-1 - _GUANI NE DERI VATI VE The pre @ '@P\é@:@tik@BEEN‘
relates to a specific crystalline formof the antiviral do §d‘f1'él".‘ '

val aci cl ovir hydrochloride, and to a process for produci it. HEV‘T’P\(!;ED
coenpound 9-[ (2-hydroxyet hoxy) net hyl ] guani ne, ot herwi se known as acycl ovir
possesses WOM2Untiviral activity and is widely used i n RFeER8%M fent and
prophyl axis of viral infections in humans, particularly infections caused
by the herpes group of viruses (see, fdll'exarrpl e, Schaeffer et al, Nature,
272, 583-585 (1978), WK patent no. 1,523,865 and US patent no. 4,199,574).

However, acyclovir is poorly absorbed fromthe gastrointestinal tract upon
oral adninistration and this | owM—W&E@ﬂeans that rmultiple high
doses of oral drug may need to be adm nistered, especially for the

treat nent of S Lt | | ' cli | r ' and
mai nt ai n effe‘lcrf%l 3’5'% %%?' |lt \%‘?ﬁ%‘é{%@e sl%'lr‘t:nd s?fﬁ:g gI ggér%*ﬁg%ﬁ_{a@éqﬁé#e%és er of
acyclovir, mfnthe angiyiyal. compeund galacigdpyis- hydreshiarisie, and to

met hoxy] e$ hyla lprotidssaitor pobaetingaitnown as val aciclovir) has been shown
to possess nuch inproved bioavailability whilst retaining the anti-viral
properties of acyclovir. A preferred form of this conpound is its
hydr ochl ori déthsy| compeend | 9-¢{ BehvfzexxethorimethyddoupBine . hyaiharmise de.

The L-val i natighiiit @ 8Ey8Lo¢if\Pdsseades! fotent antiviral activity and is
widely used in the <treatment and prophylaxis of viral

10 infections in humans, particularly infections caused by the

herpes group of viruses (see, for example, Schaeffer et al,

Nature, 272, 583-585 (1978), UK patent no. 1,523,865 and US

patent no. 4,199,574). However, acyclovir is poorly absorbed

from the gastrointestinal tract upon oral administration and

15 this low bicavailability means that multiple high doses of

oral drug may need to be administered, especially for the

treatment of less sensitive viruses or infections in order to

achieve and maintain effective anti-viral levels in the
plasma.

20

The L-valine ester of acyclovir, namely (2-{2-amino-1,6-
dihydro-6-oxo-purin-9-yl )methoxylethyl L-valinate, (otherwise
known as valaciclovir) has been shown to possess much improved
bicavailability whilst retaining the anti-viral properties of

25 acyclovir. A preferred form of this compound is its
hydrochloride salt which is otherwise known as valaciclovir
hydrochloride. The L-valinate ester of acyclovir and its
salts including the hydrochloride salt are disclosed in US
patent no. 4,957,924 (see particularly example IB), European

30 patent no. 0308,065 (see particularly example IB) and
Beauchamp et al, Antiviral Chemistry and Chemotherapy, 3(3),
157-164 (1992) (see particularly page 162 column 1).

We have now found that valaciclovir hydrochloride can exist
35 in various forms, and moreover we have discovered a form of
valaciclovir hydrochloride which is anhydrous and crystalline
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salts including the hydrochloride salt are disclosed in US patent no.
4; 957,924 (see particularly exanple IB), European_patent no. 0308,065 (see

partlcul arly exanple |1 B) and Beauchanp et al, Antiviral Chem stry and
Chenot herapy, 3(3), 157-164 (1992) (see partlcul arly page 162 col um ),

W have now fowWn@e#8r val aciclovir hydrochl oride can exist iPCHEBISHRL
forms, and noreover we have di scovered a form of val aciclovir hydrochloride

whi ch i s anhydrous and crystalline =2- WD 96/22291

PCT/ GB96/ 00117 -2- and whi ch
surprisingly ha gmfart i cularly good pharmaceuti cal properties. It is
particularly st evhigh aurpniisdng}ynbas partigutaskypgand phazmachutical

this crystallingrodditlesdn ¢ is ﬁ&&&bﬁi&ﬁi&yse% tghd diisdntdn)? ahoaorm
purity i.e. wh re the 5’1coropo%+ﬁcimﬁo gﬁrl h%ignd c# st al |ne
forns of %‘ﬁ% *hydr o i staldipe),q e SBR;
anhydrous cr ystmnsmmm made k@ bi-gh agwsmadpﬁom@xm taom. whe:bethe

readily for §v| ﬂi‘bxphéE”BG%i CalnoeBABAS! AS ctyshallindS fﬁmset afand
capsul es. ccor di a fi r td asgec of tae |n¥ E%I on ther
provi ded vaI am%ﬁ' EsstMt i ednhy dFgfERermore

anhydrous crystalline form has good storage properties and can
be readily formulated into pharmaceutical compositions such
as tablets and capsules.

10
Accordingly in a first aspect of the invention there is
provided valaciclovir hydrochloride in essentially anhydrous
crystalline form including substantially the following d
spacing pattern (in Angstroms):

15
10.20 + 0.08, 8.10 £ 0.06, 7.27 +* 0.06, 6.08 + 0.05, 5.83 =
0.03, 5.37 £ 0.02, 5.23 £ 0.02, 4.89 + 0.02, 4.42 =z 0.02, 4.06
+ 0.02, 3.71 = 0.02, 3.39 * 0.02, 3.32 + 0.02, 2.91 *+ 0.02,
2.77 £,0.02.

20
Hereinafter by "anhydrous crystalline form" according to the
invention, we mean a crystalline form having substantially the
same X-ray powder diffraction pattern as shown in figures 1

to 3, or having substantially the same d spacing pattern as
25 defined above.

Any particular crystalline form of a molecule will have its
own unique 4@ spacing pattern which can be determined from its
powder X-ray diffraction pattern using the Bragg equation
30
nA = 2 dsin®
where: n is the order of diffraction (usually 1):
A is the wavelength of the radiation:
d is the 4 spacing (Angstroms): and
35 © is the angle of deflection of the radiation



crystalline formincluding substantially the follow ng d spaci ng

pattern (in Angstrons): 15 10.20 0.08 8.10 [err] 0.06, 7.27 0.06,
6.08 0.05, 5.83 0.03, 5.37 0.02, 5.23 0.02, 4.89 [err] 0.02, 4.42
[err] 0.02, 4.06 [err] 0.02, 3.71 0.02, 3.39 0.02, 3.32 0.02, 2.91
0.02, WOP229% ] 0.02. 20 Her ei nafter by "anhydr BGEGBI&PEINT| | | ne
form' according to the i nvention, we mean a crystalline form having
substantially the same X-ray powded-diffraction pattern as shown in
figures 1 . to 3, or having substantially the sane d spacing pattern as
25 defined above. Any particular crystalline formof a nol ecule

will have it&t will & appregdagedpshangthmtmessuned ¢hspanings dearrvamed
fromits slPgHELY &:gaydapehaingi 6n RAL! @egrddl D WHAKH agke ssbid.on 30

nferr] = 2 dgj | where: n is the order of diffraction (usually
1); gkﬁé%]isp?%k@d\ﬁavel ength of the radiation; dis the
d spacing (Angstrons); and 35 [err] is the angle of deflection of the

radiati o5 fThe invent¥orP@eddtds to the anhydrous crystalline form both
: PCT/ GB96/ 001}.17: pure form and in admixture with other forms of valaciclovir
hydrochloride such as hydrated crystalline forms. For example
in any batch containing the anhydrous crystalline valaciclovir

hydrochloride, there may also be hydrated crystalline forms
10 of the compound.

Preferably the crystal form purity in any drug batch of
valaciclovir hydrochloride is at 1least 70% w/w, more
preferably at least 80% w/w, more preferably still at least
15 90% w/w, and most preferably at least 95% of anhydrous
crystalline valaciclovir hydrochloride (as defined above).

In an alternative method of determining crystal form purity,
: since the anhydrous crystalline form of valaciclovir
20 hydrochloride is essentially free of water of hydration, the
proportion of hydrate forms of valaciclovir hydrochloride in
any batch of the compound can be measured by the overall water
of hydration content of each batch.

25 Accordingly in a second aspect of the invention there is
provided valaciclovir hydrochloride having a water of
hydration content of not more than 3% by weight (w/w) and
including substantially the X-ray powder diffraction patterns

of figures 1 to 3, or substantially the same d spacing pattern
30 shown above.

More preferably the water of hydration content is not more

than 2% w/w, still more preferably not more than 1.5% w/w, and

more preferably still not more than 1% w/w, and most
35 preferably not more than 0.5% w/w.



It will be appreciated that the nmeasured d spacings can v ?’rj"“? BE
e.g. depending on the degree to which the powler _sanpl s ﬁ% EMB
e

The invention relates to the anhydrous crystalline formb
fformand in adm xture with other fornms of val aciclovir hydr achl gr.ide .. ..
such as hydr aW@@6@¥29st al | i ne fornms. For exanple in any b Wﬁn%sg'ﬁ{' i ni ng

t he anhydrous crystalline valaciclovir hydr ochl ori de, there nay al so be
hydrated crystalline forns 10 of the confiound. Preferably the

crystal formpurity in any drug batch of val aci cl ovir hydrochloride is

at |east 70% w w, nore referably at |east 80% w w, nore preferably

still at |east This gtey wof Aydrasionpconders| \istmeasuredshy ofthenKardbus
crystal li ne valragictle2vinéthod nddthois deeliAkndehi itdhebayt)and is desdrited

al ternative netihod,aof efm.gin rity, Lpce
anhydr ous crystig.1 ?clh(r%el gpmbc') gﬂa?%%%g%@ﬁ(f#%hﬁgﬁagé?g' eé@‘gnﬁeal ly
free.of water JuUDOPeAR: | Bharmaeopoelisy;r ogecondn edition at(d993nas BRXt 2,

val aci cl ovig hyginaeenth g¢dstciicule &\Ww.b@d.gheoll.t he conpound can be neasured
by the overall water of hydration content of each batch. 25
Accordingly in a second aspect of the invention there is provi ded

val aci cl ovi r hyaerdisg te afunthex aspectofthe present dnvention: provides ot

nore than 3% bya Weogbks( ¥é¥)thd) productiog |o¥livalasiBEédid: iddrochlSriaéain
e e " "Srystari¥nd | 9PbER Lwbloh CLomdiided"' Trbdells
10 valaciclovir hydrochloride with a solubilising solvent serving

to convert an amount of valaciclovir hydrochloride into said

anhydrous crystalline form having the @ spacing pattern shown

above in the £first aspect of invention; and thereafter

isolating said anhydrous crystalline form.

Q

15

The invention also provides a process for the production of
valaciclovir hydrochloride in an anhydrous crystalline form

having the d spacings shown above, said process comprising the
steps of. ' :

-20
a) forming valaciclovir in solution either in free base or
salt form;

b) converting said free base valaciclovir or a salt thereof
25 {when not the hydrochloride salt) to valaciclovir
hydrochloride:

c) isolating valaciclovir hydrochloride from the solution

and optionally removing unbound (damp, non-solvated)

30 solvent leaving the valaciclovir hydrochloride in
| substantially dry form;.

4a) treating valaciclovir hydrochloride with a soiubilising

solvent serving to convert an amount of the optionally

3s dried valaciclovir hydrochloride from step c) into said
anhydrous crystalline form; and
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30 shown above. More preferably the water of hydrati on content is

not__nore than 2% w w, still nore preferably not nore than 1.5%w w,
and nore preferably still not nmore than 1% ww, and nost 35
peteferably not nore than 0.5% w w.

1 6 JUL 1998 -4- This water of hydration

content is measured by the Karl Fischer3method which is well-known in the
art and is described in the 1990 U. S. Pharnmacopoei a at pages 1619-1621,

and the European Pharnmacopoei a, second edition (1992), part 2, sixteenth

fascicul e at ). 3i80bating eaid dinfhydrous ¢HY§hellm$)einm-t he present

i nvention provides a process for the productlon of valaciclovir

hydrochl ori d r st I|n rmwhich c rises,treatin

valacrclovrr‘%’a Fggg or| ?8 ggxaﬂva?ﬁh?éP%ﬁngh ﬁﬁ 1to 4
carbon atons béﬁt \HWE&‘%VOM c*é'}ﬂ aﬂﬁﬂh@& régeserikeds bur bhe asém:emt:es
convert an amoaaavm qlugy patane i l4Qb5ge 9kat CrSisbai PAeAYSno.

