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2. Background

N®-(4-amino-4-deoxypteroyl)-L-ornithine ("APA-L-Om") has a structure

according to Formula I:
O COOH
Hp lrtjl (CHo)s
N CH2 " NHR

A
@

in which R is hydrogen. It has been reported to be a potent inhibitor of dihydrofolate
reductase (DHFR) and of folylpolyglutémate synthetase (FPGS), but to be relatively
inactive as an inhibitor of cell growth in cBlture, and it has been suggested that amino-

substituted prodrug derivatives of it would be of interest because of possible increased



4,767,761 in which Ris a benzoate derivative, e.qg.,
-CO Ar-COCRS where Ar is an aromatic group and R is
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S ARY OF THE INVENTION
We have now discovered a new class of ammonium salts of Na—acy']ated N%(4-
amino-4-deoxypteroyl)-L-ornithine compounds and therapeutic compositions comprising
same. The present invention also features methods of treating patients suffering from or
susceptile to cancer, particularly patients suffering from or susceptible to cellular tumor
growth, tumor proliferation or metastasis by administering an ammonium salt of the

invention exhibiting high inhibitory activity against the growth of methotrexate-resistant



to the correspondi ng acidi c conpounds of Fornula Ia.
Amoni um salts of the invention exhibit superior
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wherein:
R? represents up to four groups independently selected at each occurrence of R?

from the group consisting of hydrogen, Ci.salkyl, Ca.¢alkenyl, Ca.salkynyl, Cs.gcycloalkyl,
Ci.salkoxy, chloro, fluoro, hydroxy, and -COOH; A |

R? R?, and R are independently selected from hydrogen and Ci.¢alkyl; or

NR’R* taken in combination form a 5 to 7 member heterocycle having at least one
nitrogen ring atom; and

X is a real number greater than 0 and less than about 4.
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Formula Il in which NR3R4ARS represents anmoni a.

Preferred conpounds of Formula Il are highly active
WO ndlop440T s of growth in tunmor cells resistanPCT/wWS2004/005356

nmet hotrexate, particularly |eukem a cells,

| ynphobl asts, human tunor cell lines SCC 15/ Rl and
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Other aspects of the invention are discussed infra.
DETAILED DESCRIPTION OF THE INVENTION

In preferred embodiments, the present invention features ammonium according to

Formula II:
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or Formula 111 wherein NR3R4AR5 represents ammoni a and

X is less than about 4, 3.5, 3 or 2.5 and x is
w@e@aner2t han about 0, 0.5, or 1. In preferredPCT/US2004/005356

enbodi nents, x is a real nunber between about 0.75

and about 2.5, nore preferably between about 0.8 and

about 2.4 or between about 0.9 and. about 2. More

wheeier 2y R R s anghBiare as defined forsas ofiFgmuia i, 1. 5,
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53] 1.8chori2es 1 to 2 equivalents of ammonia, e.g., 1
s Xx s 2 and the anmonium salt optionally further

In a preferred embodiment, the invention provides ammonium salts according to

FormulaIV:

B O  COOH | |
, [NR3R4R5]
NH, N (Cl'l*z)s X
N NG LN HN.__O
)I\ H
N COOH

Iv)

‘wherein :
R, R*, and R’ are indépendently selected from hydrogen and Cj.salkyl; or

NR’R* taken in combination forma 5 to 7 member heterocycle having at least one
. nitrogen ring atom; and

X 1s a real number greater than 0 and less than about 4.



conprises hydrating water. METHODS OF MAKI NG AMVONI UM
SALTS OF THE | NVENTI ON: Al l suitable nethods of

wo eoogiopg2an anmoni um salt from a correspondi NgPCT/US2004/005356
carboxylic acid or netal carboxylate are contenpl ated
for use in preparing ammonium salts provided by the
present invention. Preferred nmethods for preparing
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accordl ngto Formula I, IIl, or IV precipitates from
oot torydranpgivesds y, where the amine is a gas, such
as ammoni a or nethyl am ne, a gaseous m xture
conprising at |east the gaseous amne is bubbled into
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or a solution of amine in.a water mscible liquid is
i ntroduced into the solution of free acid to induce
anmonA Bt et 08 G foffling 2R GmiondBR 4:4]9@6141%7correspond1n g
PCT/ US2004/ 005356 Conpounds suitable for use in the
erevdxolle 2w dl of hetabeabexilatp mﬁeqwtemplatwaom @ee BITYeRanaE afomonium

fferent . r .
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structural. isoners, rotation i somers, tautaomners,
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rretho s of the invention may be carried out wt
dfad phsraerhemiunsakénri ched conpound, a racenmate, or a
m xture of diastereoners. Preferred enantionerically
enri ched conpounds have an enantioneric excess of 50%
or nNOh&nothef Embsdiinesntatie)intdidon provides theltasrls & preparing ammonium
enantioneri c excess _of 60% 700/ 80% 90% 95% 98% ? .
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appropriate solvent and introducing an amine of the formula NR R'R%asa gas or a liquid

into the solution of the free acid composition such that an amfnonium salt according to
Formula I, I, or IV precipitates from solution. Typica]ly; where the amine i;s a gas, such
as ammonia or methyl amine, a gaseous mixture comprising at least the gaseous amine is
bubbled into the solution. Where the amine is a liquid, pure amine or a solution of amine
in a water miscible ]iquid is introduced into the solution of free acid to induce ammonium

salt formation.



enanti omer or diastereoner of a chiral pyrrolidone
conpound is adm nistered. As al so discussed above,
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Formula I1-1V and a pharmaceutically acceptable

carrier. -7 WD 2004/094427 PCT/ US2004/ 005356 A
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resistant to nethotrexate, such as carci nonas,

sarcomas, and other neoplastic cells, as disclosed
her ei Biher preferred ammonium salts of the invention exhibit cell growth inhibition

which is about the same as the cell growth inhibition exhibited by the corresponding
~ acidic Ns-acy] derivatives of N®-(4-amino-4-deoxypteroyl)-L-ornithine compounds -

disclosed in U.S, Patent 4,767,761.

The present invention also features pharmaceutical compositions comprising a
ammonium salt according to any one of Formula II-IV and a pharmaceutically acceptable

carrier.



Sui t abl e hal ogen substituent groups or halide groups
of conpounds of the invention, including conpounds of
wéoroabsa21, 1, 111, 1V, and V as defi ned abovECT/US2004/005356
include F, d, Brand I. Al kyl groups of conpounds of
- the invention preferably have from1l to about 12
carbon atons, nore preferably |I to about 8 carbon
at ons
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more oxygen linkages and from 1 to about 12 carbon atoms, more prefefab]y from 1 to

about 8 carbon atoms, and still more preferably 1 to about 6 carbon atoms. Preferred
thioalkyl groups of compounds of theé invention include those groups having one or more
thioether linkages and from 1 to about 12 carbon atoms, more preferably from 1 to about

8 carbon atoms, and still more preferably 1 to abouf 6 carbon atoms. Preferred aminoalkyl
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or nore sul foxide groups, nore typically one sul foxide
group, and from1l to about 12 carbon atons, nore
woe@hesabty 1 to about 8 carbon atons, still nPCEUS2004/005356
preferably 1 to about 6 carbon atons. Preferred
sul fonoal kyl groups of conmpounds of the invention have
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Hfe PR amiTR BotpéRhddadd tHoRNBowSs haWilg 6R bREIYgrou§udedited with one
and from 1 to about 12 carbon atons, nnre@grefera bly 1

or v heletoan!] geoups Pubstinied andpasupstiaied monefed disikylamipe groups

a?ler galf’%cu(iar%aé ?%gg@{q%ﬁ@ 1a11P:vgl{?% éa%ﬁ a.ﬁ%x}é&?%n?% 1F§ Q%mom lto

a%hﬁréeca%drﬁat&ubSj&d:féltﬂécEdkyiEulfdxﬁﬂlﬂcbmpbﬁdis ofitHeyihvdndivh hagve one
from1l to about 10 carbon atons pr ef er abl

1to
O FRAE SR GaRBRURE BRES tyPie]it %S@lfﬁgﬁ%geapmt from éﬂ%ﬁwt 12
cgifb %gmﬁy Rbse @fefe&my iRy St S’Gar‘BQﬁ‘Et%hﬁ QiEmbfe pﬁrael%biy 1 £ about

tons and I nclude, e.g., quinolinyl, pyridyl,
Cpgan’lam Aghs. Hrﬁdm:q/stulfooaa}bﬂ Zpyps of gcpryl])qundpyf t|hg finMeption have one or

t hi t
ot areiCRL RO oL BRI SR S, HPens, g om 110
dbBeol 2’¢a,rbdibﬁifdlﬁ§ Wi GRE p}eferﬁxﬂp 106 Bbcut 8lcibon ARy stilblinlore preferably 1
i ncludi ng 2-pyridyls and Mfyr dyls, particularly

tpPPuA ca éﬁqm%i’éf‘ée%ﬁtd %lﬁ@o raeRseof cPmgowsisiof therigveption
RS LS Bp ot e P N bqr KRR maty iy BREBANG carbonyl

goupss arahﬁnomllno riy@n B capbn hwwnishgofea wefiefabiyol toedbout 8 arbon atoms,

rbon . | e ero I|c i r oups ,of.
St retaii boR? SpoRs S Pret W BRihino eroups
ihc1GHd!gRse gr@ulﬁb of tiezfokhndlaNMNHCGIR tWhdtd W lis substituted or unsubstituted
tetrahydrofuran I, t et rahydr opyranyl, pyrrolidinyl,

ajky} hgvigg frogy } BolRsarAnAipms. spgse pg{qrﬁlgly 1to about% carbon atoms.
%{uﬁﬁfe | Lty drom RS %}B@S ' dﬂébm Bighds 4 %Qx?mﬂbh B¥tain one or more N, O

tituted noie of ¢ npounds 0 e 1nventio
orrfchtomhs agd swhde e g1t @indihyl, @Smdyl Wm}ﬂﬁﬁdtﬂ@Etlzkﬁé‘zoyl furyl,
PCT/ S2004/ Q053 ro S,

TP TR0 PRl K R BsU gy recoly oxazolyl

i%ﬁ@&bl}tl Uh&slybenzefiari, b&ﬁi&maz@yll 238 lp?n@ﬂ $1hdhhd?ﬁl§ 2lpyn@y1@ and 4-
or nore suitable groups such as, e.g., halogen such

pisidy]syparticulary pmistyl mbétﬁgtegr@aomq)@dnorg JiRePosiHORy Ryappicties such as

[
A e e D
abmsend plkefyendbhyl hamapdioal 1 oo oy 8 cngmumsmsn&hmﬁ]mg
b hed
hertg'gghc%/chcc gr%hgs 0 rcgllajlp(s)uns s%gntglsn cl)nse%rr) rmo pé/ LI 8noC} St atck))mts Xnd include,
e.g., aziridinyl, azetidinyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, 1,2,3,6-

