the reaction of the basic, co n acid (fromwhich the salt is to

be deri ved) toformtheél{ eletiv |e,l|3dsthe desired rotaneric

conpositions in enriched N ent E; %(72 enbodi nent, the
dirkct | par

i nvention offers a novel, n\‘gl e process to e desired salts
of basic compounds in unequal rati os of rotamersiar

Furthermore, the present invention is directed to a process for selectively
crystallizing a rotamer of a sait of a compound of Formula 1:

said process comprising reacting said compound of Formula 1 with an acid
in admixture with a solvent,
The processes, while described and illustrated herein as the preparation of

10  specific desired rotamers of the compound of Formula |, are applicable generically
to the preparation of pharmaceutically useful salts from basic pharmaceutical
compositions. By appropriate choice of the solvent medium, the reaction of the
basic compound with an acid (from which the salt is to be derived) to form the salt
selectively yields the desired rotameric compositions in enriched molar percent.

15 Thus, in another embodiment, the invention offers a novel, simple process to
directly prepare desired salts of basic compounds in unequal ratios of rotamers or
rotameric pairs. In yet another embodiment, the present invention teaches the
formation of pharmaceutically usefu! salts in high yields and selectivity of rotamer
population.

20 The following non-limiting list includes anions representing suitable acids
which may be used to form salts in accordance with the present invention. The list
of anions for useful salts includes, for example, acetate, benzenesulfonate,



rotaneric pairs. In yet another enbodi nent, the present invention teaches
the formation of pharmaceutically useful salts in high yields and
selectivity of rotanmer population. 20 The following non-limting |ist

i ncl udes anions representing suitable acids which my be used to formsalts
in accordance with the present invention. The list of anions for useful
salts includes, for exanple, acetate, bédzenesul fonate, -15- benzoate,

bi carbonat e, brom de, cal ci um edetate, canphorsul fonate, carbonate,

chl ori de/ diehydates blcarboleatechiomitie, caiciint bddelty, diavaph@buiforedtey tabeaats]i ne,
edet at e, c}11l 2- et hanedi sul fonate ?htlggﬁ sul fonate, fumarate, Iucoheptonate

gl uconat e chiqyidg{diydrechierig ?yE'B]aF% d&?@%‘ﬁgﬂl@thﬂ@m'? R.cqded

nyar oxynante B b et fonad 4 Ak bhafe, smptb B RERSHI Bifidhate, 1 v,
mal eat e, mlutdeadé,q- gmbmwhbﬂymmnatemmlmomnme mactlhte 'hytircﬂiremlde

nmet hyl sul fate, nucate, nafat e napsyl at njtrate, panpate, pantothenate,

phosphat e WARsaTide, 2-hydoyyethapesi % N@&‘P’H@lﬁﬂh&h@ate igdifley laciatesi nat e,

stearate,

tartrate/ b Q@?géﬁé%@w%ﬁeoéﬁ%%ﬁg? {é)ﬁ{ér]ﬁ&e%ﬁt %ﬁgﬁeﬁﬁ qate

al gi nat e, methylbmaldeqméthylmtraehmtrwmifmé enacate! abfate anamlatasemt@s@ar ate,
bi sul fate, butyl brom de, canphorate, | uconat e, di hydrobrom de

di succi natp@moajeyrmtem%@&a@sph@tﬂlqwhpgwl@atehwwaaha&wpaete palisysialgi de,

t hyl t
T T
undecanoatartratelbithader Srehlosdtkeophillingte! frethioditizn adipatetsiginate,

N-acetyl cyst.i nat e adamant oat e, adi poat e, N al kyl sul famates,
ant hr aqui onBosalisyglale anfvdremetiianscitratanariacolkine, asparaten bisatfate, aspar t at e,

bet ai ne.  bioife, daibhathe BERLHRARS Wi ARG Bmide <AB0RIGare, df acely!

sul f at e, am n am ne I‘guai acy phosphat e, 20

Ei ocltyl sulgﬂmmmio?hete nmrﬁatrjlﬁatet hy@rlocﬂaende Gmdjro[bdml:mat e, glucose phosphate,
gl ut am na roxynapht hoate, | aur sul fate, lysin
2- napht herﬁ@%‘bylﬁaﬁélsésa"cbﬂﬁ‘ﬁkﬁ)oﬂaﬁfétha{%ﬁ%ﬁ%foaﬁtﬁ oxalte. d?ﬁ%'@aé%él’aéﬁléfate

