A NEW CRYSTAL FORM OF ADEFOVI R DI PIVOXIL AND I TS COMPGCSI TI ON Techni cal
field The present invention relates to a new crystalline formof a conpound
5 and its conposition, and in particular, to a new crystalline form of
adefovir dipivoxil with the nonencl ature of
9-[ 2-[ bi s(pi val oyl oxy) - met hoxy] phosphi nyl ] met hoxy) et hyl ] adeni ne and a
conposition containing that new crystalline form The present invention
al so discloses a process for preparing this new crystalline 10 form
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rmre |nformat|on a ou]t its antiviral activities, see Barditch-Crovo P et

Di 176 406 and Starrett t
L IR LY A P ITEN T e
fornmes amndphtsmcambmd:tiysst adnd EﬁTppﬁtE@ﬁlﬂpplﬂocatm@m drpanihcestical of
fornul atig | nt er nat.i.ona bI icatio WO0035460A) di scl oses a nore
stabl e AB ‘af%]rgmé(:lepujﬁoéiall olrdrlm a |o°ﬁnsen€gr%}lf55| ng anhydrous crystalline AD
and di h@dr[étébm ygsnt\aalllqyriexp\D—raﬂmm}a:lhloalphmeyla}metplcezryt)etApm hdfnine and
applicatio 904774A cl,0ses conpos Lipns, contai one Qr nore
crystalli ngbmﬁ%’l wher eclorrll%t %8931@ Cohy rr}egeé:r%'ﬁlé %oﬂ owoﬁm cr%%t TTi%e forns
wi th di ifweentomelltsiondipol ortes atwueocaaﬂwdpousrecp“a}rshal thmnémrmysﬂmelllne
hydr ated ¢t grm the solvate form and the salt crystalline form It is well
knovvn that different crystalline forns of a drug conpound 30 have
different nelting points, solubility, and density of said drug conpound. At
the sanme tine, the flui di ty and flexibility of crystals of said conpound
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The new antiviral drug, adefovir dipivexil (hereinafter “AD"}, is a
nucleotide reverse transcriptase inhibitor with the nomenclature of

15 9-{2-[bis(pivaloyloxy)-methecxy]lphosphinyllmethoxy)ethyi] adenine,
which exhibits a marked in vivo antiviral activity against both HIV
and HBV. For more information about its antiviral activities, see
Barditch-Crovo P et al, J Infect Dis, 17¢(2}: 406,19%7, and Starrett
et al,J Med Chem, 37:1857-1864,1994.

20 Studies show that the AD in nature exists in two forms: amorphism and
crystal. PCT patent application “pharmaceutical formulations”
{International Publication NO. WO0035460A) discloses a more stable AD
pharmaceutical formulations comprising anhydrous crystalline AD and
dihydrate crystalline AD and an alkaline excipient. Another application,

25 WOS8904774A, discloses compositions containing one or more crystalline
AD, wherein the AD comprises the feollowing crystalline forms with
different melting points: the anhydrous crystalline form, the hydrated

form, the sclvate form, and the salt crystalline form.

It is well known that different crystalline forms of a drug compound
30 have different melting points, sclubility, and density of said drug
compound. At the same time, the fluidity and flexibiiity of crystals

of said compound and the dissolution rate, stability, and effectiveness
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of said crystals in a pharmaceutical formulation may differ fromone to
anot her. For exanple, although the Y-type of indolacin is |ess stable, it
has better performance in solubility, bioavailability and pharmacol ogy than
that of the a and A type. In addition, different 5 crystalline forns may
be enantiotropic under certain conditions. For instance, during the
process of wet granulation, the drug may be dissolved in a solvent added

and recrystallized in_the later dryin step to obtain a new crystalline
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which depends on a lot of factors, such as the clinical uses, producing

costs and cycles, as well as techniques and so on.

20 Contents of the invention

When carrying out studies on the AD, the inventor of this invention
surprisingly discovered a novel crystalline form of AD exhibiting good
dissolution, distribution, and flowability. In addition, it may
facilitate manufacturing and formulating of the composition containing

25 the AD.

In a first aspect this inventicn relates to a novel crystal of AD or
a novel crystalline form of AD, which is characterized in that the X-ray
powder diffraction pattern of the said novel crystalline form shows
& peak(s) expressed in terms of 20 at about 3.60, and/or about 7.28,

30 and/or about 15.08, and /or about 17.24, and/or about 17.%6, and/or
about 20.12, and/or about 22.24.

In another aspect this invention relates to a pharmaceutical composition

comprising crystalline AD and pharmaceutically acceptable carriers,
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conprising crystalline AD and pharnaceutically acceptable carriers, 2 which
is characterized in that the X-ray powder diffraction pattern of said
crystalline AD shows a peak(s) expressed in terns of 2 0 at about 3. 60,
and/ or about 7.28, and/or about 15.08, and /or about 17.24, and/or about
17.96, and/or about 20.12, and/or about 22.24. 5 In another aspect this

i nvention provides a process for producing the new AD crystal, which
conpri ses dlssoIV|ng the AD made by the known nethods or conmercially
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point. Further, by differential scannlng calorinmetry (DSC), infrared
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i ts endothenahs @E%nﬁd&r@@gll her maram 15 AbAWt 094:9ic G9ea i g enbh,
its nelting point is 94" 5C its XRD pattern (see Figure 2) usually

shows a GRIAIAEFIgtihe WW@IW%% ephEa Bt tho gt Aaboiis 13160,
and/ or about 7.28, and/or about 7.76, and/or about 12.32, and/or about
15. 08, ard PofUBbH 25PECP8t i dNERNAbOUP TN 198 ArelBIOSAi6ar ATNTE,siaNd/ or
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peak(s) at about 3.60, and/or about 28, and/or about "15.08, and/or about

17. 24, 2%Pand/ or about 17. 96, and/or about 20.12, and/or about 22.24; its
Fourler Transform Infrared Spectrum (FTIR) (see Figure 3) shows a peak(s)
at aboutht33ZGiReh P thihbhesFedneatt idbotie 20Y5teht ine AbedttiEg3tneenticn

about 1735 cal prapeut A660 g poabout F%‘é%éef:m 7b}fab99ffé]1%$§1%m 1s ROyl
1355 cm 1, and about 1152 cm, and nore yplcal peak(s) at about 3320 cm,
calorlmetry (bsc), infrared absorption spectrum (IR), powder X-Ray

15 diffraction (XRD), melting point measurement, this crystalline AD is
identified as an anhydrous crystal which is subtantially different from
those already-existing ones in that: its endothermic peak in DSC
thermogram is about 94.5 C (see Figure 1); its melting point is %4 C
—-95 C; its XRD pattern (see Figure 2) usually shows a characteristic

20 peak(s) expressed in terms of 290 at about 3.60, and/or about 7.28,
and/or about 7.76, and/or about 12.32, and/or about 15.08, and /or about
16.28, and/or about 17.24, and/or about 17.96, and/or about 20.12,
and/or about 21.40, and/or about 22.24, and more typical peak{s) at
about 3.60, and/or about 7.28, and/or about 15.08, and/or about 17.24,

25 and/or about 17.96, and/or about 20.12, and/or about 22.24; its Fourier
Transform Infrared Spectrum (FTIR} (see Figure 3) shows a peak{s) at
about 3320 cm™', about 3160 cm™, about 2975 cm Y, about 2935 cm™t, about
1755 cm™', about 1650 cm™', about 1595 em™*, about 1385 cm™, about 1355
cm*, and about 1152 cm™, and more typical peak(s) at about 3320 cmt,

30 about 3160 cm™, about 2975 cm™, about 1755 cm™®, and about 1650 cm™ .
The magnified photcs of this crystalline AD are displayed in Figure
4.

The raw material of AD in this invention can be prepared and recovered



30 about 3160 cm 1, about 2975 cm 1, about 1755 cm 1, and about 1650 cm 1.
The magni fied photos of this crystalline AD are displayed in Figure 4. The
raw material of AD in this invention can be prepared and recovered 3 by the
met hod described in Starrett et al., J. Med. Chem (1994) 19: 1857-1864).
Then the AD is eluted fromthe silica gel colum with the mxture of

nmet hanol (about 4% and net hyl ene chl oride (about 96% and subj ected to
rotary evaporation under reduced pressure at about 35 5 - and
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bonds associated with groups in the nplecule that vibrate in response

scanning calorimetry (DSC), meliting point measurement and infrared

absorpticn spectroscopy (IR). DSC measures the thermal transition

15 temperatures at which a crystal absorbs or releases heat due Lo the

change of its crystal structure or melting. Successive analyses show

that thermal transition temperatures and melting points are typically

within a range of about 2 C , usually within akout 1 C. In the present

invention, when a compound is said to have a DSC peak or a melting point

20 at a given value, it means that the DSC peak or the melting point is
within 2 C.

DSC provides analternative way for identifying different AD crystalline
forms. Different crystalline forms may (at least partially) be
identified by their different transition temperature profiles. IR
25 measures absorption of infrared light caused by the particular chemical
bonds associated with greups in the mclecule that vibrate in response
to light. DSC and IR can thus provide physicochemical information to

describe AD crystals.