323{;22?' lo:‘ nlen r??r'gﬁgl ag‘ahegﬁﬁ‘?‘?%“‘?scﬁata ar‘é} Sho l%% reohgeﬂggs{jlélrls ne
f orm Chemotherapy 303, 157-164 (1992), the disclosure of US patent
no. 4,957,924 being incorporated herein by reference).
Preferably the process starts from acyclovir whose synthesis
10 is described in Schaeffer et al, Nature, 272, 583-585 (1978),
UK patent no. 1,523,865 and US patent no. 4,199,574).
Acyclovir is firstly esterified to its L-valine ester
(valaciclovir), using an optionally protected L-valine for
example carbobenzyloxy-L-valine (CBZ-L-valine) in a solvent
15 such as pyridine or DMF in the presence of a coupling agent
such as N,N'-dicyclohexylcarbodiimide, optionally in the
presence of a base such as 4-dimethylaminopyridine as
catalyst. Protecting groups can be removed in known manner
(such as by treating with formic acid in the presence of 5%
20 palladium on carbon) following the esterification reaction.
Valaciclovir in the form of the free base or a salt of another
acid {(e.g. the formate) can be converted into the
hydrochloride salt in conventional manner, for example by
treatment with hydrochloric acid in a solvent.
25
The synthesis of valaciclovir hydrochloride generally leads
to the formation of the compound in soluticn in the reaction
mixture from which it may be separated and purified as a solid
product. The valaciclovir hydrochloride may then optionally
30 be dried such as by slurrying in acetone and then drying. A
number of factors influence the crystalline form of the solid
product and in accordance with the present invention the
conditions of separation and/or subsequent processing are
adjusted to produce valaciclovir hydrochloride as the
35 anhydrous crystalline form. For example a hydrate form of
valaciclovir hydrochloride can be converted to the anhydrous

This Sheet Has Been Reﬂlaced
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The invention al so provides a process for the production ome
hydrochl oride in an anhydrous crystalline formhaving ths : Gy
above, said process conprising the steps of. a) forn1~- SCHAEDY i i
solution either in free base or salt form b) converting sal
base val aci cl W962891 3 salt t hereof (when not the hyHFBEﬁPﬂV?
salt) to wvalaciclovir hydr ochl ori de; c) I sol ati ng val aci cl ovir
hydr ochl ori de fromthe sol ution and =6ptional ly renovi ng unbound (danp,
non- sol vat ed) sol vent | eavi ng the val aciclovir hydrochloride in
substantially dry form d) I sol ating val aci cl ovir hydrochl ori de,
with 15%to 40%mystallineoffozm nbingok Haltahle galventaninderamppropriatéh a

ket one CONtSHdY#Ink,0m 3 to 6 carbon atons, to convert an anount
.of the optionally dried val aciclovir hydrochloride from step c) into
sai d anhydrous crystalline form and '

Such suitable solvent which is preferably a water-soluble
5 organic solvent, should be sufficiently solubilising and be -
employed in an amount tc allow partial solubilisation to
effect the conversion and precipitation for example from
hydrated crystalline form to the desired anhydrous crystalline

form o©f valaciclovir hydrochloride. Advantageously the

10 solvent is eventually removed by drying under vacuum.
Preferably the organic solvent is an alcohol advantageously

a lower alcohol containing 1 to 4 carbon atoms or a lower
ketone (containing 3 to 6 carbon atoms). Most preferably the
lower alcohol is ethanol or a solvent composed substantially

15 of ethanol, for example in the form of denatured alcohol such
as SVM or industrial methylated spirits. Most preferably
alsoc, the lower ketone contains water, preferably aqueous
acetone such as having a water content of about 6% to about

12% by weight. Preferably the drug is slurried in the lower

20 ketone. Our early investigations also suggest that methanol
and isopropyl alcohol should also be suitable lower alcohols.

~

According to one particular embodiment of the invention,
valaciclovir hydrochloride is formed in solution, for example
25 in ethanol/water, obtained for example by the general method
referred to above and the valaciclovir hydrochloride 1is
isolated by partial removal of the solvent by distillation
followed by precipitation, for example by addition of acetone.
The valaciclovir hydrochloride (such as that isolated after
30 step ¢ above) can be separated at this stage in an unstable
solvated form by filtration. This product which is in non-
desired form can then optionally be dried and processed to the
desired anhydrous crystalline form as described below.

35 The damp valaciclovir hydrochloride following the first
isolation (as in step c above) is preferably dried; such as

I
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crystalline formusing a suitable solvent under appropriate conditions.
Such suitable_solvent which is preferably a water-soluble organic solvent
shoul d be sufficiently solubilising and be enpl oyed in an anmount to aI | ow
partial solubilisation to effect the conversion and precipitation f

exanmpl e fr OHPR§RR¥ ed crystalline formto the desired anhymﬁgw taI line
form of val aciclovir hydrochl oride. Advantageously the solvent is

eventually renoved by drying under vatiium  The organic solvent is -an
al cohol advant ageously a | ower al cohol (containing 1 to 4 carbon atons)or
a |l ower ketone (containin to 6 carbon atons Most preferably the | ower
al cohol is ekmmn%ﬁlar gP@eH‘ acntonecghen rEiltated ppdothe (damp solid
exanpl e in tépiddr iy examplecdaidwN@0°SUEd asboudV Fo°Cndtst Iprdvide

met hyl ated s t he | ower ketone contains water,
preferably a%%ﬁe%%én a%%fié’n lg'f ?[?igéx %é&'

av ng a water content of about 6%to
about 12% byhy@reshloxidsgcr At| this podnty tlse sMalaciiedovir thedrashdiondgieone.

Ouhr |e3r| F i nMﬂftdzd}ﬁfdiﬁﬂ%l niigR | PSR idnN oF enéfwnyldzt@td ESHR Rt lfﬂaf‘sOh()'
0 al so a O r C ar
Z nbch) di nenf O$ }:ﬁé‘éﬁé’@i&ﬁl %r ¢ g{:éauoxﬁ C%ch f°a8§§tfgr g Cu!

e 1 nventi on, acircrovrr oride din
solution, for exanple in ethanol/mater obtalned for exanple by the general

met hodI referaedoi-@m%o‘ee adptrbeeys aatc:satm Y Cirilrdiisd eciys t:mliaieed by
partial renoy e ent at i tation,
for exanple Béiﬁ%iﬁ’v’f‘? g‘V&ﬁBEPg%%P g%@f‘%&# %5?\/ %ﬁ ir‘g'r? uch as
t hat i sdPat ebiydrochleride | ashobspined mpatsm(:edt withsagtaggunt Q;En
oot red 1 o mohet SIGRAL sluch o Bfiinol Ui BaRheGHEd atloRbal *e“d%*"‘”#eyd
Si | SS
anhydrous cr ¥8¢ &p| fRgU 'P ﬂ?a&%ﬁs?ﬁ"o %&i /W, “2628 “prefetably about
17% to 30% w/w. The mixture is then heated for example from
about 50°C to 70°*C for several hours. Finally the product is
15 dried under vacuum to remove residual solvent, for example at
about 50°C to 70°C.

The present invention also provides the anhydrous crystalline
form of valaciclovir hydrochloride (hereinafter identified as
20 "the active compound") for use in medical therapy, e.g. in the
treatment of a viral disease in an animal, e.g. a mammal such.
as a human. The compound is especially useful for the
treatment of diseases caused by various DNA viruses , such as
herpes infections, for example, herpes simplex I and 2,
25 varicella zoster, cytomegalovirus, Epstein-Barr viruses or
human herpes virus-6 (HHV-6) as well as diseases caused by
hepatitis B. The active compound can also be used for the
treatment of papilloma or wart virus infections and, may
furthermore be administered in combination with other
30 therapeutic agents; for example with zidovudine, to treat
retroviral associated infections in particular HIV infections.

In addition to its use in human medical therapy, the active
compound can be administered to other animals for treatment
35 of viral diseases, e.g. to other mammals.



The danp val acicl ovir hydrochloride followi ng the first TtatT s tas—™n
step ¢ above) is preferably dried,_such as hﬁh§§ﬁ€€£ﬂBSBEﬂv
-6-  The present invention also provides a nethod for tHe treBEREAREDOf a
viral infection, particularly a herpes viral disease, in an aninal, e g. a
manmal such d?%?qﬁﬁﬁun whi ch conprises adnministering to t hePSHEROOLZ

effective antiviral anmount of the active conmpound. The present invention
al so provides the use of the active conﬁgund in the preparation of a
medi cament for the treatnent of a viral infection. The active conpound

may be adm nistered by any route appropriate to the condition to.be
treated. but tThE PREREPFAPYSRTLon LaR REAwides, pEhODEGE. the freptment.e

appreci at ed hosgwevirabainféetiomnf paredcubatky raherpey vitdl idisensa)pin the
condi tion of the pREhdl eNd.g. &0 { QﬁcﬁthaQO‘ﬁ%nJgﬂ' di %%sﬂ %lmgﬁssé and
i ndi cations the_anmounts required of the active ingredi ént (as above
defined) will WHHPEFIIGaRURBRaAREL, Ay .S feRtive aptiieade PRouRy of

: 5 the active compound.

The present invention also provides the use of the active

compound in the preparation of a medicament for the treatment
of a viral infection.

10

The active compound may be administered by any route
appropriate to the condition to be treated, but the preferred
route of administration is oral. It will be appreciated

however, that the preferred route may vary with for example
15 the condition of the recipient.

For each of the sbove-indicated utilities and indications the
amounts required of the active ingredient (as above defined)
will depend upon a number of factors including the severity -

20 of the condition to be treated and the identity of the.
recipient and will ultimately be at the discretion of the
attendant physician or veterinarian. In general however, for
each of these utilities and indications, a suitable effective
dose win be in the range 1 to 150 mg per kilogram bodyweight

25 of recipient per day, preferably in the range 5 to 120 mg per
kilogram bodyweight per day (Unless otherwise indicated, all
weights of the active ingredient are calculated with respect
to the free base valaciclovir). The desired dose is
preferably presented as one, two, three or four or more sub-

30 doses administered at appropriate intervals throughout the
day. These sub-doses may be administered in unit dosage
forms, for example, containing about 50 to 2000 mg, preferably

about 250, 500, 1000 or 2000 mg of active ingredient per unit
dose form.

35



of the condition to be treated and the identity of the recipient and wl|
ultimately be at the discretion of the attendant physici | ek
| n-general however, for each of these utilities and indications, a suitable

effective dose will be in the range 1 to 150 ng per kil ogram j ght  of
reci pi ent PeQX9#331 preferably in the rapge 5 to 120 ny per’?f%

bodywei ght per day (Unl ess otherw se indicated, all weights of the active
ingredient are calculated with respect to the free base valaciclovir).

The desired THaseollswiidiEizse/ HRgenmeRt 8de '%}?fcif"%ﬁ'hﬁh%:or four or
nore sub- doses adm ni stegr:edﬁgappropri ate ?%%erval s t rloughout t he day.

These sub-doses rrgﬁ be ag ) ni stered i.n uni.t dosaa,ge fornms, for exanple,
cont ai ni ng ab5EE25B°Pb SHOBETRES [ UTRHNSYh <250 5¥PS8 01 388, 2 18P IO 1y
of active i ngFe8RénBajdy depe @fs@bpytml or 2 g admidsI@regP®E 500 mg

PCT/ GB96/ B011twice a day or 1 g twice a day for 5 ko 10 dayby beppresdion i ed
itn aget ?m?eoE he hétpés &impldxt Perds Bypeel jtdarlxd zdﬂﬁ'f@&idl{s £xagph® &poy 30
-0 abou e o] e u I a Vi :
hydr ochl ori de.hbktgr t"aﬁlogE g#ﬁtt:ot%eévaﬁgﬁmc l'(f)ﬂviarheh)t/:ér \éghl %I‘Elg%g éée%?/dic%t ain
a hi gh propor PPofB8 pf"ﬁgeﬂ'Fh’ydrate f orm whi ch has a theoretical water
of hydration content of about 9.8%

10 treatment of varicella zoster virus infections (for example
shingles) :- total daily dose about 3 g administered at 1 g
three times a day £for seven days; suppression of
cytomegalovirus infections:- total daily dose about 8 g
administered at 2 g 4 times a day; for transplant patients

15 this daily dose is administered for three to six months for
the period at risk; and for HIV positive patients a daily dose
is administered as usually indicated for improving quality of
life, for example for two years.or more.

20 Early results now indicate that valaciclovir can be used in
the effective suppression of recurrent genital herpes at a
once daily dose of from about 200 mg to about 1000 mg for an
effective treatment period. The most likely daily dosages are .
250 mg, 500 mg or 1000 mg.

25
While it is possible for the active ingredient to be
administered alone, it is preferable to present it as a
pharmaceutical formulation. The formulation comprises the
active ingredient as above defined, together with one or more

30 pharmaceutically acceptable excipients therefor and optionally
other therapeutic ingredients. The excipient(s) must be
*acceptable" in the sense of being compatible with the other
ingredients of the formulation and not deletericus to the
recipient thereof.

