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The present invention relates to purine nucleoside analogues

contéining an unsaturated carbocyclic ring in place of the sugar’
residue, pharmaceutically acceptab1é derivatives thereof, and their

use in medical therapy, particularly for the treatment of certain

viral infections. '

AIDS (acquired immunodeficiency syndrome) dis-an immunosuppressive or
immunodestructive disease that predisposes subjects to fatal
opportunistic infections. Chafacteristica]]y, AIDS is associated with
a progressive depletion of T-cells, especially the helper-inducer
subset bearing the OKT4 surface marker. '

Human immunodeficiency virus (HIV) has been reproducibly isolated from
patients with AIDS or with the symptoms'that frequently precede AIDS.
HIV is cytopathic and appears to preferentially infect and destroy
T-cells bearing the OKT4 marker, and it 1is now generally recognized
that HIV is the etiological agent of AIDS.

Since the discovery that HIV is the etiological agent of AIDS,
numerous proposals have been made for anti-HIV chemotherapeutic agents
that may be effective in treating AIDS sufferers. Thus, for example,
U.S. Patent 4,724,232 describes 3'-azido-3'-deoxythymidine {which has
the approved name zidovudine), its pharmaceutically acceptable
derivatives and their use in the treatment of human retrovirus
infections including AIDS and associated clinical conditions. Vince
et al., Antiviral Research, 9 (1/2), 120 (1988) describes certain
carbocyclic nucleoside analogs and their use against HIV. - At the
Second International Conference on Antivira].Research, Williamsburg,
VA, April 10-14, 1988, (=)-9-(cis-4-~(hydroxymethyl)-2-cyclopentenyl)
guanine (NSC-614846), also known as carbovir, was disclosed.

Worldwide, hepatitis B virus (HBV) is another virél géthggen of major
consequence. It is most common in Asian countries, and prevalent in
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500,000-1 million infectious carriers. Chronic active hepatitis will
develop in over 25% of'carriers, and often progresses to cirrhosis.
It is estimated that 5000 people die from HBV-related cirrhosis each
year in the USA, and that perhaps 1000 die from HBV-related Tliver
cancer. Even when a universal HBV vaccine is in place, the need for
effective anti-HBV compounds will continue. The large reservoir of
persistently infected carriers, estimated . at 220 miilion worldwide,
will receive no benefit from vaccination and will continue at high
risk for HBV-induced liver disease. This carrier population serves as
the source of infection of susceptible dindividuals perpetuating the
incidence of disease particularly in endemic areas or high risk groups
such as IV drug abusers and homosexuals. Thus, there is a great need
for effective antiviral agents, both to control the chronic infection
and reduce progression to hepatocellular carcinoma.

Clinical effects of infection with the HBV virus range from headache,
fever, malaise, nausea, vomiting, anorexia and abdominal pains.
Replication of the virus is usually controlled by the immune response,
with a course of recovery lasting weeks or months in humans, but
jnfection may be more severe leading to persistent chronic liver
disease as outlined above.

European Patent Specification No. 349242 discloses certain 6~
substituted purine carbocyclic nucleosides and their use in medical
therapy particularly in the treatment of HIV and HBV infections.
Among such nucleosides are the compounds (+)-cis-4-[2-amino-6-(cyclo
propylamino)-9H-purin-9-y1]-2-cyclepentene-1-methanol and (*)-cis-4-
[2-amino-6~(cyclopropylmethylamino }-9H-purin-9-y1]-2-cyclopentene-1-
methanol, i.e. each in the form of a racemic mixture of their relevant
enantiomers.
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have been nade for antl-HIV chenDtherapeutlg agents that may be figgtive
I n treating AIDS sufferers. Thus, for exanple, US-A-4,724,2 %

descri bes 3' - azi do- 3' deoxythyn1d|ne (whi ch has the approved nane

zi dovudine), its pharmaceutical ly acceptabl e derivatives and their use
in the treatnment of human . retrovirus infections including Al DS and
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countries, and preval ent in Sub-Saharan Africa. The
According to one feature of the present invention there are provided
enantiomeric compounds of the general formula

(1)

(wherein R represents a cyclopropylamino or N-cyclopropyl-N-methy]
amino group and A represents the 2-cyclopentene- l-methanol-4-y1 group
in either the {15,4R) or (1R,4S) conf1gurat10n) and their derivatives
(for example, esters, salts and salts of esters) the said compounds
and their derivatives each being in the form of an enantiomer
substantially free (for example to the extent of TJess than 10% w/w,
preferably less than 5%w/w) of the corresponding enantiomer.

It will be appreciated that the compounds of formula (I) comprise the
compounds having the following configurations:-
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virus is etiologically associated with pripgy hepatocellular caggig
The United States currently contains an estinmated pool of 500, 00 -i million
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carriers,
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Chronic active hepatitis will develop in over 25% of

R

OH

(14) (18)
(wherein R is as defined above).

The enantiomeric compounds of formula (I), i.e. substantially free of
the corresponding enantiomer, thus comprise:- y

1}  (15,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methanol

2}  (1R,4S)-cis-4-[2-amino-6~(cyclopropylamino)-9H-purin-9-yi]-2-
cyclopentene-1-methanol

3) (1S,4R)-cis-4-[2-amino-6-{N-cyclopropyl-N-methylamino)-9H-purin
-9-y1}-2-cyclopentene-1-methanol

4)  (1R,4S)-cis-4-[2-amino~6-(N-cyclopropyl- N-methy1am1no) -9H-purin
-9-y1}-2-cyclopentene-1-methanol

Compounds 1) and 3) above, hereinafter referred to as the (1S,4R)
enantiomeric compounds of formula (I), with a negative (-) optical
rotation, have been found to have espec1a1]y potent activity against
HIV and HBV infections, and these compounds and their pharmaceutically
acceptable derivatives represent preferred embodiments of the present
invention. The compounds have the further advantage that, upon
administration, they are capable of penetrating the blood-brain
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2 often progresses to cirrhosis. S esglnated t hat 5000 peopgﬁﬁg%e
from HBV-rel ated cirrhosis each year in the“USA, and that perhaps die
fromHBV-related |iver cancer. Even when a universal HBV vaccine is in

pl ace, the need for effective anti- HBV conpounds will continue. The | arge
reservoir of persistently infected carriers, estimated at 220 mllion
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reduce progr es@gainstoiivepad &B¥| infleat iansar C|Trherrecomp0und has also been found to
have significantly lower toxicity against bone marrow progenitor cells

than 3'-azido-3'-deoxythymidine (zidovudine) referred to above.

We have further found that phosphate derivatives of compounds 2) and
4) above, hereinafter referred to as the (I1R,4S) enantiomeric
compounds of formula (I), with a positive (+) optical rotation, have
potent activity against viral infections such as those referred to
above. These phosphate derivatives thus represent a further preferred
embodiment of the present invention.

The reference herein to “phosphate derivatives" of the (1R,4S)
enantiomeric compounds of formula (I) denotes derivatives in which a
phosphate grouping is attached to the 1-methanol group of formula (I)
and includes mono-, di- and tri-phosphates.

The parent (1R,4S) enantiomeric compounds of formula (I) and
non-phosphate derivatives thereof are useful as intermediates for the
preparation of the said phosphate derivatives.

The above (1S,4R) enantiomeric compounds of formula (I) and their
pharmaceutically acceptable derivatives, and the phosphate derivatives
of the (1R,4S) enantiomeric compounds of formula (I}, are hereinafter
referred to as the antiviral compounds according to the invention.

According to further features of the present invention we provide:-

a) antiviral compounds according to the invention for use in medical
therapy particularly for the treatment or prophylaxis of a
retroviral infectjon or a hepatitis B viral infection;
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Clinical effects of infection with the HBV virus range from headache,
fever, mal ai se, nausea, voniting, anorexia-d&nd abdom nal pains. RBplI&ati
of the virus is usually controlled by the i mmune response, with a course
recovery |l asting weeks or nonths in humans, but infection nay be nore
severe leading to persistent chronic liver disease as outlined above.

FR- A- 2626002 di,scl oses gertain optically-active isoners of cagbocyclic
purine nucl eosifdes,? i AEY9Hi ?fd’rca Vi PYB%E’FRPI‘I h& r Pﬁg&yﬁﬁ"l%e"freﬁﬁ’é‘?’(ﬂr%}
H V virus. EP-A- 366a8&ctions | adebematiihis 8cinfeesimrss infa shkjexd; bogycé inammal
purine nucl eosi de g | r - B-3 | s&l.pse I 6- Mgﬁ )t d
SRR s fHBAF, AP chpaasearastig e SR

purine carbocyclic nucleosi

particularly in theheraneutisally effective amount of an antiviral compound

according to the invention; and

c} use of an antiviral compound according to the invention in the
manufacture of a medicament for the treatment or prophylaxis of
any of the above-mentioned infections or conditions.

Exampfes of retroviral infections which may be treated or prevented in
accordance with the invention include human retroviral infections such
as human immunodeficiency virus (HIV), HIV-1, HIV-2 and human T-cel)
lymphotropic virus (HLTV), e.g. HTLV-I or HTLV-II infections. The
antiviral compounds according to the invention are especially useful
for the treatment of AIDS and related clinical conditions such as
AIDS-related complex (ARC), progressive generalised lymphadenopathy
(PGL), AIDS-related neurological conditions, such as multiple
sclerosis or tropical paraparesis, and anti-HIV antibody-positive and
HIV-positive conditions for example in asymptomatic patients, and
thrombocytopenic purpura. The compounds may also be used in the
treatment or prevention of psoriasis.

By "a pharmaceutically acceptable derivative® in relation to the
{15S,4R) enantiomeric compounds of formula (I) 1is meant any
pharmaceutically acceptable salt, ester or salt of such ester, of a
(1S,4R) enantiomeric compounds of formula (I), or any other compound
which, upon administration to the recipient, is capable of providing
(directly or indirectly) such an enantiomeric compound, or an
antivirally active metabolite or residue thereof.

— .

Preferred esters of the (1S,4R) enantiomeric compounds of formula (1)
include carboxylic acid esters in which the non-carbonyl moiety of the
ester grouping is sefected from straight or branched chain alkyl, e.g.
n-propyl, t-butyl, n-butyl, alkoxyalkyl (e.g. methoxymethyl), aralkyl
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of H'V and HBV infections. Among such nucIeOfides are the conpouq@&
([err])-cis-4- - hT 138
[ 2- am no- 6- (cyclopropylan1no) 9H purin-9-yl]-2-cycl opent ene- 1- et hanol and

([err])-
Ci s-4-[2-am no-6-(cycl opropyl met hyl am no) - 9H purin-9-yl ] - 2- cyl opent ene- 1-

met hanol , i.e. @e’i“gh behzy e, BRYTHx9h 11 ALL L Cpﬂ”énﬁk_?dﬁeﬁ:h?f) L hehyy (@lgvapheny)
enantloners ave om/fo¥ at th nd|V| E 1atedd§nantﬁgners of
the two conpounﬂ%’ﬂ@ Woﬂgﬁ égﬂ@ 8ﬂF“ph nnaé@ Y1 cql darav&'FO8s RGve
advant ageous anaumpbalsuaﬁana\tet)e,stpestsmﬂ ans \alaght nor HrylkyiduHBvyl (e.qg.

i nfections, %ﬁggﬂutl?orbﬂyé%% 18'és\£e@g(soha% %a\‘sslegt” %ﬂeucgﬂ), and

i nt er medi at es foOr tion vi ng such actirvit
According to orﬂEDTPeatQJreObetT‘ﬂﬂé’oﬁpbﬁ-’én@sﬁenﬁent i on there are provi ded
enanti onmeri c conpounds of the general formula

The phosphate esters of compounds of formula (I), may be further
esterified by, for example, a C1-20 alcohol or reactive derivative
thereof, or by a _2,3-di(c6_24)acy1 glycerol, for example
2,3-bis-(hexanoyloxy)propyl hydrogen phosphate and 2,3-bis-(hexadecan
yloxy)propyl hydrogen phosphate derivatives. In addition to such
further esterified phosphate derivatives of the compounds of formula
(1), the present invention further includes such derivatives of the
racemic compounds of formula (I).

With regard to the above-described esters, unless otherwise specified,
any alkyl moiety present advantageously contains 1 to 18 carbon atoms,
particularly 1 to 4 carbon atoms. Any aryl moiety present in such
esters advantageously comprises a phenyl group.

Pharmaceutically acceptable acid addition salts of the (1S5,4R)
enantiomeric compounds of formula (I) include mono- or di- basic salts
with the appropriate acid for example organic carboxylic acids such as
acetic, lactic, tartaric, malic, isethionic, lactdbionic and succinic
acids; organic sulfonic acids such as methanesulfonic, ethanesulfonic,
benzenesulfonic and p-toluenesulfonic acids and inorganic acids such
as hydrochloric, sulfuric, phosphoric and sulphate methanesulphonate
sulfamic acids. The hydrochloric acid salts (ie. the mono- and di-
hydrochlorides) are particularly preferred.