According to one embodiment, the crystalline AD cf the present invention

30 is prepared by a rrocess comprising the following steps:
a. Placing the AD produced by known methods in a round bottom flask;

b. Adding crganic solvent and dissolving the AD ultrasonically to form

‘a AD solution;




to light. DSC and IR can thus provide physicochem cal information to
descri be AD crystals. According to one enbodi nent, the crystalline AD of
the present invention 30 is prepared by a process conprising the foll ow ng
steps: a. Placing the AD produced by known nethods in a round bottom fl ask;
b. Addi ng organic solvent and dissolving the AD ultrasonically to form a
AD solution; 4 c. Spray drying the solution of step (b); d. Collecting the
powder to obtain the crystalline AD. In step (b), the organic solvent may
be sel ecttedSPE®YN FHETGr GOE S@é%@i%ﬁ|Qﬁ;&§ﬁpahhydrous et hanol , net hanol ,
acetone, 5 acetoniril/di-n-butyl ether, and nethyl ene chlorlde, wher ei n

et hanol ids preétertriad dde rovwies th@hﬁﬁﬁnctby,CIINW&ﬁkyﬂﬂ éDr esi due and good
solubility for AD, which in turn results in |less consunption of ethanol
during thRe prevesd) , THéreconoenticatsicdneot GmgamﬁcssdbumbdnfrsmlaﬁeB@@oug/L,

pref er ably 200, 6Lt .St oD Lgliobhe 0l el A {empeLtung s seldQogl

85-100 pre e neasured inlet air tenpera%ure I's
" C, pﬁef@ﬁabbleSl/dl e t e asttiread @uﬂlmﬁthuhenEenpmemdﬂnathréaak&ha@ol'
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out put e lency 1s /0% 95% pre ow rate he air
conpr ess@PlitbiBO0Y EpE-2BDOwWhA LD iprefer abbylﬁs)(inLletss ﬂ@naﬂymjadn PE ethsaloild

subst ancw%bn@n@@r% Q@Eedn?ef rc%g.gsﬁwgt%n 3 okgénl&%%'t&gﬁn{% s ALRIGES):

nol ecul e('s), Or 1o0on ) In imensions. The “crystals o e organic
drug cor‘rﬁd&no@r#&%ﬁ Il %O(E@I/émglm otepl éeul &he imtel edr trmMrediatheeeid set

procegsi ng §9n9®él@nsp£@§444atb1' Nodi £f, e"fﬁéltm hahﬁleflg trh%% pdt {4 81LNk
crystals of the same dru conpound can 20 to mar ked ?erences in
appear anéé; 188 Gbinyatprakdyting p@hﬁfﬂeasééﬁ@Ptl‘}le‘éila§§d'letl]@l9éﬁtuﬁ¢léls 50-75

bi 0- avai |@b|ﬂ1‘etﬂér%'b@y:6UmCChP1§n§g9Q>ruQ%sﬂglé’ffi’l‘hlelnﬁfigcit: 19sS 5&@?&&51}@ and
bloavallablllty In view of this udi es S crysta i ne forns have

becone aﬁlﬁﬂapgb@ﬁg%%q@féhgl?%ﬁbpﬁg %—-95% ,prefera%lyi%?. The airflow rate
of the air compressor is 600 L/L-800 L/L, preferably 700 L/L.

15 Crystal is a2 solid substance having an ordered arrangement of all its
constituent atom(s}, molecule(s), or ion(s) in three dimensicns. The
crystals of the organic drug compounds basically belong to molecular
lattice, but different processing conditions result in different
crystals. Further, different crystals of the same drug compcund can

20 lead to marked differences in appearance, solubility, melting point,
density, dissclution, and bic—-availability etc., which accordingly
will affect its stability and bicavailability. In view of this, studies
on drug’s crystalline forms have become an indispensable and important
aspect in the development and authorization of a novel drug, the

25 production and quality control of drug and the design before the final

formulaticn of new drug.

According to this invention, the term “spray drying” means an instant
drying method by atomizing the drug solution or extract into tiny iiquid
dreplets in the high temperature air stream and drying the conseguent
30 droplets instantly. In terms of the power cf nozzle, the devices can
be divided into two types: the centrifugal spray drying tower'and

pressure spray drying tower.

According to this invention, the raw materials of AD can either be
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aspect in the devel opnent and aut horization of a novel drug, the 25
production and quality control of drug and the design before the final
formul ati on of new drug. According to this invention, the term"spray
drying" neans an instant drying nmethod by atom zing the drug solution or
extract into tiny liquid droplets in the high tenperature air stream and
drying the consequent 30 droplets instantly. In terns of the power of
nozzl e, the devices can be divided into two types: the centrifugal spray
dryi ng t &ReFuand Ppresisyr arprayheisyi iy bewerm@etoridivngvedlams: i nventi on,
the raw materials of AD can either be 5 produced by prior art nethods, or
be commerl&ratPypaiidiloab e tiEheressposhvEohiof aolerppesant thavaprytorally

conpri ses sl NG aprultdcald ¥neehki sl veraomunt of abherstabl e, wtystal Li,ne AD
of the invention and pharmaceutically acceptable carriers or diluents. The

conposi t iPBATBRCEEHer e s6AEPT MV e ciRen iy e Jadnintst ifed cebnoehient kY by

any rgout &gc 3PPEORY 113480t 05n Y BLSLERLA Qb feQf EXRIP] & 1iReLGONPOSIdieR May
be adm nister oralgg, topical Iy, parenterally, or inhalationally,
@d

pr ef er abl3PPaaRT A'st iy trTyppal T§E HETEENHESI EPBPC DL {tde Mayr @sent

i nventi 0%dﬁ1§ﬂi9@e9btc§ﬂarlq(},bYtHéicE‘EQllt&he ?E&éh@éf&f@y,ADo%”d_iﬁQafé’@iV&{étlil nal
carriers via ang of the Standardized nmethods well known in the art. Such
net hods PAEIFAABEAY xP AR N g teaTedatiragl Yand yPagh et ngthe | onresigiPrk Rdwi By

one skil kedsbAct Bgvaktidhatad he sgleghianp9f wEQRgBLhand: Natdrg$e0fap and
pharmaceutically acceptable carriers or excipients depends on many factors

i ncl Udi nGorRenakiit GIETERESattd PEYI RGr Bt érfredasdisebaigiineed Thet eWicrR,
routes ofinadnk NSt .r @lukcaNme ahHPtiRen ukaaWk ifrACt g Snul dithigiS0RRASE4 1R ing.
conprises as active ingredi ent about 1-40% of AD by weight, preferably
5- 30% by el GHICI WRBPET (P48 BB Id6Hipi P sd aF It the oo A tiRe oF yStdFl i ne
AD of t henpr eﬁgnﬁ:egnwnbha@mactéuwcam@erasic@@dabwat:ath@e@n@ps$§¢i%r1e@1ftst he
present Liventl on, may optl.onall Y. oprl se. £9,2.9]¥ 0. AU, Ol Lh8 e
15 tobemixed therewith, routes of administration, and other known factors.
The compeosition comprises as active ingredient about 1~40% of AD by
weight, preferably 5~30% by weight, wherein said AD comprises at least
70% of the crystalline AD of the present invention. It is understood
that the composition c¢f the present inventicn may opticnally comprise

20 a given amount of the amorphous AD.

The crystalline AD of the present invention is lipophilic. It will be
absorbed readily after oral administration and in vivo hydrolyzed to
its parent compcund, 9-[{(phosphonomethoxy}ethyl] adenine (PMEA,
adefovir} rapidly. By far, the major dosage form containing AD are
25 suspensions, tablets, and capsules. The studies have showed that in
the agqueous suspensions containing AD, the bicavailability of PMEA is
independent of the drug’s solubiliiy. Therefore, the suitable dosage
forms of AD are tablets or capsules. The said drug may be pressed into
solid unit dosage forms, such as pills, tablets or processed into
30 capsules after being mixed with suitable pharmaceutically acceptable
carriers. Conventional additives, such as fillers, colcrants, and
binders may be added in the preparaticn of unit dosage forms such as
tablets. Typically, the dosage form for AIDS treatment comprises
crystalline AD in an amount of 100-400 mg/unit, preferably 100 - 200

6




The crystalline AD of the present invention is lipophilic. It wll be
absorbed readily after oral adm nistration and in vivo hydrolyzed to its
parent conpound, 9-[(phosphononet hoxy)ethyl] adenine (PVEA, adefovir)
rapidly. By far, the major dosage form containing AD are 25 suspensions,
tabl ets, and capsul es. The studi es have showed that in the aqueous
suspensions containing AD, the bioavailability of PMEA is independent of
the drug's so[ubili%y. Therefore, the suitable dosage forns of AD are
tabl et s &KW/ Eapsul’és domigesHi thubepay ibe Bresseren heempsitqdcini 12 ddsgge

forms, sughiasapibhsunt & ats e ﬁ%ﬂﬁﬁ&ﬁe%rEBEQaﬁﬂyQﬁPSQbeﬁ ahter. being
m xed with suitable pharnmaceutically acceptable carriers. %bnventlonal

addi ti ves,c8¥8ingdSof thiLh 8ves0 H 204 8a pRAGM, LGRS NRY- L& radded 4. the
preparation of unit dosage fornms such as tablets. Typically, the dosage

f orm f or 2AEDSEReat M icoRpr LBesvarky segitiese WD § reagn bampdni nbItersot 400

mg/ unist , qyekabablye Qi vR09n 8- 8B UNid anlihfaJOSRIER: O Mel Bhebepat idd1S 4B
treatment conprises crystalliné ADin an amount of 1 - 80 ng/unit,
pr ef er ablRRaEMACOBE WgF L MRCPAAGE P HF gk Vo PRSP LENTERIR it sggilgbricants,

phar macewiingalkky asceptableqeanlsersha alg ehhPRL-ONGaN18 yOhcLBOF AN C
carriers that can be admnistered 5 together with active’ingredi ents and
may i ncl GFEFRESHNeSCT GHEASBILEdCO phsd et SR SYPSprephet A9SHRS, for exanpl e
excipients, lubricants, binders, and disintegrants, and any

phar macetticc B T8E A EEpt Wbt @ 1caddi tiaresoe f grearanpled clVorlafttesgnd sugar,

sweet@ni ngraa8nts1, Thespref el edexchpi ents 1y che axgrplid | ed: by dackese,
sugar, 10 D-mannitol, D-sorbitol, starch, a - starch, dextrine, .
cryst al | i9%¢18éPFat ose, LPowduBdtitated hyuressropyliceliulosxe, sodiqfhun

car boxy meizhybaeht tthgses 1(1GMesha) cuandbi C gumi cdgxh) | 8t K|, 0REGT bk ot i, ght
anhydrous silicic acid, synthesized alumniumsilicate, o

al umi ni urkEGNedPRIVEEIYS catleiete. ABIThe SyPEPEFt R | WM ERAEE nallrate,
exenpl i f iadmby i AIAEFI NSt @arakgre &l Cium stearate, tal cum powders,
silica gel etc.