35
The formulations include those suitable for oral administra-
tion and may conveniently be presented in unit dosage form
prepared by any of the methods well known in the art of
pharmacy. Such methods include the step of bringing into

40 association the active ingredient with the carrier which
constitutes one or more accessory ingredients. 1In general,



According to a process for form ng anhydrous crystalline val aci cl ovir
hydrochl oride, the substantially dry val aci clovit. 10 hydrochl ori de—(as
obt ai ned above) is mxed with an anount of | ower al cohol such as

et hanol or denatured al cohol, preferably I n an anount %to
40% w w, ror eWRPERRPLp| y about 17%59.30% W w. The m xt%?@ag%o?ﬁ§
heat ed for exanple from about 50[err]C to 70[err]C for several hours.
Finally the product is 15 dried under vacuumto renove residual solvent,

for exanpl e at ghe foiiRtiilat2BhE’ ra]rg t&eé%-ﬁhf]b@ un:l.fom Gy

I nvention al so_provldes anh ous cr va aC|c OVIr
hydr ochl ori de H% PELAg E’EF°| ﬁ%ﬂ ?’@t’f"’a actiyﬁe ingre ge'&')r?b’oﬁhdl' hayis
use in nedi cal caxedeps, or. finely tdivided solidtcarrtiexs arvboth, damsdatdeen,n an

aninmal, e.g. ai@EyERhgsdEP, sha ﬁ?%h@“ p®Bauct Jhe conpound is especially
useful for the treatent o | seases caused by various DNA viruses |,

such as 5 herpes infections, for exanple, herpes sinplex I and 2, 25
varicell a zost Forma}lattenal @f r the Mresent- Baiventicisesubtable fburrmal
her pes virus-6 f‘m | S used it g he
active conpoun can1§¥§§%fiwug‘gg Pg %%%%%ﬁtga %% ‘%%cretgf Q‘g‘%%ﬁ Iég%ahBoar
wart virus inf &aPsytesangachats., sacl\eﬁ:,st REr ﬁﬁ?%“%ﬁs Rmitabletpcfispgh as a

conbi nati on w tdwadliowabla, didpsrgiblie oraghswablé Olfatﬂ)mpbacm d:hntaining

BVt ottt & ibletermihEh BIbIRy o2°¥86 BLEfye NiEiddline; TalRh oMY |
active cofFo RPN PSie 38InP nSOLuEReNt Brotaheﬁ“%?ﬁ‘\?ép§ f‘G‘r 3n BEVRHS 35

of viral di seagfqui@ ¢r BOnoGhbejuetiis@liguid; or as an oil-in-water liquid
emulsion or a water-in-oil 1liquid emulsion. The active

ingredient may also be presented as a bolus, electuary or
15 paste. "

A tablet may be made by compression or moulding, optionally
with one or more accessory ingredients. Compressed tablets
may be prepared by compressing in a suitable machine the
20 active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert-
diluent, preservative, surface active or dispersing agent.
Moulded tablets may be made by moulding in a suitable machine
a mixture of the powdered compound moistened with an inert
25 liquid diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or
controlled release of the active ingredient therein.

Preferred unit dosage formulations are those containing a
30 daily dose or unit daily sub-dose (as herein above recited)
or an appropriate fraction thereof, of the active ingredient.

It should be understood that in addition to the ingredients
particularly mentioned above the formulations of this
35 invention may include other agents conventional in the art
having regard to the type of formulation in question, for
example those suitable for oral administration may include
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-8 - The present invention al so provides a method fpIHISHSHEET-AASHBEEN |
of "a viral infection, particularly a herpes viral disease} in REPLAGED
animal, e.g. a mammal such as a human, which conprises adm nj H;rl'ng T
the ani mal WR%PRRLtive antiviral anounf; of 5 the active B B?ﬂ@.

The present invention al so provides the use of the active conpound in
the preparation of a nedicanment for the treatnent of a viral infection.
10 The t m i e ny route

appropriate f%dt&r?grgogggglagﬁgf% Ee(;a reat esg?'ﬁgutggtgﬁegpreferred i route of
admnistration is oral. It will be appreciated however, that the
preferred rouhe tayentipnwishilhistreved dylthe Ebﬂ:mﬁﬂd:_i;téﬁmﬂeé:he

r.eci pi ent. For each of the above-indicated utilities and indications
t he anounts required of the active ingredient (as above defined)

will depetd JamRdesdnher of factors including the severity 20 of the
condition to be treated and the identity of the recipient and wll
ultimately be at the
veterlnarlan In
i ndi cations, a sulbSBRE
per kil ogram bodywei ght

10 CBZ-L-valine (170 g) was dissolved in dimethylformamide (DMF)
(750 ml) and cooled. A cold solution of N,N-dicyclohexyl-
carbodiimide (DCC) (156.7 g) in DMF (266 ml) was added and
stirred with cooling. Acyclovir (10.1 g) was added in a
single portion, and then 4-(dimethylamino)pyridine (9.4 g) was

15 added while maintaining cooling. The mixture was stirred cold
overnight. A white precipitate of the by-product was then
removed by filtration. The filtrate was reduced in volume by
vacuum distillation and the concentrate treated with water
(663 ml) then heated to 70°C. The suspension was cooled to

20 20°C, filtered and the solid washed with water.

The damp, crude material was then purified by
recrystallisation from denatured alcochol (1.2 litres) to

afford the title compound as a damp white crystalline solid
25 (281.5 g).

B. 2~ 2-amino~1,6-dihvdro-6-ox0-9H-purin-9-yl)
metho ethyvl-L-valinate hyd hloride

30 2-[(2-amino-1, 6~dihydro-6-ox0o-9H-purin-9-yl )methoxylethyl-N-
[ (benzyloxy )carbonyl]-L-valinate (175 g) was charged to
agqueocus denatured alcochol (335 ml/795 ml) and heated to
reflux. The solution was then cooled to 40°C. The suspension
was treated with 5% palladium on carbon catalyst (35 g wet

35 weight 50% wet with water) then formic acid (30.6 ml of 90%
w/w) added over 1 hour. The reaction mixture was stirred for
a further 1 hour then a second charge of formic acid made

This Sheet Has Been Reﬂlaced

L




25 of recipient per day, preferably in the range 5 to 120 ng per

ki | ogram bodywei ght per day (Unless otherw se indicated, all nei ghts
of the active ingredient are calculated with respect to the free base
val aciclovir). The desired dose is preferably presented as one,
two, three or W@2281 nore sub- 30 doses dm ni stered at ap;frca' 1

I nterval s throughout the day. These ¥Ub-doses may be adninistered in
uni t dosage forms, for exanple, containing about 50 to 2000 ny,

preferably oLt 0,. .50 1000 or 2 f actlve i ngr edi ent
uni t dose f(§1l§rhlé éﬁ and %he\/\ﬂq'%f‘f?zgggtggeg "the ‘catalyst.

PCT/ GB96/ 00117 The filter cake was washed with Odenaturedl hﬂdowidlowndg the
dosage regi Mes Uombdns@ L ratds WELE treated W1RH BBAkePirdWd dfé@ipic??’ic

virus types 1 an egti ose 0 ﬁ%

adni ni stered at qaqjé r‘ra5 7y g}]c% %r(??“}gan V\'I‘g’ét‘g'edéﬂ?sf Ef’ngePBriBe‘gaR%
suppression S  wscuwer gdstiitationyirus types | and 2 infections:- total
daily dose about 250 to 1 g for about one to ten years (depending

on the patient); Q tr nt. of varicella_zoster viruys infections (for
exanpl e shi e (f]%{g L) IV‘ﬂoEﬁeﬁbaaéeé Qvﬁﬁml% Mifuigs;and gt
three tinmes asuspension stizred dfgs, 1 shppredsmfore ofiltering off tne
product. The solid was then slurried with acetone (circa. 530
10 ml), refiltered and dried at 60°C in vacuo toc give the title
compound (1123 g : 81.6%).

A 15 g sample of this material was combined with denatured
alcohol (circa. 7 ml), to moisten and was heated with

15 agitation at 60°C overnight in a closed flask to avoid loss
of alcohol and maintain the dampness of the mixture. The
mixture was then dried at 60°C in vacuo to afford the product
as the desired morphic form.

20 Physical Data:
Karl Fischer value : 0.9% w/w water.

The X-ray powder diffraction patterns of the product of
25 example 1B are shown in Figure 1 of the acconipanying drawings.

The 4 spacings and further X-ray diffraction data are shown
in Table 1.



cytonegal ovirus infections:- total daily dose about 8 g adm ni stered at
2°g 4 tines a day. for transplant patients 15 this daily dose is

adm nistered for three to six nonths for the period at risk; and for
H.V positive patients a daily dose s adm ni stered as usual |

i ndi cat ed f WO%%@bving quality of life, for exanple P& Vars. or
nore. 20 Early results now indi cate'tlﬁét val aci cl ovir can be used in

the effective suppression of recurrent genital herpes at a once daily
dose of fron}aggut'ZOO ng to about 1000 ng for an effective treatnment
period. The +Fkely daily dosages are 250 ng, 500 ng or 1000 ny.
25 Wiile it is possible for the active ingredient to be

adni ni st er ed PeaknNo: | tAngleyr ef ePelake t 0 pdeSpacing as Exror inphar mzmetiti cal
formul ation. The foffdegEeesh (eawstsdes t hpatternacti vk (itndvedi ent &%) above
defined, ® ogether with one or nore 30 phar fheeutical | y acceptabl e

exci pients therefor an qggionall othgr éherapeutic I ngredi ents.

The excipient(s) nust Pr " acgept abl e” frn8the sens®-& bei ng 24
conpatible wéh the ot Har62 idgdedi ents 4-#Re for mul®B8n and ABt

del eterious o the 142 pi ent %hereof . 38-38  The O7ul ati ons3i ncl ude
those sdi® abe for oralO=88i ni siiA38 tiof-dbd may c&rPbnient!y4Be
presented indunit dosad®¥®rm 835 repared By3hny of t 9%t hods #8I

known in the8art of 3.28%ar macyt98 such net Aol incl ud@0% step of
bringing i ntd 40 assoct4t$®n t hefld& i ve i ngrBeldnt with Q@5 carrie?Swhich
constituj:tses (gne or: rmr%sa%gessor%gi?gredi entg.-sﬁn gener 4.03 15

. .57 0.02 12

10 16.45 1969 5.38 0.02 68

11 16.90 744 5.24 0.02 25

12. 17.33 119 5.11 0.02 4

13 18.12 1013 4.89 0.02 35

20 14 22.71 1429 4.43 0.02 45
15 20.55 256 4.32 0.02 8

16 21.21 370 4.19 0.02 12

17 21.83 753 4.07 0.02 26

18 22.71 95 3.91 0.02 3

25 19 23.95 2893 3.71 0.02 100
20 25.10 171 3.54 0.02 S

21 26.21 1784 3.40 0.02 61

22 26.89 428 3.31 0.02 14

23 27.08 373 3.29 0.02 12

30 24 28.02 158 3.18 0.02 5
25 28.27 161 3.15 0.02 5

26 28.91 391 . 3.09 0.02 13

27 29.68 191 3.01 0.02 6

28 30.55 502 2.92 0.02 17

35 29 31.34 110 2.85 0.02 3
30 31.58 98 2.83 0.02 3

31 32.13 597 2.78 0.02 20

32 32.96 260 2.72 0.02 8

33 33.99 344 2.64 0.02 11

40 34 34.38 374 2.61 0.02 12
35 35.12 141 2.55 0.02 4

36 36.78 408 2.44 0.02 14

37 38.71 101 . 2.32 0.02 3

45 I/Imax = (peak height/max. peak ht) x 100

The powder sample used to produce the above X-ray diffraction



WD 96/ 22291 PCT/ GB96/ 00117 t he

frormul ations are prepared by uniformy and intinately bringing into
association the active ingredient with liquid carriers or finely d|V|ded
solid carriers or both, and then, i f necessary, shaping th ggwﬁ

For mul ati ons bYOﬁ‘?é”dresent i nvention suiyable for oral ?ﬁ?ﬁﬁ (i:lt i on
may be presented as discrete units such as capsul es, cachets, sachets
of granules or tablets (such as a smallomable di spersi bl e or chewabl e
tablet) each co r C

I ngredi ent; as g&@émdiypl-gpa@e&’ t’r}dnul , HPE?Igé 44]9&3 ééd&eﬁlgfagﬁl

an aqueous PFQ@H Fr PRORBGS acﬁ!’@ou§'ﬂ'¥qwd&ff6ﬁ’°§§°ﬁn Qﬂ‘?"c i ﬁfwa?iblq aw d
eFuIsLon or a waeseribed | hérdiriafter) Lxcept thae Foir wthe abowvegdatacrhenay
al so be present u y
be made by corrp?gsgl&c')n %%Jr'%alrglﬁ%?‘ g%% 18%%31%0 I%Q%E"g\:f'.\llet ﬁh% e ‘@é%rag&l@
accessory |§gred|ents Conpressed tablets may be prepared by

conpressi ng i N @héUsample walaC prépat 6@ b midlitngel i B Eatpllei inda plastic:
T oW NG, T OB SUShng® aoPRIGE.0" pa11s B8"Y SRR AR Y MGl
a binder, | ubri EaRt réseérvative, surrace ac
dispersing ageﬁPGCtromikbuld@bﬂt&BWE@Ssnﬂ?rBethﬁﬂehBF“nE@FHFﬁgaﬁﬁi&St a

sui tabl e nachlnglass shidé d!le defpthhefpawagl ed conpound noi stened with an
inert 25 quid diluent. The tablets nay optionally be coated or

scored and ﬁ%y be fornulated so as to provide slow or controlled

rel ease of the Zbei ¥erangliffragtioncsecpn was obtained using a Scintag PADV

diffractometer in the step scan mode at 0.02° per step and a
10 second count per step. The sample holder was spun at 1

rotation per second during the scan. Additional setting as
15 described below.

X-ray generator: 45 kv, 40 mA
Radiation: Copper K alpha radiation
Fixed divergent slit: 1 mm

20 Incident scatter slit: 2 mm
Diffracted scatter slit: 0.5 mm

Receiving slit: 0.3 mm-
Goniometer radius: 235 mm
Detector: Scintillation with a graphite monochromator.

25

The peak intensities are reported as absolute counts of the
peak top. The intensity units on the X-ray diffraction plot
are counts/sec. The absolute counts = counts/sec x count time
= counts/sec x 10 sec. The peak intensities in the table have

30 been corrected for background and copper K alpha II X-ray
wavelength contribution.

