NI CLEOTI DE ANALOG COWPCSI Tl ON AND SYNTHESI S METHOD
BACKGROUND OF THE | NVENTI ON The present invention relates to
9-[2-(R) - WOMPPHSE[ [ (i sopropoxycar bonYl ) oxyi net hoxyl phosphiRGRUSRREIFOX Y |
10 propyl]adenine ("bis(POC)PMPA"), and conpositions suitable for oral
delivery of (R)-9-[2-(phosphononet hoxy) propylladenine ("PMPA') to a

human or aninmal for use as an antiviral agent. Phosphononet hoxy
nucl eoti de anal ogs are known and vari ous technol ogi es for oral delivery
are known. See, e.g., U S Appl ication 15 serial No. 08/686,838, U.S.
5,208, 221, 5,124,051, WON4J AN A FROBITH@NO4/ 03466, WO

92/ 13869, DE 41 38 584 Al, V\D Q4L LRI o, §44.10467, WO 96/ 18605, WO
95/ 07920, 5V\D 95 79/07919, WO 92T 0961LT, WO 92101698, WO 91/19721, WO
88/ 05438, YEP 0 632 048, EP 0 481 214 EP 0 369 409, EP 0 269 947, U.S.
Patent Nos. 3,524,846 and 20 5, 386, 030, Engel Chem Rev. 77:349-367 1977,
Farquhar et al., J. PharnBA IND/OBZHBISVENBIONSt arrett et al.
Antiviral Res. 19 267-273 1992 Saf adi et al., Pharmaceuti cal Research
10(9): 1350- 1355 1993, Sakanoto et al. Chem Pharm Bull.

32(61: 2241- 2248 193, presenttimwiedtion refatat to 93{2-(R)d. Chem

B o TN
formul a (1), peapgHadening {chig@&EC)PMPA”), and composmons smtable for oral
ghgg pgﬁ]ogl[ ?&%’!lﬁg yfp(@p@{iﬁ%e | n%ﬁ?ﬁg%ﬁﬁ}l]ademne ( PMPABl s( POC) PMPA
f umar at e" 1 @§4 §S an antiviral agen
Phosphonomethoxy nucleotide analogs are known and various
15 technologies for oral delivery are known. See, e.g., U.S. Application
serial No. 08/686,838, U.S. 5,208,221, 5,124,051, WO 91/19721, WO
94/03467, WO 94/03466, WO 92/13869, DE 41 38 584 A1, WO 94/10539,
WO 94/10467, WO 96/18605, WO 95/07920, WO 95 79/07919, WO
92/09611, WO 92/01698, WO 91/19721, WO 88/05438, EP 0 632 048, EP
20 0481 214, EP 0 369 409, EP 0 269 947, U.S. Patent Nos. 3,524,846 and
5,386,030, Engel Chem. Rev. 77:349-367 1977, Farquhar et al., J. Pharm.
Sci. 72:324-325 1983, Starrett et al., Antiviral Res. 19:267-273 1992, Safadi
‘et al., Pharmaceutical Research 10{9):1350-1355 1993, Sakamoto et al.,
'Chem. Pharm. Bull. 32(6):2241-2248 1984, and Davidsen et al., J. Med.

25 Chem. 37(26):4423-4429 19%4.

SUMMARY OF THE INVENTION

30 The invention provides a composition of formula (1), which
includes 9-[2-(R)-[[bis[[(isopropoxycarbonyl)oxy]methoxy]
phosphinoylijmethoxy]propyl]-adenine «fumaric acid (1:1)
("bis(POC)PMPA fumarate” or "BPPF"),
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PCT/ US98/ 15254 wherein B is adenin-9-yl and R i ndependently is -H
or -CH err W@Esgio O CH(CH err], but at |east one R PET/US98/15254 ,
-CHerr]-OC(O-0OCH(CH err] Ot her enbodi nents of the invention
conprise orally 5 admnistering to a patient infected with virus or at
risk for viral I nfection a therapeuti cal I y effective am)unt of a
conposi tion pwnt, a

met hod for Vﬂf‘erg%rll lr?gxsaagcorrpm}&é ClRuw‘ep""nfdenmh'I 1 n%) TS s cont actl ng

fumaric aci d'-' GHzhi uirddpavone R i3 ~CH2-0'C(Q}@e€ &ia nments i ncl ude
contact i ng | thi ek ebotfinéitls fShe inventibR By BraRY| ) adeni ne

solutlon A particul ar enmbodl nent )&g(?udes a“conposition
conpri si fig administeripg te)a pafisntigfested with vartmro#t H8jofer viral 3 5 wherein

the sol uti ofinfeefion a therh euti¢ABnefib@ivie Smbuat BE a( HrvposiNBA @hd wherein
about 90- 949 OOfB#?hﬁf) MPA is in the (R) configuration.

Brief Descri Fi gures Figure 1 shows a BPPF crystal
X-ray powder d| f in acoiier gmbodiment, a mekharlifer greplacing a cohgromgt efn obt ai ned

by diff PE. ' 3 sh
oy 61 e e LS PR S Wi © 5 Sho 2
Figure #0is a pi cheeemboeilments mcbu@g.captacgngvuthguemiqusm 6f9-BPPF

crystal s at (AQQ¥rox ughﬁﬁ,té(ggh@g |l ight mcroscopy. Figure 5is a
pi cture of a phot o SPQWI n d| ments of BPPF crystals at 100X
magni fi cation by P8 C“i%" H 8 9 SﬁPeCOGnP%mHOBlC@E‘EP ising an

phot ogr aph §M,@)4BMPA solutishediapH 6f s6oBPEF-3(8 wdietdin the sdldormhgsi fication

erbod nent s 58P EbASE €§9§F/ﬁ§t<ﬁa‘§¢%%ﬁ b 5o R TR opy.

Fi gur es1%- 7PMBRAdspn ¢éke (R) confighmstigr.aphs made at a 132% enl argenment. 30

ief Descripti Figur
Figure 1 shows a BPPF crystal X-ray powder diffraction pattern.
Figure 2 shows a thermogram obtained by differential scanning
20 calorimetry of BPPF crystals. Figure 3 shows a Fourier transform
infrared absorption spectrum of BPPF crystals. Figure 4 is a picture of a
photograph showing embodiments of BPPF crystals at 100X
magnification by light microscopy. Figure 5 is a picture of a photograph
showing embodiments of BPPF crystals at 100X magnification by light
25 microscopy. Figure 6 is a picture of a photograph showing
embodiments of BPPF crystals at 200X magnification by light
microscopy. Figure 7 is a picture of a photograph showing
embodiments of BPPF crystals at 40X magnification by light microscopy.
Figures 4-7 are copies of the photographs made at a 132% enlargement.
30



-2- DETAI LED DESCRI PTON OF ON THE | NVENTI ON

"Alkyl" as used herein, unless stated to the contrary, is a
hydr ocar bon"OMEOHRing 1, 2, 3, 4, 5 6, 7, 8, 9, 10, 11 or ROT/HSMASS4 5

secondary, tertiary or cycllc struct ures. Exanples are -CH ERR],
- CH ERR] CH ERR] ,
-CH(CH[err])C(CH[err it eAdedenerigh 3 et ‘e
cycl opentyl, cydobutylnethyl 1- cyclopropyl 1- ethyl

2- I | - | ob | -

A A S A Daec T e%%we‘ﬁ“ﬁx%% s SRR B Fonarl i 50 0oy 1
propyl, 3 cyhydrocarhdn contaiving 1, 2,3,y Boby 28y B; 20,0k lopry12 nermal,

1-cycl OprSOPYQecgn@h?pYérha or cychcs MEQ FT@SM%Q@:P@LE'E?C%&' ess stated

or 6 carbon

gfome ;gné{;ﬁﬁl@iﬁ% rH( I\'113 O%’éﬂ%}ﬂ %k@d‘éﬁzgﬁl(g%@&n atom Exanpl es
are - OCH] er rm(c%ttiiﬂl@kl[-ﬂtc}is)s, -CH2CH$CHCH2CH3, err ] 30
per cont age. ORI RICER PRl Bee E 207 o,
cont ai ni ng |- &N THRCH@)L o CHICH2GHK R 3D, -OHzOH{GHB)TI2CEBs t han 1%
W W wWat §.  _CHyCHoCHoCHoCHCH3, -CH(CH3)CH2CH2CHoCH,
-CH(CH2CH3)(CH2CH2CH3), -C(CH3)2CH2CH2CH3,
-CH(CH3)CH(CH3)CH2CH3, -CH(CH3)CH2CH(CH3)2,
-C(CH3)(CH2CH3)2, -CH(CH2CH3)CH(CH3)2, -C(CH3)2CH(CH3)2,
-CH(CH3)C(CHB3)3, cyclopropyl, cyclobutyl, cyclopropylmethyl,

15  cyclopentyl, cyclobutylmethyl, 1-cyclopropyli-1-ethyl,
2-cyclopropyl-1-ethyl, cyclohexyl, cyclopentylmethyl, 1-cyclobutyi-1-
ethyl, 2-cyclobutyl-1-ethyl, 1-cyclopropyl-1-propyl, 2-cyclopropyl-1-
propyl, 3-cyclopropyl-1-propyl, 2-cyclopropyl-2-propyl, and
1-cyclopropyl-2-propyl.

20 "Alkoxide" as used herein, unless stated to the contrary, is a

| hydrocarbon containing 1, 2, 3, 4, 5 or 6 carbon atoms, as defined herein
for alkyl, linked to an oxygen atom. Examples are -OCH3, -OCH2CH3,
-OCH2CH2CH3, -OCH(CH3)2, -OCH2CH2CH2CH3, -OCH2CH(CH3)2,
-OCH(CH3)CH2CH3, -OC(CH3)3, -OCH2CH2CH2CH2CHj,

25 -OCH(CH3)CH2CH2CHS3, -OCH(CH2CH3)2, -OC(CH3)2CH2CH3,
-OCH(CH3)CH(CH3)2, -OCH2CH2CH(CH3)2, -OCH2CH(CH3)CH2CH3,
-OCH2C(CH3)3, -OCH(CH3)(CH2)3CH3, -OC(CH3)2(CH2)2CH3,
-OCH(C2H5)(CH2)2CH3, -O(CH?2)3CH(CH3)2, -O(CH2)2C(CH3)3,
-OCH2CH(CH3){CH?2)2?CH3, and -OCH2CH2CH2CH2CH2CH3.

30 Unless specified otherwise explicitly or by context, we express
percentage amounts as % by weight (w/w). Thus, a BPPF preparation
containing less than 1% water is a preparation containing less than 1%
w/w water.

As used herein, and unless otherwise stated, whenever we

35 provide a list of substituents, for example methoxide, ethoxide, n-
propoxide, i-propoxide or f-butoxide to define a variable or component,
such as an alkoxide for example, the variable or component is expressly

-3-



As used herein, and unless otherw se stated, whenever we 35 provide a list
of substituents, for exanple nethoxide, ethoxide, n- pr opoxi de,

i - pr opoxi de VP 9Bt oxi de to define a variable or conponent , PCT/US9SASEN as
an al koxi de for exanple, the variable or conponent is expressly

- 3- meant to include any and all possible conbinations of
the |isted meanttognbldetargnand adl possiblekombinatiensiof tisd listedde, et hoxi de or

- Pr opoxt de substituenfd. &) SRHKHIRe HRANS chaBLRR Al br MpfhdIAae S M 271V

a list of

1- rr:at thyl 2t Eyﬂr%kgiﬁdﬁéanwpz@oxg; oz -Butaxnidee S(lm[xl@:r?g,d adméq;f)t me; mgl .

acetate, et@ygardi6 tfonsPd&fNed as [Shsm 1-meth %9 LidBhGhE S

| k I uen ?r

di et hy T of £ gr‘h@mm lhw%ﬂﬁr gl ag %tﬁa#gafi BF‘?J%% Pr%mélmmtm e

or a xyl entalsmpyopydcéc:etha‘eaa:éllcymkan@ll gyeﬁiim d&@tdmt fdlﬁbiéélf Thus, o
Xpress s_definin vari abl e

16 %or " conpliBlibiforthide Hikfnleitctiac 1eRLhiHR st aisto ftﬂ le

subst i t uent or Rrxylene maytgxcids ektane, hatlemest orbothfossi thedistutBnis) uent s are

om tted andyfahs r I

definition stat éﬂ 8%§lg'?ﬂt gﬁ\?aﬂrh?gh%ab%? ﬁ%gﬁfpg&%%sﬁﬂueﬂg cgé’?ﬁuﬁ%% Yfr?able

The i nvkht i 8 compeBent willriackisde omexqly éﬁmmbl@latlpés‘lfl thed 15 at the

carbon at ongub¥titaéntedntae 115?) ﬂdﬂu@é‘&@lﬁ&k@ﬁtﬁt@al bésible! UbskhiEHts 4fe

associatin nt i act.i Vi t configuration at this
site. The g?ﬁé?ggé‘ﬂt ‘ffr'fqﬁjevéﬂ?% Fﬁﬂed‘éﬂéﬁ »ENED) s optionally
in the (R defififipncstafes ghata ivaniabhndr campbacaniriay Hﬁlaweriftound in

The chiral cent oy Ve TR S8 safidmin Fiithed £F Bpglved = 10 20

conf i gutdat i ¥rthecarpprtam shitahicenteny Bnin mordm‘la&dmthapmmmﬁndmg‘sor s
of constit %@Bmﬁﬁﬂg%fﬁﬂhﬁl 5&&%9@ £&ivi v}lgﬁw@mf Aﬁglgea BB p%-‘wﬁ are e

depi ct ed. conpoun h smal |

amount s, tyPiee ameycﬁ‘%élscem%}'nat caglen ptom é@@lcﬁwainb)z[‘ff )d$ optionally
nono( POW PNRAhei(R$ or (Spcmﬁgu@ﬁbnpeﬁacuandse YheéedBe fdindinH and - the

B oper L es P BPHEHREIATBROP R ol Hejcally the methel SR GRREHO ag o
unexpe@ledlthechiral cemter (HiinRMPdnand bis(POQ)RMPA withberire (R) pr operties
corpar ed t Qohnfieul§tién. b@&ngi&thd?%hssﬂNe%mn mchﬁé’ §a£\ﬂur g: has a high

nel ting point, ™' s non-
stability, (%frf@ng%{?nécf@m%w gegardiess nfthe traannen in which they are

depicted.
Formula (1) compounds may comprise BPPF with small
25 amounts, typically less than 3%, usually less than 1% of
mono(POM)PMPA, i.e., formula (1) compounds where one R is -H and
the other R is -CH;-O-C(O)-O-CH(CHa);.