Addi I d f h
| tonalg h}é ghar rraceu{'ll CaﬁlEratQ%P?dsdg?,g%%yQﬁé@, uRHbE&W el Or the

formati on y use
acetylaminoacetate, N-acetyl-L-asparaginate, N-acetylcystinate, adamantoate,

adipoate, N-alkylsulfamates, anthraquinone-1,5-disulfonate, arabolactansulfate,
argininate, aspartate, betaine, carnitine, 4-chloro-m-toluenesulfonate, decanoate,
diacstyl sulfate, dibenzylethylenediamine, dimethylamine, diguaiacylphosphate,

20 dioctylsulfosuccinate, pamoate, fructose-1,6-diphosphate, glucose phosphate, L-
glutaminate, hydroxynaphthoate, laury! sulfate, lysine, 2-naphthenesulfonate,
octanonate, tannate and theobromine acetate. Additionally, acids which are
generally considered suitable for the formation of pharmaceutically useful salts
from basic pharmaceutical compounds are discussed, for example, by S. Berge et

25 al, Journal of Pharmaceutical Sciences (1977) 66(1),1-19; P. Gould, /nternational J.
of Pharmaceutics (1986) 33 201-217; Anderson et al, “The Practice of Medicinal
Chemistry” (1996), Academic Press, New York; Stahl, ef a/, “Handbook of
Pharmaceutical Salts: Properties, Selection and Use" (2002), Wiley-VCH, Zurich;
and in The Orange Book (Food & Drug Administration, Washington, D.C. on their

30 website). These disclosures are incorporated herein by reference.

In general, known processes to form salts by reaction of basic compounds
with acids vields equal ratios of rotamers or rotameric pairs, which need to be later
separated in yet another step. The present process, which avoids such separation



from basi ¢ pharnmaceutical conpounds are discussed, for exanple, by S. Berge
at 25 al, Journal of Pharnmaceutical Sciences (1977) 660),1 -19; P. Goul d,
International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, "The
Practice of Medicinal Chemstry' (1996), Academ c Press, New York; Stahl,
et al, "Handbook of Pharnmaceutical Salts; Properties, Selection and Use"
(2002), WIley-VCH, Zurich; and in The 'dﬁd‘nge Book (Food & Drug

Adm ni stration, Washington, D.C. on their 30 website). These disclosures are
i ncor por atygpraterentiallyyenrishing inceertdin roamargiopulations duringetheeslttforrhation sal t s
by reactign cP‘ b&?ﬁ““co ounds wth acids yields equal ratios of rotaners
or rot arref‘?%c'ﬁgi' T JFUPIed to be later separated in yet another step.

The present prqpassessh ﬁﬂ&cé&@inga:}/l B¢ ARSAERA B} tRftorrhatipRor Riel erential 1y

enriching in certain rotaner po at1ons ring the salt formation reaction
i tsel f, i depmpresulionakhsalpobtrentompoumrdsof Fesmbla li The consicechdoyf Edremflad,mat i on

of the benzenesul fonate, sal.t qof the conpound, of  Fornul |. The coppound of
For mula |,Wr}“°§‘ asic.iraay be ?S‘ﬁ%ﬁ‘ifi BEOHIEC IS BHiMately iMKed,05 SUSRRN 1% i xed
or suspen ' j i |t ' oty i tabl e
S0l vent - moglabie st e NorFRTIFBIXMpIBeLr LRI R fRedia o, fBF
nitrite, lexdmpisntaterdeionetathes estdrealeohol, Nirild, ihyttdcagbax anpligsres sui t abl e

ket i ncl ude,  for | e, t , thyl et t , thyl n- I
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I\b _| . . . | . | , d f ,
n-timt 'nﬁ&n@f@g?hlﬁoﬁé, rﬁét%g-ﬁnﬁ ot 8hd thé ?!&e %ﬁé'mﬂﬁgxgﬁﬁttﬁéfe%ﬁy roruran

di gl yne, net et her es thereo prefe
t et r attydr prefesably BoetonenNonAimitingrexaetples of slitalile eters ars, for exafmple,exanpl e,

el co. SURralian, dglei racty Sty LAneS RS raxbies Hereal GERBTEOL fy
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suitable nitri'les are, r acetonitri propionitri
m xt ur es toetatafisopiopyl acetatengne xeEriures theresiu Nasblinitingyekaoeies of suitatde f or

