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The present invention rel at esDI-AM[BIMCHJ\BSTEESAN.T&onbr et astatin Aft
(CA4) phosphate prodrug nono- and di-organic amne salts, nono- and
di -am no acid salts, and nono- and di- am no acid ester salts, whi ch
salts hgve greater solubility than native conbretastatin A-4, and 15
rapidly regenerate conbretastatin A-4 under phyS| oI ogi cal conditions.
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contracting cancer will eventually succunb to the disease. Hence, since
the establ (WPt the National Cancer Institute in the earl y 1970's, the
anount 1of resources committed to cancer research has dramatically

i nproved. 25 Although cancer is commonly considered to be a single

di sease, it actuall y corrprl seswm%es wherein normal cell
di fferentlai(ye :Qgteﬁ &Q@t laq Pﬁjﬁsf
uncontroll e resu t ese gnant cells raplgp g ]%aierate

Event ual | y,mmmlm&mbmmwmmdmmmmmm@mmmﬂm-
col oni ze 0t Agh, QSRS ke Sl Ak Yk grdakdd otubitty than native combretastatin A4, and

15  rapidly regenerate combretastatin A-4 under physiological conditions.

BACKGROUND OF THE INVENTION
Cancer is considered to be a serious and pervasive disease. The National Cancer Institute has
20  estimated that in the United States alone, 1 in 3 people will be struck with cancer during their
lifetime. Moreover approximately 50% to 60% of people contracting cancer will eventually
succumb to the disease. Hence, since the establishment the National Cancer Institute in the
early 1970’5, the amount of resources committed to cancer research has dramatically

mmproved.
25
Although cancer is commonly considered to be a single disease, it actually comprises a
family of diseases wherein normal cell differentiation is modified so that it becomes
abnormal and uncontrolled. As a result, these malignant cells rapidly proliferate. Eventually,
the cells spread or metastasize from their origin and colonize other organs, eventually killing
30  their host. Due to the wide variety of cancers presently observed, numerous strategies have
been developed to destroy cancer within the body. One such method utilizes cytotoxic
chemotherapeutics. These compounds are administered to cancer sufferers with the objective
of destroying malignant cells while leaving normal, healthy cells undisturbed. Particular
examples of such compounds include 5-fluorouracil, cisplatin, and methotrexate.
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44 is %pe@gﬁp of a combretastatin derivative containing a basic amino group [the derivatives are
described in Ohsumi et al, Anti-Cancer Drug Design, 14, 539-548 (1999)]. Although such
prodrugs may have an increased solubility compared to native combretastatin A-4, they
possess an inherent imitation in that the regeneration of combretastatin A-4 is dependent
upon endogenous aminopeptidase in the blood of a subject to whom the prodrug is

25  administered.

The free acid of combretastatin A-4 phosphate (“CA4P free acid”) which has the following
structure:
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upon endogenous am nopeptidase in the blood of a subject to whomthe
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over

20  Accordingly, what is needed are novel and useful combretastatin A-4 prodrug salts with
favorable physiochemical properties, and which increase the solubility, and preferably
efficacy, of combretastatin A-4 in treating a wide variety of neoplastic disorders.

‘What is also needed are novel and useful combretastatin A-4 prodrug salts which readily
25  regenerates native combretastatin A-4 in vive and do not produce unwanted or potentially
deleterious side products when undergoing regeneration.

The citation of any reference herein should not be construed as an admission that such
reference is available as "Prior Art" to the instant application.
30

SUMMARY OF THE INVENTION
There is provided, in accordance with the present invention, novel and useful combretastatin
A-4 phosphate prodrug mono- and di-organic amine salts, mono- and di-amino acid salts, and
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of the invention thus provide considerable advantiages for pharnmaceuti cal
use. 10 Br¥haniggesdorphpmasaicaliuséent i on extends to a conpound having a
general structure of the formula I: 15 wherein one of-CRl or-OR2 is
-0-Q, and the other is hydroxyl or -"H+ and Qis (A) an organic am ne
cont ai Y ngBmmmmmmmmdemmm on,

forms a qu%tr%% ry ammoniumcation Q4 t; (B) an ami no acid containing at
| east two Sen atons where one of the nitrogen atons, 20 together
with a proton, forns a quaternary amoni um cation Q+; or (C an am no
acid containing one or nore nitrogen atons where one of the nitrogen
atoms, together with a prt{dhferps-aguaternary amoni um cation QHt'
and where, further, all carboxy I d igroups of the amno acid are in

‘the formof esters. 25 Throughaou S |f|6at|on when both -OR
and-OR2 are -O-QP, Qis pﬂqﬁ abl calu;OB&ththe-CRl and- OR2
gr oups. oK
OR?
OCH,3 o

15  wherein one of —OR1 or—OR2 is —O-QHT,, and the other is hydroxyl or —-O-QHY; and
Qis
(A) an organic amine containing at least one nitrogen atom which, together with a proton,
forms a quaternary ammonium cation QHT;
(B) an amino acid containing at least two nitrogen atoms where one of the nitrogen atoms,
20  together with a proton, forms a quaternary ammonium cation QH'; or |
(C) an amino acid containing one or more nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QH and where, further, all
carboxylic acid groups of the amino acid are in the form of esters.

25  Throughout this specification, when both ~OR! and —ORZ are ~O-QH?, Q is preferably
identical in both the ~OR! and —OR2 groups.

‘When Q has definition (A), preferred organic amine having applications herein is
tromethamine (i.e., tris(thydroxymethyl)aminomethane, abbreviated herein as “TRIS™).
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Wien Q has definition (A), preferred organic am ne having apHI ggﬁ
herein is_ tronethamne (ie., hls(hydroxynethyl)anlnonethane a reV|ated
herein F00URI2S )~ 4 WD 02/ 22626 1 2 AUG 2005 PCr/ USOBCTEUS128401
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nono-tromethanm ne salt of fornmula la is preferred. OH Wien Q has
definition (B), any am no acid having at |east two nitrogen atons has 15
applications herein. Any of the nitrogeg of the amno acid can formthe
quat er nary annnnlun1cat|on of fornmula I, for exanple, any nitrogen on
- ' 'trogen of the a-am no group. Am no
| ude, but certainly are not limted
to ornithine, hIStIdIne arjgm ne, tryptophan, etc. 20 Wien Q has
definition (B), ap i CTg havi ng applicatigs herein is

hi stidine. For exanple
t he histidine side chain,

84 Wwo 02/22626
PCT/ USQ / 28401 ammoni um cation of tgeq, fornuO%.L As ik readily apparent,
due to 4§ he aromatic nature of the i m dazol e group, el r of the
nitrogen of the im dazole group of the histidine sidechain can formthe
structure of  the formula (1). Preferred nono-histidine structures of the
formula | are illustrated by the following fornulae Ic or Id:

Ib

10 OH
The mono-tromethamine salt of formula Ia is preferred.

‘When Q has definition (B), any amino acid having at least two nitrogen atoms has

15  applications herein. Any of the nitrogens of the amino acid can form the quaternary
ammonium cation of formula I, for example, any nitrogen on the amino acid side chain or the
nitrogen of the q-amino group. Amiso acids having applications herein inchuds, but certainly
are not limited to ornithine, histidine, lysine, arginine, tryptophan, etc.

20  When Q has definition (B), a preferred amino acid having applications herein is histidine.
For example, either of the nitrogens of the imidazole group of the histidine side chain, or
alternatively, the nitrogen of the a-amino group of histidine can form the quatemary
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5 CCHS is 10 Ic O Il Id 24 Wen Q has definition (C, any afn;g ?5{]5d has
applications herein, such as, but not limted to 15 glycine referred
esters WO022626 esters, such as nethyl or ethyl esters. PEOES0bR#OLe, the
present inventjon extends to a phar maceut i cal conposition conpri si ng

(a) a co ofithg &rmuly L. dsi figthegramnatic

the o her Tsplogoutyeibis SEHE A dpet R ghidea iRy orgé’%.ﬁ%ﬂé%ﬂ%%ﬂ@
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fornms a q r.n ni.u a Ugﬂ (B) an am no acid containing at
| east tmﬁwmg%m O]g‘ the nitrogen atons, together with
a prot@n, fornms a quaternary ammoniumcation QHt; or 10 (C) an am no
acid containing one or nore nitrogen atons where one of the nitrogen
atons, together with a proton, forns B’quaternary anmoni um cati on QHt

and where, furtheryy all ,carbgxylic acid groups of the amno acid are in
the form of esters % phar maceutically acceptable carrier

thereof. 15 Particul al ‘ df conpounds of the present invention
havi ng applications j, B o,
HyCO 24
16 ﬁ <~ l” 19_O_
o 20
T\ e / 2
H 0

10 Id

When Q has definition (C), any amino acid has applications herein, such as, but pot limited to
15  glycine. Prefemed esters are alkyl esters, such as methyl or ethyl esters.

Furthermore, the present invention extends to a pharmaceutical composition comprising:
(@) a compound having a general structure of the formula I



pharmaceutical conposition are descri bed above. Moreover, any suitable
pharmaceutically acceptable carrier has applications in a phasmeggugical
conposi tion of the present invention. Particular exanples are descri bed
infra. AYR4HRP8 ar enbodi ment of a pharmaceutical .20 coRPHESWBMPIf t he
present invention conpri sezI gcorrpound of the present invention in which
trometham ne is the organi c3aMmMmessaqe Wi ch is preferably a tronet ham ne
salt having the structure of for | b, nost preferably la'. 1 2
AUG 2005 WD 02/ 22626 la | b PCr[ |- ) 5 Anot her particul ar
enbodi ment of a phar maceut igggo’conygosi ti tihgQResent invention
conpri ses a conpound of the "pre @O i nveMmyro®-iF8 which histidine is the
am no acid, and which is preferably a nogo- hi stORPne salt havi ng the
structure of formula Ic or Id: 10 Ic 17 1QGH¥W6o 18 15 Id -8 WD 02122626
OCH3 is 12 AU6 200

. (I).
wherein:
one of ORI or—OR2 is ~O~-QH*, and the other is hydroxyl or ~O~QHY and
5 Qis

(A) anorgénic amine containing at least one nitrogen atom which, together with a proton,
forms a quaternary ammonium cation QH*;
(B) an amino acid containing at least two nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QHY; or

10 (C) an amino acid containing one or more nitrogen atoms where one of the sitrogen atoms,
together with a proton, forms a quaternary ammonium cation QH and where, further, all
carboxylic acid groups of the amino acid are in the form of esters; and

) a pharmaceutically acceptable carrier thereof.
15

Particular examples of compounds of the present invention having applications in such a
pharmacentical composition are described above. Moreover, any suitable pharmaceutically
acceptable carrier has applications in a pharmaceutical composition of the present invention.
Particular examples are described infra. A particular embodiment of a pharmaceutical

.20  composition of the present invention comprises a compound of the present invention in which
tromethamine is the organic amine, and which is preferably a tromethamine salt having the
structure of formula Ia or Ib, most preferably Ia:



PCT/ USol t 2Mbl Natural |y, such a pharmaceutical conposition would further
conprise a pharmaceutically 5 acceptable carrier thereof. Hn7ﬂ99QW50n,
the present invention  further extends to conpositions conprising a salt
of the WO ex2226 i nvention. In particular, a conposition @CIGE1R84HEent
invention can be fornmed by m xing conmpounds conprising. 10 (a) a CAMP
free acid having the structure: O OH I®H ; and OCH3 15 (b) a conpound Q
wherein Qis (A an iggani ine containing at | east one nitrogen atom
which i s capabl e of syher with a proton, a quaternary
amoni um cati on Q+; (B) qcid containing at |east two nitrogen
atons where one of the s together with a proton, forns a
guat er nary anmoni um (C) @n anino aci ®Hcont ai ni ng one or
nore nitrogen atons where oggh, itrogen atggp, tlogether with a
proton, fornms a quaternary ammoni U catioo " an re, ofgurther, al
carboxylic acid groups of the am ng %min the |0 of esters. -9 WO
02/ 22626 1 2 AUG 2005 PCT/ US01/2828%s Optional ly, a &qmposition of the
present invention can further conprise a pharmaceutical®y acceptabl e
carrier. Moreover, when Q has definition (A), any organi c am ne as
defined herein has applications 5 in a conposition of the present
invention. Particular exanples include but are not limted to,

t romet har ni ne, di et hanol uoni ne, ghuani neg, N-net hyl gl ucam ne,

et hyl enedi am ne, and 2-(4- imdazolyl) ethyl am ne. Wen Q has definition
(B), any amno acid having at |east two

OH
5
Another particular embodiment of a pharmaceutical composition of the present invention
comprises a compound of the present invention in which histidine is the amino acid, and
which is preferably a mono- histidine salt having the structure of formula Ic or Id:
10
Ie
15 ) Id



nitrogen atons has applications in a conposition of the present
invention. Particular exanples include omthine, histidine, |ys}nsgy; 2@05

ar gi ni ngp daf2yédeophan, etc. Wien Q has 10 definition (C), aci d
ester as defined herein has applications in a conposition of the present
i nvention. Particul ar léxarrpioes i @cl ude gl ycine. In another enbodinent,

t he present inventionéx A erq pet hod of duI ing tunor growth or -
nmetastasis in an ani nal si ng |t he admi ni st of an anpunt
effective 15 therefor Of structure of. m

£HD O UAL hsaw ng a ge er
wherein: one of -OR % |s A0 O andgt he ot is hydroxyl or -"H+;
and 20 Qs (A an ordénic g i ninfy at

Rle nitrogen atom
whi ch, together with a prot og, i ni um cati on QH+;
(B) an amino acid containing at |edst two ry,trogen asons where one of the
nitrogen atons, together with a p|°6’!=on forms a qu ry ammoni um
cation Q+; or 25 (C an am no aci d*®ont ai ni ng one @ nore nitrogen atons
where one of the nitrogen atonms, together with a proton, forns a
guat er nary anmoni um cati on H and where, further, all carboxylic acid
groups of the amino acid are in the formof esters. In a particular
enbodi ment, the present invention extends to a nethod of nodul ating tunor
30 growt h Noturaly ik sich 3 phamapeutical somppesticagrawd firthes comprissambamacricalh of an
anmount sef f?@&h ca%g,mg@/ZZGZG 1 2 AUG 2005 PCT/ n01/ 28401 therefor of
a conpgun V\EI tronettamne is the organic amne, and which is
preferably a tronmethamne salt having the structure of forrmula la or 1b,

most pref%Mdm{h%p@aéﬂvgmlﬁ%mmmmmosﬂiommpﬁsm”m&me
present invention. In particular, a composition of the present invention can be formed by
inixingcompoun_dscompzisﬁxg:

10
(2) a CA4P free acid having the structure;

; and

15 @) a compound Q, wherein Q is
(A) an organic amine containing at Jeast one nitrogen atom which is capable of forming,
together with a proton, a quaternary ammonium cation QH*;
(B) an amino acid containing at least two nifrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonivwm cation QHY; or

20 (C) an amino acid containing one or more nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QH and where, farther, all
carboxylic acid groups of the amino acid are in the form of esters.



H3C 10 In another particul ar enbodi nent, the present inventio em}ﬁem%s to
a nethod of nodulating tunor growth or netastasis in an ani nal

conpri sWp2t2626admi ni stration of an amount effective th®CFUSOIE2%301 a
conpound in which histidine is the amno acid, and which is preferably a

nmono- hi st Qnmwbw@mmnwgomemmmﬂmmmmmn@@wm/ 22626
5I1CId OWS PCT/ USQ1/ 28401 Accordingly, the present inyention
provi des nov and useful conbretastatin A4 phosphate prodrug nmono- and
di -organic am ne salts, nono- and di ammp acid salts and nono- and di 10
am no aci ¢, ester sal ch ts are rmre sol i n. gqueo sol utions
t han natlg'é V&ﬁﬁa’ﬁ'?ﬁ{aﬁ#ﬁ?‘%ﬁi WW&% ®C4n be
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phosphate prodrug nmono- and dt_ organic am ne salts, nono- and di-am no
aci d' sal t omsthameodictiene Iammﬁmq@ma Nimedhyatoogmines ethylopedsamine, 32 2

readily regenes @ h qgh&d@ﬁﬁihbﬂ(ﬁ’)' Xtﬂranﬂﬂcg

aéé@ df R3S tw
di ssoci ati on, ate an organi c am ne, ‘am'no acid or am no achd ester
as a physmmmmeMbmmof&prmm&anmhﬂ

enbodi nment r.esent. i.nv on, orOV|des t.he nove ne 1:1 20
t romet ham Ilﬁ&’ﬁgf‘i"s E'fﬁ ?‘fub miﬂs
conbr £0 asidafihition\(C), lyamddick Wﬂid&ﬁn@h&ﬁﬂhﬁs@pﬁ&aﬁﬂﬁlﬂ&%ﬁﬁoﬁtﬁhmﬂﬂﬁ | a.

Thi s compound i.s a phosphat e ester prodrug salt, wherein the phosphate
moi ety un@ESERSdavealion, & los inglnde BIYEWSSi ol ogi cal conditions -12 1 2
AUG 2005 WD 02/22626 PCT/ US01/ 28401 to yield the active drug noiety,
conbretastatin A-4 (as nentioned below, the olefin group bri dgl ng the

pheny]| ol enasher efabediment dhe prosent iomtstion axteadsitya method of
conf i gur a%&ﬂh&ggmﬂmmmﬂmmmgmmmonofmmomﬁmve

15  therefor of a compound having a general structure of:

. f':.') _OR!
O-—
“or?
@®
wherein:
one of -OR! or-OR2 is ~0-QHY, and the other is hydroxyl or ~O~QH?; and
20 Qis

(A) an organic amine containing at least one nitrogen atom which, together with a proton,
forms a quaternary aremonium cation QHY;
(B) an amino acid containing at least two nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QH*; or

25  (C) an amino acid containing one or more nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QH* and whers, further, all
carboxylic acid groups of the amino acid are in the form of esters.

In a particular embodiment, the present invention extends to a method of modulating tumor
30  growth or metastasis in an animal comprising the administration of an amount effective
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olefin group of the preferred nono TRIS salt of conbretastatin A

phosphate is simlarly in the cis configuration). The 1:1 (nn 6%Uﬁﬂmé
salt of vigdtrmabi bits good solid-state 5 properties and iEpcrosupssiiedl y
practically nonhygroscopic. This and other favorable properties nmake the
RIS salt therefokéPa conpoahdinrwii f' sthis rthedrganieamine, and whith dsgreferably ’
formulation, 10 BRIM I OF W Fi gur ows the

noi st ure sﬁmiﬂﬁﬂﬁ"@ﬁ“ -E??m%a hﬁﬂ?ﬁﬁ%@’%‘? @T

(prepared in Exanple 1) at 25C. The data was obtai ned using a VTI Nbdel
MB- 300W Moi sture balance with relative humdity levels from10%to 90"/
inincrements of 10% The maxi mnum equilRi bration time at each humidity
was set at 4 hours. gagFigure 2_ghows the powder X-ray diffraction
patterns of sanples of : ;
1), which were slurried i ferent solvents (water, isopropanol,

et hanol, acetonitrile_ and eA hpitially at 70 to 75C for 5 to 10

m nutes, and then ¢ Hy diffractograns
ctonmeter with a

Cu-Ka source at a scan rate o :
"3 shows the differential scanning 1 gram ( Model

DSC 2910, TA instruments) of the m&¥¥si1S salt of repared in
Exanpleﬁl) obt ai ned under flow of nitrogen with a heaﬁﬂﬁg rate of 10
degrees per mnute. Figure 4 shows the pH-solubility profile of the

nmono- TRI'S salt of CAAP 25 (prepared in Exanple 1) at 25C. The pH was

adj usted with sodi um hydroxide. Figure 5 shows the differential scanning’
calorinmetry (DSC) thennogram of the nongyL-histidine salt of CA4P
(prepared in Exanple 3) (2.0900 ng sanple size). Figure 6 shows the
differential scanning calorinmetry (DSC) thernogram of the

nono- L- hi stidine salt of,Q (prepared in Exanple 3). 30 Figure 7 shows
the differenti al scannlﬁ& s DSC) t her nogram of the

nono- L- hi stidine salt of CA4P pared| i n Exanple 3). Figure 8 shows the
powder X-ray difaction p tt- * QNo- L-histidine salt of CA4P

(prepared in Exanple 3). ﬁ OH
+
o OH '
OCH3 H +
3 OHOH
OH

10  In another particular embodiment, the present invention extends to 2 method of modnlating
tumor growth or metastasis in an animal comprising the administration of an amount effective
therefore of a compound in which histidine is the amino acid, and which is preferably a
mono-histidine salt having the structure of formulaJcor Id:

-11-



12AUG M WD 0212262 PCT/17SO /28401 Figure 9 shows the povvder X-ray
difaction patterns of the nono-L-histidine salt_ of CAAP (p dplibelf(si n
Exanpl ew®)o22@6@ur e 10 shows the differential scanni ng calgrioseiszsso DSC)

t her rogram of the nono-L-histidine anhydrous salt of CA4P (prepared in_
Example 3). 5 Figure 11 shows the powdd X-ray diffraction patterns of
the nono-| bistidipe anhydrous salt of CA4P (prepared in Exanple 3).
Figure 12 shows IH% qllfi“érgnt al scanning calorinetry (DSC) therm)gram of
the CA4P nonogl yCi ne ' Hgr salt (prepared in Exanple 4). Figure.
13 shows the powder X ffrac ion patterns t he CA4P nonogl ycine 10
nmet hyl ester salt (pgreQ ' |l e 4). DETAITHB | PTION OF THE

| NVENTI ON The pr &®nt i rrg '

surprisingly and ¥hexpech ¢ g ngt and| di - or no- and
di -anino acid and nono- gt dias# @.@H’g\@teyﬂS canbreflastatin A-4
phosphate prodrug salts can be %lormed th Rawe increasedysol ubility in

vivo relative to the solubility @, nati v&iconmbretastatin A—4, readily ..
regenerate conbretastatia A-4 ungler physiol ogical conditions, and during
regeneration, produce physiologically tolerable organic am nes, or
physiologically tol erable am no acids or amno acid esters that are
readily metabolized in vivo. 20 Broadly, the present invention extends to

a conmpeund having a general structure ?‘1 wherein: 25 one of-ORlL or -OR2

is -0 and the other is hydroxyl or Ht; and Qis (A) an organic

am ne containing at | #ast ome ni ter ogen at om whi ch, toget her with a

proton, fornms a quat&p p m cation QH;I (B **an anino acid
containing at |east two n atljons where on ni trogen atons,
a_lduat er nary ann’qmi__‘u/n cation QHt; or

30 together with a protéd
4 [
23

-14 HCO i3

Accordingly, the present invention provides novel and useful combretastatin A4 phosphate
prodrug mono- and di-organic amine salts, mono- and di-amino acid salts and mono- and di-

10  amino acid ester salts, which salts are more soluble in aqueous sohutions than native
combretastatin A-4. Thus, the efficacy of this drug can be increased.

The present invention also provides combretastatin A4 phosphate prodrag mono- and di-
organic amine salts, mono- and di-amino acid salts and mono- and di-amino acid ester salts,

15  which salts readily regenerate combretastatin A4 in vivo, and which, upon dissociation,
liberate an organic amine, amino acid or amino acid ester as a physiologically tolerable
byproduct.