30 Crystalline BPPF has an unexpectedly superior combination of
physico-chemical properties compared to the free base and other salts.
Crystalline BPPF has a high melting point, is non-hygroscopic, has
excellent solid state stability, and good aqueous solubility and stability.
These properties are useful for manufacturing or for contributing to

35 excellent oral bicavailability properties in humans and animals. These
properties permit efficient delivery of BPPF or PMPA to biological
fluids such as plasma or cell cytoplasm. For example, the oral
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Thése properties are useful for manufacturing or for contributing to 35
excellent oral bioavailability properties in humans and ani mals. These

properties WeAMIISk{ficient delivery of BPPF or PVPA to bi oIS/ 638/15254

fluids such as plasnma or cell cytoplasm For exanple, the oral

-4- bioavailability of 75 of crystalline BPPF adm nistered
once per dagiopwailability ghdpmgof Wﬁtﬂlﬁﬂmﬁ%\% administered once Wﬁaﬁﬁéy or may
not be in cibitadd-40% fmohina®e. have obtai ned a crystalline form of

BPPF (" cBPPF") we_charact er by hods, . i.ncl udi ng
X-ray powder di fﬁ’?‘gﬁf’i‘@h"éﬁﬁaiﬁﬁf’ﬁ’ nﬁyﬁgﬁme form. v%‘?mﬁ?% EBWB# use
X-ray povvd edrystialline fdrino of BPRMECBEPEY)i that we chatactenderixyl deyvetaly st aI

conp05| Y 1995, nmet hod
941, p %Qf&‘% b&gﬂginéf?](% %ﬁﬁ%ea?g?ﬁ iVen E|?Il(l)dlnE];’??Iaﬁg point. Rockvi |l | e,
MD; St out ekaersmmosdy wse @f—ea)oppwdarrﬂfﬁrmnom@ch@nacmizemr Cui de,

MacM | | an %eﬂxﬂf’%fé‘?&%oxﬂ%&m@: Qéee,sggz tid fPrag leBpBétal Gollume 23, obt ai ned
froma crysta i’ne.’c i s often ostic gi ven crystal
form altho¥§R eP}%’&l@’-"én s Ec éﬁnma gaygaton, Inc, 5| ways

appear in rms&mné eMth$tb@1@Teth:IIl xaR& @Dﬁcc@bﬁeaD@Qdmfﬁ@mhﬁUC@ﬁ&kM@

oo oo’ Sl el e N e Ef#ylé\%ﬁ T tradiotnd, e

r e: ati veI | rdbtaiietli feomrod chpstalinepamhpouhdris yftah diagnastiy EBfr)é asemdnm dence
of oryst af’“fg?%m By Aot el iy dif?%%ﬁbh?@aﬁ% T et

Thus, the rawaysappenr inseplicase difﬁtalcmompa‘tteam obtained fxom sucerssiveD
concl usi ve'%t&{é%%’igwsofmbffs ?Ebﬁéﬁéﬂfr Hdkage maﬁféﬂ 699sta1 nstead, one

should Look to th sition opti onal I ncl udi n helr
rel ative sﬁ&&?@i%%s gEhBFesenp in tt’é? ﬁa \i HéraPPH%ag IgAmopntse |

anpl i tude trelativlecintarizitids6f bﬂ&m nexﬁlaalypﬁ lewsﬁgllesx-r inddefice it is
not necessar to rel%e)f or _identj at| bands one,.observes in

25 5°hi oh PR APR) Brg kY i i pretSesd, iensg e e afasgs
di agnostic cn’;fcryastgl growth, \partitlef sizerand. ather 26nditfoms of BRE#surement.

Addi t | t
et e IS HISEURGNGS St eI DA DU
( DSC) aéd icanelpsively siagnastisrofdbe crystal fpryn in guestint Apgeadcenes0  t her mal

absor pti on shpaRFiddiOto HTpesition’ S thal ﬁ’oxi‘d] Yp el udigOresr heat
when its cré@t al structure changes. fpé‘? g}es an alternate nmeans
for one tolERREVESPAFNE Rq ReBRTAiRatierBFather thaty their BIRFSS ons based on

their diff ameplitudesordétennirectirecidentity of BPRFi@gstaiesMoreover, it is
not necessary to rely for identification on all bands that one observes in
25  a highly purified reference sample; even a single band may be
diagnostic of a given crystal form, e.g., 25.0 for cBPPF.

Additional diagnostic techniques that one can optionally use to
identify crystalline BPPF include differential scanning calorimetry
(DSC) and infrared absorption spectroscopy (IR). DSC measures

30 thermal absorption transition temperatures at which a crystal absorbs
heat when its crystal structure changes. DSC provides an alternate
means for one to distinguish between different crystal compositions
based on their different absorption temperatures. IR measures
absorption of infrared light caused by the presence of particular

35 chemical bonds associated with groups in a molecule that vibrate in
response to the light. DSC and/or IR can thus provide physical
information one can use to describe BPPF crystals.

-5-



absorption of infrared light caused by the presence of particular 35

chem cal bonds associated with groups in a nolecule that vibrate in
response to W®Iyasgast . DSC and/ or IR can thus provide physi cepICT/Usgs/15254 _
i nformati on one can use to descri be BPPF crystals. The
cBPPF x-ray powder diffraction pattern usually shows a peak(s) at -
about 25.0, typi cdlte/cBPPRenaly Rivdemndiffrabiion pattefn usmalh;oslmws a typically

t about 25. t t

L ehout 25 oo B 028N el Ak 9 B BN,
conmmonl y has typigadyaat absem?S 8, ahouf 7} and aboub%htansﬂmrémaaﬂmt ergt at

about’ 20.0. ol 28, Spoabmyt bl 30800 285071 A0 BPPBspBltln 278,
usual | y Oﬂmg}éa*ﬁémgi agab Wgr@%rlo&ﬁﬁpﬂbm@ﬂ%%ﬁ 18%ut 20.0
anﬂ{ g_rt 21. ?)s aboutzandéBdSut?ﬂ@ a@adt@ot;ssbldlagm about %5h 5, U R7 @, xs&a&{ s t
exhibit a i 0 r . an onset a
about 116] er%oglb p& P%ﬁgpg‘?{\e %W%QBM%KWf@PiR?tﬁéﬂd‘fuaﬁy
expressed i n shewispa peak(sk ananynene (ar cambipyation) ovhabbyt Z224nd26021.9052, 2986-

2939, 1759, nd 1102. Different cBPPF crystal preparations
have a bul k é%l?og%@%oandgﬁ@%o 15 0.30 g/, usually about 0.2-0.25 g/ni.

15  The}Ot ypi cal IBPEFcrpstalsrxhibit E$€eab@PfMWEﬁQk atahawti 138i{g witlk ant han

1% sol ‘(ﬁ@bﬁsaﬂ éb@xﬁema@@rw IRIR ?é@l‘i‘ufx{ SHBW Y eHaraétatistid Bhh@e bath,
and genera nqQt coptain de ectabl e Iattlc Ivent

mol ecul es. expresszd in regiprocal gentimeters at approximate X%ﬂg‘gﬁaz r@g& 986-
non- hygr oscopRpssg, 1759, 167801620, 12éWanhd 110Z DifférentleBRRF any sml\méparanbﬁs

gener ! S GE kb 605038 kiSRRI M5 SRR, 2
ordi nari 1§ willheydypically dresssertiallyafreatof 50bent, containymg besk Ithamil?4 cont ai n
less than abgfyerth 1%4&;%&3\@@@%@@“@&% i iftaldy | ess than

about 0. 5% anor phg usual Ty appear as an

opague whi t e 88ReBly- dpincd coptain defectable latigroerfeningA ol vt molesulasy st al s
obtai ned from a gBPPF cry stalﬁr@ﬂ?[:&*all?rhrﬂ{y@lwﬁs@h&ih&ql\ bsespiee in size and

e acor oot eSugiRBIHeor nd ASlesfuEunlEe  Ropelert SRR GYSRILPRIRERNCLT

range i n28i zevill comgpinHess tHaaragbasit 1%, pmhamlyriassaﬂ\awmmxﬁ% wlateerr] to

forr] i ong FEoP T (i opdinafly, Y cqoug oot B ot Mty <, 1 o
in a given ptypisaliy mH containdess thanaaboutdorefien less than amtutr-‘eé @m angul ar
edges. Phot 0gEaANF 1dsd tﬁhﬂ‘é‘b‘éﬁt‘ﬁsz/o %Mgﬁ%ﬁ?'ﬁPPF haV' ng various shapes,
' nel udiing tablet BPPF crjlstgﬁ;eusuafly appear as%gdopaque w. % f-white
25  crystalline powder when dry. The crystals obtained from a given
preparation are usually polydisperse in size and have a range of shapes
including needles, plates, irregular tablets and aggregates of needles,
plates or tablets. BPPF crystals typically range in size along their longest
dimension from about 1 pm to about 500 um, typically about 5-170 um,
30 usually about 10-110 pm, along the largest dimension of most of the
individual crystals in a given preparation. These crystals may have
fractured or angular edges. Photographs in Figures 4-7 show ¢BPPF

having various shapes, including tablets, rods, needles, plates and
aggregates.




- 6- Uilities

PMPA and bi s(POC) PMPA are known to be useful in the treatnent or
prophyl axi sW&92@p800r nore viral infections in man or RGA/VSIBAS254
including particularly retroviruses, HYV, SIV and GALV, and 5
hepadnavi ruses, e.g., HBV. Qher infections to be treated with PMPA

i nclude MBV, RSV, FIV, MILV, and ot Htiliti®sr oviral infections of

rodents and ot herppsH ABha. bid(POE)FMP Adre R5HFH tH B usetulaint thei r al

specificity of PMPA and the .invention c?lgﬁ_ound% are this

speci fi ci t ytrepfment or prcté}ya{ RN&OT MfF ey ‘?Cah[qxﬁtlflorﬁ'af‘o% es to best

gte tack the animals, mclﬁﬂmg1peﬁiammytrretrwiﬂusmdm) SV hadaGA LA ranidVPA. f
termnation o er t matter for

the ol | i oi Bfpadnavirysdy 85" HBY SDuts {Fidcrions 1B 1 Frh L MNP AT

conpl exes oindlhde MSV, RS¥, &V, diubNd anvihetheadetnoyizal iinfpctipasnodr al I y, their

bi oavai | ab ! Léc{l%htb Qn@%tké?'aﬁ?xlnﬁ OrTﬂégﬁlﬁﬁllﬁ%ﬁeb&lﬁés' fHeCaltiviFdlal s with

humans, as ot ac or known the artisan.
| nvent i on céﬁm@ﬂh’&ﬁé’b{fﬁé{ aeéﬁbellg'éergmcmsmf@%ﬁ by any
route approggéé\ﬁat}to t he condltlon to be treated, suitable routes

i ncl udi n ect al , sal i cal I,NC t rapsder mal
20 ocul®r, buccRlosages i##é Wﬂiteﬁat{’ é?&? q%ﬂ}fcﬁ i ng
subcut aneousf infetticmase war knowtnrmvﬂ'woms fot FMHAerBatenmmmm bécal and

oral |y but PORGdses gf ERECL [ ARERERARA e BRI U0
the ot her rtaking intet actoaipdthe mlatuleoswgbt of thmeompi@@gmfsthéﬁ this 25

t 01
It nven i on i 5}\ A @?‘3%‘5@2 | %a&ﬁkstéﬁﬁgqaxm%uuy e &%9%115151999 On

admi ni st at ﬁ%ﬁn@ﬁ or 45| ‘é@‘%‘-“"@@nlﬂ"a inigy] tyial W@B F-‘F‘Wcésb\gﬁn %9
hunmans resufgcg&slwemovm@@\mé Iaabgdﬁty of PMPA on day 1 of about 17-

% i 0 :
SMCTIE e e T e e
preferabl e agy poe&enppnoprme o ﬂlraacmmimom todle treatedf suitalbblatroutes The
formul ati Onﬂ,ﬁg A SRRH hQ%’a?b{:{xﬂﬂoﬁé’?p §h5fal (inclfdRE trdABHAST, W th one
or nore pha e ca 'y "acte
("accepbl eaéamtpm@nl sm)i sahhngpah)omgm and qrarepterabdneluding

subcutaneous, intramuscular, intravenous, intradermal, intrathecal
and epidural). Generally, the invention compositions are administered
orally, but compositions containing BPPF can be administered by any of
the other routes noted above. Oral dosages of the compounds of this

25 invention in humans for antiviral therapy will range about from 0.01
to 20 mg/Kg/day, typically about from 0.3 to 5 mg/Kg/day. Oral
administration of tablets containing 75 mg ¢BPPF once per day to
humans resulted in oral bioavailability of PMPA on day 1 of about 17-
38% in fasted persons and of about 27-60% in fed persons.

