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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF COLORADO

Civil Action No. 1:11-¢cv- - -

GENENTECH, INC., a Delaware corporation, and
ROCHE PALO ALTO LLC, a Delaware limited liability company,

Plaintiffs,
V.
SANDOZ INC, a Colorado corporation,

Defendant.

COMPLAINT FOR PATENT INFRINGEMENT

Plaintiffs Genentech, Inc. and Roche Palo Alto LLC, through their attorneys Fried, Frank,
Harris, Shriver & Jacobson LLP and Levine Sullivan Koch & Schulz, L.L.P., for their Complaint
in this action against Defendant Sandoz Inc., allege as follows:

PARTIES AND JURISDICTION

1. Genentech, Inc. (“Genentech”) is a corporation organized and existing under the
laws of the State of Delaware, having its principal place of business at 1 DNA Way, South San
Francisco, California 94080-4990.

2. Roche Palo Alto LLC (“Roche Palo Alto”) is a limited liability company
organized and existing under the laws of the State of Delaware, having its principal place of

business at 3431 Hillview Avenue, Palo Alto, California 94304-1397.

{00395410;v1}



Case 1:11-cv-01076-CMA -MJW Document 1 Filed 04/22/11 USDC Colorado Page 2 of 24

3. On information and belief, Sandoz Inc. (“Sandoz”) is a company organized and
existing under the laws of the State of Colorado, having its principal place of business at 506
Carnegie Center, Princeton, New Jersey 08540.

4. This action arises under the Patent Act of 1952, as amended, 35 U.S.C. §§ 1-376.

5. This Court has subject matter jurisdiction to hear this action under 28 U.S.C.

§§ 331 and 1338(a).

THE PATENT IN SUIT

6. On July 4, 2000, the United States Patent and Trademark Office issued U. S.
Patent No. 6,083,953 (the “‘953 patent”), entitled “2- (2-amino-1,6-dihydro-6-oxo-purin-9-yl)
methoxy-1,3-propanediol Derivative.” Roche Palo Alto is the owner by assignment of all right,
title and interest in the ‘953 patent. A copy of the ‘953 patent is attached hereto, and
incorporated as a part of the pleadings, as Exhibit A.

7. Genentech markets and sells an FDA-approved pharmaceutical product, called
VALCYTE®, in the form of tablets containing 450 mg of the active pharmaceutical ingredient,
valganciclovir hydrochloride in crystalline form. The ‘953 patent is listed in the FDA’s
publication of approved drugs, Approved Drug Products with Therapeutic Equivalence
Evaluations (known as the “Orange Book”), as covering VALCYTE® 450 mg tablets and their
use.

SANDOZ’S ANDA AND NOTICE LETTER

8. By letter to Genentech and certain of its affiliates dated March 9, 2011 (the
“Notice Letter”), Sandoz gave notice that it had submitted Abbreviated New Drug Application

(“ANDA”) No. 202575 to the FDA under Section 505(j)(2)(B) of the Food, Drug and Cosmetic
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Act (“FDCA”), seeking the FDA’s approval to manufacture, use and sell valganciclovir
hydrochloride 450 mg tablets prior to expiration of the ‘953 patent.

9. In the Notice Letter, Sandoz notified Genentech that its ANDA contained a
“Paragraph IV Certification” that the claims of the ‘953 patent are invalid, unenforceable, and/or
will not be infringed by the commercial manufacture, use, offer for sale and sale of certain
valganciclovir hydrochloride 450 mg tablets (the “Sandoz Generic Product™). The Sandoz
Notice letter asserts that such commercialization will not infringe the ‘953 patent because the
Sandoz Generic Product purportedly will comprise “amorphous,” rather than crystalline,
valganciclovir hydrochloride.

10.  In truth and in fact, amorphous valganciclovir hydrochloride is hygroscopic and
prone to conversion to crystalline form upon exposure to ambient conditions of temperature and
humidity, as typically happens when VALCYTE" is used by patients.

11. Since March 9, 2011, Sandoz has failed and, on information and belief, willfully
refused to respond to numerous telephonic, e-mail, and written communications seeking access
to the Chemistry, Manufacturing and Controls (CMC) section of the Sandoz ANDA and physical
samples relating to the Sandoz Generic Product that Sandoz has proposed to sell in Colorado and
elsewhere in the United States.

12. This complaint is being filed before the expiration of forty-five days from the date
Genentech and its affiliates received the Sandoz Notice Letter.

FIRST CLAIM FOR RELIEF
INFRINGEMENT OF THE ‘953 PATENT

13. Each of the preceding paragraphs 1 to 12 is incorporated herein as if set forth in

full.
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14.  Plaintiffs believe and expect that following receipt of relevant Sandoz documents
and physical materials, investigation will confirm that the valganciclovir hydrochloride active
ingredient in the Sandoz Generic Product will comprise or convert to crystalline valganciclovir
hydrochloride at least during use by patients, e.g., upon exposure to ambient atmospheric
humidity during storage in pill trays.

15. On information and belief, Sandoz’s commercial use, offer for sale, and sale of
the Sandoz Generic Product would infringe the ‘953 patent at least under 35 U.S.C. §§ 271(b)
and (c).

16. On information and belief, Sandoz infringed the ‘953 patent under 35 U.S.C.

§ 271(e)(2) by filing ANDA No. 202575.
SECOND CLAIM FOR RELIEF

DECLARATORY AND EQUITABLE RELIEF
AGAINST THREATENED PATENT INFRINGEMENT

17.  Each of the preceding paragraphs 1 to 16 is incorporated herein as if set forth in
full.

18.  Sandoz has proposed and threatens to market, sell, and actively induce use of the
Sandoz Generic Product throughout the United States including in Colorado and this federal
judicial district.

19. On information and belief, Sandoz’s proposed and threatened use, offer for sale,
and sale of the Sandoz Generic Product will infringe or actively induce or contribute to

infringement of the ‘953 patent.
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20.  An actual controversy exists between Plaintiffs and Sandoz concerning whether
offer for sale, sale, or use of the Sandoz Generic Product in the United States will infringe the
‘0953 patent.

21. Offer for sale, sale or use of the Sandoz Generic Product in the United States
would cause injury to Plaintiffs for which there is no adequate remedy at law.

PRAYER FOR RELIEF

WHEREFORE Plaintiffs pray that the Court:

(i) declare, adjudge, and decree that Sandoz has infringed the ‘953 patent by
submitting ANDA No. 202575;

(ii)  declare, adjudge, and decree that Sandoz’s commercial use, offer for sale and sale
of the Sandoz Generic Product will infringe the ‘953 patent;

(iii)  issue an Order pursuant to 35 U.S.C. § 271(e)(4)(A) that the effective date of any
FDA approval of the Sandoz Generic Product be no earlier than the expiration
date of the ‘953 patent, or any later expiration of exclusivity to which Roche Palo
Alto is or becomes entitled;

(iv)  issue a permanent injunction, pursuant to 35 U.S.C. § 271(e)(4)(B), 35 U.S.C.

§ 283, and 28 U.S.C. § 1331 restraining and enjoining Sandoz and its officers,
agents, attorneys and employees, and those acting in privity or concert with them,
from engaging in commercial activity that would directly or indirectly infringe the
‘953 patent; and

v) award such other and further relief as the Court may deem just and proper.
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Respectfully submitted this _22nd day of
April, 2011
By: _/s Christopher P. Beall
Christopher P. Beall
LEVINE SULLIVAN KOCH & SCHULZ, L.L.P.
1888 Sherman Street, Suite 370
Denver, CO 80203
(303) 376-2400 // Fax: (303) 376-2401
cbeall@lskslaw.com

Of counsel:

Stephen S. Rabinowitz

Randy C. Eisensmith

FRIED, FRANK, HARRIS, SHRIVER &
JACOBSON LLP

One New York Plaza

New York, New York 10004

(212) 859-8000

Attorneys for Plaintiffs
Genentech, Inc. and Roche Palo Alto LLC
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2- (2-AMINO-1,6-DIHY DRO-6-OXO-PURIN-9-
Y1) METHOXY-1.3- PROPANEDIOI.
DERIVATIVE

CROSS-REIFLRENCE TO RELATLD
APPLICATTONS

This application 1s a continuation of app. Ser. No. 08/453,
223, abandoned liled May 30, 1995; which 18 In lurn a
continuation-in-part of app. Scr. Na. 08/281,893, filed Jul.
28. 1994 now abandoned.

BACKGROUND OF THE INVENTION

1. Theld of the Tnvention

The present invention relates to a novel antiviral drug,
particularly an amino acid ester of a purine derivative, and
mosl parlicularly 1o an esler denved [rom ganciclovir and
[ ~valine and pharmaccutically acecptable salts thercot. The
invention also relates to intermedhate compounds, synthetie
methods for making the antiviral drug, and to methods of
antiviral and related disease treatment, and pharmaceuwical
compositions therefor.

More specifically, the invention relates to the
L-monovaline ester denved [rom 2-(2-amino-1,6-dihydro-
6-oxo-purin-9-ylymethoxy-1,3-propanediol and its pharma-
ceutically acceptable salts.

2. Background Intormation

British Patent 1523865 describes antiviral purine deriva-
tives with an acyclic chain in the 9-position. Among those
derivalives 2-(2-amino-1,6-dihydro-6-oxo-1,6-dihydro-
purin-9-ylymethoxy-cthanol with the INN namc acyclovir
has been found to have good activity against herpes viruses
such as herpes simplex. While acvclovir has been found to
be very cffective upon topical or parenteral adnmistration,
1l 18 only moderately absorbed upon oral admimisiralion.

U.S. Pat. No. 4,355,032 discloses the compound 9-[(2-
hvdroxy-1-hydroxymethyl-ethoxy)methyl]-guanine or 2-(2-
amino-1,6-dihydro-6-0xo0-purin-9-vlymcthoxy-1,3-
propancdiol with the INN name gancielovir. Ganeielovir is
highly ellicacious against viruses ol the herpes [amily, Lor
example, against herpes simplex and cvtomegalovirus. It has
a relatively low rate of absorption when administered orally
and must be uscd at high dosages when adninistered by that
route. Ganciclovir 1s most commonly admimstered via intra-
venous 1nlusion. This mode ol administration has the dis-
advantage of being verv inconvement to the patient, often
requiring the scrvices of a doctor, nursc or other health carc
professional. There 1s also a certain risk of infection which
15 parbicularly problematic lor immunacompromised
patients who recerve treatment with ganciclovir and may
have hiltle resistance against inlectons. Therelore 1L has been
highly desirable to provide ganciclovir with an tmproved
oral absorplion prafile.

British Patent Apphcation GB 2 122 618 discloscs deriva-
tives of 9-+(2-hvdroxyethoxymethyl)guanine of the generic
formula
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wherein X represents an oxygen or sulphur alom, R' rep-
resents a hvdroxy or an amino group, R® represents a
hydrogen atom or a group of the formula —CH,OR” and
R* and R®_ may be the same or dillerent, ¢ach represents an
amino acid acyl radical and physiologically acceptable salts
thercof. These compounds arce usctul for the trcatment of
viral infections and have high water solubility which renders
them of value 1o the lormulation ol aqueous pharmaceulical
preparations, While the generic formula in the British patent
application includes compounds in which R* is the garoup
—CH,OR" ,, specilic compounds of this group are nol
disclosed. The palent applicalion also discloses that lormu-
lations used with these compounds with improved water-
solubility include oral, rcctal, nasal, topical, vagimal or
parcnicral formulations.

British Patent Application GB 2 104 070 A discloses
antiviral compounds of the tormula

E.
N 2
J D

CTTaXC TICTTA0NT

CH,OH

whereln R 15 4 hydroxy or amino group and X 18 an oxyvgen
or sulphur atom and physiologically acceptable salts and
csters. The general formula includes ganciclovir and physi-
nlogically acceptable salts and csters. The csters include
those containing a formyloxy group, €, ;. (for example,
C,_,) alkanovloxy (e.g. acetoxy or propionyloxy), option-
ally substituted aralkanoyloxy (e.g. phenyl-C,_, alkanoy-
loxy such as phenylaceioxy) or oplionally substiluled aroy-
loxy (e.g. benzoyloxy or naphthoyloxy) ester grouping al
one or hoth of the termmal positions of the 9-side chain of
the compounds of the gencral formula. The ahove-
mentioned aralkanovloxy or arovloxy ester groups may be
substituted, for example by one or more halogen (e.g.
chlorine or bromo atoms) or amino, nitride or sulphamido
ogroups, the aryl moicty ol the grouping advanlageously
conlaming © o 10 carbon aloms.

Europecan Patent Apphcanon EP O 375 329 disclosces
prodrug compounds with the lollowing lormula

I
CH,OCHCH,OR!

CH,OR

whercin R and R* arc independently selected from a hvdro-
gen alom and an amino acyl residue providing al least one
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'I . A a
ol R and R’ represents an amino acid acyl residue and B
represents a group of the formulac

NH, R*
Jﬁ JQJTH“>
O T H.N \\N T

in which R® represents a €, ., straight chain, C5 . branched
chain or C,_ cvclic alkoxy group, or a hydroxy or amino
group or 4 hydrogen atom and the physiologically acceplt-
able salts thereof. These prodrug compounds are described
a5 having advantagcous bioavailabihily when administered
the oral route, resulting m high levels of the parent com-
pound in the body.