The above antiviral compounds according to the invention may be
employed in combination with other therapeutic agents for the
treatment of the above infections or conditions. Examples of such
further therapeutic agents include agents that are effective for the
treatment of viral infections or associated conditions such as
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3'-azido-3'-deoxythymidine (zidovudine), 2',3'-dideoxynucleosides such
as 2',3'-dideoxycytidine, 2',3'-dideoxyadenosine and
2',3'-dideoxyinosine, acyclic nucleosides (e.g. acyclovir), inter-
ferons such as e-interferon, renal excretion inhibitors such as
probenicid, nucleoside transport inhibitors such as dipyridamole,
dilazep, mio-, lido- or soluflazine, or hexobendine, immunomodulators
such as interleukin II and granulocyte macrophage colony stimulating
factors, soluble Co, or genetically engineered derivatives thereof,
and phosphonoformic acid. The component compounds of such combination
therapy may be administered simuitaneously, in either separate or
combined formulations, or at different times, e.g. sequentially such
that a combined effect is achieved.

The antiviral compounds according to the invention, also referred to
herein as the active ingredient(s), may be administered for therapy by
any suitable route including oral, rectal, nasal, topical (including
buccal and sublingual), vaginal and parenteral (including
subcutaneous, intramuscular, intravenous and intradermal). It will be
appreciated that the preferred route will vary with the condition and
age of the recipient, the nature of the infection and the chosen
active ingredient.

In general a suitable dose for each of the above-mentioned conditions
(e.g. AIDS) will be in the range of 3.0 to 120 mg per ki1o§ram body
weight of the recipient {(e.g. a human) per day, preferably in the
range of 6 to 90 mg per kilogram body weight per day and most
preferably in the range 15 to 60 mg per kilogram body weight per day.
The desired dose is preferably presented as two, three, four, five,
six or more sub-doses administered at appropriate intervals throughout
the day. These sub-doses may be administered in unit dosage forms,
for example, containing 10 to 1500 mg, preferably 20 to 1000 mg, and
most preferably 50 to 700 mg of active ingredient per unit dosage
form.
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[err] (wherein R represents a cycl opropyl am no or N-cycl opropyl - N net hyl
am no group and A represents the 2-cycl opentdere- 1-net hanol -4-yl PEtHHb in
the (1S,4R) configuration) and their derivatives (for exanple, esters,

salts and salts of esters), the said conpounds and their derivatives each
being in the formof an enanti oner substantially free (for exanple to the

0,
extent of less Itdggﬁyl,ot{wewac wBr ?Jg?r%ﬁ r%. housld be administered to achieve peak

plasma concentrations of the active compound of from about 1 to about
75 pM, preférably about 2 to 50 pM, most_preferably about 3 to 30 uM.
This may be achieved, for example, by the intravenous injection of 4
0.1 to 5% solution of the active ingredient, optionally in saline, or
orally administered as a bolus containing about 1 to about 100 mg/kg
of the active ingredient. -Desirable blood levels may be maintained by
a continuous infusion to provide about 0.01 to about 5.0 mg/kg/hour or
by intermittent infusions containing about 0.4 to about 15 mg/kg of
the active ingredient.

While it 1is possible for the active ingredient to be administered
alone it is preferable to present it as a pharmaceutical formulation.
The formulations of the present invention comprise at least one active
ingredient, as defined above, together with at Jeast one
pharmaceutically acceptable carrier or excipient. Formulations
include those adapted for oral, rectal, nasal, topical (including
buccal and sublingual), vaginal or parenteral (including subcutaneous,
intramuscular, intravenous and intradermal) administration. The
formulations may conveniently be presented in unit dosage form and may
be prepared by any methods well known in the art of pharmacy. Such
methods include the step of bringing into association the active
ingredient with the carrier which constitutes one or more accessory
ingredients. In general, the formulations are prepared by uniformly
and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then if
necessary shaping the product.

Formulations of the present invention adapted for oral administration
may be presented as discrete units such as capsules or tablets each
containing a predetermined amoupt of the active ingredient; as a
powder or granules; as a solution or a suspension 1in an agueous or
non-aqueous 1iquid; or as an oil-in-water liquid emulsion or a
water-in-0il liquid emulsion. The active ingredient may also be
presented as a bolus, electuary or paste.

MG.MF.21st November 1990

This Sheet Has Been RT

AR




than 5%V w) of the corresponding enantioner. The enantioneric conpounds of
formula (1), i.e. substantially free of the16eresponding enantiqﬂﬁﬁggthus
conprise: - 1)

(1S, 4R)-ci s-4-[ 2- am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] -

cycl opent ene- 1- net hanol  2)

(1S,4R) -ci s-4-[2-am no-6-(N-cycl opropyl - N-net hyl am no) - 9H puri n-9-yl ] -

cycl opent ene- 1Antiblenalay Keompdsibys compeed idd ALRNELdiRg) Qpbidradny reifthr ra@d to

oot eal {ror ar) oFIRPE RTE %%ogygﬂ@g&{msof cobrBYsBd (¢abret¥ hfly e SAHrYE Gy
compressing in a suitable machine the active ingredient in a free-
flowing form such as a powder or granules, optionally mixed with a
binder (e.g. povidone, gelatin, hydroxypropylmethyl cellulose),
lubricant, inert diluent, preservative, disintegrant (e.g. sodium
starch glycollate, cross-linked povidone, cross-linked sodium

carboxymethyl cellulose) surface-active or dispersing agent.

Moulded tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with an dnert Tiquid
diluent. The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of the active
ingredient therein using, for example, hydroxypropylmethyl cellulose
in varying proportions to provide the desired release profile.’
Tablets may optionally be provided with an enteric coating, to provide
release in parts of the gut other than the stomach.

Formulations adapted for topical administration in the mouth include
Tozenges comprising the active ingredient in a flavored basis, usually
sucrose and acacia or tragacanth; pastilles comprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose
and acacia; and mouthwashes comprising the active ingredient 1in a
suitable liquid carrier.

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

Formulations adapted for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations
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have espectally potent activity against HV and HBV infections, and these
conpounds and their pharmaceutically accept-able derivatives repres?ild8
preferred enbodi nents of the present invention. The conpounds have the
further advantage that, upon adm nistration, they are capabl e of
penetrating the bl ood-brain barrier to provide high |levels of the conpounds

or active netabaglites. therqﬁ n the gentral. nervous, syste wher e

mani f est ati ons CBILRTRIAG TR gt]#b"r?stﬁr@‘e p%ﬁ%t’?’%l}lnﬂm eaﬁbﬁ‘ﬂcm%at"i"ﬁaﬁs EnpB&nd
1) above is espknownl iy theedrdr tecbe appriopwiate.i t s exceptional |y potent
activity against HV and HBV infections. The conpound has al so been found

to have significantly |ower toxicity against bong marrow pr Penltor cells
t han 3'- Formulations adapted for parenteral administration include aqueous and

non-aqueous isotonic sterile injection solutions which may contain
anti-oxidants, buffers, bacteriostats and solutes which render the
formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The formulations may be
presented in unit-dose or multidose sealed containers, for example,
ampules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier,
for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules and tablets of the kind previously
described.

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

It should be understood that in addition to the ingredients
particularly mentioned above the formulations of this invention may
include other agents conventional in the art having regard to the type
of formulation in question, for example, those suitable for oral
administration may include such further agents as sweeteners,
thickeners and flavoring agents.

The present invention further includes the following process for the
preparation of enantiomeric compounds of formula (I) above and
derivatives thereof. The enagtiomeric  starting materials and
precursors for such materials which are employed as described below in
relation to the process are each in the form of an enantiomer
substantially free (e.g. to the extent referred to above in relation

MG.MF.21st November 1990

“‘ﬁﬁ*t‘iﬂ‘l‘iiilﬂﬂi"li‘ﬂin



4 azido-3' -deoxythym di ne (zidovudine) referred to above. The above
(1S, 4R) enantionmenc conpounds of formula (lI92 and their pharmaceutpgggaggy
acceptabl e derivatives are hereinafter referred to as the antiviral
conpounds according to the invention.

to compounds of formula (I)) of the other enantiomer. The process
according to the invention comprises either:

A)

B)

-

treating an enantiomeric compound of formula (II):-

(11)

(wherein A dis as hereinbefore defined and Z represents a
precursor group for the said R group as defined in formula (1))
or a derivative thereof with an agent or under conditions serving
to convert the precursor Z group to the desired R group; or

reacting an enantiomeric compound of formula (III):-

/k [ (111)
Ram A
. |

(wherein A and R are as hereinbefore defined, R
hydrogen or a formyl group and R3 represents an amino protecting
group, e.g. an acyl group such as a C1-6 alkanoyl group, e.qg.
formyl, acetyl or isobutyryl}-or a derivative thereof with an
agent serving to effect formation of the imidazole ring in the
desired compound of formula (I) followed by removal of the R
amino protecting group; or

2 represents
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According to further features of the presentld Aventi on we provi de:PB119&)
Antiviral conpounds according to the invention for use in nedical therapy
particularly for the treatnment or prophylaxis of a retroviral infection or
a hepatitis B viral infection; and b) Use of an antiviral conpound
according to t i nvention in nanufacture of a nedl?anent for the
treat nent or @phy‘f%%?%“%f“a‘?f?“&?%ﬁéc £oWRnderf i fommyia {IV)5nfections or
condi tions. Exanples of retroviral fections which may be treated or
prevented in accordance with the inV' tion include human retroviral

I nfections such as human i munodefi ci iNus (H'V), HV-1, HV-2 and

human T-cel | Iynphotrppic Vi rus N ‘j> - _
(Iv)

{wherein A and R are as hereinbefore defined and RS is an amino
protecting group, e.g. as described above in relation to formula
(III}) or a derivative thereof with an agent serving to effect
removal of the R3 amino protecting group, and optionally
effecting one or both of the following convengions in any desired
order:-

i) where a compound of formula (1) is formed, converting the
said compound to a derivative thereof; or

ii) where a derivative of a compound of formula (I) is formed,
converting the said derivative to the parent compound of
formula (I) or to a further such derivative.

Process A) may be carried out in conventional manner, for example, by
treatment of a compound of formula (II) in which Z represents a
leaviﬁg group {(e.g. a halo such as a chloro group) with an appropriate
amine, 1i.e. cyclopropylamine or N-cyclopropyl-N-methylamine,
preferably in an excess to introduce the amino R group as defined
above, advantageously at reflux or at a temperature greater than 50°C,
preferably in the presence of an organic solvent, for example methanol
or ethanol.

-

Process B) may be carried out, for example, by reacting a compound of
formula (III) with formic acid or a reactive formic acid derivative
(e.g. triethylorthoformate or diethoxymethyl acetate) optionally with
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(HLTV), e.g. HILV-1 or HILV-11 infections. The antiviral conmpoundsgy 9
according to the invention are especially useful for the treatnent %!%IDS
and related clinical conditions such as AIDS-rel ated conplex (ARC),
progressive generalized | ynphadenopathy (PG.), AlIDS-rel ated neurol ogi cal
conditions, such as nultiple sclerosis or tropical paraparesis, and
anti-H'V anti bogycopesivehy ssueRd alsll ¥-digethy14eetamride t lo@”&mfe@ﬁyﬁ%a:mh@el &t an

asynptonatic pat nd t hy onbocyt apeni.c purp npound may al so
be used in the ?195{5%%n emper {"é'\?ent%ﬁgg’@#’]%s&% azg 290 1ﬁar 3ﬁ?l fcal'fy
acceptabl e sal t comvehintdy efoédtedl BuChhesteditioh &f (iBighﬂE) eoeent ithamr ioge

conmpounds of fog ) |s t u wh ”Pﬁﬂ ¢ n.to
t he recipient, iﬂ‘ik?e&%l oef of S%ﬂg fq’hg%?r%&tdl’ Eé‘ Ire %%13{%{50 0%
enanti oneri c cofiw ¢§ylfon1c acxd per equivalent of compound of form a (III), in

which case lower temperatures (e.g. 25°C) are used.

Process C) may be carried out, for exahp]e by reacting an
enantiomeric compound of formula (IV) with an acidic agent for
examp]e dilute aqueous hydrochloric acid.

‘The compounds of formula (II) employed as starting materials in
process A) may be prepared for example, in an analogous manner to
process B), i.e. by reacting a corresponding enantiomeric compound of
formula (V)

(v)
R3aH

3

(wherein A, Z, RZ and R” are as hereinbefore defined) or a derivative

thereof with an agent serving to effect formation of the imidazole
ring in the desired compound of formula {II) and to effect removal of
the R3 amino protecting group. The reaction may be carried out using
those agents and conditions described above for process B).

The compounds of formula (II1I) .employed as starting materials in
process B) may be prepared for zkaﬁple by treating an enantiomeric
compound of formula (V) above with an agent or conditions serving to
convert the precursor group Z to the desired R group, in an analogous
manner to that described for process A).
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Preferred -esters of the (1S, 4R) enantlonerlc conpounds of formula E{B
I ncl ude 15 - 5 P81198

The compounds of formula (IV) referred to above may be prepared, for
example, by reacting an enantiomeric compound of formula (VI)

(V)

(wherein A, Z and R3 are hereinbefore defined) with an agent or under

conditions serving to convert the precursor group Z to the desired R
group, i.e. in an analogous manner to that described for process A).

