The present invention relates to a novel antiviral drug, particutarly san
amno acid ester of a purine deriyvative, and nost particularly to an ester
deriyedffron1géncic|ovir and L- J&EM#E ‘&nd %ﬁ@ﬁhaceutically accept abl e
salts thereof. The 5 invention also relates to internedi ate conpounds,
synt heti c nmet hods for making the antiviral drug, pharnaceuticghggggguﬁg
conpositions therefor and their use in antiviral and related
treatnent. 10 -More specifically, the invention relates to the L-
monoval i ne ester derived from: 2-(2-am no-1, 6-di hydro-6-0xo-
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adm nistration, 1t s only noderately absorbed upon oral adm nistration.
U.S. Pat entmethems oBor dnaking cshe rantebyieah ddmg( phagmaceutical

hydr oxy- 1- hysihsy el Suvs - €hdeetd Feddy | dneianide Of #nZrHRAN0and related
1, 6- di hydr o- 6- oxo- puri n- 9- nmet hoxy- 1, 3- propanedi ol with the I NN nanme

1)
ganciclovirqligﬁﬁ?c¢Eﬁ§Fm?éihighly ef fi caci ous agai nst viruses of the
herpes famly, for exanple, against herpes sinplex and cytonegal ovirus. It

has a relatively, low 30 rate of.absorption n adnm ni stered orally and

nmust beqésed at %?6% ﬁ%%%b%%cﬁéﬁ%’d§%$n+%Y%¥g %yrg%%fe§dﬁ?th%h ciclovir

i s nost cormmambdvyakiime nester etewived nfrew éhro(B-aminsthne—dihwdro-6-oxo-
purin-9-yl)methoxy-1,3-propane-diol and its pharmaceutically
acceptable salts.

15 British Patent 1523865 describes antiviral purine
derivatives with an acyclic chain in the 9-position. Among
those derivatives 2-(2-amino-1, 6~dihydro~6-oxo-1, 6~dihydro-
purin-9-yl)methoxy-ethanol with the INN name acyclovir.has
been found to have good activity against herpes viruses such

20 as herpes simplex. While acyclovir has been found to be very
effective upon topical or parenteral administration, it is
only moderately absorbed upon oral administration.

U.S. Patent 4,355,032 discloses the compound 9-[ (2~

25 hydroxy—l—hydroxymethyl-ethoxy)méthyl]-guanine or 2-(2-amino-
1, 6—-dihydro-6-~oxo-purin-9-yl)methoxy-1, 3-propanediol with the
INN name ganciclovir. Ganciclovir is highly efficacious
against viruses of the hefpes family, for example, against
herpes simplex and cytomegalovirus. It has a relatively low

30 rate of absorption when administered orally and must be used
at high dosages when administered by that route. Ganciclovir
is most commonly administered via intravenous infusion. This
mode of administration has the disadvantage of being very
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node of adm nistration has the di sadvantage of being very Ar/So 17.5.95
-2- inconvenient to the patient, often requiring the services of a doctor,
nurse or other health care professional. There is also a certain risk of
i nfection which is particularly probl ematiz- for i mmunoconprom sed patients
who receive-treatnent with 5 ganciclovir and may have little resistance
agalnst |nfect|ons Therefore it has been_highly desjrable to pvi de
ganci cl ovi rifFPRvenient e the reat 1ok p‘?ff"b"n"9 %‘1‘?*%1n%r‘?1?? s‘i‘le%é‘}"é‘?ﬁ of a
S\DENZI (rlla'([jl Orﬂc@;\é’rﬂ-?ﬁuﬁé@ dtsﬁtlzmﬁsk]}éﬁlmrd:a(féipfﬁ?féésional There is also
ydr oxyet ho guani pe_o ri or e ereln X
Fepr esant o SreesoAtn Brek B8N PReRee 1o IS fs I AEEY Srodfengtle
am no groupfoR immmwnprmtqeﬂ quﬁmetmsmmo aregmeﬁ.me direeﬂaném: melteh[err]

and [er r% rag%? y § 't %iée]_[ %]}'a t.{;&_c@ gfap{rﬁss@nts an am no

acid acy physi Io |ca accep e salt ereof . These
conmpounds a*@f%t}imsf oThQJP%fQJF%aﬂFrde dreen righli edas brablad hapeonidm

water sol ubylidycybyeh bongless IRSFla \Glae s {d iBEating, of adueous

pharmaceutitcal preparations. Wiil'e the generic formula i'n the British
pat ent application includes 30 conpounds in which Ris the group [err],

specific Conpounﬂﬁi@isﬁhfét@ﬁ@“ﬂpﬁlfc@@ioﬁi@@'@Sfib dhe @bs€léses
10 derivatives of 9-(2-hydroxyethoxymethyl)guanine of the generic

formula
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wherein X represents an oxygen or sulphur atom, R1 represents
a hydroxy or an amino group, R2 represents a hydrogen atom or
a group of the formula -CH20R3a and R3 and R3a may be the same
or different, each represents an amino acid acyl radical and

25 physioclogically acceptable salts thereof. These compounds are
useful for the treatment of viral infections and have high
water solﬁbility which renders them of value in the
formulation of aqueous pharmaceutical preparations. While the
generic formula in the British patent application includes

30 compounds in which R? is the group -CH2O0RS,, specific
compounds of this group are not disclosed. The patent
application also discloses that formulations used with these
compounds with improved water-solubility include oral, rectal,
nasal, topical, vaginal or parenteral formulations.
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application also discloses that fornulations used with these conpounds wth
i nproved water-solubility include oral, rectal, nasal, topical, vaginal or
parenteral fornulations. 35 -3- British Patent Application GB 2 104 070
di scl oses antiviral conpounds of the form8ia 5 [err] 10 wherein Ris a
hydroxy or am no group and X i s an oxygen or sul phur atom and

physi ol ogi cal | y b. t The n I I ncl udes
ganciclovir and %ﬁ§§¥% o%§%§ﬁ+ ﬁﬁéfg9%€£§ % %a ?8 gﬁ@ %%?é?gég%he esters
i ncl ude th@m&i&iﬁaﬂr¢¢mpqmmdﬁrgicb@egﬁqmmuléerr] (for exanple, [err])

al kanoyl oxy (e.g. acetoxy or propionyloxy), optionally substituted

ar al kanoyl oxy (e.g. phenyl-[err] al kan®yl oxy such as phenyl acet oxy) or
optionally substituted aroyl oxy (e.g. RO benzoyl oxy or napht hoyl oxy) ester
groupi ngsat one or both of the terrriN §tions of the 9-side chain of

t he conpounds of the general fornul abpve-nmenti oned aral kanoyl oxy or
aroyl oxy ester groups nay be substi r exanple by one or nore

hal ogen (e.g. chlorine or bronDHaNonB) or gmno, 25 nitrile or sul pham do
groups, the aryl noiety of the grouping ad@;&b&geousl containing 6 to 10
carbon atons. European Patent Application, v & No. 375 329

=

CH,0H
10 '

wherein R is a hydroxy or amino group and X is an oxygen or
sulphur atom and physiologically acceptable salts and esters.
The general formula includes ganciclovir and physiologically

15 acceptable salts and esters. The esters include those
containing a formyloxy group, Ci-16 (for example, C1_6)
alkanoyloxy (e.g. acetoxy or propionyloxy), optionally
substituted aralkanoyloxy (e.qg. phenyl—cl_; alkanoyloxy such
as phenylacetoxy) or optionally substituted aroyloxy (e{g:

20 benzoyloky or naphthoyloxy) ester grouping at one or both of
the terminal positions of the 9-side chain of the compounds of
the general formula. The above-mentioned aralkanoyloxy or
aroyloxy ester groups may be substituted, for example by one
or more halogen (e.g. chlorine or bromo atoms) or?amino,

25 nitrile or sulphamido groups; the aryl moiety of the grouping
advantageously containing 6 to 10 carbon atoms.

European Patent Application, Publication No. 375 329
discloses prodrug compounds with the following formula

30
8

.
CH,0CHCH,0R"

CH,OR
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di scl oses prodrug conmpounds with the following formula 30 [err] 35 -4-
wherein R and [err] are independently selected froma hydrogen atom and an
am no acyl residue providing at |least one of Rand [err] represents an

am no acid acyl residue and B represents-#-group of the fornulae [err] N 10
in which [err] represents a [err] straight chain, C3-6 branched chain or
[err] cyclic al koxy group,;or a hydroxy or ami no group or a hydrogen atom
and t he phy&eren dhiagd & caxabirdepgidenttly e kegtedriezam @ dwdigpgen
cgrrpounfls aﬁﬁﬂ%l%}?@h@g@%fg@ﬁﬁ@gﬁ&?@@?& |?é1%§hﬁ tahéf\m? R and

adm ni stere e oral route, resulti in hi l evel s e paren

compound | k1 HERRRRENES, A W% 24K difieh Ter'sHe AT 1B ATRFESHUA i Tat i on
No. 20 375 gdupli €| tlsesfodimulaepar ati on of the bis(L-isol eucinate) ester

of ganciflovir as white foam Exanple 4 b) discloses the preparation of the
bi s(glycinate) ester of gangjg] ovir as a white solidy2Exanple 5 b)

di scl oses the preparation off the bis (L-valinate) esfer of ganciclovir as a

solid. Exanple 6 b) 25 dis JQses the preparation of fhe Qjs(L-al ani nate)
ester of ganciclovir as aNsyr p containing 90% of N el 'sgfster and 10%

10

in which R2

represents a Ci-¢ straight chain, C3-¢ branched
chain or C3-¢ cyclic alkoxy group, or a hydroxy or amino group
or a hydrogen atom and fhe physiologically acceptable salts

15 thereof. These prodrug compdunds are described as having
advantageous bicavailability when administered the oral route,

resulting in high levels of the parent compound in the body.

Example 3 b) European Patent Application, Publication No.

20 375 329 discloses the preparation of the bis (L-isoleucinate)
ester of ganciclovir as white foam. Example 4 b) discloses the
preparation of the bis(glycinate) ester of ganciclovir as a
white solid. Example 5 b) discloses the preparation of the bis
(L-valinate) ester of ganciclovir as a solid. Example 6 D)

25 discloses the preparation 6f the bis(L-alaninate) ester of
ganciclovir as a syrup containing 90% of the bis ester and 10%
of the monoester; The described bis esters are non-crystalline
materials which are difficult to process for the manufacture
of oral pharmaceutical dosage forms.

30

British Patent Application No. 8829571 discloses amino
acid esters of the compounds of the formula



of the nonoester. The described bis esters are non-crystalline materials
which are difficult to process for the nmanufacture of oral pharmaceuti ca
dosage fornms. 30 British Patent Application No. 8829571 discl oses am no
acid esters of the conpounds of the formil%- -5- [err] 5 (wherein R
represents a hydroxy or am no group or a hydrogen 10 aton) and the
physi ol ogical ly acceptable salts thereof. BExanples of preferred am no acids
i nclude aliphatic acids, e.g., containing up to 6 carbon atons such as
glycine, alanine, valine and isoleucine. Thelam go acid esters include
both, nono and di esters. However, this pat\eAt pp%lcatlon as 15 well as

Eur opean Patent Application, Publication 5Y 29 and US Pat ent No.
5,043,339 do not disclose the preparatiofh ofNnongesters, nuch | ess any data
suggesting their useful ness. Jensen et. al., Act Pharn1 Nord. 3(4) 243-247
(1991) 29 disclose the synthesis, enzynatlc hydr ¢l ysi s and physi co-

chem cal properties of N-substituteé yl ) benzoat e di ester
prodrugs of ganciclovir of the fornypa 2 : [err] 2 30
wherein R can be.

(wherein R'represents a hydroxy or amino group or a hydrogen
10 atom) and the physiologically acceptable salts thereof.
Examples of preferred amino acids include aliphatic acids,
e.g., containing up to 6 carbon atoms such as glycine,
alanine, valine and isoleucine. The amino acid esters include
both, mono and diesters. However, this patent application as
15 well as European Patent Application, Publication No. 375 329
and US Patent No. 5,043,339 do not disclose the preparation of
monoesters, much less any data suggesting their usefulness.

Jensen- et. al., Acta Pharm. Nord. 3(4) 243-247 (1991)
20 disclose the synthesis, enzymatic hydrolysis and physico-
chemical properties of N-substituted 4-(aminomethyl)benzoate
diester prodrugs of ganciclovir of the formula

N
HZN//L:N
0 CH,OR
ews Nend
“\CH,0R

wherein R can be.



-6- [err] [err] 10 These esters were synthesized and evaluated with the aim
of inproving the delivery characteristics of ganciclovir. The esters were
hydrol yzed enzymatically by human plasma to the 15 parent drug, the
hydr ol ysi s proceedi ng through formation ef6the correspondi ng nonoester. The
aut hors evaluated these esters in terns of their rate of enzymatic

hydrolysis, lipophilicity and cogcluded that the properties of these esters
make the diesters a prom sing prpdr type for 20 ganciclovir to enhance

its delivery characteristics forg ramLena1’ad01n|strat|on Martin et.
al., J. Pharm Sci. 76(2), 180- 184 7) disclose nDno- and di acyl esters

of ganC|cIOV|r which were 25 tesped to exam ne their bioavailability after
oral administration. The authorsyin ate that the dipropionate ester is
about 42 % nore bioavail abl e tha&r-@-elodvg-r—z\l& €eHfs.) Eur opean Pat ent
Applicat¥on, Publication No. 158 84730 discloses inter alia that

6- deoxy-acycl ovir and 6-deoxy- ganciclovir can be readily converted in vivo
by the action of enzynmes into acycl g and ga g respectively. From
experinments in rats the inventor§ (hﬁt—ﬁigt d 2n|strat|on of these

6- deoxy prodrugs results in efficien 5 absorption fromthe
gastro-intestinal tract and hi ghgpl asma '

0 E-@-cl-ié—Nuo
These esters were synthesized and evaluated with the aim
of improving the delivery characteristics of ganciclovir. The
esters were hydrolyzed enzymatically by human plasma to the
15 parent drug, the hydrolysis proceeding through formation of
the corresponding monoester. The authors evaluated these
esters in terms of their rate of enzymatic hydrolysis,
lipophilicitg and concluded that the properties of these
esters make the diesters a promising prodrug‘type for
20 ganciclovir to enhance its delivery characteristics for e.gq.
parenteral administration. '

Martin et. al., J. Pharm. Sci. 76(2), 180-184 (1987)
disclose mono- and diacyl esters of ganciclovir which were
25 tested to examine their biocavailability after oral
administration. The authors indicate that the dipropionate
ester is about 42 % more biocavailable than ganciclovir itself.

European Patent Application, Publication No. 158 847
30 discloses inter alia that 6-~deoxy-acyclovir and 6-deoxy-
ganciclovir can be readily converted in vivo by the action of
enzymes into acyclovir and ganciclovir, respectively. From
experiments in rats the inventors found that oral
administration of these 6-deoxy prodrugs results in efficient
35 absorption from the gastro-intestinal tract and high plasma



| evel s of the parent drugs. Maudgal et. al., Arch. Ophthal nol. 102, 140-142
(1984) disclose the glycine ester of acyclovir as efficacious in the 5
topical treatnment of epithelial and stromal herpes sinplex keratitis and
associated iritis when adm nistered as a-IB eye drop formulation to
rabbits. The authors disclose the glycine, alanine, [err]-al anine and

succi nyl e éra‘;?s]sso; €ﬁ¥§%$ééﬁg‘?| ndé'.cate that the solubility of the

gl yci ne est %P%reater than the solubility of acyclovir
itself, which permts the use of the glycine ester for eye drops with

concentrations [ ac Vigk.j b S d O i ch
i's hardly. of f oci eidgfliet] AF. AHECH ‘g‘?}’%éﬂ’f'%l 1?%0|?§° e%m Z{Ff“?“ Med.
Chem 98, cbis@Glsg 1UB3)Ilee sty ghlagualavipn|aplefiiragiony iiatthes

of acyclovidogihi eidatimedts &6 dPAHIR Plarftf Vit 20ndr Hdig e tdgps dpdi cate
t hat acycl ovit cannot be given as eye drops or intranuscular 20 injections

because of ¥9%a%4itis AR ARRTIatLd iixdhis P RARIIRTURE @S yhthe SR d
derivati vesddp afrh Mt 1ot RHBL IR & Ml eyt i & ddidkd hehdafBfdine,

he hydr oo ST SS o dra i irts B o Vel oS iR aflare i i of "t he
[err]- 25 aimiidatsstidiat tiie swliubhiay of the glianiny lessderis asbithe30-
el o5 214 Glat T 4R 4B, SRl o
permits the use of the glycine ester for eye drops with
concentrations up to 6%, while acyclovir itself is used as
ointment which is hardly effective in stromal disease or
iritis.

15

Colla et. al., J. Med. Chen. 98, 602-604 (1983) disclose
several water-soluble ester derivatives of acyclovir and their -
salts .as prodrugs of acyclovir. The authors indicate that
aéyclovir cannot be given as eye drops or intramuscular

20 injections because of its limited solubility in water and have
therefore synthesized derivatives of acyclovir which are more .
water soluble than the parent compound. The authors disclose
the hydrochloride salt of the glycyl ester, the hydrochloridé
salt of the alanyl ester, the hydrochloride salt of the PB-

25 alanyl ester, the sodium salt of the succinyl ester, and the
azidoacetate ester. When assayed in primary rabbit kidney cell
cultures against various herpes simplex virus type 1 and type
2 straians, éccording to the authors, the first four esters
proved almost as active as acyclovir itself, The authors

30 suggest that these acyclovir esters should be more practical
for clinical use than the parent compound for topical
treatment as eye drops and for systemic treatment of herpes
virus infections that respond well to intravenous acyclovir
treatment. In contrast with acyclovir, these esters could be

35 given in much smaller volumes, and therefore via intramuscular



2 strains, according to the authors, the first four esters proved al nost as
active as acyclovir itself. The authors 30 suggest that these acyclovir
esters should be nore practical for clinical use than the parent conpound
for topical treatnent as eye drops and foer§system c treatnment of herpes
virus infections that respond well to intravenous acyclovir treatment. In
contrast mnth acyclovir, these esters could be 35 given in much smaller

vol unes, Q?Egik%ﬁe via intramuscul ar -8- injections. Beauchanp et

al ., Antrvrral Chenmistry & Chenotherapy 3, 157-164 (1992) disclose eighteen
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i nvol venent of a sStereose€l ective transporter roanabIe 1 of

publicati orPHHi R Rﬁ"éﬁﬁ‘ﬂ&r%eﬁ dehe e ihan ACYF NS I%Hﬁq’:'r@y Hethe 15

fel ght een af%IhﬁbﬁQ) Ob,gﬁiaexahyl fpleimﬁyl 1hat- zt-thaﬁth@dumaf?@éd lﬁ,S].T.-&FaEI.ﬁ@,;/ﬁ!.-a
ower vai | abj n acyclovir se her ef or e cause the

D- ani no @Tﬁ%{%bcﬁghéf'{ SQkgde 3ér]r:'ycll‘ d\‘ﬁtrhjt 'araéiqrg'f‘llﬁ%]fx}r as

prodrugs cﬁester. The L-amino acid esters were better prodrugs than the

corresponding D- or D,L-isomers, suggesting the involvement of
a stereoselective transporter. From Table 1 of the publication
which provides chemical data and oral bioavailability of the

15 eighteen amino acid esters it follows that the D-amino acid
esters have a lower oral biocavailability than acyclovir
itself. Therefore, because the D-amino acid esters have no
benefit over acyclovir they are not useful as prodrugs of
acyclovir. The achiral glycyl ester of acyclovir, however, has

20 a higher oral bioavailability than acyclovir (in the urinary
recovery assay 30 % of the acyclovir dosed as glycyl ester was
recovered, whereas with acyclovir dosing 19 % of the acYclovir
was recovered). According to the authors the L-valyl ester of
acyclovir was the best prodrug of the esters investigated.

25 |

European Patent Application, Publication No. 308 065

discloses the valine and isoleucine esters of acyclovir,
preferably in the L-form, as showing a large increase in
absorption from the gut after oral administration, when

30 compared with other esters and acyclovir.

Currently the leading drug for the treatment of
cytomegalovirus infection is ganciclovir. However, its very
limited oral bioavailability and the need for slow daily

35 intravenous infusion of the drug (or for intravitreal



acyclovir. The achiral glycyl ester of acyclovir, however, has 20 a higher
oral bioavailability than acyclovir (in the urinary recovery assay 30 % of
the acyclovir dosed as glycyl ester was recovered, whereas w th acyclovir
dosing 19 % of the acyclovir was recovered- According to the authors the
L-valyl ester of acyclovir was the best prodrug of the esters investigated.
25 Eur opean, Pat ent plication, Publication . 308 065 discloses the

val i ne-and 1R3pehtont ok Bhetise ot adERatl MRs o0 Tnded ot O ip pRa
showi ng a |dogmge nformseith ibsooped dnidavaildleibityafter ora

adm ni stration, when 30 conpared with other esters and acyclovir. Currently
the |l eading drug for the treatnent of cytonegal ovirus infection is
ganci cl ovi r. HowEherpresenteipventiordooeuides cavatabbel produnwd t he need

for sl owsdapdymdPat oA YL NOMSC] O16P1 £ O Lo HEv (Ofal UndSLBEyoA T2k
injections or 1nplants) 1 ndicate the urgent need for an, oral osagg form
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oXiIclity. sucnh, characteri stics are, especl a val uapl e Jor uppressi on o
herpetic i PEAEVR V?P??ﬁﬁﬁﬁ&xﬁﬁﬁ{HiékfFﬁkﬂ$%ﬁﬂ%F%REH?;?ﬁ%iy ithtration
therageut i qafé%gif);sed iﬁh@i@é erIedcaddit imn, Iﬁha@&ﬁiw,ihﬂéneecm;éﬁws exhibit

I ngr edal ts .exhi bit . ar nmcopogl a IS ertie |1 C permt thelr

ot oveddcreathRtondt 1 oh B oREr e cubl S e a s e T Mol 0 4.

characterization and pharmaceutical processing. Surprisingly,
it was found that the L-monovaline ester of ganciclovir and
its pharmaceutically acceptable salts exhibit these desired

characteristics.
15
In a first aspect, this invention provides the compound
of the formula: . '
OH
20 N N

\
. )\\’\j l N>
HaN !
25 . 0
: : C’/ _

H,N I

0]

(I)

I

and pharmaceutically acceptable salts thereof. The compound is

30 named hereinafter 2-(2-amino-1, 6-dihydro~6-oxo-purin-9-
yl)methoxy-3-hydroxy-l-propanyl-L-valinate or mono-L-valine
ganciclovir.

In a second aspect, this invention provides a
35 pharmaceutical composition which contains the mono-L-valine



it was found that the L-nonovaline ester of ganciclovir and its

phar maceutical ly acceptable salts exhibit these d§ é@tﬁcs. 15
In a first aspect, this invention provides the co G
N (1) [err] and pharmaceutical |y accept abl@-salts =
30 naned hereinafter 2-(2-am no-1, 6-di hydro-6-oxo-purin-9-

. yl) met hoxy- 3z r =1 - Lz val ;0 H%?Hi =\l gaNei i In
Zl )second leése%%/, ﬁly #ﬁ%@%ﬁ%% c%)rro%ié}{e%nga%?p arrg:eﬁééc% conpstc)ésﬁli%%
whi ch cont ediastereomsn-thergofie prefeampblesiin adAmigthitie |with ene or more

pha_r maceut i&ﬂéa\/bfé%:@@ié‘n@é"ér Cﬁaﬂ;fééaﬁ,r eﬁ@héé‘%&?ﬁraﬁﬁér&mﬂviﬁl
adm xture with one or nore suitable excipients or carriers, for use in

treating aR?direlatsd §¥eA%RF di seases. 5 In a third aspect, this

i nventi o provides a nmethod of treating or preventing viral infections or
rel ated di seases_conpr.i sing the adm.njstyation, of the no-L-val.i ne ester
of ganciclovir o?naapwé‘}"ﬁ‘gc%?ﬁ?%%ﬂ I?h%c’erb‘f%fbtﬂeo%aﬁ¥°‘fﬂ§?%o IB‘?U%P O°E
conposi ti ort et idi oy meeEedtol e ainrainl in fedgteisshoforsusdlated diseases

comprising the administration of the mono-L-valine ester of

ganciclovir or a pharmaceutically acceptable salt thereof or a
10 composition containing same to an animal in need of such
treatment or prevention.