Example 3b) European Patent Application EP (0 375 329
discloses the preparation of the bis(l -isoleucinate) ester of
ganciclovir as white foam. Lxample 4b) discloses the prepa-
ration of the his(glycinate) cster of ganciclovir as a white
solid. Example 5b) discloses lhe preparation ol the bis
(L-valinatc) ester ol ganciclovir as a solid. Example 6b)
discloses the preparation of the bis(L-alaninate) ester of
ganciclovir as a syrup contaimng 9% of the bis cster and
10% of the monoester. The described bis esters are non-
cryslalhine matenals which are dilicull o process lor Lhe
manuvfacture of oral pharmaceutical dosage forms.

British Patent Application No. 8829571 discloses amino
acid esters ol the compounds ol the Tormula

R
N H\
HaN )\\\/jj[ “>
HGQ/ GJ
10

(wherein R represents a hydroxyv or amino group or a
hydrogen atom) and the physiologically acceplable salis
thereot. Lxamples of preferred amino acids include aliphatic
aclds e.g. containing up W & carbon atoms such as glycine,
alanine, valine and 1soleucine. The amino acid esters include
bolh, mono and dicsticrs. However, this patenl applicalion as
wcll as Furopean Patent Publication 375 329 and U.S. Pat.
No. 5,043,339 do not disclose the preparalion ol monoeslers,
much less anv data suggesting, their vsefulness.

L. Jensen et. al., Acta Pharm. Nord. 3(4) 243-247 (1991)
disclose the synthesis, enzymatic hydrolysis and physico-
chemical propertics of N-substituted 4-(aminomcethvl)
benzoate diester prodrugs ol ganciclovir ol the [ormula
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(CHy—N(CHa1)a
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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 parent drug, the hydrolvsis proceeding through forma-
tion of the corresponding monoester. The authors evaluated
these esters (n terms of their rate of enzymatic hvdrolysis,
lipophilicity and concluded that the properties of these esters
make the diesters a promising prodrug type for ganciclovir
to enhance its delivery characteristics for e.g. parenteral
administration.

John C. Marlin ct. al., J. Pharm. Sci. 76(2), p.180-184
disclose mono- and diacyl esters of panciclovir which were
tested to examine their bioavailability after oral administra-
tion. The authors indicale that the dipropionale ester 15 aboul
42% more biovavailable than ganciclovir 1lsell

European Patent Application 00 158 847 discloses inter alia
that 6-deoxy-acyclovir and 6-deoxy-ganciclovir can he
rcadily converted 1n viva by the action of cnzymes into
acyclovir and ganciclovir, respectively. I'rom experiments in
rats the ventors found that oral administration of these
6-deoxy prodrugs results 1o cllicient absorption [rom the
gaslro-miestinal (ract and high plasma levels ol the parent
drugs,

P. C. Maudgal et. al., Arch. Ophthalmel. 1984; 102:
140-142 disclose the glveme cster of acyclovir as cthea-
cious 1n the topical treatment of epithelial and stromal
herpes simplex keratitis and associated iritis when admin-
istered as a 19 cve drop formulation to rabbits. The authors
disclose the glvane, alanine, P-alanine and succinyl eslers
ol acyclovir and indicate that the solubility of the glycine
ester 1s about 30-fold greater than the solubility of acyclovir
itself, which permits the use of the glvemne ester for eye
drops with concentrations up o 6%, while acyclovir iisell 1s
used as ointment which s hardly effective in stromal disease
or iritis.

[con Colla ct. al., J. Med. Chem. 98, 3, 26, 602-604
disclose several waler-soluble csler derivatives ol acyclovir
and their salts as prodrugs of acyclovir. The authors indicate
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thal acyclovir cannol be given as eve drops or miramuscular
uyjections because of its hmited solubility in water and have
therelore synlhesized demvatives ol acyclovir which are
more water soluble than the parent compound. The authors
disclose the hydrochlonde salt of the ¢lveyl esler, Lhe
hydrochlonde salt of the alanyl ester, the hydrochlornde salt
ol the f-alanyl esler, the sodium salt ol the succinyl esler,
and the azidoacetate ester. When assayed in primary rabbit
kidney cell cullures against various herpes simplex virus
type 1 and type 2 strains, according to the authors, the first
[our esters proved almosl as active as acyclovir isell, The
authors suggest that these acyclovir esters should be more
practical lor clinical use than the parent compound Llor
topical treatment as eye drops and for systemic treatment of
herpes virus inleclions thal respond well 10 Intravenous
acyclovir treatment. In contrast with acyclovir, these esters

could be given in much smaller volumes, and therefore via
Inlramuscular mjections.

L. M. Beauchamp el. al., Artnvral Chemistry & Chemo-
therapy (1992), 3 (3), 157-164 disclose eighleen amino acid
esters of the antiherpetic drug acyclovar and their efficiencies
as prodrugs ot acvelovir, cvaluated 1n rats by mcasurmg the
urinary recovery ol acyclovir, ‘len prodrugs produced
greater amounts of the parent drug, in the urine than acvclo-
vir itsclt: the glvevl, D,l.-alanv]l, T.-alanyl, T1.-2-
aminobutyrate, D,L-valvl, L-valyl, DL-1solcucyl,
L-soleucy]l, L-methionyl, and L-prolyl esler. The L-amino
acid esters were better prodrugs than the corresponding D-
or ) I.-isomers, suggesting the mvolvement of a stereose-
lective lransporler. From ‘lable 1 ol the publicaion which
provides chemical data and oral bioavailability ol the eigh-
teen amino acid csters 1t follows that the D-amino acid csters
have a lower oral bioavailality than acyelovir atsclf.
Therclore, because the D-ammo acid eslers have no benelil
over acyclovir they are not useful as prodrugs of acyclovir.
The achiral elveyl ester of acvelovir, however, has a lugher
oral bioavailability than acvclovir (in the urinary recovery
assay 30% ol the acyclovir dosed as glycyl esler was
recovered, whereas with acyclovir dosing 19% of the acy-
clovir was recovered). According to the authors the T.-valyl
cster ot acyelovir was the best prodrug of the csters inves-
tigated,

Luropean Patent Publication 308 065 discloses the valine
and 1salcucme csiers of acyclovar, preferably 10 the [-torm,
a5 showing a large increase 1o absorplion [rom the gut aller
oral administration, when compared with other esters and
acyclovir.

Currently the lecading drug for the trcatment of cytome-
galovirus inlection 1s ganciclovir. However, 1ts very limiled
oral bioavailability and the need for slow daiy ntravenous
infusion of the drug {(or for intravitrecal injections or
implants) indicatc the urgent need for an oral dosage form
wilh 1improved bioavalabailily.

The present invention provides a stable prodmg formu-
lation of ganciclovir with improved oral absorption and low
loxicily, Such characlerisiics are especially valuable lor
suppression ol herpelic inlections in immunocompromised
patients where oral admnistration therapeutically 15 the
preterred choice. In addition, the active ingredients exhiht
pharmacopocial propertics which permit their mmproved
characterization and pharmaceutical processing.
Surprisingly, it was found that the L-monovaline ester of
ganciclovir and ils pharmaceulically acceptable salts ¢xhibit
these desired charactlensiics.

SUMMARY OF THE INVENTION

In a first aspect, this mvention provides the compound of
the formula I:
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and pharmaceutically acceplable salts thereol. The com-
pound 1s named hercinaticr 2-(2-amimo-1,6-dihvdro-6-o%o-
purtn-2-ylymecthoxy-3-hydroxy-1-propanvl-l.-valinate or
mono-L-valine ganciclovir

In a second aspect, this invention provides a pharmaceu-
tical composition which contains the mono-L-valine ester of
ganciclovir or 4 pharmaccutically acceptable sall or diasic-
reomer Lhereol, prelerably in admixlure with one or more
suitable excipients or carriers.

In a third aspect, this mvention provides a mecthod of
treating or preventing viral mtfections or related discases
comprising the admunistration of the mono-L-valine ester of
panciclovir or a pharmaceutically acceptable salt thereof or
4 compasibion contammng same o an ammal 1 need ol such
rcatment or preventlion.

In a fourth aspect, this invention provides compounds of
l'ormula TT which are useful intermediates for preparning
mono-I .~valine ganciclovir and 1ts pharmaccutically accept-

able salts:
OIT
s N
J\)T >
e
HaN N N
O
C.--‘"

()

P<HN

IIIII"-

wherein P, 1s a hydroxy-protecting grovp and P. is an
Aminu-prolecling group.

A ilth aspect ol this invention 15 a process lor preparing
the prodrug compound ol the invention and ils pharmaceu-
tically acceptable salts. This process involves the esterifica-
tion of ganaiclovir and 1its denvatives, the recmoval of
proleciing groups Irom ganciclovir bis L-valine esier o the
mono-L-valine ester of lormula 1, the condensation of
cuanie with a substituted glycerol, the optical resolution of
4 compound ol the Formula I, and the lormation ol salts ol
the prodrug ol Formula I. Details ol the process are
described below.

DETAN.ED DESCRIPTION OF THE
INVENTION
Definitions

Unless otherwise slated, the [ollowing lerms used 1o the
specilication and claims have the meanings given below:
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“Alky]” means a straight or branched saturaled hydrocar-
bon radical having from one to the number of carbon atoms
designaled. For example, C,_- alkyl 15 alky]l having al least
one but no more than seven carbon atoms, e.g. methyl, ethyl,
1-propyl, n-propvl, n-bulyl,n-pentyl, n-heptyl and the like.

“T.owcer alkyl™ mcans an alkyl of onc ta six carbon atoms.

“Aryl” means an organic radical derived from an aromatic
hydrocarbon by the removal of one hydrogen atom. Pre-
terred arvl radicals have six o twelve carbon atoms as ring
carbon aloms 1n the aromalic hydrocarbon.

“Aralkyl” mcans an organic radical denved from an
aralkane in which an alkyl hydrogen alom 1s substituted by
an above-defined aryl group.

“Acy]l” means an organic radical derived from an organic
acid by the removal of the hydroxyl group; e.¢., CIL,CO—
15 the acyl radical of CTI,COOII, or acetv]l. Other examples
[or such acyl groups are propionyl, or benzoyl, elc. The lerm
“acyl” mcludes the lerm “alkanoyl” which 1s the organic
racdical RC(O— m which R 15 an alkyl group as defined
above.

“Lower alkoxv”, “(lower alkyl)amino”, “di{lower alkyl)
anuno’, “(lower alkanovl)ammo”, and similar lcrms mean
alkoxy, alkylamino, dialkylamino, alkanoylamino, elc. 1n
which the or each alleyl radical 15 a “lower alkyl” as
described ahove.

“llalogen™ means Huorine, chlorine, bromine, or iodine.

According to Ilackh’s Chesical Dictionary, McGraw-
I1ill Book Company, 1969, “derivatuve” of a compound
means a compound ohtamable from the original compound
by 4 simple chemical process.

“Activated derivative™ of a compound means a reactive
torm of the original compound which renders the compound
active 1n a desired chemical reaction, in which the orniginal
compound 1s only moderately reactive or non-reactive. Acti-
valion 1s achieved by [ormation ol a dertvative or a chemical
grouping wilhin the molecule with a higher [ree energy
content than that of the original compound, which renders
the activated form morce susceptible to react with another
reagenl. In the context ol the present invenlion aclivation ol
the carboxy eroup is of particular importance and corre-
sponding activating agents or groupings which activate the
carboxy group arc deseribed m more detail below., An
cxample ol an activaled denvative ol L-valine 15 the com-
pound of Formula IIT

wherein I Is an amino-protecting group and A s a carboxy-
aclivaling group, lor example, halo or a lower acvloxy
group. A further example 15 an amino aaid anhvdride which
15 an activated form of an anmino acid which renders the
amino acid (especially L-valine) susceptible 1o eslerilica-
tion. Another example are UNCA’s described in more detail
below.

“Prolccting group”™ means a chemical group that (a)
pPreserves a reaclive group [rom participaling in an undesir-
able chemical reaction; and (b} can be easily removed after
protection of the reactive group 1s no longer required. I'or
example, the benzyl group 13 a4 protecling group lor a
primary hydroxyl [unction.

“Amno-protecting group™ means a protecting group that
preserves a reactive amino group that otherwise would be
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modified by cerlain chemical reaclions, The delinmition
includes the formyl group or lower alkanovl groups with 2
o 4 carbon aloms, In particular the acelyl or propionyl
eroup, the trityl or substituted trityl groups, such as the
monomethoxylrityl group, dimethoxyirityl groups such as
the 4,4'-dimethoxytrityl or 4,4'-dimethoxytriphenylmethyl
group, the trilluoroacetyl, and the N-{9-
fluorenylmethoxycarbonyl) or “EFMOC” group, the allyloxy-
carbonvl group or other protecling groups derived [rom
halocarbonates such as (C.~C,.)arvl lower alkyl carbonates
(such as the N-benmzyloxycarbonyl group derived [rom
benzyvlchlorocarbonate), or derived from biphenylalkyl halo
carbonales, or lertiary alkyl halo carbonates, such as lertiary-
butvlhalocarbonates, 1n particular tertiary
butylchlorocarbonate, or diflower)alkyldicarbonales, in par-
ticular di(t-butyl)-dicarbonate, and the phthalyl group.