The compounds of formula (VI) above may be prepared for example by
reacting an enantiomeric compound of formula (V) above with an agent
serving to effect formation of the imidazole ring in the desired
compound of formula (VI}, for example by treatment with formic acid or
a reactive formic acid derivative, as described above in-relation to
process B).

Enantiomeric compounds of formulae (II), (III), (IV), (V) and (VI)

above represent further features of the present invention, especially

those in which R2 represents a formyl group and/or R3 represents a

C1_5 alkanoyl group, particularly acetyl or isobutyryl, and/or Z
" represents a halo such as a chloro group.

Particularly preferred intermediates for the preparation of
(1S,4R)-cis-4-[2-amino-~6-cyclopropylamino)-9H~-purin-9-y1]-2-cyclopent-
ene -l-methanol, i.e. the preferred compound 1) above, include:-

a) {IR,4S)-cis-N-[6-(cyclopropylamino)-9-{4-(hydroxymethyl)-2-
cyclopenten-1-y1)-9H-purin-2-yl]isobutyramide;
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carboxylic acid esters in which the non-carbgﬂyl noi ety of the est%
grouping is selected fromstrai ght or branch chain al kyl, e.g. Bi#ﬁp|
t-butyl, n-butyl, al koxyal kyl (e.g. methoxynethyl), aralkyl (e.g. benzyl),
aryl oxyal kyl (e.g. phenoxynethyl), aryl (e.g. phenyl -optionally substituted
by hal ogen, Cferr] alkyl or (Jerr] alkoxy or am no); sulfonate esters such

| kyl Kyl g N lg- €55
?Z 3 { vaIO;/I a(r)r }Eylggl féﬁfcndxs(r@[@ cﬂnﬁgﬁg@?g%dcnﬂw 8 ((@I@h@&f%@g@ég €5 The

phosphate esters of @ 8 e‘&f‘y?lﬂ“ﬁﬁ?b Z(Pyr‘“ﬁﬂy“)ﬂé‘ﬂh“ﬁw&mé%i erified by,

for exanple, a (Jerr] alcohol or reactive derivative thereof, or by a

wyar ogen phosphate’ A 5Ll T0AR SRty b'ﬁ'-(bhgmﬁ%r N O

derivatives. In adchqypé@PQﬂ§eEQnihyTlﬁmnhnﬂh2~pyr1m1d1nyl acetamide;

d} {15,4R)-cis-{2-amino-6~chToro-gH-purin-g-y1)-2-cyclopentene
-1-methanol. '

e) (IR,45)-gjg:N-[&-ch]oro-Q-(4-(hydroxymethy])-2—cyclopentene;1—
y1)-9H-purin-2-y1}isobutyramide.

The enantiomeric compounds of formula (V) employed as starting
materials as described above may be prepared for example by reacting a
compound of formula (VII)

NHRT
N
/k (viI)
R3NH R*
{wherein Z, R2 and R3 are as hereinbefore defined and R4 represents a

leaving group, e.g. a halo such as a chloro group) or a derivative
thereof with an enantiomeric compound of formula (VIIIA) or (VIIIB)

¢ NH, Z

(VIIIA) (VIIIB)
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esterified phosphate derivatives of the conmpounds of fornula (1), the
present invention further includes such derijyatives of the racem ¢gjjog
conmpounds of formula (1). Wth regard to the above-descri bed esters, any
aryl noiety present in such esters advantageously conprises a phenyl group.
Phar maceutical |l y acceptable add addition salts of the (1S, 4R) enantioneric
conpounds of formula (1) .include nono- or di- basic salts with the

appropri ate aciat &oleréxatiyeethergafi ¢ carboxylic acids such as acetic,

| actic, tartaric, malic, isethionic, |actobionic and succinic acids;

organic sulfoni% aci ds such as nethanesulfonlc
The Tast-mentioned reaction is advantageausly effected in the presence

of a base such as a tertiary amine for example triethylamine or
trimethylamine advantageousiy in an organic solvent such as
dimethoxyethane or ethanol.

The compounds of formula (VIIIA) or (VIIIB) having the appropriate
enantiomeric configuration can be obtained by complexing the
corresponding racemic compound, i.e. (+)-4-amino-2-cyclopentene-1-
methanol with an optically active carboxylic acid (for example
dibenzoyl-D-tartaric acid) and then fractional crystallisation of
resulting diastereomeric salts. Alternatively, enzymatic resolution
may be employed as described for example in J,Méd,Chem.. 1987, 30, 746
and J.Med.Chem., 1985, 28, 1385.

The enantiomeric compounds of formula (VIIIA) or (VIIIB) and their
derivatives, particu]af]y salts thereof with optically active
carboxylic acids such as dibenzoy]-D-tartaric acid, for example
(1S,4R)-4~amino-2- cyclopentene-1-methano]l and its
dibenzoyl-D-tartrate represent a further feature of the present
invention.

The compounds of formula (VII) employed as starting materials above
may be prepared 1in a conventional manner for example by reducing a
compound of formula (IX)

NO,.
h’,/’
//JQ§: I o
R¥un N R

{wherein Z, R3 and R4 are as hereinbefore defined) to effect

conversion of the NO, group to an NH, group and optionally converting
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et hanesul foni c, benzenesul fonic and p-tol uengsul fonic acids and ipgj@ganic
aci ds such as hydrochloric, sulfuric, phosphoric and sul phate

met hanesul phonat e sul fam ¢ acids. The hydrochloric acid salts (ie. the
nono- and di hydrochl orides) are particularly preferred. The above
antiviral conpounds according to the invention nmay be enpl oyed in

conbi nati on wi ttheotelseltinlgermgeugﬂdupagant s fformadnielot rgratiprentfoof ekbmp Eovigy

i nfections or %Qﬁgti[mtehPrﬁtpE% [WJ: ea%i&fa{e‘ﬂ?@ afnug%m% t her apeuti c agents

i ncl ude agents t are effective for the treatnentf of viral infections or
associ ated. conditions such as 3'-azido-3' -deoxythym di ne (zi dovudi ne),

2', 3" - di deoxynugk aQmpslitis SHC Foriu 13 10 AEPHECYLdPREE in conventional manner.
2',3'-d|deoxyaqﬁn05|ne ang 2" ,3!-dideox |n05|n%, acyclic

ose compounds in which Z represents a halo, for example chloro group

may be prepared for example by halogenating, for example using

phosphorus oxychloride, a corresponding compound of formula (X)

NC,
MW l

PN
Wou N R*

R3 (X)

3

(wherein R™ and R4 are as hereinbefore defined).

The compounds of formula (X} may also be prepared in conventional
manner, for example by reaction of a compound of formula (XI)

o
NO,

(X1)

(wherein R4 is as hereinbefore defined) with an appropriate agent
serving to introduce the amino protecting group, for example by
reaction with an appropriate carboxylic acid or a functional
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6 nucl eosi des (e.g. acyclovir), interferonz such as [err]-interf

renal excretion inhibitors such as probeni ? nucl eosi de transpor
inhibitors such as dipyridanole, dilazep, mo- lido- or sol uf | azi ne,
or hexobendi ne,

equivalent thereof, e.g. 1isobutyric anhydride. The compound of
formula (XI) may be prepared by nitration of a corresponding compound
of formula (XII)

-

(XI1)

(wherein R4 is as hereinbefore defined).

The compounds of formulae (VII}, (IX), (X) and (XI} represent further
features of the present invention particularly those in which Z
represents a halo such as a chloro group, and/or R3 represents a
Cl_salkanoy1 group, especially acetyl or isobutyryl, and/or r?
represents a halo such as a chloro group.

Particularly preferred compounds of formulae (VII}, (IX) and (X)
according to the invention include:-

N-(4,6-dichloro-5-formamido-2-pyrimidiny1l)isobutyramide;
N~-(4,6-dichloro-5-nitro-2-pyrimidinyl)isobutyramide; and
N-(4~ch]oro-1,6-dihydro-S-nitro—é?okb~2-pyrimidiny1)isobutyramide.

A compound of formula (I) may generally be converted into an ester
thereof by reaction with an appropriate esterifying agent, e.g. an
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I mmunonodul ators such as interleukin Il and granul ocyte macrophage col ony
stinmulating factors, soluble CD4 or geneticagy engi neered deri vatpgyess

t hereof , and phosphonoform c acid. The conponent conpounds of such

conbi nati on therapy may be adm ni stered sinultaneously, in either separate

or conbined fornulations, or at different tines, sequentially such
that a conbined effect is achieved. The ant|V|raI ounds according to
the invention, ¥igohaldfler rardanhydrigesi n e t erspaund \Pé e didd ( s)inchuedinge -

adm ni st ered foésttehﬁfrﬁ@ye&?y ﬁé}y Bl doRbb e OHit® ':E‘e?l't'éd’cmegf &, Ecﬁﬁteﬁ{wnlal

nasal , topical (inclu and sublingu I nal and ,parenter

(i ncl udi ng subctA@ABo gr ?%?FP@%TUQXLH”&Pth“ﬁtW e%@ﬁﬁ?P ?RT‘Pﬁ?riﬁdéfrn&F) ester
will be appreciat edlt bfita tdompgunel €f FeemulaU{E) way|bevasovenited ke thendpireas

?Rgrgg?egi t he Eo%b‘pride'n%m, %Q&ﬁ%tw %yggio]tyg%‘i nfection and the chosen active

Thus the O-monophosphate of a compound of formula {I) may be prepared
by treating the parent with an appropriate phosphorylating agent, e.g.
phosphorus oxychloride as in M.Yoshikawa, T.Kato and T.Takenishi,
Bulletin Chem. Soc. Japan, 1969, 42, 3505. The corresponding 0-di-
and O0-- triphosphates may be prepared by methods described in
“Nucleotide Analogs" by K.H.Sheit, John Wiley and Sons, New York 1980,
pp. 211-215, and in D.E.Hoard and D.G.0Ott, J.Amer.Chem.Soc. 1965, 87,
1785, e.g. by making the imidizolate derivative of the relevant
O-monophosphate and by subsequent reaction of this derivative with
phosphate to give O-diphosphate or with pyrophosphate to give
O-triphosphate. For the preparation of esterified phosphate
derivatives referred to above, the parent compound of formula (I) may
be treated with an appropriate di-alkanoyl phosphatidyl choline
derivative in the presence of an appropriate phospholipase for example
phospholipase D, as described in S.Shuto et al, Nucleic Acid Research,
1988, 20, page 35 or by reaction of a compound of formula (I) with an
appropriate phosphorylating agent such as phosphorus oxychloride
followed by work-up with an appropriate alcohol as described in
A.Rosowsky & S.Kim, WNucleic Acid Chemistry, Part 3, L.B.Townsend &
R.S.Tipson (Editors), John Wiley & Sons, New York, 1986, 255.

The enantiomers of the compounds of formula (1) may be resolved or
isolated in conventional manner, e.g. by chromatographic separation of
diastereomeric esters prepared by acylation of the hydroxyl on the
cyclopentenyl moiety with appropriate optically active carboxylic acid
derivatives as, e.g., with naproxen (J. Org. Chem. 1986, 51, 1287).
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In general a suitable dose for each of the above-nentioned conditions (e.g
AIDS) will be in the range of 3.0 to 120 ng 4er kil ogram body .wei §Ri1% the
recipient (e.g. a human) per day, preferably in the range of 6 to 90 ng per
ki | ogram body wei ght per day and nost preferably in the range 15 to 60 ng
per kil ogram body weight per day. The desired dose is preferably presented
as two, three, foug...five, _six.or nore su n| stered at
appropriate i nt{é’Fvg‘f]s}o?’mgoEWJFstﬁg Uéﬁ?"gﬁ‘ﬂgég Bﬂﬁ saen r?as baé'd are not
adni ni st er ed i nindendeddbsagémitorths, skope efantiieeinveovttien ningany0 way.1500 rthe
preferably 20 tgQ st YRS 0

i ngredi ent per uﬁﬂ'?ﬁgosageagpwﬁ ro?%ﬁq% 9‘5’?3@ ﬁq%eglgeﬁeﬁ:& houl é %e
admi ni stered t GodduR By binee £k8%ama s3ta Q(ﬁ}cenﬁea{t?'ﬁhs a@?‘ﬂehé“gi’éfii% cBIPHSAY

of from 1 to n75x&3upné§l\/h tﬂet;errﬁéahy an ant131t~@1 5Q0lﬁpiﬁixhﬂl|‘dcc6ﬂ8f[ngprﬂ‘f exhdl y

about 3 to 30 [everltwn, e'sspemayﬂy compgx'm%v?sj abo
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exanpte, by the intravenous injection of a 0.1 to 5% solution of the active
ingredient, optionally in saline or orally-a@ﬁrnlstered as a bol usPB1198

containing 1 to 100 ng/ kg of the active ingredient Desirable blood
| evel s may be maintained by a continuous infusion to provide 0.01 to 5.0
nmg/ kg/ hour or by intermttent infusions containing 0.4 to 15 ng/kg of the

active ingredieek! Te 1

{#)-cis-4-[(2-Amino-4-chloro-6~-pyrimidinyl)amino]-2-cyclopentene-
1-methanol

cis-4-Acetamidocyclopent-2-enemethyl acetate [U.S. Patent 4,268,672]
(14.88 g, 0.073 mol) and barium hydroxide octahydrate (46.19 g,
0.146 mol) were refluxed in water (300 mL) under nitrogen for
18 hours. The resulting solution was neutralized with carbon dioxide.
The precipitate was washed with water, then ethanol. The combined
filtrate-wash was evaporated to a syrup (11.16 g) which was condensed
with 2-amino-4,6-dichloropyrimidine (23.91 g, 0.146 mol) and
triethylamine (30.5 mL, 0.219 mol1) in refluxing 1-butanol {100 mL) for
1.5 hours. After addition of 1 N NaOH (73 mL), the resulting wmixture
was evaporated to dryness and the residual solid slurried in CHC13
(200 mL). Unreacted 2-amino-4,6-dichloropyrimidine was filtered -off
and washed with chloroform (100 mL). The chloroform filtrate-wash was
concentrated and chromatographed on a silica gel column. Additional
pyrimidine starting material was eluted with 2.5% methanol-chloroform.
The title compound was eluted with 3.5% methanol-chloroform as an
off-white solid foam (15.90 g, 91%).