Slight variations in d spacings are expected based on the
specific diffractometer employed and the analyst's sample
35 preparation technique. More variation is expected for the
relative peak intensities. Identification of the exact
crystal form of a drug should be based primarily on observed



Preferred unit dosage fornul ations are those containing a 30 daily dose or

unit daily sub-dose (as herein above recited) or an appropriate
fraction thereof, of the active ingredient. It shoul d be understood
that in addition to the ingredients particularly mentioned above the

fornul ati o'WO8E22¥Hi s 35 inventi onefgly i ncl ude ot her agentSHERMOPEHY i onal
in the art having regard to the*Yype of fornulation in question, for
exanpl e those suitable for oral administration may include

fIavourin ents or taste_maskin ents The | nventi S |IIustrated
by the fol gﬁﬁf 'g’é 16856z, ppotance plac A°“ refative
(2-am no- nMM%G ofo- SHeentiify- Othe/| pnhydraﬂhmy]s&ahylidm [ of

éf’ﬁ@f%'ﬁ??‘i@‘a@“"’h‘ 5(5’&21“1@”3‘3585 e | B el Hodks intpabécd !N
N, N- di cycl ié&r ?’Pt tPHRBE%c(Zé%’%pﬁB‘a‘sadded

and § occur at 10.25 ¢ o 08 8. 14 O 06 7.31 £ 0.06, 6.11 = 0.0S5,
) 5.85 x 0.03, 5.38 + 0.02, 5.24 ¢ 0.02, 4.89 % 0.02, 4.43 =
0.02, 4.07 £ 0.02, 3.71 + 0.02, 3.40 £ 0.02, 3.31 + 0.02, 2.92
+ 0.02, and 2.78 £ 0.02 angstroms. The error in determining
d spacings decrease with increasing diffraction scan angle or
10 decreasing 4 spacing. The error of the 10.25 angstroms peak
would be approximately : 0.08 angstrom and the error of the
2.78 angstroms peak would be approximately * 0.01 angstrom for
a reasonably aligned diffractometer and reasonably prepared
sample.
15
The first peak in the line listing at 3.56 degrees is due to
a hydrated crystal phase of valaciclovir hydrochloride and not
due to the anhydrate crystal form.

20 In a further sample of anhydrous crystalline valaciclovir:
hydrochloride, the following d spacings were obtained:

10.20, 8.10, 7.27, 6.68, 6.08, 5.83, 5.56, 5.37, 5.23, 5.10,
4.89, 4.42, 4.31, 4.18, 4.06, 3.91, 3.71, 3.64, 3.54, 3.39,
25 3.35, 3.32, 3.28, 3.22, 3.18, 3.14, 3.08, 3.00, 2.97, 2.91,
2.85, 2.77, 2.70, 2.63, 2.60, 2.55, 2.44, 2.42, 2.37, 2.32.

The fifteen most characteristic peaks are 10.20 * 0.08, 8.10
+ 0.05, 7.27 + 0.04, 6.08 + 0.03, 5.83 + 0.03, 5.37 = 0.02,
30 5.23 + 0.02, 4.89 £ 0.02, 4.42 + 0.02, 4.06 = 0.01, 3.71 =
0.01, 3.39 + 0.01, 3.32 + 0.01, 2.9 £ 0.01, and 2.77 % 0.01.



stirred with cooling. Acyclovir (10.1 g) was added in a single portion,
and t hen 4-(di nethyl am no)pyridine (9.4 g) was_added whil e maintaining
cooling. The m xture was stirred cold overnight. A white precipitate of
t.he by-product was then renoved by filtration. The filtrate was reduced in
vol ume by vacWAAs@R®i || ation and the cqgllcse_ntrate treated wi PRTGRIENIVG63
m) then heated to 70[err]C. The suspension was cooled to 20[err]C,

filtered and the solid washed with water. The danp, crude mat eri al
was t hen pu.jfi by recrystallisation fromdenatured alcohol (1.2
litres) to afmgel

title conpound as a danp white crystalline solid
(281.5 g). B. 2-r(2-amno-1 ,6-di hydro-6-o0xo- 9H purin-9-yl)

met hoxy] et hyl - Ix.val grat e2bwik 0aW 01 i 86 dihydro-6-0x0=-9H-purin-9-
2-[(2-am no- 1, 6-di hydr o
[ (benzyl oxy) car bonyrT . v onm At Toeous -
denatured & cohol (335 m /795 M) and heated to reflux. The sol ution was

o boncat al yat e e D s e e ™ 0. 6

M of 90%w/¥v) (a?gg’eag‘dvéndl ﬁ?g’gP.‘"Th?r ﬁﬂ%“f‘i’?{%?{ %é“f@?ﬂ%‘g"?ﬁ a

further 1 hour cearbediimédend DO g61%3-5 00 clrc PMFNER66 ml) was added
followed by acyclovir (111.7 g) in a single portion. ¢-

10 (dimethyl-amino)pyridine (9.4 g) was then added and the
mixture stirred cold overnight. A white precipitate of the
by-product was then removed by filtration. The filtrate was
reduced in volume as before to give the title compound (215.3
g)-

15
B. 2= 2~amino-1,6-dihydro-6-0x0~-9H-purin-9-vyl
methox thyl-L-~valinate hydroch ide

2-[{2-amino-1, 6-dihydro-6-oxo~-9H~purin-9-yl )methoxy]lethyl-N-
20 {(benzyloxy)carbonyl]~-L~-valinate (200 g) was charged to
- aqueous denatured alcohol (382 m1/908 ml) and heated to reflux -
to dissolve solids. The solution was then cooled to 40°C.
The suspension was treated with a 50% w/w paste of 5%
palladium on carbon catalyst and water (40 g) then formic acid
25 (96% w/w : 32.8 ml) added over 1 hour. The reaction mixture
was stirred for a further 1 hour then a second charge of
formic acid made (20.88 ml) and the mixture filtered to remove
the catalyst. The filtrate was treated with concentrated
hydrochloric acid (38.56 ml) and the resultant mixture
30 distilled and concentrated under vacuum.

Acetone (1480 ml) was then added over 15 minutes and the
suspension stirred for 1 hour before filtering off the
product. The solid was then slurried with acetone (ca. 500

35 ml), refiltersed and dried at 60°C in vacuo to give the title
compound (137.75 g : 87.6%).
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=12- (19.5 mM) and the mxture filtered to renove the catalyst
The T1Tter cake was washed wth denatured al cohol and the conbi ned
filtrates were treated with concentrated hydrochloric acid (33.7 m
and the reW@268201ni xture was concentrated by ‘5 vacuum QCHGEINIY,
Acetone (1295 nml) was then added over “$%-ni nutes and the suspensi on
stirred for 1 hour before filtering off the product. The solid was then

slurried mﬁtg géetone ﬁﬁirc . g§0 10 n%g refiltered and dried at Egéerr]c
in vacuo to 8 8 Sh&3PPLeeof this materic} W38 gombinedsggith denatyreds
sanpl e of thatcahekr{3iSwal) condatastl at 160 U2 nBdrirssveral hawuxshaind aiheca. 7
m), to noi sggiivéRe ¥Reénh i | t.of 4 6 rdght in
a cl osed flaak %o gvoi d Lﬁ?ggﬁw%f%%ooﬁ%? %ﬁ%ﬁlﬁea%z%ulggd}\r%r#eﬂgg of
the nixture. 9@§HEed mOrpRig formyss then dried at 60[err]C in vacuo to

afford t Be product as the desired norphic form 20 Physi cal Dat a:
Karl Fischergyahye: : GralA¥ A MELEr -h X-r peuder QJ"I,QH 1Jon
patterns of tﬁe %oduct o% 2:.*51:: exanﬁderqcﬁllgyé'%ghomﬁyin I gure o%q'i e
acconpanyi ngSg¥s %bgge.form was obtained substantially free of other
forms of valaciclovir hydrochloride (i.e. in more than about
90% w/w anhydrous crystal form purity).

)

10
Physical Data:

The X-ray powder diffraction patterns of the product of

example 1B are shown in Figures 2 and 3 of the accompanying
15 drawings in which:- '

Fig 2 is a linear plot X-ray diffractogram; and

Fig 3 is a square root plot X-ray diffractogram.

20
The 4@ spacings and further X-ray diffraction. data are shown
in Table 2. '
Table 2
25
Peak No: Angle Peaak d Spacing I/Imax
(degrees) (counts) pattern (%)
(A)
30 1 3.62 2673 24.40 35
2 7.21 119 12.26 2
3 8.64 1910 10.22 25
4 9.43 180 8.37 2
5 10.86 2652 8.14 35
35 6 12.12 . 734 7.30 10
7 13.24 615 6.68 8
8 13.77 106 6.42 1
9 14.50 2333 6.11 31
10 15.14 635 5.85 : 8
40 11 15.89 511 5.57 7

12 16.44 2652 5.39 35



The d spacings and further X-ray diffraction data are shown in Tabl e
1 WO 96/ 22291 PCT/ GB96/ 00117

- 13- Table 1 " "Peak No: Angle Peak d Spaci ng Error in
/| mex degr ees counts attern d err] A 0
!..5 wo 96mm( g ) ( ()A) p ° (g. ,Gggm%.b (A
24.8 0.5 24 2 : '18'8.62 1151 10. 25
0. 08 39 3 9.42 87 9. 38 0. 07
310 4 rabil. 86- congﬂ_gég 8.14 0. 06 49 5
12.10 835 . 0. 06 28 6 13. 22
198 6. P@ak No: Andle Peaft d Spacing 14.4%/1max2172
6.11 ‘ 0. 05 (dégrees) Jcounts) 15.p&ttern 455 (%) 5.85
0.03 515 15 9 ~15.90 352 (A) 5.57 0.02
12 10 16. 45 1969 5.38 0.02 68 11
16. 90 74413 516480 126702 9524 12. 17 17 .33
119 5. 14 b7 o338 475 13 5.11 18.12 6 1013
4.89 0.35 318.13 1648 4.89 22
10 16 20.05 2172 4.43 28
17 20.56 640 4.32 8
18 21.20 1096 4.19 14
19 21.78 2034 4.08 27
20 21.90 1384 4.06 18
15 21 22.66 729 3.92 10
22 23.94 7621 3.71 100
23 24.39 1624 3.65 21
24 25.11 967 3.54 13
25 25.86 2460 3.44 32
20 26 26.21 5127 3.40 67
27 26.82 1892 3.32 25
28 26.89 1927 "3.31 25
29 ' 27.19 1429 3.28 19
30 27.99 1156 - 3.18 15
25 31 28.35 1076 3.15 14
a2 28.87 1722 3.09 23
33 28.94 1529 3.08 20
34 29.62 1274 3.01 17
35 30.56 1673 2.92 22
30 36 31.30 999 2.86 13
37 32.25 2570 2.77 34
38 33.04 1376 2.71 18
39 34.00 1806 2.63 24
40 34.45 122% 2.60 16
35 41 35.13 1149 2.55 15
42 36.77 1600 2.44 21
43 38.01 576 2.37 8
44 38.76 729 2.32 10
45 39.52 524 2.28 7
40 46 40.70 751 2.22 10
47 41.28 870 2.19 11
48 41.88 686 2.16 9
49 42.47 718 2.13 9
50 43.40 548 2.08 7
45 51 44.53 729 2.03 10

The diffraction patterns of the product of example 2B were
generated on a Phillips PW1800 Autcmatic X-ray Powder
Diffractometer using a scan of 2 to 45 20 with step intervals



20 14 22.71 1429 4.43 0.02 49

20. 55 256 4,32 0. 02 8 16 . 21.21
370 4.19 0. 02 12 17 21 83 753
4.07 0. 02 26 18 22.71

0. 02 wommNL |9 23.95 . 2893 3 71 ""”G”""’?z)‘ '82
100 20 25. 10 171 3.54 0. 02

26. 21 1784 3.40 0. 02 61 22 26.89
329 of §202 degregs $ha = tntsgration Eine of 4 dgconis per Sfap.
0. 02 5 25 28. 27 161 3.15 0. 02
= 26  generatdr9ettingsPld0 KV 45 30 cu alpha®102 elehgths:
2068 Ploe, 1.sigdd, S cime:58530 asa, 18
502 9 §93,4; step Sizn, sapple’ time:;0.020 deg. 9
2. 85 5 s).02005 degfs: mondthromator Jisdd: yes; 83vergence 8188:
'(2)-002 32 ettomatidél (irradiatddliample ‘rl%?a%:h- 10.0%: ﬁ@) peak 8nfZe
33. 99 Fppge: 2.0 %z 5445.000 dggp,range 11‘191051’3%’4‘9 44.1372 33
374 200289 A; péml0ZpositioriXriteriln: top ofSsi@othed ddta;

(2) gg AHR: peak Width 53‘%9' 0. 0036 783,00 d%ﬁg minimum p§§k

21

27

33

3 45 19 Intﬁé'-@i(f&&ékcﬁel Bnt? rms@i%kiqws}tmo%n cts;r h@%&ié’rpssarrpl e

used to produce the above X-ray diffraction
The powder sample was prepared as follows:

A 1 gram portion of valaciclovir hydrochloride was transferred

15 to a Retsch 10 ml polystyrol container ref 31-762 containing
2 acrylic balls ref 26-253 and was then ground to a very fine
powder using a Retsch MM2 miser mill set at 100% powex for
five minutes. The ground powder was back loaded into a
Philips PW1811/10 sample holder which had been placed inverted

20 on a perfectly smooth surface (e.g. that afforded by a glass
plate or a highly polished metal sheet). The powder was then
packed into the holder and further powder added and packed
until the holder was full. A Philips PW 1811 00 bottom plate
was then clamped into the holder and the entire assembly was

25 then inverted before removing the glass/metal plate in an
upwards direction to reveal the smooth sample surface which
was flush with that of the holder.