15 The preferred lubricants may be exemplified by magnesium stearate,

calcium stearate, talcum powders, silica gel etc.

The preferred binders may be exemplified by @ —starch, sucrose, glutin,
Arabic gum, methyl cellulose, carboxymethyl cellulose, socdium
carboxymethyl cellulose, crystalline cellulose, sugar, D-mannitol,
20 trehalocse, dextrine, amylopectin, hydrexypropylcellulose,

hydroxyprepylmethylcellulose (HPMC), and pyrrolidone etc.

The preferred disintegrants may be exemplified by lactose, sugar, starch,
carboxymethyl cellulose, calcium carboxymethyl cellulose, sodium
carboxymethyl starch, light anhydrous silica acid, and low-substituted

25 hydroxypropylcellulose.

The preferred colorants may be exemplified by water-soluble edible
dyestuff citric acid yellow, for example edible red No.2, edible yvellow
No.4 and No.5, edikle blue No.l and Ne.2; water-insoluble dyestuff,
for example aluminium salt of the above-mentioned edible dyestuff citric
30 acid yellow; naturally occurring dyestuffs such as beta-carotene,

chlorophyll and iron red.
The preferred sweetening agents may be exemplified by saccharin scdium,

7



The preferred binders may be exenplified by a-starch, sucrose, glutin,
Arabi c gum nethyl cellul ose, carboxynethyl cellul ose, sodium

car boxynet hyl cellul ose, crystalline cellul ose, sugar, D-mannitol, 20
trehal ose, dextrine, anylopectin, hydroxypropylcellul ose,

hydr oxypr opyl net hyl cel | ul ose(HPMC), and pyrrolidone etc. The preferred

di sintegrants nmay be exenplified by |lactose, sugar, starch, carboxynethyl
cel l ul ose, cal cium carboxynet hyl cellul ose, sodium carboxynethyl starch

| i ght anPpdreasus|gixyrabedirahd ¢ odehstrparedne 25nd stevioside.

hydr oxypr opyl cel | ul ose. The preferred colorants nmay be exenplified by

wat er-sol ubl e edible dyestuff citric acid yellow, for exanple edible red
No. 2, edible yellow No.4 and No.5, edible blue No.1 and No. 2;

wat er - i ndelsgbiptiyestfifthe Figurexanpl e al um nium salt of the

above-nenti oned edi bl e dyestuff citric 30 acid yellow, naturally occurring
dyest uf f iguch assbeta-icHr aremepgrehl of opghy|dryatd liiton Redef THe: prefsented
sweet gni ng agents. may be exenplified by saccharin sodium 7 potassium

gl ycyrrhétinate di basi c, aspartane, and stevioside. Description of the

Fi gures FEi.gure hows, DSC t her.nogram of .t he cr al Line .of e_present
E ovent AHEE, £ SURe, By WS IDOL A ot Ron ot RERFe A%, AT R "o
of the present imwenticon; Figure 3 shows Fourier Transform Spectrum of the
crystalline AD of the present invention; 10 Figure 4 show magnified

pi cture cafigi:he TEpswal fdund eADr odnd herpEpsentum biivieid icafstEXperd ARt the
exanpl e: _Kinetic,studi.es of the plasma concentration in animals with
differen?rgfﬁg%afTY%%:¥%?ns of AD 15 The experinment was carried out by

| i nisteri t the d i d [ tjgate the. i
8: 30 lﬁbggﬁgﬁg:rgn gslfhno[ gggg :lf(ej Ffilr?ét%re crasﬁjgtshel rt]:r?/gtgil;tu?e IAnDV%% ‘!:lgg perese%tI n

invention.

Experiment example: Kinetic studies of the plasma concentration in

animals with different crystalline forms of AD

15 The experiment was carried out by orally administering to monkeys the
drugs in order to investigate the in vive absorption of twe crystalline
forms of AD: the novel crystalline AD of the present invention produced
by Tianjin Kinsly pharmaceutical R & D Co. Ltd. and crystalliine form
I of AD prepared according to the method of GILEAD SCIENCES INC. The

20 experiment provides useful clinical references for the application of

novel crystalline AD.

1. Materials
1.1 Reagents

25 Methanecl, CR level, Siyou Bio-medicine Technology Co. Ltd. (Tianjin,
China), Batch number 020302101.

Deionized water, Semi-conductor Institute {(Tianjin, China).

Phosphoric acid, AR level, The No. 2 Chemical Reagents Factory

{Tianjin) .




forms of AD. the novel crystalline AD of the present invention produced by
Tianjin Kinsly pharmaceutical R & D Co. Ltd. and crystalline form | of AD
prepared according to the method of G LEAD SCI ENCES | NC. The 20 experi ment
provi des useful clinical references for the application of novel
crystalline AD. 1. Materials 1.1 Reagents 25 Methanol, CR level, Siyou

Bi o- nedi ci ne Technol ogy Co. Ltd.(Tianjin, China), Batch nunber 020302101.
Dei oni zed water, Sem -conductor Institute (Tianjin, Chlna) Phosphori c
acid, ARB/evere Nne Mhe@lwénﬁ%wefﬂéﬁ&@ﬂﬁ@rﬁzaﬂm@ i)Fianjin). 8 B7: The
No. 2 Chem cal Reagents Factory (Tianjin); Trichloroacetic acid, Rugao
ChenicalTRé&QéﬁF@a@%bhb@Vid:1RQQ$®¢HﬁaﬂG§lNBea®@TPAEéﬁabyzhng scal e,

Shi madzu I nc. (Japan); 5 TG.-16B hi gh-speed platformcentrifuge, Shanghai
Ant i ng Sdi érftirkiretubevi ce Factory (P. R China); The HPLC system equi pped
w th WATERS 515 delivery system WATERS 717 auto sanpler, Spectra

U travi olNet-2derest arglyancgANASTAR Shirprtogham (dataan )wor kst ation; 10 Xw 80A
Vortex bl ender, Shanghai Jingke Industry Ltd. 1.3 Tested agents Tabl ets of
novel scrystralbBnei§ofipafd ADatwichne cefBENf@fe WEHGHhoBaBt ahBSng 10cignhtaffic
adefovir, Tlanj n Klnsl%)p ar ceutlcal R&D Co. Ltd., batch nunber 020320.
15 Tabl et §Vof°A %??%%a]ll , white, each of which contains 10 ngy

of adefovir, Tianjin Kinsl rnaceutlcal R&D Co. Ltd., batch_number
oo0a25, _Aunh BTHE e seqalp%f@m% TREFET eice ASUbET AR SCORS) T g i

Kinsly auto sampler, Spectra Ultraviolet detector, and ANASTAR chromatogram

data workstation;
10 Xw-80A Vortex blender, Shanghai Jingke Industry Ltd.

1.3 Tested agents

Tablets of novel crystalline form of AD, white, sach of which contains
10 mg of adefovir, Tianjin Kinsly pharmaceutical R&D Co. Ltd., batch
number 020320.

15 Tablets of AD c¢rystalline form I, white, each of which contains 10 mg

of adefovir, Tianjin Xinsly pharmaceutical R&D Co. Ltd., batch number
020225.

Adefovir (PMEA), as Chemical Reference Substance (CRS), Tianjin Kinsly
pharmaceutical R&D Co. Ltd.

20 1.4 Animals

Macaques, weighing from 5 kg to 8 kg (certificate No: 2001-03, apgroved
by Beijing Forestry Administration in the document of [2001] 83) were
provided by Xie’er Animal Health Caring Science and_Technology Co. Lta
{Beijing, P. R. China).

25
2. Testing Methods

As the pro-drug of adefovir, AD is the bis-pivaloyloxymethyl ester of
adefovir, which increases the in vive biocavailability of orally

administered adefovir. AD can be rapidly metabolized into  PMEA,

9




pharmaceutical R& Co. Ltd. 20 1.4 Aninmals Macaques, weighing from5 kg to
8 kg (certificate No: 2001-03, approved by Beijing Forestry Adm nistration
in the docunent of [2001] 83) were provided by Xie'er Aninal Health Caring
Sci ence and Technol ogy Co. Ltd (Beijing, P. R China). 25 2. Testing

Met hods As the pro-drug of adefovir, AD is the bis-pival oyl oxynet hyl ester
of adefovir, which increases the in vivo bioavailability of orally
adm ni stered adefovir. AD can be rapidly nmetabolized into PMEA, 9 rendering
it undet €ehdBEeny i tbirsEdecrhbse tihed cmvceMuathomootent saparent iteompennd
was neasW-gdouda R GLendili ons were as follows: 5 Mbile phase: 0.2%
phosphori c aci d-net hanol -B7 (97:3:0.5) degassed and filtrated through 0.45
l1lmmlipore filter. Flowrate: 1.0 m/mn. Stationary phase: C18-col umm
(4.6X250 nm packed with 51, fillers, Tianjin Tianhe ChromatogramInc, the

colum tenp u r.om. 18 o _1 2 _C. Detection: the UV detection
waveleng%h §E§%0£§%%ﬁ%l.Wﬁ‘xgﬁé)?slé%é;ﬂﬂsdn volunme: 30 PL. b. Analysis of

bl ood .15 Lven vol ume, of . serum was taken .and _.an equa ol u of 10%

e i ohitor SREes F Ehet i Rl S A T e B RS 1 o b RRy = SR d ke
still forimprettharh:3Mhgn .46 preiipipate tlleepr.oteins, then centrifuged
at 10000 rpmfor 2 mn. The precipitates were separated and 30 11L of the
super nat rias tet®yved d a1l /imajpection. 20 Standard curve: 25 11L of PMEA RSD
solution of different concentration was added into 0.475 m bl ank nonkey

serum respectbrety pioaabt @ p-dlumn (4.6 X250 mm) packed with 51 fillers,
Tianjin Tianhe Chromatogram Inc, the column temperature from 18 T to

10 22 C.
Detection: the UV detection wavelength A =260 nm (0.01AUFS).