Ly MR (Me,S0-dc) & 1.15-1.28 and  2.26-2.41 (2m, 2, CH,);
2.60-2.71 (m, 1, 1'-H); 3.4 (m overlapping- H,0, CH,OH); 4.625 (t,
3=5.3, 1, CH,OH); 4.95 (brs, 1, CH-N); 5.67-5.87 (m, 2, CH=CH);
6.38 (br s, 1, Miy); 7.12 (br s, 1, NH); MS (CI) M+l, 241, 243.

Anal. Caled. for C10H13N40C1'0.2 HZO: C, 48.99; H, 5.55; N, 22.85;

Cl, 14.46.
Found: €, 49.10; H, 5.57; N, 22.81; C1, 14.40.

Example 2

(£)-cis-4-[[2-Amino~6-chloro-5-[{4-chlorophenyl)azo]l-4-pyrimidinyl]-
amino |-2-cyclopentene-1-methanol
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7 VWhile it is possible for the active ingredient to be adm ni stered
alone it is preferable to present it as a ph%} maceutical fornul atiP8A198rhe
formul ati ons of the present invention conprise at |east one active

I ngredient,

as defined above,

acceptabl e carrier or excipient. Formulations include those adapted for

oral, rectal,
or parenteral

subcutaneous venous and

e i T AR

i ntradernal ) adhiwgithanodt feam Exsepferinu(bk-58rg, 48.1 mmol) and sodium acetate

trihydrate (97 g) were dissolved in glacial acetic acid (225 mL) and
water (225 mL). A cold solution (0-5°C) of 4-chlorobenzenediazonium
chloride was prepared from 4-chloroaniline (6.74 g, 52.8 mol),
concentrated hydrochloric acid (14.7 mL} water (52 mL), and sodium
nitrite (4.01 g, 58.2 mmol in 47 mL of -water). This cold solution was
added dropwise over 5 minutes to the first solution. The resulting
yellow precipitate was filtered after 18 hours, washed with water, and
extracted with ethanol to give title compound as dark yellow powder
(12.56 g, 69%), m.p. 218-220°C dec.

TH-NMR:  (Me,SO-di) & 10.25 (d, 1, NH); 7.69 and 7.54 (both, d, J=8.9,
C6H4) overlapping 7.6 (br, 6, NHZ); 5.80-5.95 (m, 2, CH=CH); 5.24 {m,
1, CHN); 4.75 (t, 1, CH,OH); 3.41 (t, 2, CH,OH); 2.75 (m, 1, CH);
2.41 (m, 1, CH); 1.44-1.53 (m, 1, CH).

Anal. Calcd. for C16H16N5C120: C, 50.67; H, 4.25; N, 22.16;
C1, 18.70. :
Found: C, 50.59; H, 4.29; N, 22.10; C1, 18.66.

Example 3

(£)-cis-4-[{2,5-Diamino-4-chloro-6-pyrimidinyl)-amino]-2~-
cyclopentene-1-methanol

The title compound of Example 2 (11.67 g) was suspended in ethanol
(235 mL), glacial acetic acid (30 mL), and water 235 mL}. The mixture
was heated to reflux under nitrogen. Zinc dust (13.5 g) was added in
small portions over 30 minutes. during which time the compound
dissolved. The reaction was heated an additional 20 minutes, and then
the excess zinc was filtered of from the hot solution, and it was
washed with ethanol. The filtrates were evaporated, and the residue
was purified on a silica gel column eluting with chloroform (1 L) and
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may conveniently be presented in unit dosage formand may be prepared by
any net hods well known in the art of pharmad# -Such net hods i ncl ufB11%%e
step of bringing into association the active ingredient with the carrier
whi ch constitutes one or nore accessory ingredients. In general, the
formul ations are prepared by uniformy and intimately bringing into

associ ation the active ingredient. with lLiquid carri.ers or, finely,divided
solid carriers QS‘?"TﬁfPﬁ’f"“&%a?%gﬁ‘} wlngééssau‘lr'? g?ﬂfﬁi’ﬂ@s tcﬂ%tﬂ)‘tné%gtlh? product
For irul ati ons ofwelrBecomb tiseai)t andthetsod neretd apd  dtehovedonaderadedused tpras swore by
be presented as_.disgre nj I I blhel s .eqsd | ni pg
a predeterm necmgérothj'ﬁt{gﬁlét %%ﬁggéj?\r}ga?ﬁ%rag%gﬁé;&alstgl'goé\kjgr i‘g(?" gﬁg‘n I'e$€l
as a sol ution qura samppemasoshtiained dutjingoaretder el hgrade sreartiiandto gibtadn an

oi I -in- water |dnguhhdgedilasi @M ight Aeléwe'sol it Ghl a I76gUy 18Ul sion. The active
I ngr edi ent

Ly N : (Me,S0-dg) & 1.29 and 2.39 (m, 2, CHp); 2.69 (t, 1, 1'-H);

3.37 {d, 2, CHZOH); 3.91 (br, 2, NHZ); 4.60 (br, 1, CHZOH); 5.02 (m,
1, CHNH); 5.56 (br s, 2, NHZ); 5.74 (m, 1, = CH); 5.86 (m, 1, = CH);
6.36 (d, 1, CHNH).

Exaupie 4

(x)-cis-4-(2-Amino-6-chloro-9H-purin-9-y1)-2-cyclopentene-1-methanol

The title compound of Example 3 {about 9.7 g) was dissolved 1in
diethoxymethyl acetate (100 g), and refluxed for two days. The
solvent was removed under high vacuum at 50°C, and dioxane (40 mL) and
0.5 N HCI1 (60 mL) was added. The reaction was stirred at room
temperature for 1.25 hours, and then chilled. The reaction was
neutralized to pH 7 with cold § N sodium hydroxide, and then it was
extracted with chloroform:methano1/3:1 several times. The organic
layers were dried with magnesium sulphate, filtered, and evaporated.
The residue was purified by chromatography on a silica gel column,
eluting with 2% MeOH-CHC1, to give 3.7 g (46% yield) of the title
compound, m.p. 138-139°C.

14-WMR:  (Me,S0-d) § 1.63 and 2.61 (m, 2, CHy); 2.87 (m, 1, 1'-H);
3.44 (d, Zf CHZOH); 5.44 (m, 1, CH-N); 5.89 {(m, 1, = CH); 6.14 (m, 1,
= CH); 6.82 {br s, 2, NH2); 8.02 (s,..1, B-H); (CHZOH not seen - under
HZO peak). Uv: pH 1 amax 315 (¢ 7370); 218 (26200); A sh
239.5 (5650). pH 7.4 amax 307 (¢ 8000); 245.5 (4600); 223 (26400).
MS (E1) 265,267 (m) {CI) 266,268 (m + 1).
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may al so be presented as a bolus, electuary or paste. A tablet nmay be nade
by conpression or noul ding, optionally with 2ne or nore accessoryPB1198

i ngredi ents. Conpressed tablets may be prepared by conpressing in a

sui tabl e machine the-active ingredient in a free-fl.-owing formsuch as a
powder or granules, optionally mxed with a binder (e.g. povidone,

B eacr vat i ve, (e Fant Tee. b1 ect- 2ot enCgl ol Tt By 3-8bedt) i el
povi done, cros,| LhKéd sodi um carboxymethyl cellul ose) surface-active or

di spersi ng agergoundlquel dﬁd(ﬁalﬁl ek S)gTay % @d%lb_yun%ll ding in a suitable

machi ne a mixture of t"he powdered cdnpbund nbi st'eneéd With an inert liquid
di luent. The tablets may optlonally be coated or scored and may be
formul ated so as to provide slow or

Example 5

(t);cis-41I2-Amino-6-(cvc1opropvlgmino)-QH:purin-Q-vJl—2-cvc1o-
pentene-1-methano]

The title compound of Example 4 (0.50 g) was dissolved in ethanol
(40 mL), and cyclopropylamine (0.65 mL, 5 equivalent) was added. The
reaction was refluxed under nitrogen for 6 hours. An additional
0.65 mL of cyclopropylamine was added, and the reaction refluxed for
an additional 5.5 hours. The solvents were evaporated, and chloroform
(25 mL) and saturated sodium bicarbonate solutionm (5 mL) was added.
The aqueous layer was extracted several times with CHC13 to obtain the
-crude product. This was purified on a silica gel column eluting with
3% methanol-ethyl acetate to give 0.43 g (80%) of
{+-cis-4-{2~amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-cycio-
pentene-1-methanol. This was recrystallized from acetonitrile to give
0.30 g of white powder; m.p. collapses at 93-130°C; melts at 165°C.

Ly MR (Me,S0-dg) 5 0.56 and 0.63 (2m, 4, 2-cyclopropyl CH,); 1.56
and 2.60 {2m, 2, cyc]opentenyl—CHz); 2.85 (m, 1, 1'-H); 3.02 (m, 1,
cyclopropyl CH-NH); 3.43 (m, 2, CH,OH); 4.71 (t, 1, CH,OH); 5.40 (m,
1, 4'-H); 5.77 (s, 2, NHZ)' overlapping 5.84 (m, 1, = CHZ); 6.09 (m,
1, =CH); 7.23 (d, 1, NH-CH); 7.58 (s, 1, purine-8-H); ms (CI)
287 (m+1). UV: pH 1: amax 296 (¢ 14000), 255 (10700); pH 7.0:
amax 284 (15900); 259 (9200); pH 13 xmax 284 (15800), 259 (9100).

Anal. Calcd. for C14H18N50.0.25 HZO: C, 57.82; H, 6.41; N, 28.90.
Found: C, 57.84; H, 6.45; N, 28.86.
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controll ed rel ease of the active ingredient therein using, for exagﬁ; ,
8 hydr oxypr opyl met hyl cellul ose in varyﬁﬁg‘proportions to pro 8 he

desired

Example 6

(x)-cis-4-{2-Amino-6-(cyclopropylmethylamino)-9H-purin-9-y1}-2-
cyclopentene-1-methano]l

{¢)-cis-4-(2-Amino-6-chloro-9H-purin-9-y1)-2~cyclopentene-1-methanol

{0.53 g, 2 mmo1) from Example 4, N-methyl-N-cyclopropylamine (Karl
Industries, Aurora, OH; 0.8477 g, 12 mmol) and methanol (20 mL) were
placed in a Parr bomb and heated to 62°C for 5 hours. The solution
was concentrated and then diluted with ethanol before being brought to

pH 12 by the addition of 1.0 N NaOH. This solution was concentrated

and the residue was purified by elution from a silica gel column with
3% methanol-chloroform (0.547 g, 91.2%). Crystallization of such a
sample from water-ethanol yielded a white powder, m.p. 130-131°C.

'H-NMR: (Me,SO-dg) 5 7.61 (s, 1H, purine H-8), 6.10 (m, 1H, CH=),
5.84 {m, 1H, CH=), 5.7 (br s, 2H, NHZ)' 5.40 (m, 1H, CHN), 4.70 (br t,
1K, OH), 3.43 (m, 2H, gﬂQOH) 3.24 (br s, 4H, CHy, NCH cyclopropyl},
2.85 (m, 14, CH), 2.66-2.57 and 1.61-1.51 {m, 2, cyclopentenyl CHZ),
0.90-0.65 {(m, 4H, 2CH, of cyclopropyl).

Anal. Calcd. C15H20N60’0.5 HZO: C, 58.24; H, 6.84; N, 27.16.

Found: C, 58.15; H, 6.86; N, 27.14.