, tetrahydrdpyn’diny], piperazinyl, piperidinyl, morpholinyl and thiomorpholinyl.
Substituted moieties of compounds of the invention, including substituted RZ,' R3,
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al kenyl and al kynyl groups includi ng groups having one
or nore unsaturated |linkages and from 2 to about 12
wa@asbom4er from 2 to about 6 carbon atons; al kpeT/bEm04/005356
groups including those noieties having one or nDre
thioether |inkages and from1 to about 12 carbo _
Rat, @TilﬁsRoETOFJP-‘b may begopiismally &ibsdilh theldreroupnEay |’0ﬁ syfstituted at
ee glsrtno}%h ﬁ:{blee sﬂ%@%&%m@gr 159196 suitQMg E}o'ugg‘sucﬂlag@( halogen such
ose havi ng one or xygen 171 agé%
aaﬂdoffo[ ﬂm)rb bmmo&ind iddo] 2yamar lnainoxt ,onmaﬂkyl grcmpa belitding those

carbon atons noalk ro gro

EFRUPF HEVIBAE (ot 2 PG e (’wﬁﬂﬁf e bR Preferaby
AEINdiAP BfaREhedlcBbinl I‘slu@xf 4 énd 1By
nBﬁ?%ﬁgX%ﬁ$§ﬁgﬂzar 5nga%bn€:or ﬁ%ﬂ¥? to abgﬁ%ogﬂcgrbon
amenyisandﬁli@nﬂrm@tms dmpleding grogps hav@ig NEear QIR upgpjurpied linkages and
[
gti? gfﬁj %:aerC L rﬂ%/or%f 2 t‘g %’récglgtg%ﬁxﬁulo % o(_r)nrs% kg{ﬂﬂké ﬁ%dp@’ %cludmg

tlﬁkﬁﬁ h&b:étid@ BaGan vebr rﬁﬂahh]oﬂﬁﬂ‘ linkapes gpbidronme endbonal2 yarbon

acceptable carriers 4uvants and vehlgles. ‘
IRl (0 SRR ACEPARIOBIN: 1. ihadERIBIG Ereg e et e

RS0k lﬂt] V%%@QP%%SJOE@thé & drWER bk fHenilRkages and from 1 to

partic The term parenteral as used
aheuteli2rearbon| athesori quoe\bommmachtmhs anfl kemjnoadqyt groggs such as

subcuyt aneous intr der ntravascul ar

S5t SO ERB Qe b5 Pl ARFE L e Foh BY RREEef L i) secondary andror

terfibAyAS RSpk) andfional to auahf 313 E@B@{ atomB dr frokel fondbect d ©ifbon

or infusion techniques, wth subcutaneous,

49m®¥-anuscul ar and i ntravascul ar injections or

i nfusions being preferred. In addition, there is

provi ded a pharmaceutical fornulation conprising a

conpdihechmohortitig sialtmf nhe ipmeraiva maymmmani@t@tdddapibglly, parenterally,
table carrier

D OB sR B RS U B 0 e R P ARG iR gk Sentiona

1HRL6x 1A PRartnb@icaP &IcBmay chgietd, ydjaea@PindbleRicluds Phehtral
and/ or diluents and/or _adjuvants and if desjred other

@@’ppl@@ﬂt}(}ﬂg}f SH 28YR0YS SORYNG| ong 105 thegaunenivg| salts of the invention is
ﬁ;aﬂ%?:ﬁ ytoﬂrgi’gﬁe& omt%ﬁ)? gﬁ*@nt@m@h&%éﬁm m@fudest lhﬁ‘:ctlones and the like,

I nventl m xed W t conventi onal exci pi ent
sphia psrabe utanarak | iptralcoegt mbieascdior Q. Zﬂ@meﬁgmintraartenal)
15{%{9%%&@4@%?%2 i Sé)l g?gtézgt}af'ézg cg{lg%ﬁlbe%ng? or m?usmn techniques,

W R cBiahdus Oftrambicaiar 81 metavalehiat ﬁ\lidcﬁbh@ o ififesiohs Wihg)
the active conpounds and are not deleterious to the

prefersiient thereof. Suitabl e pharmaceutically
acceptabl e carriers include but are not

In addition, there is provided a pharmaceutical formulation comprising a
compound of the invention and a pharmaceutically acceptable carrier. One or more
compounds of the invention may be present in association with one or more non-toxic
pharmaceutically acceptable carriers and/or diluents and/or adjuvants and if desired other
active ingredients. Typical ph‘armac'eutica] compositions comprise an ammonium salt of

the invention mixed with a conventional excipient, i.e., pharmaceutically acceptable
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limted to water, salt solutions, alcohol, vegetable

oils, polyethylene glycols, gelatin, |actose,
waryko3=27 nagnesi um stearate, talc, silicic acPdr/us2004/005356
vi scous paraffin, perfume oil, fatty acid

nonagl yceri des and di gl ycerides etroefhral fatt )
SRR G T SR HUH A S Pl e o g uaton
WaRAIdb Yt BQE¥MbIYY RYENALH HO BRI veRbpolMB AR TRE BsblREds to the
preparations can be sterilized and if desired m xed
Wpipwngm@rqqf.aﬁ91t@éeepha§pac@p@qqllypg@p@@gﬁﬁa@jers include but are not
V.at i Il hzer f n .

B AL Phby SR b TR EFOE vollTih O UGB Bene plyccly aghan
lautfofe mmylase) magnegism stdasatg nalagHicanalidvigbedBdrafein, perfume oil,

ubst.gnces and.the |ike which do naot del eteriously
Uy et mrt%%?ﬁlééeé@w Q@f%mmw&mmew, hpygroxymethyl-
EAIERE 110 Br g e, REarRABT WS SErdPREAN LR q*ﬂe_sf)hmma%ﬁﬁfcélb' y
ina sterile non-toxic, pyrogen-free nedium The
pepgyatioisen b¢ sigribredtand ifdesired wixeddvittcondeny agenispag., lubricants,
used, .can either be suspended or.disspolved, jn the .

B L AT SE DR SR S LS Sallksior Hdopan osmotic
prReatd) BLFES, cAMbfs! VabHM@Sandng alshdtRrsuPgarReeMdshe Ake WRich do
di ssolved in the vehicle. The pharmaceuti cal

pefslsariqusly geachwithithf #54 ve enmRAMRES of the invention

may be in a formsuitable for parenteral use, for
exanpl e, as aqueous solutions, or dry powder

c onpo€piipomsisf the iagentine nmy be ddmessteiaé ppreodratlgdprbgrably in a

I hilizi.ng an aqueous,. solution of the a ni um sal.t

S e R o Gar A Py Tho B R R b7 [eqehicle and
SérREA i oBRLEd, caP€itiRr BE QishéiRicP BARRBA R ih G Yehicle. Advantageously,
accept abl e aqueous solution is added to a vacuum vi al

adiHynssiueh anlagphangghirtics. EesspaYVes 294 byfferng 2gents s he dissolved in
| : : . Cor 7 o . _

Bl R MR L oSS BB of v e

prag parmad fam switalde fagqaesntesal use) Spensinple, by aqueeusadtlitiohg or dry

of ter pr.ovide the. active .ingredie i,n m. xt ure
RrviFE s SaPREnCTrh S Seld Rrig e g dgapovs
o106k 6T tRE aiRoRivpk SHEST\IR inV@ition STyprRENEfor PhrsMefaf hftdstefile water
wetting agents and suspendi ng agents are exenplified

BY2 sterdls @hammasgeticallacrepiable @quaons solutignigiagestiala vacuum vial

T T R e T R

FihinkEatich. METHODOL OGY :
Na- ( 4- Am no- 4- deoxypt er oyl ) - Ns- hem pht hal oy] - L- orni t hi
ne (PT 523), conpound

-Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetting agent, suspending agent and one or more preservatives. Suitable
dispersing or wetting agents and suspending agents afe exemplified by those already
mentioned above. Additional excipients, for example coloring agents, may also be

present.
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8, was prepared followi ng the procedure as outlined in
Schene 1. Condensation of 2,4,5, 6-tetraam nopyri m di ne

Wowaos/00d4ky dr oxyacet one gave 6- hydroxymet hyl pt B€T/US200€005356
1. Conpound 1 was treated with brom ne and tri phenyl

£hos§gine in dingﬁgﬁéacetanide to give the

OV FEER Hn NEG@D, ¥et byl pteli dine which was

coupl@d 4 Qs 4L gud sATNPABRHARIafoyREL Snfifnd{H 105 5h), d
pt er (%?Id geﬂ?aocﬁglé%%&e?‘oﬁgﬁr iﬁt yﬂ%f at ﬁ'g cr udenp§ oduct) compomn

Svass prepated 3% vaag drgliryceddreg orPnel irBeehems It he | ow
solubility of this conpound in nost sol vents,

purificatiopn b r al 1i . pr.oye )
P eitipton e A5 ¢ Bk R R MEG b o fiferons save 6
H’}Qﬁo}@ﬁieﬂﬁhﬁeﬁdinéw.t CoapeindNgas €ay&l with baednei@antriphenyl
cool i ng. t hough conpound 2 deconposes in hot aqueous

Mhpephing medimethylBgetamitte to Ve ke rgaRodmsdubomameh g erdiae
\%%gfl WL g({)@?eréglg Igﬁ{l %i&a&l%nh'a erﬁefé' a‘égﬁ t%%%ﬁ)rd %}02%%%0&9 acid 2.

observa conposition. Recrystallizati

Baity of thenrmndle lpubdncagaedhost 8% eaalxdyrad by HEI €2 dDwr todbeclow
purity tao 93% or above. Tpe Pun%&ied sglt was..t hen d
B ok ihis eaRIeTPS HEICH SPIYY S PR PYeeR S Rljizatsproved to
l?&i%aﬂr&ti@&]'. &he EBAEIbALIHE Bodthim GARRRWRder2wRE 841886 fhot water and
readi |y and gave good quality internmediate 3. This

emstalized upsasockbup | Althavgh sompeind despmpsses an hetypgueous hydroxide,

conpound .6, ich.had.better [ whi ki :

AP PGB SA R oo BBt pove e sodom s
whhaTRbagy R JecoBpssitiby. dRerystdl Bz atibn of trpall fidnbdilinelgueous
the reaction conditions used for t?e nontIo n}/l anal o%
birebargioTastBRrodist REILY Kty a7 Poyst LB p gf‘d’[ﬁ th?éF*fW nverted
B c‘RQﬁQEidE-b %%Gﬁé?ﬁu% ag{?@ouela&é?@abm. de and hydrolysis

of the net IXy ester proceeded readily but cleavage of

the fornyl group was slow and inconplete. Better )

r esul Fernyation ob cerppeund proegsiedicadilyand gave Boqsl gualityiptermediate
ulf.oxi de. as c0sol v . e WM E | X kVal.:

3 RN BB L MR 0 SR SR Gl perer

saYimligtdhancteistRR 248 wak purifidd tholdmi clirematdgeaphpeBaedsydrolysis of

the product. contai ned sone unreac

( ed f or nyl
eIRRIA & uader thy reectidhenndyiopp asedd: 8&@‘? BHII’\’E"FHﬁ‘%aIOg (methanol-THF
‘ D Do ; Tt ' _
LR R 01 SFRELR uth FBEoduPL Obirife Uihe PSRN and
hydrolykis iopthe megimg lebtes prab eedediresdif YoutGleg yagered thesfacnylgmoup was

v dmiroof it aPRT T B roons ) bR T ey
SRR as9BEdlvent 1 ThWDWAGQH Efdvhlent S HabiSaQ0NISO0matenol (1:4),
the reaction went to completion in 30-45 min. At shorter reaction periods, the product
contained some unreacted N-formyl compound and by extending the reaction time,
formation of several other impurities was observed. For this reason, the hydrolysis step
. was carried out in multiple, small scale runs (2-10 g) and reaction progress was closely

monitored (HPLC).