Chor bof , - FIROTBR:ME s, B Al Y Gl apraRt Alratel £80 % i s
g;trrgefs as HRuks Merdst. NotRlimitingexaPhple8 bf SBitSpIE nttilECar®) fiSRfAFECN) 10 the
acetonitrile, propionitrile and mixtures thereof. Non-limiting examples of suitable
hydrocarbons are, for example toluene, xylene, chlorobenzene, hexane, heptane
and mixtures thereof, preferably toluene. Benzene sulfonic acid may be added to
this either as solid or as a solution (or intimate mixture or suspension) in the same
20  solvent. The acid is used generally in 3:1 mole ratio, preferably in a 1.5:1 molar
ratio and typically in 1:1 molar ratio, with respect to the compound of Formula |. The
total quantity of the solvent may be about a 20:1 ratio, preferably about a 18:1 ratio
and typically about a 15:1 ratio, with respect to the compound of Formula 1. The
mixture is stirred or mixed otherwise, generalily at about 0-80°C, preferably at about
25 0-40°C and typically at about 0-10°C for about 1-15 hours, and then kept at 0-80°C,
preferably at 40-80°C, and typically at about 80°C to allow the completion of crystal
formation of the salt. Upon cooling, the salt may be isolated by filtration or such
similar methods. When isopropyl acetate was used as the solvent in an Example, a
rotamer ratio of 1:99 (for the 1:2 isomer pair) was found in the benzenesulfonate
30  salt so formed.
if the compound of Formula | is dissolved in an ether sclvent such as
tetrahydrofuran and treated with benzene sulfonic acid as a solid or as dissolved



20 solvent. The acid is used generally in 3:1 nole ratio, preferably in a
1.5:1 nolar ratio and typically in 1:1 nolar ratio, with respect to the

conmpound of Forrmula |I. The total quantity of the solvent nay be about a
20:1 ratio, preferably about a 18:1 ratio and typically about a 15:1 rati o,
with respect to the compound of Forrmula I. The mxture is stirred or m xed

ot herwi se, generally at about 0-80C, prdfferably at about 25 0-40C and
typically at about 0-10C for about 1-15 hours, and then kept at 0-80C,

pref er abl XOWIM&@spéndeﬂ)’m feffahydRFuraRaY thPRdeRsHoteNabBge CHRRhARIGON Of

crystal formation of the salt. Upon cooling, the salt may be i'sol ated by
filtrati onatin 0528R of dherabavemeted teomannairsiis Obtaiped. acetate was used as the
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or suspengempoundtafthaamuda band samphor isulfpnio @sickinran sitohblesier aolventiver
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Formul a | Heige t I d of
Formul a | Sgh,%nygﬁ:phor g(l}P ?g{n{;ﬁagglﬁaéﬁlﬁ]gﬁsg cgﬁ@bﬁgg‘{)gﬁg@g%gﬁ?sqﬁ e
exanpl e, &altobtaieedratio of 98:2 is obtained for the 1:2 isoner pair. If,
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stability, I rabl e hygr.osc |ty ol ubjlit fluidity and the |ike. The
fol | ow ngdﬁéﬁgﬁlﬁwgﬁbs E@pbﬁ Eqnda ﬁﬁeovi ded in order to further

|| lustrate thepeashekink '}Y&ﬂﬁﬁlﬁ EX @ﬁgt@;aﬁ@rTABLEhFafé)kaH&é}ﬂinE&‘raEP{c?s and

Table 1, ratios are gi v«lgn as rot
further illustrate the present invention.

15 EXAMPLES
in the following Examples and Table 1, ratios are given as rotamer 1:rotamer
2 wherein rotamer 1 is the first to elute and rotamer 2 is the second to elute from a
HPLC column. For example, in Example 1 below wherein the rotamer ratio is 1:99
by HPLC, rotamer 1 was present in 1 part to 99 parts of rotamer 2. Herein mole
20  ratio equals wiw since the molecular weights of the rotamers are equal. Unless
otherwise stated, the following abbreviations have the stated meanings in the
Examples and Table 1 below:
ACN= Acetonitrile
CDCls=Deuterated chloroform
25  D,0= Deuterium Oxide (heavy water)
DMSO= dimethylsulfoxide
DSC= Differential Scanning Calorimetry
EtOAc= Ethyl acetate
EtOH= Ethanol
30 g=grams
HPLC= High Performance Liquid Chromatography
IPA= Isopropyl alcohol
iPrOAc or IPOAc = Isopropy! acetate