Example 7

{-)-cis-4-[2-Amino-6-{cyclopropylamino)-9H-purin-9-y1]-2-cyclo-
pentene-l-methanol

The title compound of Example 5 (Q.600 g, 2.00 mmol) was dissolved in
1,3-dimethy1-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone (Aldrich, 12 mL).
Phosphoryl chloride (0.76 mt, 8.0 mmol) was added to the stirred,
cooled (-10°C) solution. After 3 minutes, cold water (100 mL) was
added and the resulting solution neutralized with 3 M ammonium
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rel ease prdfile. Tabl ets may optionally be provided with an enteric

coating, to

provide release in parts of_.tjpe.gut other than thepgimgach.

Formul ati ons adapted for topical adm nistration in the nouth include

| ozenges conprising the active ingredient in a flavored basis, usually
sucrose and acacia or tragacant h; pastilles conprising t he active

ingredient in an inert basis such as gelatin and g cerin sucrose
and acaci a; andwdttideasHHde Wﬁﬁﬂgﬁﬁgsﬂﬁéwﬂ wagtdiju ‘?Cﬁﬁ?e‘dlléﬁff' with water

sui tabl e |iqui dingasgp19éd to a 4.6" ¥ul2pt txﬁ)rtmaﬂlalatqut;\toswhe@éﬁmzadr(vnaﬁiarcaa) on

may be pr-esent
exanpl e cocoa

bt £ hag begncarsegy Litgated " i A pBaes TR AIERRPOrBrS Y ag! A

adm ni strati on csdymbeapriisetivadhad wiessar iteters of 50 mM ammonium bicarbonate.

The O-monophosphate of  (x)-cis-4-[2-amino-6-(cyclopropylamino)-9H-
purin-9-yi]-2-cyclopentene-l-methanol was then eluted with a 2-liter
gradient of 50 to 300 mM ammonium bicarbonate. The fractions
containing nucleotide (i.e. the above O-monophosphate) were evaporated
to a white powder to remove ammonium bicarbonate; 71% calculated by
UV absorbance; one peak by HPLC (see below). Snake venom
5'-nucleotidase {EC 3.1.3.5) from Crotalus atrox (1000 IU, Sigma) was
added to 1.4 mmoles of the nucleotide dissolved in water (20 mL). The
solution was incubated at 37°C for 22 hours, at which time additional
enzyme (1000 IU) was added. Incubation was continued for another
3 days. HPLC analysis (0.4 x 10 cm Whatman Partisil 10 strong anion
exchange column; elution with a gradient of 20 MM to 1 M ammonium
phosphate, pH 5.5, containing 5% methanol; UV detection at 284 nM) at
this point showed that 50% of the starting nucleotide had been
dephosphorylated to the parent nucleoside. This mixture was again
applied to a DEAE Sephadex column of the type described above.
Elution with 4 liters of 50 mM ammonium bicarbonate gave fractions
containing the title compound. Evaporation of the water left white
powder. This material was further purified by chromatography on
silica gel with MeOH:CHC13/1:9 to give colorless glass. The glass was
solidified in acetonitrile to give {-)-cis-4-[2-amino-6-{cyclopropyl
amino)-9H-purin-9-y1]-2-cyclopentene-1-methanol as white gummy solid
which was dried to a solid foam at 0.5 mm Hg at 68°C (260 mg, 86% from
racemate}; LR in DMSO—Q6 and mass spectrum identical with those of
the racemate (title compound of Example 5); [a]zo -59.7°,

[a]20 36 ~127.8°, [a] 365 "218. 1° (c = 0.15, methanol)

Anal. Calcd. for c14H18N60-0'8 HZO: C,55.91; H, 6.57; N, 27.94.

Found: C, 56.05; H, 6.65; N, 27.88.
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t anpons, creans, gels, pastes, foans or spray formulations containing:in

addition to the active ingredient such € Fers as are known i RBi art
to be appropriate. Formul ati ons adapted for parenteral adm nistration
I ncl ude aqueous and non- aqueous isotonic sterile injection solutions

whi ch may contain anti-oxidants, 20 buffers, bacteriostats and sol utes

whi ch der t i th th | ood t h t
N o ik SO S LB e R SRy Bl Be2er
i ncl ude suspendiradgiengeot $0atal 300i mk emnonguadeicasbonbite gaveftirmﬂ{-mnophss;rhaye be

presented in U"('tf ﬂﬁs ggngﬁéﬁhgpﬁggﬁffyoﬁ&i}@g%af CEPle F&:@)Oanf(W§F was

anpul es and vi al ezes r|e
condi tion requﬁrtF”lL’ffgj3 Gﬂl@ ‘E‘H%]eé?&d‘?%ﬁe@n tbe prepasetiqn af | jtqis @oeaﬁhqsehater ofi$

exanpl e water desé®ibel NreGbrOStal MR ExARSte/ gpri or to use. Extenporaneous
I nj ection solutions and suspensi ons may be prepared fromsterile

powders, granules and tablets of

Examplie 8

{-)-cis-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y11-2-cyclopentene
-1-methano]l 0O-monophosphate

The title compound of Example 7 (0.35 g, 1.2 mmol) was dissolved in
1,3-dimethy1-3,4,5,6-tetrahydro-2-(14)-pyrimidinone (Aldrich, 5 ml).
Phosphoryl chloride (Aldrich, 0.43 mL, 4.6 mmol) was added to the
stirred, cooled (~10°C) solution. After 3 minutes, cold water (20 mL)
was added and the resulting solution neutralized with 3 M ammonium
hydroxide. Ion exchange chromatography as described in Example 7 gave
the nucleotide as the diammonium salt after evaporation of water,
white powder (95% yield, quantitated by UV); HPLC analysis as in
Example 7 shows one peak; UV amax nM (0.1 M HC1):254, 297; (pH 7
phosphate buffer):259, 284; (0.1 M NaOH):259, 284. The base/
phosphate ratio was 1.0/1.3 as determined by the method of B. Ames
(Methods in Enzymology 8:115, 1966). [a]20 "69.9°, [a]20578 “73.0°,
(10,5 784.0° (c = 0.52, MeOH: H,0/4:1).

Example 9

(+)-cis-4-[2-Amino-6-{cyclopropylamino)}-9H-purin-9-y1j-2-cyclopentene
~-1-methanol 0-monophosphate

Elution of the DEAE Sephadex column described in Example 7 after
5'-nucleotidase incubation with a 2-liter gradient of 50 to 300 mM
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t he ki nd previously descri bed. Preferred unit dosage fornul ations are
those containing a daily dose or unit, daity29 - sub-dose, as hereiP8la%bve

recited, or an appropriate fraction thereof, of an active i ngredient.
It should be understood that in addition to the ingredients particularly
menti oned above the formul ations of this invention may include other

agent s conventlonal
9 mwon ium bicarbonate gave nucleotide-containing fractions which, after

evaporation of water, gave the title compound as the diammonium salt;
white powder (56% from title compound of .Example 5); HPLC analysis as
in Example 7 shows one peak; UV Anax nM (0.1 M HC1): 254, 297; (pH 7
phosphate buffer): 259, 284; (0.1 M NaOH): 259, 284. The
base/phosphate ratio was 1.0/0.98. [a]20 *62.0°,

[21%055q "65.2°, [a1%g,c *75.0°, (c =-0. 54, MeoH:H ,0/8:1).

Example 10

(+)-cis-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y1}j-2-cycio-
pentene-1-methanol

The title compound of Example 9 (0.67 mmole) was dissolved in water
(20 mL) and alkaline phosphatase (EC 3.1.3.1) from calf intestine
{3000 IU, Boehringer Mannheim) was added. The solution was incubated
at 37°C for 19 hours, at which point HPLC analysis as described in
Example.7 showed '~ that all of the nucleotide had been dephosphory-
lated. The solution was evaporated to dryness and the residual solids
extracted with refluxing ethanol (100 mL). The ethanol-soluble
material was adsorbed on silica gel and applied to a silica gel
column. Title compound was eluted with methanol:chloroform/1:9.
Evaporation of an acetonitrile-ethanol solution gave white solid foam
(164 mg, 79%); 1H NMR in DMSO—t_i6 and mass spectrum identical with
those of the racemate (t1t1e compound of Example 5); [a]20 +58.7°,

[a] 436 +126.2°, [a] 365 +217.5°, (c = 0.10, methanol).

[}

Anal. Calcd. for C14H18N60—0.60 HZO-.IS EtOH: C, 56.49; H, 6.66;
N, 27.64. - .
Found: C, 56.60; H, 6.63; N, 27.55.

MG.MF.21st November 1990
This Sheet Has Been Re;

T



the art having regard to the type of fornulation in question, for exanple,
those suitable for oral administration may~-i¥#tlude such further ad8it® as
t hi ckeners and flavoring agents. The present invention further includes
the follow ng process for the preparation of enantioneric conpounds of
formula (1) above and derivatives thereof. The

Exampie 11

{-)-cis-4-[2-Amino-6-(cyclopropylmethylamino)-9H-purin-9-y1]-2-cyclo-
pentene-1-methano]l

The title compound of Examplie 6, (2.00 g, 6.50 mmol)} was dissolved in
1,3-dimethy1-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (Aldrich, 20 mL).
Phosphoryl chloride (2.28 mlL, 24.0 mmol) was added to the stirred,
cooled (-10°C) solution. After 3 minutes, cold water (80 mL) was
added. The solution was extracted with chloroform (3 x 80 mL). The
aqueous layer was diluted with ethanol (400 mL) and the pH adjusted to
6 with saturated aqueous NaOH. The precipitated inorganic salts were
filtered off. The filtrate was further diluted with ethanol to a
volume of 1 liter and the pH adjusted to 8 with additional NaOH, The
resulting precipitate was filtered and dried to give the
O-monophosphate of (x)-cis-4-[2-amino-6-(cyclopropylmethylamino)-9H-
purin-9-y1]-2-cyclopentene-1-methanol as white powder (4.0 mmoles, 62%
guantitated by UV absorbance); HPLC analysis as in Example 7 shows one
peak. This racemic O-monophosphate was dissolved in water (200 miL)
and snake venom 5'-nucleotidase (EC 3.1.3.5) from (Crotalus atrox
(5,000 1V, Sigma) was added. After incubation at 37 °C for 10 days,
HPLC analysis as described in Example 7 showed that 50% of the
starting nucleotide had been dephosphorylated to the nucleoside.
These were separated ona 5 x 14 cm column of DEAE Sephadex A25
(Pharmacia) which had been preequilibrated with® 50 mM ammonium
bicarbonate. The title compound was eluted with 2 liters of 50 mM
ammonium bicarbonate. Evaporation of water gave white powder which
was dissolved in methanol, adsorbed on silica gel, and applied to a
silica gel column, Title compound was eluted with
methanol:chloroform/1:9 as a colorless glass. An acetonitrile
solution was evaporated to give white solid foam, dried at 0.3 mm Hg
over PZOS; 649 mg (72% from racemate); 1H-NMR in DM501Q6 and mass
spectrum identical with those of the racemate (title compound of
Exanple 6); [a]?%) -48.0°, [a]1%0,5¢ -97.1°, [a]¥5¢c -149° (c = 0.1,
methanol).
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enantionmeric starting materials and precursors for such materials which are
enpl oyed as described below in relation to-tdk -process are each i FBLR f or m
of an enantionmer substantially free (e.g. to the extent referred to above
in relation to conmpounds of fornula (1)) of the other enantiomer. The
process according to the invention conprises either [err]

Anal. Calcd. for C15H20N60—0.10 CH3CN: C, 59.96; H, 6.72; N, 28.06.
Found: C, 59.93; H, 6.76; N, 28.03.

Continued elution of the Sephadex column with 2 Titers of 100 mM
ammonium bicarbonate and then with 2 liters of 200 mM ammonium
bicarbonate gave 0-monophosphate of the (+) enantiomer corresponding
to the title compound, which was stable to 5'-nucleotidase.

Example 12

{+)-cis-4-[2-Amino-6-{cyclopropylmethylamino)-9H-purin-9-y1]-2-cyclo-~

pentene-l-methanol

The fractions containing 0O-monophosphate of the (+) enantiomer eluted
from the Sephadex column of Example 11 were combined and alkaline
phosphatase (EC 3.1.3.1) from calf intestine ({4800 IU, Boehringer
Mannheim) was added. The solution was incubated at 25°C for 18 hours,
at which point HPLC analysis showed that all of the nucleotide has
. been dephosphorylated. The solution was evaporated to dryness and the
residual solids extracted with refluxing ethanol (100 mL). The
ethanol-soluble material was adsorbed.on silica gel and applied to a
silica gel column. Title compound was eluted with methanol:
chloroform/1:9 as a colorless glass. An acetonitrile solution was
evaporated to give white solid foam, dried at .0.3 mm Hg over PZOS;
659 mg (73% from racemate); 1H—NMR in DMSO-_cj6 and mass spectrum
identical with those of the racemate (title compound of Example 6);
(10, +47.0°, [a1%05c +93.0°, [a]P03qs +141.3° (c = 0.11, methanol).

Anal. Calcd. for C15H20N60-0.1 CHBCN: C, 59.95; H, 6.72; N, 28.06.