In a fourth aspect, this invention provides compounds
which are useful intermediates for preparing mono-L-valine
15 ganciclovir and its pharmaceutically acceptable salts of
formula: |

\\J (I1)

P10~ Q
0
25 :
vl
0
wherein P1 is a hydroxy-protecting group and P2 is an amino-
protecting group.
30

A fifth aspect of this invention is a process for
preparing the prodrug compound of the invention and its
pharmaceutically acceptable salts. This process involves the
esterification of ganciclovir and its derivatives, the removal

35 of protecting groups from ganciclovir esterified with L-

This Sheet Has Been Re;
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treatnment or prevention. In a fourth aspect, this invention provides
conpounds which are useful internediates for preparing nono-L-valine 15
ganciclovir and its pharmaceutically acceptable salts of fornula: 20

[err] 25 wherein [err] is hydrogen or a hyg@lroxy-protecting group and P2 is
an am no-protecting group. 30 Afifth aspect of this invention is a process
for preparing, {he prodrug cpnpound of the ipventipn and its \
pharnaceutiEg}+9eacE%5t%gFE1££I?%gquY§1%r%gé%%n?+ﬁ%ﬁW€§ b1 ksveti®®cation
of ganci cl oysterntb i the aeony<l+VY£5iné hest eyl FStm@la pIptﬂﬁéi ngI gr OUpsf
fromganciclovir esterifiged wth L- . . valine he. rtial rolysis o
ganciclovirc?ﬁgef§%%}?ﬂe°€s?%ﬁn{bﬁt?&F?ﬁﬁmﬁé&%&é?ﬁ%§€§? C%ﬁggbr Fa I, the
condensat i copicgliare selukidn aof ubseonphwnd gbf cehel| Eotmuel pt i cand rigdsel ut i on:
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of Fornu € process are cri be ess otherw Se
stat ed, thePreteds axe tdeseriked belewe specification and clains have the
meani ngs gi ven below. 10 "Al kyl" neans a straight or branched saturated
hydr ocar bon radi cal having fromone to the nunber of carbon atons |

desi gnat ed. For ¥nk@pseotlaryizegtateda ke fRL1PWing terms used in the

specification and claims have the meanings given below:

10

"Alkyl" means a straight or branched saturated

hydrocarbon radical haVing from one to the number of carbon
atoms designated. For example, Ci-7 alkyl is alkyl having at
least one but no more than seven carbon atoms, e.g. methyl,

15 ethyl, i-propyl, n-propyl, n-butyl,n-pentyl, n-heptyl and the
like. '

"Lower alkyl" means an alkyl of one to six carbon atoms.

20 "Aryl" means an organic radical derived from an aromatic
hydrocarbon by the removal of one hydrogen atom. Preferred
aryl radicals have six to twelve carbon atoms as ring carbon
atoms in the aromatic hydrocarbon. '

25 "Aralkyl" means an organic radical derived from an
aralkane in which an alkyl hydrogen atom is substituted by an
above-defined aryl group.

"Acyl" means an organic radical derived from an organic
30 acid by the removal of the hydroxyl group; e.g., CH3CO- is the
acyl radical of CH3COOH, or acetyl. Other examples for such
acyl groups are propionyl, or benzoyl, etc. The term “acyl"
includes the term "alkanoyl® which is the organic radical RCO-
in which R is an alkyl group as defined above.
35



| east one but no nore than seven carbon atons, e.g. nethyl, .15 ethyl,

| -propyl, n-propyl, n-butyl,n-pentyl, n-heptyl and the |ike. "Lower alkyl"
means an al kyl of one to six carbon atons. 20 "Aryl"™ means an organic
radi cal derived froman aromatic hydrocar®2r by the renoval of one hydrogen
atom Preferred aryl radicals have six to twelve carbon atons as ring

carbon atons in Lﬂgwg£o %% hydnffgﬁggnalnél an no;;Ar égxi%yggans an
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CH3CO is t e acyl dfla?lﬁ ﬁ‘? W:ﬁﬁ%{;c%lgn dbﬁaﬂexarrp# pw%'ﬁ%
acyl groupstke eoﬁrwler@lkYbrr%#Z@M isa@ c“lqwer takey2hc3s "d¢$‘ﬁé¢ik!%@ t he
term "al kangydve Whi ch is the organic radical ROO- in which Ris -an al kyl

group as defined above. 35 -12- "Lower al koxy", "(|ower alkyl)am no",
"di (I oner al kyl)am no", "(lower al kanoyl)am no", and simlar terns nean

al koxy, al kyl anm mga1&géh K yhedhsor1@bkiney | eHlEPin€} Coromindj Chrt Dedohie pach
al kyl radical is a "lower alkyl"™ as described 5 above. "Hal ogen" neans
fluorine, chlorine, bromne, or iodine. According to Hackh's Chem cal
Dictionary, MGBaeetdkding to Hackh's Chemical Dictionary, McGraw-Hill

10 Book Company, 1969, "derivative" of a compound means a
compound obtainable from the original compound by a simple
chemical process.

"Activated derivative"™ of a compound means a reactive

15 form of the original compound which renders the compound
active in a desired chemical reaction, in which the original
compound is only moderately reactive or non-reactive.
Activation is achieved by formation of a derivative or a
chemical grouping within the molecule with a higher free

20 energy content than that of the original compound, which
renders the activated form more susceptible to react with
another reagent. In the context of the'present invention
activation of the carboxy group is of particular importance
and corresponding activating agents or groupings which

25 activate the carboxy group are described in more detail below.
An example of an activated derivative of L-valine is the
compound of formula:

30

P2HN (I11)

2

wherein P“ is an amino-protecting group and A is a carboxy-

35 activating group, for example, halo or a lower acyloxy group.



10 Book Conpany, 1969, "derivative" of a conpound neans a conpound
obt ai nabl e fromthe original conpound by a sinple chem cal process.
"Activated derivative" of a conpound nmeans a reactive 15 form of the
origi nal conpound which renders the conpogpd active in a desired chem ca
reaction, in which the original conmpound is only noderately reactive or
non-reactive. Activation is achieved by fornmation of a derjvatjve or a
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[err] wherein [e‘l'm]-oiieciain@rgrmam‘r atesais ) chemjrahdyrours thatar oxy- 35
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bel ow. 5
10 For example, the benzyl group is a protecting group for a

primary hydroxyl function.

*Amino-protecting group" means a protecting group that
preserves a reactive amino group that otherwise would be
15 modified by certain chemical reactions. The definition
includes the formyl gfoup or lower alkanoyl groups with 2 to 4
carbon atoms, in particular the acetyl or propionyl group, the
trityl or substituted trityl groups, such as the monomethoxy- '
trityl group, dimethoxytrityl groups such as the 4, 4= '
20 dimethoxytrityl or 4,4'-dimethoxytriphenylmethyl group, the
trifluorocacetyl, and the N-(9-fluorenylmethoxycarbonyl) or
"FMOC" group, the allyloxycarbonyl group or other protecting
groups derived from halocarbonates such as (Ce — C12)aryl
lower alkyl carbonates (such as the N-benzyloxycarbonyl group
25 derived from benzylchlorocarbonate), or derived from
biphenylalkyl halo carbonates, or tertiary alkyl halo
carbonates, such as tertiafy-butylhalocarbonates, in
particular tertiary butylchloro-carbonate, or di(lower)alkyl-
dicarbonates, in particular di(t-butyl)-dicarbonate, and the
30 phthalyl group.

"Hydroxy-protecting group" means a protecting group that
preserves a hydroxy group that otherwise would be modified by
certain chemical reactions. Suitable hydroxy-protecting groups

35 include ether-forming groups that can be removed easily after



"Protecting group" neans a chem cal group that (a) preserves a reactive
group fromparticipating in an undesirable chem cal reaction; and (b) can
be easily renoved after protection of the reactive group is no | onger
requi red. 10 For exanple, the benzyl group4is a protecting group for a
primary hydroxyl function. "Am no-protecting group” nmeans a protecting
group that preserves a reactlve an1no q{oup t hat ot herw se woul d be 15

modi fi ed byFT@kehiP ikt FRT i(XFRCT AT TSR (UGR gkt LAY G5y
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dinethoxyt@ﬁqupsu'uhe1tehrahyurqpyrqﬂymndsmmﬁyIqymankylén%yl ether
trifluor ag!tad %L&e %1(3’ l#ﬁoru?yl met hoxycar bonyl) or "FMOC' group,
carbony

the allylo group ‘protecting groups derived from
hal ocarbonates such as ([err])aryl |ower alkyl carbonates (such as the
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ot herwi se wgyl e iy &t mhe:@rdyqidagyclg@a@al reactions. Suitable

.hydroxy-protecting groups 35 include ether-form ng groups that can be
renoved easily after
All the activating and protecting agents employed in the

preparation of the compound of Formula I must meet the

15 following qualifications: (1) their introduction .should
proceed quantitatively and without racemization of the L-
valine component; (2) the protecting group present during the
desired reaction should be stable to the reaction conditions
to be em@loyed; and (3) the érbup must be readily removed

20 under conditions in which the ester bond is stable and under
which racemization of the L-valine component of the ester does
not occur.

The term "chirality" means the property of handedness
25 ascribed to a molecule which describes the symmetry elements
of the molecule (or the absence of symmetry elements).
Molecules that lack symmetry elements are "chiral"™. A chiral
molecule lacking all of the symmetry eleménts, even including
a simple axis, is termed "asymmetric".

The term "achiral" means the presence of at least one
symmetry element in a molecule, such as a simple axis.

"Isomerism" refers to compounds having the same atomic
35 mass and atomic number but differing in one or more physical



-14- conpletion of all other reaction steps, such as the benzyl or the
trityl group optionally substituted in their phenyl ring. G her suitable
hydr oxy- prot ecti ng groups include al kyl ether groups, the
tetrahydropyranyl, silyl, trialkylsilyl ei$ier 5 groups and the allyl group.
"Leaving group” neans a labile group that is replaced in a chem cal
reacti on by another group. Exanpl es_of, |eaving groups are hal ogen, the

opt i onal | y axushemigadd RRAPARtHEE -1 VaFiaws tmes Sdhridemessy le (ghe
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slight that it is undetectable with present instrumentation.

"Optical isomer"™ describes one type of stereo isomerism
which manifests itself by the rotation that the isomer, either
15 pure or in solution, imparts to the plane of polarized light.
It is caused in many instances by the attachment of four
different chemical atoms or groups to at least one of the
carbon atoms in a'molecule, or expressed alternatively, by the
above-described chirality of the molecule. ; '

Stereoisomers or optical isomers that are mirror images
of one another are termed "enantiomers" and may be said to be
enantiomeric. Chiral groups that are mirror images of one
another are termed enantiomeric groups.

Enantiomers whose absolute configurations are not known
may be differentiated as dextrorotatory (prefix +) or
laevorotatory (prefix -) depending on the direction in which,
under specified experimental conditions, they rotate the plane

30 of polarized light. .

When equal amounts of enantiomeric molecules are present
together, the product is termed racemic, independently of
whether it is crystalline, liquid, or gaseous. A homogeneous

35 solid phase composed of equimolar amounts of enantiomeric



30 The term"achiral" means ‘the presence of at teast one symetry el enent

in a nolecule, such as a sinple axis. "lIsonerisnm' refers to conpounds
havi ng the sane atom c 35 nass and atom ¢ nunber but differing in one or
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10 images of each other, the enantiomers of the two separate
pairs are not mirror images of each other and are called
"diastereomers". Diastereomers have similar but not identical
chemical properties and have different physical properties,
e.g. melting points, solubility, etc.

15

The optically active compounds herein can be designated
by a number of conventions; i.e., the R- and S-sequencing
‘rules Sf Cahn and Prelog; erythro and thred isomers; D and
L—iéomers; d and l-isomers; and (+) and (-) isomers, which

20 indicates the direction a plane of polarized light is rotated
by the chemical structure, either pure or in solution. These
conventions are well known in the art and are described in
detail by E.L. Eliel in Stereochemistry of Carbon Compounds,
published by McGraw Hill Book Company, Inc. of New York in

25 1962 and references cited therein. Thus, these isomers may be
described as d-, 1-, or a d4,1-pair; or D-, L-, or a D,L-pair;
or R-, S—-, or an R,S-pair; depending upon the nomenclature
system employed. In general, this application will use the
(D), (L) and (D,L) designation for the amino acid (valine),

30. and the (R), (S) and (R,S) designation for the asymmetric
carbon in the ganciclovir moiety to distinguish between the
two.

The compound of Formula I and the compounds of Formula II
35 have two asymmetric centers (2 carbon atoms), one in the
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16y Formula I, as well as mixtures thereof.

"Optional”™ or "optionally" means that a described event
or circumstance may or may not occur, and that the description
includes instances where said event or circumstance occurs and

15 instances in which it does not. For example, "optionally
substituted phenyl" means that the phenyl may or may not be
substituted and that the description includes both
unsubstituted phenyl and phenyl wherein there is substitution;
“optidnally followed by converting the'freé base to the acid

20 addition salt" means that said conversion may or may not be
carried out in order for the process described to fall withih
the invention, and the invention includes those processes
wherein the free base is converted to the acid addition salt
and those processes in which it is not.

25
"Pharmaceutically acceptable" means that which is useful
in preparing a pharmaceutical composition that is'generally
safe and non-toxic and includes that which is acceptable for
veterinary use as well as human pharmaceutical use.
30

"Pharmaceutically acceptable salts"™ means salts which
possess the desired pharmacological activity and which are
neither biologically nor otherwise undesirable. Such salts
include acid addition salts formed with inorganic acids such

35 as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric



15 The optically active conpounds herein can be designated by a nunber of
conventions; i.e., the R and S-sequencing rules of Cahn and Prel og;
erythro and threo isoners; D and L-isoners; d and |-isoners; and (+) and
(-) isonmers, which 20 indicates the direcigon a plane of polarized light is
rotated by the chem cal structure, either pure or in solution. These
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camphorsulfonic acid, 4-methyl-bicyclo[2.2.2]oct-2-ene-1-

carboxylic acid, gluco-heptonic acid, 4,4'-methylenebis-
(3-hydroxy-2-naphthoic) acid, 3-phenylpropionic acid,
trimethyl-acetic acid, tertiary butylacetic acid, lauryl

15 sulfuric acid, gluconic acid, glutamic acid, hydroxy-naphthoic
acids, salicylic acid, stearic acid, muconic acid, and the
like. Preferred pharmaceutically acceptable salts are those
formed with hydrochloric, sulfuric, phosphoric acid, acetic or
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedi-

20 sulfonic acid, 2-hydroxyethanesulfonic acid, benzene-sulfonic
acid, p-chlorobenzenesulfonic acid, and 2-naphthalenesulfonic
acid, p-toluenesulfonic acid, camphorsulfonic acid.

"Animal" includes humans, non-human mammals (such as
25 dogs, cats, rabbits, cattle, horses, sheep, goats, swine, and
deer) and non-mammals such as birds, fish and the like.

"Disease" specifically includes any unhealthy condition
of an animal or part thereof. Thus, "disease" here includes
30 any viral or related disease that is treatable with mono-L-
valine ganciclovir or pharmaceutically acceptable salts
thereof. |

"Treatment”™ means any treatment of a disease in an animal
35 and includes:



I nvention, any diastereonmer or mxture of diastereoners may be used and the
clainms are intended to cover the individual diastereoners and-m xtures

t hereof, unless otherw se restricted. Fornula | includes the two

di astereonmers of 10 Fornula |, as well asjeixtures thereof. "Optional" or
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for that disease.

15

Unless specified to the contrary, the reactions described
herein take place at atmospheric pressure within a temperaturé
range from 5°C to 170°C (preferably'from 10°C to 50°C; most
preferably at "room" or "ambient" temperature, e.g., 20 -

20 30°C) . However, there are clearly some reactions where the
temperature raﬁge used in the chemical reaction will be above
or below these temperature ranges. Further, unless otherwise
specified, the reaction times and conditions are intended to
be approximate, e.g., taking place at about atmospheric

25 pressure within a temperature range of about 5°C to about
100°C (preferably from about 10°C to about 50°C; most
preferably about 20°C) over a period of about 1 to about 100
hours (preferably about 5 to 60 hours). Parameters given in
the Examples are intended to be specific, not approximate.

Isolation and purification of the compounds and
intermediates described herein can be effected, if desired, by
any suitable separation or purification procedure such as, for
example, filtration, extraction, crystallization, column

35 chromatography, thin-layer chromatography or thick-layer



-18- acid, phosphoric acid, and the like; or with organic acids such as
acetic acid, propionic acid, hexanoic acid, heptanoic acid,

cycl opent ane-propionic acid, glycolic acid, pyruvic acid, lactic acid,

mal oni ¢ acid, succinic acid, malic acid, -2Qrualeic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, o-(4-hydroxy-benzoyl)-benzoic
acid, cinnamc acid ndellc aci d nethanesu fqQnic acid thanesulfonlc
Sl a1 D RBERRAR AR O ot TRARERY Gh e S e

' benzenesulfsyn&uf&nChllusﬂ&ati&mmZ@mE§udﬁabn&:s&pataﬂibn and 1solatlon

2- naphthalenesul oni ¢ -t ol.uenesul f oni ¢ .aci sulfonlc aci d,
4- et hyl - bi cf/%‘feo w Zﬁa 92%%(@ I?Ly or %%%&ff?c acthbe %Septonl c acid,
4, 4" - met hyllmmmexd}vhydtwézrmaqﬂhémlmmmne qﬂ;tm;dqmrmplcmn c acid,
trimethy I [ I sul furic acid,
gl uconi ck am%ﬁiéét[ ut a%%&g%liddtaé% %%xy@l%%%m CCLaCAI%ISlﬁé’ é]feli%:yl ic acid,

stearic acid, muconic acid, and the like. Preferred pharmaceutically

accept abl e Sa' t STRé ecéxﬁ@é&hci O £Ef Mk T hI’CUQCﬁé)rélfarrﬁéU:é&'tEi&al osphoric
acid, acetic or nethanesulfonic acid, ethanesulfonic acid, 1,2-ethanedi- 20

sul foni c ad@FeRLIRAR SR h AR RIRATeLON 2 paT et Qf f"éﬁﬁ]’to‘?fm Ehe
p-chl or obe :n‘@ ﬁfadhesarai:e? dﬁﬁ'ﬁétﬁ:l efesuldHni el bd dotted

Pon- humilh rERA b irnd ot Sl St (b S Hari e T, e el "Eiiss,
goats, swi r}ﬁqnﬂﬂChcﬂ@ﬁa)t:&fEith—dWlﬁEth hteatst idn Hitael drie dhike.
ensuing table gives a brief description of the various methods
that will be described in more detail below. The letter
symbols in parentheses refer to the respective step in the
15 process description/claim(s):

Ca)
Cad.,Ced ..
(1) _ T
ca).Cb)-----HaNIg
o
Approach
(a) De-protection
(b) Salt Formation
20 (c) Esterification
(d) Condensation
(e) Partial Hydrolysis
(£) Optical Resolution/Diastereomer
Separation



"Di sease" specifically includes any unhealthy condition of an animal or
part thereof. Thus, "disease" here includes 30 any viral or related disease
that is treatable with nono-L- valine ganciclovir or pharmaceutically
acceptabl e salts thereof. "Treatnment” nmear®y-any treatnment of a disease in
an animal 35 and incl udes: - 19- (1) preventing the disease from

occurring in an gni mal, whi.ch redi os to_the_disease does not
yet experience o 395&%&?1§yn%$%n§r8 e?ﬁe i gg eprgpﬁrat308r8§b% on of

t he out br eakompouhe offi Focallaydpbeons,; pbarmacahtbcalmg tbeeptabasesadtyg. ,
arresting i I r ) .Le i causi ng
regressi on %?egﬁégsgﬁp gﬁgegf &é oélgggéegg %HEE??ES??SEgaﬁgSﬁ?" for the
treatment of a di sease neans that anount which, when adninistered to an

ani mal i1 “?ssi gﬁl&%a& ofs ﬁ%fn&ﬁbenhn&?oﬁf ﬁ;&kokgeakaﬂea&laé g%uf;e@rom
above, for that disease. Unl ess speci f to the contrary; fhe reactions
descri bed h@r EPRPPHRE HFEBetE? APFHY ﬁerlc pressure within a tenperature
range from[err] to [err] (preferably from[err] to [err]; nost preferably
at "roont or "anbient" tenperature, e.g. QRO -

P - _oO. S A5

PZHN.

m flttacs.

2

10 wherein pl is a hydroxy-protecting group or hydrogen, P“ is an

3 2

amino—-protecting group, and P~ 1s hydrogen or P“ to afford the

compound of Formula I; or

(b) conversion of the compound of Formula I into a
15 pharmaceutically acceptable salt thereof; or

~(¢c) esterification of 2-(2-amino-1, 6-dihydro-6-oxo-purin-9-
yl)methoxy-1, 3-propanediol (ganciclovir) or a salt thereof,
with an activated derivative of L~valine; or

(d) condensation of an optionally substituted guanine of the
formula:



20 [err]). However, there are clearly some reactions where the tenperature

range used in the chemcal reaction wi|l be above or belom/thes

tenperature ranges. Further, unless otherw se speg : € (LaE times
and conditions are intended to be approxippte, e. 'ﬂﬂﬁéff éace at about
at nrospheric 25 pressure within a tenperature rangg of aBh about

[err] (preferably fromabout [err] to about [err]; St preferably about
[err]) over ‘a period of about 1 to about 10C hours (preferably about 5 to
60 hours). Paranmeters given in the Exanples jare #ntended to be specific,
not approxi mate. 30 Isolation and purifica[ro t he conpounds and

i ntermedi ates described herein can be eff Q}e ‘9 desiredy)by any suitable
separation or purification procedur@%HN: N exanple, filtration,
extraction, crystallization, colum 35 chromatogfaphy, thin-Iayer
chronatography or thick-Iayer -20- chromat ogr Hphy, or a conbi nation of
these procedures. Specific illustrations of suitable separation and

i sol ation procedures can be had by reference to the exanpl es herei nbel ow.
However, ot¢Rtieraliwl thtpeephlvtated ofoBn sol ati on procedures can, of

course, al sphbpeises® i T@%fﬁf@%é@dopfafoéﬂ&ﬁ@-ﬂr&eéﬁﬁx#@me%i@l@'AYZ-

acceptable salts are pre a variety of nethods he synthetic
appr oaches #¥RSEbparehtI Y%ﬁﬁ?%mpfaﬁkﬁlﬁﬁFWR&ﬁed 10 lines [(a) t hrough ()]
in Formgpa | below. The dotted lines

Y1

o
. o

15 wherein Yl and Yz independently are halo, lower acyloxy, lower
alkyloxy, or aralkyloxy groups, and Z is a leaving group
selected from lower acyloxy, methoxy, isoprqpyloxy, benzyloxy,
halo, mesyloxy or tosyloxy, and the like; _ ' '
optionally in the presence of a Lewis acid catalyst, to

20 provide the compound of Formula I; or

(e) partial hydrolysis of the bis ester 2-(2-amino-1, 6-

dihydro-6-oxo-purin-9-yl)methoxy-1, 3~-propanediyl bis (L-

valinate)for a salt thereof to afford the monocester of the
25 Formula I; or

(f) optical resolution or diastereomeric separation of a
compound of Formula (I).

30 The compound of Formula I and its pharmaceutically
acceptable salts exhibit pharmaceutical activity and in
particular antiviral activity. As such, the compound and its
pharmaceutically acceptable salts are useful for treating a
broad range of conditions in animals, particularly humans.

35
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poi nt schematically to the respective reaction sites and the ensuing table
gives a brief description of the various nethods that will be described in
nore detail below. The letter synmbols in parentheses refer to the
respective step in the 15 process descripBoen/claims): OH (I)

[err] Approach Met hod (a) De- protection (b)

Salt Formation 2 '

: Est f {
Condensat i on (e)g’xam'ples ﬁﬁr??ﬁ?igéﬂ?ﬁl§§?§ T?; 864 'Cgtéﬁt?%é%g the
. Resol uti on/ Eoapdendoard Sepas adf orthPS invéﬂt1dhx:n¢nu¢&yhetﬁﬁsrﬁmﬁentléms

nccept abie SuFf FRPEERSERITLE A foretin SRR Findising (o)
removal of aaramrimusanaiﬁdrlﬂnyplamzyetplue@ytmgyag;almplﬁumald:dnmm:twtlh
the formyl aanﬁéfééédwlwgésl n iﬁrﬁ&mé&s aopyr%&% {ﬂrog group_or

hydr ogen, [err] otecti grou eh or [err
to afford tp@rtlcularly 1n humans Examples of clinical condltlons cause

by these viruses are herpetic keratitis, herpetic )
encephalitis, cold sores, genital infections (caused by herpes
simplex), chicken pbx, shingles (caused by varicella Zoster),

10 CMV-pneumonia and -retinitis, particularly in immuno-
compromised patients including transplant recipients (for
example, heart, renal and bone marrow transplants) and
patients with Acquired Immune Deficiency Syndrome (AIDS),
Eppstein-Barr virus-caused infectious mononucleosis. The

15 compound of the invention is also useful for the treatment of
certain carcinomas or lymphomas caused by, or related to,
viral infections, such as nasopharyngéal cancer, immunoblastic
lymphoma, Burkitt's lymphoma, and hairy leukoplakia.