Injection volume: 30 BL.

. Analysis of blood

15 A given volume of serum was taken and an equal volume of 10%
trichloroacetic acid was added. The mixture was shaken thoroughly and
kept still for more than 30 min to precipitate the proteins, then
centrifuged at 10000 rpm for 2 min. The precipitates were separated

and 30 HL of the supernat was removed for injection.

20 Standard curve: 25 B L of PMEA RSD soluticon of different concentration
was added into 0.475 ml blank monkey serum respectively to obtain a
series of standard serum samples with the final concentration of 0,
20, 50, 1¢0, 200, 500, 1000, and 2000 ng/m in duplicate. An equal volume
of 10% trichloroacetic acid was added into samples to precipitate the

25 protein as menticned above. 30 ML of the supernate was remove for

injecticn.

Recovery rate: 25 MWL of PMEA RSD solution of different concentration
was added into 0.475ml blank monkey serum to obtain a series of standard
serum samples with the concentration of 100, 500, and 2000 ng/m in

30 guintuplicate. The protein was precipitated as mentioned above and 30

10




series of standard serum sanples wth the final concentration of 0, 20,
50, 100, 200, 500, 1000, and 2000 ng/min duplicate. An equal volunme of
10%trichloroacetic acid was added into sanples to precipitate the 25
protein as nentioned above. 30 P L of the supernate was renove for
injection. Recovery rate: 25 11L of PMEA RSD sol ution of different
concentration was added into 0.475 m bl ank nonkey serumto obtain a
series of standard serum sanples with the concentration of 100, 500, and
2000 ng/ it FreB3ohguivreapliceatas rErevpd dical Anwast prrechpé ¢ Atled rasonent irened
above anq,530.310cdilade O ithe SHPELNAL & A3 T €ODYEd 0T J -Gt i on. Absol ute
recovery rate was calculated wth reference to the sanple of control

Wt hin-d ad_ - _vari.ation: . st.anda I 0 00,
R A i A o A g S S T R R ST
rate, mea@dlsednd G009 Rt meyranprhpared day tocobtdias whtHienngayursmearitaifon,
and maasured, dupliGal e, SATRLES:0n QUL AUCEESSI Ve 8aY 3ol ARl @l dhin-da
day-to-day variation. 3. Determnation of plasnma corcentration o the grug
10 The expeiirent, s geasteed chwliesekeataayl9npestimalsuaressiverdays to

di spel | ed,from fhe anidml s ELght, animal s were randomy assigned into two
groups, each consisting of four animals. The animals were fasted for 12 h

and were orally admnistered the novel crystalline formof AD for one
group or crystalline forml of AD for another group at a dose 15 of 20

o/ kg toget her w1k, 200, of uaker. 2. Jours after admpistration,  the
animals were ted 1n a t1xed quan i?y. 0 sanpl es o Whol e bl ood were
collq%teq,fron1the el OM/veiQ§ gefore adninistgation and .10

S X n

. he, experimé 5 d,_ o wee er, -esdcin thL %@%’r sorxf{er45
mn and I, 2,5 A 6M8r 127 &nd 24% CAft &f° Fd it ratiein e “OSBF u WSS
separ at ediizpe 11 ee ezens t be ethiferl snebsgiite ranha 1 A we2@ candsnexpesiogred iwas
done Slnkh%r%¥og ¥F%§§ﬂﬂ%E%éiséﬁ%éf%%“%éﬁr%ﬁ%ﬂ%ﬁt9 @ﬁ%%ﬁ%ﬁkﬂ% Igge fasted
phar macoki neti ¢ par anet ers Wwer & I"Cul"ate ased ‘on T he plrasna

for 12 1 and were orally administered the novel crystalline form of
AD for one group or crystalline form [ of AD for another group at a dose
15 of 20 mg/kg together with 200ml of water. 2 hours after administration,
the animals were fed in a fixed guantity. 2.0 ml samples of whole bleod
were. collected from the elbow veins before administration and 10, 20,
30, 45 min and 1, 2, 4, 6, 8, 12, and 24 h after administration. The
serum  was separated and ftreeze-stored for measurement. A

20 cross-experiment was done similarly 2 weeks later.

4. Results and data processing

The pharmacckinetic parameters were calculated based on the plasma
concentrations at different time points. The time to peak concentration
25 {Tpeak) and the maximum concentration (Cmax) used the measured value.
‘The terminal phase elimination rate constant (Ke) was cocbtained by fitting
the linear section of the curve of logarithm of the plasma concentration
of drug in terminali phase versus time and the terminal phase clearance
half life time (Ti,;) was calculated by dividing 0.693 by Ke. AUCy was

30 calculated according to the trapezoid rule.
Apparent volume of distribution (Vd)= dosage/ {(AUCXKe};

Total Clearance (CL)=dosage/AUC.
11




concentrations at different tinme points. The time to peak concentration 25
(Tpeak) and the nmaxi mum concentration (Cnax) used the neasured value. The
term nal phase elimnation rate constant (Ke) was obtained by fitting the
| i near section of the curve of logarithmof the plasma concentration of
drug in term nal phase versus tine and the term nal phase clearance half
life time (Tl 2) was cal culated by dividing 0.693 by Ke. AUCo t was 30
cal cul ated according to the trapezoid rule. Apparent volune of distribution
(Vd) = dos&ager{ MICkKefhe dutaalefCreartairc 6ry €Ly Edowagernu@atil oot i E6n of
the dat aTﬁ’Ig guli]@ PEU\@B_tC&é/J?é %ltlaltggtg_géﬂy %%@eggew’t t@st, Wii?tea'ﬁ;geMst
were statistically processed by t test, while Tpeak was = processed by

non- par afELEFESE@sthY | RCRdERERBRL Y ConpanitsonTof adiid-iegui vabepre sgas of
carried @yb-Based O LETRx% sandy ACD_ 1, DY Ushngn t0, 2400881 d8d [ £ifSkwod- 1
Results of methodol ogy a. Standard curve The retention tine of adefovir was
about 312 9eAsSiFhe ¥ dgisdssi on anal ysis of the peak area versus
concentration (0 to 2000 ng/m ) of standard 10 serum sanpl es was carried
out and thk Ressiibssoferecsiiodeoivn Tabl e 1. Tabl e 1The standard curve of
adefovir in serum 205010020050010002000 1660129126435333111482372947287
2671138524 99506Br#27212¢99448006

Aver age665. 5133825715194. 511209. 522861. 547646. 5 C=0. 04242 A-2.0315

(r=0. 9996 e Gterdicentingt dDAdEAgL Nt WwasfabdReak? mAnedhededectdsdnnl drmeltys i30
ng/ Mo 15 b., Recovery ra L.chl or oaceti.c_ac}d dded_into.st.andar
serunlsa%glggngg%ft T %%ﬁ%éﬁt?%.%%ﬁ%ﬁ%;lf80?558ﬁqg% fﬁgﬁhgg?%1sﬁﬁ?&%rg
quinﬂgp|m@ap@ $@mmﬁ3§jm@btaaeried out and the results were shown in Table 1.

Table 1 The standard curve of adefovir in serum

20 50 100 200 500 1000 2000
1 660 1291 2643 5333 11148 23729 47287
2 671 1385 2499 50566 11271 21994 48006
Average  665.5 1338 2571 5194. 5 11209.5  22861.5  47646.5

C=0.04242 A~2.0315 (r=0.9996); C: concentration (ng/ml); A: Peak
Area; detection limit: 20 ng/ml.
15

b. Recovery rate

Trichlorcacetic acid was added into standard serum samples with the
concentration of 100, 500 and 2000 ng/ml in quintuplicate to precipitate
the protein and the peak areas of the treated sample versus those of
20 untreated samples gave the absolute recovery rate of 91.9%, 93.9%, and

96.7%. The average was 94.21+2.4%.
<. Within-day and day-to-day wvariation

Studies showed that adefovir had a good performance in accuracy and
repeatability within a day. Moreover, the treated supernate was so
25 stable that there were hardly any variations in the concentration of
adefovir within three days. All the variation coefficients were less

than 10%.




the protein and the peak areas of the treated sanple versus those of 20
untreated sanples gave the absolute recovery rate of 91. 9% 93.9% and
96. 7% The average was 94.22.4% c. Wthin-day and day-to-day variation

St udi es showed that adefovir had a good performance in accuracy and
repeatability within a day. Mrreover, the treated supernate was so 25
stable that there were hardly any variations in the concentration of
adefovir within three days. Al the variation coefficients were |l ess than
10% 12 42 pararanabitorioblpbasmensendceatiats orfs the dhey dindgfandi 9 ©fi ng

of  phar gpGekLpgL] G- Rar qug;ta%gegght macaques were assigned into two
groups, group for the novel crystalline formand the group for crystalline

forml a r t ¢Go pen. randouzed
cr ossover Sahone TS v v e R v T Sonaent sl Bhe | hioer U ot o
measur ed caysthélipr édenemd ped gripne fooi witss tatiéne dnuint 4 sHbaedimhas welre
DLASTS | SORGRALLALIONS AL {0, CTUSE A ! I8! ALITR A HEHOT Y, ddolRe PO Nl ©
very close (see ? macoki nettc paranmeters were cal cul ated based
10 on t héfdgrverdf ﬁﬁ@f@va@momﬁeﬁﬂm@nﬁonnv@ewg tiere afpenrefapt the
adni ni st kALGAR- oh; AULT RULE (366,.TA0! 63 . cTah &s 2-cholal ould: cepeenttakions
in serumat different time points after oral admnistration of novel
crystall |m0ﬁéﬁmﬁm@fc©m@mﬁéﬂbme \f@rcgtasatt EHery igiwl joints were very
N0-0-167h9x%§3 Qeé”ﬂ% léb% hé%%HMQBﬁk% arameters were calculated based
153. 2154. 1448. 195 6132. 7117.785. 085. 979 59. 441 _
260.0976ﬁ852§¥ﬂ393?¥131§11@%.B???Q%??QS%?%%K?Q%?R‘@ersus time after oral
376. 927073891555, 0273 #4260:c3391 - 0145, 31:19..372. 219. 2