In its most preferred embodiment, the present invention provides the novel crystalline 1:1

20 tromethamine (TRIS) salt of the antivascular antitumor agent combretastatin A4 phosphate
prodrug having the structure of formula Ia. This compound is 2 phosphate ester prodrug salt,
wherein the phosphate moiety undergoes dephosphorylation under physiological conditions

-12-



12 A6 IMwo 02/22626 PCTIUS01/29401 (C) an amp aci d contai ni ng one or
nore nitrogen atons where one of the nitrogen atons, toget heI gpﬁq{g
proton, fornms a quaternary amoni um cation Q-+ and where, fur ?I ) g:\

car boxywiom22eé@ groups of the amno acid are in the formpetroseisesssr 5 Al
I somers of the present conpounds (for exanple, those which may exist due
to asymmie yneh'l tbeachivedrug nwity, sembretastatin Aeb(asmbmidntdlhnmm,)thc olefi griinmg

cope o PREsgRTBHERbRoMRFHTmaT of erbmaapen Aef e SRRl F MRt e o

the i nventolemgaw,ofﬂﬁrpmmﬂ@o mmmw&mm@ﬁm Biftilatg @arer s

(e.g., as a pure_or su antl ly. pure pt| Q) vinhg a specified
act|V|ty) the)@s gpdiggrgh gﬂ° -P%Ha %F‘Wlth al |
ot her, sor wﬁﬂﬁaﬁM Mzcmm&ﬁ&tﬁ kbl the

ARSIk

present i nvention may have the S or R configuration as def| ned by t he

| UPAC 1974>tmmhﬁﬁpmﬁﬁssaltﬁ€M§@@mfmdd@pmom harmassopticalodoss,

physi cal ? such as, for exanple, fractional cryst aI i zat i on,
separatio BT ystal lization of diastereoneric derivatives or
separation by ch| ral colum chromat ography. The individual 15 opti cal

| soners can be obtained fromracenmates by any suitable nmethod. The olefin
group bridging the phenyl npieties of the eonbretastatin A-4 core is in

the ciqg configuration, mﬁmpmmqmgmmr ation for

corrpounds of thelgresent I nventi on. erns _ "conbretastatin

A- 4" "CA4" as @medmef &bﬂéwp&m& salpli n

denot es a }thn f *"%“5943 g%ﬁemhydrat es,
of the co%%un %eagl ?leclpgt%@grgﬂ%%%enp ate el n. roughout the
speci fi cat%ﬁWMgwquialmndwﬁhﬂmtwehmﬁuy &exndlﬂweﬁo%onmmmdt abl e
noi eti es a@ Cﬁlrﬁrpm nds ?%ﬁrjb %H]Srrent "f%&at‘“’gﬁ%{ £l as exenpl ary or
preferred r/é tended etafﬁfcflve an I;tmng I n anot her
enbodifent, the migﬁemkhdmmmmmﬂ&cﬁ@;&uahmrmm&bmbmﬁm)osi tion
conprisin o of th esent ntlo dpk rmaceut i cal |
accept abl P&n&o&%% n lzl’l"i’qk’ gregt sofvigats g nt

i nvent i on jSqpRopafol SMRRETY EdtonftriR AN heetdik) mﬁﬁn;hatam t@'fs’clfbﬂs £ 1058hiied, aRd
(particularly agqueous solution) formas js described further, below, The

conpound, thegrat sogighperalus pveaigibt ety diffrengrgy wareirrogdedpsips 2 RigkR f or m
al one or  podet Miniflex X-ray diffractometer with a Cu-Ka source at a scan rate of 1° per minute
20  from 2°to 40° 20. |
Figure 3 shows the differential scanning calorimetry (DSC) thermogram (Model
DSC 2910, TA instruments) of the mono-TRIS salt of CA4P (prepared in Example 1)
obtained under flow of nitrogen with a heating rate of 10 degrees per minute.
Figure 4 shows the pH-solubility profile of the mono-TRIS salt of CA4P
25  (prepared in Example 1) at 25°C. The pH was adjusted with sodfem hydroxide.
Figure 5 shows the differential scanning calorimetry (DSC) thermogram of the
mono-L-histidine salt of CA4P (prepared in Example 3) (2.0900 mg sample size).
Figure 6 shows the differential scanning calorimetry (DSC) thermogram of the
mono-L-histidine salt of CA4P (prepared in Example 3).
30 Figure 7 shows the differential scanning calorimetry (DSC) thermogram of the
mono-L-histidine salt of CA4P (prepared in Example 3).
Figure 8 shows the powder X-ray diffraction patterns of the mono-L-histidine salt
of CA4P (prepared in Example 3).
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with suitable additives. -15 1 2 AUG 2G& wo 02/ 22626 PCT/ US g@ﬁ»ﬁ% In
yet anot her enbodi nent, the present invention extends to a ne

nmodul at \wipodri2eRy grovvth or nmetastasis in an ani mal conpmmwml
adm ni stration of an effective anobunt of a conmpound having a gener al

structure of theFﬁgwmhlamlstﬁa powkder XrrayhfERLtivn pafiétts Of thORbn6 119 Sald- QB! |
and the other |s hydr ox or, -0-QP;, and. Qis 10 (A an organic am ne
cont ai ni ng’ ﬁ*?‘fl?]ﬁabn atom vvh| ch, together with a proton,

forns a quater na@yg@gm% - eﬁ.gm g ng at
| east two nitrogen atons where one of the nitrogen atons, ogether with

a proton, mmmmmm%ﬁﬁhmmﬂmﬂe@r (O an amino acid

15t oSt har wi t n FIR B e A Ak Sy il Bcthe el b ERSRARLTE

wher e, furahﬁ)@tousaﬂtofwrb@iephmmaﬁpmups of the amno acid are in the

;ginmn?fstgftegrail' Olli‘laturiai %ﬂggpound of the prese%ﬁbnmgggl on ca beand

phrases ugetiPhfsRElycit hel§i Lsie SalD@hepied Jean! he I ndi cat ed def| nitions
unl ess otherw se I ndicated. As used herein, the teams "nodul ate,”
"modul ati ng" or ml%ﬁhpmﬂlerpevvéwx-méfﬁn@onm ofithe €A4P mapoglyring

parti Iar g a particular process, reversing a
partlggl ar e%ﬁ)procesg ianﬁ or prev nting the initiation of a particul ar
process. Thus, for exanple, where the partlcul ar process conprises tunor

grow h or netastasis, |, N, y cludes decreasing
the rate at which tumP Lﬂl g@’l‘l AS. A N: 1RISNZ AN . inhibiting tunor

gr owlc hdan%SMM&WWWWWﬁ%@&
nc ng tunor
(1 vaing (lﬂ-orgamc amine, mono- and di-amino acid and mono- and di-amino acid ester

15  combretastatin A-4 phosphate prodrug salts can be formed that have increased solubility in -
vive relative to the solubility of native combretastatin A-4, readily regenerate combretastatin
A-4 under physiological conditions, and during regeneration, produce physiologically
tolerable organic amines, or physiologically tolerable amino acids or amino acid esters that

are readily metabolized in vivo.
20
Broadly, the present invention extends to a compound having a general structure of:
25 one of -OR1 or—OR2 is —O-QHY, and the other is hydroxyl or —O-QH*; and
Qis

(A) an organic amine containing at least one nitrogen atom which, together with a proton,

forms a quaternary ammonium cation QHY;

(B) an amino acid containing at least two nitrogen atoms where one of the nitrogen atoms,
30  together with a proton, forms a quaternary ammonium cation QH*; or

-14-



shrinkage and/or eradication) and/or preventing tunor grow hﬁ[}%%{i‘i
metastasis, particularly 30 in a subject that is prone to suc
processwoodf2626 2 AUG 20t h WO 02/ 22626 PCTI US01/ 28401 As mspdsdigesin, the
phrase "effective amount” or "anmount effective therefor” of a conmpound _
-adm ni st e(@cn tmindrcidontainingont bninormitrogen stofms whiesiune bfthanitiope atorhs) NOr

grom h or, netastasis in_.an animal. One qQf ordin skiJl in the art can
oo 1y COBEhS B R ot s Dt AT S O P S sy

i nvent i oncdrBox§Be RAEroiss! T ithntifd 24 &8 il#é forh@f et¥RPl €, using 5 routine
techni ques. Exenpl ary dosage anounts for an adult human are from about

0.05 to about 1000 ng/ kg of body weight of active conpound per day,
whi ch TanABdsomersiof thetpeesert compounds (forgxemplostbogerwhickyanptis dusle a bol us or

as an infysj vgg ;i A X | ks : ) or in
the form o$ | ngl Vi ua’%h\%ggﬁgég&g‘ or bxglrrpi g asgé%rrl\cgecu @\?e
dosages bdibsievedrhericrform syamcintémplatd orithintle scope fithia snvbxtiom Individubl t | mes per
of ” dosage FEpSng R FotoRie o B et o S AFRER b RAIGIE upon
of dosage d upon
a vari et yotfiéri 2., a8 & bid ioP ghbtRMialg phr¢l ucamtsoﬁdaemﬁ@ais?wﬁ' ed@eagYNd
enpl og(gd, t he meta_o%l I C g?gbi lity angbilﬁg;ﬁ'ghh of action of that conpound,

the Ebecrrmay bepémixedfor suample as geemategior ith pH pthen exothefselepted. of t he
subj ect, &&%o%eﬁsaﬂi% of &d téleﬁé v@ﬁﬁo‘ﬁ%a_lﬁ%@thgfs&k%ﬁﬁéslgﬂi drug

conbi nat i on, severity of the par ular condition. 15 As u erein,
t he t er m dsxdeifined by the BIRAG b97#4 Recorimemiationsh The tasemischrmascan bereesalvad tyni nal s,

and nost_pr rably, humaps. As.,used. herein..the term. prodrugs. fers
£ prochibRelihdieal ma FERY expiie BRiotsl otz shefioR pPGlalliaitn ° 0 |
t 0o pr oducef dissterevderic derivatigies of beparatibwby ehialiaihfinn shronapgraplsy. Ghe iddivddual

i nvenjion adm.nistered to a bj ect wil]| undeg net abolli c tivation and
regengat@’%‘%}m%ﬁ?ggﬁfﬁﬂlﬁiﬁw any; Tt FH’F&’B& Jf)fl‘e‘ﬁ Bund of

t he presemiddiipMBapHeail mdidties oEhe BBhBretaliiitid NS d8d s Gihe tis QOENARAOM Svhich
non-speci fi ¢ phosphatases _in_plasma. 25 As used herein, the term"organic
am ne" r eldheprelsmatconfigumtion for compounds of the srrsent inveghion Use o6t tem@ent ai ni ng

at | east aRmbRsHRARA orCAtNERhe nBREONEIYaM Jf b namblat)a BhophihkRly fie.,
am ne group capable of form ng a phosphate salt in the conpound of the
f or mul a | demptes a compound in this cis configuration. Solvates, such as hydrates, of the compound of

20  formmla I are contemplated herein,

Throughout the specification, groups and substituents may be chosen to provide stable

moieties and compounds.

25 Embodiments indicated herein as exemplary or preferred are intended to be illustrative and
not limiting,

In another embodiment, the present invention extends to a pharmaceutical composition
comprising a compound of the present invention, and pharmaceutically acceptable carrier

30 thereof. Naturally, the compounds of the present invention can be employed in any form,
such as a solid or solution (particularly aqueocus solution) form as is described further below.
The compound, for example, can be obtained and employed in a lyophilized form alone or
with suitable additives.
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the present invention. Wiere there is nore than one primary, E@[ﬁ ﬁjary
and/or tertiary amne group within said organic am ne, an))% %@ oup
capabl eyofo2ded260 so can formthe quaternary 30 anmoni um pepaBoidsiey of
formula L The present definition of "organic am ne" does not enconpass .
am no aci th yepAiythi emboditent, 1he pREQY irvedivalexted tb @ aictdd of Mbthilhtedd tumor
"Conbretastatin . A-4 Phosphate Mno- and D -Amno Acid _Salt Prodngs",
filed by SRk orfactestasis in an animal qogyprisiog the admigisiralion ofsm effseivg Fmewnt ok A er

14, 2000, cdg?&ﬁﬁ' ﬁé‘ﬁ’éﬁ'ﬁéﬁff SRQeTi N its -17 12 MG 2005 WO

07/ 22626 P /US%/Z 40 entik@eﬁc%éﬁ)éra&cert%i n conpounds as described in
WO 99/ 35150 (gl ucosam ne, piperazine, piperidne,

6' - mekhoxy- ci nchona-9-ol, ci pnan- 9-9l , pyrazole, pyridine,
tetracycline, imidazole, adehosiyé erqpam |, norpholine), incorporated |,
herein by reference inits entir Thelorgani ¢ am ne enployed is
preferably a physiol ogicall yHtCEB ]
foll owi ng groups: (a) organi c’am’;[;u:s ‘c?\pKa greater than or equal
to 7, nore preferably a pKa greater tham _or e@ﬁél to 8; (b) organic
am nesSwherein the nitrogen formng the %ernary anmoni um cation QHt
in the formula | is bonded to an optionally substitutedgsliphatic group
or to an optionally 10 substituted heterocyclic non-arohatic group (or
two or thwbereintich optionally substituted aliphatic and/or heterocyclic

non aromatic gr | h eoqi L ar ' ,
respectively). oﬁ%@f—{%lﬂ %-h_g)tllag'ggr 0 %ﬁgﬁcg&g%éﬁg%ﬁﬁ%wgﬁpﬁ%{;@chai n,
saturated or uxgiaturated hydrocarbon (e.g., al me, al kene or al kyne)
havi ng, fr 1 to 20, preferably.l to 12, nore r.ef er apl to 6 carbon
ot ' Uhahehggmit e Cerbriang i tart e AdioaRE gmy THicl Fggiier ¥ sy,
sat ur at ed fins B dbatkrhiy)ardHdhiink o8 OHH; Ng cont ai ning the nitrogen form ng
the quaternary _ammoni um cation in the forpula | as well as,

opt i onal | {B) agiamiro #réd eqnipiningat leagt trmaitragepatoms Bherz ongof the pifrog@damSnal N
atonms. " OpfabRBakitss ;dimmﬁwm&%ﬂg&ﬁwemrmmre substituents

providing an organi ¢ am ne en enployed rn the formula | of the
present i f)emtamong acidenntaining ones swpiritregenatams wiere ¢ne of Semitragen atgisch ar e

crystatli (S | Co i C.
1518 L0508, S L BRI BLARGRA Sl QBRI ST,
carboxylic acid groups of the amino acid are in the form of esters.
Naturally, a compound of the present invention can be adm:mstered aloneorina
pharmaceutical composition.

20  The terms and phrases used herein are defined below, and have the indicated definitions

As used herein, the texrms “modulate,” “modulating™ or “modulation” refer to changing the

rate at which a particular process occurs, inhibiting a particular process, reversing a particular
25  process, and/or preventing the initiation of a particular process. Thus, for example, where the

particular process comprises tumor growth or metastasis, “modulation” of the process

includes decreasing the rate at which tumor growth and/or metastasis occurs, inhibiting tumor

growth and/or metastasis, reversing tumor growth and/or metastasis (including tnmor

shrinkage and/or eradication) and/or preventing tumor growth and/or metastasis, particularly
30  ina subject that is prone to such a process.
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hydroxyl, amno (i.e., NH2), or alkoxy (i.e. -0-alkyl) groups, nost

preferably, one or nore hydroxyl groups; and/or (c) orgam]e; nes
wherein the nitrogen foring the quaternary anmoni um cation (ﬁ{ﬁl I'n the

f or mul avO 02732626 pri mary am ne bonded to an optionally subRCTAISeI$401

al i phatic grou 5 or a secondary am ne bonded to two optionally
subst i tut&dﬂ%ﬂgpnm memmmmwpﬂwammm uent s

are one- of 0

ar oups.  coBsERiE st ve%b%*é‘%%%g%&wh@@we i AR
for use ian dnhealpOneefibrdindfy skilMie itiel apttai Peadibynd e apreﬂ’ﬁejvbmmﬁfofhv\o or
nor e groups t descri bed abqve . (fo xa have Ka greater
t han or e‘d’H‘(ﬂg’ f%héﬂ’%s%m 'ﬁ‘ﬁ‘g*“f”glét’itﬁ% @%ﬂ@ifa‘lma 1 % ne as
descr ishedrofstine t8dhniqued Bx¥p &%@%&&MMW&M%@Omy

organi c am ne so defi ned s suitable for use in the conpounds of formula

| of the 3houtsKP mekgafibodoweighiof agtive caqumé pefrday owhichtrabraduinistesed in

calt 7 or i OHPR SRR S, A Ehll P aP R BIER e ol iR, T 1

one am nmwudw]mmh&:mm&mﬁﬁ&m&aidbddéseéﬁwmm}b,amdnmg 5 am ne

g;g;ﬁl 1;0; %gll{}ﬂﬁwth .an qm dlg m): et%ﬁ Thuff?e‘l he rerr&{ niﬁ%’ﬁtfoﬁlhga.n

al so Wont @idarstodl ihalte@béciic doFeRME1 hid fef aoﬁg%ﬂ@my;mhmmm&a&re
certai nIy not limted to, tronetham ne |ethanol am ne gl ucam ne, N
net hyl gl Wﬁ@mfbwmmw &‘H’r"? s Apeciie ani ne. A

ggm);letng oné or ga |c am ne gr oup gg%ﬁggﬁ%ﬁ%&%? c%g&%%l nreguggolle

a conbretmammwmh&msmayém%oéﬂhcﬂdijecsahﬂtm@ean&mﬂrml a l

contains t amp.ne ar art of R2
as defi neﬁ%%%%mﬁﬁ%ngxﬁ%ghl cégo%br%arﬁ%n’ﬂ%flté%e W are

pref el5r ed. Cor r espondi ng def| nitions apply for °~ nono-am no acid"
di -am nOAs?&slegh’erem,' réo_ ”aCIfdmgiymcliudcssu jects suglm ng g‘%l dam.maises er d

most preferably, humans.

As used herein, the term “prodmg” refers to a precursor compound that will undergo

20 metabolic activation in vivo to produce the active drug. Thus, for example, a compound of
the invention administered to a subject will undergo metabolic activation and regenerate
combretastatin A-4 due to the dissociation of a compound of the present invention, for
example, by the action of endogenous non-specific phospha:tasw in plasma.

25  Asused herein, the term “organic amine” refers to an organic (i.e., carbon-containing) |
compound containing at least one primary (i.e., -NH?), secondary (i.e., -NH-) or tertiary (i.e.,

_1[\7_) amine grbup capable of forming a phosphate salt in the compound of the formula I of
the present invention. Where there is more than one primary, secondary and/or tertiary amine
group within said organic amine, any such group capable of doing so can form the quaternary

30 ammonjum group QHY of formula L The present definition of “organic amine™ does not
encompass amino acid compounds (see the provisional application entitled “Combretastatin
A-4 Phosphate Mono- and Di-Amino Acid Salt Prodrugs”, filed by Venit as U.S. Application
Serial No. 60/232,568 on September 14, 2000, incorporated herein by reference in its
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Any suitable amno acid has applications herein, including NURBY QIASTIE
natural and non-natural 20 am no aci ds having appl i cations in“a conpound
of thewWDe¥a626 i nvention. Particul ar exanpl es include, ROT/OS0128401ly are
not limted to onrithine, histidine, |ysine, arginine, andtryptophan
tonama@@ﬁﬁ@@mwMMR@wﬁ«ﬁ%ﬁdmﬂpﬁmﬂ mmﬁm§toa

conpound s M 7A) gggl ﬂ;}
car boxyl |ng h& r%pgup ﬁ?ﬁm% ugl ng sJélhgconped S I'n zw tter| oni c

form (Mm@mﬁamsm@aﬂmwymlgﬂbwmmmmmﬂ on or

I nt er nal r.in.salt form | C eties
(wher e, f%&r@gw%lomcﬁgmeaﬁ'll%l t%gﬁﬁﬁﬁl g‘ g@%%(’%albga%moup in
addi t son stlecttd fro-tbOfotloginggmpand the forner is in salt formwth an

al kali metal). Thus t he remai nder of an, am no aC|d conprised 30 within a.
conpound of t H&) BM%%W%M%%&M 17, gugre PRETRRYY @8KaThe
terminclgdes ehattygal ., as well as natural amno acids, such as
a-anm no acl ds (gespem ally L-ami no aci ds) many of which are the building
bl ocks of prot )mmmmhmm quatemnasy @pgnanium citien?2 0

Vol f e 1GHEE i ot ViRed  of cori o) S fMinned Sighalls #5006 1033l
net hilOni rsabstingablietarodyelic gin-dramativegroup}(ér tivodr Aidks Wéﬁaﬂﬁﬁd

it o e Ry AP PEACASHIEl SHRATE rps I 608 oF Renpbet tan A s

refers tcies%&tﬂ@ ahiilﬁh gfoﬁp'gﬁla@ﬁﬁbﬁﬁbrﬁﬁhcﬁéa safurdtéd or udkRHueieds .

such as 4 ydroxy&rol I ne, hydroxyl yS| ne N net hyl | ysi ne

y- car box frm kad0cp bﬂ{@ 12)p0R0 aci ds
having t yo.faoy rﬁe%@%&mﬂm%‘ﬁ i€ nbRbrohtific bfbup*'g aCONPOUNdS
of for rm}we ?Tit he present 1 nvention when has defl nit | on (B)a as wel |

aﬁ tliﬁ pmgmmnﬁrmmmmmmmmmw@eqngmd her ei nf
;ne gmr ﬁg acﬁlagfwﬁﬁmﬁ q}?%:%]fere F%tvfélgagt# ,-Yg°§§‘: ,ér%%st%g%#a y %y °
group borsuerhst®, &dréadd:aoﬂnbli alc:.i?]dei“?gtrmgl sd;h;t(l:t;l?ﬂg@ mmfeﬁﬂ}b@mnmz of an

Fot or encegRanE TROARG S Spie Bt rearss sep el mRERAHRI PR o g

gai n per pt&e@hﬁveﬁﬁoﬁwﬁmmghémemﬁemwdahmalvhﬂm &Qraraﬂ&ns%dvat er
el 9Bl 9% TRy chahyitssouic crnoaRyprorbonie Prblerad Hobional stbatitants” tuctode

hydroxyl, amino (i.e., -NH?), or alkoxy (ie., -O-alkyl) groups, most preferably, one or more
hydroxyl groups; and/or
(c) orgamic amines wherein the nitrogen forming the quaternary ammonium cation
QHY in the formula I is a primary amine bonded to an optionally substituted aliphatic group
25 orasecondary amine bonded to two optionally substituted aliphatic groups, wherein the
preferred optional substituents are one or more hydroxyl or amino groups, most preferably,
hydroxy] groups.

Of course, any given organic amine selected as a preferred amine for use in the present

30 invention may have the properties of two or more groups (a) to (c) described above (for
example, have a pK; greater than or equal to 7 and be an optionally substituted aliphatic
amine as described in (c)).
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15 conditions: a tenperature of approximately 25 C, rel atl\rlrg p@r&)ﬂ
of from20%to 95% -“and at equilibriumconditions (i.

ti me wwep eimetdrie rates of noisture sorption and desor ptp@EPuSRneso:
equilibrated), relative to neasurenment under 25 C and 0% el at [ ve

huri dity Wmemmmwwm@mwmm i
reference to ref erabl y denot es, no al wei ht gai n
per wei gHBEVeSH "’b@ﬁﬁ’gﬂ QEE‘B“P@E‘WE é'beq‘fgrg ﬁetﬁgreference
to an am“&&aﬁﬁ'm&%&mﬁ%ﬁ@mdﬁoﬁﬁ%ﬂmﬁéﬁbm&%ﬁ%ﬁw&r oup
(i.e., a group- COON) of the am no acid which is in the form-COQ G

wher e G i(svhems, fopexpmnle; ongyimeing grovp forms the phespbate sall of fermplat and gpethen ut ed

0 4 4 PR, S e 0 0

et hyl Mosdomprieddewitieinl a asmpound of the priseds intrértion lcn 4l6d contafiny daltasdieties. of

gl ycine, such as glycine nmethyl ester or glycine ethyl ester. As used
herein, the term"salt refers to a conpound of the present invention

whi ch i s Bikmpiity bi2Rhic amREPRLIg:, bitQie SRR} fot 1iBAKE R tréMethakine, bond bet ween
the quaternary nitrogen of the organlc amne, amno acid or am no acid

est er noidethanplgmine, otthylensdiominepand2-(4-imidezplybefivht . 1

2 AUGg20GhR; 02122626 PerfUSC]v28401 As used herein, an "ionic bond" is
a chem cal bond that forns by the electrostatic attraction between
positive and negative ions or chem cal structures. Such a bond can be

readily di ssoci at.e Loni.zed) in _.an aqyequs. soluti.on. Di.ssol ution of
] comourﬁwﬁe%ﬁ&%hﬁﬁm FFA St o BUPURL G e

aqueous $rovp Q as pért bl BRI defidedl dbove; QMMA%W&& are
enbodi nment s encorrpassed by the present I nvention. _As used_herein, the
phrase  plirefeanis grens” s3it ¢ ¥ CqntpinsdWe OFEPIe Fine STEVRS QLB PRt ¢ER T

Presqnt  dnfl ois ¥t of RELL REndABNY, MEEH-Hganie HaiAe” &tk 6f Bk fHnB 261 d ester,
refers to the tnability of the chem cal specie to induce side effects

unaccept anrlerreth deorresprading definitiens spply fon"mene-aginoteid? (! diraming|acidRy “aapabl v,
"physi ol C%ﬁg ? gﬁcﬁ‘%%nmﬁgﬁﬁ‘c&glb‘ speci es produce no del eterious side
expl al ne

ef fects. above e present invention is directed towards a
met hod for nodul ati ng t he growth or metasta3|s of tunors, preferably

solid tu rQl:rlys Smtauae 093 acid TR ] nﬁ i ri:?c%t?ﬂg numerous natural and non-natural
20  amino acids having applications in a compound of the present invention. Particular examples
include, but certainly are not limited to omnithine, histidine, lysine, arginine, and tryptophan,
to name only a few.