20 In summary, then another aspect of this invention is a
method for treating an animal (preferably a human) exhibiting
a condition in which an above-described viral infection plays
a role, or prophylactically treating an animal where such
viral infection is anticipated by the treating physician or

25 veterinarian. The method comprises administering a thera-
peutically effective amount of mono-L-valine ganciclovir or
its pharmaceutically acceptable salts to such animal. A
therapeutically effective amount of the compound or its
pharmaceutically acceptable salts is an amount that is

30 efficacious in treating the condition, i.e. the disease. The
exact amount administered may vary over a wide range depending
on the degree of severity of the specific condition being
treated, age and weight of the subject, relative health of the
subject and other factors (such as type of formulation). For

35 an oral formulation a therapeutically effective amount may



conpound of Forrmula I; or (b) conversion of the conmpound of Forrmula | into
a 15 pharmaceutically acceptable salt thereof; or (c) esterification of

2- (2-am no- 1, 6-di hydr o- 6- oxo- purin-9- yl)methoxy-1, 3- propanedi ol
(ganciclovir) or a salt thereof, with an-2qtivated derivative of L-valine,
or 20 (d) condensation of an optionally substituted guanine of the fornula:

-22- 5 optionall ersilylate orm wherein I S dr ogen  or
am no- proteE?FNg¥§PHug OHFt E°295éuﬂgtP?ﬁt59 B??¥eV%+9 ¥ ?%E @6¥nu|a 10

{err] 1FkMTpEeféthny]abaﬂd Detb]loodmgﬁngenbay aéﬁghalperlawpr n?stoxg,
ower a OX rou eavl n roup_sel ec
rom | owsr BEVESRODINGERE, B FERRHETGRILY. ShEdottus nadnt! PhbaBsuE L ko

t osyl oxy, aB@ mbéKbV&ay,opspeoahlyylﬁoth&herﬁseatmemﬁ af LeMV srecinitis
ot Al Yo st 8pa0pReRHbASa ! EnGeTDeUR %, 00 FRE THhRah; &' cA&)aBBlE LB 1Ly
di hydr o- 6- ogﬁqutune9ambpnbthaxﬁer3apoupah@dmgld®YstQLabawtiﬁagé¢amr a
sal t thereof L@e2b59yabBEt "BH0CHSPEaP! tbEndat FHT §Hhdy ] 'mO5t preferably
700 mg/day to 3.5 g/day. For an intravitreal implant; however,
the dose of the prodrug will range from 0.5 mg to 25 mg,
10 preferably from 5 to 10 mg per implant. It is well understood
by those skilled in the art that different dosage forms of the
prodrugé of the invention will command different.dosage

ranges.

15 Ganciclovir is a proven antiviral drug. The utility of
the ganciclovir prodrug of the present invention has been
established by determining the blood level concéntrations of
ganciclovir in test animals (the rat and the monkey), )
following oral administration of the prodrug. The blood plasma

20 level concentrations were determinéd according to the méthods
described in Examples 9 and 10 and are procedures which
modified procedures described by Sommadossi et al. in REVIEWS
OF INFECTIOUS DISEASES 10(3), 8507 (1988) and in Journal of
Chromatography, Biomedical Applications 414 , 429-433 (1987).

The compound or its pharmaceutically acceptable salts of
this invention may be administered via any of the usual and
acceptable modes known in the art, either singly or in
combination with another therapeutic agent. Generally the

30 compound and salts of this invention are administered as a
pharmaceutical composition uith a pharmaceutically acceptable
excipient and are administered orally, systemically (e.gq.
transdermally, or by suppository) or parenterally (e.gq.
intramuscularly (im], intravenously ([iv], subcutaneously ([scl)

35 or intravitreally by an implant. The compound of the



(f) optical resolution or diastereoneric separation of a conpound of
Formula (I1). 30 The conpound of Formula | and its pharnaoeurlaaLjy
accept abl e salts exhibit pharmaceutical activity anduz EEN
antiviral activity. As such, the conmpoundgnd its ph rﬂgggaﬁggg B h
acceptabl e salts are useful for treating a broad ran con

animals, particularly humans. npl es of cong tions that may
be treat ed dEvegtine Géﬁpﬁaﬁé QﬁdaggPpésﬁFrFﬁl%nlﬁvéﬁPPBﬁ Fﬁ@PuHEaﬁeFSe§
i nfections 3@mhsaalherpa&dbrpeaekosalandoﬁut&ahtcehbpeZesbﬁrorEaaaéeln-
Barr virus, _and in %rtlcu ariﬁétorre%ﬁ vi rus gng igis B.5 ﬁnd

rel at ed V|r3§8§°pfﬁ GrEREPSP L EdRPnu RSN CARCREPEY PEFEFRBESPFY PR2Aumans.
Exanpl es of phbirmaceutdeadi composdaisad byetbeeferredses are herpetic
keratiti%, her peti c encephalitis, cold sores, genital infections (caused by

her pes si'npl ex), chicken pox, shingles (caused by varicella Zoster), 10 .
CW- pneunpni a and phatrimaiceiut icadr cogposiltyionn comparisesc bhpr compeundapifent s

{r anspl ant of Cang a0 BEC1BLCBharhatkuEBIRLY 20RBpEaniEnBniERy BOGECTRRIO"
Eppst ei n- Bakn ¢p snéaegedWiﬁheétpbagmﬁsﬁghaéaééxu§00¢n§aa$ec©ﬁﬁénh§n§f t he

i nvention i gyghsexeiphehti 95 bhe thedt MBNhoRLt6QLEAI NSGBhCERETBEcAE may
| ynphomas caused by, _or related to, viral. infections, such as

nasophar$ngB8l aB¥ngetidy miiABRAasepRisolid, gaseous (in case of an
aerosol) excipient that is generally available to one of skill

in the art and that does not adversely affect the activity of
the active agent.

15 In general, the pharmaceutigal composition of this
invention will contain a therapeutically effective amount of
the compound or its pharmaceutically acceptable salts. in
combination with at least one excipient. Depending on the
type of formulation, size of a unit dosage, kind of excipients

20 and other factors known to those of skill in the art of
pharmaceutical sciences the amount of compound of this
invention may vary over a wide range in the composition. 1In
general, the final composition will comprise“about 1% to
about 99.5% wt of a compound of the invention with the

25 remainder being the excipient or excipients. Preferably the
level of active compound will be about 10.0% wt to about 99.%
'wt and most preferably about 50 % wt to about 99 % wt, with
the remainder being a suitable excipient or excipients. Useful
pharmaceutical excipients for the preparation of the

30 pharmaceutical compositions hereof can be solids, semisolids,
liguids or gases. Thus, the compositions can take the form of
tablets, pills, capsules, powders, suppositories, transdermal
patches, sustained release formulations, intravitreal
implants, solutions, in particular intravenous solutions,

35 suspensions, elixirs, aerosqls, and the like. Solid pharma-
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| ynphorma, Burkitt's |ynphoma, and hairy | eukopl akia. 20 In sumary,
then anot her aspect of this invention is a nmethod for treating an ani mal
(preferably a human) exhibiting a condition in which an above-descri bed
viral infection plays a role, or prophylaggically treating an ani mal where
such viral infection is anticipated by the treating physician or 25

veterinarian. The et hod gongyi§es adm nistering a thera- peuticallg
effective afiBihicet R¥ALPLEHEF hRCHAAR| BFaTFRedr FUCh A3 FRERUTFREFRY

acceptabl e galiglbSesucalapi ghicode) NEaEPSSE) Cabyoséf egélaeimomale pf the
conmpound or _its pggrnaceualfglI%.fcceptafle salts,is an ampunt that is 30
ef fi caci ousTHRet rePPhy FRRMEONTHHT0R, 9+ 6. PRINC YR R H3 e £x32 ¢ Whount
adm ni st er edteayavej ystearia atie, rqhyeerieh anchogt @ardte, degdtemof severity
of the specjijfi di i bej te a i t subi

rel ati vegheéﬁﬁrgggt h rgg%j %%?’gaé‘\%f%‘t h%rrld ?‘grg? o?%c%fug%{%&s){? y%gd o%lg&lfgélid
fornmul ati ong¢xcipieBtsamayrbhé $electedi Hrom wakenpeethandly eiyeexréle anount

may -24 0, t 0 e L ght
oo er ably RESETYSRE CTGROL Yt fods ol prindth iy (RO of BetBLow,
t her apeut i canripabi f eegetabhenont SYRt hefole qumi_aogwg/%gamlﬁ, ReRRut| | v
for the tre@iﬂ?”&o%e%}”‘/oié%t i RihdSap SNf, PHCsUmRD G11, TS £ R1KE, KO

human, a therapeutically ective_anount Is fromabout 70 ng/day to_about
7 g/ day,10préatespl 52hbett 3AeEFR? dAS*EEPEDOARS FHYRELS e prefersety 700
ng/ day to 315q@ida¥arférd) pait BvhldeRy £6P| Bifectubby e$olutions. Other

suitable pharmaceutical excipients and carriers and their

formulations are described in "Remington's Pharmaceutical

Sciences”, Mack Publishing Company, Easton, Pennsylvania
15 (1980) by E. W. Martin, incorporated herein by reference.

Preferably the pharmaceutical composition is administered
in a single unit .dosage form, more preferably an oral dosage
form, for continuous tréatment or in a single unit dosage form

20 ad libitum when relief of symptoms is specifically required;'

While the broadest definition of-this invention is set
forth above as the coﬁpound of Formula I and its pharma-
ceutically acceptable salts, the (R,S) mixture and certain

25 salts are preferred.

The following acids are preferred to form pharmaceuti-
cally acceptable salts with the compound of Formula I:
hydrochloric, sulfuric, phosphoric acid, acetic, methane-

30 sulfonic, ethanesulfonic, 1,2-ethanedisulfonic, 2-hydroxy-
ethanesulfonic, benzenesulfonic, p~chlorobenzenesulfonic,
2-naphthalenesulfonic, p-toluenesulfonic and camphorsulfonic
acid. Most preferred are strong inorganic acids, such as
hydrochloric, sulfuric or'phosphoric acid.

35



t he dose of the prodrug will range fromO0.5 ng'to 25 ng, 10 preferably from
5to 10 ng per inplant. It is well understood by those skilled in the art
that different dosage fornms of the prodrugs of the invention will command

di fferent dosage ranges. 15 Ganci cl ogiyr. is a proven antiviral drug.
The utility of the ganciclovir prodrug of the present invention has been
establ i shed by determ ning the blood | evel concentrations of ganciclovir in
test ani mals (th&healoghdPrRECHEARCPPIPPBRABVRARY AT AB-aMinArde PadiBKdEP—t he

ltor O?L ug. tTEsabk@ogupiﬁs ﬁyzpméeuskyc@nﬁf@%éﬁwprksrm@yﬂei,egﬁﬂ@alt@ccor di ng
0 e netno an n a rocedadur es |
modi 1 ed pr BESERRBLORLAE PRSP e Roliess CRRERUANY, SR e eb ERRT REECA U

Dl SEASES 10¢8yst&bDIné 1M86¢r balls | and otliewrd fofe Chawrise omsa:phy ndhwizdt eaed

Applications_414 -433, (4987 The o] harnaceutlcally
accept able %%P?Ss%?éfaigr%%véaf$%%a%%_n% gﬂ%?ﬁ#@?e} %F é%@ of the usua
and accept abbemubaletohsoanei preferved, The heraki f@tryubatlmsdeVﬂaﬂ;h@n with

anot her t hex8oghthge 3981 RBECAHL V1 ARE Ay £ AMOUKL AlVedGLd S of 1T s

invention are adm as a pharnace nwth a
phar maceut i farnylatiens abave cidke pa@mniaame athzaiaoﬁhﬂ iprRirey ?fl the

system cal | yn{én mﬁra@ﬁﬂﬁg‘iﬂxﬁ’ra@én&y SEPRCEE 1 O V2 uﬂfrrﬁlﬁ@@i&ﬂé"ﬁé’ (e.g.

i ntramuscul arly , I ntravenousl | Vv subcutaneo sc]) 35 or
Cintravi tPeapr?pwe@nuﬁwamphwi%mwdvomeacceptab e PH (4 - 6).
The intravenous formulation of ganciclovir requires a pH of 11
which results in irritation.

It is understood that these compounds are particularly
15 useful in the pharmaceutical compositions and methods of
treatment of this invention.
.In any of the last step processes described herein, a
. reference to Formula I, II, III, iV, V or VI refers to such
- 20 Formulae wherein Pl, P2, and P3, A, Yl, Y2 and Z are as
defined in their broadest definitions set forth above, with
the processes apﬁlying particularly to the presently preferred
'embodiments. |

25 The preferred pharmaceutical compositions of this
invention contain a pharmaceutically acceptable salt of the
prodrug of Formula I. Accordingly, if the manufacture of
pharmaceutical formulations involves intimate mixing of the
pharmaceutical excipients and the active ingredient in its

30 salt form, then it is preferred to use pharmaceutical
excipients which are non-basic in nature, i.e., either acidic
or neutral. |

The currently preferred process for producing the
35 compound of the Formula I involves step (a), preferably



REPLACEMENT SHEET -25- invention can thus be adm nistered in a conposition
that is a semsolid, powder, aerosol, solution, suspension or other
appropri ate composition, as discussed hereinafter. Oal pharmaceuti cal
conpositions are preferred. 5 A pharnaced2Becal conposition conprises the
conpound of Forrmula | or its pharmaceutically acceptable salts, preferably

i nmbi nat i i t.h h tically,. bl i pLent. h i pi ent
e e T e T 1 S
sem sol i d, gempound(ofi Fasmudéd Ijp aerssep) (eXciereatcomiainasigeneofil syeps

i | abl f il h
Retivity of ehesady (§L-gsbP tE BbboPfBeldR of XSRS LEs oY, BLISH . 1 NE
conposi ti onTbe pheparatéani of the| menoester acterdiratteastep efdkcti ve

amount ofy tPSgﬁﬁ?&QUFHeOEeiéétE@é?ﬁf&@é’&éf@ﬁ' Jf ?&ﬁépéf‘b%}?e S&%d Spt{mary
conbi nation wth at [east one excipient., Depending on the type of
f or nul at i onhYdroEYbf funghiengo’hgeangialovir % breler brakkve ot Fisfact or s

known tg t][lgf_ﬁeean&i in{ayiBrtﬁﬁyaﬁétQin@@NéﬁSﬁé'ﬁé@@ioﬁ%ﬁ?ﬁ% a:hﬁ:@_r?w&p of

conpouna of , IS 1Tpvent|,on may _var over,a e range I n e Cp Sit1on.

In general , 1BhER; époﬁéﬁgﬁgigfoﬁhédgVa%%ﬁﬁr$§%ea ﬁk%t%%%%bﬂ? 99. 5% wt

of a conpouadsetipbiohNyebbwodEVEtEps he Ehroegii ITErfEL tlge tdEsExEhPi ent or

excipieqbs. Preferably the ctive coqg dwll be about_10.0% wt
t

level of, ou
to abou 99999ﬁfsinasrr6§‘r’rb?§f‘é‘r“éb‘1'§7t PRRTSEESE FBRBATOWR oo TR, with
t he remai ndeddbeion, absfiorabtie casterifilcatiex c{Piemt BIIUskd tarried out,

the amino group of the amino acid reagent must be protected,

to avoid its interference (amide formation) in the

esterification reaction. The protection of the amino group is
15 described below.

In general, when carrying out a process of this
invention, those amino, hydroxy or carbdxylic groups which are
not to parficipate in the synthesis reaction must be protected

20 until (1) either de-protection yields the final product; or
(2) a specific protected group is to be involved in the next
synthetic step; or (3) the presenée of the unprotected group
in the ensuing reaction steps leading'to the final product
would not modify the intended sequence of reactions. An

25 example for meeting requirement-(l) is the benzyl group in the
preparation of the monoesters of this invention, which
protects one primary hydroxyl function of ganciclovir until it
is removed in the de-protection step. An example for meeting
requirement (2) is the secornd benzyl group protecting the

30 second primary hydroxyl function of ganciclovir which is
removed just prior to the esterification step. An example for
meeting requirement (3) is the acetyl group, or the trityl or
monomethoxytrityl group protecting the amino group of the
guanine ring system of ganciclovir, as the unprotected amino

35 group does not interfere with the esterification (step III).



phar maceuti cal excipients for the preparation of the 30 pharnaceuti.cal
conpositions hereof can be solids, sem solids, |liquids or gases. Thus, the
conpositions can take the formof tablets, pills, capsules, powders,
suppositories, transdernmal patches, sustarged rel ease formul ations,
intravitreal inplants, solutions, in particular intravenous solutions, 35
suspensions, elixirs, aerosols, and the like. Solid pharna- -26- -
ceutical excipients include starches, such as corn starch, cellul ose, talc,

gl ucose, | act osexnsqengsal,gehet qﬂalmnlibatibﬁeofL bou?ntﬂ:aa: kloskinga gel,
magnesi um stearate, ., spdium,stegrate, stearic_.aci gl ycer ol_nonost ear at e
Sodi um 5 chEGPTHE. tHRPHeRRER, RRPR subtable FoRasse i EhS mreiarabiod o
exci pi ents thg bempehrdtefi Foomulat &rineiwdeol , gl ycerol, propyl ene glycol,
various Qils, including those of petroleum animal, vegetable or synthetic
origin, for exanple, peanut oil, soybean oil, mneral oil, sesame oil, and
the like. 10 Wat di) Sheimeintygaodugtidaxshouvdd pndceegcananbibapivedyradd

liquid carrgg éthPQr&iEH5@£|%—39115@jf§éé@iﬁiéféﬂﬁiOns- Q her suitable
an t

phar maceuti cal exclipients carriers. an elr formulations are descri bed
in "Renington's KRArFheehirekpdsintarmediatpcrushppe sptahlechpafondihiens,

Pennsyl vani 3¢ 1ené 18803t D¥n§- el 18Péd | tint i DCREROVAL e6lE NEl e prbive sl R ENce.
Preferahly thﬁBBharnaceuilc | conposition is admnistered in a single unit
dosage f8r nPXABPe1Pr EFBPLEPY? an oral dosage form for continuous treatnent

or in a single ugd) UheaptotRifAy group must be susceptible of being
readily removed under conditions which do not change the
chemical nature of the_femainder of the molecule or result in
racemization of the L-valine component.

15

All starting materials (ganciclovir and L-valine) and the
protecting and carboxylic—-group- activating reagents employed
- to make the compdund of Formula I are known. Also known are
" various amino-protected L-valine derivatives, such as N-

20 benzyloxycarbonyl4L—valine, BOC-L-valine and FMOC-L-valine, N~
formyl-L~valine and N-benzyloxycarbonyl-N-carboxy—-L-valine
anhydride, which are all commercially available intermediates,
or described in the liierature, sﬁch as_N-allyloxyéarbonyl-L—
valine.

A preferred protected'ganciclovir starting material for
the preparation of the preferred compound of the invention is
N2-acetyl-bis~O-benzyl-ganciclovir (N2-acetyl-2-(2-amino-1,6-
dihydro-6—oxo—purin—9—yl)mefhoxy-l,3—bis(benzyloxy)propane)

30 which is described in US Patent No. 4,355,032. Other preferred
protected ganciclovir starting materials are Nz—trityl-Q-[(3—
hydroxy-2-propoxy-l-trityloxy)methyl]guanine [Nz—trityl-Z-(Z—
amino—l,G-dihydro—64oxo—purin-9fyl)methoxy—1—trityloxy—propan-
3-0l] and N2

-monomethoxytrityl-9-[ (3~hydroxy—-2-propoxy-1-
35 monomethoxytritylch)methYl]-guanine, the preparation of which



20 ad libitumwhen relief of synptons is specifically required. Wile the
broadest definition of this invention is set forth above as the conpound of
Formula | and its pharnma- ceutically acceptable salts, the (R'S) mxture
and certain 25 salts are preferred. The f.gpl-owi ng aci'ds are preferred to
form pharmaceuti- cally acceptable salts with the conpound of Fornula I:
hydrochl ori g, sul furic, phosphoric acid, acet

é , et hane- 38 sul fonic, ,
et hanesul f okc 3€8C5ibeRakBdIVs uPPBATC, Sﬁlhyaﬁé Y. LBHah8&u(18R7L, which is
benZFHESU|f?Pb@rpbrﬁgbdrhbeéiﬁnF?Ukéﬁérénca napthRhfﬁOSHbﬁeﬂiﬁydro-G—
p-tol uenesul fonic_and,ca ul foni ¢ aci st e red.are,_stro

P or gani o aBFESPEABR ST INDRFBERY Sl T -PErpanrRLyhr bER CLERAHEhSLE) *hlen
-27 - The n&sttpeeEEaredngompbenﬂalafethhé partibal, hgdrdobydis-step is

6- 0X0- purg Ny hexys3- X¥=J1-pro > | gri de and
acetate. The%gX g%éuggsE§§§¥gégp?%%gﬁédﬂééyé?§g¥§+fPﬁ%ﬁlb %#?é sﬁénd

t heref ore cd@5b828asily manufactured 5 into stable oral fornulations. Oral
and intravenous fornmulations are preferred. The oral fornulations have the
advant age of high bioavailability; the intravenous formulations have the

advant age t hat tﬁ@leﬁoépugcéFthéglﬁVﬁnSt@R IGE (retenificahdon ghRPlel ovir
fornul ati Onéhaeax%@nerseaﬁﬁdoysxneaﬁiﬁayﬁaetOséclakwee@é& é‘&ﬁ&@?ﬁ?'lftQH (4 -

0 The Y e ende Wi Eh' he Cs o Ef et ion 5y bndes £l
y undesirable amide

formation. The following amino-protecting groups are useful:
halocarbonates such as (Cg — Ci12)aryl lower alkyl carbonates
(such as the carbobenzyloxy group derived from benzylchloro-
carbonate), or biphenylalkyl halo carbonates, or tertiary

15 alkyl halo carbonates, such as tertiary-butylhalocarbonates,
in particular tertiary butylchlorocarbonate, or di(lower)-
alkyldicarbonates, in particular di(t-butyl)dicarbonate,
triphenylmethyl halides such as triphenylmethyl chloride, and
trifluorcacetic anhydride. The protecﬁing step is carried out

20 Dby dissolving or suspending L-valine in an alkaline aqueous
solution which may include a lower alkanocl. The reaction
mixture is cooled while the protecting reagent such as the
.halocarbonate, preferably in an aqueous or lower alkanol
solution is added simultaneously in small portions. During

25 this addition, the reaction mixture is kept at 0 to 30°,
preferably 0-5°C for several hours until it reaches room
temperature. The reaction mixture is concentrated to dryness
and the residue is partitioned between an organic phase and
water. The aqueous layer is acidified and extracted with an

30 organic solvent for the protected amino acid. The organic
phase is washed with water followed by brine washings and
dried over magnesium sulfate before evaporation to dryness,
and the N-protected amino acid isolated and purified by
conventional isolation and purification techniques.

35



which results inirritation. It is understood that these conpounds are
particularly 15 useful in the pharnmaceutical conpositions and net hods of
treatment of this invention. In any of the |ast step processes descri bed
herein, a reference to Formula I, 11, 1131V, Vor VI refers to such 20
Fornul ae wherein [err], [err], and [err], A [err], [err] and Z are as

defined in their brqoadest definitions sef forth above, with the processes
appl! yi ng paPFPB3FﬁF39BP8E%H8nBFQ§¥ﬁE¥9§p§€P€+F£9¥éﬁbodinents. 25 The

preferred phar nagegp dal Gampdeilovdes e@ithhas bpuéohhmmycpnbaénted 2~
ly,

h t l, | t abl t of th d
71"t ho manuPRLPYr SZBRB,ARPBBG: PEARR TS, RUAEPREhaEPRGELVRS PROFRELEOTTSI 1y

of the phar pacedtildgl dexprptestedanfiothexampiepr bpoghedregénatiohst30 salt

form then ref ry to e,ph c | pl,e | e
non- basi Igﬁﬁ%ﬁr8Vi? Egh CERE, 25aruf §¥£ﬁéuf?§%££$%e9%3??%%%F§ga form
preferred pandeesefpropeodadlpglmaey35ydnapphnﬂunctihe FBuktiableée amindves

t : - 28 ; h f
o ohi°hi RPESEEBEl pxplBs f2e] L6HeE b1 %9 1hgr6aPE0LATE L' Fobaptod
(a) and (c)atpsée @nepaﬁtecuéarohhefagcb$ @rlpamﬂ1¢nybeg©qyp Theher

preparat'0nsﬁit&ﬁ@e”Hﬁ@ﬁéLﬁio€€E€iH§n&ré&p§t§Pe(éﬂe5t£fe§1r8§ shsseeteebave
protection of one of rlnarx
10 trityl groups, suc as the monomethoxytrityl group, and the

4,4'-dimethoxytrityl group.