30 While it is possible for BPPF to be administered as a pure
compound it is preferable to present it as a pharmaceutical
formulation. The formulations of the present invention comprise
BPPF, together with one or more pharmaceuticaily acceptable excipients
or carriers ("acceptable excipients") and optionally other therapeutic

35 ingredients. The carrier(s) must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not

deleterious to the patient.
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35 ingredients. The carrier(s) nust be "acceptable"” in the sense of being
conpatible with the other ingredients of the fornmulation and not

del et er i ouswaegdsesopat i ent . PCT/US98/15254 - /-
The formul ations include those suitable for topical or systemc

adm nistration, including oral, rectal, transdermal, pul rmnary, nasal ,
buccal , subli ngual'he Yoghikktions malhelatmbaé stitatsie fot xaalb@:ug

el o LSRR Y BHD T, [abiaiinie et gl
prepar ed by lamgabfsublimgusl, naginaledr p&mmral (inthvelimg Bubtutphaomcy
Such met hodg t%%xh&%éAPQnﬁfa%QnSus %‘t&@e?& \A}{%gra@ﬁéc%? a3l gﬂdh%) active

|ngred| ent arrier or exc st tut one or nore
accessory i rigiraiigration, mtgemmat:ﬁes ﬁl’ﬁ rmnaxtlmgarfertpraé}siaaw by 10

uni fornly a'"rS%e RiddTBY @ny oF th@ghé‘ﬂ\dd@tv@elﬁiﬁﬁﬁ*n@hl 188 Jrh6f pRAJMEC

i ngredi ent vg llg}ﬁ‘%%{’fi or |V|g$ad SOII.dCI’I’Ie)}S or both,
and then, if @F#‘ﬁéh"’of’ E ﬁén affgctation the active

For mul at i ondngfediéwet wits the careiee viri exeipient wilich tonistivutels one or more

Cachots o ARRRLy BERrRERIAY i shie Sf? Pl b A BRSO et ve

i ngr edi @8t ; vadfarmdyvated lmrlm@teiynhrmgmgSMqucmﬂmtm aativeensi on in an

aqueous | i q‘fhgréaiexﬁ WRh ﬁoéﬁrthﬁ&fi &'sélid céx’he‘f‘@b?(’?oltﬁ qui d
enul si on or wat er - I n- ol eactlve I ngredi eft may
al so be preééﬁltfé‘enabf DECERRAGY, dwestoﬁéhypmg fredugty A tabl et may

be nmde by conpr Eoeirtilafiénsof (dhél@.reéémlxﬁﬁéﬂ\ﬁ/oﬂ\fs{xhable for d?QF or nore

e ool 4 B A O B SO
about 755 ngcatlsemlolryablles BR]PFcomapnag eanpredletatrhneid faorouritaifi theactve
CBPPF.  Conpg z%%ﬁ'ezﬁtaQé E]ER%»UH& Bfgpirﬁﬁé‘é- ed sBYutf&{TB{ E%ﬁ Oﬁ&@x&h fn %ﬁ sui tabl e

machi ne BPP f ee anul es,
optionally nﬂue@xs/\hquxcaonuamraquma qud, or neran cul-mrmter hquxd surface

active or dbﬁﬁﬁéx%hn& §%&‘lter-IMHlpgéufcﬁghﬁﬂﬁoﬁayrﬂEaéWw@‘edlent ding in a

sui tabl e macr g? m Xt ure é‘i’f ered BPPF noi st ened W th l'iquid
di | uent, tyPiSORq FreaRnieRcasa BPIUSeRECtURREOf RBFBt s may 30  optional ly be

coated zmd pai nt @dtabderonag Qﬁmﬁde%@ﬂfo@ﬂ?‘ fReslofey melding, typivaltylweited t o

provi de slow or controlled rel eagﬁe e acti.ve redi eqpt therein.

Typi cal tab PBE oF AP ST ALBLR é’r(ﬁx%?rgs Tableﬁ W(r’;lg [i'gplc Y uent s,
di si nt egr antemgrise about 161360 mgiof BPPXcperi tablet usabllgabout 10480 migact ure or

tablet di sipleoiiiod Akt AFsudi8Pile BPPF i'5resatY il ol formulations as

cBPPF. Compressed tablets may be prepared by compressing in a

25 suitable machine BPPF in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent,
surface active or dispersing agent. Molded tablets may be made by
molding in a suitable machine a mixture of powdered BPPF moistened
with a liquid diluent, typically an inert diluent. The tablets may

30 optionally be coated and painted, embossed, or scored and may be
formulated to provide slow or controlled release of the active
ingredient therein. Typical tablet ingredients include one or more
binders, diluents, disintegrants or lubricants, which facilitate tablet
manufacture or tablet disintegration after ingestion. The tablets are

35 optionally made by wet granulation of one or more excipients with
BPPF, drying and milling. A binder such as pregelatinized starch is
optionally present at a level of about 1-10%. A disintegrant such as
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35 optionally nade by wet granul ation of one or nore excipients with
BPPF, drying and mlling. A binder such as pregelatinized starch is
optional |y Wog9€ss0at a | evel of about 1-10% A di sint egr antPCFIiNes/a8254

- 8- cross-linked cellulose is optionally present at a |level of

about 0.5-5%to facilitate tablet dissolution. A diluent such as a
nonosacchar i-¢tesptinked cellulnse dn aptigsally pspsendiaila level ekabeut®.55% &9el  of

f‘bglut t 537 GO‘anEgit%Séablé%gdissol%ﬁeﬂysi eflueRt GREK kb ?&n@hom?ﬁaﬂﬂet&l f ac: I ]g ate
o 023 Sseeesides tbrally Betaacd vBLS! SR B sk B °
Enb?di ment stﬁﬁﬁi@ﬂq:ég lézftﬁ_dlbﬂBPPF or tonfatglifaye tdidetpdiessistionf Aonpressing a
m xture containjn . and,_an a t o it F
ot ect  ofe. dibRaERoRHoT Presentt ATEE ol dbBuf B2sB R b fpcilitate 1 gy
the fornul attablet efectiow éiingrhgnuafagtired Embaedimpnisainchide agroduct
cream cont ai i, g Pme oEUs A Af R BineS] g REBAAIn BPPEURHA™! ©,
Fnc S) ge

0.01 to 10%wW W ding active I ngredi ent Inar etween 0. 1%
and 5% i n i ranceptablesexdipi@ntos w w such as 0.6% ww, 0.7%ww, etc),

preferably 0.2 t oEd”fnféonE bf s leyR ot Gthable¥tednal fissudd) g WmolitRrantd _
formulated in an_olntnent, the ac |vepb,ng{)ﬁgﬁla£nts nma e.enpl Wi th

. d

ei t her d0parskini thedogmulatignscarerpretsny Af 3 C.alf om ﬁﬂ(‘)'%/‘grr natively,
t hle acti Vte | pgaRdERthining thoacfive Iﬂmlgﬁﬁ@éhl dt(s)lﬁ a emhnunt of, fort éxample, .
oi | -in-water ampase. _ . : . ired, . 0 e
cream base rﬂa@{ F‘ﬁgb‘?fd‘g?“? 8?%“%?5%? L’,‘g@?“’f‘g@l{ﬁ é%@ﬁg}]@gﬁeﬁb@% hydri c
al cohf)l . leamhﬁ%aihdnbmlments of Bd% wy wsuchas B% Wity 054 wyveigis), such as

r n 0 L QL ' ' : I d
Dol ot byt endigrorab 8 28 3%/ wf s thie prBBRBYS 16 2nb/, YRAEET O BN

t opi cal 1for rformulatad insn gisdment) the active ingredients Bdy e SHRIAYER enhances

absor ption %Jﬂee@ﬁ{e'faat'%f@ﬁictd}ea AmtepfiibaiBlel siataghepasd hrough the skin or
ot her affected areas etrati on enhancers

"nel ude. i meAliGaBYEbhdRE dBth FBredients THFY fednEmied in 4 créamn " THCCE |
phase of thevRRdrsbitif-wedtet kiteam basat i on may be constituted from known
il i a1 (of hothRea sl squedils bRabd e gt o fRtha Mo HBRHE AT 7Y 27
m xt ur e 20f aixatrepletatdeastS0é wifw of a polyhylrin alcahal, ier: anralepholor with both a
toget her wi (i FROKEERble o) sREBORILY b phEYIRLS glfeclpulir Der. 1t
i s al so prefled-diel, mannilsrsbiiel glyeers) and pelygethylene glycol (including
: . PEG 400) and mixtures thereof. The topical formulations may desirably
. include a compound which enhances absorption or penetration of the
25  active ingredient through the skin or other affected areas. Examples of
such dermal penetration enhancers include dimethyl sulphoxide and
related analogs.
The oily phase of the emulsions of this invention may be
constituted from known ingredients in a known manner. While the
30 phase may comprise merely an emulsifier (otherwise known as an
emulgent), it desirably comprises a mixture of at least one emulsifier
with a fat or an oil or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier
which acts as a stabilizer. It is also preferred to include both an oil and a
35 fat. Together, the emulsifier(s) with or without stabilizer(s) make up
the emulsifying wax, and the wax together with the oil and fat make up
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35 fat. Together, the enmulsifier(s) with or without stabilizer(s) nmake up
the enmul sifying wax, and the wax together with the oil and fat make up

- 9- WO 99/05150t he enul sifying oi nt nent base whi ch for nPCTVIESI®18284

di spersed phase of the cream formul ati ons. Emul gents and
enul sion stabilizers suitable for use in the formul ati on of the

present invamémmm Edﬁnﬁﬂ@@tnbﬁé WRRM o3 hs the diBt axpessed! pldseafol , benzyl

al cohol , ny{l{ st alfco ceryl nono- stearate and sodi um | auryl
sul fate. eceamo ce of suitable oils or fats for the
formulation is bEﬁaﬂgemts and ermﬂéloa\sltalghzm sigmble forcuseniet the properties.

Thus i he cr eAMANRHRG the prbRl BANHODRAROT RS Ko, 4AN@ !N N and

washabl e pr e consi stenc ge fromtubes
or ot herS coertasteary.alcohol, banzydialenhals utymh)drﬁepfmiaglrycem meen@r di basi ¢

al kyl est ergasiiad add éijjd’mm laur lm@é{bpate i socetyl stearate propyl ene
gl ycol diester of_ coconut

| Sppr opyl. | st decyl
ol eate, i sopropyfh®ghaiceff esmt@ le pils Of? g‘?"eﬁ?ea muwatigm iy h@?@lﬂfbal mtate
or a blend sﬁm@m ﬁn@oaé‘smkinc&&twes}aa@em&mownuéwhé:eﬁdmho@aP nmay be used,
t he | ast thrﬁz b?ﬂ prefer Sters. hesE By ba}luse al one or in
conbi nat i onP ff@ﬁ aop]oxg-ﬁéeasy, no’brsgﬁj WashRblE Prodpet Wit i vel'y, high
nel ti ndgopoi su1tdh1¢)|cdﬁs1stmhyae avoid ledkage fmxhttubas af btherawdtainetsi qui d
paraffin OrS@% ggﬁ oinb'?g edt a?ncx?t'angeor dhbaschgl‘iX} éfers such. as dic jror mul ati ons

sui table for cal m ni Stration i/ ude eye drops
wher ei n thetsa@dlupaée,|1$@e§d|8é¢ﬁratespmg}égmsb'® diester @G@g@ﬁa attyn a suitabl e

carrier, esm&sa&é;ym@? ﬁwy@a g)mé qrso;sftﬁaylpalmsfel phtyingr edi ent. The

active ingredient ent nul ations in a
concentratlﬁﬁawe'@ﬁi‘ XQ’ %a Hageo%a nggxghggcfaa@ est81§ 10% and in

ot hers lébodtn&vﬁ%s\ﬂlwdamol CAP ma bEQIs@dl tHe lapistheed béhgq:riefvrréd)pl cal

d trat | t
L ! P A yoed sl bYSE o ESEER SRR 7 v
t ragacant h; pqmrmés BuitEr A%ﬁermti\miy,ahnghmeltmg poingdipidesuch as an i nert
basis such pg;gehat Ld} S¢ ?ﬂﬂaﬁhy’ﬁ?'hg tid agﬂﬁr&sﬁhépﬂuﬁgral o?g%ﬁh"be and

nout hwashes corrpr e activ ent 1In sur't iquid
carrier. used For mul ati ons for rectal adm nistration may -be

presentyed as a Form@l!dﬁ@% lshﬁﬁb(le\fﬂofr hopical/a8Atihitradsa toafRIdyeidlgp f or exanple
cocoa buttef incltide eye drops w'he}/em "Re active ingredient is dissolved or
suspended in a suitable carrier, especially an aqueous solvent for the
active ingredient. The active ingredient is suitably present in such
formulations in a concentration of 0.01 to 20%, in some embodiments
25 0.1 to 10%, and in others about 1.0% w/w.

Formulations suitable for topical administration in the mouth
include lozenges comprising the active ingredient in a flavored basis,
usually sucrose and acacia or tragacanth; pastilles comprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose and

30 acacia; and mouthwashes comprising the active ingredient in a suitable
liquid carrier.

Formulations for rectal administration may be presented as a
suppository with a suitable base comprising for example cocoa butter or
a salicylate.