As used herein, the term *“amino acid”™ refers to a compound containing a basic amino group
25  (NHp) and an acidic carboxylic acid group (COOH), including such compounds in
zwitterionic form (where the amino and carboxyl groups together form a zwitterion or
intemal salt), or in salt form with other acidic and/or basic moieties (where, for example, the
amino acid contains a carboxylic acid group in addition to the a-COOH group, and the
former is in salt form with an alkali metal). Thus, the remainder of an amino acid comprised
30  within a compound of the present invention can also contain salt moieties. The term inciudes
on-natural, as well as natural amino acids, such as o-amino acids (especially L-amino acids)
many of which are the building blocks of proteins. The texm “natural amino acids” refers to
the 20 amino acids that are common in all proteins, i.e., glycine, alanine, valine, lencine,
isoleucine, proline, serine, threonine, cysteine, methionine, asparagine, glutamine,
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15 invention. As used herein, the terns "tunor" or "tunor growh" can be
used i nterchangeably, and refer to an abnornmal growth of trsﬁmgugq@agjltr ng

fromu ed progressive nultiplication of cells and serving no
physioﬂgéagéyﬁ#unctlon A solid tumor can be nalignant, PQF@F”WQﬁﬁi ng to
nmet ast asi z ei Jife ateni n )
tumors t haﬁﬂ%@ﬂmﬁ tf“g m&%m%ﬂmw&ﬁ{%ﬁm %%nt i on
i ncl ude 2ghRs “aeiBsuAlEnies AeisTGeRees t6 dRthoabids thif ard génetallynbBebninton in all

fibrosarcong, nyxosarcona |.i posar conmm, chondrosarcona | ynphoma, such
as non- Hoagww MHM@BWW 9@%

tunors, 'E?mhﬂx% éﬂbﬁ%ﬁamfﬁbd&i C‘cﬁ'%remtm atoms
I yrrphangl osarcorra nphangi oendot hel 1 osar cons, o ynovi ona, gesnynowaarf
sarcon, smr@bbtfomise mfhe Wﬁfmxof@m@mwmwmmm

col on car mg Qggolore tal ¢ q;g ﬂ@éﬁ ca pancreatic cancer, *
breast cancef® ﬂ%ﬁ g?ﬁFFE%B a?@a 5%? =§v§ﬁ|an cancer, prostate
cancer, squanous cell carcinoma, basal cell carcinoma, adenocarcinons,

adenocarcrnona of _the colon .and rectum sweat gl.and, arcrnona sebaceous
gl and car &S Nhddheregh fhephse mﬁ eray%ﬁrﬁ'é

cyst adenosam'aeﬁ%mmehaﬁe&aﬁm bsare&wma:wnenal
cell carcinoma, hepatoma, |iver 30 netastases, "bi I € duct carcinong,

chorrH&ar&ﬂh&aﬁw4§Eﬁﬁw&ﬁa008hbvyynﬁhnsameandna thyroid carcinoma such
as anapl astic thyroid cancer, nedullary thyroid tunmor, WIns' tunor,
cervical cancer, testicular tunor, lung tunors such as nor snmall cell

| ung CarCIABmm,he&mitHet&ﬁi‘fprécﬂ mhygmwmic hlraﬁﬂﬁeemarcompoml, epi t hel i al

gg}féggg?g§ %gﬁﬁﬂ %ﬁﬁ%&%&? i%éﬁblastona 1 VI)O? 2262 6513€U62CS

hemangi obhesmMajvmﬁa@xgﬁﬂ 3 %mekwmﬂgmmmw
e i no

nmel anoma, neur obl ast oma, an | ast onma.. NMbreover, tuno conpri
dyspr &3 i f ePnditiops: ademprgataref hmdasﬁsgffa@a%%wgﬁ%an be
treated ot @&%ﬂ%%ﬂo&&%Wa%wm&%Mf%%'on

in epithelial tissues such as those in the cervix, esophagus, and | ung.

Thus, t he apd desemtion hwemuﬂé‘mtpd)owﬂws to reasurementindaT25 5E 2odAGirelatings known
or suspecggg
particul ar, ﬁﬁ%r%fnon ‘neop as I'C ce groaﬁﬁ IS&%srs |ng %ﬁﬁyperplasra

met apl asi apmpound, preferably denotae no measurable weight gain per weight of compound as
20  measured above.

. As used herein in reference to an amino acid, the term “ester” refers to a carboxylic acid
group (i.e., a group ~ COOH) of the amino acid which is in the form -COO{G) where Gisan
organic moiety such as an unsubstituted or substituted alkyl, alkenyl, alkynyl, cycloalkyl,

25  cycloalkenyl, aryl or heterocyclo group. Preferred as groups G are C1-¢ alkyl groups such as
methyl or ethyl. Most preferred as amino acid esters are C1.g alkyl esters of glycine, such as
glycine methyl ester or glycine ethyl ester.

As used herein, the term “salf” refers to a compound of the present invention which is an

30  ionic compound, for example, having an ionic bond between the quaternary nitrogen of the
organic amine, amino acid or amino acid ester moiety QHY and the phosphate moiety of
combretastatin A4 phosphate.
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or nost particularly, dysplasia has occurred (for review of fzgmqmormal
growm h conditions, 10 see Robbins and Angell, 1976, Basic Pa I"ogy, 2d
Bd., WWBD 0B2¥d&lers Co., Philadel phia, pp. 68-79). HyperRCEES/28401a f orm
of controlled cell proliferation involving an increase in cell nunber in
a tissue Asussddemin, a4 Tienicbond” g ¢lieminal bondilat furing by ithe electrodatigatiragtion
function.] Iéa Qu NIl onet r| 1Q;/sp | P ﬁi;recedes
endonetri a carP(E:)er. Wgﬁfé as?dém?gg?nf‘%p?‘rt]%o bgﬂgﬁ%ﬁ{éﬁe growth in
whi ch onedissopiated {ordahized) tranfaghdops eotitionr Eidsolatietofadompaudisdfithetresent! or 15
anot her type of _adult cell.. t apl asi a can, occur i I thelial  or

Connect i viVEY A Pliont Paciaglply SLadtRms AL as Heihod Py oolrlCrtenef Stch

di sordgrl %Im%éﬂfohﬁn&ﬁi&%ﬂaﬂﬁdbwlé&h 3nveltiod.r €equently a forerunner
of cancer, and is found mainly in the epithelia; it is the nost

di sorderly formof non-neoplastic cell growth, involving a loss in

i ndi vi dual I i ) ks hi . | .

col 1 5, DyBgfiska el 6ol orfilobBuliiRCALE T Etutidl s GELEM Bhiblielto
nucl ei, amdvheybichat onghrdo apine) Ensin® adiy epdnsind acid bsderamfers fothe inatility obtheur s
where there . exists chronic irritation I nf | anmat,j.on nd.is, often
found in Wlﬁ@&%ﬁ%ﬁ%%@&&&% %WPM|

bl addp@. hemab Prefrbiy “pl {ﬁé)@ﬁcdiy&ﬂéﬂBl’eScheﬁﬁ@l ' dideleterid@ide
Medicine, 2d Ed., J. B. Lippincott Co., Philadel phia. 25 O her exanples
of tunorse®e® are beni gn and can be treated with a conpound or nethod of

the present invention include arteriovenous (AV) nal formations,

particularly in intracranial sites and nyol eomas. The conpounds of t he
present i Asexpliingd ahove, thepresent dfvghtionris dicected dowdrds a misthod Fop aodelptingthe non- 30

paor oot < S oot bl bt AR ock iihe 3Rt e RaRA ' O

i nf | ahSrat tavyntibns Asssed heteh, thettarmis *enhdd?/or “tmsar growthDeanlbetusedat i on. Such

di seases and .di soy.der e described | .00/ 48606 i ncor ted herein
by refere%ﬁaﬁgﬁlg’a@ﬁﬁ?{%?ﬁaﬁww\é\g °’fs§gﬂé.g°’?0'ﬁ%°ng?0]i i USOi Nsaoi
Pﬂar MBa.C eUptogits lsiﬁaﬁmmi:chﬁm&m_ @Sy tnobnysmlbg'igm ﬁﬂicﬁf @:hem(ﬂﬂdﬁném

phar maceufi cal, conpositjon conprising.a. cQ und , of the presen

i nvent i onhawgﬁ%%é@%e&%mgw?&a%mw&s@ﬁtm%af rier

solid tumors that can be treated according to a method of the present invention include

20  sarcomas and carcinomas such as, but not limited to: fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, lymphoma, such as non-Hodgkin’s lymphoma, osteogenic
sarcoma, chordoma, esophageal tumors, angiosarcoma, osteosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, synovial sarcoma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,

25  colorectal cancer, gastric cancer, pancreatic cancer, breast cancer such as metastatic breast
cancer, ovarian cancer, prostate cancer, squamonus cell carcinoma, basal cell carcinoma,
adenocarcinoma, ade:;ocarcinomaoft]ie colon and rectum, sweat gland carcinoma, sebaceous
gland carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, liver

30 metastases, bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, thyroid
carcinoma such as anaplastic thyroid cancer, medullary thyroid tumor, Wilms' tamor, cervical
cancer, testicular tumor, lung tumors such as non-small cell lung carcinoma, small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma, medulloblastoma,
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5 thereof The phrase "pharmaceutically acceptable” refers t fghﬁm ar
entities and conpositions that are. physiologically tolerable

pref er P 926260t typically produce an allergic or sim

reaction, such as gastrlc upset, dizziness and the liKke, mhen

admi ni st etreiophsryagiomapsrendymams; pippaloma bemangipb

P lpag %“3%%"{5?33%% ; st@éﬁ%}%‘fﬂ%%%%a?ﬁéé‘%ﬂ

or other generally recognized pharnacopela for use in animals, and nore

articul n humans. The term..carri r ef rs adj uvant ,
gxm Ipl gntaﬂc’épl : Wﬁbﬁﬁ’gﬁf I@ﬁ"ﬁ’ﬁﬁf m&%ﬂﬁﬁ'ﬁ’%f“gﬁﬁ@ uv

phar me%%mwﬁm%mm&m%d@wbﬁmmnﬁmw rmamo' I's,

i ncl udi ng those of petrol eum ani nal etable or synthetic origin »
such as pessprssucl as those e pervix) esopha E'@s%ﬂd%@& Thyg dhanwesspt in %mr%we g.,

oL b P eREABANP oo B LI MGt o BEEY RS VBl

Wat er or mmmstwhmIMﬂmﬂebmmumgoﬂg@m rgbly.piml

solutions are bl ed as, carri.ers artlcularl for
i nj ect abl %“E‘tﬂﬁt’t‘ dégﬁfn%b?% éﬂt‘%‘?f

i n' Rel0 NQted nosbxﬂuﬂmeu,tme,lsaﬁemwy, 284, v B/ SMﬂérh{Do ?ﬂ]aﬁelphla,
pharmaceutical conpositiaon of the present invention can be_for

admi ni st r e P89k HHypeiplgsiads P&mqspomle%@wmlgmwmaawmm
trausder nﬁdmbagﬁtstﬁtus% RSt HBniffanfaiBrdtion id or fuib4i0E & Bt one

conprehended by the invention are pharnaceutlca conp05|t|ons conpr|5|ng

ef fecti vemmmmmm@mmmmm qaueeni Mstaplasigis dformwf t h,

for exa CStSRIA S,
sol ubi(l |m;ers &ﬁm&%&g%% 1S *4h /orpaétf%‘e%?ﬁ%%jr rl %ﬁ%ﬁ%gﬁe

conpoki ti amhenypé oftetulticellieMetaplagia veardconrdn Epithéliat oramhemive fiesge cells.TRI S or

other amn car bqnat es hos m,no acJj ds, for., ex l.e
gl yci nam ﬁ e&(ae?%gﬁ'%ﬁsﬁ‘%ﬂy ﬁﬁfﬂ? %ﬁhﬁf'&nge)

N-gl ycyl gﬁb@bﬁt@aﬁw mmmmslmmm?hﬂheqmbmﬁﬁmet:ﬁdsbas| c), etc.
or TRIS-HCl or acetaé? c% and jonic strength 30 additives such as
det er gent B nz‘?eﬁg"’%'(jé?ﬁlﬂw b, frvolvingarlassin ipdevidigl spll poifenmitio ni s,

Tween 20, apfefie a8 BitédeahorhRfabEofels. I@sﬁﬁ&i&@@ﬂs of RAIRYPY sbnStaca %’ige,
pol yet hyl ene gl ycol propyl ene glycol, etc), _anti-oxidants (e
ascordfl ¢ deeply stainsd mﬁf&@i@ﬁp eoeesphlsp\rébep ¢hamsterigtically ocourf ol ,

beuzyl al §eefists B ARG RRALF Sillhd BYSHA JespirdidpAr o such
as sucrose ctose nanr?:ito po yrrers suc gﬁcg%lﬁ/?énﬁr’py rolldones or
dextran, mggs,o:ah@!vﬁy andga]lb]adde.r For a review of such disorders, see Fishman ¢t

1985, Medicine, 2d Ed., J. B. Lippincott Co., Philadelphia.

25  Other examples of tumors that are benign and can be treated with a compound or method of
the present invention include arteriovenous (AV) malformations, particularly in intracranial
sites and myoleomas.

The compounds of the present invention are also usefil in methods for the treatment of non-

30  malignant vascular proliferative disorders such as macular degeneration, psoriasis and
restenosis, and, in general, in the treatment of inflammatory diseases characterized by
vascular proliferation. Such diseases and disorders are described in WO 00/48606,
incorporated herein by reference in its entirety.



1 2 AUG 2005 WO 02/22626 PCTI USO1/ 28401 incorporation of th?7 b
into particul ate preparations of polyneric conpounds such as @ 3 CtIC
acid, peoOyyRI6eelic acid, etc. or into |iposones. Hyal ur dPCTUSI2840tay al so
be used. Such conpositions can be enployed to infl.uence the physical
state, stability, rate of in vivo release, and rate of in vivo clearance
of a conpound of the present It .L£.0., 5 Remngton's

Phar maceutical Sciences, 18th=E=FS S sk—F4pl i shing Co., Easton, PA

18042) pagme predairi bgmmacduﬂm comprisih$s egund he
conpositions can, _for exa :ﬁred I n |I%ﬁld form or, can be in
dried powdéfe pPetsen ”&@F‘?ﬁbﬁ%l ARFEPIaPIS caFier

adni ni gt e WW@&%%{M&&QJ ust ment can
be enpl oyeﬂé assgfey red.” It 1s preferre or exanple, to enhance the

sol ubi | i tmmmwwmwimwwmlemmbdommmmH of

phar maceut i,cal co SI tions hese ,C o reat er
than 7, no *e"f%%f‘é‘ rgcﬁ& R suc a ?ﬁ"%{%ﬁ%

about 8. Shdmiﬁst&edtoﬁ%ﬂmar d’fbfuﬂ:lﬁabﬁ@dhaeh,&et&ﬁd'@mhcénﬁmlaﬁoebmbfe"the
present invention, I ve parent ) format occurs at pH. The
present i r%ﬁi%ﬂi’?"ﬁgglé f-‘(%"y ‘TS‘FF’%PH}%E thent

agent 1pr eMe8! Ehafthhcdp&@P orbifidr¥en %zdogf Wﬁ%w& SdndlMcie
Il yophile formulation. It has furfther "been surprisingly found that, for

| yophi | e frertienlerly irokisnags. Tigram saier” refersdo o dilusms fadieant eaeipicas ox yehicleor nul a

| of the R dr oxi de
as the pHaJushn{epEmge‘ﬁ? c%ﬁ‘l@‘se%ﬁt |ni’ ormatlonggIQI e é'<e(1ct|ve '
par ent (cil@ndﬁ;%cl(mh-anéoﬂs mchﬂingﬂwse)bimlmlemn, auirnaly vegekible ansyithetic
undesi rabl e articul ates. in,an ueou olutiao t hat,, u of a pH
adj ust nent h 3t R&pt gty @%M?@W@ﬁnﬂfﬁ%%&%ea@ qf or mat i on.
Use oftsT R'P&p%ﬁolﬁpﬂwm@imn propgiereiglral skrbitdleglyceringletod ) Crémbphor didithgat es
the formatjon qf . the _active pgrent (cis) CA4 reI afive to the,use of 25

sodi um hy diG,Peiadipg Fipwes ﬁ?’“éﬁt@?%ﬁ&&“%?‘ﬁ'&ﬁ@é&ﬂaﬂ dptRtfed
for use '@W&Qﬁﬁ&nh%ﬁx&ﬁraﬂ? ?éiedafcazh'@& bdutions.

observatlons have been nmade for ounds o the orrm al where Qis

ei t her |R|S3nebeah%mw%almmmw 'Remsingtog’s Rharmpaceysiral §oirgres] s a pH
adj ust mentp fgfkshowed hydrolysis to parent cis-CA4 upon storage

whereas pH adjustnent using a suitable buffering agent other than NaCH,
for exfnple, RIS 30 nitigated formation of the insoluble parent Another

aspect of j W&& c&ﬁ;\/o%ohgﬁhg Br%&e%{ BV&ntion can be for administration for

injection, or for oral, pulmonary, nasal, transdermal, ocular or other forms of administration.
In general, comprehended by the invention are pharmaceutical compositions comprising
effective amounts of a compound of the present invention together with, for example,

25 pbarmmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers, adjuvants
and/or other carriers. Such compositions include diluents of various buffer content (e.g.,
TRIS or other amines, carbonates, phosphates, amino acids, for example, glycinamide
hydrochloride (especially in the physiological pH range), N-glycylglycine, sodivm or
potassium phosphate (dibasic, tribasic), etc. or TRIS-HCI or acetate), pH and ionic strength;

30  additives such as detergents and solubilizing agents (e.g., surfactants such as Pluronics,
Tween 20, Tween 80 (Polysorbate 80), Cremophor, polyols such as polyethylene glycol,
propylene glycol, etc.), anti-oxidants (e.g., ascorbic acid, sodium metabisulfite), preservatives
(e.g., Thimersol, benzyl alcohol, parabens, etc.) and bulking substances (e.g., sugars such as
sucrose, lactose, mannitol, polymers such as polyvinylpyrmrolidones or dextran, etc.); and/or
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rel ates to pharmaceutical |yophile conpositions (preferably priepgigeds rom
pH adjusted solutions), conprising a conpound of the present .invention
and a ment agent other than sodium hydrOX| de, %"r]‘é’(ﬁ‘f%

b h ine.
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ar gi ni ne, I ne we et bano , especially TRI'S,
as the pkpad'gf‘ﬁ%' S‘H’Eﬁﬁ%@ %%l lity increases
as the pH of theforrrulatlon increases frompH 9.0 to" pH 105. The
solution stability is also better at higher ionic strengths. For exanple,

a sol Wi onﬂﬁmbﬁempbmm It is prefemerdl vifor pxagnpley boenbancethid 10 can

i ndi cat e 2ikaP" epar ed
with TRI S&gs W@ agerﬁ'&g?“ﬁ‘fﬁé’%%%%t |Mom Ight is
pref erabl Whmﬁmmmmmm a pHIgreateritios (7] norepreférablpgo apHesent
i nventi on, t hod du G owth or Metastasis 20
Conbr et as%ﬁf@&u’ﬁ k@’%ﬂg@égmnt hnitoti c agent derived fromthe
stem wood of Conbretum caffrum and shows potent toxicity against a w de
vari eiﬂ of hupan cancer, cell |ines, Conseﬁ ently, adm nistering a

d

conpothd Eer GARE pradmg salts nohas those ofifprmpnla § of the prsseptinvention, acYRRAFRL t o 4
subj ect CG&M?&H&E&H&H&IMQI&MEHSW [EseMBhASRES hefbtnld WSt SRR 207

alternativel y, I f the subject no detectable netastasis or tunor

gr owt h, erfpHeadmstmeptagent preveatsiH daonihusingtiteesipg Yromonidingamera stable o
d
conpoun @I"Eﬁ‘ﬁy &%%Tadbqalé int: | er&?p&%glﬁﬂa%ﬁ'{hﬁﬁ%r%pﬁﬁé%ﬁnﬁﬁn%%? a

phar maceut’ ce
CA4P pmdmg salts such as those of the formula I of the present invention, pH adjustment

20 employing sodinm hydroxide as the pH adjustment agent can result in the formation of the
active parent (cis) CA4 (which is minimally soluble in water and can form undesirable
particulates in an aqueous solution), and that use of a pH adjustment agent other than sodium
hydroxide can mitigate CA4 formation. Use of TRIS as a pH adjustment agent and buffer,
for example, mitigates the formation of the active parent (cis) CA4 relative to the use of

25  sodium hydroxide for pH adjustment, and thus is particularly preferred for use in
compositions of the present invention. For example, observations have been made for
componnds of the formula I where Q is either TRIS or histidine such that lyophiles prepared
using NaOH as a pH adjustment agent showed hydrolysis to parent cis-CA4 upon storage
whereas pH adjustment using 2 suitable buffering agent other than NeOH, for example, TRIS

30 ° mitigated formation of the insoluble parent. Another aspect of the present invention therefore
relates to pharmacentical lyophile compositions (preferably prepared from pH-adjusted
solutions), comprising a compound of the present invention and a pH adjustment agent other
than sodium hydroxide, preferably, comprising an organic base such as an amino acid or
organic amine, especially TRIS, as the pH adjustment agent. Thus, while use of sodium
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Hence, the present invention is directed towards nethods for ?Mﬁ@ﬂg
tunor growth or netastasis corrpr|S| ng, inter alia, the adm ni’s [ of
an ef f @ PFA6Zount of a nono- or di 30 organi c ani ne cAEIVEIALE4MMIi n A-4

phosphat e d salt of  t resent inventi t hat r.api dl enerates
conbr et asl1 w“ﬁ@%‘ﬁ%ﬁ W%%@MWF‘%S‘E“XE#

anount’ ForexBmpleS foF ShatifadeicaBEORMIbkILIBEs 16 BEREHRteRId t he present

|nvent|on adm ni stered to a subject that is suff|C|ent to nodul ate tunor
growt h or inteyeneushy where solids formation sepdesidile-t unor  growth and netastasis in
an animal, or alternatively to prevent formation of tunmor growth in -25 1
2 AllG H55 WO 02/ 22626 PC1l711S01128401 an ani mal that |acked any tunor

formatd on%mmummmﬁnmm%hmmmmmlmm art can

rﬁsglnlt?/oget er Egane t he effect %?@mﬁ;ﬂl&%ﬁﬁ?ﬁﬁ of tﬁf Er esgnt

Mor eover, Wﬂﬁ&ﬂeﬂ%ﬁ%ﬁhﬁ@dﬁﬁpﬁwwn&l

i nvention_ have_ applications in a nethod of the present i nvent | on. I n

particul a yﬁ@%my’mqu such A%, Tine Acid puch AL ATBERSe nt

| nventi ongf, q%%%i.ﬂet &Lﬁﬁa‘%ﬂym% B3l ddfstofenflpgeif 3l | V.
nasal |l y, recta or r%nsderma referably, m ni strattion

par enl({r allhe W“w@omm%mﬁmp dmmﬁnfthcaﬁmmdm mm&qnngB@tto not

limted t 1 ar t Iar d aneous,
I ntraperi ﬁ%&g‘g sﬁ?“?avé%’*‘ﬁég?lﬁ?%%‘h lr acr gﬂrmnaﬁlflglé Fon. The
gorrpound Wmmon&apmmgmpﬂlbmmmbﬁnpmm@mged

y injection i e tupor eat r into t es surroundi ng
the tunof 4’}@%@ ﬂ’%ﬁ%ﬂ%&“ﬂﬁ‘m Flffgrg'r eagent that

i ncreases the rate or facility of transrrucosal penetratlon of a conpound
of the present invention, such as but not [imted to, a 15 bile salt,
f at t yI%ici Brotestien fem dight ippreferablipamplpyeddorthe phagnacevtical srmpesitionsipf thee r reat i on
enhancer R&emifedl um chol ate, sodi um dodecyl sulfate, sodium

deoxychol ate, taurodeoxychol ate, sodium glycochol ate, dinethyl sul foxide
or ethanol Suitable penetration enhancers also include glycyrrhetinic
acid (U S. Patent No. 5,112,804 to Kowarsld) and pol ysorbate-80, the

| atter preferably in conmbination with a non-ionic surfactant such as
nonoxynol -9, | aur et h- MetR@is oy Moduhating Tt Ti:ﬁérGumttmeetbsta;s or | auram de- DBA

(GG RN OR SRR e i e
Combreturn caffrum, and shows potent toxicity against a w1de variety of human cancer cell
lines. Consequently, administering a compound or pharmaceutical composition of the present
invention to a subject can reduce tumor growth and/or metastasis in the subject or
alternatively, if the subject has no detectable metastasis or tumor growth, will prevent

25  metastasis and/or tamor growth. Naturally, a compound of the present invention can be
administered alone or with a pharmaceutically acceptable carrier.

Hence, the present invention is directed towards methods for modulating tumor growth or
metastasis comprising, infer alia, the administration of an effective amount of a mono- or di-
30 organic amine combretastatin A~4 phosphate prodrug salt of the present invention that rapidly
regenerates combretastatin A~4 in vivo. As explained above, the phrase “effective amount”
as used herein refers to the amount of compound of the present invention administered to a
subject that is sufficient to modulate tumor growth or metastasis, such as to decrease tumor
growth and metastasis in an animal, or alternatively to prevent formation of fumor growth in

-25.



pharmaceutical conposition of the present invention can be deIuggmngg n a
vesicle, in particular a |iposone (see Langer, Science 249:1527-1533
(1990) waoez62&t al, in L)7o0sonmes 25 in the Therapy of | rMEIUSQRSHDI sease
and Cancer, Lopez Berestein and Fidler (eds.), Liss: New York, pp.
353-365 ( aumumpal thglackedmnydupes formation priovie adminjsiration.  Qeeofudigaryskillinyi ) -

[N yet anghaRlcaf RRATY Wiiinine ‘fﬁ%ﬁw& QPR SRR PrdsEat Ve L1 ON
can be e lvered | a contr%ilp rel ease syst em Ssucn as using an

i nt r avenoadminisfendonexample, Ging noplinertechbigeesosnot i ¢ punp, a transder nal
patch, |iposonmes, or other nodes of adm nistration. |In a particular
enbodi nent, a punp nmay be used [see Langer, supra; Sefton, CRC Crit. Ref.