2 wherein rotanmer 1 is the first to elute and rotaner 2 is the second to
elute froma HPLC colum. For exanple, in Exanple | bel ow wherein the
rotanmer ratio is 1:99 by HPLC, rotanmer | was present in | part to 99 parts
of rotamer 2. Herein nmole 20 ratio equals w w since the nol ecul ar wei ghts of
the rotaners are equal. Unless otherw se stated, the foll ow ng

abbrevi ati ons have the stated neanings 4t8the Exanples and Table 1 bel ow
ACN= Acetonitrile CDCl3=Deuterated chloroform 25 D20= Deuterium Oxi de
(heavy wat a@gg_ i | ' C= Differential Scanning

Cal ori net r‘serIDE(t) c= E?[HWH gt@%ipé?@é?% hanol 30 g= grans HPLC= Hi gh

Per f or mancid.p.i mpeltthggboiotrat ogr aphy | PA= | sopropy!l al cohol iPrQOAc or | POAC =
| sopr opyl C@Eai?g_g - 18- K2HPO4=Pot assi um Hydr ogen Phosphate M p.: nelting
point M S NI\t = Megahertz s mi= milliliters MIBE= Methyl t-butyl
et her NMRApgcl R&geti c resonance spectroscopy THF= Tetrahydrof uran
Exanpl e 1. E’rigppgrég?i on of the benzenesulfonic acid salt of the 10 conpound
of For frul amLEmMBilijersA sol uti on of ami ne conpound of Formula | in isopropyl

Tothis sMIBESMAY 2bdBaslirenesul Toni o acid (26.5 g, 1,05 eq) i ssol ved
NMR= nuciear magnetic resonance spectroscopy
THF= Tetrahydrofuran
Example 1. Preparation of the benzenesulfonic acid salt of the
10  compound of Formula [ (1:99): A solution of amine compound of Formula | in
isopropyl acetate (350 mL, 100 g active, 159 mmol) was diluted with ethanol (300

mL). To this solution was added benzenesulifonic acid (26.5 g, 1.05 eq) dissolved
in isopropy! acetate (300 mL) at 0-10°C. The reaction mixture was heated at reflux
for 3 hours and cooled slowly to room temperature. After a 2 hour hold, the slurry
15 was filtered and the solids were washed 30% ethanol/isopropyl acetate and dried
under vacuum. The isolated yield was 85%. The rotamer ratio was 1:99 by HPLC.
m.p.: 257.7°C (dec., DSC onset). 'H NMR (400 MHz, CDCl,, mixture of rotamers) §
10.66 (br, s, 1H), 8.91 (s, 1H), 7.53 (m, 2H), 7.29 (m, 4H), 6.95 (t, J = 8.2 Hz, 1H),
6.89(d, J=7.5Hz, 1H), 6.82 (d, J =9.2 Hz, 1H), 493 (brd, J = 13.2 Hz, 1H}, 3.84
20 (d,J=10.5Hz, 1H), 3.64 (m, 2.5H), 3.53 (d, J = 10.6 Hz, 0.5H), 3.41 {t, J = 13.1
Hz,1H), 3.32 (d, J = 11.2 Hz, 0.5H), 3.22 (d, J = 10.2 Hz, 0.5H), 2.62-3.15 (m, 8H),
2.55 (br m, 1H), 2.41 (s, 1.5H), 2.40 (s, 1.5H), 2.37 (m, 1.5H), 2.35 (s, 3H), 2.20 (m,
1.5H), 2.21 (br m, 1H), 1.95 {br m, 2H), 1.75 (Br S, 1H)1.49 (s, 3H), 1.10-1.48 (m,
8.5H), 0.95 (m, 2.5H); '*C NMR (MHz, CDCl, ~10°C, mixture of diastereomers) 3
25 165.97, 165.87, 163.85, 163.74, 163.50, 162.20, 162.15, 161.54, 157.71, 144.20,
136.85, 130.34, 130.00, 128.21, 128.13, 125.51, 124.51, 115.50, 115.32, 115.05,
114.88, 77.23, 65.34, 64.74, 64.71, 51.42, 51.35, 50.03, 46.25, 45,71, 42.20, 37.35,
37.31, 35.54, 35.46, 32.45, 32.31, 31.46, 31.26, 30.00, 29.80, 24.95, 24.89, 22.18,
21.97, 17.89, 15.01, 14.89, 4.27, 4.16; HRMS calcd for Ca3HssFNgO3S (protonated
30 compound of Formula 1): 627.3493, found 627.3479.
Example 2. Preparation of the d-10-camphorsulfonic acid sait of the
compound of Formula 1 (98:2): The solution of d-10-camphorsulfonic acid (12.4




in isopropyl acetate (300 m-) at 0-10C. The reaction m xture was heated at
reflux for 3 hours and cooled slowy to roomtenperature. After a 2 hour
hold, the slurry 15 was filtered and the solids were washed 30%

et hanol | i sopropyl acetate and dried wunder vacuum The isolated yield was
85% The rotaner ratio was 1:99 by HPLC. mp.: 257.7C (dec., DSC onset). 1H
NVR (400 MHz, CDA 3, mixture of rotamers$)8 10.66 (br, s, 1 H, 8.91 (s, 1
H),753(m2H) 7.29 (m 4H), 6.95 (t, J =8.2 Hz, 1 H, 6.89 (d, J =