35 Formulations suitable for nasal or inhalational administration
wherein the carrier is a solid include a powder having a particle size for
example in the range 1 to 500 microns (including particle sizes in a
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35 Formul ati ons suitable for nasal or inhalational adm nistration
wherein th | is a solid include a powder having a particle size for
exanpl e i nevﬁ%%%ﬁge 1 to 500 nmicrons (including particle s PEEAISPE{15354

-10- range between 20 and 500 microns in increnments of 5

m crons such as 30 microns, 35 mcrons, etc). Suitable formulations
wher ei n t herange between 20 and<508 rtum[unslm imarementsno65 microms such as exanpl e a
nasal sprays3§rmfs H@S@'y o] C 0, tions of
the active |ggr ed?e mlcmns etq?mpﬁ%t?%%sioggﬁil g: 3 regélgr%{%‘fﬁgey

adnmi ni strat i%ﬁlhwdbf@ &ﬂé’iﬁ‘é‘#ﬁiﬁﬁtwﬂ as forxemplag rtta_f,al:a_mwm amaasabet hods and

may beddel ' higé MtIUdeOé us or oily Etﬂhﬁ@ﬂb”df%@%ﬂ&é ingred@dl | onal therapy
i s readi n ni st er ed ose i nhal ers:

For mul at g Pk%fﬂ’bs g %%é?ﬁ%?méﬁﬁ?mgﬂleﬁ Thay becprepgred pr esent ed as
pessari _es heourdirg t@ ceaventiqeal Snemadtsemd iém g'Be delisredywith othef or mul ati ons
cont ai ni ng re i en rriers as are
known in t hggeégﬂgl‘éé ggeﬁ%p [ﬂﬁ?l?ﬁ)g&e the Y s readxl%rr_acé]xm}pgﬁgﬁg Ysuitable for
parent er al puteredsdosa mhaluse sterile and include aqueous and

non- aqueous inje t | oxi dant s,
buffers, bacteri gé?gplsa%gﬁ% gtﬁfﬁt es x\?\ﬂa@ﬁ&l aag'nms?z%?x{oq\ {}ﬁgn*éor mul at i on

i sot oni 10 wi preseRtedmsopepsaties, Hampens ereamscgelpi pastes, fpams or sprajjueous and

non- aqueouswhanahs@@éamﬁir@nm Mﬂﬁfhrﬂﬁythéqﬁét‘x%em gredientbtRRNi Ng agent s
ent s | at | ons presented in unit-dose

and t hi ckenin
or multi- do%aéQ@&%?%F’ffe]F’éowf‘dP gugﬁﬁoebgggp&prﬁe anpoul es and vials with
el astoneric st op&mmulaa:mhsrmjtabm £d ﬁfénltérahadmlmstxfatﬁﬁ'z&edéﬁeﬁﬁb

i dora car i SRR gllebRd 4kt BinARboly TBod sSflhne hisy may =15,

to use. 15Ext@mwlaamdai}tedmuf&rssbaatemoﬂatsaaud sulsqtemml‘mﬁs remc;er be
prepared fri E—ﬁ%ﬂé}%&%&%ﬁ withANd! #8080 thaThriied retlifiedl; Ad2>
previ ously escr Preferred uni t osa e tornu are

cont ai ni ng 3AULPUS\ATMHBENRAJUEAHE SRS PW%B@%@B%WIH@@%Y ﬂ@dudﬂove or an

appropri at esp éﬁ&irﬁq\a géras aall thidk agents. The formulBti8Adlhidyope t 0 the
ove f orul.ati of this

e e et L et onh S e ety of 1
regard 200 tdmepoylee anid Vialswitht élastoimeriyustoppers, ahdrmay be storedninea t hose
The presentsaraiidd BpREAD 18adiiod RelulbiRe oy b Maguon 988" °
conpri si ng s&gri émdmrlabtfweexanmiedvaém f%lrmmmsum’\meémwbget her
prior to use. Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets of the kind
25 previously described. Preferred unit dosage formulations are those
containing a daily dose or unit daily sub-dose, as recited above, or an
appropriate fraction thereof, of BPPF.
In addition to the ingredients particularly mentioned above the
formulations of this invention may include other agents conventional
30 in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring
agents.
The present invention further provides veterinary compositions
comprising at least one active ingredient as above defined together
35 with a veterinary carrier therefor.
Veterinary carriers are materials useful for the purpose of
administering the composition to cats, dogs, horses, rabbits and other
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35 wth a veterinary carrier therefor. Veterinary carriers are

mat eri als useful for the purpose of adm ni stering the conposition to
cats, dogs, Wi9H5450 r abbi t s and ot her ani mal s FUSYe/N528e
solid, liquid or gaseous materials which are ot herwi se inert or’
acceptable in the veterinary art and are conpatible with the active

I ngredi ent. Y dTRY stered orally,
parenteral l'y g%?/ﬁé}{]ﬁé oganﬁgﬁiéf gﬁs gﬂgtenalsw mpounds of the

i nventi on c@ﬂ\g@mséaevct@rmcsw@ q:ﬁhthéowteanary art ang| areseompatibigceut.i cal
formul at i onsyitArthaiadetive 1ﬁgmaiémx 'Dﬁes%bﬁéftéﬂﬁéht composif@®nSthay band as active

I ngredient o r npound t nti o mhlch t he
rel ease of ta%méﬁ {Féf e HRAET e@l‘éf %r:by any Otfe?fn‘s sdfq‘g’ff‘gﬂd regul ated to
al | ow | e§s frequédmpoands obithe dnvention eariBe uskd tphprovide komedlled or

toxicity propi eLd?e %&lah}ﬂgc lfBHnu.&R Ao&?@mr&g a xflﬂt%?%? a@@é@gﬁgt I ons

adapt ed for o mnlsralonln rising
BPPF can be matepal eudaasmtwmggtedlenhoamomn@xe compomdhoﬁﬂ\e 15

Synthetic Mehpation in which the PEl8asd 8¢ PAERAAipedRinticad i Compl ex of salt

bet ween fumaric acl |s a Khown conpound prepared by

known ﬁeﬂﬁgagdcﬁndbgﬁgﬂlﬁﬂmfldmaém dess fErquent glosingnor to improve

10 the pharmacokinetic or toxicity profile of the compound. Controlled
release formulations adapted for oral administration in which discrete
units comprising BPPF can be prepared according to conventional
methods.

15 Synthetic Methods
BPPF is prepared by forming a complex or salt between fumaric
acid and PMPA. PMPA is a known compound prepared by known
methods or by the following procedure.

20
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] _ WO 99/05150 PCT/US9S8/15254
PMPA Synthesis
Q Pd/C,H,, EtOH (Et0),C(O) 9
4 OH OH 2
1 / NaOEt/EtOH OJLO
CH,OH \CH3 2
(S)-glycidol CH,3
adenine,
DMF, NaOH | 42
. 1) (CH:O),/EtaN/toluene
2) p-TsCl
(C2Hs0),P(O)H 2P 3 (C;Hs0), P(O)CH,OTs  NH,
N
NS
NH L\N N
2
BN (o
LD CH,
N 9 OH
k__/o\/ ~
CH,
6 1) HZOI 100 °C DMF/ THF
t »
2 10°C BuOLi
3) acetone rinse
NHz q
y ~OCH;CH,
1\‘7\ | '\S " ~OCH,CH,
N
y \OH L Hzo
CH,
PMPA ¢ H,0
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[
BPPF Synt hesi s PMPA is esterified using (CHerr]CHOC(OCH err]d and
conpl exed WO%9/081%0ari c acid using the foll ow ng nethod. PCT/US98/15254
PMPA. -Herr]O 1) (CH[err]CHd:(O)G:I—I[err]O
1- net hyl - 2- pyrrol i di none Et[err]N

BPPF Synthesis

PMPA is esterified using (CH3)2CHOC(O)CH?Cl and complexed
with fumaric acid using the following method.

PMPA * H,O

1) (CH,),CHOC(O)OCH,Cl,
1-methyl-2-pyrrolidinone
Et;N

2) fumaric acid
iPrOH

CO,H

NH,
Sy m
i CH;
Lot X

0~ ~CH,
CH, 2

Process Summar
In the PMPA preparative method: (S)-Glycidol is reduced to (R)-
10  1,2-propanediol by catalytic hydrogenation, which is then reacted with
diethyl carbonate to afford (R)-1,2-propylene carbonate. The carbonate
is reacted with adenine and catalytic amounts of a base such as sodium
hydroxide to give (R)-9-[2-(diethylphosphonomethoxy)propylladenine
which, without isolation, is reacted with lithium alkoxide and diethyl
15 p-toluenesulfonyl-oxymethylphosphonate (prepared by reacting diethyl
phosphite and paraformaldehyde, and tosylating the product in situ).
The resulting (R)-9-[2-diethylphosphonomethoxypropyl]adenine is
deesterified with bromotrimethylsilane to give crude PMPA, which is
then purified by precipitation from water with pH adjustment. The
20 product is further purified by recrystallization with water to afford
PMPA monohydrate.
The process uses a small amount of a base such as NaOH at step
1, which increases the reaction rate about 10-fold compared to the same
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2) fumaric acid I PrOH err
Process Sunmary In the PI\/PAgfrefar ative

]

met hod: (S)w&g%?lggl is reduced to (R - 1, 2-propanedi ol by E&E

hydr ogenati on, which is then reacted with diethyl carbonate to afford
(R -1, 2- propyl ene car bonate. The carbonate is reacted with adeni ne and

catal ytic ameastion laekingsthedasac fteps1 alsoi uses thydirogenigas insieacbof using i
9- (2- hyd [ t
i b um éf)ﬁé‘i‘?ggd a‘)n%"‘“r%”?ﬁ"@g"?é W genSihe hyBrSkorim sih? TREBEOGReL |
(prepared byseehthi hﬁoé‘l‘%?[a p¥eds |‘t’@can‘é dlyr exoth BBH:y@Pé and
- }?OSg Eit l 39 afiﬂihdr?] &dﬂ@é rea&n?ntm)xtuif&e'lrh@?@bwram reachvefbasg sucltlh
i e osphononet hoxypr o e rified w

b oo £ et B9 RAR RS CHE g8 o SR B en G DU e BE hSoseh 886 by
precipitati unafremtmmtlmt lﬂlldlfflqllﬂ't tdgoratoterfhe dseopNad thus seduirdsher

fied b dyPR t
purifie yn{cﬁ%rIXE&ahh{i@}é ) u}% ttﬁar’(""l’lbﬁ%rﬁ %ll?c{])&gé %Wﬂﬂ?y Dade[la S\hl ch

The process uses a snm Sé suc
i ncreases t hasescdsq BHie 2 a’r@dwdbat has anlimproveshbyproductprofier

- 14- compared té ﬁﬁ’e&tdblﬁ‘xﬂea%x %N&H @gs %wg' ‘ifhohr% of s’Hﬁ’ﬁﬁghydr ogen
gas |nstead of r eagent sucag generat'e hydrogen
in situll Thd g%éleggoveralky lat?gegrqq‘{cﬁﬁ Uil a5 rg{n §l%9eB5®fB which'is

mldly exothﬁnmn: abkoxide. addition to the reactlon m xture. The use of a

P Ihg,? | é eag?; la\s/eh $ ggliqu{rcxg and processN%eps deegllél synt £sis of ?ﬁ%‘ﬂﬂ* ind eaction
(R)-bis(POC)PMPA. One can practice the method using chirally impure
starting materials such as (R,S)-glycidol to obtain a chiral mixture of
15 intermediates, e.g., a chiral mixture of 1,2-propylene carbonate, PMPA

or bis(POC)PMPA.

Step 1, (R)-1.2-Propanediol; (S)-Glycidol (1.0 kg, 13.5 moles) is

added to a reactor containing (i) an inert, e.g., nitrogen, atmosphere and

20  (ii) a stirred suspension of 5% palladium on activated carbon (50% wet)
catalyst (100 g) in denatured ethyl alcohol containing 2 mole% sodium
hydroxide (7.85 kg EtOH and 54 g of 16.7% NaOH solution). The
contents of the inerted reactor containing catalyst and the ethanol
solution is usually cocled to about 0°C (usually about -5 to 5°C) before

25 the (S)-glycidol is added. Hydrogen gas at no more than 20 psi is then
introduced to the inerted reaction vessel containing reactants at a
temperature of no more than 25°C. The mixture is agitated for
approximately 4-5 hours, until hydrogen consumption stops. Reaction
completion is monitored by TLC (trace or no (S)-glycidol remaining).

30 The mixture is then filtered e.g., diatomaceous earth (about 150 g), to
remove sclids and the filtrate, at no more than 50°C, is concentrated in
vacuo, until volatile collection stops or is very slow, to obtain an oil
containing the crude product. The crude product is used directly in the
next step. Title compound yield is about 100%.

Step 2. (R)-12-Propylene carbonate: Diethyl carbonate (1.78 kg,

15.1 moles) and sodium ethoxide in denatured ethyl alcohol (210 g of
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in a reaction that is difficult to control. The use of NaH thus requires
nore | abor and care to use than lithium al koxi de. Lithium al koxi de

bases al so YPW¥0:5pr oduct that has an inproved by-product prpatiuses/i5254
conpared to that obtained using NaH, e.g., |lower anmounts of starting 10
material or overal kyl ated products usually result fromthe use of

Synthesi o ofif ﬁ/mﬁ@&m ethoxide ﬁhﬁﬁ%“§{5eﬁ£@§s§ﬁ3%??§-1§%39€v%§¥4-et the

net hod usi ng-&kg theorptirahhased on the guamtity of (saaglgmcml sisedi g step 1
R S I r tes, e. a
i rar On st Ay RRPUE SOIBHEH 15 Reafed to St 1oqrito didhifl 6?9*@( POC) PVPA.