Bi omeds Enlordbarery BmérdRikdans Rt alimilistatig Slompofl ieprfafilveatibBO  Saudek
et aL, N. Engl, J. Me 574 1989)j anpot her enbodi ment, polyneric .
mat eri al s ﬂge‘g@flﬁm%% %@r’é@w&l ed Rel ease,

Langer anghz\%ﬁc%uﬁé‘a‘i me ma&s&&a@%&ﬁw& LO
PCT/ US01/ 28401 Rat on, QJ%T ori 3 974 Cont rol [ed Drug Bi oavailability,

Dr ugPr odu y,aml.orﬂbrr Mmmm | Rreferably, ;tdmimshegen New
Yor k (198

23:61 (19 see aﬁ E‘Egg&g\?’ a%m B en%ﬁ%w%%&g%f "ngcg'?maL

Ann. MNeur mo%ﬁmwwmmus,

m&ap&imeal,smgrenﬂﬁuliﬂ
é%gggé] i nl n % FFIOt her enb%i nment , Fl cgnt roll eﬂ rel ease c?:X,t em Cagem ihg

only a frgé&tntreucedl b {n@ihe neeEE) Woﬂ:ﬁom i cal
Applications of Contral i ed Rel ease, supra, vol. 2, pp. 115-13 1984)]
Pref er abl {rmox(sk SMupesal Reaetrationephanced Fefew to areagent thal incerases thegaig Ar fin

proxi m 1y yQormbda1 pehit&tod of Qﬁr&%w&égg%%%%?ﬁmﬂed T -

O her controlled rel ease syste are In the review by Langer

[ Sci ebite bilmalt5atry 4okd surfat@oiy pleokd Irspenifid ehddimeits, tthepermention emaptegicare d

can. 15 oo SOl thobhe RURRIREE bifle &RMRESLHRINE kliRo RS e ™ | O

admi ni st r gtycaeholutiepdimethyloylfoxide or efhmsl r&mﬁﬁlepanembnenhams aBanddlwie| ar

Dt “cer t aFRTAE gt (0P ARt o AP A A L) B e se-@%ée%%r‘ netude
| nj ect i ongreferably in combination with a non-ionic surfactant such as nonoxynol-9, laureth-9
20  poloxamer-124, octoxynol-9, or lauramide-DEA (European Patent EP 0 242 643 Bl by Stoltz).

In another embodiment, according to a method of the present invention, a2 compound or
phatmaceutical composition of the present invention can be delivered in a vesicle, in
particular a liposome {see Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes
25  in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss:
New York, pp. 353-365 (1989); Lopez-Berestein, ibid,, pp. 317-327; see generally ibid.].

In yet another embodiment, such a compound or pharmaceuntical composition can be
delivered in a controlled release system, such as using an intravenous infusion, an

30 implantable osmotic pump, a transdermal patch, liposomes, or other modes of administration.
In a particular embodiment, a purnp maybeused [see Langer, supra; Sefton, CRC Crit. Ref.
Biomed. Eng. 14:201 (1987); Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. Engl.
J. Med. 321:574 (1989)]. In another embodiment, polymeric materials can be used [see
Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Press: Boca
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I ntraperitoneal injections, subcutaneous injections, int rarrusc‘u-} R 105
I njections, or catheterization, to nanme only a few. Exenpla
conposiWO®2R2626r parenteral adm nistration 20 i ncl ude |r¢yosmmseox

sol utions _or suspen3|ons which can contain, for exanple, suitable non-

toxic, parfairneFlerids( a&@eﬁe@wﬂedﬁm&ﬁw ili Wﬁmdnanni tol,
1, 3- but anqu_,gg’ t W?’Oq‘?ﬁﬁ ty on, an
i sotonic so ig&gﬁ%u so%% i ?1 ! %85); gw ta nlf%%%r |2?r'18gj°19%r
wetting addac i epeornd., Chenc R3:d1 seelaboilevineg aiance

& emophor (o 3rmeRt danveieh B LSRR, BoSal Bl h G- SREE T pE ey
Nasal Br t(19895)nis ptahottier embodimest 2 controlifireleaseaystéh ximity
conposi tion of the present 30 inventjon is Iso conterrol afed. Nasal

del i very &fthsirreetiissyss ekthembiset, Uy rragining a3 qfithe sypiemisfloss [seam
directly afg WHW%I%%QF%AMWE s%ratbﬁ.ﬁ?ﬁpﬂgngﬂ o the

nose, W tHo necessity for deposition of the produc I n the |ung.

For mul at i dt¥84)Jo Preferably, 2 ehotrolied reledse diviceds introdused inthanpmimaldm proximity of

et iyl cort gD ipieoptie Bl aPR Bk e s Bl R B bl 38 o

| US011084Glischaed inthadevieohby Lianges fScienty 249:15374583 (d290)ke is a snal |, hard
bottle to which a netered dose sprayer is attached. In one errbodl ment ,
the netered dose is delivered by drawing a conpound or pharnmaceuti cal
conposition of the present invention into a chanber of defined 5 vol une,
whi ch has an aperture dinensioned to aerosolize an aerosol fornulation by
forning a spray when a | i qui d Rapenteme] Admyinistation s conpressed. The chamber

is conpresgedy ?dpe &En?gnﬂjd ﬁﬁm% g,] oI BERM b{.&éﬂhﬁmaﬁl on.
In as eC|f|c enbo anber ston arrangenent. Suc

devi cé a@a@m@&m@mam@tm@mMammmmmwmm squeeze

gg E)!sgl ha\c/ﬁ'ap‘g?%%t%% can be us%ﬂero%‘?l on o@cur?’%ﬁ%ﬁﬁ%ﬁe&oottle

IS squeezertin ifiblede) betxertginly are.mti Hinityd fodntratendns (Hodustoo nfission) bgedtiond, | e, and
of i ci ent ERaE HischRRorErrbal sy o Far PN BRE P iy che
nasal i nhalathétertdtiond) OvAntbONB dTewe ITREmPLABLIbmpoSitibi3 dorfRféhfeddl administration
20  include injectable solutions or suspensions which can contain, for example, snitable non-
toxic, parenterally acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water,
buffered aqueous systems, Ringer’s solution, an isotonic sodium chloride solution, or other
suitable dispersing or wetting and suspending agents, including synthetic mono- or
diglycerides, and fatty acids, including oleic acid, alcohols, and/or Cremophor. pH
25 adjustment can be employed as desired.

Nasal Delivery
Nasal or transmucosal delivery of a2 compound or pharmaceutical composition of the present
30 invention is also contemplated. Nasal delivery allows the passage of such a compound to the
blood stream directly afier administering an effective amount of the compound to the nose,
without the necessity for deposition of the product in the lung. Formulations for nasal
delivery include those with dextran or cyclodextrin, as well as other polymers such as
polyvinylpyrrolidones, methyl cellulose or other celluloses.
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15 formul ation, for adm nistration of a neasured dose of a GOFROY
pharmaceutical conposition of the present invention. For tra‘nsrrucosal
del i verwp 0aae626f perweati on enhancers is al so cont enpl at pgdrruséivisasnar y
Delivery 20 Also contenplated herein is pul nonary delivery of a conpound
or pharmaceuti cal corrposition of the present I nvention. A conpound or

phar maceu Qick ivered to
t he Iungsﬁo%gnégmﬂéﬁﬂ ?%%‘r‘r?w’pﬁ ng a th#gpérﬁlges ac%d%%épﬂeﬂ*ung

epi t hel i asprayenisiagached. tTh endémbulinentpthemetetddaiose ie gelivered by dtawing 2 ncl ude

Adjei et at arpaceutical Resear 7: 565- 569 1.9 0) .« A
| nt er nat i B?H"’L‘B‘g M Q“e‘% ‘3‘%’%?@9&“ Idﬁﬁ'ff%ol i de

acet at$) ; vélhaewafichHas & dinsRined (DAERSIL S hﬁx@dolforzmﬂanonby forming
Phar macol ogy, 13(suppl . 5):143-146 (1989) (endotheli n 1); Hubbard et at,
in theechambar is sampresped. Abe

Annal s of 3 Earex:whesi a Liguid

(00- - pr of Srsit e Sptedbe Hapicnlipl g HEE, ki #?@r*%?@

Pr oceedi nglsamber iSy pistoaiarrangemenie SSuck dévivey alercommErially avsilable. Keyst one,
Col orado, 30 March, (1990) (reconbi nant human growt h hornone); Debs et

at, J. Imune!. 140: 3482-3488 (1988) (interferon-y and tunor necrosis

fact o al AlRanativelygh hﬁcs@ﬁm&-b&l api¥fire &r 0p&fin$ Bnengibadd4b OCYt €
colony stinulati ng act or) A met hod_and conposition for ul nonary
del ivery 8fowligRan aprpsol fomm o beised. jAeolalizgtion eeury,whendbe poftieds: No.

ibé%éggg CT Ugg% Cont %%'fn}l%gm?% use in ﬁld %gctF%éﬁg 6tzﬁrg c

i nvent i onmamdwmayﬁamghemmrfmm@mmmmmqml pul nonary

gglbm/?;grgdjmlﬁﬁermg%g%rs %Jé e%ﬁﬁ%ﬁrs 0}#3&880M| ch are

fam |153r fmuhﬁaeforakmﬂmdnwmﬁdmmddd%bﬂammmﬂb@mmbmmlron of the
del i very devi %ﬁl P% orm of  aerosolization known in the art, including
but not op 8 f)?%ﬁfmb'ﬂf’ftrt’é’g' nebul i zation, atom zation or punp
aerosol i zat ion of a liquid formul ation, and aerosol | zation of a dry

powder formulation, can be used in the g actrce of t he i nventi on.
For transmucosal delivery, use of permeation cers is also contemp

Pulmonpary Delivery

20  Also contemplated herein is pulmonary delivery of a compound or pharmaceutical ]
composition of the present invention. A compound or pharmaceutical composition of the
present invention can be delivered to the lungs of 2 mammal while inhaling and traverses
across the lung epithelial lining to the blood stream. Other reports of this include Adjei et al.
[Pharmaceutical Research, T:565-569 (1990); Adjei et al., International Journal of

25  Pharmaceutics, 63:135-144 (1990) (leuprolide acetate); Braquet et al., Journal of
Cardiovascular Pharmacology, 13(suppl. 5):143-146 (1989) (endothelin-1); Hubbard et al.,
Annals of Internal Medicine, Vol. IIL, pp. 206-212 (1989) (x1-antitrypsin); Smith et al.,
J. Clin. Invest, 84:1145-1146 (1989) (o-1-proteinase); Oswein et al., "Aerosolization of
Proteins”, Proceedings of Symposium on Respiratory Drug Delivery II, Keystone, Colorado,

30  March, (1990) (recombinant human growth hormone); Debs et al., J. Immunol.

' 140:3432-3438 (1988) (interferon-y and tumor necrosis factor alpha), Platz et al.,, U.S. Patent
No. 5,284,656 (granulocyte colony stimulating factor)]. A method and composition for
pulmonary delivery of drugs for systemic effect is described in U.S. Patent No. 5,451,569,
issued September 19, 1995 to Wong et al.
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10 Sone specific exanples of commercially avail abl e devi ces sjmwge for
the practice of this invention are the Utravent nebuli zea,1 & ct ured
by Ml Iwookewmadé, Inc., St Loins, Mssouri; the Acorn || meEhussizeion

manuf act ured by Marquest Medical Products, Englewood, Col orado; the
Ventolin netered dose inhaler, manufactured by G-axo Inc. Research

o1 a0l Eap il oCotthd B e bl SRR SRSl AR 0
ohar ﬁéieLf.‘e%wE f‘*é?“l“mf’f“i“*?f”’?w “mmsgmmgg‘ﬂ‘?ngcﬁf
Iﬁremdlsgt gfshﬂ&iﬁmsﬁpmﬁ Q@Séﬂs&ﬁ&hoﬁ%}'%ﬂaivery'dévﬁd,% if@h d¢f0 20 ?xgl "

usual diluents, adjuvants and/ or other carers useful in therapy. Also,
o8y Rebulizaten,

the use oﬂmwmﬂm@wnm %a@m notmnmeéscpmyé@

conpl exes,‘1 o] 9 Eé%ﬁ NeTo TN Tnne| ﬁﬂxzaghe |y
nodi fi ed pharnaceutd cal conposl ‘?foﬁiqt%)‘fdtf%ﬁ% pre ent I'nventi on % al so be

pr epar ed ipowdbr férmutation, fcan bansad imthe prietiernd thegnventidthe t ype of chemi cal
nodi fication or the type of device enployed. 25 Formnul ations suitable
for use with a nebulizer, either jet or ultrasonic, will typically

conprilge Samse mwmwy@mﬁmﬁmtshmxmr tHeprafiessTikis
i nvention _dissolved in water_ at a concentration of about 0.1 to 25 ng of
bi ol ogi caf¥yutigerebe Dligvertnebnlizes, eranpfpctered SpMatimekrodirine- for mul ati on may

al 50 1 nCl ulq ofisWiiskditi; B hoBrut BRkfindt A chcfind by Niftfett MRlchiFdued, and 30
regul ati on of osnotic pressure of phar maceut I'ca 05|t|on of the
present i Kaglawoei Colopde; the Nestoliwmeteraddosedohalar, oGlaze mca

surfactan v, u Pgug g? £931 ] @ﬂ Qfedd
conpound or apﬁg%ég |call%rglo€rf%%5| %ﬁﬁgﬁ gg%sen Hvention caased by

atom 2ati (Fixom‘Cdrb.eBedj‘b:ﬂiMassachnséumm ng the aerosol. -29 1 Z AUG 2005 WO
02122626 PCriusoi 26401 Formul ations for use with a netered-dose inhaler
device will generally, for exanple, conprise a finely divided powder

cont ai ni nmmmmﬂqﬂfe maawafmuﬁﬂmahs SO the Abpaising! dfphfimaceatital
e O RS e Sy el it oot 5 A o
device employed and may involve the use of an appropriate propeliant material, in addition to
20  the usual diluents, adjuvants and/or other carriers useful in therapy. Also, the use of
liposomes, microcapsules or microspheres, inclusion complexes, or other types of carriess is
contemplated. Chemically modified pharmaceutical composition of the present invention may
also be prepared in different formulations depending on the type of chemical modification or
the type of device employed.
25
Formulations suitable for use with a nebulizer, either jet or ultrasonic, will typically comprise
a compound or pharmaceutical composition of the present invention dissolved in water at a
concentration of about 0.1 to 25 mg of biologically active ingredients per mL of solution. The
formulation may also include a buffer and a simple sugar (e.g., for stabilization and
30 regulation of osmotic pressure of a pharmaceutical composition of the present invention).
The nebulizer formulation may also contain a surfactant, to rednce or prevent surface induced
aggregation of a compound or pharmaceutical composition of the present invention caused by
atomization of the solution in forming the aerosol.
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may be any suitable material enployed for this purpose, ?2
chl or of  uorocarbon, a 5 hydrochl orof |l uorocarbon, a hydr of orocarbon or

a hydr 8602429626 i ncl udi ng trichl orof | uor onet hane, PCT/US01/28401

di chl onodj f 1 nor one hane dlchloro et raf faoroeffianol, and

1,1,1,2-tE ??%é#%ﬁﬁ ﬂiﬁ?ﬂﬁﬁkS Fﬁﬁﬂkﬂﬁmmﬂgﬁ foreFrmapleyr f act ant s
i ncl ude sean&sﬁseaﬁna uwi&at £ bl cBfpostion@fe

useful as a surfactant 10 The |iqui d "aerosol forrrul ations contain a

conpound the ppisent inveutian susnendastip o prapeliant with theaid qf asudprtantnTeapropelianind a

acr osol § AP Ay o’ﬁﬂ%ﬁhp@@@%@]@éﬁ%ﬁsﬁ%@n%%nw e

di vi defi shydrechicpefinorebrban cobgdeafindroaarbe A, inclodipgsi t i on of t he
present invenption an agent Wth either the liguid or dry
powder aeF‘US@F"ER‘B?"ﬁqﬁ’&PF'gI:‘Fﬁ’? tﬁ“%‘lé"%h%’@!» lized. That

is, it ni w&hM&@mﬂ&%%&ﬁmm&@@Mm&h&%ﬁ&%&%lmﬁéﬁer to

ensure that the aerosolized dose actual y reaches the mucous nenbranes
of the natipleate:and sepmdecithin. (leicjagid guay plse be aeefil 2 smiglanbarticl e” is used
herein to describe the liquid or solid particle suitable for nasal. or
pul monary adm nistration, i e., that will reach the nucous nenbranes.

O her 1@ on3helkquid sepvssl fomﬂaﬂmstcbﬁammmﬁpmmﬂbnpbauhacﬂehﬂcaﬂemhpwmym déthece,

addi ti onal coppon nts 0 jn Lhe fo nu ti. nd pa c)..e
char act erF?f"’lngg‘ ;Yﬁ ‘f? %Mﬂ M e8dFion of a

drug are p@&dak&mm@aﬂmﬂheﬁ%ﬂmmﬁmﬁﬁnwwswwﬁm
. aerosolization meaps and construction of a delivery device can_be readily

achi eved Bi2 eompopnd orphagmagentical.composition qf dhegresent invention,and g disnersing,
enbodi Mengoent NRitBRARr R YRl & MRARIwIeFierdtBl Bimitioh, e formMBbPARLPES OF

less in order to ensure that the drug particles reach the |ung al veoli

(\Wear l%y, awohzeﬁgghatmgtlmust@p prokredown intoHquid or Tlidpaaiclesiiv prdgyto ensire

36\?/);32)6 for aer OSO I zat | Oﬂ%@g%ﬁ%‘lﬁ%ﬁ%ﬁ% @Lﬁ qy%ﬁ%détgose

i nhal er phuogi Mmmﬁpmmwmmmeh@ﬂdormdmmcbhan a

can be uSaAS G RaR prnSdedy el S Rel e Bl i o

Met er ed dOger ccn:bﬂ&zaﬁmsamﬂudmhé conktition bfthé duliveryidevied Qddmanawﬁlﬂoﬁ%s WO

02/ 22&66 Et%é%oum? 2840dlparuclechamctensucs These aspects of nasal or pulmonary
administration of a drug are well known in the art, and manipulation of formulations,
aerosolization means and construction of a delivery device can be readily achieved by one of
ordinary skill in the art,

-_)

25 In apa:ﬁculai‘ embodiment, the mass median dynamic diameter will be 5 micrometers or less
in order to ensure that the drug particles reach the lung alveoli (Wearley, LL., 1991, 1991,
Crit. Rev. in Ther. Drug Carrier Systems 8:333).

As noted above, in a particular aspect of the invention, the device for aerosolization is a

30 metered dose inhaler. A metered dose inhaler provides a specific dosage when administered,
rather than a variable dose depending on administration. Such a metered dose inhaler can be
used with either a liquid or a dry powder aerosol formulation. Metered dose inhalers are well
known in the art,
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Often, the aerosolization of a liquid or a dry powder fofmagtiithn for

I nhalation into the lung w1l require a propellant. The propell ant may
be anyW@r@#2626ant generally used in the art. Specific ROE/USA/2E4HY
exanpl es @f such useful pr opel lants are a t;ﬂﬂor oflour ocar bagn, a hydrof _

| uor ocar bBfem therpgrrsRtizrienafia iguitos aidenpo Bbpfatiqn igto th; e

trifl ouromllg@gﬁ prépeﬁh&.hﬁﬂéﬁfypéﬂaﬁfw&??ﬁmem %Eéd%ﬂﬂraﬂ.et hanol ,
and 1,1,1,2-tétrafl ouroet hane, "or conbi nafi ons thereo stens of
aer osol dmmmmmfmmm@peshbmmw@m and the

G b ko SufrieifeboR eyl ARk ebel STty SERARG ARG, OO

connecd i oﬁc&ﬁh@hmmﬂmeﬂcmmmmhﬁonmﬂ,waaﬂﬂow@m ons The
present invention provjdes for liquid aerosol fornulations and dosage
forms of q@”ﬁ%ﬁﬂg or pharmaceutical conposition of the present

I nvention. In general, such dosage forns contain a conpound or
pharmaceutical conposition of the present invention in

phar maceuBystams|of aeresnd delivshie suibiag thepresrmsizednetetd IW@G@%&PMI@WGM uents

ot 1 ose et ailBleqi Mpbithy P MePicoh fnd BBl SRS W TR DOC L 7

t hat Hhy é&litorspl 19h22 hmiqan@samdmmmuonmtbrthdpr&eﬂﬁnmaomaceut i cal
formul ati on of the present invention is phosphate buffered saline, or a
buffered saline solution generally between the pH 7.0-8.0 range, or
water. The liquid aerosol formulation of the present invention nmay

i ncl ude, as optional ingredients,. pharmaceutically acceptable carriers,
di l uents, solubilizing or enuLiquid Aerosol Eormulations | f act ants 25 and

exci pi ent $pe phl@nf iveribRprloRiass Rk L€ 265 RRhISTHRS dhdBithed Bindlfa0 | NCl ude

ot her_ agents useful for  pH nmaintenance, solution stabilization, or for

t he rbﬁgulgamnmn ﬁrm@@mvm%mmmménmm@qm but
are not |} Eg! %ﬁ, !.151[; ﬁ%aﬁﬁgi " elel
chl orlde and caﬁ“g ate§ such as g#mggse d rtg‘gse %%ﬁﬁﬂannose and
the like. ph@ﬂ@ll@@ﬂi@cc&p@blﬁ\dﬂﬂm mm@lxﬁ@mﬁﬂﬁmeﬁemm,hﬁtm Powder
Forml 2t | 80l LS aghE o0 UERPh#.RY 2! adiGscRERRED baf BL ARE 0 ™! A1 01
specific embod:ment,adﬂuentthaimaybeusedmthe present invention or the
20  pharmaceutical formulation of the present invention is phosphate buffered saline, ora

buffered saline solution generally between the pH 7.0-8.0 range, or water.

The liquid aerosol formulation of the present invention may include, as optional ingredients,
pharmaceutically acceptable carriers, diluents, solubilizing or emulsifying agents, surfactants
25  and excipients.

The formulations of the present embodiment may also include other agents useful for pH
maintenance, solution stabilization, or for the regulation of osmotic pressure. Examples of
the agents include, but are not limited to salts, such as sodium chloride, or potassium

30 chloride, and carbohydrates, such as glucose, galactose or mannose, and the like.
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fornmul.ation conprising a finely divided powder formof a com?‘l
phar maceuti cal conposition of the present invention and a persant 5
For nul av00R32626r di spensi ng from a powder inhal er devi cePCEHESURSH se a
finely divided dry powder contai’ n| ng a corrpound or phar-maceuti cal

corrp05|t|on of the present |08 wider Formulati P%o include a bul ki ng

?gglnt | tgtje di sp?gég%ﬁg?d&%re pgl%cenré?&s%ﬁﬂﬂ&gmw & ﬁ%ﬂb&‘?%%%%ml ch

wei ght of ftmmlahﬁnb@mmdmuaﬁndydivdmmdndfomommmmdm@wmmthl tion of

t he present I nvent i.an shoyl.d st ,advant ageously be prepared in
parti cul af®™® ﬂﬁfﬁﬁﬁﬁvﬁFﬂgD %Fgﬁgmglze of less than 10 nicrons,
nost pseferably 0.5 to 5 mcrons, for nost effective delivery to the
di stal lun I.n_anogt her enbodlnent the dry powder formnulation, can
" Fommalel edf%m? ¢ivided

conpri se 095 far

nd ol so R Edr PRmag s col B%“*f"k ?g Sh e %‘%‘%"S’%ﬁ*“%&%ﬁﬂ%ﬁ‘?ﬁ% Phe.

pr esent fmmkam@ﬁelawh:mmmh@dmme‘wrﬂmbtsmse eondyinftellin amotose, or
manni t ol NL.S;. tht CI|It dis L, 1he . r from

t he devi Cgvhn}% of a!*og{{hg E §8§n%/ﬁm\§g t hods
are kmO\C/im @Mmaf}mﬁwm&gﬁﬂﬁdﬂcw{mwh xgciftthapmamb ; :&v&?ugshoum g., via
a transdermal patch. Transder pat ches are described in for

U S. Pat effost 4@“@"8 W&‘& %"T@“ﬂ%’?"ﬁ@m Flg szt Eiﬁs 'S,

Pat ent  NO.10 shictars, thet pré .ﬁés%%ﬁ%&br‘lnos@-@@&u{r&déiﬁ&ly%ﬂﬁ&s&hlmgu s.
Pat ent No. 5, 332 213 |ssue August 9, 1994 to D Angeld et al.; U'S

Pat ent No. 5, 336,168, issued August 9, 1994 to Sibalis; U S Patent No.

g ggg ggé |ssuegmﬁ%?’lg%elﬂle%@%ﬁfg’?ﬁtﬁaﬂcker%&hﬁaﬁ%@m@e t

5,164 ,158 9 powéargentaikingevompodnd or pBgatepticaBerngemsition ofithe prdsblﬁmvaaioam No.
5, 163, 899,,.1 ssued 199 Sbal i Pat en 0. S.
2 055, 077 SARGSEE SRER SR KPRy I pgr yeen nSigtog Wi R

Pat ent NO presént GRfulion irichib ekhARéit as Msosd, S0bithl0 TBERE Wt Enhitclin amonsls U. S.