In our first attempt to obtain a uniform 10-15 g lot of compound 7, several small
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bat ches of 93-96% pure product were conbi ned,
di ssolved in dilute agqueous bicarbonate, and the

W@ eompowad7 was reprecipitated by the addition oPCHEUSZNN005356
This proved to be an unacceptabl e procedure. A ngjor
impurity was generated and the uniforml ot now had a
HRARhES ¥f 9fn lp‘éreﬁ;%&ﬂuc%er@é&mdlg&weﬁmf Gy aga&us bicarbonate
conpoun As an alternafive approach
aeéﬂmqmﬂwdd Marepc@mmmmdbyﬂhm@hm@i dtamdeﬂikusspxabéchtoxﬂaean

amoni.um roxi de. .
PYRTRIPR A RgReo £ Pais? SBP LY Sl SR G iR I had a
rityloft 85RI 0w htiemyehd & ﬂ@\/lﬁ@éfom ufdUafled. As an alternative
p(?ecﬁonp&og}lltl on, if anlytg mgum ni mal lR’rI'HE REST OF THI S 1
FPRECH, WWLW@EWOEL@AM% refeti vl stblray paudissplved in dilute
3 ef er

TR Spp R f e SBREA e B phoBleflyBhifis e
farm bf Lyslie pewd] Prdﬂdéthacorhdpld{ﬂrbn ifidny dwapmﬁmﬁ‘alone
dimer, 02(g) NH2 N\ NH2 AT, 40 h N. CH2OH 1. AT, 18
h3P, Me2NAc, -H2SO4 H2N*N NH2 3. 10/ HOAc, 78C
2. 4- Ami nobenzoic acid, 4. NH4OH to pH 8 BaO, N BaOQ,
55C, 24 h MW 238.2 1 MW 192.2 NH2 NH2 Ac20M)OOH N~
CHZNHIQORMSTIOR THIS HAGENNOHEN NOBOK L CHEFTBIr gRKkux 3 h
%NNHNNN2 MV311.3 3 MW339.3 HH HC -H2N |
_COOH HCl - H2N- C - 000Me

2
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NH2 1. NaCH, H20O CuSO4 (CH2)3 (CH2)3 1 2. NaHCGs,
carbet hoxy- f H2N(CH2) 3CHOOOH HCO pht hal i m de, AT,
w0 2&409492N 0 SOCCl 2, MeOH O N O L-omthine PCT/US2004/005356
hydrochloride 3.6 N HCl, AT, 1 h AT, 18h MN168.6 4 MV
298.7 5 MW312.8 NH2 0 H N CH2-N NH C-000Me i sobutyi
Sché&d Qr gﬁﬂﬁé@é& apréfefred adnibnfuhBdilt dWormida0.18 h H N-N N
HB200HED, #°697. 6 McOH, DMSO, / \ 2 N NaCH,
RTNHD S h NI—IELGS‘HW\HC'C}EI‘C!\P*I\W C—OQ@I Dilute NHMOH ) Y
alw,/  ( CHEPEEYBARTF 2at on [H2NG N b * COTRENRR A
57D, G—G—N—GI-E——N—%—/—N CHO™(€H2)3 [
HoN [}J_E%NNN Bl1oNidaOBBH X - 14 AMnobenzmc acid,
2004/ 094427 PETOUSHT04/ 0053“5% The 'E'ltl e COmpOisMck:was
pvepsked, following literature procedures, via the
sequences shown above. The condeMwa$i2on of
2,4,5,6-tetraam nopyrimdine with dihydroxyacetone
gener ated 6-hydroxynethyl pteridine (1). This was

converted to the
NH,

Ac,0/HCOOH
/i CHZNH COOH "2 e /'\/[ j/c:H2 N OOH
J\ j/ : reflux 3 h
2 Mw3ana 3 MW 339.3
H H
HCI-H,N—C—COOH HCI-HoN—C—COOMe

NH2 1. NaOH, Hzo, CUSOq (CHZ)S (CHZ)S
2. NaHCO3, carbethoxy- }
HoN(CH2)sCHCOOH-HCl  jhnaiimide, RT, 0.5 h N SOClz MeOH _N

L-omithine hydrochloride 3 6 NHCI, RT,1h RT, 18h
MW 168.6
4 MW 2987 . 5 MW 312.8

-~ H
/'I CHo- N NH— C—COOMB
Isobutyt chioroformate j/
3 +5 § (CH2)3
22 EtN, DMF, RT, 18 h /k CHO

6 MW 597.6 MeozHN?\jb:gg
RT,0.5h
CHp-N NH—(E—COOH
Dilute NH,OH )\ ]/ ('!HO ((I3H2)3
Lyophilization NH COOH

B NH, 7 MW 573.6 o
NN CH2~;\I@—‘“~NH—(I)—COOH
A Jo ) eno (GHo)s [
HNT N N NH  GOOH X
o
8 MW 590.6
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correspondi ng brom de and coupled in situ with

4- am nobenzoic acid to give pteroic acid 2. Conpound
wQ20am9440T yl ated in a m xture of refl uxing forPaT/TSB0/005356

and aceti c anhydri de to afford fornylpteroic acid 3

(24% ver . ot her ri..of . the nol ecul e was .

pr epaf}éed E'r HP”B Nt meﬁggﬁ,fa}lg\gwg ygrgyre pr?ﬂ%!gres via the

deqOémtid S dhwds ol %u@lﬁamsofopw %tﬂet%ﬂmﬁ]@oﬁy%ndme with

correspondi ng copper conp cou

dhydexysRipphetngrated fdb}’drnxxmnéh)ﬂ rPéﬂmﬁi@e(lble% thies mnvened to the

0RO Bk LESALED D PHERBh AR 8 e oo i

ZIECbrap&hnd DwhdirmplaRaen 6 enivfurd ¢firofMyling Fordiid Aed galvRetic
thyl ornithinate 5 (43%overall). The condensation

ByidTipIghtoet rayiptreic 3cidid @4 %eaia-or ni t hi nate 5 was

effected wusing the mxed anhydride nethod

(iso b]’ﬁé’(‘)tﬁéll Iﬁﬁfo HRECHE _?_Jag pie gﬁr@i lePH 1 %}1} iihPheHyMfochloride.

conmpound 6 (63% from 3) nver si on
ThnSeLmﬂanfehy@rmhlorﬁEm toirveriad t(’atlhlcenes;bonduyg coppef a;dmp]ex

I wi.t h odi um hydr ox ~
RAPTAIP! Sl ERgRnioE T S RrREnCer £ Bra hen teated
\tvﬂmi@drat}lﬂbﬁc 584 103rAThRdioINNWide 1 BaktiNcatidh bf 8 W81 methanol in the
batches.of 7 were conbined into two 50-55 | ots and

warmchakthinl dierde gaye metrhemithinated] ¢¥3% wra?m ssol vi ng

in dilute amoni um hydroxi de, followed by

| 'yophtjd &ﬁﬁéﬁghom%ﬁ }“0](5;%8 g fmpmétﬂg]gorﬁfthmf gg%?és effected

(as N114+ salt, HPLC u Ity 9 I pped t
ltShng th@lmlaﬂi anbarhmdmyetﬁﬁd (lmmca‘ﬂomﬁmnmd Mhetﬁﬂlﬁinikﬁ) to give

%%%UH% % Lf%’; EW]EéA:}@@ 089‘)’/%9{;15 eé—mealla}?eG t(ol)PT 523” 7 was achieved

Bhedareranhyapglysis WitH 2vesoiind m@o;ﬁaa& Dmixdure oﬁﬁieihaﬂ@sand dimethyl
added to a solution of barium_ chloride (122 g,

rdfoyide (431 pigpor demparytugs fog Bemin (R %)y ety @ffemasbatches of 7

I
P 0 b oS GO g
dieokeang ;1 dilutd askoriqm hpdleckidd, fdiloxfeldi b@zllmrthﬂrmnh:anﬁ;amﬂes of 55 ¢

t' rer.. Lfritt ed- .tube f 0 nl
PAHEY TRT ot BB oty o g% s s Jafearct on
faﬁhir?%dZ(mﬂ as LSTRBE. WL ©1GOr3 ded Mi487@.2312 ol ) and
ammoni um hydroxi de (63 nL, 1 mol, diluted -15 WO

2004/ 094427 PCT/ US2004/ 005356 with 1 L of water). The
s cool ed under oxygen to OC (acetone/ C02
bat h) and di hydroxyacetone diner (135 g, 0.75 nol)

Mesmfdde Q~Arﬁhﬁ-@h£&§fé-ﬁ5%r5ﬁ%§éﬁﬁﬂeﬁhiﬁé ke

Tetraaminopyrimidine sulfate (119 g, 0.5 mol) was added to a solution of barium
‘chloride (122 g, 0.5 mol) in water (2.5 L) at 80°C. The suspension was stirred at 85-90°C
for 15 min, then cooled to 35°C and filtered. The combined filtrate was placed in a three-
necked 5 L flask equipped with efficient mechanical stirrer and a fritted-glass tube for
oxygen inlet. L-Cysteine hydrochloride (87.8 g, 0.5 mol) was added, followed by

ammonium chloride (642 g, 12 mol) and ammonium hydroxide (63 mL, 1 mol, diluted
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was adjusted to 6 (with approx. 4 nL conc. NH4AOH), the

cooling bath was renoved, and the m xture was stirred
wok@ansust y under oxygen flow for 40 h. The soPCTIU$2004/005356

(predom nantly the hydrochloride salt) was coll ected

by fil hed h 2 100 d
bbb HS PTG v Fale ey ORI e G REAE R GOabath) and
%ﬁ@%{;@l\é@&&&&ihﬂ e doirs %dwmsomwrm@pﬁ @f fhe (réaﬂeﬂo&mgxmre

) was added to hot wat er
vepradfistedrg 6gvith |aan>roac‘bmlmoa@|lﬂi{%5 thﬁri_coomlglbaﬂbW)as reftoyed, and

B e e TS vk et oy T i ssha T ne

(pte@BHin aﬁ]uymea{yarduaﬁmaé eat) &hs Bblldt 1wyl filtrhiide wakRacaa water (2 x
at 85C for mn, After filtration, the mxture was
J@@onlebmdcﬁth@@@ (19R enla engdricd uvéergpﬂtﬁewwﬁsue%ﬁcl 003 cgepight.
(245 nm., 3.9 xnol). The bright yellow precipitate was

col I eg Qﬁ ﬁﬁ@ﬁloﬁﬂé &]t"@ﬁ@() ol @@anm-‘)vas ﬁfd@@ﬂﬂot (798, water

m.) and a smal T “amount” of et her
oSVt DH cwaammgl gatlal racmxc alcrdc{@%di Brasailr ’éheaausp_@ﬁﬁn was stirred

ight i 68 f br
SYSrC o futh Tsatsolide aplial wiberbkePy Beidiimg g gear
filaRR3} Rdreaiva vﬂ'ﬂfNoﬂit' thRScHatobl A BBEE &% Bind Afle? BilftatiohOhe
JK-1-108, and 60.0 g (64%, Lot JK 1-112. The conbi ned

miture yas £ogledto @KQWMJUS&%HO PKLG with gogey PJLEH @45 mL, 3.9 mol).