7.
|('|é, 1h g)s@%(r@l) iA e’Ehﬁ a%el‘éite ($8W||_%) Wa@%ldvhy added té algolatldiﬂiof éoero%ﬁ% % (t2
J = 13.1 Farmulad 3%0 921(&2 eq) 1A e_ttnyizaqeiateméél)mL)s El‘ze(e:sulmgbsqluttqn Mas 0. 5H),

2.62-3.15 1.5 2. 37
(1. 5y Wllhasll o 8576 v bRl 8 s ehnesfpttits Olerpght e hiferbdengoit)

1.75 (Br %mxﬁjré*)l\ias“&)dléd sﬁ)‘vbl¥ td 03Q-ahdfiteréd. Tﬁe@tﬂ:ds@ve% waBhed with et C N'VR
(MHz, CDCI3, -10C, mixture ot diastereoners) 97, 165.87, 163. 85,

163. 74 1@@eme ane el inkvadsym tyensa givesa wnnte s_cxluﬁ (26 2 gi&t“/osﬁeldj,sff ha4,

7793, 65 197300 WA 062 biPLE” . 5200 B ddec, Bt ongety R NMRG0G:; o5
ST 3L % i, Gl s¥gts 95 Srsini o SnE% 0 A o, 2400
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For mal o 1B 58: 1 e i ibmofHy. L8 05 e dAE 8883tk 0 (15 4 16, g, 53
mol hyl d of
ol ) 14,1 & ! 86hgie’s  Withvic g Sabetndklilobind SPEUHRA Pla:6p7POUn ©

sol uti on v@smpoearidretiFoanelad (28lg madnntol)tdmcsgmmaadt(omog,e'r BypWere The
het er ogeneous mixture was cooled slowy to OC and filte The solids were

washed wi trRixed iy R-Smbcageieritriad Tde; f@ﬂdwﬁ wias healadh in-@"rsgép 2 hautghi Aféers ol i d
E 3202 gDS%13 nse@%"% ylth ﬁ@ﬁ' %W a&%@?r&%oge@wpﬁelﬁgam?g%g\?ngc 1H,
7 0 g m1 ?H)as filtdted bWthed wiﬂh ac@t&u(rbé ahd dirnd.rdi unlji)éeﬁ\{éhlllrﬁm giida mﬂut@ ﬁﬂ dH) |
’6 ( 4[& 2 g,%% ygal(i}n mlpJ,HjI osggc(@scg g)‘\set) R otamer ratio was 397 by by HplE
'H NMR (400 MHz, CDCl3): 8 8.91 (s, 1H), 7.29 (dd, J; = 14.0 Hz, J2 = 7.8 Hz, 1H),
6.97 (dt, J1 = 8.4 Hz, J, = 1.9 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 6.80 (d, J = 10.1 Hz,
1H), 3.94 (br d, J=14.1 Hz, 1H), 3.85 (brd, J = 12.0 Hz, 1H), 3.68 (brd, J=12.3
Hz, 1H), 3.63 (d, J = 10.4 Hz, 1H), 3.50 (m, 1H), 3.23 (m, 1H), 2.79 (m, 1H}, 2.72
20 {m, 2H), 2.63 (d, J = 10.5 Hz, 2H), 2.43 (s, 3H), 2.40 (t, J = 6.9 Hz, 4H), 2.36 (s,
3H), 2.22 (m, 5H), 2.00 (m, 7H), 1.74 (br d, Jd = 13.2 Hz, 1H), 1.20-1.48 (m, 5H),
1.12 {m, 6H), 0.94 (m, 5H).
Example 4. 2-Ketoglutaric acid salt of the compound of Formula |
{5:95): Compound of Formula 1 {40 g, 64 mmol) and 2-ketoglutaric acid (8.8 g, 1

25  eq) were mixed in 400 mL acetonitrile. The mixture was heated at 75-80°C for 2