Suitable hydroxy-protecting groups are ether-forming
groups that can be removed easily after completion of all
15 other reaction steps. These hydroxy-protecting éther groups
include the benzyl or the trityl group. These groups may be
substituted in the phenyl ring. Other suitable hydroxy-
protecting groups include allyl ether, tetrahydiopYranyl,
silyl, trialkylsilyl ethers which can be removed with hydrogen
20 fluoride in a manner known well to those skilled in the art.

The hydrogenation to remove one hydroxy-protecting group
is pfeferably carried out by dissolving the protected
ganciclovir in a solvent system that releases hydrogen in the

25 presence of a catalyst such as a palladium compound, in
particular palladium hydroxide, by transfer hydrogenation or
other conventional hydrogenation procedures. Other suitable
hydrogenation catalysts include hydrogenation cafalysts in
general such as Pd, Pd on carbon and hohogeneous hg@rogenation

30 catalysts. The solvent system includes a lower alkanol such as
methanol or ethanol and cyclchexene. Generally the reaction
will be carried out at temperatures between room temperature
and the reflux temperature of the solvent system, for example
in refluxing ethanol and cyclohexene under an inert atmosphere

35 and under exclusion of oxygen or air, preferably in a nitrogen



: hydroxyl functions of ganciclovir or its derivative. This generally may or
may not involve protection of the amno group in the 2-position of the

guani ne base (see the detailed description below-of Steps |I through Il for
the case the 10 process is carried out w-32-a protected am no group). In
addition, before the esterification (Step Il1) is carried out, the am no

‘group of the_am np acid_rea rotected, t vopd.its, .
Phert or encBLPAAPRE For RE, CAPSHAEE et L lhe) FRbaversd BcHiMfEdsden. The
protection éfiltiratencan bheonpdiusedSidesolubedbpetvapotat beneofil exebas
carrying o cess .0 : n
carbg;yglcuénggégmhéﬁﬁ %Fég%g%hgggggégiﬁ?%gggg?ﬁﬁ} rgy§%§é¥sf;%actlon
must be pronacﬂedesouuqhangea) starbibngdeapeviattand &Taemtlsom:eote@aed

r oduct e ' b h
gynthetlc s Sﬁhlélé?g? L%Ehp§gée§%gggg£Qﬁpn%§5§g¥ gf %ﬂ %ﬁge#ﬂeéhgsgﬁéélng
reaction st@ngFeHGPﬁgcté t Baef separat bem cof wolesle nevo nperPdycEdel s nt ended

sequence ofusﬁaQRXOﬁérféemzé S§aﬂ96§aiﬂénUﬁﬁéé@@uféﬂukﬁ8WEnin(éﬂe'&rébe
benzyl group_in t preparation of the nonoesters of this inveption,_ which

protects on@ BPPnﬁYy°H§GW6§9Fr?EhE?|Bﬁt%$d§ahBF%f%H¢?lﬂﬁ??lS+% ¢3 gehoved
in the de- pfeusﬁeanbyt 8Put £6n ewdtR| &ppLdpFEet & NGLESALS r SiiEHtas Zﬂtn:ﬁuié@

ganci cl a0 r Stnfchopet, ShEseal PR ¢ hafoatiattactiver alits RGeSty
exanpl e foreﬁhehomgandqdichhanbméehans)th@ glee y2-gningp-pootedeedrityl or
Tononet DOXYLERLILLBLEUP, LRLSEL DOLLAG 20 MLy £l NS latL 0. 11 N0

system of gancrcrovir he anpr interfere
with the esterification (step lII)

Step II: Ganciclovir with a protected 2-amino group and

15 one aliphatic hydroxy group protected is subjected to de-
protedtion of the amino group. In this step if the amino-
protecting group is a lower alkanoyl group basic conditions
(pH between 9 to 14) are'employed to remove the protecting.
group. For eiample, N2—Acetyl—moﬁo—O—benzyl-ganciclovir'is'

20 treated with an alkaline reagent such as ammonium hydroxide,
sodium or potassium carbonate or sodium or potassium hydroxide
until the removal of the acetyl group is complete. In general,
this reaction will be conducted in the presence of a suitable
solvent such as a lower-alkénol. Preferably the starting

25 material is dissolved in methanol and a stoichiometric excess
of ammonium hydroxide is added. The reaction temperature is
kept between 0 to 50°C, preferably at room temperature. After
the reaction is complete kwhich can be determined by TLC),
another solvent may be added to facilitate isolation of the

30 de-protected product, such aé ethyl ether which leads to
precipitation of the de-acylated product which can be filtered
off and isolated using conventional separation methods.

Step III: In this step an activated derivative of amino-
35 protected L-valine of the Formula III is esterified with the



-29- In general, the qualification-of potential blocking agents that render
them suitable for use in the preparation of the conpound of Fornula I
include: 5 (1) Their introduction should proceed quantitatively and

smoot hly without ‘L-valine racem zation; (33-The bl ocked internedi ate nust
be stable to conditions of the reactions enployed until renoval of the

protecting 10 group.is requjred; (3), The bl ocking group must be susceptible
of being reRBPFSCE %Whﬂm%oémvmvwk&?w%df éﬁﬁ*@eqhes'twﬁ%%

'natulre of t&hﬁim@-npwd@étpdn}igt‘fneomm&m-afallfﬂwlaré rtlfaqemmymxpf th)e
L-valine co nent. 15 tart.i erials anci cl.ovir an -val i ne
bt tho pr TREDeRYL SRR RS RO I B, W H iy Bty
make the cooachbony bfgfoupndmd [the e Nen(vwe 1 v senkimertharyearkamls) or

am no- pr gt e & lL.ne derivatives, such as N 20"
benzylox§caﬁ@%ﬂcyl-¥§%tk i ne; BOC-L-valine and. FMOC-L-val ine, N
fornyl -L-valine and N benzyl oxycarbonyl - N-car boxy-L-val i ne anhydri de, which

are al | CcOMMErclat| Yoaye i A0be1 Vo SALRIE ALY, p R SGRE] 1difthd Maddle and 1
iterature, such as a Iy!ozgcar onyl-L-"valiine. 25 A preferred protected
ganci cl ovi regeiyalent mf & iswitahle coupling agent or dehydrating agent,
.for example 1,3-dicyclo-hexylcarbodiimide or salts of such

10 diimides with basic groups should be employed from the start.
Other carbodiimides such as N,N'-carbonyl-diimidazole may also
be used. Further useful dehydrating agents are trifluoroacetic
anhydride, mixed anhydrides, acid chlorides, l-benzo-
triazolyloxy-tris(dimethylamino)phosphonium hexafluoro-

15 phosphate, PYBOP, l-hydroxybenzotriazole, 1l-hydroxy-4-
azabenzotriazole, l-hydroxy-7-azabenzotriazole, N?ethyl—N'-(3-
(dimethylamino) -propyl) carbodiimide hydrochloride, 3-hydroxy-
3;4-dihydro—4—oxo—1,2,3¥benzotriazine, O-(benzotriazol-1-yl)~
i,1,3,3—te£ramethyluronium hexafiuofophosphate; o-=(7-

20 azabenzotriazol-l-yl)-1,1,3,3-tetramethyluronium hexafluoro-
phosphate, O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyl-
uronium tetrafluoroborate, O-(l1H-benzotriazol-1-yl)-1,1,3,3-
bis(tetramethylene)-uronium hexafluorophosphate or O-(7- "
azabenzotriazol-1-yl)-1,1,3,3-bis(tetramethylene)uronium

25 hexafluorophosphate. A description of these coupling agents
can be found in J. Am. Chem. Soc. 115, 4397-4398 (1993). Also
useful for this purpose are urethane-protected amino acid N-
cafboxy anhydrides (UNCA's) which have been described by
Fuller et al., J. Am. Chem. Soc. 112, 7414-7416 (1990), which

30 is inéorporated herein by reference. In summary, any other
reagent that produces an anhydride or another activated
derivative of the protected amino acid under mild conditions
can be used as the coupling agent.



the preparation of the preferred conpound of the invention is

N2- acet yl - bi s- O benzyl - ganci cl ovir (N2-acetyl -2-(2-am no-1, 6-

di hydr o- 6- oxo- puri n-9-yl ) net hoxy-1, 3- bi s(benzyl oxy) propane) 30 which is
described in US Patent No. 4, 355, 032. QO heq preferred protected ganciclovir
starting materials are [err]-trityl-9-[(3-

hydr oxy- 2- pr opox trltylo§y nethyl yani ne b[err tr|

g Vegadb 3no

ani no- 1, 6- di hydr hg. GQBnﬁUH g9y agid: isy B f?ob Baﬁ- 3noppeghy
[err]nDnonE@baxﬁhtl@nbh9ab(3—hﬁdbgénaﬁenrmpWéy aik3he, preferably .
nDnonethoxytrl t hyl ] - quani ne ration of mhl S
descri bed | 8%#?5 g.L?gff)anl%ﬁef§4g%§§§9$£ﬁ§rC%OFS |%H8r50rated
herein by reﬁtregee, an@2thei goupléngi agdnt- 68 added (preferably 1,3-

9-.yl | : he
T
Eur opean Patempeﬂppurgatb@nwepnbplaadléﬁ o. PseseséblYPﬂtoabpﬁtc§©©9|ng out

Step |11 %teﬁxbbfré‘éﬁ&bonTﬁEeEEaFEESnaMQEuQEOYQ fhkeygal aﬁdm:'ﬁé Psactmn

protected to avoi interference Wwth the esterification
unde5|rabIepaﬁﬂﬁ6tdehﬁt?Bhyd¥h€ef9flBth@raﬁﬁﬁﬁeﬁréﬂéB?lﬁﬁlg?oﬁﬁglﬁFﬁd

useful : hal @ear Begatednguphodict Chs- atdddavil Lﬁwerda&kyheﬁerssmaéﬁﬁ 688D
g? Lhe ﬁi{EObeH Kloxﬁ gg E deglvgd fron}benzglcglogﬁ rbonate n
pheny 78 RE ey iformaglde (PHE aPk§refard Eﬁrﬁbﬁﬁ gen. shch
as tertiarysbatuylibal afaahoeqﬁesalentpambuﬁul of thetppofuct of Step II in
but y1 chl or o g BoaaLeuafbel (18" Shkea kYL ALRL B0, 8 ue LB PO LAY &'
anhydride. The reaction is carried out between 0 and 50°c,
preferably at about room temperature over 5 to 90 hours. The
15 reaction product can be isolated and purified using
conventional methods, such as chromatography. The product
usually will contain unreacted N-protected amino acid which
can be removed by treatment of a water-immisc;ble solution
(organic phaée) of the product with aqueocus alkali such as
20 sodium bicarbonate, sodium carbonate, brine and mixtures
thereof. From the organic phase the ganciclovir L-valine ester
"with the protected aliphatic hydroxy group and the N-protected
amino acid can be isolated and purified using conventional
isolation and purification techniques.

Si IV (Fipal De- tect i to Gi the Product of
Formula I): The two protecting groups of the product of Step
IIT are removed by de-protection reactions, preferably in an
acidic medium or solvent, most preferably by hydrogenation.

30 De-protection under acidic conditions is preferred, as this
will ensure that the amino group liberated in the de-
protection reaction will bé protonated, that is that the base
of Formula I as it is formed in the de-protection reaction
will be captured by an at least stoichiometric amount of acid

35 present. Isolating the compound of Formula I as an acid



tri phenyl rret hyl halides such as triphenyl nethyl chloride, and
trifluoroacetic anhydride. The protecting step is carried out 20 by

di ssol ving or suspending L-valine in an al kaline aqueous sol uti on whi ch may
include a | ower al kanol. The reaction m xt3g§e is cooled while the
protecting reagent such as the hal ocarbonate, preferably in an aqueous or

| oner al kanol , sol uti-on added sinul taneously in small portions. Durlg%IZS

this additi &d %ﬁﬁ941§%ﬁﬁ &H fFGF@CtstﬁépFeéﬁert§t§660°ﬁP€F@P§EF§°Fe
for several thicorpdund idf Foaaida IIQOFHI'héﬁ.‘TéEb&bW €hoske ekaapllie@n giivehur e

I's concentrated tq.dryness d the residue I s partition d be ween, an
organi c pha?ﬁﬁéﬁﬂqﬁﬁFgflc*hg q ogfq §}°Ps g@?d“??e& 8Rd° r&@?ed wth
an 30 organhmnndmmnamtfGﬁl&héoumatdohedtepyﬂb)aC|d. The organic phase is
washed wigh water followed by brine washings and dried over nmagnesi um

sul fate before evaporation to dryness, and the N-protected amno acid
i sol ated and pur mhaediqnpmmmmaqtmnamswmde@m dd@siodiving the

Lechni ques. paquot 3 tHd atEsiiaRaeolOagep VAl bRC GRRE! ShaYehcSlep |

Ganci cl ovir an optionally protected am-no group both primry
hydr oxyl fuﬁﬁﬁﬁﬁﬁ?bﬂﬂbﬂ@tﬁédaF§d5§r§P&W39tdeu§#68eétBadrpeﬁné%&ﬁﬁle by

hydrogenat i @atlad yatgakeich Q¥ paWi1bliukeod- éHkB@ngr%!Ht&ﬁhﬁ'nﬁgth protect ed
form and_one profected primary hydroxyl function uita

protecti iy §l&ysse Qr@YﬂﬁﬂgﬁnaP%&ﬁéVFegPSEH§e%|ﬂhant3OQBCBP50nPreferablY

20 to 200 psi. The completion of the reaction can be monitored
using conventional thin layer chromatography (TLC) analysis.
The hydrogenation is continued until the conversion is
complete, if requiréd with addition of further hydrogenation

15 catalyst. The catalyst is removed and washed. The combined
filtrates from filtration and the washings are concentrated
and lyophilized to isolate ganciclovir L-valine ester. The.
purification of the product and the isolation of a crystalline
ester is carried out by recrystallization or other

20 purification techhiques, such as liquid chromatographic
techniques.

If the tertiary butyloxycarbonyl group is being used as
anino~-protecting grbup,,its removal .is effected with acid,
25 such as HCl and isopropanol as' a solvent or with trifluoro-
acetic acid neat. | |

Alternatively if the esterification step has been carried
out with a trityl or substituted trityl-protected ganciclovir
30 derivative such protecting grbups can be removed by treatment
with an aqueous alkanoic acid or trifluoroacetic or
hydrochloric acid at temperatures between -20° C and 100° c,
for example, aqueous acetic acid. . '



atonms, in particular the acetyl or propionyl group. O her suitable

am no-protecting groups are the trityl or substituted 10 trityl groups,
such as the nonomet hoxytrityl group, and the 4,4'-dinmethoxytrityl group.
Sui t abl e hydroxy-protecting groups are et36r~-form ng groups that can be
renoved easily after conpletion of all 15 other reaction steps. These

- hydroxy-protecti he ups I ncl ude .t enz rigyl [ ou

These groups nay%g& éu tgﬁe ﬁepﬁge8h§Xy?SPp §lef% éﬁi%§8I groxy-

protecting gtbheps wdthudhodhhmloetpalladéumabgﬂabpgtanyfolsowgd by acidic

trlalkyIS|I¥h%§%pgrﬁypE gsggn be rempved with hydrogen 20 fluoride in a
to

manner known i'lled in the art. The hydrogenation to renove
one hydroxy-protecting group is preferably carried out by dissolving the

protect o4 galiges Métholld Bopruparafishelbieps (B) pacap, haﬂaogsrw n the 25
presence of a catalyst suc al L adi um conmpound, _i n_particu
pal | adi um hydr oxiO8€, ofy ord4dnarys 9&@0@@n§?ﬁoﬁr§rWé@ﬁeﬁl§9n96ﬁ996hﬁﬁ that

hydrogenat i EﬂepESﬁPGHhasofoi‘BEﬁxuﬁal tahag bagpﬁ 82648 0 Cah b ¥ $8Sabast VR
hydrogenatlon cat a gsts i n general suych gﬁ d d on garbon and honobgeneous

hydr ogenat i 88180°Faf8| §8esC ?ﬁ@sEBPQéﬂg €8 hRPGcl LHESPEEPRNER 3% ka0l
such as net Benal agaietibanshlepdehigctohpsend. carnes atdbyvéheedeastthe fréé be

car o L nghel BPESOLRER R RS, LRPRARIEL S H SR, MR LY
cycl ohexenehyddexide soéutlannnspubun.Bﬁdnoﬁid@depoEas$namomy@fomiqgeoror
air, prefergggylkﬂeg HE&ESQ%? it is important to point out that the free
base of Formula I is more difficult to characterize than its
acid addition salts. When converting the free base to an acid
15 addition salt, the compound is reacted with a suitable organic
or inorganic acid (described earlier). These reactions are
effected by treatment with an at least stoichiometrio amount
of an appropriate acid (in case of the preporation of an acid
addition salt) or base (in case of liberation of the free
20 compoﬁnd of Formula I). In the salt-forming step of this
invention typically, the free base is dissolved in a polar
solvent such as water or a lower alkanol (preferably
isopropanol) and mixtures thereof and the acid is added in the.
required amount in water or in lower alkanol. The reaction
25 temperature is usually kept at about 0 to 50° C, preferably at
about room temperature. The corresponding salt precipitates
spontaneously or can be brought out of the solution by the
addition of a less polar'solvent, removal of the solvent by
evaporation or in a vacuum, or by cooling the solution.

The reaction conditions of condensation step (d) are
- described in European Patent Application, Publication No.
187 297. This condensation step is one of the preferred
methods for the preparation of the diastereomers of the
35 monoester. In this condensation step guanine, preferably with



-32- atnosphere. The catalyst will be recovered by filtration. The filtrate
can be reduced in volune by evaporation of excess solvent. The resulting
crude reaction m xture generally includes unchanged starting nmaterial and
2-am no-protected 5 ganciclovir with one-gi-phatic hydroxy group protected
as the mpjor products. The separation of these two products_ls usual |y
perforned by isolatio rocedures known in the_ art b
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facilitate d$stihosoneobft Beropean Patent Application, Publication No.

187 297 which is incorporated by reference herein. In general,
15 Yl and Y2 need to be chosen in such a way as to permit the

1 can be

obtention of the mono—L—vallne ester of Formula I. Y
an amino-protected L-vallnyl group, or a group convertible to

the L-valinyl group.

20 The compound of this invention may also be prepared from
2~ (2~-amino-1, 6—~dihydro-6-oxo-purin-9~yl)methoxy-1, 3—-
propanediyl bis(L-valinate) which is described in European
Patent Application, Publication No. 375 329. The conversion to

. 2~ (2-amino—-1, 6~dihydro-6~oxo-purin-9-yl)methoxy-3-hydroxy-1-

25 propanyl-L-valinate is effected by partial hydrolysis ([Step
(e)] of one L-valine ester group under controlled conditions
which result in the preferential cleavage of only one amino
acid acyl residue. A salt of 2-(2—amino-1,6-dihydro—
6-oxo~9H-purin-9-yl)methoxy-1, 3-propanediyl bis-L-valinate,

30 preferably as the bis acetate salt, is dissolved in de-ionized
water, and partially neutralized with weak base, such as a
dilute ammonium hydroxide solution. The mixture is kept at
room temperature for one to several days, preferably 48 to
72 hrs. '

35



30 de-protected product, such as ethyl ether which |eads to precipitation
of the de-acyl ated product which can-be filtered off and isol ated using

conventional separation nethods. Step Ill: In this step an activated
derivative of amino- .35 protected L-valir88aef the Formula Il is esterified
with the -33- protected ganciclovir derivative obtained in Step Il

Sui t abl I No- t f Db I - bonyl
aroup,  the pht haPorearaa i BarirarySoviEsTyELearbbh, RGP abEYank i ne
N—(9-f|uoreBybheabopyraihenyb;euasé bENﬁIpegtnd@seAtstehsas1aeqarhakgﬁt of
the protectg QFQQFaﬁhH a%d b%qg§§§|€8te %e@ts €P% P&i giggent or

dehydratlng exanp I cycl O- exyI safts of
such 10 d||n1des wi t h basic groups shoul d be enployed fron1the start. O her

car bodi i  des_suaheanotiestarveaK! pdi bEpHELLE FRYNALAR BEsUSEex Yt her

useful dehydrating agents are trifluoroacetic anhydride, m xed anhydrldes
aci d chl ori BEgParapiNeochrerategyaphy- ¥RdY dvedk n§F i A oFprdihhens ufpH 3

hexafluorO-té5sph9§abakab1?Y§ﬁPu)1 hyHe oxyDesROt is&d Of 6x éhﬁdﬂé@%grﬁphlc
azabenzotri azol e - hydr, -azabenzotri, azol N: et hyl =N, ;

e el LerBRraE i00! FA LT VBa: FARaEoRy ARG aaT b el far Ly freiivaro-6-oxo-
3, 411 gl gydrosn—pueifx—s-gibemﬁahb?:?zsﬂnyﬁfb@en-zpwpmpl I-vya)inate salt
i,1,3,3-tetranet Wro m.hexaf | uor 0S e 7 (J7-_20

v abonadDt W3TE. BY, H58TatEy"SE e HERERAETOF ot Fiaste T ERPeES phosphat e,
0-(7-azabenzotr|azol 1-yl)-1,1, 3, 3-tetramnet hyl -

From the Formula (I) it is apparent éhat the compound of
the invention has one asymmetric carbon atom (chiral center)
15 in the propanyl chain, in addition to the asymmetric carbon
atom iq L-valine. Therefore, two diastereomeric forms exist,
the (R)- and (S)- form as determined by the_rules of Cahn et
al. - '

20 A number of methods suitable for the separation of the
diastereomers can be used but the preferred methods use
techniques that take advantage of the different physical
properties of the two diastereomers. In general, the
diastereomers are separated by chromatography but preferred

25 are separation/resolution techniques depending on differences
in solubility, such as fractional crystallization.

Specifids of the separation techniques applicable to the
preparation of diastereomers of the Formula I are described in
30 Jean Jacques, André Collet, Samuel H. Wilen, Enantiomers,
Racemates and Resolutions, Jgohn Wiley & Sons, Inc. (1981),
which is incorporated herein by reference. |

Alternatively, the compound of the invention may be
35 prepared using optically active reactants. When pure



uroni um tetrafl uoroborate, 0-(lH benzotriazol-1-yl)-1,1, 3, 3-

bi s(tetranethyl ene)-uroni um hexafl uorophosphate or 0-(7-
azabenzotriazoI-1-y|)-1,1,3,35bis(tetranetgglene)urOniun125

hexaf | uor ophosphate. A description of thes& coupling agents can be found in
J. Am Chem Soc. 115, 4397-4398 (1993). Also useful for this purpose are

ur et hane- pr ég%éﬁﬂ- i WoTens gﬁﬁggi ( \ '
been descPi fjﬁeﬁy u .éek% thﬁé g‘lld.}‘?o?r_ Am )hcﬁ m %(%ﬁffggq%4%%ﬁ rl%‘\%) :
whi ch 30 is sonrdapatian stari (thyis &he arafented merhod ofnsymthesiseagent

that producefowdyéd Ny | & Qs AN LA RE Irle Serdey ¥d iy Asdda PRI ed
am no acid under mld conditions can be used as the caoupli'ng agent. |, 34

The ani no- prift SORIFARF AAYPHIS Ghe G FPNae APquertr 98 Rnithe igher,
hfll Ogeﬂatsed I#H)Vﬁng’& ki?it%;c{&rﬁfﬂﬁlﬂry of Qbieorfcrg%_t fwn@dmt@e_roramgfﬁgﬂta I

at nospnere, or exa e nitr en, .an e C d age. IS aaqadea ,

(br of b abl y CEoRS BRas AHAREIA At d (e 200k g Hflasirertiind
stirred at treigmrrgsires Roatmwelen 10 v [ae hia]l £-lridfecioefb e sat thiamutoneo Braur .
tenperature. The reaction mxture'is filtered and the reaction product (the

anhydride of the protected am no acid) isolated. The resulting product is
di ssol ved i n a drTheé nerereptonfitgurnatiicr) ats they stiawmichdifioataders XD and

pl aced uggler. 4yt 6%53% l . of gy Lalg! %r% to1¥ouiRG Product of
Step |1 M aHﬂJ'l rffer_ sod\?\ﬁfil&sfngg'e t%.;oént%e a%gv §o u&inon gfu [éh.e
anhydri de. THehraiam.opreferabledyo finglenéaystadn&{Rayr Rnalysis of a
heavy atom derivative, or correlation with material prepared
by total synthesis from a single glycerol enantiomer of known

configuration.
15

The compound of.the.invéntion can be, and has been,
~ produced in crystalline form. This is a decisive advantage
20 over the compounds disclosed in the prior art which have been
described as non-crystalline materials. The advantage resides
in the fact that pharmaceutical formulations can be more
easily produced with a crystalline material. A crystalline
material can be processed efficiently and is susceptible of
25 being more reproducibly characterized than a non-crystalline
material, and the quality of the crystalline materials of the
invention can be much more readily ascertained than that of
non-crystalline materials. |

30 In order to produce crystalline material it is preferred
to use a salt of 2-(2-amino-1, 6-dihydro—-6-oxo-purin-9-
yl)methoxy-3—hydroxy—1fpropanYl L-valinate. Preferred
crystalline salts are the acetate and the hydrochloride salt.