451. 8186. 7952. 4507. 6260. 3221. 6205. 1177. 0158. 9112. 699. 3

5105. 0258. 5403. 1306. 8231. 8196. 1140. 9114. 596. 982. 176. 3

6103. 9248. 8398. 3538. 7374. 7255. 0184. 895. 2112. 046. 128. 3

Table 2-1 Adefovir concentrations in serum at different time points

after oral administration of novel crystalline form

Plasma concentrations versus time (ng/ml)

Yo 0.167 h 0.333 h 05k 075h 1h 2h 4h 6h 8 h 12h 24 h
1 53.2 154.1 448.9 1956 1327 117.7 85.0 8.9 79.0 591 416
p 60.0 176.3 529.4  393.7 1341 105.3 77.2 57.3 556 80.5 59.4
3 76.9 270.7 389.5 550 273.4  260.3 191.0 1453 119.2 72.2 19.2
4 51.8 186.7 952.4  507.6  260.3 2216 205.1 177.0 1689 112.6 9%.3
5 105.0 258.5 403.1  306.8 231.8 196.1 #40.9 1145 96.9 B8L1 76.3
6 103.9 248.8 398.3 5387 3747 255.0 1848 952 1120 461 28.3
7 783 190. § 541.8 0.6 269.4 2414 198.9° 1412 894 6456 531
8 64.9 125.9 396.0 278.8 2335 1961 175.8 141.3 110.7 448 36.6
ASD  T4.3 201. 4 57.4 392.0 2388  199.3 157.3 119.7 102.7 70.3  BHL7

19.6 49.0 177.5 1231  73.6 35.5 47.6 363 287 20.7 247

15 ASD, Average Standard Deviation

Takle 2-2 Adefovir concentrations in serum at different time points

after oral administration of crystalline form |

Plasma concentrations versus time (ng/ml)

No.
0.167h 0.333h 0.5h 0.75h 1 h 2 h 4 h 6 h 8 h 12h 24 h

i 100. 6 299.7 015.4 383.9 328.2 280.1 248.5 207.3 144.3 86.9 6l.6
p 84. 8 194. 0 432.2  319.0 294.4 264.7 233.8 171.6 163.7 12.97 53.8

-
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778.3190. 1541. 8360. 6269. 4241. 4198. 9141. 289. 464. 553. 1

864.9125. 9396. 0278. 8233. 5196. 1175. 8141. 3110. 744. 836. 6

ASD74. 3201. 4507. 4392. 0238. 8199. 3157. 3119. 7102. 770. 351. 7

19. 649. 0177.5123. 173. 655. 547. 636. 328. 720. 724. 7 15 ASD, Average Standard
Devi ation Table 2-2 Adefovir concentrations in serumat different tine
points after oral adm nistration of crystalline forml Plasm
concentrations versus tinme (ng/m) No.

0. 167h0.833H03.-5h0. 7807Th2h4i6H8h42hR41R06.9  278.2 126.9 139.3 118.4 57.8 22.1

1100. 6299. 7943, 4383.,9328. 2480, 1448, 530/ ¢3149.:386496/k0& 59 701 368
284.8194. 0432. 2319. 0294. 4264. 7233. 8171. 6163. 712. 9753. 8 13

367.2196° 7376.14412.23306. 9218 22129. D1386.3118245734gp2103. 2 93.8 72.6 56.6

466. 6148; 0397, 9305.,2496. 6161.4389,,3102,082. 970, 136/ 836 5 120 4 76.2

590. 1225. 0402. 2257. 2226. 4132. 9134. 1105. 293. 872. 656. 6 679. 8239 8758 4372
3322.7204. 2168. 713605 £20. 476.223856° 202.8 201.8 154.8 8L.6 77.4 70.8 511
]7_28'21?288 2365 2255.02Q2. 8201 18154 88L547. 440 87l 15:862.16341 1869853 5

7350. 928502080 5177235146, §146. 786: D4ASR2  230.5 177.5 146.8 116.7 86.0 44.3
14.070. 1218. 383. 971665. 3623 952:830. 426, 513, 5 ASD, Aver age Shagdargs

Devi at i om—Tabte—3—Pharmacokrrettrcparareters—catcutated—based—-ormr—tfre—curve
of adef 6%l rivplaas fendon denttiat i ons versus tine after adm nistration of AD
G oupNo. TpeakCmaxKeT1/ 2VdAUCo-, CL hng/ m 1/ hhLng. h/ m ML/ h

10. 50448. 90. 04316. 0265. 91735. 911521. 7 20. 50529. 40. 04614. 9224. 61921. 210410.0
30. 75555 T80 1¢1 75098 Tarp%8 62878 20 B354 08 L c1 D 1037 18.s484Pn E35931745565. 7

Novel 50. %%93&9&%@@§&1€er§%@@§o§l7§§rsﬁls time after administration of AD

Group No. Tpeak Cmax Ke T1/2 Vd AUCy- CL
h ng/ml 1/h h L ng. h/ml  M1l/h
1 0.50 448. 9 0. 043 16. 0 265. 9 1735. 9 11521.7
2 0.50 529. 4 0. 046 14.9 224.6 1921. 2 10410. 0
3 0.75 5h5. 0 0. 117 3.9 67.1 2556. 8 7822.3
Novel 4 0.50 403. 1 0. 037 18. 4 147.5 3593. 4 5565.7
crystalline 5 0. 50 403.1 0. 037 18. 8 211.8 2567. 8 T788.8
6 0.75 538.7 0. 097 7.2 89.1 2318.3 8627.0
Torm
7 0. 50 541. 8 0. 068 10. 2 115.1 2554, 7 7828. 6
8 0. 50 396. 3 0. 082 8.4 112. 4 2162. 8 9247.2
ASD 0. 56 545, 7 0. 066 12.5 154. 2 2426. 4 8601. 4
0.12 176. 4 0. 030 5.2 71.6 564. 3 1824.3
1 0.5 402. 2 0.072 9.6 125.6 2214.1 89033.0
2 0.5 785. 4 0. 07t 9.8 107.3 2624. 4 7620.7
3 0.75 366. 2 0.107 6.5 80. 8 2188.0 9140. 8
4 0.5 698. 1 0. 058 12.0 95.0 3647. 5 5483. 3
Crystalline & 0.5 915.4 0.041 17.9 145. 1 3379. 4 5918. 1
form | 6 0.5 432.2 0.076 9.2. 76.6 3452.3 5793. 2
7 0.5 412. 3 0. 054 12.8 158. 8 2317.8 8628. 9
8 0.5 397.9 0. 102 6.8 99.9 1967. 0 10167. 8
ASD 0.53 251. 21 0. 072 10. 5 117.0 2723.8 7723, 2
0.09 214, 62 0. 023 3.4 45. 6 666. 3 1794.1

5 ASD: Average Standard Deviation
14




crystal line60. 75538. 70. 0977. 289. 12318. 38627. 0 fornv0. 50541.80.06810. 2115.
12554. 77828. 6 80. 50396. 30. 0828. 4112. 42162. 89247. 2

ASDO. 56545. 70. 06612. 5154. 22426. 48601. 4 0. 12176. 40. 0305. 271. 6564. 31824. 3
10. 5402. 20. 0729. 6125. 62214. 19033. 0 20. 5785. 40. 0719. 8107. 32624. 47620. 7

30. 75366. 20. 1076. 585. 82188. 09140. 8 40. 5698. 10. 05812. 095. 03647. 55483. 3
Crystal I i ne50. 5915. 40. 04117. 0145. 13379. 45918.1 form

| 60. 5432. 20. 0769. 276. 63452. 35793. 2 70. 5412. 30. 05412. 8158. 82317. 88628. 9

80. 5397. @@ti®2&6899m91961ﬂ@¢0361081ASD®153554C@b@tGEQQ@Iﬁmm§<ﬁQ?@8b83123 2

0. 09214. 620,033, 445, 6666,..31704. 1. ASD, Avet age. Standad Devigtion 14 Note:

there was no statistical signi en groups on t SIS

conpari son of the correspondi ng paranmeters of the groups. After oraI

adm nistration of two different crystalline forns of AD at 5 a dose of 20
ng/ kg toAdhermedil ptiain'asﬂoﬂxatrﬁeiri cfpawanettéesenere yecahtllint ebribvased Zdhathe

curvesof pl > .89”?%”% 'O”t ggﬂﬁia"”@{%%’%okﬂe@c L@(}aﬁl\é%gﬁgew@gak

of tvvo crys i ne d respectively, e avera
peak con@@ﬂmna@t@mbsﬂéd 69 tfrga’ mrmdfﬁhsm camgemic rpesprotiadelfpy it e raver age

el i m nat Lon.habls LIAe LR 129 300, 10, 109 el espealivel ye dheavecage

AUCo t 2 37 ng. h/'ni and™27 resp ec ve e average
appar ent thWtGWEdwsttrhﬁbammmeé Yepk chﬁcmtlxaamdn 15ﬂ55(59anérslpe0@|5\ﬁél ¥l and

the aver@ggﬁo} e\clcééc %{ %ggecr{aﬁ%%r%g@eﬂ%ﬁ/@ 8% 7f2311%1: x%-{nlile hespacLi,vel y.