2-
Step (R)-1¢t iiﬂw’opém&?ary (t’)achieve weartion completiary &idisiona) diethyl added

to a redct ofarbonitei(0i16%kg)iis added 16 tie réaction rﬂix&ﬁl@gﬁﬁlloﬁéﬂgphez go(?/”\cli\e t2)0
0

t t ed
Cat l yot - ( (OBEBEHSR R ReerParRl ) REREUR FORItioR i T IRIPAR R od! U
hydr oxi de (TL.E8Shkwifig @Hramedorsdo getectatde Y%—N&Gpiopahaﬁxomn)lheﬁ&e;due

sol uti o | 22 E@Pﬁ?ﬁ%é‘%“’f%@% 99‘8# 2"#??@%?%%@% P (05 o

before 25 qompqm)d g pcolylessdiquide dh tepugggms;atypml}ynﬁié%tdnan 20 psi
is theng grehtet gﬁwg?G@ahg sisnerted reactlon vessel containing reactants
at a terrpergture of no re than 25 C. The mixture is agitated for

approximately 4-5 hours unti | hydrogen consurrptlon stops. Reaction
conpletion is mg i elf g SBbnaf BINANg) . 30

Th h Lerec at t 50 t
reﬁoc‘exiﬁ{?aéaa%agﬂ%wﬁr} mt gﬁlomﬁ%%f%%ﬁ‘)“?ro%‘é‘%eﬁ RRHLOF oncen r at ed
in vacliethyliphosphits €180 kg);@iak&fotmtdeﬁymlpsmdﬂ kg, amdy sl ow, to obt ai n

|4
irect 5 i ‘Eﬂ’?ﬁ*‘{“‘”@e"ﬁ‘f@c‘%ﬁ#’{f@“‘* rﬁﬁﬁﬁﬁﬁfeﬁdﬁﬁ o alourgho,
Step 2. (R}milzsflihewpﬂhée%é@lbébmtel hpus; il ﬁmmnﬁm ig cormpletg as 15 1
mDI es) and rﬁ&ﬁt&@dﬁww&c%d‘mg%%& B nstc{bxéctﬁm@%@ihyﬁ %}@ggggded o

i um et e in ethan
(R) 1, 2- pra}gﬁ&ﬂb‘? reacuon, \“(“i“éffﬁg"“f“ﬁ %‘Flléépalﬁ‘é%’é‘ﬁg nMeMengddint ity of

(S) - gl yci dabedise dnoderateethelreaction, wilicly ejay ethérivise Anl out o cbﬁtrbEathed to 80
A K] o gty AR MR TN 5T e
to the r eayhpgphlm peak at Sf&ﬁ-ﬁ(ﬁ,\ppnbyao longer detected). The solution is
cooled to about 1°C (typically about -2 to 4°C) and p-toluenesulfonyl
chloride (1.0 kg) is added and then triethylamine (0.82 kg) at about 5°C
is slowly added (exothermic addition) while maintaining the
25 temperature at no more than about 10°C (typically 0 to 10°C). The
resulting mixture is warmed to 22°C and stirred for at least about 5
hours (typically about 4.5 to 6.0 hours), until the reaction is complete as
shown by TLC (trace or no p-toluenesulfonyl chloride detectable) and
optionally confirmed by 1H NMR (p-toluenesulfonyl chloride doublet
30 atd 7.9 ppm no longer detected). The solids are removed by filtration
and washed with toluene (0.34 kg). The combined washings and filtrate
are washed either twice with water (1.15 kg per wash), or optionally
with a sequence of water (1.15 kg), 5% aqueous sodium carbonate (3.38
kg), and then twice with water (1.15 kg per wash). After each wash, the
35 reactor contents are briefly agitated, allowed to settle and the lower
aqueous layer is discarded. If the reaction results in an emulsion, brine
(0.23 kg of water containing 0.08 kg NaCl) may be added to the first
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distillation to renove ethanol. Reaction conpletion is nonitored by

TLC show ng a trace or no detectable (R)-1, 2-propanedi ol. The residue

is fracti orMPPOHPEti ||l ed at 120[err] C and 10-17 nm Hg, to PCEIUSIE/ImS4it] e
compound as a colorless liquid. The product purity is typically 96%or 10
greater purity by GC anal ysis. Step 3. Diethyl '

| |
Pnte(r) " ug?ﬁigp?@ L%X@tﬁﬂtﬁfp?&h&%&%y %%ltzﬂm(% the reﬁgﬁgt&%&ﬂgéﬁg%ﬂ? . gn
(0.80 kg), pHewing mlm gelidadto qutlg,zdlﬁ@rdl% the Ipwertaqueons|layemaddinge kg) in
tol uene (0. iﬁs%ﬁa&rhﬁ%ﬁﬁ%ﬁtaﬂgaxhgrsbhgs @ 5eRAUNd #gain discdiding. then

refluxed for, a reacti on |F\%drprplete as

moni t or ed biher W@h@ﬂﬁ?@‘séaﬁﬂac & Prgaug Ahase s &t fin "tﬂfﬁstbﬁi‘te
Dur:jng tS"edE@‘?@txlsQﬂsnm&i?m Dado &brmﬁmﬁf F0°S df&tcfﬁr&iré&ﬂan'[l@l"/?eﬂd is .
use tormertet ch ma e t_of ;eontro
React i on co?‘?‘ﬁl ef‘{;%é'ﬁgﬁ;ﬂq%‘ 9\34{‘13! ?\kéqlggeﬁ ‘ﬂ& of
phosphite pabaumo-ye%mf tBedithe &)xppmmd dsongeul ofl@beut 8895% tpawrity} ut i on is

cooled to a e pically about -2 to 4 C) and p-tol uenesul f onyl
chl ori de (19’8Hf'<'517[9 6?1%&%9’61“ then triethylamne (0.82 kg) at about

5[err]C S sIovay added (exothermc addltlon) whi | e mai ntai ning the
25 tenper at urStep ; : epime:t FhdO[ err] O).

Th | i st for at |east
about 5 reé"’%‘%’ﬁgd???’%@gf‘%ds A5 qﬁ*‘@"’?ﬁ“’é{ SJ’ﬁé’%"‘)‘?thlﬁﬁ{ the reaction
i s conpl et ealkoxide and d@irh ysiroxypropyhladenisie. fane wid |Wlﬂ'€ Zonyl chl ori de
det ect abl ) gafbxy rop?l%dlé}{iﬁé lan dCRtHi i Bk oRideLiL N the-syelthesigsul f onyl

chl oride dou r | on e Th olids are
renoved by ?XH“Ear”aﬁ pbﬁtemp w%%%rfgﬁ%&h %@éﬁg 'E)Eé"gg “conbi ned
WaSEI) gfe)<3 anﬁtcﬁtd pyl)adeniné m\t\heﬁeecbmptb.haons mdenaﬁtddswatty u(g(l)} y15 kg per
wash), or optiona e 6 agqueous
sodi um car rrﬁ??ﬂ Xgé)rgamc sﬁ%§‘}&"§ gﬂ? (eiga&ﬁs\gzﬁ% ;13\;25?11 (1 15 kg per
wash) . Aft &ompnbe&\/asmrgam entesurthoas dimethylforavagnigle, ef | y agi t at ed,

al | oved 10 RelHyar8hitah OILAIE acetonitriE- EPHE] %eysr 15 afkaReR! Gathilyl | the

reacti on resu |on vve&er cotalnlng
0.08 kg NaGlimethylfoamamids arotolbend. ddese composmons options

-16- 20 furtKUmpMsd plrtoIHéﬁeldﬁHon RyenethyyhegpHonate gart &dertiaact or
o e et i a0 AL ros r, Seoss
di scar di ng ¢dmpéredeto %(ﬂ&h dmﬁycwepyl)'Eldenmegasuallpﬂmsdhamboht 18%at no nore
than S0[er Hase c%n%éémbﬁfgna TSR pfeatifRudd lithddmG-BlutdlagWr than 10%
lithium i-propoxide. They will generally also use about 0.9-3.0 molar
25 equivalents (relative to adenine base used in step 4a), typically about
1.2-1.8, of p-toluenesulfonyloxymethylphosphonate as a reactant with
lithium alkoxide and 9-(2-hydroxypropyl)adenine. Embodiments
include a product produced by the process of contacting 9-(2-
hydroxypropyl)adenine and lithium alkoxide. In these embodiments,
30 the reactants are typically present in an organic solution that also
contains p-toluenesulfonyloxymethylphosphonate.

In an embodiment, synthesis of (R)-9-[2-
(diethylphosphonomethoxy)-propyl]adenine, shown in above as step 4,
is described as follows. In a reactor containing an inert atmosphere,

35 e.g., nitrogen, a mixture of adenine (1.0 kg), sodium hydroxide (11.8 g),
(R)-1,2-propylene carbonate (0.83 kg), and N,N-dimethylformamide (6.5
kg) is heated to about 130°C (typically about 125-138°C) for about 18-30

———— .
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water content, by KF titration, no nore than 0.3%, affording a yield of
about 60-70% of the title conpound as an oil of about 85-95% purity,

excl usi ve oWOt8P%ishe. Step 4. (R -9-[2-(Di et hyl phoszhorcraisherxsespr opy|
| adenine: This compound is prepared using a conposition conprising :
l'ithium al koxi de and 9-(2-hydroxypropyl)adenine. One will contact 9-(2-
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or tol uefe. hijdeogypropybadenines whith eney byecipititehdut fahdy p @ﬁ’t After
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D Fol uenes Iy B utRaicR i e @y ioho B RRBIEN 43 kghis added apfl hesi s of
(R -9-[2- (maaumuphmﬁtma@meaﬂemp)er@wpyf]ahdehm%; (typimally iaboab3lde as st ep
4, I's describeq @5 af Péas%o?w Sufﬁg&%ﬁallﬁ}c%ﬁ'}oﬁ't ’2'-31&0&1‘}%; P O&xnthPSpher €,

e.g., nitro enin sodi um xiLde (11.8 g),

(R.1, 0 proﬁﬁpeabt-g‘at%ﬁa«we%gw Q3 intatranpateataamane Gt o « 6.5 ko) i s
heated to afsiiéndseMoriyidyrhé p}@ddpmoalaw(ozl@i Jﬁ&[ﬁdih&) bR a@dledit 18- 30

hours until _the reactl n.s ti Il y noni t.or ed area
normal i zed FPIE BRTE ﬁgh H&"?rg‘agj‘fﬁé\ﬁ)’a%%ﬁ‘go* vaﬁFﬁ' ich'is P%em&u ni ng.
The resul ti tegnperatunessfi abor 3R8A@ fbnaiaharast alddmjte2 hpars. tlknotmhl y *  about

RO A C?’?ﬁ%&%&%%‘?ﬁﬁ' pr ey L?B'Ea e OU?AQ{ZE ni's pol ”wn%”e

hydr oxypr op en| ne é
cooling, | mtmnmetﬂ\bmabq%ew(’/eo stagg)l interonedinte remainingir Bithean i s added

to the stagfaktibRiSin&RGhplete, dddiRbRMERILRLH-bltdSETESS kgh 2.6 IR~ (2-

tetrahydrofuran and diethyl p-toluenesulfonyloxymethylphosphonate
(0.24 kg) are added and the reaction mixture is maintained at a

25 temperature of about 32°C for at least about 2 hours to achieve reaction
completion. The mixture is then cooled to about 25°C (typically about
20-40°) and glacial acetic acid (0.5 kg) is then added. The resulting
mixture is concentrated in vacuo at a final maximum mixture
temperature of about 80°C under about 29 in Hg vacuum. The residue

30 is cooled to about 50°C (typically about 40-60°C) and water (1.8 kg) is
added and the reaction is rinsed forward with additional water (1.8 kg).
The solution is continuously extracted with dichloromethane (about 35
kg) for 12—48 hours with one addition of glacial acetic acid (0.2 kg) to the
aqueous phase after about 5 hours and another addition after about 10

35 hours of continuous extraction time. Extraction completion is
optionally confirmed by area normalized HPLC as shown by no more
than about 7% of (R)-9-[2-(diethylphosphonomethoxy)propylladenine
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hydr oxypr opyl ) adeni ne inamldly exothermc addition. The slurry is
treated with dieth p-t ol uenesul f onyl oxynet hyl phosphonate (1.19

and the ni xR WG heat ed to a tenperature of about 32[err]C¥CT’9§?88‘éﬁ4y
about 30-45[err] C, and is stirred for at |east about 2 hours (typically
about 2- 3 hours) during which time the mxture beconmes honpbgeneous.
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| east abidut #ndaonecentvatdomi eve reaction conpletion. The m xture is
then cooled to about 25[err]C (typically about 20-40[err]) and gl aci al
acetic acid (0.5 dd mxture.ls

concentrated i n & F- e ; -’ : e=tr e of about
80[err]C UnC@fucﬁb(mt-PmAis jncoﬁkreru (Io)dENﬂ-m diethy beﬁeﬂtoo about
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aqueous phase arter about our ot her _addi tion after about 10 35
hours of conﬁvmaeﬁsa@mwm Y DreSpHARRE VBA SHp P SOMpPsiGon

optional Iy Cc@%;\p%sm ( (RISK PRﬂTmﬁlt GHAhE Q.73 SoRhuteiR KheGolurion t han
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di chl or @get hgpixally less thehrabots Oeﬂ7eg£mh,peﬁ(R SD-@MPAI whaeitdiny the (&ﬁ)ﬁospher iC
pressure t hw solution 1%%1‘9 tgfnp%?aﬁ?é o?%o ?f@-%"ﬁ chrguc%ilgus b an t han

about 80[ er give t ge oil.