_ It is preferred to initiate crystallization of the salt by

35 dissolving the hydrochloride or acetate salt in water and



preferably at about roomtenperature over 5 to 90 hours. The 15 reaction

product can be isolated and purified using convent ijjoF& SusT=Suehy as
chromat ography. The product usually will contain ulrEHE%QMF$Emm®EEENeu
ami no acid which can be renoved by treatrd@t of a yater- ﬁﬁﬂi&@EDle soff ution

(organi ¢ phase) of the product w th aqueous aIkaI

blcarbonate u c om the organic
phase the ga%%?@éo%%r f%n%cggégg ﬁfg%f%% $$%§¥23| % %%c hydr oxy
group and tmetbamnebi e@tle@lncaln nm@mmpmxlbemmlay@mmrpmxfa@@t@s: ng
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De-protection to Gve f Wo protecting groups

of the prodeystalbized|fromran ranhyderyy rwer @ beanoh setietiems, such as

preferably hRin@L) deenamei HMpPrese! a\lcfd‘it i0WSEE RGEREF abbkyalc solvents
hydr ogenati on. 30 Eelgrotectlon under acidic conditions is preferred, as

this will eFeEh At ekhy %ea%%Fﬁ%egr%ERPFQEﬁﬂQﬁ%xF?FF?#ﬁQ%&;“ Bt i on
reaction witdlben®rotonated, that is that the base of Fornmula | as it is
formed in the de-protection reaction will be captured by an at | east
stoichionetric anobunt of acid 35 present. Isolating the conpound of Fornul a
| as an acid TRé- faﬂﬂbwimg paépanatiomsoam@texamplbsiand given to

o reoE T Aietd Socl 06 EPPOMAL, 58 B S TOBLELA) iyt RA

given b al SO
to practice the present lnventlon They should not be

considered as limiting the scope of the invention, but merely

as being illustrative and representative thereof.

15

A. (R)-(1-Chloro-2—-acetoxymethoxy-3-benzyloxy)propane
20 HCl1 gas (dried by passing through concentrated H2S04) was
bubbled into a stirred mixture of (S)-(+)-benzyloxymethyl-
oxirane (500 mg, 3.06 mmol) and'paraformaldehyde (201 mg, 6.71
mmol) in dichloromethane (8 ml) at 0° C until all the solid
dissolved (ca. 45 min). The resulting solution was stored at
25 0° c for 16 hours. After drying with magnesium sulfate, the
solvent was evaporated to provide (R)-(l1-chloro—-2-chloro-
methoxy-3-benzyloxy)propane. This chloromethyl ether
intermediate was dissolved in acetone (3 ml) and added
dropwise to a mixture of potassium acetate (2.1 g, 21.4 mmol)
30 in acetone (7 ml). The mixture was stirred at ambient
temperature for 16 hours. The solid was filtered off and the
filtrate concentrated. The residue was taken up in 20 ml of
toluene and the washed with saturated sodium bicarbohate
solution (10 ml) and water (2 x 20 ml). The organic layer was
35 dried over sodium sulfate. After filtration, the filtrate was

Thls Sheet Has Been Replaced
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concomtant salt formation step (b). 5 The de-protection reaction is
carried by dissolving the product of the esterification step in an inert
solvent, preferably in an acidic solvent, using a hydrogenation catal yst,
such as pal | adi um on carbon, platinum usiddg 10 el evated hydrogen pressure
between 1 and 2000 psi, preferably 20 to 200 psi. The conpletion of the

reaction ca | e Sj i | h&RPBLS
(TLC) analyg?gseﬁﬁgéﬁggr%ngngﬁgoﬁgggagénﬁgﬁﬁgggﬁ2?*?¥%%%ﬁc%ﬁversﬁéﬁpgéhy
conpl ete, i¢vergeitégawgeh Abexanes/ethylragetakgdrogbhhttonprrsvidealRir.

The catal ys{ylentge8uedagbtoRpbefioxye-bombl 1oy bLbpahes (B10Mhg| | 51891 on

and the mashings are concentrated, and Igop | 0 I solate gancCiclovir
L-val i ne es®BPl) TA8 BuFPLPELEPBNCHE iRmeIPridvieldnithneliseBeriforablogwas
crystall snepgsteryis carried out by recrystallization or-other 20
purification techniques, such as liquid chromatographic techniques. If the
tertiary butyl oxycarbonyl group is being used as am no-protecting group,
its renoval Bi s(Rf f 2e{2eAmihd-hr6ediRpd Boreb-o=o+ih r bmre€ld+ ghmephory-Bs a

solvent or wih trifluoros aceti |d neat. Alternatively if the
esterificat%%%ogée% %% z%%% céf%?%ﬁéout with atrityl or substituted -
trityl-protectedAgantutioni pf3pedeilydated guahipeolecOPng, g2 oBpsmwah) bén

i ool SUECLEER ) RaPedBU S Ry e AL M ohyoporc e ¢
-aqueous acedfetexymethoxy-3-benzyloxy)propane. The solution was stirred
. at 130° C for 1 hour before trimethylsilyl trifluoromethane-
sulfonate was introduced. Stirring was continued at the same
temperature for 4 hours. The mixture was cooled to room
15 temperature and partitioned between water and ethyl acetate.
The aqueous layer was extracted exhaustively with ethyl
acetate. The combingd 6rganic layer was dried over magnesium
sulfate, filtered and concentrated. The residue was purified
by chromatography over silica gel to provide (R) 2-(2-amino-
20 1,6-dihydro—-6-oxo-purin—-9-yl)methoxy~l-chloro-3-benzyloxy-
propane along with its N-7 isomer. The ratio of N-9 to N-7
isomer was about 2.3 : 1. '

C. (R)-2-(2-amino-1, 6—dihydro~6-oxo—-purin-9-yl)methoxy-1~
25 acetoxy-3-benzyloxy-propane
A mixture of the product from the previous step,
potassium acetate (large'excess) and DMF was heated to reflux
for 5 hours. The resulting brown mixture was cooled to room
temperature and filtered through a plug of Celite. The filter
30 bed was rinsed with methanol. The filtrate was evaporated and
- residual DMF removed in vacuo. The crude product was purified
by flash chromatography over silica gel (CH2Cl2 - methanol:
10:1) to provide (R)-2-(2-amino-1, 6—~dihydro-6-oxo-purin—-9-
yl)methoxy~l-acetoxy—-3-benzyloxy-propane as a pale yellow
35 solid.



-36 - Allyl groups are renoved by isonerization to the vinyliethers W th
rhodi um or pall adium catal ysts, followed by acidic aqueous hydrolysis. 5
O her Methods of Preparation [Steps (b), (d), and (e)] One of ordinary
skill in the art will also recognize that42ke conpound of Fornula | may be
prepared as an acid addition salt or as the corresponding free base. If
prepared aspan d alt i, 0 bg_ to_the
free 10 base b§§?rea?%eh% 188¢ 2 g gﬁ%?§ eggggg %ﬂnag ggﬂ%ﬁ?%ﬁ?ﬁygroxide
sol ution, sbdnunihyﬁrpxonep-énoéssiun1hydrOX|de or the like. However, it is
| nportant to poi Rt af £t fheesh Far gu L e Leult to
characterize tha% p?%&g%g degﬁg gnqga?agngv%ég gghgg%?lﬁgg?h gkgé %ase to
an acid 15 rddmetbaxyalracehexyodpbendyliexyepropanei in 30syi amwpeiar danic
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treatmeni with an at least stolchiometric angount of an agdroprlate acid (in
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A. N2-Acetyl-2-(2-amino—l,6-dihydr046-oxo-purin-9— _
yl)methoxy-1, 3-bis (benzyloxy)propane, 54.2 g (114 mmol) was
dissolved in refluxing ethanol (815 ml) and cyclohexene (610

20 ml) was added under a nitrogen atmosphere. A slurry of
palladium hydroxide (16 g) in ethanol (50 ml) was added to the
reaction mixture and the mixture was refluxed under nitrogen
for 1.5 hrs. The hot mixture was filtered through Celite and
the filtrate was concentrated on a rotary evaporator. The

25 resulting crude reaction mixture was chromatographed on silica
gel. Elution with 8% methanol/92% dichloromethane followed by
10% methanol/90% dichloromethane results in N2-acetyl-2-(2-
amino-1, 6~dihydro-6-oxo-purin-9-yl)methoxy-1, 3-bis (benzyloxy) -
propane (starting material) (18.6 g, 16%) and N2-acetyl-2-(2-

30 amino-1, 6-dihydro-6-oxo-purin-9-yl)methoxy~l-benzyloxy-propan-—
3-01, (17.6 g, 40%).

B. N2-Acetyl~-2-(2-amino-~1, 6~dihydro-6-oxo—-purin-9-
yl)methoxy-1l-benzyloxy-propan—-3-o0l, 21.9 g (56.5 mmol), was
35 dissolved in methanol (200 ml) and ammonium hydroxide (101 ml)



addition of a |l ess polar solvent, renﬁval of the solvent by evaporation or
In a vacuum or by cooling the solution. 30 The rea
condensation step (d) are described in European Paté1ﬁ}meHEEaHWQBEtN
Publ i cation No. 187 297. This condensatiod3step is dpe cﬁ ndpaﬁmnﬂjerre
met hods for the preparation of the diastereoners of n
LS CONdensal! QRashePHNaRLREu-0r GLE" BPYrLh! byer n%%.h PEghAC! ed
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hydr ocarbon 5 sofvent (such benzene or toluene, or xg enes th
a hexa- IomeWaﬁhﬂ9lC@PFaﬁﬁﬁéveiﬁrWéRBnﬁFBYIh%i%ﬂﬁtﬁypglm kan@a er (100 ml)
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[err] and reflux te

ure. The catal Is a Le acid_salt uc
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i scl osure t he reactian or .C ensation st S t he
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group convermob e12% Of the product.

Analysis Calcd. for C16H19N504 (345.36): C, 55.65; H,

5.55; N, 20.28. Found: C, 55.25; H, 5.60; N, 20.12,

15 EXAMPLE 3

N-Benzyloxycarbonyl-L-valine, 43.66 g (0.174 mol, 3
equivalents), was suspended in dichloromethane, 72 ml, and
1,3~dicyclohexylcarbodiimide, 14.34 g (69.5 mmol, 1.2:

25 equivalents), was added. The mixture was stirred under
nitrogen for 48 hrs. The mixture was filtered through a glass
fritte and the white solid residue was washed withh
dichloromethane, 75 ml. The combined filtrate was stirred
under nitrogen and a suspension of 2-(2—amino—1,6—dihydro—6-

30 oxo-purin-9-yl)methoxy-3-benzyloxy-propan-1-ol, 20 g (57.91
mmol, 1 equivalents) in dimethylformamide, 90 ml, was added
followed by 4-dimethylaminopyridine, 1.77 g (14.4 mmol, 0.25
equivalents). The mixture was stirred under nitrogen for 18
hours., poured into water, 1200 ml, and extracted with a

35 mixture of ethyl acetate (350 ml) and toluene (350 ml). The
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||II|I|| MBEIA




the L-valinyl group. 20 The conpound of this invention may al so be
prepared from 2-(2-am no-1, 6-di hydro- 6-oxo-purin-9-yl)nethoxy-1, 3-
propanedi yl bis(L-valinate) which is described in European Patent
Application, Publication No. 375 329. The48onversion to

2- (2-am no- 1, 6-di hydr o- 6- oxo- purin-9-yl ) net hoxy- 3- hydr oxy-1- 25

pr opanyl - L- | eyl f t ti r | (

L-valine es%géégﬁéuléiﬁgeéggoﬁg?%¥T£§&c%ﬁ%i?ygﬁgé |€% ?%gﬁ tﬁ%% ?%%RQ&
preferenti am‘élnelaa/hgesetumt?doﬂ@dhm nelegrloraie  r Qo dnk, Folhevediby

2- (2-am no-yafefl gzdo Om1 f; 0Re Ik a1 8- Payd s R H0AY1dd SovéLPREGEE ¥ium
bis-L-valinate, 30 preferably as the bis acetate salt, is dissolved,in
de-i oni zed ﬁ%l%@?eaﬁﬂdp%???%???aﬁ%%tV%??EeﬁeQ??ﬁdw&%%sﬁ%ﬁ%: Thenregidue
di | ut e apnoRa$NphyYE1PXtaed of tibm 0. mIXeuie Xd I eLh Pl kePétfte rand t enperat ure
for one to several dags prgfer bk¥248 o7 égi,-qg _es38 - . _

Al t er nat i veFYSLIARSEARE | £O hgtYDl 43¢ B2 TP H AR £ T BT O SR PE AP BT e

est er ase oryh) peghogppe3-senty boxy- Lepbopany b apt (sersey bay a slsotel Lskel t o

effect partjal.h ol YSi S. T, noester can be separated fromthe
bi s-ester va ?%%g%a%¥v%§€ﬁﬁ%ﬁ%?%%?a%%%ﬂghder weak acidic conditions (pH 3

to 5, preferably pH 4). The solvent used for chromatographic separation
w | belbe@?{e aD@ds 25 _ant NB=1:HB-ai hvar 0z B=.0X0s

OH purin-9-y ;drre Noxy- 3- hydroxy- 1= rpn- _n—e salt =
2~ (2~-Amino-1, 6~dihydro-6-oxo-purin—-9-yl)methoxy)-3-

benzyloxy~-l-propanyl N-(benzyloxycarbonyl)-L-valinate, 224.8 g
(0.39 mol), was dissolved in methanol, 1.2 L, and concentrated

15 hydrochloric acid, 32.4 ml (0.39 mol), was added dropwise. The
mixture was placed under nitrogen and palladium on carbon,
67.4 g, was added. The mixture was hydrogenated in a Parr bomb
under hydrogen k40 - 100 psi, average 80 psi pressure) for 48
hours. 5 g additional palladium on éarboﬁ.was added, and the

20 mixture was hydrogenated at 100 péi for 24 hours. The mixture
was filtered through a pad of Celite and the residue was
washed with methanol, 1 L. The filtrate was evaporated to
dryness under reduced pressure. The residue was dissolved in
water, 150 ml, and heated to 60° C. Isopropanol (830 ml) was

25 slowly added dropwise with stirring while maintaining the
temperature (60 - 70° C). The solution was slowly cooled to
ambient temperature over 16 hours. The resulting crystalline
solution was heated to 30 © C and additional isopropanol
added, 220 ml. The mixture was allowed to slowly cool to a

30 final temperature of ~11° C over 4 hours. The crystals were
isolated by filtration and washed with 200 ml of cold 2 %
water/isopropanol to obtain 2-(2-amino-1, 6~dihydro-6-oxo-
purin-9-yl)methoxy-~3-hydroxy-l-propanyl-L-valinate
hydrochloride (120.5 g, 79 % yield). The compound undergoes a

35 phase change at 142° C and decomposes at 175° C.



10 will be isolated as a m xture of two diastereoners. |solation of
Stereoisoners Fromthe Forrmula (1) it is apparent that the conpound of the
i nvention has one asymetric carbon atom (chiral center) 15 in the propanyl
chain, in addition to the asymetric carbodatomin L-valine. Therefore,
two di astereoneric forns exist, the (R - and (S)- form as deternined by the
rules of Cahn et al. 20 A nunber of nethods suitable for the
separation of the diastereoners can be used but the preferred nmethods use
technlques t hat take advantage of theﬂﬂ&ﬂﬂﬁﬁm&iphy3|cal propertles of the

dependi ng oRE&RIF RA oKy BudEQs 4 ¥ zaki.
Specificsg Oﬁiﬂﬁ separ ation techm ques appI [ cabI e to the pr epar ation of
di astereonmers of the Fornula | are described in 30 Jean Jacques, Andre
Collet, Sanuel H. WlIlen, Enantionmers, Racemates and Resol utions, John W/l ey

& Sons, Inc. (19&1—)(,2-\@&11%415, emww@%ﬁa%@ﬂnbwﬁqf)%em -3-
A TRl Vel sbls SOTRud (e uenthon e e 38 Pughsceduging,
: ganC|cIOV|rdaeeoaweﬂanadwehercoﬂsenmanlandsheated)tbSSOhGOBreferred met hod
oL Yo 2spHBARen, (pofEhatoliek, 336hAG LERNELagRT sl Sed o @
while slightly increa31ng the temperature to 60 ~ 70° C. The
solution was slowly cooled to 25° ¢ over 20 hours. The
resulting crystalline solution was heated to 30 © C and
additional isopropanol added, 220 ml. The mixture was allowed
15 to slowly cool to a final temperature of -11° ¢ over 6 hours.
The crystals were isolated by filtration and washed with 200
ml of cold 2 % water/isopropanol to obtain 2-(2-amino-1, 6-
dihydro-6~oxo-purin-9-yl)methoxy-3-hydroxy-l-propanyl-L-
valinate hydfochléride crystals (135 g, 90 % yield). The
20 compound undergoes a phase change at 142° C and decomposes at

above 175° C

In a similar manner 2-(2-amino-1, 6-dihydro-6-oxo-purin-9-
yl)methoxy-3-hydroxy-l-propanyl-L-valinate acetate may be
25 prepared in crystalline form.

. EXAMPLE 5
Breparation of (8)-2-(2-Amino-1.6-dihvdro-6-oxo-purin-

30

N-Benzyloxycarbonyl-L-valine, 437 mg (1.74 mmol, 3

35 equivalents), is suspended in dichloromethane, 1 ml, and 1,3~



5 pH range interconversion of the free conpound of Formula | occurs. For
exanple, at pH 7 and [err] the diastereoneric m xtures of Formula | have a
hal f-1ife of |ess than one hour. The stereoconfiguration at the second
chiral center of 10 the conpound of For mr48- can be assigned by circul ar
dichroism preferably by Single Crystal X-Ray Analysis of a heavy atom
derivative, dQEVEQbhék9&bQBb&hREm&&éern@b ﬂ&eﬁér?dmﬁﬁltoiah aylibagkatk)om a

single glycerol enantioner of known configdration. Manuf acture o
Crysta||,nelg pddagi. ndhe pigtuyer dsesbigred under nitrogen for 48 hours.

purin-9- y|)ﬂﬁbhﬂlktﬁraydéofiiéeBéapﬁﬂfbutha|gma&g fb@tﬁ@”ﬁﬁdndh@fwhEEe
i nventi on can rm.. Thi s

u n Ccr I N
boer o ve aeBnte, 08 anes pashen B LR  TenyPearEhanen "t hath e sorbiAte,
have bees desitraed as samreeusunaérnniﬁnbgéhahﬁd ahsusgeasiegeofregryileg-i n

= oryetal |1 A8 RRLEP Br O ALBYJEPLPT PR RHF bhr ArvoLNeEB BT 53cbeBEVEPRYS: ontl y
and i s suscppbpbhelebl25200img 0rB8rmpodduti eqyivhdent) einzdimehhpla
non-cryst al kLpgaiRher | 8.5 429 10CagHah k1 9bwbAChGr ¥ShRhLERG TRERELA! S Of

the invention can y ascertarne
non-cryst al pyrnédimeer 181 mg 3@4 4 mmoln @Faéreq@iﬁabdute)chbeamikhnre is

”ater'aho'tstirﬂéﬁfﬁﬁasg hotY&§eR f@ktlﬁfhouﬁs, poured into water, 1? ml,
2-(2-amno-1 dr 0- 6- oxo- puri n-9- dr oxy- 1- pr opan

L-val i nate. aFﬁeF%FFéGtégyg%Ehl?n@1§EPF§ GfethEYaéﬁ? ?Eeaﬁa ? hal and
hydrochl ori gg18ahé. (BISIﬁlPre@BéFSQuégusn1£y3£91§r§é§§£étéétaﬁa het he salt
by 35 dissolylng; tnea g oS lhSh' I8 R nafE! 8LEu28 La' DodBiR b8 rbonate, 6
ml, followed by water (2 ml). The organic layer is dried over
15 magnesium sulfate and concentrated under reduced pressure. The
residue is precipitated from a mixture of ethyl acetate and
cyclohexane to give (S)-2~(2-amino-1, 6-dihydro-6—oxo—purin—9—
yl)methoxy)—3-benzyloxy-l-propany1 N-(benzyloxycarbonyl) -L-
valinate as a solid.

(S)-2-(2-Amino~-1, 6-dihydro-6-oxo-purin-9-yl) methoxy) -3~
benzyloxy-l-propanyl N-(benzyloxycarbonyl)-L~valinate, 225 mg
25 (3.9 mol), is dissolved in methanol, 12 ml, and concentrated
hydrochloric acid, 0.3 ml (3.9 mmol), is added. The mixture is
placed under nitrogen and palladium on carbon, 674 mg, is
added. The mixture is hydrogenated in a Parr bomb under
hydrogen (40 - 100 psi, average 80 psi pressure) for 48 hours.
30 50 mg additional palladiﬁm on carbon are added, and the
mixture hydrogenated at 100 psi for 24 hours. The mixture is
filtered through a pad of Celite and the residue is washed
with methanol, 10 ml. The filtrate is evaporated to dryness
under reduced pressure. The residue is dissolved in water, 1.5
35 ml, and heated to 60° C. Isopropanol (8 ml) is slowly added



-40- adding an organic solvent niscible with water such as nethanol,

et hanol , isopropanol, tetrahydrofuran or aceto- nitri ?f he
UspiiceswaETaHASBEEN ||
of ORECLAGERani c

hydrochlorlde salt can be crystallized froman anhydr
gene.

sol ution, such as 5 nethanol, ethanol, by4/he additio
sol vents such as ethyl acetate, isopropanol, tetrahyd
The follow ng pre aratlons and exanpl es are given to 10 enable thosg

skilled in WHE aPEirsingr whileappin ﬁHE%%gaEgeaﬁﬁmPﬁrﬁFﬂﬁﬁlééotﬁe79re§ént

!nvent!on- Th$YS§m9EhdanE Bﬂoﬁm?scésleg €6 émgléhﬂgtéﬁ§?§§@92eOﬁvébe%6 -
i nvention, put mer as atiye and r esentgtjve thereo
Preparati on °BFS (%#erﬁﬁugﬁfﬁg g“éiﬂ?d?ﬁ Ee%Q%Sp% ﬁg ¢'gna
?%gl%gethandaibEOﬂalOise$ﬁopanelbaﬁdéd, 2 ml. The mixture ii{allowe?dto g
-(1- 0L 0- 25 ac y 0xY: 33 0 ne
by passi nhg ?g?8u§h8§§; g%trafxﬁgfe§$%¥éﬁé§gg b%? lfnt% Vet regg%§xté#§
of (?D-(+?dbensya?s%anehySelatedahg fsDoragios. Qﬁdnnasbe?ndlth 2tméoo§
par af or ma e [ 0 n
ot 1 al T (Rardop s 8 nElr SadprOERhgy! £ bEELRh OTE| IA0E2 nfhe B e
stored at Zélbﬁdtbf6r036-nunie-9ﬁWlbmedh93ﬁ93va@rQ&gnbsPnﬂpénY1aLe t he
sol vent was,, QYEHQEQtﬁ9d£8cH18¥%&§ (R -(1-chloro-2-chloro-

met hoxy- 3- benzyl oxy) pt opane i s chl oronethyl ether internediate was
di ssol vé8 in acetone (3 m) and added

2-((2-Amino-1, 6-dihydro-6-oxo-9H-purin-9-yl) methoxy) -1, 3-
propanediyl bis-L-valinate bis acetic acid salt, 100 mg
Klyophiiized sample contained 0.6 equivalents of excess acetic

20 acid, 0.164 mmol (= a total of 0.426 mmol of acetic acid)) was
dissolved in de-ionized water, 0.4 ml, and partially
neutralized by the addition of 24 ml of a 0.015 M ammonium
hydroxide solution (=0.36 mmol). The mixture was left at room
temperature for 67 hrs. The sample was injected in two equal