Tb bt Enof AR E AL HINS hasBRBAE vl HobEd. fpanct 100

ML Bambfinally Wi¢h asmasihanswlt of etber. Wi prodat was draddhiniareduced

char coal Cfilte ol.ed.t o .40C.
Sorta B oRd Lo Titiehiip B o E ibe Bogt Siatlesfepasonnot 1K 106.
nmol). The bright yellow solid was coll ected, washed

Wt h Tiad fové aes)énﬁé}ﬂprﬁd:e)dureﬁtfikaﬁpéate(ﬂ% m(ﬁ’e)lmeﬁttﬁpreﬁthﬁr54 Og
i ed under reduced pressure

(%?%idalﬁmo%ré%u a@ﬂﬁ” Otgo(ﬁé%\)éoié% bl (57 % from

tetraam nopyrimdine sulfate) of bright yellow solid,

Lot Jhelcokdtned 1Bk GRPIL S, MK-%O@%]G(J?KWME 179 E0MNH2Hioh) were
120-3-C18 AQ 4.6x150 mm p.; detector at 254 nm

dibiplved ipAB%eng. acetic acid (36 de 5198 rmqlb 7 Crwith @P%Ch@.fw@%ﬁ@ (65 .

TS‘A?% leé}(q:n Clorgltﬁ%% S%Eg'gﬂ ’V\iaé Ug!ﬂ/ Mmmi’ﬁﬁ %ép%)ngft%d and

dwilatt t()Z%)"G' OTﬁe Qolgncﬁr\nmieegalizeﬂ v thoint IO $435 ml., 6.9 mol).
e | e W t a ro nn

SRS dalior P VR oDs SHSR Vith sk A A00 iy egpanol (200
%[%aﬂrergfﬂ)ép gl gg“*ﬁﬂf BRGRsHC WG HaesRBLRE pfeddfe 8t 100°C

overnight, to give 163.2 g (57 % from tetraaminopyrimidine sulfate) of bright yellow
* solid, Lot JK-1-114; HPLC purity: 96.0% (Column - prontosil 120-3-C18 AQ, 4.6x150

mm, 3.0 p; detector at 254 nm; Mobile phase - 2 to 20% acetonitrile in 0.01% aqueous
TFA from 2 min to 7 min, 1 mL/min; Sample - 0.5 mg/mL, 10 pL injection).

Example 2: 4-Amino-4-deoxypteroic Acid (2)

To a 2 L 3-necked round bottom flask, equipped with a dropping funnel, a
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anhydr ous di net hyl acetam de (0.66 L). The resulting
cl ear solution was cooled to 5C and brom ne (132 g,

w0 283/09m2) was added over 45 min whil e maint ai PCTYS100€005356
tenperature below 8C. To the resulting white slurry

s added 2, 4-di.ami ho-6-h t teridin 53
B 4 i By d Ve ProssBec s e £9.4570) ana
LPyeat besdhBaidaat (0.9616). THeSEsuE @ sElutibs WaStsMdio 5°C

di Ssolved over 1 h to becone a dark red solution. The
wmdbromime (Was <183 mel) veas adeest @ist 49 enpwbie maintyviegnhbgismperature

or o o - um .
b8y 8¢ Ty AOIeUNGe G118 Lk Sas Bddkaala aBlh LB etny
prefidinyves3eg, &diaciol) N The empeatir: orseea 8P Crlddtoex ghemnis effect. The
stirring.. The,t erature rose to 70C due to . .
Jélﬁtoqqlfgp Ign’yé %8s He chvgr ?j‘n)g? _&?F@I’i‘elﬁ %g}g re(dos.og]tlon. The mixture
HisdtirfeR! P hGienl (efdp¥rathrt Bidinikh @hn7 hgﬁ&n'ijﬁ%ﬁ db@ed slurry. Barium
m xture was stirred at 55 2C for 24 2 h. The

oxidel(338i 3:2§- 3y ehodld anbf-eminadevaoig/acivh 65 7ah B148dnolp wek(rdded imcome

Bt eecoapfhySeliht Yol ZERRIG e foglo SR Lot elpermc

éffectaid the nfixtute tuamd tb Aeusticylovdeshwaswithint16rga. auairéhctiOn mixture
i solate the solids. The solids were slurried in MeOH
was ssirfed at 53 &1 76dar Hy=Rih. (hhsreyiingaHowrroyp swery was cooled to

. erat : ) _
209, e USRSy 0 1. 508 GRPMLCHE 2 e o wor
isblated byifitirhtéom, sl in A0 @iSdnadndith¢ fitugy) wasdfiltered again to isolate

I OCESS in.two lots, {0,.qgi . (Lot, . BM02G-56), . ..
- B SOEE° et S ted D ofecl (43 13, isrRh pS ity o1d ai-dried
gt dnftfent tdrhiratBd, Q265vEO85 g (886) of 2hide PG ad¥eBroSnikhlyeREw
i n et hanol 10 L). The m xture was heated at refl ux
povdesdLeiBMWIZGho4i gorous stirring. The nmixture was
cooled to 25C, filtered, and the solids were air-dried
at anp LohibEFRRLEIiBon2YI0Y HNhas(réeesskd iiwd RitdkYSive 83 ¢
238 g of browni sh yell ow powder (95% recovery), Lot
Bidt BDRO2E686) Brd Bp 4Lt B esBiafiertde 2Na} salt. Step A
The above solid (237 g, Lot BM02G 58) was stirred in
4% eous, - - Ot~. 1542 i .. _The :
i ThiF ST Gt R0t v 0B, P56, 057 53D BPw Qe n methanol
(GJiOTI;)d rTihe Gnik e ﬁlﬁ; lileayéﬁleit de;ﬂ”uz f8A3@mé whh er@rglsiiﬂinﬁ;. The mixture
Lot..BM 020-59A). T i].trate was treated wt ‘
NGt eoIhia5a) f?fé\%fsd’g'*y& e e e RErdregsEmbitat SmpERREe
beerhigfl (ch a6 rf%lqo g@@ 288 &R bEmishY YIB! fOW dRF %Weké\te%y)%ét BM-

i sol ated by [tration and air-dried at -
02G-58.

Example 3: Conversion to Na* salt.

Step A: The above solid (237 g, Lot BM-02G-58) was stirred in 4%
aqueous NaHCOj3 (9-5 L) at 85°C for 15-20 min. The undissolved material was isolated
by filtration and air-dried for 16 h yielding 91 g of brown solid (Lot BM-02G-59A). The
filtrate was treated with Norit charcoal (35 g), filtered hot (85°C) and allowed to cool to

20-25°C overnight. A yellow precipitate was isolated by filtration and air-dried at

-17 -



WD 2004/ 094427 PCT/ US2004/ 005356 anbi ent tenperature

overnight (ca. 18 h) to give 109 g of a brownish
wQ@edhowm4spl i d, Lot BM 02G 59B. Step B: The uneCE®E8t00€005356

brown solid fromabove (91 g, Lot BM 02G 59A) was

slowy heated in 4% aqueous NaHCO3 (7.1 L) to 90C.

et lerhparatrgl oveynight gga. WaB) togdvreP ot lrowaish ey el Lot

] re was stirred for 15 mn at 90C. The

%ﬁiy%%é%gMas renmoved by filtration and the filtrate

was all owed to cool to 20-25C overnight.

( Pr ecStgp Bat i on Tk vadigsdlvashbrewh isolibzomrabert (93 gniof BVEQ@G-59A)

the.charcoal.fjltratio < . .

R beRn 46 SRR ue 305 At BR 10 vas
alided@tdthe doldSorl 41 thOHiixtGRe vadlstirred r 15aninBMOLG Bk charcoal was
Exanpl e 3a: Alternate process of conversion to the Na+

removed ot Bliranompnd e Efra wes élieafﬁ& t cgolijag0e "¢ aKeBPisky
GR35 R R g pRLRERA sy aEmb )

Thaslurfy aesfiltetadl bbb wethtedadolit iwals airgiried ob give d2 Igyof Bak the sodium
filtration. The filtrate is then treated with Norit

Hak - ?92g;)(?1°fi ltered hot (-V65C) and all owed to

cool to 20-25C overnight. A yellow precipitate of the

sodi UB%aﬁgJ]é 38 ARerhfite pheBss sTeba¥eedomib the Naf adli. on and
air-dried at anbient tenperature. Exanple 4:

Recrystallization of Na+ salt. The brownish _yellow .
mat er $EP A(2DGPiep B obExBRple 3@ a0 coppingi B9 Sye PiAp.paere solid
26HERUS ir?ﬁ)gdnﬁi{ﬁr: Dica %ﬁ?&%@@@a}ﬁ%?ﬁ?g@ 6+ 15-20 min. Trace

uti on was eat e acti vat char coal ,
widisspbydd frateridbisnsatated bPHQE filmatibnf iThedileate isTthen eaefliwith Norit

RS PR T TRl L8 D228, . oo

lsx’eapitﬁz@ of &d sbaitinQlt 0P id Ben is81aldlGy fikati G driddhiM@sed at ambient
isolated by filtration and air-dried overnight to

igmperagse.g of a bright yellow solid, Lot BM 02G 62.
Exanpl e 5: Conversion of Na+ salt to free acid (2).
The conbi ned sodiumsalt (71 g, Lot BM02G 61, and 94

9. LOExdIO4CRO s, %i@i&%@*‘é?goi” water (18 L)

cont al g sodiu I car bonat e g) at 85C. The -18

WD 2004/ 094427 PCT/ US2004/ 005356
The brownish yellow material (107 g, Lot BM-02G-59B) was dissolved in 1%

aqueous sodium bicarbonate (4.1 L) at 90°C. The solution was treated with Norit
activated charcoal, stirred for 15 min at 90°C, and filtered. The prbduct began to
precipitate immediately following the filtration. The slurry was allowed to cool to 25°C,
then cooled further on ice to 15°C. The solid was isolated by filtration and air-dried }

overnight to give 95 g of a bright yellow solid, Lot BM-02G-62.
Example 5: Conversion of Na" salt to free acid (2).