5

hours. After cooled slowly to room temperature, the resulting slurry was filtered,
washed with acetonitrile, and dried under vacuum to give a white solid (43.5 g, 89%
yield). m.p. by DSC 136.3°C (DSC onset). Rotamer ratio: 5:95. "H NMR (400
MHz, D50, mixture of rotamers) 6 8.73 (s, 1H), 7.26 (dd, J; = 14.0 Hz, J, =7.2 Hz,
30 1H), 6.96 (m, 3H), 4.45(brd, J =12.3 Hz, 1H), 3.75(d, J = 10.5 Hz, 1H), 3.58 (d, J
=11.1 Hz, 1H), 3.25 (m, 6H), 2.91 (m, 2H), 2.75 (m, 5H), 2.48 (t, J = 6.5 Hz, 2H),
2.39 (m, 2H), 2.27 (m, 1H), 2.25 (s, 3H), 2.22 (s, 3H), 2.00 (m, 3H), 1.75(d, J =



10 Exanple 3. Qutaric acid salt of the conpound of Formula 1(3:97):
Compound of Formula 1 (2.6 g, 4.2 nmmol) and glutaric acid (0.51 g, | eqQ)
were mxed in 2.5 nL acetonitrile. The m xture was heated at 75-80C for 2
hours. After <cooled slowy to roomtenperature, it was stirred overnight.
The resulting slurry was filtered, washed with acetonitrile, and dried
under vacuumto give a white solid 15 (-2(2- g, 70%yield). mp.: 106.8C (DSC
onset). Rotaner ratio was 3:97 by HPLC. 'H NWR (400 MHz, CDCI3): 3 8.91 (s,
1 H) 7. 29[2(511152 41’14%-1 54 (fh HH),]%%{@Z ﬁ—qj)zx 281(sH)3H) 61%7(&,@— 543le @Hﬁﬂés 3J§4
(br d J nﬁmlﬂHl) MZ(mmH)s 85 (br d, J = 12 0 Hz 1 H) , 3 68 (br d J,:

. . 3.

12.3 Hz, 1 3.63
2.79 (m 1 H)H) Mﬁhgi( c ,
(2be ,(t Fornfuld | Hton'?po%fgld(lo? orﬁ’lthalﬁozé éﬂinmrﬁ ang: @@do ﬁl?‘ﬁ:acﬂd 74

Exanpl® 4(1 qu)(maualmmadmaaelrril water. a‘hetmmtwemmumhcﬁntmdmhea fotarfy5: 95) :

Co d of F 4 2- ket ogl ut 1 25
o Ponre vaBAIT aud ereilioemavei4 smalRE oA eGSR eI Ra I B0 {or
2 hours, '?fllhfef fé?d(?ﬁ'h%ﬂ%éﬁerr%nﬁ%ﬁté&gpg“ eﬂj’ 6@% rﬁ%HJrN Wes forifidy Vas

filtered, acetonitrile er vacuum'to give a white

solid (43 cﬁurrgg I3fingy i Aftet)cootedsioyy ﬁS@otherﬁ@n(aﬂﬁ@ rvead ﬁlterEdtamiaﬂammd o:
5:95. 1H NVR (400 W\Hz, D20,  m xture of rotamers) 5 8.73 1 H, 7.26 (dd,
Jl = 14 0 With water- Ajtes dried %GOQWW@@%W?Hﬂdgﬂyacwfnsa(w"tﬁe gplidwaso 3 1z, 1

2 o 1 m %a;ﬂsd’ %:9 ?Eﬁ "7111_6 Jylegﬁ)dfgﬁz%?otéﬂwréa%o }qz% %ﬁ-lz D% '\%:at(s? @% Fi?f(?og@
(H;n 1 ca Era(ti%n 3°(2gra )(S‘H RMR (200MHzNDMED-dd; - mfxtuire. of}otﬁmé}@) 812.5

3H) . 1 25 9(9(1 (éh@ QIG_B@IZ (”'d) &I&ﬁ SE‘kld)nﬂéﬂid M100649nH3,(‘bac1-6 Q;bdlzt 1H¢,t%120drate