As illustrated above, crystalline forms of wvalaciclovir
30 hydrochloride can be characterised by their X-ray powder
diffraction pattern. Figures 1 to 3 show diffractograms of
the anhydrous crystalline form of valaciclovir hydrochloride
as a linear plot (Figures 1 and 2) and a square root plot
(Figure 3). 1In each case the diffractogram displays count
35 rate (intensity of the diffracted peek) against diffraction
angle 260. The linear plot allows easy rationing of the peak
intensifies whereas the square root plot attenuates small
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=~ 14- data was prepared by an_equi val ent _nmethod as the powder sanple
used to produce the X-ray diffraction date of table 2 (descri bed
hereinafter) except that for the above data the follow n glgﬁd' a.{)l on
was used to PVep#2¥it he powder sanpl e. 520_ The sanpl e was PS’?'P"{? d
mlling 1 g of sanple in a plastic cUp using two acrylic balls for

m nutes with a Chenpl ex Spectrom II The sanples were then back packed
agai nst a | ass | oad tlon
scan was obt ai ﬁgg’%ﬂsﬁrﬁga sg‘lgg t%e BPf?rgﬁ?’éﬂe{’]%rg&%a%% gcan
node at 0. 02[ ePRFteER. St ep and a 10 second count per step. The sarrpl e
hol der was spun at 1 rotation per second during the scan. Additional
setting as 15 descii b.jd bel ow. “X-ray generator: 45 kV, 40
mA Radi at Copper K al pha radiation Fi xed
divergent Slit: 1 mm 20 I nci dent scatter slit: 2 mm Dffracted
scatter slit: fySroStopicitieCaind NGiability Measur@méntdl of AAHVIHERIsE!
radi us: T 1500 ISy Scinfillation wth a graphite
nonochr omat or . S3¥EE8LLIRg N A A QA AV AL Y IR AL or t ed as absol ute counts
of the peak top. The intensity units on the X-ray diffraction plot

are count s/ sec gydb8seEpLELEP: COMI fntedrdteldS mittobathtd syd¥em was used
10 to measure equilibrium water sorption profiles (Model MB300G,
VIl Corp.), weighing about 20 mg of valaciclovir
hydrochloride, and using the following conditions:
Drying parameters:-
Temperature: 65°C; heating rate: 10°C/min; equilibrium
15 criteria: 5 pg; sample interval: 5 min
Sorption parameters:-
Temperature: 25°C; equilibrium criteria: 5 ng:; sample
interval: 5 min.
Data Collection Interval: 2 min
20

The water sorption/desorption were isotherms noted in Figure
4.

The isotherm shows that only a small amount of water is
25 absorbed. This absorption is, in fact, due to the presence
of hydrated crystal form in the sample which is consistent

with the 0.9% w/w water measured by the Karl Fischer
titration.

30 The effect of the small amount of this hydrate can bhe seen
more clearly by comparing with the isotherm of figure § which
was generated with substantially 100% anhydrate crystal form.

35 X-ray powder diffraction: No change between the initial
powder pattern and the patterns of material stored for 4 weeks
at 40°C, ambient temp/60% RH (relative humidity), and 40°C/75%



= counts/sec x 10 sec. The peak intensities in the table have 30 been
corrected for backqground and copper K. alpha 1l X-ray

contri bution. Slight variations in d spacings are expected based on
t.he specific diffractoneter enployed and the anal yst's sangwﬁ

prepar ati oWQWSER9Ique. More vari atlon%ihs expect ed for t h@CHGBISHPIT, | o
peak intensities. | dentification of e exact crystal formof a drug
shoul d be based primarily on observed WO 96/ 22291

'PCT/ G3B96/ 00 d spacings with | esser inportance placed on relative
peak intensities. To identify the anhydrate crystal form of

val aciclovir hydrochloride, the fifteen npst intense diffraction

peaks are repsstael ¥ characteristic. These peaks 5 occur at 10.25 0.08,
8.14 0. 06, daﬂgﬁ' err] 0.06, 6.11 0.05, 5.85 0.03, 5.38 [err] 0.02,

5.24 [err] 89 0.02, 4.43 6%@@, 4.07 [err] 0.02, 3.71 [err]
0.02, 3.%0 [anq 20weeks3. 31 0.02, 2.92 0.8 0.02, and 2.78 0. 02
angstronms. T{cerd Weekad:det erm ni ng glgspaci ngs decrease with

i ncreasing diffractio n apgl e or ecreasing d spacing. The error
of the 10. 25°BHAFRS & %§°§ gﬁ 2 "eﬁﬁﬁﬂ<j beé-%hproxi mately  0.08 angstrom and
t he error ofanbtiient T/60%78Handsveekss: peald.foul d be approximately [err] 0.01
angstrom f orgoec/75% RSN JBbisd! | gned dif fyract onmeter and reasonably

r r
Preparedy  4oec/75% mH, 4 weeks: 1.1
Four weeks chemical bulk stability data:s
¥ w/w on anhydrous basis
15
INITIAL 40°C ambient 40°c/
T/60% RH 758
L-valine: ND (< 0.1%) ) ND ND ND
20 2-hydroxyethyl valinate
hydrochloride: ND (< 0.1%) ND ND ND
Acyclovir: 0.9 0.9 0.9 0.9
Guanine: ND (< 0.1%) ND ND ND
D-isomer of * %
25 valaciclovir: 1.1 1.2 1.1 1.2
valaciclovir HCl: 97.3 97.8 98.2 97.5
ND = none detected
Data rounded to nearest 1.1% w/w
30

*There is no significant increase in 2-hydroxyethyl valinate
hydrochloride; the actual values between the initial and 4
week time points are within 0.03% of each other (which is
within experimental error).

35



sanple. 15 The first peak in the line listing at 3.56 degrees is due

t:o a hydrated crystal phase of val aciclovir hydrochloride and not

due to the anhydrate crystal form 20 In a further sanple of anhydrous
crystalline val aciclovir: hydrochl ori de, the follow ng d spaci ngs were
obt ai ned: woaR290, 8.10, 7.27, 6.68, 6.08, 5.83, 5.56, FCIGBEOUY

5. 10, 4.89, 4.42, 4.31, 4.18, 4.06, -32 91, 3.71, 3.64, 3.54, 3.39, 25
3.35, 3.32, 3.28, 3.22, 3.18, 3.14, 3.08, 3.00, 2.97, 2.91, 2. 85,

2.77, 2.70, 2.63, 2.60,,2.55 2.44, 2.42, 2.37, 2.32. The fifteen
nmost characteri s are 10.20 0.08, 8.10 0.05, 7.27 0.04,
6.08 0.03, 5.83 0.03, 5.37 0.02, 30 5.23 0.02, 4.89 0.02, 4.42 [err]

(2) (733 g 8? 0. loi'ur@hZQ h\mrosogngitﬁ aht staBliidy eudted! wefe "catkdka oaRd

PCT/ GB96/ 00117 ©% substantfﬁyly 100% anhydrate_ggystal form AfH|IL°C/75% RH
5 (12 months) and 40°C/75% RH (6 months).

Samples stored at 30°C/75% RH and 40°C/75% for 12 months and
6 months, respectively, showed no significant change in
moisture content (Karl Fischer) or crystallinity (as measured
10 by X-ray powder diffraction). Using the integrated
microbalance system, no more than 0.5% w/w water is absorbed
at 25°C at relative humidifies of up to 90%. Furthermore, a
separate sample stored for 2.5 months at 25°C and 75% RH
corroborated the moisture content measured by the integrated
15 microbalance system, that is, about 0.3% moisture at 75% RH.

The results indicate that the anhydrous crystalline form of
valaciclovir hydrochloride is chemically and physically

stable.

20
These characteristics give the anhydrous crystalline form good
formulation and storage properties, and assist in obtaining
in a highly reproducible manner, batches of high crystalline
form purity.

25

30

35



A, 2- [ (2-am no-1.6-di hydro-6-0x0-9H purin-9-yl)

met hoxyl et hyl - N-[ (benzyl oxy) carbonyl]-L-valinpate 5 CBZ-1-valine (167.
g) was dissolved in dinmethylformam de (DW) (750 m) and cooI ed. A cold
solution of N, N-di cycl ohexyl - carbodiimde (DCC) (153.5 gg DMF (266
m) was adW@62291fof | oned by acycl ovigg(111.7 g) in a si FEAEREMMDN, - 4.
10 (di net hyl -am no) pyridine (9.4 g) Was then added and the m xture
stirred cold overni ght A white precipitate of the by- product was then
removed by fJ fl Lral e V\ﬁ')s reduced in volunme as before to
give the tit f B. 2- [ (2 -anmino-1, 6-

di hydr o- 6- oxo-9H-purin -9 yI ) met hoxy] et hyl - L-val i nat e

hydrochl ori d'ﬂie followin formulations vas prep ared as follows using
2-[(2-am no- |h dro H-Qum ’zﬁathoxy]ethyl 20
[ (benzyl oxy)%’&'?‘b q_ry\? éf"ﬁ %?fbi Jg‘%/ s charged to aqueous

denat ur e8 al cohol (382 m /908 m) and heated to refl ux to dissol ve
solids. The solution was then cooled to 40[err] C. The suspen5| on was
treated wt S0 WwW pastTof—5% pairtactrmromcar grrcatatyst—and
water (40 g)] ex&kpIedrm c acid 25 (96% W v : 32.8mn) adc
The reactionf m xture was stirred for further 1 hou
char ge of e oy -~ - REeV= TS B S-S V- W A Ta R == Wl < )
remove ﬂ%@ The filtrate wa$ tre&te WI}
hydr ochl or i %}%6 m) and the resulianTlg xt ur¥
concentrate under vacuum Acet one was tr
m nut es and suspen5|on stlrre,dfo 1T10ur beforeffiltering oFf t he
product. Th Sﬁiﬂmiﬂh ghlprddey t h 1ce6b$e &b.-Mog  5.289
10 lactose 205 21.91 1.763
microcrystalline cellulose 75 8.02 0.6450
(Avicel PH10l) ( im:zggranular)
povidone k30 18 1.92 0.1548
crospovidone (intragranular) 18 1.92 | 0.1548
15 colloidal silicon dioxide 0.9 0.10 0.002598

(Aerosil 200)

magnesium stearate 3.6 0.38 0.03096

TOTAL WEIGHT 935.5 100

20 *bulk density 0.45 g/cc after SO taps (anhydrous crystalline
form)



35 m), refiltered and dried at 60[err]C in vacuo to give the title
conmpound (137.75 g : 87.6%. __. W06/ 22291

PCT/ GB96/ 00117 -17- A 10 sanple of
this material was conbined with denatured al cohol (3.5 mni ’9@%@%ﬁ? at
60[err] C for WO hours and the so&vent then renoved ¥

afford the product as the desired norphic form 5 Resul t:

Val aciclovir hydrochloride in the anhydr ous crystalline formwas
obt ai ned subst J;”; I ornms of val aciclovir
hydrochl ori de (T-¢. ' 90% w w anhydrous crystal form
purity). 10 Physical Dat a: The X-ray powder diffraction
patterns of thener ofbiowding formitationslRry cps@pated Naki Eolows ansing of

the acconpanyl a | Fig 2 is a linear plot
X-ray diff rsact 5o éﬁroﬂ& wgéaiﬁn% v%liaciclovir.

Example 6 Per Batch
(kg)
Ingredients ng/ w/w
tablet
valaciclovir hydrochloride” 576.5 | 82.3 0.9973
10 crospovidone (intragranular) 14.0 2.0 0.02422
povidone k90 (intragranular) 14.0 3.1 0.03806
crospovidone (extragranular) 14.0 2.0 0.11200
microcrystalline cellulose 70.0 | 10.0 0.05600
(Avicel PH10l) (extragranular)
15 colloidal silicon dioxide 2.0 0.3 0.00160
’ {CAB-0-SIL M-5®)
(extragranular)
magnesium stearate 4.0 0.6 0.00320
(extragranular)
20 TOTAL WEIGHT 702.5 100.0 1.13158

*bulk density 0.60 g/cc after 50 taps (anhydrous crystalline
form); Karl Fischer water content = 0.4.

25



S

Fig 3 is a square root plot X-ray diffractogram 20 The d spacings and

further X-ray diffraction data are shown |0 Table 2 Table 2 25
Peak—Ko—Angre Peak d Spacli ng I /1 max (degrees)
(counts) pattern (% 0117 (A
30 1  wo9mMm62 2673 24,40 35  PCT/GRI6H
7.21 119 12. 26 2 3 8. 64 1910
10. 22 25 4 9.43 180 9. 37 2
‘;)34 10¥ 8§éet P%SQSazrat%%; For8 égmgle 5: 1332435 6615 12. é268
8 8 13. 77 106 6. 42 1 9
14. 50 23§?te§ 1. TRelfollowing ingPddients H& shown welre §ifted witlh
5.85 40 11h g 15. 89 h 511 5. 57 7
12 16. 44 268onand screep §§ shown. 35 WO 96/ 22291
PCT/ GB96/90117

30 Mesh

valaciclovir hydrochloride

lactose

microcrystalline cellulose

10 povidone K30

crospovidone

60 Mesh

magnesium stearate

15 colloidal silicon dioxide (CSD)

Step' 2. The 30 mesh sifted ingredients from Step 1 were
then blended, excluding the povidone, in a 1 cubic
foot V-shell blender for 10 minutes.

