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30  providing further evidence of the primary role of SGLT?2 in renal glucose

reabsorption. In such patients, renal morphology and renal function is otherwise



gl ucose by enhancing the excretion of glucose in the
urine, thereby inproving insulin 5 sensitivity, and

waledoapoasgs t he devel opnent of di abetic conpl i cap@DOS2007/671749
the absence of significant gastrointestinal side
effects. SUMVARY OF THE | NVENTI ON [ 0005] One aspect of
the invention relates to crystal structures of a

co Wﬁ‘ldhﬂﬁbnm;h%f tSbﬁTb WM B pre@led tdTedide ph’a@n'&'@&os/e/ 1V via
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str @wégluwse@mmn@ldlabetlcmtlw ng the (S)- pr opyl ene
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200&@@&8@%15’@1%@&20&6@&%&@49 t he ethanol or
nono- et hanol di hydrate structure Ic which is form SA-1
et Ca / O HO

SUMMARY OF THE INVENTION
[0005] One aspect of the invention relates to crystal structures of a compound of

10  the formula I

pharmaceutical compositions containing crystal structures of compound I, including

the (S)-propylene glycol ((S)-PG) structure Ia which is form SC-3

OEt
~CHs HO  OH
* HO (or )
OH CHs
Compound la
15 the (R)-propylene glycol ((R)-PG) structure Ib which is form SD-3
OEt

CH; HO  OH

N/

Hzo L] HO or <.
OH CH3

Compound Ib



~~ ,~ ""\OH 2 H2O0 HO SOH OH Conpound Ic the
ethyl ene glycol structure Id which is formSB-I Ot
w@koos@ex HO H O\ "/O0H 2 H20 OH HO Et hyl rPeIBUS2007/071749
A ycol Conpound Id Form SB-1 ; and 5 the ethyl ene
gl ycol structure le whichis formSB-2 C&t CI O HO
HO HO\ '/OOH 2 HRO OH HO Et hyl ene d ycol Conpound
le For @ﬂe%%a%om%% %ﬁﬁn&caﬁhyefa%bm 18 WHILKGY Bosh&lA-1
structures; the 1:2 crystall'ine conplex with L-proline
structure I'h which is form 3 % 2008/ 002824
PCT/ US2007/ 071749 < CEt_ &Y HO HO\\ /OH HN OH
H 02 Corrpoundlhtl stalline conplex with
L-proline structureéi pri’ch™is form6
e ~SOH + 2H,0

Compound Ic

the ethylene glycol structure Id which is form SB-1
OEt

HO
° 2 Hzo
HO

Ethylene Glycol did
Form SB-1 Compoun ;and

5 the ethylene glycol structure Ie which is form SB-2
OEt

HO
i 2 H20
HO

Ethylene Glycol Compound le
Form SB-2

processes for preparing such crystal structures;

the 1:2 crystalline complex with L-proline structure Th which is form 3



Cl OEE O HOHXX //OOH HN OH OH 0 Conpound li the
hem hydrate of the 1:1 crystalline conplex with
wa2@sobisee structure Ij 5 which is form H 5- 2pQ/USHED7/071749

OHO HX //OOH HN . 0.5 H2Oand OH OCH 0O Conpound I}

the 1:1 crystalline conplex with L-phenyl al ani ne

structurelk which is form2 C Ot HO HOW"/QOOH \ /
*-(0 OH H2N CH O Conpound 2 -4 080 2008/ 002824

PCT/ US2007/ 071749 et hods di abet es and

rel ated di seases | ructures of the

conpound |, conpound l|a, npound | h
conpound li, conpowwy N “@nd % nd | k, and
conpound Il as defined & rein. 006] | The conpound
of formula | in the formof a pon- [line solid is

disclosed in U 'S. Patent No. 6,518, 117,14 he di scl osure
of which inits entirety is |ncorporated hereln by
ref erence. Compound Ih

2

the 1:1 crystalline complex with L-proline structure Ii which is form 6

Compound li

the hemihydrate of the 1:1 crystalline complex with L-proline structure Ij
5 which is form H.5-2

e 0.5H0 ;and

Compound lj

the 1:1 crystalline complex with L-phenylalanine structure Ik which is form 2

H,N

OH
o

Compound Ik - and



[0007] In addition, in another aspect of the

invention, a crystalline of conpound |f which has the
waresooasee Ot Cl O CHCCCH HO fOve HO OH PEIVE200Dh11749

OH 10 If (also referred to as the "1, 4-butyne-di ol

sol vate" or "butyne-diol solvate"); and a process for

preparing such crystal structure and using such

CT YSERbdsIr rdtingdBabete Qar BIRRH QisCas¥Si sl thO&yGATRAMUMS bfthe

(S)-PG are also provided. 15 [0008] In still another

as peoatpoptd § pempauad neompppadh il epmpame fy sprpgung di, compound Ij

o kB TR R T oy rea o s

the "di nethanol solvate", and a process for preparing

he imet hanol sol vate | n ing.lg to prepare..
Loy P RS e i i R P A S iFRSR R

-5 IMRIREDHY 1082182ht RCTH, US20071h dikd1dQire (OIS inThR@ntirety is
di met hanol sol vate tjx% and the 1, 4-butyne-diol solvate
| f %%}P%teﬁﬁgam A4S FPEr nedi ates in the preparation of

crypbed)! i g @B UR dhoer bl dhelin@hitibh) 8 cryisRAURB LE &npoand
[0010] In yet another aspect of the present invention,

a pi odebdaf be sepdrpr eparati on of the crystalline
conpound (S)-PG of the structogie la (SC3 form is
provided OEt C HO O ¢ CHEHO~~ //OH H2O HO OH OH

?H—CEC—?H
HO OH

10 oo
(also referred to as the “1,4-butyne-diol solvate” or “butyne-diol solvate™); and
a process for preparing such crystal structure and using such crystal structure

to prepare crystalline compound Ia (S)-PG are also provided.

15 [0008] In still another aspect of the present invention, a crystalline compound Ig

which has the structure

also referred to as the “dimethanol solvate”, and a process for preparing the
dimethanol solvate Ig and using Ig to prepare crystalline compound Ia (S)-PG are also

20 provided.



Conpound | a which includes the steps of providing a
conpound A (prepared as described in U S. application
w@eeosmb2shp. 10/ 745, 075 fil ed Decenber 23, 2003PCT/US2007/071749
Exanples 17 to 20), of 10 the structure Ot CI AcO O
-4 ~ AcO\ ///OAc QAc Compound A treating conmpound A
wi th an al cohol solvent such as nethanol or ethanol,
andjgofyjue otk &ﬁ%tﬁan%lll CAvAS ISR hBQtZQ@QhQﬁsoN%féQf Walb 68 used
I f necessary, under an inert atnosphere, and el evated
t engsentanpdatesiif tha gtepargenyof cadellig campaid@f fuenladof s
hydlﬁig&lﬁl Lpric acid to neutralize the reaction m xture,
orm conpound | of the structure -6 WD 2008/ 002824
PCT/ U82007/071749 Ot A | HO HO\ ."S()—I H

n
SonDaN g nSBhliRRp Aok 2 ah S5 Aot B POER: f thapronggeion
met ¢fythe drydaallind cogdpbend (SRRGalf khel straeretedh ESGBERMAS RbHYdd
acetate, nethyl acetate, isopropyl acetate, or butyl
acetate, and (S)-propyl ene 1gI yc0l, optionally adding
seeds 5 of (S)-PG conpogngl § 3C-3) to the m xture,
toform(S)-PGcorrpoun form. [0011] In
still another asgect g e present inventiop, a
process for pHepafingfthe crystalline con‘p‘?und (R -PG
of the structuresth (923 for%) 2l | b HO
H20O HO

OH

Compound la

which includes the steps of providing a compound A (prepared as described in U.S.
application Serial No. 10/745,075 filed December 23, 2003, Examples 17 to 20), of

10  the structure

Compound A

B

treating compound A with an alcohol solvent such as methanol or ethanol, and
aqueous base such as sodium hydroxide, and water, if necessary, under an inert
atmosphere, and elevated temperature, if necessary, adding an acid such as

15  hydrochloric acid to neutralize the reaction mixture, to form compound I of the

structure



HL O\\ //OOH OH OH 10 (R)-propyl ene glycol is

provided which is simlar to the process for preparing
w@ B)o8astsSC-3 form |a described above exceptP€TTES2007/071749

(R) - propyl ene glycol is enployed in place of (S)-

propyl ene glycol. 15 [0012] In still another aspect of

the invention, a novel process is provided for

prepari ng conmpound la -7 WD 2008/ 002824 okt

PCT/ US2007/ 071749 Cet 7CI HO O HD ~--~ HO H

o\ ."/"/OH CH3 OH Crystalligpge S) - PG (SC 3)

whi ch includes the step of \ +g-a conpound B of

the structure CEt 7 HO" /'/OH OHB to

renmove the net hoxy group py fireating conpound B

(prepared as descri bednoN YS%u5 Application Serial

No. 10/745,075 filed Decemggr 23, 2003, Exanple 17),

or a crystalline solvate such as the dinmethanol

solvate Ig or the 1,4-butyne-diol sGbwpdwdI(1f), with

a reduci ng agent, such as triethylsilyl hydride and an

act IAICR B BATTORARIEHTE GogtagingSumpowrd Igvish arprepgiic solvent such

BF HPak gg%@ggﬂa

ansasge%%rlgg%t?gé}é%q\%nt sue(t:d% %fsd% 5@91(% agﬁ%&’ added vtva{(t3 er,

S e pavraOIYh acctalt, ot hléylla@etet@mmdlﬁ&)ﬂpropylmglwk aptianely add@emeeds

of (S)-PG compound Ia (SC-3) to the mixture, to form (S)-PG compound Ia (SC-3

form).

[0011] In still another aspect of the present invention, a process for preparing the

crystalline compound (R)-PG of the structure Ib (SD-3 form)
OEt

10 (R)-propylene glycol
is provided which is similar to the process for preparing (S)-PG (SC-3 form) la
described above except that (R)-propylene glycol is employed in place of (S)-
propylene glycol.

15 [0012] In still another aspect of the invention, a novel process is provided for

preparing compound la



O HOHOW//OOH OH 1 and treating conpound | with
(S)-propylene glycol in the presence of a solvent such
w@go08/0mse4/| met hyl et her, optionally wth seedsP@f/US2007/071749

compound la ((S)-PG, to forma crystal slurry of

compound la ((S)-PG and separating out conpound | a

((S)-PG. -8 WO 2008/ 002824 PCT/ US2007/ 071749 [0013]

The above process of the inventiam is a one-pot

operation which mnimzes dhg production of

i nternmedi ates, resultifAgyin oved yield and

priority of the final ' i ne conpound |a. [0014]

The crystalli ¢ la whi isoﬁlso referred to

as the (S)-propyl 5 glyceol s e of gepound |

is a novel crysba Méowt ructure and,s part of the

present invention.on 0015] The conpound of fornula B

(anor phous form is disclosed in U S. application
Serial No. 10/745, 045 fi.]ed Decenber 23, 20Q3, the
. . ystallin . . .
di scl osure of Wh'c&ypbgs iﬁ entirety is incorporated
herein by reference. 1 $0016] I n anot her aspect of
t hewRERSBRAted (RY &8 bQBducthgR BEBSEdI B ohOMhas f Or
preparing the nono- Et OH di hydrate (etQ?nol or EtOH

structure) form SA-1 having the s tre Ic OBt C
O HO~ "'/0 ~\OH 2 H20O HOB H C 15 whi ch

i ncl udes the steps of disso ‘ vpound | i n et hano
and cooling the solution to formcrystals of

formula I ¢ form SAHOL. ‘a%h Compound | may be

prepared by di ssol vi ngw und A in ethanol by
preferably heating t% o forman oily product

whi ch is conpound |. 20 PB018] In yet angher

enbodi nent of the invention, a process is provided for

f or toirergovehiiee mtthyd yegreupghyytomtinglédmypaned B (stpanat asrdescobed in U.S.

5f or pllhacatllo% §e%al No. 10/745,075 filed December 23, 2003, Example 17), or a
crystalline solvate such as the dimethanol solvate Ig or the 1,4-butyne-diol solvate
(If), with a reducing agent, such as triethylsilyl hydride and an activating group which
is a Lewis acid such as BF3.Et,O or BF3;.2CH3;COOH, preferably BF;.2CH3;COOH,
and an organic solvent such as CH3;CN, and added water, separating out the

10 compound of the structure I

|

and treating compound I with (S)-propylene glycol in the presence of a solvent such
as t-butylmethyl cther, optionally with seeds of compound Ia ((S)-PG), to form a
crystal slurry of compound Ia ((S)-PG) and separating out compound Ia ((S)-PG).



WD 2008/ 002824 PCT/ US2007/071749 Ot Cl / 0 HO HO

HOB"~ //OH 2 H2O OH HO Ethylene dycol Id Form SB-1
waokioshoaseecl udes the steps of di ssol ving conpouPdI/US1007/071749

aqueous et hylene glycol preferably with heating,

optionally, upon cooling, adding seeds of the

(S)-propylene glycol crystal 5 formSC3 (la) to the

aboyyg ol ufﬁ%ov@&@ce%@&ﬁﬂ@fn‘v&ﬁmﬁ 'is)@érf%l tQﬁeraﬁfoH)éJh?dﬂe

gl ycol * dihydrate formSB-1 (1d). [O In an

addninireines theptedviiting Af ingsrmediates. reyulting zmmp@pvml pieklgad pyority of

the ethyl ene glycol dihydrate
stru%?ggegg%}hrrﬁeg%&%dg 0 HOHO HO' //OOH 2 HO
H [|(1014] Et hijlheammzﬂnynmmpbmd 14 @hkedrisal SBreRrnathitcds thaS)-pesglene

L R Tm BT bty L pP BTG b G5 B apg gresent
upomRv&®ioh.i ng, addi ng seeds of the nono-Et OH di hydrate
cry he above_sol utj o and 15

f SA- t
r ec®b§$ li ngoliern%?gipav@ %ffgr "%rﬁ’ ey irmyi Sﬁ%ﬁa{;a?dén% m
SB- ghpliéatibn SEPQRE] 1d/17usycﬁzt5 AR EEMb&MOLHoTBME dRE10duREof which

present invention, Er ocess is provided for
pr elpaatusueﬁtgewelné@ry@’@f@ﬂ prig@ by rgfersiés/ne- di ol sol vate |f
10 10 WO 2008/ 002824 PCT/ US2007/071749 Cet C

[0016] In another aspect of the present invention, a process is provided for
preparing the mono-EtOH-dihydrate (ethanol or EtOH structure) form SA-1 having

the structure Ic

15  which includes the steps of dissolving compound I in ethanol and cooling the solution
to -20°C to form crystals of formula Ic form SA-1.
[0017] Compound I may be prepared by dissolving compound A in ethanol by

preferably heating to a boil to form an oily product which is compound I.

20  [0018] In yet another embodiment of the invention, a process is provided for

forming the ethylene glycol dihydrate structure of formula Id



0O CHCCCH HOfOM HOOH HL O\' ""/OH OH If which

i ncl udes the steps of dissolving the base conpound B
WOEi0s/0@82) HO Ove HOB'~ //OOH OH B in an aP&yiUS2007/071749

acetate such as ethyl acetate, propyl acetate or butyl

acetate or an alcohol 5 such as isopropanol or

but anol, or water, adding 2-butyne-1,4-diol to the

sol uti on of conpound B, heating ¢ohe resulting mxture

until the diol dissolves, oA g the mxture, and

recovering crystals of e-diol solvate If.

Tol uene or hept ane npl oyed as an anti sol vent

when the solvgta ' ized in an al kyl

acetate. 10 [0021] The 1, 4-butym di ol solvate If can

be isol ated andioVsgd You prepare éonpound2$ﬂbr

conpound la in a c@uinuous process ¥ batch process

as described hereinafter. [0022] In addition, in

anot her aspect of the pres®hjlerer@igot i on, a promess for

15 preparing the crystallin€&odh$®dhanol solvate Ig is

pr oyvi.: t . ~
ol P ek e Sos SN AEE e ! gl s Ceivea
PCTprS20y Avifhi/icad®z, Ot Cl

optionally, upon cooling, adding seeds of the (S)-propylene glycol crystal

5 form SC-3 (Ia) to the above solution, and recovering crystals of ethylene glycol

dihydrate form SB-1 (Id).

[0019] In an additional embodiment of the invention, a process is provided for

forming the ethylene glycol dihydrate structure form SB-2
OEt

HO
hd 2 H20
HO

Ethylene Glycol
10 Form SB-2

which includes the steps of:
dissolving compound I in aqueous ethylene glycol, preferably with heating;
optionally, upon cooling, adding seeds of the mono-EtOH-dihydrate crystal
form SA-1 (Ic) to the above solution; and

15 recovering crystals of ethylene glycol dihydrate form SB-2 (Ie).

[0020] In yet another embodiment of the present invention, a process is provided

for preparing the crystalline 1,4-butyne-diol solvate If

- 10 -



HOOw HO" ~"O0."/OH OHd B is treated wth nethanol
to formthe crystalline dinethanol solvate Ig. [0023]
w@eooBloofser t her i n accordance with the inventi oPCT/EHS2007/071749
process is provided for 5 preparing the crystalline
di met hanol solvate I g wherein the base conpound B is
di ssolved in a mxture of nethanol/toluene or in a
m xture of nmethanol /tol uene/ hagpt ane, or in a mxture
of met hanol /tol uene/eth Acat ate or other al kyl
acetate, with seedi { ds of dinethanol solvate
lg. [0024] The di net ol"sol vate | g and _t he
1, 4-butyne-;-@ Pate | f may be used i'f)_fcr pr|§'pare

crystalline co d°¥ea as described heHgin. [0@25] In
yet anot her ae\be “é6n t he present invention, a process
for the preparatioan of the crystalline 1:2 conplex
with L-proline of the structure Ih (form3) is
provided OEt CI O HO HN H OK "/ OOH OH OH O 1' f
Conpldindcludesltbe stbpsei dissudvinglthe baseerospepsl Bbf provi di ng
conpound | of the structure -12 WO 2Q{8/ 002824

PCT/ US2007/ 071749 OE C O Hg "/OH OH
Compound I form ng a sol uti gp—gf ol ine in water
and an al cohol solvent such yhianol , et hanol or
i sopropanol heated toea ben#e ature within the range
from about 70 to "0 OMe

HOV /o

OH
B

in an alkyl acetate such as ethyl acetate, propyl acetate or butyl acetate or an alcohol

5 such as isopropanol or butanol, or water, adding 2-butyne-1,4-diol to the solution of
compound B, heating the resulting mixture until the diol dissolves, cooling the
mixture, and recovering crystals of 1,4-butyne-diol solvate If. Toluene or heptane
may be employed as an antisolvent when the solvate If is crystallized in an alkyl
acetate.

10 [0021] The 1,4-butyne-diol solvate If can be isolated and used to prepare

compound I or compound Ia in a continuous process or batch process as described

hereinafter.

[0022] In addition, in another aspect of the present invention, a process for

15  preparing the crystalline dimethanol solvate Ig is provided

2MeOH

wherein the base compound B

-11 -



about 95C, treating conmpound I in an al cohol sol vent
such as nethanol, ethanol, or 5 isopropanol, with the
wheasmoassol uti on of L-proline (containing two PCTHES200T1€71749
nunber of noles of L-proline as conmpound 1), and
cooling the resulting solution to about room
tenperature to formconpound Ih. [0026] In stil
anot her aspect of the present inventiom, a process for
preparing the 10 crystalline apnmpo \d 1:1 conpl ex
with L proline of the strucyure | form6) is
provided OEt CI O HO HQO' ) OH CH O Conpound
i which includes a pg~ of providing conpound |
treating a sol ution of | co nd | in an al coho
sol vent such as et haod™or”/oet hanol with a boiling
sol ution of L-proline p i n an al cohol /wgt er sol vent
such as ethanol /water (enploying about five tinmes as
mucih tregapwuiih thethard tq_ fopn dha anesfallingriimetbaiol svathis.
resulting mxture (for exanple to fromabout -10 to
about -25C) to formconpound li. - 13 WD 2008/ 002824
PC‘I‘WUJBQOO?S@tﬂVﬂﬂth& in p@ORTAhcel witlsthe inve@ivof hi@ocas pecdvidetl for
reser ntion,.a proc f.or .the r epar at.i_on
bt RREaE PchNas Gy BniE e et B8 pe B hBRaR ey
L- pdigoiviee inodf mixige oSrétgioltouchi of h@mixidrdof2) whi ch has
.t. h(eﬂ?q ?tog}qe C%{quﬁgl?mg? pﬁ\xtgrelog m&}h&wl? %lggq%ﬁﬂgf:l.l acce)fa\te or other

i nCilkﬁ%&ti‘[@Qmﬁlts%&ﬁng:’xtm]m&&d stigndeBaRHsdySteal s of the
1 onpl ex th L-proline (structure li, form®6),

m xﬁﬂ%“]t heTlseecamet@m;pé sedvate Ig and ey Ind-Butyna- ¢iobsobigtsi 1 may be used

10 to prepare crystalline compound Ia as described herein.

[0025] In yet another aspect of the present invention, a process for the preparation

of the crystalline 1:2 complex with L-proline of the structure Th (form 3) is provided
OEt

2
Compound |h

15 which includes the steps of providing compound I of the structure

-12 -



solution of (-10 to -25C) of L-proline and conpound I
in an al cohol /water solvent, and cooling the
WO e@alooaspy m xture at a tenperature from aboutPE0S1007/071749
-25C to form the hem hydrate structure Ij (form
H. 5-2). 10 [0028] In yet another aspect of the present
i nvention, a process for preparing the 1:1
crystalline conplex with L-phenyl al anioe structure |k

form2 C&t C O HO\ / HOW"EOQA®H H2ZN OH O
Compound 1k is provided, whjech(i @\- the steps of
formng a sol ution of Lphe 3 ine in 15 water

L- phenyl al ani ne sdlti pn W|th conpound I, heating the
resulting solution tgw mgout 75 to about 85C, and
allowing the resulting ghlution to cool to room
tenperature to form corrpound I k. -14 WD 2008/ 002824
PCT/ US2007/ 071749 [0029] Anot her aspect of the
invention relates to cry3toaipogidiuct ures of a conpound
of the fornula Il R& R Ra\~/\ R3 CH3 HO O R2 H0
Hodlrmipge solufi@ay Leproline inyites lind an a¢adel sobeat suelias methanol,

th | - . i

el PP S8 LA, Lol BB B o

i ndebpetribe troatiy dmgmend I idtn aloRE)! sdlvé(ty kych-a©aidFanol; 3], o
%? 5@%8@%5101%%‘[1? %ggﬁatggfqig}}on Ro)gp q{@ﬂg}r\]xtlol tYmes the number

cy Codfaadléeydf L-$e6Bne as%hﬁ&nd{mﬁﬁooohag 08 &Rultin SEAREIRGa about
- C02R50, - CC2H, - COR6b

room témperature to form compound Ih.

[0026] In still another aspect of the present invention, a process for preparing the
10 crystalline compound 1:1 complex with L proline of the structure Ii (form 6) is

provided
OEt

OH

Compound li
which includes the steps of providing compound I, treating a solution of compound I
in an alcohol solvent such as ethanol or methanol with a boiling solution of L-proline
15  in an alcohol/water solvent such as ethanol/water (employing about five times as
much compound I as L-proline), and cooling the resulting mixture (for example to

from about -10 to about -25°C) to form compound Ii.

- 13-



10 - CH(OH) R6% - CH( OR5d) R6d - CN, - NHCORse, - NHSO2R5t,
-NHSQ2Aryl, -SR5 , -SORsb, -S02R5i, -SQRAryl, or a

w0 2aog/00232K or seven nenbered heterocycl e whi chP@®EYS2007/071749
contain 1 or 4 heteroatons in the ring which are N, O,
S, SO and/or SO2, or R3 and R4 together with the
carbons to which they are attached form an annel at ed

fivRoAl X Bstill SRNES agﬁeb&ﬂféﬂprss%ﬁm\%ﬁ%@ a%oclaetfemsycl e
which may contain 1 to 4 heteroatons in "15 the ring

vvhi mhpaaart@n f thg crystallgohemhgdigic oS0®; | : Reonmdex ‘RﬁbmeR@’éthe

FSS@EFEW ' ndently al kyl; and
ﬁgtu a‘ﬁgéhdg%%frsge}glan ependent |y hydrogen,
aI kyI aryl, al kyI aryl or cycloal®§l, or R6 and R6a
together vvith the nitrogen ch they are attached
form an annel ated five, xeven nmenber ed

het erocycl e which may gt 1to 4 20 heteroatomnms in
the ring which @g@\"¢" S, SO [ apd/or SE2.. 50030] In
addition, in accordanceg with t nvent| on,

pharrmceutl cal ¢OpaEi {PBns cont Lgling a crystal
structure of conpound®H | and prdresses for preparing
such crystal structure Il are also provided. 25 [0031]
Still another aspect of the |n9%rﬁ'f‘1ug?1‘rel ates to

T Yigbalvidl tchUh@sie@thedteps 2@1317?%&6 Hed e tafsQﬁ‘EHé' 12 édn}plex

-15 2008/ 002824 PCT/ /071749 R R2a\
\ ng% prome ructuppls) fonrd )omixipghe seed cryig.q Tigfpry ¢ with a cooled

R D L ke

an danReaolargahé reldpendantrt yt dtydpoagere, frc@wbomsp t@i289C to form

|%‘BE%@?%'§SWW8§§FP?“@P Iogegl kyl , agﬁksﬁy?fe

1@l kynyl, cycl oal kyl, CF3, OCHFZ OCF3 hal ogen,
CONRGRGa - C02RSC, -CO2H, - - CH( OH) R6%
- CHOB# d) Ryt anqther Nﬂemé@e prqam@meton 4 NSER fgrpreparing the
- SRp crystalqﬂ\%&}n le;ggl?tﬁﬁ—phenmyétmcﬁfe 1R thinye, Six or
seven frenber ed heterocycl e wh may 10 contain 1 to 4
het eroatons in the ring mhlch are PEts, SO, and/ or
S2, or R3 and R4 together ral carbons to which
they are attached form an ar i ve, six or

OH

Compound Ik
is provided, which includes the steps of forming a solution of L-phenylalanine in
15  water heated at from about 75 to about 85°C, mixing the L-phenylalanine solution
with compound I, heating the resulting solution to from about 75 to about 85°C, and

allowing the resulting solution to cool to room temperature to form compound Ik.

- 14 -



seven nenbered carbocycle or heterocycle which may

contain 1 to 4 heteroatons in the ring which are N,
W@200800282% and/or SO2; RS Rsa RSb Rso Rsa Rse RSI/BSZ07/071749

Rsb and RS are independently alkyl; and 15 R6, R6a,

R6b, Rho and RSd are independently hydrogen, alkyl,

aryl, alkylaryl or cycloalkyl, or R6 and R6a together

Wi tfyoidie NAASRGGGELorMEY ialerkiDf Yellsto By @CMSEFR LM cébound

annel ated five, six or seven nenbered heterocycle

whi efitheigymelaht ain 1 to 4 heteroatons in the ring

which are N, 0, S, SO and/or SQg 20 [0032] In

addition, in accordance w th the invention,

phar maceutical conposjtigns ai ni ng crystal

structure of con‘poundRIW nd t.onprocesses for

preparing such crystal sty re IR ar e @so

provi ded. [003%]0 P a\wt her aspect/ ofk the present

i nvention, a process fpr Rhe *pr&faratPon 5 of the

crystal li ne conpaoh SYorPG of the structure Il is

provi ded which incluges the steps of prowiding a

conmpound C (i ncluding where R3 or R4 is al kenyl or

al kyhigh is ato|referradstowpiie 98 BPropteR ARt SISO 07y Wtliragructyre 11,

%hi‘ggerggﬁ.y be prepared using procedures as described in

.S. application Serial No. 10/745,075 fil ed Decenber

23, 2003R’', Bamii tsre iidlepand@0ly, hydfogerh ©Hs ORI clkyl e OCRE, -OCFs,

ma_s%&%g Oez AcO\' ~~10Ac OAc Compound C wherein

R1, VCTRESSR3 and R4 are as described above; 5

tr eat i nR’ead RO urdndSpaideitlyaydadgen OH, GOP i, atkdayl, Bynyl,

net hano) , d ou base su s0dj hy [
ancnietsy. B -ARHESGrp: RiRedy RSP LR e bhdl sCOk
1@nd-calevared CHeORESRE uCs INHEOR T SQRIDRAANPISY,ALIE SR,
structure R4, Rl R2a~~| R3 HO 'O\ 2 HO'~ //] oH
Conp&fnd -T&nd-Sh 8t Hig fvRe iy gaerangpenpheraddietsrocycle which may

c On&o‘rﬁ.{am N6 @%QH&QS 2 tﬁ\é Ituhg WhicRALIA] i(f S?@d),va%%r SO,, or R and

R* together with the carbons to which they are attached form an annelated five, six or

seven membered carbocycle or heterocycle which may contain 1 to 4 heteroatoms in
15  the ring which are N, O, S, SO, and/or SOy;
R’ R R R* R R* R R’¢, R*"and R are independently alkyl; and
R, R®, R® R* and R** are independently hydrogen, alkyl, aryl, alkylaryl or
cycloalkyl, or R® and R® together with the nitrogen to which they are attached form
an annelated five, six or seven membered heterocycle which may contain 1 to 4

20 heteroatoms in the ring which are N, O, S, SO, and/or SO».

[0030] In addition, in accordance with the invention, pharmaceutical
compositions containing a crystal structure of compound II and processes for
preparing such crystal structure II are also provided.

25
[0031] Still another aspect of the invention relates to crystal structures of a

compound of the formula ITI

-15-



10 such as nethyl t-butyl ether, an al kyl acetate such

as ethyl acetate, nethyl acetate, isopropyl acetate,
WwW@eooB028k4 acet ate, and (S)-propyl ene glycol, optT/O80T/§71749

addi ng seeds of (S)-PG conmpound Il to the mxture, to

form (S)-PG conmpound 1. [0034] In still another

aspect of the present invention, a process for

preparing the 15 crystalline congound (R)-PG of the

structure 1l -17 WO 2008/ 0012824 CT/ US2007/ 071749 R4

R Rza\~/\ --\R3 CH3 F} O HOOH HO\ ///COH

OH (R) - propyl ene gl yco l\(1/\ [ s VI ded which is

simlar to the process f L\a arlrfb(S) 3|

descri bed above t (R 8;0{) O%I ycol is

enpl oyed in pl ace of (S, leopy1 en ycol . [0035] In

still another aspec\t fore i nvention, a novel process

|s prow ded for prepa&H ng conmpound 11 R4 R Rza\/\

| nc gg% ée@_{?o & thHiﬁJP;rOPw)é eneH(P%col QR%'G@@F‘[Q]PH(% structure III,

str\ulcetreihe R4 1RZaR3 HO\ Ov HO\"' ///0 HOHE
%8 / (7\2*]5' ggsf{ SZQ' osed | Herﬁlg%ydroggn Oilalt alky?,r—lo%HFI;!o—'OCFL

5 -SR™or halogen,

R’ and R” are independently hydrogen, OH, OR’, alkyl, alkenyl, alkynyl,
cycloalkyl, CFs, -OCHF,, -OCFs, halogen, -CONR®R®, -CO,R*, -CO,H, -COR®,
-CH(OH)R®, -CH(OR*R®, -CN, -NHCOR’®, -NHSO,R’, -NHSO,Aryl, -SR’®,
—SORSh, —SOZRSi, -SO,Aryl, or a five, six or seven membered heterocycle which may

10 contain 1 to 4 heteroatoms in the ring which are N, O, S, SO, and/or SO, or R* and
R* together with the carbons to which they are attached form an annelated five, six or
seven membered carbocycle or heterocycle which may contain 1 to 4 heteroatoms in
the ring which are N, O, S, SO, and/or SO;;

R’ R R R* R R* R R’¢, R*"and R are independently alkyl; and

15 R®, R®, R®, R* and R*® are independently hydrogen, alkyl, aryl, alkylaryl or
cycloalkyl, or R® and R® together with the nitrogen to which they are attached form
an annelated five, six or seven membered heterocycle which may contain 1 to 4

heteroatoms in the ring which are N, O, S, SO, and/or SO,.

20  [0032] In addition, in accordance with the invention, pharmaceutical
compositions containing crystal structure of compound III and to processes for

preparing such crystal structure III are also provided.
[0033] In yet another aspect of the present invention, a process for the preparation

25  of the crystalline compound (S)-PG of the structure II is provided which includes the
steps of providing a compound C (including where R® or R* is alkenyl or alkynyl, all

- 16 -



2003) to renove the nethoxy group by treating conmpound
E wth a reducing agent, such as triethylsilyl
whyasioes2eand an activating group which is a LeReBUSZOT071749
such as BF3. Et20, and an organi c sol vent such as
CH3CN, and water, separating out the conpound of the
structure D and treating conmpound D with (S)-propyl ene
gl ymhiélﬂn:;y'&oetﬂ?gpapéd%ﬁlg??oc@éur@s RALAEDLI BUES a?ﬁlication Serial
t-butyl met hyl ‘ether, optionally with seeds o -18 WO
200%8¢-0028347 P{fed Usoadrr 8% 2949 Exgopeolini 20). of heptrpagyre
to forma crystal slurry of compoundal!l ((S)-PG and
separating out conpound Il ((§ PG)g [ 0036] The above
process of the invention R@\? oneP Q operation which
m ni mzes the production of¢ er Nates. 5 BRIEF
DESCRI PTI ON OF THE FI GURES The R nvention is
illustrated by refge ° acconpanyi ng draw ngs
descri bed bel ow. [0038]( FI 3 1 shows cal cul at ed
(simul ated at 25C) A&f o sefored 10 (experinental at
roomtenperature) powderOsray diffraction patterns of
the (S)-PG crystalline structurmmundC-3 form
[ 0039] FI GURE 2 shows ,observed (experinmental at room
t enpesrein &3 BowRied R arey dgscFipedaboysn pattern of the
{R) - PG gf\st ohipel?ndsé G bl bR oh P sl QR 4R oF h@%ﬂ%%l?anﬁ'&%&(&us
13C NWVR CPMAS spectrumfor the (S)-PG crystalline 5
st ripse theb a¢ spd8@ Bydrexida, afd0@Adr} ifMPEHRE, 4nde ananclt 3MINRIRTE,

cP - [ structure
of 5 <R BE e R e RS P DT e 23 111G

anal ysis (TG) curve of the (S)-PG RrRtrystalline
structure of la, SC3 form 20 [0043] FIGURE 6 shows a
t her nogravi netri c anal ysﬁzs\g:y‘GA) 6u&ve of the (R - PG
crystalline structure of Ik, §D m [0044] FlI GURE
7 shows a differential ﬁca Mg cal oy nmetry (DSC)

t hermogram of t heio( crgstalline structure of the
conmpound of formla, -3.form [0045] FI GURE 8 shows
a differential scanfPhgkcal@tinetry (DSC) ther mogram
25 of the (R)-PG crystaPHine structure of |b. [0046]

FI GURE 9 shows an observed (expe&i) n%%gb at room
tenperature) powder X-ray di ffraction pattern of the
1, 45&3%6)@1%}% RbcRAnYidduRe &)Bﬂéﬁﬁlﬁé dohPByRE %t&lléﬁ%réaflic solvent
[0047] FIGURE 10 shows an observe 1zexperl nental at

1G oovwch evpethdttiue) ctheroowadkydcetaty swbhfaf cthgk deomtepamtthelragetett,

t heiscgﬂrg&/tl Q&&%, oP Qllltylaatcgtat%,r %ﬁt(gj—ﬂriogﬁen%tgrl%%f, ldf;t?onlaﬂy adding seeds

of (S)-PG compound II to the mixture, to form (S)-PG compound II.

[0034] In still another aspect of the present invention, a process for preparing the

15  crystalline compound (R)-PG of the structure I1I
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30 [0048] FIGURE 11 shows a differential scanning

calorinmetry (DSC) thernpbgram of the 1,4-butyne-dio
waelmsaexs2crystal line structure If -19 WO 2008/ PORBE2W07/071749

PCT/ US2007/ 071749 [0049] FIGURE 12 shows a

differential scanning calorinetry (DSC) thernogram of

t he di net hanol solvate crystalline structure of |b.

[0050] FI GURE 13 shows cal cul atgd (sinul ated at -400C)

hybrid (at room tenperature) a?d observed

(experinental at rooqy;e ra,a'e) powder X-ray 5

diffraction patterns of3f. %rollne conpl ex

crystalline structure Ih.. 1 @51] FI GURE

14 shows cal cul,g P \lgte d?% wybrid (at

room tenperatu&ﬂ%\and,ob erve experlnental at room

tenperat ure) powter a4 diffraction pattern of the

1:1 L-proline conpleancrystalline structure Ii, form

6, N-1. [0052] FIGURE 15 showdRegpeencabedy (sijul at ed

at -40C), hybrid (at room 10 tenperature) and

obslé pxpedie(i aspslny sraperep thetprecssfor mapreing (B l&y Lslstabed above

L350 BALL LByl NG o ks PRBLBR gvco.

[ 0053] FI GURE 16 shoms a theranraV|netric analysis

T urv e co ex_crystal
$0 e e B bt it oSy GRRY HeeRlEb el o
shomﬁmmmgh@ﬁﬂngﬂawlnetrlc anal ysis (TGA) curve of the
1:1 L-proline conplex crystalling structure of Ii,
form6, N-1. [0055] FIGURE 18 shdows a
t her nogravi netric anaj%sisRKT' curve of the 1:1
L- prol i ne hem hydrat erR al I\I structure Ij, form
H 5-2. [0056] FIGURE 19f - Igef er entgral scanni ng
calorinmetry (DSC) gl her am 20 of the—l 2 L-proline
conpl ex crystalM® nel stfuckRére |HO foHen 3,0MN-1. [ 0057]
FI GURE 20 shows gou tial scanning calorinmetry
(DSC) thernmogram of § he 1:1 L-proline crystalline
conpl ex structure of , form6, N 1. [0058] FIGURE 21
showsiclaindiutiésahestp af redimargrai doghpO@ldd ofited $tinc(uikSC)
thernogram of the 1.1 L-proline hen1hydrate
crystalline structure Ij, form k. 5- 2/ 25 [0059] FI GURE
[ [ [ conti nuous

OF THE
ert i ONR¥r ovi des, at
Jgactures of conpound |
6dfle The term
i1 86w as used herein, refers
to those conmpounds, mated al s, conposit Eons, and/or

dos which are n the f soun
h i3 @gféﬁsgmn Uéuﬁrtp&mt@ngsrﬁalﬁ%%@%f@z Sffled Beeember 23,
t | S0 $to HEmMNETBOIMBBbLNRIS 0@ Y redfing compound E with a reducing agent,

such as triethylsilyl hydride and an activating group which is a Lewis acid such as

m 3,

reaction set-up. DETAILED D

I NVENTI ON [ 0060] The present '
| east in part, crysta
as a novel material’

BF;.Et,0, and an organic solvent such as CH3;CN, and water, separating out the
compound of the structure D and treating compound D with (S)-propylene glycol in

15  the presence of a solvent such as t-butylmethyl ether, optionally with seeds of
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WD 2008/ 002824 PCT/ US2007/ 071749 ani mal s wi t hout

excessive toxicity, irritation, allergic response, or
wW@ewenoasepbl em conplicati ons comrensurate w t PCHUS2007/071749

reasonabl e benefit/risk ratio. In certain preferred

enbodi nents, the crystalline structures of conpound I

of the invention is in substantially pure form The

t er PmpoHRel AR u»el) |t fRH & rystA Slu$ S8 ToRhd T ((%fp@ﬁ afd 5

conmpound havi ng purity greater than about 90%

i ncien@rpig, out mmmaﬁﬁl(és) P&gout 91% about 92% about

ozl Moot o Ak Al SaBR T Blka P Ik R, o

a compouerdht produdtion of mtedinédigesent cryst aI structures is
§<novvn as pol ynorphism As used herein "pol ynorph"
refers to crystalline forns having the 10 sane

cheni cal conposBRIBER Um;lcmmi(eNm THESFIGIRES
arrangenments of the ecul atoms and/or i Qns

for WP%@ t hehedpyRatigh ISnEWFrF“é of ‘r‘fﬁ‘}cﬁﬁ%t bR 3RROMPRY g frawings
chegd&)ed bagWPOSi tion, they differ in packing and
geonetrical arrangenment, and may exhibit different

phy@PFH| prlepEih | gows elhulasd (e elpted) afpoi At andhegyecd

1((%0I @%{?erlgj%ﬂéﬂ ét)fo%ub%ﬁ‘%@%ﬁﬁ@ po%@g 32%}; é%ffg::c] c%rh(jza.lgt%gg H e (S)-PG

t engestating erudtbresih 2861-B ifdryn. r el at i onshi p, two pol ynor phs

may eit trop LE.Qr enantiotropic.. For a
oogBot PR RRber PR Fiiar R plaptiauf pder X-

t Wora$ @iffrebtioh pstesn metﬁa(mSPG thahiangaticas: bhe tenper at ure

i's changed In contrast, in an enanti otropic syst

t Pel840]ax; WGURE { tharvs (G BMR GHYASApes@IHor iR (SRPY prastaline

15t alihubdute1a Q-3 8! WO phases reverse. (Theory and
Origin of Pol ynorphis Pol yrmor phi smin

Ph ﬂﬂdeutIFIéﬁJRE%sh%WCQNMR@@MMsmuunl)foe@a?liblz@vyystalhne
[ 0083),nasmbes of the crystalline structures of the

[ nvent| on may be provided w th substantially pure
phal$842) o nolfl€n KR § showsditicambggvitieeicpnasen € pf cuave of the (S)-PG

opt o ARG dhesTint B8t “one”or more- ot her o

20T Y@U48] | | NEIGRIRAIE EHOf8 9. theHMBgavieRe1teAalofis (T AL) dubarof eRER)-
crystalli estructu%of the 25 invention in a sanple
may’ G EHa @?W@H"“B{/‘ t ¥endPdles such as powder X-ray

di fjoosnt i oM AURIRPIL s aS9rdréheiat ﬁﬁl?nn‘fg'@ahcﬁﬁ‘ﬁen?ﬁgg@L!h@rmogram

resonance spectroscopy (SSNVR). For exanple

pr e@éhﬁ:@)@ﬁ Céy@@qllaleﬁe'amreuqﬁthewemeerW&f if%lr{ao?rC form.
exp g&j %Ws%%ff Bﬁrﬁﬁ may I‘%ﬁgﬁ% e rg?am

D pattern ate |ca
25t hacpftbm(@)fﬂ@@ymllimemerustwam‘tlbjre in the san‘pl e. The 30

Si e be ca cuI ed fro crysta
. TS o ICERUC o af Sl B S0 R ARGt o powaer

Cal thyamrfmguaﬁ MyrnRﬁ\tMEIM -Bluthfig-@iot SOD«IateRa)tstzelﬁﬂéStructure If.

i L CC N - N
PCT, d&@%pﬁZéﬁaﬁf?&aon Bt ofitib difethand? 861V AGErysthliRe structure Ig.