Found: C, 59.92; H, 6.80; N, 27.96..
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A) treating an enantioneric conpound of formula (I1): (mhereln Ais
as hereinbefore defined and Z represents arﬁﬁ%cursor group f&Bl1

said R group as defined in formula (1)) with an agent or under

conditions serving to convert the precursor Z group to the desired R group;
or B) reacting an enantioneric conpound of formula (1I11):-

Example 13

{15 .4R)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-D-tartrate

(2)-cis-4-Acetamidocyclopent-2-enemethyl acetate [US Patent 4,268,672]
(14.88g, 0.073mo1) and barium hydroxide octahydrate (46.19g, 0.146mol)
were refluxed in water (300ml1) under nitrogen for 18 hours. The
resulting solution was neutralised with carbon dioxide. The
precipitate was washed with water, then ethanol. The combined
filtrate wash was evaporated to a syrup, (acetic acid salt of
(£)-4-amino-2-cyclopentene-1-methanol) which was converted to free
amine by stirring with an excess of Amber]ite IRA-400 (OH”) resin in
water. The resin was filtered off, washed with water, and the
filtrate-wash evaporated to a pale yellow syrup which was dried by
evaporation of portions of ethanol. Such a sample of amine (2.26 g,
20.0 mmol) and dibenzoyl-D-tartaric acid (Aldrich, 3.62 g, 10.0 mmol
as 99%) were dissolved in hot absolute ethanol (35 mL). Refluxing
acetonitrile (ca. 150 mL) was added to the cloud point and the
solution was allowed to cool slowly to room temperature. The white
needles which formed were recrystallized three times from the same
solvent combination to nge title compound as white p1ates (1.07 g,
3750y m.p. 160-162 °; [a]?0 +66.9°, (@135 +165°, [a]%0,55 +325°
(c = 0.28, methanol). X-ray crystallography of this salt allowed the
absolute configuration of the cation to be fixed by the known
configuration of the D-dibenzoyl tartaric acid dianion. This salt
crystallized in the space group C2 with one C5H12N0 cation and
one-half C,8M14% dianion as the asymmetric unit.

Anal. Calcd. for C6H11N0—1/2 (C18H1408): C, 61.63; H, 6.21; N, 4.79.
Found: C, 61.56; H, 6.24; N, 4.74.

- e
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[err}

- 33 - PB1198

Example 13

(1R, 4S)-4-Amino-2-cyclopentene-l-methangl dibenzoyl-L-tartrate

This salt was formed and crystallized as described in Example 13,
except that dibenzoyl-L-tartaric acid was used. Three
crystallizations from ethanol-acetonitrile gave the title compound .as
white plates  (1.00 g, 34%);  m.p. 160-162°;  [o]°0; -68.2°,
[, 56 ~169°, [a1?5 -333°, (c = 0.24, methanol).

Anal. Calcd. for C6H11N0~1/2 (C18H1408): C, 61.63; H, 6.21; N, 4.79.
Found: C, 61.59; H, 6.21; N, 4.76.

Example 15

(+)-cis-N-[4-chloro~5-formamido-6-[[4-(hydroxymethyl)-2-cyclopentene-
1-yllamino]-2-pyrimidinyl]acetamide :

N-{5-Amino-4,6-dichToropyrimidin-2-y1)acetamide (J. Org. Chem. 1975,
40, 3141) was formylated by addition of 96% formic acid (20 mL) to a
solution of lj0.75 g, 3.4 mmoles) dissolved in acetic anhydride
(20 mL). The resulting solution was stirred at 25°C for one hour and
then evaporated to give uf(4,6-dichloro-S-formamido-z-pyrimid-
inyl)acetamide as tan powder (0.77 g, 91%); structure confirmed by
1y_WR and mass spectrum. This tan powder (840 mg, 3.37 mmoT1),
(£)-cis-4-amino-2-cyclopentene-1-methanol (940 mg, 8.2 mmol), and
triethylamine (0.80 g, 8.0 mmol) were warmed in ethanol (50 mL) in an
0il bath (70-80°C) under nitrogen for 50 minutes and evaporated to a
dark 0il which was chromatographed on silica gel. Title compound was
eluted with 5% methanol-chloroform. as a peach-colored solid foam
(840 mg). Crystallization from methanol gave white granules (575 mg,
52%); m.p. 189-193°; Ly e (omso-gﬁ) § 10.23 (br, 1.0, NHAc),
9.3 (br, 1.0, NHCHO), 8.15 and 7.90 (both s, total 1.0, HC=0 from two
conformers, peaks coalesce at 60°C), 7.42 and 7.22 (both d, J=8.3,
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10 (wherein A and R are as hereinbefore defined, R err] represents

hydr ogen or a fornyl group and R err] rgpresents an am no pr ggb8ng
group, e.g. an acyl group such as a (Jerr] al kanoyl group, e.g.

fornyl, acetyl or isobutyryl) with an agent serving to effect
formation of the imdazole ring in the desired conpound of formula (1)

foll owed by renoval of the R3 am no protecting group; or
total 1.0, CH-NH from two conformers, peaks coalesce at 60°C), 5.9 and

5.7 (both m, 2.0, CH=CH), 5.05 (m, 1, CH-N}, 4.73 (m, 1, OH), 3.39 (m,
2, CﬁQOH), 2.72 (m, 1, CH), 2.40 (m, 1, 1/2 CHZ)' 1.36 (m, 1,
1/2 CHZ)‘

Anal. Caled. for C13H16N503C1: C,' 47.93; H, 4.95; N,- 21.50;

C1, 10.88.
Found: C, 47.99; H, 4.96; N, 21.42; C1, 10.96.

Example 16

(#}-cis-4-[2-Amino-6-(cyclopropylaming}-9H-purin-9-y1]-2-cyclo-
pentene-1-methano] '

The title compound of Example 15 (0.91 g, 2.79 mmol) was dissolved in
dry OMF {1 mL}. Triethylorthoformate (10 mL) and ethane sulfonic acid
(0.29 mL, 3.4 mmol) were added and the solution heated at 85°C for
24 hours. The solution was evaporated to a syrup. The syrup was
dissolved in 1N HCT (15 mL) and stirred for three hours. The pH was
adjusted to 7 with 5N sodium hydroxide and the resulting mixture (oil
formed) was extracted with i-propanol:chloroform/1:3 (3 x 100 mlL).
The combined organic layers were dried (MgSO4) and evaporated to a red
glass {0.93 g). A solution of this glass in methanol (20 mL) was
heated with cyclopropylamine (2 mL) in a Parr bomb at 70°C for
18 hours. The resulting solution was evaporated to a dark glass which
was adsorbed on silica gel. Elution with 7% methanol-ethylacetate
gave title compound (148 mg, 19%) as white powder, after trituration
with acetonitrile; 1H-NMR (DMSO—QG) identical with that of the title
compound of Example 5.
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C) reacting an enantioneric conpound of forrmula (1V):

[err] (wherein A and R are as herei ngefore deflned and R eBrigss8i s an
am no protecting group, e.g. as described above in relation to fornula
(I1r1)) with an agent serving to effect renoval of the R err] am no
protecting group, and

Example 17

{+)-(1R.45)~cis~N-[4-Chloro-5-formamido~6-{[4-(hydroxymethyl}- -
2-cvclopentene-1-y]lJamino}-2-pvrimidiny) Jacetamide

(15,4R)-4-Amino-2-cyclopentene-1-methanol dibenzoyI-D4tartrate
prepared as described in Example 13 (2:76 g, 9.02 mmol) was dissolved
in water (20 mL).and applied to a column of 65 mL of Amberlite IA-400
(OH form) anion exchange resin. The column was washed with water.
Basic fractions were combined and evaporated to a residual oil which
was dried by evaporation of absolute ethanol and then at 0.5 mm to
give (1S,4R)-4-amino-2-cyclopentene-1-methanol (1.2 g) as a pale
yellow 0i1 (darkens rapidly in air) which was used immediately. This
0il was dissolved 1in ethanol (5 m.) and added to a solution of
N-(4,6-dichloro-5-formamido-2-pyrimidiny)acetamide (2.07 g,

' 8.31 mmol), prepared as described in Example 15, and triethylamine
(2.50 g, 24.8 mmol). The resulting dark solution was heated (i1 bath
75-80°C) under nitrogen for 50 minutes. The solution was evaporated
to a syrup which was applied to a silica gel column. Title compound
was eluted with 3 to 5% methanol-chloroform as a pale yellow solid
foam (1.59 g, 54%); 14-NMR identical with that of crystallized sample.
Such a sample was crystallized from ethanol to give white granules,
m.p. 194-195°C; H-MMR (DMSO-d) identical with that of the  title
compound of Example 15 [a]20 +2.7°, [a]20578 +3.6°, [a] 546 *2- 9°,
(1?6 -2.5°, [a103q5 -a1. 2° (c=0.238, methano).

Exampie 18

(-)-(1S,4R)-cis-{2-Amino-6-chloro-9H-purin-9-y1)~-2-cyclopentene-
1-methano] - -

The title compound of Example 17 (1.15g, 3.53 mmol) was gently
refluxed in diethoxylmethy]l acetate (45 mL) under nitrogen for
3.5 hours. The resulting pale yellow solution was concentrated at
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optionally effecting one or both of the follomnng conversions in an

desired order: - 1) where a conpbdﬁd of formula (1) is XH%H
converting the said conpound to a derivative thereof, or i)

where a derivative of a conpound of fornmula (1) is formed, converting the
said derivative to the parent conpound of fornula (1) or to a further such

exarpi e, by tr uendh ey Y R T PuF RS PR W TEEE (R

| eavi ng group (%ergl.0ahput.o Butshsabxtaormhwos megtomb)zed\mrthasodapwpr djcachanate

am ne, i.e.cyclgpr opbRMaetd" dMmess. The residual solids were extracted with
methanol and the methanol-soluble material applied to a silica gel
column. Elution of the column with 10% methanol-ethyl acetate gave
title compound as a pale yellow solid foam (730 mg), 78%); 1y MR
(Dmsofgﬁ): identical with that of - racemate (title compound of
Example 4); [o]?) ~114.9° (c = 0.26, MeOH).

Example 19

(-)-{1S,4R)-cis-4-[2-Amino-6-{cyclopropylamino)-9H-purin-9-y1]-
2-cvclopentene~1-methanol

The title compound of Example 18 (560 mg, 2.11 mmol) in methanol
(12 mL) was heated with cyclopropylamine (2.4 mL) in a Parr bomb at
78°C for 17 hours. The solvent was evaporated and the residue
chromatographed on silica gel. Title compound was - eluted w1th 5-7%
methanol-ethyl acetate as a colorless solid foam (367 mg, 59%); H NMR
(DMSO-d ) jdentical with that of Example 7; [a] D -59.0° (c = 0.28,

MeOH) conf1rms the absolute configuration of the title compound of
Example 7.

Example 20

(15,4R)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-D-tartrate

2-Azabicyclo[2.2.1]hept-5-en-3-one [Daluge and Vince, J. Org. Chem.
1978, 43, 2311 and U.S. Patent 4,268,672] (44.0 g, 0.400 mole) was
stirred in 2N HC1 in methanol (0.5L) at 25 °C for 1.5 hours.
Volatiles were evaporated to leave (%)-cis-methyl-4-amino-2-cyclo-
pentene-l-carboxylate hydrochloride as an off-white powder (71.1 g).
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cycl opropyl - N-net hyl am ne, preferably in an_excess to introduce th % I no R
group as defined above, advantageously at Téflux or at a t enper at ﬂ'?]el
greater than 50[err]C, preferably in the presence of an organic sol vent,

for exanpl e nethanol or ethanol.

Trituration of such a sample with diethylether gave a white powder,
m.p. 92.5-95°C [J. Org. Chem. 1981, 46, 3271; m.p. 82-83°C]; 1H-NMR
(OMSO-dg) 6 8.25 (brs, 3, NHy'), 6.1 and 5.9 (bothm, 2, CH=CH),
3.64 (s) overlapping 3.75-3.6 (m, total 4, OMe and CH), 2.65-2.45 and
2.05-1.85 (both m, 2, CHZ)‘

Anal. Caled for C7H11N02-HCI: C, 47.33; H, 6.81; N, 7.89; C1, 19.96.

Found: C, 47.41; H, 6.84; N, 7.85; C1, 19.89.

(x)-cis-Methyl-4-amino-2-cyclopentene-1-carboxylate hydrochloride
(17.7 g, 0.100 mole)} and diisobutyl-aluminum hydride (0.500 mole as a
1 M solution in hexane) were refluxed in hexane (200 mL) for 6 hours.
The resulting sofution was cooled and 10 mL of 1 M aqueous ammonium
chloride and then methanol (200 mL) were added. This mixture was
refluxed for 30 minutes and MgSO, (10 g) added. Solids were filtered
off and washed with additional methanol. The filtrate-wash was
evaporated to a dark oil (15.5 g); 1y R (DMSO<Q6) jdentical to that
of (x)-4-amino-2-cyclopentene-l-methanol prepared as . described in
Example 13. Such a sample, after purification by chromatography on
silica gel (EtOH:CHC]3:NH40H/10:90:1) was crystallized with
dibenzoyl-D-tartaric acid to form the title compound.