“Hydroxy-protecling group”™ means a prolecling group
that preserves a hyvdroxy group that otherwise would be
modilied by cerlain chemical reactions. Suilable hydroxy-
protecting, groups include ether-forming, groups that can be
removed easily aller completion ol all other reaclion sleps,
such as the benzyl or the tntyl group optionallv substituted
m their phenyl nng. Other suitable hvdroxy-proteeting
croups include alkyl ether groups, the letrahydropyranyl,
silyl, trialkylsilyl ether eroups and the allyl group.

“Leaving group” means a labile group that is replaced in
a chemical reaction by another group. Examples ol lcaving
oroups are halogen, the oplionally substituled benzyloxy
aroup, the isopropvloxy group, the mesvloxy eroup, the
tosyloxy group or the acvloxy group.

All the aclivaling and proleclting agents employed 1n the
preparation ol the compound ol Formula 1 must meet the
following, qualifications: (1) their introduction should pro-
ceed quantitatively and without racemization of the I.-valine
component; (2) the prowcling group present during the
desired reaction should be stable to the reaction conditions
to be emploved; and (3) the group must be readily removed
under conditions i which the ester bond 1s stable and under
which racemization ol the L-valine component ol the ester
does nol occur,

The term “chirality™ mcans the property of handedness
ascnbed to a molecule wiich describes the symmetry cle-
ments of the molecule (or the absence of symmetry
clements). Molecules that lack svmmetry elements are
“chiral”. A chiral molecule lacking all of the svmmetry
clements, oven ncluding a simple axis, 15 lermed “asym-
melric”,

The term “achiral” means the presence of at least one
svmmetry clement in a molccule, such as a stmple axis.

“Isomerism” relers 10 compounds having the same alomic
mass and atomic mumber but differing in one or more
physical or chemical properties. Various types of isomers
mclude the [ollowing:

“Stereosomer” relers 1o a chemical compound having the
same molecular weight, chemical composition, and consti-
tution as anather, but with the atoms grouped differently.
Thal 15, cerltian 1deniical ¢hemical molelies are al dillerent
orientalions in space and, therelore, when pure, have the
ability to rotate the plane of polarized light. Ilowever, some
purc stercoisomers mayv have an optical rotation that 18 80
shght that 11 15 undetectable with present wstrumentation.

“Optical 1somer” describes one type of stereo isomerism
which manifests itself by the rotation that the isomer, either
purc or 1n solulion, imparts (o the plane ol polarized hght. I
15 caused 1 many 1nsltances by the allachment ol lour
dillerent chemical aloms or groups o al least one ol the
carbon atoms 1 a molecule, or expressed alternatively, by
the ahove-deseribed chirality of the molecule.
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Slereolsomers or oplical 1somers thal are mirror images ol
one another are termed “enantiomers™ and may be said to be
¢nantiomeric. Chiral groups thal are mirror images ol one
another are termed enantiomeric groups.

Enanliomers whose absolule conligurations are not
known may be differentiated as dextrorotatory (prefix+) or
laevorotalory (prelix-) depending on the direction in which,
under specified experimental conditions, they rotate the
plane ol polarized lLight.

When equal amounts of enantiomeric molecules are
present together, the product 15 lermed racemic, indepen-
dently of whether it 1s crystalline, hiquid, or gaseous. A
homogeneous solid phase composed ol equimolar amounts
of enantiomeric molecules is termed a racemic compound. A
mixture ol equimolar amounts ol enantiomeric molecules
present as separate solid phases is termed a racemic mixture.
Any homogeneous phase containing equimolar amounts ol
enantiomeric molecules i1s termed a racemate.

Compounds which have two asymmelric carbon atoms
(chiral centers) have four stereoisomers which form two
pairs ol enantiomers. Whereas the enanliomers ol a pair are
mirror umages of each other, the enantiomers of the two
separdle pairs are nol mirror images ol each other and are
called “diastereomers™. Diastereomers have similar but not
identical chemical properties and have dillerent physical
properties, ¢.2. melting points, solubility, ¢tc.

The opucally active compounds herein can be designated
by a number of conventions; 1.¢., the R- and S-sequencing,
rules ol Cahn and Prelog; erythro and threo isomers; D and
L-isomers; d and 1-1somers; and (+) and (-) tsomers, which
indicales the direction a plane ol polarized light 1s rotated by
the chemical structure, either pure or in solution. These
conventions are well known in the art and are described in
detail by L. L. Lliel in Stereochiemisiry of Carbon
Compounds, published by McGraw Hill Book Company,
Inc. of New Yorlk 1n 1962 and reterences cited therein. Thus,
(these 1somers may be described as d-, 1-, or a d,l-pair; or -,
L-, or a D,L-pair; or R-, 8-, or an R,S-pair; depending upon
the nomenclature sysiem emploved. In general, this appli-
cation will use the (D), (L) and (D,L) designation for the
amino acid (valine), and the (R), (S) and (R,S) designation
for thce asymmetric carhon in the ganciclovir moicty to
distinguish between the two.

The compound of Formula 1 and the compounds of
Formula II have two asymmetric enters (2 carbon atoms),
one in the valine component and the other in the aliphatic
side chain ol the ganciclovir component. The laller 1s Lthe
carbon alom 2 ol the propanyl radical. Therelore the com-
pound of Tormula T and the compounds of F'ormula T exist
as diastercomecrs and as mixturcs of diastcrcomers. As
concerns lhe compounds ol the iInvenuon, any diaslereomer
or mixture of diastereomers may be used and the claims are
wntended to cover the indivicdual diastereomers and mixtures
therenl, unless otherwise resineted. Formula T meludes the
iwo diasicreomers ol Formula I, as well as mixtures thercol,

“Optuonal” or “optionally” means that a described event
or circumstance mayv or may not occur, and that the descrip-
lion mcludes nstances where sa1d evenl or circumslance
occurs and instances in which 1t does not. For example,
“optionally substituted phenyl” means that the phenyl may
or may not be substituted and that the deseription includes
bolth unsubstluted phenyl and phenyl wheran there 1s
substitution; “optionally followed by converting the free
base to the acid addition salt” means that said conversion
may or may nol be carricd oul 1 order lor the process
descnbed 1o [all wilhin the mvenhion, and lhe nvenlion
includes those processes wherelin the [ree base 1s converted
to the acid addition salt and those processes m which 1t 1s
not.
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“Pharmaceulically acceplable”™ means that which 1s uselul
in preparing a pharmaceutical composition that 1s generally
safc and non-toxic and ncludes that which 15 acceptable for
veterinary use as well as human pharmaccutical usc.

“Pharmaceutically acceptable salts” means salts which
possess the desired pharmacological activity and which are
ncither bologicallyv nor otherwise undesirable. Such salts
nclude acid addition salts lormed with 1inorganic acids such
as hvdrochloric acid, hvdrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or with oreanic acids
such as acctic acid, propionic acid, hexanowe acid, heptanoic
acid, cyclopenlanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malomc acid, succinic acid, malc acid,
malecic acid, Tumarie acid, tartanc acid, citric acid, benzoie
acid, o-(4-hvdroxv-benzoyl)-benzoic acid, cinnamic acid,
mandelic acid, methanesulfomc acid, ethanesultomc acid,
L,2-ethanedisulfonic acid, 2-hydroxvethane-sulfonic acic,
benzenesulfonic acid, p-chlorobenzenesulfonic acid,
2-naphthalenesullonic acid, p-toluenesullonmic acid, cam-
phorsullonic acid, 4-methyl-bicyclo[2.2.2]oct-2-¢nel-
carboxvlic acid, gluco-heptonic acid, 4,4-methylenebis(3-
hvdroxv-2-naphthoic) acid, 3-phenviproponic acid,
irimethyl-acetic acid, teriary butylacetic acid, lauryl sullu-
ric acid, gluconic acid, glutamic acid, hydroxy-naphthoic
acids, salicvlic acid, stearic acid, muconic acid, and the lLike.
Prelerred pharmaccutically acceptable salls are thosc
[ormed with hydrochlone, sullurie, phosphorne acid, acetic
or methanesulfonic acid, ethanesulfonic acid, 1,2-
ethanedisulfonic acid, 2-hydroxvethanesulfonic acid, henze-
nesullonic acid, p-chlorobenzenesullonic acid, and
2-naphthalenesullomic acid, p-toluenesullonic acid, cam-
phorsulfonic acid.

Synthetic Reaclion Paramelers

Unless specilied (o the contrary, the reactions described
herein take place at atmospheric pressure within a tempera-
turc range from 5% . to 170° C. (preferably from 10° C. to
50° C.; most preferably at “room™ or “ambient™ temperature,
e.g., 20-30° C.). However, there are clearly some reactions
where the temperature range vsed in the chemical reaction
will be abave ar below these temperature ranges. Further,
unless otherwise specilicd, the reaction times and conditions
ar¢ miended o be approximale, e.g., laking place al aboul
atmospheric pressure within a temperature range of about 53°
(.. to about 100° C. (preferably from about 10° €. to about
50° C.; mosl prelerably about 20° C.} over a period ol aboul
I to about 100 hours (preferably about 5 to 60 hours).
PParamcters given i the Examples are mtended to be
specific, not approximatc.

Isolation and purification ol the compounds and interme-
diates described herein can be effected, 1f desired, bv any
suitable scparation or purification proccdure such as, for
cxample, filtration, cxtraction, crystallization, colummn
chromatography, thin-laver chromatography or thick-laver
chromatographv, or a combination of these procecures.
apcecilic illustrations ol suilable scparation and 1solation
procedures can be had by relerence o the examples here-
inbelow. [Towever, other equivalent separation or isolation
procedures can, of course, also be used.

Medical Deliniuons

“"Ammal” 1ncludes humans, non-human mammals (such
as dogs, cals, rabbiis, callle, horses, sheep, goals, swine, and
decr) and non-mammals such as hirds, fish and the like.

“Ihscasc™ specificallv includes any unhcealthy condition
of an animal or part thercot. Thus, “discase™ here includes
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any viral or relaled disease that 1s treatable wilh mono-L-
valine ganciclovir or pharmaccutically accceptable salts
therent.

“Trcatment™ means anv trcatment of a discase 1n an
animal and includes:

(1) preventing the disease from occurring in an animal
which may be predisposed to the disease but does not
yet experience or display svmptoms of the disease; e.g.,
preveniion ol the oulbreak ol the chnical symploms;

(2) inhibiting the disease, e.g., armesling ils development;
or

(3) relieving the disease, e.g., causing regression ol the

symptoms of the discase.

“Lffective amount” for the treatment of a disease means
that amountl which, when adminisiered 10 an animal 1in need
thereof, 1s sufficient to effect treatment, as defined above, for
that disease.

Processes [or Preparing Compounds ol the
[nvention

The compound of Formula T or its pharmaccutically
acceplable salls are prepared by a vanely ol methods, The
synthetic approaches are apparent from the labelled dotted
lines [(a) through ()] in Formula I below. The dotled lines
pomt schematically to the respective reaction sites and the
ensuing lable gives a briel descriplion of the varous meth-
ods that will be deseribed m more detail helow. The letter
symbols in parentheses reler 1o the respeclive slep in Lhe
process description/claim(s):

OH
N
. NZ N\
()~ /I\ ‘
N
CICRC O S
. - t {—} ol - - - - I:d}
HO
"
O "
| AN (f
(a), (b)----+ [LLN" 2 ¢ S
G| (<)
O
Approach Melthod

(i) De-proteetian

(b} Salt Formation

() LCsterification

() Condenesalion

(c) Partial Hydrolyais

(f) Optical Resolution/Miastcrcomer

Scparation

Accordingly, the process for the preparation of the com-
pound of Formula I or a pharmaceutically acceptable salt
thereol comprises one or more ol the [ollowing sleps:

(a) removal of an amino- and/or hydroxy-protceting group
< + ‘ c
[rom a compound with the Formula 1V
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HG:>/D\|
O
P*HN" 2 (:"'f
G|
O

wherein P! 1s a hydroxy-protecting group or hydrogen, P* is
an amino-protecting group, and ¥ is hvdrogen or P to
afford the compound of Formula I;

(h) conversion of the compound of Formula T into a
pharmaceutically acceptable salt thereof;

(c) esterification of 2-(2-amino-1,6-dihydro-6-oxo-purin-
O-yDmethoxy-1,3-propanediol (ganciclovir) or a salt
thercof, with an activated dervative of T.-valine;

(d) condensation of an optinmally substimted gnaninc of

the Formula (V)

X
Vi N

ﬁ )
PHN H\h' T

H

oplionally 1n persilylated Lorm,
wherein P7 18 hvdrogen or an amino-protecting group, with
a 2-substituted glycerol of the Formula (V1)

V)

wherein Y' and Y= independently are halo, lower acyloxy,
lower alkvloxy, or aralkvloxy groups, and 72 is a lcaving
croup selecled [rom lower acyloxy, methoxy, 1sopropyloxy,
benzvloxy, halo, mesyloxy or tosvloxy, and the like; option-
ally in the presence of a Lewis acid catalyst, to provide the
compound ol Formula I; or
(¢) partial hvdrolvsis ol the bis ester 2-(2-amino-1,6-
dihydro-6-oxo-purin-9-vl)methoxy-1,3-propanediyl
bis (L-valinate) or a salt thereof to afford the monoester
of the T'ormula I; or

() optical resolution or diastereomenc separation of a
compound ol Formula (I).

Utility and Testing

The compound ol Formula 1 and is pharmaceutically
acceplable salls exhibil pharmaceutical activily and in par-
ticular antiviral activity. As such, the compound and 1ts
pharmaccutically acceptable salts arc usctul for trcating a
broad range of conditions in animals, particularly humans.