20
Step 3. 1.540 kg of SD3A alcohol (ethanol denatured with 5%
methanol) was then mixed with 0.6600 kg of purified
water and the screened povidone, 0.1548 kg, was
dissolved in 0.6192 kg of the mixed solvents by
25 hand stirring.

Step 4. The blended powders from Step 2 were then
granulated in a 1 cubic foot Littleford Lodige
mixer by adding the dissolved povidone while

30 mixing. 1.315 kg of more mixed solvent was added
and the mixture massed for seven minutes total as
shown below.

Ploughs 7 min Choppers 6.5 min
35 '



Table 2 - continued Peak No: Angle Peak d Spaci ng
1/ 1 max _(degrees) (counts) pattern (%9 5
(A 13 16. 90 1267 5.24 14
17. 33 475 5.11 : 6 15 18. 1 8
4. 89 woRND 16 - 20.05 _pq_ 2172 4. 4%'“2"‘“”“"’il"qé’1 28
17 20. 56 640 4,32 8 18 21. 20
1096 4.19 14 19 21.78 2034 4.08
27 0 1.90 - 0 o 5
22.66 so§tep 85 FOme gldille from stépd yos then affediin £'mpyg
3.71 100 Bed Dryer)p,(Glatt GRZGS) with Fm5 inlet air g
34 25.11 O6¥emperaturs’. 64 50°C toza}g ac cepﬁfable moi@ﬁu@ 40
.44
-6360 27 3 26. 8 conte%égaP appr%ximgtgiy ? to 3. o D.2 8
26. 89 S927 3.31 27.19 1429
-3.28 stép 6. Phe materizl. 990m Sté{15§ was then 3giftea using a 15
25 31 28. 35 1% 7?1111 Model yl Sfitt with a 3?1 s
28. 87 1722 E15¢6 2 ed; 3y mash schesn,
3.08 20 gith knivegdfagrward, op@zating at 1@@11!“ speed. 17
35 30. 56 1673 2. 92 22 30 31 30
329 P &3933 04 The sr_:tgg%ned a magngsﬂm stearate Zt%?m Stepsd, was
34.00 1806 2dgsd to the material frth Step 6 and4blended 28Gr
2. 60 16 5 minutes using the blender from Step 2.
Step 8. Lubricated granule 2.650 kg (from Step 7) was
15 welghed and the sifted CSD, from Step 1, added then
dispersed by hand and the mixture blended for 5
minutes in the blender from Step 2. The mixture
was compressed to form tablets on a Manesty Beta
Press fitted with oval tooling, 19.1 mm x 10.2 mm,
20 at a compression weight of approximately 935.5 mg.



35 41 35.13 1149 2.55 15 42

36. 77 1600 2. 44 . 21 43 38, 01 576
2.37 8 44 38.76 729 2. 32 10
45 39.52 524 2.28 7 40 46 40. 70
751 WO 96/22291 10 47 o 41. 28 g7RCTIGBISI00INT; 19
11 48 41. 88 686 €772, 16 9 49

42. 47 718 2.13 9 50 43. 40 548
2.08 729 2.03 10
The diffract Rt - z 50 exanpl e 2B were . generated
on a Phillips PWS800 Automat I C X-ray Powder D ffractoneter usi ng a
scan of 2 tog 2{err] t e 222

PCT/ GB96/ 0011%5;: i Tﬁﬂ &61% g‘érfege?égﬁgfa%eﬁ% sey% ﬁgﬁ‘rré %fb by econds
per step. Generaﬁ%’rd SaTeeny s andy then hiepde Cﬁ"a?%hﬂpﬁr%?ﬁkﬂﬁﬁlé’ngt hs:
1. 54060, 51. 54439 A, Stskzedd M>shedidpbrender: fér AW nirates.00 5 s, 0,005
deg/ s; nonochr omat or used: yes; divergence slit: automatic (irradiated
sanpl e Iength 10,0 : peak an %I e range: 2.000 - 45.000 deg; range in
D spaci ng: 48t ggﬁ he blende powders ~ from Step 1 were then

granulated in a 10 litre high shear mixer (model-
SPl) by adding pure water while mixing.
10 Approximately 11-14% water, w/w of the core

ingredients was then added and the mixture massed
for 3 to 4% minutes.

Step 3. The granule from Step 2 was dried in a tray
15 (examples 5, 6 and 7) or vacuum {(examples 3 and 4)
drier (model-SPl) at a temperature of 50°C to an

acceptable moisture content of approximately 1.0 to
2.0 $ L.O.D.

20 Step 4. The remaining ingredients were sifted through a 20
mesh screen and added to the core ingredients of
step 3, and then the mixture was sifted using a
Comil Model 197 AS fitted with a 0.062" screen.

25 Step 5. The mixture was then blended in an appropriately
sized V-shell blender for 5 minutes.

" Step 6 The blended granule from Step 5 was compressed on
a Manesty Beta Press fitted with capsule shaped
30 tooling, 18.25 mm x 7.14 mm, at a compression
weight of approximately 700 mg and a compression
force of about 14.5 to 18 kN.

Step 7 The tablet can then optionally be £ilm coated
35 using standard methods such as using white colour
concentrate, methylhydroxypropykellulose, titanium

dioxide, polyethylene glyccl and polysorbate.



2.01289 A; peak p05|t| | of snoot hed dat a;
w dth range: 0.00 - S eﬁﬁhﬁ& elLég{))eak 1Q0__significang EHISD F@%ﬁkég
intensity: 7621 cts mmull The powder sanpl e S _pr

fol |l ows: l'aci clovir hydrochl oride was
transferred 1?609@132!& Retsch 10 m polys )?raol cont ai ner ref FEFEEHO00117
cont ai ni ng 2 acrylic balls ref 26-255"and was then ground to a very
fine powder using a Retsch MV miser mll set at 100% power for

five mnutes. The ground powder was b%ded into a Phi li ps
PWL811/ 10 sanpl e hol der which had been p inverted 20 on a perfectly
snooth surface (e.g. that afforded by a gl ass plate or a highly
pol i shed netal sheet). The powder was then packed into the hol der and

PW 1811 00 bot E5m pratact8RVEY nugrcdfiorabd® IF Wesiptly afhydidld
entire assdhbly wasc¥gstahiine nfern cknajarding ﬁ@ﬂ?&vmyiﬁh& gtegsfedlewing at e

in an upwar ds di gpael ﬂgggféﬂﬁqlint Aagsepand)sanpl e surface which
was flush with that of the der gs i llustrated above, crystalline

forms of valaciclovir 30 hydrochloride can be characterised by their X-ray
powder di ffraciPeOpat 008, MBi.30r ¢s 0.0 F .70 I f06.ac8 A ars0 DS,

the anhydrous cryst gl.sgng é.oa:m &, 3yakag| 62 0\5.123"%db 06P) orlabe: 0.02254 42

| i near pl (Figureg d u oot t I n
each caseoi%e di ffract dé?a ngg 958&5 ﬁf‘?gS' P +g (?h?gemlé% :?T%z
diffracted peak) agQi-02t @rPLrac@i@%h 2.77 an@LO22[err]. The linear plot

al l ows easy rationing of the peak i ntensifies whereas the square root

plot attenuates, STBid yetalline valaciclovir hydrochloride as claimed in

claim 1 having a water of hydration content of not more
15 than 3% w/w.

3. Crystalline valaciclovir hydrochloride as claimed in
claim 2 having a water of hydration content of not more
than 2% w/w.
20
4. Crystalline valaciclovir hydrochloride as claimed in

claim 3 having a water of hydration content of not more
than 1% w/w.

25 5. Crystalline valaciclovir hydrochloride having
substantially the same X-ray diffraction pattern as
shown in Figures 1 to 3.

6. Crystalline valaciclovir hydrochloride as claimed in any
30 one the preceding claims for use in medical therapy.

7. Use of valaciclovir hydrochloride as claimed in any one
of claims 1 to 5 in the preparation of a medicament for

the treatment of a herpes viral infection.
35

8. A method for the treatment of herpes viral infection in

* c L M 1] *



W96/ 22291 This Sheet Has Been Replaced PCT/ "
-20- peaks 'rher g the.onin peaks in the T
pattern. Exarrpl OSCOpI city and St abi 'r\/ enent s
anhydr ous Crystalli ne VaI aci clovir Hydrochl oride roscopicity:
An int egra?‘@c?‘ﬁ?%?obal ance system was.gged 10 to neasur &CH Wt um

wat er sorption profiles (Mdel MB300G vTl Corp.), wei ghi ng about
20 mg of wvalaciclovir hydr ochl ori de, and using the follow ng

condi tions: Iary,hﬂgn%ﬁgp; n :ﬂﬁrﬁ} ;F 8 ating
rate: 10[err]C mon; e bri 3'%1 risg?la esr% ;‘grf Séﬁé ’J“I%g ﬁFVaI
mn Sor pt i o fér"? anti- whhale a%{‘b‘?r?t Cé'q&ltﬁﬂ-&inem

criteria: 5 [errvglasimpbeir hydrnt:hl.dﬁideSaEI relaimed Dbk 2ah9! |&d | 8@

I nterval:
in Fi gur;

10

15

20

25

30

35

9-

10.

11.

A process for the production of valaciclovir
hydrochloride in anhydrous crystalline form including
substantially the d spacings as defined in claim 1, said
process comprising treating wvalaciclovir hydrochloride
with an amount of solubilising solvent serving to
convert an amount of said valaciclovir hydrochloride
into said anhydrous crystalline form; and then isolating
said anhydrous crystalline form.

A process for the production of valaciclovir
hydrochloride in an anhydrous crystalline form including
substantially the d spacings as defined in claim 1, said
process comprising the steps of:

a) forming valaciclovir in solution either in free
base or salt form;

b) converting said free base valaciclovir or salt
thereof to valaciclovir hydrochloride;

c) isolating valaciclovir hydrochloride from the
solution and optionally removing unbound solvent
leaving the valaciclovir hydrochloride in
substantially dry form:;

d) treating valaciclovir  hydrochloride with a
solubilising solvent serving to convert an amount
of said opticnally dried valaciclovir hydrochloride
into said anhydrous crystalline form; and

e) isolating said anhydrous crystalline form.

A process as claimed in claim 10 wherein the
solubilising solvent is a lower alcohol having 1 to 4

LT

of

5

2 mn glaims 1788 ¥ater sorption/desorption were isotherns noted
4.



The i sot herm shows that ohfy a smal | amount of water is 2

Thi s absorption is, _in ThigSheet een@eplaced nresence of | B SHEET EAGBEEN
formin the sanpl e which with the 0.9% w w RERLACED
measured by the Karl Fis ation. 30 The ef

amount of thiwols§ea2et e can be seen ngge clearly by conBErVeRISPYA t he
I sot herm of figure 5 which was generated with substantially 100%
anhydrate crystal form 35 X-ray powder diffraction: No change
between the initial carbonP@eeEfs. pattern and the patterns of material stored
for 4 weeks at 40[err]C, anbient tenp/60% RH (relative humdity), and
40[ err] Cl 75% WD 96/ 22291

PCT/ GB96/ 00117 12. A process as claimed in claim 11 wheRein the lpyerer

Initial: alcohol is ethanof &rSa sdiN&@i¥ |dompodASubstantially
5 of ethanol. :

0.8

13. A process as claimed in claim 12 wherein the lower
alcohol is ethanol or a solvent composed substantially
of ethanol and is added in a range of about 17% by

10 weight to about 40% by weight of substantially dry
valaciclovir hydrochloride.

14. A process as claimed in claim 10 wherein the

solubilising solvent is a lower ketone containing £rom
15 3 to 6 carbon atoms.