So the re _ ere S no statlstlca I cance between
t he diff éfeAcbksrefredBiyHar mibek rmethge palf GretZeh2s -6ff tlwohgn-bum 2723.82

ng.h/ml respectively, the average apparent volume of distribution (Vc)
19.74 L and 17.50 L respectively, and the average total clearance rate
8601.41 L/h and 7723.21 L/h respectively. So the results showed that
there was no statistical significance between the differences of

15 pharmacokinetic parameters of two groups.
4.3 Statistical analysis

The difference in absorption between two crystalline forms was

demonstrated in Table 4 by comparing the value of the Cmax and AUCp ..

20 Table 4-1 Bioavailability of adefovir of the novel crystalline form

versus Crystalline form |

AUC,. {ng. h/ml) Bioavailability Cmax (ng/ml)

Novel form Form | (%) Novel form Form [
1735.9 2214.1 0.78 448. 8 402. 2
1921. 2 2624, 1 0.73 029.4 785.4
2556. 8 2188.0 1.17 955, 0 366. 2
3593.1 3647. 5 0.99 952. 4 689. 1
2h67. 8 3379.4 0.76 403.1 915. 4
2318.3 3452. 3 Q.67 538, 7 432.2
2504.7 2317.8 1. 10 541.8 412.3
2162.8 1967. 0 1.10 396. 2 397.9
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4.3 Statistical analysis The difference in absorption between two
crystalline forns was denonstrated in Table 4 by conparing the val ue of
the Crax and AUCo t. 20 Table 4-1 Bioavailability of adefovir of the novel
crystalline form versus Crystalline forml AUG, (ng.h/m) Bioavailability
Crax (ng/m) Novel formForml| (% Novel form Form| 1735.92214.

10. 78448. 8402. 2 1921. 22624. 40. 73529.4785. 4 2556.82188. 01. 17555.0366. 2
3593. 43647. 50. 99952. 4689. 1 2567.83379. 40. 76403. 1915.4

2318. 33452. 3(487538. 743222242554, 72317081. 10541. 841853 2162. 8196F 21 01.
10396. 2397. 9 15 242627240.Q1545. 7551. 2%:%646660 201 4B.A214. 62 Tabke 4-2
Result of variance anal ysis of adefovir |oavallab| |ty bet ween two
crystalline ADs Sum of squareDegree of freedomAverage FP variance Tot al

- variance5690686. 915 Durati on26099. 3126099. 290. 150. 72

I ndi vi dual $4239970. 17605710. 013. 390. 08 Total error1070710. 96178451, 82 5
Tabl e 4- 3T§Sgl f%—é)fRe\é%rlltaB%ev?Pﬂryéé San%fl%gggf o¥ 'Jde%%r%%%éi?atﬂﬂrﬁy

bet ween two erent crystalline ADs squar eDegree of freedom
Aver age vari anceFP between two crystalline ADs
Sum of square Degree of freedom Average ¥ P
variance
Total variance 5690686. 9 15
Duration 26099. 3 1 26099. 29 0. 15 0.72
Preparations 363906. 7 1 353906. 67 1.98 0.21
Individuals 4239970. 1 7 605710, 01 3.39 0.08
Total error 1070710. 9 6 178451. 82

5 Table 4-3 Result of wvariance analysis of adefovir peak concentraticns

between two different crystalline ADs

Sum of square Degree of freedom Average variance F P
Total variance 54040(6. 6 15
Duration 16362. 5 1 16362. 50 0. 28 0.6l
Preparations 122. 1 1 122. 15 0. 002 0.96
" Individuals 179219. 1 7 25602. 73 0. 45 0.84
Total error 344702. 9 6 57150. 48

Conclusion

After oral administration of the tabletls containing two different
10 crystalline ADs at a dose of 20 mg/kg te monkeys, the plasma level of
the adefovir was measured. As shown by the results, the parameters
including average Tpeax, peak concentration (Cpeax), Tisz and AUCq-« between
twe different crystalline ADs groups were basically identical.
Statistic analysis indicated that differences of both Cpeax and AUCq-t

15 between two forms were not statistically significant.
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Total variance540406. 615 Durati onl6362.5116362. 500. 280. 61
Preparationsl122.11122. 150. 0020. 96 | ndi vi dual s179219. 1725602. 730. 450. 84
Total error344702.9657150. 48 Concl usion After oral adm nistration of the
tablets containing two different 10 crystalline ADs at a dose of 20 ny/kg
to nmonkeys, the plasma | evel of the adefovir was nmeasured. As shown by the
results, the paraneters including average Tpeak, peak concentration
(Cpeak) , T112 and AUCo t between two different crystalline ADs groups
were basically identical. Statistic analysis indicated that differences of
bot h Cpeak and AUCo_t 15 between two fornms were not statistically

si gni fi c&remples Exanpl es The fol l owi ng exanpl es further el aborate the
present invention and do not by any means limt the invention. 5 Exanple 1
Pr epar at iTor 661 cywistgakkamel AD fTinehe ave JAD ovas e prieparedenc corvainngoh caricheo

represen i h as - .described (Starrett et al., J. Med. Chem (1994)
37:1857-&%%4¥$a%§§t é}nsn&&%?%c%@%t%ﬂ%ﬁ%ﬁ%?&D was prepared by spray drying

mothod | Faves8 E mfbne g oRl 58 o 14905 45 Adding 100 T anhydr ous.
G/ c. BBPaGR Aot T RERDUED) TG 119 Senahol -O-STep Chy BE4 Pect i ng
the powderscwhbed Wasrivdentdtf ked, (HPLUER. aheAD of999. 2% 1457 puard4h yand ke .
The meas dPe8 i i1 Gt D1 Pehber i o7  aseon - ¥R ReRb IFaaccott | L gre .
tenperat%[ePngigg a'oJ@Jg% 8u£89$rgaggé§ %gcgfg?gmgﬁﬁidﬂea method in a 150
10 ml round bottom flask;

b. Adding 100 ml anhydrous ethancl and dissolving AD ultrasonically

to form a solution of AD of 200 g/L;

c. 8pray drying the AD solution in ethanol of step (b);

d. Collecting the powder, which was identified ({(HPFLZ) as AD of 99.2%

15 purity.

The conditions of the spray drying: The inlet air temperature was set
at 95 C.The measured inlet air temperature was 95 C. The measured
outlet air temperature was 60 C. Pump output efficiency was 8%. Air
pump cutput efficiency was 85%. The airflow rate of the air compressor

20 was at 700 L/L.
Validation by spectrum:

In terms of the crystalline AD prepared by foregoing method, an
endothermic peak at about 94.5 C was detected in DSC thermogram;
characteristic peaks expressed in terms of 28 at about 3.60, about 7.28,
25 about 7.76, about 12.32, about 15.08, about 16.28, about 17.24, about
17.96, about 20.12, about 21.40, and about 22.24 were shown in powder
XRD pattern; peaks at abcout 3320 cm™!, about 3160 cm™, about 2975 cm™?,
about 2935 cm ', about 1755 cm™*, about 1650 cm!, about 1595 cm™', about
1385 cm™, about 1355 cm™?, and about 1152 cm ™’ were shown in Fourier

30 Transfeoerm Infrared Spectrum (FTIR).




punp out put efficiency was 85% The airflowrate of the air conpressor 20
was at 700 L/L. Validation by spectrum In terns of the crystalline AD
prepared by foregoing nethod, an endotherm c peak at about 94.5 "C was
detected in DSC thernmogram characteristic peaks expressed in ternms of 2 0
at about 3.60, about 7.28, 25 about 7.76, about 12.32, about 15.08, about
16. 28, about 17.24, about 17.96, about 20.12, about 21.40, and about 22.24
were shown in powder XRD pattern; peaks at about 3320 cm 1, about 3160 cm
1, about Examplen? 1Erepargiiocpost evwsitaldiiogt AR755 cm 1, about 1650 cm 1,
about 1595 cm 1, about 1385 cm 1, about 1355 cm 1, and about 1152 cm-1
wer e showiiei haFoll iwas r3@rTradsiormdinfr doetdhSpeetramantETiRy . ndthEkarspl e 2

Prepar at id%@pﬁzﬁbgéyﬁ%tggﬁfe@% AD The aﬁwgéla W%ﬁezﬁrePg%’ﬁﬂ ?%9%%5?&%% L ??‘89 2

representative net describe tarrett et

37: 1857t186H)vedndryitid liowedl @aygraplaurﬁé ADs wessy prepas adthyd sprizd ldmpi: ng
nmet hod as follows: 5 a. Placing about 10 g of AD produced by aforenentioned
nmet hod i @ -aPl1&Gingrebpound ot f @l Pragksed byAdto mgnetQ omed method in a 150

acetonlrhh/gg gdq&k%hmgﬁq%rkand dissolving AD wultrasonically to forma
sol ution of “AD Spray drying the organic solution of step

(b): 10 &. @sﬂdm.h@otmé mﬁm@mr\mmn weis tivdent Fiid da (PG sad v AD) 0RD
59. 0%  PURich¥sol D AN 11805 7L SNG SAF @Y dbYLAGioged;nl et air

tenperature was set e neasured et air ‘ténperature was 85
' C. The neasdpedy @Kﬂiaﬁ QQErOréﬁ@e¢eﬁqhu§hm350505tppIﬁwﬁp out put efficiency

was 3 A, rc%i&&ﬂﬂ%%@“ko@&é ci S 80+ s Figqay mﬁﬂ&warsah? 9% ddgsair
conpressor was at 0 L/ tlon y spectrum In terns of the
cryst al | if9&1AD- pr epar ed by foregO|ng met hod, an

The conditions of the spray drying: The inlet alr temperature was set
at 85 C. The measured inlet air temperature was 85 C.The measured
outlet air temperature was 50 C. Pump output efficiency was 5%. Air
15 pump output efficiency was 70%. The airflow rate of the air compressor

was at 600 L/L.
Validation by spectrum:

Iin terms of the c¢rystalline AD prepared by feoregoing method, an
endothermic peak at about 94.5 C was detected in DSC thermogram; peaks
20 expressed in terms of 20 at about 3.60, about 7.28, about 7.76, aboul
12.32, about 15.08, about 16.28, about 17.24, about 17.96, about 20.12,
abcut 21.40, and about 22.24 were shown in powder XRD pattern; peaks
at about 3320 cm™, about 3160 cm™', about 2975 cm™', about 2935 cm *,
about 1755 em™!, about 1650 cmqq about 1595 cm™*, about 1385 cm *, about
25 1355 em™' and about 1152 cm™ were shown in Fourier Transform Infrared

Spectrum {(FTIR).