The combined sodium salt (71 g, Lot BM-02G-61, and 94 g, Lot BM-02G-62)

was dissolved in water (18 L) containing sodium bicarbonate (30 g) at 85°C. The
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resulting orange solution was filtered hot to renove

smal | amount of insoluble material (9.5 g after
waleyogi2nwhi ch was di scarded. The hot filtrat eP@EES2004/005356

acidified with acetic acid (O 1 L) to pH 4. The

resul ting slurr

FSbine sireS nih VadIEGr Ber e By Semrl ARerae SFofbgmateril

.5 B aped &ynas Which Vad dlscard@C) Thetidt fiftfdi€ thaONQHifik Wilh acetic acid

hen dried at 705C/30 in Hg for 5 h to give 117

49 taarH dopotsaeiting glarmy WasICPOME &t AhGen 28d¢e- waten_bqth The solid

B P e A T di.

Bhkd 4te7OPRAIR0 in B9 6r et toagied 117hg el§d@ et sobPourid 2 d&rd wllopkbrange

ey, L6} -84 (00 i O 8% (conianh - prontosit 130 {8 AQ,
4:ATE MRt} 3¢ >sxrem9atfﬁ4r%h AUIBBIRI BhabC1 80% et # 11ncaqueous 10 mM

anhydri dé (510 mol) was added in one portion
lois.cqdh 8@r(t~rthtdédte H@E%mlbmm Samapled 0(03. 10&miL,, 18 4L 3nyeetion).
After the exotherm c effect subsided (45 mn), the

0. roduced at 38C.
%%’?ﬂg%c?f Jé%mﬁo] é(? N ]%%ﬂgﬁle}% a@; reflux for 3
h. The m xture was concentrat ed to dryness under :
r educ éddetjpr axhgdirde (510 KO, 5 ig)) .wat addddan gee parltiod tavascentrated

”)9}13%%@#&@5 %( i |§ﬂer14 gek Conc?féi%mﬁglqg@é@elam> the

bRréit asakyba o1 {7R6)) waa iFiSdiced AMRENT mé rdaB8& Mbltére was then
material was renoved by filtration, and the filtrate

heaied apeiiedior 3h. Thymozarewas gpgentiagnddp damspsoindersedeced pressure

(5% fim e Sy Y5 0L AN PSS L0 PAIRAFREDSI:. Bmonium

Bi0RiBe 1854 Lhe4 imad). fTHetsugteasion Bk B24Ed® EsséBltion€TAC), a small
conbi ned and cooled to 35C. The_ m.xtur aci di

RPERR Y SEP PRIt w58 rEpoyes! B RILREOT, BT 5 JUE e lAbeled Lot
Bagbtlag slurry. was cooled further to 20C. The solid
was isolated by filtration and air-dried overnight.

This material was resuspended in water (

cont aidignalitrPie agicl (02 QQOEI}OIbWam@wlateﬁné)the same manner as
%%E@ P dnﬁg' a1 e‘ééb%férd%%mw{sﬁ 5 h, filtered,
an te30|dvva washe

successively with water (2 x
0.5 L), ethanol (0.5 L) and ether (0.1 L) to give 130
g (>Ibowyo bhrags {BMab2G{/2-&MB) wers gbintlingfl and cenled Wr3pPGgThe

o5yt Pls i b B 8 o Bl { ol T polgng tory

Rvas Tb8led Alriher 16@9°CJ TRt 8dlRTwhyisblalel bafiltedionrand Sﬂdidéﬂfoheml ght.
water (1.0 L) and air-dried for 36 The of f-whit

Jis material avas FrstsREPIeinrAteTHE O lakcongatngmerelin agg . 8@ Ly aft0=+5°C.
t'?h@éugﬁen}igﬁ wis 61 vi Q(groﬁﬁwwgh%ﬂ?e?ed, and the solid was washed
successively with water (2 X 0.5 L), ethanol (0.5 L) and ether (0.1 L) to give 130 g
(>100%) of 3 as an off-white solid after air drying for 24 h. The solid (130 g) was
slurried in water (7.0 L) containing acetic acid (0.35 L) at 40+5°C for 4 h. The solid was
isolated by filtration, rinsed with-water (1.0L) and air-dried for 36 h. The off-white solid

was then dried further at 70+5°C/30 in Hg for 3 h to give 126 g (91%) of compound 3 as
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-19 WD 2004/ 094427 PCT/ US2004/ 005356 a 1.75 hydrate,
Lot BM02G 76. Anal. Calcd for C15H1I3N7G3. 1.75H2C C,
wd80088944b 4. 48; N, 26.44. Found: C, 48.55; HCHUSBP4/005356
N, 26.63. Exanple 7: NS-Phthal oyl -L-ornithine
drochloride (4) L-Onithine hydraochl oride (100
0 By, M PN 0BG lnalnCRled B ORI BT oS5
pdi d ec (k7 4.3%: k82685 - CUprIC sul fate
peﬁtl\gh@?g)rﬁa?%’h(g &'Sﬁ}g O'mol) in vat er (1.0 L) was
m xed with the above solutlon produci ng 'a deep bl ue
Eahple 7-Sy3Puthalbykbrovuttanehydsocorigde (8) 71 ol ) and
car bet hoxyphthal i mde (148 g, 0.65 nol) were added
and th sultl t
7 om'r SRR hRsriog 18 . EBERE AR SLl A1 0
dbﬁ{ahrﬁﬁg aﬁinhryf hfydiﬂokfdal(dl’m gahd8 wadh ethipsiv caléss pmb}yydmté 4.0 g,
ano|

, h
¢ %P mo]) lsz wzl)er GaH &> i Hawdewt%\)ErqiePwolwt@ng’ng‘Cm egeﬁp Bue
&8 $earM bidarbd; té(s@» B8S7 131%1) 2Rl czeiaémaygwha%met(@w £ 0.65

was then stirre drochloric acid (8
mb!) veomaddedped tie mtse]tmgrhgbt hlue Fhepensiont wasestiwegd af rdometeerwcrature

Sj fritt. S er, adth dvvas
{i7 D et Ay otife e iebgad @A o pReptg 85y R woter
W,RQ@rétNan@D{UHLQ% dndesiher I(0. glmx ). ealir-dideoveimnigde to give 165
drochl oride salt was sucked - dry on the filter and

4 ﬁ%zhblap polifk i Bis senpesssltplibthatayd Paltbme dias thep poimed with oy
r&th #J%Hc cg{g %P}doqhte%raﬁ% PGP 51316 e i3 furt lvJats fbfRd using a

sre ver ekend and posited nore
ﬁmﬂedglasﬂ' flhelsanldltlmb sadid was ovabatiwitly 6Niblydmoghloonaaddl.25 L) until the

BiGht rHBroIurs €t B eFoda R R o hE e e S vl suoked

&hﬁ@ﬁit&’}ﬂnd lthe(ﬂrdikl-&ﬁldd%r by ﬂﬁ@ Qﬂd}rﬁfci'diﬁ 4((423 §.YA%6)0s allfpht green
02G-65A, and 4 BM 02G- 65B) was di ssolved in

wéndhbﬂt&M(qzCs&zf} Eﬁle it res f%mfé%t%é fiyes theppekend anghdeposited

%Fﬁesr?)hﬁp l]JﬂE: L&l w%%s&ihéea tb? %lt‘%tfo[ﬁ Ak B! n@@ %ralt l?to( givg’a&tﬁtlonal 4.5
I1e stirring. precipitate orne I mredi at

s (L5 %Y ofvaBglsttgreenadlid,drot BOMORG-65Fhe sol i d was | soI at ed

by filtration, rinsed mﬁth ethyl acetate (O 3 L) and

air-d era

o ool SRR SN SRl R S P i o5
BM 2@ B¥1-020G-63BY wa@&ﬁ@l(zdﬁﬁ‘a methéfbeuabp)/a aﬁfbmiﬁcﬁjﬁlﬁramre This
was repeated two nore tines startlng with 68 and. 130,

Helfereen_sghuion Mian €1l pgd Wb persate -yl WhBe stgﬂeae% precipitate
%eg%ﬁ%&a@%. afigd siﬁlrzy Wad k8 fol 88 min. The solid was isolated by

filtration, rinsed with ethyl acetate (0.3 L), and air-dried at room temperature overnight to
give 72 g of product (41 % from L-omithine hydrochloride), Lot BM-02G-67, mp 217-
219°C (dec.).

The above procedure was repeated two more times starting with 68 g and 130 g of
L-ornithine hydrochloride to give 56 g (46%), Lot BM-02G-69 and 117 g (51%), Lot
BM-02G-84 of purified pfoduct 4, mp 217-219°C (dec.). Thin-Layer Chromatography:
Analtech Silica Gel GF: Eluent: Ethyl acetate-ethanol-water (7:2:1); R¢: 0.33; Comment:
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BM 02G 84 of purified product 4, np 217-219C (dec.).
Thi n- Layer Chromat ography: Analtech Silica Gel G
wabkwagp442Et hyl acet at e- et hanol -water (7:2:1); RET/US2088005356
Comment : -20 WO 2004/ 094427 PCT/ US2004/ 005356
rmg@?eous Exanple 8: Methyl 1V
BY¥ - L- orni t hi nate hydrochloride (5) A stirred
suspensi on of N-phthal oyl -L-ornithinate hydrochl oride

Eﬂhmféé%@ MethOi P@‘Qphtﬂﬂb))l—b&nﬂﬁinh@ﬂ@ﬁro(:ﬁloﬁdé—gS)WaS cool ed
0C, and thionyl chloride (350 m_, rml) was

added dropw se over a perio

mai nt & HEsg shapengienpel anE}P?éoﬂeIP awuhaete hc(dxmmoende (4) (126 g, 0.42
t
g{ggﬂ] %&%@Lgoggffvggcgo%wg' H%de heaxﬁﬂﬂs&g%é%@et(ggo 141 4.8 mol)

i on th was renpv
maseddedriropwiteloer wpsried off 45euinawhileonamtagripethattemnperature below

B GaR Lol e un e ehid SRvAT A YO APby WG i seoling

B v YerhSVERI At ik REITOARGK e ad SIFRMSErd¥n temperature overnight (ca.
codistillation with toluene (650 nL). The reésidue was

118 in-uFhe wenlting hghi yellow glear S@FUtWBtW?ér‘?@DCG@BQeME}SPH@tDﬁyb dryness
SR PR PP s R BER S a ko e R Blfity. Toe

if)slduarvdas aitoraikd weith @ wex tiegdftmethdroh(6drEY eﬂM ddagife @50 mL) and

Ao @) Bhaor b rpiipes condec bR pr 2t ot Wi rames (250 miL

|a [ C € pure
@ﬁ ﬁ@' gfrgéuug d@& %{3}@%% d?urﬁ%r Zt75584_1_5ﬂ9§/;36%m H'§11_ %g_rto Hve pure 5