Pat ent No.. 4,921, 475 i ss May .1, 1990 .t Sbalis, the disclosure of
each of wiha ajpgﬂleli’@?’@‘?’#" ¢89¥Fence in its entirety. -32
20
Transdermal! Administration

Various and numerous methods are known in the art for transdermal administration of a drug,
e.g., via a transdermal patch. Transdermal patches are described in for example, U.S. Patent
No. 5,407,713, issued April 18, 1995 to Rolando et al.; U.S. Patent No. 5,352,456, issued

25  October 4, 1994 to Fallon et al.; U.S. Patent No. 5,332,213 issued Angust 9, 1994 to
D'Angelo et al,; U.S: Patent No. 5,336,168, issued August 9, 1994 to Sibalis; U.S. Patent No.
5,290,561, issued March 1, 1994 to Farhadieh et al.; U.S. Patent No. 5,254,346, issued
October 19, 1993 to Tucker et al.; U.S. Patent No. 5,164,189, issued November 17, 1992 to
Berger et al.; U.S. Patent No. 5,163,899, issued November 17, 1992 to Sibalis; U.S. Patent

30 Nos. 5,088,977 and 5,087,240, both issued February 18, 1992 to Sibalis; U.S. Patent No.
5,008,110, issued April 16, 1991 to Benecke et al.; and U.S. Patent No. 4,921,475, issued
May 1, 1990 to Sibalis, the disclosure of each of which is incorporated herein by reference in
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WD 02/22626 1 2 4 0 6 20C5 PCT/USOL128401 It can be reagil aﬁ@r eci at ed
that a transdermal route of adm nistration may be enhanc 3%&9 se of a
der nal Wﬂnmaﬁion enhancer, e.g., such as enhancers desUE/osai/28#01U. S.

Pat ent . 164, 189 (supra) U S. Patent No. 5,008,110 (supra), and US.
Pat ent Noltcanwc_hlx ﬂaﬂm@%@ﬁlm%m@sﬁw &pgmcech
di scl osur

einits
entirety. ﬁﬁ\e/breover a conpoun gghar maceutlcal corrp03|t|on ;ﬂ%
present i &&%ISMW@DUI%PMMQQEQOMMSW@ ezl Usg, Pﬂmtbbxd.&iﬂ B9, wsuadrrpound

can be m e C qrai.n sition can. be

r ubbed onﬁev#g g‘lﬁﬁ&%&ﬁ %&E‘i@% o%“c%r%cg’u%rﬂg& Mnby

I nvent3 onrefaihcbtn it vfipdtyed into a soI vent that is vveII known to perneate
the skin. A particular exanple of such a solvent is dinethyl sulfoxide
(DMBO). Cel formulations are also contenplated. 15 very Oal Deli

Cont enpl ajkob! a & ol coffPbdi Hoentibhlbhlbear ©
descri bed general ly in Rem ngton's Pharmaceuti cal Sciences, 18th Ed.

1990 ( Machdorgisterediiopicaligo FOMmemw@pbam@mmsammmm

herein in o] ref id for
exanpl e, g‘%ﬁ%ots%fogcapgaﬁ'lb%r&b%?ﬁﬁgmtro ﬁg%%ggsﬁl%z%%gg&% gﬂﬁ’ s or

pel | elG. ﬁivammlcémbsﬁmhedMo@meﬁtmwwe]mmMﬂowmmskhe Aised to

f or mul ate a .conpoun ar ceu he pr.esent

| vent |onbRtGia sy Shebhs svat B drrm PR D). He brrubicnan ) o

Pat ent Noalsdleddempfiafd. . Li posomal encapsul ation can be used and the

| i posones can be derlvatlzed with various polyners (eg., U S. Patent No.
5,013,556). A description of 25 possible solid dosage forns for

t herapeutic use is given by Marshall, K 1In: Mdern Pharnmaceutics Edited
by G S. Banker and C. T. Rhodes Chapter 10, 1979, herein incorporated by

referbhce. The fornulation can include a conpound or pharnaceuti cal
corrp05|t|on of the present inventi@miBelivetnert ingredi ents which allow

R e =
Remmgton s Pharmaceutical Sciences, 18th EA.1990 (Mack Publishing Co. Easton PA
18042) at Chapter 89, which is herein incorporated by reference. Solid dosage forms include,

20  for example, tablets, capsules, pills, troches or lozenges, cachets or pellets. Also, liposomal
or proteinoid encapsulation may be used to formulate a compound or pharmaceutical
composition of the present invention (as, for example, proteinoid microspheres reported in
U.S. Patent No. 4,925,673). Liposomal encapsulation can be used and the liposomes can be
derivatized with various polymers (e.g., U.S. Patent No. 5,013,556). A description of

25  possible solid dosage forms for therapentic use is given by Marshall, X. In: Modern
Pharmaceutics Edited by G.S. Banker and C.T. Rhodes Chapter 10, 1979, herein
incorporated by reference. The formulation can include a compound or pharmacentical
composition of the present invention and inert ingredients which allow for protection against
the stomach environment, and release of the biologically active material in the intestine.

30
Also specifically contemplated are oral dosage forms of a compound of the present invention,
wherein the compound may be chemically modified so that oral delivery of the derivative is
" efficacious. Generally, the chemical modification contemplated is the attachment of at least
one moiety to the component molecule itself, where the moiety permits (a) inhibition of

-
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30 Also specifically contenplated are oral dosage forms of & geyEe3nd of
t he present invention,. wherein the conpound may be chem cally nodified
so t hatWowai22e6| i very of the derivative is efficaci ous. PCEHEIABHEL t he
chem cal nodification conterrpl at ed I's the at{achnment Qf at least ,one
01 00yt 0 PRGOS B BB e 1pod SR bR P Ay R Gesired
i nhibi tioggfs ﬁm\woea&zm&oia Se1HB S&&ﬁ%&ﬁﬂﬁh&h&%&&lds' s; and

(b) uptake into the blood stréamfromthe stomach or intestine. Al so

desired risculdtionitimeria thedody mpf&chmqlﬂeylﬂehldﬁ mmdgbmk he

resent |n Exanpl es
gf such noi e%s |€%@%%%§f§gkﬂ?%&% p%l yme‘lr;kg’o et hyl eg

gl ycol§ anﬂolpmﬂﬁlaﬂlel, gblyﬁﬂjrl,pyﬂalﬂdmxmnbpdiyﬂroml MhdmwshdadDma 1981,

pol yvi nyl h pol.yvi nyl rrolidone an m.i ne. cho | and
avi o "Togforatle Qamam’é‘%t B it pele Aot ind 5

Hocenberg eﬁ&eg NV, mbrztssmemﬁm,aat 08X qr 1"%.:1% 1367-3
83; Nevvrrark et al 82, L 5)ﬁBl ochem : ilii\’ng CIthepr pol ymer s '

t hat coul GIS%I%M@WMM W@P@lﬁ %P&d@ﬂmpdﬁl%cane
Preferredgf yl ene
gl ycol 18 ol et wg}%mounduﬁ%’%ﬁe present mv%owaglgﬁ%f]

| ocat 1®n aofoietiet.ease may be the stomach, the small intestine (the
duodemum the jejunum or the ileun), or the large intestine. One skilled
in the art can prepare fornul ations which will not dissolve in the
stomach, yeia dnpouhibfRBS fresent iaventioh) ehe 1ocAionloh fRldasaaHbe thewtaichOmei N t he.

duodenum or el sewhere jn the intestine. Pr eferabl y the release w|l

avoi d t heSadl Biestinefthe dpdaumsthe jeume. of Gadlewn). Axth? Lrgrdptesting; Op ‘é?h%d
prot ect i 0f, mOfhrt EFHERPRNIMns Rich Hilf Aseabiv REmb kiohast, $a wilt riGist

materl al beyond the 'stomach environnent, such as in the intesti ne 20 To

ensur fuwmmdpf@ePMannamedmdmgmmﬂewb@méhqmmﬂMH 5.0
S 2SSt i eteasE AT 08 Ao TRF e SRR ok B A il By B
used as enteric coatl ngs are ce acetate tri rre

hydr oxypr ofiht aepopind et byselbase @hhm}@@wmmmmnsmemw 55,

pol yvi nyl acet at q’gmﬁha.l %ee ﬂ PVAP) Eudragit L30D, Aquateric, cellulose
acetate

‘20  To ensure full gastric resistance, a coating impermeable to at least pH 5.0 is essential.
Examples of the more common inert ingredients that are used as enteric coatings are cellulose
acetate trimellitate (CAT), hydroxypropylmethylcellutose phthalate (HPMCP), HPMCP 50,
HPMCP 55, polyvinyl acetate phthalate (PVAP), Eudragit L.30D, Aquateric, cellulose acetate
phthalate (CAP), Budragit L, Eudragit S, and Shellac. These coatings may be used as mixed

25 films.

A coating or mixture of coatings can also be used on tablets, which are not intended for
protection against the stomach. This can include sugar coatings, or coatings which make the
tablet easier to swallow. Capsules may consist of a hard shell (such as gelatin) for delivery of

30  dry therapeutic i.e. powder; for liquid forms, a soft gelatin shell may be used. The shell
material of cachets could be thick starch or other edible paper. For pills, lozenges, molded
tablets or tablet triturates, moist massing techniques can be used.
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phthal ate (CAP), Eudragit L, Eudragit S, and Shellac. Thggell\6dalidi ngs nmay
be used as mxed 25 filnms. 30 A coating or m xture of coatings can al so
be usedQA22MPE et s, which are not intended for prot ectilﬂlﬂwl the

st omach. h|s ca cl ude sugar, coatings r_coaji.ngs ke t

tabl et ea %m %@%HWW&# onag as
gel atin) Mﬁﬂﬁﬁﬂﬁé&hﬁefoﬂ&fﬁr&ﬁﬂ%%ﬂ&sﬁp&rﬁcﬂ%ﬁﬂmﬁﬁmwl d forns,

a soft gelatin shell may be used. The shell rraterl al of cachets could be

t hi ck st afEmulstionefihe |for gsnpde adqneqstrﬁqm d plso byrepeaspowder, light! Ytablets

O ob e, AR i T 1SS Aol U ol Smpecibnbr st =

f or ex@nppresent énventivnicaebe prepardkby ammméssipi.on as fine nulti-particul ates
in the formof granules or pellets of particle size about 1 nm The

formul ation of the material for capsule adm nistration could also be as a

powder, | Colvirdnys and PAPErEG w&wﬁuﬁsxl%memm For &HabIpRY the chaféund darClisTPOUNd OF

phar maceut i cal conp05|t|on of the 5 present i nyention can be prepared by

conpr essi &rmulaad{puch ag by m?ava%m here, encarsulstion) and then further eomtained o
exanpl e, g mc&rmg%@,ﬁe ﬁg&?&ggﬁ%m&g ' QR Aorin
m crolslé)here encapsul ati on) and t he urther “cont al ne%élbl\l/amﬂ?hi n an e%li bl e

pr odu sgraks. as a refrigerated beverage containing colorants and
flavoring 10 agents. One may dilute or increase the volune of a conmpound
of the present invention or a pharnmaceutical conposition with an inert
mat eri al . Gﬁhmdﬁﬁxﬂeuﬁmm@hﬂfbhhnebwwnvmﬁmaal |y

gwg)r(l{nr;(r)lls ﬁ-lact Q%ﬁ anh%_droui | gct ose, g Héu g@ Su‘ﬁg E lrJnS)S|OIf ggd 15

fillers i pabbldidifes C&b&ﬁdﬂ?&nﬁ:ﬁhﬁ, QuhydRAE BSfobd] LAIRIdE, MakEscpmAdiEedi UM
chloride. Sonme comercially available diluents are Fast - FI 0, Emjex
STA- Rk 159%&@%&%@%%? salts pyay b plar pesed asfilleryiacipding el n t he

formul ati gg, 8 Wirb6he SRIDAM RO Sdukifeo gvent i on

into a sol Id Eposag orm Materials used as disintegrates include, but
are not | dxvnenéshare Bast-Fley Bindex, BEARRK hiP0t Frocamprese prsd Avicall. si nt egr ant based on
starch, Expl otab.

Disintegrants may be included in the formulation of a pharmaceutical composition of the

20  present invention into a solid dosage form. Materials nsed as disintegrates include, but are
not limited to starch, including the commercial disintegrant based on starch, Explotab.
Sodium starch glycolate, Amberlite, sodium carboxymethylcellulose, ultramylopectin,
sodium alginate, gelatin, orange peel, acid carboxymethyl cellulose, natural sponge and
bentonite may all be used. Another form of the disintegrants are the insoluble cationic

25  exchange resins. Powdered gums may be used as disintegrants and as binders and these can
include powdered gums such as agar, Karaya or tragacanth. Alginic acid and its sodium salt
are also useful as disintegrants.

Binders may be used to hold a compound or pharmaceutical composition of the present

30 invention together to form a hard tablet and include materials from natural products such as
acacia, tragacanth, starch and gelatin. Others include methyi cellulose (MC), ethyl cellulose
(EC) and carboxymethy] celluloss (CMC). Polyvinyl pyrrolidone (PVP) and
hydroxypropylmethyl cellulose (HPMC) could both be used in alcoholic solutions to
granulate the therapeutic.
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Sodi um starch gl ycol ate, Anberlite, sodi um carboxynet hyl quégU[P%S
ul tranyl opectin, sodium alginate, gelatin, orange peel,

car boxwmoyds2eel | ul ose, natural sponge and bentonite MMlused.
Anot her form of the disintegrants are the insoluble cationic 25 exchange
resins. Powdered guns nmay be used as disint egrants and as bi nders and

W 'gi i o ahp i el URTREY vuPhadl i uiRlon of bR A BOBRARICE |,

may be useﬂheprebmtﬂwammm)mmdt dnuierprtbel formalatieoprpeess. tLubricsriis e

F;grsneggt 38%}15%ent 688 ttﬁerito fgrm‘ﬂp?hgi{5 !lab ﬁh.@?nd H@iﬁj&g nat ﬁl’l al s
Qherssi nM@mngwM Wwwwmm&wmm

car boxymnet hyl cel | ul ose (eMC). Polyvinyl pyrrolidone (PVP) and
hydroxypr@ﬂ%@éﬂﬁﬂm leailorim) weakss gosblshl beeantsaey alio beuserh

;@Lgmnsié]%gw %%agen%é%ﬁ@ﬂg%ﬁ%@%om%@%ﬁ of a -

phar mac e uweights, Caboexi40Ddmd 6600.t he present invention to prevent sticking

during the fornul ati on process. Lubricants may be used as a |ayer

between the therapeutic and the die wall, and these can include, but are

not 510 i m&ﬁm;ﬁ‘gmampﬁ;vamedlowrmbpﬁda@faw fregdatlindaltiohum sal ts,

pol ytetrafl yoroethylene., (PTFE), liquid paraffin, vegetable ﬂglﬁls and
TRpktion aﬂw%swmng ft dpdug rogpessst %ﬁmg‘tidﬂ‘g‘ﬁ'r

waxes. So o

sul fate, pRYAREIH %%a Gffica B | of various
nol ecul ar vvel ghts r bowax 4000 and 6000. 10 di dant s that m ght
i nprove the flow pr opertles of a conmpound of the pr esent i nvention

added, Tnai ekl Nefedc SRR IR Teplpptid o U B RRIE 0"

hydr at%ed ﬁrmmm&mmdxqbatmnlhablbyzaendhadhmlamake of a
conpound of the present invention 15 admnistered orally are, for
I nstance, ﬁe fatty acids oleic acid, linoleic acid and linolenic acid.
Controll ed rel ease oral formulation may be desirable. The drug coul d be
i ncorporated into an

P ]P ed release oral formulation may be desirable. The drug could be incorporated into an

inert matrix which permits release by either diffusion or leaching mechanisms, e.g., gums.
20  Slowly degenerating matrices may also be incorporated into the formulation. Some enteric

coatings also have a delayed release effect.

Another form of a con.tmlled release of a compound of the present invention is by a method
based on the Oros therapeutic system (Alza Corp.), i.e. the drug is enclosed in a

25  semipermeable membrane which allows water to enter and push drug out through a single
small opening due to osmotic effects.

Other coatings may be used for the formulation. These include a variety of sugars which
could be applied in a coating pan. A compound of the present invention could also be given
30 io a film coated tablet and the materials used in this instamce can be, for example, divided into
2 groups. The first are the nonenteric materials and include methyl cellulose, ethyl cellulose,
hydroxyethyi cellulose, methylhydroxy-ethyl cellulose, hydroxypropyl cellulose,
* hydroxypropyl-methyl cellulose, sodium carboxy-methyl cellulose, providone and the
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“inert matrix which permts rel ease by either diffusion or Ieaching
mechani snms, e.g., guns. 20 Slow y degenerating matrices may 2[%%

i ncorporated into the forrmulation. Sone enteric- coatings al so have a
delayeaﬂlﬁﬂeﬁae effect Anot her form of a controlled rePETgE0y28481

conmpound of th sent |nvent|on |s b a nethod based on the 0os .
t her apeut PRY mategials fhgt arg 5
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through a singl’e snmall opening due to osnoti'‘c effects. O her coatings
may be used for the formulation. These include a variety of sugars which

coul d ai shix Ffeefafpiifbs Aga Ritond: B8 OPAUAL ) chptfe MEARRHeRSTE 1", |

t hi s idnst eardel emin dygp-chater avimaflhidized bad @byl compression cgatingps. The first are
the nonenteric materials and include nethyl cellul ose, ethyl cellulose,
hydr oxyet hyl cel | ul ose; net hyl hydroxy-ethyl cellul ose, bydroxypropyl
cel l ul ose, hydroxypropyl-nmethyl cellul ose, sodi um carboxy- et hyl
cel lul ose, providone and the -36-. WO 02/22626 1 2 AUG 20G5
PCT/ US01128401 pol yet hyl ene gl ycols. The second group includes the
enteric materials that are conq&g%&kgéa%gééﬁgéfhthaI|c acid. A mx of
materials mght be used to provto filmcoating. Filmcoating
may bk SCumpmhﬂdoﬁmnﬁmnnﬁaIﬂamﬁhmkﬂmﬂmcanbépnpmédhyaﬂymmﬁ&haddhmtby
conpre55| coati .hods far .Prepar Conpounds of Ihe ormul a
Goscr ; bot <EtRre DY pPAstng e deried cybaing CLedli oHBRH o BFsG R GF 0. by
cont acti neninbemdeamoeﬁhwmmo@c&:ﬂ&maﬁﬂph&wﬁsmmmm no acid
or amno acid ester) with the free acid of conbretastatin A-4 phosphate
(" CA4P fr Blichbasths sugRreh has the structure: 15 OCH3 in relative anounts
sufficient to obtain a nono- or di-organic amne salt, nono- or di-amno

acid salt or nono- or di-amno acid ester salt of fornmula | of the
present invention (e.g., Hs€

15 OCHj3;

in relative amounts snfficient to obtain a mono- or di-organic amine salt, mono- or di-amino
acid salt or mono- or di-amino acid ester salt of formula I of the present invention (e.g., 1:1
molar ratio to obtain a I1:1 mono-organic amine salt or mono-amino acid salt, or a molar

20  excess of organic amine in an appropriate solvent (e.g., a solvent selected for a desirable
pKa) to obtain a di-organic amine salt). CA4P free acid can be obtained from CA4P
disodium salt, for example, as described in the Examples infra. The compound Q, such as
organic amine or amino acid, and CA4P free acid can, for example, be contacted in a suitable
solvent (preferably, a C1 — Cg alcohol such as isopropanol or aqueous mixtures thereof),

25  preferably followed by collection of the compound of formula I as a crystalline compound by
means such as filtration. The term “solvent” includes a single solvent, or mixtures of two or
more solvents forming miscible or biphasic solvent mixtures. Where desired, the compound
Q can be added in the form of a salt, preferably a pharmacentically acceptable salt, as
described in the Examples infra.
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nolar ratio to obtain.a 1:1 nono-organic amne salt or rmnqmamgnm{;{;am d
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means such as filtration. The term "solvent' includes a single solvent,
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m xtures. \Were desired, the c i Q can be added in the formof a .
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nitrogen atons where one of the nitrogen atons, together Wth a pr ot on,

forms a qﬁﬂmmn@mwi@ﬁwmmwwhmmammwm ng
one or no ns where one of the nitrogen atons, together
with a pr or s uat ernary amoni um cati on QH and vvhere further,
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15 Such a, met hod,.of the Dbresent |nvent| on_co the step of
contactlng’ Wﬁtf&"lf/f ﬁoﬁ' & structure: OCH3 20

with a COWMadﬂ&ﬁt&nﬁQcﬁcb&oﬁfhﬁ@ﬁﬂbﬁsW&%n@@f&&dﬁo@@ @béms,east

one nitrogen_ atom which js capabl e of formng,
gether with a proton, forms a quaternary ammonium ition QH' and where, further, all

carboxylic acid groups of the amino acid are in the form of esters.
15  Such a method of the present invention comprises the step of contacting, in a solvent, CA4P
free acid having the structure:

20  with a compound Q, where Q is
(A) an organic amine containing at least one nitrogen atom which is capable of forming,
together with a proton, a quaternary ammonium cation QHT;
(B) an amino acid containing at least two nitrogen atoms where one of the nitrogen atoms,
together with a proton, forms a quaternary ammonium cation QHY; or
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together with a proton, a quaternary ammoni um cati on ﬁ)f BF 1§R1 no
acid containing at |east two nitrogen atons where one of th r%\ rogen
atons, woegRsiwer With a proton, fornms a quaternary amopcyroseabsep QH;
or -38 12 BUG 1G& WD 02/22626 PCT/ 13S01/28401 (C) an amino acid.
cont ai ni ng:)anmﬁmwﬁrwmmﬁngxgzmabmﬁwﬂmmmm&mf@bﬁ&ahﬂmwom,

t oget her wi r ot on or uat er nar, ' catjon apd wher e,
further, QSFE ﬁ&&mg %q'ﬁf"g‘ﬁ'ﬁ‘é Mﬂ%f%’ f or m of
esters. Cpirbdxid dcid grousdTRR NS hcid A8 D6 ERRlofbfgnt i on produced with a

process described herein 5 can be precipitated in crystalline formfrom
the sol vefptionally, agampousd o m@mmhwm%mﬂexmdsmmss f or

prepa ng Qg%.tﬁgllai Siveeture of the fornula I Vn~ORt
&%WS scri bed lalg"ove conprising the steps of '

cont act| ng the CAP free acid with a preferred conpound Q (such as

hi sti di ne I ne Cl4. al kyl est or, no ref er abl onget ham ne)
in the sop\fgﬂﬁ X’??ﬁf’ﬁ?@ﬁ“ %Wﬁfg E?P%HWW 2 glycine

Cl4 al kyl g@sfabétrutureléf thefimala gl er abl y, tromethanmine salt in crystal l'ine
formfromt he solvent. Naturally, as explained above, nunerous solvents

have applications in a process of the present invention. Particular
exanpl es, include, but gegpainly are not limted to C 1-C6 al cohols, such
as isopropanol or aqueoﬁs N yhereof. In a preferred enbodi nent of

the present invention, a prg S des rlbed herei n produces the conpound
CA4P nono-tronet ham ne ( O 3 9 ghrCA4P" or "CA4P nono TRIS
salt'). In another pref 31 podi rmaps (?P the present invention a
process described herein pro ﬁces t hel conpo CA4P gpno- L- hi sti dine.

M xtujgs of a conpound Q (organic anm®@H; am no acid or amino acid ester)
and CAMAP free acid, preferably in a solution such as an aqueous
solution, are also contenplated herein as

as described above, comprising the steps of contacting the CA4P free acid with a preferred
compound Q (such as histidine, a glycine Cj_g alkyl ester or, most preferably, tromethamine)
in the solvent, and then collecting the resulting CA4P histidine, glycine Cj_g alkyl ester or
15 most preferably, tromethamine salt in crystalline form from the solvent. Naturally, as
explained above, numerous solvents have applications in a process of the present invention.
Particnlar examples, include, but certainly are not limited to C1-Cg alcohols, such as
isopropanol or aqueous mixtures thereof. In a preferred embodiment of the present invention,
a process described herein produces the compound CA4P mono-tromethamine (“mono-TRIS
20  salt of CA4P” or “CA4P mono TRIS salt”). In another preferred embodiment of the present
invention a process described herein produces the compound CA4P mono-L-histidine.

Mixtures of a compound Q (organic amine, amino acid or amino acid ester) and CA4P free

acid, preferably in a solution such as an aqueous solution, are also contemplated herein as
25 embodiments of the invention. Thus, the present invention further provides compositions

formed by mixing compounds comprising:

(a) CAA4P free acid having the structure of:
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25 enbodi nents of the invention. Thus, the present invention fur ”EﬁA
provi des conpositions . fornmed by m xi ng conpounds conpri Si H 4P
free agygloimezeg t he structure of WD 02122626 OCH3 1 2 %fﬁ%ﬁ&m
PCT/ usovni 01 (b) a conpound Q wherel n Qis (A) an organic amne
containing at | east oneHgf® 2 ¥ wWhich is capable of formng, 5
together with a proton, a quad pni um cation QH; (B) an am no
acid containing at |east two toms where one of the nitrogen
atons, .together with aHp:@
or (C) an am no acid contai ni ng one p
the nitrogen atoms, together WEHs a“yugorog, A

cation QH and vvhere further, all 10 carbxyl hey acand groups of the
amno acid are in the formof esters. ggi,onally, a conmposition of the
present invention can further conprise a pharmaceutically acceptable
carrier. 15 The present invention nay be better understood by reference

to the fol,how ng_non-| Exanpl es, which are provided as exenplary .
of the intbéntl?jgm%'%dw mg% lExarrpl es are presented in order to nore
fully il (g)tandkgamicheniny @ntifitgatdedsnshe itiigen sém twWhich ipvgableofforhlgy shoul d

in no gvay be construed, however, as limtin e broad scope of the
i nvent RIRICDFEPRARNATY n%@é’/zmm EXAVPLE 1 CA4P

Prodr ag W%WM%&MWM%a@M banPhigsgaladmlyent i on,

a CA4P nono-tronet ham n is described as a non-limting exanple of
a comoun@mmmmmmmmﬂmmﬁmﬁ mation 5 described

her ei n, dddm% o iety of
CA4P pr o@ng nono- or di - %arﬂqéogeren ne sa suc#as{hgy a%ﬁﬁl ol of the

desired OtogahﬂunﬂmmwnpfomsaquatmmyammomummonQH*andwhmﬁmhmaﬂ
10 carboxylic acid groups of the amino acid are in the form of esters.