Example 3 Preparation of crystalline AD

The raw AD was prepared according to the representative methed as
30 described (Starrett et al., J. Med. Chem. {19%4) 37:1857~1864) and the

novel crystalline AD was prepared by spray drying method as follows:

a. Placing about 30 g of AD preduced by aforementioned method in a 150
18




endot herm ¢ peak at about 94.5 "C was detected in DSC thernogram peaks 20
expressed in terns of 2 0 at about 3.60, about 7.28, about 7.76, about

12. 32, about 15.08, about 16.28, about 17.24, about 17.96, about 20.12,
about 21.40, and about 22.24 were shown in powder XRD pattern; peaks at
about 3320 cm 1, about 3160 cm 1, about 2975 cm 1, about 2935 cm 1, about
1755 cm 1, about 1650 cm 1, about 1595 cm 1, about 1385 cm 1, about 25 1355
cm-1 and _about 1152 cm -1 were shown in Fourier Transform Infrared

Spect r umPEFTPRYS X8l é18skf eparati on of crystalline AD The raw AD was

pr epar ed racg@d g coont hesdigpresenhabt Vg nBlihads 851 vi3Qy deser+ hed(iSkan ett
et al., J. Med. Chem (1994) 37:1857-1864) and the novel crystalline A

prepar ed “By LSFFay THAATHETNEEnBY As YW I8dks: a. Placing about 30 g of AD

producedcbysgf_»@g;eimdgorﬁﬁd BREAOL: idb1a1:198 o28s#dp rgund bottom flask; b.
Adding 100 met hyl ene chl ori de and. dissol ving AD uItrasonlcaII to form
t

a soldtin b ‘f’lh%%fn%ébegmwdecrr ghigY mw&ﬂ@nttﬁélﬁaﬂgaiﬁlcc sarsu%?o%f Gf -§fep
(b); 5 dpuegklecting the powder, which was identified (HPLC) as AD of 95.0%
purity. The conditions of the spray drying: The inlet air tenperature was

set at 9@ Lndhe measHred ispkely &fidenpatatie was 400 cathee mpasyced
outlet air tenp&rature was 75 C._ Punp out put eff|C|enC£Omas 15% Air 10

punp out Bt 18 f Fci EM AR TEO% "ite it FPBIE FaltE otafhe G T - ERFptesasrd was

at 800 Llhti¥alidatieaBe byt SpealasUmt th berpefuthererysialy g 79 prepared
by foregoing nmethod, an . endothermc geak at_about 94.5 C was detected in
DSC t!fler %&Paﬁt%ﬁgfi‘?%&i’r HEE P G nThRraE IdPWorR Rt CAb'oift 23X 6P RHSSHOT
7.28, abeudk Zt76p0 abaut 12.32, about 15.08, about 16.28, about 17. 24,

about 17.96, about 20.12, about 21.40, and about 22.24 were shown in

powder XRR1paktesd; b PeRS t rum:

In terms of the crystalline AD prepared by foregoing method, an
endothermic peak at about 94.5 T was detected in DSC thermogram; peaks
15  expressed in terms of 20 at about 3.60, about 7.28, about 7.76, about
12.32, akout 15.08, about 16.28, about 17.24, about 17.96, abecut 20.12,
about 21.40, and abcut 22.24 were shown in powder XRD pattern; peaks
at about 3320 cm™’, about 3160 cm™, about 2975 cm™, about 2935 cm™?,
about 1755 cm™*, about 1650 cm'!, about 1595 cm™*, about 1385 cm™', about
20 1355 cm™! and about 1152 cm™! were shown in Fourier Transform Infrared

Spectrum (FTIR).

Example 4 Preparation of crystalline AD

The raw AD was prepared according to the representative method as
25 described {(Starrett et al., J. Med. Chem. (19%4) 37:1857-1864) and the

novel crystalline AD was prepared by spray drying method as follows:

a. Placing about 25 g of AD produced by aforementioned method in a 150

ml round bottom flask;

b. Adding 100 ml acetone and dissclving AD ultrasonically to form a
30 solution of AD cf 250 g/L;

c. Spray drying the organic solution of step (b);

d. Coilecting the powder, which was identified (HPLC) as AD of S8.0%
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at about 3320 cm 1, about 3160 cm 1, about 2975 cm 1, about 2935 cm 1,
about 1755 cm 1, about 1650 cm 1, about 1595 cm 1, about 1385 cm 1, about
20 1355 cm -1 and about 1152 cm -1 were shown in Fourier Transform Infrared
Spectrum (FTIR). Exanple 4 Preparation of crystalline AD The raw AD was
prepared according to the representative nethod as 25 described (Starrett
et al., J. Med. Chem (1994) 37:1857-1864) and the novel crystalline AD was
pr epar ed ;§$pray drying method as follows: a. Placing about 25 g of AD
produced "by "aforenentioned nethod in a 150 m round bottom fl ask; b.
Addi ng 1 m_._acetone and di ssolving AD ultrasonically to forma 30
sol ut i onofgjfe ﬁ@%%t%bg ] L?h%.s%ﬁlya%’g W 'n&ﬁli?hjen g ani et SR TR S ot 1S 156
(b); d. Gdl I%c{G ngrichenspewder, imhéchaimase drgentichiredwd HPLC)C ashADnefs18840%
19 purity, .Th onditions. of the ray drying: The inlet air tenperature
was set oéltt-[sg %.lr %ﬁé“pﬁé%}ﬁ% a}snl%gt %a'i %H%En%%trpa%quﬁégmew 'wé.s'rltﬁg’“ med<ur ed
out | et5 aipumpenpepat wicgiwasnép 1C78PUMoutiptt ceffited edcyhavas r128opAlds
punp out put %Uﬁgbeﬂ/cﬁ’ is 78% The airflowrate of the air conpressor was
at 700 L/L. | i datTon” by Spectrum In ternms of the crystalline AD prepared
by foregqj t ho ndot herm c peak at about 94.5 "C was detected in
DSC therqn%grgg%]%lﬁléa %a%fcgtfﬁfnessed interms of 20 at about 3.60, about
7.28, abqg% 7.76, ggou% 12. 32, .about_15.08, about 16.28, about 17.24,
HBBut°20-42,

about 17.'98, CLEBUUL DL 40 BREPHBOUP 22t 2P RerE SHGWR i n an
powder XRRdpahtenn: ppagkst adbualPout 320 scdr thctalBout p3t6bhdmolraabQia @975
cm 1,wabout r%%?’gdc‘nﬂ % abo§§581755 gm 1, %outbl%o ég} 1,babout 1595 cm 1,

about "1385F¢m I “about "1 & éh £P°8hd’ -dloutP1457 &y - P U & - SRoviPadt

Fouri er Trzanef crtmutni s avedabSpedter.am, (FBHUR) 17.24, about 17.96, about 20.12,

apout 21.40, and about 22.24 were shown in powder XRD pattern; peaks

at about 3320 cm™, about 3160 cm™!, about 2975 cm™!, about 2935 cm’!,

about 1755 cm{ﬂ about 1650 cm™, about 1595 cm™t, about 1385 cm™?, about

15 1355 em™, and about 1152 cm™ were shown in Fourier Transform Infrared

Spectrum (FTIR).

Example 5 Preparation of crystalline AD

The raw AD was prepared according to the representative method as
20 described (Starrett et al., J. Med. Chem. (1994) 37: 1857-1864) and
the novel crystalline AD was prepared by spray drying method as follows:

a. Placing about 18 g of AD produced by aforementioned method in a 150

ml round bottom flask;

b. Adding 100 ml methanol and dissolving AD ultrasonically to form a
25  solution of AD of 180 g/L;

c. Spray drying the organic solution of step (b);

d. Collecting the powder, which was identified (HPLC) as AD of 99.0%

purity.