Nr%tga ef7d)as & Whﬁﬁ pmd@hmdeWW 1C,doh BMORG 7. Anal. Caled for

(i ifi i N Lni.lar, _
B 05280105518 0, AFRER 1L BhD € 339hTh v
hesvhydrate), np 195- 197C, Lot BM 02G 85. Anal. Cal cd
for Cl4HIN2C1040.5 H2O. C 52.26; H 5.64; N 8.71; O

I T T T I
Ednﬁm%]anh@hb anels wgtdﬂsh&n:%nﬁbhm 5 @ba% as gﬂennﬁ%dr(a’«ﬁ Gnp 195-

Comment : eneous. ampl e
T Lt B N50 Ameh e for Gy BLEMU SO0 556 H Ficd: N
I t ol L ar
BTEGH 150s B ¥ o0 BERONBEE (oo i L B oS graphy:
(Az_ialﬁcr:]]glsﬂﬁ_ﬁ) GeGF) EluentdMethalvel-hech4lehd cliiondeail iR 0.66; Comment:
riet am ne

OmMOgereous.
. Example 9: Methyl N*-(4 Amjno—ﬁ‘r-deoxy-NlO—formy]pteroyl—N5 -phthaloyl-L-ornithinate
® | |

Isobutyl chloroformate (3.9 mL, 30 mmol) was added to a suspension of the
hydrated pteroic acid 3 (11.0 g, 30 mmol) in dry DMF (0.4 L) containing triethylamine
(33.4 mL, 0.24 mol). Most of the solids dissolved, and the mixture was stirred for 20
min. Methyl Ns—phthaloyl-L—ornithinate hydrochloride (5} (9.4 g, 30 mmol) was added,

and the mixture was stirred for 20 min. The next portion of isobutyl chloroformate (1.9
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(33.4 nil., 0.24 nol). Mst of the solids dissolved,

and the mxture was stirred for 20 mn. Methyl
whieoplob4aat oyl - L-orni t hi nate hydrochl ori de (5) POTASHN4/005356

30 nmol) mas added, and the n1xture was stirred for

01 & el 79080 b8lind e Seh st S S8 inele T g 15 momol
WD introdB&dadBacke &éxk@bvaa&pe@téu tvasiglotd (&, a&@ﬁglaébbu 1
ornithinate 5 4 , 15 nrnol) was introduced

sklgtrseratandd mbp atr@d) engrompoend b a4 2, &emnﬁgresm@bmly bt 10 min
f
@Hér%]?) RAIPHLE ]a{sg'aé) Jmm tﬁigﬂﬁbx)e v@f[l %gggfl% AFlPé?rattuheqdveml ght.

respec e rva
I’BEtnnadﬁid: tvla@fbncerﬁtlﬁedﬂo)d sefg-sulids oSdngé fe3itiuat(~ BO@M). The residue

ure 0 m xt ure was concentrate
ngﬂ% lg%fsvﬁ tb%@ﬁaéoﬁésf TgeratRg ingpyeHloy-broa presypi@ige The
WEIR1 whd lw%d xy %m%l Heihic0ah- ﬁ{et}fagoﬁﬁo ). gsWbhid Rds

in a yel |l ow bfown precipitate. was i sol at ed
b€;¢0fl¢dt¢dﬂa¢t filgatiort, I’veqah@i with inethanol (Fdtlh)ammol aif-Griedl fo) 2 hThigive 21 g

el BR%e ST s Al el e BB T miTRag Pl mpthano

0J5:§ riudentpraad ded sobutiohReasep dMi @8l bidita g@%oﬁi EdS 5B 38 cm)
met hyl ene chl ori de- net hano (95:5, 11 and t

satkst inpeahnsthalspe icblarign{ola @GWPWWPS @eﬂed ith(raetbylepe :
éhl%née-l?h%t}fé%] (99%0{5 ﬁ‘i@ | B8 %Wgﬁg@hﬁﬂh@ ef8néRo810, 32 1).

colum was e
cwecfractlensrmmhanmg pyi® @rcsjuco(wsu) ¢achpivbewethbinedrmd bydcemgated to

hI or The, fracti S )
GBS RENE a0 Bos bl o ey i The ep et B skt dissolved
anainmﬁﬁ:&mump €58 D)) afll eSSl (S8 HILY 8t rbAuR. EIOQ(WO@C) ethyl acetate
| ht yellow solid. The crude product (11.5 g) was

A ep siwyadﬁ?%ol}h%scdvtlwﬂz BRderle sifingreinesiner yellow
Q&gtléi?r-‘)v V\f’&]lor\xgtg td! éool"@& o o eﬁﬁd}X Ian(f‘%% Qg»%}yastglgrgg o%ﬁii ght. The

was s ed to t tron wth
- sextrday.ribe nﬁmgewaaqoolfdlw &12°Cdot 2hiaod fives:dpdit- dmaij tiea dried at 80

oAb GRS REE BLS o 00 el ol @ aiapmnpund 6, Lot

$3C0D0rs0? HPLAN 96 5vd t-eTReNMVE $pe Qt‘hhrﬁ Qho&é@ﬂﬂaﬁtﬁé Sﬂl)dﬁét cBftained ca.
5C/30|anfor 14 h-to give 11 9 9 (679 of

P melfp ek e thaeq srijetallisatismsalyents. Ihis papidllyzalvaed prqrduc:c was
8t for ¢ ‘?rah@(ﬁiaﬁ%ﬁ)%t rum showed that the product

cont al ne nmol % of the three crystallization
solvents. This partially sol vated product was
sui t a®l @ccﬁmbatdin@fthydmsefd(ﬁ (F8tg, 0456 Modeeatcbabrdtvidth isbbutyl

e Sa B A0 R b Fvacrs (e S mhA U, e rsidue
Ak @lﬁrrécﬁ\ﬂﬁ!’{ Qz'ateﬁtz DWrand the sb1Rbivelillected and air-dried to give 143 g of
crude product 6. This material was chromatographed as described above to give 101 g of
purified product, Lot BM-02G-81. The purified product was stirred with water (2 L)
overnight. The solid was isolated by filtration, rinsed with water (0.5 L), air-dried for 40
h, to give 90 g of yellow solid, Lot BM-020-87.

A portion of this material (5.0 g) was dissolved in refluxing methylene chloride-
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was stirred with water (2.5 L) and the solid was
collected and air-dried to give 143 g of crude

w@e@dogi426. This material was chromat ographed BST/US2004/005356
descri bed above to give 101 g of purified product,

e T RN R

frdxkt‘hl:eax%s%ﬁneﬁ E&Sl%%m \Ifﬁilé’\@;oﬁﬁg {BoSmltdmpathturd rT}%qungre c, was
h, to give 90 g of yellow solid, Lot BM 020-8

fﬁl&iﬁﬁd dhroegh 2 padsofipgliter(b g a!((Bth@ cgjite mkweﬁ KR et mﬁhylene chloride

LB PR R 3 R AR Rl 43 9 v
@ilsolggd ﬁlmdnﬁh&é ePBMX (252nD) ariﬂEMﬂ)H(dﬁ‘Eﬂlla Iﬁdreﬂh:e (72°C). Hot ethyl
m xture was stirred for 15 mn while cooling to room

PSR Y Gr @25 Fpwapsloply eddgd and the |8t1%?%%91¥tmno\tﬁ@wallg\vﬁaép cool to
gfnb } fnz)el(a%rg) Tgée]fétsélggg %]L%bt“%ﬁ g@geo R glﬂsﬁ?lgn \%&E‘d to 8°C and

ori filtrate was
ﬁdtntcdnﬂ" hat@dl was mdirspd esth, ctlah deidte (25eslparel A3 dg) rovms

| ved tu f
SRRV £ P MEE( R ve S O LRAE YeHBRs cryaley 1 BRG-89;
sirod-ygdgded and the stirred solution was allowed to

cool to anbient tenperature. The resulting slurry was
stirred overnight, then cooled to 8C and filtered.

The sdps eoveirder phheidPMF036-81 (87 2)aras panbed b5 svnjlarimenner to give
tal
e 5 LD, L SOBELAOSE ki L0 v

GPISE (79%)8% The remmi nder of Lot BM 02G 87 (84 g) was
purified is a simlar nanner to give 63 g of pale

yel I ow fc [ %gt?ﬂ] 3f corr%%]gmgo 2% 4 ﬁ)ﬁ\g@ gizrrc}%/agth Crhst%ﬁung with 54 g

conbi hed’ yre
CO.UP aivi)cbf Gompsurml pAfte;dsmdfa g’ﬁ] &ummh alirofatu}edphyf 69 § (19 BM-02G-

W}“Eﬁgﬁ a (0.15 npl ), of conpound 3. After silica gel
o Ahsol F“E)ﬁ’fi‘ﬂed@‘?sé’&fﬂ)“edégm@ Ptn@cffacmso?é Z%sﬂyot&MQ GrgpB) of

fi
P B 80 ol S Sl om0 28 1.

flioaempesrssideai LAVIFi bragh pradoets |(BMu®ZG Péé a(ld asB)iwere sTitrg] vigorously

To‘g)rateer Vi a%cff Fr eapecggglﬂjﬁ)ghp c{ sy fksofa%e% by @trﬁp ion, rinsed

rvaememﬂ, ¥l 31y dfiet fomn h fﬁbe dﬁé’d fueusewu@ 1e+5EP3®InGdg Ry 5 h to give 66
filtration, rinse and air dried for 64

1§, (LPHRM-QRO- 082 @Pfi ﬁ%lg (%rf’t EMsQ%CBéOXB? Afigeley sglids, fespegtivaly. Lot
¥vi-08GL169B R RRRed $ofler @Fﬁ)]l%%s 9Thd- MR G EE B mBhylene

yel l ow solids,” respective
chloride-methanol (93 7,2. 4 L) at reﬂux (~35°C). Silica gel (44 g) and charcoal (1 g)

were added, and the mixture was stirred for 30 min while cooling to room temperature.
The mixture was filtered through a bed of celite (40 g) prepared in methylene chloride
(0.25 L), and the celite was rinsed with methylene chloride-methanol (93:7, 269 mL).
The combined filtrate was concentrated to a solid residue weighing 19 g. This material
was combined with Lot BM-02G-102A (66 g) and dissolved in a mixture of DMF (435
mL) and methanol (435 mL) at reflux. Hot ethyl acetate (65°C, 4.3 L) was added slowly

with stirring and the solution was allowed to cool to room temperature. Precipitation
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BM 02G 102B was purified further as follows. The solid
was di ssolved in nethylene chloride-nethanol (93:7,
waQ@2eb4l0d44a1 reflux (-35C). Silica gel (44 g) anBCT/US2004/005356
charcoal (1 g) were added, and the m xture was
tirred for e cooling to.roo er at
nﬁ?%ﬁlﬂ@iéﬁé%?@ Fre*&ail?waﬁﬁ%%?ﬂﬁaae FoulBhg 1 orpy. The

Q)m‘? WP ek Mnn%mhmleﬁ esolsm{ooﬂsd@ fo(Dn 2‘@héaohdam% lsdiﬁed by
celite was rin | ene chl ori de- net hanol