Optionally, 2 composition of the present invention can further comprisé a pharmaceutically
acceptable carrier.

15  The present invention may be better understood by reference to the following non-limiting
Examples, which are provided as exemplary of the invention. The following Examples are
presented in order to more fully illustrate the preferred embodiments of the invention. They
should in no way be construed, however, as limiting the broad scope of the invention.
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CAAP free acid by a procedure anal ogous to that descri bed Z Bgm g, all
of which are enconpassed by the present invention and the 6

cl ai mewglgyBegent s and Methods All reagents and-chem calcsnyigsdpt ai ned
fromcomercial sources and used without further purification: )
Tri s(hydr oxynet hyl ) am nonmet hane ( TEXSMEIA tiri ch Chemical Co. 99. 9+%

| abel ed, Lot # 01404PU), _isopropyl (B&7 _Brand, H gh purity

sol vent grade). Milti- né¥itiq@RugHene-dromethammesaltied on Bruker DRX 400
Spect I oMetyeh embbimbht GFih prafentliRvelYfh, & CARPGAlnotRin dfanBh €5t GPR LA ba PPM

relative to tetrarrethyISIIane (I he 13C NVR chem cal shifts were

det er ni nenpadinitins aamipleef of thepresentdnventions t With hedpformition 13C - NWVR
spect ra

exper i rente b?@%%%ﬁ%@%f?em i B Bl bheed PR e e e

Zptectrosc gh IIT eltf th I lsithfaib%ﬁdﬂdiﬁnaif _Whi Q .,13C I
eterm ne S 0 e nmol ecul e are_bo 0 nucl ei
(or other® Xﬁ# m@mﬁ Wgﬂﬁ é‘fo)‘I%l]H"ltﬂfPrel ation
'spectrosc%,pésm ﬁ%gﬁdﬂ%&&m to determ ne | ong-range

1H -13C connectivity, as weII as the structure and IH and 13C
assi gnnents of the nolecule)) were conducted to aid the assignnents of

t he 4 an&ﬁ%ws to the structure. "CA4P disodiumsalt” is the
conpound Wi ng stricture: 25 (See U.S. Patent No.

5, 561, 122Alteergersnaml chianicels weie ¢btaitdd ROCEonidrtial DRG26ad@sedalbRRBADGr CA4P
Mono- Tr onet m. NES ue | PA TR1S 19. 9 MTRI S
sol ution 5?%@9’%&%? WJ%Q%WMP n 7 nL of

dei oni zedme@mmﬂoawﬁ Pilalddhol (B&D Bedid] Highpufitysolveit gYle). M\ﬂh—t he
resul ting aqueous solution (10% water in_IPA). CAl Ffree CI d igg
15 g,

sol uti on Plsi SHER spepira weresergrded g MPMR@%F%MH%

27.6 1810] NHOheRiAPYERe ot HlppfR rel5tleld tehaRcitlsBine. cmate (250
m.) and a saturated aﬂueous sodium chl oride sol ution (150 agre added

to the reshemitahghifowere mpesipngl SMeOH hes. °xﬁlwm@%k

Lgﬁﬁgn \//A\\nse M‘gsowgﬁ) eﬁgub@z{q*@ ﬁ@?ﬂ%\ﬁhi ’g%zxgus phase was

ca. 1 (HMQC (Heteronuclear Multiple Quantum Correlation speclmscopy, an inverse chemical
shift correlation experiment to determine which 1H's of the molecule are bonded to which
20  13Cnuclei (or other X nucle)); and HMBC (Heteronuclear Multiple Bond Correlation
spectroscopy, a modified version of HMQC suitable to determine long-range 1g-13¢
connectivity, as well as the structure and 1H and 13C assignments of the molecule)) were
conducted to aid the assignments of the 1H and 13C NMR signals to the structure. “CA4P
disodium salt” is the compound having the following structure:

25

(See U.S. Patent No. 5,561,122 mentioned above).
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(pH paper)). The organi c phase was separated. The aqueous pggzwg
extracted with ethyl acetate (3 x 200 nL). The organi c pha

conbi negoangdadei ed over anhydrous Na2SO4. Filtration anpcpesygiRkor
evaporation (Rotavapor, water bath tenperature = 40C) yielded a thick 15
filmof CAZSIH Mono-Teoxietunide Sadis di ssol ved in 100 m ., of |IPA The
concentration of the resulting solution was determ ned to be 0.19 M by
1H NVR, using the following titration nmethod. pipetted 45 p.L of

L- hi sti di DRngsls\ Pt ARIS SolidionV)o. BM). 3K 0116 M FRIS AMdtioh WAS pREMEd bp@bddlvig | Nt o
a 4-m, HPLC vial. The solvents were evagorat ed to dr ness using the

Rot avapor 1.6ttg0of IRIS (13 mmeDdn 3 mleef by 1H
NIVR t ogQi ;gﬁﬁg @£Q|§ acid. Atotal of 19

? O\é%ﬁﬂ? r%qp}‘a&ocziéwas | ne%a%g&ée' gé H{@EP mono- TATS salt A
200 m , round bottom flask was charged with 70 ML of the CAMP free acid
solutionp ed ov 0.19 M 13,3 7 of .the a us | PA
RS 25 sddhbie ﬁ ?éﬁ‘%&é" Q’%‘&Q‘W&%ﬂ% &ﬁgi’ aﬂh@ﬁﬁgauon
Wi se to thg el W&Wﬁmwwmmﬂyﬁo%lmmmaesultl ng
white slurry was stirred at anbient tan‘gerature for 18 hour s

(over ni ghts)‘tmw sqeljure elpridegpoluon(d s torthesrpsyliting SPWGOH

crystga iﬁﬂfﬁﬁ@s WRAL ahs t fg:]?ﬁg%{

fil ter paper 1%9{1 su tﬁkon vvashedyonfn% A% |‘§sfg)|ro'5(r)lgp€ al co %ﬁt and dr| ed
in a st remmaddedfporhu&-mwwsllsaddethheakel(ﬂlewQﬁth@mﬂ@hmmcatlor)
for 113 h s eId?O of CA4P 0-TRI S t as_.a 0|d
The resul %'3'% %‘{u ﬁ?fg W&tﬁfﬁ’

cont ai ned abaﬁe(mmowmﬂ) %&@rg&ﬂcpﬁaséﬁﬁ&duahbﬁédatﬂmed&&rénh?ﬂﬁhsN

quantitati I el d) The CAAP. mpno-TRIS salt has the st %forrrula
I'ts, wherd \ﬁpﬁéan(ﬂng ”g%‘?‘ﬂﬁp?’ %g%%

in ths mﬁmwmtauﬁlﬂeasaem mmms r’[‘héoﬂnc@ﬁ!%ﬂﬁ'@fﬁes'fa”'ng
material. -42 1 2 AUG 200 WD 02/ 22626 PCr/lJSOl/ 28401 Char act erl zatlon

of CA4P nunwltngssiuton wasidpigmained tebedriSM Ay JRMNMRs psingthe fp
D20) 8 3. 21) H2,
ol 2)2) H2) , KE%@' ?@éﬂtﬁ%@%@%m‘%&@t& Olwg‘&‘ﬁéﬁgﬁ@g& %Je%m JC(ll )7
Hz, 1H, @psybi)mtoa#@l(mmmnwow@tsvmw@wwtom@a@smﬂ C(10)H
and C(14) li?.dtavgpggﬂ{e h:‘}wagdlgsolvedmO‘?mLoszOandanalyzedbylHNMRtogwea

20  1:0.75 ratio of histidine to CA4P free acid. A total of 19 mmol of CA4P free acid was

obtained (69% yield).

CA4P mono-TRIS salt. A 200-mL round bottom flask was charged with 70 mL of the CA4P
free acid solution prepared as above (0.19 M, 13.3 mmol). 70 mE of the agueous IPA TRIS

25  solution prepared as above (0.19 M, 13.3 mmol) was added portion-wise to the CA4P free
acid solution with rapid stirring. The resulting white shurry was stirred at ambient temperature
for 18 hours (overnight), followed by cooling to 0°C (icé-bath) for 30 min. The crystalline
solid was isolated by filtration through a Whatman # 54 filter paper with suction, washed with
cold isopropyl alcohol, and dried in a stream of air for 5 hours and then in vacno (vacuum

30  desiccator) for 113 hours to yield 7.01 g of CA4P mono-TRIS salt as a white solid. The
results of the 1H NMR analysis showed that the final product contained IPA (ca. 0.9 wi%) as
a residual solvent (13.4 mmol, quantitative yield). The CA4P mono-TRIS salt has the
structure of formula Ia, where the olefin group bridging the phenyl moieties of the core is in
the cis configuration as in the combretastatin A-4 phosphate starting material.
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Hz, 1H, C(3)H), 6.85 (broad d, J= 8.8 Hz, 1H C(4)H, 7.06 (Pé%ﬁgﬁ 11L
C(6)H); 13C NWR (100 MHz, {1H}, D20 8 56.9 (2C, Cl5, C17) %18)
603 (3w ofiiszs C21, 10 022) 62.0 (C16), 62.4 (C19), 1073 gcAmsor9401
C14),113.9 (C3),122.6 (d, JpC = 3.1 Hz, ©6),125.9 (C4),130.0 (C8),130.8
(C7),131.2 (C5), 134.7 (CE) 136.8 (C12),142.2 (d, JpC = 7.7 Hz, d),150.6
(d, JpC =_6. , e and C13). Anal. Calcd for
C22H32 N0 Raragterization i PP ~W=2270; P, 5.98. Found: C, 51.07; H,
639; N, 258 P 5 93, 15 CH H3N OH Hygroscopicity The nmono TRI S salt of
CA4P of this Exanple was found to be practically nonhygroscopic at 20 25C
under a ﬂwﬂéﬁ%ﬂ%ﬂﬂ |ty conditions. This was an unexpected

resul tg 4004 | ' pi ¢ under
siml ar cond I&%leﬁzm} (5%}‘2&? Gfég égmﬁ'%éf’%r@r@%%@ﬁgm S salt
gf f fc:A4 F>t i e(m)iwn)ng) 8158 s, 3H, G(aﬁjﬁgb,l 3es7r(eJ m,uc(ts)n?); 638 (d, J = 1.7 B 1tH,
| racti § a (0] a rn

fonai e, N G5 o e BEHE. A e AR VO e CADIB 8 Bka, 8256
Pol yror thﬁ,rIIH, By, . ssr(ﬁﬁiaah,ﬁés sﬂz,SIm@(mowod (bRoad AL, Wmé salt of
this Exa denmonstrate that it is hiral neat forn1 L whi ch
oce not B GO0 MR () Po AI60GC, GHs ClST P(CTBL03 GA O, @b 1| w1
"3 010 -é), 620 (c15), 62.4 (C19), 107.5 (2C, C10, C14), 113.9 (C3), 122.6 (4, Ipc—3.1Hz.

C6), 125.9 (C4), 130.0 (C8), 130.8 (C7), 1312 (C5), 134.7 (C9), 136.8 (C12), 1422 (4, JpC

=7.7 Hz, C1), 150.6 (d, Jpc = 6.1 Hz, C2), 153.2 (2C, C11 and C13). Anal, Calcd for

C20H3oNO11P: C, 51.06; H, 623; N, 2.70; P, 5.98. Found: C,51.07; H, 6.39; N, 2.58; P,

5.93.

15

OH

Hygroscopicity

The mono TRIS salt of CAAP of this Example was found to be practically nonhygroscopic at
20  25°C under ambient and high humidity conditions, This was an unexpected result, because

other salt forms of CA4P free acid are hygroscopic under similar conditions. The moisture

sorption profile of the mono TRIS salt of CA4P is shown in Figure 1. Variable relaﬁve

humidity-X-ray diffraction (“RH-XRD”) experiments have shown that the powder pattern

remains unchanged on exposure to different humidities at 25°C.

Polymorphism
Single crystal X-ray studies on the CA4P mono TRIS salt of this Example demonstrate that it
is an achiral neat form (N-1), which does not contain any solvent sites, and that it has a
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1 2 AUG 2005 WD 02122626 PCTI US01/ 28401 centrosymetric n;P @gllzqcs
crystal structure. The simnmul ated powder pattern, which wals? A ed from

the re{jg@hgdeom C paraneters in the nonoclinic single ggyaisgighf ucture
at room tenperature, is consistent with the observed powder pattern.

Several | @hifosnoicit: HOMALTRLPstalstbitmial TheSRMlAIEWIE YaltahSwhivewas f ound t o
be reproduci bl e based_on 1H NVR, differential _5 scanning calorinmetry
PeaFReterS iRfbe ‘Eﬁtﬁ% The

(DSC), t rsriveshirem thasefined atomig .
CA4P mnqm@ﬁﬁkm@wmemﬁw é&a%ﬂhs%@hie%&ﬁmsh as

et hanol opropanol , acetone, acetonitrile and water, 1Ini t 1all y at

70-75 C fskt pepased fiiom IPAfwhieriwesre found to b mprdugibletnsade

resul tei n ol. has e of t he

sl ur rlkedgséé‘%x}‘ge %ﬁ?@gmﬁé@%&@“@%@%&% dﬁ?‘?ﬁ"«si’?l\l&?'he slurry |
OL 10 (>j<rRD mnﬁuascmne:momF mwz)mmeﬂmalf mﬁeﬁﬁth dBB@ntsl hmhrmgm, ang
the p-XRD patterns (see i.gyre an t hese, sanpl es ared to
the "as iléqpr?PéP%Ir %@Q‘t‘@é"f’t Y?ﬁ@'ﬁ%qf"f%ﬁ%a&f ively .
stabl e, Wgﬁ@ @%rsoﬁ@ Mfﬂed PREI 7GR %nd p- The
DSC t her nrogram'of CA4P nono TRI'S sa singl e nelt endot herm at
196C (FlﬁD&WOWWMWMM®@MWW%¢WPQM

cor a i ror g et fo AR W APDSEMneriBr Rl Uhd PR D BER R ;

ng/ L ( pHFigur8 2) inking oﬁﬂmcsumplwdsu:bmbu’e&ta the Fasd S ematenial. I Thivindicatesahatehis n©  pH
and attai val ue Qf 1 2. This is especially suitable
for prepaﬁ'lslrémé ga]ql% m%%und of this Exanple in the pH
range 8-9 (i ncludi ng, but not limted to solutions to be directly

adm ni st epger PRysfeo Rt Prdpefizgdy- t 0- Use Sol utions”), or batching
solutions for | yoph| | zat ion) for intravenous adm nistration. The

pH
sol utdl i tThedPRfF theamegram of Giikmere TRIS sals showsiasingiamplt endotematd 9°C The nono
TRI' S sal t@éﬁ} %gqm %yﬁgﬁ Im&pgwl e on
exposure t o anbi ent ccelerate g%ndltlo sd’% tgﬂwtkggrl}gg?g?ﬂ:ré{egﬁ
humi di t y. voldtidizatiomo THeRiqSilibeim a@ieowmbdﬁypﬁﬁhs caxlamnemm@lmgsc'@m | ent
physi coch r 0 for
exanpl e, (lf‘% ?f)]?eoérag’;eiln (fpio%:“a ggr en%%%%&g% sE‘tht I on. I I ke
ot her salpHﬁmimfavﬂﬁéBfmmgmnhepﬁ)Batmmmnymmbhfmpﬁﬂahﬁgﬂo sal t

tsﬂgm%%act 5%% ed| | YinS g(%ar | Lof M%I es tlhgpﬁhe Sq d&icft at Patr %& arly
to solutions to be directly administered to a patient (“Ready-to-Use Solutions™), or batching
solutions for lyophilization) for intravenous administration. The pH-solubility profile of
CA4P mono TRIS salt is shown in Figure 4. The mono TRIS salt also exhibited good
chemical stability in the solid-state on exposure to ambient and accelerated conditions of
25 temperature and humidity.

The mono TRIS salt of CA4P of this Example thus has excelleat physicochemical properties
for use in a pharmacentical formulation, for example, intended for either oral or parenteral
administration. Unlike other salt forms of CA4P not contemplated herein, the mono TRIS

30  salt showed unexpectedly superior properties in the solid-state, particularly the practically
nonhygroscopic behavior. This was especially surprising in view of the degree of water
solubility of TRIS per se.

CA4P Mono-Tromethamine Salt (Scale-up)
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nonhygroscopi ¢ behavior. This was especially surprising in vienefhishe
degree of water solubility of TRIS per se. CA4P Mono-T ronet ham ne Salt
(Scal eqio @y226%4 1 2 AUG 200 wo OV22626 PCTI US01/ 28401 Céériusesrsasi d
solution in I PA. A 12-L three-neck nmund-bottom fl ask was equi pped with a
mechani cal stirrer and an additional funnel. A sol ut I on of CA4P di sodi um

salt (99. AN 1 BfeedREORIER ottt W tate
(2.0 L) gﬁ%ﬁ%‘éﬁ;{"o themtm'asﬁqz%S sol ution g‘% drochl oric agiﬁg%(os N,
950 M., Omechgnipgl|stirerand spiafddiions] Simngl v Asolution of(GA4R & $alt(ARP28i t h rapi d

z& ;J;.:]: (r:]gpéi%isl@m\%\gs %g;?%%onggﬁfﬁg’yaqueoﬂmWngs e%#ﬁg%&fh ZIhﬁyI
'?’ﬁgt ?fﬁ I(@hm)ﬂoﬁlemmo?ig?mfwﬂmm at etimsg?) forma th"mlg Oi icoﬁéim-
T esol vairtel Mok T (he e bt bR Biertspbash as o, IpEpEREl): Lk
(25.0 g, &gﬁﬂ@pﬁ@é%‘ a%ﬂ@? Wﬂ/‘éﬁﬂw 813. 12-L

t hr ee- neck round- bottomflask ree acid solution in IP prepared

above msﬂmv&@#emc phasesrere dded ovenbip2SQ4n nEle eyl apctataywas rotary r i ng

After addg’,;a'l ﬂg!“ th | W g&ﬁﬂ[ wi t h CAAP nono- TRI S
salt and ani an stl rc’trﬂvgg ors‘{ g nore 1PA (2.0 L)
was sllowl y added to the slurry and stirring was continued for another 1
It The cr | 1in e .0 te t|o Lt h suction,
washed #';l ?@gﬁfﬂ?ﬁ_ WW@@&@%@%@&@% aaf%’lﬁ'fzeio Cfor 4
days to Giater vl LBiree 19% 12CARRC HBACOER. Sottal ﬂask.mmr f6¢ladidsobitioneIPIAH NVR
anal ysis of the_ final product showed that it ntained I PA (0.4 W% as

a resi duabreRased AbRYe ¥a5. siFsTLy "‘86’9’0’*‘6‘5"@?”&!@“’9‘?1 JrapichFHFing. FEnne. A addition, o
CnH32NOL 1Re m@nl sdi’sﬁmn%asé‘be&e’dmﬁzcﬁdﬁmn&m’és 98 anE RAnicSly Fored 3 RH
6.14; N, 2. , 5.82. 1 UG 2065 WD 02/ 2626 Pcr/usovZ840l EXAMPLE 2
15 forlh. ’I‘hen,moreII‘A(20L)wasslowlyaddedtothostmryandshmngwasoonﬁnued
for another 1 h. The crystalline white solid was isolated by filtration with suction, washed
with IPA (800 mL), and dried in a vacuum oven at about 40 °C for 4 days to give 101.55 g of
CA4P mono-TRIS salt. The results of the IH NMR analysis of the final product showed that
it contained IPA (0.4 wt%) as a residual solvent (0.196 mol, 86% overall yield). Anal. Caled
20  for CopH3NO11P: C, 51.06; H, 6.23; N, 2.70; P, 5.98. Found: C, 50.95; H, 6.14; N, 2.69;

P, 5.82,
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CA4P Prodrug Mono-Tronethamne Salt TRI'S Fornul ati on 5 Agueous sol ution
and |yophile (Le., freeze dried) pharnaceutical conpositi ohd AYp e
conpoumD af2262énpl e 1( CA4P nono TRIS salt) were -prepar edCrzusSoakssmns. An
aqueous solution of the conmpound of Exanple 1 was obtai ned by dissol ving
the conpound in Water for Inj ectiﬂé_&l&_ﬂo a concentration of 60 ng/mnL
with the addition of a 1 LGl :&Lm]iﬁ! t romet ham ne base)
to obtain a pH of 8.5. T&e‘%ﬁygﬁ%ﬁ car T cs}nf)ut under the
protection fromlight. A |yophil| #RI&Fotrhelatislt ai ned by the foll ow ng
procedure. The solution fornmed above was filtered through a suitable 0.2
m crorf st Aghdon bolationiand BiopKilkdial frépie tiel]) phirtacdutical bémiisitions ofithd S. 15 The
solution was |lygphilized in a Virtis Lygphilizer at -35C under high
vacuum ov@m@mge Fxsmpls 1 A4P gong TRIG st Jreae prpRated ag follo®s- dri ed at 5C
under high vacuumfor 24 to 48 hours to yield a Iyophile. Oher

phar maceuti cal conpositions containing the conpound of Exanple 1 can be
prepar ed Ap@quepussniviodafithe compdivnt o€ Exangple & sdsioiainedrhyrdisselyingitee as

descri bed o)V Pﬁl i agen ﬁﬁﬁ . ) el h. LG-Ni N or

| ysi ne, sﬁ%‘g?oslsguc "%“f"gﬁ%%gg‘%% a ?%%%ﬁ%?%ﬁﬁﬁ%%c ogds

pol yvithy| pufficient atimastof TRISIGonethamint base) t@obtgih A@H of 851 The dissohdtivn wae added
to the above _solutign. 25 For. exanple, an aqueous solution of the
conpound Wnﬁ‘é‘ﬁﬁéﬂ%ﬁm{‘%ﬁéﬁ’gy di ssolving the conmpound in Water
for Injection, USP to a concentration of 30 ng/nL with the addition of a

sui tabl e bul ki ng agent such as_mannitol, dextran, or conbinations thereof
to a concdyerhilesas then dainedythe follewingarpqederr.c Ree solabion formed givg was

(tromet hagjneq BAsEh alsRitdR 64 R Ey-sr o i Mo ilisERlo Udd e Na S48 1 | ed
out under .'rgdprot egtlon f(fioiriﬁ“'??ng t 3 g,Ei\m%{/ophl qudwas tg1en %al ned by
t he fIf | oTh&igphtionceead yophiliZdddn a8 Mirtils LgopHikieratd 3 2Ai00mdentagh vabudm eveed t hr ough

a suitable 02 nmicron sterilizing filter and aliquoted into sterile glass
vials., TP@IERTt 2 hoys angd Gish frtherdrsdat 4°6pmder lugh yasawm for24 o 48 hourg C

under md&%ﬁ&lﬁa‘lﬁﬁﬂﬂéﬂ over a period of 24 to 72 hours and then further
dried at 5C under "high vacuumfor 24 to 48 hours 35 to yield a |yophile.
12AUGLNS

Other pharmaceutical compositions containing the compound of Example 1 can be prepared
20  in accordance with these procedures. For example, as described above, bulking agents (e.g.,

amino acids such as arginine, or lysine, sugars such as sucrose, lactose, mannitol, polymers

such as polyvinylpyrrolidones or dextran, etc.) or other excipients can be added to the above

solution.

25  For example, an aqueous solution of the compound of Example 1 was obtained by dissolving
the compound in Water for Injection, USP to a concentration of 30 mg/mL with the addition
of a suitable bulking agent such as mannitol, dextran, or combinations thereofto a
concentration of 100 mg/mLAand a sufficient amount of TRIS (tromethamine base) to obtain a
PH of 8.6. The dissolution was carried out under the protection from light.