of the co 9 f Fo nmul 5
and 9.8 gqﬁfﬁét @bé"zot 2 ‘?ﬁ% aa;l»v@% nﬂ%%eﬂw‘yhggmn@ur e
was concerd yatigg M), . G)P(rﬂr SH?\@PGr(ﬁi QH)a®65f(bf beﬂ'ﬁl@l) P62 E0PeN a3 AT,
amount of i nsol ubl es rate
15 2H), 3.06 (m, 1H) 260290(m 5H), 256(d J=10.1 Hz, 1H), 2.49 (m, 1H), 2.28
(s, 3H), 2.17 (s, 3H), 2.13 (m, 3H), 2.00 (m, 1H), 1.90 (m, 2H), 1.74 (brd, J =13.8
Hz, 1H), 1.61 ( brd, J = 14.1 Hz, 1H), 1.37 (m, 1H), 1.20 {(m, 2H), 1.08 (m, 1H),
1.05 (d, d = 5.9 Hz, 3H), 0.90 {m, 5H), 0.86.(s, 3H).
Example 6. Benzoic acid salt hexahydrate of the compound of
20  Formulal (95:5): The compound of Formula | (2.0 g, 3.2 mmol) and benzoic acid

(0.39 g, 1.0 eq) were mixed in water (15 mL) and acetone (1.5 mL). The mixture

was stirred at 50°C for 1 hour and then cooled to 25°C. The solid was filtered and
dried at 30°C under vacuum to give a white solid (0.9 g, 38% yield). The rotamer
ratio was 95:5 by HPLC. DSC peaks: 72°C (loss of hydration), 144°C (m.p.). 'H
25 NMR (400 MHz, CDCl3, mixture of rotamers) & §.91 (s, 1H), 8.04 (d, J = 7.2 Hz,
2H), 7.55 (d, J = 7.0 Hz, 1H), 7.44 (m, 2H), 7.24 (m, 1H), 6.87 (m, 3H), 4.72 (br s,
1H), 3.95 (brs, 1H), 3.84 (d, J = 11.1 Hz, 1H), 3.67 (d, J = 11.1 Hz, 1H), 3.60 (d, J
=10.6 Hz, 1H), 3.48 (br s, 1H), 3.21 (br s, 1H), 1.80-3.00 [m, 31H including 2.43 (s,
3H), 2.34 (s, 3H), and 2.50 (br s, 13H)], 1.74 (br s, 1H), 1.33 (m, 4H), 1.08 (m, 6H),
30 0.93 (s, 5H).
Example 7. Hydrochloric acid salt of the compound of Formuia |
{50:50); To a solution of the compound of Formuta [ (6.0 ¢, 9.6 mmol) in isopropyl




diluted to 500 M with water and heated at 60C for 5 hours. A slurry was
formed during heating. After cooled slowy to roomtenperature, it was
filtered and washed wth water. After dried at roomtenperature under
vacuum a white solid was 10 obtained (44.3 g, 74%yield). The rotaner ratio
was 99:1. DSC peaks: 88 C (loss of hydration), 113C(mp.). 1H NMR (400
MHz, DMSO-d6, m xture of rotamers) 6 923]1_(d J=2.0Hz, 1 H, 888 (s, 1
H),872(dd J1 =6.9 Hz, J2 = 2.0 Hz, H, 8.20 (dt, J|-80Hz J2 =
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and benzoi c aci d wg gq) were m xed in wat er (15 rrLz' and acetone
(1.5 ni). eylkﬁtomr énd @dstﬂndere/@cuumocgwena whltma@hch(fdwnéﬂ YeyelBd to 25C.
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rotamers) S 8.91 4 (d 5 (d d .0 Hz, |

H) , 7 44 (e mt@mer/razw Wa$ aboug sososm.pwbymc 2052 @tﬁonset H) 3 95 (br
- . J

d,
Y oo
i ncl udi ng d%téi'?mﬁéd by?rg])ecu@n %ffa(s"améﬂé'bf sél'ﬂﬂls%oﬁ%d(ihrco?d wla?é’r*)’doeténﬂrﬁeﬁr% s, |
H, 1.33 (m Hydr ochl ori c

anpl e
acid salt a@fHPh@ Qﬂi‘MﬂOl{ﬂéSm‘m H@tenmracolurr(rsd’rmpmmmemem &11|8(121) 46 x1&0
conpound of Fgrmul a L. sopr (30 nmL) was

e e 2 Sty safrmn e ety 1heCEuspS™ Mbhie dhese T e Ga! U1
m xture wécétsmtme) esorﬁ@%wpoﬁg;mw@ﬁz YARNHEROEYCISH AN OTHF dtQPfldw

t enperature, tered and dried un er vacuumto give an off-white
sol i d1f 4. oate of 0.7 mL/mlnutes For a typical benzenesulfonic acid salt, the rotamers 1 and

2 were found to have retention times of about 8.7 minutes and 9.5 minutes,
respectively.