Examples ol condinons thal may be realed using the
compound and salls ol this invention include herpes inlec-
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lions such as herpes lypes 1, 2 and 6, vancella Zosler,
LCppstein-Barr virus, and o particular cytomegalovirus, and
hepatitis B and rclated viruses, in humans or non-human
animals, particularly in humans. Examples of climeal con-
ditions caused by these viruses are herpetic keratitis, her-
petic encephalitis, cold sores, genital infections (caused by
herpes simplex), chicken pox, shingles (caused by varicella
Zosler), CMV-pncumonia and -retinitis, particularly in
immunocompromised patients including transplant recipi-
ents (for example, heart, renal and bone marrow transplants)
and paticnts with Acquired Immunc Deficieney Svndrome
(AIDS), Eppsiein-Barr virus-caused inlectious mononucleo-
s15. 'The compound of the invention is also usetul for the
trcatment of certain carcinomas or lvmphomas caused hy, or
rclated to, viral infections, such as nasopharvngeal cancer,
immunoblastic lvmphoma, Burkitt’s lymphoma, and hairy
leukoplakia.

In summary, then another aspect of this 1nvention 1s a
method [or ireating an animal (prelerably a human) cexhib-
1ling a condition m which an above-described viral inlection
plays a role, or prophvlactically trealing an animal where
such viral infection 1s anticipated bv the treating physician
or vetermarian. The mcthod comprises administering a
therapeutically ellective amount ol mono-L-valing ganciclo-
vir or its pharmaceutically acceptable salts to such animal.
A therapeutically effeetive amount of the compound or 1ts
pharmaccutically acceplable salls 15 an amount Lhat 15 clhi-
cacious 1n Irealing Lthe condition, 1.¢. the disease. The exact
amount admimstered may varv over a wide range depending,
on the degree of severitv of the specific condition being
reated, age and weight ol the subject, relaive health ol the
subject and other Lactors (such as type ol [ormulation). For
an oral formulation a therapeutically effective amount mav
vary from about 1 to 250 mg per Kg body weight per day,
prelerably about 7 1o 100 mg/Ky bady weight per day. Most
preterably the therapeutically effective amount is about 10 to
50 me/Kesdav, especially for the treatment of CMV retinitis
and pncumonid. Thus, lor a 70 Kg human, a therapeulically
cleclive amount 15 [rom aboul 70 mg/day Lo aboul 7 g/day,
preferahly about 500 mg/dav to about 5 g/day, most pref-
crahly 700 mgsday to 3.5 g/day. For an mtravitrcal tmplant,
however, the does of the prodrug wall range from 0.5 mg to
25 me, preferably from 5 to 10 mg per implant. It 1s well
vnderstood by those skilled in the art that difterent dosage
torms of the prodrugs of the mvention will command
dillerent dosage ranges.

Ganciclovir 18 a proven antiviral drug. The utility of the
ganciclovir prodrug ol the present invenlion has been estab-
lished by determining the blood level concentrations of
ganciclovir in test animals (the rat and the monkey), fol-
lowing oral administranon of the prodrug. The blood plasma
level concentrations were delermined according (o the meth-
ods described in Lxamples 9 and 10 and are procedures
which modified procedures described bv Jean-Pierre Som-
madosst el. al. in REVIEWS OF INFECHOUS DISEASEES,
VOL. 10, SUPPLEMENT 3, p. 8507 and in Journal of
Chromatography., Biomedical Applications, 414 (1987),
429-433.

Administration and Pharmaceutical Composition

The compound or its pharmaceutically acceptable salts of
this invention may be administered via any of the usual and
acceplable modes known in the arl, c¢ilher smgly or 1n
combination wilh another therapeutic agent. Generally Lhe
compound and salts ol this invention are adminmistered as a
pharmaccutical composition with a pharmaccutically
acceptable cxeipient and arc administered orally, systemi-
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cally (e.g. transdermally, or by supposilory) or parenterally
(e.2. intramuscularly [im], intravenously [iv], subcutane-
ously [sc]) or intravitreally by an implant. The compound of
the invention can thus be admimsterced 1n a composition that
18 a semusolid, powder, acrosol, solution, suspension or other
appropriate composition, as discussed hereinatter. Oral phar-
maccuncal compositions arc preterred.

A pharmaceutical composition comprises the compound
of Formula 1 or its pharmaceutically acceptable salts, pret-
crably in combination with a pharmaccutically acceptable
cxcipient. Such cxaipient 18 aonc that 18 non-toxie. Such
excipient may 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
aclivily ol the active agenl.

In general, the pharmaceutical composition of this inven-
tion will contain a therapeutically effective amount of the
compound or 11s pharmacculically acceptable salls o com-
bination with al least one excipient. Depending on the Lype
of formulation, size of a unit dosage, kind of excipients and
other factors known to those of sill in the art of pharma-
ccutical scicncees the amount of compound of this invention
may vary over a wide range in the composition. In general,
the final composition will comprise about 1% to about
99.5% wt of a compound of the invention with the remainder
being the excapient or excipients. Prelerably the level ol
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 heing a suitable excipient or excipients. Useful
pharmaceutical excipients lor the preparation ol the phar-
maceulical composiions hereol can be solids, semisolids,
liquids or gascs. Thus, the compositions can take the form of
tablets, pills, capsules, powders, suppositones, transdermal
patches, sustained release formulations, intravitreal
implants, solutions, in particular intravenous solutions,
suspensions, elixirs, aerosols, and the like. Solid pharma-
ceulical cxcipients mclude starches, such as corn starch,
cellulose, lale, glucose, laclose, sucrose, gelaln, mall, rnice,
flour, chalk, silica gel, magnesium stearate, sodmum stearate,
stecaric acid, glycerol monostearate, sodwum chloride, dried
skim milk, and the like. Liquid and semisolid excipienls may
be selected from water, ethanol, glycerol, propylene glycol,
various oils, including those of petroleum, animal, vegetable
or synthetic origin, for ecxamples, pecanut o1, soybean oil,
mincral o1l, scsame o1, and the ke, Waler, saline, aqueous
dextrose, and glvcols are preferred Liquid carriers, particu-
larly for imjectable solutions. Other suitable pharmaceutical
excipients and carriers and their lormulations are described
in “Remington’s Pharmaceutical Sciences™ by E. W,
Martin, mcorporated herein by reference.

Prelerably the pharmacculical composition 1s adminis-
lered m a single uml dosage lorm, more prelerably an oral
dosage lorm, [or conlinuous treatmenl or in 4 single unil
dosage form ad hbitum when rehef of svmptoms 1s specifi-
callv required.

Presently Preferred Embodiments

While the broadest delimtiom ol this invention 1s sct [orth
in the Summary of the Invention as the compound of
lormula T and its pharmaceutically acceptable salts, the
(R.5) mixture and certain salts are preferred.

The lollowing acids are prelerred 1o [orm pharmaceuti-
cally acceplable salls wilh the compound ol Formula I:
hydrochloric, sulfuric, phosphoric acid, acelic,
mcthancsulfonic, cthancsulfonic, 1,2-cthancdisulfonie,
2-hvdroxycethancsultfonic, benzencesulfonic,
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p-chlorobenzenesullonic, 2-naphtihalenesullonic,
p-toluenesulfonic and camphorsulfonic acid. Most preferred
arc strong morganic acids, such as hydrochloric, sulfuric or
phosphoric acid.

The most preferred compounds are 2-(Z-amino-1,6-
dihydro-6-oxo-purin-9-vl)methoxy-3-hvdroxv-1-propany]
[.-valinate hydrochlondc and acctate. These compounds can
be prepared as cryslalline materials and therelore can be
casily manufactured into stable oral formulations. Oral and
mtravenous tormulations are preferred. The oral formula-
tions have the advantage of ligh bioavailability; the mntra-
venous formulations have the advantage that the prodrug of
the mvention, vnlike ntravenous ganciclovir formulations
be prepared using a phyvsiologically more acceptahle plIl
(4-6). The intravenous [ormulation of ganciclovir requires a
pH ol 11 which results 1o irmitation.

It 15 understood that these compounds are particularly
usclul m the pharmaceutical compositions and methods ol
realment ol this mvention.

In any of the last step processes described herein, a
referenee to Formula I I1 T, IV, V oor VI rcfers to such
Formulac wherein PY P2, and P?, A, Y', Y and Z arc as
defined in their broadest definitions set forth in the Summary
of the Invention, with the processes applying particularly to
the presently preferred embodiments.

The prelerred pharmaceutcal compositions ol this mven-
lion conlain a pharmaceutically acceplable sall ol the pro-
drug ol Formula 1. Accordingly, i[ the manulaciure ol
pharmaceutical formulations involves intimate mixing of the
pharmaccutical exeipicnts and the active ingredient m 1ts salt
torm, then it 1s preferred to use pharmaceutical excipients
which are non-basic 1n nature, re., either acidic or neutral.

Details of the Synthetic Processes

The currenily prelerred process lor producing the com-
pound of the I'ormula I involves step (a), preferably carried
out with the concomitant formation of a salt of a compound
ol Formula I, or step (¢), or a combination ol steps (4) and
(). (See the description of Steps 11l and 1V below). The
preparation of the monoester according, to step (a) requires
thc sclective proteetion of onc of the two primary hvdroxvl
tunctions of ganciclovir or 118 derivative. This generally mav
or may not mvolve protection of the amino group in the
2-position of the guanine base (see the detailed description
below of Steps I through IIT for the case the process is
carricd oul with a protected amino group). In addiuon,
belore the esterification (Step 1) is camried oul, the amino
group of the anmino acid reagent must be protected, to avold
its interference (amide formation) in the csterification rcac-
tion. 'The protection ol the amino group 1s described in the
section “Preparation of the N-Protected Amino Acid™ below.

In general, when carrving oul 4 process ol this inventon,
those amino, hyvdroxy or carboxylic eroups which are not to
participate in the synthesis reaction must be protected until
(1) either de-protection yields the [inal product; or (2) a
speciflic protecled group 1s o be involved 1n the nexi
synthetic step; or (3) the presence of the unprotected group
1n the ensuing rcaction steps leading to the final product
would not modily the mtended sequence ol reactions. An
example for meeting requirement (1) is the benzyvl group in
the preparation of the monoesters of this invention, which
prolects one primary hvdroxyl [unction ol ganciclovir until
1l 15 removed 1n the de-prolecuon slep. An example lor
meeling requirement (2) is the second benzyl group protect-
g the sccond primary hydroxyl function of ganciclovir
which 18 removed just prior to the csterification step. An
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example [or meeling requirement (3) 1s the acelyl group, or
the trityl or monomethoxvtrityl group protecting the amino
croup of the cuanine ring system of ganciclovir, as the
unprotected amimo group does not interfere with the ester-
fication (step 11D).

In peneral, the qualification of potential blocking agents
that render them suitable for usc 1in the preparation of the
compound ol Formula I include:

(1) Their introduction should proceed quantitatively and
smoothly without L-valine racemization;

(2) The hlocked intermediate must be stable to conditions
of the reactions emploved until removal of the protect-
ing group is required;

(3) The hlocking group must be susceptible of heing
rcadily removed under conditions which do not change
lhe chemical nature ol the remainder ol the molecule or
result 1n racemuzation of the L-valine component.

Starting Materials

All starting materials (ganciclovir and L-valine) and the
prolecling and carboxvlic-group-aclivaling reagenls
employed to make the compound of ormula T are known.
Also known arc various amino-protcceted I.-valine
derivatives, such as N-benzyloxycarbonyl-L-valine, BOC-
L-valine and I'MOC-L-valine, N-formyl-L-valine and
N-benzyloxycarbonvl-N-carboxy-L-valine anhydride,
which arc all commercially available micrmediates, or
described 1n the lileralure, such as N-allyloxycarbonyl-L-
valine.

A prelerred proiecied ganciclovir starting material Lor the
preparation of the preferred compound of the 1nvention 18
N2-acetyl-his-O-henzyl-ganciclovir (N2-acetyl-2-(2-amino-
1,6-dibhydro-6-oxo-purin-92-ylymethoxy-1,3-bis(benzyloxy)
propane) which is described m U.S, Pat. No. 4,355,032,
Other preferred protected ganciclovir starting materials are
N=-tritvl-9-[(3-hydroxv-2-propoxy-1-trityloxy)methvl]
cuanine [N?-trityl-2-(2-aminoe-1,6-dihydro-6-oxo-purin-9-
vlDmethoxy-1-trityloxy-propan-3-o0l]
N<-monomecthoxyirity]-9-[(3-hydroxy-2-propoxy-1-
monomethoxytritvloxyymethvl]- guanine, the preparation of
which is described inJd. Pharm. Sci. 76(2), p. 180184 (1987)
which is incorporated herein by reference 2-(2-Amino-1,0-
dihydro-6-oxo-purin-9-yl)methyl-1,3-propanediyl bis(L-
valinale) which 1s the starling material for the partial
hydrolysis slep 1s described in BEuropean Palent publicalion
0 375 329,

I'reparation of the N-Proteeted Anmmino Acid

Prior 1o carrying oul Step Il (esterilication step), the
amino group of L-valine must be protected to avord its
interference with the estertfication by undersirable amide
[ormation. The [ollowing amino-prolecling groups arc usc-
[ul: halocarbonates such as (C—C. ) aryl lower alkyl car-
bonates (such as the carboboenzyloxy group derived from
benzvlchlorocarbonate), or biphenvlalkyl halo carbonates,
or lertiary alkyl halo carbonates, such as lertiary-
butvylhalocarbonates, 1n particular tertiary
butylchlorocarbonate, or diflower)alkyldicarbonates, in par-
ticular di(t-butvl)dicarbonate, triphenvlmethyl halides such
as inphenylmethyl chlonde, and irnillunroacetic anhydnde.
The protecting step is carried out by dissolving, or suspend-
ing L-valine 1n an alkaline aqueous solution which may
mclude a lower alkanol. The reaclion mixture 15 cooled
while Lhe prolecling reagent such as the halocarbonale,
prelerably in an aqueous or lower alkanol solution 1s added
stmultancously m small portions. During this addition, the
rcaction mixtre is kept at 0 to 30°, preferahly 0-5° C. for
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several bours until 1l reaches room temperature, The reaction
mixture 18 concentrated to dryness and the residue is parti-
tioncd between an orgame phase and water. The agucous
layer 15 acidified and extracted with an organic solvent for
the protected amino acid. 'The oreanic phase 1s washed with
water followed by brine washings and dried over magne-
stum sulfate betfore cvaporation to drvness, and the
N-prolecied amino acid 1solated and purilicd by conven-
tional isolation and purification techniques.