The title cddpRifd ﬁmechmegt ofsth‘abféhl’lvﬂb& mgyxrv\évdm(RﬁarmP& ed HPLC and
its purity igitydHsCat bR ¥0-55°C mah B LéoRipIRBA HIRAd) ﬁgﬂng"ﬂa@ Hbs actual
}Nf'ngg t t ﬁfe t h%o&xlt t2|4-3 5, opnonalw(g&?oweé R)y bnngx%egntthe sollgtrxlorlt erfl eractur Lgately 1.6
25  to about 10-25°C and then optionally adjusting the pH to about 2.7-3.5.
In an embodiment, synthesis of crude (R)-PMPA, shown in
above as step 5, is described as follows. Bromotrimethylsilane (1.56 kg)
is added to a reactor containing a mixture of crude (R)-9-[2-
(diethylphosphonomethoxy)propyl]-adenine (1.0 kg calculated based on
30 adenine input described in step 4 above) and acetonitrile (0.9 kg) with
cooling to maintain a temperature no higher than about 50°C. The
lines are rinsed forward with acetonitrile (0.3 kg) and the mixture is
refluxed at about 60-75°C for about 2—4 hours with moderate agitation
to avoid splashing the reactor contents. Reaction completion is
35 monitored by area normalized HPLC showing no more than about 3%
total of monoethyl PMPA and diethyl PMPA remaining. If the reaction

is incomplete, additional bromotrimethylsilane (0.04 kg) is charged into
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t heoretical weight. The additional observed weight is attributed to
I mpurities and/or solvents remaining after the continuous extraction 10 and

concent r at i We.99/05150 Step 5. PCT/US98/15254
(R) -9-[2- (Phosphononet hoxy) propyl | adeni ne. crude: Crude (R -PMPA is
prepared by converting (R)-PMPA diethyl ester to the free acid. The

proportion $RETRE 94%
(R) - PMPA angﬁa %%t&ﬂ%%% actionds %ﬁhgé& f&r‘;aﬂ?%ée%dsﬁgl ﬁaﬁggsgﬁ? 97- ?99%
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l i nes gre ri %—f(;?sav\%%gws&ﬁh tonl{]*@%?%%%bg%ﬁ%ﬂe% %(?t ure is
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about 1 housomh?% 15 cg&gd rtSaAgB é{){g’?‘fﬂgﬁ%&fﬁg %%ttg g@ ﬁéét ed 1(:a gsno
hi gher than20rbours with slowy memagitaé@nbwad iaypids splashingrthei al | y at

at nosphgy i cc&{t&%@ua&a%%mch hmet@ﬁrpl‘dau\é@?,ﬂeufcﬁ?em éerEeggum% at no

hi gher than about %pé reactor con are n cooled to

about 20[ erdt] %P&Beﬁﬁ\qwa[mqm ed toabogﬁ g-a8yeically 9 kg) is
added (exotéfwuﬂm-aaqi,lﬁstﬂmy ising 50% 8québiss sWdiim hydroxidle okenper ature of

the contentg, X8k hr}\yddr%%hfg)%chac% St neggsgary fhe slurry is cooled to

approximately 5°C, typically about 0-10°C, and slowly agitated for at

25 least about 3 hours in that temperature range. The solids are collected
by filtration, washed sequentially with cold water (0.35 kg) and acetone
(0.3 kg) giving crude PMPA as a damp solid typically of about $7%
purity. The product is heated to about 50°C and dried in vacuo to a
water content of less than 10%. The quantity of diethyl PMPA is

30 calculated from the quantity of adenine used in the preceding step of
the synthesis (assuming 100% yield) and not from the net weight of the
crude diethyl PMPA, which may contain other compounds.

Step 6. (R)-9-[2-(Phosphonomethoxylpropylladenine, pure: A

35 suspension of the crude PMPA (1.00 kg corrected for water content)
(Step 5 product) in water is heated to about 100°C (typically about 95-
110°C) with moderate to high agitation until all solids dissolve, and the
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SO[err]C. The mixture is cooled to 20[err]C and washed wi th dichl oronet hane
(1.7 ko) byw(gltatl ng for about 30 m nutes. The isol ated aqueous phase is

10 then fi &P rough a 1 [err] cartridge filter, diluteBCHUSS AR der
(3.2 kg), heated to about 40[err]C (typically about 35-50[err] C) and
adj usted to pH about 1.1 (typically about 0.9-1.3) wi th aqueous :
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pr ecedi ng step of the synthesis (assumi ng7 100% yi el d) and not fromthe
net wei ght of thd&lptiona igatipgn: PAMPARIZS18) imgecepstallizeddromyr

conpounds. 1,0 (11.3 mL, 15519& @md Ft)eyﬁe&@n Bt@ ast@sattb@symepylladeni ne,
pure: A 35 uspension of the crud

ted wat er
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t hen cooI|n Acontinued to 5 about 10[err] C (typically about
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25 temperature, the crystallized PMPA is chﬂled in a freezer overnight.
The PMPA is filtered through a coarse frit fit with Tyvek™ and the
filter cake is rinsed with ice-cold HyO and acetone, then sucked dry to
constant weight to afford a fluffy, white solid (Preparation C). PMPA
recovery is typically about 0.52 g (81.3%) and purity about 99.3-99.5%.

30 Preparation C PMPA (0.50 g) is optionally recrystallized from
about 7.5 mL boiling H>O (15:1 wt. ratio). Upon cooling to room
temperature, the PMPA is filtered on a coarse frit fit with Tyvek™.
The filter cake is rinsed with ice-cold H20 and acetone then sucked to
dryness to afford a fluffy white solid. The filtrate is optionally also

35 concentrated to afford a white solid. PMPA prepared from one or more
recrystallizations is optionally used to make PMPA derivatives.



kg). The wet cake is dried in vacuo at about 50[err]C (typically about 40-
60[err]C) to a water content of about 5. 9% (typically about 3.9-7.9%, 10
af f ordi ng PP &AM nonohydrate. The product purity is typi ®T/ys9sns2s4 98%
or greater by both area nornalized and wei ght nornalized HPLC. If the
chem cal purity is unsatlsfactory, the product may be repurified by " a
repeat of this s§iep. Fs PMEAtfuenah .ekeambaldflmmlabd@b@a::(\o 75 9)
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const arl wdegiperatyrafreartipra(about 78 thélosb’qug than @Qa)rfﬁ‘laoﬁfh@)t PMPA
recovery | ééi/&i Ng%dex 3@b1%tm§}u§casg Extm qagcﬁwsl dné @P9Yimiutés 99 5% 30

Preparatio 1S opt | on f ecr I zed from about
7.5 nL boi 1atf9"Hollpwed k}iseafhwn atr6o@r¢§) @plmp%oéﬁalb hoyymat

t enper at ur e0° tapd D/Eﬁhd;&sfdﬂmzd on a coarse frit fit with Tyvek[err].

The filter cake err 0_and ace t hen sucked to
dryness to affor‘%ﬁﬁr hets}? Mﬁl\@g} ée#tf‘m B TR eg‘b‘?’l%eal ly also 35
concentlfat exptionadllyf used filtraticnetcsrémave Btvﬁés frapathedreaciion enixtare, mor e

[oarYstel ! IBib Dy HalRing itk h RGH Al SSuslty é’F@*X%L%fo% of PMPA a
base such alkyl mgiety, &.gi afhwyhmeﬁ@te( rrﬂ;zmpal acatplep PPTEpPYhaceiate®s) and

;,“'e;’gg”et hBéJth%l acetate, Né;&Ple vRA/PARRIRLOR ﬁ:ﬁwésa&g%xﬁ@ kyRehtSHsh as NWP

5 reaction atbeﬁﬁéﬁét ﬂg g‘eo‘P“&’&‘@ EQ%%‘%@S ‘I’l}"&% 0%‘*‘9“§{h€’§é‘?{]tﬁsdégleﬁngf Ceg
good big( P@ﬂbmrmﬁoﬁSof sbiliel BPBEP@ﬁ)dﬂ\/ﬁkcspmm,smmmm ¢BPPF...  gives
good resul tg, UBEBE o? CWM PorEARAUhAR Bendtad) {lsﬁﬂf}? fesh 'tHEn 394
(about 0.2-0.4%), of water or organic solvent such as 1-methyl-2-
pyrrolidinone, a trialkylamine (e.g., C1-3 alkyl such as triethylamine,
methyl-diethylamine, diisopropyl ethyl amine, or propyl-
25 diethylamine), methyl acetate, ethyl acetate, propyl acetate, isopropyl
acetate, a Cj¢ alkanol, pyridine, dimethylformamide,
dimethylsulfoxide, acetone, CH,Cly, tetrahydrofuran, acetonitrile, -
toluene, a xylene, methyl ethyl ketone, 1,2-dichloroethane or CHCl3.
Typically the fumaric acid is dissolved in a C3.4 alkanol such as n-
30 hexanol, n-pentanol, n-butanol, isopropanol, n-propanol, ethanol or
methanol.
Methods and compositions used to make BPPF or cBPPF use
bis(POC)PMPA and fumaric acid, which are contacted as reactants.
Generally one will use a solution containing at about 3-430 mg/mL
35 bis(POC)PMPA, usually about 4-100 mg/mL. Generally one will use a
bis(POC)PMPA:fumaric acid molar ratio of about 0.6:1-1.4:1, usually
about 0.9:1.1 or about 1:1. Generally the solutions used comprise an
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tenperature ranges. For exanple, the reaction gives good results when

a |l ower tenperature reaction (about 55-65[err]) follows an initial high 10
t enper at ur e W1V (about 70-80, but no nore than 80[ ere] ) PEBUSI/ERS t
period (about 30-120 m nutes). Exenplary reactions are (1) 30 m nutes

at 80[err], followed by reaction at 60-65[err] for 2 hours, (2) about 4
hours at orgadir solvetiByuch hpansalkyl I¢eta2, 1-methy1-2-pyrrohﬁumnet, lae

bi' s (POC) PMPA, fax%gghgof RELL afhrl thg?ﬁﬂhﬁ‘é e&mé}ﬁglfaﬁna&aabonal |y uses

filtration tgo r react’ion m | I owed by
washi ng wi t idimethyleplioxide,acetong felp; Zuﬁ%tfé}é)é@faﬁéfﬁﬁ aéiemmle, al kyl

”?'he][ Y, et gttolwtay*yl@ﬁ@t@l@fh lrbttﬁﬂlplﬁﬁoxﬂc QtZaaﬁhldx@@ﬂfaQ@)’dr @Hlfl@t te 0[
ethyl acetate in.vacuo disti]lati c solvents to
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(about 0.2
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di met hyl sul fpxordenethy ﬂkfpiﬁpgrﬁhﬁﬂfohbg {250 k? fsedd ety Hh@fthé atixnaeqsoni tril e,
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heXﬁnoI 3 Nn- peidshixeg thenedmﬂeaqur almmrﬁeﬁd'rmirs, rypicaiyaaibdyt £hbars)|  or

nmet hano or cBPPF
use bi S‘IJ(XM %ﬁ%%‘!\@‘gm w“l mté;%gp(gﬁi%a?@lﬁmaﬁ; %q%%%%ﬁg react ants.
Gener al 1§ omaond than 1% mepp(ROCPMRA presemd). aThe roixturisodibge 35

bi s( PCC) PNPA, %6?3‘:‘ pg)%ltl / B

bi SE Pa:g PI\/PA uma bié% 5rﬁt‘gzta}l(rw‘?a d&) ecpgzgut Ot% SU"@ Wlkaly

about 0. 9: 128 Graspanidlyas possibley andy/vku%% holding; tbﬁ#ﬁ%*@él ceBiepts %"e an
-22- about 15-30"Qafyipicalll MeABo RIS CathedfiRthuley lis @étéﬂffor about

1- net hyl - |1 di Kk »
Y o B Bl B "
tetr ahyﬂﬁ of filtration aadowiashed evith isopropyil acetate (4.44Wgn&h pined hyI

ketone, %ﬁk %@%@é&m&{t lg_ﬁ é. g{pzéallxma?%utfisacagreem£ {8 ByriceSy Nt hesi s

of bi s( POC) B fIc acla or m BPPF,
i s shown i nwitlbwates(3.28 kg Pﬁtéﬁas}r\)mmg naglesate) agitation fosiabgus 1"1I0n a react or

Wi th an inetdin, to avoid forming an emulsion followed by allowing the phases to

separate. The combined aqueous phases are back-extracted twice with

25 isopropyl acetate (3.56 kg per wash) (about 15-30°C, typically about 25°C).
All organic phases are combined and washed with water (2.20 kg)
(about 15-30°C, typically about 25°C) using moderate agitation for about
1-10 min. to avoid forming an emulsion. The combined organic
phases, which are at about 25-43°C, but at no more than 45°C, are

30 concentrated in pacuo (about 26.5-28" Hg) to approximately 30% of the
original volume (about 10-12 L/kg PMPA monohydrate). After a
polishing filtration using an in-line 1 pm filter, the concentration of
the organic phase is resumed at about 20-38°C, but no higher than 40°C
under a vacuum (about 28" Hg) until a pale yellow oil remains. The oil