QLT



40[ err] C 4 weeks:

anhient T/6Q%RH 4 weeks:

1.1 10 40[err]C 75% RH, 4 weeks: 1.1 Four weeks chem ca
bul k stability data: % w w on anhydrous ba

I NI TI AL 40[err]C ambient  40[err]C Vetcmbonon?
T/60% RH 75%-H L-val i ne: ND (< 0.1% ND ND

ND 20 2- hydroxyet hyl valinate hgygochloride: ND (< 0.1% ND
ND ND Acycl ovir: 0. 0.9 0.9

0.9 Guani ne: ND (< 0.1% ND ND ND
D-isoner of 25 val aci cl ovir: 1.1 1. 2* 1.1
1.2[err] Val aci cl ovir HCL: 97.3 97.8 98. 2 97.5
ND - none detected Data rounded to nearest 1.1% w w 30 *There is

no significant
act ual
0. 03% of each ot her

0.8 ambi ent T/ 60% RH, 2 weeks: 1.0
0.9 40lerr1 ¢/ 75% RH, 2 weeks:
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WO 96/ 22291 -22- PCT/ GB96/ 00117
Exanple 4 Further hygroscopicity and stability studies were carried

out on substantially 100% anhydrate crystal format 30[err]C/ 75% RH 5
(.12 nonths) and 40[err]C 75% RH (6 nont hs). Sanpl esﬁf]&fﬁfzﬂ"a’t

30[err] C 799R2A®Nd 40[err] C 75% for 12 nonths and 6F )
respectively, showed no significant change in noi sture content (Karl

Fi scher) or crystallinity (as measured 10 by X-ray powder

di ffraction). Using the integrat%d m cr obal ance system no nore
than 0.5% w w water is absorbed at 25[err]C at relative humdifies of
up to 90% Furthernore, a - separate sanple stored for 2.5 nonths at
25[err] C and 75% RH corroborated the noi sture content neasured by the
integrated 15 m cr obal ance system that is, about 0.3%noisture at 75%
RH. The results indicate that the anhydrous crystal # negf orm of

val aci cl ovir hydrochloride is chemcally and physically s{able. 20
These characteristics give the anhydrous crystalline form
formul ati on and storage properties, and assist in obtaini
hi ghly reproduci bl e manner, batches of high crystalline

ina
fd)gnpurlty.
3

FIG. 2.
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25 30 35 WO 96/ 22291
PCT/ GB96/ 00117 - 23- Exanpl e 5: Tabl et

Formul ati on The follow ng fornul ati ons was prepared as foll ows using
anhydrous crystalline valaciclovir. 5
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Exanpl e 5 Per Bat ch (kg)

| ngredient s o/ AW t abl et
val aci cl ovir hydrochl ori de* 615 65. 74 5.289 10 | act ose
205 21.91 1.763 m crocrystal line cellul ose 75 8. 02
0. 6450 WO PH101) (intragranul ar) povi done |P§H/GBI6N00117
18 1.92 0.1548 crospovi done (intragranul ar) 18 1.92
0. 1548 15 col l oidal silicon dioxide 0.9 0. 10 0. 002598
(Aerosi| 200) magnesi um st ear at 874 3.6 0.38 0.03096
TOTAL WEI GHT 935.5 100 20 bul k density 0.45 g/cc after
50 taps (anhydrous crystalline form ' )
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- 24- Exanp “Humnﬂllm |10r mul atioR9  [THENSHERE HASIBEENT msmjm QBs -

_was prepared as anhydrous VryStaﬂpLEGENa aci cI ovir. '53 ,”,
(kg) | ngredi ents w w t abl et

Exanpl e

val aci cl ovir hydr G&mags jwech ComE¥H§Q§ admgqgsterlng $o7 Fhe) @ruman
crospovi done (i r I povi done
k90 (i nt ragranulrﬁarﬁatg Y é?llé?ftlv%%f&l he%p%%e{é.raq %%' c%:lr%lgsr?(§V| done

(extragranul ar) crystilline vhldcicldrikl2Rrochloriidel @@ YSladddan

cel | ul ose 70.0 10.0 0. 05600 (Avi cel PH101)
(extragranul ar) ams one @l Gldnssi) jteord -di oxi de 2.0 0.3
0. 00160 (CAB-0-SIL M5[err]) - (extragranul ar) magnesi um
stearate 4.0 0.6 0. 00320 (extragranul ar)

9. A process for the production of wvalaciclovir

hydrochloride in anhydrous crystalline form including
substantially the d spacings as defined in Claim 1,
said process comprising treating valaciclovir
hydrochloride with an amount of 15% to 40% w/w lower
alcohol having 1 to 4 carbon atoms or a lower ketone
containing from 3 to 6 carbon atoms serving to convert
an amount.of said valaciclovir hydrochlorlde into "said -
anhydrous crystalline form; and then isoclating sald

‘anhydrous crystalline form.

10. A.process for the production of valaciclovir
hydrochloride in an anhydrous crystalline form
including substantially the d spacings as defined in

Claim 1, said process comprising the steps of:

a) forming valaciclovir in solutibn either in free base
or salt form; |

b) converting said free base valaciclovir or salt thereof
to valaciclovir hydrochloride;

c) isolating valaciclovir hydrochloride from the solution
and optionally removing unbound solvent leaving the
valaciclovir hydrochloride in substantially dry form;

d) treating valaciclovir hydrochloride with 15% to 40%
w/w of a lower alcohol having 1 to 4 carbon atoms or a

lower ketone containing from 3 to 6 carbon atoms

WPM/MFG/14th October 1996
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20  TOTAU WEI GHT 702,5 . .100.0 1.1315 A

[err]bul k density 0.60 g/cc after 50 tapS Iirﬁ§412W@,g.E“’,
form; Karl Fischer water content = 0.4. g?%?&@PﬂAg 6/22291 .,"°’.,°
- 25. - PCT/ GB96/ 00117 tabl et REEAEP ot i onl For Exanpl e 5

. Step 1. The foll omn redients as _shown re sifte
a hand screen as%ht d\k% t':?g convert an amoyyty of said op %lonaquvglr&&dcl ovir

hydrochl ori de valaciclovir lfd@thloride into saildl Gh@SHE@ | ine

cellul ose 10 povi done K30 crospovi done
60 Mesh crystalline form; and
e) isolating said anhydrous crystalline form.

11. A process as claimed in Claim 10 wherein the lower
alcohol is ethanol or a solvent composed substantially

of ethanol.

12. A process as claimed in Claim 11 wherein the lower
alcohol is ethanol or a solvent composed substantially
.of ethanol and is added in a range of about 17% by
weight to about 40% by weight of substantiall?-dry

valaciclovir hydrochloride.

T
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magnesi um stearate 15 col l oi dal silicon dioxide (:S@FHA££ME¥L§EH3L
Step 2.° The 30 nesh sifted ingredienls fromStep 1 were RE} TACM’*\}'S IPET
t hen bl ended, excluding the povidone, in a 1 cubic

I UUL
V-shel |l blender for 10 m nutes. 20 Step 3. 1.540 kg o SD%A @hﬁﬁ
(et hanol denatured wth 5% GUANINE DERIR®ITRER0l) was thenfm x ©
0. 6600 kg of purified wat er and Tt he screened pouidane,
0. 1548 kg, was di ssolved in 0.6192 kg of the jn xed sol vents

by 25 The presémndisventing. celates $ep 4pecEc Q'l'ﬁ \.f-_. RS 1
Step 2 rénet : ard granul.ated in j ¢_f oot |tt ef or
Lodi ge JEithe QEEIVlﬁF%eF°8§°§88| 6ﬂﬁﬁ§(ﬁ%¥ﬂﬁ\ﬂ§?§ﬁ§h %M|?% 38R

m xi ng. A BASCR§Sofompprodiucddgsdituent was added and the
m xture massed for seven m nutes total as shomn bel ow.
Pl oughs 7_mn pers 6.5 mn 35

PCT/ GB96/ TR 1 Fompq)@dg 6 ﬁzg[ggl-hydroxyethoxy )ymePyl]guanine, otherwise
known as acyclovir possesses potent antiviral activi
widely used in <the <reatment
infections in humans,

v and is
and prophvlaxis of virazl
particularly infections caused by the
herpes group of viruses (sée, for example, Schaeffer et 2l.
* Nature, 272, 583-585 (1978), UK patent no. 1,523,885 and US

patent no. 4,199,574). However, acyclovir is poorly absorbed

from the gastrointestinal tract upon oral administration and

this low bicavailability means that multiple high doses of

oral drug may need to be administered, especially for the
treatment of less sensitive viruses or infections in order to
achieve and maintain effective anti-viral
plasma.

levels in <+he

The L-valine ester of acyclovir, namely 2-[(2.-amino-1,6-
dihydro-6-oxo~purin-9-yl) methoxyjethyl L-valinate, (otherwise
known as valaciclovir) has been shown to possess much improved
bioavailability whilst retaining the anti-viral properties of
acyclovir. A preferred form ¢ this compound

is its
hydrochloride salt which is otherwise known as valaciclovirzr
hydrochloride. The L-valinate ester of acyclovir and its
salts including the hydrochloride salt are disclosed in US
patent no. 4,957,924 (see particularly exémple IB), European
patent' no. 0308,065 (see particularly example iB andé

Beauchamp et al, Antiviral Chemistry and Chemotherapy, 3(23),
©157-164 (1992) (see particularly page 162 column 1).

We have now found that valaciclovir hydrochleocide can exis<t
in various forms, and moreover we have discovered a form cf
valaciclovir hydrochloride which is anhydrous and crystaliine



Sf"ep 5.

The granule from Step 4 was then dried in a Fluid BEP[—ACEMENT SHEET
Bed Dryer (@ att GPCE&) with an inlet air t enp 7 ,\9, Ao
50[err] C to any acceptabl e noisture cont ent of | 4a éﬁﬁ 'fé‘W“ T
1.0 to 3.0%L.0.D. 5 Step 6. The material fromStep 5 was| then sifted
using a Fitz MIl Mdel Mfitted with a 30 nmesh [scrnepuUL 1938
with knives forward, operating at nmedi umspeed. 10 Step {7.{ The -
screened a magnesi um stearate from Step 1, was added to the
material from Step 6 and bl ended for 5 m nuted._usjing the
bl ender from Step 2. Lubri cat ed ul e, 2. 650_k om
‘Stop 7) WS water of hydrﬂé.lgwe&oaﬁ&nﬁhéssmsar%ﬁyf EBf &PED gléa B

t hen method whichyjiperekl kpowandnathet REtniasnduris QﬁﬁﬁkP$Qw1€

m nut es iL9AchdT bl @ndBhatmacogbepaatTpageisxtlflPd-1621, and the EHSOPean
conpr ess @hartnalcvpodial eksond edMdmst(LoBet)g part 2, sixteentBr Esscictled
w th ovalatt @0l iang,.619..1 nm x 10.2 mm 20 at a conpression
wei ght of approximately 935.5 ny. WO 96/ 22291

PCT/GBQG/Q&E&rdlng to a further aspect, the pre%gnt invention provides a

process for the production of wvalaciclovir hydrochloride in
anhydrous crystalline form which comprises treating valaciclovir
hydrochloride, with 15% to 40% w/w of an alcohol having 1 to 4
carbon atoms or with a ketone containing from 3 to 6 carbon
atoms, to convert an amount of valaciclovir hydrochloride into
said anhydrous crystalline

form having the d spac1ng pattern shown above in the first aspect
of 1nvent10n,-@

and thereafter isolating said anhydrous crystalline form.

The invention also provides a process for the production of
valacicovir hydrochloride in an anhydrous crystalline form having
the d spacings shown above, said process comprising the steps of.

a) forming valaciclovir in solution either in free base or
salt form;

b) converting said free base valaciclovir or a salt thereof

(when not the hydrochloride -salt) to wvalaciclovir

hydrochloride;

c) isolating valaciclovir hydrochloride from the solution and
optionally removing unbound (damp, non-solvated) solvent
leaving the valaciclovir hydrochloride in substantially dry
form;

d) isolating valaciclovir hydrochloride, with 15% to 40% w/w
of an alcohol having 1 to 4 carbon atoms or with a ketone
containing from 3 to 6 carbon atomg, to convert an amount
of the optionally dried valaciclovir hydrochloride from
step c¢) into said anhydrous crystalline form; and




Tabl et Preparation For Exanple 6: Step 1. The core ila “us‘\l:*s @i_éﬁf
sifted wth a 20 nesh hand screen, and then QI gnded Th dn 5
appropriately 5 si zed V-shell blender for 10 m rut €S4 6 JUL 19q%te

2. The blended powders from Step=-%3- were then

granulated in a 10 litre high shear m xer (nodel - SR -—by
adding pure water while mxing. 10 Approximgtely 11- 14%
water, W Wrydftalllifie CO6Em using a suitddlgd esbBnést waadeken it

m xture malssl_%1 for 3 to 4[err] mnutes. Step 3. The
granul e fr&M Sy Sms dried in a tray 15 (exanples 5, 6 and

7) or vacuum (exanples 3 and 4) drier (nodel-SP1) at a

tenperat ur %u‘gh 5%L§Eéi>§et G vent w12116:h%:ts %%‘%%E‘%?l‘% n@' %}altree: CHt#te of

appr oxi mat e . The
r emai ni ng |Q‘T§I6é't}|%rﬁ%l‘0\%‘i"é' sFherdd; e kicient 1y SOlUbllls’-%sﬁngcrb@en

and added tengits 0@ aﬁgm@lme@t@o @fllow part:Lal solubBiEPsacienctd téerrfetdte
m xture wa |fted usi

gg 4 Model 197 AS fi gw%d
0.062" scrddlf COBESISEPR, L %CW&?%?%°%§°Fhé’ﬁ‘%? et PR
appropri at eliystalline form tositded déssihedd abilprteus arysualiumes form of

valaciclovir hydrochloride. Advantageously the solvent is
eventually removed by drying under vacuum. The organic
solvent is an alcohol  advantageously a lower alcohol
{containing 'l to 4 carbon atoms_)_o:: a lower ketone (containing
3 to 6 carbon atoms). Most preferably the lower alcohol is
ethanol or a solvent composed substantially of ethanol, for
example in the form of denatured alcohol such as SVM or
industrial methylated spirits. Most preferably also, the lower
ketone contains water, preferably aqueous acetone such as
having a water content of about 6% to about 12% by weight.
Preferably the drug is slurried in the lower ketone. Our early
investigations also suggest that methanol and isopropyl alcohol
should also be suitable lower alcohols. |

According to one particular embodiment of the invention,
valaciclovir hydrochloride is formed in solution, for example
in ethanol/water, obtained for example by the general method
referred to zbove and the valaciclovir hydrochloride is
isolated by partial removal of the 501vent by distillation
followed by precipitation, for example by addition of acetone.
The valaciclovir hydrochloride (such as that isolated after
step c above) can be separated at this stage in an unstable
solvated form by filtration. This product which is in non-
desired form can then optionally be dried and processed to the
desired anhydrous crystalline form as described below.