Preparation of Mono-T.-valine Ganciclovir

Step I: Ganeiclovir, with an optionally protected 2-amino
group and both primary hydroxyl lunctions protected is
partially de-protected, tfor example, by hydrogenation to
ganciclovir with the 2-ammo group retainced 10 proteeted
torm and onc protceted primary hydroxy! tunction. Suitable
amino-protecting groups are lower alkanovl groups with 2 or
4 carbon atoms, in particular the acetyl or propionyl group.
Other suitahle amino-protecting groups are the tritvl or
substituted (rityl groups, such as the monomethoxyiriyl
group, and the 4,4'-dimethoxytrityl group.

Suitable hydroxy-protecting groups are ether-forming
groups that can be removed casily atter complction of all
olher reaclion sleps. These hydroxy-proteciing ether groups
include the benzvl or the trityl group. These groups may be
substituted in the phenyl ring. Other suitable hydroxy-
protecting groups 1include allyl cther, wirahydropranyl, silyl,
ralkylsiyl ethers which ¢an be removed with hvdrogen
fluoride n a manner known well to those skilled in the art.

The hvdrogenation to remove one hydroxy-protecting
group 1s prelerably carned oul by dissolving the prolecled
ganciclovir in a solvent system that releases hydrogen in the
presence of a catalyst such as a palladium compound, 1n
particular palladium hvdroxide, by transtfer hydrogenation or
other conventional hvdrogenation procedures., Other suil-
able hydrogenation catalysts include hydrogenation cata-
lysts 1n eeneral such as Pd, Pd on carbon and homogencous
hvdrogenation catalysts. The solvent svstem includes a
lower alkanol such as methanol or ethanol and cyclohexane.
Generally the reaction will be carried out al lemperatures
between room temperature and the reflux temperature of the
solvent system, for cxample 1in refluxmg cthanol and evelo-
hexane under an inert atmosphere and under exclusion of
oxygen or air, preferably in a mtrogen atmosphere. The
catalyst will be recovered by filtration. The filtrate can be
reduced m volume by cvaporation ol cxcess solvent. The
resulling crude reaction mixture generally includes
unchanged starting material and 2-amino-protected sanci-
clovir and onc aliphatic hydroxy group protected as the
major products. The separation ol these (wo products 1s
usually performed by isolation procedures known in the art,
often by chromatographic methods, preferably on silica gel,
[ollaowed by clunon with appropriale ¢lucnis such as mix-
lurcs ol a lowcer alkanol with a halogenated lower alkanc
(preferably ethanol and dichloromethane) to give 2-amino-
protected ganciclovir with one aliphatic hydroxy group
protecled.

Step 1I: Ganciclovir with a protected 2-amino group and
one aliphatic hydroxy group protected 1s subjected to
de-proteetion ot the amino group. In this step it the amino-
proleeling group 1s a lower alkanoyl group basie conditions
(pll between 9 to 14) are emploved to remove the protecting,
group. FFor example, N2-Acetyl-mono-O-benzyl-ganciclovir
15 Llrealed with an alkaline rcagent such as ammonium
hydroxide, sodium or polassium carbonale or sodium or
polassium hydroxide unul the removal ol the acetyl group 1s
complcte. In gencral, this rcaction will be conducted m the
presenee of a suitable solvent such as a lower alkanol.

>
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Prelerably the starting material 15 dissolved 1n methanol and
a stoichiometric excess of ammonmum hydroxide is added.
The rcaction temperature 15 kept between 0 to 50°
preferably at room temperature. Atfter the reaction 18 com-
plete (which can be determined by TLC), another solvent
may be added to facilitate isolation of the de-protected
product, such as c¢thvl cther wiieh lcads o precipitation of
the de-acylated product which can be lilicred oll and 1solated
using, conventional separation methods.

Step I Tn this step an activated denvative of amino-
protected T.-valine of the Formula I 15 esterified with the
prolected ganciclovir derivative obtained 1 Siep 1. Suitable
amino-protecting groups for L-valine are the
N-bhenzyloxycarbonv] group, the phthalyl group, the tertiary
butvloxycarbon¥!l group and the N-(9-
fluorenylmethoxycarbonyl) or “I'MOC” group.

At least 1 equivalent of the protected amino acid and 1
equivalent of a suitable coupling agent or dehvdrating agent,
lor example 1,3-dicyclo-hexvlcarbodiimide or salts ol such
diimides with basic groups should be emploved [rom the
start. Other carhodiimides such as N,N'-carbonyl-
dnmidazole may also be used. Further uscetul dehydrating
agents are irifluoroacetic anhydrde, mixed anhydrides, acid
chlorides, l-benzo-triazolyloxy-tris(dimethylamino)
phosphoniuvm hexaflvorophosphate, PYROP,
1-hydroxybenzolnazole, 1-hydroxy-4-azabenzolnazole,
1-hydroxy-7-azabenzolriazole, N-ethyl-N'-ethyl-N-40 -(3-
(dimethvlamino-propyl)carbodiimide hydrochloride,
3-hydroxy-3,4-dihydro-4-oxo0-1,2.3-benzotriazine,
O-(benzotriazol-1-y1)-1,1,3,3-tetramethyluronium
hexalluorophosphate, O-(7-azabenzotriazol-1-y1)-1,1,3,3-
tetramethyluronivm hexaflvorophosphate, O-(7-
azabenzotriazol-1-y1)-1,1.3,3-tctramecthyluronium
tetralluoroborate, O-(1H-benzotriazol-1-v1)-1,1,3,3-bis
(tetramethylene)-uronmm hexafluorophosphate or O-(7-
azabenzotriazol-1-y1)-1,1,3,3-bis(tetramethylene)uronium
hexafluorophosphate. A description of these coupling agents
by L. A. Capino can be Lound in J. Am. Chem. Soc. 1993,
L15, p. 4397-4398, Also uselul lor this purpose are
urcthanc-protectcd amino acid N-carhoxy anhvdrides
(UNCA’s) which have been deseribed by William 1. Fuller
et. al., J. Am. Chem. Soc. 1990, 112, 7414-7416, which 1s
incorporated herein by reference. In summary, any other
reagent that produces an anhydride or another activated
derivative ol the protected amino acid under mild conditions
can be used as the coupling agent.

The amino-protected amino acid 18 dissolved 0 an nert
solvent such as a halogenated lowcer alkanc, preferably
dichloromethane under an inert atmosphere, lor example
nitrogen, and the coupling agent is added (preferably 1,3-
dicyclohexvlcarbodimide). The reaction mixture is stirred
al temperature between (0 and 50° C., prelerably at aboul
room lemperalure. The reaction mixture 13 Oltered and the
reaction product (the anhydride of dry inert solvent such as
dry DMI’ and placed under nitrogen. A solution of an
equivalenl amount ol the product of Step 1l 1n an inerl
solvent 13 added 1o the above solution ol the anhydride. The
reaction 1s carried out between (0 and 50° C,, preferably at
about room temperature over 5 to 90 hours. The reaction
product can be solated and punficd usmg conventional
methods, such as chromatography. The product usually will
contain unreacted N-protected amino acid which can be
removed by lrealment ol a walcr-immiscible solution
(organic phase) ol the product with aqueous alkall such as
sodium bicarbonate, sodium carbonale, brine and mixtures
thercof. From the organie phasc the ganciclovir T.-valine
cster with the protected aliphatic hvdroxy group and the
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N-prolecled amino acid can be wsolaled and punlied using
conventional solation and purification techniques.

Step TV (Fmal De-protection to Gave the Product of
Formula I): The two protecting groups of the product of Step
III are removed by de-protection reactions, preferably in an
acidic medium or solvent, most preferably by hydrogena-
tion. De-pratection under acidie comditions 18 preferred, as
this will cnsure that the amino group liberated 1n the
de-protection reaction will be protonated, that is that the
base of Tormula T as 1t 1s formed o the de-protection
rcaction will be capturcd bv an at lcast stonchiometric
amount ol acid present. Isolating the compound ol Formula
I as an acid addition salt will protect the desired stereocon-
figuration of the compound of Formula I. Therctore, those
cxamples given below that show the de-protection step (a)
also show the concomitant salt formation step (b).

The de-protection reaction is carried by dissolving the
product of the esterification step in an nert solvent, prefer-
ably m an acwdic solvent, using an hydrogenation calalysl,
such as palladium on carbon, platinum, using elevaled
hvdrogen pressure between 1 and 2000 psi, preferably 20 to
200 psi. The completion of the reaction can be monitored
using conventional TLC analysis. The hydrogenation is
contimied until the conversion is complete, if required with
addition of further hydrogenation catalyst. The catalvst is
removed and washed. The combined [iltrates [rom liltration
and the washings are concentraled and lyophilized 1o 1solate
ganciclovir L-valine ester. The purification of the product
and the isolation of a crystalline ester 1s carried out bv
recrystallization or other purilication techniques, such as
liquid chromatographic lechniques.

If the tertiary butvloxycarbonyl group is being used as
amino-protecting group, 1ts removal 15 cffected with acid,
such as HCI and 1sopropanol as a solvent or with rlluoro-
acetic acid neat.

Alternatively if the esterification step has been carned out
with a trityl or substituted trityl-protected ganciclovir
derivalive such protecting groups can be removed by real-
menl with an aqueous alkanoic acid or irifluoroacetic or
hvdrochlone acid at temperature between -20200 €. and
100° €., for example aqueous acctic acid.

Allyl groups are removed by somerization to the vinyl
ethers with rhodivm or palladiom catalysts, followed by
acidic aqueous hydrolysis.

Other Mcethods ol Preparation [Steps (b), (d), and (¢)]

One ol ordinary skill in the art will also recognize thal the
compound of FFormula T may be prepared as an acid addition
salt or as the corresponding frec basc. It prepared as an acid
addition salt, the compound can be converied (o the [Tee base
by treatment with a suitable base such as ammonium
hydroxide solution, sodinm hydroxide, potassium hydroxide
or the hke. However, 10 1s important Lo poinl oul thal the Iree
basc ol Formula I 15 more dillicull (o characlienze than s
acid addition salts. When converting the free base to an acid
addition salt, the compound 15 reacted with a suitable
organic or inorganic acid (descnbed carlier). These reactions
are ellected by (realment with an al least sloichiomeltric
amount of an appropriate acid {in case of the preparation of
an acid addition salt) or base (in casc of liberation of the free
compound ol Formula T). Tn the sali-lorming step ol this
wnvention typically, the free base is dissolved in a polar
solvent such as water or a lower alkanol (preferably
1sopropanol) and mixtures thercol and the acid is added 1n
the required amount i waler or in lower alkanol. The
reaclion lemperalure is usually kept at about O 1o 50° C,,
preferably at about room temperature. The corresponding
salt preceipitates spontancously or can he brought out of the
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solution by Lthe additon ol a less polar solvenl, removal ol
the solvent by evaporation or in a vacuum, or hv cooling the
solution.

The reaction conditions of condensation step (d) arc
described in European Patent Publication 187 297. 'This
condensation step is one of the preferred methods tor the
preparation of the diastercomers of the monocster. In tins
condensation step guanmine, prelerably wilh a protected
2-amino group 18 reacted with a glycerol derivative. The
olycerol derivative, such as a 1-halo-3-henzyloxv-2-
acyloxymethoxyglyveeral, 1s reacted with guanine or a sub-
stituled guanine derivalive in an aprotic hydrocarbon solvenl
(such as benzene or toluene, or xyvlenes) or DME with a
hexa-lower alkyl silazanc, for example, hexamethylsilazane,
hexacthvlsilazane, or the like, and a catalyst atr temperatures
between 30° C. and reflux temperature. 'The catalyst is a
Lewis acid salt, such as trialkyl silyl salt, such as the sulfate
or a trifluoroalkyl sulfonate, a chlorosilane, or ammonium
sullate and pyrnidine. For a more delaled disclosure ol the
reaction condilions [or condensalion step (d) see the disclo-
sure of Luropean Patent Publicanon 187 297 which 1s
incorporated hy reference herein. In general, Y- and Y2 need
10 be chosen in such a way as 10 permil the obiention ol the
mono-L-valine ester of l'ormula I. ¥* can be an amino-
protected L-valinyl group, or a group convertible to the
L-valimyl group.