35 isdissolved in a warmed solution (about 45-55°C, typically about 50°C)
of fumaric acid (0.38 kg) in 2-propanol (6.24 kg) with vigorous agitation

until solids dissolve, about 0.5-2.0 hours. The warm solution is then
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at nosphere, e.g., nitrogen, a mxture of 1-nethyl-2-pyrrolidinone (4.12
kg), PMPA m)no drate (1.00 kg), and triethylamne (0.996 kg), are 10

agi tated f3&¥9 9 15-45 nin., typically about 30 nmin, and POTAS9S/15254

chl or onet hyl - 2- propyl car bonat e (2.50 kg) is added and the m xture is
heated to about 55-65[err]C, typically about 60[err]C and agitated w thout
spl ashi ng tepticraibefilterédusidgan id-lind duws, filtgpmdiild ;mﬁimiﬂmg hours;,

more than (SR E R SAROE. q’é‘si‘?%‘%'*’é 35 aBond L B0'C W Bcall f dbouk ™0, 2,
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renoved by aitatibn) bpabnmhhyamﬂa«hﬁh'&da\emdn At zmﬂbx SJXRMPA 44 kg). The

nbi ned b

osterric Jrmaarabbufify it and? 35%}#?%&%@ 856, Hopigany W8S Ui ng
noder at e adiSP@r over dhoutdb houts, tgpically ovien abbut avwt, Seediargstals enmul si on
bhases ar o Ay, BLLE hebdEd BTSSR (otmation BERHS eore st8d flta {%ﬂg‘é‘q‘ééc"éir
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1-10 min. &g‘%ﬂa ah%%fﬁ%@ %fﬁngrﬁ(g a&’}’b‘}l 1g§#h2&:%i’ﬁeﬂ?%ﬁt RIS,  phases,
whi ch are aYpmbkbjnhbaﬁt a2{36rhdis. lTHe pdsultbngTehigry iﬁiﬁltéﬁ&pj@k%m fe fg

oncent r at gd i rOXxi nat. 00 e
gl’l gi nal v% tﬂe{ﬂ aﬁgggﬁa %?E%%AE?%W&%%‘%Z té nnid‘ 0 l/ pol i shi ng
filtraldon aG@B'@g( Zin) kglllnbwtyle{terr@ 44ikg) €14 vﬁe) cBine filter aakeyrwhich t he
or gani ¢ phasg h§ mGRUREH @bcagoa&tle§9 %azﬁ fol?uﬁtblo'&? 1oFhay 2R e 11T

under a vacuum (about

i s di ssol vegiedprodugt h%GPQBPﬁIQY é‘h‘n€§ &‘12“115 M54 fittediweithia/086Qut 50[ err] Q)
of fumarics@ees), &@fo%&ulggbxs(m PVPR2 Pinatde 24 WHite Wikd) pdw@ERHRe 201 tation

until solids |sslve warm sdj ution is then

- 23- &ystalS'3 ab%&?*’ﬁi?|9§5?/rppatxd‘f3e ’ﬂéﬂgﬁ OREQIAY 1 amfilter while
m ni m 20 ngrecrystallizedadssergially 2ddesmibeddi lwere tdlincrensd produatpuaityut.
34-50[err] &, ? % i cally at about 40[err]C, is agitated using the

m ni num ag|l i on _needed to obtain a honogenous sol-ution. The
resul ting sol ut EBipodimenty inrlude sopmposiiions thwat traasiently ©ccuypikent | y about

32[err]C, QVﬁéﬁléE@!& %Q e‘i’h'ﬁ@ﬁ i pefforHel! "Pdr example, dHdrth 'lﬂﬂmgﬁpt ional l'y
seeded W t%}} é@m\ é‘ g bl? c&_F‘;S(JC ) PMPA fllixnt%rnate (about 100
and c¥8P 3 §rerhydroxypreriddadening se /
25 composition at the initiation of mixing will contain negligible amounts
of the lithium alkoxide. This composition will be generally be present
as a non-homogenous mixture prior to sufficient agitation to mix the
solution, Such a composition usually comprises negligible reaction
products and comprises mostly reactants. Similarly, as a reaction
30 proceeds, the proportions of reactants, products and by-products will
change relative to each other. These transient compositions are
intermediates that arise when a process step is performed and they are
expressly included as invention embodiments.
All citations found herein are incorporated by reference with
35 specificity.
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15[err]C, over about 1-2 hours, typically over about 1 hour. Seed crystals
may not be needed if crystal formatlon begi ns before seed crystals are 10
added. CryW@P%051¥ m over a range of about 12-33C as the soPGTU§PS/I5354
cooled. Agitation is discontinued when crystal formation begins. The

m xture is allowed to stand at about 15[err]C for at |east about 12 hours,
typically about Ehefollewing expamplesdurthendligstuateybutsdé iriatdimit fhyvek| err])
and the filtiggenfilon.i s washed with a prem xed sol ution of isopropyl 15
acetate (0.70 kg) in butyl ether (2.44 kg) (1: 4 v/iv). The filter cake,

whi ch Is at no nore than 40[err]C, is dried in vacuo for about 1 to
10 days and the dried productgx gonally mlled (Fitzmll NMbA
fitted weth a 0.050" screen), aftording bis(POC) PMPA funarate as
white, frne, powder-Ilike crystals of about 97.0 to 99.5% purity. The

BPPF is optionally 20 recrystalllzmmtlally as described here to

I ncrease product ghlie Hesi e ggodl nment |ncI ude
conposi tions tha ! .*q A 1 et %‘8 fae‘bpf? Per ati on

i s perfor nedlfﬁ%ﬂoéml’e of \IBE FaWBSs tdemrmmed using hdxénkral Elattried with a
9- (2- hydr oxX yrE IWRBERLA cﬁ?ﬂrh&ftbﬁ[étext Qﬂd%%xenfe‘i\@%?hfvé{é’?)ﬂét jpde initiation

of m xi wll contain negli e anou umal koxi de.
Thi s coﬂcgosmtﬁfﬁc%\ﬂ f sﬁ%mb‘BEéPﬁﬁqu Kwo degrens 2-theta (28} per minut®nogenous

m xture pri gécordirgtfd & Pudlishéd ééédiﬂ‘et 80 PhdrB®acopoeia, ¥81. 4 gugtggss gggh a

Compri ses nBHG i 'Péac?f’ﬂi’sf’%%r Fapigl éev%ﬁﬁte'aﬁmrﬁw“i eds, the
proporti onsThé HP&P:Foﬂrysml‘s wpreoshaohed dbretwben drandi33 degriebs 20 by Cha{lgremadl At s
e Lo R P 00 m w0
i ncl udeld asstapdard fasus sapper xelmysm e (Varican CA-8\witlt atgraphite found her ei n
are incor poﬁﬁi@@h%ﬁ%q%%@u‘ékﬂ&g%d §F§%ﬁ{tﬁ atl cfr%’dete tor. ’ﬂ\
- 24- exanp iTlustrate but do
not limt tWeighted mea}rhyéh{ep(g{ )?-ray wavelengths used for the calculatxons
EXAMPLES  ‘were CuKa 1.541838 A. BPPF exhibits charactensﬁc %%Wﬁ@wﬁer
Bi s(PO Pwpéfgrg%rialﬁgal%hé/xsﬁrggledpr Ocpeegrréclesefe at approx1m¥te?y %e 10.2, 10.5,
20 18.2,20.0,21.9,24.0,25.0, 25.5, 27.8, 30.1 and 30.4. An exemplary X-ray
powder diffraction pattern is shown below.
BPPF crystals were also analyzed by differential scanning
calorimetry and exhibited a thermogram with a characteristic peak at
approximately 118.3°C, having an onset at approximately 116.1°C. The
25 thermogram was obtained using a scan rate of 10°C per minute under a
nitrogen atmosphere. The calorimetry scan was obtained using a
differential scanning calorimeter (TA Instruments, model DSC 2910
with a model 2200 controller). Approximately 5 mg of BPPF crystals
were used to obtain the thermogram. Differential scanning calorimetry
30 has been described (see, e.g., U.S. Pharmacopoeia, vol. 23, 1995, method
891, U.S.P. Pharmacopeial Convention, Inc, Rockville, MD).
The melting point, the temperature at which a test sample
becomes liquid throughout, of BPPF was determined using a Mettler
FP81 measuring cell equipped with a FP90 central processor, according
35 to a published procedure (U.S. Pharmacopoeia vol. 22, 1994, method
741, method Ia, U.S.P. Pharmacopeial Convention, Inc, Rockville, MD).
The bottom of a capillary glass tube was filled with finely ground BPPF.

-25-



diffraction pattern of cBPPF was determ ned using a Ceneral Electric

nodel XRD-5 X-ray diffractoneter and a Sienens Software Systens 10

i nterface avoA&%8:1&nhni ng speed of two degrees 2-theta (28) petT/usHelisesy
according to a published procedure (U.S. Pharnacopoeia, vol. 23, 1995,

met hod 941, U.S.P. Pharmacopei al Convention, Inc, Rockville, MD). -The

t
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point, the tenpdiEilFeYsEAls ¥rare Analyzedibys infpared spectropbetemetry yoing
t hroughgut ,a BérkBiBine@ meaée1660"FILIRSIpedtraphetdheler accordim$ tnéreasuring cel |
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capi | | ary fQebpiveight (50 mghef dried KErcwas prepareg byl grindingithe two ‘1 oaded i nto
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e L R e b T Mermaconed iy 2450 meed 197 U P25
BPPF was t @haestatopeiahConventiba)Ind)Rdwkivilld;i M) VMotiiédrdR.Thet/si, Ng a
VBT ohm 68Kk e el 30 68" Arlifh 584 BRER! hi HokbR S5 208912,
1973). The spectrophotometer sample chamber was purged for at least 5
25 minutes with high purity nitrogen gas at about 6 p.s.i. to reduce carbon
dioxide absorbance interference to < 3% in a background scan prior to
scanning with the sample. BPPF crystals exhibited an infrared
absorption spectrum in potassium bromide with characteristic bands
expressed in reciprocal centimeters at approximately 3224 (O-H), 3107-
30 3052 (N-H, C=C-H), 2986-2939 (aliphatic C-H), 1759 (alkyl ester C=0),
1678 (aromatic C=N), 1620 (aromatic C=C), 1269 (phosphonate P=0) and
1102 (C-O-C).
The solubility of BPPF in different solvents was examined. BPPF
was found to be generally most soluble in polar solvents, which are
35 typically used in the invention methods and embodiments. BPPF
solubility in dimethylformamide was 428 mg/mL and BPPF solubility
in isopropyl acetate:water (1:1 v/v), methanol, ethanol, isopropanol, 0.1
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(U. S. Pharmacopoei a, vol. 23, 1995, nethod 921, U. S.P. Phar macopei al
Convention,_lnc, Rockville, MD) and manufacturer's Coul oneter

i nstructi on?O®818munt of BPPF used in the assay, about 503%65%5254
was neasured using a five place anal ytical bal ance (Sartorius, Mdel
RC210D, or equivalent). A typical batch contained | ess than 1.0% w w
wat er . HCl ancsapaoeeyg@eahomfel%mg/mb B AFgolubidigy in

spect r ophot QRB{onytrils) ﬁgﬁgﬁgf% kha d%lm&embr 43 3 MBabout 3-

spectrophotorret er, gcc rer’s uct ns. KBr
(Al drich, |RJRE&4E V\gé fow SOIWga n‘i‘b&ﬁg@%éf"g‘)’ vacuum

before use hWaxahans!l ucent pel |l et cont ai ni ng about 10% by wei ght

bout f I d b t i ght 0 f
i ed KEP whs  pr SERE-GBIA Werd ARalEat by itsmvitel sEbr S lgomely (o obiain a
fine powder usirig aﬂMlath‘ed;arﬂanodeb&ZSA diodeatray spdctrophotometer U S.

Phar macopoei, cor é% tﬁ& %ﬁ?éﬁﬁﬁ%{%%ﬁt%cn&ﬁs The amquntp&aﬁﬁ?g?ﬂgﬁ

Conventi on, I'son
Cheni stry, mdheassayAabgnt ahmGBacasmensiered rmag@nfwg)pmgambmcal 1973).

The spect [ OBRRIrRETSAtoRAIPMR I RENODGS n?e {¥i6h) QrdPHPLERSE 5 25 minutes

w th hi Itro gas ,at 0 reduce bon
di oxi de?gbs ‘?"F? 15&'?\'3%5?@“{%%] /61?943%13}3%9?@ an prior to

sganm tng Wi hg/h’{EBS’BMtépHBFO’E\ ooy:m Porassimipicphate bﬂﬁfélflmﬁ 149%0

apsor 1 on CLIum.I i um¢br.o LESLI anas
expregsed |§£ &EPSPB ﬁébgéﬁ\?ﬁ er pgl}(ieupg}(ﬁ)g}ﬁgg@f égi‘l /%:‘ﬁi) 3107- 30
3(3)\;,523 EN—H, ??BFH)BPEIQSKIQQBQIOammé&mnol Radip, kmassat@hbhw?@aner c>c>éI

1 aronmati C an

1102 (G 0- CB:LP “Bbbr &9&9}#}We9¥?«5t)ﬁ¥%‘o§§%?&égg§( %9 P?fe?’e svcgl) vent S was
exani nelf midity angaat 1om demperrsurfinirep r@3ﬁﬁ1@w35cﬁﬂm l@as apKalofr

sol vents, whigcdy @ét@rned Y)z ;S&bhbioﬂﬁeﬁ% kitrdtitm, | nventi on et hods and
enbodi nents. BPPF lity in dinmethylformam de was 428 ng/ nL and

BPPF solubility [ |sopropyl acetate:water (1:1 v/v), nethanol,
et hanol, isopropanol, 0.1 z - 26-
N HCl and acetong

acetonitrile, isoptbFRusHine -|(§;FW§%¢|t(%5§%§tabout 3-

15 ny/ A0 M R ispred) memkapenﬁedymmﬂ@ﬂ{ conta@tipgrwiter (106 mp) agdher and
hexane. 55’}.5"_1!: I Y
ms}%H yras e 4. gﬁ%smtﬂthgﬁ ﬁlg?g{ & E%dééﬁz’gﬂé di ode array

spectrophoto usi_ng o

spect r Ophotmhétlen was wana@éotpd%f)n& and the P asadinsted; teabot Silns. The
amount of Bk pEB®fhs then adjusted to 3.1, and the solution was seeded with (R)-

PMPA. The solution was allowed to cool to room temperature and left

25 for about 2 hours. The solids were collected on a coarse glass frit
sintered glass funnel, washed with ice cold water (10 mL) and then
washed with acetone (10 mL). The resulting PMPA consisted of 98.3%
of the (R) isomer. No chiral enrichment of the (R) isomer was
observed when similar protocols were performed using 2.5 g of (R,S)-

30 PMPA (about 93% (R)-isomer) and 25 mL of water. Chiral enrichment
of the (R) isomer to0 99.6% (R)-isomer was observed when a similar
protocol was performed using 0.766 g of (R,S)-PMPA (about 93% (R)-
isomer) and 10 mL of water.