The damp valaciclovir hydrochleride following the first
isolation (as in step c above) is preferably dried; such as



- l'\'1 s ]
Step 6 The bl ended granule from Step 5 was conpressed on “%ﬁﬂﬁﬁﬂm HESﬂ i
Manesty Beta Press fitted wth capsul e shaped 30 tlool i'ng, © 18. 2%
mmx 7.14 nm at a conpression wei ght of apgraxi g gljly 19630

ng and a conpression for@e of about 14.5 to {18 kN

Step 7 The tabl et can then optionally be filmcoated 35 st
standard met hods such as using white col our concentrate,

met hyl hydr oXD@reRsa&nt dryenticn adsgnprovides a methodlifod ¢be poegehéyt ene
and pel yspiAat 8nfection, particularly a herpes géra1 disease, in

gl ycol

REPLACEMENT SHEET

CLAI M5

forn1|ncIudaag;hbetéﬁiAQWtﬁgtﬂeS@ﬂﬁmﬂﬂ 8At EeEBctiPe éﬁ*agl'aAngﬁéﬁﬁesé‘B

10.20 0.08,, 8 ctggrr oo 06, 1727 [err] 0.06, 6.08
0.03, 5.37 8203 $3COBPEYds g9 0. 02, 4.42 0.02, 4.06 0.02,
3.71 0.02, 3.39 0.02, 10 .~ 3.32 0.02, 2.91 0.02, 2.77 0.02.

an anigalacigiSovi? ﬁyawe&msmbdem n2amwF@rous' ¥Rt aPPPRESes

2. Crystal gj,pe yalka ?1"!:0"8'\ W dn Wl Og*gégr gv%%tecs' AMEILLD of the Sl

and having a water

|on cont ent
compound in the preparation of a medicament for the treatment

of a viral iqfection.

The active compound may be administered by ahy route
appropriate to the condition to be treated, but the preferred
route of administration is oral. It will be appreciated
however, that the preferred route may vary with for example

~ the condition of the recipient.

For each of the above-indicated utilities and indications the
amounts required of the acti&e ingredient (as above defined)
will depend upon a number of factors including the severity
of the condition to be treated and the identity of the
recipient and will ultimately be at the discretion of the
attendant physician or veterinarian. 1In general however, for
each of these utilities and indications, a suitable effective
dosewill be in the range 1 to 150 mg per kilogram bodyweight
of recipient per day, preferably in the range 5 to 120 mg per
kilogram bodyweight per day (Unless otherwise indicated, =21l
weights of the active ingredient are calculated with respect
to the free base valaciclovir). The desired dose 1is
preferably presented as one, two, three or four or more sub-
doses administered at appropriate intervals throughout the
day. These sub-doses may be administered in unit Jdosage
forms, for example, containing about 50 to 2000 mg, preferably
about 250, 500, 1000 or 2000 mg of active ingredient per unit
dose form.




more than 3% ww. 15 3. Crystalline valaciclovir hydrog," 1) ﬁ;
clained in - Claim2 having a watkes of hydration cont&rt afiaistt:

nore than 2% w w. 20 4. Crystal l'i ne val aci cl ovir hydroéhloride as
claimed in Claim3 having a water of hydration confemnt pg jat 1693
nore than 1%ektouring agéentsCogstivalddenamasdany dgmes hydrochl ¢ride having

25 substantially the sane X-ray diffraction pattern a Sho
in Figures 1 to 3. 6. A process for the production of_valaciclovir

hydr ochl ori @dei angrhgdpoud sciydiuatdriated dynthel fol gy 3f; examplés:d
spacings as defined in Caim1l, said process conprising treating
val aci cl ovir hydrochloride, with 15% to 40% w w of an al coho
havi ng 1 t oExa@mpdggd atoms or with aketone containing from3 to 6
car bon atonms, to convert an anpunt of said valaciclovir 35
hydr ochl ori de into I.d anhydrous crystalline form . and then

i sol ating Séi'd a =a ; dro-6-0x0-SH-purin-9-vi1

methoxylethyl-N-[(benzvloxyv)carbonvl]-L-valinate

CBZ-L-valine (170 g) was dissolved in dimethylformamide (DMF)
(750 ml) and cooled. A cold solution of N,N-dicyclohexyl-
carbodiimide (DCC) (156.7 g) in DMF (266 ml) was added and
stirred with cooling. Acyclovir (10.1 g) was added in a
single portion, and then 4-(dimethylamino)pyridine (9.4 g) was
added while maintaining cooling. The mixture was stirred cold
cvernight. A white precipitate.of the by-product was then
removed by filtration. The £filtrate was reduced in volume by
vacuum distillation and the concentr té treated with water
(6€3 ml) then heated to 70°C. The suspension was cooled to
20°C, filtered and the solid washed with water.

The damp, crude material was then

recrystallisation from denatured alcohol (1.

afford the title compound as a damp white crystalline solid
* (281.5 g).

B. 2-amino-1.,6-dihvdro-6-oxo-

2 - SH-puxin-9-vl)

methoxviethyl-L-valinate hvdrochloride

2-[(2-amino-1, 6-dihydro-6-oxo-9H-purin-9-yvl)methcxylethyl-N-
[(benzyloxy)carbonyl]-L~-valinate (175 g) was charged =to
agqueous denatured alcohol (335 ml/795 ml) and heated =o
reflux. The solution was then cooled to 40°C. The suspension
was treated with 5% palladium on carbon catalyst (35 g wez
weight 50% wet with water) then formic acid (30.6 ml of 90%
w/w) added over 1 hour. The reaction mixture was stirred for
a further 1 hour then a second charge of formic acid made
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- 29 - 7. A process for the production of valaciclovir

hydr ocHl oride i n an anhydrous crystalline form I nclfyd -
spacings as defined in Claiml, said process conprigﬂHEKQEQ@bﬁé diEl
of: 5 a) form ng valaciclovir in solution either{ih free

base or salt form ' b) convertpgg-said free bas¢ yal fgi gljoxdes

or salt 10 thereof to val aciclovir hydrochloride Llﬁ%?

i sol ating val aciclovir hydrochl oride froRkARYS s otuttomand
optional Iy removing unbound sol vent | eavi ng t he val aci cl ovir

hydrochloride in 1 ubst ant i al, dry r d)
yeat ing val acicl o3’arlafﬁ?rﬁl(?é’ﬁ'lro?’1 g‘é” f@%‘%an%y@rous crystaddilRfw of

an al cohol having denmA&nnmddmmgatmmsfollow1ng d spaeting phAtaekal i

cont ai ni nggfrom 3 t SAR8N atons, to convert an anount of
sai d optlonally Aﬁd% 7" drled val aci cl ovir hydrochlorlde into said
anhydrous crystalline form and e) | sol ati ng sai d anhydrous
crystalline form 2% 20 #80.08,PB068S% 650%|ab”§5 #nocb@'nt708“heéeb§
t he_al cohol i s ethanol or a solvent conposed substantlallg of
et hanol . 5.83 £ 0.03, 5.37 £ 0.02, 5.23 £ 0.02,
4.42 £ 0.02, 4.06 * 0.02, 3.71 £ 0.02, 3.39 + 0.02,
10 3.32 £ 0.02, 2.91 £+ 0.02, 2.77 * 0.02.
2. Crystalline valaciclovir hydrochloride as claimed in

Claim 1 and having a water of hydration content of not
_ more than 3% w/w.
15 .
3. Crystalline valaciclovir hydrochloride as claimed in
Claim 2 having a water of hydration content of not
more than 2% w/w.

20 4. Crystalline valaciclovir hydrochloride as claimed in
Claim 3 having a water of hydration content of not
more than 1% w/w.

5. - Crystalline valaciclovir hydrochloride having
25 substantially the same X-ray diffraction pattern as
shown in Figures 1 to 3.

I

A process for the production of valaciclovir

hydrochloride in anhydrous crystalline form including

30 the d spacings as defined in Claim 1, said process
comprising treating valaciclovir hydrochloride, with___
15% to 40% w/w of an alcohol having 1 to 4 carbon -
atoms or with a_ketone containing from 3 to 6 carbon
atoms, to convert an amount of said valaciclovir

35 hydrochloride into said anhydrous crystalline form;

and then isolating said anhydrous crystalline form.

AN



30 9. A process as clained in daim8, wherein the_alcoFgﬁgFﬂm»,u

et hanol or a solvent conposed substantially of eth R 01l
added in.a range of about 17% by wei ght to about 30% by wei ght o
substantially dry val aci cl ovir hydrochl oride. 35 196 SUPHTIRES
according to any one of Clains 7 to 9, . 29 - wherein aftlef the al cohol

i s added as sol ubilising solvent, the mxture is heated:

-30 - 117 A BreeecesscEer dF g PYPENGE +OD, OfyNR kAL BN Xt ur e

is heated from abeydr&@hEsridet On 781 eifilFaFSlis SEMPE A1 THNE SEorm 12. A

process according,to ainms_10 or 11, wherein_sajd 5, mxturejgter
heating is dried hﬂﬁ%‘%ﬁ%\%uma‘? BRTngs as de?’f)’fﬁcgrlrr]‘ E1B W ok er$3E
13. Crystalline vatecess ovomphielinghtlosisteeps efai ned in any one
of the preceding clains for use in nedical 10 t her apy. 14. Use
of val aciclovir hydrochloride as clainmed in any

a) forming valaciclovir in solution either in free

base or salt form;
_ b) converting said free base valaciclovir or salt
10 thereof to valaciclovir hydrochloride;

c) isolating valaciclovir hydrochloride from the
solution and optionally removing unbound solvent
leaving the valaciclovir hydrochloride in

15 substantially dry form;

d) treating ‘valaciclovir hydrochloride, with 15% to
40% w/w of an alcohol having 1 to 4 carbon atoms
or with a_ketone containing from 3 to 6 carbon
20 -atoms, to convert an amount of said optionally
| _dried valaciclovir hydrochloride into said
anhydrous crystalline form; and

e) isolating said anhydrous crystalline form.
25
8. A process as claimed in Claim 7, wherein the_alcohol
is ethanol or a solvent composed substantially of
ethanol.

30 9. A process as claimed in Claim 8, wherein the_alcohol
is ethanol or a solvent composed substantially of
ethanol and is added in a range of about 17% by weight
to about 30% by weight of substantially dry
valaciclovir hydrochloride.

35

10. A process according to any one of Claims 7 to 9,
- wherein after the alcohol is added as solubilising
solvent, the mixture is heated.

* c L M S %*




' »

one of Claims 1 to 5 in the preparation of a
treatrrent of a herpes viral 15 I nf ection.

conposi tion conprising crystalline valaciclovir'kycrOQMJQMLdQQB

together with a
20 val aci cl ovir hydrochloride is waBgckclovir.

pharmaceutically acceptabl e carrifer], wherein sa
hydrochl ori de

as defined in any one of Clainms 1 to 5. 16. A pharndceutlca
conposi tion dscl & MRPIFFCIAGIATLENG to Claifhid%h whergimamadd ST e

contai ning 50ny toLUEERErom abdft $V°C ebyFbet | f5f yNQEAT | BVhFs .
hydr ochl ori de.

of

17. A method of preparing a pharnmaceutical conposition

val aci cl ovir hydrochl oride by m xing crystalline

val aci cl ovir Iydr dchdmydetss \élddomradipltarta ciiatiimsalloy 30 11, wheardeptsshilde

carrier, wherein

vaIaC|cIOV|r

%&%@éd%f P¥d ting is. neg?‘?i Qefdl e 'v%%dn?n éeé E‘a%o‘?ﬂ: to b_e

ori I n any one o

18. The use of chﬁ%&IﬁPn@OW§LaC|CIOV|r hydrochl ori de as 35 deflned
in any one of Clains 1 to 5 to reduce the hygroscoplcity of a
phar maceut i call3

10

15

20

25

30

35

15.
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Use of valaciclovir hydrochloride as claimed in any
one of Claims 1 to 5 in the preparation of a
medicament for the treatment of a herpes viral
infection.

A pharmaceutical composition comprising crystalline
valaciclovir hydrochloride together with a
pharmaceutically acceptable carrier, wherein said
valaciclovir hydrochloride is valaciclovir.
hydrochloride as defined in any one of Claims 1 to 5.

A pharmaceutical composition as claimed in Claim 15
which is a tablet or capsule containing 50mg to 2000mg
of said crystalline valaciclovir hydrochloride.

A method of preparing a pharmaceutical composition of
valaciclovir hydrochloride by mixing crystalline
valaciclovir hydrochloride with a pharmaceutically
acceptable carrier, wherein said valaciclovir
hydrochloride is selected to be valaciclovir
hydrochloride as defined in any one of Claims 1 to 5.

The use of crystalline valaciclovir hydrochloride as
defined in any one of Claims 1 to 5 to reduce the
hygroscopicity of a pharmaceutical dosage form of
valaciclovir hydrochloride.
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