The compound ol this invenlion may also be prepared
from 2-(2-amino-1,6-dihvdro-6-oxo-purin-9-yl)methoxv-1,
3-propanedivl his(l.-valinate) which 1s described in Curo-
pean Palenl publicauon 0 375 329, 'The conversion (o
2-(2-amino-1,6-dihydro-6-oxo-purin-9yvl)meihyoxy-3-
hydroxy-1-propanyl-L-valinate is eftected by partial
hydrolysis [Step (¢)] of onc l.-valine ester group under
conlrolled conditions which result 1n the prelerential cleav-
age of only one amino acid acyl residue. A salt of 2-(2-
amino-1,6-dihydro-6-0xo0-91l-purin-9-yl)methoxv-1,3-
propanedivl bis-T -valinate, preferahly as the bis acetate salt,
15 dissolved 1n de-iomized waler, and partially neutralized
with weak base, such as a dJdilule ammonivm hydroxide
solution. The mixture will 18 kept at room tcmpcerature for
onec to scveral days, preterably 48 to 72 hrs.

Alternatively, enzymatic hydrolysis with an esterase, such
as porcine esterase or a peptidase, such as a carboxypepti-
dase can also be vused to effect partial hydrolysis.

The monoesler can be separated [rom Lthe bis csler by
preparalive chromatography under weak acidic conditions
(pIT 3 to 5, preferably pIl 4). The solvent used for chro-
matographic scparation will be removed and 2-(2-amino-1,
6-dihydro-6-oxo9H-purin-9-yl)-methoxy-3-hydroxy-1-
propanyl L-valinate salt will be isolated as a mixture of two
diastereomers.

Isolation ol Slercotsomers

From the Formula (1) it is apparent that the compound ol
the 1nvention has one asymmetric carbon atom (chiral
center) 1n the propanvl cham, i addition to the asymmetric
carbon alom 1n L-valime, Therelore, two diaslercomeric
[orms exist, the (R)- and (5)- [orm as delermined by the Tules
of Cahn et al.

A number of methods switable for the separation of the
diastereomers can be used bul the prelerred methods usce
techniques that take advantage of the different physical
properties of the two diastercomers. In general, the diaste-
rcomers are separaled by chromatography but prelerred arc
separalion/resolulion lechmques depending on dillerences n
solubility, such as [ractional crystallizaton.

Specifies of the scparation technmiques applicahle to the
preparation of diastereomers of the Formula T are described
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in Jean Jacques, André Collel, Samuel H., Wilen,
Frarriomers, Racemates and Resolutions, John Wiley &
Sons, [nc. (1981), whnich 1s incorporated hercin hy reference.

Alternatively, the compound of the invention may be
prepared using optically active reactants. When pure dias-
terecomers of mono-L-valine ganciclovir are prepared the
condensation step (d) 18 the preferred method of synthesis.
Howcver, 1L oplically aclive reagents are being used 10 would
be important to avord the pIl range above 0, as at the higher
pIT range interconversion of the free compound of TFormula
I occurs. For cxample, at pH 7 and 40° €. the dhastercomeric
mixtures ol Formula I have a hall-lile ol less than one hour.

The stereoconfiguration at the second chiral center of the
compound of Formula I can be assigned by circular
dichroism, pretferably by Single Crystal X-Ray Analysis of
a heavy atom derivative, or correlation with material pre-
pared by total synthesis from a single elycerol enantiomer of
known configuration.

The Manulacture ol Crystalline 2-(2-Amino-1,6-dihydro-6-
oxo-purin-9-ylimethoxy-3-hvdroxy-1-propanvl-L-valinale

The compound of the invention can be, and has been,
produced 1n erystalline form. This 15 a decisive advantage
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
morce caslly produced wilh a crystalline maternal. A crystlal-
line malerial can be processed ellicienlly and 15 suspectible
of being more reproducibly characterized than a non-
crystalline material, and the quality of the crystalline mate-
rials ol the mvention ¢an be much more readily ascertamed
than that ol non-crystalling materials.

In order to produce crystalline material it 18 preferred to
use a salt of 2-(2-amino-1,6-dihydro-6-oxo-purin-9vl)
mclhoxy-3-hydroxy-1-propanyl L-valinate. Prelerred crys-
talline salts are the acetate and the hydrochloride salt. It is
preferred to initiate crystallization of the salt by dissolving,
the hydrochloride or acetate salt 1n water and adding an
organic solvent miscible with water such as methanol,
¢thanol, isopropanol, (etrahydroluran or acetoniirile.
Altematively, the hydrochloride salt can be erystallized from
an anhydrous lower alkanol solution, such as methanol,
e¢thanol, by the addition of other organic solvents such as
ethyl acetate, sopropanol, tetrahydrofuran or toluene.

The following preparations and examples are piven to
cnable those skalled m the art to more ¢learly undersland and
o practice the present invention. They should not be con-
sidered as Limiting the scope of the invention, but merely as
being illustrative and representative thercof,

EXAMPLE 1

Preparation of (8)-2-(2-Amino-1,6-dihydro-6-0x0-
purin-9-ylymethoxv-3-benzyloxy-propan-1-ol

A, (R)-(1-Chloro-2-accloxymethoxy-3-benzyloxy)propanc

[IC1 gas (dried by passing through concentrated 11,.50,)
was bubbled 1nto a stirred mixture of (5)-(+)-
benzyloxymelhyloxirane (500 myg, 3.06 mmol) and
paralormaldehyde (201 myg, 6.71 mmol) in dichloromethane
(8 mL) at 0° C. until all the solid dissolved (ca. 45 min). The
resulting solution was stored at 0° C. for 16 hours. After
drymg with magnesium sullate, the solvent was cvaporated
to provide (R)-(1-chloro-2-chloromethoxy-3-benzyloxy)
propane. This chloromethvl ether intermediate was dis-
solved 1n acclone (3 mL) and added dropwise 1o 4 mixlure
ol polassium acelale (2.1 g, 21.4 mmol) in acelone (7 mL).
'The mixture was stirred at ambient (emperature Lor 16 hours.
The solid was filtcred off and the filtrate concentrated. The
residuc was taken up m 20 ml. of toluene and the washed
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wilh saturated sodium bicarbonale solution (10 mL) and
water (2x20 mL). The organic layer was dried over sodium
sullale, Aller Oliration, the [iltrate was concentraled and the
residue purified by Hash chromatography over silica gel
(hexane/elhyl acelate=7/1) (o provide (R)-(1l-chloro-2-
acetoxvmethoxy-3-benzyloxy)propane (810 mg, 2.97
mmol) as a colorless o1l 1n 97% yicld (the isomeric ratio was
12:1).
B. (R} 2-(2-Amino-1,6-dihydro-6-0xo-purin-9-yl)methoxy-
L-chloro-3-benzyloxy-propane

A solution of persilylated guanine (1.09 g, 2.95 mmol) in
DMEF (3.2 mL) was added o §1- mg ol {(R)-(1-chloro-2-
acetoxymethoxy-3-benzyloxy)propane. The solution was
stirred at 130° C. for 1 hour before trimethylsilyl trifluo-
romcthancsulfonate was introduced. Stirnng was continucd
al the same temperalure Lor 4 hours. The mixture was cooled
to room temperature and partitioned between water and
cthvl acctate. The aqueous layer was extracted exhaustively
with cthyl acctate. The eombmed organie laver was dried
over magnesimm sulfate, filtered and concentrated. The
resicdlue was purified by chromatography over silica gel to
provide (R) 2-(2-amino-1,6-dibhydro-0-oxo-purin-9-vl)
methoxy-1-chloro-3-benzyloxy-propane along with its N-7
1somer. The ratio of N-9 1o N-7 somer was about 2.3:1.
C. (R)-2-(Z-amino-1,6-dihydro-6-oxo-punn-9-v)methoxv-
| -acetoxy-3-henzyloxv-propanc

A mixture of the product from the previous step, potas-
sium acetate, (large excess) and DML' was heated to reflux
for 5 hours. The resulting brown mixture was cooled to room
tcmperature and (lered through a plug ol Celite, The Ilier
bed was rinsed wilh methanol. The hltrale was evaporaled
and residual DMIF removed in vacuo. The crude product was
purified by flash chromatography over silica gel (CIT,C,-
methanol: 10:1) 10 provide (R)-2-(2-amino-1,6-dihydro-6-
oxo-purin-9-yl)methoxv-1-acetoxy-3-benzyloxy-propane as
a pale yellow solid.
D. (8)-2-(2-Amino-1,6-dihvdro-6-oxo-purin-9-yl)methoxy-
1-benzvloxy-propan-3-ol

A muxture of (R)-2-(2-amino-1,6-dihydro-6-oxo-purin-9-
vlymethoxy-1-acetoxy-3-benzyloxy-propane in 30% ammo-
nia / methanol (1:2) was slirred al ambient lemperature lor
L8 hours. The solvenl was evaporated and the residue was
triturated with a small amount of methanol. 'The pale yello
solid was collected to give (8)-2-(2-Amino-1,6-dihydro-6-
oxo-purin-Y-ylmethoxy-1-benzyloxv-propan-3-ol. The
mother liquor was concentrated and the residue recrystal-
lized from hot methanol to give a second crop of the product.

EXAMPLE 2

Preparation of 2-(2- Amino-1,6-dihydro-6-0xo-
purin-9-yDmethoxy-1-benvzloxy-propan-3-ol

AL N2-Acelyl-2-(2-amimo-1,6-dihydro-6-0x0-purin-9-y1)
me¢ihoxy-1,3-bis(benzyloxy)ipropane, 54.2 g (114 mmol)
was dissolved n refluxing ethanol (815 ml ) and cyclohex-
ane (610 ml.) was added under a mitrogen atmosphere. A
slurry ol palladium hydroxiade (16 g) in ethanol (50 mL) was
added (o the reaction mixiure and the mixture was relluxed
under nitrogen for 1.5 hrs, The hot mixture was filtered
through Celite and the filtrate was concentrated on a rotary
cvaporalar. The resulting crude reaction mixlure was chro-
matographed on silica gel. Llution with 8% methanol/92%
dichloromethane followed by 109% methanol/20% dichlo-
romcthane resulls 1n N2-acetyl-2-(2-amino-1,6-dihydro-6-
oxo-purin-9-yDmethoxy-1,3-bis(benzyloxy)propane
(starling malerial) (18.6 g, 169%) and N2-acelyl-2-(2-amino-
1,6-dihvdro-H-oxo-purin-9-vlymcthoxy-1-benzyloxy-
propan-3-ol, (17.6 g, 40%).
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B. N2-Acelyl-2-(2-amino-1,6-dihydro-6-oxo-purin-9-yl)
methoxy-1-benzvloxy-propan-3-ol, 21.9 g (56.5 mmol), was
dissolved 1n mcthanol (200 mT.) and ammonium hvdroxide
(101 mT1.) was added. The mixtre was stirred over night at
room temperature. Ethyl ether (400 mL) was added to the
white slurry and the mixture was filtered. The precipitate
was washed consceutively with cthyl cther (100 ml.), water
(100 mL) and c¢thyl ¢ther (100 mL) and dricd under high
vacuum over night resulting in 15.9 g (46.13 mmol, 82%) of
2-(2-amino-1,0-dihvdro-6-oxo-purin-9yl)methoxy-1-
benzvloxy-propan-3-ol. Evaporation of the filtrate and sus-
pension ol the resulting precipilate in ethyl ether (200 mL)
tollowed by filtration and drying under high vacuum results
in an additional 2.3 g (6.7 mmol, 12%) of thc product.

Analysis Caled. for C, H,;N.O, (345.36): C, 55.65; H,
555, N, 20.28. Found: , 55.25; H, 5.60; N, 20.12.

EXAMPILE 3

Preparation of 2-(2-Amino-1,6-dihydro-6-oxo-
punn-9-vlymethoxy-3-hvdroxv-1-propanyl-I -
valmalc

A. 2-((2-Amino-1,6-dihydro-1,6-dihvdro-6-oxo-purin-9-
viymcthoxy)-3-benzvloxy-T-propanyl
N-(benzvloxycarbonyl)-L-valinate N-Benzyvloxycarbonyl-
L-valine, 43.66 g (.174 mol, 3 equivalents), was suspended
in dichloromethane, 72 mL, and 1,3-
dicyclohexylearbodimide, 14.34 ¢ (69.5 mmol, 1.2
equivalents), was added. The mixlure was slirred 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 Llirate was siirred
under nitrogen and a suspension ol 2-(2-amino-1,6-dihydro-
6-oxo-purin-2-yl)methoxv-3-benzyloxy-propan-1-0l, 20 ¢
(57.91 mmol, 1 cquivalents) in dimcthylformanmde, 90 mI.,
was added lollowed by 4-dimcthylaminopyndine, 1.77 g
(144 mmol, 0.25 equivalents). The mixture was stirred
under nitrogen for 18 hours, poured into water 1200 mL, and
cxtracted with a mixture of c¢thyl acclate (350 mL) and
toluene (350 mL). The aqueous laver was separaled and Lhe
organic layer was washed with half saturated sodium
biaocarhonate, 600 ml., followed by water (200 mI[.). The
organic layer was dried over magnesium sulfate and con-
centrated under reduced pressure. The residue was preci-
pated from a mixture of ethvl acetate and cyclohexane to
give 2-((2-amino-1,6-dihvdro-6-oxo-purin-9-ylymethoxy)-
3-benzyloxy-1-propanyl N-(benzyloxyearbonyl)-L-valinate
a5 an amorphous solid.