30
A lyophile was then obtained by the following procedure. The solution formed above was
filtered through a suitable 0.2 micron sterilizing filter and aliquoted into sterile glass vials.
‘The solution was lyophilized in a Virtis Lyophilizer at -10°C under moderate vacuum over a
period of 24 to 72 hours and then further dried at 5°C under high vacuum for 24 to 48 hours

35 toyield a lyophile.
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WO 02122626 PCr/US01/28401 As expl ai ned above, any suitabl eﬁﬁgmhc
am nes including, but not limted to diethanolamne, gl uca

rrexhyl , ethyl enedi am ne, and 2(4-im dazol yl) et]%;il can

readily egsgiuﬁgsgtltut ed for tromethamine in the Exarrpl es &@%@g}’above

to prOdUC% 1ain B M%&?}% Uind i35 i @Bnolamine,
has ot her e|n|t|onsvm in formula I

Conposi ti ons er ei can be

simlarl yamumwmmaﬁmybmm an

enbodi nen h vent ion NOs L3 d Is -
descri bedrﬁﬂ%&%ﬁﬁ%&&%ﬂ%?%gm%##ﬁ&%resem

i nveﬂt i onmﬂﬁddndbhmmmﬁ-ﬁl bmﬁeﬁresdt&ﬁénﬂbﬂdfdampemﬁommeﬁqdmry ski ljl
in the_art mreal ro a,varje CA4P nono- or di am no aci
sal t p?od \%ma?é“’g %&cﬁlﬂ' ?Wadey red amino acid to CMP free
acid by a procedure anal ogous to that described follow ng, all of which
are enconpassed by the present invention and the appended clains. 15
Reagents and Met hods The fol | ow ngw and chem cal s were obtai ned
from comercial sources and, s ik fdl ,c;“ urlflcatlon

L-Hi stidine (A drich Cheni-€s Ry 04821JR), net hanol
and isoprdhpgdemﬂodmkmtoi( Mmbgo—ls-hisﬁ&nészgrmd&)m‘bed@é\éP 20

dISOd msal 1sthe co oundmé‘g thefol g*eruture (See U. S
Paten 8{}8‘)9 ’ﬁ&?ﬁ"%‘lﬁ@ctra wer e

Fecorded %m%@%mmmﬂwmw varhPofltAMEorb3C NVR

chem cal shifts are reported in ppmrelative to tetramethylsuagg?(the

13C NVR cResiramino agid saltprodmgs, seh as by addition of the

st andar d) ﬁ:jo@fdum\ﬁa@ e to
85% H3PO4 egfe nal stan gg.%; @iﬁﬁ&h&'&%@f M%Pﬁ\ﬁg%ge}gtra qwred
Wi t h pr ot the pksend aspientibn{abfithe sphendedclaioiR. 30 experi nents (HMQC and HVBC)
wer e fgnduct ed to aid the assignnments of the 111 and 13C -47 1 2 AUG 2065
WO 027722626 PCT/ US01%28401

Reagents and Methods

The following reagents and chemicals were obtained from commercial sources and used

without further purification: 1-Histidine (Aldrich Chemical Co. 98% labeled, Lot #

04821JR), methanol and isopropyl alcohol (B&J Brand, High purity solvent grade). “CA4P
20  disodium salt” is the compound having the following structure:

O O

O Na*

(See U.S. Patent No. 5,561,122 mentioned above).

25  Multi-nuclei NMR spectra were recorded on Bruker DPX 300 and DRX 400 spectrometers.
The 1H and 13C NMR chemical shifts are reported in ppm relative to tetramethylsilane (the
I3C NMR chemical shifts were determined using methanol as external standard). The 31P
NMR chemical shifts are reported in ppm relative to 85% H3PO4 (external standard). The
13C and 31P NMR spectra were acquired with proton decoupled {LH}. The 2D NMR

30  experiments (HMQC and HMBC) were conducted to aid the assignments of the I1H and 13C
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NMR signals to the structure. DSC were perfornmed on DSC/ 29204 iy fiier ent i al
Scanning Calorineter, TA Instrunments. CA4P nono-L-histidine hydrated
salt 5 WORAYIPne aqueous stock solution (0.2114). L-H sPCHURRMZMI 67 g,

2.0 nmmol) .dissolved in of w forma 02 M
solutfon Nilsigeald i Fructu DG ety et Senine

di sodi um EHlidrimeter)tR fnstim¥@s. di ssolved in 5.0 nL of deionized water. A
sodi um chl ori de sat ur at ed aqueous solution (40 10 nL) was added to the

resul ting solution. V\hlte solid precipitated. Ethyl acetate (50 nL) was
added and ¢08p Lesdiins magnetically stirred and acidified
with a sol ic acid until the biphasic m xture

becaneScl Mmemmawnmm'nﬁsmpﬂ(opmmmﬁmm gani c
phase was The, aguequ cted with ethyl acetate
(2 x 50 Wgﬂ ?ﬁp’?ﬁ%\é\rﬁéﬁg ?f“drl ed over Na2SO4.
Fi I[tration 15 and sol vent evaporatlon (rotavapor, water bath tenperature

= 37 C) vyielded a thick filmof CAP free acid which was taken up with
10 L of  rfeA4Pfrien acidisipek ﬁ@’f‘ﬂ%@"'ﬁéﬁ"‘t’@ﬁw CMB]S‘WMé B 2 ¥y ve an

off-white +§gmd,]1 vy%& ofSSa, %ﬁg‘“ﬁ?f&ﬁt@o to
yield a solution w't an expect 0.8 corjtltlzent ration

concerdOr atmbywaseatidedtd ﬂEdeSatMMMm fWhitdsotid precipitated.dEfhyl awmer(@ m0Pwias of a

R

dryness. my&ombhdmmmlbmﬁc bﬁxttﬂdb%etdlw eth@ﬂquacm’b phﬁke?'vﬁs agidie (pRt i o

of histidine ; P free acid. Ther the centratl f  CAMP free
acid was fREBE) gﬁé W"g '%"s bam of

CAAP free acdnteq®k 80 &) ﬁé\ﬁgmﬁ tﬂm%ﬂ%@ﬁé&%\?@ﬂ Zist) A ¥ihadad sal t
To a 4 L HPLC vi al were added hi stidi ne (900 180 pnol),

caap flfee %éwmemmhmww&%qwmrégyﬁi epléechbﬂm#ﬁheof ).

The resul te ¥ ele) ALY B 8¢ Sdnin trﬁ; ne) SiRGEAf Ure =
39-40 C) to Ore uce‘t: VO uné)évaownto ca. 1 eAnot lom_of

i sopropyl m&(ﬂé@)mm&n@ﬁ%rtdfeamﬂm whshmtdﬁéssomduté@(ﬁb ca.
1.5 nm. A I The evaporation
process vva(g%flhﬂpeégfd% lpﬁgn%ggégdg{g%%gﬁ@%n%ﬁomd to staﬁd at

anbi ent terrperature for 5 b. The cry_stal line solid was isolated by _
Tlsl):); g t hrough .a Vv]at”%]bgﬁ‘gé‘l’%ﬁ 1éter x%%edbwmti;}ngsl['&}ﬁfgfa(y@ﬂ]ed W th
hJstldJne soluhon (20 pmol) with 25 pL. of CA4P free acid solution. The solvents of the
resulting solution were rotary evaporated to dryness. The solid was analyzed by IH NMR to
show a 1: 0.75 mole ratio of histidine : CA4P free acid. Therefore, the concentration of
CAA4P free acid was figured out as 0.6 M. (This result indicated that the foam of CA4P free

25  acid contained solvent).

CA4P mono-L-histidine hydrated salt. To a 4-ml, HPLC vial were added L-histidine (900
pL, 0.2 M, 180 pmol), CA4P free acid (300 pL, 0.6 M, 180 plL), and isopropyl alcohol (1.0
mL). The resulting solution was rotary evaporated (water bath temperature = 39-40 °C) to
30  reduce the volume down to ca. 1.5 mL. Another 1.0 ml. of isopropyl alcohol was added and
the volume was further reduced to ca. 1.5 mL. A small crystal was observed in the solution.
The evaporation process was stopped and the vial was capped and allowed to stand at
ambient temperature for 5 h. The crystalline solid was isolated by filtration through a
Whatman # 54 filter paper with suction, washed with isopropyl alcohol (ca. 2 mI), and dried
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-48 1 2 AUG 2065 WD 02122626 PCTIUS01/28401 in a stream of] pipg o@en
overnight to yield 82.7 ng of CA4P nono-Il-histidine as a white solid.
The CAWO #2626 - hi sti'dine salt prodrug obtained was a cPEIULRHIsOI | d;

Karl Fisher analysis of the solid showed that the water content Wwas
4. 66% W&Waﬁwwsb& £3 yield $2- Eaﬂxsaﬁa %&4?1%19@%%”12 y’%t er

| ecul
gtz)oscg g%ﬂ%rﬁ%&:&ﬂ;ﬁi&;g Hz, 2% C(Z%HHdZI g Sofei 3.67 (s @ E1ﬂ5éﬁ)dk’l3

C(17) H3) , amlyFia of the sglidshayedstbat thegwates contant wa@(isg%lsyvhch @M{ated ®a 6.50

f?’q?)m%?gdﬁ%%&#ﬁﬂéﬁﬁ%ﬁa?%%% g

7R NMR (306 MEADI®),5 133 (@ 4)+4.59 H2 DE; CAFLXBGY $s, 6H, B{L5|H;3 adds

CLENS o G3rkie 39 50 priaSl s b Bakihs 40y b i, o
(1353: 59 ?c% 2;'_'334(]')2 J)fgsb(z)mm&é)l%ﬂ‘)fé%zﬂg ﬂbi?ﬁisom s,(27§i¢ﬁ133 99

(C9), 13474 Q(EOH), 6»91*2(6- Pu(d, T38 @0 1BoC@MD, ¢21 (s, 18p. 01

(121" M, T*S‘zfa?%cﬁsé%?@«zg%&@ndsgmﬁ%ig@%ﬁp NR

H2O 10, 436.B3C2H, $3.95(CN), 56.28G2C,RelsnG17)C56.350(C18), 6533 (U1), 186.88 (XH C1Uhe

showed t hGI9rTId2BEERRLAR: RO PA04 18 Jbc 24 3 60, Bt R RERUED,
i ndi cat ed129(9 (0B, %OGSQCSIBGBDBHQCS})HBW@), 1@45#(@24),913@[1@((01@[ mm'i (458. 6
deg C (see Figure 5). The ovvder X-r

material JRE SRR LR KU @, Jpg 5 ﬁé@lﬁﬁr 92)»[}5?\5&(%%‘8&1 6?‘1 E!ﬁ)y%%%u sm
wer e Obse(o'lgff’lPM(’&m fmtﬂgﬁ)aﬂ%f‘(s? URG4Y Cdicdfor CIRISHN3 0] pPaAH P

free acid relative to the t ['ume of "the cr stalllzatlon mxture. In
t he doveH2Qr 6c48:hiP H, 505,736 Foungd: @Mﬂﬁﬂeﬁﬂ&ib{a%er m of the total

vol ume of the crystallization 25 m xture were enpl oyed. Modification of

t he above procedure such that 0.03 mvles of CA4P free acid per m of

t he t ot al TheoKarlrFisbér dndeclanentd] anklysatof dire piodtat rof thie peocednpt shuwatd thatabie ded a

ol ccul o BTSN Pl (RIS e B A DE TR PHEBE PR g <

showed orwmennugé:aiotheﬁeaf I8 dugtm(seal?ig&ﬂetsm Whe poveliat Nemindath obtfidedfoddds C. | H
NUR %al ysi s, ﬁhos\ﬁ/e rati o of CA4P-. histidne
own 1n Figure 8, top pattern.

Differences of polymorphism were observed, at room temperature, as a function of mmoles
of CA4P free acid relative to the total volume of the crystallization mixture. In the above
procedure, 0.2 mmoles of CA4P free acid per ml of the total volume of the crystallization
25  mixture were employed. Modification of the above procedure such that 0.03 mmoles of
CAAP free acid per ml of the total volume of the crystallization mixture were employed
provided a CA4P mono-L-histidine salt form having. 1.8 molecules of water per molecule of
salt (see Figure 6, sample size 3.8500 mg; the DSC analysis showed one crystalline form with
a melthing endotherm at 184.9 deg C. 1H NMR analysis showed the ratio of CA4P:histidine
30 =1:1). The powder X-ray data obtained for this material is shown in Figure 8, bottom
pattern. Another modification of the above procedure such that 0.07 mmoles of CA4P free
acid per ml of the total volume of the crystallization mixture were employed provided a
mixture of CA4P mono-L-histidine salt forms, one having 1.5 molecules of water per
molecule of salt, and the other having 1.8 molecules of water per molecule of salt (see Figure
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30 = 1:1). The powder X-ray data obtained for this material 2i486906wn in
Figure 8 bottom pattern. Another nodification of the above procedure
such t W0326%6 niples of CAAP free acid per m of the tRSTHAPSUEFMe of

he oY A gy P T ) B o "
%:Zgﬂ:gm?| seeslhz?é ' m2 5 02/ 22626 USQi / 28401
7" anpl e 1t Gothelritie et fodbaes of FEmh S5 ofomRiNgRY: 40 & %@é@%t hi s
i xat ur e sitgineDfor tiig matdtial # shGwin Figge 92 The DB CSARCHIWALE Karhe datd lid2RE

analysjs illustrated two crystalline forns. The endotheons are simlar

to thode t%lﬁiﬂlﬁéér'e%ﬂ%l &Mwﬁfﬁa& F‘!Péfﬁymt‘i'ﬂ@%m

obt ai ned faLq %:Q:’v 2 thhs t8 wea%]g Y@%F% R EEpeX-ray -
data i ndicate 5é’t at th e 15:1 g?(gﬁf wat er sal t or gove are two

dlfferentmdwmmailﬁQMforrrs As al so noted above, a mxture of these two
forms is easily forned. Wth seeding, each formcan be made in a pure
state. The hem hept ahydrate CA4P nono-L-histidine salt formcan al so be

obt ai ned The heftihéptahyaraeecCA4MOmoho-Daistifline &1t forrh 0linalsd1be\btlfied ifi Gid\Résksicet O
the sesqui hydrate 4P nmono-L-histidine salt_ form As explained above, a

vari ety off Walegy, Zhis WENET, PORVert to e sesandysinate ot guongilchistising salfi ¢ g

to ornithgpg, |ysine, arginine, and tryptophan can readily be substituted
for histidine in the 15 description described above to produce a conpound
of the present invention. CAAP Mno-L-Histidine Hydrated Salt (Scale- up)

i -hicti dmmmmmngrWMMom&mm&@mmhm

21;?{1% [ \gﬁs ?A]%lﬁ]gﬂ% gﬁm’g'ﬁ’n al %ﬁpre%a%wpg% ree aC| d

st ocklsol W@MWWt@rM@hc&ﬁM&@ﬂh&MMﬂ ree acid can be

prepared in the followi ng manner. The acid equival ent can be reduced to
2.1; the addition of 25 sodiumchloride is not necessary. The follow ng

pr ocedur eCAgPMeHPL MixtidindWvacktedshlt(Sealeab) (894 g, 203 mml ) was
di ssolved 1Tn 50 nL of deironized water. Ethyl acetate (200 nL) and a
sat urated aqueous sodium chloride solution (100 nL) were added to the

resul ti NOr-pistidine agueous stock solution (0.2 M). L-Histidine (1.90 g, 12.0 mmol) was dissolved
20  in 60 mL of deionized water to form a 0.2 M solution. (This solution can also be prepared in
situ).

CA4P free acid stock solution in isopropyl alcohol (IPA) (0.17 M). CA4P free acid can be
prepared in the following manner. The acid equivalent can be redoced to 2.1; the addition of
25  sodium chloride is not necessary. The following procedure is exemplary: CA4P disodivm
salt (8.94 g, 20.3 mmol) was dissolved in 50 mL of dejonized water. Ethyl acetate (200 mL)
and a saturated aqueous sodium chloride solution (100 mL) were added to the resulting
solution with rapid stirring. A white cake was formed. A solution of 0.5 N hydrochloric acid
(220 m1.) was added portion-wise to dissolve the cake (the final pH of the aqueous phase was
30  ca. 1 (pH paper)). The organic phase was separated. The aqueous phase was extracted with
ethyl acetate (1 x 200 m1 and then 2 x 150 mL). The organic phases were combined and
dried over NapSO4. Filtration and solvent evaporation (rotavapor, water bath temperature =
40 °C) yielded a thick film of CA4P free acid which was dissolved in 100 mL of IPA. The
concentration of the resulting solution was determined to be 0.17 M by LH NMR.
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solution with rapid stirring. A white cake was forned. A sg}zl@tqpp of 05 N
hydrochloric acid (220 nL) was added portion wi se to diss é cake
(the fWRIZBB2HOT t he aqueous phase was 30 ca. 1( pH paper PCI/USey28408ani c
phase was separated. The aqueous phase was extracted with ethyl acetate
(1 x 200 nL and then 2 x 150 nL). The organi c phases were conbi ned and

dried ovem oNie & dbnfifeh tHe'cohdeRitation dete@hiNaT HboPd] 80 RLIF hidfidihé ShaieaReR MMat er
bath tenperature = 40 C) yielded a thick fllmof CA4P free acid which

was di ssoddl nlef CASP free geid seipHomyree pipaiicd inio 4ok FBILG vial. The splysoiy

Zgggt :’Cé::]/ usor&%‘g%&% g?la&tso COSO?{BI’ m %%l%gn%%{% eterm neg AL

above,5 60byplH NMRBfosgived hbmmﬁhnsnﬂm(ﬁw frepradid7 @\ total ofOF7 1BAMIREIGAAR aci d
sol ution re.n ed,i 4-m, HPLC vial. The solvents were rotary
evapor at € d(ﬂ“g ﬁ%&“"dfﬂ‘?@% was dissolved in 0.7 nL of 1)20 and
analyzed 5 by 1HNVR to give a 1:1 ratio ofhistidine to CAMP free acid. A
total of 17 nmmol of CA4P free acid was obtained (84% yield). CA4P

mono- L- hi ¢4 ?‘ﬂ@"'ﬁg/ﬂf‘ﬁ’f’é‘d’y sak Essple-uph) A 2p0-miroppd #8Hm f | ask
h 0 |
and 50 m Careel il 7482 B CAe A SRBoA( (7 12 pabpldda i ghoriBa AT

was aHljedsopmon obh-higtidige (@ whd. 24 2.9 maw]) maddslﬂommnewsvmthp 6&1&?&&

Zﬁﬂlalr:alntngt e#g%}“&%ﬁ%éthf’%gdg}ﬁgf ll%\ri\'gﬁlgby cog'Fang M%&%iek-rggp%’%o?tl
O T e TR
i ed | PR G oo LR g Wiyt ¥ Rl pebe 18 e, B Wi
nono- L- hlédldﬂwmcahwgn&ngdml@dmﬁldwﬁfm&ﬁmsmgwl i d

showed that the water content was 483 whi ch cal culated to a

crysth | i GABmrreLihystidine a2 whitesolids Kagl %Sh%‘ﬁﬁdtthﬁﬂ“ecul e

(10.5 WKM#&%WJ%M&Q&WR.ZM éﬁgdréﬁéd It Hz, 213,
C(21)H2), 3.68 (s, 61-L YH3 ‘and C(17) H3 8 16) H3), 3.82
(s, 3H & (10.5 mup LB 74 yi %(mmso MSGD(z@) 332{¢ N

e 113, kB o, Gt oo 0 Saintlog HneEh A, S b, 3 (X100

3H, C(18)Hz), 4.00 (%, = 6.6 Hz, 1H, C20)H), 6.53 {d, J=12.1 Bz, 1H, C(8)H), 6.62 (d,J =

20 12.1 Hz, 1H, C(7H), 6.64 (s, 2H, C(10)H and C(14)H), 6.95 (d, J= 8.3 Hz, 1H, C(3)H), 7.02
(d, = 8.3 Hz, 1H, C(4)H), 7.20 (broad s, 1H, C(6)H), 7.36 (broad s, 1H, C(23)H, 8.62(d,T=
1.3 Hz, 1H, C29HH); 13C NMR (100 MHz, {1H}, D20) 5 26.11 (C21), 53.92 (C20), 5622
(2C, C15, C17), 56.32 (C18), 61.28 (C16), 106.82 (2C, C10, C14), 113.20 (C3), 118.03
(C23), 122.01 (d, Jpc = 2.3 Hz, C6), 125.48 (C4), 127.78 (C22), 129.38 (C3), 129.97 (C7),

25  130.54(C5), 133.92 (C9), 134.31 (C24), 136.16 (C12), 141.38 (d, Jpc = 6.1 Hz, C1), 14998
(d, Ipc = 5.4 Hz, C2), 152.48 (2C, C11 and C13), 172.86 (C19). Anal. Caled for
Co4H30N3010P-1.5H70: C, 49.82; H, 5.75; N, 7.26; P, 5.35. Found: C, 49.92; H, 5.84;
N, 7.26; P, 5.44. Furthermore, using differential scanning calorimetry, the compound
obtained was determined to have a major endotherm at 158° C, and a minor endotherm at

30 174°C.

Any suitable natural or non-natural amino acid can readily be substituted into this procedure
to produce other compounds of the present invention.
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(d, J 8.3 Hz, 1H, C(4)H), 7.20 (broad s, 1H, C(6)H) 7 36 (bhrosdig. 111,
C(23)H, 8.62 (d, J= 13 Hz,1H, C(24)H; 13C NWR (100 NMHz 5@{182%120) 8
26. 11 woaRj22628. 92 (C20),56.22 (2C, Cl5, d'?), 56.32 (

LEZIG&;O%@W%&%ZO ’%Ei%%ﬁl ! 3“%‘ % g%) d JpC = 23

(C5), 133. Sederfall ‘l&aﬂadbﬁoveﬂ)

149. 98 d ] o 5 4 152 48 Ci3), 172.86 (C19). Anal
Cal cd foE s @WP% Zé%ﬂ?ﬁﬁw 'ﬁm‘(s’~35) Foﬂﬁd
C 49.92; Hﬁhﬁe%hﬂﬁﬁ&ﬁ@wﬁv@%&ﬁyﬁhﬁﬁ%&ﬁﬂ%&&ﬁﬁrﬁﬁdﬁ

scanni ng cal orimetry, the conpound obtai'ned was determ neéd to have a

maj or ndd2AB G, far exmeple by shuying ahydetedorivinissplveatisuctys ellpnolanethanpl,
sui tabl e I C I tltuted .
into thi sﬁ%;rgéa% Iﬂ al’g?’m‘”pro ?gﬁﬁ%gh%oir?%o agﬁ’q?r%y%’f%g‘g‘? P'nvent i on.
51 WO ozﬁmﬁaﬁw:hsmngamvaaﬂﬁz driieg A1 1S€MmBadmte Miteas 45ACRsTh A overtiplt).i di ne

salt is crystallized at om t eppger at yr es hy_drate s) we generally
obt ai ned.‘i]{faﬂ”ﬁlj"%"H ‘Y]H “Qﬁ F‘?’g'ﬁ' t emrper at ur es

el evat ed above roomterrperature especi aIIy greater than 70 C, all ows
anhydrous salt to be obt ained. Hiistidine salt hydrates can be converted
to t ht0 anCAdPmp ! tappycrensyfaltespeci al Iy, nelting 5 at 210 C), for
exanpl e, by slurrying a hydrate formin a sol vent such as ethanol,

met hanol , isopropanol, or acetone, at a tenperature such as 40 C (such

as for 2 WMMWMWWMLMZEM&MMEM@M a

ooy ot | o SRR s AR HelREsofiion 3P Bistedss 175 2E (it be Sarpltiimne. "
?Bthr OuSwithhagsstic i, AMM?PW&@@MM&DM%W&MES Iiuxﬁdl)t di ne
. niL of deionize i ng

Soi ot o iadacted dalpisd by Seomgixd atophat (Fhby. B semiting septon permeRUReLs ¢

stirri ng cd\1 Bith USH@Rg Yhs Sdiftiiclt bETS- 26 4ifok 8 h anlthen Gt AuPbibit kdingeRhire forGTh. Mol )
15 was added, followed by I sopropyl al cohol (90 m_ﬁ The resulting

sol uti on Beangdlesniseljing golideasisolated by ltration tbroughsn tf papst WBhC f or
2 h and tgﬁﬁox?ﬁndmm s&e&ﬂﬂ?&?ﬁsﬂ%nj Wen%g!rﬁ (19.5 h) and in vacuum desiccator for

24 h to yield 0.7788 g of CA4P mono-L-histidine as a white solid (1.41 mmol, 86% yield):
20 mp211.49 °C(DSC); 'HNMR (400 MHz, D20) § 3.30 (d, J = 6.5 Hz, 2H, H-21),3.65 (5,
6H, H-15 and H-17), 3.72 (s, 3H, H-16), 3.80 (s, 3H, H-18), 3.99 (t, J = 6.5 Hz, 1H, H-20),
650 (d, =123 Hz, 1H, H-8), 6.59 (d, Y= 12.3 Hz, 1H, B-7), 6.60 (s, 2H, H-10 and H-14),
6.92 (4, T=8.5 Hz, 1H, B-3), 6.97 (broad 4, T = 8.5 Hz, 1H, H-4), 7.19 (broad s, 1H, H-6),
7.33 (broad s, 1H, H-23), 8.58 (broad s, 1H, H-24); 13C NMR (100 MHz, {1H}, 1D;0) &
25  27.11(C-21), 54.88 (C-20), 57.17 (2C, C-15, and C-17), 5724 (C-18), 62.24 (C-16), 107.77
(2C, C-10 and C-14), 114.17 (C-3), 118.90 (C-23), 122.93 (d, Jpc = 2.3 Hz, C-6), 126.40 (C-
. 4), 128.88 (C-22), 130.29 (C-8), 131.00 (C-7), 131.47 (C-5), 134.93 (C-9), 135.32 (C-24),
137.08 (C-12), 142.31 (d, Jpc = 6.1 Hz, C-1), 150.91 (4, Jpc: = 4.6 Hz, C-2), 153.45 (2C, C-
11 and C-~13), 173.84 (C-19). Anal, Caled for Co4H3oN3010P: C, 52.27; H, 5.48; N, 7.62;
30 P,5.61. Found: C,52.03;H,5.43;N, 7.57; P, 5.57.