25 1lots onto a preparative reverse phase HPLC column (YMC-Pack,
ODS-AM DM-33-5, 2 x 250 mm; YMC Inc.). Separation was achieved
with a solvent system of 10% methanol / 90% 0.1 M ammonium
acetate buffered to pH 4 with acetic acid, flow rate: 9.5
ml/min and the'detector set to 256 nm. The two peaks

30 representing the two diastereomers of the mono ester product
were collected. The solvent was removed under high vacuum to
about 2 ml and the residue was lyophilized twice from water
containing acetic acid (0.1%) to remove the buffer. 45 mg
(0.112 mmol = 68%) of 2-((2-amino-1,6-dihydro-6~oxo—9H-

35 purin-é—yl)—ethoxy)—3-hydroxy -l-propanyl L-valinate acetic

Sheet Has Been R laced

||I||||| lIIIlI IIII il




dropwi se to a m xture of potassiumacetate (2.1 g, 21.4 mol) 30 in acetone
(7 mM). The mxture was stirred at anbient tenperature for 16 hours. The
solid was filtered off and the filtrate concentrated: The residue was taken
up in 20 M of toluene and the solution wé8hed with saturated sodium

bi carbonate solution (10 mM) and water (2 x 20 m). The organic |ayer was

35 dried OVSEzlaogh%‘ walbf %Slaééheﬁs‘;la' hi§£h9€ oﬁh€wf>' hi&é&@r{é@ﬁers #I B

concentrated and the residue purif romat ogr aphy over
gel (hexane§hetﬁyﬂlawépateher¢FE?r@§thpopeaBS(ﬂ§ the spectrum-
(1-chl oro- Z{aoechymebnswyda bamayhony)Brmpaae(18l03ngn Q—Qy,nﬂvha aﬁda

col orl ess oil % vyi el | soperic ,rati o_was (R)
2-(2-Anino-9-8 % 036 28 gﬁ?ht g mdPABxyI1T 1 #%) " anb 5743

chlf;o 35beﬂayhmx¢fpenpauﬂzA $ogmgksn eﬁbpengcbgzate?.gaﬁmloesgl(ea,gJ=2.95
nmo In 10 DNF a 0] 0 =( 1 or o- 2-
acetoxynethoxy §H3}bx??%?o%aﬁé?kTﬁgéﬁoﬁﬁ?i%ﬁ'&%g's?ﬁﬁkéd at [err] for 1

hour before trlnethyIS|IyI trifluoronmethane- sul fonate was introduced.
Stirring was continued at the sane teg&g&gﬁé;;gor 4 hours. The m xture was
cooled to roon115 tenperature and par et ween mater and ethyl

acet at e. ThSeRaFaLiLD .94 Re s dzaminesiifsidily QsBnQXQT et at e.
The comgnegys : o+ BB vl 2 £F PR LS v isdeead and
concent r at ed. e resi due was purl Dy 3 ronatograp vV over silica gel to

provide (R) 2-(2-am no-
A solution of (R,S) 2-(2-amino-1, 6~dihydro-6-oxo-purin—-9-
yl)methoxy-3-hydroxy-l-propanyl—-L-valinate (1.66 g) in 90% 0.1
M ammonium acetate, acidified to pH 4 with acetic acid, 10%

15 methanol (9.60 ml) was applied to a YMC-Pack ODS-AM HPLC
column (cat. no. DM-33—5;_size, 250 x 20 mmI.D.; particie, S-5
mm, 120 A) in 48 injections of 200 ML with elution at 9.5
ml/min. using a mobile phase of 90% 0.1 M ammonium acetate
acidified to pH 4 with acetic acid, 10% methanol. The péaks

20 were detectéd using Knauer Variable Wavelength Monitor set to
256 nm and the fractions collected manually. Three sets of
fractions were collected, peak 1 (retention time 24.4 min.),
an overlapping region between the peaks and peak 2 (retention
time 27.8 min.). The fractions of each set were éombined,

25 evaporated under reduced pressure to remove the methanol then
lyophilized to remove the remaining volatile components. The
residue was dissolved in water, acidified to pH 4 with acetic
acid and lyophilized again yielding peak 1 (1.57 g) and peak 2
(0.91 g). HPLC analysis of the products using a YMC-Pack ODS-

30 AM column (cat. no. RM-33-5; size, 250 x 4.6 mmI.D.; particle,
S-5 mm, 120 A) with elution at 0.5 ml/min. using a mobile
phase of 90% 0.1 M ammonium acetate, acidified to pH 4 with
acetic acid, 10% methanol indicated that peak 1 (retention
time 24.4 min. on the preparative column) contained a mixture

35 70.8% peak 1 (retention time 21.1 min.), 26.4% peak 2



20 1, 6-di hydr o- 6- oxo- puri n-9-yl ) net hoxy- 1- chl or o- 3- benzyl oxy- propane al ong
wth its N7 isonmer. The ratio of NN9 to N7 isonmer was about 2.3 : 1. C
(R) - 2-(2-am no- 1, 6-di hydr o- 6- oxo- purin-9-yl) nmet hoxy-1- 25

acet oxy- 3- benzyl oxy- propane A ni xture of -t49e product fromthe previous
step, potassium acetate (|l arge excess) and DMF was heated to reflux for

h Th b

oS e nERLRBL RGN LR T hn Roah0pCa L Rul 00 HLAUBELALY §n§§9°t
met hanol . Tlieetehtianetims éﬂapomaneﬁ.aaadrpsaﬁual(EhFenbnonedlma 2dcho.
The crude pﬁ Hucgn“§§ep§£é%5§gt?¥gfEaiﬂmﬁbreaﬁégﬂﬁéahx RAYSEusk! 66259Cbeak

([err] - ano
(R -2-(2- anznérgtgngpﬁpdtémg gg@op@;pn)g 27.5% peak 1 (retention time

yl') met hoxy- éoazeﬂ&ﬁyw%hanul eﬁxwrﬁpaaslﬁﬁea ebsuael koiéé@énﬁﬂbhdtlme -42-
D. (S)-2-(2-Am_no-1, 6-di hydrg-6-0%0-

net ox
benzyl oxy- p@&pﬁntnOP - APRRK Gr 400P1 8) and P ¥7 g) were each
(R -2-(2-aninesd1bedi D3dD0%600XOMPHHMINEN Sum acetate acidified to pH 4 with

| ) net hox acet oxy-53-b | o nmon hanol 1
5 e ot 468 Lt CabifenTOf LS bNaRar D 1osb Tuth and DorL Lot e Lpqusing
evapor at ed 8hd syetémsbduE1mad befbueaiﬁdoﬁﬂlb ﬁnseatioﬁsnuﬂtzoo met hawol .

Ig? gaL n%ﬁgglgg grﬁgﬁigﬁgl SSESQpSRthgeto peaks 1 and 2 were
purin-9- yI)qelhegyed,beqmbioeg,ppaphnaBlplevaperabedeundequneducedas
concentrat eg a0g,te 5eELHYGe " EALYRLBhLLE £ Uahd OfhOOtemainder 1yophilized
to remove the reméining volatile components. The residue from
each set of fractions was dissolved in water, carefully
15 acidified to pH 4 with acetic acid and lyophilized once more.
The fractions corresponding to peak 1 yielded a white fluffy
solid (0.70 g) which appeared hygroscopic on exposure to air;
HPLC analysis (performed as'cutlined before) indicated this to
be a mixture containing 94.9% peak 1 (retention time 21.1
20 min.) 4.6% peak'2 (retention time 26.7 min.) and 0.5% fully

hydrolyzed product (retention time 11.8 min.):; 1H NMR analysis
(dGDMSO, 0 values quoted relative to tetramethylsilane as

internal standard) showed characteristic peaks d 5.43 (mag,
2H, Jap = 11.1 Hz, da 5.44, dp 5.43), 3.02 (d, 1H, J = 5.2

25 Hz), 0.82 (d, 3H, J = 6.8 Hz), 0.75 (d, 3H, J = 6.8 Hz). The
fractions corresponding to peak 2 yielded a white fluffy solid
(0.81 g) which appeared hygroscopic on exposure to air; HPLC
analysis (performed as outlined before) indicated this to be a
mixture containing 91.0% peak 2 (retention time 29.8 min.)

30 8.4% peak 1 (retention time 28.4 min.) and 0.6% fully
hydrolyzed product (retention time 14.4 min.); g »MR analysis
(36pMs0, & values quoted relative to tetramethylsilane as
internal standard) showed characteristic peaks d 5.43 (s,
2H), 2.99 (d, 1H, J = 5.2 Hz), 0.83 (d, 3H, J= 6.8 Hz), 0.76

35 (d, 3H, J= 6.8 Hz).



met hanol to give a second crop of the product. Preparation of

2- (2- Am no- 1, 6-di hydr o- 6- oxo- purin-9- 15 yl)

net hoxy- 1- benzyl oxy- propan- 3-ol A

N2- Acet yl - 2- (2- am no- 1, 6- di hydr o- 6- oxo- purggn- 9-

yl ) met hoxy-1, 3- brs(benzyloxy)propane 54.2 g (114 mol) was dissolved in
ref | uxi ng ethanol (815 m) and cycl ohexene (610 20 m) was added under a
nitrogen atnosphere. A slurry of palladium hydroxide (16 g) in ethanol (50
m ) was added to the reaction nixture;ggﬁ%jqalg>dtne was refl uxed under
nitrogen for 1.5 hrs. The hot mnixture was tered through Celite and the
filtrate was concentrated on a rotary evaporator The 25 resultrng crude

met hanol / 92@6d|cht ;‘than foII ‘ d b 0@6ne hanol/90W di oronethane
results Pn

am no- 1, 6- dplaycs ; chonsy vL ¥ srailhions
startlng mat er i I) (18 6 d cetyl:2-(2-_30_ .,

(starting mmeer! g o bahedon's yPyﬁSPﬁé{%?W-CéER??%i{r?ﬁP&fjﬁﬁ- (323 19017,
g, 40% . B.1.302mbow}{yB-&@g@2vailents), fnddhghiorémekhaper (259m1) under

yl ) met hoxy- o] p I g ol xedein
el hanol{ ZVCEPgeh R¥aTRARRY. 3 Sa1fhatolnbhl e BB niBE (350 RS0 H°Ea
nixturelﬂasmmolrrédSOequinaghntat aodnthenpeaetuoe mExhyreesherredoetnt)
was added tpoataet&tasgf?éhyérfoﬁnﬁatb%ﬁggsur@h&ﬁf thtfﬁgdmi‘xfgsrer@sgp' tate

was washed consecut yf et
filtered to remove the 1nsoluble materlal and the solvent

g, 3- bi s(benzyl oxy) - propane

evaporated under reduced pressure using a rotary evaporator.
The resulting white foam was dissolved in dry DMF (10 ml)

15 added directly to a solution of (S)-2-(2-amino-1, 6—dihydro~6-
oxo-purin-9-yl)methoxy-3-benzyloxy-l~propan-1-ol (150 mg, 0.43
mmol, 1 equivalent) also in dry DMF (10 ml). 4,4-Dimethyl-
amino-pyridine (13 mg,'O.ll mmol, 0.25 equivalents)  was added
to the DMF solution and the reaction mixture left to stir at

20 room temperature for 27 hours at which point TLC analysis '
indicated consumption of the starting materials. The reaction
mixture was evaporated under reduced pressure and the crude
product purified by flash chromatography using a mobile phase
of 95% methylene chloride, 5% methanol to yield the title

25 compound as an amorphous solid (158 mg, 63%).

B. Rrepazation of (R)-2-(2-amino-1,6-dihydro-6-oxo-
hydrochloride

30 (R) -2~ (2-amino-1, 6~dihydro-6~oxo~purin-9-yl) methoxy-3-
benzyloxy-l-propanyl (N-benzyloxy-carbonyl)-L-valinate (158
mg, 0.27 mmol) was dissolved in methanol (15 ml) and
concentrated hydrochloric acid (24 ml, 0.27 mmol) added. The
mixture was placed under nitrogen and 10% palladium on carbon

35 (48 mg) was added. The mixture was hydrogenated in a Parr



5 and ethyl ether (100 m) and dried under high vacuum over night resulting
in 15.9 g (46.13 mmol, 82% of 2-(2-am no-1, 6-

di hydr o- 6- oxo- purin-9-yl ) net hoxy- 1- benzyl oxy- propan- 3-ol . Evaporation of
the filtrate and suspension of the resultiqia precipitate in ethyl ether
(200 M) followed by filtration and 10 drying under high vacuumresults in
an additional 2.3 g (6.7 mol, 12% of the product. Analysis Calcd. for
C16H19N504 gBakegopnder BBdGQgeH (505981N°f29r2850re) for 5 RHeune. Che

55.25; H, 5m§§tu¥e %8s124i1lerBueRRBLULANa0bad of Celite and the residue
2- (2- Am no- 1, 6-di_hydr o- 6- oxo- puri n-9-

y1) net hoxy- Haﬁ9&ﬂ0Y}t§ ﬂP&Béﬁ?ﬂ f8Pi Rdd e BVEPOrakiRg- of the combined
1.6- d'hydrof@i@&ﬁtéuéha-Qa%hlﬁgbhQhﬁkr3rbaﬁb@&yP2@s%u?éoyiélheﬁ-the title

b | b t B | b | 0.174
o3 edui camentel W3 gepddia HRLG: HAoYSNS: Rhnthe B apucE,gsife 3
1ag-g|c¥ﬁlohgxrba&kbodSF?Mdeglﬁﬁng4cgt§6305 RMBB3- 582ﬁ25eeqﬁ50akents), was
added. e mi re was,stirred under rogen.for [ [ e_Was
filtered th gﬁ ‘4 8F5§§C#F(t g aﬂa’tﬂgbmggtglggl|§uFégﬁdﬁE §a§1§%Zﬁ%B'mﬁth
di chl or onet hateg #@5Smobiléhphesebofie@0%i Dt i aMeammenduinr aedtahdeachdifagdn
and a S“Sp998'§ﬁ wa¥t£2a§€£98 éc?dd'Ebgrﬁi@h?ﬁgﬁolnd%g3tsf it fo be a 85

0XO0- puri n-9-yl | OXY-

equi val €t sy LA miununylpérwah1aed 9@Sii digatendanersoel | owed by

4-di met hyl am nopyridine, 1.77 g (14.4 mmol, 0.25 equivalents). The m xture
was stirred under nitrogen for 18 hoursg, Qured into water, 1200 nl, and
extracted with a 35 m xture of ethyl E@@@Eﬁ@iféto m) and toluene (350 m).

The Determipation of Oral Absorption (Bioavailability) in

the Rat

15

The following assay was used to determine the oral

absorption (oral biocavailability) of the compound of Formula I
(L-monovaline ester -of ganciclovir) and of other ganciclovir
amino acid eéters, other ganciclovir esters and ethers

20 examined for comparative purposes.

To measure the oral biocavailability of a compound first
the plasma level of the compound in male rats was determined
after a single oral (po) dose of the compound. To measure the

25 oral biocavailability of a pro-drug, first the plasma level of
the active compound, in this case ganciclovir, was determined
in male rats after a single po dose of the pro-drug. Then
the plasma level of the active compound, ganciclovir, is
determined in male rats after a single intravenous (iv) dose

30 of the compound. For ganciclovir the single dose in each case,
po and iv, is 10 mg/kg; for a prodrug ester (including the L~
monovaline ester of ganciclovir) the single dose in each case,
oral and iv, is a dose equimolar to 10 mg/kg of ganciclovir.
From the two measurements following po and iv administration,

35 the oral biocavailability of a compound was calculated by



-44- aqueous | ayer was separated and the organic |ayer was washed with half
saturated sodi um bi carbonate, 600 m, followed by water (200 m). The
organi c |l ayer was dried over magnesi um sul fate and concentrat ed under
reduced pressure. The residue 5 was precigt-ated froma m xture of ethyl
acetate and cycl ohexane to give 2-((2-am no-1, 6-di hydr o-6- oxo- puri n-9-

yl ) met hoxy) - 3- bepzyl o pan benz on car bo val i pate as an
anor phous s@%Ygd é Egg ?gfg ?ﬁgﬁduﬂé%rd? %e%QBXBL?PnV§ yF¥ Ret fekye 3-
gygrﬁxxd/ 1- gf@pb@wing pabl P@ﬁﬁiﬁﬂﬁfﬁ@gi@ﬂé lsly ehé 2tédtaDoadea under the

i hydr o- 6- 0x0- pur -y t hoxy OXy- ropan
N (beneyl oxgearRRhbRs 10 [us f n18e Saave o HiPRG ] SHAL et iem i n
nmet hanol , lagptopahatt ebyceotrateed 1fohydooehl accerding, t 32t He néqidt BSn ol ) |
was addegd dropwi se. The m xture was placed under nitrogen and pall adi um on
carbon, ©7.4 g, was added. The m xture was hydro enated in a Parr bonb
under hydrogen (E@p-oL00 P, =aldl& 89. ps¥ Gure)) fox 4BPPRRI(S. v5)g /
addi ti onal w@ééeng anCﬁo@on was added, .and the 20 m xture was

hydr ogenat ed at psi for 24 hours. The mi xture was filtered through a
pad of Celite and the residue was washed with nmethanol, 1 L. The filtrate

was evapor at ed t?hQrXﬂGS%téﬂQEraféﬂuﬁﬁéeﬁrﬁﬁéUé&rvéﬁevéfﬁéguﬁefés di ssol ved
in water, 150 and heated to * | sopropanol. (830 M) was 25 slowy

added dﬂgpv&%%c‘a}%e%twﬂ PR et 1R e ¥ %h‘@ﬂc%mp‘@%t%ﬁ %o -from
[err]). Thepsp4 uixron was slowy cooled to anbient tenperature over 16

hours. The resulting crystalline
The dose vehicle for oral and intravenous dosing

consisted normal saline containing 2 % acetic acid. In both

15 cases the compound concentration was equivalent to 4.0 mg/ml
ganciclovir with a dose rate equivalent to 10 mg/kg (2.5
ml/kg) of ganciclovir. A 200 gm rat received 0.5 ml of the
oral drug solution by gavage or via injection into the tail
vein.

The rats were acclimatized to the laboratory environment

for three days and fasted overnight before start of the .
experiment and until 4 hours after dosing. Blood was collected
from 4 rats at each of the following times: 0 min (pre-dose),

25 5 min (iv only), 15 min, 30 min, 1 hr, 2 hr, 3 hr, 5 hr, 7 hr,
10 hr and 24 hr. The blood was immediately centrifuged to
obtain the plasma and the plasma frozen at -20°C until
analysis. '

30 Assay of Ganciclovir in Plasma
Aliquots of plasma (0.50 ml) were mixed with 0.020 ml of
internal standard (acyclovir, 15 Hg/ml in 10 % methanol/water)
and 3.0 ml of acetonitrile. The mixture was vortexed and the
resulting precipitate was removed by centrifugation (4,000 g,
35 10 min). The supernatant was evaporated to dryness under



solution was heated to [err] and additional isopropanol added, 220 ml. The
m xture was allowed to slowy cool to a 30 final tenperature of. . [err] C
over 4 hours. The crystals were isolated by filtration and washed with 200
m of cold 2 % water/isopropanol to obtai-§32-(2-am no-1, 6-di hydr o- 6- oxo-
purin-9-yl) nmet hoxy- 3- hydr oxy- 1- propanyl - L-val i nate hydrochl oride (120.5 g,
79 %yield). The conpound undergoes a 35 phase change at [err] C and
deconposes aitFQer and recasst BXuvpdEin PPQpil a0f oBPLE Wphilel phase2-

(2- Am no- 1. dlh = 6 ' .

o pur i n- POITHE RoND- 35 DM o¥5ES. BPBB¥ASH. bY IR HG patas & Fevstone

2- (2- Ami no- HyﬁedshydBDSB 250-puti 6-BmyC) k@t bokymB. The mobile phase

hydr oxy- 1- p ak i | ogi 50 S ter,
150 i ang-RRctnel i b BOLCoRYRERES Bh 56 cafatiifi ol Soate Ul sts
dropmnse5mnGﬂn§@i$¥n§g mlibeBtagﬁtsy fﬂ@;@aech@'tn% ebpandt as P@mBed-

[err] C. ThgeselythPPmiRs ééﬂ&i&l&@?ieQn&01ﬁ€éfﬁaf3Qﬂ@ﬁd@@dhﬁéfé ddbécted
resulting crystalline solution was heated ?$err d additi onal
a

i sopr opanol 284 dBgasyped Py qﬂeah§9FH§%cﬁa§t Hvie- 15 to slowy cool to a
final tenperature of [err] C over 6 hours. The crystals were isolated by

filtration and washed with 200 i C 9 |,sopropanol to obtain
2- (2-am no-1, 6- di hydro- 6- oxo- purh=8-= =3=frydr oxy- 1- propanyl -
val i nat @ghydrochl oride crystals (135 g, 90 %yield). The
COMPOUND ORAL BIOAVAILABILITY REFERENCE
' (F_%)
Ganciclovir (G) 7.9 Us 4,355,032

{2-(2-Amino-1, 6-~dihydro—-6-oxo~
15 purin-9-yl)-methoxy-1, 3~propanediol}

G-bis (propionic acid) ester 17.7 J. Pharm Sci. 76,
180-184 (1987)
G-bis (L-valine) ester © 52.0 ~° EP 375 329
G-L-valine ester benzyl ether non-detectable -
20 G-bis (phenylglycine) ester "~ 8.18 -
diacetate
G-dibenzyl ether non-detectable -

Ami Acid Esi e t] I £
25 G-L-valinate acetate 84.0
G-L~valinate hydrochloride 98.1

EXAMPLE 10
Det inati e oral Al £ (B ilabilitv) 4
30 the Cynomolgus Mopnkey

The following assay was used to determine the oral
absorption (oral biocavailability) of the compound of Formula I
in the Cynomolgus Monkey.
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20 conpound undergoes a phase change at [err] C and deconposes at above
[err] C. In a simlar manner 2-(2-am no-1, 6-di hydro-6-o0xo-purin-9-

yl ) met hoxy- 3- hydr oxy- 1- propanyl - L-val i nate acetate may be 25 prepared in
crystalline form Preparation of (S)-2-(-54Am no-1.6-di hydro-6-0xo0-purin-
9-yl) nethoxy- 3- hydroxy-1-propanyl - L- vaIinate 30 hydrochl oride A

(S)-2-(2-An,.nqQ-1,6-di hydrpo-6-0x0:p ) - 3-

bonzyl ny. INBRBEIRA RGTERSy A9 HaRDP) SOTLPRRTRR

N-Benzyl oxycar bomalel cyalomed gus3homkels. wéighidng 3 3o gqkiilelsemiexe, used.
suspended |& di chl.or onet hane

n_. . and 3- 1 46-
di cycl ohexy 8§r58&PF gerf4§e§gmfak7ynﬁéPY’1£fuéauFlegﬁ??f,apg added. The
m xture i s saintednedden alﬂﬂogenrfmnghe hyaie The uéstadecbmpbhhdsrwdre

through g %g§ﬁu5%£ﬁpea$ﬂq Eﬁﬁg %Egi?h GEﬁbQH? %@SQego é?mlnsolutlon

dlchloronet Hate s strrie tro
and a suspep§|ggngﬁcggylg-in saline The oral formulation was

(2-am no- 1, Gxhlli RYdERrBa0KY- gaﬁhﬁé9a¥|S”EEE@X¥f31b@nﬁ¥/QEonErQpﬁﬁhilohosgoo
ng (0.58 mol, 1 equivalent] in~dinmethyl- formam de , .1's added

fol | owed byequdmederytanfndd Pg/kai Aese1gfngapeiciowhsl  The28Vequi val ents) .
The m xtur cebsmifation' 8¢ yadalolbvieOnas! ebriilieuasinpgunee! Bbatuahtng

12 m d d wi t f te t ol
(50 B RBACRET et &) ePnfeitEREiah GEnAD Rdnl, Bl adnlphsEaterontur b
hal f saturai:adesedl onsbmtAkgonate, 6

The animals were fasted beginning the evening prior.td
dosing and until 4 hr after dosing. Blood samples were taken
15 from each monkey at 0 (predose), 5 min (iv only), 15 min, 30
min, 1 hr, 2 hr, 3 hr, 5 hr, 7 hr, 10 hr and 24 hr after
dosing. The blood samples were collected in heparinized
syringes and the plasma was immediately isolated by
centrifugation and frozen at -20°C until analysis.