B. 2-(2-Amino-1,6-dihydro-6-oxo-purin-9-ylymethox y-3-
hydroxy-1-propanyl-L-valinate hydrochloride 2-(2-Amino-
1,6-dihydro-6-oxo-purin-9-ylymethoxy)-3-benzyloxy-1-
propanvl N-(bcnzyloxycarbonvD)-I.-valinale, 224.8 ¢ (0.39
mol), was dissolved in methanol, 1.2 L, and concenirated
hyvdrocholornie acid, 32.4 mL {0.39 mol), was added drop-
wise. The mixture was placed under mitrogen and palladium
on carbon, 67.4 g, was added. The mixture was hvdroge-
naled in a Parr bomb under hydrogen (40 —100 psi, average
80 psi pressure) for 48 hours. 5 g additional palladivm on
carhon was added, and the mixture was hydrogenated at 100
pst lor 24 hours. The mixiure was lillered through a pad ol
Celite and the residue was washed with methanol, 1 L. The
filtrate was evaporated to dryness under reduced pressure.
The residuc was dissolved 1n waler, 150 mL, and heated 1o
60° C. Isopropanol (830 mL) was 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
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30° C, and additonal isopropanol added, 220 mL. The
mixture was allowed to slowly cool to a final temperature of
—11% . over 4 hours. The crystals were 1solated by filtration
and washed with 200 mI. of cold 2% water/isopropanol to
obtaimn 2-(2Z-amuno-1,0-dihydro-6-oxo-purin-9-vymethoxy-
3-hydroxy-1-propanyl-L-valinate hydrochloride (120.5 g,
79% vicld). The eompound undergocs a phasc change at
142° C. and decomposcs al 175° C,

EXAMPLE 4

Preparation of Crystalline 2-(2-Amino-1,6-dihvdro-
6-oxo-purin-9-ylymethoxy-3-hydroxy-1-propaal-L-
valinate Salt

2-(2-Amino-1,6-dihydro-6-oxo-purin-9-yymethoxy-3-
hydroxy-1-propanyl-L-valinate hydrochloride, 150 g, was
dissolved 1 water, 150 mlL, and heated to 30-60° (.
[sopropanol (830 ml) was slowly added dropwisc with
stirnng while slightly increasing the temperature to 60-70°
C. The solvtion was slowly cooled to 25° C. over 20 hours.
The resulting crystalline solution was heated to 30° . and
additional 1sopropanol addced, 220 ml.. The mixture was
allowed 10 slowly cool 10 a [inal temperature of =11° C. over
6 hours. 'The crystals were isolated by filtration and washed

* with 200 ml. of cold 2% watcr/isopropanol to ohtain 2-(2-

amino-1,6-dihydro-6-oxo-purin-9-vlymethoxy-3-hydroxy-
| -propanyl-L-valinate hydrochloride crystals (135 g, Y0%
vield). The compound undergoes a phase change at 142° C.
and decomposes at above 1757 (.

In a similar manner 2-(2-amino-1,0-dihydro-6-oxo-purin-
9-ylymethoxy-3-hyvdroxy- 1 -propanvl-L-valinate acetate may
be prepared in crystalline form.

CXAMPIL 5

Preparation of (8)-2-(2-Amino-1,6-dihydro-6-ox0-
purin-9yl)methoxy-3-hydroxy-1-propanyl-L-valinate
hydrochloride

AL (8)-2-(2-Amino-1,6-dihydro-6-0xo-purin-9-y1)
mcihoxy)-3-benzyloxy-1-propanyl N-(benzyloxycarbonyl)-
L-valinate N-Benzyloxycarbonyl-L-valinate, 437 mg (1.74
mmol; 3 equivalents), i1s suspended in dichloromethane,
ImL, and 1,3-dicyclohexylearbodiimide, 143 mg (0.7 mmol,
1,2 equivalents), is added. The mixture is stirred under
nitrogen for 48 hours. The mixture 1s filtered through a glass
frittc and the white solid residuc washed with
dichloromcthanc, 1 ml.. The combimed filiratc 18 stirred
under nitrogen and a suspension of (R)-2-(2-amino-1,6-
dihydro-6-oxo-purin-9-ylymethoxy-3-benzyloxy-propan-1-
ol, 200 mg (0.58 mmoaol, 1 cquivalenl) 1n
dimethyllormamide, 1.5 mL, 15 added lollowed by
4-dimethvlaminopyridine, 18 mg (14.4 mmol, 0.25
equivalents). The mixture is stirred under mitrogen for 18
hours, pourcd mto watcr, 12 ml., and cxtracted with a
mixture of ethy] acetate (3.5 mL) and (oluene (3.5 mL). 'The
aqueous layer 1s separated and the organic layer washed with
halt saturated sodium hicarbonate, 6 ml., followed by water
(2 ml.). The organic layer 1s dricd over magnesium sullale
and conecentrated under reduced pressure. The residue is
precipitated from a mixture of ethvl acetate and cyclohexane
to give (85)-2-(2-amino-1,6-dihydro-6-oxo-purin-9-yl)
methoxy)-3-benzyloxy-1-propanyl N-(benzyloxycarbonyl)-
L-valinale as a solid.

B. (8)-2-(2-Amino-1,6-dihydro-6-oxo-purin-9-yl1)
mcthoxy-3-hvdroxv-1-propanvl-T.-valinatec hydrochloride
(S)-2-(2-Amino-1,6-0x0-purin-9-vlymcthoxv)-3-benzyloxy-
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1-propany]l N-(benzyloxycarbonyvl)-L-valinatle, 225 mg (3.9
mol), i1s dissolved in methanol, 12 ml., and concentrated
hvdrochlonie acid, (0.3 mI.(3.9 mmol), 1s addcd. The mixture
18 placed under mtrogen and palladium on carbon, 674 mg,
15 added. The mixture is hydrogenated in a Parr bomb under
hvdrogen (40100 psi, average 80 psi pressure) tor 48 hours.
50 mg addinonal palladium on carbon arc added, and the
mixlure hydrogenaled at 100 psi1 Lor 24 hours, The mixture
1s filtered through a pad of Celite and the residue 1s washed
with methanol, 10 ml.. The filtrate is evaporated to dryness
under reduced pressurce. The residue 1s dissolved 1 water 1.5
ml., and heated Lo 60° C. Isopropanol (8 mL) is slowly
added with stirnng while maintaining the temperature
(60-70° (). The solution 1s slowly cooled to ambient
temperature over 16 hours. The resuluing solution 18 heated
to 30° C. and additional isopropanol added, 2 mL. The
mixture 15 allowed to slowly cool to a final temperature of
—11° C. over 4 hours. The crystals are 1solated hy filtration
and washed with 2 mL ol cold 2% waler/isopropanol 1o
obtain (8)-2-(2-amino-1,6-dihydro-6-oxo-purin-9yl)
methoxy-3-hydroxy-1-propanyl-T -valinate hydrochloride.

LXAMPI.L 6

Preparation of 2-(2-Amino-1,60-dihydro-6-oxo-
purin-9-vl)methoxy-3-hydroxy-1-propanyl-L-
valinale acclale [rom 2-(2-Amino-1,6-dihvdro-6-
oxo-purin-9-yDmethoxy-1,3-propanediy] bis (L-
valinale) bis acelale
2-{(2-Amino-1,6-dihydro-6-oxo-911-purin-9-yYmethoxy)-1,
3-propancdiyl his-l.-vahnate bis acctic acid salt, 100 mg
(Iyophilized sample contained (.0 equivalents of excess
acetic acid, 0.164 mmol (=a total of 0.426 mmol of acetic
acid) was dissolved 1n de-iomzed water, 0.4 ml., and par-
ally ncuwtralized by the addition of 24 mL ol a 0.015M
ammonium hydroxide solution (=0.36 mmol). The mixture
was left at room temperature for 67 hrs. The sample was
njceted n two cqual lots onto a preparative reverse phasc
HPLC column (YMC-Pack, OD5-AM DM-33.5, 2x250
mm; YMC Inc.). Separation was achieved with a solvent
system of 10% mecthanol 90% 0.1M ammonium acctate
buftcred to pH 4 with acctic acid, flow rate: 9.5 ml./min and
the detector scl 1o 256 nm. The two peaks represcenlng Lhe
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 [rom waler conlalmng
acetic acid (0.1%) 1o remove lhe buller. 45 mg (0.112
mmol=68%) of 2-({2-amino-1,6-dihydro-6-0xo-91T-purin-9-
vlyethoxy)-3-hydroxy-1-propanyl [.-valinate acctic acid salt
was 1solated as a nmmxwure of two diastercomers with the
following characteristic peaks of the NMR spectrum: 'II
NMR (300 Mhz) DMSO-d, solution: 6 7.78 (L I1, s, [I C-8),
6.48 and 6.45 (2 brs., 2 H, NH.,), 5.44 (mAB, J=11 Hx) and
543 (s) wlal ol 2 H, CH2; 191 (s, 3 H, CH,COO"),
0.8340.82 (2 d,J=7 1z, 3 11, CIL,), 0.75+0.76 (2 d, I=7 11z,

311, CI1,).

LXAMPLL 7

Separation of (R,S) 2-(2-amino-1,6-dihydro-6-0x0-
purin-9-vlymethoxy-3-hvdroxv-1-propanyl-L-
valinate

A solution of (R,S) 2-(2-amino-1,6-dihydro-6-0xo-purin-
9-yDmethoxy-3-hydroxy-1-propanyl-L-valinale (1.66 ¢) 1o
90% 0.1M ammonium acelate, acidified o pH 4 with acetic
acid, 10% mcethanol (9.6 ml.) was applied to a YMC-ack
ODS-AM HPIL.C column (cat. no. DM-33-53; size, 250x20)
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mml.D.; particle, 5-5 mm, 120 A) 1in 48 imjeclions of 200 gL
with elution at 9.5 mL/min. using a mobile phase of 90%
0.1M ammonium acetate acidified to pll 4 with acetic acid,
1{¥% mcthannl. The peaks were deteeted using Knaucer
Var1able Wavcelength Monitor set Lo 256 nm and the [ractions
collecled manually. Three sets ol [ractions were collecled,
peak 1 (retention time 24.4 min.), an overlapping region
between the peaks and peak 2 (retention time 27.8 min.). The
[raclions ol each set were combined, evaporated under
recuced pressure to remove the methanol then Ivophilized to
remaove the remaimng volatile components. The residuc was
dissolved n water, acidified to pH 4 with accene acid and
lyophilized agamm viclding peak 1 (1.57 g) and peak 2 (0.91
g). [IPLC analysis of the products using a YMC-Pack
ODS-AM Column {cat. no. RM-33-5; size, 2350x4.0
mml.D.; particle, S-5 mm, 120 A) wilth elution at 0.5
mL,/min. using a mobile phase ol 90% 0.1M ammonium
acetate, acidified to pH 4 with acetic acid, 10% methanol
indicated that peak 1 (rctention time 24.4 min. on the
preparative column) contained a mixture 709 pcak 1
(retention time 21.1 min.). 26.4% peak 2 (retention tume 24.6
min.} and 2.8% fully hyvdrolvzed product (retention time
12.4 min.); and pcak 3 (rctention time 27.8 min. on the
preparalive column) conlained a mixiure 68.5% peak 2

s (relention time 22.0 min.), 27.5% peak 1 (retention time 20.2

min.) and 4% fully hydrolyzed product (retention time 11.6
min.). Peak 2 (0.91 g) and peak 1 (1.57 g) werc cach
dissolved in 90% 0.1M ammonivm acetate acidilied 10 pH 4
with acetic acid, 10% methanol (3.60 mL) and puriied again
using the system outlined before 10 of 18 injections of 200
mL. Two scis ol [ractions corresponding 1o peaks 1 and 2
were collecled, combined, partially evaporaled under
recluced pressure to remove the methanol and the remainder
Ivophilized to remove the remaining volatile components.
The residue [rom each set ol [raclions was dissolved in
waler, carelully acidified 1o pH 4 with acetic acid and
lvophilized onee more. The fractions corresponding to peak
1 yiclded a white fluffy solid (0.70 g) which appecared
hygroscopic on cxposure Lo air, HPLC analysis (perlormed
as outlined before) indicated this to be a mixture contaimng,
94 9% peak 1 (retention time 21.1 min.) 4.6% peak 2
(retention time 26.7 min.) and 0.5% [ully hydrolyzed prod-
uct (retention Ume 11.8 min.); 'H NMR analysis (" DMSO,
§ values quoted relative to tetramethvlsilane as internal
standard) showed charactenistic peaks & 5.43 (m,,, 2 H,

T.=11.1Hz,d, 544,d; 5.43),3.02(d, 1 H,1=5.2 Hz), (.82
(d, 3 H, I=6.8 Hz), 0.75 (d, 3 H, J=6.8 Hz). 'The fractions
corresponding to peak 2 vielded a white fluffy solid (0.81 g)
which appcared bhvgrascopic on cxposure 1o air; HPLC
analysis (performed as owllined belore) indicated this Lo be
a mixture containing 91.05% peak 2 (retention time 29.%
min.} 8.4% peal 1 (retention time 28.4 min.) and 0.6% fully
hydrolyzed product (retention time 14.4 minl); “H NMR
analysis (““DMSO, & values quoled relative 1o telramethyl-
silane as internal standard) showed characteristic peaks d
543 (s, 2 H),2.99(d, 1 H, I=5.2 Hz), 0.83 (d, 3 H, I=6.8
Hz), (0L.76 (d, 3 H, JI=6.8 Hy).