{ihadion, inged with ethph @ceeamm ) £nd air dried owezniglirte @mer@t&@f a

S TEM ] AT i T, g
thaficansidepedodesiphlife (Whs&d orﬂi;l)n)bahyﬂrﬁﬁklb ﬁnﬁb t]ﬁ]éﬁﬁ Wﬁs)retaiated with

refl ux. acetate
§ilfmfg} (13§ g)wnéf»lx%rfs?q% & §r$<)j"’t Iﬁ@thglspmhl%dwgthamﬂd%a 16L) as

SR BT BB mOn

(0. hLAE3 Br3. hEats edorma® glinSiﬂ)ngﬁ GerepoundSUB6 70 gs & hi ghzt yellow

ciyalibe sl 3of BVERAG S Bl GESF o Cpligyprehprppey Risiasi s

10005, e06:050 nsf m, @V%@El%r 602545k Mo nCbiAkd - 269, €662% methano]
overnight to of a crystalllne yel | ow solid,

O Banons GFA¢ PEH S8 T hyEio® e Sumni Somsle. ca. 1 mgiml.,
10 UEmick B TRRSGBL CfkoERar ARY e EAP 28R R REMRIqey Sitica G

GeF »{:] IBuay): Maiylehatldodde-m2thdndg)(911 Rfel. 3wy IG@n@ment: trace impurity
E!qiége nmet hanol (93:7, 7.6 L) as described above.

ulting 67 of solid was recrystallized from
DVF- MeOH- Et OAc (O 3 L-0.3 L-3.5L) as before, to give

SRargplef10 CortRaLmeing-4- t@&y@-ﬂl‘l@dﬁ]ﬁmbﬂom -ornithine 57)
crystalline solid, Lot 02G 105; HPLC. 98. 996(Cb um

- Phenonpbnex Krona5|l 8, 0A, 4.6x250 nm 10 ;

det ect B suipepsian phihe IVBBW‘@“‘F% 2. 1576mmal). B'E%’Wéttlﬁéﬁé‘llethaml

556 @m@}%@&iﬁfcﬂﬂé sl Fa%daodd 22mﬁ) éwlé&otlbb@txhéf lw%'i@r%%l)h) QYR added a

Sanpl e - ca. L injection)
IN |sndluave1dr€@hdecﬁmtmgr(é© mL 9ENI n@eplé oAt ms Whﬁhmin@glymg the

Selﬁilf:tlonatggpera lﬁg Rézlf)\%% (:E)E | /H%P tﬁa)e aél\;/lilgt?%oﬁ%%ézﬁ d batt}} g/g%removed and the
hﬁﬂw‘d W stigded B ro@rrﬂtémp@a&ﬁ@f@ 3@@11111 The resultm g clear yel]owxsh brown
Anmi ng- 4- deoxypt e -L-orn

t hi
Boltizgn s derbpah i (o0 1 %)eartsirqw{q@htﬂ 19 L8 s adosted o ca
95% Wit TR Ihgdrol:]ﬂoﬁc H&]ﬁ%&g ﬁﬂndﬁfanmet‘k% bon vk g@x(?a&}a wﬂﬁ] gthy] acetate

di met hyl sul f oxi de coole to 1 I ce- wat
HEBOML x\¥a.s Thel dgrtons plza‘sb vasl dllmemymih ovatat€3 KoL), |thxm 2(dgkfsted further

m‘éa pI?I 407 Wik 1}\1 aobtic ac?id r(‘ggﬁ mﬂh iﬂlg resu t]rr]ltg agelatnr]]c%s m]xture was seeded
and stirred at room temperature for 30 min. The solid was collected by filtration, washed
with water (40 mL x 4), ethanol (40 mL x 3), and ether (40 mL x 3), and air-dried. The
solid was dried further at 25°C/0.1 mmHg ovemnight-(ca. 16 hr) to give compound 7,7.8 g
(88%), Lot ML—O7G-OL as a yellow powder. Thin-Layer Chromatography: Analtech
Silica Gel GF; Eluent: CHzClz—MeOH—conc. NH4OH (5:4:1); Ry 0.68; Conﬁneni: some

taiiing,
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reacti on tenperature bel ow 20C. After the addition,

the cold bath was renoved and the m xture was stirred
waromoenet enperature for 30 mn. The resul ti ngpCl/@82004/005356

yel |l owi sh brown sol ution vvas diluted with water (180

and cool ed 0. 10C H was adjusted to ca .
fibe ke ﬁva?%cﬁdamnel SRR £ 965 BOF eSS i hirieen Bl GT1006 g
wep extracted with ethyl acetate (180 nL x 3). The
aqueous phase was diluted with water (370 nmL), then
adjusted further to ca. pH47vv|thINacet|c acid )
(@5 m.. The result|h’g€‘éel atinous ni xt k@ was seeded  Yield

erature for 3 he sofi
Was co{) ect ed by?g}gtrggl on, washed vumd)]\%a]tker (40 tﬂ%ng%)

MIL497G-¢t hanol (4.8 (R%Q), and et her (M@»Qﬁ‘ﬁb& 3), anzl4g(89%)
d The s dried furthe gdo.1
fr?‘lhrﬂg;?q%é\)/er ni ght (cg]hggé ry to give corr%%ung , 7.8 g&ég(%%)
MB897G-02. 0t M.- 07.83 0192%s a yel | ow powsidrQ7GTIBI n- Laye8.7 g (91%)

AR GR T conc. PRe 25 (gl . 1 R S R sseeon)

sone .tailing. -24 WO 2004/ 094427 PCT/ US2004/ 005356
In the sone manner, additional 6 (116 g) was processed

Eﬁaﬂh erltle?ﬁ—(hi?irﬁmbﬂl éé&gﬁtgro}gm&mpﬂﬁal@l E@Hﬂth‘ﬂeealn?}nomum
Lot Yield M-07G 06 g 799 M-07G 12 (92%

Ml G1G 07 8. 8 g (929 M-07G 13 2.4 g (89% I\/L 07(308
8.7 g (91% M-07G17. 8.6 g (90% M.-07G 09 8.8 g

929 - : 9 Ln® 76100 1 8. 9
(o (@&N%&é&g&gﬁ%@c&g?ﬂ@%-y, 08760100, 18- 22,918 B¥M g, 04.1
Mm¢lwansuspendied dowytpt @O00yhD)). To the suspension was added 5% ammonium
NS nC LS BgL O ok B 0 TSR 8L i e
éﬂﬁ 9.0). 1?}1& SfhattbnOwasHiteled tRFGRIgh a\ﬁ@ﬁtegﬁdéi Pﬁ@ e&hd 1HopMliRA for ca. 30
ed

. To the suspenst on.was ad 0 aAnmoni um
;t@ goitaectsompenishs as7syqHow naQyver nifob §. wimsh waaequeldmatgﬁ in the air

SRR Bt OB etFE 1k P15 I 02,

hydmi&).l ized for ca. 30 h to give target compound 8 as
a yell ow power, 55.6 g, which was equilibrated in the

AT 1 the same manner, the combined free acid 7, ML-07G-01, -06, -17, -18, -19, -20,
-21 (52.8 g, 92.1 mmol) was processed to obtain additional target compound 8, 554 g,
Lot ML-07G-23 (93%, as a 2.6 hydrate).

REST OF THIS PAGE INTENTIONALLY LEFT BLANK
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at roomtenperature until constant weight, 56.4 g, Lot

M.-07G 15 (93% as a 2.4 hydrate). In the sane
worRemaep4421 he conbined free acid 7, M.-07G 01, POBUS2004/005356

-18, -19, -20, -21 (52.8 g, 92.1 mml) was processed

to obtain additional target conpound 8, 55.4 g, Lot

M.-07G 23 (93% as a 2.6 hydrate). REST OF TH S PAGE

PCT) US20041 005558 PR GRL B AVALPIT CAL DATA N

(4- Affiomdinodaleypypeeroyl) ¥ N@nhudnthmlﬁabwhmb -apmmortirh nelt
anmmonium salt Lot No. M.-07G 15, 55 g Melting Point:
Above 175C (dec) Appearance: Yell ow powder El enent al

1/ ﬁloyMLsmé;qgcgij %or C27H27N906 " 1.5NH3-2. 4H20
Calcd Found C 50.49 50.53 H 5.70 5.63 N
M@tlﬁ@PQ@t 9Ab4>\r¢f1r7ér@(ﬂd$bectrum Consi stent with

structure¥] %%ctrum Consi stent with structure.
‘i} 5 Thi n Layer Chromatography: Analtech
Epbrhémd Aallysr el ORH:2060% Nt5NHR2 AHbEEd2.35)
chl ori de- nmet hanol - concd 0. 68 Honbgeneous anmoni um
hydr oxi de (5: 4: 1)C2&8k er - metR¥HbI - concd ammoni um
hydr oxi deC(1: 9: 0.588P 0.90 FPaee tailing Approximate
Sol ubi | i t$71 at Room7Penper atzgig% Water: > 20 ng/nL

22.90

Infrared Spectrum: Consistent with structure.

NMR Spectrum: Consistent with structure.

HPLC Purity: 97.3%

Thin-Layer Chromatography: Analtech Silica Gel GF

Elﬁent Rf Comment

Methylene chloride-methanol-concd 0.68 Homogeneous
ammonium hydroxide (5:4:1)

‘Water-methanol-concd ammonium

hydroxide (1:9:0.25) 0.90 Trace tailing

Approximate Solubility at Room Temperature:
Water: > 20 mg/mL
Ethanol: < 1 mg/mL
Dimethyl formamide : < 1 mg/mL
Dimethyl sulfoxide : > 10 mg/mL
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Et hanol: < 1 ng/m, Dinmethyl formamde : < 1 ng/nL

Di methyl sulfoxide : > 10 ng/m, -26 WO 2004/ 094427
woeINSR0D4/ 005356 PHYSI CAL AND ANALYTI CAL DARET/NS2004/005356

(4- Am no- 4- deoxypt eroyl ) -NS- hem pht hal oyl - L-orni t hi ne

amoni um sal t . - 07 i ng Point:
Above 175C (deck%%%%ﬁﬁyﬁm&ka enent al
Anal ysis: Cal cd for C27H27N9061 5NH3. 2. 6H20 (645. 95)

Cal quf- @%&Qn@élﬂoﬂ@t&@yl}m htnhiplBafoyll B-ori¥ihdde dfmddiuhibalt
I nfrared S ectrum Consistent with structure. NVR
sPd8ent with Structure. HPLC Puri ty:

’%Qﬁt’ﬁg%ﬁg‘tét g%@@%?ﬁ'%l(@eﬁ?ayer Chr onat ogr aphy: Anal t ech

uent Comment  Met hyl ene
Ap;beraramdse ﬁelﬂdvapmkerconcd 0. 68 Honbgeneous Anoni um

RS S5 el RO s TR ©

Solubility at Room Tamger ature: Foit er : > 20 ng/ nL

Et hanol : <. 1cno/ L Digeighy! formgnigde @ < 1 nofnl
Di met hyl sulfjoxide : 3540 nmg/ L 5g

N 22.77 22.70
Infrared Spectrum: Consistent with structure.