D Marco, J., Galella, M _ and Gougoutas, J.Z., Anerican
30  [0048] FIGURE 11 shows a differential scanning caiorlmetry (DSC) thermogram

of the 1,4-butyne-diol solvate crystalline structure If.
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Phar maceuti cal Review, 2003, 6, 2, 80). Preferably,
the crystalline structure has substantially pure
w@basmeolsohogenei ty as indicated by | ess than 1B94/US2007/071749
preferably less than 5 % and nore preferably |ess
than 2 % of the total peak area in the 5
experinmental ly measured PXRD pattern arising fromthe
ext [{0@49? eakgidiat 1 e wdR I8 entibl ©MMn aﬁﬂrﬂfﬂéﬁ?(ﬁﬁCﬁﬁ@Bo gram
pattern. Most preferred is a crystalline structure of
t heof thedimathpion s¢lsare erystallipe stewstiradi . pure phase
eit t rea
' BRSIC PR LR WAt o BRR B
f r otempéretuesy Ialidaometak(S(expd’mﬁenaﬂ & rals mmtpefaltujﬁ) folder X-ray

S OB oEner DEPh) 2d-BR ph@ TSt preglorm 3. N-1.

her gos1 | MeyrieR R SR vi1sNAR @idu1£8a Qn@o @Ecﬂyhﬁd{ (at room
t hrough the use of various analytical tec ues

k noigrperatuesn andpbserved (eapeyinepafal pt rwmttqﬁ@emﬂtre) r&wlhr X-ray

tec I I

St o DrAEPrd B Jf AR 1 PEA B8 cOBble! bl ke b g, N1
X- r @95XowdiGURH {5 shast Caﬂculz(tR)(Bﬁl)ulatdd ﬁtf 40 Enthiyatid (at room

canni ng, cal ori,nmetr DSC nd/ o

1§ b A e iR Ay S SR R e Ty
CRYSHAt STRUCHUIRES 1 DQ@'{x]hnElhemmwﬁteawstamﬁles‘strﬁa@& Uy, @%m H.5-
of the invention may be prepared by a variety of
methods, including for exanple, crystallization or

r eC|If0M§$]a| | FIRAIRIONG SHoRTh @Bl drdRinbirié Qnﬁﬁhs\/@@m curve of the 1:2
sublimation, growh froma nelt, solid state

t r ahsfdinpBemRIeK ¢y galinmdrREre ofghegen 3.a%yst al | i zat i on
g41Su I

1 U DRI LBl b tSing Bl oL BB ey ofhe 11

of bapyéMaMmpiex @ymlbnmstmstuferczfm formdi, Weht rri xture

doc 58 ng B MG R RER P AR ep i T R R g he 1

cr yspadling eaflihi@ra@ cgufaﬁrns afruotat gdfos@lyent m xture of
the nol ecul e 25 an freeze dr%Jng t he sol vent

TR G TR ot el g metaloEBRY L55C) thermogram

250! e B2 LRoliR@omBle¥ @Rk talin¥ ktdcRure i, @it HNQHghput
crystallization techni ques may be enployed to ébgpare

cr y@@%ﬁ]l i NGB {RH2Y thows a dlff?éqnu@m gyl pleoimsts (DPQoBgmogram
Crystd 1 0f r%ﬂé%?ystaﬁlﬂl%lcgfﬁgﬂg sRRNEBE ?r}‘érm ga{Hods of

preparatlo aracteri zation drug crystals
a r el08%8 cu SEIER 2 ISdioivel a Stterantidsemingtgoplooieby (IPSC) therRogram

R... Pf.ei ff
o Ot Eappl il QR G bS5 5 wo
2200@0@]282141(]?@]1 lﬁga@aﬂeﬁféﬂﬂ éb@resérﬁ)ﬁﬁﬁ]of Se@tlinGsusstadtion set-up.
may be added to any crystallization m xture to pronote
crystallization. As will be clear to the skilled

artisan, see@EANLEDBEICRIPACRIISTAE INVONTION i N9
grow h of a particular crystalline structure or as a

mealf80lf  cBnresent ingentipepropides: pidpast &ipaE. dydallinguptyres of
of &ﬁ@mﬁ&¥ﬁ£%hkb8 A4 Rduct. Accordingly, calculation

5 anount o seeds needed depends on the size of
3(1 he[OQ@]dd alVlz tembi pdammedeutivel desentade sasamed herein, refers to those

compounds, materials, compositions, and/or dosage forms which are, within the scope

of sound medical judgment, suitable for contact with the tissues of human beings and
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of an average product particle as described, for
exanple, in "Progranmmed cooling of batch
w@eoosedsed zers,” J.W Millin and J. Nyvlt, CheprdT/EE2007/071749
Engi neeri ng Science, 1971, 26, 369-377. In general,
seeds of small size are needed to effectively contro
the growh of crystals in the batch. Seeds of snal

Si zgiRY whtold %%Es@\tfeech@ﬁ’y $irigiYibR glller%Q 8pohdeN8h otB¥ problem
m croni zi ng of |arger crystals,

m ceopdiedfona¢qmmensiugls vofh %r@mtl%m@eney 1i@apkgatih d ceftapepreferred
tak otdnl%ntsn{hle lctﬁ&llfﬁ% st%cq‘l{rgg%fzcloﬁgoﬁlfd 10¥ ﬁﬁﬂeﬁ%&f@ﬁl not
I Nl ty romthe

result 1n any change in crysta
desﬁbﬁdnmﬂysmaﬁmstfﬂmu@né%mwumnﬂbhamgemnmaammﬂmhmwasmr

AP RER L) RS0 L b 8L
te rm;entzmm @abdut QBl%Zzﬁboho%% @b§1685%/ Fjout §636,68Hutlon%s, about 98%,
gen aring crystalline conpound la as
des%Pngﬂjﬁgf t1Q8-vent (s) will be enpl oyed to
al'f@b@]f Orﬂﬁatdbﬂﬁy 6f a EothyBleRlst innerrGameAdRlsth@wres is known
pre erably havi ng a bul k denS|t% as descri bed bel ow.

20 PoobojornitEn. dysysedargineped inigfest tocchistading fiermy havipg the
ld S' sP (A cﬁ&ngal‘%mb&?tldnrb\ﬁ?@ltffel%ﬂt splfidd Qﬂﬁr?g@m@ﬁtg of @b Hﬁ)letcﬁ’les

follow ng tel escoped reaction as shown in Schene
I : athBS WD/ 21008y @mgﬂlepﬁﬁtabsmlﬁmmms h®CHENMENE oEnical

S ol R0 PR 1 B, R, 5y
/ diffeiOh pOlybiB1 Qyopkioibestah es mAEhg pbintOsHae, ldQoOdenditg, Hd2dDess,
O et T B B B L Ry

1901 digbilite adldtR@ttiy,ewy pol@mefphethay Be @ither OARPRCbr Bhantiotropic. For
wherei n conpound B in the forn1of an anor phous solid
or &RgRytiopicisydemhesiatiye ptphiligybepwppn the typ é‘&tdé&law fqnains

r edyehdigeRBEHE teRipeRrASis Bhalebd In BHHalt 8 .an RA&EIBHARE s there
al kyl siI'yl hydride, nmore preferably triethylsilane (or

t ri @Yy Ggnsigion kphefagsy at wich the stability of the two phases reverse.
(Theory and Origin of Polymorphism in “Polymorphism in Pharmaceutical Solids”

20 (1999) ISBN: )-8247-0237).
[0063] Samples of the crystalline structures of the invention may be provided
with substantially pure phase homogeneity, indicating the presence of a dominant
amount of a single crystalline structure and optionally minor amounts of one or more
other crystalline structures. The presence of more than one crystalline structure of the

25  invention in a sample may be determined by techniques such as powder X-ray
diffraction (PXRD) or solid state nuclear magnetic resonance spectroscopy
(SSNMR). For example, the presence of extra peaks in the comparison of an
experimentally measured PXRD pattern (observed) with a simulated PXRD pattern
(calculated) may indicate more than one crystalline structure in the sample. The

30  simulated PXRD may be calculated from single crystal X-ray data. (see Smith, D.K.,
“A FORTRAN Program for Calculating X-Ray Powder Diffraction Patterns,”
Lawrence Radiation Laboratory, Livermore, California, UCRL-7196, April 1963; see
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presence of an activating group which is a Lewis acid,
such as BC13 Me2S, BBr3, BF30Et2, BCl13, or BF3

wQ a8 B preferably BF30Et2 or BF3 2CH3COOH@EMTS20aT1071749
organi ¢ solvent such as CH3CN, CH3CN tol uene or
CH3CN di chl or onet hane, 10 net hyl ene chloride or water,
at a tenperature within the range fromabout -15 to

aboyl, ¥aG. @Ja%ge’ aky, yDMa%B Abahik112 M. gn@@@%%ougagq \Z.t Bmerican

reduce conpoun and form the correspon base

co nﬂmmcewﬂ@t’?m@% 2003142, I—?@W Frﬁ@bllmelcryswmr@ﬁtm@ure has
(S AL RPN S AP RaGRLAT T 2 A0S AR EPrtebl e

S OI t\hanﬁ %5 amxchmars paaferalbli ydss thee &t ef thstosd pealuarea in the
br e?xg? ngallglsm%lslgﬁéfﬁ( g)t%{tg?rg ar%s%ﬁ'g CT/ I%Je;? 2x r%éé:aﬁj %hat %I‘ﬁ él sent
( MTBE xheahﬁlulﬁlﬁdl PXIRBI Jaiters e 8Mist p)f:ferré:cbi’ﬂaamdtll(n(e Sﬁrud?ﬁ:): of the
(o) ar BIO of seeds la:c %und BWIthIPetheLE?%
f r o‘ﬁwVené‘B‘b fvigg spbytentiafy pyre PRy hgmagapihvih KeiRmbgf the total
Spbak Bre@ROME oxPimeht@lly MEFuRD PR FotternSelriinG ¥rof the extra peaks

ound ((S) P‘((g’ l.a and gﬂfaratl ng out crystalline
%Wﬁ@ab@%@fm e figubtadPaR R pedteEr ystal sl urry. [0072]

d n ﬁ)%é{]y' nﬁheo\"éhoﬁsll‘?ys@aﬁﬁﬁ’eestﬂl@thr%§ 6PRE ﬂlvﬁﬁﬁ)%tde%b&f herein may be

, the silyl”™ reducing agent will be enpl oyed
| n éstmgmahabieaﬁmrm onarnothephumnigh Brewise hﬁ\nrlplkﬁeanalahgaé techmiguns

ol&gw% tg 21}6 cgf% V\ﬁ@aﬁz&?ﬁ it th% alit pg&che[gc%g &1}'/168 1{181?21_ aglg’[%e I%t éﬁmted

I vati ng
WI | to, dodid stafel rmylezrf ma’gnalcrmimandeaiﬂmN)MR()) sﬁeh‘eossolbyy IX- ray powder

duci 1 thin th 1t
- ot ©ARCkaPab eahiihe BB ETe! NG bt a1
14 S) thpheylBRerigdnsek ((68).- PO wi Il be enployed in a

nmolar ratio to conpound B within the range from about
0.9:1 to about 1.5:1, preferably fromabout 0.98:1 to

about 1.2:1; vaiEFARATIONDEORYSYAY. $TRBCTO/RAS ratio
to the (S)-PGwithin the range fromabout 0.95:1 to

abol@#003: 1, Thyrasyséad ksl sprugtpisprpbibe invegiopgnay begreppisd by 2:vatiety of
15 . X
( S%th@] ?%ipﬁ%n%@f%&%ﬂlk Q?ys&?l%gﬁ??rorggr%%ﬁﬁzalﬁgﬁ Hgﬁllﬁrsﬁuib@e
2(pr ephreed subdiontich, gt fibme m@asd)hdwtatescmmnhtlong‘eim outher

bel &ase CWStalll\%O%q()O%/ 29 81%%1%141’[1(? % Lcisa %(J)gt/sgrzgilzlfg"gTec%nlque or

crystallization or recrystallization of crystalline structures from a solvent mixture
include, for example, evaporation of the solvent, decreasing the temperature of the
solvent mixture, crystal seeding a supersaturated solvent mixture of the molecule

25  and/or salt, freeze drying the solvent mixture, and addition of antisolvents (counter
solvents) to the solvent mixture. High throughput crystallization techniques may be
employed to prepare crystalline structures, including polymorphs.
[0066] Crystals of drugs, including polymorphs, methods of preparation, and
characterization of drug crystals are discussed in Solid-State Chemistry of Drugs, S.R.

30 Bym, R.R. Pfeiffer, and J.G. Stowell, 2nd Edition, SSCI, West Lafayette, Indiana,
1999.
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Cet O / 0 1)4-4.5eq. AcO NaOH (as 1 N sol ution)

AcO\ ~~' QAc nethanol QAc Conpound A CEt CI / 0O HO
WG-2008/002826 eq. NaCAc HO ' /OOH OH Conpound |PCEUS2007/071749

ad HOOCH3 1) MIBE, 1 eq. (S)-PG and seeds /~ 2)

Cycl ohexane HON"/OOH H20 HOOH OHla (S)-PG form

SC-3 wherein conmpound Ais treated with an al cohol

sol et SUSRdassRARtAMRladd &L 3Py Qh1lizdtiSR BI:QRY o promote
al cohol’, preferably methanol, water and aqueous base

sucHysdlizaton| Aamill B der & thpgidHebarirensedingis upgd@sa nicaps of
or 1 r :

o EpBESh Y 8 e o ALl UL D
t enetickt sizeedistribution of the cryantjae pfadoon Alvowtlingly, ¢abcuddsion bf the

0BRGPt DR 0! B0 G Byl s
i N &f afab&hgaabduot @irtidomREsHbed fv dxbimple, ihOPtdaentn@gdgeoling of
AT DI CREN IA AL
CoOMAB&-BD7. AR IR Gebdsiof sthilEakede Weddbd AEFREBARI @ntrol the
growth of crystals in the batch. Seeds of small size may be generated by sieving,

10 milling, or micronizing of larger crystals, or by micro-crystallization of solutions.
Care should be taken that milling or micronizing of crystals does not result in any
change in crystallinity from the desired crystal structure (i.e. change to amorphous or
to another polymorph).

[0068] As used herein, the term “room temperature” or “RT” denotes an ambient

15  temperature from 20 to 25°C (68-77°F).

[0069] In general, in preparing crystalline compound Ia as described below,
solvent(s) will be employed to enable formation of the crystalline compound Ia,

preferably having a bulk density as described below.

20 [0070] The crystalline compound of the structure Ia (S-PG) SC-3 of the invention

prepared according to the following telescoped reaction as shown in Scheme I.
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sol vent such as nethyl-butyl ether (MIBE) or an al kyl
acetate as described above, preferably isopropyl
wW@e@saoxs24 or MIBE, to separate out compound | RET/TR200%071749
treated -26 WD 2008/ 002824 PCT/ US2007/ 071749 wth
(S)-propylene glycol to forma thick slurry containing
crystalline product la (S)- PG form SC-3. Optionally,
seeds of conpound ((S)-PGO gtarafeiadded to the
reaction mxture. The crystalline conpound la is
separated fromthe sl efpl oyi ng conventi onal
procedures, for exa e slurry of conpound la is
treated with an sol vent _s,
cycl ohexane et met hyl " f é{f% %%gr?é?ﬁ"zc“e'coo“
C ohgxane, and crystgjlyne’ conpound | a

pr ef er albloy
IS recoveLe\q 976] In carryi ng—%ﬁWn of
conpound Mg, the ?5)-PG i s enpl oyeY EnSEPC #9585 r at i o

to compound | With the sange froma 0.9:1 to about
1.5:1, preferably from about 0. 98: %’Q'(t%i%heé%%ut 1.2:1.
10 [0077] As indicated herein before, the

(R) - propyl ene glycol solvate | b g¢f conpound | may be
prepared in a manner siml@r A g the correspondi ng
(S)-propyl ene glycol at a except that

(R) - propyl ene glycol i pl ace of (S)-propyl ene
glycol. 15 [007&l ®h cess of the invention for
preparing t hé'%onp- E{ OH di hydr at®#,_( etdwanol or Et OH
structtire) for gpySA L 4gompound | c) ig hown "% Scheme
11 below. -27 WO008/ 002824 PCT/ USZ007/ 071749
SCHEME 111 OBt OBt C C O AcO NaOH, ag EtOH HO
AcO\1 "/ QAc depr | ,nhg;}(" i 2 Conpound A
Conpound | OEt 7 %&"‘dﬂg‘as Etddedﬂoﬁg&'%?"m 2 H20
cryl90al]l i zas scomirtHBeme 1, LOHp@HdIRor If or Ig (collectively referred to as

compound B) wherein compound B in the form of an amorphous solid or crystalline

5 solid (If or Ig) is treated with a reducing agent such as a silyl hydride, preferably an
alkylsilyl hydride, more preferably triethylsilane (or triethylsilyl hydride), in the
presence of an activating group which is a Lewis acid, such as BCl; e Me,S, BBr3,
BF;0Et,, BCl;, or BF; @ 2CH3;COOH, preferably BF;OEt, or BF;  2CH3;COOH and
an organic solvent such as CH;CN, CH3;CN/toluene or CH3;CN/dichloromethane,

10 methylene chloride or water, at a temperature within the range from about -15 to
about 25°C, preferably from about 5 to about 10°C, to reduce compound B and form

the corresponding base compound I

which is separated from the reaction mixture and treated with (S)-propylene glycol

15  ((S)-PG) and an organic solvent such as an alkyl acetate as set out hereinbefore,
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nono- Et OH-di hydrate form SA-1 wherein conpound Ais

di ssolved in ethanol by heating to a boil then adding
wowRi0810028e4  vol ume ratio to the ethanol within PEEUSBNYE1749

fromabout 1:1 to about 3:1, preferably 5 from about

1.5:1 to about 2.5:1. Ethanol is added and the m xture

cooled to a tenperature with the range from about

- 106refel gh?dﬁ'op'ﬁ%tateﬂ’ bl ARy EAR @R, ardlpfotday seeds of
C. Conpound I

b
about -2 Ic is recovered as crystals o
t hecompaund( D@ L2 (Wglay @tie of feodrAarompaing Bogidlys thefrargq érom

i nv ' f [ I b, \dj
g R S D e e R B
andshirey, ofrcespewtdi ((BHRQ),la agl separatingcbut gystallise ¢amdoond((S)-PG) la
0080] ..Co dld formSB-1 is prepared by dissolving
%on%%%ﬁhﬁ Cg%?azglugﬁ‘ueous et hyl ene gl ycol (water:
et h%obm] EI gln%(ﬁﬁj/inﬁ g@mcahmué telésdopb%rea&lmntof @clﬂehibg, the silyl
prefera rom about O0.7:1 to about O.5: A
h ea&egwgn oy WIHI%B EMROYFEn BT K Ci@pwﬁé@ewv%s fhe range
abofidm 3Bouk ©.2a8Wbow2G: 1, preefrANRRbM abs@M 1ababdut 4Q, HBile the
about 50C, for about 1.5 to about 2 hours, preferably
f r oAptiEBBgErOP3bews Acidovihswmpioypd itrasmolpatiojodhesily] regucing
17 004k Withifenk SIHRE FR3UtHGu M 1. Pluubiier 4: ﬂ?ﬂ&elfaﬁ@ Rl 2L Pto
to about 22C, preferably from about 14 to about 16C,
andebseietis Gh-ptavelenoalycE GHPE) Wyidbatrepleyoddn alwlar catiorto
-28 2008/ 4 PCT. 7 thyl I I
ai rep RSB JRAR bl AP D0 B st bRy Hiabou
r at 0.98:1 @ abootnipd Unvdatéd willtbhiemploped inamgdarfratomoalio($)-PG. within the

to about 10% r abl rom apouyt 0.5 bout 3%
o PoRroh b SRR sbiar RO rrip L R u
15B-1 1d. [0081] In accordance with the present
invention, the ethylene glycol dihydrate 5 crystal

for RPEB- 2 The grestallifieromppyndat shsotryethis 18 EapBUn P Sty of the
aqUBGLSiof iy hRHBe ?Ie%&sﬂ accbNRR6 ihe @AM bIETSAL YIGRI ovt HATW.
about 1:1 to abou .4:1, preferably fromabout 0.7:1
to about 0.5:1), by heating at a tenperature wthin
the range from about 35 to about 55C, preferably from
about 40 to about 50C, for about 1.5 to about 2 hours,
preferably fromabout 0.30 mn to about 1 hour. The

m xture is cooled to a 10 tenperature within the range
from about 10 to about 30C, preferably from about 20
to about 25C, and seeds of the ethylene glyco

di hydrate crystals formSB-2 |e are added in a nolar
ratio to conmpound A within the range fromabout 0.1 to
about 10% preferably fromabout 0.5 to about 3% to
formthe ethylene glycol dihydrate crystal form SB-2

l e. 15 [0082] The process of the invention for
preparing the crystalline form of
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conmpound B, that is If, is carried out in accordance

Wi th Schene |V set out below [0083] The crystalline
wazebshsyne- di ol solvate |f of the invention iBCT/US2007/071749

prepared according to the follow ng reaction Schene

V. 20 SCHEME IV OROR O d CH2-CGCCH2 HO O Owe HO

OHHO OOw HGCGCGCH HOW"'/OH HOW' SOH HO OH OH OH

Conmpound B Crystalline |fgofighal {1 non-crystalline

conmpound B (which nmay be prepared as described in U S.

patent application Spri8F No. 10/745,075 filed

Decenber 23, 20030 U S. Patent 25 No.

6, 515, 117), p p
exanpl e 00% pure), isym-xed W th tol uene/al kyl
as et hyl acet at é‘xo“(‘gfpng the mxture
b 4

in substantially pure form(for

acet A€ (3 M

heat ed at® 8 Veqper at ure Wi nge from about
50 to aboutosg0C, preferably ff8M"8bout 55 -29 WO
2008/ 002824 PCT/ US2007/ 071749 to about 65C,

2-but yne- 1, 4-@Md*"{%4 added and heated as above until
t he di ol dissolves, seeds of conpound If are added,
and|the mixture cool ed%b formcrystals of conpound

I f.|[0084] atilve process for preparing
crystalline c f, compound 5 B is dissolved in
an al kyl g (such as |butyl acetate) or an al kyl

acet at'®/ hy (0.5:1 tg 1.5;1) avkxtdire at an

el eyat ggvtenpggat ure withijn the raigetefrom about 50 to
abouit 70C, gpreferably from about 55 to about 65C,

1, 41butyne-diol is added, [and the m xture is cool ed
to rtoom tenpeggiwig to formcrystals of conpound If.
[0085] In a preferred enbodi nent, conpound | bgi S
crystallized froma m xture of 10 conmppuadyB and

tol uene/ al kyl acetate (preferably ephy
containing a volume ratio of tolueg al kyl acetate
wi thin the range from about, & 29 about 19:1, <CH;
pr ef BMEBR Yeof BiSFestsede. 4: 1 to alout, 9:1. The ni xture of\

t ol uBGestleabxkygl acetate will ¥hchndéosuffici 8t {ol"Fene
to provide a nolar ratio with co®tbound B within the
range from about 40:1 to about 90:1, preferably from
about 60:1 to about 80:1, so as to 15 enable formation
of the 1,4-butyne-diol s§i¥te If. [0086] The
crystallization to form T4 utyne-diol solvate If nmay

be winran eampdupd Aeif fregedrattiean dogliobsalveyt Sekds wethstodh|cghandl or

con gpggp%ll !cllfcollloﬁl, p?e er%ﬁ?/ lﬁ?e‘iha%él?@at%rb a?nldtaqlgéo:llis E)a?se such as an alkali

5  metal hydroxide such as NaOH, KOH or LiOH, preferably NaOH, preferably under
an inert atmosphere such as nitrogen, at an elevated temperature within the range
from about 50 to about 85°C, preferably from about 60 to about 80°C to form
compound I.

[0074] The aqueous base will be employed in a molar ratio of compound A within
10 the range from about 3.5:1 to about 5.5:1, preferably from about 3:1 to about 5:1.

[0075] The reaction mixture containing compound I is treated with an organic

solvent such as methyl-butyl ether (MTBE) or an alkyl acetate as described above,

preferably isopropyl acetate, or MTBE, to separate out compound I which is treated
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about 10% preferably fromabout 0.5 to about 3% based

on the weight of starting conpound B. 20 [0087] In
wa@n@shes2pr ef erred enbodi nent, conpound If (WhPCHUREY7/071749

or may not be purified) is crystallized froma

m xture of conpound B and al kyl acet at e/ hept ane

(preferably butyl acetate/toluene) optionally with

s ee@itmgs)wréﬂgne%@ ggzéol% fo%sé%m@k Elhﬁfcorﬁ&iﬁﬁg u@gltahﬂhe Product Ta (S)-
enpl oying ffomabout 0.1 to abo 10% préferab from

aboltft? fomsSES. %@uﬁllyswéﬂeéﬁgmmunﬂf((%@ nadded t@/\rélpg%@tion
[ |,
ey | SRR manE iXepe AR, MR
r angevéntioml phoedurd, B):rixatmple dmumymftpmmtmﬂéz altlcyted wothnan
?bo%ta T olxif:eot sabﬁ)as ycIo%11 X4 [10 %;,I The t%r
OTRRPS Sraregt BT S ele s el A S6MERY
corktycra)hauuﬁe pﬁ@@@&ﬁlhﬁﬁc@immd Ians Sebes®l. | VA 30 [0089]

The thesis of solva elf vol ves nti al
st e@é’ i t hCBIRYEAY ﬂEe OHH%POG& ﬂ)ﬁl\q‘f)(glﬁllﬁ HRleygd ina
of ﬁ@lﬁpﬁaﬁ@ﬂ) donipBuENGKIAhE rahgt rbRiaBsRd 9. Noabo®di At %reféfaably
and (2) coupling of the |Itﬁ| ated internediate Gwth
confdnAkPub0-98:3¢o Wipupbdd/ 002824 PCT/ US2007/ 071749
I V. \ ) o

IOSC'—IEIGX 1 e?;&ﬁn_?_\ﬁét% _?_%eﬁ?%teforé the éﬁ&bfok@le_ﬁ%lg&ésc%vﬂe

[ TM’Q@I@O@&’OI mg} be@Eepared: in a manncF yRGlarto the-@iﬁ\@)q_nidin‘g (S)-propylene

Coé}'co Sepgh or r%g f?pyféa?éﬁg%q % %ngf%ﬁ%r%?éi'p{fc_fiy%ne

TVEERoOTMS 2. NH40AC (EtOAc HO OH OTI\/IS back
extraction) OHH H d CEt

stalline
SEBfE pretgooy

15 [0078] The process of the invention for preparing the mono-EtOH-dihydrate

(ethanol or EtOH/structure) form SA-1 (compound Ic) is shown in Scheme III below.
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PI///OHC Ot HOCH2 O HOCH2 O I 3. Crystallization

with Ow 2-bu ne-1,4-diol J in Tol EtOAc HO~~~~ ""OH
w@00eh2840H OH B If [0090] Referring now t o FPQUUS2082071749

a schematic process flow diagram (simlar to 5 that

disclosed in U S. Patent No. 7,164,015 which is

i ncorporated herein by reference), is shown. In this

enbodi ment, the entire preegpsviat Prepari ng conpound

If as shown in Schene | VA is perfornmed under

non- cryogeni c cond| i §f5. An aromatic reactant E

having a gro : jl e for Li and hal ogen exchang

stored in a vessel 1 at roomterrperatu

' reagfnt Qis fed into a second >
f oom t enper at ur eNacRhe E@HoNAt | C°r €3

vessel s loand 2 via punps 3 and 4, respectiorely, to a
first jacketed static mxer 5. The tenperature of a
reacti on tompsegaice a |ithiated anion speci esnpe@dl
regul ated at from about -30C to about 20C, in the
first mxer 5 by a chiller 6. 15 [0091] The lithiated
ani on species Gthus forned is fed_di%ectly fromthe
first mixer 5 to a second stat9 er 22 along a
conventional transfer |ine ‘@ =af'bonyl substituted
reactant Dis fed intQ aothyFd vessel 20 at room

t enplf89F&and i s YB1 WO R008/ 002824~y .

PCT/ 82085071749 trgusterigd via punp 21 thr ough
chiller 26 where it is cQylled to a tenperature wthin
the range from about -10 to about -30 C, and thenc
passed to the second jacketed static mxer 22. A
reaction to produce a glycoside product His regulated
in the second mxer 22 by &° vEHi 1 ler 23. 5

[ 0092] Further processing under ‘gl ycosi dat i on
congharéionempaodrsis dhverhesdin pharfadlly heating tee kuhtberddmgayater in

[ A @%ﬁpr A ah%r;ol \R BRI RaAE) 9.0 B3 foRRby

5( deﬁorhylbcait ¢d:1he labcbmfzatl) Balrinohis add@dtahdaﬂlemnmmeardosleﬂm a

ycosi de B.. Further .addjtiopal, work- a
O FRRHTOR e Ergspamieboue NER rtay SOpTyHEaR frog Bou
(J)-15% {bbgned-Et @%&p@ﬁ&ﬂl@@@%e&%bﬁ%h@bﬂybt@l@ oﬂ-@le B{oﬂgl]‘i@(t)H di-
If. The reactor 25 may be nmi ntai ned room or ot her
nonhy(ﬂr%gem c tenperature during the course of any
sub en e 0
g‘g&ﬁr ab}"lge pgﬁéel(s)sr&Z%eol ?e%?ﬁ m'ﬂ?eghlllﬁ ht%éj %ﬁ?@%?éol Hﬁl?&irate
l(br gmmotufels férinSB-1 ea@fmﬂn:SB - Glomgleurnls Bijind,le,sreﬁactnvekymds carried
hers will be apparent to those having

or d? 8??%1‘(’?1 | in the art.
[0080] Compound Id form SB-1 is prepared by dissolving compound A in

aqueous cthylene glycol (water: ethylene glycol from about 1:1 to about 0.4:1,
preferably from about 0.7:1 to about 0.5:1), by heating at a temperature within the

15  range from about 35 to about 55°C, preferably from about 40 to about 50°C, for about
1.5 to about 2 hours, preferably from about 0.30 min to about 1 hours. The mixture is
cooled to a temperature within the range from about 10 to about 22°C, preferably

from about 14 to about 16°C, and seeds of the mono-EtOH-dihydrate crystals Ic or
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15 [0094] After conpletion of the reaction, the

desired product If can be isolated and purified
wa@emenalsey to techni ques widely known in the frPer/tusmwmhr/o71749

organic chemstry (e.g. precipitation, solvent

extraction, recrystallization, and chromatography).

The deprotected conpound If may itself be a useful

| Nt §hAELIAIS] AhyRad cﬂ%@g Wty SHNGd 2 ARAURE ndflar 7Y thE
further react edyto obtain ghar maceuti cal ly acceptable

aci epmpondg diithinghe tﬁmg%ﬁ@l@ ageut 0d to plequé é@%wﬁﬁq@bhétqmb@l@ut 0.5

th lo I 1
t hao gy Dl KRN i B8 80 NG, crt B Y LT o0
[ np[@ﬂSldnt ]na:nalmnee: with mem@entomnilw tdusthytene glysoldidgidgite
h the lithiati b d
S ot Tt GuEr SR s i otastF g g Ry R ET A BGeRRE Ehfithe yeol
hi givare);, ctipi@ebgtyabl fyorh alann &b ewibodb0.4:1 /preRrabbofidm alldd€).7:1 to

e 0 seconds of reactiqgn tinme. For the
su b%@&%ﬁ %}5 iﬂ%ﬁ&‘P% Al ‘P‘é‘B?ff‘ﬁ“E?nW“}P%gw&tnrgggfﬁPk??’OWi PHP &by
der §seat bRy 1§0nf1 %Juh@(i toHoS@G oW by aIbB@t L. 53{6%%{'2%0%
stream (the third ed) in a nmixer. The m xed flow can

be Rriferblyeiim lpup0. 3‘? mamtoragenttldrouy. le@xmmrerléa@qkrddﬁ atj me

ldDS %ggrg glref\xglfg:hél‘r%] %malm%fjls %pn aboutﬁl Octﬁ % .%}’ Cr Sla f rab? nfr?n% aQout 20
- 3016ab@1t 23QCafOcell ghey e)thyléi{é gwcef cﬁhya;bduy cﬂystamf@;bosﬂ 218kke
to about -20C, with mnutes t o seconds_of reacti

t i mdded igemelgifle tgomppukdt Méhingsraagsfiore ghoyt Baietpout 10%

a;%éféfabfy%onﬁ WJuhes & fR6E 19NS félﬁl esqyieRedycol @1‘11?&1&&3 crystal
cont'i nuous processing, both lithiation and

ulerm A§-Fkact i ons can be -32 WD 2008/ 002824
§3CT/ US2007/ 071749 well integrated and operated at
hi gher tenperatures utilizing smaller flow reactors
wi t [008X]f | chﬁrnroctesm]zfehGame‘om tnpraphringtberpasteldingvorin of

oo SR LS FR i o B R RBs PRy Bhet oty

abopesyr OCE]ﬁeScer&&ﬂhﬂbﬂ zaSut};ZhdgcﬂloB@I\a&@f onaé 1n|Vbr[’ﬁoh @pr&lﬁl}ed
refer% -17 fo - 10C, g%{nerau ng >95 5 RAP,
of toRdEds fEd! V%IIPﬁra%féla diate G [0097] In the
a¢coupling reaction, the coupl i ng product fromthe above
process at -20C to -30C, preferably ranged in 70-79
RAP. [0098] Conpound |f HMER oyed to prepare
crystalline internediate A as 10 shown in Sche
SCHEME | VB _Prlegaiati on of Internediate A
2" O Ac20 O 1. Et3SIH BF
: CI—I3CNA,,H HEAIWe " OH CHERCR

DV ‘ 909i Ac& _
R 3. noet one Ac&¥ —~—0me . on B 3 SBABA Et OH MG c=coH
HOV “on HON : HO OH

OH OH

Compound B Crystalline
If

wherein non-crystalline compound B (which may be prepared as described in U.S.

patent application Serial No. 10/745,075 filed December 23, 2003 or in U.S. Patent
25  No. 6,515,117), preferably in substantially pure form (for example 50 to 100% pure),

is mixed with toluene/alkyl acetate (such as ethyl acetate), and the mixture heated to a

temperature within the range from about 50 to about 70°C, preferably from about 55
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OH OH OAc B crystallization > 80% OAc Crystalline

Final Intermediate A |If 15 [0099] Referring to Schene
wo ¥Bg/08xskdi d conpound | f, solid DVAP, liquid  PCT/US2007/071749

acetonitrile, and liquid acetic anhydride are heated

to a tenperature within the range from about 70 to

about 85C and held until reaction is conplete. [00100]

Th etogﬁ&ﬁ IB?‘*G" 2G4 n@q iﬁogis ac’?c@i anc-lr ﬁéa?etdl'éx hﬁdvle‘”i’lﬂt‘ﬂ tﬁ@éﬁol dissolves,

boron trifluoride acetic acid conplex or other Lews

aci gedsad compomil hicsde pdded, and dppenikturacosisd eémorin)cryatads dddmpound
20 the reaction mxture. After conpletion of the

reacti on, acetone or other solvent is added. The batch

i s Mas4red ](nfaﬂraltemamalpeocﬁeisdm abeitinhg Z@Smmnab@ﬂﬁouﬁﬂ)ﬁ) cafpibund
el d. nt'Itrle IS|Iae|sco
7o ingbiBolr i Sl et Glon a3 o e i #AEY Spesht epiine

setfl®l wnti:l) hiRRes atan dlemwfem@aaﬁle&wfﬂ% Me rBadk GOnVAOUWN® to
of product in the rich ugg phase i s reduced by

di s‘tbiolﬂl 0Rg: reeterahlydtagnabion Otabowh6ﬁ|<%n}n41 %meaftl@lehaddz@ and
S00y e MR 88 ooleR SRR E b RLRB ISR G RERCS o b T
cool0D$ry or Inaquéiemel anntiodingme dbmpoynd s %ysiaugecblfrmn a mixture of
onpound itro

1 R s e A LR Bty STl g Rpinfherpppme
as matid bewluanavetalkgt addtaye widthe thie raige HoA3doutel: handbut 1033
WO 2008/ 002824 PCT/ US2007/ 071749,
cryisP T"‘IbP YHEOR PoAut Hd Ao F °§b§ at B li“lj‘t f O%tﬂgl]e’il%ggﬂtaf“‘%ﬁe pll
pr elﬁ&%ﬁéﬁsgfﬁﬁ&@ [Cﬂil!ldﬂ' td 15}0'513@21 fn@la& b %thrc@ﬁ%&hrﬂrB ssﬁfﬂlﬁmﬁ: range

HO\ from phaut):l o %!W“ 9(@anre®~qa®4fr0w%@ﬂmd B a@%@ éu 5I0| 2 &0

149 é’fﬁﬁl@%r&aﬂ&ﬂof%é’ﬁh%hﬂyh@&o%ﬁ?@a@@ﬁd B (which may be
pr epar ed described i'n U S. patent application

Ser [08$6]No. Tuecmmashm@n foi fhie | Beébwimbdiol 28yat@aBydre niqre casily
U S P 1), f erahl
su b%f ec %tlgg F—:lﬂ}l’\lgmg eee?éc?yrsh 23536 c?rgﬁ%g J}flg &¥e ount from about 0.1 to

di sgbohvid, pldierally firethxdoal0,5 @ am')utB&(d’lﬁlsﬁf on the we1ght of starting
met hanol /({ | uene, or a m xture of
met WARSH? Ig'l uene/ heptane, a nixture of nethanol /et hyl

20 - bjovgt] et h@hother preferred embodiment, compound If (which may or may not be

purified) is crystallized from a mixture of compound B and alkyl acetate/heptane
(preferably butyl acetate/toluene) optionally with seeding with seeds of crystalline
compound If employing from about 0.1 to about 10%, preferably from about 0.5 to
about 3% seeds of If based on the weight of starting compound B. The alkyl acetate
25  will be employed in a volume ratio with heptane within the range from about 0.5:1 to

about 2:1, preferably from about 1:1 to about 1:1.5.

[0088] The crystalline 1,4-butyne-diol solvate If may also be prepared in a
continuous process as shown in Scheme IVA.

30 [0089] The synthesis of solvate If involves two sequential steps with compound E
and compound D: (1) Lithiation of compound E to generate a lithiated intermediate

G, and (2) coupling of the lithiated intermediate G with compound D.
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(MIBE) / hept ane, or a m xture of nethanol/tol uene/ethyl
acetate or other alkyl acetate wth stirring, to form
wW@20Ri0028261 urry containing crystalline di met haPol/us2007/071749
solvate Ig. The crystalline dinethanol solvate |Ig may

be recovered fromthe slurry using conventional 15
procedures, such as filtration. [00104] The above
process may be carried out at roomtenperature,

al though elevated tenperatures of up to about 20-25C
may be enpl oyed to enhanc®CHEMETYA| | zation. [00105]
In a preferred enbodi nent, conpound Ig i r allized
froma mxture of 20 nethanol/tol uene Mng a
volune ratio of methanol to toluene within &he r.ange
fromabout 6:1 to about 1:1, preferably from ag)out 3:1
to about 5:1. The m xture of met hanol / t ol en@.n.wans

i ncl ude sufficient methanol to pr OVI de a bo-d ati o
Wt h ok npo ynd B wi t hin he., r@n ahout 80eeh to
about 10 efFrTalyojr—Y from\ /‘;\}‘j 2030k 10c
so as t® &*bl e “PpiFelt i on BP ano soI v te°°“""“9

lg. 25.L0( ;gg] The cryst aI lizatr ?n to f or m di met hanol
sol vate Ig may be nore easily fectuated enpl oyi ng
seed crystals of conpound Ig in an anount from abou

0.1 to -34 WD 2008/ Q02824 PCT/ US2007/ 0717 et
10% mog,fega aboutsa Do abeul 3% on
t he wei ghy o1 i ng| TopsTREE [ o " 1n anot her

pr ef er Msel wntoEi nent , ofpeufier | g (Whi‘chi,m8y or may
not be puriiied) js crystal 17 zed flbom a mi xture of
nmet hanol / t ol uene/ heptane with seeding 5 wi th seeds of
crystalline conpound I g enploying from about 0.1to

abolit 10% pr ej eraply from about 0.5 3%
based,_gn th gAY of ,st.aLtlag " Etrgodhd B ~~The
met hanof pe “enpl oyegeirr @ volmegat] o W th

W\ R

t ol yene' hmn the ra ngro—m’aboutwl 0L5=tb about

1: 6, pref8rafly fromabout 1:1.5 to abouts 1:2.5, and a
volunme ratio of heptane:toluene within the range from
abo[l909(H 1 Refemibgnow@o Biglre 28r afcheraisloprd@ss ftomliagremt(similar to

) ' I
h%t cﬁs%lol%gao Wt % g%e%l lﬁlg 07Onv S Flwlgﬁﬁchﬁé X%(Erglﬁ)ljg{reg 361%1 r‘gg/ ex
ac Cl(efedfmng) sehdvie Tholié embmignmahet ¢roine [Jotasrior Yeparlifg compound

ED NESh\O/lV&_P E%q ﬂ/Aéi_p_er Oflaa_fl %r %I}T(ﬁ/_?hé%)mt condo o orncs)p%nOI

aromatic reactant E having a group suitable for Li and halogen exchange is stored in a
first vessel 1 at room temperature. A lithium reagent Q is fed into a second vessel 2,

10 also at room temperature. The aromatic reactant E and the lithium reagent Q are
transferred from the vessels 1 and 2 via pumps 3 and 4, respectively, to a first
jacketed static mixer 5. The temperature of a reaction to produce a lithiated anion
species is regulated at from about -30°C to about 20°C, in the first mixer 5 by a
chiller 6.