35 Example 3
The solid state chemical stability of cBPPF and

bis(POC)PMPA «citrate salt was compared by analyzing each compound
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In the assay, about 25 ng, was-neasured using a five place anal yti cal

bal ance (Sartorius, Mdel RC210D, or equivalent) and HPLC or 10

spect r ophot woet9res1sogr ade sol uti ons. The nol ar absorptivity ecThi’es15254
[err]g/nL BPPF at pH 6.0 in 0.01 M potassi um phosphate buffer was 14930
M1 cnferr] and 15010 M1 cnferr] at pH 2.0 in 0.01 N HCl for 15 [err]g/m_

SEEE chSSP'lt: al éoﬁ/%f %'fg)/ %6%@ Oe&tggf\}ﬂxtﬂo"ﬁ% %m%ﬁg é@gﬂiﬁ}: hum dity

and at r oompowﬁﬂmawuaexmct@ytmowstdblﬁsto ssmage m§leyape<h 3.8 as
det er m ned t

Exanpl e l?é/mBQ}a%{l}é %If{rﬁafe'léét?]\?éi ?:Iﬁ?rlgnw of (R -PWPA. (R S)-PMPA H20 (2.5 g,

about 20z 93% R i soner) was suspend fla ai nin 100 nL)
and > the pH was adjusted to 7. ‘E“;‘L@Ontg) HOSIJ;‘)\SG;(E?@O—I asgprllmp g?idThe

sol ution wa fHoRs t 8n(® [BPPRRL angimihisettH Wasimsdbgsst ed t eusheyt 5. 0.

The pH was N 78%rusped tmop 1, andifphe so utlggowas seeded gmth (R) -

PVMPA. The sol uti on was4al | @gesl to cop)7 to room pewperature g left 25 for
about 2ifours. The soBods w8k coll etged on a ceavse gl ass fAit

sintered gl ass funnel gowasteFdi with i 26 col d wat 27.6(10 nlL) arg2.4 hen

washed with acetone (10 nL). The resulting PMPA consisted of 98.3% of
the (R) isof@C, 7686 chdral &%0chnentldf the (R) 998omer was 1.0 observed
when sinilar protocol8 wer @6gerformedlusing 2. 52400f (RS)- 3§I*BVPA (about

93% (R)1¥soner) and 2B nlL of water. €hiral enriéfnent db-dte (R
i somer to 99. 6%(R)-|%bmer obserQ/éd when a stmilar _protocol was
perfornmed usiRg—O0—+66L4—of-Li; R bo 039% erer—- and 10

m. of water, ‘ The
solid state c‘FPé’ )}Ia e yymidityy o pthepreguct,yere ge““%‘?i’(‘?éﬁ“ﬁﬂ/ﬁ% citrate salt
was co reH‘°B‘§ﬂ A f8%%®ach conpound

-27- after st orage urﬁmmmie.té‘ erent conditions. The results

showed t hat BPPF ’ m@:&%%hﬁbé BrbR wior age at

el evat ed per N0 e U y
nono( POC) formtgemlth several W@p@s follows.
PMPA PMPA PMPA Condi tions time* BPPF%
f umar at &% G trate% gitrates Per unit content
nt (mg/tablet)
BPPF 34 0 75
Lactose Monohydrate, NF
e intragranular portion 54.0 119.2
30 * extragranular portion 2.0 44
Pregelatinized starch, NF 5.0 11.0
Croscarmellose Sodium, NF
* intragranular portion 2.0 4.4
¢ extragranular portion 2.0 44
35 Magnesium Stearate, NF 1.0 2.2

In the formulation, pregelatinized starch NF was used as a
binder and disintegrant suitable for tablet compression. Croscarmellose
40 sodium NF, which is internally cross-linked sodium
carboxymethylcellulose, was used to facilitate tablet disintegration and
dissolution. Lactose monohydrate NF was used as a diluent to aid
manufacturing and to facilitate tablet dissolution. Magnesium stearate
NF was used as a lubricant to facilitate tablet ejection from the tablet
45 compression process.
Tablets containing BPPF are made by blending pregelatinized
starch, croscarmellose sodium and lactose monohydrate in a blender.
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40[.err]C, 75%* O 99. 0 1.0 99. 0 1.0

14 98. 3 1.7 96. 9 3.1 10 30

98. 1 WO 939/050 92. 9 7.1 PCT/US98/5054

97.1 2.9 77.6 22. 4 60*C, 75% O

99.0 1.0 99.0 1.0 3 96. 9
3.1 Wated ivadded until a si8alilé Wetlgranulation is formed. TThe wet -

o 6 grarﬁx_thion is milled, dri_z_ﬁ'i%*; fluid bed dryer to afgpismlr%lc_ogtgx(\)t'c;"f 18. 7
* days, ** netmargdhand%lless, or doyingrand dhiidried grarulgsaee phssbdi n addi ti on
to 20 nonglRPehPVBAIICT Thénkill : : Exampl e 4
Forrmul at i on of, DPi sé PQOC) PI\/P,% fluﬁgr taél.ul%ﬁ aget %?Tplﬁ\gngHE %tléagranulalror nmul at ed
with sevdrafXdRIENs srpscarmallose spdiumoand lactose monohydrate, and

per unit coblepded in a n{iREMRSBYaIn a powder blend. THY - abl et)
BPPF P i ”%%’s‘éleﬁ%‘ﬁ%@érat e, NF

. .34. 0 Lac
_intragr anmeg]desoxﬂtpoq.}agn%s&g@ stearate and thep g)rggresseci idortablatainul ar
portion The tablets are filleddinto high-dersity! pulyethykehesdraglads botties 5. O

11.0 I ' E . hntragranul.ar rti.on 2.0
a4 BERRIE palsEsteb Bl habking materia Sna SpEHAGL AR L 50 i

St ear at}d), Ngel desiccant. o 2.2 In the formul ation,
pregel atini zed starch NF was used as a bi nder and di si nt egrant
suitable for tablet conpression. Croscarnell ose 40 sodi um NF, which is
internally cross-1linked sodi um car boxynet hyl cel | ul ose, was used to
facilitate tabl et disintegration and di ssol ution. Lactose nonohydrate
NE was used as a diluent to aid manuf acturing and to facilitate tabl et
di ssol uti on. Magnesi um stearate NF was used as a lubricant to
facilitate tablet ejection fromthe tablet 45 conpr essi on process.

Tabl ets contai ning BPPF are nade by bl endi ng pregel atini zed st arch,
croscarnel | ose sodi um and | actose nonohydrate in a bl ender.
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Water is added until a suitable wet granulation is forned. The wet
granulation is mlled, dried in a fluid bed dryer to a noisture content of

not nore tVEA9BOBIFSss on drying and the dried granul es are pCEHESE/15254

through a mll. The mlled granules are conbined with extragranular 5
exci pients, croscarnell ose sodium and | actose nonohydrate, and bl ended
in a mxer to obtain a powder bl engg%&&iowder blend is then .bl ended
w th magnesi um stearate and then c d into tablets. The tablets
are filled Wet elalingh- density pol yethyl ene or gl ass bottles along with
pol yester fiber packing material and optionally with a silica 10 gel
desi ccant. 1. A composition of formula (1)
5
(0]
B g Q
O
\\’i'/ \/l\OR °* HO A .
OR - on @
CH, o

wherein B is adenin-9-yl and R independently is -H or -CHz-O-C(O)-O-
CH(CHz3)z, but at least one R is -CH2-O-C(0)-O-CH(CHzs)s.

10
2. The composition of claim 1 wherein both R are -CH-O-
C(O)-O-CH(CHa)z-
3. The composition of claim 1 wherein the composition is a

15 crystalline solid.

4. The composition of claim 1 wherein the compound is
enriched or resolved at the carbon atom chiral center (*).

20 5. The composition of claim 1 having an X-ray powder
diffraction spectrum peak using Cu-Ko radiation, expressed in degrees
26 at about 25.0.

6. A composition comprising the composition of claim 1 and
25 an acceptable excipient.

7. A composition comprising a lithium alkoxide and a 9-(2-
hydroxypropyl)adenine solution.

30 8. A composition comprising an (R,S)-PMPA solution at a
pH of about 2.7-3.5 wherein the solution has less than about 0.1 g/mL
(R,S)-PMPA and wherein about 90-94% of the PMPA is in the (R)

| gy

i

|

i
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1. A conmposition of fornmula (1)

] wher (ﬁ WY adeni n-9-yl and R independently is -H orPC'r’Us”’ls254
-CH err]-0-C(O-0- CH(CH err], but at least one Ris
-CHerr]OGCO-0OHCH err]. 2. The conposition of claim1

wherein both R &.e -C:H[mekl]lefﬂcomprﬁiﬁgfﬁlly@ﬂharﬁ]tenng to apati’alnlat The i
t t
GOMPOst {1 ONeBlo A A GAIEEE P S0 IROSHLER | idppruial o111 S0

resol ved atefféstivesarponntobm empesitioonfeclaim 1. 5.. The

conposi tion of claim1 having an X-ray powder diffraction spectrum peak
usi ng Cu- Ka radl ation ressed in, degrees 29 at about 25. 6.
A conposi tion colpris rf@eawsmm@mg W@Fhegbﬁfi’@@ﬁwAmﬁhccept abl e
exci pi ent. fumaric acid/. A nmethod conprising orally admnnistering to a

pati ent Infected with virus or at risk to viral infection a

t herapeutically ef fective anmount of a conposition of claiml. 8.

A et hod conpri silng chme avdthod dfi cd4iROT) RivRérein the fumaric acid is
dissolved in 2-propanol.

10
12. A method comprising mixing a lithium alkoxide with a 9-

(2-hydroxypropyl)adenine solution.

13.  The method of claim 12 wherein the lithium alkoxide is
15 an alkoxide selected from the group consisting of methoxide, ethoxide,
n-propoxide, i-propoxide, n-butoxide, i-butoxide, t-butoxide,
neopentoxide, n-pentoxide, i-pentoxide or n-hexoxide, n-heptoxide, 2-
heptoxide, n-octoxide, 2-octoxide, typically t-butoxide or i-propoxide.

20 14. The method of claim 13 wherein the lithium alkoxide is
lithium ¢f-butoxide or lithium i-propoxide.

15. A method comprising adjusting the pH of a solution
comprising less than about 0.08 g/mL (R,S)-PMPA wherein about 90-
25 94% of the PMPA is in the (R) configuration to a pH of about 2.7-3.5.

16. A composition comprising a tablet containing 9-[2~(R)- -
[[bis{[(isopropoxycarbonyl)oxy]jmethoxy]phosphinoyljmethoxy}propyl}-
adenineefumaric acid (1:1), pregelatinized starch, croscarmellose

30 sodium, lactose monohydrate and magnesium stearate.

17.  The composition of claim 16 wherein the 9-[2-(R)-
[[bis[[(isopropoxycarbonyl)oxy]methoxy]phosphinoyl]methoxy]propyl]—
adenineefumaric acid (1:1) is crystalline.

35
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fumaric acid. 9. The nethod of claim8 wherein the
fumaric acid is dissolved in 2-propanol. 10. A conposition
conpri si ng WOt%051$8 cont ai ning 9-[2-(R) - PCT/US98/15254

[[bi s[[(isopropoxycarbonyl)oxy] nmet hoxyl phosphi noyl | met hoxy! propyl ] -

adeni ne. funmaric acid (1:1), pregelatinized starch, croscarnellose sodium

| act ose nonohydr ake a S The conposition of
claimi0 wher ei nfi?he 1 éﬂ'igh 555 96 wherein thtg‘%ablet Confainy’

[[bis[[(i Soﬁﬁdbﬁﬂgﬁ [(GWFMW@WBQWIMDH‘M}H hoxy! propyl ] -
adeni ne. fu ﬁ (5,1 t}.},xy ﬂté’dé%hﬂéofumanc acid ¥£1), 117g composi tion of

claim 10 wherei [ et 1'ns

9-[2-(R) - [[mrggq @ﬁl@éﬁﬁié&f% c& ﬁaagﬁr?wqr\ggp%mmm 123.6 mg lactose

phosphi nsy| miGidipdeher SRY 1202 atle Mdpelevitih isteadsted (1:1), 11 ny pregel atini zed
starch, 8.8 ng croscarnell ose sodium 123.6 ng | actose nonohydrate and . 2

ng magnesi um st earate. 13. A product produced by the process of
preparing wet graswul ed prazuch prodicedeby thppiciesgofipteparing, wét §ranuRs-

b t I th I
adent no. f undd ?183?%%&?%%%%%@ 'i%ﬁff& @iff. BTy hoceptanl o oxel bi ent.
14.  The pf[bcaﬁKtsOpropﬂvncmbmy\lbmyhmthmp]nhoqphmonyk] oxylpmopylfre process
optionajdy huehiretAHRATE 8R5(19)dra PHartatetH@ANY &Reptable excipient.

20.  The product of claim 19 wherein the liquid is water and the
process optionally further comprises drying the wet granules.

15
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