Example 21

fcis-4-({2-Amino~6-(cyclopropylamino)-9H-purin-9-y1}-2-cyclopenten-
1-yi]methyl R-2, 3-bis-(hexadecanoyloxy)propyl hydrogen phosphate

A solution of L-a-dipalmitoyl phosphatidyl choline (150 mg, 0.2 mmol,
Sigma) in 6 mL of chloroform -was added to a flask containing
(£)-cis-4-{2-amino-6-(cyclopropylamino)-9H-purin~-9-y1)-2-

cyclopentene-1-methanol (300 mg, 1.03 mmol),phospholipase D, Type VII
(from Streptomyces, 1.0 mg, specific activity 185 units/mg, Sigma) and
pH 4.5 buffer (1.5 mL, 250 mM in CaCTz, 200 mM in NaOAc adjusted to
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Process 8) may be carried out, for exanple, by reacting a conpound of
formula (I111) with formc acid or a reactive3£;/0rm'c acid derivati\?glé%s.g.
triethylorthoformate or diethoxynethyl acetate) optionally with a

co-sol vent such as a di net hyl acetam de or dinethyl formam de at an el evat ed
tenperature preferably at 75-90[err]C. This reaction conveniently effected

nidr e g w o P o5 yCRAEaRT o o0 R AR R, ek B PR NS Lok e

conpound of foratuB5s°q (bi), bathifioch lchee .| olter ayRrsredaner esepaeatpd 264 erthg O

are used. aqueous layer extracted with chloroform (3 x 6 mL). The combined
organic layers were washed with 1 N HC1, dried and concentrated. Such
a sample was purified by elution from 2 silica gel columns with 12%
methanol-chloroform to yjeld the title compound, 120 mg (47%). This
material was solidified using ethylacetate-acetonitrile to produce a
light yellow powder m.p. 155-157°C; LR (CD3CD-CDC13) 5§ 7.78 (s,
overlapping solvent, purine H-8), 6.12 and 5.88 (m, 2,. HC=CH),
5.53 {m, 1, CHN cyclopentene), 5.22 (m, 1, COZCH), 4.37 (dd, J=3, 12;
1, 0.5 POCH, glycerol}, 4.12 (m, 1, 0.5 POCH, glycerol), 3.42 (m, -4,
OCH, glycerol, OCHZ), 3.11 {(brm, 1, CH), 2.90 (m, 1, NCH), 2.78 (m,
1, 0.5 CH2 cyclopentene), 2.27 (m, 4, ZCHZCOZ), 1.70 (m, 1, 0.5 CH,
cyclopentene), 1.56 (br m, 4, ZCﬂZCHZCOZ), 1.27 (br m, 38, 24 CHZ),
0.88 {m, 6, ZCH3), 0.83 (m, 2, CH, cyclopropyl), 0.60 (m, 2, CH,
cyclopropyl).

Anal. Calcd. for C49H85N608P-2.4 H20: C, 61.28; H, 9.42; N, 8.75;
P, 3.22.
found: C, 60.97; H, 9.12; N, 8.78; P, 2.96.

Example 22

[cis-4-{2-Amino-6-{cyclopropylamino)-9H-purin-9-y1)-2-cyclopenten-
1-vilmethyl R-2,3-bis-{hexanoyloxy)propyl hydrogen phosphate

A solution of L-o-dicaproyl phosphatidylcholine (300 mg, 0.66 mmol,
Sigma) in 15 mL of CHC13 was added to a flask containing (%)-cis-4-
(2-amino-6- (cyclopropylamino }-9H-purin-9-y1)-2-cyclopentene-1-methano]
(378 mg, 1.32 mmol), phospholipase D, Type VII (from Streptomyces,
1.04 mg, specific activity 185 units/mg, Sigma), pH 4.5 buffer
(4.5 mb, 250 mM in CaCIZ, 200 mM in KaDAc adjusted to pH 4.5 with HCT)
and CHC13 (3 mL). The resulting biphase was stirred at 45°C (011
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Process C) may be carried out, for exanple, by reacting an enantioneric
conpound of formula (1V) with an acidic agem9 -for exanple, dil ut&@B83§3fous
hydrochl oric acid. The conpounds of formula (11) enployed as starting
materials process A) may be prepared for exanple, in an anal ogous nmanner to

process B),
formula (V)

I.e. by reacting a correspondi ng enantioneric conpound of

beﬁsr#or 4 hours. The Jayers were separated and the organic layer
washed with 1 N HC1 (2 x 4 mL}. The combined aqueous layers were back
washed with chloroform (10 mL). The combined organic layers were
dried (Mg504) and concentrated. The residue was placed on a
silica gel columm and the title compound was eluted with
16% methanol-chloroform and concentrated to yield a fine yellow
powder. This material was dissolved in ethanol and concentrated (3 x
50 mL) before drying under high vacuum to yield 103 mg (21% yield) of
a light yellow powder, m.p. 182-185°C.

TH-MR: (DMSO-d¢) a 7.61 (s, 1, purine H8), 7.22 (brs, 1, NH),
6.09 {(m, 1, 0.5 CH=CH), 5.89 {m, overlapping br s at 5.83, 3, 0.5
CH=CH, NHZ), 5.41 (br m, 1, CHN), 5.09 (brm, 1, COZCH) 4.30 (dd;
J=2.7, 12; 1, 0.5 POCH, glycerol),4.08 (m, 1, 0.5 POCH, glycerol),
3.80 (br m overlapping brm at 3.75, 4, OCH,, glycerol, OCHZ),
3.02 (br m, 2, CH, NCH cyclopropropyl), 2.65 (m, 1, 0.5 CH2
cyclopentene), 2.23 (+, J=7.5, 4, 2 CHZCOZ), 1.48 (brm, 5,
2 CH,CH,CO,, 0.5 CH, cyclopentene), 1.23 (br m, 8, 2 (CHZ)Z)' 0.84 (m,
6, 2 CH3), 0.67 and 0.58 (m, 4, 2 CH, cyclopropyl).

_—_—.

H, 7.33; N, 11.46; C1, 2.9.
Found: C, 48.65; H, 6.61; N, 10.81; C31, 2.5.

Anal. Calcd. for ng 45 608P -3.9 HZO 0.2 CHCT3, 0.05 EtOH: C, 48.00;

The preceding example 1is an adaptation of the procedure by Satoshi
Shuto et al. Tetrahedron Letters, Vol. 28, No. 2, pp. 199-202, 1987.

Example 23

N-(4-Chloro-1 6-dihydro-5-nitro-6-0xo-2-pyrimidiny1)isochutyramide

6-Chloro-5-nitroisocytosine (J.Chem.Soc. 1960, 5041; J.0rg.Chem, 1975,
40, 3141) was protected by heating the yellow solid (14.88g, 78.08
mmol) to 100°C for one hour in isobutyric anhydride (250m1) and
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(wherein A" Z, Rerr] and R err] are as hereinbefore defined) or a
derivative thereof with an agent serving to éPfect formation of th&81198

i mdazole ring in the desired conmpound of forrmula (I1) and to effect
removal of the Rl err] am no protecting group. The reaction may be carried
out using those agents and conditions descri bed above for process B). The

e propared for Sysratsy, SEMRRIGGCI GhEn BRI The Rsdeltind; A %)
above with an agematesh withhdnhydrogs srethdanod (lB0mdhyestitied pt S6UC Sor kpldupar
to Lhe desired ok Oubncdtr#b B3 PORNFABARRE Shgihal IERGH,OGM LA titte
' compound (14.97g, 74%) was collected by filtration as pale yellow
crystals; m.p. 196-199°C (dec); 'H-NMR (DMSO-d6) & 1.12 (d, J=6.9,
Hz, 6H, (CEB)ZCH)' 2.75(m, J=6.9, Hz, 1H, (CH3)2Qﬂ), 12.41 (br s, 1H).

Anal. Calcd for C8H9N404CI: C, 36.87; H, 3.48; N, 21.50; CI,
13.60. Found. C, 36.94; H, 3.48; N, 21.44; C1, 13.53.

Example 24

N-(4, 6-Dichloro-5-nitro-2-pyrimidinyl)isobutyramide

The title compound of Example 23 (10.0g, 38.37 mmol) was heated to
reflux in phosphorus oxychloride (200m1) and N,N-diethylaniline (3-4
drops) for 5 hours under nitrogen. The solution was then cocled to
room temperature, concentrated to dryness, and the syrup was dissolved
in cold (~-10°C) methylene chloride (200m1). The organic layer was
treated with saturated aqueous sodium bicarbonate (100ml) with
vigorous stirring, and the temperature was kept below 5°C as solid
sodium bicarbonate was added portionwise to elévate the pH to between
5and 7. The layers were separated and the aqueous phase was
extracted with methylene chloride. The combined organic layers were
filtered over phase-separator paper, concentrated and dried under
vacuum to give the title compound (7.71g, 72%) as a yellow-white solid
sufficiently pure to employ in the next step. Recrystallisation of
the solid from hexane/methylene chloride provided an analytical
sample, m.p. 166—169°C; 'H-NMR -{DMSO-d6) s 1.09 {(d, J=6.9Hz, ©6H,
(CH3)2CH), 2.79 {m, J=6.9Hz, 1H, (CH3)2CH), 11.61 (s, 1H).

Anal. Calced. for C8H8N403C]2: C, 34.43; H, 2.89; N, 20.08; Cl,

25.41, Found: C, 34.53; H, 2.89; N, 20.02; C1, 25.40.
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Example 25

N-(4,6-Dichloro-5-formamido-2-pyrimidinyl)isobutyramide

The title compound of Example 24 (6.77g, 24.26 mmo1) was placed in a
Parr bottle containing 220ml1 absolute EtOH and 10.0g {wet) Raney
nickel catalyst that had been previously shaken under hydrogen (40psi)
for 10 minutes. The mixture was shaken under hydrogen (40psi) for an
hour, filtered over celite, and the filtrate was concentrated to a
yellow-white solid that was dried under vacuum overnight. This solid
was stirred in 1,2-dichloroethane {250m1) at 0°C. Acetic anhydride
(30m1) was added, followed by formic acid (30ml1), dropwise under
nitrogen. The resulting mixture was stirred at room temperature for 2
hours, concentrated to half the original vlume, and azeotroped with
toluene to remove residual formic/acetic acid. The crude solid was
triturated with methanol to give the title compound (4.92g, 73%) as an
off-white solid; m.p. 206-209°C (dec); 'H-NMR (DMSO-d6) s 1.08 (d,
J=6.8Hz, 6.0 (CH3)2CH), 2.74 (m, J=6.8Hz, 1.0 (CHB)ZCH)' 8.18 (d,
J=10.3Hz) and 10.26 (br s) [total 1.0, NHCHO from two conformers],
11.17 (br s, 1.0).

Anal. Calcd. for C9H10N402C12: C, 39.01; H, 3.64; N, 20.22; (1,

—

25.59. Found: C, 39.13; H, 3.68; N, 20.12; CIl, 25.67.

Example 26

(+)-(1R,4S)-cis-N-[4-Chloro-5-formamido-6-{[4-(hydroxymethyl}-2-cyclo
pentene-1-yljamino}-2-pyrimidinyllisobutyramide.

(1§J4&)—4-Amino—2—cyc1opentene-1-ﬁéthanol dibenzoyl-D-tartrate (2.44g,
8.15mmo1) prepared as described in Example 13, was dissolved in 30%
ethanol (20m1) and the solution added to a column of Amberlite IRA-400
(OH™) resin (30m1) which had been prewashed with the same solvent.
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The conmpounds of fornula (IV) referred to above may be prepared, for
exanpl e, by reacting an enantioneric conpduﬁa of formula (V1) PB1198
[err]

Elution with 90% ethanol gave basic fractions which on concentration
and  evaporation of portions of toluene-ethanol, left
(15,4R)-4-amino-2-cyclopentene-1- methanol as pale yellow oil (1.4g)
which was condensed immediately with N-({4,6-dichloro-5-formamido-2-
pyrimidinyl isobutyramide (2.26g, 8.15mmol) prepared as described in
Example 25, in 1,2-dimethoxyethane (100m1) with triethylamine (2.3ml,
16.3mmo1) at 95-110°C for 1.5 hours. The resulting solution was
evaporated to a dark yellow syrup which was chromatographed on silica
gel. Elution of column with 5-7.5% methanol-chloroform gave the title
compound as pale yellow solid (2.45g, 84%). Crystallisation of such a
sample from acetonitrile gave' the title compound as fine white
crystals, mp. 194.5-195.5°C.

'H-NMR (DMSO-d¢) § 10.21 (s, 1, NHCOCHMe,), 9.29 (s, 1, NHCHO), 8.12
{s, 1, CHO), 7.18 (d, J=7.9, 1, CHNH), 5.8 and 5.7 {both m, 2, CH=CH),
5.08 (m, 1, CHN), 4.71 (t, J=5.06, 1, OH), 3.37 (m, 2, CH,OH), 2. 9 2 6
(m 2 CHMe6 and CH), 2.40 (m, 1, 0.5CH,), 1.33 (m, 1, 0. scnz) [a]

, [a]365- 20.7° (c=0.237, MeOH).