g). This solid was then slurried in diethyl ketone (40 nL) and heated at 90C
for 1 5 hour. Upon cooling slowy to roomtenperature, it was filtered,
washed with diethyl ketone, and dried under vacuumto give a white solid
(3.2 g, 50% yield). This solid (200 ng) was then slurried in acetone (1 ni)
and the m xture was stirred at roomtenperature for 1 week. The solids were
filtered and dried under vacuum The r@Raner rati o was about 50:50. mp. by
DSC. 205.4C (onset). 10 Determ nation of the Rotamer Ratio using HPLC. The
rotaner ratio was determ ned by inject TAABIJE 12 sanpl e of salt dissolved in
cold water/acetonitrile into an HPLC colum (248 nm detector; colum:

Phenonenex Luna c@gyayalhzatmrxusbm varipus salvents orsolventmeixpares: ure: 100)
usi ng a mebit-e—phaserof—15-86+-5—{aceton-trtH-er—56rMIK2HPOY—pH2-0-w-t-h—25
mM bet a- Eﬁ@ltodextrl n (THF) at a fl%wbvents(m&ame@fratjoinraghds)ut es. For a
typi cal n 0 the S na_ 2 foup o) ha e
retentioiei Fﬁg %ﬂé )E@P }ﬁh é&éﬁgﬁhl ﬂ?gs reng&$HVel ?Of
TABLE | Cryséulforiatet | ¢ROBPI ng y(atrgggus ?(’1 [9ept s d (zmlvent (zgs}lresg:@jt
Sol vent (rotarer:rat u rn sotds) —i: .wuc Et-QAc—POAc—Acet-one—+HPAEt-6H
Tol uene |sul fonate (4' (1: Cé\ﬂe@ﬁ 99 eldg) ( 9@ H (1 DMGOH'HE W@HI\/EéH
MeOH McOH MBOH  (2: 9 cil /1 (1L (2 (2:98)
(1:99) (1:99) "EtOH. Rﬁgii éig%t ﬂFW /E?@Aérfﬂ /heptan@‘s HF
/acet one| Et{OAC  (1:99) (7:93) |(1:999) (L(219§$)(1 992:98): 99) | (1:99) AQN1AGB) ACN
ACN Acet pne| /1 PQOAc: TTF tofru VT BE I a9 (1P (1:99)
(1:99) (1:99) (1:99) EgﬁnCarrpl‘g\BH Eéstﬂ Mtbﬁ EIOH ~ [IPA/
S /EtOAC /MTBE /heptane [THF /acetone | EtOAc
S (1:99) (7:93) (1:99) (1:99) (1:99) (1:99)
L] IPA ACN ACN ACN ACN Acetone
[ /IPOAc /[EtOAc | /IPOAc /toluene | /MTBE | /THF
| (1:99) (1:99) (1:99) (1:99) (1:99) (1:99)
2. Camphor IPOAc EtOH EtOH
sulfonate (96:4) /EtOAC IPOAc
e (96:4) (98:2)
3.i Glutarate | EtOAc
- | (6:95)
4.|2-Keto: - | EtOAc IPOAc | Acetone | IPA THF
glutla,raté 1 (5:95) (5:95) (5:95) (5:95) (5:95) -
5.| Hydro ACN Diethyl
chloride - | (50:50) ketone
) (50:50)
While the EXAMPLES and TABLE 1 are described herein as the preparation
5  of the diastereomeric pairs of the salt of the compound of Formula [, it will be

apparent to those skilled in the art that many modifications, variations and
alterations to the present disclosure, both to materials, methods and reaction
conditions, may be practiced. All such modifications, variations and alterations are
intended to be within the spirit and scope of the present invention.



sulfonate (96:4) /EtQAc | POAc (96:4) (98:2) 3. Qutarateu EtOAc (5:95) 4.
2-Keto Et QAc | POAc Acetone IPA THE glutarate (5:95) (5:95) (5:95) (5:95)
(5:95) 5. Hydro ACN Diethyl chloride (50:50) ketone (50:50) Wile the
EXAMPLES and TABLE 1 are described herein as the preparation 5 of the

di astereoneric pairs of the salt of the conmpound of Forrmula I, it wll be
apparent to those skilled in the art that many nodifications, variations and
alterations to the present disclosure, both to nmaterials, nethods and
reaction conditions, may be practiced, All such nodifications, variations
and alterations are intended to be wi4din the spirit and scope of the
present invention. -23- CLAIMS Wat is clainmed is: 1. Any claimnot clained
in any divisional application. CLAIMS

What is claimed is:

1. Any claim not claimed in any divisional application.