LXAMPIL 8

AL Preparation ol (R} 2-(2-amino-1,6-dihvdro-6-ax0-
purin-9-ylymethoxy-3-benzvloxv-1-propanyl
(N-benzyloxycarbonyl)-L-valinate

To a solution of N-benzvloxyearbonyl-L-valine (327 mg,

1.30 mmol, 3 equivalents) in dichloromethane (25 mlL)
under mitrogen was added 1,3-dicyclo-hexvlcarbodiimide
(134 mg, 0.65 mmol, 1.5 cquivalents) and the rcaction
mixture stirred at room temperature for 13.5 hours. The
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resulling mixture was lillered Lo remove the 1nsoluble mate-
rial and the solvent evaporated under reduced pressure using,
a rolary evaporalor 'The resulling while [vam was dissolved
in dry DMF (10 ml) added directly to a solution of
(S)-2-(2-amino-1,6-dihydro-6-oxo-purin-9-yljmethoxy-3-
benzyloxy-1L-propan-1-ol (150 mg, (.43 mmol, 1 equivalent)
also in dry DMFE (10 mL). 4.4-Dimethylamino-pyridine (13
mg, .11 mmol, .25 equivalents) was added to the DME
solution and the reaction mixture lell W sur al room lem-
perature for 27 hours at which point TLC analysis indicated
consumption ol the slarliing materials. The reaction mixture
was evaporated vnder reduced pressure and the crude prod-
ucl purilied by Iash chromalography using 4 mobile phase
of 95% methvlene chloride, 3% methanol to vield the title
compound as an amorphous solid (158 myg, 63%).

B. Preparation ol {(R)-2-(2-amino-1,6-dihydro-6-axo-
purin-9-ylymethoxy-3-hvdroxy-1-propanyl-T.-valinatc
hydrochlorde

(R)-2-(2-amino-1,6-dihydro-6-oxo-purin-9-yymcthoxy-3-
benzyloxy-1-propanyl (N-benzyloxy-carbonyl)-L-valinale
(158 mg, (.27 mmol) was dissolved in methanol (15 ml.)
and conceniraied hydrochloric acid (24 mL, 0.27 mmol)
added. The mmixture was placed under mtrogen and 10%
palladivm on carbon (48 mg) was added. 'The mixiure was
hydrogenated in a Parr shaker under hydrogen (50 psi of
pressure) for 5 hours. The mixture was filtered through a pad
ol Celite and the residue washed with mcthanol (25 mlL).
Evaporalion ol the combined lltrate and washings under
reduced pressure yielded the utle compound (107 mg, 95%).
ITPI.CC analysis of the product using a YM(-Pack ODS-AM
column (cal. no. RM-33-5; size, 250x4.6 mml.D.; parlicle,
5-5 mm, 120 A) with elution at 0.5 mL/min. using a mobile
phase of 90% 0.1M ammonium acetate acidified to pll 4
with acetic acid, 10% mcthanol mmdicated 1t to be a 85:15

mixture ol (R) and (S5) diastcreomers.
EXAMPILE 9

Determination of Oral Absorption (Bioavailability)
in the Rat

The following assay was used to determine the oral
absorption (oral bioavailability) of the compound of I'or-
mula I (L-monovaline c¢ster of ganciclovir) and ol other
ganciclovir amino acid eslers, olther ganciclovir eslers and
ethers examined for comparative purposes.

1o measure the oral bioavailability of a compound first the
plasma level of the compound in male rats was determined
after a single aral (p.o.) dosc of the compound. To mcasure
the oral bivavailability ol a pro-drug, lrsl the plasma level
of the active compound, in this case ganciclovir, was deter-
mined in male rats after a single po dose of the pro-drg.
Then the plasma level ol the active compound, ganciclovir,
1s determined in male rats aller a single miravenous (iv) dose
of the compound. For ganciclovir the single dose in each
casc, po and iv, is 10 mg/kg; for a prodrug cster (including
the T-monovaline ester of ganciclovir) the single dosc in
cach case, oral and 1v, 1s a dose equimolar to 10 mg/kg of
ganciclovir, I'rom the two measurements following p.o. and
1v administration, the oral bivavalability ol a compound was
calculated by dividing the total area under the concentration
vs. lime curve lollowing p.o. administration by the total area
under the concentration vs. time curve following 1v
administration, appropriately correeted for dose, accordmg
o the equation:

Fo, 5= AUC,, | yAUC, x| Dose,; , yTose, ,,[«100

The AUC (lotal area under the curve) values were calcu-
lated over the entire time range which was analyzed from
(0-24 hr.
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The dose vehicle [or oral and miravenous dosing con-
sisted normal saline containing 2% acetic acid. In hoth cases
the compound concentration was cquivalent to 4.0 me/mlI.
ganciclovir with a dosc ratc cquivalent to 10 mgkg (2.5
ml/ke) of ganciclovir. A 200 gm rat received 0.5 mL of the
oral drug solution by gavage or via imection into the tail
VEIn.

The rats were acclimatized o the laboralory environment
for three davs and fasted overmight before start of the
experiment and until 4 hours after dosing. Blood was
collected from 4 rats at cach of the following times: () min
(pre-dose), 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
=201 ® C. until analysis.

Assay of Ganciclovir 1n Plasma

Aliquots of plasma (0.50 mL) were mixed with 0.020 mL
of internal standard (acyclovir 15 gg/ml. in 10% methanol/
waler) and 3.0 mL ol aceloniinle. The mixiure was vorlexed
and Lhe resulling precipilate was removed by centrilugalion
(4,000 g, 10 mmn). The supernatant was evaporated to
dryncss under mtrogen and reconstituted i 200 a1 ot HPLC
mobile phase. Aliquots (0.05 mL) were analyzed by HPLC
using a Keystone Ilypersid BDS, 250x4.6 mm C 18 column.
The mobile phase contained 2% acetonitrile in 30 mM
sodium phosphale buller contaimng 5> mM heplane sullonic
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.

ORAL BIOAVAITABILITY

ORAT. BIO)-
AVAITABITITY
COMPOUND (F <) REFEREXNCE
Gianciclovir (G) 7.9 LIS 4,355,132
{2-(2-Amino-1.6-dihydro-6-
oxo-purin-%-yl)-
mcthoxy-1,3-propancdiol -
Gi-his(propionic acid) ester 17.7 J. Pharm Sci. 76,
p. 180184 (1987)
Gr-his (L-valine) esler 52.0 EP U 375 329
(+-T-valinc cater benzyl cther non-detectable —
G-bis(phenylglveine) cster 8.18

dincelale
Ci-dibeneyl elher non-deleclable
Amnoe Acid Esier

of the [nvention

G-L-valinate acetate M40
[r-L-valinale hydrochloride Q8.1
EXAMPLL. 10

Determination of Oral Absorplion (Bioavailabilily)
in the Cynomolgus Monkey

The lollowing assay was used 1o determine the oral
absorption {oral bioavailability) of the compound of Lior-
mula I in the Cynomolgus Monkey.

Ammals, Dosmg and Sample Calleehion

Male cynomoleus monkeys weighing 5 to 7 klos were
used. The animals were fed monkey chow, fruit and water
and maintained on a 12 hour hight ¢ycele, The tested com-
pounds were [ormulaled al a concentration equimolar (o a 10
mg/mL solution ol ganciclovir in saline. The oral [ormula-
tion was admimstered by gavage at a rate of 1.0 ml./kg for
a final dosc equimolar to a 10 mg/kg dose of ganciclovir. The
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v lormulation ol ganciclovir was lormulaled 1o saline
contatmng 0.2% HC at a concentration of 200 mg/mL. and
administered al 4 rale ol 0.5 mL/ke.

The animals were fasted beginning the evenging prior to
dosmg and uniil 4 hr aller dosing. Blood samples were laken
from each monkey at 0 (predose), 5 min (iv only), 15 min,
30min, 1 br, 2 hr, 3 hr, 5 hr, 7 hr, 10 hr and 24 hr alter dosing.
'The blood samples were collected 1n heparimzed syringes
and the plasma was immediately 1solated by centrilugation
and frozen at =20° C. vntil analysis,

Assay ol Ganciclovir in Plasma

Aliquots of plasma (0.50 mL) were mixed with 0.020 mL
ol inlernal standard (acyclovir, 15 wg/mL in 10% methanol/
water) and 3.0 mL of acetonitrile. The mixture was vortexed
and the resulling precipitale was removed by centrilugation
(4,000 g, 10 min). The supernatant was evaporated to
dryness under nitrogen and reconstituled 1o 200 gL ol HPLC
mobile phase. Aliquots (0.05 mL) were analyzed by IIPLC
using a Keystone Iypersil BDS, 250x4.6 mm C 18 column.
The mobile phase contamed 2% acclonitrile m 30 mM
sodium phosphate buller conlaining 5 mM heplane sullonic
acid, pH 2.0 and was pumped at 1.0 mL/min. Ganciclovir
and mternal standard were detected and measured by UV
absorbance at 254 nm.

The bioavailability (F) is calculated according (o the
equation given in Lxample 9.

The prodmg 2-(2-amino-1,6-dihvdro-6-oxo-purin-9-y1)
mclhoxy-3-hydroxy-1-propanyl-L-valinatc had an oral bio-
avallability ol 35.7%. 2-(2-Amimno-6-dihydro-6-oxo-purin-
O-vD)methoxy-1,3-propanediyl bis (L-valinate) had an oral
bioavailability of 23.5%.. Ganciclovir has a bioavailahility of
9.9%. Giving lhe same prodrug orally and ganciclovir 1v 1o
the same monkeys resulls in a mean oral bioavailability Lor
the prodrug of 41.6%.

EXAMPLE 11

The [ollowmmg cxamples ol the proposed ganciclovir
L-valine monoester capsules contain as excipients povidone,
a hinder; corn starch, a disintegrant; and stearic acid, a
lubricant and ghdant; which arc filled 1nto a two picce hard
gelatin capsule shell. Waler 15 (the granulating liquid, and 1s
essentially removed during processing,

Cuantitative Composition of Ganciclovir L-Valine Monocstcr Capsules
(One Capsule Three Times Por Day)

Weighl Per o

Ingredients Capsule (mg) WW
Canciclovi L-valine monocster hvdrochloride 390,00 0275
Povidone 12.61 300
("'orn slarch 1h.&1 4 .00
Stlearic acid’ 1.005 (.25
Water?

Total [ill weighl (:lhf::mr:lit.;ul:jl"1 20,47 100,00

The powder blend 1s lilled into two piece hard gelaun
capsule shells.

"The amount ol slearic acid may vary [rom 0.1% 1o 5.0%
of the weight.
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“The amounl ol waler may vary (o produce an acceplable
agranulation, and is dricd off.

“The total fill weight (theoretical) does not include the
residual moisture that wall be present in the limshed product.

Quanlilalive Composilion of Ganciclovir L-Valing Moneesler Capsules
(Two Capsules Three Times Per Tiay)

Weiaht Per G

[npredients Capsule [mg) WY
Gianciclovir L-valing monoesler hydrochloride 312.00 D275
Povidone 10.09 3.00
Corn Starch 13.45 4.00
stearic Acid (0.8 0.25
Water~

Lolal [l weighl (Lheoretical)’ 336.38 100.00

IThe amount of stearic acid may vary from (.1% to 5.0% of the weight.
“The amount of water mav vary to produce an acceptable granulation, and
15 dred oll.

“I'he tolal Ll weghl [theorelical) does nol melude Lhe residual mowslure
that will be present in the finished product.

The powder blend 15 filled into two picee hard gelatm
capsule shells.

Lxample of the Manutacturing Procedure for
Ganciclovir L-Valine Monoester Capsules

1. Blend the ganciclovir T.-valine monoester and part of the
corn starch 1n a sullable manner.
. Dissolve the povidone in the water wilh siirring.

Add (2) to (1) while continuing to mix to form a

cgranulation.

. Mill the wet granulation if necessary.

. Dry the wet granulation in a drver.

. Pass the drv eranulation, the remaining corn starch, and
the stearie acid through a mall.

. Blend (6 ) 1 a suilable mixer.

. Encapsulate the appropriate amount of (7) into 2 piece
hard gclatm capsule shells.

Whal 15 claimed 1s;

1. The compound 2-(2-amino-1,0-dihydro-6-oxo-purin-9-
vl)methoxv-3-hydroxy-1-propanyl-L-valinate hydrochlo-
nde n crystalline form.

2. An anuviral pharmaccutical composition compnsing
the compound of claim 1 and a pharmaceutically acceptable
excipient.

3. A method ol trealing an ammal inlecled wilh 4 virus
selecled [rom herpes simplex virus and cylomegalovirus,
comprising administering a therapeutically effective amount
of the compound of claam 1 to the animal.

4. The method of claim 2 where the compound 18 admin-
istered orally.

5. The method of claim 3 where the herpes viral infection
15 4 cylomegalovirus inleclion.

6. The method ol claim § wherein the compound 1s
administered orally,

2 1
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