Assay of Ganciclovir in Plasma
Aliquots of plasma (0.5 ml) were mixed with 0.020 ml of
internal standard (acyclovir, 15 ug/ml in 10 % methanol/water)
and 3.0 ml of acetonitrile. the mixture was vortexed and the
25 resulting precipitate was removed by centrifugation (4,000 g,
10 min) . The supernatant was evaporated to dryness under
nitrogen and reconstituted in 200 M1 of HPLC mobile phase.
Aliquots (0.05 ml) were analyzed by HPLC using a Keystone
Hypersil BDS, 250 x 4.6 mm C 18 column. The mobile phase
30 contained 2 % acetonitrile in 30 mM sodium phosphate buffer
containing 5 mM heptane sulfonic acid, pH 2.0, and was pumped
at 1.0 ml/min. Ganciclovir and internal standard were detected
and measured by UV absorbance at 254 nm.



m, followed by water (2 m ). The organic |layer is dried over 15 nmagnesi um
sul fate and concentrated under reduced pressure. The residue is
precipitated froma m xture of ethyl acetate and cycl oh
(S)-2-(2-am no-1, 6-di hydr o- 6- oxo-purin-9=55. '”ﬂSSHEETHASB:EN
yI)nethoxy)-S-benzonxy 1-propanyl N benzyl oxycarbonyl )it L- vaspmabggas
.solid. 20 B. L 2- (2- Am, no:- 1, 6-di hydr 9- 6- 0xo ur|n 9- ey

hydr oxy- 1- propan? 9Lb%8PVﬁé§ébﬁ}aFﬁcK%brFaecalcu ated actording to the
(S)-2-(2- Ankgeatibndghyenoif- BXampLei 9; 9-yl ) net hoxy) - 3-

benzyl oxy- 1- propanyl N-(benzyl oxycarbonyl)-L-valinate, 225 ng 25 (3.9 nol),
I's dissolved in nethanol, 12 m, and concentrated hydrochloric acid, 0.3 ni
(3.9 mol ) is atﬂdedpraiheug‘i zt-meeaininal-apeddungldronst-bﬁgepuamd-—paytLadi um on

car bon, The n1xture h enated,in a bonb under
oar ogenS( AOEnEE- SRT okl TbEbe Ry 2L VAT PERER Fig B SoFeL mb8TD
addi ti onal pwhidabibity ofirBBn7ate 2d(2dambmo-1hée-dikydre-Gydxogpnninddat
100 psi for JThe_ni b Syfdlte p lite and
t he residue ?gmgggé %ﬂ?Hﬁﬁééﬁéﬁg*illké%figgﬁéb§?€??% e ?g g%afﬁrated to
dryness undetoawditelipteysof e23 Thet r cGanicicleviry s%@ﬁi vedomavm biliky35

m, and heaggdgtg @erélvfhg|éﬂ@rgﬁﬁ@0$r6§r@6)of§1 gadeficiovir iv to
REPLACENENT SHEET wth stitring whi mai nt ai ni ng e tenperature (60 -

[err] C¥ s%#%ﬁlﬁmn*§Y§lE@ﬁ?l%%oi%dat@ﬁ%HdQEQA %ﬁﬁﬁﬁ%&ﬂPelb%%erB
hours. The ¢¥ksUptbdBugObEt4DN6i S, heated to [err] C and

EXAMPLE 11

15 The following examples of the proposed ganciclovir L-
valine monoester capsules contain as excipients povidone, a
binder; corn starch, a disintegrant; and stearic acid, a.
lubricant and glidant; which are filled into a two piece-hard
gelatin capsule shell. Water is the ‘granulating liquid, and

20 is essentially removed during proce331ng

V ~—
Capsules
{One Capsule Three Times Per Day)
25 _
Weight Per %

Ingredients Capsule (mg) W/W

Ganciclovir L-valine monoester

hydrochloride 3390.00 92.75
30 Povidone : 12.61 3.00

Corn starch 16.81 4.00

Stearic acidl | 1.05 0.25

Total fill weight (theoretical)3 420.47 100.00
35
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addi tional isopropanol added, 2 ml. The m xture is allowed to 5 slowy cool
to a final tenperature of [err] C over 4 hours. The crystals are isol ated
by filtration and washed with 2 mM of cold 2 % water/isopropanol to obtain
(S)-2-(2-am no-1, 6- - 56 - -
di hydr o- 6- oxo- puri n-9-yl ) net hoxy- 3- hydr oxy- 1- propanyl - L- val i nate

hydrochl oride. 10 Rreparation . of. 2-(2-Am nos1, 6-di hydro-6-.0x0:purj n-9-
from 2 (25 Ari no-TRETRRTRAE ISR T AT TR Ut et g R AR
bis (L-val i capehléi sheadtstate .
2- ((2- Ami no-1, 6-di hydr o- 6- oxo- 9H puri n-9-yl ) met hoxy) - 1, 3- propanedi vyl
bis-L-vaIinatﬁ bis acetic acid salt, 100 ng (lyophilized sanple contai ned
0.6 equi val ent's The excunt efesiteazdcasicdd Gayoxamyolfrom .48t &o &f. 08. oZ6
mol of 3cetjg @figﬂ%'mas di ssolved in de-ionized water, 0.4 m, and
partially neutyaliZed by the addition of 24 nl of a 0.015 M ammoni um
hydr oxi de sol Ut iThe @QURE @fpoWater @ayi VaFve tRaPrioduce;any gaeePdapdeat ur e

for 67 hrs.qgd88usaFPbR, Vaad! Pt edai 8o equal 25 |ots onto a preparative
reverse phase3HPLC col u - Pack, ODS- AM DVt 33-5, 2 x 250 ,mm. YMC I nc.).
W§%9%§n

|l um ((YMC
Separation was F0% &PE@lnitd o we (thgorekisall odoss: Rokoinclysin ¢he M
anmoni um aceégi@ualfheistute thad WilD beeprésént dinftey £8h€508a5 M/ mn
and the getect r set to 256 nm The two peaks 30 representing the two
di ast er d9nePECBPthe nono ester product were coll ected. The sol vent was
renoved under high vacuumto about 2 ml and the residue was |yophilized

twice fromwa | : Uddester M
(0.112 nmol = - - NO- 1, b-dI nydrl O- b- OX0- 9FF
purin-9-yl’) - met hoxy) - 3- hydr oxy- 1- pr opa@Rsihes i nate acetic
{Iwo Capsules Three Times Per Day)
15
Weight Per = %
Ingredients o Capsule (mg) W/W
Ganciclovir L-valine monoester '
hydrochloride 312.00 92,75
20 Povidone ' 10.09 3.00
Corn Starch _ 13.45 4.00
Stearic Acidl | : 0.84 0.25
Water?2
25 Total fill weight (theoretical)3 336.38 100.00
The'powder blend is filled into two piece hard gelatin
capsule shells,
30 1 The amount of stearic acid may vary from 0.1% to 5.0%

of the weight.
2 The amount of water may vary to produce an acceptable
granulation, and is dried off.



-48- acid salt was isolated as a m xture of two diastereoners with the
follow ng characteristic peaks of the NVR spectrum [err] NVR (300 Mz)
DMSO-d6 solution: 8 7.78 (1H, s, HC8), 6.48 and 6.45 (2 br.s., 2H NH2),
5.44 (mAB, J = 11 Hz) and 5.43 (s) 5 totalsg7of 2H, CH2; 1.91 (s, 3H, CH3COO
), 0.83 + 0.82 (2d, J=7 Hz, 3H, CH3), 0.75 + 0.76 (2d, J=7 Hz, 3H CH3).
EXAVPLE 7 Separa&ion of (R'S) 2-(2-am no-1, 6-di hydro-6-oxo0- 10
purin-9-yl ) net hoxyTBe hydtakyfilvaveibghe Ffthednétboabf déeS)not include

2- (2-am no- [ .

1 ) et hoxy- 318, Araksudi nbi8tlRe Bhlk, wird pe mregpntni8ovhs, FRLERSEN um
acet at e, acpapﬁued to pH 4 with acetic acid, 10% 15 nethanol (9.60 m) was
applied to a YMC-Pack ODS- AM HPLC col unmm (cat. no. DM 33-5; size, 250 x 20
mr.D.; particle, S5 nn1 120 A in 48 |nject|ons of 200 [err]L mnth
elutlon t 9.5 XA 03 Ko LDk Bia88 Soggy ERBSLS g

det ect ed usi ng Knauer Vari able ;'ve eng' t© 256 nmand t he
fractions collected manually. Three sets of fractions were coll ected, peak

1 (retention,tinBléfd4tReNganc@Blevet! apRaldneecfibABeREEEAA! {aarﬁeaksmad
peak 2 (retentlon ti The,fractions of each set were conbi ned,

25 evapor at E87An§ERTF dgﬂeﬁ ﬁPéEéB}s P{*PEnpyve the nethanol then
| yophi | il@ed2t o rbhieselirbethenpbouwidgneoint the watponeihth. stheriagi.due was

dissolved ig watgyy 35) L ¢¢) L gnRie*c8htIndE8s' €0 mix to form a
granulation.
4, Mill the wet granulation if necessary.
5. Dry the wet granulation in a dryer.
15 6. Pass the dry granulation, the remaining corn starch, and
the stearic acid through a mill.
7. Blend.(G) in a suitable mixer.
8. Encapsulate the appropriate amount of (7) into 2 piece
hard gelatin capsule shells.



acid and lyophilized again xleldlng peak 1 (1.57 g) and peak 2 (0.91 g).
HPLC anal ysis of "the ‘product s u3|ng a YMC-Pack ODS- 30 AM columm (cat. no.
RM 33-5; size, 2ROShectdlabBeenRepiaced particle, S-5 mm 120 A) with elution at
0.5 n/min. usi ng"m‘la‘m ‘m‘mﬂ e Of 90% Q.58 .M anyresi= ate, acidified
to pH 4 with acet t hanol i ndi cat ed

time 24.4 mn. on € preparative ‘colum) conta

1 (retention tinme 21.1 mn.), 26.4@6peaku&1mg-l‘-E#~~: --------
mn.) and 2.8% fully hydrolyzed product (retention tine 12.4_nin.); and
peak 2 (retention tinme 27.8 mn. on the preparative colum) contained a
- m xture 68.5% pedk Therebmpbhnd 2rreg-afifomln6rdiRydEesr peakotplirénedti on

time 5 20.2 _ W -hyd I Rk Q! etenti 11.6
min). poak YD Bty hydroky dppo et CidTnbrkthE s BRe= 0y 0 1
annDnlunﬁac@ﬁ&técaéﬂa’ﬁpseptébéﬁ sajitt khereoife ani §heldarmeofadsis (R)60om )
and purifi eds30aiBseeiraBnhs, Skt ¢M eutl irBed Bef RigclRea! ofSchl €4l ons of
200 M. Two sets of fractions correspondi ng to peaks 2 were
col | ect ed, E4ABLREGOMEZSti al |y evaporated under reduced pressure to renove
t he nethanol and the renai nder |yophilized to renmove the remaining volatile
conponents. The residue fronlegch set of fractions was dissolved in water,
careful ly 15 aci dirf T8 CEMBRUR mFFﬁ°5§échtac?aaéﬁdllQBBBFFPiBE 8ade nore.
The fraabi ondxtarecgpatdindngoenaal ampuakdedrfaivii (R)Fl gahtly (spkid (0.70 g)-

whi ch appear, gsgggggagoglc on.exposure to_ain

3. The compound according to Claim 1 wherein the
pharmaceutically acceptable salt is the hydrochloride or
15 acetate. '

4. A compound according to Claim 1 in crystalline form.

5. The compound of Claim 1 which is (R)-2~(2-amino-1,6-
20 dihydro-6-oxo-purin-9-yl)methoxy-3-hydroxy-l-propanyl—-L-
valinate and its pharmaceutically acceptable salts.

6. The compound of Claim 1 which is (S)—2-(2-amino—1,6—
dihydro-6-oxo-purin-9-yl)methoxy~3-hydroxy-l-propanyl-L-
25 valinate and its pharmaceutically acceptable salts.

7. A compound according to Claim 5 or 6 wherein said salt
is the hydrochloride. '

30 8. A compound according to Claim 5 or 6 wherein said salt
is the acetate.

9. A pharmaceutical composition comprising a compound
according to any one of Claims 1 to 8 optionally including a
35 pharmaceutically acceptable excipient or carrier material.

* [ L L] s *



HPLC anal ysis (perfornmed as outlined before) indicated this to be a mxture
containing 94. 9% peak 1 (retention time 21.1 20 mn.) 4.6% peak 2
(retention time 26.7 mn.) and 0.5%fully hydrol yzed product (retention
time 11.8 min.); 1H NVR analysis (d6DVBO-59err] values quoted relative to
tetramet hyl silane as internal standard) showed characteristic peaks [err]
~5.43 (mAB, 2H, JAB = 11.1 Hz, dA 5.44, dB 5.43), 3.02 (d, 1H, J =5.2 25
Hz), 0.82 (d, 3H J =6.8 Hz), 0.75 (d, 3H J = 6.8 Hz). The fractions
corresponding to,geakyg ghsmgéeatwaieca{gg{zgﬁe ! o8y 8ing) téﬁhgiﬁim 9
appear ed hy%rosqoplc on exposure to air; anal'ysrs fper ornmed as
out | i ned beferejintraveacssd apminigtpataoni.xture contai ning 91. 0% peak 2
(retention tinme 29.8 mn.) 30 8.4%peak 1 (retention tinme 28.4 mn.) and
0.6% ful Ly hydrol yzed product (retention tine 14.4 mn.); 1H NWVR analysis
([err] DMBO, 8 va@iesAquﬁP@B°PE aPfveneofPERRAR®t hyl si | ane as i nternal :
standard) showed characteristic peaks. d 5.43 (s, Z2H), 2.99 (d, 1H J = 5.2
Hz), 0.83 (d, 3H, J =6.8 Hz), 0.76 35 (d, 3H J= 6,8 Hz) . - 50-
EXAMPLE 8 A Preparation of (R 2-(2-am no+7T. |§ydro-6-oxo- 5

puri n-9-yl ) net hoxy- 3- benzyl oxy- 1- propanyl (N

benzyl oxcar bonyl)-L-valinate To a sol uti ongof] shzyNoxycar bonyl - L-val i ne
(327 ng, 1.30 nmol, 3 equivalents) in dichl%roneth%iiJ(ZS m ) under

ni t rogedOwas added 1, 3-dicycl o-hexyl carbodii m de (134jng, O0.65

il
15
' wherein
Pl is hydrogen or a hydroxy-protecting group ahd P2 is an
amino-protecting group. |
20 12. A process for preparing the compound 2-(2-amino-1, 6-

dihydro—G—oxo—purin-Q-yl)methoxy-3—hydroxy—l—propanyl-L-
valinate or a pharmaceutically acceptable salt or diastereo-
mers thereof which process comprises:

25 (a) removal of an amino- and/or hydroxy-protecting group from
a compound with the formula

T w ¢ L M s *



10 mmol, 1.5 equivalents) and the reaction m xture stirred at room
tenperature for 13.5 hours. The resulting mxture was filtered to renove
the insoluble material and the sol vent evaporated under reduced pressure
using a rotary evaporator. The resulting-v@gte foamwas dissolved in dry
DMF (10 m) 15 added directly to a solution of
(S)-2-(2-am no-1, 6-di hydr o- 6-

0XO0- puri n-9-yl ) met hoxy- 3- benzyl oxy-1-pro
equivalent) also in dry DVF (10 m). 4, 4-
0.11 nmmol, 0.25 equival ents) was adde
mxture left to stir at 20 roomtenperpture
anal ysi s i ndicated consunption of the arti
m xture was evaporated under re p re #hd the crude product
purified by flash chromat ography using a nobil g phase of 95% net hyl ene
chloride, 5% nethanol to yield the title 25 conpound as an anor phous solid
(158 ny, 63% . B. Prepargtion, of (R)-2-(2-an no-1.6-dihydro-6-oxo-

-1-ol (150 ng, 0.43 mmol, 1

i met hyl - am no-pyridine (13 ng,
solution and the reaction
7 hours at which point TLC

terials. The reaction

Ifor

purin-9-yl nethoxy-3-hydro - pr -vA{nat e hydrochl ori de 30 _

(R) - 2-(2-am no-1, 6-di hydr o- 6} oxo- purt n-9-»1) met'hoxy- 3- benzyl oxy- 1- pr opanyl

(N-benzyl oxy- car bonyl ) -L-val natg/% , 0.27 mmol) was dissolved in
ydrochloric acid (24 m, 0.27 nmol)

met hanol (15 ml) anagg tyd
added. The m xture sggﬁacqg upder nitrogen and 10% pal | adi um on carbon 35
(48 ng) was added. The nixt%ie s hydrogenated in a Parr -51 -

)

wherein:
Pl

S amino-protecting group, and p3 is hydrogen or P

is a hydroxy-protecting group or hydrogen, p? is an
2;

to afford the compound 2-(2-amino-1, 6—dihydro-6-oxo-purin-9-
yl)methoxy-3—hydroxy-i-propanyl— L-valinate or a pharma-
ceuticaily accepfable salt thereof; '

10 (b) conversion of the compound 2-(2-amino-1l, 6-dihydro-6-
oxo-purin-9-yl)methoxy-3-hydroxy~l-propanyl-L-valinate into a
pharmaceutically acceptable salt thereof; or

(c) esterification of 2-(2-amino-1, 6-dihydro-6-oxo—-purin-
15 9-yl)methoxy-1,3-propanediol (ganciclovir) or a salt thereof,

with an activated derivative of L-valine; or

(d) condensation of an optionally substituted guanine of
the formula

W



shaker under hydrogen (50 psi - of pressure) for 5 hours. The nmixture was
filtered through a pad of Celite and the residue washed wth nethanol (25
m ). Evaporation of the conmbined filtrate and washi ngs under reduced
pressure yielded the title 5 conpound (1Q%1m, 95% . HPLC anal ysis of the
product using a YMC-Pack ODS-AM colum (cat. no. RM33-5; size, 250 x 4.6
mM.D.; particle, S-5 nm 120 A) with elutign at 0.5 mM/mn. using a nobile
phase of 90% 0.1 M anmoni um acetate acidifi*ed to pH 4 with acetic acid, 10%
met hanol indicated it to be a 85 10 : 15 mixture of (R) and (S)

di astereonmers. EXAMPLE 9 Determ nation ofy sorption (Bioavailability)
in the Rat 15 The foll owing assay was usgd td{deYerm ne the oral absorption
(oral bioavailability) of the conpgfgly INa | (L-nonovaline ester of
ganciclovir) and of other ganciclovir am no acid esters, other ganciclovir
esters afd ethers 20 exani ned for conparative putposes. To neasure the oral
bi oavail ability of a conpound first the plasma | evel of the conpound in
male rats was determned after a _single oral (po) dose of the conpound. To
measur e the°?§1@P&ﬂlﬂié&v&ﬁF&BﬂNﬂ?ﬁe%ferHwO-drug, first the plasm |evel

of the actiygeg@dpeund, in this case ganciclovir, was determned in nale
rats. after a singhke, po dqse of the pro-drug. Then the plasma | evel of the
active conpound, Egahgi RYg¥Pgen; er jahcAIHARGPFALREF LNTa¥ECUP e F1ERsRRyPE

i nt ravenous sgbs: idated3g19teirbe egmphen@orhanlaganci clovir the single dose
in each case, po and iv, Is 10 ng/XYy; for a 8rodryg ester (including the L-

y2

15 wherein:
_ vl and Y
~alkyloxy, or aryl(lower)alkyloxy groups, and Z is a leaving

2 independently are halo, lower acyloxy, lower

group selected from lower acyloxy, methqu,.isobropyloxy,
benzyloxy, halo, mesyloxy or tosyloxy;

20 optionally in the presence of a Lewis acid catalyst, to
provide the compound 2-(2-amino-1, 6-~dihydro-6-oxo-purin-9-
yl)methoxy—3—hydroxy—l-propanyl—L—valinate; or -

(e) partial hydrolysis of the bis ester 2-(2-amino-1, 6-
25 dihydro-6-oxo-purin-9-yl)methoxy-1,3-propanediyl bis (L-
valinate) or a salt thereof to afford the monoester 2-(2-
amino-1, 6~dihydro-6-oxo—-purin—~9~yl)methoxy-3-hydroxy-1-
propanyl-L-valinate or a pharmaceutically acceptable salt
- thereof; or

(f) diastereomeric separation of 2-(2-amino-1, 6-dihydro-
6~-oxo-purin-9-yl)methoxy-3-hydroxy-l-propanyl-L-valinate into
its (R) and (S) diastereomers.

* [ L M s *



monoval i ne ester of ganciclovir) the single dose in each case, oral and iv,
is a dose equi nmBlisgihest Hasit lacedof ganciclovir. Fromthe two neasurenents
foll owi ng po and ﬂu ion, 35 the oral bioayet == '

conmpound was cal 52- divi di-6g -t he t ot alf arSSHERISIAS BEEN
concentration vs. tinme curve followi ng p.o. adm nisttlati onREFLARED ot al
area under the concentration vs. tinme curve follown vV—admni stration,
appropriately coridct®hefprodess, oficCbaitinngy2; owhéreetygubhe onemdva&lpob.) (%
= [AUC(p.o.) ks AUCLL .V D bl $d o/ PsQ. 0,Ihe (total
area under %ﬁén8tf%§9 9gkﬁé§gﬁg?§£%8¥éggc8?2?@% 3§e%éfﬁéé§n?§?eut?%% range
whi ch was amgligiedcpndatdonsa.hr. The dose vehicle for oral and intravenous
dosi ng consi sted normal saline containing 2 %acetic acid. In both 15 cases
the conmpound concentration was equivalent to 4.0 ng/nml ganciclovir with a
dose raté& equi val®ntAt 8OMPORRAKES (21ained iy etai@pcl ckoverwheneyergm rat
recei ved 0. prBpapbdt B9 &rpkodeds 88! HihOMelYifa¥2EEm8r 1¥i andni8ction into
the tail vern. 20 The rats were acclimtized to t-he |aboratory environment
for three days and fasted overnight before start of the experinent and

until 4 hours afi®( Hosbmpoukdioas sbsited! £stelaims 1 to 8 as a thera-
peutically active agent.

10
16. A compound as claimed in claims 1 to 8 as a thera-
peutically active agent for the treatment of antiviral and
related diseases.

15 17. The use of a compound as claimed in claim 11 for the
preparation of a compound as claimed in claims 1 to 8.

18. The use of a compound as claimed in claims 1 to 8 for

the preparation of pharmaceutical compositions.

19. The use of a compound as claimed in claims 1 to 8 for
the preparation of pharmaceutical compositions for the
treatment of antiviral and related diseases.

25 20. The invention substantially as hereinbefore described
especially with reference to the examples.

21. A method of treating an animal afflicted with, or at
risk for, a viral or related disease which method comprises
30 administering a therapeutically acceptable amount of a
compound of Claim 1 to said animal.