15  [0091] The lithiated anion species G thus formed is fed directly from the first
mixer 5 to a second static mixer 22 along a conventional transfer line 19. A carbonyl

substituted reactant D is fed into a third vessel 20 at room temperature and is
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OH Conpound | L-proline O2 Ih crystalline conplex

wherein a solution of L-proline in water is heated to
wa@2aosnmseat ure within the range from about 70PCDUSINOT071749

90C and an al cohol solvent such as nethanol, ethanol

or isopropyl alcohol, preferably isopropyl alcohol,

is added. A solution of conmpound | 20 is added to the

abotyeelsrerr&r G| 'pﬁl%p 39 ltrrr&rg%hﬁrerrzmhéré it$d dHilicRd) o térfrberaerr@ within
compound | is enployed in a nolar ratio to L-proline

of tabowge fom:about THeto3bdui IO, ked hoobassbdgd thmsycontl ockegein
ggr%ﬁ{cgfﬁ&%rng i r Iegr 1eovw?%| }é:)rro]dlgclege 1 Zc(o)éslé(l) d]iosraghi)c\rlﬁ is ﬁ:gl?lated in the
wasdeechdwhitcdr 22/bgaheéond@hiient3. The solids are dried and

rec redlntheformof a white . solid which is. the._ .
l%ﬁ Pr ol FHerproesssing pilsr ghyensidation %glrlﬂns rcarrﬁqWéﬂere%L i fed

[ 00111%94 cohléntiBA $dadlol 28R hdre ¥ id-rdk QW iftRacEiRh % olhdl s@ent,
the invention is prepared accordi ng@go the foll owing

r ealreicRlySIRAMNCQH pr HCEKIeQH, gforn HO sdgsilylated hemiketal) which
PC%H%QQ?Y] thZ go%_%com% Mﬁrﬁér ad@tlolg'l_:(wg(l qu:rtd ba&?&t&ctm and

HO O + et hanol
OH @pyigdbaatidn Wlth)2€hﬂt>1nﬁ 1[4odieh () lnmlgmeﬂi‘tﬁ)én pesiluges pryeilallme
n e | Llin n ol ution
1d5 ol?r%@uc?ﬁloﬁf‘ﬁ% e?lCtOI' % %eorgalrét?ung? eIQO alogotﬁer HO% mogel%lc
ad dtenhperIﬂue: dueiag k}telcngrseoﬂ dnly |sﬁin;eq1$nt Iemmloﬂml f r om 10 to

-25 nme so ar

110020, ¢ B PR Ry SR T A i e o iabl
r eC&gﬁroqrrhleﬁnba%mm chcRAO Y BULE, QMBI R EALEBMTi € BithekdWwill be apparent
carrylng out the above procedure for preparing the 1:1

L- pedrashbavirgorrpgimasy skill inthigert - proline is enployed in a
1§TD| 809 ]]_at ' th&&o&@%ﬁ%&ﬂhé re%tiolﬂ' e HOSred ﬁf&gﬁbt 183n bk RBlated and

about 4 to about 1:6. The crystalline
L pirugificeh acchedin gty dqcameuq,so’rrmleknqwn ipftha fidd piorganiq dwmisgry (c.g.

Pr eRa iR SN e Wk oh Eerd A AN AGnG EAGHAOB)C PR

deprotected compound If may itself be a useful intermediate or end product. The
compound If may be further reacted to obtain pharmaceutically acceptable acid

20  addition or base salts thereof using methods that will be known to those having
ordinary skill in the art.
[0095] Temperature and reaction time are two important parameters in the
continuous process design shown in Scheme [V A: the lithiation can be operated
continuously from -30°C (or lower) up to 20°C (or higher), preferably from about

25  -17° to about -10°C, with minutes to seconds of reaction time. For the subsequent
coupling reaction, the stream of lithiated derivative G is further mixed with the
compound D stream (the third feed) in a mixer. The mixed flow can be then sent to a
flow reactor if extra reaction time is needed for completion. The coupling reaction
can be operated continuously at higher temperatures from -30°C to -10°C (or higher),

30  preferably from about -30° to about -20°C, with minutes to seconds of reaction time.
The coupling stream is then sent to a batch reactor for further reactions as described

herein. With continuous processing, both lithiation and coupling reactions can be
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C Ot CI Ot HN HyO OHO O + ethanol HO HO/CH O

~0-1 HO /OOH 0.5 H20 OH OH HN OH Compound | O 1]
wob@seias2a sol ution of L-proline and conpound PCT/USBA7/071749

g, 10 mmol) in ethanol/water is heated to 70C to give

a clear solution. The resulting solution is cool ed

from-20 to -25C and seed crystals of 1:1 conpl ex

Wi t\bell—m&ﬂg%édrh%d lober%@aﬁf#gﬁﬁten@&taﬁ&es%uﬂﬁxg srﬁanez ﬁow%)agtors

solids are collected via filtration, l'ter

cakeith effigigatiempeptuts contrd, coemmd:w@mmmlc balfﬂereactors on scale.

res ng

e @géd]cr y@?éq gfaﬁe Sg@&g&fé‘&% 1%@85{ ﬁ*tﬁf&?’&{ S%&?bo@e process

consaa it aohigh ap205€dolatiiasted EcQ,Qiké_‘rEﬂabP&hdﬂ @r- ye%ca IWIhIIIE] generating >95

y i.ne canplex Ik of the invention is
% e%ggéﬁﬁmig ‘@éﬁ@%@ﬂﬁu?ﬁmWﬁ% ‘ol | owi ng reaction
Schoe7]! X. 1n-tBSc Bl &M@Q&ﬁ@é’ou M@@Q@ﬁéﬁ%ﬂ&ﬂﬁve rocess at
SCAENE]IX Cl OE?Q OEt Egﬁéo HO 0 HO H2 N]%tOH
" JROKL O- 30quP’©fef4hd)UaP€§4 IO7¢° BAFgN OH HConpound |
L- phenyl al anine OH 0 1k <crystalline conplex [00113]
L- phenyl al anine is dissolved in water with heating.
Th e[OB%] ul t Comgpaotl Ut marbe dngpldyiedl taeprehraergstativkeidteroedate A as
M?t nohdg @m%t?gﬁ al cohol ) sol ution contai ni ng
8ﬁk 5 e resulting solution is heated at
from 70 to 90C and allowed to cool slowy to room
tenperature (crystal forngélon i s. observed at 55C).
The solution is subjected HEMBSEVRNt i onal recovery

procedures. The L-phapyatishoNmt&abaifxal kK is
recovered as a white solid identified as 1:1 conpl ex

of compourfdrT (W th, L-Phe , 1 TOCTIA] The, Lol Low
exanpl gsy @ O\Lizﬁed:“f’o 3 3 Lhé_ﬁnieﬁﬁ an | C
furtHerx ﬂe$a|L cTﬁégeA%x:nﬁres wWHiSt s et ST 8h°the

crystallization > 80%

best node preséntly conteﬁplateﬂ f or carrqugmmqmmkmgmA

i nvention, rfare intended to illustrate and not to limt
h t
14 OBk riga ORIAE TR SR Y L SABHRSE

acetonitrile, and liquid acetic anhydride are heated to a temperature within the range

from about 70 to about 85°C and held until reaction is complete.

[00100] The batch is cooled (e.g. 5°C). Triethylsilane and boron trifluoride acetic

acid complex or other Lewis acid (as described with respect to Scheme I) are added to
20  the reaction mixture. After completion of the reaction, acetone or other solvent is

added. The batch is warmed (for example from about 20 to about 30°C) and held

until triethylsilane is consumed. Aqueous NH4OAc is added and the batch is mixed,

and allowed to settle until upper and lower phases form. Batch volume of product in

the rich upper phase is reduced by distilling off acetonitrile to minimum agitation.
25  SDA3A Ethanol is added at elevated temperature (> 60°C).

[00101] The product A crystallizes out by cooling or cooling with seeding (5 wt%

based on compound If wet-milled, nitrogen jet milled, or a previous batch).

[00102] The product is recrystallized as either a wet or dry cake from SDA3A

ethanol.
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Patent 6,414,126, and specifically described in Schene

1 and Exanple 1 of U S. 15 Patent 5,515,117. U. S.
wWP1081002824 414, 126, and U.S. Patent 5,515,117 PCT/US2007/071749

incorporated by reference herein in their entirety.

Stable fornms of conpounds of fornula (1) can be

crystallized as solvates (e.g., hydrates). EXAMPLES

20 PREPARATI ON OF CRYSTAL STRUCTURES EXAMPLE |

Pregaration of (S)-Propylene dycol ((S)-PG Structure

- -199103D 2Bt grAlipaiingSsry Eof thpgnvengpins gGpared

For | . 4 .- ;, O OBt O NaOH (as IN
0] A{:E%J)@g]lga? ﬁ;gr@%w%reﬁm—o nﬁdgengegv AcO'' QAc net hanol
HOB "OH NaQCAc OAc OH Comnpound A Conpound | O 1CEt

) Isopropyl acetate, 1 e = HO CH3 2)
5%,ycl ohexane HOB CH H20 I—DGS(H&M?a (S)-propyl ene
glycol form SC-3 [Q0128] Conpound A can be prepared
described in ghpt e\1, Part E of U. S. Patent ¢
6, 515, 117. 5 A 10-L gl ass reactor ef
with a thergeedupl e and a nitrogen inlet
witho M. 25 L), dei onjzgg Wat ero (¥y6
by 50%aag 4';‘%!1’5 NaCH (2059 m~ 3.899 he * 2MeOH
resi dal ksolUtion of NaOH in the med&liri "tyl i nder

was tranferred with water (94 m) to tH& reaction
vessel . Conmpound A (503.11 g, 0.872 nol) was added

and the n°PPYreBwas stirred and heated to -®8€'MM0 over
1.5 h. After 1 h, the circulation bath tenperlature was

s PR P e iy R Aoy bERRFLED W EuRREA TR .

of pagae bppdingtiotdepdiNud 10/74R075F e bDeddfriberr 23t D@03ndrxd UrSe Patent

eI e R S T e T

10 heéin methanol, a mixture of methanol/toluene, or a mixture of

I"//O

methanol/toluene/heptane, a mixture of methanol/methyl t-butyl ether
(MTBE)/heptane, or a mixture of methanol/toluene/ethyl acetate or other alkyl acetate
with stirring, to form a white slurry containing crystalline dimethanol solvate Ig. The
crystalline dimethanol solvate Ig may be recovered from the slurry using conventional
15  procedures, such as filtration.
[00104] The above process may be carried out at room temperature, although
elevated temperatures of up to about 20-25°C may be employed to enhance
crystallization.
[00105] In a preferred embodiment, compound Ig is crystallized from a mixture of
20  methanol/toluene containing a volume ratio of methanol to toluene within the range
from about 6:1 to about 1:1, preferably from about 3:1 to about 5:1. The mixture of
methanol/toluene will include sufficient methanol to provide a molar ratio with
compound B within the range from about 80:1 to about 10:1, preferably from about
40:1 to about 20:1, so as to enable formation of the dimethanol solvate Ig.
25 [00106] The crystallization to form dimethanol solvate Ig may be more easily

effectuated employing seed crystals of compound Ig in an amount from about 0.1 to
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aqueous | ayer was separated (pH = 12.5) and organic
| ayer was washed with water (1 15 L). During this wash

wao bh@spbsed t he bi phasic system was adj ust ed t oPGI/0S201/671749

conc. HA (5.0 nm) and then the aqueous |ayer was
separated. The organic |ayer was collected in a
separate vessel. The reactor was washed with water (2
L) , atl¥RGrdod %réﬁrabl?%m@b%hﬁﬁto%&h 30 B QOGN h RSichtl TR taWile
solution of compound B was recharged into the reactor
andCOQT$PmFdr%pyl ene glycol ((S)-PG (67.03 g, 0.872

12 OIS LA e PRI AR o B By B A AL Sn ot be

at this’sta t ant aneous
cr ymirdiel) ig altyst@khlzqzﬁ foctu e edxtarctdfinekhagdliolngne/haptare with seeding

t h dded . .
3 apt o 2y et e RS TR P b A OB e
f orpreftrably fldie alfpruo0lt €d abowe®/ bidetl en @@ vt'ehglﬂ) ufharéing ¢dni@iind B.

5, Buchner funnel t Th
DT Sliae] ORI Gp RO agh PP e from

r apisduingl 5 teMouabe lﬁreférﬁbl ff@)ﬁf ﬁ)%ut 11he «f ddobie1:2.6 k@ a%fume
washed with a mxture 1) of MIBE/ cycl ohexane (2 x

1 LUptigpbhegtapetplysagl évath@uhﬁ %gﬁ fram alppus2 4 to ghpat 0.53) prafeokly
16 ' 2Rsh ebded 3t apR¥ 08X tray and dried under vacuum (25
mm Hg) in an oven at 25-30C for two days till water
anal ysis by KF corresponded to nonohydrate (3.6 5

w9 h i 4 k

i ity ris g RO AR B R R

[ 00dct&linGee the doliostind iwactiay Sblenpr\épar ed by di ssol vi ng

conmpound I in a solvent such as MIBE and treating the

resulting solution with (S)-propyl ene glycol and

1proceedi ng as descri bed alygusEwmiEtVIOUt t he use of

seedi ng. 10 1HPLC Col um: YMC ODS-A (C-18) S3, 4.6 %.

50 mm Sol#ent’ V. 2% a%HSPO,QLO Sol vent_ G
0,046 A

1094 't OB = Ofi nal., R —=+d0%
time, S\, hoId time 3 mgoHl nt egr ati ob St o il@ ]
1.0 mbow Flowrate 2.5 rer'n. UV wave loengt 0
nm 2 Neutwadkingat i on bef osenphase split was done £0* |,
prevent contanmination of the 15 product with NaCH.
(S)-PG structure prepared without neutralizati"6h “Res
sl i ghdrtiy a stlasorcof[[pptoBnSinofated isSheaee nsa tempsmmrmtﬂed theange

t 0_nog/ m HPLC hod: Mbbile Ph A
Wa0§%1 %}Mt / )t] 9|9b(§ ??Jé 'ﬁqg)i‘@&fglve@t S@Igl%?s ﬁasnlgh c(aaRg! or
0. 1'3'%80}' AprE%%ﬂ@}@ﬁ&&ﬁﬂ?ﬁs%pﬂrpﬁmol( RAldedS adi1@ ! of com 00}&d I

' m nut es m nut es; back
2(andis péded duthe iabtrvmleplpbme spbtien fvhigiais 6 limed)t Waeraip cczlzl@umhl is

200&?&0%%35%@% rat1 8%17 /Pg§%§5%0%5 IAFFHE ?(ﬁﬁtlon 1§900Y¥3 slowly

(Sto %mﬁﬂ@ﬂ@m@ ghcrmlg Whi@) tirkGolight fourot [E h@soluti‘eormﬁlﬁr}@m-
Forrrgrlﬁlove dofids which are washed with alcohol solvent. The solids are dried and
recovered in the form of a white solid which is the 1:2 L-proline crystalline complex

25  Ih, form 3, N-1.

[00109] The crystalline 1:1 L-proline complex Ii of the invention is prepared

according to the following reaction Scheme VII.
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Cl Ot d Ot 1) 4 - 4.5 eq. Acp 7v 0 solution) HO O
I\ I +4 eq. NaOAc neth' -75 *C anol HO~ "OH AcO
WO-a8/0B20Ac OH Conpound A C29H33C1010 Exact RMEBES2007/071749
576.18 Mdl. W.: 577.02 C, 60.36; H 5.76; O, 6.14;
0, 27.73 A OEt 1) Neutralize to pH6 - 7.5 using O
1IN acetic acid HOMNCH3 3) I(S)-()-1,2 p+a~oaanedi ol
leqg.) "OH HRO HOp gq.) OH 4) Cycto | ohexan e CH |
C24H35CI @ Exact Mass: 502.20 Ml. W.: 502.98 C,
57.31; H, 7.01; C, 7.05; SOHEMEJII 5 Procedure
[00119] 20g of, comgound A was charged to a reas At okt
& e and r pssur emo 30nL e @ a
! ere ddded o t hempeact'dr [and the
I eactdvogy 'muxture was heat ed 6 80C or rebY UK, ’oHand)
about 298 hours for reaction conpletion <%.5 AP. L he
bat ch was ®ooldd to 20C and neutralized to pH 6. 0- l
10 Mﬁiﬂﬁ’ CQ@oluwof(Lr ﬂohh@ﬁ%ﬁﬁaﬁol%té} 14156%&%1"[5 ﬁocihng a{nqla/ SQan
i nput). Extraction f 20] The product was extTacted
¥ r ovhcompounddan ﬁtbatnonlwn(qthﬁrelcpmleollve@@ﬁdded sﬂmrr@qmit ng solution is

t e th
e o Sy BESESF B PEPR,
< | @Xﬁal(me cbiriplegivithnippioline TiRehichdy &0k rqaleag o vaSconSdiltibh
a

B/r'ocedures. In carrying out the above procedure for preparing the 1:1 L-proline

complex Ii, the L-proline is employed in a molar ratio to compound I within the range

10  from about 1:4 to about 1:6.

[00111] The crystalline L-proline hemihydrate complex Ij of the invention is

prepared according to the following reaction Scheme VIIIL.

15 SCHEME VIII
¢l OEt O Cl O OEt
ethanol
Hot™ ///OH HoY ’/OH C;\ - 05H0
Compound | [o) OH

i
wherein a solution of L-proline and compound I (4.34 g, 10 mmol) in ethanol/water is
heated to 70°C to give a clear solution. The resulting solution is cooled from -20 to
-25°C and seed crystals of 1:1 complex with L-proline Ii are added. After 3 days at

20  -20°C, solids are collected via filtration, and the filter cake is washed with cold
(-20°C) ethanol. The resulting solids are suspended and recovered as a white

crystalline solid Ij, HO.5-2 employing conventional procedures.

[00112] The crystalline L-phenylalanine complex Ik of the invention is prepared

25  according to the following reaction Scheme IX.
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Crystallization [00121] 2.8g (1.05 eq) (S)-(+)-1,2
Propanedi ol was added to the reaction m xture. 20 The
whaioshoawes seeded with O 1 g conpound | seed. 1POMIS2007/071749

Cycl ohexane was added -40 WO 2008/ 002824

PCT/ US2007/ 071749 and the batch cooled to fromroom

tenperature to 5C . The batch was allowed to stir at

fromroomtenparture to 5gipmgaxt 1 hour before

i solation. Isolation and Drying 5 [00122] Each Ioad of

i sol ated cakec washed 50/ 50 by vol ung
i sopr opyl B/ cycl ohe e mwuet ures

drid Tt M d vacdum ® undet RTINS
(CakeNig iy when KF = 3. 6%/=—ot. 199 . Yiel Gu=

(uncorrétted) 10 Typi cal purlty = 99. 81AP Typi gal
content = 98rendl 15 8% byr@alan@BXAMPLE 2 Preparatio
(R) - Propyl ene dycol Structure - b d Ot HO O
CH3 HO OH OH H20 HO OH 15 (R)-propyl ene gleyseitie cdmpyex

[ 00[3))6?& Thf p{m@y e%[n?rﬁyl & Qs%lx%d Y§ \Qflltels&lﬁlyﬁéawl? b'}é%srg%lg{/ng solution

pre are usi ng as de
f oris fitered H)d qmidecpgol aemémagél;(m(ﬂthe;takcuhmmo@tioa céiiExiaimg Icernﬂ_c)und L

£ & sty RopRU S oaini R0 Bruliray 1B LSy ¥

anl%blgttgﬁbe@&t{ﬂ%% 18 fOralaien Rl obQlrvdatadbh-Bh I wed éb'hﬁ])on is Suﬂﬂected
WO 2008/ 002824 PCT/ US2007/ 071749 For m SA-1 - Fornula

| ¢ tglcoprnti@ial ©EEpveryprocerieH, Thegl-Phapilal4minacamplendigagecovered
deprotaatlsofy idgf gg{d" s HT RHA BufPIRANDPHE O ORt
HO % ‘%gues ous COQB Ifo‘u '

10  [00114] The following examples are provided to describe the invention in further
detail. These examples, which set forth the best mode presently contemplated for
carrying out the invention, are intended to illustrate and not to limit the invention.
[00115] The preparation of compounds of formula I is generally described in U.S.
Patent 6,414,126, and specifically described in Scheme 1 and Example 1 of U.S.

15  Patent 5,515,117. U.S. Patent 6,414,126, and U.S. Patent 5,515,117 incorporated by
reference herein in their entirety. Stable forms of compounds of formula (I) can be

crystallized as solvates (e.g., hydrates).

EXAMPLES

20
PREPARATION OF CRYSTAL STRUCTURES

EXAMPLE 1
Preparation of (S)-Propylene Glycol ((S)-PG) Structure —
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crystallization HO* OH ,"OH SOH 2 H20O Ic

nmono- Et OH-di hydrate form SA-1 M 40C - 41C [00124]
w@oopoorsed A (1.0 g) was di ssolved in Et OH (3. Opai/pSivg7/071749

heating to a boil and the solution was diluted with

water (7 m). 1 m EtOH was added and the 5 m xture

was divided in three portions for crystallization at

20C, 5C and -20C.  Af tirmCObi_ N rinuas 0 to - 20C,
crystals were forned which have M P. 40-41C  EXAMPLES

4 AND 5 Prepafafipn of i-hydaene d ycol Sty e €' For ms
SB- hcoahd® < For nfifiafi'on | doand ey ~Respect | Vel Y, se
Cl ORtoMphorm SB-1) —Quid %t | e gFaum SB-2) HO naoac

1-16 CH#MO OH ' 2H20 OH Ethyl ene @ycol [00125] To
obtain the polynorphic formof the ethydepeagl ycol

di hydrate Eryst al formSB-1 Id, conpound A (0.5 gm
was di ssolved i n aqueous ethylene glycol (0.3 nL
water: 0.5 m ethylene glycol heatd ng at 45 C for
30 min. Upon cooling to 150r o@n t erature, seeds of
t he “SEPEPVERHAR)Br e &UdEd.] The reaction mixfiire was
stir? 84'P8F 16 hrs, to pPoy, @8 white™@rystal ldne
solid. The crystals were filtered, washed with water
and dried. To obtain the pol%rrprepehilcl formof the
ethyl ene glycol -42 WD 2008/ 0U28a4 BCT/ US2007/ 071749

S NLS FSRATAR PR Sy e EBRIE At v

gl yesdnt 65y5tEl. form SC-3 |a were added to obtain the

et hyl ene | ycol dihydrate crystal form SB-1 |d, )
| i 45 D Fridese e pE FanRpe 4T CAd TS
Wit Paene@sS wiRMNRIOH A 1500 188dnizba vkt e H LY RBloRed ¥ 3uop Binkous

formof the ethylene glycol dihydrate crystal Tform

SB- M@l Q05w B 89% o) epideal AOhen o {netbe maasuring
aqg u%@ﬁ%?r Qf{aﬁ thr?s@é?reg lvMﬁl%aéQX% Bg% ﬂl@geac{ijﬁf)%fige@.obbrﬂﬁound A

see e nono- Et O+ di hydrate crysta ormSA-1, Ic
wer @0added.37@ noddi wasndtlbbandtthyinenec ghygoted dndaircdtte~68°C

t SB- 2 | Exanple 5). Th I
15 YT b hah b R T YO SR Y T U E RO T 0
gljl\-ﬂélfgeﬁ{al {eRipBmuRBscbaidf 85°8B-Adter & btNIMR3 G489 AViizdickMRSpletion

of reaction, Compound I AP ~99.5. After the mixture was cooled to 25°C, isopropyl

acetate (2.5 L) was added. The mixture was stirred for 10 minutes and then the
aqueous layer was separated (pH = 12.5) and organic layer was washed with water (1
15 L). During this wash the pH of the biphasic system was adjusted to 6.0 with conc.
HCI (5.0 ml) and then the aqueous layer was separated.” The organic layer was
collected in a separate vessel. The reactor was washed with water (2 L), MeOH (2 L)
and flushed with nitrogen gas. The wet solution of compound B was recharged into
the reactor and (S)-propylene glycol ((S)-PG) (67.03 g, 0.872 mole) was introduced.
20 Optionally, seed crystals of (S)-PG Ia may be added at this stage. Instantaneous
crystallization produced a thick slurry. After stirring for 1 h, cyclohexane (2.5 L) was
added rapidly over 10 minutes and the stirring was continued for 21 h. The product

was filtered through a filter paper (Whatman #5, Buchner funnel 24” diameter). The
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(t, 3H J =6.98 Hz, -CH3) 3.15 (m 4H,), 3.33 (bs,

6H, -CH2), 3.42 (m 3H), 3.6 (bdd, J = 11.4 Hz, 1H),
w@2®80msp4 5H, H 1, -2CH2), 4.43 (t 1H, J = 7.BCHES2007/071749

OH), 4.86 (d, 1H, J = 2.4, OH), 95 (g, 1H -OH),

6.82 (d, 2H, J = 11.47 Hz, Ar-H), 7.8 (d, 2H, J = 11.4

Hz, Ar-H), 7.22 (dd, 1H, J = 2.5 Hz, J = 11.4 Hz,

Ar - ﬁ}ra‘chl ) rﬁﬂml akd ool Ebolipl%muéﬁ +['lfle il c%@vﬂ%sﬁeﬂ%th a
MHz, DMSO 12. 49, 59.16, 60.6 0.69, 68.10, 72.51,

76. mz@turerel Blof M@Ef@c@mn@@ X 125 allcbdrleﬂzledmuctlpzforw h. The

N e

Pr eq:laﬁa’()?@)for ok o (5F iR aGo lavdyss ByoKr@spondad to(ﬂitnohﬁratﬂ: (3.6

) oD Thede g ang’ efdab OISHTANE™ Bt Tamomhic

Anogomhqmm}tgg‘p‘ol id Corrpound B Ot d HO OHO O—|
~- - HO~' OH Crystalline Ia%00128
ac eItOBHiSd ri pesd (cwztamn}ay bStprq?ateeﬁm@mi@rl&PW@ua I gLaysgeyent Csuch

undgnpsE LRGEH 1REERBRD 8 18ion\REh F§SRne clycol d
borontri fl uori (tzllgégll ét hyl gt hetrloat e ?j% (??1? neéyco m

andproggatiag ay des@ibefbovg Vethﬁwﬁhé) uscAf tesdingol di ng t he

(?‘bove mlﬁ%ﬂ&e do 5%%:@ % 18)%5' 4 Q%b Sl aé‘o?vﬁﬁg&z%

was a tlng m Xt ure was
f oraq BRI SAvo B 9O%|ﬁ1]{3CNélr®%m|®pﬁmm%l% 0pfireb%iBed | Q0Gradient

i © s MRl by oo BES W Hblsfe By min
of UWeavave length 220 nm.
*Neutralization before phase split was done to prevent contamination of the
15  product with NaOH. (S)-PG structure prepared without neutralization was slightly
basic [pH 8.3 of a suspension sonicated in water (~20 mg/ml)].
*HPLC method: Mobile Phase A: 0.05% TFA in H,O. Mobile Phase B: 0.05%
TFA in CAN. Column: YMC Hydrosphere 4.6x150 (3u). Gradient: 30-90%B over 45
minutes, hold 5 minutes; back to 30%B and re-equilibrate for 10 min. Wavelength:

20 220 nm. Injection Volume: 10ul. Temperature: Ambient
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10 reaction as determined by HPLC, the reaction
m xture was quenched with aqueous ammoni um acetate

W@ 20080028285 g) in 200 nL water. The phases werBCT/US2007/071749
separated and product rich organic phase was dried
over sodium sulfate. The product rich organic phase
was concentrated under reduced pressure. [00129] Water
(13 ng, 0.7 mmol, based OﬁXQNﬁQJ@[Mde conpound B
input), (S) 15 propyl ene gl ycol , 0.7 mmol),
t - but yI rf@)-Rydpytemnp y((OS((ﬁ)_PGngtIuﬁfEf@' Bampuric Fogmula Ia
i nput), conpound | a_seeds (- 20 ) were m xed and
held for 1 ' orn1aﬂ4@¢ysta slurr T
(10 amk™N-8 g to oundsolﬁonfl nput ) hoMas’ .
WO 2008 2@24 PCT/ USZCTG%EMTMQ crystablj ne producp Mo
(la) wasoisol ated by filtration (4-5% caand dried in
vacuo at 20- 25C. EXANPLE 7 5 Preparation of
Crystalline MeOH Solvate g &t O&t O Cd HO 0O 2MeCH
HO O . 2MeQg, 6k OV HO\ "/OOH HO "*~/OH OH OH
crude CrySedptirmg Conpound B 1g [00130] Crystals of
net hanokssipdvate: dgrwer e obt ai ned by di ssol ving pure
conpound B in nethanol and stirring at room
tenperature. A white slurry formed after a few days,
and was found to be crystal ' etrhanol sol vate | g.
10 ['ORLILES THE 8D f onsrde-cp e di - MeCH sol vate

N2 rddciged 1 N pl agg 15:4C QITROU I'n the

pr epécr)é\:%lfapr°ﬁa"96'f'”eq%yst aIQ'fal be %Pgnpm%ungg/l\g"as descri bed in
Exanpl e 6. EXAMPLE 8 Preparation of Crystalline
Di - MeOH Sol vate 1 g from Unpurified Cbnpound B 15 in
80/ 20 Met hanol / Tol uene usi pge:Beeds [ 00132] 6g of
conmpound B (HPLC AP appr oxn«mmtedo s 8099 was di ssol ved
in 15 nL of 80/20 methadolH{oruehe””] 00133] Seeds
(about 1% of starting conpound B) of compound Ig
crystals were added and the mi xture was cooled to
¥ orfio8edtirry containing crystals. 20 [00134] The

sl u[rOT)YI9\]VaS2®Idf %Bﬁﬁan@fA \@amglrgéd Ref R oriad %ﬁ%ﬁt@&nperature and
[ 00135] The wet cake was found to be crystalline

et resiwie. domi Mashanpl 49d9176wb 3N NaQH tvgrd 4dded tp the repesgriand the
Opelgagtlgfl n%(t{u%\%ag BLtEd to 80°C or reflux, and held about 2-3 hours for reaction

completion < 0.5 AP. The batch was cooled to 20°C and neutralized to pH 6.0-7.5

10 wusing con. HCI or IN acetic acid (requires ~ ImL/gm input).

Extraction

[00120] The product was extracted from the reaction mixture into 100mL

isopropyl acetate, the aqueous phase was split away and the organic phase washed
15  with water until conductivity < 10mS (~ 4mL/gm input). The aqueous phase was

split away.

Crystallization
[00121] 2.8g(1.05 eq) (S)-(+)-1,2 Propanediol was added to the reaction mixture.
20  The batch was seeded with 0.1g compound I seed. 160mL Cyclohexane was added
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EXAMPLE 9 25 Preparation of Crystalline D -MOH
Solvate Ig fromUnpurified Conpound B in

wokRamsITol uene/ Hept ane usi ng Seeds -45 WO 20P8r/00282d71749
PCT/ US2007/ 071749 [00136] 2.5 g of compound B (91.5
% was added to a scintillation vial wwth a magnetic
stir-bar. [00137] 4 nL toluene was added to dissolve
th ean@l%%%‘i:o#)l@d td A4 363)111 géraﬁ?et f %E§ "[W@%at@lﬁjglggallowed to stir
Next, seeds of conpound I rystal's (about
addad{ton{ltbﬁﬂl?o@ilpaﬂtum_toﬁ%@wdmt Wbsur dithexdis dwtem. 30 m nut es
and the m xture was stirred for 12 hours. Wt cake
was i solated on a Buchner funnel. The wet cake was
f ouRGlation b Deyikgt al | i ne mst hanol solvate Ig. It was
dri ed under vacuum at 30C. The resultant povvder | ost

TryOPR2 G nkac) loafl et fsolaed spkevivas wpshedpwith o)/30 Bygvodwge isopropyl
(c OJcEﬁf‘eyc‘?glbhex%&%rg r Tl@ak@@a?ﬁ@d%iﬁdo@rlﬂ aQhcuum oven under
crystal s’ Figure 10. [00141] The so fornmed crystalline
Ve Gilll yaduvar. dChlce ipdy eniided3 o6t 1. Hee of conpound B in
the preparation of crystalline conpound |la as
described in Exanple 6. 15 EXAMPLE 10 Preparation of
Cr y8ichl #+ {40 (incderdBtidyne- di ol Sol vate If from Conpound B
[n _Tol uene/ Et cetate using Seeds [00142]

1dl,4I)§)l].1(‘t Pty Ila%ééﬁvate can be crystallized in an

al kypiacrGabgedtes 6.1 €382k by Gor opyl or butyl acetate),
al cohol (e.g. isopropanol, butanol) or even water.

Tol uene 20 and heptane act as anti-solvents when
crystallized in alkyl acet@stevpi®l43] 509 (90.3

wei ght %9 Conpound B was di ssolved in 675nL tol uene.

The sol uti onPwasraﬁreatOédlkhoem@faﬁtycvmu%vwllbacet ate
added. 1.5 eq 2-butyne-1,4 ot 13. 3g) was added

‘ t he butyne di ol
o6 TNyt e a ed to 55C and 0. 1%
seeds (50ng) of 1,4-\autype- di oI 25 conppuvﬁ"'ﬂf was
added. The nixture hel d for2@ HouH%at oR5C.
Conmpound If started crystallizing. The m xture was
cooled to 25C over 6 hOU{z ﬁ]e resHLtl ng slurry was
I5tirred for 3 hours bef ol &PTREMAYYRG" (ot her i quor
CONOVER <T lﬁi'(lgl)@izépylené bl fsﬁﬁjctlﬁr@ dlay\@%beﬁéd W1ﬁghhé-§1(ﬁfﬂ-process

t ol uene + et hyl acetate, ried under

at %sﬁes%e%@iva fog mﬁé@hp@%l?nelglw%%}w%e il ranly Lieep! thar
If. (R3O &%@gﬂyc&l%gu@a 11’1'3)3/1%99, (510(‘8) E@bﬁ@ﬂé\’glycoﬁo 7 wei ght %

di ssol ved. The s

(Expected poténcy = for 1:1 solvate). Yield =
95% -46
20 EXAMPLE 3

Preparation of Mono-EtOH-Dihydrate (Ethanol or EtOH Structure) —
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WD 2008/ 002824 PCT/ US2007/ 071749 EXAMPLE 11
Preparation of Crystalline 1,4-Butyne-diol Solvate If

wo cwso@sepound B in Butyl Acetate/ Heptane [ OBAEB$2007/071749
0.5g Conpound B (91 wei ght%) was dissolved in 3.5nL
butyl acetate + 5 3.5nL heptane at 60C. 1.5 eq
2-Butyne-1, 4-diol was added and the m xture cooled to
roomtenperature. The EsP$AINFehdid ¢ Was stirred for
12 hours, flltered and__washed with InL 1:1 butyl
acetate: hept |ed under vacuun1at 50G-t'o
yi el da&r - but - di ol sol yst
= 85. 1% L, = 90% [0 Ej_"fﬁd%_.lm
sol vat 8°9'f Loy be enpl oyediepmtegionce of“eo ofiid B 10
and enploylng the Lewi s acid BF3 2CH3000H 1 n pl ace of
BF3OEt 2 t o fcompauhdl® crystalline conpound | aCorei¢ands E
12 Preparation of 1:2 Crystalline Conplex with
L-Proline - Structure Ih, Form3 d Ot d / CEt O HN
H20 O HO + isopropanol HO OoceH HOO" /OH HN OH
OH OH Conpound | L-Prol jng 5 Crystalline
CbnpléWU$MSP9@147] HOsol uti on of L-proline (11.5 g,
100 mMBkthiidationl 0 ML ofHoaf €forwas heatgg to QQg and 100
nL and i sopropanol was a@ded. To the rapldly Stirred
solution of L- proline was added a roomtenperature
sol uti on of conpound | (21.4é%; 50 nnnh) in 100 nL of
i sopropanol . Solids forned a°f f'82i on was
cooled slowy to room 20 tenpemﬁhwﬁﬁ41&he solutlon was
filtered and the resulting solids were washed

i so3PBdanotorrnundneld-Ond) Wra diaspbeed ITRIOR 61§ Bd) %&%ﬂ%ﬁ? agoil

UNdgld (AU Q4E BildtQ Witly RateBO-1f1).91 ol EFOMMVal £18@hhFthe
contai ning conpound | as a 1:2 crystalline conplex

S t hixgure peodivided nghieg pentipes foncrysteltipatig at 204, {0 and —20°C.

of 40g (RS B ARG e PRl LU AN RS
|

i, Form®6

EXAMPLES 4 AND 5
Preparation of Ethylene Glycol Structure Forms SB-1 and SB-2 —
10 Formulation Id and Ie, Respectively

Id (form SB-1)
le (form SB-2)

o 2H20

Ethylene Glycol

[00125] To obtain the polymorphic form of the ethylene glycol dihydrate crystal
form SB-1 Id, compound A (0.5 gm ) was dissolved in aqueous ethylene glycol (0.3
mL water: 0.5 ml ethylene glycol) by heating at 45 °C for 30 min. Upon cooling to
15  room temperature, seeds of the SB-1 (10 mg) were added. The reaction mixture was
stirred for 16 hrs, to provide white crystalline solid. The crystals were filtered,

washed with water and dried. To obtain the polymorphic form of the ethylene glycol
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COEt CI CEt H20 O OHN HO + ethanol HO HO /CH O CH
HOK /OH HN OH OH OH Conpound 1 O Crystalline Conpl ex
WO p0o0sfo@3248] A solution of L-proline (0.23 g, BCRURIWOTNT1749
in 1.1 nL of 90% 5 et hanol/water was briefly heated to
boiling and a solution of conmpound |I (0.4 g, 1 nmol)
in 4 nL of ethanol was added. The resulting solution

Vmsdlﬁﬁ%t@ Gkt @rys ARG MPEB-14d h:o%ﬁﬁrfbgA WAl Gibsolived®n ﬁtﬁ'eblg%thylene

formed. The solution was stored at roomtenperature

f or glgeall 6 proppirac ghselery s Oraii-3 I vigfe ad%ﬂlé}o plifain the ethylene
su p§§§>?hﬁ9qra%é@§ys a?%é% 1 1%« ﬂh&@% ”Tc}gége V\g?ééélg ?vie}eggﬁéred and

and the' so
und\ezshamwu]acwmwamergl ve 0. 025 g of a white solid

ont.ai )i Ng-.conpoun in stalling
o tOLR Ty REER S habetfels iRk ont R ERE R o
Pr efoan Stgmre (Eianﬁ?l%ﬁ)‘; abhpnmd Powas dTlss5Pv2d ﬁlfathdﬂﬁ olhiyRee glycol by
CO | He 15 St
RS FOPE SR e BB e R b Tor™ S7Aah €

0- 5420 i £ Fytiohd 5 0o
;T 0L46] A Sarutr o liﬁ?%@“ﬁfﬁdﬁe‘* B 2 e 2

andjfl@éwﬂﬁawpre(fzitew agd Wmed r‘fvﬁfbleycqswstzr an of 97%
th wat £ Mes N t B
1(5; e@p éol ukﬁr\}on Ji'EJe rggié%u1 a{}Llﬁﬁsyg];?efsjo Pglt\llg/%ﬁé‘gggﬁ%é%lhﬁé))s I-29
- 20 3hd ineﬁtScHz;FQHB)aa 5 (@f, 480npad (e, 6H,20H2), 3.46 GmpBléXx 3.6 (bdd,

dny o ST P B0 BEhHERE ) s2Ch Bt i 3T P ol o @ om

ands + bhe, OH),Uers (gake -@aS o BexH, Wit 1. 4C7CH[z(;JA(r-}BO'@ (d,2H,J=11.4
A0 D52 LU 5 20! 99, USEE P U PERE el 150 B ave
15 CNMR (400 MHz, DMSO) & 12.49, 59.16, 60.61, 60.69, 68.10, 72.51, 76.11,
78.51,79.02, 112.09, 125.16, 126.47, 127.38, 128.61, 129.02, 129.73, 135.62, 137.48,
154.70.
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filtration and washing with heptane to give 0.3 g of a

white solid. The material (0.02 g) was further
wa@eoosoadskd zed from 20/ 1 Et OH H20 with sl ow evapor/as100T071749

of solvent and -48 WO 2008/ 002824 PCT/ US2007/ 071749

slight heating/cooling to grow larger X-ray quality

crystals containing a ratio of 4 nvolecul es of

conpound |, 4 nol ecul es ofgxtsMpPlEigre and 2 nol ecul es

of water per unit cell, hem hydrate of 1:1 conpl ex

with L-proline Puwarationrod (PG §plyata FormSC-§ IEXAMPLE 15

Preparation of 1:1 Crystalligg Conplex with

L- Phenyl al ani ne - Strugt
+ HBO HO O HO HpN B9

H2N Conpound | L-Phe)
Conpl ex Ik
was di ssof'%ed

resul ting sphu
et hanol sol uti g

Ik, Form2 d Ot d CEkt
b "OHH " OHOOHOH\ / OH

alani ne OH1- B:S®; Gt @8t | ne

Zphenyl al ani ne (%241¢%g, 2.56 nmol)

6ol of water at 19588 C. The

omopas filtered anad. thked)-RGangSeeds

(6.5 nL) contai ni nGEP"GFEm of

conpound | (2.36 mmol). The resulting solution was
heated to 80C phebswivled to cool slowy to room
tenperature (cry°s',' al formation was first observed at
55C). The sol ut¢dmponas stored at 4C. The sol ution was
filtered and the crystals were washed with 20%

wat er/ et hanol to give a conplex of L-Phe:conpound 15

| .
of 50% wat er/ et hanol as aboye
white solid identified g 3

with L-Phe (64% struc
by 1H NVR i nt eqjat®et?:

PCT/ US2007/ 071749
If via ContinuoudoLliy
\'d /| Ce E OH

10

15

This material was further recry®ftallized from10 nL

give 910 ng of a

1. B=cOnpl ex of conpound I
ng: , form2 as determ ned

49 WD 2008/ 92824y

/PLE 16 Prepar a6 of « Cagpound

i 44 on and Coupl i ngHReact i ons Br

O

Crystalline
la

[00128] To acetonitrile (12 mL), at batch temperature of 8-10°C under nitrogen
atmosphere, was charged borontrifluoride diethyletherate (2.3 mL, 18.4 mmol) and
water (0.82 mL, 4.6 mmol). After holding the above mixture for about 1 hour,
triethylsilane ( 3 mL, 18.4 mmol) was added. The resulting mixture was held for
about 1 hour, and then compound B (prepared as described in Example 17) in 10 mL
acetonitrile was added. The batch was held at 5 to 10°C. On completion of the
reaction as determined by HPLC, the reaction mixture was quenched with aqueous
ammonium acetate (24 mL; 85 g) in 200 mL water. The phases were separated and
product rich organic phase was dried over sodium sulfate. The product rich organic
phase was concentrated under reduced pressure.