CA4P mono-L-histidine anhydrous salt (scale-up)
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The needl e crystalline solid was isolated by filtration thrqugguf ﬂgg:atrran
# 4 filter paper with suction and dried in a streamof air

over ni oD o226 h) and in vacuum desi ccator for 24 h t(r(yrmmmﬁ788 g
of CA4P nono-L-histidine as a white solid (1.41 mot, 86%yi ewg 20 nip
21 1.49 cﬁ(mﬂmmmmmm@dmﬁmm@lm 003mp1) |

5 5) 5, ogonnigerl ool il A i o) oo

(d, 1= 12.13008A/28N ¥hicRedbiroBeddheating Mantle. m-mmqammlﬁmﬁmamw = 8.5

). 7 E‘%@@a&?ﬁ@%ﬂl%%%%%vﬁ%%%@%% i Btet oo

MHz, M 802¢ dddeqand
C 17)(37 24 (c)v_wvfg1 %24 C 16) 5 ’%%d%%%m%glgr%ﬁscbf% 114a27
(0.3). 118@@W°9W§?Aiﬂf5§é'(‘dathyﬁ®lmﬁm@i@ 011128 88

(6 54) ! Jesttaytiead 13594 W (St heayireld: éﬁﬁﬁz%ﬁ%@l‘%ﬁ‘ﬂ“ﬁ% #,
Hz, C2), sQEBom 28led @ith A 4PhoorG-11-Bistiding ﬁs&&)(trao&uaaionnﬂ:aﬂwd for
ngl?;BOhBOl qi 52. é ! H: 5. 48¥t8lgB é{?ﬁ ﬁg P; q } Félgnd C.5 E)ﬁp) H,
52 110 Auacﬁfga' W@W&E@Mﬁ%%&%ﬂhaﬁ@%&nﬁﬁ

round-bottom flask was equipped with a mechanical stirrer, N
addi ti onal? 3rdﬁn9f°r%n9&&al-§ﬁe5hwnwm‘rﬁs gw%tﬁﬁe@@eanﬁlewyml C

Therm 0- W} 613 '—7l‘he11 Wi § A v LL WAt GA B 40 with ‘
thstldlne(S 42 g, 21. rrm)l) was added to the flask, Tollowed by 216

m. of dei @mmwmmwe(w@m¢mgnmmm@m@mmmm(m) 80 C

\z,imdlegdsur %ﬁnﬂﬁﬁ?‘?ﬁ%zﬁg% dltgh%%aggapl ona %unne ' a rate to

mai nt dBn tshhmh:tﬁsohd(l&:&amnel’, as%mlcm mpR13.67 4C (DFQ) | HINMR €400 MHa) D2 @Y t er

the additi P h h CA4AP
nono- L- bi sat%aoo @e} ﬁﬁ}%ﬁ’ Hsﬁgﬁ ?ﬁ' %@&&Sﬂ%% %ﬁ]@%?&f g}teﬂﬁ’% we&f'ber ature
\fgs i ngr ea3EH-18), 8% @.I%ﬂrﬁ,rmilﬂitd)l 6.49 (@D-U{/DMOIHzle,CE-S),H S58qd, 13=0m 0 aft gr
seedi n et r at r oppe ow y n an
v o D5 0 6, B G o T & £ W e de B af a1 B30 e
al  oved t o rRs! 1 e, 3. h@Wr&dtt,CI——?’ﬂﬂﬁz, mg }st5764 (ﬂbﬁ ms,cﬁasj:, BY8i(&@l1= ne
solid was filtered over What
20 14Hz, 1H, H-24); 136 NME (100 MHz, {1H} DZO) ) 83707 (C—21), 54 86 (C-20), 57.18
(2C, C-15 and C-17), 57.26 (C-18), 62.24 (C-16), 107.78 (2C, C-10 and C-14), 114.18 (C-3),
118.94 (C-23), 122.95 (d, Jpc = 2.3 Hz, C-6), 126.43 (C-4), 128.79(C-22), 130.31 (C-8),
130.98 (C-7), 131.49 (C-5), 134.91 (C-9), 135.29 (C-24), 137.10(C-12), 14231 (4, Jpc =
6.9 Hz, C-1), 150.92 (4, Jpc = 4.6 Hz, C-2), 153.45 (2C, C-11 and C-13), 173.82 (C-19).
25  Anal, Calcd for Co4H30N3010P: C, 52.27; H, 5.48; N, 7.62; P, 5.61. Found: C,52.23; H,
 5.35;N, 7.60; P, 5.55.

The CA4P mono-L-histidine anhydrous salt can be made reproducibly as a single crystalline

form. Figure 10 shows the DSC (sample size 2.3600 mg); Figure 11 shows the powder X-ray
30  data for this material. '
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suction, washed with IPA (100 nmL), and dried in a streamof air (suction)
overnight (16 h) and in a vacuum dessicator for 21.5 h to yighds 28511 g
of CA4 bi sti di ne anhydrous 15 salt as white soli ) |, 85%
yi el d) %@%&G%B 65 C (DSC); 1H NWVR (400 MHz, D20) 5 BBWMS Hz,
2H, H21), 3765 ( H ,H 15 and H17), 3.72 (s, 3H, H16), 3.80 (s, 31L.

1H, H20), 6.49 (d, J= 12.0 Hz, 111, H8), 6.58
M7 6.59 (s, 2H FH10 and H14), 6.91 (d, J = 8.5

Hz, 1H, H3),.§ < 8.3, 1.7 1H, H4), 7.19 (broad t, J= 1.7
Hz, 11, H.6) 271\34 a0Ng, ¢ 1H H 23 (d#NBe= 20 1.4 Hz, 1H, H 24);
13C NVR (M9 MHas D S ay. 0A4 54]86 (G 20), 57.18 (2C
C 15 and C¥17), 1 62.b4 (C 0_c. 10 and

C14),114.18 (C3 ~322./95 (du JPCIF 2.3 Hz, CG6), 126.43
(CG4), 128. 79(C—22) I30.3I (C— 8) \. . 130H98 (C-7), 1.49 (CG5), 134.91
(G9), 135.29 (C24), 130cHy (O. 18" 14231 (d, JPC = 6.9 Hz, C1),
150.92 (d, J)?C = 4.6 Hz, 1€ 2), 153.45 (2C, C 11 and 0.13),173.82 (C19).
25 Anal. Calcd for C24H30N3010P: C, 52.27; H, 5.48; N, 7.62; P, 5.61.
Found: C, 52.23;K 5.35; N, 7.60; P, 5.55. 30 The CA4P nono-L-histidine
anhydrous salt can be nade reproducibly as a single crystalline form
Figure 10 shows the DSC (sanpl e size 23600 ng); Figure 11 shows the
powder X-ray data for this material. -53 WD 02/22626 1 2 AUG 7005

PCT/ USOL28401 5 Exanpl e 4 Preparat IMI s CA4P Monogl yci ne Met hyl

Ester Salt The foll Q d : )

monogl yci ne net hyl SAAS : '-“' e tHesgaous. The .
procedur e enpl oys egC|ne nethyl ester hydrochlorlde 10 directly in the

presence of N _N-diisopropylethylamne, providing enhanced stability as

conpar ed Tha® ﬂ@mawmumg meﬁﬂ" f;ﬂg%@én asthyl ester fomyQALE

Furt her no t iR § |f|cantly
Ja@odnhﬂ‘f‘sqd%%@&é Ic}ﬂe}g it héﬂfyl&&&h%ﬁ‘;@hl%&n

- concentrated sulfuric acid Ts han, "for exanpl e,

di | utl®d hdicactiy i the pwmfdiﬂrdwsmﬁahﬁ@ammﬁ@sg enhanesd|stability as
compared with preparation employing glycine methyl ester free base. Furthermore, the

preparation of CA4P free acid is improved significantly - concentrated sulfuric acid is

employed (rather than, for example, diluted hydrochloride acid) in nextralization (as a result,

the use of, for example, ethyl acetate for extraction and then evaporation is eliminated). The
15 formation of trans-CA4P free acid is avoided in this improved procedure.

Reagents and Method
The following reagents and chemicals were obtained from commercial sources and used
without further purification: Isopropyl alcobol (IPA) (B&J Brand, High purity solvent
20  grade), sulfuric acid (EM Science, 95-98%, Lot # 35310), glycine methyl ester hydrochloride
(Aldrich Chemical Co. 99% labeled, Lot # 03214 MU), N,N-diisopropylethylamine (Aldrich
Chemical Co. 99.5% labeled, Lot # 02819 ER). Multi-nuciei NMR spectra were recorded on
Bruker DRX 400 spectrometer. The 1H and 13C NMR chemical shifts are reported in ppm
relative to tetramethylsilane (The 13C NMR chemical shifts were determined using MeOH as
25  extemal standard). The 2D NMR experiments [HMQC (Heteronuclear Multiple Quantum
Correlation spectroscopy, an inverse chemical shift correlation experiment to determine
which 1Hs of the molecule are bonded to which 13C nuclei (or other X nuclei)]; and HMBC
(Heteronnclear Multiple Bond Correlation spectroscopy, a modified version of HMQC
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the use of, for exanple, ethyl acetate for extraction and them ayg 1%5
evaporatlon Is elimnated). The 15 formation of trans- CA4P free aci
avoi ded’® P32 |rrproved procedure. Reagents and Met hod FfEU

w thout 1 Sﬂ?ﬁer T 14 B f@égﬁgﬁ%@@%ﬂ%ﬁ?‘%&ﬁ%% oh

purity soll M@Mmmnmmmwmm@mmmm I end BBC

S Sl M e, RIS o G i,

Co. 99. 5Y%DSEIObEDiffekeitials dAESdPCARimetr) TA InBtaghedts. NVR spectra were
recorded on Broker DRX 400 spectroneter. The 1H and 13C NMR chem cal

shifts’are reported in ppm relative to tetranethylsilane (The 13C NWR
chemi cal %W-ék&rﬂﬁﬁ:&h@ AT 2@ MeOH as 25 external standard). The
2D NMR expe Su ear Multiple Quantum Correl ation
spect roscdplﬁo-rdnrqundhboim '&hﬂsﬁma@ﬂz‘él’mm& 866eg26.51 0

det erm ne ecul e are bonde Lch nucl ei (or
ot her X n%@#ﬁﬁﬂ%%ﬁem N Ve8P ng% ?u?el ation
spectr oscm)paamrabﬁsﬁtm mmmnf(oﬂbml, 641 WohdIPih AP L 260 ﬂ:L)ZszﬁdaDOS

PCTI USQ1/ 29401 sui bI et eterm ne | ong nge 13C conn
wel | t RRrHERYisR: Qlitﬁ “@ﬁﬁ%ﬁfél}lﬁ‘f éﬁ‘i Were

conduct edwtitﬁsaéﬁanhaﬁg@waaﬁmﬂiﬁn&f eﬂ&@ﬁ%«%&ﬁ &W&ﬁmaﬁbﬁlﬁm)he

structure. Differential scannin cal orimetr was performed on "DSC
agidgpere

2920 Di f f Sesweshed with ik (19gnidy | mﬁmmeé CAgP(&es

vl\\/nb?ﬁglc?/(s”%lé %I s%ﬁﬁ%ﬂqggﬁgl‘%}g%%%&g, g 51 m*rgﬁtﬁan I &% z% dn{{)ﬂ%ﬁﬁg
resul ting gsﬁ-ﬁimyuomdmdﬁs@wﬁe;hybmim(édﬁdmlaﬁﬂﬁmol)Wanp&edttmﬂle. A
sol uti n (&];m§ L‘isoh\tiﬁn_aﬁllldm&:?%% g&mwﬁj e%wgm)m)od aﬂlp'ﬁ:sGO vvas added

10 por i onw Se urry m Xt ure was con I nUous P’red for
about 10 sfiming.nAt 60 9Q, eieatixtuvd liebaﬁﬂ@tlbﬂﬁohhﬂbﬂgAﬁS\Nﬁathﬁaﬁiuﬁoﬂbeﬁadﬁ. slirmpaper .

The 5011 6 DA e At B B BB Pl
was allowed to cool down slowly in the 011 bath. At 60 °C, the seed of cis-CA4P
monoglycine methyl ester salt was added to the solution to form a slurry. Stirring was

20  continued from 60 °C to ambient temperature for about 1 h and then at ambient temperature
overnight. The white crystalline solid was isolated by filtration with suction using a '
Whatman #1 filter paper and washed with IPA (3 x10 mL) and dried in a stream of airfor6 &
to give 2.609 g of cis-CA4P monoglycine methyl ester salt (5.38 mmol, 82.6% yield): HPLC
analysis, 100% cis-CA4P; mp 136.40 °C (DSC); 1H NMR (400 MHz, D20) 5 3.52 (s, 6H, H-

25  15and H-17), 3.61 (s, 3H, H-16), 3.71 (s, 3H, H-18), 3.77 (s, 3H, H-21), 3.87 (s, 2H, H-20),
6.26 (d, = 12.1 Hz, 1H, H-8), 6.42 (s, 2H, H-10 and H-14), 6.43 (d, J= 12.1 Bz, 1H, H-7), .
6.70 (d, = 8.8 Hz, 1H, H-3), 6.79 (broad d, J = 8.8 Hz, 1H, H-4), 7.16 (broad s, 1H, H-6);
13C NMR (100 MHz, {1H}, D20) & 41.27 (C-20), 54.58 (C-21), 56.99 (2C, C-15, and C-

17), 5721 (C-18), 62.09 (C-16), 107.60 (2C, C-10 and C-14), 113.89 (C-3), 122.98 (C-6),

30 12622 (C-4), 130.25 (C-8), 130.69 (C-7), 131.37 (C-5), 134.61 (C-9), 137.09 (C-12), 142.42
(d, 2Jpc= 6.9 Hz, C-1), 150.89 {d, 3Jpc = 4.6 Hz, C-2), 153.33 (2C, C-11 and C-13), 169.95
(C-19). Anal. Caled for C21HagNOoP: C, 51.96; H, 5.81; N, 2.88; P, 6.38. Found: C,
51.74; H,5.79; N, 2.87; P, 6.30.
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conbi ned in another 100-m, round bottom flask dycine nmethyl ester
hydrochl oride (0.826 g, 6.51 mmol) andN, N-dl i sopropyl et hyl am hé A(4.78/4
m., 7.16 nmol) were added to the 15 conbi ned solution. The resulting

m xt ur eWR32 ed in an oil bath with magnetically sti PET{{§OV§4050 C,
the m xture becane a clear solution. At 65 C, _the solution becane slurry.
At 78 C, the slurry dissolved to forma clear solution. Heating was
stopped - and the solution was allowed to cool down slowy in the oil

bath. At 60 C, the seed of cis-CA4P nonoglycine nethyl ester salt was
added to the solution to forma slurry . Stirring was 20 continued from
60 C to anbi ent terrpelrature for about 1 h and then at anbient tenperature
overni ght. The V\hlta,,&r){,stl;l fe solid was isolated by filtration with
suctior using a Whatm 37 paper and washed with I PA (3 x10 nl)
and drledlnastreamqi to give 2.609 g of cis-CA4P

nonogl yci ne net hyl agdoe 82.6% yield): HPLC analysis,
100% ci s- CAAP; np 136¢40 R (400 MHz, D20) 8 332 (s, 6H H
25 15 and H17), 3.61 (s, aho('i;; 19 ), 3.77 (s, 3H,

H 21),3.87 (s, 2H, H 20), 2),,; Hz, 1 H8),6.42 (s, 2H, H 10
and H 14),6.43 (d, J=12.1 Hz, g+7), 6.70 (d,®J = 8.8 11z, |A H3),
6.79 ( road d, J = 8.8 Hz, 111 Hl-4) 7.16 (broad s,1H, H6); 13C NWR
(100 : IH} D20) 8 41. 27 (C 20), 54. 58(C—21) 56. 99 (2C, ClS and C

17), 57. 21(81@1:1 £)shd Qe alife (@ whi aﬂﬂﬁmﬁsb%i;
(0-3), 122 C 6 126. 22 (C-4). 130 25 (0-8). 130. 69 T &7). 13137

<

(C-5),134. sbgv@hmgvfggowmmndznay ACC. 1), 150.89 .
(d, 3JpC = C-2), 15333 (2C, G- 11 and O- 13) 169.95 (C 19). Anal.
Cal cd for ‘OP: C, 51.96; H, 5.81; N, 2.88; P, 6.38. Found: C,

51.74; H 5.79; N, 2.87; P, 630 -55 1 2 AUG 2005 WD 02/ 22626

Foer T3 St 58 bV ERE B e 02 O B4T

only and ra¥igatd lz@mgemwsﬁéﬁmepb&dbrmeammmﬁamur(e)batches).

Example 5
Preparation of the Glycine ethyl ester salt of CA4P free acid

20
Ethyl acetate (2 mL), CA4P isopropanol solution (150 micro L of a 0.42 M solution,

63 micro mol) and glycine ethyl ester methy] tert-butyl ether solution (800 micro L of a 0.08
M solution, 64 micro mol) were added to an HPLC vial and agitated vigorously for ~3
minutes. The resulting clear solution was seeded with 2 drop of slurry from another

25  experiment and the mixture was allowed to stand overnight at ambient temperature. A white
solid formed that did not appear to be crystalline based upon microscopic examination and so
the mixtare was allowed to stand at ambient temperature for three more days. Methyl tert-
butyl ether (1 mL) was added and the mixture was stirred for about 10 minutes. Microscopic
examination of the resulting mixture indicated that the solid had converted to a crystalline

30 needles. The needles were isolated by vacuum filtration and dried to afford the glycine ethyl
ester salt of CA4P (22.4 mg, 66 M% yield). Proton NMR analysis indicated that the ratio of
glycine ethyl ester to CA4P was 1.7:1. 1H NMR data for CA4P glycine ethyl ester:

H NMR (300 MHz, D,0) §1.20 (t, J= 7.2 Hz, 3H, CH,), 3.60 (s, 6H, H-15 and H-
35 17),3.66 (s, 3H, H-16), 3.74 (s, 3H, H-18), 3.79 (s, 2H, CH,N), 4.21 (g, J= 7.2 H,
' -56-



15 The DSC of the cis-CA4P nonogl yci ne nmethyl ester salt (sam?zlgﬁlgsi{]@&e:
3. 7400 is showmm in Figure 12;- - Figure 13 shows the powder X-ray data
for thi 26al (2 batches). Exanple 5 Preparation of ®RE/EI042$40% et hyl

ester sal tyef f id aB\e ( 575 i nol
sol uti on (%C%Q‘%?%, {Eg@’g 01%8 }% ?oqlr ﬁbﬁgﬁ?gﬁng%rbo% %Zg%ﬁ% ne

et hyl est e7H,¥10Mnd TB14), BLBOV, P&ET HxpI HiH3), €.89 (brbhd 40T + 80FHa, 181,08 M
solution, 64 mcro nol) were added to an |1 PLC vial and agitated

vi gor ous| y&) 823 (broadsn -6)The resulting clear solution was seeded with
a drop of slurry from another 25 experinment and the m xture was al | owed

to sta erni ght. at..anbi ent ,t erature... A whit. spl j.d f.orne hat did
not ap eaﬁlﬁl‘e aRNFoRog ¥, M%W@%%Wﬁﬁ%ﬁ%%d so
the m xt urigreg OViRTbul Modificfidns\bf théhivaition HeiHARIonA to s scribdd B&efiD! €
days. Methy| tert- butyl ether (1 nl) was added and the ni xture was
stirred forillhsenme appasentio those s thespifom g foregping desorimtionnBuchesyl ti ng

. 19
m xture i ngi& Eagg?; $ntdrldEa Qn@ rtfe%p*s&dgd st al 1ine 30
needl es. %ﬂ%‘ﬁﬁee er}@were |§g%%te g‘)’/ % cﬁdgmf tl‘atIEOI’l and dried to

afford the glycine ethyl ester salt of CAAP (22.4 ny, 66 Maoyield).

Prot on ,NVR,anal ysi.s itndicated,that the rgtip af YGi ne ethyl,ester to
caap s 1.%%?3%#@@@85@?%?0%&*%@5%{9?%%0&%%00 Mz,
D20) 81. 20inédrpordted by referbice ipitleir ehtipties3. 60 (s, 61L H 15 and H 35 17),
3.66 (s, 3H, H16), 3.74 (s, 3H H18), 3.79 (s, 2H, CH2N), 4.21(q, J =
7.2 Hz, -56 WD 02/22626 1 2 AUG 1005 PCP/US01/28401 21-L CH2CH3), 6.44
(d,J=12.2Hz, IH H8),6.55(d, 1=12. 2Hz; 1H,1i17),6.57(s, 2H, FI 10 and
11-14), 6.80 (d, 1=8.7112; 1H, H3), 6.85 (broad d, J = 8.7 Hz, 1H H
4), 7.23 (broad a, 1H, H6). 5 The present invention is not to be limted
in scope by the specific enbodi nents described herein. |Indeed, various
nodi fications of the invention in addition to those described herein

wi |l becone apparent to those skilled in the art fromthe foregoing
description. Such nodifications are intended to fall within the scope of
t he appended cl ai ns.
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10 Various publications and patent docunments are cited herein, the

di scl osures of which are incorporated by reference in thei r1 ﬁﬂ?ﬁ Ry i es.
1 2 AUG 2055 WHAT IS CLAIMED I'S: 1. A conpound having the str ure of
formula la: H3CO H. CO OCH3 OH H3N J PI lug/ OH 2. A pharnaceuti cal
comositmim#a) t he conpound of claim1 and (b) the

phar nace e carrier. OH OR 3. The pharnaceuti cal
conposition of claim2, wherein the pHis adjusted by an agent other

t han sodi um hydroxjde. 4. A nethod of rm ul ating tumor grow h or

met ast asi s |°ﬁméﬂu%]ilwg@6ﬁﬁi‘?t§¥erfg praila Wi ni stration of an amount
effective therefore of a conpound of claim1l. 5. A conposition fornmed by

m Xi ng conpoundsﬂwprl sji.ng: a) a CAP free acid having the structure:
H COHCO Yr~ 1/ R f OH (b) tromsthamne

0 \\

H.CO

OCH,
v 2. A pharmaceutical composition comprising:
—
(a) the compound of claim 1 and
(b) the pharmaceutically acceptable carrier.

3. The pharmaceutical composition of claim 2, wherein the pH is adjusted by an agent

other than sodium hydroxide.

4. A method of modulating tumor growth or metastasis in an animal comprising the

administration of an amount effective therefore of a compound of claim 1.

5. A composition formed by mixing compounds comprising:
__ (a) a CA4P free acid having the structure:
-

H:CO
- \
HiCO ﬁ o )
H; an
/ ¥
OCH; P
0o~ oH
OCH;

(b) tromethamine.
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* 0041 -58 1 2 AUG 1005 6. The conposition of claim5, further co r'@im% a
cot pharnmaceutically acceptable earner. 7. A process for preparirmgA
conmpound of claim 1, conprising the step of contacting, in a solvent,
CA4AP free acid having the structure: 0 11 OH P OHCwth trorretham' ne.

OCH, 8. rocess,. of erein.said co ound f

preci pi tg{]ﬁl&é)fq{np%s ty)g’t ‘éf‘fl?‘ﬂgk’f ’ff%ﬂ?%sé'i"%a% %cﬁ’lﬁ'e %tgglgs of
claim7, eadh@rein said CAAP free acid is contacted vvlth trorret ham ne in
aqueous i sopropanol as said solvent, followed by collection of CA4P
nonot ronet ham ne salt in crystalline formfromsaid solvent. 10. A
conpound i t H CO 1 2
AUG 1005”14 ProkeshBF pitostiF o PrisBhT o Fhish T, Mifpatd 9 tip ¥ Soptelthl 0 5
of clai mrﬂaosolmd AP trepheid Mﬁglthmhlbuuaccept able carrier. 12. A nethod
of nodul ating tunmor growth or nmetastasis in an animal conprising the
adm ni stration of an anmount effective therefore a conpound of claim10.
13. A conpositi q_ﬂcg)orned by m'<ing conpounds conpri sing:

H;CO 0
© OCH, P

with tromethamine. OCH;

C

8. The process of claim 7, wherein said compound of claim 1, is precipitated in

crystalline form from said solvent.
9. The process of claim 7, wherein said CA4P free acid is contacted with
tromethamine in aqueous isopropanol as said solvent, followed by collection of CA4P

monotromethamine salt in crystalline form from said solvent.

10. A compound having one of the following structures:

H:CO
< (

H;CO

OCH,
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"(a) a CAMP free acid having the structure: 0 [11/04, and P SOH OCH3
histidine. 14. The conposition of claim 13, further conprising &2 AUb 1 55
pharmaceutical |y acceptable carrier. 15. A process for preparing a
conmpound of claim 10, conprising the step of contacting, in a solvent,
CA4Pfre?H£ghaV|@9c he structure:. OCH, with histidine. -60 1 2 AUG
2065 16. IF 3t CUPRASHORCOMANSS 1 sai d conpound of claim 10 is

preci pi t at qd) tHe cordpbuh@bf &l88n 1@r4mdf r om sai d sol vent. 17. The process of
claim 15, wherein said CAMP free acid is contacted with histidine in

aqueous i sdp} 8phwanacauticshy acesplablergartiarol | owed by col | ection of CA4P
nmono-L- histidine salt in crystalline formfromsaid sol vent.

12. A method of modulating tumor growth or metastasis in an animal comprising the

administration of an amount effective therefore a compound of claim 10.

13. A composition formed by mixing compounds comprising:

(a) a CA4P free acid having the structure:

_~OH; and
OH
OCH;
(b) histidine.
14. The composition of claim 13, further comprising a pharmaceutically acceptable
carrier.
15. A process for preparing a compound of claim 10, comprising the step of
N

contacting, in a solvent, CA4P free acid having the structure:

H,CO

H;CO

with histidine.
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16. The process of claim 15, wherein said compound of claim 10 is precipitated in

crystalline form from said solvent.

17. The process of claim 15, wherein said CA4P free acid is contacted with histidine
in aqueous isopropanol as said solvent, followed by collection of CA4P mono-L-

histidine salt in crystalline form from said solvent.
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