22, The method of Claim 21 wherein the compound is
administered orally.
35
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from4 rats at each of the following tinmes: 0 min (pre-dose), 25 5 nmn (iv
only), 15 mn, 30 mn, 1 hr, 2.hr, 3 hr, 5 hr, 7 hr, 10 hr and 24 hr. The
bl ood was i mredi ately centrlfuged to obtain the pl aspa_and the—p
frozen at [err] until analysis. 30 Assay -@3-Ganci @ %\gsﬁgE-PHasrBEEN
of plasma (0.50 mM) were mxed with 0.020 ml of i ernalnwd
(acyclovir, 15 [err]/m in 10 % et hanol /water) ang B—r—o nitrile.
The mi xture was @3t &hedmetiiodhefr €daim 33 phecepnt &he mmppandvés by
centrifugati al rnatant was evaporated to
dryness undg;a?nlgﬁ %%Qeqi at%fo g:r?galn r-egcagr%?i%?)ut ed in 200 [err] of HPLC
nmobi | e phase. Aliquots (0.05 m) were analyzed by HPLC using a Keystone
Hypersil BDS, 25@4X 4n@ methodSo2okiiim ZhewhRReia PRaseompBLAWNEd 2 %
acetonitrile in 30 nmM sodi um phosphat.e buffer 5 containing 5 mM heptane

sul f oni ¢ Jaciadmigdsteres,@snad Joksayitrealo iMPAsnE. Ganciclovir and

i nternal standard were detected and neasured by WV absorbance at 254 nm
ORAL BI QAVAI LABI LI TY 10 COVPOUND . ORAL BI QAVAI LABILITY
REFERENCE (F %9 Ganciclovir (G 7.9 US 4, 355, 032
{2-(2- Am no- 1, 6-di hydro-6-o0xo- 15 purin-9-yl)-methoxy-1, 3-propanedi ol }

Sheet Has Been Reﬁaced

\\Illlll T

L



G bi s(propionic acid) ester 17.7 J. Pharm Sci. 76, 180-184 (1987)

G bis (L-valine) ester 52.0+ + EP.375 329 G L-valine ester
benzyl ether non- det ect abl e - 20 G bi's(phenyl gl yci ne) ester

8. 18 di acetate G di benzyl ether -64- non-detectable - Am no
Acid Ester of the Invention 25 G L-valinate acetate 84.0
G L-valinate hydrochl ori de 98.1 EXAMPLE 10 Determ nation of Oral

Absorption (Bioavailability) in 30 the Cynonol gus Monkey The foll owi ng
assay was used to determ ne the oral absoWral bi oavai l ability) of
t he conpound of Fornmula | in the Cynonol gus nkey. 35 -54- Animal s,
Dosi ng and Sanple Col |l ecti on Mal e cynonol gus nonkeys weighing 5 to 7 kil os

were used. The annh@Rhsmépcvaledemakey a@&wvear ¥irbmaRd (%akefindnd ,Bai nt ai ned
on a 12 hour Ih:yght _1ycl e. The tested corrpoun s.were 5 formul ated at a

concent r at | ~X G HUr iy Sy lhmed oKy dn 36'19’:@&’&?&9(91&?1 @nd, i&q i ne.
The oral for;mdmfadammmqpﬂaucﬁpQraMebxéag&\sa@&eatdmdl@ts@d)fwhhc@l ek @£ or

@ Tinal dose, S T Afetall SRS U5 TR LBUpe 105



at a cdncentration .of 20 ng/mM and adm ni stered at a |
ani mal s -were fasted begi nning the evening prior to dodi
after dosing. Bl ood sanpl es were taken 15 éon1each
5mn (rv only), 15 min, 30 min, 1 hr, 3 hr,= 5 hee—e
hr after dosing. The bIood sanples mere coIIected i n hepis v

and the plasnma was i medi ately isol ated entrifugation-and.frozen at
[err] until analysis. 20 Assay of (Gancic i n Plasma Aliquots of plasm
(0.5 M) were mxed with 0.020 m of internal standard (acyclovir 15 [err]

in 10 % met hanol / e t

vortexe(:j and the 25 reés' ‘g‘”g‘?re]% gjltﬁfgﬁém)/gis gr-e ﬂl\ye#% centr ugat9| on
(4,000 g, 10Yhin?thqhﬁ-%Ubﬁdngxznl“DBQP%N@&N%?NQ%hm%t@r?ﬁe%Sphﬁﬁ@ﬁ ni t rogen
and feCO“§t'gé%€9$E§09cééﬁél p& .e%ﬂ@% 48t P echéd f&a&&@téf(&%(ﬁfi»\ or

were anal yze usi ng a eystone BDS

col um. The ﬁﬁbr@eaﬁhaseomgr%on@auh@dt@e t@ﬁl@#*¢%¢¢% %@ ﬁﬁ#s%ﬂ?un1
phosphate buffgsrep8babpsnNg S mM heptane sulfonic acid, pH 2.0, and was
punped at 1.0 mM/mn. Ganciclovir and internal standard wer e detected and
nmeasur-ed by UV absorbance at 254 nm The bioavailability (F) is

cal cul ated accor d2 NOTH® &bRpSEMRALAEEL M td 2| B Sbomprising said
10 mixture containing equal amounts of its (R)- and (S)-
diastereomers.

3. The compound according to Claim 1 wherein the
pharmaceutically acceptable salt is the hydrochloride or
15 acetate.

4. A compound according to Claim 1 in crystalline form.

5. The compound of Claim 1 which'is (R) -2-(2-amino-1, 6—
20 dihydro-6-oxo-purin-9-yl)methoxy-3-hydroxy-l-propanyl-L-
~ valinate and its pharmaceutically acceptable salts.

6. The compound of Claim 1 which is (S)-2—(2—amino-i,6-
dihydro~6-oxo~purin-9-yl)methoxy-3-hydroxy-l-propanyl-L-
25 valinate and its pharmaceutically acceptable salts.

7. A compound according to Claim 5 or 6 wherein said salt
is the hydrochloride. |

30 8. A compound according to Claim 5 or 6 wherein said salt
is the acetate.

9. A pharmaceutical composition comprising a compound
. according ‘to any one. of Claims 1 to 8 including a
35 pharmaceutically acceptable excipient or carrier material.

|I|I|III l||||| IIII\ ||I|I | IIIl _



The prodrug 2-(2-am no-1, 6-di hydro-6-ox0-purin-9-yl)-._5 5 ==
met hoxy- 3- hydroxy- 1- propanyl - L-val i nate had an oral [ ocpia\EMEF BHEET Of
35.7 % 2-(2-am no-1, 6-di hydr o- 6- oxo- puri n-9- 9 1997 i

yl.) met hoxy- 1, 3- pr opanedi yl -bi s-L-val inate h an -ora Q&Qavéz agE"Lty“o

23.5 % Ganciclovir had a bioavailability of¥9.9 % @ e
orally and ganciclovir iv to 10 the same nonkeys results in a mean oral
bi oavai | abi | igstdmrot hpanyiasiiai wford & pHErmMacEtliicalllyl acceptable fsdltovemng

exanpl es of the proposed nci cl ovir l- valine mnpester ca | es._cont aj n
as exci pi ent Mﬁ%@eﬁ%ﬁﬁﬁf@ﬂ &x e:ﬁ%%’% aéﬁ@’ﬁué:ger é‘ﬁt%?‘ ang ed1E
aci d, a | ubrisxgidabarel egicignirdnt s lcaarm end,| dibn nise dnt wregitacw lentdiviral
gelatin capsul.e I t | s the granulating liquid, and 20 is
essentially g@r?o\%gléd:tﬁq \r%isge:aogce}s'si ng. Quantitative Conposition of
Ganciplovii L-Val i ne Monoester Capsules (One Capsule Three Times Per Day)
25 \Vei ght Per I0d RHEH edgp%Ct'hyté}iosc invention provides a riétidd &£ M)

w w Ganci cl ovir L-val i ne nonoester hl ori de ,
390. 00 treatgngromPrayenydng viral infections or related diseasep) g1

3.00 Corn st dmprising the administration of the hon@llL-valine estdi0of
Stearic [err] err

1.05 0. 2
Total fill woaRRiqavds &5 @ pharmaceuticalldy afceptable f@d.toé?”éf“ or a

10 composition containing same to an animal in need of such

rug

treatment or prevention.

In a fourth aspect, this invention provides compounds
which are useful intermediates for preparing mono-L-valine
15 ganciclovir and its pharmaceutically acceptable salts of

formula:
OH
|
N
N/
- . ./'\\/IN\>
HN™ N | (II)
b o~
. .
2 2 yd
2 F2uN i ﬁ
H o

wherein P, is hydrogen or a hydroxy-protecting group and P, is an amino-protecting group.

30
A fifth aspect of this invention is a process for
preparing the prodrug compound of the invention and its
pharmaceutically acceptable salts. This process involves the
esterification of ganciclovir and its derivatives, the removal
35 of protecting groups f:qm.uganciclovir esterified with L-



-56- The powder blend is filled into two piece hard gelatin capsul e shells.
%hThe annuntfof stearic acid may vary fromO0. 1% to 5. [jS%ef=h wei ght. 2
e ajount of water may vary to produce an acceptabl e Epumﬁﬁi-_-"“" 31

dried off. 3 The total fill weight (theoreti alf doe -th in IJ%Q7‘ '
résidual noisture that will be present .in f%g fini shgdDa® :pr £ guBEC 18
Quantitative Conposition of Ganciclovir L-Valine Mnoe T o i
Capsul es Three Times Per Day) 15 Weight Per QH % Ingredients
Capsul e (ny) W W Ganci cl ovir L-valine nonoé fer hydrochlorlde

312. 00 92.75 20 Povi done , e 10. 09
3.00 Corn Starch $§ 45 () 4. 00
Stearic [err] 03NN @gJ84 ' 8.25 Wat er2 25
Total fill wei ght (theoretlcaI)B 100. 00 The powder
blend is fijlled into two piece hard gelatin capsulﬂ shells. 30 1 The

anount of Stearic acid may vary fromO0.1%to 5. 0%

optionally in persilylated form,
wherein p3 is hydrogen or an amino-protecting group, with a 2-
substituted glycerol of the formula:

10 v

T\ O L2
Yz—_—>/\/ (VD)

1S wherein vl and ¥2 independently are halo, lower acyloxy, lower
alkyloxy, or aralkyloxy groups, and 2 is a leaving group
selected from lower acyloxy, methoxy, isopropyloxy, benzyloxy,
halo, mesyloxy or toéyloxy, and the like;
optionally in the presence of a Lewis acid catalyst, to

20 provide the compound of Formula I; or ' -

(e) partial hydrolysis of the bis ester 2-(2-amino-1,6-
dihydro-6-oxo-purin-9-yl) methoxy-1, 3-propanediyl bis (L-
valinate) or a salt thereof to afford the monoester of the

25 Formula I; or

(f) optical resolution or diastereomeric separation of a

compound of Formula (I).

30 The compound of Formula I and its pharmaceutically'
acceptable salts exhibit pharmaceutical activity and in
particular antiviral aqtiﬁity. As such, the compound and its
pharmaceutically acceptable salts are useful for treating a
broad range of conditions in animals, particularly humans.

35



of the weight. 2 The anobunt of water may vary to produce]| RFPAACEMENT SHEET
granul ation, and is dried off. -57- 3 The total fill ight 29 DEC 199
(theoretical) does not include the residual noisture th Datd ... be.. presenz
in, the finished product. 5 Exanpl e of the Manuf act

Ganci cl ovir L-Valine Mnoester Capsul es 1. -8Bl end the ganciclovir L-valine
nonoester and part of the corn.starch in a suitable mxer. 10 2.

Di ssol ve the poybfEDEni Bak henwsisé &Bﬁfhf%ﬁéfédwhnaa codﬁﬁ%ié&oﬁotﬁéﬁ !@'ie

continuing to mx to forma granulation. 4. he wet granulatlon

necessary. 5. Semtﬁ9li§hé993§e§ra§%¥%§?%m ?9#9F¥9@ers“§RFnQF n QnQther (ry
granul ati on, aﬁsré FRa e NSoMP6Sitid fhas adlﬁsétli'@sé?d afeteinafted hrorgh a

arount ' of <?§ Sﬂarréaée{aé‘b%‘e epmoRerELoTs s meedraed X ¢ 1o MG e
A pharmaceutical composition comprises the compound of
Formula I or its pharmaceutically acceptable salts, preferably
in combination with a pharmaceutically acceptable excipient.
Such excipient is one that is non~toxic. Such excipient may
10 be any solid, liquid, semisolid, gaseous (in case of an
aerosol) excipient that is generally available to one of skill

in the art and that does not adversely affect the activity of
the active agent.

15 In general, the pharmaceutical composition of this
invention will contain a therapeutically effectiﬁe amount of
the compound or its pharmaceutically acceptable salts in
combination with at least one excipient. Dependlng on the
type of formulation, size of a unit. dosage, kind of excipients

20 and other factors known to those of skill in the art of
pharmaceutical sciences the amount of compound of this
invention may vary over a wide range in the composition. 1In
general, the final composition will comprise about 1% to
about 99.5% wt of a compound of the invention with the

25 remainder being the excipient or excipients. Preferably the
level of active compound will be about 10.0% wt to about 99 %

~wt and most preferably about 50 % wt to about 99 % wt, with
the remainder being a suitable excipient or excipients. Useful
pharmaceutical excipients for the preparation of the

30 pharmaceutical compositidns hereof can be solids, semisolids,
liquids or gases. Thus,_thé compositions can take the form of
tablets, pills, capsuleé;_pcwders, suppositories, transdermal

-patches, sustained release formulations, intravitreal
implants, solutions, in particular intravenous solutions,

35 suspensions, elixirs, aerosols, and the like. Solid pharma-



1. The conpound 2-(2-anfno-1,6-dihydr6;6¥okb-purin-9-
yl ) met hoxy- 3- hydr oxy- 1- propanyl - L-val i nate or a pharnma-
acceptable salt thereof, in the formof its (R - or (S
in the formof mxtures of the two diastereggers. 2. Th
to Claim1 conprising said 10 m xture contaihing equal &
and (S)- diastereoners. 3. The conpound according to C a Whe ?
phar maceut i caadiding capt abganial solventiembyciblél withewates 4. A
conpound according to Caiml.in [ he ' u _Caim
1 which ic (angf'zl}%éggm eghahal, 2556&’?68&&61‘, { QL FAnPardBEr&8"BL R85
di hydr o- 6- oxcaptiribe 9-yljernavkye By hycheXyydrpchheride Lsaltl cantReand its
g-g;i[ e COULYsOEPEPIAR! £rof! 4 atthydPGuS ORI ta Phald P! S0 TuthbA] Lich as
di hydr o- 6- Hx rekinamo b, yethanobxybR- theraddition pirgther OBganienaelvents
i ts phar maceug,, Gal SGLePt s&l t £EIP e RGO FERBah Oofl @l M 5
or 6 wherei nués,}'&;ua?jl éé%'{llt 'S t%%drbcﬁ?%éf%% 30 8. A conmpound
according to ¥PHeR&. or 6 wherein said salt is the acetate. 9. A
pharmaceuti cal conposition conprising a conpound according to any one of
O L Lo B e kg P 5% RO TS HLL 8L YaRE ERAABL &5 CHELPLE DA Lo

10 enable those skilled in the art to more clearly understand and .

to practice the present invention. They should not be
considered as limiting the scope of the invention, but merely
as being illustrative and representative thereof.

15 : EXAMPLE 1

A. (R)-(1-Chloro-2-acetoxymethbxy—3-benzyloxy)prépane
20 - HCl gas (dried by passing through concentrated H2S04) was
bubbled into a stirred mixture of (S)~-(+)-benzyloxymethyl-
oxirane (500 mg, 3.06 mmol) and paraformaldehyde (201 mg, 6.71
mmol) in dichloromethane (8 ml) at 0° C until all the solid
dissolved (ca. 45 min). The resulting golution was stored at
25 0° C for 16 hours. After drying with magnesium sulfate, the
solvent was evaporated to provide (R)-(l-chloro-2-chloro-
methoxy-3-benzyloxy)propane. This chloromethyl ether
intermediate was dissolved in acetone (3 ml) and added
dropwise to a mixture of potassium acetate (2.1 g, 21.4 mmol)
30 in acetone (7 ml). The mixture was stirred at ambient
temperature for 16 hours. The solid was filtered off and the
filtrate concentrated. The residue was taken up in 20 ml of
toluene and the solution washed with saturated sodium bicarbonate
solution (10 ml) and water (2 x 20 ml). The organic layer was
35 dried over sodium sulfate. After filtration, the filtrate was




10. The pharnmaceutical conposition according to Claim9 for intravenous
adm ni stration. 5 11. A conpound of the fornul a ks '
[err]. is hydrogen or a hydroxy-protecting group and \leRE
ani no- protecting ‘group. 20 12. A process for prap
2- (2-am no-1, 6- di hydro- 6-o0xo0-purin-9- yI)qgthoxy-S-h 0
valinate or a pharmaceutically acceptable Salt or di
whi ch process conprises: 25 (a) renoval of an am no- and/ or
hydroxy-proﬁastadgegrompefmbxtureonpsusﬂimted overfnightaat roe®- [err] O

A no- pr ot cEPFREEAFUES: Gny oShash, (AT RLD e abedCEe, LEE WhkEelD B
2- (2-am no- i;uﬁrylbgdrbhé nixtpnei va9- fyljevedoxPhe- PyecHRICATLr WRANY | -
EOKSLLQ?Zﬁ §§s$ﬁghgéﬂgecﬁ§fgé§gl%¥tﬁcﬁﬁﬂ%fbéﬁh%@|k%ﬁ@eﬁfpf : waler (100Pm1)
oxo- puri - 9apd) ethpbxgteny (10Qyml) preddyied W%#?ﬁakéghnYécﬁum over
night resulting in 15.9 g (46.13 mmol, 82%) of 2-(2-amino-1,6-
dihydro-6-oxo-purin-9-yl) methoxy-l-benzyloxy-propan-3-ol.
Evaporation of the filtrate and suspension of the resulting
precipitate in ethyl ether (200 ml) followed by filtration and
10 drying under high vacuum results in an additional 2.3 g (6.7
mmol, 12%) of the product. o
Analysis Calcd. for C1gH19NsO4 (345.36): C, 55.65; H,
5.55; N, 20.28. Found: C, 55.25; H, 5.60; N, 20.12.

15

AL
1-propanyl N- (benzyloxycarbonyl)-L-valinate 1

N-Benzyloxycarbonyl-L-valine, 43.66 ¢ (O;i74 mol, 3

equivalents), was suspended in dichloromethane, 72 ml, and
1, 3-d1cyclohexylcarbodixmide, 14.34 g (69.5 mmol, 1.2

25 equivalents), was added. The mixture was stirred under
nitrogen for 48 hrs. The mixture was filtered through a glass
fritte and the white solid residue was washed with
dichloromethane, 75 ml. The combined filtrate was stirred
‘under nitrogen and a suspension of 2-(2-amino-1,6-dihydro-6-

30 oxo-purin-9-yl)methoxy-3-benzyloxy~propan-l-ol, 20'g (57.91
mmol, 1 equivalents) in dimethylformémide, 90 ml, was .added
followed by 4-dimethylaminopyridine, 1.77 g (14.4 mmol, 0.25
equivalents). The mixture was stirred under nitrogen for 18
hours., poured into water, 1200 ml, and extracted with a

35 mixture of ethyl acetate (350 ml) and toluene (350 ml). The



pharmaceutical Iy acceptable salt. tﬁeredf or (c) esterification of
2- (2-am no-1, 6-di hydr o- 6- oxo-purin-:- 15 9-yl ) net hgxy—3-—3--propanec :
(ganciclovir) or a salt thereof, wth an act|vat.qnﬁpLAggMEm¢sﬂggp‘aJine;

or (d) condensati on of an optlonally SUbStléfﬂ(ﬂj guani ne.. la 20
-61- 5 optionally in persilylated form wherein: |PBaies.. hé _________________ i
am no-protecting group, with an 2- 10 substit ut ed=gl=peced rmul a

15 wherein: Lgﬁh]E?E@rkﬁgrLhﬁﬂgeﬁﬁﬂﬂeﬁithérﬁhQaE@mpEQWEhréCXb0X¥,759W€0

al kyl oxy, or “aryl (I ower rou | e¢cted
.from|ower aBpeogplufdeRoiy, Sﬂ?UéVoﬁ?ﬁiﬁ? tBeﬁE?ﬁSS& %gébggaﬂﬁg§F8§§reﬁ ©

tosyl oxy; ZOhQBEhothEYrbgulEQnarQé@ﬂ&&oﬁfié hewtsdaebdaoaPabyahd to
provi de the ¢

D1 Yot hoxy - saRRAEURPEL. §eaRARAREY, afKRHy o2 B1°( SR8 mIBFRFe, I sjewed o

the bis esteg1dwliy- aﬂmetb @- flhal temperature of -11° C over 4 hours. The

oy s oot Sryskals, atel dsainkbe oy 217800E00K alluSwabheli®WiRd! @ nd' o2

salt thereof ©
ani no- 1, 6- di kpddo26%owatpuriscpropameilhtoy obthidr d8Y—2- (Brepanp-ll bval i nat e

or a phar macgytigall g B462B32h2 9291 metnoxy-3-hydroxy-1-propanyl-i-

valinate hydrochloride.

10

15

2—((2-Amino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy)-1,3-

propanediyl bis-L-valinate bis acetic acid salt, 100 mg'
(lyophilized sample contained 0.6 equi%alents of excess acetic

20 acid, 0.164 mmol (= a total of 0.426 mmol of acetic acid)) was
dissolved in de-ionized water, 0.4 ml, agd partially
neutralized by the addition of 24 ml of a 0.015 M ammonium
hydroxide solution (=0.36 mmol). The mixture was left at room
temperature for 67 hrs. The sample was injected in two equal

25 lots onto a preparative reverse phase HPLC column (YMC-Pack,
ODS-AM DM-33-5, 2 x 250 mm; YMC Inc.). Separation was achieved
with a solvent system of 10% methanol / 90% 0.1 M ammonium .
acetate buffered to pH 4 with acetic acid, flow rate: 9.5
ml/min and the detector set to 256 nm. The two peaks

30 representing the two diastereomers of the mono ester product
were collected. The solvent was removed under high vacuum to
about 2 ml and the residue was lyophilized twice from water
containing acetic acid.(O.l%),to remove the buffer. 45 mg

(0.112 mmol = 68%) of 2-((2-amino-1, 6-dihydro-6-oxo-9H-
35 purin-9-yl)-methoxy)-3-hydroxy-l-propanyl L-valinate acetic




thereof; or 30 (f) diastereoneric SeparatiOn.bf 2- (2-am no- 1, 6-di hydr o-

6- 0X0- puri n-9-yl ) met hoxy- 3- hydr oxy- 1- prropanyl - L-val j.nhate into its. (R)._and

(S) diastereoners. 1111111 111111 1112111111 111111 REEEE&ﬁﬁEWE§WE§H‘$T
| of am no- and |

-62- 13. -The process of Claim 12, wherein the renovg
hydr oxy-protecting groups is carried out unhéer acid
14. A conpound as clained in clains 1 to 8 whenever |

as claimed in cl ai.gl?? @i@i@a%ﬁb@ﬁtf‘igﬁgﬁ'%ﬁuﬁ@é@eﬂcé@réiﬁé "Eolthe 8

as a thera- peutic y active agent. A conpound as clainmed in clains
1 to 8 as a temuatiqraiven i foampleadent for the treatment of antiviral
di seaes. 15- 17. The use of a conpound as clained in claim11l for the

Bompound 26 ol af ncPe PEARTE A (5 a1k GHER TS HRRTP R R Ecehl T cal
conposi ti 0§1S . medth by~ 3Ry dissx i1 -propamnd.-am limite hdd an orsl bio-8 for
the preparat I;J]aiqaﬁ)ﬂalrtr;acéa tif 84 %C.O r?-o(%jaim%.r}lsojlo,rs-tcﬁ?hydro- 6-oxo-purin-9-

' yl)methoxy-l,3-propanediyl-bis-L-Qalinate had an oral
bioavailability of 23.5 %. Ganciclovir had a biocavailability
of 9.9 %. Giving the same prodrug orally and ganciclovir iv to

10 the same monkeys results in a mean oral bioavailability for
the prodrug of 41.6 %.

EXAMPLE 11

15 The following examples of the proposed ganciclovir L-
valine monoester capsules contain as excipients povidone, a
binder; corn starch, a disintegrant; and stearic acid, a
lubricant and glidant; which are filled into a two piece hard
gelatin capsule_shell.' Water is the granulating liquid, and

20 is essentially removed during processing.

~ Capsules
{One Capsule Three Times Per Day)

25
Weight Per %
Ingredients Capsule (mg) W/W
Ganciclovir L-valine monoester
hydrochloride 390.00 92.75
30 Povidone 12.61 3.00
Corn starch 16.81 4.00
Stearic acidl 1.05 0.25
Water?
Total fill weight (theoretical)3 . 420.47 .~ 100.00

35



treatment of antiviral and related di seases. 20. A nethod of treating an
animal afflicted with, or at risk for, awviral or related disea
met had conprises 30 adninistering a therapeutically

compound of Claiml to said animal. 21. The nethod off -d al
conpound is adm nistered orally. 35 .REPBBCEMENT S BS e -
met hod of C aim 21 wherein the conpound is adm niste
solution. 23. The nethod of C aim 21l wherein the conpound is 5 adm nistered
as an intravitreal 13apThetptogess of Qlhaimhi2; nwkeredn thesremeval| 9fas

EL:thgshereHmagFEraQBdbdﬁ§9i4b%?oﬁéE?¢hé'E¥oﬂb5h“§eE8£9$B§ bett bader

acidlc conditions.

5 14, A compound as claimed in claims 1 to 8 whenever
prepared by a process as claimed in claims 12 and 13.

15. A compound as claimed in claims 1 to 8 as a thera-
peutically active agent.

10
16. A compound as claimed in claims 1 to 8 as a thera-
peutlcally active agent for the treatment of antiviral
diseases.
15 17. The use of a compound as claimed in claim 11 for the
preparation of a compound as claimed in claims 1 to 8.
18. The use of a compound as claimed in claims 1 to 8 for
the preparation of pharmaceutical compositions.
20

19. The use of a éompound as claimed in claims 1 to 8 for
the preparation of pharmaceutical compositions for the
treatment of antiviral and related diseases.

20. A method of treating an animal afflicted with, or at
risk for, a viral or related diséase which method comprises

30 administering a the:apéutically acceptable amount of a
compound of Claim 1 to said animal.

- 21. The method of Claim 21 wherein the compound is
administered orally.
35
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22- The method of Claim 21 wherein the compound is
admiaistered as a topical sqlution.

23. The method of 'Claim 21 wherein the compound is .
S administered as an intravitreal implant.

% 4. The invention substantiall . as claimed hereinafter and described '
especially with reference to the Examples. T
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