[00129] Water (13 mg, 0.7 mmol, based on 0.3g crude compound B input), (S)-
propylene glycol (56 mg, 0.7 mmol), t-butylmethyl ether (5 mL, ~17 mL/g compound
B input), compound Ia seeds (~ 20 mg) were mixed and held for 1 hr., to form a

crystal slurry. Cyclohexane (10 mL, 33 mL/g compound B (input)) was added. The
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Lithiation Q n-BuLi in Hexanes/ THF, Tol 20 to -10C
HOCH 0 0 TMSOCH O CI Okt 2~ ~j TMSCI / NWM VOO- To-
w0 Y08/06#824 30 to -10C HO'' "OH (work-up in Tol pCTTNROVMEB1749

Li / \ Coupling >90% OH OTM5 G D d ucono-1, 5-1actone

D CA Ot d \ Ot 1. MSAor HO / MOHto HOCHZ O

\ I 1/ TMSOCHZ O\ | | / formdesilyl ated hem ket al
t§Blihe progub \%’és 1solatgﬂy§ilgatldﬂ|(%% aﬁcﬂh@&ﬁn 'Gng'alt 20—

back extraction

\ 125°C) HOCHZO\ 1 / 3. Crystalllzatlon vvlth(]ve

2-butyne-1,4-diol (J) in ;:rOvwe Tol / EtOAc HO ~~OH OH

OH HOJ ~"OH OH OH B If [00151] A reaction schene

simlar to that shown in $IEVIPLEVA and Fi gure 22 5

s enpl oyed. 015

i thiation reac b2 Jtﬁ“é’é%&f’%ﬁi‘ﬁgf g/{e‘ﬁoﬁ ﬁ‘?lx%tﬁ%) was set

up. [00153] A -30C chi¢dter for the coupling reactor 22 OEt

(j acketed stati geimg 22) and a
HO 2MeOH HO e 2 MeOH
HOW "/on HOV
OH OH
crude Crystalline
Compound B Ig

[00130] Crystals of methanol solvate Ig were obtained by dissolving pure
compound B in methanol and stirring at room temperature. A white slurry formed
after a few days, and was found to be crystalline methanol solvate Ig.

10 [00131] The so formed crystalline di-MeOH solvate Ig may be used in place of

compound B in the preparation of crystalline compound Ia as described in Example 6.

EXAMPLE 8
Preparation of Crystalline Di-MeOH Solvate Ig from Unpurified Compound B

15 in 80/20 Methanol/Toluene using Seeds

[00132] 6g of compound B (HPLC AP approximately 80%) was dissolved in 15

mL of 80/20 methanol/toluene.

[00133] Sceds (about 1% of starting compound B) of compound Ig crystals were

added and the mixture was cooled to form a slurry containing crystals.
20  [00134] The slurry was stirred for 6 hours before isolating.

[00135] The wet cake was found to be crystalline methanol solvate If but loses

crystallinity if left open for a few hours.

EXAMPLE 9
25 Preparation of Crystalline Di-MeOH Solvate Ig from Unpurified Compound B

in Methanol/Toluene/Heptane using Seeds
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pre-cool i ng heat exchanger (not shown in Figure 22)
for the conmpound D/toluene 10 feed was set up.
w@ousioesaus Lithiation [00154] The two feeds 0PCT/US2007/071749
E/ THF/toluene (2.74 m/mn) and Q nanely, n-BuLi in
hexane (0.41 m/mn), were m xed and conbi ned t hrough
jacket ed static mxer 5 15 (-30C). [00155] Before
bf‘ﬁst] t he s Dok el saga Bgeds %)%g %akeed(t@a RntiTlalif N1 WaSa
sen info the systemas a nmake-up flow to nmaintain
t hemegpetiastic-bpr.ow constant at 6.1 m/nin. -50 WD
20080 7/ | es at the
outq%et i ﬁﬁlequ{u?ﬁl aa%a%%edit?é%soé&e%ﬂ%go?ﬁ ?grpd HPLC
anal09si8s mmlenaldnbbeiseddedSangt, escdsvef @nippkahlgrefstalse(about
)10 e on&(? of the coupling reaction, and (b) after
é‘fv?rgg 8n of the reaction mxture into the
NBA{OM{@ﬁ r £ ACtHRPtanOwAHILEGARH SO fadibfs iaﬂ@thgﬁﬂﬁthfeaﬁhs stirred for
[00157] The D/tol ue feed (2.96 M/ mn)
prel %%rseaw.cskeawmﬁat me%@célper fwbr@emqpﬂ@ WS fgpnd to be
t heorldiditheahéiBmobidiRame, [ORLBEd TRRr tMRuStal QRO TASRREMNt
G and D were mi xed an§ conmbi ned through a |acketed
st arqvelerdotesrysgdlinityet ween - 24C and -30C). 10 [00159]
The m [ Yy
oo BB 1 P R, M E B g o
m x@yst'cﬂﬁ Figure PL.C anal ysi s. Sarrpl es vvere t aken before

AT B SN e BN TR R Rl gl s AR A S

st r @aiporkd Bastht etpiratian GQOstilline eap@ind 2Hascderdribied imlgxample 6.
MSA and nmet hanol or HCL/ MeOH at <-10C with stirring.
[00162] After the collection were finished, the

19 eaction m xture was kept gRAMPHERG) W th stirring for
anot her hour. 001631. The reaction m xture was heated
up t oPBparatiphel Cartallipnl.dda tyeetialdolvate Hdrgm Sompoypd Btin
6 hrs) until HPLC %ﬁle}ﬂgﬁE%h};llAQE&l?etl%ﬂlgtg@as desi |l yl at ed

hem ketal H The reaction was cooled to
r oot Bipet, &tﬂwt}ele(dMSI)lvaﬂ mmm@meawd oren abiyt eestage (gegs ethyl,

h el ?éﬁ or Q‘Qyﬂf;gtﬁtgjj [a[(jgfié)g] ﬁ: é’ gp%gogg%oﬁybs It:a%]rom%{é éev%ﬂ V\\’)I%Eﬁl" Toluene

2(2 banidyhaptade, abt ahi anki-sOpnts wherodryesBzddtiOMkyt etyicel d
E&XM‘ET 1$§Og| (BO 3 welgh% 800rr(1)1§0/u0 8\321% dﬁge%el'cjl %(/)Zmlg to ge%g The

solution was heated to 60°C and 75mL ethyl acetate added. 1.5 eq 2-butyne-1,4-diol
(= 13.3g) was added and the mixture held at 60°C until the butyne diol dissolved.
The solution was cooled to 55°C and 0.1% seeds (50mg) of 1,4-butyne-diol

25  compound If was added. The mixture was held for 1 hour at 55°C. Compound If
started crystallizing. The mixture was cooled to 25°C over 6 hours. The resulting
slurry was stirred for 3 hours before isolating (mother liquor conc was < 3mg/mL),
filtered and washed with 180mL toluene + 20mL ethyl acetate, and dried under
vacuum at 45°C to yield crystals of 1,4-butyne-diol solvate If.

30  [00144] HPLC AP =99.5%. Potency = 80.7 weight% (Expected potency = 83.6%
for 1:1 solvate). Yield = 95%.
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Preparation of Internmediate A Cl Okt C Ot C Okt

HOCHz O\ / AczO O t. Et 3Si HBF3. 2AcCH AcO 0 Ove DMWA,
WR@S@A824CH3CN HO "' OH CH3CN, > 90% AcO™ " QOAc PCT/US2007/071749

Acetone AcO ~~ "'.Ac 3. SDA3A EtOH OAc OH OH COH QAc

crystallization >00 B. Crystalline Final Internediate

A |If [00165] Solid conmpound If (50.0 g), solid DVAP

(1.2 g), liquid acetonitrgkaMppP115 M), and liquid

acetic anhydride (63 nL) were charged to a 250 ni

f | aBreppeationof Cryqtging bit-Bpen eodioloYol arey t)froge € opaned Ban Butyl

hel d until reaction conpl ] The batch was

cooled (5C). [00168] Tri eAt%ﬁéresdl{P@%gg(n nm_), and boron

triDS i deSaCempamdd @1 eeight®exw{sGdssoiivyd indeinel bitglrgetdte +

0 e reactor 0 Aft er..conpl i.on,of t.he
$ bt Tbhetaieal apk” e Phuat) SuaaRugbSh Bl s coped
( 21@)0%&%1816’(?@71 1’&&%&:@1@1@ sliﬂl\lltlzllziggtsﬁi(r% foy ﬂ$/]'1d)u’22 glltﬁdﬁa and
consunmed. . ueous c 3wt 9 was
ad dwhsfﬂ‘alﬂe EH@LB:;& l%aegatﬁi hepgpne, an g ppdep vacayp |ab30°c to
untyibid eBRASs RNd-dudnRIdiNRasAs I1f PorRel = RO RlicIBatoph.

vol une of product in the rich upper phase was reduced
by DL | | Thrgl 4-bwyes fiobobisisi mey ecmplopadn e of compound B
gi .at.l = : - e
B R R S e R s G
cr ysysadllinzedhpoyndleol i ng or cooling with seeding (5 wt%
based on conpound If wet-mlled, nitrogen jet mlled,
or a previous batch). The product was typically
isolated in > 75% vyield. EBRAMPULE4}2 The product was

recrystallized as either a wet or dry cake from
et hahtParaonshl: 2 Gaysspiline Soralisp th ExBushiesr £t potiyeci, Form 3

[00175] Crystad strddctures equivalent to the crystal OFt
structures; d¢ ed bel o d 25¢e| ai med herg @
demnsyrate>sim ar, yét non-i dertriceml , anal yii ca

char atgrzsti cs within a réaSbnabl e rangs“ of @t'r o,
dependi ®fy on test conditions, purity, equipn®t and)
ot her comméareeredli abl es kndwrei'to t hose skilled in the
15ar_t. [00176] Accordingly, it will be apparent ok Quil Qggpexlh
skilled in the art that various nodifications an

var 0847 nsA calntibeofifapelinn(18 ez, potesent) in hymbtof emter was heated
W ttro]%HEC gnecp l%r()tn#angnd iéoSp%Opanol was added. To the rapidly stirred solution of L-

2

proline was added a room temperature solution of compound I (21.4 g, 50 mmol) in
100 mL of isopropanol. Solids formed, and the solution was cooled slowly to room
20  temperature. The solution was filtered and the resulting solids were washed with
isopropanol followed by hexanes. The solids were dried under vacuum oven to give
30.4 g of a white solid containing compound I as a 1:2 crystalline complex with L-

proline (structure Th, form 3).
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WD 2008/ 002824 PCT/ US2007/ 071749 fromthe scope and
sprit of the invention. O her enbodi nents of the

w0 poognolsen will be apparent to those skill ed Par/Ukm®07/071749
art fromconsideration of the specification and
practice of the invention disclosed herein.
Applicants intend that the specification and exanpl es
be consi dered as exenpl argxARgprLHe8 |imting in scope.
5 X-ray Powder Diffraction [00177] One of ordinary
ski | Priparatipa addt1 Girystallieranplex with RaProding ofitraetuye haliﬂrm 6
diffraction patterngmy be obtained with a neas Q

diffractohon pattern may fluctuate dependlng thon Zﬁt
nmeasur enentemgemdi ti ons enpl oyed. It should be furth
understood that relative intensities my alsg%%@&ymm“h
dependi ng upon experinmental conditions

and

acclPHiBhg 4 solutiopeofdxaroting(0care. B2 mmeletsl t pLsfgdited not
t

b SEHSILAE 60V NS4 008 L TEORTER .

error o raction angle
X- ragop) owdl erl dfsthdndlfwaaeddedn Tbate‘sldring jodutioy pias addled tab20IC for

5% | ess d su asur emnmen error

o £ 4R Dy N EEREE TRl olTRER Vs Tt ey GO mperature
_af OKOEHEEI}S! cmedeseiélfwgas aﬁitﬂliﬁﬁehd a&hﬂ@lie%‘ap?rﬁ?ﬁﬁlﬁ (e 1y eaﬂtdvyd.fmeh
IS to pe un rst oo that the crysta structures. o t he
i nSERAINg Sﬁb@ﬁf%wa%{lﬁ% b Lo R apbthe i pypsg dyped under

16t f%@ﬁlﬂﬁ BSgi 1§02 PE O \Qﬁt&son@yorf#alﬁlﬁg LR 1 R £ EERStalline
conpletely identical to the X-ray powder diffraction

pat ¢osmiex veépl-erodige (strugthis IRdorac®@onmpanyi ng Fi gur es

di scl osed herein. Any crystal structures that provide

powder X- ray diffraction patterns substantially

identical to those di scl oEXAMPLEh¢ acconpanyi ng

S iRal At 358 728 oL AR 5l pemimarat -
13 dentities of X-ray pO\AderSt@Iuétﬁfeantl on patterns is

within the purvi ew of one of ordinary skill iR theg

3 or m sc-?la R -PG 1b,, []
rSrESdivol™>Sol vat e ™I and «Gemet Hano 51 ate Ig
Hem hydyake of 1:1 L-Prold n¥® Conpl ex [4% H"&- 2) 0.5 H0
L-Proliswe Conplex Ih and 1:1 L-Proline CBnplex Bi_,
Struct ures*Pod178] About 200 ng were packed inte a

Phil i ps povvder X—ray diffraction 30 (PXRD) sc@;mj.eeomp.ex.,

hol der. The s le was transferred t Phi | i

uni 00493 r@xsoluu@l ofe-Pielingdi 2 & %a%r%olwéad@t)@awnéét(‘éa“ &tlo

r O%Bgrﬁp?f RALWEG7d.Ha R vt dr Qa3 %I‘lgﬂ)I R&ta 1§ ABE 1o g@@ a Wear
2008/ 002824 PCT/ US2007/ 071749 (conti nuous scahnni ng
node]utiscalihd reeultizt @liod 3as ecgaﬂ@ies FXB€ .and sagetl orydialsexf g@mumnd I

2@ gﬂlpfg&{glﬂff%}%{gﬁ ieprrgibels%rﬁcturre% 0rr>1l|6r\]x%r dldted zgfter 3ngL]ys at -20°C,

solids were collected via filtration, and the filter cake was washed with cold (-20°C)

cthanol. The resulting solids were suspended in 5 mL of heptane, followed by
filtration and washing with heptane to give 0.3 g of a white solid. The material (0.02
g) was further crystallized from 20/1 EtOH/H,O with slow evaporation of solvent and
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[00179] Powder X-ray diffraction patterns for the
(S)-PG(la), (R-PG (Ib) structures are illustrated
WO pooBlogpsees 1 and 2, respectively. Powder X-rapCT/US2007/071749
diffraction 5 patterns for the 1, 4-butyne-diol solvate
I f and the dinethanol solvate Ig are illustrated in
Figures 9 and 10, respectively. Powder X-ray
di f fifoROtch b/ RBEAEH BP0 Red Rerat qhallty cr§tlk EORaiFAEREE% of 4
I h, f:l L-proline conplex li, and thé 1:1 L-proline '
heninplpeiiestas compami &xt mpleaides o Lenrelincand 2imalegglep af wefer per unit
Fi : Lvel
i £y A ol cditel SR PIHIE gt §RFH52) e
(S)-PG (la), (R-PG (Ib) 10 hem hydrate of 1:1
-proline conplex Ij (H 5:2) . -proline conplex Ih
tnd 1:1 L- proline conple§§ﬁpaé%$a%tures are shown in
Tabl @rdpabsticnvef 10har@edliid GérhpleslwithraBhémymlagirékStructure Ik,
positions (degrees 20 0.1) at RT, are based on a high
qual ity pattern collected W% 2% diffractoneter
(CuKa.) with a spinning capFiNary with 20 cal
with a Na A~ rn8titute St angar ds Je
met her +sui  abpe I gtantfarc
those skiljed in the art. The relative ine®
howeVer X m&y change dependi#ig®0on the crystd size angd
mor phol 0gy «..t.ABLE 1 Selec{gg PXRD Peaks (20 0.2) #N
(S)-PG (1a) (R-PG (Ib) H5"2"N'1, N1 1:1 L-proling-os
1:2 L-proline (Ih) 1:1 L-proline (li) (hem hydrate 1’
3.8 3.93.93.33.9 7.6 8.08.86.59.5 8.1 @ystalingSomBlex Ik
8.6 1.3 Al ; . 5
15 GORpE Pplerd i35 52 @Rl iRy Ghtdn Ry bigncta
1018. F0°C1&hOred@tife dBution 18 iltdi9d dnd KWded to2@.eBraR@.s8luBbn @.5 mL)
20.3 20 -54 WD _2008/0 4 PCT/[US2007/.Q071749.
Sol §oge& L grmafé%p%ﬁgﬁgf%mﬁ@ oﬁﬁﬁ?@“ltl%ﬁog‘ﬁ]onfﬁé heated to
St r sipt Whe 8l R ed tStod? ol lya rodnRlenP&alurdderystal formation was first

1, 4-butyne-diol solvate If and dinmethanol solvate Ig
ver @sefiet OO EP) Jdd siytiaoldsdtosedeat é°NVRhet sebiini traeBltered and the

hgg%%&él% ﬁlellg V%l?l{ljﬁ‘{gg\{r'iﬁ@%ﬁw&égf&hiﬂmog\%sau&%ﬁ&to% L\—’ﬁlre:%ompound

15 L This material was further recrystallized from 10 mL of 50% water/ethanol as above

OEt

to give 910 mg of a white solid identified as 1:1.3 complex of compound I with L-Phe
(64%) structure Tk, form 2 as determined by 'H NMR integration.
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5 400, 400 MHz NWVR spectroneter. Hi gh resolution

spectra were obtai ned using high- power proton
waelemsmseyig and t he TPPM pul se sequence and r aP@I/US2007/071749

anpl i tude cross- polarization (RAMP-CP) with

magi c- angl e spinning (MAS) at approximately 12 kHz

(A.E. Bennett et al, J. Chem Phys., 1995, 103, 6951;

G Mtz, X W and S. O SgkihmMpPLB1¢Magn. Reson. A .

1994, 110 219-227) proximately 70 ng of sanple,

pac Peeparaignel & qanlmnd dt dp C@egnwszluﬂleaimnamrl&@phmgeactwns

used for each experinent. Chem cal shif 1B)_omer e

referenced to external adamantane wth h

frequency resonance being set to 38.56 ppre (WL,

and D.L. VanderHart, J. Magn. Reson., 1982, 48d

35-54). [00182] The resulting 13C NWR CP JShesdrum

for structure (S)-PG and (R)- PG are shown PRk gur es

3 and.4 roespectlvsg:! MionlgB j or ,resap nce
peaks f  he so’ierMsta e cafbgn specETB of S)z PGrooc ™
and (RBG dre teréd bel oW W PEBl e YA &N 2 Coupling
and fpgucono,lsadoneutyne di ol "sol vafe I'f and di et hanol

sol vat e Ig are listed bel owin Tables 2A and 2B,
respectively. Crystal structures nonstrati ng

Ear |

ithiation

subs antially_si m a§..113C NVR peak |positio el N
" subgtanti al I arl' 1eans mdds t qHobbpoQ
di mensi on} ess. val ue, ré‘ﬂ’d‘*é%f‘h‘*@de"él‘fﬂ?tota,,°“vmthlnt e

NH,4OQAc (EtOAC,

scope ofthieemnvention| (v equi al'entt, tO the
structures” lustrated below). TABLE 1A Proton N
Peak Positions for (S)-Propyl ene dycol Sotfvate |a 25
[00184] 1H NVR (400 Miz, d6-DVSO) 6 1.00 (d 3H,
129 (t, 3H J = g98 i

3. Crystdlllzatlon wi'th mHZ 3 r .
s 3TEY (hee Y 4.4 e,

T H I, -CH2,

4.3 (d, 1H"J=4. 5Hz, OH)] 4. 44(dt, 2H J=2. 2Hz 0 J =

Bl R ittt Sl h A AR

52H,ngsemp$0y@dl—lz Ar-H)y, 7.22 (dd, 1H, J = 1.97 Hz, 8.25
Hz, -H), 1H, 1.9 Hz, Ar-H), 7.36 (d, 1H,

J —[09152] HZA }i} C|.q§nllet @St%tlgg@gl/rmggéi]acketed static mixer 5) was set
PCTA US2007/ 071749 TABLE 2 SSNWR Peak Positions / S

(in ppn) Rel ative to TMS (Tetranethyl Silane) (S)-PG

( R) OPS36/ ppr3®Cpitier o6 e coBplBg reeptos 22 Gadkete@siatic Bixe022) and a

60. I?re—ggolgng heat exchanger (not shown in Figure 22) for the compound D/toluene

10 feed was set up.

Continuous Lithiation
[00154] The two feeds of E/THF/toluene (2.74 ml/min) and Q, namely, n-BuLi in
hexane (0.41 ml/min), were mixed and combined through jacketed static mixer 5
15 (-30°C).
[00155] Before pumping the D/toluene feed, toluene (2.96 ml/min) was sent into

the system as a make-up flow to maintain the overall flow constant at 6.1 ml/min.
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63.3 63.2 69.8 67.4 76.9 69.7 78.7 77.3 79.4 79.2
113.8 79.8 123.6 113.3 129.3 123.6 130.5 129.0
wa3dmsnok3dn. 4 135.7 132.0 139.1 135.6 158. 0 RGPUKX007/071749
157.9 [00185] These data are strictly valid for a 400
VMHz spectrophotoneter. 5 TABLE 2A Proton NVR Peak
Positions for 1,4-Butyne-diol Solvate If [00186] 1H

Nhﬁgﬁflﬁ(]) l\@gnpl&%l)%)ouﬁ’et%f ?h(% hmlatlo%l'ltatlg m‘n;e? 5¥0H¥PLC Qﬂ%}ms
3 H) werg c@llec(e@nﬁams wge grker blefmg }ép) the atpetiof Hze coug_lglg_rnggqn and

.9 ,
2 H, (%a &ff@r élileZLDo]_&c(ﬁoir%f lﬁ_q'? rea%tﬁ)%ﬂlzcgrrg ?Hzth%rﬁs-@me?ﬁﬁ%g?&
1H, Ar-H): 13 C (CDCl3) 6 14,78, 38.43, 49.14, 50.57,
1.84. .63 72.53, 74.63, 100.95, 114. 36,
5?2)8"'?5'6“’%%16"'1@5‘@%3“1% 59, 129.71, 131.38, 134. 30,
136[06157] 13Bhbb/toldné fo2d (2.6 RI/mliO3Ivdd Bfe-cooed vIMQ heat exchanger

2008/ 002824 PCT/ U§2007/ 071749 TABLE 2B Proton NWVR
Pe ¥ TPs S¥ NS Eh s BpRDSHEM®1  Sol vate 1g [00187] 1H

Nl\/ﬁobf‘é%(j) Mo twONVBEA Rl @End b we%‘imxé&ar?d cbttned -tl{;'o‘{ﬁg)h
2.38- 2.54 (m H] 2 (m

3 31501{%1 SBHC rrm@@:?éybet\@ew%%gd el C)l)H 5 H 6),

L e
( d [021—4)0(,!j SZmlgst\zerged)él,ectﬁd &,%\lrlef aljtlcPéd, ;he]r;u;x&r » fdz H_PAC-ahalysis.
; g%antpic?s’vielgf:!_!faﬁn_ ti_q)t'o’ré i%d_%(e( @Bé%ca%n ing04t.h% éf@%@feé)?i reactor 25.
49. 02, 60.81, 62.84, 70.05, 74.02, 76.81, 83.97,

100, 64, 114.23, 127.40, 128.2, 129.44, 131.2, 131.4,
132Vgthyl Glygosidatiopsg 57 156 84, El enental anal ysis 10

15€al pul A edridou HBR G B rcafad48vds f&P1048001H réfttor 25 containing
Cl6. 75; Found 59. 35, .97, d

MSA 'and methanol or HCUMeOH at <-10°C with stirring,
[00162] After the collection were finished, the reaction mixture was kept at <-10°C
with stirring for another hour.
[00163] The reaction mixture was heated up to 35°C. The reaction was deemed

20  complete (about 6 hrs) until HPLC analysis indicated that desilylated hemiketal H’
RAP <0.3 %. The reaction was cooled to room temperature (20°C) and the reaction

mixture was held for 16 hrs to form compound B.
Formation of Crystals of If

25 [00164] B was crystallized with 2-butyne-1,4-diol (J) in toluene/EtOAc to yield
crystals of If.
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6.19. Thermal G avinetric Analysis [00188] Ther mal
gravinetric analysis (TGA) experinents were perforned

WO p008/0I2824 15 | nstrunment sTM nodel @B00. The sanpdEUS2007/071749
(about 10-30 ng) was placed in a platinum pan
previously tared. The wei ght of the sanple was
nmeasured accurately and recorded to a thousand of a
mlligram by the instrumepkaMeLE Yt nace was purged
with nitrogen gas at 100nL/min. Data were coll ected
bet ween room t enper atngparatiog of Bgmediata AC/ i n heat i ng
rate. 20 [00189] .JGA curves for the (S)-PGla an o oEt
(R wRG blsKrictures arg s Qi (1 Flighres ,5-3md O
respect eny. W “0sl T resp € M0
vat er’” ahd”ane ool e O “prigYl ene ghyst: per noke of
structure ah%?fl—ifzed [00190] TGE curves for t la@uikrdimemedasa
L-proline éonplex Ih, the 1.1 L-proline conplex Ii
andiobiyd] 1: dolid-dd gbﬂlﬂaﬁf GGI)] éj}’s@ﬁ@m/[&pgipi g)xhlphd aceioSmtrlle (450

structures are shown in Figures

¥ esipbs @n%quyd ac\m gﬂwdm@s<§3 88 pesbaresd fop %Wenlrfblslere@ﬂor
d | t
Al VLB PR PR peca i bl Rl BhalTBcfo PloghiEs) " ©

The[091367|]d Bﬁea;tae:htv#wmcﬂbd (Ge(h)aw or of the (S)-PGla,
(R - PG yne- diol salvate If, dinethanol
sol wa%%?ll gTrleihﬁSI\':%Paw%aqdworqnﬁe yorideaceficaeidgampiex AfmL)

t hewdic harbedRb HeirBRtdpem hydrate |j structures were
i nvestigated by differential scannin calorinetry

1q pdgf16 heA%cgommevelsOEtm repgfon( ptopgd Joanlarves @RYedpG | b

str es o 4

S S a0 AR T RRRITLRL
forjootA] 1 AqltmtlyNHz;(oJA@{B vatd, ¥50 al) vasenided el thk hmthhmomxed,
sol @ Ig s rucgures re shg '%n Fc'l gures 11 and 12,
resa\p[l S {rreffle upiy l!l?"\"/%? 62 IHe"1: 2 L-proline
conpber] | hBattieoldmd oftpriduet ik richQppEGhadel wa@m@hut&woyldlélnumg
L-proline hem hydrate |j structures are shown

in
L¥F;i ngf g@tollgrllego DK aggtatlolne @H@g@ ﬁ%?y& (I[I@(yg_ag gilarged at elevated
D fferent,k ning calorinetry (DSC) experinents
wer e Be?@o%égw a TA InstrumentsTM nodel QLO00. The
saniDE73( albBhet pradust w)crymhzwd ibg leedinigrr espling witiriserdimgamt’o

ecor ded ac ra hundredth
o 1 G S B b Bt RO Rl Pee M RRLER R i
\NaSprD(lllI'Cg@dS nypkiﬂlmsdlﬁt@@ew pasyrtd. 50nL/ mn. 10 Dat a were

col | et ween room tenperature and 3 10C/
2%:#’5%‘? 1b1ée prodercﬁbwm TGETY WAlS 2 e & R £ vt edoréﬁ%tfwg} ?ﬁ?;elol
peasapRi nting down. [00193] One of skill in the art

wi |l however, note that in DSC neasurenent there is a
certain degree of variability in actual measured onset

and peak te”@i@é*f"&ﬁ%TRLﬂ@‘gﬁgﬂd}g ARRCTHIEZATIORAL | N9,

crystal shape and purity, nmeasur enent
[00175] Crystal structures equivalent to the crystal structures described below and

25  claimed herein may demonstrate similar, yet non-identical, analytical characteristics
within a reasonable range of error, depending on test conditions, purity, equipment
and other common variables known to those skilled in the art.

[00176] Accordingly, it will be apparent to those skilled in the art that various

modifications and variations can be made in the present invention without departing
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15 paraneters. Single Crystal X-ray Analysis [00194] A
single crystal for the (S)-PGla, structure, and for
w0 bsag2%2but yne-di ol solvate If, dinethanol sPCTESE07/071749
lg, 1:2 L-proline Ih, 1:1 L-proline Ii and 1:1
L-proline 20 hem hydrate Ij structures were obtained
and investigated by x-ray diffraction. [00195] Data
Wer £ el s85He@e d it B Ble WRRAMN Tt h& enfbtithef€ bF Ak invention will be
diffractoneter. Unit cell paranmeters were obtained '
t hrappgant te gwse Sellpdrie hreandiopseansideratioieofdhqrweifreation and practice
di f : : [ . i.gh- | ' :
| B PGl 6L 1B Arp Tl AR e (RLiRalchagT
1. 5ekaBplay batonasideod st exetmptagnpetrmt Umgingiit keophe 0- 20
ﬁ\iari abl e 25 scan techni que and were corrected only for
orent z-pol ari zation factors. Background counts were
col Xeay edwadr Diffeaciohr emes of the scan for half of the

ti of the scan.. Alternately, single crystal data
ver GOV | edeeel winary skillicnine ke i EPmickiin detap S elsn-ray
SY SEiftAcHS] RftefatndK bl Bt Wtk a(Beasurdm&ft bBorthat it &§H8¥dcRBupon

and processing of the 1 BRUKER AXS, Inc., 546 S East,
Chethy mepuggmenigondiioaogmrdeyed. Wy pagtzeular, if is ggnemllyggoygnthat

17003{09. 844 o B’QE/{ H\;Sf?ﬁlﬁﬂé%ﬁ%w&ﬁ ARY fEtukB hgjaégiig%g |t a

were carried out t he HKL2000 software '
t hemeaSuicmerttcopdibgrsampiuyied. elt ShqubitkedBithontederstoai thattrelative

cry: . e ed in:th |.d .St f. .
e e N R R
st rtlie tracesdawverf entenity duliyhodbe @kdn imetabaaiat. axdditicablly)ed
on the basis of ﬁ{ﬁ served %%fl ections ysi n& g%:t her the
SDPBSBHERSHE TSGR ekt Thigt canysienal pRw ey ipgder
19r diffeicasysdiainl ioghrpll thopesk agRss, MAPMIGh BedrQEAEhsufdifent
derived atom c paraneters (coqrdinates and tenperature
f actBy §1}0u\],€bl?eetakqnéptp AEPURYAS @E%mpgqu th?rﬁfpwntloned diffraction

| eagiotes d88ks8§uent N it W ctin@&ts@bdMhH EEEyER tll&ures of the instant
refinements 2 10 was EW(Fol - Fcl) , 'Ris defined as

E 1ipyengien aremeHiniedro thaghysta stirygturey thatwprovidks) X-ray Gieap e
Fo e v (Eiely ilichifl] (GHBOCRY 8% for MR Ao Bud KD in the

based on error erved intensities.

2D ffoereprngingtpsiressiiselosoddrerane dA gyt cradtdl sgtagesthaf provide powder
ref{ne .. dr ogen re jntroduced i.n .idealjzed
oA Hhscrioh ARSI h LB RA SRS e B8 &0
hy dicogepunpiag Tk 115l wakie theaco@chf theSréseftif@htiddni Theadllity to
paranmeters for.the (S)- structure |la form SC-3 ar
| i s*tS%‘H*aH‘efi“BquaLﬁ?‘&é’leéOg’.?'r%Ysp‘U%Hdl LACHPTHpAties 1 kithin the
celngbourﬂam[rsﬁeedfo'fdrﬁurﬁgahﬂﬁvh@@r&. cell" refers to the
nunber of nol ecul es of Conpound in the unit cell.

25TABLE 3 20 Unit Cell Data for (S)-PG (la)
(S)-PG (form SC-3) Ia, (R)-PG Ib, 1,4-Butyne-diol Solvate If and Dimethanol

Solvate Ig, Hemihydrate of 1:1 L-Proline Complex Ij (H.5-2), 1:2 L-Proline
Complex Ih and 1:1 L-Proline Complex Ii Structures
[00178] About 200 mg were packed into a Philips powder X-ray diffraction

30 (PXRD) sample holder. The sample was transferred to a Philips MPD unit (45 KV,

40 mA, Cu Ka;). Data were collected at room temperature in the 2 to 32 2-theta rage
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11 Structure T a(A) b (A I ¢ (A aV, | Z SGI Dcalc

R la (S)-PG 25 111.2688(8) 4.8093(3) 46.723(3) 90 90
wO0088®824 P212121 1.319 1 .069 T =tenp (O fRCT/UK®07/071749

crystal l ographic data. Z' = nunber of drug nol ecul es

per asymetric unit V. = V(unit cell)/(Z drug

nol ecul es per cell) 2 Gw nowski, Z & Mnor, W

( 19@gﬁt1nh8us|\§@&fn9@h&ﬁﬁc%ml% %&t(ﬂbl R fe@spﬂ%’ aﬁg %we@@ﬁcteeaﬁd anti

(Academi c,
pp. Bater siits, recopng wiét0. Darma sawle sitricon blhd pr oceSS| ng

use er " ' f TR

o ool 1 RObAER: X Ul B R A8 IRIF P

Cr yositugaprcobodtreted inlig@os i end Arndspﬁ:tilvblyGPawéarX -ty déffrpttion
yst.. 986, 10 5 et UC

P TETR L FRuno Dol QBRI TS SRR Tl P by Hustrarea

f aﬁiﬁl@ﬁ%,reslmhlldJ Bebtivedn d’oﬁvder Xm'%ylt diﬁ“raalltilﬂ I&ﬁéﬁﬂ\lﬁfr@he\l\l@l B-

taken.from ernati on Tabl es r .. .

Cr yEPle caawkbﬁ@ Pi@wgwﬁ cpip >§ Ii, ad thy hbﬁ&wm@ﬁ*@m&mmte

1974mp¥Q 1 st}thuréE%ﬁJ i@8strhtedAn B3dred 13- 1% and 29 rMphectively. Selected

2008/ 02824 PCT/ US2007/ 07174 R = residual index

( | >$iEraghien pepk poxitins fdegreas?q y 08 fas thed BaPC ek .dBI-BESE) SG
. SRR AU B LAGRR0) TPk S belaw aelis, LA 10y 11 1

posi ti para structure a
25GyrollARloBpkx Pogiut futs afe sRawaimelabies] habow. (S)ar%ratlc d‘lffractlon

0. e DTy g o 0.9y i el wghy i colccrd

0. 30fiba d@fr&%@eterggu@a%ﬁﬁa g)lrgfﬂ? ap@la ith 2021iBrattd%Ath a
0. 5889 -0.0811 6024 697 Cl12 0.7946

0. 4¥gt@nalgngirgg of §Endyrds poGTecheglogy methQCBQ@y, gdpotier 1§8Hle

. SR o QLRI R o

change depending on the crystal size and morphology.

TABLE 1
Selected PXRD Peaks (20 £ 0.2°)

(S)-PG (Ta) | (R)-PG (Ib) H.5-2, N-1, N-1
1:1 L-proline | 1:2 L-proline (Th) | 1:1 L-proline (Ii)
(hemihydrate
) d))
3.8 3.9 3.9 3.3 3.9
7.6 8.0 3.8 6.5 9.5
8.1 8.7 15.5 8.6 15.4
8.7 15.3 15.8 15.7 15.7
15.2 15.6 16.5 16.4 15.9
15.7 17.2 17.8 17.2 17.5
17.1 19.2 194 18.9 18.7
18.9 19.9 19.7 19.8 19.7
20.1 20.3 20.8 20.2 20.3

20
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Cl 0.7059 0.6639 -0.0829 Cr 0.7147 0.6097 -0.1148 4

0.7190 0.4796 -0.0240 C10 0.7203 0.5412 -0.1732 C17
w@2058@824 3689 -0.2079 C19 0.4171 0.6835 -0. 2HOBUSIONT/071749

0.7959 0.3822 -0.1562 (C9 0.6397 0.7259 -0.1622 (13

0. 5535 0.8771 - O. 1822 Cl14 0.4508 0.6852 -0.1907 C15

0.3841 0. 5376 .1712 C16 0.2861 0.3765 -0.1788 C20

0. 16pka- Qa&i}ﬂfueap 2tic R&dnnce232 0.5239 -0.2279 C21
0.0030 -0.0944 -0.2137 6 maXus solution and refinenent

sof ORE0& ST seructgres NESREYS (120, (R)-PG (I t.é-bugne-Hipheatepde If and
K| :

b Bt Pt g RO R,

crywoeil] sAHusdidastgs Cki3oaVdi méaslaemémMWdIaMde w0 a\BRuker DSX-

008/.0 us2007/.07 Z 089 0.3708
B oG SR e e GE 1A ses O Dol et iys R high-

- 8 Mpm%n%g@pll%gldghgT'g%M@uQa g%lue&e 1&51?5mp(H52&1>118;d@614>5s
- 1 124 7 44 1 1 171
1zaiipng RAMP-LPH yith “@S‘&Z?néle%@%‘ng @W%%k%t appigingteny bhkHz

8(20E1 Béﬁn&@&a JFBIJWDP%;%O@% 9637@951061%’é xXHGA Ad %iiﬁ%muh
0. 6296 -0. 0096 0.6774 -0.0 H31 0.

0. 75 Mgnof?é@@zfl llgﬁ‘l 1@0 @9?@2@. Q&wgmreately 539. mgpf fareplvmqked
l(p : 2519)73 c'ag'rsg?—géign zirconia rotor was used for each experiment. Chemical shifts (3)

were referenced to external adamantane with the high frequency resonance being set
to 38.56 ppm (W.L. Earl and D.L. VanderHart, J. Magn. Reson., 1982, 48, 35-54).
[00182] The resulting *C NMR CPMAS spectrum for structure (S)-PG and (R)-
PG are shown in Figures 3 and 4 respectively.

15 [00183] The major resonance peaks for the solid state carbon spectrum of (S)-PG
and (R)-PG are listed below in Table 1A and Table 2 and for 1,4-butyne-diol solvate
If and dimethanol solvate Ig are listed below in Tables 2A and 2B, respectively.
Crystal structures demonstrating substantially similar ?C NMR peak positions,
wherein “substantially similar” means 10 to 15% of dimensionless value, are deemed

20  to fall within the scope of the invention (i.e., equivalent to the structures illustrated

below).

TABLE 1A
Proton NMR Peak Positions for (S)-Propylene Glycol Solvate Ia
25 [00184] 'H NMR (400 MHz, ds-DMSO) & 1.00 (d, 3H, J = 6.25 Hz, PG-CH3), 1.29
(1, 3H, J = 6.98 Hz, -CH,CH»), 3.0-3.30 (m, 4H, H2, H3, H4, H-5), 3.43 (m, 1H, H-
6a), 3.53 (m, 1H), 3.69 (bdd, H, ] = 4.4 Hz, H-6b), 3.9-4.1 (m, 5H, H-1, -CH,, -CH,),
438 (d, 1H,J=4.5Hz, OH), 4.44 (dt,2H, J=2.2 Hz,J =5.7Hz),4.82 (d, 1H, J =
5.7 Hz, -OH), 4.94 and 4.95 (2d, 2H, 2-OH), 6.82 (d, 2H, J = 8.6 Hz, Ar-H), 7.09 (d,
30 2H,J=8.6Hz, Ar-H), 7.22 (dd, 1H, J = 1.97 Hz, 8.25 Hz, Ar-H), 7.31 (bd, 1H, 1.9
Hz, Ar-H), 7.36 (d, 1H, J = 8.2 Hz, Ar-H).

- 55 -



H191 0. 4656 0.8069 -0.2353 Hil

0. 85

52 0.2316 -0.1658

H131 0.5284 1.0619 -0.1717 H132 0.6093 0.9308 -0.2010
WOBS/0@s2086 0.5437 -0.1488 H161 0. 2335 0. 264PCTHOSDOBE1749
H201 0.1483 -0.1065 -0.1854 H202 0. 0535 0. 1811
-0.1804 H181 0.2987 0.5193 -0.2503 H211 -0.0606
-0.2245 -0.2014 H212 -0.0562 0.0572 -0.2256 H213
0.0387 -0.2305 -0.2306 H2 Pagpp3 O.4237 -0.0836 H3
0.4297 0.4310 -0.0299 H4 0.7387 0.3750 0.0172 Hb

0. 982 3SHMIRBPFak Rospibpg/ 5 HB@DHO ReBoge tQTYHEA etrgm@itgpSilane)

59 -0.1396

H872 -0.0137
0.1255 H89

1382 -0.0608

08 0.3906 -0.0463
nono- et hanol

) formSA-1

5. -61 WO

5 Unit Cell Data
(A I c(A a(3y

1 - 1 P21 624
| ographic data 5
nretric unit

'"H NMR (400 MHz, CDCl5) & 1.33 (¢, 3H, ] = 7.1 Hz, -CH3), 2.90 (s, 2H,

H391 0.2662 0.2151 -0. 2686 52—6--36
-0.1196 H871 0.0875 - 5%391)56 O(Rl),_\’;p"q‘
-0.1453 -0.1008 H873 (_D4RYN(Q Hoppm.
0.4203 -0.0719 -0.0817 | H8820.|{065830.
HO991 0.2473 0.6301 -0.(2347.6H992106 21
[00201] Unit cell paranet#9.s fjor32.6e
di hydrate (ethanol or Ht OD.9st|ru6d.or g
formula Ic are listed bel6d3in Tébe
2008/ 002824 PCT/ US2007/|0749.49 | TE&BLE
for Ethanol SA-1 (lc) Horm.d a( Apo.v b
Z SGI V. | RDcaic Ijc 891 | 5073
111.519(1) 14. 799(1) 122.1648¢ 1) 1 949 58
11.307 0.05 T = tenp (|O118&r |crystal
Z' = nunber of drug nollecykes |pernzasy
129.3 123.6
130.5 129.0
132.0 130.4
135.7 132.0
139.1 135.6
158.0 139.2
157.9
[00185] These data are strictly valid for a 400 MHz spectrophotometer.
5
TABLE 2A
Proton NMR Peak Positions for 1,4-Butyne-diol Solvate If
[00186]
-CH,), 3.39 (s, 9H, -OCHs), 3.4-3.65 (m, 3H), 3.81 (bm, 2H), 3.91 (q, 2H, ] =7.1 Hz,
10

CHy), 3.97 (m, 1H), 6.73 (d, 1H, J=8.6 Hz, Ar-H), 7.02 (d, 2H, ] = 8.4 Hz, Ar-H),

7.25 (s, 2H, Ar-H), 7.34 (s, 1H, Ar-H); " C (CDCl:) & 14,78, 38.43, 49.14, 50.57,
61.84, 63.34, 69.98, 72.53, 74.63, 100.95, 114.36, (2), 126.64, 129.19, 129.59,
129.71, 131.38, 134.30, 136.61, 138.50, 157.27. M.P. 103.08°C.
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V. =V (unit cell)/(Z drug nol ecules per cell) R =
residual index (I>3sigma(l)) Dcai = density of
w@eoospeds2cal cul ated SG = space group 10 [ 002024 T/UsdsbE071749
6 bel ow sets forth the positional paraneters for the
form SA-1 (nono- ethanol-di hydrate), Ic at -50C
TABLE 6 15 Fractional Atom c Coordinates for Form SA-1
at T=-50C Atom X Y Z CL O7A®f% 3 0854 -0.4142 02
. 8652 0.6413 -0.1468 05 0.8652 0.6413 -0.1468 06
. 0613 0. 991Ryotap NN RaPeakP ogitigasler ®imehanoclPohvanolg 03

L LN e e s P VR

. 7TBOB(1). 150,755 (02123751, 62 (6, 66Y9.36.(6289, -0CHIY 90 6-3GM4m, 1H,

%1 857 095343 (MolRd6n. "o Hdot 6603 167 b o) 1.

o

- 6, A0 4. 4503 2ﬂ@ 35394, 2}@5593 %0018), 6.87 64 O, 0-063L, AEH3 7.07
. 8423 0.3089 -0.2459 C4 0.7906 0.6184 -0.(Q498

. gH02H.0. 78081z 4r-H334 (s, CHisADHAZRY (o, BE3r-Hy. 3@3@DC13B§
)} P 1 Y, 1
S R AL E TR
128.2,129.44, 131.2, 131.4, 132.45, 137.38, 138.57, 156.84. Elemental analysis
10  Calculated for Cy6H33Cl0g: Calc C 59.48, H6.34, C16.75; Found C 59.35, H5.97, Cl
6.19.