NMR Spectrum: Consistent with Structure.
HPLC Purity: 96.5% (attached)
Thin-Layer Chromatogréphy: Analtech Silica Gel GF

Eluent Rf Comment
Methylene chloride-methanol-concd 0.68 Homogeneous
Amonium hydroxide (5:4:1)
Water-methanol-concd ammonium 0.90 Trace tailing
Hydroxide (1:9:0.25)

Approximate Solubility at Room Temperature:
Water : > 20 mg/mL
Ethanol: <1 mg/mL
Dimethyl formamide : < 1 mg/mL
Dimethyl sulfoxide : > 10 mg/mL

All references disclosed herein are incorporated by reference.
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Al'l references disclosed herein are incorporated by
reference. -27-. WD 2004/094427 PCT/ US2004/ 005356

WORWTE2CLAI VED |S: 1. A anmoni um sal t accor dP@mUSm04/005356

Formula Il: O COOH 1 NR3R4ARI NH2 N(CH2)3 x H N HN O
H2ZN)-," NNR2 ~ COOH (I1) wherein: R2 represents up
to four groups independently selected at each
ﬁ%ﬁ fromthe group consisting of
ﬁggg(% %E?ky C2. 6al kenyl , C2-6al kynyl
C3 _scycl oal kyI QGaI koxy, chloro, fluoro, hydr oxy,

and - COOH: d R5 .are j.ndepepdently sel ected
fromlhydr égaéﬁm%‘amda @5?‘?{91“g%%F°‘Nﬁgizﬁ- taken in
conmbination forma 5 to 7 nenber heterocycl e having at
| east one nitrogen ring atom and x is a real _qumer
greater than 0 and | ess than about 4. 2. An ammopi um
salt according to claiml in bhi chC AR5 reprep NP?BRR
ammoni a, pi perazi ne, 2-hydrox) nmoni um or a
phar macenHical |y accep dl oi (CH3; An ammpni um
in whikdh NR3R4R5 repregents
sat't of cl ai hN. acgarding to
2004/ 094427 PCT/ US2(¢04/ 0053b6 O

¢y

wherein:
R* represents up to four groups independently selected at each occurrence of R?

from the group consisting of hydrogen, C1-salkyl, Cz.6alkenyl, C2.¢alkynyl, Csscycloalkyl,
Cl.ﬁajkoxy, chloro, fluoro, hydroxy, and -COOH;

R® R* and R’ are independently selected from hydrogen and Ci.¢alkyl; or

NRR* taken in combination form a 5 to 7 member heterocycle having at least one
nitrogen ring atom; and

x is a real number greater than 0 and less than about 4.

2. An ammonium salt according to claim 1 in which NR’R'R® represents
ammonia, piperazine, 2-hydroxyethylammonium or a pharmaceutically acceptable

alkaloid.

3. An ammonium salt according to claim 1 in which NR’R*R’ represents
ammonia.
4. An ammonium salt of claim 1 according to Formula IH:
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NH2 | NCH2)3 x HN-CH2, NHNO NH N-NN)cooH H2

I R (I'l'l) wherein R2 represents up to four groups
wo naependent |y sel ected at each occurrence of P2T/UBZ00#1005356

the group consisting of hydrogen, CJ-6al kyl,

C2. 6al kenyl , C2.6al kynyl, C3-8cycloal kyl, Cl. 6al koxy,

chl oro, fluoro, hydroxy, and -COOH R3, R4, and RS are

ndependent |y sel ected from hydroge nd Cl - 6al kyl|; or
NR3R4 taken in conbination fofm a @% 7 menber NR3R*R®
het erocycl e havi ng at t\ﬁp‘Qrogen ring atam X
hnd X |s\ua2 real nurrber an(OHaad | ess thdn
about 4. ' t actbrdlndto claim4lin
phi chyy One,
P- hyd joxye hyI nnnnqyn1or a pharmaceuticplly

acce bI aloid. 6. An ammoni um sal acmgq-rg to
eizl'm 4 W V\,N ch NR3RAR5 represents

real nunber between about 0.5 and 3. & amonijum
balt according to claim6 in which x is a real nunber
het ween about 1 and about 2. -29 WO 2004/ 094427 (D)
PCT/ US2004/ 005356 9. An ammpniumsalt of claim1
according to Fornula IV: —

wherein
R® represents up to four groups independently selected at each occurrence of R’

from the group consisting of hydrogen, Ci.¢alkyl, Cz.¢alkenyl, Cz.salkynyl, Cs.scycloalkyl,
Ci-salkoxy, chloro, fluoro, hydroxy, and -COOH;

R® R*, and R’ are independently selected from hydrogen and Ci-salkyl; or

NRR? taken in combination form a 5 to 7 member heterocycle having at least one
nitrogeﬁ ring atom; and

X is a real number greater than 0 and less than about 4.

5. An ammonium salt according to claim 4 in which NR’R'R® represents
ammonia, piperazine, 2-hydroxyethylammonium or a pharmaceutically acceptable
alkaloid.

6. An ammonium salt according to claim 4 in which NR’R'R’ represents
ammonia.
7. An ammonium salt according to claim 6 in which x is'a real number

between about 0.5 and 3.

8. An ammonium salt according to claim 6 in which x is a real number

between about 1 and about 2.
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0O COOH [NR3BR4R5] Kk )-- x NH2 N(Ci 2)3 HNNCH2 N
HNOH H2N)t" N:If / COOH (IV) wherein R3, R4, and
w®zooanetendependent |y sel ected from hydrogen apdr/usS2004/005356
C _6al kyl; or NR3R4 taken in conbination forma 5 to 7

menber heterocycle having at |east one nitrogen ring
atom and x is a real nunber greater than 0 and | ess
t han @abouta fmd8niuAlsRIBTeNRiH M as @ ling¢6 PEANFTYO cl ai m
9 in which NR3RARS represents ammonia, piperazine,
2- hydr oxyet hyl ammoni um or a pharnmaceutically
aeceptable alkaloid. 11. An ammonium salt accor ding
o claim9 in which NRBRARS r@presehbos; ammoni a. 12.
15198#‘1%5}
X

An anmoni um salt according tojclaijm1l in which x

feal nunber between abgs < f. An amonitum
salt accoraling to cl ai in. iC %éi"sareal
nunber ut I and abo 2.

C
et WRen @ 7
P Ugg D4/ 005356 14. AH BT um sal ft

P004/ BO4
accorii ng to clpim®further conprising | east about
Dy N €GNl of water. 15. An ammoni GOOH
accor di ng to claim9 further conprisi lween ablout
D. 5 and about 5 equival ents of water. L6, amonji um
alt represented by the fornula: 0 COOH™H31 x

av)

wherein

R®,R*, and R’ are independently selected from hydrogen and Ci-salkyl; or

NR’R? taken in combination form a 5 to 7 member heterocycle having at least one
nitrogen ring atom; and

x is a real number greater than O and less than about 4.

10.  An ammonium salt according to claim 9 in which NR’R*R represents
ammonia, piperazine, 2-hydroxyethylammonium or a pharmaceutically acceptable
aJkaloid.

11.  An ammonium salt according to claim 9 in which NR’RR’ represents
ammonia.
12.  An ammonium salt according to claim 11 in which x is a real number

between about 0.5 and 3.

13. An ammonium salt according to claim 11 in which x is a real number

between about 1 and about 2.
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NH2 | HN--(CH2)3 NNCH2 N\ HNOH2N )-IIl, N:, If
COON wherein x is a real nunber greater than 0 and

wo e@g/obd3an about 4. 17. An ammoni um salt accorBCTgS1004/005356
claim16 in which x is a real nunber between about
0.5 a 3.,18. An.a niumsalt ac
nwhlEn AT S RlE S R RUE Y HBB o Pase dbls sbou
@5 e@;&va]@xﬁlsémfékum salt according to claim 16 further
conprising at |east about 0.5 equivalents of water.
20. An amonium salt according to claim 16 further

of watr | AAYER S DR DA VRSO oS B PR g sboun

asmmdebont Szhjbivalenany waree. of clains 1, 4, 9, or 16,
wherein the ammonium salt is capable of inhibiting
grow h of nethotrexate-resistant cells with an 1C50

of | d.or Aﬁ%ﬁlmo%%;msﬁnr maaﬁé&%ﬁa@%mﬁﬁa any one of
claims 1, 4, 9, 6, erein amonium salt_is
apabl e of i nhi b|t| ng growt h of nethotrexate-resis}ant
ells with an 1C50 of 500 n r | e§9OH 23, Anammni&m]
alt of any one of clains_1, 4, 9, lor 16, wherein | 3
mroni unNEal t s capabl€ T nhipt t i gmH. g5 owt h of

thotrekat e-r esi gt ant 5 Wit an ' o of 100 hM

| ess~ salt of any HMe [ 1,

9, pr ' Ny ammoni um sal t of
'nhibi«lf\ h of nethotrexate-resistant c Mt h
hz2Ni csONof ™ nMor Iess. 25. An amp < any
ne of clains 1, 4, 9, or 16, wherein m

alt is capable of inhibiting growth o
thotrexate-resistant cells with an 1C50 of 1 nM or
ess.

wherein x is a real number greater than 0 and less than about 4.

17.  An ammonium salt according to claim 16 in which x is a real number

between about 0.5 and 3.

18.  An ammonium salt according to claim 16 in which x is a real number

between about 1 and about 2.

19.  An ammonium salt accordfng to claim 16 further comprising at least-about

0.5 equivalents of water.

20.  An ammonium salt according to claim 16 further comprising between

about 0.5 and about 5 equivalents of water.
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26. A pharmaceutical conposition conprising an

ammoni um salt of any one of clains | through 25 and a
w@barnmaaeut i cal |y acceptable carrier. 27. A nmepdimdsioos/005356

treating a manmal suffering or susceptible to cancer,
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re the mammal is a human. -32
ICso o? p]\? or Jess.

22.  .An ammonium salt of any one of claims 1, 4, 9, or 16, wherein the
ammonium salt is capable of inhibiting growth of methotrexate-resistant cells with an
ICso of 500 nM or less.

23. An ammonium salt of any one of claims 1, 4, 9, or 16, wherein the
ammonium salt is capable of inhibiting growth of methotrexate-resistant cells with an
1Cso of 100 nM or less. '

24. An ammonium salt of any one of claims 1, 4, 9, or 16, wherein the
ammonium salt is capable of inhibiting growth of methotrexate-resistant gé]]s with an
ICs0 of 10 nM or less.

25. An ammonium salt of any one of claims 1, 4, 9, or 16, wherein the
ammonium salt is capable of inhibiting growth of methotrexate-resistant cells with an

ICsp of 1 nM or less.

26. A pharmaceutical composition comprising an ammonium salt of any one

of claims 1 through 25 and a pharmaceutically acceptable carrier.
27. A method for treating a mammal suffering or susceptible to cancer,
comprising administering to the mammal an effective amount of an ammonium salt or

composition of any one of claims 1 through 26.

28. The method of claim 27 wherein the mammal is a human.
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