The conditions of the spray drying: The inlet air temperature was set
30 at 88 C. The measured inlet air temperature was 85 C.The measured
outlet air temperature was 68 ‘C. Pump output efficiency was 9%. Air
pump output efficiency was 90%. The airflow rate of the air compressor

20



Exanple 5 Preparation of crystalline AD The raw AD was prepared according
to the representative nethod as 20 described (Starrett et al., J. Med.
Chem (1994) 37: 1857-1864) and the novel crystalline AD was prepared by
spray drying nethod as follows: a. Placing about 18 g of AD produced by
aforenentioned nethod in a 150 m round bottomflask; b. Adding 100 m
nmet hanol and di ssolving AD ultrasonically to forma 25 solution of AD of
180 g/ L; was SPrayodtying the organic solution of step (b); d. Collecting
t he powder, which was identified (HPLC) as AD of 99.0% purity. The

condi ti oRg:1QHat N6 SRF @AY Rg: The inlet air tenperature was set 30 at 88
"C. The neasured inlet ‘air tenperature was 85 C. The neasured outlet air

t enper at yre. mas. 68 tput . efficiency was 9% Air . pu tput .
ef ficiency vas SQg%tqu gygip} ol\?{/l%r %?5 Eoeip atrﬁg%aﬁ ?B%%%Fééggf %ﬁgﬁgéltkgetm%t‘fo
L/ L. Val intai oh d4ypudp8at b um whe dedrengedf it B Listabyiae ABapeepared shy
above smet;hod, . .an, enapt ] peak _at 94. 5 detected.in DSC
t her rmgrezle preakg exprggég%&% 3i'ﬁef g%ﬁﬁ%gf'%'o%‘i“&gﬁé’ §.%85? 1258’3{ 5%02%,
about 7. 76, Odbctout2! 828 apbott 175208, akalysut 7 16, 2800w@h 00t 117 a24pt aiouto,

17. 96, about 120u12, akout 21,40, iﬁrkgﬂ%%u%liééd Zc‘]&e‘%’%r;g%o%’sy‘%g?gb&?t &, oXRD

pattern; peaks at about 3320 cm out <m cm 1,” "about
2935 cm FM absbeui BB AT, alabout2 91650t ¢m dhoudbddts 1505 ebott Hidutnl385
cml, abqut,,13 +~1 0 ut. 115 - r.e-ish i rier
Transform | m%r g?%%resmp_'c%rlﬁjt( &?’?% I.:mEka%r%‘l}%% é%'?\g)ﬁicgt $ g}éﬁ?%ﬁn{% 9 eand
crystldl | i3ReUADITRe FADbI evsreonkerhi by Foer oy StralisitpenADn 6f a eochnirte thumer e
prepared (gkoraccording to the fornmula as descri bes bel ow, and each of the
tablets contains 10 ng AD.

Example 6 Tablets containing the crystalline AD

The tablets containing the crystalline AD of example 1 were prepared
15 according to the formula as describes below, and each of the tablets

contains 10 mg AD.

Component amount
Crystalline AD 10 myg
Lactose 63 mg .
20 Pregelatinized starch 25 mg
Croscarmellose Sodium 3 mg
Colleoidal silicon dioxide 0.25 mg
Magnesium Stearate 0.30 mg

The crystalline AD, lactose, pregelatinized starch and croscarmellose
25 sodium were respectively passed through 65-mesh screen for later use.
The AD was weighed according to the amount as described in the formula
and mixed with other adjuvants in & manner of increasing the amounts
proportionally. The mixture was passed through 65-mesh screen for three
times. The angle of repose was measured as less than 30° . After content
30 tested and weight determined, tablets were prepared by direct

compression of the mixture using a 6.5 mm-diameter flat punch pin.
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Conmponent amount Crystalline AD 10 ng Lactose 65 ng 20 Pregel atini zed
starch 25 ng Croscarnellose Sodium 3 ng Colloidal silicon dioxide 0.25 ng
Magnesi um Stearate 0.30 ng The crystalline AD, |actose, pregelatinized
starch and Croscarnel |l ose 25 sodium were respectively passed through

65- mesh screen for |later use. The AD was wei ghed according to the anmount as
described in the fornula and m xed with other adjuvants in a manner of

| ncr easi igahiigeaToum S Y QRALLLANAL | the TG LALXIHEE iaS passed t hrough
65- mesh screen for three tines. angl e of repose was neasured as | ess
than 30 ... Af t nd i.ght term ned, tablets were

TbH)% (Ej?ésé@?ég %@)ﬁ‘ltggn&? t%% éf}/]sé%,%l%ne QB of exarar‘lpég 51 w%rai%ﬁ%%aerredf | at

pr epar ed conpression of ur e usi ng

punch pi eccprdirantt éh? Capswl s scont @i liasgbthew crayst akth nee ADe Tdwpcdpsul es
containiQ%nﬁggngrﬁét b%ﬂe AD of exanple 1 were prepared according to the
formul a as describes below, and each of the capsules contains 10 ng AD. 5
Conponent Crystalline AD 10 ng__Lactose 135 ng Pregel atinized
starc% 2§xﬁ%BHgégscarnellose Sodi um 3 ﬁﬁoﬂﬁ£Cblloidal silicon dioxide 0.25
ng MagnésivemaeSieas atle 0. 30 ng The crystalg ne AD, | actose, pregel atinized
starch, qgrasgarnmellose sodiumwere re P c%jvely passed t hrough 65-nesh
screen for later use. The AD was wei ghée a@bording to the anpunt as

descri bedrieget heiforenilstakshand m xed webhmot her adj uvants in a manner of

I ncreasi '&otslagrﬁgyyggé Sodium 3 mg
10 Colloidal silicon dioxide 0.25 mg

Magnesium Stearate 0.30 mg

The crystalline AD, lactose, pregelatinized starch, croscarmellose
sodium were respectively passed through &5-mesh screen for later use.
The AD was weighed according to the amount as described in the formula
15 and mixed with other adjuvants in a manner of increasing the amounts
proportionally. The mixture was passed through 65-mesh screen for three
times. The angle of repose was measured as less than 30° . After content
tested and capacity determined, capsules were prepared by loading the

mixture into No.3 capsules.
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proportionally. The m xture was passed through 65-nmesh screen for three
times. The angl e of repose was neasured as less than 30 . After content
tested and capacity determ ned, capsul es were prepared by | oading the

m xture into No.3 capsules. 22 What claimis: 1. A crystalline adefovir

di pivoxil, characterized in the characteristic peak expressed in terns of
2 0 at about 3.60, and/or about 5 7.28, and/or about 15. 08, and /or about
17. 24, and/or about 17. 96, and/or about 20.12, and/or about 22.24 in
X-ray powder dilqfratti on pattern with Cu target radiation. 2. The
crystalline adefovir dipivoxil of claiml characterized in that 10 it has
endot herm ¢ peak at about 94.5 "Cin DSC thernogram 3. The crystalline
adefovir]dipivaibrb$t1ﬂkﬂnﬁ 1a@hépa¢terHZEKdeithamhakhch@sizednﬂﬂﬂ nghgoi nt

at 94 C - h%§ Q 15. 4 n ef qui § pivoxi) af cl
characterized in %tlc?gyﬁ g§¥é§g%%£a%e%% Jﬁf% gL 2t ﬁzaggut éko
about 352975 Z@malld/@tyoﬂhoutlﬂ%@%narid /an@babbut’ . 265@n@rtpxjabomtﬁo711r96erand/0r

TransformJntrape it c i Si the._cr |1 i ne
adefovir rgé)loplftvg?(l ?2 oPaqg%ﬂ/rolfmi\Bg ¥A2%gzlngr)r§%1&tg gg{}gg onedr}&rfracmm){ dlrerh
pharnaceﬂ@ﬁ@appytaﬁﬁépﬂ@@h@t@anr|ers or excipients. 6. The conposition of
claimb5, wherein each dosage unit contains 100-400 ng crystalline adefovir
di pivoxil. 25 7. The conposition of claim®6, wherein each dosage unit
cont ai ns 2t- 8ee Qﬁyséﬁyéi@#I@dﬁéoaééﬁihHMVOdﬂéumbxﬂBlm8lCh@pa@nﬂﬁmzabbmn that

pr epajpi ng tt h@s%ﬂéé@léfﬂ% @ggkoguaﬂs@e sl +Oof; |, Bgf %% 4 m 1to 4,
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conprising steps as follows: e. Placing the cryst I'n a round
bottom flask; f. Adding organic solvent and dissolving AD ultrasonically to

forma $39|T«Hei @By@%a?—lﬂ’ievgﬂeE%ﬁﬁ'&tﬂpatri:gﬂi of claim 1 characterized in that
it has a melting point at 24 C - 95 C.

15 4. The crystalline adefovir dipivoxil of claim 1 characterized in that
it has peaks at about 3320 cm™, about 3160 cm®, about 2975 cm™t, about

1755 cm™, and about 1650 cm™ in Fourier Transform Infrared Spectrum,

5. A composition comprising the crystalline adefovir dipivoxil of any
20 of claims 1 to 4 and cone or more pharmaceutically acceptable carriers

Oor excipients.

6. The composition of claim 5, wherein each dosage unit contains 100-400
mg crystalline adefovir dipivoxil.

25
7. The composition of claim 6, wherein each dosage unit contains 1-80

myg crystaliine adefovir dipivoxil.

8. A process for preparing the crystalline adefovir dipivexil of any
30 of claims 1 to 4, comprising steps as follows:
e. Placing the crystalline AD in a round bottom flask;
f. Adding organic solvent and dissolving AD ultrasonically to form a
solution at a given concentration;
g Spray drying the above organic solution.

35
23



g. Spray drying the above organic solution. 35 23 9. The process of claim
8, wherein said organic solvent of step (b) is selected fromthe group
consi sting of anhydrous ethanol, nethanol, acetone, acetoniril/di-n-butyl
et her, and nethyl ene chloride and the formed organic solution has an AD
concentration of 100-300 g/L; in step 5 (c),the inlet air tenperature is
set at 85-100 -C, the neasured inlet air tenperature is 85-100 "C, the
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5-15% air pu out put I Ci enc d the'rate o
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solution has an AD concentration infet air
t enper at dreemed wEtarae 9slutgon hes amedld woedenntetiai thleﬁﬁpéloatqme is s@5pC ;

the measuiadcput]eledbl 1o SmAtAkUL e 1 6Q s G e, PYLaehELElaney | S
8% air punp output efficiency is 85% an t & rate bf airfrow of the air
Conpresséwl]§emg@r§nﬂyeLp§ 854100 C; the measured outlet air temperature is
50~75 C; pump output efficiency is 5-15%; air pump output efficiency
is 70%-95%; and the rate of airflow of the air compressor is at 600
L/L-800 L/L.
10
10. The process of claim 8 or 9, wherein said organic solvent of step
{b}) is ethanol and said organic solution has an AD concentration of
200 g/L; in step {(c), said inlet air temperature is set at 95 C, the
measured inlet air temperature is 95T ; the measured outlet air
15 temperature is 60 C; pump output efficiency is 8%; air pump output
efficiency is 85%; and the rate of airflow of the air compressor is

at 700 L/L.
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