Thermal Gravimetric Analysis
[00188] Thermal gravimetric analysis (TGA) experiments were performed in a TA

15  Instruments™ model Q500. The sample (about 10-30 mg) was placed in a platinum
pan previously tared. The weight of the sample was measured accurately and
recorded to a thousand of a milligram by the instrument The furnace was purged with
nitrogen gas at 100mL/min. Data were collected between room temperature and
300°C at 10°C/min heating rate.

20  [00189] TGA curves for the (S)-PG Ia and (R)-PG Ib structures are shown in
Figures 5 and 6, respectively. Weight loss corresponds to one mole of water and one
mole of propylene glycol per mole of structure analyzed.

[00190] TGA curves for the 1:2 L-proline complex Th, the 1:1 L-proline complex Ii
and the 1:1 L-proline hemihydrate complex Ij structures are shown in Figures 16, 17
25  and 18, respectively. Weight loss corresponds to one mole of water and one mole of

L-proline per mole of structure analyzed.

Differential Scanning Calorimetry

[00191] The solid state thermal behavior of the (S)-PG Ia, (R)-PG Ib, 1,4-butyne-
30  diol solvate If, dimethanol solvate Ig, 1:2 L-proline Ih, the 1:1 L-proline Ii and the 1:1

L-proline hemihydrate Ij structures were investigated by differential scanning

calorimetry (DSC). The DSC curves for the (S)-PG Ia and (R)-PG Ib structures are
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C20 0.141 -0.3384 -0.4319 C19 0.4321 0.2052 -0.4377

C18 0.3377 0.0255 -0.4384 Cl6 0.3405 0.0751 -0.3330
wW@2m800B2481 -0.5128 -0.4132 098 0. 3643 0. 6071PcDUNHAB071749

088 0.2324 -0.2097 -0.1501 €89 0.1155 -0.3014 -0.2376

C88 0.2065 -0.4150 -0.1969 099 0.4409 0.0604 -0.1784

H21 0.6816 0.2833 -0.1387 H11 0.7283 0.8620 -01. 864

H3 118wk %ﬁg@m?& i(d 8, QeBERely HERL DYCRIRAS Rr BbIL4 5 Qyt3HS
H132 0.5505 0.7308 -0.3806  H81 0.6182 0.7524 -0.2770

H6 1solva3d 6 sndahg dipgthagolpgFte Iggucturgy@a7showr i Higugs Hh 8! 12,

e oy sl s R gy dad LR AG B 38
H | domplexdiditl the 02 14proline3@8ihydH2Ol stuchirdare Show@ ik Figures 19,
0. 4650 ., H202 0. 2075 -0. 4764 -0. 4514 HI91 0.4703
%.2%5?’9692¥§$“@ 181 0.3000 -0.0606 -0.4802 H161

0. 308192). ODZBrenBa1204Ringtd3lofnB s BT BRPFim@uDEFS pertimed in a

0.5091 0.3623 -0. H211 -0.0028 -0, 6153 -0.45Q7
|—|21'g‘g OUFYRANE'G, "B%(‘%S-%QQOS é%? Sa%agﬂ%%?o%a) Wiy, Wegapd inan
-0-ﬁ&ﬁﬁmggﬁn&m&%&%d&h%&ﬁﬁwbﬂecOlséokﬂu&h&ﬂ@@hﬂmﬁ@ﬁﬁmand

0. 0359 81 0.3836 0.7445 -0.
transferred to the DSC. The instrument was purged with nitrogen gas at SOmL/min.

10 Data were collected between room temperature and 300°C at 10°C/min heating rate.
The plot was made with the endothermic peaks pointing down.
[00193] Onec of skill in the art will however, note that in DSC measurement there is
a certain degree of variability in actual measured onset and peak temperatures,
depending on rate of heating, crystal shape and purity, and other measurement

15  parameters.

Single Crystal X-ray Analysis
[00194] A single crystal for the (S)-PG Ia, structure, and for the 1,4-butyne-diol
solvate If, dimethanol solvate Ig, 1:2 L-proline Ih, 1:1 L-proline Ii and 1:1 L-proline
20  hemihydrate Ij structures were obtained and investigated by x-ray diffraction.
[00195] Data were collected on a Bruker-Nonius' CAD4 serial diffractometer.
Unit cell parameters were obtained through least-squares analysis of the experimental
diffractometer settings of 25 high-angle reflections. Intensities were measured using
Cu Ka radiation (A = 1.5418 A) at a constant temperature with the ©-20 variable
25  scan technique and were corrected only for Lorentz-polarization factors. Background
counts were collected at the extremes of the scan for half of the time of the scan.
Alternately, single crystal data were collected on a Bruker-Nonius Kappa CCD 2000
system using Cu Ko radiation (A = 1.5418 A). Indexing and processing of the

LBRUKER AXS, Inc., 5465 Fast Cheryi Farkway Madison, W1 53711 USA
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HO982 0. 3063 0.4696 -0.0382 H891 0.0626 -0.4601
-0.2593 H892 0.0592 -0.1642 -0.2133 H893 0.1534

WO 2008/p@®824 0. 2709 H881 0.2834 -0.4603 -0. 2200 P¢BBR2007/071749
0.1765 -0.6100 -0.1783 H88 0.2806 -0.2965 -0.1158
-63 WD 2008/ 002824 PCT/ US2007/071749 Atom X Y Z H991
0.3630 -0.0141 -0.1685 H992 0.4889 -0.1137 -0.1762

[ 00203 hreWtdnstPlidta Qf@lre%gﬁfeg 'b§t it thE hﬁ“(L@t)de/ io@t%reﬂ:la}ﬂ&%laz in the

formSB-1, fornmula Id are listed belowin Table 7
TABLElept ppgrem@itd.” Dat a for EG SB- 1 (1d) IF-Fon-n T

2 oploeR b 6ked oyl vy sFRUTER G b oo

. 1%yite®2 Qurinf datatoelgetip€) for crystal | ographic data Z' =

R A S BT anBetied S e i o

r esoderadd ﬂelflékﬁﬁén{ mgg@sm@aiaﬁé $DP°sOXovddre padﬁegb&ilfﬂ’i/mﬁlfog }ocal
cal cul ate SG = space gro Q0204] Table 8
beI‘BW? 1Heations o thcry fidlogpeic ipackage. B&%’g ters for the

formoPi) 1 THSILO b BRIt (%:odrﬁimﬁt%s aI@QaneTMeEac@ors were

Fr actl onal Atom c Coordi nat es Form SB-1 at T=-
At oigfinedythrpugh fulj rrws@@leest@ws dhg fupgtionygingnigehin tige I's@rmnents

os‘ﬁ%%“]w(ﬁ%%ngM e 8h 1%”%723@ Ve S o1

ng %: |(i4142(1)2 51 0.8250 -0.
W

26
where wis an approprlate welghtlng function based on errors in the

observed intensities. Difference maps were examined at all stages of refinement.
Hydrogens were introduced in idealized positions with isotropic temperature factors,
but no hydrogen parameters were varied.

15  [00199] Unit cell parameters for the (S)-PG structure Ia form SC-3 are listed below
in Table 3. As used herein, the unit cell parameter “molecules/per cell” refers to the

number of molecules of Compound in the unit cell.

TABLE 3
20 Unit Cell Data for (S)-PG (I1a)
Structure | T a(A) b (A) c(A) |a° B°ly° | Vm | Z° SG |Dcalc| R

—_

P2,2,2,]1.319].069

Ta (S)-PG [ 25 [ 11.2688(8) [ 4.8093(3) [ 46.723(3) [ 90 [ 90 [ 90 | 633

T = temp (°C) for the crystallographic data.
Z’ = number of drug molecules per asymmetric unit

Vi = V(unit cell)/(Z drug molecules per cell)

? Otwinowski, Z. & Minor, W. (1997) in Macromolecular Crystallography, eds. Carter, W.C. Jr &
Sweet, R.M. (Academic, NY), Vol. 276, pp.307-326

* Collect Data collection and processing user interface: Collect: Data collection software, R. Hooft,
Nonius B.V., 1998

* Oxford Cryosystems Cryostream cooler: J. Cosier and A.M. Glazer, J. Appl. Cryst., 1986, 19, 105
’SDP, Structure Determination Package, Enraf-Nonius, Bohemia NY 11716

Scattering factors, including /” and /7', in the SDP software were taken from the” International Tables
for Crystallography”, Kynoch Press, Birmingham, England, 1974; Vol. IV, Tables 2.2A and 2.3.1
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Cl 0 0.7531 0.2610 -0.3514 02 0.5470 0.4971 -0. 1739
C18 0.3341 0.0390 -0.4399 Cl4 0.4851 0.3559 -0. 3849
W@2008/07434 0. 6551 -0.1789 Cl12 0.8281 0.2849 -BCRESH07/071749
.64 WD 2008/ 002824 PCT/ US2007/ 071749 Atom X Y Z C5
8711 0.7820 -0.0959 CI19 0.4311 0.2230 -0.4349 Cl7
2810 -0.0380 -0.3919 C4 0.7791 0.6341 -0.0569 C7
.ﬁgaqmgh@yggm(@xggggwnfz 0.6751 0.5781 -0.2889 C9
.6671 0.4150 -0.3429 C2 0.6601 0.4859 -0.1429 C15
. P5o=depity of crgstd3gulaied 0. 1391 -0.3181 -0.4309 C21
0331 .- -0.4109 C3 0.6660 0.6460 -0.0839 C16
%%%158g?§%% -0.3399 06 1.0280 0.4331 -0.0685 098
3689 0.6530 -0.0551 099 0.4310 0.0080 -0.1639 C6

BRI 8 B4 oMl i by BB b R I

C8%tcthA2B 25T, 4698 - 0. 2450 H89 -0.0093 - 0. 1368
-0.2011 H88 0.0999 -0.9161 -0.1930 H2 0.5081 0.3212
-0.1695 H3 0.5158 0.5512 -0.0479 H6 1.0592 0.3693
-0.1043 H981 0.3142 0.5218rAB1P410

Positional Parameters for (S)-PG at T=25°C

dbooocooooo

Atom X Y Z

CL 0.7313 0.4674 -0.2101
05 0.8119 0.5766 -0.0701
04 0.7202 0.5458 0.0056
03 0.5115 0.3666 -0.0246
06 0.9646 0.2671 -0.0316
02 0.4895 0.5889 -0.0811
C2 0.6024 0.5045 -0.0697
Cl12 0.7946 0.4228 -0.1261
C5 0.8198 0.6301 -0.0398
017 0.1633 0.2154 -0.2179
C8 0.6391 0.7665 -0.1320
C6 0.9425 0.5628 -0.0299
C3 0.5984 0.5441 -0.0373
Cl 0.7059 0.6639 -0.0829
C7 0.7147 0.6097 -0.1148
C4 0.7190 0.4796 -0.0240
C10 0.7203 0.5412 -0.1732
Cl17 0.2586 0.3689 -0.2079
C19 04171 0.6835 -0.2198
Cll1 0.7959 0.3822 -0.1562
C9 0.6397 0.7259 -0.1622
C13 0.5535 0.8771 -0.1822
Cl4 0.4508 0.6852 -0.1907
C15 0.3841 0.5376 -0.1712
Cl6 0.2861 0.3765 -0.1788
C20 0.1012 0.0595 -0.1979
Cl18 0.3232 0.5239 -0.2279
C21 0.0030 -0.0944 | -0.2137

6 maXus solution and refinement software suite: S. Mackay, C.J. Gilmore, C. Edwards, M. Tremayne,
N. Stewart, K. Shankland. maXus: a computer program for the solution and refinement of crystal
structures from diffraction data.
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HO982 0. 3908 0. 7860 -0.0248 HI991 0.4708 -0.1672
-0.1673 H992 0.3887 0.0065 -0.1290 H41 0.8040 0.4214

WO 20084628824 H31 0. 6366 0. 8606 -0.0878 H51 0. 847BCOUSBE7071749

-0.1052 H21 0.6886 0.2707 -0.1389 H11 0.7300 0.8758
-0.1869 H61 1.0435 0.7903 -0.1069 H62 1.0031 0.7943
-0.0335 HB81 0.6253 0.7679 -0.2848 H111 0.8971

-0. 0296 -0.3127

0. 4529 0. 3653 -0|

H181 0. 3033 -0.03

-0.4759 H201 0. ]

2008/ 002824 PCT/

-0.4618 -0. 4495

0. 0603 -0.6313 -

H891 0. 0986 -0. 64

-0.2733 HB881 0.1

-0. 6665 -0.2039

0. 5566 0. 7453 -0,

the ethylene gly¢

bel ow i n Tabl e 9]

(le) FormT a(A)

0. 8%20 . 2310 FU. 2193] H151

Qﬁﬁé‘ e Sl 6 At S “CQL =. 2987

@ ERPY I T: G R TN e
1988 “hO.I8H [ Q20105 00947\

638071 8787249! 0428 k- N9201p02 0. 1990
G891 L@2Ploal 08335787-0.195k482 H212
C8784| 0.9p%3 | 0. 19953| -0L13995 - 0. 3920
1089-0| 2878 HBIMW2. pA3IB190| 3761
PHBEB - 00.8888 | Q24B55| -0H882 D. 2762
H131 D0.63449 D0.30x8 | ®.4319| H132
8681 [ 0OR0B5] | &Big4 ckldo3par aneters for
elz1 T of ox&B3- 2| o Dorgnu] @ 1esafe i sted
el TABbBsa3 Unpkodee! | &g [ or EG SB-2
P T1668) Poo74 Pw.odpR Dealc
H31 |0.5776 |0.7529 |-0.0321

Hil ]0.6920 |0.8863 |-0.0793

H41 |0.7271 02607 |-0.0265

H191 |0.4656 |0.8069 |-0.2353

H11l |0.8552 [0.2316 |-0.1658

H131 |0.5284 |1.0619 |-0.1717

H132 |0.6093 |0.9308 |-0.2010

H151 |0.4086 |0.5437 |-0.1483

Hi61 02335 02640 |-0.1632

H201 |0.1483 |-0.1065 |-0.1854

H202 |0.0535 |0.1811 |-0.1804

H181 02987 [0.5193 |-0.2503

H211 |-0.0606 |-0.2245 |-0.2014

H212 |-0.0562 |0.0572 |-0.2256

H213 |0.0387 |-0.2305 |-0.2306

H2 0.4362 |0.4237 |-0.0836

H3 0.4297 |0.4310 |-0.0299

H4 0.7387 ]0.3750 |0.0172

H6 0.9827 |0.1877 |-0.0122

HE81 |0.1809 |-0.2154 |-0.0792

H&91 |0.2662 |02151 |-0.1200

HR92 03059 |-0.1396 |-0.1196

HR71 |0.0875 |-0.2595 |-0.1270

H&72 |-0.0137 |-0.1453 |-0.1008

HR73 |0.0462 |0.0938 |-0.1255

HR9 |0.4203 |-0.0719 |-0.0817

H88 | 0.0653 |0.1382 | -0.0608

H991 |0.2473 |0.6301 |-0.0234

H992 |0.2108 |0.3906 |-0.0463

[00201]

structure) form SA-1, formula Ic are listed below in Table 5.
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le SB-2 -50 111.4950(1) 4.7443(1) 44.4154(5) - - 1
P212121 606 | .050 11.390 T =tenp (C for

wa@eopsoadsbogr aphi ¢ data Z' = nunber of drug nol BCIUER07/071749
per asymretric unit V. =V (unit cell)/(Z drug
nol ecul es per cell) 10 R = residual index
(I1>3sigma(l)) Deai = density of crystal cal cul ated
SG = space group [00206] Table 10 bel ow sets forth the
posi tional paranmeters for the formSB-2 15 (ethyl ene
glycol) Id at -50C. TABLE 1PABEEGSti onal Atomic

Coordi nates for F XY Z CL

0. 7374 0.5149 -0. g{[ﬂéﬁ% gatfé’-i[ éﬁag'(‘;b%‘?zﬂ . 0746 02

0. 501810 ]I285 0. 08464 04 <0V 7289] 1.0060%° 020085 Va03 R | Dus

0. 52E6A0.|8R4 71.510.1022%0(1){ 66640 |2008/58002824 1 | P2, | 624 | 1.307 | 0.05

PCT U 200 1749 . At O Z C13 0.5550 0.9627
?7)8%0 §‘?’§‘§”%r3*‘r7{’]§5da¥ao 0353 C4 0.7265 0.9455

5o.@%&m@aof)drﬁ@ﬂmeem%@e@asﬁnﬁ)aﬁ@umcs 0. 6428 0.9915

-0.4422  C5 08145 1 0449 C2 0.6104 0.8706

- 0. BT (vaitcelly (%@Hl’zgfﬁolecfiﬂspefoceﬂéga 017 0.1616 0. 2406

- 0. A894sidalRd& (T2Bknk: é 63 -0.1761 Cl4 0.4505 0. 7632

0.1926 C12 0.7921 0.6786 -0.1254 C7 0.7155 0. 8961

- 0. Rai9g derpity oficrysgzalgulateds - 0. 1926 C9 0. 6431 0. 8746

- 0. 47084 Ehiou- 7977 0. 5663 -0. 1538

10
[00202] Table 6 below sets forth the positional parameters for the form SA-1
(mono- ethanol-dihydrate), Ic at -50°C.
TABLE 6
15 Fractional Atomic Coordinates for Form SA-1 at T=50°C
Atom X Y V4

CL 0.7673 1 0.0854 | -0.4142
02 0.8652  [0.6413 | -0.1468
05 0.8652  [0.6413 | -0.1468
06 1.0613 [0.9910 | -0.0876
C2 0.6634 |0.5087 | -0.1420
03 0.5964 |0.4528 | -0.0442
Cl 0.7531 [0.6504 | -0.1782
017 0.1965 |-0.2110 | -0.3797
04 0.7928 1 0.7549 ] 0.0061

C7 0.7605 10.5175 | -0.2375
C3 0.6679 10.6209 | -0.0790
Cl4 0.4816 [0.3213 | -0.3866
C10 0.7629 [ 0.2551 | -0.3461
CI13 0.5827 10.5268 | -0.3868
C3 0.6801 [0.5902 | -0.2843
C9 0.6770 10.4593 | -0.3397
Co6 0.9968 10.7646 | -0.0652
Cl2 0.8423 1 0.3089 | -0.2459
C4 0.7906 | 0.6184 | -0.0498
C5 0.8704 10.7698 | -0.0896
Cl15 0.4335 [0.2531 | -0.3337
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C18 0. 3043

0.4904 -0.2191 Co 0.9384 1.0646 -0.0348

C21 0.0106 -0.0544 -0.2044 C15 0.4002 0.6700 -0. 1674
WE1Bs003262 0.5028 -0.1664 C19 0.4048 0. 6705 POI/RIDE7/071749

C20 0.1094 0.1211 -0.2133 089 0.1914 0.1344 -0.0851
088 0.0643 -0.3997 -0.0870 C88 0.0717 -0.2076 -0.1097
C89 0.1793 -0.0404 -0.1104 098 0.2861 -0.0622 -0.0315
099 0. 3991 0. 440 JAtUmwa HIBT § 597 G. 939 -0. 2163
HI32 0.5342 1. 179 701040 HI- 0 747G 45,7280 - 0. 0250
H31 0.5865 1.207F=H-03 Ho 0o 58006 —1" Y834 - 0. 1366
H51 0.7979 1. 3174C18 gh82lpl-GIROL-GIR)ab () 0697
H1l 0.6844 1.237%200 0 D33§4an 43495958 - 0. 1080
HI1ll 0.8591 0.388%%-0/94% (08950 pB7d 4179
-0.2399 H151 0. 4429 0] 9387 - 00.92%53 | 1840|2700
0.4433 -0.1446 HCO4 086w 0| 0079 - 0023880 | H61 0. 9486
1.1532 -0.0124 H6210. bOAI1. [1868280] A5032 |67 WO
2008/ 002824 PCT/ Us2807/] 0384349] 0.800im K-003Z6HRO1 0. 0802
0.2769 -0.2296 H2RR 0] a74® - 0.00082 | 0.3253| H211
-0.0281 -0.1580 {Pg@2360.1HEELZ| O 48| 0232483 - 0. 1889

C88 | 0.2065 | -0.4150 |-0.1969

099 [ 0.4409 | 0.0604 |-0.1784

H21 | 0.6816 | 0.2833 | -0.1387

HI1 |0.7283 | 0.8620 | 01.864

H31 | 0.6356 | 0.8307 | -0.0805

HI31 |0.6184 [0.5131 |-0.4303

HI32 |0.5505 | 0.7308 | 0.3806

H81 | 0.6182 |0.7524 | 0.2770

H61 | 1.0365 |0.5668 |-0.0787

H62 | 1.0037 |0.7711 | 0.0175

HI21 |0.9040 |0.2455 |-0.2092

HAL | 0.8196 | 0.4009 | -0.0436

H51 | 0.8385 |0.9826 | -0.0936

HI51 |0.4692 |0.3444 | 0.2915

HIIl |09111 |0.0214 |-0.3081

H201 | 0.1146 | -0.1875 | -0.4650

H202 | 0.2075 | -0.4764 | 0.4514

HI91 |0.4703 | 0.2491 | -0.4794

HISL |0.3000 | -0.0606 | -0.4802

HI6L | 03070 |0.0128 | -0.2910

3 0.5153 | 0.5297 | 0.0473

H2 05091 [0.3623 |-0.1752

H211 |-0.0028 | -0.6153 | -0.4507

H212 | 0.0724 | 0.6675 | -0.3807

H213 | -0.0204 | -0.3772 | -0.3928

H6 1.1241 | 0.9168 | 0.1118

H4 | 0.8466 | 0.6527 | 0.0359

HO81 |0.3836 | 0.7445 | 0.0185

H982 | 03063 | 0.4696 | -0.0382

H891 |0.0626 | -0.4601 | -0.2593

H892 |0.0592 | -0.1642 | -0.2133

H893 |0.1534 | -0.1727 | -0.2709

H881 | 0.2834 | -0.4603 | -0.2200

H882 | 0.1765 | -0.6100 | -0.1783

H88 | 0.2806 | -0.2965 | -0.1158
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H213 -0.0522 0.0728 -0.1931 H2 0.4568 0.7450 -0.0867

H3 0. 4455 0.9047 -00257 H6 0.9900 0.7115 -0.0140 H4
wW@02004802804 9051 0. 0180 H891 0.1791 0.0911 - 0. 1BOTUSI8DR71749

0. 2524 -0.1815 -0.1307 H881 0.0688 -0.3227 -0.1317

H882 -0.0006 -0.0646 -0.1095 H89 0.1389 0. 3052

-0.0871 H88 0.0278 -0.3039 -0.0685 H981 0. 2546

-0.0138 -0. 0523 b’r,h J. 3136 V. 5@04 0.g924] HO92

0.4542 0.2696 -0 9P buiésfb_/] kdb,141 cel ldggu aneters for

the 1, 4- but yne-di S bel ow in
Table 11. 5 TABLEMAZ Upd#88 | -GBS ¢ 1762

1, 4-Butyne-diol Solvate If FormT a(A) I b(A) | c(A I
a Z[':(J')O VRt g@ﬂia@ameﬂ% gor tHefethviene %%r oS ABfnd %B—q ?&%ﬁll)ld are
18 27102.006(1) - 1 C2 651 °055 1.339 YD1 (1f)
-50hszeﬁ® 14)Ta€167273(6) 18 267(3) - 102.924(7) - 1
645 .054 1.352 T =tenmp (C for the crystall ographic
data Z' = nunber of drug nol ecul es per asymmetric unit
Y. = V(unit cell)/(Z drug ribABEEI7es per cell) 10 R =
residual index (I>2 |

crystal cal cul ated ﬂ§%@egls%%%é&g?%l§p Fg@g%] Table 12
bel ojvrset $Tf Or tdd) t hev@os| tdondlee pamganetyet s |86 vi,Her | D,
1, 4- pusyneée=sai nls593@5 4.3@lsy phogsG | at 932%@ | - 68 [YWD[ 628 [.19]1.340
200 /0028%6 FCT/ US@ﬁ_g?/ 071749 TABLE 12 Tabl e of

Fr abCitgHA OB HYeReosiiiqd%s for 1, 4- But yne-di ol

Sol wat gurhtfer 8t drlig okeles P APmincriuniCL1 0. 4766 0. 0404

0. 0954
Vi =V (unit cell)/(Z drug molecules per cell)

10 R =residual index (I>3sigma(l))

N

Dy = density of crystal calculated

SG = space group

[00204] Table 8 below sets forth the positional parameters for the form SB-1
15  (ethylene glycol) Id at -50°C.

TABLE 8
Fractional Atomic Coordinates for Form SB-1 at T=-50°C

Atom X Y Z

CL 0.7590 0.0820 -0.4198
05 0.8631 0.5990 -0.1537
017 0.1901 -0.1911 |-0.3791
C13 0.5791 0.5319 -03885
03 0.5941 0.4849 -0.0439
Cl1 0.8381 0.1410 -0.3059
04 0.7851 0.8250 -0.0026
C10 0.7531 0.2610 -0.3514
02 0.5470 0.4971 -0.1739
C18 0.3341 0.0390 -0.4399
Cl4 0.4851 0.3559 -(0.3849
Cl 0.7451 0.6551 -0.1789
CI12 0.8281 0.2849 -0.2539
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01 0.4009 0.0489 0.4240 02 0.2487 0.0360 0.2866 03

0.3361 0.3116 0.3700
wW@©@2008402820. 0386 0. 2933

COO0OO0OO0OO0OO0OOO0OO0OO0OO0OO00O0O0

. 3808
. 1438
. 4405
. 2958
. 3737
. 3205
. 3137
. 3927
. 2546
. 3867
. 2589
. 1428
. 0884
. 1208
. 0699

0. 0618 0. 4929
0. 7685 0. 0893
0. 0690 0.1713

04 0.2980 -0.0335 0.5564 C1

C2 0.2694 -0.0045 0. 4212CT/CS2007/071749
05 0.2184 -0.1421 0.4159 06

C4 0.3553 0.1186 0.3597 G5

C6 0.4608 -0.0547 0.2314 C7/

-0.0113 03 C38-0. 3b6Z-0. 2387 Zp12 (9
0.3483 0. &‘%}gﬁ 7. ,?Uaisr b 23"“2; 25 Cl10
20,0595 014899 &4allo L BI8NG L LB heas o1
0. 4646 0. 1610 (430 3583730 00 DAY h35" 14
0.2100 0. 1685 4381 2880380 pds¥1H 5534 C 16
0.3872 0. 0683 4779 209-934. 67#1938%0960 C18
0.4541 0.3883 (.18980. 394700, 65289, 1327 C20
0.7579 0.1880 (267%. 0V6S78L 04XR28B90H07 C22
0.9704 0.1C90 08.66711617.405330@.2123009 23
0.7849 0.2826 (R46M. 160339, 408014092631 C25
0. 6569 0.2679 (RG24 0508741 94XKH33093041 097?7*
1.0883 0. 3e8¢ 0a4.03910. 2N g0. PaRE0Y. B889

C21 00331 | -0.4761 | 0.4109

C3 0.6660 | 0.6460 | -0.0839

Cl6 103341 |0.1049 | -0.3399

06 1.0280 | 0.4331 | -0.0685

098 03689 | 0.6530 | -0.0551

099 | 0.4310 | 0.0080 | -0.1639

C6 0.9880 | 0.6960 | -0.0759

088 | 0.1661 | -0.7610 | -0.1669

089 | 0.0461 | -0.2291 | -0.2249

C88  |0.1970 | -0.5606 | -0.1946

C89  |0.1423 | -0.4698 | -0.2450

H89 | -0.0093 | 0.1368 | -0.2011

H88 | 0.0999 |-0.9161 |-0.1930

H2 0.5081 | 0.3212 | 0.1695

H3 0.5158 | 0.5512 | -0.0479

H6 10592 |0.3693 | -0.1043

H981 | 03142 |0.5218 | -0.0410

H982 | 0.3908 | 0.7860 | -0.0248

H991 | 0.4708 | -0.1672 | -0.1673

H992 | 0.3887 | 0.0065 | -0.1290

H4l | 0.8040 | 0.4214 | -0.0458

H31 | 0.6366 |0.8606 | -0.0878

H51 | 0.8478 |0.9977 |-0.1052

H21 | 0.6886 | 0.2707 | -0.1389

HIL | 0.7300 | 0.8758 | -0.1869

H61 | 1.0435 | 0.7903 | -0.1069

H62 | 1.0031 | 0.7943 | -0.0335

H8L | 0.6253 | 0.7679 | -0.2848

HIII |0.8971 |-0.0296 |-03127

HI21 |0.8920 |02316 |-0.2193

HI51 04529 |0.3653 | -0.2956

HIGL | 02954 |0.0652 | -0.2987

HISI |0.3033 | -0.0383 | -0.4826

HI9L | 04696 |0.2685 |-0.4759

H201 | 0.1135 | -0.1601 | -0.4631
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H 1 0.4482 -0.1199 0.3347 H2 0.2539 0.1293 0.4275 H3
0.3717 0.2007 0.5020 H4 0.4923 -0.1485 0. 2306

wWQOB8hmB2824 PCT/ US2007/ 071749 Atom X Y Z H5 BCBOSI07/071749
-0.1481 0.3449 H6 0.3335 0.3078 0.2311
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H7 0. 4083

0. 4406 0.1034 H8 03681 0.2711 0.0573 H9 0.3310
-0.1996 0.4860 H10 0.1605 0.4349 0.0399 H11l 0.4728

0. 0808 0. 5536 HVM m4/29 0 ugbg bflgz HIP 0. 2525
0 5979 0. 3908 IHL2R apl oW gpapeIsatiguosyy 0 3107

' ' g[zl“’;();oh“’%57§7 C0A4820 0 A
0.7062 0.1557 HL82bl 25PP1R4 gy 1533 D 0. 0586
1.0179 0.0384 HRB2E oPABO03 1bd3d31hdB3 78} 0. 0510
0.9710 0.1197 HpI2H3 16610253 0k 13285 0Re#E3920pk 0. 1594
0.9831 0. 1645 pHIZHL 2pA09%S 1p 16408 207R67RPE 0. 1826
-0.0801 0.4013 HPEYD. P93A330. PINK 6. 58MA733HP7 0. 4478
-0.2782 0.5791 HE88D. 1TA2P30. BAXER5B. B46B55HB0 0. 0208
0.9935 0.2512 HBHIEZ 01897€>. 868B6065 3B54203p32 0. 2091
0.5518 0.2594 HBB191 148610. 4403248 19%4319At omi C
occupancy factor [g33P. bodsk; t Do dysor dey 3
2-butyne-1, 4-di ol solvent in the

[00205] Unit cell parameters for the ethylene glycol form SB-2, formula Ie are
listed below in Table 9.
5 TABLE 9
Unit Cell Data for EG-SB-2 (Ie)
Form | T° a(A) b(A) c(A) o |B°lv 12| SG [ Vu| R | Dee
Ie SB-2 | -50 ) 11.4950(1) | 4.7443(1) [ 44.4154(5) | - | - | - | 1 | P2,242, 606 |.050 ] 1.390
T = temp (°C) for crystallographic data
Z’ = number of drug molecules per asymmetric unit
Vi =V (unit cell)/(Z drug molecules per cell)
10 R =residual index (I>3sigma(l))
Dealc = density of crystal calculated
SG = space group
[00206] Table 10 below sets forth the positional parameters for the form SB-2
15  (ethylene glycol) Id at -50°C.

TABLE 10
Fractional Atomic Coordinates for Form SB-2 at T=-50°C

Atom X Y Z

CL 0.7374 0.5149 -0.2111
Ol 0.8133 0.9822 -0.0746
02 0.5013 0.9285 -0.0845
04 0.7289 1.0601 0.0035
03 0.5256 0.8247 -0.0225
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crystal structure. [00209] Table 13 bel ow sets forth
unit cell paranmeters for the dinethanol solvate 5 Ig.
WO Z®3w82008/ 002824 PCT/ US2007/ 071749 TABLE 1BCT/051007/071749

Cell Data for D nethanol Solvate Ig FormT a(A) | b(A)
Il c(A I gZ | SGVmR Dcaic M-1 (I) -50 20.948(3)
6.794(2) 18.333(2) 102.91(2) - 1 C2 636 .038 1.314 T
:ftgrrp (O I forI t e\ CRYFtak ograpyi ¢ patg Z | = C/kmb_er
o] rug nol ecul es 2 et Ti SSV = uni t
cell)/(Z drug nol EEI e 6%%;0 g?gﬁt’ E'Or%%gd hal i ndex
(1>2sigma(l)) 20 = 4l 8*" 3 51055451 cul at ed
SG = space group &4 [0@7%5 Ta“94b5514 )28% sets forth
t he positional paﬁﬁnptagéqan 9-823di mrBAho sol vat e
| g at -50C. TABLEC84 Tabb&8of | EPAY i pr¥al42At oni ¢
Coordi nates for DCAet ha®dl145So| V.89%8 | g-0t44Y + - 50C
Atom X Y Z CL1 0/€845 D0.6BM9 DO.8EUKL | @1070039D99 0. 0334
0.4222 02 0.243800. 03R0.701228B7.013%3 D-(AHLO ;0. 0365
0.5534 04 0.2111010. 1p09613. 4110.540405| @.18999| 0. 7749
0.0877 06 0.3348Q929P8785436P& 666 D-031/8P D. 0495
0.4912 07 0.4528#0. 2[§3505 58g863 2| §14372| - 0. 0463
0.2932 C3 0. 39584, 20¢ 6P 0. . 1054
0.3588 C5 0. 291"CE1%. 04@7%1 siyme _“0'5%%8 -0.0141
0.4180 C7 O 466‘C7" obLe] $ 3d‘$961 ﬁ().lflgﬁs -0. 0197
0 5521 : C17- 7P03595 “P6.4115°| 0.1936 :
' C9 0.6431 0.8746 -0.1706

Cl1 0.7977 0.5663 -0.1538

C18 0.3043 0.4904 -0.2191

C6 0.9384 1.0646 -0.0348

C21 0.0106 -0.0544 | -0.2044

C15 0.4002 0.6700 -0.1674

Cl6 0.3062 0.5028 -0.1664

C19 0.4048 0.6705 -0.2196

C20 0.1094 0.1211 -0.2133

089 0.1914 0.1344 -0.0851

088 0.0643 -0.3997 | -0.0870

C88 0.0717 -0.2076 | -0.1097

C8g9 0.1793 -0.0404 | -0.1104

098 0.2861 -0.0622 | -0.0315

099 0.3991 0.4406 -0.0899

H131 | 0.5987 0.9339 -0.2163

H132 | 0.5342 1.1796 -0.1916

H41 0.7470 0.7230 -0.0250

H31 0.5865 1.2077 -0.0378

Hg1 0.5800 1.1634 -0.1366

HS51 0.7979 1.3174 -0.0455

H21 0.6251 0.6488 -0.0697

H11 0.6844 1.2377 -0.0920

H121 | 0.8481 0.5958 -0.1080

H111 | 0.8591 0.3889 -0.1576

H181 |0.2593 0.4179 -0.2399

H151 |0.4420 0.7303 -0.1453

H161 | 0.2700 0.4433 -0.1446

H191 |0.4500 0.7270 -0.2410

Ho6l 0.9486 1.1532 -0.0124

H62 0.9940 1.1868 -0.0502
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C9 0.3871 0.0889 0.2923 C10 0.3148 0.4622 0.1014 Ci11
0.3669 0.2102 0.2310 C12 0.1971
wWO2®38@804 3437 0.1035 Cl4 0.3159
WD 2008/ 002824 PCT/ US2007/ 071749

0. 4955 0.0616 C13
-0. 0680 0. 48FGr/UsS2007/071749
Atom X Y Z C15

0.2003 0.6811 0.0949 C16 0.2533 0.3883 0.0643 C17
0.4459 0.0675 0.1722 Cl18 0.3162 0.6471 0.1342 C19
0. 2592 0. 7551 0. I3 0038b8 W 4414 ©. 38p7 C21
0.0747 1.0555 0. ,ﬁlln 5?;. 14&3?“ 97%“%“61 40 08
0.1606 0.3410 0.3 15 45042528  (097*
0. 0905 1.0537 0. pha®2 [B)74 oEND1A2gh 022835077 10
0.0871 0.9637 0. 3838l LD 3385081989389 338000 H2
0.4508 -0.1297 05330 | Q8418 3nd®2 188 1467830 8401 H4
0.2477 0.1190 0. 42423 W22000.0728 149019812824 He
0.4724 0.0642 0. 5527 Hr48423074%9. 008208676000 HS
0.3330 0.2987 0.2B09 HR44551568901744B900503F5 H10
0.4115 0.4344 0. 1061 Ho.b9000. B6.94150. PAAM40. P576 H12
0.3262 -0.2083 0/#@45 | 611&70. P60F510. P66AM. P414 H14
0.3563 0.7000 0.19851 [0.1791 [0.0911 |-0.1307
H892 [0.2524 |-0.1815 |-0.1307
H881 |0.0688 |-0.3227 |-0.1317
H882 |-0.0006 |-0.0646 |-0.1095
H89 |0.1389 [0.3052 |-0.0871
H88 | 0.0278 |-0.3039 |-0.0685
H981 |0.2546 |-0.0138 |-0.0523
H991 |0.3186 |0.3564 |-0.0924
H992 |0.4542 02696 |-0.0893
[00207]  Unit cell parameters for the 1,4-butyne-diol solvate If are listed below in
Table 11.
5 TABLE 11
Unit Cell Data for 1,4-Butyne-diol Solvate If
Form T a(A) b(A) c(A) o’ B° Y1 Z | SG | Vy R Dot
YD-1 (If) | 25 | 21.576(7) 6.755(1) 18.335(5) - 102.96(1) - 1 C2 | 651 | .055 | 1.339
YD-1 (1) | -50 | 21.5374) | 6.7273(6) | 18.267(3) 102.924(7) | - [ 1 | C2 | 645 | .054 | 1.352

T = temp (°C) for the crystallographic data
Z’ = number of drug molecules per asymmetric unit

Vi = V(unit cell)/(Z drug molecules per cell)

10 R =residual index (I>2sigma(l))

D.alc = density of crystal calculated

SG = space group

[00208] Table 12 below sets forth the positional parameters for the 1,4-butyne-diol
15  solvate If at 25°C.
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H15 0.2614 0.8773 0.1551 H16 0.4247 0.3814 0.4147

H17 0.3726 0.5474 0.4136 H18 0.3943 0.4912 0. 3398
woii®800:8289 1. 0375 0.0377 H20 0.0760 1.1934 OpdDBR2007/071749

H21 0. 0460 0.9899 0.1168 H22 0.1725 1.0486 0.0933

H23 0. 1560 0.9729 0.1681 H24 0.2910 0.0922 0.5653

H25 0.1707 -0.0975 0.3970 H26 0.4393 -0.3086 0.5727

H27 0.2166 0.1321 0.2895 HA%EIG: 1613 0.6164 0. 2738

H29 0.1368 0.4726 0.2064 H30 0.2119 0.4855 0.2441

H31 0. 1761 0. 3802bk.ofFosctiopgAitomic @eg dinatesIor 0. 3322

- 72 WD 2008/ 002824 ,FeT/ US XY Z H33*

0. 0293 0.8376 0. 33’?‘ lge'égggﬁi%%qﬁ& 2%? 2705 H35*

0.0765 0.8620 0. 2681m h36X 0[ 0738 0] 8698 (. 4154

I—B?Z: 0. 0679 1. 0528 0. 46 B66 B 84040- PGEJsLO-|7968 0. 2848

H39?* -0.0015 0. 9P 0[928 | R | §asapancy factor

is 0.5 due to dISU(bélel O 24JB T g% SP ggégt in the

crystal structure;104 ]313 LUlb'%lfﬁvi ters for

the 1:2 L-prolin OHpte 3 of h are 5

listed below in Ta(gzre ]529 T9'0'3§5 Un 55&-3' | Data for

1:2 L-Proline Conpqg X (Olff‘\34":n Iﬂ-%gé( 92913/3A\ I c(A qo

| 01 o2 SG VmEDcalld-IoRd 1] 010045 EB420"[311( 1)

11.334(1) 127. 497(193 95.|943808 0063 4| @#92889 0.1 1.343
05 02184 |-0.1421 | 0.4159

06 0.1438 ]10.7685 | 0.0893
C4 0.3553 10.1186 | 0.3597
Cs5 0.4405 10.0690 |0.1713
Co6 0.4608 |-0.0547 10.2314
C7 0.2958 |-0.0113 |0.3508
C8 0.3662 |0.2182 |0.2312
C9 0.3737 10.3483 [0.1029
o7 0.4545 1-0.2052 | 0.5425
C10 0.3205 ] -0.0595 |0.4899
Cll 0.1993 10.4901 |0.0635
Cl12 0.3137 10.4646 [0.1010
CI3 0.3863 ]0.0987 |0.2935
Cl14 0.3927 10.2100 | 0.1692
CI15 0.4368 | -0.0055 |0.5534
Cl6 0.2546 10.3872 | 0.0663
C17 0.2011 10.6771 | 0.0960
Cl18 0.3867 10.4541 | 0.3863
C19 0.3147 10.6507 |0.1327
C20 0.2589 10.7579 [0.1310
C21 0.0758 | 1.0412 | 0.0907
C22 0.1428 10.9704 [0.1110
08 0.1617 10.3320 | 0.3009
C23 0.0884 10.7849 ]0.2826
C24 0.1613 10.4969 |0.2531
C25 0.1208 |0.6569 | 0.2679
C26 0.0508 10.9415 [0.3041
09?7* 10.0699 | 1.0883 | 0.3388
010* ]10.0921 |0.9885 |0.3889
H1 0.4482 |-0.1199 |0.3347
H2 0.2539 10.1293 1 0.4275
H3 0.3717 10.2007 10.5020
H4 0.4923 |-0.1485 [0.2306




T =tenp (C) for crystallographic data 10 Z° = nunber

of drug nol ecul es per asymmetric unit V. =V (unit
w@eioBpp8Z4 dr ug nol ecul es per cell) R = resi duaPCT/Dn8mR7/071749
(1>3sigma(l)) Dcai = density of crystal cal cul ated

SG = space group 15 [00212] Table 15A bel ow sets forth
the positional paranmeters for the 1:2 L-proline
conpl ex (1h) neat[ T NEat| T vy -opC ,-73 WO

2008/ 002824 PCT/ US206H07L49—FABLE-H5A—TFabl e of
Fracti onal Atom c%orc;grgbggs aog?%gor g?ﬂ?d lh 1:2
Conpl ex with L-Predine Rdr | MRS At N v 7 11
0.8511 0.3142 0. 4685  (9:4933 gb4#015h8 19841796 03
0.7564 0.4104 0.228% qA368147pa2@ll50n6808/32885 05
0. 4376 0.6313 0. 206¥ #.13186989.199630048001500 C7
0.2926 0.3792 0. 4151 (9.30581848492710.080983799 C9
0.5724 0.5066 0. 2584 ¢D0OI708 71@08®@. 35055k 3085 Cl1
0.6191 0.5325 0. 174 (124269 560,603 5B@401R 1226 Cl13
0.8659 0.4113 0.383B (%505 667360 300040 2567 C15
0.7888 0.3318 0. 40408 Cbp1104 307300 3684, 4995 Cl17
0.5114 0.5240 0. 2053 k%795 /P53 1) 41§osk 1784 C19
0. 2907 0.3910 0. 4 q 48 . 2D 264 (C21
0 9996 0. 2842 0 49&}1 U041 AP 7% PB4

'Mr7 103536 |0.7062 |0.1557
HI18 |0.2607 |0.8821 |0.1533
H19 [0.0586 [1.0179 |0.0384
H20 [0.0746 | 1.1804 [0.1009
H21 |0.0510 [0.9710 |0.1197
H22 [0.1691 [1.0491 |0.0855
H23 [0.1594 [0.9831 |0.1645
H24 | 0.2242 [0.1281 [0.2970
H25 [0.1826 |-0.0801 |0.4013
H26 [0.2934 [0.0916 |0.5641
H27 |0.4478 |-0.2782 |0.5791
H28 |0.1742 [0.3703 | 0.3468
H30 [0.0208 ][0.9935 [0.2512
H31 [0.0199 [0.8683 |0.3354
H32 02091 [0.5518 |0.2594
H33 [0.1436 [0.4493 [0.1953

* Atomic occupancy factor is 0.5 due to disorder of 2-butyne-1,4-diol solvent in the

crystal structure.

[00209] Table 13 below sets forth unit cell parameters for the dimethanol solvate
5 Ig
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% 4§658d‘§g%‘$ex8('1%%1a($3 0.5864 0.6836

Dot = density of crystal calculated

SG = space group

10 [00210]

solvate Ig at -50°C.

TABLE 14

C22 0.8273 0.4301 0.3341 C23 0.2056 0.4854 0.5344
C24 0.8279 0.4316 0.1519 C25 0.3898 0.3142 0. 3967
WE2H80058300 0.1967 0.4055 C27 0.6395 0.2861 OPGB0S2007/071749
C28 0.0776 0.5599 0.5411 C129 0.8615 0. 7651 0. 4622
030 0.4735 1.0020 0.2917 031 0.4387 1.1337 0.2094
032 0.7479 0.9028 0.2288 033 0.8902 0.8251 0.1497
C34 0.8261 0.9016 0.3336 G331G: p#85 0. 8878 0. 2580
036 0.5610 1.0347 0.1249 C37 0.6759 0.7507 0.3797
C38 0.5079 1. 026¥nit Cdiddata fgdDimetiya@l Solysslz 0. 4220
c4 %mg31zT L R E s A S eI A I R A B s F A B I
-7 ﬁﬁﬁ%w%lwwﬂﬁ<iWW@wgm
0. 7041 0.85 307 74 0. 6994 0. 4359 CA4
0. 86?8693@€6§ﬂ esgo@ﬂoea@nedgege 1.0064 0.2602 CA46
0. 6975 472 0.4341 CA8
o.g%%ﬁn@@%%gﬂmgg&§§%ma%%%’8ﬁ%%%%§#§602 0.4513 C50
@ 2689 \ugsaH)/ (¥, d9nolacsles per46ld)2 0. 8736 0.4176 C52
0.4051 C54

Table 14 below sets forth the positional parameters for the dimethanol

Table of Fractional Atomic Coordinates for Dimethanol Solvate Ig at T =-50°C

Atom X Y Z
CL1 0.4845 0.0519 0.0975
0] 0.3999 0.0334 0.4222
02 0.2438 0.0327 0.2837
03 0.2919 -0.0365 | 0.5534
04 0.2111 -0.1509 | 0.4115
05 0.1409 0.7749 0.0877
06 0.3348 0.2998 0.3692
Cl 0.3785 0.0495 0.4912
07 0.4528 -0.2193 | 0.5428
C2 0.4372 -0.0463 | 0.2932
C3 0.3958 0.2046 0.1690
C4 0.3540 0.1054 0.3588
C5 0.2917 -0.0207 | 0.3471
Co6 0.2638 -0.0141 | 0.4180
C7 0.4666 -0.0556 |0.2324
C8 0.4348 -0.0197 | 0.5521
C9 0.3871 0.0889 0.2923
C10 0.3148 0.4622 0.1014
Cl1 0.3669 0.2102 0.2310
Cl12 0.1971 0.4955 0.0616
Cl13 0.3756 0.3437 0.1035
Cl4 0.3159 -0.0680 | 0.4873
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C55 0.1465 1.0758 0.4752 C56 0.2078 1.0792 0.5264

C73 0.7131 0.5906 0.5918 C74 0.6549 0.5814 0.5389
W@1008/0@82092 0. 3008 0. 6072 076 0.1209 0.5563 BCBUSR07/071749

077 0.3970 0.6243 0.7788 C78 0.2253 0.5273 0.8121

C79 0.3613 0.6922 0.8623 C80 0.1934 0.3303 0.6884

C81 0.1674 0.4723 0.7614 C82 0.2412 0.3835 0. 7390

C83 -0.0019 0. 44 LAtémb 92 08 u.fu 0. /98 0. 8605

085 -0. 0213 0. 5186 0-9492 | CBE-H G4, 5055 0. 7380

087 0.7087 0'479;CX66043f2338 g e g6 0. 8909

C89 0.4982 0. 4992580 633d9-2588g |D-8887 | D-B¥dg) o 6324

C91 0.3008 0.6402C47 80gd-44082 |9-09983 |d-W2d11 0. 6518

093 0. 3078 0. 7393C88 944931634 |#-&8ba |d-B430]| 0. 6650

C95 0.3930 0.3137C09 647®-25026 |@. 946 |#.3488| 0. 6663

C97 0.6122 0.3067C00618@38%08 |@.4845 |@.38577] 0. 8934

C99 0.6095 0.4314C01 6189.07€100 1N56478 (01%B54 0. 9173

C110 0.0184 0.84582D. 64101410102.9708952. 40247 0. 7804

-75 WD 2008/ 0028263PCT/|WS2067/|@7&i69 | o8mm X Y Z 0 103

0.1147 1.0661 0.843 |0.1681 |0.4908 [0.2528
092* | 0.0905 |1.0537 | 0.34%8
C24 00506 | 0.9411 |0.3047
010* | 0.0871 | 09637 | 0.3888

HI 0.3698 10.1882 | 0.5000
H2 0.4508 | -0.1297 | 0.3339
H3 0.3403 | -0.1573 | 0.3401
H4 0.2477 10.1190 | 0.4240
HS5 0.5002 | -0.1450 |0.2324
H6 0.4724 10.0642 | 0.5527
H7 0.4230 | -0.0062 | 0.6000
H3 0.3330 1 0.2987 | 0.2309
H9 0.1568 10.4439 | 0.0375

HI10 0.4115 10.4344 |0.1041
HI1 0.3694 10.2681 | 0.0576
HI2 0.3262 | -0.2083 | 0.4845
H13 0.2507 10.2654 | 0.0414
H14 0.3563 1 0.7000 | 0.1585
H15 0.2614 10.8773 | 0.1551
HI16 0.4247 10.3814 | 0.4147
H17 0.3726  10.5474 | 0.4136
HIg 0.3943 10.4912 | 0.3398
HI9 0.0589 1.0375 10.0377
H20 0.0760 1.1934 | 0.1022
H21 0.0460 1 0.9899 | 0.1168
H22 0.1725 1.0486 | 0.0933
H23 0.1560 10.9729 | 0.1681
H24 0.2910 10.0922 | 0.5653
H25 0.1707 |-0.0975 | 0.3970
H26 0.4393 | -0.3086 | 0.5727
H27 0.2166 1 0.1321 | 0.2895
H28 0.1613 10.6164 | 0.2738
H29 0.1368 10.4726 | 0.2064
H30 02119 104855 |0.2441
H31 0.1761 10.3807 | 0.3503
H32* 0.1139 1.1530 | 0.3322
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0104 0.6781 0.9872 0.5898 0105 0.4317 1.2935 0. 8633
C106 0.5806 0.9279 0.6059 C107 0.4768 0.8827 0.6738
WEC108/0@81859 0. 8490 0.6890 C109 0.5840 0. 9396POI/6SBA7/071749
C110 0.3778 0.8134 0.5924 C111 0.2988 1.1454 0.8102
0112 0.3053 1.2394 0.9473 0113 -0.0298 1.0236 0.9198
Cl14 0.1616 0.9797 0.7616 C115 0.4712 0.8729 0.5711
Cl116 0. 1655 1.0997 9723 v CL 17 Z173 L, 0311 0.8129
P CAtond Xl Yyells ZzYsp

G126 0 0002 0. s55L08 eadmEs IPRTRLOD LY O O258
C122 0. 2312 0. 886438 7aPP12Z, 33 (B8N 2703913 ¢ ge37
Cl124 0.0428 1.020839" 73807681 29).592093d)-209h586 0. 5306
Cl126 0.0458 1.126E30”"0180718129.9998739-458075 0. 6629
C128 0.2697 0. 7618302%6699676129.4529176.2718885 0. 2145
N130 o 2152 0. 601E382*2599)60C13D. 1968 172.1848843 0.2345
0132 0.2914 0. 824H3M*26500015133.9590853.198005 0. 2384
C134,0. 1980

C136" Ha&%uﬁane)é%ﬁw% JbS e G %Bgﬁhaﬁogsgﬁvanun%fgymal

0138rubtured90 1. 0434 0.8543 C139 0.7527 0.8332 0.8327

[00211]  Unit cell paramaters for the 1:2 L-proline complex form 3, formula Th are

listed below in Table 15.

TABLE 15
Unit Cell Data for 1:2 L-Proline Complex (Ih)
Form | T° a(A) b(A) o(A) ol B° [y°1Z|SG| V| R | Deaie
N-1(h) [-60 [ 10.311(1) [ 11.334(1) [ 27.497(1) [ 95.94[99.22[ 90 4 [ P, [ 789 0.1 [ 1.343

T = temp (°C) for crystallographic data

10 Z’ = number of drug molecules per asymmetric unit
Vi =V (unit cell)/(Z drug molecules per cell)
R =residual index (I>3sigma(l))
Dy = density of crystal calculated
SG = space group
15

[00212]
complex (Th) neat form N-1 at T = -60°C.

Table 15A below sets forth the positional parameters for the 1:2 L-proline
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C140 0.6889 0.9523 0.8297
Cl42 0.6961 0.7064 0.7572
w@iob4/0@s83046 0. 7903 0. 7522
N146 0.2077 0.0992 0.2607

N141 0. 6668 0.7335 0.8097
C143 0.8711 0.8236 0. 8064
0145 0. 2901 0. 3199rCr/BSBY7/071749
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H64  10.0037 |0.9030 | 0.0061
H63  [0.0897 |0.7441 |0.0449
H630 [0.0231  |0.8249 |0.0931
H61 102352 10.8932 |0.1354
H590 [0.3226 |1.0165 |0.0923
H59  [0.3766 | 0.8979 |0.0586
H68  0.2264 |0.3961 |0.1333
H710 [0.1967 |0.5506 |0.0213

- 80 -



C4 0.5631 -0.2563 0.4083 C5 0.5270 -0.1401 0.3597 Co6
0.4236 -0.0847 0.4052 C7 0.3350 0.0181 0.4193 (8
WO20084@804 1572 0.4619 C9 0.4038 0.1366 0. 4305PCZUS2007/071749

. 4700 0.2275 0.4154 01 0.5531 -0.2303 0.3104 Cii
.6684 -0.0473 0.3232 Cl12 0.6871 -0.1530 0.2745 02
.6765 0.0755 0.3403 C13 0.5634 -0.2137 0.2780 Cil4

. 5532 -0.1047 0.

. 5401 -0.3394 0.

QOO0 O0OO0OO0O

. 8064 0.0378 0. 2
PCT/ US2007/ 07174¢

Cl7 0.5134 0. 347

19 0.6740 0.6076

0. 4646 0.2450 0.4

-0.1014 -0. 2193 (

0. 0502 -0.0977 0.

0.1707 -0.0312 0.

0. 1903 -0.1171 O.

0.0413 -0.3076 O.

3 C 0.]09 -0. 0231 P. 2901 C16
a0 Lo coas o hand o biar 04
I° (o1 rﬁ@Q;ﬁ02®3@6§

L ET700 o 00336 2 TRA987 cb83623 4ks9 0. 4668
1045820021 g | §.488%9| H0¥@oq| 0. 4977 C
4172000 0-098! o | 82487 - 00-94¥¥7 b. 2703 C20
W30 D185 5293103 3RGA9AY_4p70 C12

) 0381 | 03250. 03343 0L @096 0| 3126 C22
3807 |03326 0.]00264 - 00.0391 D. 3614 C24
3288 |02839. 064895 0 .848 0| 2832 C26
247768 | GZ7060. 092973 Of 2652 Of 4010 C28
20649 |0.8720 |0.6797 | 1.0604

H765 |0.8229 |0.7417 | 1.0042

H767 |0.6538 | 0.7982 | 1.0537

H667 | 0.6468 | 0.6543 | 1.0723

HI68 |0.6429 |0.5849 |0.9344

H664 | 0.4798 | 0.6384 | 1.0063

H764 | 0.5568 |0.7339 | 0.9761

HI70 | 0.6545 |1.0931 |0.9372

H673 | 0.7695 |0.9914 | 1.0304

H773 | 0.8485 | 1.0349 | 0.9826

H672 |0.8184 | 1.2380 | 1.0061

H772 | 0.8655 | 1.1783 | 1.0629

H671 | 0.6469 | 1.2971 | 1.0548

H771 | 0.6369 |1.1536 | 1.0734

H669 |0.5570 | 1.2393 | 0.9763

H769 |0.4876 | 1.1366 | 1.0054

[00213]

formula Ii are listed below in Table 16.
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Unit cell parameters for the 1:1 L-proline complex neat form N-1 (form 6),



08 0.1732 0.0766 0.3473 C29 0.0527 -0.2262 0.3719
C30 -0.0488 -0.1911 0.4174 09 0.2066 -0.1046 0.2477
wW@3msH@s1057 -0.0845 0.4057 C32 -0.0805 -0. 04BAT/0SREGO71749

C33 -0.1758 0.0315 0.4210 C34 -0.0962 0.3657 0.4497

C35 0.0119 0.1514 0.4289 (C36 -0.1670 0.2596 0.4419

010 0.0892 0.4864 0.4561 C37 0.0235 0.3777 0.4487

C38 0.0796 0.2657 0.4373 @QPB1G 7988 0. 4743 0. 4694

C40 0.2378 0.6027 0.4670 CA1 -0.1056 0.1472 0.4292

011 0. 3103 0. 04¥sit Cel D36 focdA lo-Prape Canpendio. 2972

AN N oo O a0 N —anr— N oo—4a

ooyl M RO S I e D R TS Ea Pad O NS o G

n 4 Fay DA 4
0

)gs\é: q.08 | 1311

CA4 <6 13t7 -4
NEl (=40 | 11.4500(f] lﬂ.ﬁgg.%%{g 50,8 19 X

C45 = 0-1578 04809 03661 -0 4554 20 50226 0. 3628

013T 610687 COfot002taloBgic da®l4 - 0. 0027 0. 2411 0. 3344

CA7,-0.0235 0.3422.0.3215 48 .0.3738 0.4173 0.3220

a5 R o il Ol CURRT e e D 00 009024

PCTV S0 0ADTZ ArughhdBukes YeZee@H0 0. 3232 0. 5141 0. 3706

015_0.5678. 0.3983. 0.3126 016 0.4793 0.2316 0.3356 N2
esof;%h@é%ﬁé%kg a%l%

0. 2%5F

D.alc = density of crystal calculated
SG = space group

10 [00214] Table 16A below sets forth the positional parameters for the 1:1 L-proline
complex (Ii) neat form N-1 at T =-40°C.

TABLE 16A

Table of Fractional Atomic Coordinates for Compound Ii 1:1 Complex

15 with L-Proline
Atom X Y Z
Cll1 0.4598 | -0.1973 | 0.4564
Cl 0.5901 |-0.2370 | 0.3766
C2 0.4455 | -0.0618 | 0.3755
C3 0.4764 | -0.1649 | 0.4212
C4 0.5631 | -0.2563 | 0.4083
C5 0.5270 | -0.1401 | 0.3597
C6 0.4236 | -0.0847 | 0.4052
C7 0.3350 | 0.0181 | 0.4193
C8 0.4043 | 0.1572 | 0.4619
C9 0.4038 | 0.1366 | 0.4305
CI10 0.4700 | 0.2275 | 0.4154
01 0.5531 |-0.2303 | 0.3104

Cll 0.6684 | -0.0473 | 0.3232
Cl12 0.6871 | -0.1530 | 0.2745
02 0.6765 |0.0755 | 0.3403
Cl13 0.5634 | -0.2137 | 0.2780
C14 0.5532 | -0.1047 | 0.3260
CI15 0.6982 | -0.0231 | 0.2901
Cl6 0.5401 | -0.3394 | 0.2628
03 0.7021 | -0.1304 | 0.2442
04 0.8064 | 0.0378 |0.2896
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C51 0.2568 0.3858 0.3637 C52 0.4900 0.3392 0.3227
C53 0.1894 0.5037 0.4979 HL 0.2977 -0.0348 0.4380 H2
WO2H88&804 5126 0.5088 H3 0.6427 0.4151 0. 5106PCHES2007/071749

COO0OO0OO0OO0OO0OO0O0OO0O0O0O

. 7509 -0.2206 0.
. 4535 -0. 3750 O.
.5987 0.1273 0.3
.2740 0.0426 0.4
. 8274 0.0552 0. 268
. 5540 0.4072 0.4
. 6030 -0.3278 0.
. 1267 0.0606 0.2

. 4640 0.2425 0.4980 H5 0.3557 0.0952 0.4743 Ho
.4028 0.0143 0.3656 H7 0.4846 -0.0412 0.3172 H8
. 7354 -0.1139 0.3309 H9 0.6383 0.0438 0.2803 H10

0060 -0.0175 0.

0.0459 -0.3511 0
0.
0.

1118 -0.2782 0.
0467 -0.3485 0. 4

7880 ML1X0- 493K =0 I5A7TP. 2692 HL2
08 ISR o aage p 2005 Hae
7 D538 403470 3015400 s
5848 118-09399d5BY20889 3946 H20
1239 12 9-q34E 50340076 p@IY00| 3665 H22
1904  HIDIA 2584300 A.788 0. 2863 H24
3020 H29.4640 3352450, hQOM40] 3377 H26
3098 {5210, [0038B4- D0.42W4| 0. 2737  H28
er0l |HR901@.|043193 D0.2942| 0. 2411  H30
3606 H81409. (182000 @38k 0. 3696 H32

1090 HaDs0D.|264870 @6y 0. 4432
C23 | -0.0026 | 0.1191 | 0.3614
C24 | 0.1707 | -0.0312 | 0.3288
C25 | 0.0641 | -0.1848 | 0.2832
C26 | 0.1903 | -0.1171 | 0.2772
C27 ] 0.0159 | -0.2652 | 0.4010
C28 | 0.0413 | -0.3076 | 0.2646
08 0.1732 | 0.0766 | 0.3473
C29 00527 | -0.2262 | 0.3719
C30 | -0.0488 | 0.1911 | 0.4174
09 0.2066 | -0.1046 | 0.2477
C31 | -0.1057 | -0.0845 | 0.4057
C32 | -0.0805 | -0.0464 | 0.3769
C33 | -0.1758 | 0.0315 | 0.4210
C34 | -0.0962 | 0.3657 | 0.4497
C35 | 0.0119 |0.1514 | 0.4289
C36 | -0.1670 | 0.2596 | 0.4419
010 | 0.0892 | 0.4864 | 0.4561
C37 | 0.0235 | 03777 | 0.4487
C38 | 0.0796 | 0.2657 | 0.4373
C39 | 02088 | 0.4743 | 0.4694
C40 | 0.2378 | 0.6027 | 0.4670
C41 | -0.1056 | 0.1472 | 0.4292
O11 | 03103 | 0.0473 | 0.2955
C42 | 0.1927 | -0.0117 | 0.2972
012 |0.1209 | -0.4060 | 0.2699
C43 | -0.1355 | 0.5267 | 0.3371
C44 | -0.1317 | 0.4102 | 03168
NI 20.2217 | 0.3229 | 0.3311
C45 | -0.1578 | 0.4809 | 0.3661
C46 | -02328 | 0.3526 | 0.3628
013 | 0.0687 | 0.4002 | 0.3090
014 |-0.0027 | 02411 | 0.3344
C47 | -0.0235| 03422 | 0.3215
C48 | 03738 | 0.4173 | 0.3220
C49 | 03666 | 0.5397 | 0.3405
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H34 -0.1353 0.4445 0.4589 H35 0.0544 0.0664 0.4241

H36 0.1640 0.2598 0.4365 H37 -0.2417 0.0673 0. 4058
woi3®so@s2471 0. 0017 0.4412 -84 WO 2008/ 002824PCT/US2007/071749

PCT/ US2007/ 071749 Atom X Y Z H39 0.2698 -0. 0400
. 2435 H40 0.3320 0.0534 0.2734 H41 0.1058 0.1381
.3420 H42 0.0874 -0.4719 0.2852 H43 -0.1506 0.4388
.2950 H44 -0. 05T 58100. 337 5 - 0. 2055 0. 5941
.3310 H46 -0. 07rAt5f“4:MX3 37 X AT Z —2106 0. 5460
3706 H48 -0 32103 2480262 A 4L UG TR Y558 o 5708
' ' 5oh9lh 3389648 J4 03126 ] '
.3734 H50 -0. 2979 0-3381+-0-3195 - H1- -0 1983 0. 2279
3269 H52 0.35449404338-43959dl231(5R0.8359791 0. 3273
.3822 H54 0.1634N8. 4238-2358443340R550.8344032 0. 5053
.3835 H56 0.2799CH! 6038-2568 716U385RI5[70.-80M555 0. 5795
.3393 H58 0.3097€C62 6069.49082833398500.8222013 0. 3456
.3219 He60 0.2977CH3 2420.189834650300pA.5979%Uni t cel |
paraneters for theHl: 1 Lo@ooti|ne.0bssm hiyzkoat e conpl ex
H.5-2 1] are listad bellowis® |Tedle [Lys5088 TABLE 17
Unit Cell Data forggonpognd>t [Gumhexowdgsh| p L-
pProl i neHem hydr at ggFor myHe2g 4 2R 1646H0A] b(A) |
¢(A) I g,00 1 o 2 SEOWRER @55 | 0.4743

H6 0.4028 | 0.0143 | 0.3656
H7 0.4346 | -0.0412 | 0.3172
H3 0.7354 | -0.1139 | 0.3309
H9 0.6383 | 0.0438 |0.2803

H10 0.7509 | -0.2206 | 0.2829
H11 0.4937 | -0.1547 | 0.2692
HI2 0.4535 | -0.3750 | 0.2689
H13 0.5440 | -0.3256 | 0.2395
H14 0.5987 10.1273 10.3371
HIS 0.5850 | -0.4862 | 0.2863
Hl16 0.2740 | 0.0426 | 0.4038
HI17 0.7825 | -0.0885 | 0.2400
HI& 0.8274 | 0.0552 |0.2680
HI9 0.4902 | 0.2088 | 0.3946
H20 0.5540 |0.4072 |0.4143
H21 0.6504 | -0.2925 | 0.3665
H22 0.6030 | -0.3278 | 0.4194
H23 0.2586 | -0.1789 | 0.2863
H24 0.1267 | 0.0606 | 0.2892
H25 0.2335 | -0.1001 | 0.3377
H26 0.0060 | -0.0175 | 0.3198
H27 -0.0022 | -0.1194 | 0.2737
H28 -0.0459 | -0.3511 | 0.2701
H29 0.0431 |-0.2942 1 0.2411
H30 0.1118 | -0.2782 | 0.3606
H31 -0.1170 | 0.0351 | 0.3696
H32 0.0467 | -0.3485 | 0.4096
H33 -0.2543 1 0.2691 | 0.4432
H34 -0.1353 1 0.4445 | 0.4589
H35 0.0544 | 0.0664 | 0.4241
H36 0.1640 | 0.2598 |0.4365
H37 -0.2417 | 0.0673 | 0.4058
H38 -0.2171 | 0.0017 | 0.4412
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H 5-2 -40 11.539 10.199 23.183 1103.96 97.16 90.25 4

Pl 656 I .06 11.349 T = tenp (C for crystall ographic
wa@ 2108/0@824 nunber of drug nol ecul es per asynmepCT/US2007/071749

10 V. =V (unit cell)/(Z drug nol ecul es per cell) -85

WO 2008/ 002824 PCT/ US2007/ 071749 R = residual index

(I>2sigma(l)) Dcaic = density of crystal cal cul ated

S:]S = space grloup ABHZI0T xTaqr e I8 per pw Iets forth

the positional pa Sl t —t—t=prol i ne

hem hydrate form H§52 Ijb:%g%\._% 64%3 T()éfé of

Fractional Atom c|£a%rdildaced P Eonhalitd lj 1.1
Complex with 10 LAl il 9d0pRniGaldly Q3B M H5-2 at T
= -40C Atom X Y z[ Hé21 18.082h7 6.428000.88352007 02
-0.0812 0. 4445 0. 3580 (0306300261338 308890, 5119 04
0.0226 0.1123 0.318B%4 05-003088).18100p%3%7.74116 C6
-0.0400 0.4518 0. 4823 C70.205382059%21 397.8310. 4505 C8
0. 0836 0.2539 0.41846 09-Q0DBI89.4556800.31MR24693 C10
0.0320 0.2460 0. 34897 Cllo.2Mm6l4/5160. BOI®60| 2867 Cl2
-0.0536 0.5937 0.4838 CI1@3219.1285300 39¢H 0. 1996 014
-0.1314 -0.4139 0/ P990 [CipossU-PPA8 Do 38533 0. 3494 C16
-0.2316 0.2099 0. R8¢ Clf2972 [Pk OF 49k . 2002 C18

-0.1786 -0.0508 0O 7 s .Osiﬁ""‘"“ 0280 0. 1494
C20 -0.3629 -0.17 %?5 12.%%2948 ]0'43%310§§g§(9)0. 2916 0. 1133

HS53 0.2791 |0.3273 |0.3822
H54 0.1634 | 0.4233 | 0.3683
HS55 0.4032 | 0.5053 | 0.3835
H56 0.2799 |0.6038 |0.3764
H57 0.4555 ]0.5795 | 0.3393
HS58 0.3097 |0.6065 | 0.3283
H59 0.2013 | 0.3456 | 0.3219
H60 0.2977 |0.2420 | 0.3345

[00215]  Unit cell parameters for the 1:1 L-proline hemihydrate complex H.5-2 j
are listed below in Table 17.

5 TABLE 17
Unit Cell Data for Compound I Complex with
L-Proline Hemihydrate Form H.5-2

Form | T°C | a(A) | b(A) | o(A) ol B° ° | Z|SG| Vi | R | Degie
H.5-2 | -40 | 11.539]10.199 | 23.183 [ 103.96 | 97.16 | 9025 4 | P; | 656 | .06 | 1.349

T = temp (°C) for crystallographic data
Z’ = number of drug molecules per asymmetric unit

10 Vu =V (unit cell)/(Z drug molecules per cell)

-85 -



C22 -0.1179 0.4052 0.2576 C23 -0.1249 -0.1696 0.1325
C24 -0.2541 0.3000 0.1727 C25 -0.3658 0.0787 0. 1687
WE2B30®s3038 -0.2938 0.1114 C27 -0.0150 - 0. 420GT/0SDB2671749
C28 -0.0248 -0.4143 0.0214 CL29 0.6985 0.3144 0.9332
030 0.9914 0.4113 0.6104 -86 WD 2008/ 002824
PCT/ US2007/ 071749 Atom X Y Z 031 0.7834 0.1123 0. 6447
OS%RQT§§ﬁ$1QdéJ@§%gm&%§p C33 0. 7408 0.2570 0.7376
034 0.9142 0.1720 0.5162 035 0.7084 -0.1271 0.5485
C36D@: 78itp oDgpgalgaleylawed 037 0. 8359 0.9717 0. 9453
C38,0.7 998 0.5824 (C39 0.8661 0.3408 0.6732
c4%“8.§§%%g9880517 0.5552 C41 0.6608 0.3487 0.7637
C42 0.8842 0.3295 0.6081 C43 0.7928 0.2013 0.8324

a1 T ErobiRIgy 5aln i porigad grgnggdogngbi protie

CABhchhibGERac 669920, 9393 C49 0. 6372 0.6130 0.8784
C50 0.6886 0.6798 0.8418 C51 0.8079 0.1861 0.7731
C52 0.7539 0.8018 0.8657 (53 0.7171 0.7906 0.9638
C54 0.8594 1.0293 1.0095 TABLE 18

Table of Fractional Atomic Coordinates for Compound Ij 1:1 Complex with

10 L-Proline Hemihydrate Form H.5-2 at T =-40°C
Atom X Y Z
CLI -0.3207 | 0.2999 ] 0.1007
02 -0.0812 | 0.4445 | 0.3860

03 0.1266 [ 0.3986 | 0.5119
04 0.0226 [ 0.1123 ] 0.3131
05 0.1988 10.2024 | 0.4116
Co6 -0.0400 | 0.4518 | 0.4471
C7 0.0829 10.3978 | 0.4505
C3 0.0836 [ 0.2539 |0.4134
09 0.0185 ]0.6897 | 0.4693
Cl10 0.0320 [ 0.2460 | 0.3495
Cll1 -0.1475 1 0.3075 | 0.2867
Cl12 -0.0536 | 0.5937 | 0.4833
Cl13 -0.2858 | 0.1976 | 0.1996
014 -0.1314 | -0.4139 10.0970
CI5 -0.0913 | 0.3083 | 0.3494
Cle6 -0.2316 | 0.2099 ] 0.2582
C17 -0.1691 |0.4011 | 0.2002
CI18 -0.1786 | -0.0508 | 0.1507
C19 -0.3006 | -0.0480 | 0.1494
C20 -0.3629 | -0.1768 | 0.1287
C21 -0.1830 | -0.2916 |0.1133
C22 -0.1179 1 0.4052 |0.2576
C23 -0.1249 | -0.1696 ] 0.1325
C24 -0.2541 | 0.3000 | 0.1727
C25 -0.3658 | 0.0787 | 0.1687
C26 -0.3038 | -0.2938 |0.1114
C27 -0.0150 | -0.4216 | 0.0824
C28 -0.0248 | -0.4143 |0.0214
CL29 10.6985 ]0.3144 |0.9332
030 09914 [0.4113 |0.6104
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C55 0.5690 0.4784 0.8512 C56 0.9344 1.1572 1.0187
CL57 0.1318 0.2860 0.9213 058 0.2325 0.1474 0.6392

W@3®8008I74 0. 4788 0.7078 060 0.3769 0.1826 OPGI0F2007/071749
061 0.5074 0.3673 0.6076 62 0.2155 0.2845 0. 7366
C63 0.2440 0.2856 0.6735 64 0.2590 0.1866 0.7641
C65 0.3642 0.3439 0.6737 ©66 0.1310 0.6369 0.8752
C67 0.3659 0.186 7138 81 0. 037- 0. 0129 0.5444
C69 0.2495 0. 641+O§f%7"&7£§0 m%ig u'6%22"1 0. 8206
C71 0.2440 0. 136685766~ 72182681 1 B85 0 9099
C73 0. 3878 0. 331p282 50898584 | BA%R 7 | B7040 £ | o go52
C75 0. 1225 0.3883%83 82897408371 (@ AhosPdddR24
PCT/ US2007/ 07174993%At opP-R142 7| 687620 003862 0 0372
0.5272 C77 0. 146639 388408 7646127¢780043%643 0. 2886
0.8500 C79 0.3160360. 750860, 800.2500800073243 1. 0074
0.9263 C81 0.056830. 50883®. 8589717C820044501 0. 8831
0.9123 (€83 0. 451734. 0168967 9429998406827 36 1. 0085
1.0039 CL85 0.23639 0. 2858510. PH4308 086.69324643 0. 4578
0.3847 087 0.692¢40. 1640110 41420517 | 0.5552

C41 | 0.6608 |0.3487 |0.7637
C42 | 0.8842 |03295 |0.6081
C43 | 0.7928 | 02013 | 0.8324
C44 | 0.6478 | 03693 |0.8244
C45 | 0.9041 |0.1825 |0.5787
C46 | 0.7116 | 02945 | 0.8580
C47 | 0.7693 | 0.8565 |0.9247
C48 | 0.6523 | 0.6699 |0.9393
C49 | 0.6372 | 06130 |0.8784
C50 | 0.6886 | 0.6798 | 0.8418
C51 | 0.8079 |0.1861 |0.7731
C52 07539 |0.8018 | 0.8657
C53 | 07171 | 0.7906 | 0.9638
C54 | 0.8594 | 1.0293 | 1.0095
C55 | 0.5690 | 0.4784 |0.8512
C56 | 0.9344 | 1.1572 | 1.0187
CL57 |0.1318 | 02860 |0.9213
058 | 02325 |0.1474 | 0.6392
059 | 03774 | 04788 |0.7078
060 | 03769 |0.1826 |0.5107
061 05074 | 03673 |0.6076
C62 | 02155 | 02845 | 0.7366
C63 | 02440 | 02856 | 0.6735
C64 | 02590 |0.1866 | 0.7641
C65 03642 | 03439 |0.6737
C66 | 0.1310 | 0.6369 | 0.8752
C67 03659 |0.1865 |0.5718
C68 | 02203 | -0.0149 | 0.5444
C69 | 02495 |0.6414 |0.8737
C70 102339 |0.1891 |0.8206
C71_ | 02440 | 0.1366 | 0.5760
C72 102691 |0.8826 | 0.9099
C73 | 03878 | 03310 |0.6097
C74 00797 |0.7646 |0.8952
C75  |0.1225 | 03883 |0.8232
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C88 0.4307 0.3235 0.3510 089 0.6471 0.3804 0.5135

C90 0.5401 0.2370 0.3503 091 0.4314 0.6909 0.4760
W@AR800280L5 0.4655 0.4471 C93 0.3782 0. 3234 0rP@BUS2007/071749

094 0.3688 -0.3850 0.0770 €95 0.2412 0.2163 0.2011

096 0.5177 0.1054 0.3143 C97 0.5871 0.2380 0.4145

C98 0.5309 0.6092 0.4771 (C99 0.6100 0.3805 0.4525

C100 0. 3806 0. 39 bAthJ. ab\s)‘( CIPT § Z8%6 U 23 2 0.2611
CL02 0.3122 -0. 2671 009G —CHOS B +491 01041 0. 1716
Cl04 0.2436 -0. 20322065 e 288: D16 0. 1694
C106 0. 3259 - 0. 21287 o 1 BAA06 JJBISH 4E06d46 1hes o 2556
C108 0.1916 -0.08%%8 0. 0830643 1083 3588500 4411 0. 0145
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UTILITIES AND COMBINATIONS

A. Utilities

[00217] The compound of the present invention possesses activity as an inhibitor
of the sodium dependent glucose transporters found in the intestine and kidney of
mammals. Preferably, the compound of the invention is a selective inhibitor of renal
SGLT?2 activity, and therefore may be used in the treatment of diseases or disorders

associated with SGLT?2 activity.
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a selective inhibitor of rena
[00219] In addition, the conditions, diseases, and maladies collectively referenced

ooopppooo

to as “Syndrome X or Metabolic Syndrome as detailed in Johannsson, J. Clin.
Endocrinol. Metab., 82, 727-34 (1997), may be treated employing the compound of
the present invention.

15 [00220] The crystalline compounds (S)-PG (SC-3) (Ia), (R)-PG (SD-3) (Ib), SA-1
(Ic), SB-1 (Id), SB-2 (Ie) 1:2 L-proline complex form 3 (Th), 1:1 L-proline complex
form 6 (Ii) 1:1 L-proline hemihydrate complex form H.5-2 (Ij) and 1:1.3 L-
phenylalanine complex form 2 (Ik) may be administered in dosage forms and in
dosages as disclosed in U. S. Patent No. 6,515,117 the disclosure of which in its

20  entirety is incorporated herein by reference.

B. Combinations
[00221] The present invention includes within its scope pharmaceutical
compositions comprising, as an active ingredient, a therapeutically effective amount
25  of a compound of formula I, including (S)-PG(form SC-3, Ia), (R)-PG (form SD-3,
Ib), SA-1 (Ic), SB-1 (Id), SB-2 (Ie), 1:2 L-proline complex form 3 (Th), 1:1 L-proline
complex form 6 (Ii), 1:1 L-proline hemihydrate complex form H.5-2 (Ij), and 1:1.3 L-
phenylalanine complex form 2 (Ik), alone or in combination with a pharmaceutical
carrier or diluent. Optionally, the compound of the present invention can be utilized
30  as an individual treatment, or utilized in combination with one or more other

therapeutic agent(s).

-93 -



SGLT2 activity, and therefore may be used in the
treatnment of diseases or disorders associated with
wW@EB0sA0met i vity. -92 WO 2008/ 002824 PCT/ US2007POmLS2497/071749

[ 00218] Accordingly, the conpound of the present

i nvention can be admnistered to manmal s, preferably
humans, for the treatnent of a variety of conditions

an d[ooﬂzsz OF @@k Ssthdripeh kA A8 (s) B itaBIR torl doMbin@ort Qith the compound
treating or delaying the progression or onset of

di atfdberyesepcinyaditing imrlpde but apdottippited|te, knpyip Hicrapeptic agents

9' Uﬁ‘s@ﬁfm HRL GLANGE o h@%fblrélﬁlwﬁoﬁe%%ﬁs%%%ﬁclu(ﬂﬂg eﬁ;'na(ﬁﬁ}ehé?

I"I"cat 1 ons, suc as nephr opat
neuagamatdny hyaﬂglycmlaa@mss hypohmdemgl’lymbhwal;mg agents; anti-obesity
yper.insul.ine ero em a, dyslipidem a,

T b S BB Py YR AP pERh e P Ras o bl yeor of

hy p@0223pi dexdngples off @bl fah@Hldiaberid ageits & umqas:bltnymamumdl the
heal i ngH%qtlssue i schem a, aEﬂq EOSCI(f sis and

hy peP Yrihe PFﬁsénHBﬁ‘i%‘% e KR seht MF o

%h'éhﬁ)ﬂniﬂ? gilicbdidi &€ thhtftotsne. gea&eoolé)oﬁlh%hm)ogﬁuﬂn@mblﬁdmg
g?h density i popr ot ei n ( HDL)
ad dingyligriccretAgo TR iiRsU b gensweg@a@e&htm&w(%4 repfickinide),
ol

1¢ t%ﬁgﬁ)l}lﬁg%ésy(e %ﬁﬁl@[ﬂﬁ@% §%yg?r1(?es gh ick JO halanm—gn %galﬂfde andthplzlde)
En dlmguamrd@ngybwbﬁad:Dmbn&zanKE*g SAucp1987)), thimaylidiedionesatced

th th tian. 15

oD e AR e BPRR i e el RERRE st R AR, i

( R) agBfasts, SFP‘AER albhabgamr&“ddhl agohi?sbs, glﬁ&;gbn f)lldébhor)ﬁ%.ean}(ibieo)rs,
proi i r I he

c onlﬁ{ﬁ@szors 106 Hy BCI%TB n)dmz piotim %@P a%Pé‘n"ikl‘f)PgP%Eel e

5‘ orcmlé# aBorast{ b1 the 80H-1Jredepr, LaNg hégh@@ptmsmrﬁmp@m fBibMdrs.

2 (1 may be admi nistered i n dosage forms and
dosI&@ 1 aslt #i bebipyed dlept the s ofghe @m@n@d pidorngulsl i, caztp?mﬁh@

di ngiﬂ?ét%aps‘t ﬂfe OWHJOFJ]O‘[ & airltté abefi a&m(%)rp%\)fcll‘so Sctntlh r% gcemlc

i ncor por ated hereln erence

[ 00224t gidatr }:hnae ﬁehposslhkwérm ewh pﬁtdnba@dmhommm mlonet and greater

scope phar it r an

cct T R RARHARRL o ERTRA Hr RS SERAS i R O
2025 médieaneagpound of for nmul a I, including (S) PG form

( a2zl ottt S dine: Bhir SioHO NS

L(dlscivtc@lih 0ES. PaRANE%, 590 0%)6G(a|xb )Welﬂ-:oﬂae bfﬁagmazale(m_
hem hydrate conplex formH 5

L-
phetfifp &) a"rﬁgh'@z%’@ﬁﬁl)@ﬁn?@]?ﬁ{ez) qrﬂ@ghtagp@r{gPO%Q% Pfizer,
¢ O”?Ag”l‘f’ézb&wmrh@a? rénggﬁgﬁp 1) mkpw@w) §lvo@hitaftink H€NT9702)

Optional Iy, the conpound present i nvéntion can
2%e (SenkyoABH), Swgh@daﬁ\m\lﬂd‘i’r@l@uﬁeddy@m roe (4); 1. biset-i(3.p-Aeko-

et o) g les TR PG po7 G bR

[00226] Examples of PPAR-alpha agonists, PPAR-gamma agonists and PPAR
alpha/gamma dual agonists include muraglitazar, peliglitazar, tesaglitazar AR-
HO39242 Astra/Zeneca, GW-501516 (Glaxo-Wellcome), KRP297 (Kyorin Merck) as
30  well as those disclosed by Murakami et al, “A Novel Insulin Sensitizer Acts As a
Coligand for Peroxisome Proliferation — Activated Receptor Alpha (PPAR alpha) and
PPAR gamma. Effect on PPAR alpha Activation on Abnormal Lipid Metabolism in
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[00222] Ot her "therapeutic agent(s)" suitable for
conbi nation with the conpound of the present
w0 poognoasen i ncl ude, but are not limted to, KknP@EUS2007/071749
therapeutic agents wuseful in the treatnent of the
af orenenti oned di sorders including: anti-diabetic
agents; anti-hyperglycem c agents; hypolipidemc/lipid

| oveikiing Z3geRF ety RS DRBESE, Y, B4RAME §H98), WO 01/21602 and in
anti - hypertensive agents and appetite suppressants.

[ 009 23pteEk@anhl. HY. Bf disdptuabplfevidelt is eroaﬂ@emddleéﬁgebﬁ rfqece,
US€ Iﬁ oﬁﬁ)é]ﬁ)ds %ts gg&t }%tttﬁerél %h1§9§%&%&ﬂ%§t %%%?er?pagﬁﬁe%ﬁed are

i nvention guani
phemtiorad fm)rpsegietmroy dase i nhibitors (e g., acarbose or

A T L S
r epI&@|(]9n3i9d,e$3, ﬁl&l Sﬁep{eﬁibﬁlyi uperand @.19S, apghctaﬁelp Bériatislo.

licla chl or am de and zi de),
bi g@\ 9%3}’9@9% r%é WpstrRlp 16%@%@%@8@8 Setelﬂea%nce ).
t hi [@5@18‘] di siedbRmMEP4(fhilitors 1nt:lﬁ@egﬂhb§eaﬁ§éﬁf§ed 1%@0@'913@@(?10‘9&@
angg}ﬂp gl | tazone?Z PPAR- al pha a oni st s, anmma

232, \BPAR P ThARGEHRR 5@%%@7@9%(%@@ ), WO
1@“0%%‘1%1/@&93@1&% mLme@mt[@ﬁ fﬁocegaﬁogmn@c' d

ing protein , gl ucagon 1 (G&P-1)
or ﬂfarromdﬂethylkgmm ety lo2-cydne-(SPHolidime etovarfis easdisclosed by

o Ry PR ARG [ aboT T B TS s Byt

| n L2AdHeethy dioisoguibdlinat3-dagmsyliccaeal (disclomdédyofdnera ct al., Bioorg.

s E ek BT LR BT SHEG Bro BRI ERAT °  nece

medéyamﬁbﬁdlaésoﬁsamme@mﬁﬁimrorthtehﬂn Blidigg. @@MRUNEm. Lett., Vol.
add| tive antj - g m c effects produced b these
g@ém

0 trél éament 1§3 1[1@@ PRREY (1891 the pempounds disclosed in U.S.
t hl ApAtdidh ReGH! %em/BMM dey oMb 1*/(?86@3 atu U% Me&r 8355,767,

(disclosed in U'S. Patent No. 5,
A astenlywng daspges gs feapeigh theabaye re@en0%2570)

eSO LA B Sl UAARERNS iz
2(I JTCPFHOSS)%l)(JPI\I'I'/ P&U), rivoglitazone (R 119702) 25

N- ddy/ N . Ol.
( Z) ﬁyﬁ] V\L%Xaﬁlp[le(s @9 %m%llol%)?gt(l [l\llyperglyce)ml((, agents I?xoer usg n c'g}ﬂbm%{lon
1Y2N\|;-vlilz gpé asl(mpamh loﬂﬁe presstit mvgtétit?nl mdlmiee%mﬂxgcbulﬁke%)zgml 1 (GLP 1)
anan es a
gagoﬁ*r‘F]%f‘%GL <§ Wﬁ% Q&%d?%%g & EbRAU b@ hrus,

duaﬂ’atéiﬁNB' $b& 406 layden BUERAdE Qlﬁ*ﬂyhn/lflﬂiyb glyi- Bp@@z (Lilly), MK-
aglitazar AR "H039242 Astral Zeheca, GW 50

25( GI b-(Mgreky fpag)utidg AEpgiRordigky4Pn! Mealryd %@rrs@ewal d3),
t hoéﬁ giﬁ%b@ﬁﬁ&e%nw&ﬁﬁﬁ&onﬁ uﬁ’dls dlscﬁs&pﬁﬁexbologﬁ)@kéﬂ

Sensitizer Acts f or Peroxi sone
Pr ol0D231 at EmnpleSAzdS sultableeldp@@axepu@hpld\llommng RERAR fal wha
and

Ab coormbu}alt:aﬁlg i€, ctlg}cnfgg fid o2 %erﬁ)o?éeR]btjn %ﬁ%\y%ﬁ%@ﬁ]‘g%ﬁ e MTP

olrrsmi
PCT 1:111118261@ MMGIC?@@Qredh.ctwse finhdtitoZ edvaten&EsytnthetaRaingibjtors, fibric acid

1847 (1998),. W0 01/21602 and in
3@ s‘P 61§?tévr‘?f ABC‘%% % TS, fpeRY gena 18%/‘\@?95&8 &ﬁﬂ?rt%ﬁab?‘gpnon
I NCighipRGELiREl metﬁlb rac1b)éomeﬁs<pbﬁaqehibitors, up-regulators of LDL receptor

activity, bile acid sequestrants, cholesterol ester transfer protein (e.g., CETP

-95-



enpl oyi ng dosages as set out therein, which conpounds

designated as preferred are preferred for use herein.
W®G2(4080@874 Sui tabl e aP2 i nhibitors include thoB&r/US2007/071749

disclosed in U S. application Serial No. 09/391, 053,

filed Septenber 7, 1999, and in U S. application

Serial No. 09/519,079, filed March 6, 2000, enpl oyi ng

doS@RBRorRSustels tSrebtrdpfy (@PUS29ElQp?>i?1§Jr) a2l jtrabiog (DEPglpha%)

i nhi bitors i nclude those disclosed i n WO 99/

99/ BRI 0niAD (9045 i 2peROBIIGIRIYG)Inic v 9 é77ves thereof.

a0t 14y Eh 80 bR SR soous negs ose

am dw:]losad: atly.5] Pat@ut Npaﬁw%%B’)Z Py PabatdNon &)/ 3¢, Ny & 3. iPsientalso.

£S5 ERER S pEeR T sibo 2l 1P HRRRER B0 Y 7S Y Phtent o

1, 2, &w%ahdm@amnﬂwu;%Mume 3-car boxyl ic acid

(di osed by Yamada et al Bi oor Chem

Lot DO2] ( 155E M3 egegyse 1@1@39%%51? gy lha/g?lalélgyegﬁa 4

15 &ﬁmwﬁ v2h bk sle8ore aSmpbiueg bPBEHuIRY 1r16ﬁia&\/ﬁ{ebzl&ta% afd related
Bi oorg. & Med. Chem Lett., Vol. 6,

116“831’(![)]?6@561%(111521?)&@- ip 74 Pairogiy. 3 %&%em%ﬁﬁé@ﬁ@@nevmohn) and

Gj' Sl%ia%ecgm Bunds %s dlsae&ld'n’?@tg @Qtel%%d §|23 N@38 pa/vgs?agm@l%& related
WO 01/ 68603 and U.S. patent 6, l'oyi ng

dosagesuids, gieh asocmclcrsnd tnHé Salkﬁ@m@Nloedf é‘f@%ﬂdesmv{lmzzgql related

O b B MBS S5l e LSS % omer v

Ex atiph mluaﬁsesnmbmm whiahtnay by pmplgjzgddemnc inalgee) et dronotumdted

Wi t,
| B R ARl AGP Heng ot Fiea- a3 e ED Bt dyelosed i
15 uch.SaBatédt Rrod (51603630 aﬁﬂ §i¢77 @(—)Pat&(vZStaﬁl), as&m;dl’(%ed in U.S. Patent

GLP-1(7- 37% (as_di scl osed i
5, 6% 498).89333. 208 P éé%ﬁ%%%ﬁdﬁa@(lﬂﬂqumt@m (Njysan/Sankyo’s
LY- 1?13@%% Mhb% as WKc18Rd M8 L. bMBK NGO, 5,00 1,050 lviéﬁétaﬁf%

( NovoNor di sk (Zeal and Phar maceuti'cal s %)
CJCISizr_paqgl(P@@n Z@@mﬁéﬁpﬁéﬁ)) andiselped soHo Oifay Ni- 8P 4¥l and

\Q‘Q h Q3 C?qe)l gxﬁ}oundl &P&&%ll i @”pa{t&ﬁ N%f 5 %’r@ 6’)%b€)ﬁ'azole analogs of

hypo | pi oweri ng agents for use
2(c onbévadimiolptong ddmvatln@s fe:) ntpolumd in.S. Reteptir s drftl 3 j6hY, emtehon

i ncl ude o CoA. reduct.ase
i PR Bon R B b Pt YET 8RR

aci gb/@A 38l e [i2v@ibstised- p&ﬁéﬂ' 1 ynhlldyl)pmﬁrz-dnbmmdgﬁmﬁés thereof,

|nh|b S | est er ol rption  jnhibi qrs il eal

N e Gin 1 S SN PR Rl sEROS R s S
I]Le%nécﬁ@aea&@ﬂen@ﬁw)\dhdmbrodabtb@ 1@ﬁdiefz'01%%ﬁél@gstdf@{&/ﬁonolactone

terol ester transfer&&roteln CETP -95 WO
2520089/@@@8@4@@?/3@@2@9?9% @705f‘fﬁw%bq><dr25hyd§wrpr%§ne

t orﬁ%ﬁﬁlﬁﬁfc%@ﬁ@@rl%%slés difdidse & fn)Fr@&‘ﬂ patkde NO @ §9él3©932 3-

PAR agoni'sts (as descri bed above) and/ or
m c@ﬁubﬁmtuteé@yrdolarfdrad @nd mmhwsiemfﬁéwe&aﬁs disql@od glzﬁurw

| nig‘i) al?%ltég% ﬁléc\sagl)&gl sC osed h%y%glogi? %C\%hogﬁg 'gebg %S/céosed

U. Sn (PatRarnt No.. 4,686,239, Q’b%ydrbh@hthﬁhhﬁmucmas disclosed in U.S. Patent
30  No. 4,499,289, keto analogs of mevinolin (lovastatin), as disclosed in European
Patent Application N0.0142146 A2, and quinoline and pyridine derivatives, as
disclosed in U.S. Patent No. 5,506,219 and 5,691,322.
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5 5,712,279, U S. Patent No. 5,760,246, U.S. Patent

No. 5,827,875, U S. Patent No. 5,885,983 and U.S.
w@ai0810028N0. 5, 962, 440. [ 00233] The HMG CoA r edRCT/EHSB07/071749

i nhi bitors which may be enployed in conbination with

one or nore conpound of fornula | include nevastatin

and related conpounds, as disclosed in U S. Patent

No. [062@@3 Brdfrred Rﬁi‘)ﬁbﬁgmfé AeBRY AR ghlvﬁ’s)tatﬁ&nIé)v:;s@atﬁlefhﬁ(f@s@atm

conmpounds, as disclosed in U S. Patent .
pr aaiasf@sa%tinnﬂawaﬁﬂeIcm\@eltatne@rwwmwnd €Bct$23s di scl osed

R o S D VR B S

an dreducdaﬁa sflc?hlas tlmsh disclbidd in GBAR 20880 cara swtableHoiist or @mbination

i b d._h | ude, but t
T el BT, P r R ARk osed | n U. s Palent No

5, 3[062367 2, Tieawusastsghthftascashisit@ctuiaisid formusdferdin Sclude, but are
Pat ent, Nos. 5,006,530 and 5,177,080, atorvastatin, as

di sRqt §8uiad jonophesphpag-shionatgsliscloodin . §hptent No737 g6, those
> 382 929p00lcP. 080, A0, CRURYRRKAVI  NoSERRhSRBKY#1

ni svastatin (N , as disclosed in U at ent .

5, omqlu%@lsomes(aé (rémomhmyé Stsihyhplyispigeics AFeakk esother known

d ng'qﬂérﬁé@ s}rntg %eqtllf?glto%c‘ ?Sjr éxglaéi (?as di %fogéht n%)S gﬁ&g ZE65971 721

I n canmpoun osed it ént’
lglora_mﬁ 47983 0647 and m;BqH!ﬂlpfl(;) ge aieaémglszvanﬂer?_ﬂ iﬁema;bcmmaﬂ Attowe
- ol BT RREb iRl Brinaa helieb one

g g ; “82,2387% Vv eﬁ’l ad@isiofli o8tk @RRRNE Hnichs@pRIbitea khi@dlME use herein
6- [ 2olpdy Betrrenpidypphesghates djsojosed Ry P Qiie dnMenisHaw saki -

19eriatdnegs 1HMeneofsz-24asnmé fa%%ﬁ% obghate-amalo f AtaB breMralene
4,647,576, Searle's SC 45355 (a 3-substituted

pentyarrbdiee (BSQ ®PYaralazaes disglosdil by CorenapdValeate, J. Am. Chem,
per |
nm%%‘zrqg% 3Rah98S,f mﬂ%@%@gﬁ%ﬁﬁ&%ﬁep&%ﬁy HEEGIOREE. et

[ [Mcati on
3- cdrbéxyszl%y@ﬁ@k§§$WQMaméqnghms$mgwkdba&hgum'TL PhD
der vatives Fren Pat
oG Ehyoyn B3 o8) LSRR Ll IR dp %ﬁ%cg“ﬁgl%of%nm
2ah|mpheme4demgmasl@amnmas di scl osed i n European

o b b 2 SRR PR o
4 6&npdaid oﬂﬁMMﬁ&ﬁ@@ﬂéﬁmrw %@mﬁﬁﬂdﬁfm AFibRitS %Eﬁ@iﬁﬂttd n
U S. Patent 30 . 4,499, 289, keto analogs of

meveiprefibrte( ¢lw§§11aatamﬁ The liks, plueploaiskyciared Eampgyagh as disclosed
Pat m} sARRh k8t 00 Ne; &&lﬁ%&%@d@%nﬁ%gﬂ Héih%%feﬁ@d and a01d

pyridine derivatives, as disclosed in Pat ent ®
2%, 506yRTOaNEhGs Slesezanine 96lewip P oGP BB Srhadex (Secholex

PCTI£ 967@3 %Z %ﬂ % 11]%0%91%;? @hoFr)le %foﬁfefrl]c% ,dEllé]:}{ %OgdSB ! Qlelms&bstltuted

S are pravas nvast t
at Oe‘tlwealstaaﬂnerdenffétw)aSh:&thh(HQﬁM)zba@ﬂ:ﬁt}/dm,llpsiﬁtalv(a"ﬁﬁa,t in

d. 22.. 10023 . it h i Ni i d ‘
conisBamengoupamoni iR S7E huPehePeaR el Tugbe seivoku.
? uchji@sndthase 14:I(a§@1km£®ﬁvatrvey;ﬁlezaﬁﬁlaa (7Surrﬂfoﬁlo$ waﬁcaizlse 035,

or use in conh

3r edBRECap rﬁ%yélmniﬂ% EL W&ﬁ% 6‘]‘d Fhe é%é‘&ﬁaﬁdéﬁﬁngstw?ﬁ el %@@atwes)
I nhibifd @ &21dS Hdipialdk SacltRin, AgyBR! ShRinoQGibPieacid Wpird, €

poly(diallylmethylamine) derivatives, such as disclosed in U.S. Patent No. 4,759,923,
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not limted to, a-phosphono-sulfonates disclosed in

U.S. Patent No. 5,712,396, those disclosed by Biller
w@eooat0282g. Med. Chem, 1988, Vol. 31, No. 10,P@PUS2007/071749

1869-187 1, including isoprenoid

(phosphi nyl - et hyl ) phosphonat es, as well as ot her

knomn 10 squal ene synthetase inhibitors, for exanple,

lafGrla ﬁﬁlmb Bol d%llyﬂ%&fglarhﬂomﬁm%ﬁljaﬂa%jﬂnd @Jh@ne}g such as

4 924, 02 uenschwander

PO ncmodmml 1n|\y|J @[ Patgyt, io. ‘P@%ﬂ Q08¢ and@tl[gr knagyjr s cholesterol lowering
Ph ceutical Design, 2, 1-40 (1996). [00237] In
addition, other squal ene synthetase inhibitors

sui 06239 fOlrc ASAT heritgion which ahayde embhpyedammembmdtlon the

r ophos s discl.ose
" SEOSRL G LR B T S5 IRNE 200.B
di phosph@aivesiaitah; cThAAand ipliiesael- Be ipyfeofias pegirévention and
(PSr(g@Fq) n or}al O%%at%%&;rgaksa%!%aoﬁ g@g_tgrigg\gegios?gtdal Vglchaeposclerogls
pho@lﬁﬁﬁn@ﬁ'lﬂ%ﬂ@l@bw @37?5) 17'&.92{1"39 Mmﬁ&gg%aﬂprofﬂe\éf FEeE 27677: a

and cy cIoproPanes

r epsVERACAT iniiton Wlth PO‘@nt hypplfpidegie agivita pedited by selective
10L9 8szlpp1%§mn of l}.‘ﬁqlepg&%g&ret%ncgf A%BE go- &Bﬁ{nﬁ pop?(ﬁgh’e Cﬁlflselh

Cont ent S, unmary
[oo@@sqaﬂw\@arﬂ]amsp e R LTI Mk B Thky: bbioavailable

e 4SRN ALLSD A SRS, I {8 v

bez@hanblat.d]9963, (mt)oﬂ‘i B)(D ;A€ ATCinhibadris mmmlogmdnet:h:midmslfe];

and ated c ounds isclosed. in, U S.
P B s e oS RO i SRR TP A ™R Rgose o
19r eflerdiRds): Ruffeloamuért% Jsequmgaamﬁnfrewc Nin8Smmation:
chol estyram ne E- Sephadex %Secholex

Pol M&@ﬁﬁoaéjath“ags %8?@ 5753 ?% BB‘%‘tSB% PRERAR BT B cpCAT

Ei sghibforeQeenfi@itnfitagiéRadib ot §%ntset§§W1Waﬂ &urr. Med. Chem.
derlvatlve) i mani xi | (HOE-402), tetrahydrolipstatin

(THLPYH). 1(8% Pehast Hiyhitorod 2pHdrop: dielssiere ocasmransaaaﬁ@@ACAT)
am ﬁ%gﬁ&éhgféﬁélto[ehﬁc e%fgﬂ{ga@erh%ksy g&& 59 olutf A@)m%bﬁoj Atipid-

(azul errvativ mel i nam unm t oo
2(58 1088atir@Ociyitr I@mmo@ydnam@A@LhOEWm@@@ltamdfe@&e @EIZ%BMB

( dl Beve?ot Imtth Pfd scle’lrrlees ofsu rétllt\lﬂt%dINvehsell}/n ngt inic acid,
alicylic aC|d

as pp}fenjilcyclthty()ﬁhbtaw Mbmlhlydnamcl@hypdehmlas&mlma& acts\utyh Stout
as disclosed inUS P t . 759, 97 WO

e e R I E T ) LSRR i e U
polmﬁﬂhﬁkmmhﬂ@@ﬁh ylannnnlun1chlor|de) and i onenes,

such as disclosed in U S. Patent No. 4,027, 009, and

2%t h@P248h owRhedpolinidarsF asmnemay bg HyirieagatongfdrdSteceptor activity,
[ 002301 1B8) é%ﬁzé)fﬂﬁh&{etso(mvr?h&tay q@%x@t@tr%lpye%ﬂl&hoxy—

conbi nation the 5 conpound I ncl ude those
di sMipgee TTarShDPh:ggla@ﬂutlcdi €oFutdygnal cmlestgl I5L¢-1Dpwpenyl)-

(Awﬁagggg % 2t£,I}'{gﬁgﬁ@q){)nhibitpr, A -1011 is effective

egression of aortic fatty
St r @axd1qr eBxampldsaifisdi@ble cholbiterol absérpiédn iahibitor for use in

ther scl.er os Shan l.re 9
A PR R S R e A
Plough) as well as those disclosed in Atherosclerosis 115, 45-63 (1995) and J. Med.
Chem. 41, 973 (1998).
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novel ACAT inhibitor with potent hypolipidemc
activity nedi ated by selective 10 suppression of the
whepavizs2esecr eti on of ApoB100-cont ai ni ng | i popPCL/ES007/071749
Ghiselli, Gancarlo, Cardiovasc. Drug Rev. (1998),
16(1), 16-30; "RP 73163: a bioavail able
aI kyI sul fi nyl -di phenyli m dazol e ACAT i nhi bitor"
g06242$- , E)@dtm'[ﬁés’of giﬁgfeglealh@ad/bﬂe (NEBY_trhsfpbrter (lrilh(%ﬁ@rs for use in
6(1 ACAT inhibitors: physiol ogic nmechani snms
f orcorrrbyrw@plil pith heicomppiendznd thic-imyontioroinelnds eminousdstap diseloged in
[ ause et 15 al, Editor(s):
Ruf %&@?M@@E{grﬁ{e %.[’],4%;??0;(1??%?)[ i nger, Mannf red A :
| nf Hﬂmt i Ol lipokjegtnase dtsbifeat Winely siay h@%})lpyeﬂﬁﬂe@ﬂbmatlon the

' 1, Fla.: " hi bi t
Toremroar st HeRaEEl S euis hr £0) mgeoyif oS,
a| benﬁiﬁd{azolwﬂér.ivaﬁh@ﬁhs di¢c1ROdHn, W®(9@)1,262‘Q4525) 1nh1b1t?rs as
O a er

Inh f | - CoA:.chol est er.ol C
ose W@&J@ﬁﬁﬂ%w@%ﬁogﬁ% anyehtssd ! %Oﬁ?@%fli‘} spd 1510
VVat 1ﬁﬁ1bﬁ§ils URIIR 106N byl SRRA D Qlal WA dkdhudtioR off dRO B latletREerosis
activity. Inhibitors of acyl-CoA: chol esterol

acyinerstiHs Feh aé@h(wzlmve Bp-lipopeseapss priabitor dickiag sigpifisgnt of

168 UbSbkidLR Eh Phakrdacology (1997) 120, 1199- {206, and Comicell
pheny1 clyc g O?;]t y 1 Fltr | ur égsogzm( I% )en hanced and Cornicelll
hy poehd lieétpexxgeem @ndattﬂ ﬁnhibttgph A Stowelt Therspewtic Target for Vascular

t 59-62, or
Ts-13%?%%Tgugﬁmg’hﬁ%?“ng&éﬁ’ggh’l 19809 1 39 25 [ 00240]
The[0b3449| | Praigids©f adgeble anayyixetcadiveygeite futluad iarcombinkdidh with
receptor actiyi

ty, such as. ) )
| C S Cortestia ot Plesssh B S B dnoluly e dreerais blasksra Bl
15 5, oflidrBloBIQXYd - t@qﬁ&naolﬂtypaad gslanuﬁbﬁr v@@auﬁu Eidddifie,
Ltd) and. chol estan- -(2-pr E{% 3a, 4a, 5a) -

( Lﬁ@sdmrpe ap| mylaqfwari% dlu[e@lesz@_@} P7é§e ydrgihl?rawraélde

chofgsd@bAle, ﬁ?&@ﬂlﬂﬁé‘[ﬁ’i@ﬂﬂ@ @brﬁir&fﬁfmeftlﬁﬁmdés Ricth ?lcl?ﬂ%rothlamde
conbi nation wt he conpound of the invention include

sowelmlelpn(esearmes m@ythw@@s dryzthiggidapethpergric ptid gisrynafen,

L e ey e

2(PCT¥rUS2Q&T¢10Y, 1dM®inhb@ORARTE Iﬁ)&abrplrse(s gofcalsoprﬂ,azblfﬂoplﬁle al
H%Fm%l%rll errllalgl cetr%hné)gs (F)rpa}zg rrc} %eflaptr%té)%rrltﬁerﬂ gl}maﬁ)rll IPIBH L
commwpds AT- 1db@pio@sﬁdgdnms (B gSartn, frbsarkanl vil@rtad4ET
425- 430 (1999 00243 The Ilﬁoxy nase inhj bjt %{}
whi EFFPHRE?I &P e@yé’&a P b ABICHEE PERCAHREUD Iﬁ‘fﬁ AY-S

of PaniibLa 5|61Q'3§¢h11dﬁ6(34_3iGSPWHEW@%n(a%@mb{@g compounds
i nhi bitors, such as benzin dazol e derivatives,

2%i séircdesediing WORG/ W75 peental cpdonegigaini b dphibitoss Vasopepmdase

di s
GRS AL RB ) £ DA 80 SaLsahRAL 9

Sendtigeyy et al "Attenuation of diet-induced
SLR028, S ARofes ok RifsBRAbA Pudted Do Loy SEUSEALY Sin he

ant ctomgodl}aa/tg(lie;‘]q?ﬁ‘ pelrpgegt 1Ine®t1pn Biclutle a Beta Pladrenagio lagenist( dlIgH70
2oi’nhi%)l:%or a %e%gtonln %anccii dco:ga{nr;lng) rle:lllpitake inhibitor, a thyroid receptor beta drug,
SHT2C agonists, (such as Arena APD-356); MCHRI1 antagonists such as Synaptic
SNAP-7941 and Takeda T-226926, melanocortin receptor (MC4R) agonists, melanin-
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et al, "I5-Lipoxygenase and its Inhibition: A Novel

Therapeutic Target for Vascular Disease", Current
web@seaseut i cal Design, 1999, 5, 11-20. [00244kCT/US2007/071749

Exanpl es of suitable anti-hypertensive agents for use

in conbination with the conpound of the present

i nvention include beta adrenergic bl ockers, cal cium 15

c haébﬂ@ént@ln%%%%‘h@ne@ecépib@ ?M@?l‘ﬂ{) LnthY it (@ucﬁh as @?rﬁalph@éﬁmP -7941

ver apami | i pi ne, m odi pi he and radi |
d| uarnétTalsgda(Te22§926)emlmlmeh¢mQruIm@iulargrﬁ 0BEH @mpmm (e,
|
%LJE sﬁﬁnfé‘? Praltzi%(‘gge %té%ﬂﬁ{ ﬁugﬁ’?oaggt PlYélzmoc?ulators corticotropin
t ri uehhmg)fzetbhat@msdeh1stpminy1rdmepmr 8l €513 )bemvitalira il dheta-HSD-1
ur DEREP e oh b et A luonrinuR bR PG ntiors or
am leRnditkeageRV, Sqilidr nairacdphrte)mtoﬁ(ejmm $Lf0h abAKO)rKiNE%GE
i nhi bit or C .e 0 0
enalﬁﬁﬁP?rPl% %@Ngr@ﬁﬂ“ erwgc[ ‘i‘eé&%‘i?i?’ if goé éﬁEPP fmds ept“Preceptor
PenheRNdtbrs, AhhBRRIA- | recEREA dRfakbnists {s'u@ﬂ RER141)716 Ehndfi) or SLV-
recept or antagonists (e.g., losartan, irbesartan,
val E3r(Peligy)). ed/or@agpicefic aghittagoni sts (e. g. ,
It
1t P el Rl SRR R RIS PRSP ovt
ant @gbmiagon eh gompaodpbiia desab lrdmymlnogé@ﬂelﬁd N0

00/ e I i}

00 Q45858 21 SRSOBR L IEER IOEEd I By
( e. aponison@piitiokddan Ih&d’a@em@mﬁ,ﬁﬂl 204) 5,7amd15, 6j40F &34 $,776,983
[002%1%] rrpl es of suitable anti-obesity agents for
use™ B8t nation with the conpound of the present

15 NVPUL479N Exeipidef apheimitdondiiaseng s @ﬁl@ﬂaus/tempaoyed in
i pase 30 inhibitor, a serotonin (and do

r eu§ombinatiph Hith cerapound of the pessent perijpndel OahSéﬁt @gATL 962
SHIQG-ageni sts, (such as Arena APD-356); MCHRL

anta on sts such as Synaptic SNAP-7941 and Takeda
T 2@8@@6 ‘il sqroooT tand denapis eruplakoaRibitatienesetenin receptor

o e e A e R G 428 s compound of e
2q's umbsea&nﬁ},nnalptniasz bSRIXP-9894Biovanuh), Fatkedainif; @RBHRG) (Johnson &
gal Jaﬂi n jrece duI a;or s, orexin antagonists, CCK
agor?i 4100 OB me? Nt agoni st, NPY2 and NPY4
MO AD249 1 SExadtpldsio€ Oiyl‘cﬁcﬂ)teﬂeptdh&iemhipgutfdamwh g ®ioptiGhally
hlsta ne . .receptor-3 ) nodul ators, 11-beta-HS
i nhi"A %ﬁéﬂc ‘??6’19%8‘?‘5‘5{13 Foaeprytof ﬁlafomr:sg{ﬂdf%enﬂ%walaﬁ? %@rmd
I eUREPKS 11%51’(31'5 iutIP4ShQk distBbRAS WG 9RINBIU. BalF Iwoy99/00353
neurotrophi c factor (CNTF, such as AXOKI NE(r)
2Re gerBam)and BERRO/OBIOTT KK ereBided neur ot r ophi ¢ factor)
| ep n I .
o TSR ESORLAL R 00 B ERBR I thdved n
SL\,(;orIﬁ)iIQtl()lSwith agthpqung nﬂvhe prea¢nt anverteotindudrderituraniioe,
E)g?(lgeg(ge]g y i npfluvoxgglcrjl{e uox Xe{n%et §?rﬁlﬂme chlorﬁ}g:%%{mme
t hecl@fbeﬁmmtermmnlmcﬂhnex ﬂlbhtmimné\.]igﬁi’lﬁ)hetamme phentermme

/Da n L750355 ( Merck or CP331648
o PR R AR bot a5
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agoni sts, as disclosed in U S. Patent Nos. 5,541, 204,
5,770,615, 5,491,134, 5,776,983 and 5,488, 064. 15

W 0@R4TIs2Exanpl es of |ipase inhibitors which nByT/082007/071749
optionally enployed in conbination with conpound of
the present invention include orlistat or ATL-962
(Al'i zyne). [00248] The serotonin (and dopani ne)
r eU[@bﬁi? |l Ribicpfic e{%‘%ﬁt ﬁﬁé%%bé‘o@%ﬁaﬁ@teﬁ%{ploy@@ S oslbiiation
whi ch may be optionally enployed in conmbination with a
conpduthg compeund of thg P}iﬂS@é dventigniegiedegppirpmpteéotmyon & dghnson),

(Bi

SorAs b hning bt A ren LBRRL ARG yofeBEE Tes of

t hyl062%2] r eﬂ&rﬂf@ﬁmbtﬁtoae(tpmqmd&pam apblicmaynsee incorporated

fptlonah g ng oyed in conbination with the conpound

f Wﬁ%n ¥ %%ﬂ? invention include thyroid receptor

i g[@l]DSB] STigdubase dth@sieerahesad zfg&ﬁtd Wan\é@pﬂ)Z/édZih%ﬁlb(nbhon with
gg MD 99/ 00353 . 25 (Kar oBi and WO O/O 9077

( Kaﬁhe young §bDsBICsePh Y AINE LY 178 “Feéiuﬁ)tr K& BPicgmounts

whi @lficiBYinkBe PRkicRRal Dtk RERIAYEds inthe é%%dt QBowok B
conpound of the present invention jnclude

f endtherrisgidplerminetelyr egiof aidiynheill mthgakani ne,

1d l uoxetine, paroxetine, sertraline, chlorphenterm ne,
cl oforex, clortermne, picilorex, sibutram ne,
dexanphet am ne, phenterm ne, 30 phenyl propanol am ne or
mazi ndol . - 100 WO 2008/002824 PCT/ US2007/ 071749

[ 00251] The anorectic agent which rmay be optionally
enpl oyed in conbination wth the conmpound of the
present invention include topiramate (Johnson &
Johnson), dexanphetani ne, phentermn ne,

phenyl propanol am ne or mazi ndol. [00252] The

af orenenti oned patents and patent applications are
incorporated 5 herein by reference. [00253] The above
ot her therapeutic agents, when enployed in conbination
with the conmpound of the present invention may be
used, for exanple, in those anounts indicated in the
Physi ci ans' Desk Reference, as in the patents set out
above or as otherw se determ ned by one of ordinary
skill in the art. 10 - 101 WO 2008/002824

PCT/ US2007/ 071749 WHAT IS CLAIMED IS: 1. A
crystalline structure of a conpound of formula | COEt
c
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OHO HO~" ""SOH OH 5 2. The crystalline structure
according to Claiml conprising a structure selected
WO c@s00324 gr oup consi sting of (S)-PG (form SCBJT/US2007/071749
(R-PG (formSD-3), EtOH (form SA-1), ethylene glycol
(EGQ structure (form SB-1) and ethylene glycol (EGQ
structure (formSB-2), 1:2 L-proline structure (form
3) , whHAT ks eiaiMi® §.ructure 10 (form6), 1:1 L-proline
hem hydrate structure (formH 5-2), and 1:1
L- phenyl al anine structure (form2). 3. The
crystal i ne, SEhHER Bbu 3L AR PRAmEATD OF Sai d
structures substanti al | ure orm 15 4. A
crystalline structure of a conpound offfornula | Ctt
C 20 HO HO\ //OOH OH in tfe mof its
propyl ene gl ycol solvate. 2¢ 5) - propyl ene
glycol ((S)-PG solvate of Structure (form SC-3)
la -102 WD 2008/ 008828 PCI/US2007/ 071749 OEt C HO O
\\CH3 HO CH HQN//OQI 9 HO OH (or CH3 OH Conpound
la 6. The crystalli MO st uctir e (S)-PG (form SC 3)
according to Caim5 ch@tacterized by one or nore of
the following: 5 a) unit cell paranelers substantially
gqual to the fol | ow ng:

2. The crystalline structure according to Claim 1 comprising a structure
selected from the group consisting of (S)-PG (form SC-3), (R)-PG (form SD-3),
EtOH (form SA-1), ethylene glycol (EG) structure (form SB-1) and ethylene glycol
(EQ) structure (form SB-2), 1:2 L-proline structure (form 3), 1:1 L-proline structure

10 (form 6), 1:1 L-proline hemihydrate structure (form H.5-2), and 1:1 L-phenylalanine

structure (form 2).

3. The crystalline structure of Claim 2 wherein each of said structures is

in substantially pure form.

15
4. A crystalline structure of a compound of formula I
OEt
I
in the form of its propylene glycol solvate.
20 5. An (S)-propylene glycol ((S)-PG) solvate of the structure (form SC-3)

Ia
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Cell dinmensions: a= 11.2688(8) A b = 4.8093(3) A c =
46. 723(3) A 10 a = 90 degrees (3 = 90 degrees 7 = 90

walegsmes26Space group = P212121 Mol ecul es/ asy nmP@r/Ds007/071749

unit = 1 15 wherein neasurenent of said crystalline
structure is at roomtenperature and which is
characterized by fractional atom c coordi nates
substantially as listed igetTable 4; b) a powder Xx-ray
di ffraction patterrmc ising 20 values (CuKa 2 _
1.5418 A) sele \ he group consisting of 3.8
0.1, 7.6 0.1,
15. 7.

0.1, 8.7 0. 1, 15.20.1,

s 0.1, 18.90.1 and 20. kn,0. 11 gt rogm 20
tenperaturp; ¢) a soji tate \ spget runhavi n
subst anwubd “ouri | ar g‘égk poém at 6&6. 2, 1 G,_g,g '
39.3, 60.9, oB3.3, 69.8, 76.9, 78.7, 79.4, 113.8,

123.6, 129.3, 130.5, 132.0, 135.7, 139.1 and 158.0
ppm as deterni ned SMRPUABIMHz spectroneter relative
to TMS at zero; 25 d) a differential scanning
calorinmetry thernogram having an endotherm in the
range oft. abolhe sygtaliipe sy (Sad GsamrSG-p) Fcepding tqClaim 5
-10 2 (071749 e) thernmal

gr a%a%é@eﬁ?e@%gﬂo%%?i@g@%ﬁh&?&% 1&& about 18. 7% wei ght
joss framn aboutclrmpomdenpbsabtialle egyl toothatdlotvinz40C or
as éfiggﬁ/n iri1 Figure 5; or f) having a proton NVR having
subst ant"&'Y"Y" simil ar peak positions as listed in
Tabl e | A=5l.2683®hé& crystalline structure (R -PG (form

SD-3) accordj n%)}% Caim5 having the formula | b Cl

0B O | byoteus

10

15

20

25

"OH H20 HO
c=46.7233) A

a =90 degrees

B =90 degrees

v =90 degrees

Space group = P2,2,2;

Molecules/asymmetric unit = 1
wherein measurement of said crystalline structure is at room temperature and which is
characterized by fractional atomic coordinates substantially as listed in Table 4;

b) a powder x-ray diffraction pattern comprising 20 values (CuKa A =
1.5418 A) selected from the group consisting of 3.8 £0.1, 7.6 £0.1, 8.1 £0.1,8.7 +
0.1,152+0.1,15.74+0.1,17.1 £ 0.1, 18.9 £ 0.1 and 20.1 = 0.1, at room
temperature;

c) a solid state *C NMR spectrum having substantially similar peak
positions at 16.2, 17.6, 39.3, 60.9, 63.3, 69.8, 76.9, 78.7, 79.4, 113.8, 123.6, 129.3,
130.5, 132.0, 135.7, 139.1 and 158.0 ppm, as determined on a 400MHz spectrometer
relative to TMS at zero;

d) a differential scanning calorimetry thermogram having an endotherm

in the range of about 50°C to 78°C or as shown in Figure 7;
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OHOHIb 10 8. The crystalline structure (R)-PG
according to Claim2 characterized by one or nore of

w0 b@sfadskowi ng: a) a powder x-ray diffracti on PeXt/Us2007/071749
conprising 20 values (CuKa 2 _ 1.5418 A) selected
fromthe group consisting of 3.9 0.1, 8.0 0.1, 8.7
0.1, 15.3 0.1, 15.6 0.1, 17.2 0.1, 19.2 0.1, 19.9
0.1 and 20. 3theﬁnéll’grﬁrﬁmétﬁ@ﬁﬂaﬁ}%ﬁQﬁfV@Wﬁl%bO&QSk’?’% @elgﬁ)tllbsg from
state 13C NWR spectrum having substantially simlar

aaboufpregmtt@rm@sat@rﬁ e =8>0ut12740%C oo showis@, Kgured, @ 67. 4,

2 g 5] 7, 0. g 5 6 ngi% él%toﬁé\ﬂ\%%ﬁ gm% glﬁ%tagbéall& étglzl}agp%%%%mﬁons as

4001Mtﬁ11n§pldcﬂAoneter relative to TM5 at zero; c) a
ifferential scanning calorinetry thernogram having an
endotherm 20 in the range of about 43C to 60C or as
shown i 7. Fi g@hec§staltine shuctue@yaEG @orav$Ds) idcOrdatpab Ydim 5
curve. wit h_ ab ﬁ 18. 7% wei ght | oss from about room

t enB¥ighe BrEEa 4y about 235C or as shown in Figure 6.
9. The crystalline str gt (f orm SA-1)
according to daimg ¢terized by one or nore
of the unit cef? P sbstantlaIIyHequaI to the
foll ow ng: Cel | yginensypns: a3 11. 5 C) A- 104 WO
2008/ 002824 PCT/ Us2697/ 071749™% 2 99¢1) A c =
22.648(1) A a = - degrees 0 = 94. 58(1) degrees 5y =
- degrees Space group = P21 Mol ecul es/ asy tric unit
1 wherein neasurenent of said crystalline structure is
at -50C and which is characterized by fractional

atom ¢ coordi nat es substanti al Ily as listed in Table
1000 10. The crhyssastpilipestacrietRIrTE Eerdmsrad ésniz)characterlzed by

accg{eq)lrgg)rgé}tg@nmv% characterized by one or nore
unit cell paraneters subst antially equal to the

fol | owi mg:  apswiirg-1gy difsactigCoMvR epereising APhalicnd-uka A =

SO B g BSER 995 08 520 16

1120.095. 61ﬂ261,1167 2406, W +0.1,19.9=+0.1 and 20.3 = 0.1, at room temperature;

15 b) a solid state *C NMR spectrum having substantially similar peak
positions at 15.8, 17.6, 39.0, 60.9, 63.2, 67.4, 69.7, 77.3, 79.2, 79.8, 113.3, 123.6,
129.0, 130.4, 132.0, 135.6, 139.2 and 157.9 ppm, as determined on a 400MHz
spectrometer relative to TMS at zero;

c) a differential scanning calorimetry thermogram having an endotherm

20  in the range of about 43°C to 60°C or as shown in Figure 8; or

d) thermal gravimetric analysis curve with about 18.7% weight loss from

about room temperature up to about 235°C or as shown in Figure 6.

9. The crystalline structure EtOH (form SA-1) according to Claim 2
25  characterized by one or more of the unit cell parameters substantially equal to the
following:
Cell dimensions:

a=11519(1) A

- 104 -



15 127.38, 128.61, 129.02, 129.73, 135.62, 137.48, and

154.70 ppm as determ ned on a 400MHz spectroneter
WO edoaniaseds t o TVS at zero: Cell di mensions: a= RAT/BSB(8)71749

A b =4.766(5 A 20 c =22.78(3) A a = - degrees 0 =

93.38(9) degrees y = - degrees Space group P21 25

Mol ecul es/asymretric unit 1 wherein neasurenent of

sai d crystahdgpeastructure is at -50C and which is

characterized by fractional atom c coordi nates

subst antia?2-64808 A isted in Table 8. 11. The

crystal Ioiggdgtrgegct ure EG (SB-2) according to Claim?2

30 chardctefize by one or nore unit cell paraneters

subst antp-abd. y3(epdeglect 0 the fol l owi ng: -105 WO

2008/ 002824 PCT/ US2007/071749 Cell dinmensions: a=

511. 4950("T) J&ereBS = 4.7443(1) A C = 44.4154(5) A5 a =

- degreeg%ace(g’;aou:p:-pﬂegrees y = - degrees Space group
P212121 Molecul es/asymetric unit 1 10 wherein
measur engelecubds/asynmetieysit &l | i ne structure is at room

te rature and 'cfbbi s..character.i egiqo y. fracti.onal
at oo HPu R L ElhscPnlehAh S £28 Bl AT
10. chicteried tyriyasti@lal atomicsdobrdiates ubktadtidllyfaks Gikted & Table 6.
conplex Ih form3 according to Caim2 characterized

1Ooy one or nore of the follow ng: 15 Cell di nensions

(at -60Gp:  afe dQstBlié ducrdES (bim 3BA() htcoin€ t0Claim 2
27.497(1) A a = 95.94 deglr ees 20 0 = 99. 22 degrees ,
characterized by one or more unit cell parameters substantially equal to the following:

a solid state *C NMR spectrum having substantially similar peak positions at 12.49,
59.16, 60.61, 60.69, 68.10, 72.51, 76.11, 78.51, 79.02, 112.09, 125.16, 126.47,
15 127.38, 128.61, 129.02, 129.73, 135.62, 137.48, and 154.70 ppm, as determined on a
400MHz spectrometer relative to TMS at zero:
Cell dimensions:
a=11.593(8) A
b=4.766(5) A
20 c=22.733) A
o = - degrees
B =93.38(9) degrees
v = - degrees
Space group P2
25 Molecules/asymmetric unit 1
wherein measurement of said crystalline structure is at -50°C and which is

characterized by fractional atomic coordinates substantially as listed in Table 8.

11. The crystalline structure EG (SB-2) according to Claim 2

30  characterized by one or more unit cell parameters substantially equal to the following:
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y = 90 degrees Space group = P1 Mol ecul es/asymetric
unit 4 which is characterized by fractional atomc
w@omsdiasat es as |isted in Table 15A; 25 a) a ppuwi©s2007/071749

x-ray diffraction pattern conprising 20 values (CuKa 2
_1.5418 A) selected fromthe group consisting of 3.3
0.1, 6.5 0.1, 86 0.1, 15.7 0.1, 16.40.1, 17.20.1,
18. 80t dimeddorB0. 1 and20. 30. 1, atroom tenperature; b) a
differential scanning calorinetry thernogram having an
endot heram 113958¢1) #85C or as shown in Figure 19; or c)
t her mal ric analysis curve with negligible

wei ght bglsgyﬁz{g%pé& 150C or as shown in Figure 16. -
106 WDc200841002824 PCT/ US2007/ 071749 13. The

5crystal line structure 1:1 L-proline conplex Ii form®6
accordi fy £ 8°®"®ai m 2 characterized by one or nore of
the fol lpw ngrecCel | di mensions (at -400): 5 a=

11.441(1) A b =10.235(1) A ¢ = 45.358(1) A a = 90
degr ees ¥ 0 deg@0s degrees 10 vy 90 degrees Space group

= P2121 /asyrmetrlc unit 2 which is

char act e?snibl 22%&%0%rabtl onal atom c coordi nates as

listed |Mola'<aﬂ)ds£asyhﬁﬂetna)m1a1 powder x-ray diffraction

attern co |S|n 20 val ues Ka .2 15 1.5418 o
el ‘8@?%‘8 TEPIRTRHE fgSF%?Lfﬁysé ngFPO‘FJ‘Hré 1%?”%9“@%“6’?@“@?@)‘”111011 s
0. IghatkbtefzedbyIfracidnalatoBickooimal substabilal §Qis listed & TBICLLO.
19.70.1 and20.30.1, at room tenperature; b) a
differential scanning calorinetry thernogram having an

endot herm  atrhabQuthiliASdfacRie BS LSHOMR doplek I8 Fm2icc@lling to
20 c]? thermal gravinmetric analysis curve with

negtle Brlearsgiarighd by ensor mposhef tibBliewingom t enper at ure up
0 h&yaaln Figure 17. 14. The crystalline

15tst r%%?ﬁpgﬁsi&ﬁ({t ro i ne hem hydrate conplex Ij form

H. 5-2 a(aeor(lﬁlrlgl)tﬁo Claim2 characterized by one or

nor e of btﬁ?l.gﬁld)%w ng:

c=27.497(1) A
o = 95.94 degrees

20 B =99.22 degrees
v =90 degrees
Space group = P;
Molecules/asymmetric unit 4

which is characterized by fractional atomic coordinates as listed in Table 15A;

25 a) a powder x-ray diffraction pattern comprising 20 values (CuKa A =
1.5418 A) selected from the group consisting of 3.3 £0.1, 6.5+£0.1, 8.6 0.1, 15.7
0.1,164+0.1,17.2+0.1, 189+ 0.1, 19.8 £ 0.1 and 20.3 £ 0.1, at room
temperature;

b) a differential scanning calorimetry thermogram having an endotherm

30  of 185°C or as shown in Figure 19; or

c) thermal gravimetric analysis curve with negligible weight loss up to

150°C or as shown in Figure 16.
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25 Cell dinensions (at -40C): a= 11.539(1) Ab =

10.199(1) A ¢ = 23.183(1) A a = 103.96 degrees 30 O
we2@3/0aB24degrees y = 90.25 degrees Space gr oR@EI/ESIN7/071749

-107 WO 2008/ 002824 PCT/ US2007/ 071749

Mol ecul es/asymmetric unit 4 which is characterized by

fractional atomc coordinates as listed in Table 18;

a) a powder x-ray diffraction pattern conprising 20

val ues (CuKa 2 1.5418 A) selected fromthe group

consi stildg offhgeystalpng strgtuge 1:d) Liproli® opmplyx 1i fonrg 6 gccogding to

9: Melaih? Bhkrdoreribda BPore or S’ftﬁe  foligifd: 1 and 20.8 0.

room nper-at ur e; ntial scanning
cal @eslldm]bnsyortsmarwgbam haV| ng an endot herm at about

525C to 125@-‘2‘{}56%%0% in Figure 21; or c) thermal

gr avi metri is curve with about 1.7% wei ght | oss
from 1G-abpedsrygom tenperature up to about 125C or as
shown in Fi ure 18. 15. The crystalline structure as
def i ned S*AX(2 which is the 1:1 L- phenyl al ani ne
(L-Phe) cogpligtekk form2. 15 16. A pharnmaceuti cal
corrp05|t| on conprising an effective anmount of a
crystal [stPUuddgmee of a conpound of fornula | as
defined i n aim1l and a pharmaceutically acceptable
1Qarrier "or?44%elfEHt . 17. A pharmaceutical conposition

conpri SlS%GceangbeufﬁQOI cally effective 20 anount of
the (S)-PG crystal structure as defined in Claimb5 and

a phar rrd‘é@la‘ﬂl%é‘ﬂf?metﬁéé@b? able carrier or diluent.
Th ewﬁ@@fs%ﬁ&@&@ﬂz%@ Ib%/ GRTRARI Ak dRD c@&ﬁi‘ﬂﬁtg% NGt 1191"?6191%@

wherei n said crys structure 1s se ecte fromt
group camsi seipagdayfx: raﬁd)lffrmon pidte@ onprisin€RAE valey (CukoH. =

1§_IO ﬁSH@‘ ﬂg) 88696_!1 from the group consisting 0f3.9+0.1,9.5+0.1, 154+ 0.1, 15.7
+0.1,159+0.1,17.5+0.1, 187+ 0.1, 19.7+ 0.1 and 20.3 £ 0.1, at room
temperature;

b) a differential scanning calorimetry thermogram having an endotherm
at about 167°C or as shown in Figure 20; or

20 c) thermal gravimetric analysis curve with negligible weight loss from

about room temperature up to 150°C or as shown in Figure 17.

14. The crystalline structure 1:1 L-proline hemihydrate complex Ij form
H.5-2 according to Claim 2 characterized by one or more of the following:

25  Cell dimensions (at -40°C):

a=11.539(1) A

b=10.199(1) A

c=23.183(1) A

=103.96 degrees

30 B=97.16 degrees

v =90.25 degrees

Space group = P;
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25 la -108 WO 2008/002824 PCT/ US2007/071749 C CEt O

\

\' HOCH3 HO" "/OHH2OHO OHOHIb d OCE HOO

woidos/odOH 2 H2O OHIc d Ot HO O _r13 HOCT/USHOHD1749
OHSOH 2H20 Idor Ile5 (SB-1or SB-2) C Ot HO
4' (0 H 0-\\\" "/JOOHHN OHOH O2 Ihd Ot HOH
XK "/OOHHN OHOH O

10

15

20

25

Molecules/asymmetric unit 4
which is characterized by fractional atomic coordinates as listed in Table 18;

a) a powder x-ray diffraction pattern comprising 20 values (CuKa A =
1.5418 A) selected from the group consisting of 3.9 £0.1, 8.8 £ 0.1, 15.5+ 0.1, 15.8
+0.1,16.5+0.1,17.8 £ 0.1, 19.4 £ 0.1, 19.7+ 0.1 and 20.8 £ 0.1, at room
temperature;

b) a differential scanning calorimetry thermogram having an endotherm
at about 25°C to 125°C or as shown in Figure 21; or

c) thermal gravimetric analysis curve with about 1.7% weight loss from

about room temperature up to about 125°C or as shown in Figure 18.

15. The crystalline structure as defined in Claim 2 which is the 1:1 L-
phenylalanine (L-Phe) complex Ik form 2.

16. A pharmaceutical composition comprising an effective amount of a
crystal structure of a compound of formula I as defined in Claim 1 and a

pharmaceutically acceptable carrier or diluent.
17. A pharmaceutical composition comprising a therapeutically effective
amount of the (S)-PG crystal structure as defined in Claim 5 and a pharmaceutically

acceptable carrier or diluent.

18. The pharmaceutical composition according to Claim 16 wherein said

crystal structure is selected from the group consisting of:

3
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i -109 WD 2008/ 002824 PCT/ US2007/071749 Cl OEt O

HO HOV ."SOH HN . 0.5 RO OHCOH 0 and C CEt HO HOW
WO 2@8Mh3824 -**-( 0 OH HZN OH O 1k 5 19. ThePCT/US2007/071749

phar maceuti cal conposition according to Claim 16

wherein said crystalline structure is in

substantially pure form 20. A pharmaceutica

conposition conprising ef f pct oste anount of the 10

crystal structure_agco [

wi th one or noHe (Yfergp agents selegﬁed fromthe

group consi sti ngyg -'bﬁntldlabgtlc a . can

anti-obesity agent gha antl-hyﬁerten3|veoagent an

anti-atherosclerotic agent and a |ipid-I|owering

agent. 15 21. A nethod of treating diabeteslb di abetic

reti nopathy, diabetic neuropathy, diabetic™ >

nephr opat hy, del ayed wound healing, insulin

resi stance, hyperglycen a, hyperlnsullnen1a el evat ed

bl ood levels of fatty a qugp?bero
esity,

hyperli pi dem a,

hypertrlglycerldeﬂb drone X, diabetic

conpl i cati ons, e erosfs oﬁ”hybe?ﬁéh5|on or for
i ncreasing high density 20 lipoprotein levels in a
mamral conprising adm nistering to the nakngl a

therapeutically-effective amount of the crystalline

structure according to Claim4. - 110
_~_Cl OEt
S E/O/
HO\k\
. OH e 2H,0
Id or le
5 (SB-1 or SB-2) .

OEt
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WD 2008/ 002824 PCT/ US2007/ 071749 22. A process of
preparing the conpound of Fornmula la as defined in
w@@snB2Ll Ot HO O\ | \ CHs HO "'OH . HZECTHAISI0BI/071749
Hla (formSC3, (S)-PG 5 conprising: reacting a
conmpound of Formula A Cl Ot O AcO ACO" "'QAc QAc A
in an organi c solvent wth base and (S)-propyl ene
gl ycol, optionally adding seeds of the (S)-PG
conmpound la, to yield the conpound of Forrmula la. 10
23. The process accor dif 9 eraiM®2 wherein seeds of
the reaction m xture
|

ne conpound la. 24. A
¥4 he co o nd of Fornula la as
5 OFN HO CH3 %HB° "' OH . H20

process of prepak
defined 15 in %ﬁgiv

HOOH OHla (formP8C 3, (S)- conpr|5|ng reacting
a compound of Forrmula A Cl / HOo AcO AcO'K "OAc
QAc A

lj ;and

OH

19. The pharmaceutical composition according to Claim 16 wherein said

crystalline structure is in substantially pure form.

20. A pharmaceutical composition comprising an effective amount of the
10  crystal structure according to Claim 4 in combination with one or more therapeutic
agents selected from the group consisting of an antidiabetic agent, an anti-obesity
agent, a anti-hypertensive agent, an anti-atherosclerotic agent and a lipid-lowering

agent.

15 21. A method of treating diabetes, diabetic retinopathy, diabetic
neuropathy, diabetic nephropathy, delayed wound healing, insulin resistance,
hyperglycemia, hyperinsulinemia, elevated blood levels of fatty acids or glycerol,
hyperlipidemia, dyslipidemia, obesity, hypertriglyceridemia, Syndrome X, diabetic
complications, atherosclerosis or hypertension, or for increasing high density

20  lipoprotein levels in a mammal comprising administering to the mammal a

therapeutically-effective amount of the crystalline structure according to Claim 4.
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- 111 WD 2008/ 002824 PCT/ US2007/071749 in an organic
sol vent with base and (S)-propyl ene glycol, optionally
wa@oasngsseeds of the (S)-PG conpound la, to yPer/tiS100s071749
conpound of Forrmula la. 25. A process of preparing the
conmpound of Formula Ib as defined 5 in Caim2 Cl Ot
HOOCH3 HOB "OH. HROHO OH OH Ib (form SD 3,
(R -PG conprising: reacting a conpound of Fornmula A
C CEt O AcO AcU "'"OAc OAc A 10 in an organic '
sol vent 23 t h Avaeesaefdr¢rRyingihe gymeniad gf Herotula Ia gy dadimad iny
addipng, seeds of the (R)-PG conpound I b, to yield the
compound of Formula Ib. 26. A process for preparing a
crystalline conpound la as g€t ined%tn Caim 5, which
conpri ses reactln Qoo the structure CI OR
5 B with a reduci®fsagent in
the presence of amoicyi Vewi ng ge@up two f (83 conpound |
of the structure CI PHOEt O HO HO s "

la (form SC-3, (S)-PG)
S5 comprising:

reacting a compound of Formula A

in an organic solvent with base and (S)-propylene glycol, optionally adding seeds of
the (S)-PG compound Ia, to yield the compound of Formula Ia.
10
23. The process according to Claim 22 wherein seeds of (S)-PG compound

Ta are added to the reaction mixture to enable formation of crystalline compound Ia.

24. A process of preparing the compound of Formula Ia as defined

15 in Claim 5

la (form SC-3, (S)-PG)
comprising:

reacting a compound of Formula A
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OH -112 WD 2008/ 002824 PCT/ US2007/ 071749 reacting

conpound I with (S)-propylene glycol, optionally
wa@oasngsseeds of conmpound |a to the reacti on PERUS2087/071749

in the presence of an organic solvent to form

crystalline conmpound la C Ot HO O\ I \ ,CH3 HO

"OHHO\ H2O OH OHla 5 27. The process as defined

i N iHadioMadf sYNET i talleint SHGHRTeRIBRYL, btidBlly adding seeds of

al kyl sil'yl hydride and the acti'vatirng group i's a Lew s

aci e (G qumpoprblieyyidd theepinpamdiohFanailata2e wher ei n

the reducing agent is 10 triethylsilane, the

activating group is BF30Et2 or BF32CH300H. 29. A

process 26f prgpagesngf rrdpericdtip oempbunfl oFBermuladblaadefsed

§1Ief.ir5?d1 j'n Caim2 POHCI C&t HOOHO H20 HO OH

CHTa ?Florm (S)-PG 15 which conprises reacting

conpound If of the struc QPOEtO \ | \ HO Owe

HO "/OH OH OH OHJ o | Q h acetic anhydride in

the presence of HPmef hyl am nopyridi ne CH3@N,to form Cl

CEt AcO HO™ “OH e H,0 o HO

Ib (form SD-3, (R)-PG)
comprising:

reacting a compound of Formula A

10 in an organic solvent with base and (R)-propylene glycol, optionally adding seeds of

the (R)-PG compound Ib, to yield the compound of Formula Ib.

26. A process for preparing a crystalline compound Ia as defined in Claim

5, which comprises reacting compound B of the structure

15
with a reducing agent in the presence of an activating group to form compound I of

the structure
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OCH3 AcO'" "'"'"QAc OAc A -113 WD 2008/ 002824
PCT/ US2007/ 071749 reacting the above conpound with a

WO edaoiasgt agent in the presence of an acti vat i PQI/US00UT1749
and CH3CN to form conpound | of the structure Cl Ot
O AcO AcO" "/AcO AcO 2 reacting the above conpound
wWth a base and then with (S)-propylene glycol, 5
opt jooiab 'cb/mﬁ(ﬁﬁlh MYith %@ﬁﬁoﬁle&%‘iﬂ%y BpkidnAllg &Hd‘iﬂ%eseéd% R LdRbund
m xture, in the presence of an_organic solvent to
f orlmt@ﬂhyg@aavm MEES i g Meesenge Of argpEgani¢IEnt (gHigrm ¢ygytalline
O—&Iﬁlg 20 OH la 30. The process as defined in
d aim29 wherein the reduci ng agent is an 10
al kyl si |yl hydr| de and-theClaet+P&ting group is a Lews
acid. 31. The P ed in Claim29 wherein
t he reducing ent $ triethylsilgpge, the activating
group i s BF30Et 800 BRB2CHI00Hy TS 32.. A gpyst al
structure of CI OEtOHHO 0 HO"OH &4 2H20O "OH Ic or C
~CEt HO O HY 1"OH HO OH 2H20 OH

la

27.  The process as defined in Claim 26 wherein the reducing agent is an

alkylsilyl hydride and the activating group is a Lewis acid.

28.  The process as defined in Claim 26 wherein the reducing agent is

10 triethylsilane, the activating group is BF3OEt, or BF;e2CH;O0H.

29. A process of preparing the compound of Formula Ia as defined

in Claim 2

la (form (S)-PG)

15  which comprises reacting compound If of the structure




Id or le (SB-1 or SB-2) - 114 WD 2008/002824

PCT/ US2007/ 071749 as defined in Claim2. 33. The
w@eoosoadskd ne structure of thel, 4-butyne-di ol sSPCTESBOTO71749

formula If SCI Ce&t O\ I \ | HCGC=CCH HO Ow HO CH

HOOF ""OH If OH 5 34. The crystalline structure as

defined in Caim33 characterized by one or nore unit

| lead®s il i ih Ghel | dr Qb AG atin
Egl I:e digb @1{5%56&&0%@%%@5%}6&?% ﬁ%ézg%litoh ‘ghe ﬂ?@seﬁdg Sd(f %%&AQ tc g

di rensions: a = = 6.7
= 180@385YHAN tg ferm coppgpedlofghestrpg@reos( 1) degrees vy
= - degrees 15 Space group C2 3l ecul @/ asymetric

unit 1 wherein nmeasurenen id ystal line
structure is at 25Cas ni rar act eri zed by
fractional atomc coggegi\- eg.oSubstantially as listed
in Table 12, or 20 Cell digrensions: a = 21.537(4) A
b =6.7273(6) A ¢ = 18.267(3) A a = - 2olegrees 25 0 =
102r2:24( e @ RaHoun with a BBFLREGSPAE €5)PréyenClycol,

Mol ecul es/asymetric unit 1 11
optionally addi)rllg seeds of compound Ia to t?le reaction mixture, in the presence of an

organic solvent to form crystalline compound Ia

30.  The process as defined in Claim 29 wherein the reducing agent is an

10 alkylsilyl hydride and the activating group is a Lewis acid.

31.  The process as defined in Claim 29 wherein the reducing agent is

triethylsilane, the activating group is BF3:OEt; or BF;2CH3OOH.

15 32. A crystal structure of

Ilc or

L4 2H20

Id or le
(SB-1 or SB-2)
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WD 2008/ 002824 PCT/ US2007/ 071749 wherei n measur enment
of said crystalline structure is at -50C, or proton
wOoRMshenseyg substantially simlar peak positiPCBEUSE07/071749
listed in Table 2A. 35. A crystal structure of a
conpound of the dinethanol solvate 5 structure Ig Cl
[/ OBt HOO\ I \ O« HC .""OH2MeOH ™H Ig
chajaphisldizethify one or nore unit cell paraneters
substantially equal to the followi ng: Cell
di mensions: a = 20.948(3) A 10 b =6.794(2) A c =
18. 333( A 0
egrees 15 B8 Staﬂﬁ%ﬁﬁﬁ%ﬁe"ofn}e% nTE Ll SHRRR? forfufie
S Ftystalline structure is
erized by fJsactiopal
atom c cogpddgaPed Substantially as listied Tn Table
14, or proton NNRM4vi ng substantial | y'%i ni | aP"'peak
posi ti ons a#oN Nt &dHi n Tabl e 2B. 20 36. A process fffor
preparing a cryetalline structure of the fornula I¢
SCIl Gt HOO HO" "OHOH '\OH 2H20 la as defined
In Caim2, which conprises 25 a) providing conmpound |
of the siructryg &gstalliﬁéﬁmcm AQRBNQOZ82Am 33 characterized by one

PCT/ US2007/ 07174
or more unit cell parameters substantially equal to the following:

1 wherei n measur eneg
at -50C and which j

Cell dimensions:
a=21.576(7) A
10 b=6.755(1) A
c=18.3355 A
o = — degrees
B =102.96(1) degrees
v =— degrees
15 Space group C2
Molecules/asymmetric unit 1
wherein measurement of said crystalline structure is at 25°C and which is
characterized by fractional atomic coordinates substantially as listed in Table 12,
or
20 Cell dimensions:
a=21.537(4H A
b=6.7273(6) A
c=18.267(3) A

o = — degrees

25 B =102.924(7) degrees
v =— degrees
Space group C2

Molecules/asymmetric unit 1
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a Gt HOO\N I\ HO "' /OHOHI ; and b) dissolving

conpound | in ethanol while cooling to a tenperature
wowrdRiomsehe range from about -10 to about -30CPCDUSHNTINT1749

crystalline conpound Ic. 5 37. The process as defined

in Cdaim34 including the step of formng conpound I

by di ssol ving conpound A of the structure OEt CI O

Ac p a 0

and SaunoeEata pORR PR e By 25 B ROR SR naving

neutubsthitiallyn gimakat peak geditdons es fisedundeble@ddnd Ic. 10 38. A

process for preparing the ethylene glycol structure

formSB-1, Id C Ok HOO HO" '"/OHH O OH OH 2H20

Id as &&f i naderystal Glradture 2f a vdm@land oftpe diveghaidd solvate

i ssol vi compound | of the structure 117 WO

0081695884 PCT/ US2007/ 071749 COEt C O HO HI OW

"/OOH OH Compound I

characterized by one or more unit cell parameters substantially equal to the following:
Cell dimensions:
a=20.948(3) A
10 b=6.794(2) A
c=18.33312) A
o = — degrees
B =102.91(2) degrees
v =— degrees
15 Space group C2
Molecules/asymmetric unit 1
wherein measurement of said crystalline structure is at -50°C and which is
characterized by fractional atomic coordinates substantially as listed in Table 14, or
proton NMR having substantially similar peak positions as listed in Table 2B.
20

36. A process for preparing a crystalline structure of the formula Ic

as defined in Claim 2,
which comprises

25 a) providing compound I of the structure
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i n aqueous ethylene glycol to forma solution, and
addi ng seeds of the fornmula la (S)- propyl ene gl ycol
w@eoospeds2d orm SC-3 SCI OBt HO O CH HO' " OH HAO/H00H071749
3 OHla 5 to formcrystals of the ethylene glycol
structure formSB-1, 1d. 39. A process for preparing
the ethylene glycol structure le formSB-2 C Ot HO
O\ I \ HOB" "OH 2H20 |\ H Otbitte as defined in
Caim2, 10 which conpgl Sg vi ng conmpound | of
t he structure OEt HO O"HX "< "/0O0OH OH Conpound
I - 118 WD 2008/ 0QR824-Pg/ US2007/ 071749 in aqueous
et hyl ene glycol to forgha solution, and addi ng seeds
of the formula Ic crystal (form SA-1 )I CladEt - HO O
HCY " OH p5y~OHis aRY c b dufid 1 ﬁretlﬁaﬁlg‘l}’\l’ﬁﬁ%oglllﬁgctgla temperature
di hydrate crystals form SB-1 to formcrystals of
t hewighinficamige HEbpEIl0 &1 gbyut &9"@ offonnergialiie campound Ic.

5 37.  The process as defined in Claim 34 including the step of forming

compound I by dissolving compound A of the structure

Compound A

in aqueous alcohol and aqueous base by heating to a boil and then neutralizing with
acid to form compound Ic.

10

38. A process for preparing the ethylene glycol structure form SB-1, Id

as defined in Claim 2,
which comprises

15  dissolving compound I of the structure
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40. A process for preparing the crystalline
1, 4-butyne-diol solvate conpound If C 11 Ot O\ | \
wo 20480283 CH HO O HOOH HO "™ //OOH OH If ROI/ES2007/071749
defined in Caim 33, which conprises a) m xing
compound B of the structure C&t CI 0 HO Ove H1 O\\'
//OOH OH B wth toluene and ethyl acetate; 15 b)
heating the m xture at a tenperature wodkehi n the range
fromabout 50 to about 70C, c) easddi
1, 4-butyne-diol; d) heating phefm X e until the diol
di ssol ves; e) addi ng seeds of rpound | f to the
solution; and -119 WGaZ008002824 PCT/ US2007/ 071749
f) cooling the m xture tjo f
If. 41. A process forug epaifong the di met hanol sol vate
lg C Ot OHO\ I\

J

Compound |
in aqueous ethylene glycol to form a solution, and adding seeds of the formula Ia (S)-

propylene glycol crystal form SC-3

5 to form crystals of the ethylene glycol structure form SB-1, Id.

39. A process for preparing the ethylene glycol structure Ie form SB-2

as defined in Claim 2,
10 which comprises

dissolving compound I of the structure

Compound |
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5 which conprises a) treating conpound B of the

structure Il / &t HOOZ H~C' . O OH Conpound
w®200800238241et hanol , 10 a m xture of methanol aPdI/US2007/071749

tol uene, or a mxture of nethanol, toluene and

heptane, or a mi xture of nethanol, MIBE and heptane,

to forma solution; b) optional adding seeds of the

f orlméhéeohgetﬂﬂflg%t p{o f@l% X%l@tlcﬁloaﬂd%dmé Qée'dg bOfle fd?BQIa:kcs

c) formng crystals of the di methanol Solvate Ig.
A wry%@éfolfm@é‘s)tructure of a compound of fornula II
R4 R Ra\~/\ RB CH3 O Z1 HROoeHO OH HOOF OH COH

ol solvate or the

Il which is the (S)-prop
(R) - propyl ene gl yeot~gShya X 20 nmixture thereof,
- 120 WO 2008/ 002824 PCH/ 8200)\071749 wherein R1,
R2 and R2a are indepennt y ‘hydr SYerr, &L ORS, al kyI,
-OCHF2, -OCF3, -SR 5a or halogen; R3 and R4 are

i ndependent |y hydrogen, OH, ORSb, alkyl, ad kene,

S YELSEBN R ERER TER ReSER stn

5 CHGID ehnfdage (f6h SBANGORSe, - NHS02 R51 - NHSO2Ar yl,
-SR5 , -SORSh, -S02R5', -S02Aryl, or a five, six or
seven nenbered heterocycle which may contain 1 or 4

het er oat4@rTB il gﬁg&gs fot PRpMHGh: @YRallhe L4-biynSGol RNMOT
SQ2, or

compound If

H?—CEC—|CH

HO HO OH
If

10 as defined in Claim 33,

which comprises

a) mixing compound B of the structure
OEt
HO
HOY
OH
B

with toluene and ethyl acetate;

15 b) heating the mixture at a temperature within the range from about 50 to

about 70°C;
c) adding 1,4-butyne-diol;
d) heating the mixture until the diol dissolves;

e) adding seeds of compound If to the solution; and
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R4 together with the carbons to which they are
attached form an annel ated five, six or 10 seven
woreeoBeoexsed car bocycl e or heterocycl e whi ch nmay poOnUsion7/471749

to 4 heteroatons in the ring which are N, 0, S, SO
and/or SO2; RS Rsa RSb Rso Rsa R5 R5 R59 Rsh and R 5'
are independently al kyl, alkene or alkyne; and R6,

R6a, R6l Rheo@tﬁg tmxet@tolf&%aemeatéo\ﬁlﬂaﬂmﬁgen

al kyl, aryl, alkylaryl or 15 cycloal kyl, or R6 and

R6a together with the nitrogen to which they are
attached,;form ven

rember od hot rayrs B G d MEsnBd A RS

het eroatons in the ring which MNAPEt S, SO, and/ or
SQ2. 43. The crystallige &t 5 defined in Caim
42 which is the (S)-"%07prdn ycol solvate. 44.
A process of preparingothg ‘@oanmpourtd 28fCH-ornul a |11 as
defined in Caim42 R4 aR |l Rea\~/ RB CH3 HO\ 2
H20O NOON HOW'/OOH OH (S)-PG sol vate 1925 or the
orr$§€ ndupg (R)-PG sol vate thereof (Il11),

¥ f%ﬂgs %eacting a compound of Forrmula C - 121

WO 2008@@02884mﬁ@$6&@&ﬁﬁ11&i&%ﬂﬁmeA RO/ Rza\~/ \R3
AcO\ 2 AcO"//OA'C OAc C in @F or i ¢ sol vent
W th base and (S)- propylene ‘ ' ) - propyl ene
glycol, optionally g he (S)-PG

conpound [l or corresagpn
OH
Compound B
with
methanol,
10 a mixture of methanol and toluene, or

a mixture of methanol, toluene and heptane, or a mixture of methanol, MTBE
and heptane, to form a solution;

b) optional adding seeds of the formula Ig dimethanol solvate to the
solution; and

15 c) forming crystals of the dimethanol solvate Ig.

42. A crystalline structure of a compound of formula IT

which is the (S)-propylene glycol solvate or the (R)-propylene glycol solvate or a

20  mixture thereof,
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compound 111, and recovering crystals of the conpound

of the (S)-PG solvate 5 Fornmula Il where the Formul a
w0 boogeeses are used or recovering crystals of tPer/[R0PGE1749
solvate of Formula Il where the Fornmula Il seeds are

used. 45. The process of Caim44 wherein the

propyl ene glycol is (S)-propylene glycol and the
conppyad formed has the structure Il R4 R Ra\~/\ R3
B HOQR2 HO HO-\ OH HON"OH OH4 10 11 46. A

process RQOR prddpas igependenflythatiionene Obb MFoumkyll-OGEE", -OCFs,

def E{e’dor'th %al m 44 whi ch conprises reacting conpound
the St utture R4 R RRa O R2 HO Owe HO\ //OOH
OH E 1Rwnd R* areimtipoidaglydydrige, OH, R praéyt nteno hlksme,

ST G IR68) G0Be5a B baBRTI N IS - <Ry S ORADRY
R3 -CHOOO)R, —@H@ORT‘KR“ ~CN/ INKREORM -SotRmpRHG-NDISGBAE]j -88°¢,
commeyss DML S ol enc, SLycel oy Uit ik may
i N RGiIPr @t&ﬁm&o'ﬁémﬁﬁ tHé’ SR EicE b Ye 1, St 90 fa0/Y SO, or RY and
R* together with the carbons to which they are attached form an annelated five, six or
10 seven membered carbocycle or heterocycle which may contain 1 to 4 heteroatoms in
the ring which are N, O, S, SO, and/or SO;;
R’ R R R* R R* R R¢, R%"and R are independently alkyl, alkene
or alkyne; and
R®, R®, R®, R* and R*® are independently hydrogen, alkyl, aryl, alkylaryl or
15 cycloalkyl, or R® and R® together with the nitrogen to which they are attached form
an annelated five, six or seven membered heterocycle which may contain 1 to 4

heteroatoms in the ring which are N, O, S, SO, and/or SO,.

43. The crystalline structure as defined in Claim 42 which is the (S)-

20 propylene glycol solvate.

44, A process of preparing the compound of Formula II as defined in

Claim 42

(S)-PG solvate
25  or the corresponding (R)-PG solvate thereof (II1),
comprising:
reacting a compound of Formula C
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crystalline compound Il R4 RO R2a R3 CH3 HO R2 HO OH
H2O HO~ '"//OHOH 5 11 47. The process as defined

WO poogloeasea 46 wherein the reduci ng agent is an PCT/US2007/071749
al kyl silyl hydride and the activating group is a Lew s
acid. 10 48. A process for the preparation of the
crystalline conpound 1:2 conplex wth L-proline of
the structure Ih (form3) Gt C O HOHN H &
[/OOH OH OH O 1 2 Conpound Ih gs defiined in Claim 2,
whi ch conpri ses the steps qg - 123 2008/ 002824
PCT/ US2007/ 071749 a) prow X nd | of the
structure Ot C O HOHOW\r oH & Compound |
b) preparing a sol ytp -prpline in water heated
to a tenperature wthin the r8nge fromabout 70 to
about 90C; AcON Y “oAc

OAc c

in an organic solvent with base and (S)-propylene glycol or (R)-propylene glycol,
optionally adding seeds of the (S)-PG compound II or corresponding (R)-PG
compound ITI, and recovering crystals of the compound of the (S)-PG solvate

5 Formula IT where the Formula II seeds are used or recovering crystals of the (R)-PG

solvate of Formula III where the Formula III seeds are used.

45. The process of Claim 44 wherein the propylene glycol is (S)-propylene

glycol and the compound formed has the structure 11

Rza\/; />\L\X
H,O

"//OH

Hs

///

HO

HOY

OH
10 1

46. A process for preparing a crystalline compound II as defined in Claim

44 which comprises reacting compound E of the structure
RZa\/ )\ﬁ)

15  with a reducing agent in the presence of an activating group to form compound D of

E

the structure
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5 c) treating conpound | in an al cohol solvent with a
solution of L-proline in water and an al cohol sol vent
w@orvBadaseng about two tinmes the nunber of nol eBCDS1007/071749

proline as conpound I; and d) cooling the resulting
solution to about roomtenperature to form conpound
Ih. 10 49. A process for preparing the crystalline
compound 1:1 conplex with L prolirke of the structure
Ti (forme6) Ot C [/ [\ HO HN/ HO ~/OOH OH OH O
Conpound i as definedgtn § 315 whi ch conpri ses
the steps of: a) provid ng<c of the structure
- 124 WO 2008/ 002824 PCT/JS /0715?349 Ot G O HO
H K" /OH OH B) treating aangol uti on of
conpound | in an al co sol'vent with a boiling

sol ution of L-prol iHOY “4pHal cohol / wat er sol vent

enpl oyi ng about five tiors as nuch conpound | as
L-proline; and 5 c) cooling the resulting mxture to
form conpound Ti. 50. A processCPHpoud® preparati on of

L e aRETp D L (B R ol SR R

t hecosttplolmxi Iitethe reaction mixture, in the presence of an organic solvent to form

crystalline compound 11

|
H,0
5 I
47.  The process as defined in Claim 46 wherein the reducing agent is an
alkylsilyl hydride and the activating group is a Lewis acid.
10 48. A process for the preparation of the crystalline compound 1:2 complex

with L-proline of the structure Th (form 3)

2
Compound |h

as defined in Claim 2,

which comprises the steps of:
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Ot C HOHN 0.5 H2O HO' "'/OH OH OH O Comnpound

Ij 10 as defined in Claim?2, which conprises the
weL@p®oast4s a) providing seed crystals of the 1rAT/US2007/071749

complex with L-proline Ti OEt 0 OHOH O\\/COCH

HN OH OH O Conpound Ii (structure Ti, form6); -125

WO 2008/ 002824 PCT/ US2007/ 071749 b) m xing the seed

crystal syTi, pfRdRSoMpbihe FoRl ol ution of

L-proline and conpound I in an al cohol/water solvent;

and c) cooling the resulting m xture Ftformthe

hemi hydrate structure Ij IH. . 551. A
process for preparing the cpysral | i ne conpl ex
k form2 Ot C O

with L- phenyl al ani ne strug

HO\ / HO'~" "/ QQHNS
OH
Compound | .
b) preparing a solution of L-proline in water heated to a temperature

within the range from about 70 to about 90°C;

5 c) treating compound I in an alcohol solvent with a solution of L-proline
in water and an alcohol solvent containing about two times the number of moles of L-
proline as compound I; and

d) cooling the resulting solution to about room temperature to form
compound Th.
10
49. A process for preparing the crystalline compound 1:1 complex with L

proline of the structure Ii (form 6)
OEt

OH G OH
Compound li
as defined in Claim 2,
15  which comprises the steps of:
a) providing compound I of the structure

124 -



O Compound Ik as defined in Claim2, 10 which
conprises the steps of: a) formng a solution of

wo 2@kemskal ani ne in water heated at from aboutP@BUS1007/071749
about 85C, b) m xing the L-phenylal anine solution with
compound | of the structure Ot C OHOH K
"/ O0H OH Conmpound | 15 c) heating the resulting
solution to fromabout 75 to about 85C,oeand d)

allowing the resulting solution go £ to room
tenperature to form conpoung .8 A process for
preparing a conmpound of the )¥a - 126 WO
2008/ 002824 PCT/ US2004, 07474 Cl Cet HOCH2 O\ I I/

OV He ""''OH OH 9
process conprising, igw Onfjnuous process, the steps
of: a) lithiating an ardptic reactant E of the
structure CI CEt Br E using a lithiumreagent at
non-cryogeni ¢ tenperatures to forma lithiated anion G
of the structure CI OEt dompbundd

b) treating a solution of compound I in an alcohol solvent with a boiling
solution of L-proline in an alcohol/water solvent employing about five times as much
compound I as L-proline; and

5 c) cooling the resulting mixture to form compound Ii.

50. A process for the preparation of the crystalline hemihydrate of the 1:1

complex with L-proline of the structure Ij (form H.5-2) which has the structure
OEt

OH

Compound lj
10 as defined in Claim 2,
which comprises the steps of:

a) providing seed crystals of the 1:1 complex with L-proline Ii
OEt

HO

, HN
“Yon

OH OH

HOY'

Compound li

(structure Ii, form 6);
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b) coupling the above lithiated anion species Gwith a
carbonyl substituted reactant D of the structure

wabkmemd20 0 TMSO'" ""'OTMs OIMs 10 D at PCT/US2007/071749
non- cryogeni c tenperatures to forma glycosi de H of
the structure C Ot TMSOCH2 O\ | | / OLi  TMse

"ttt OIMS OTMS H c¢) treating the glycoside H prepared

in stepyh) Widifin@the 3&dErisRild 19156 wilg 8 lchbMbIBEion of L-proli
hem acetHZI 1()':? eHOCH?tSO\ I I/ OH CP CH HOI‘OEE\ profine
"/ /mdlcomepunﬂé i-pn alqcﬂlvl/wm%pO@lJ_IBm PCT/ US2007/ 071749

o e PR AR R PN R

c) (ertrhH.2-Dutyne-1,4-diol J in toluene/EtOAc to form

gryst al s of conpound If. 5 53. The nmethod according to
Claimb52, wherein said lithiating step is perforned

at a termer atiureccky foRrp@paiti the30DC3 cysalmgicodpPick with L- The
od ccordln Claim52, wherein said |lithiating

aﬁlﬁeﬁg}cg‘é‘? # a tenperature from about -17C

to about -10C.

G OH
Compound Ik
as defined in Claim 2,
10 which comprises the steps of:
a) forming a solution of L-phenylalanine in water heated at from about 75
to about 85°C;
b) mixing the L-phenylalanine solution with compound I of the structure
OEt
Compound | :
15 c) heating the resulting solution to from about 75 to about 85°C; and
d) allowing the resulting solution to cool to room temperature to form
compound Ik.
52. A process for preparing a compound of the structure
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55. The nethod according to C aim54, wherein said
lithiumreagent is selected fromthe group consisting
wo@Rooso@sk4 , s-BuLi and t-BuLi. 15 56. The net hpdI/UuS2007/071749
according to Caimb52, wherein said coupling step is
performed at a tenperature from about -30C to about

-10C. -128

using a non-cryogenic process comprising, in a continuous process, the steps of:

a) lithiating an aromatic reactant E of the structure
oo
Br
E

S using a lithium reagent at non-cryogenic temperatures to form a lithiated anion G of

l Cl l OEt
Li G -

b) coupling the above lithiated anion species G with a carbonyl

the structure

substituted reactant D of the structure
TMSOCH, o, _O_ O

™MsO™ “10TMS
OTMS
10 D

at non-cryogenic temperatures to form a glycoside H of the structure

OTMS

c) treating the glycoside H prepared in step b) with an acid to form a

desilylated hemiacetal H’

HOCH,

HOY

15
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which converts to compound B

B ;and
d) treating the compound B from step c) with 2-butyne-1,4-diol J in
toluene/EtOAc to form crystals of compound If.

53.  The method according to Claim 52, wherein said lithiating step is

performed at a temperature from about -30°C to about 20°C.

54. The method according to Claim 52, wherein said lithiating step is

10 performed at a temperature from about -17°C to about -10°C.

55.  The method according to Claim 54, wherein said lithium reagent is

selected from the group consisting of n-BuLi, s-BulLi and t-BuLi.

15 56.  The method according to Claim 52, wherein said coupling step is

performed at a temperature from about -30°C to about -10°C.
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