Anal.Calcd. for ClsHZONSCIO3
Caled : C, 50.92; H, 5.70; N, 19.79; CI1, 10.02.
Found : C, 50.67; H, 5.78; N, 19.62; C1, 9.92.

Example 27

(-)-{1R,45)-cis-N-[6-(cyclopropylamino)-~9-(4-(hydroxymethyl)-2-
cyclopentene~1-v1)}-9H-purin-2-y1]isobutyramide

(+)-(1R,45)-cis-N-[4-chloro-5-formamido~6-{[4~(hydroxymethy1)-2-

cyclopentene-1-y1Jamino}-2-pyrimidiny1]isobutyramide (1.949g,
5.44mmo1) prepared as described in Example 26, was stirred with
triethylorthoformate (30m1) in an ice-water bath while concentrated
hydrochloric acid (2.0m1) was added dropwise over two minutes. The
resulting clear solution was stirred at ambient temperature overnight.
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(wherein A, Z and R err] are hereinbefore defined) with an agent or under
conditions serving to convert the precursof 4greup Z to the desired@BR%f oup,
i.e. in an anal ogous manner to that described for process A). The
conpounds of formula (VI) above nay be prepared for exanple by reacting an
enantiomeric conmpound of formula (V) above with an agent serving to effect

format on, o 4 el SNABERA, L9 LOLE SeTT oGueSPonl fhe SR Yy
derivative, as (@estainbegl above (LR,45¢+aisi-bA G-ahporacostt-Bydroxdymettiyd)t2+dyeTo
Cyel opr opyl am HoEU boy 1RO R P RT b Blndiide)  ehepGbrect: | 2 2h Aftate)
preferred conpd@hduxed dbegbandinéBQmid:with cyclopropylamine (10g) for 2.5 hours.
Evaporation left a syrup which was dissolved in 10% isopropanol-
chloroform {(200m1). This solution was stirred vigorousiy with
saturated aqueous sodium bicarbonate (25m1). The organic layer was
separated and the aqueous Tlayer washed with additional 10%
isopropanol-chloroform. The combined organic layers were dried
: (MgSO4). Evaporation- left a 'pale yellow glass (2.4g) which was
chromatographed on silica gel. The -title compound was eluted with
2-3% methanol-ethyl acetate as a white solid (1.02g, 53%);
recrystallisation of such a sample from methanol-acetonitrile gave the

title compound as white needles; mp. 197.5-198.5°,

'H-NMR (DMSO-QG) § 9.75 (s, 1, NHCO), 7.93 (s, 1, purine H-8), 7.82

(br s, 1, NH-cyclopropyl), 6.12 and 5.92 (both m, 2, CH=CH), 5.50 (m,

1, CH-N), 4.73 (t, J=5.3, 1, OH), 3.46 (m, 2, CHZ-O), 3.25-3.00 (m, 2,

CﬂMez and CH), 2.91 (m, 1, CH), 2.75-2.6 (m,1, O.SCHZ), 1.7-1.6 (m, 1,

0.5CH,), 1.07 (d, J=6.8, 6, CHMe,), 0.75-0.6 (m, 4, 2 cyclopropyl,
2" 20 o ¢ 420 02

CHZ); [a]D -70.7°, [a]436- 159.0° (c=1.02, MeOH).

Anal Calcd. for C18H24N602’

Caled : C, 60.66; H, 6.79; N, 23.58
Found : C, 60.62; H, 6.83; N, 23.51.

Continued elution of the column with 5% methanol-ethyl acetate gave
additional title compound contaminated by ca. 10% of (-)-(1S,4R)-cis-
4-[2-amino~6-{cyclopropylamino}-9H-purin-9-y1]-2-cyclopentene-1-
methanol as a pale yellow solid fpam (928mg).
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R, 4S) - ci s- N-[ 6- (cydopr opyl ami no) - 9- (4- (hydtdoxynet hyl ) - 2- cycl opePB&h98. -

)-9H purin-2-yl]isobutyram de;

R, 4S)-ci s- N-[ chl or o- 5-f or mam do- 6- (4- (hydr oxynet hyl ) - 2- cycl opent ene- 1-

) am no) - 2- pyri m di nyl ] acet am de; c)

S, 4R) - ci s- (2-am np- @-chl or o- 9H puri n-9-yl ) - 2- cycl opent ene- 1- net hanol d)

R, 4S)-cis- N[ - 9- (4- (hyrdroxymet hyl ) - 2-cycl opentene-1-yl)-9H purin
2-yl]isobutyramnm de.

{~)-{1S5,4R)-cis-4~-[2-Amino-6~{cyclopropylaming)~9H-purin- 9-v1] 2-
. cyclopentene-1-methanol

|AA\<I‘\\</—\Q)
e = =

(-)-(1R,4S)-cis-N-[6-(cyclopropylamino)-9-(4-{hydroxymethyl)-2-
cyclopentene-1-y1)~9H~purin-2-y1]isobutyramide (1.33g, 3.73mmo1)
prepared as described in Example 27, was stirred with 1N hydrochloric
acid (40mL) for 2 days at ambient temperature. The pH was adjusted to
7.0 with sodium hydroxide and the mixture evaporated to dryness. The
residual solids were triturated with hot EtOH (3x25ml). The ethanol
was evaporated to leave yellow glass which was chromatographed on
sitica gel. The title compound was eluted with 3% methano]—ethyl
acetate as a colourless solid foam (857mg, 80%), 'H-NMR and [a]
identical with that of the title compound of Example 19.

Example 29

(-)-{1S,4R)-cis-4-[2-Amino-6- (cvc]opropv]am1no) 9H-purin-9-y1Jj-2-
cyclopentene-1-methanol hydrochloride.

(-)-(1S,4R)-cis-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y1]-2~
cyclopentene-1-methanol (1.90g, ca. 6.3mmol by ‘H-NMR) was dissolved
in IN hydrochloric acid (7.0mL) and ethanol. The solution was
evaporated to dryness and the residue redissolved in ethanol (15ml).
Ethyl acetate was added slowly, to a total volume of 80ml. The off-
white powder which formed was filtered off and dried under vacuum to
give the title compound (2.07g, 97%); mp. collapses at 125-130°, dec.
above 138°C, [al20y -27.1%, [a)33; -52.3° (c=0.199, MeOH).

Anal. Caled. for C14H18N60.HC1.0.8HZO:
Caled : C, 49.87; H, 6.16; N, 24.92; C1, 10.51.
Found : C, 49.91; H, 6.16; N, 24.96; C1, 10.52.
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13 The-enantionmeric conpounds of forrmula (V) enployed as startin
material s as described above may be preparedt¥ or exanple by react PR 198
conmpound of formula

Example 30

(-)-{1S,4R)-cis-4-[2-Amino-6-(cyclopropylamino}-9H-purin-9-y1]-2-
cyclooentene-1-methanol: Bihydrochloride.

(-)-(15,4R)-cis-4~[2-Amino-6-{cyclopropylamino)~9H-purin-9-y1]-2-
cyclopentene-l-methanol (857mg, 3.00mmol) was dissolved in ethanol-
ethy] acetate and 1N ethereal hydrochloric acid (12m1) was added. The
fine white precipitate was washed with ethyl acetate and dried under
vacuum to give the title compound (642mg, 75%); mp. 176-180° dec. .

Anal. Calcd. for C14H18N60'2HCI :
Caicd. : C, 46.81; H, 5.61; N, 23.39; CI1, 19.74,
Found. : C, 46.82; H, 5.64; N, 23.33; (€1, 19.67.

Example 31

(1R,45)-4-(2-Amino-6-{cyclopropylamino)~9H-purin-9-y1)}-2-cyclo
pentene-1-methanol O-diphosphate

(+)-(1R,4S)-4~(2-Amino-6-{cyclopropylamino)-9H-purin-9-y1)-2-

cyclopentene-1-methanol O-monophosphate, prepared as described in
Example 9, was converted to the triethylammonium salt by taking a
solution containing 0.5 mmol of the monophosphate as the ammonium
salt, combining it with 10 ml of 0.5 M triethylammonium bicarbonate
and drying in vacuo, followed by another addition of 10 m} of 0.5M
triethylammonium bicarbonate, then drying. Then, three times, 10 ml
of acetonitrile were added and dried in vacuo. This was dissolved in
10 ml  of 1,3-dimethyl-3,4,5,6- . tetrahydro-2(1H)- pyrimidinone
(Aldrich) then 0.43 g of 1,1'-carbonyl diimidazole (Aldrich, 2.6 mmol)
was added and stirred for 2 hours at room temperature. Methanol
(0.18 ml, 4.5 mmol) was added and stirred for 30 minutes.
Tributylammonium pyrophosphate (Sigma, 1.2 g, 2.6 mmol) was added,
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(Vii)- [err] (wherein Z, Rerr] and Rl err] are as hereinbefore defined
and R err] represents a IeaV|ng group, e.g- 4 kal o such as a chl oP81§8®up)
or a derivative thereof with an enantioneric cohpound of fornula (VIIIA) or
(M 11B) .

stirred for 18 hours at room temperature, then 1 g of additional
tributylammonium pyrophosphate (2.2 mmol} was added and stirred 8
hours at 40°C, then 50 m] of water was added. Both 0-diphosphate and
0-triphosphate were formed since the tributylammonium pyrophosphate
contained orthophosphate impurity.

The reaction products were separated by DEAE Sephadex ion exchange
chromatography in a 2.5 x 18 cm column of DEAE Sephadex A25
(Pharmacia) which had been equilibrated with 50 mM of ammonium
bicarbonate (ABC). The column was washed with 1 1 of 50 mM ABC then
with @ 2 1 linear gradient of 50 to 800 mM ABC to elute the title
compound followed by triphosphate, as described 1in more detail in
Example 32. The fractions containing diphosphate were combined, dried
1in vacuo, redissolved in water then dried again to yield the ammonium
salt of the title compound (0.077 mmol, 15 % yield). UV scan: in 0.1
M HC1 A max = 254 and 298 nm; at pH 7 A max = 259 and 284 nm: in 0.1 M
NaOH A max = 259 and 284 nm.

An aliquot of diphosphate was treated with alkaline phosphatase ({calf
intestine, Boehringer Mannheim), sampled at various times and
developed on thin layer chromatography (PEI- cellulose, Brinkman, 1M
LiC1/IM formic acid 1:1). A sequential conversion of diphosphate to
monophosphate to nucleoside was observed. The final amount of -
phosphate released was determined by the method of Bencini (Bencini,
D.A., Wild, J.R., and O0'Donovan, &.A. Analytical Biochemistry
132:254-258 (1983)) and the base/phosphate ratio was determined to be
1.0/11.5, indicating the presence of inorganic phosphate. UV purity
was 99.8% on analytical HPLC (strong anion exchange column eluted with
a gradient of 10mM to IM ammonium phosphate, pH 5.5).

Example 32

{+)-{1R,45)~4-{2-Amino-6-{cyclopropylamino)-9H-purin-9-y1}-2-cyclo
pentene-1-methanol O-triphosphate
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[err] or -a derivative thereof The |ast-nentioned reaction is

advant ageously effected in the presence of -adbase such as a terti @B}t188n ne
for exanple triethylam ne or trinethylam ne advantageously in an organic
sol vent such as di met hoxyet hane or et hanol .

Continued elution of the column described in Example 31 gave, on
evaporation, the ammonium salt of the title compound. This salt was
converted to the sodium salt by passage through a Dowex AG 50W-X8
(Bio-Rad) resin column (sodium form, 20 ml). The fractions containing
nucleotide were concentrated in vacuo to yield 0.31 mmol (61 %). UV
scan: in 0.1 M HC1 X max = 254 and 299 nm; at pH 7 A max = 259 and 284
nm: in 0.1 M NaOH X max = 259 and 284 nm. Optical rotation in water
at 3.83 g/ 100 ml was [a] 20 = +43.2° at 589nm. UV purity was 99.1%
on analytical HPLC (strong anion exchange column eluted with a
gradient of 10mM to 1M ammonium phosphate, pH 5.5} with 0.9 %
diphosphate present. An aliquot of triphosphate was treated with
alkaline phosphatase (calf intestine, Boehringer Mannheim), sampled at
various times and developed on thin Tlayer chromatography (PEI-
cellulose, Brinkman, 1M LiC1/IM formic acid fil). A sequential
conversion of triphosphate to diphosphate to monophosphate to
nucleoside was observed. The final amount of phosphate released was
determined by the method of Bencini (Bencini, D.A., Wild, J.R., and
O'Donovan, G.A. Analytical Biochemistry 132:254-258 (1983)) and the
base/phosphate ratio was determined to be 1.0/2.7.

Exampie 33

{15,4R}-4-(2-Amino-6-{cyclopropylamino }-9H-purin-9-y1)-2-
cyclopentene-1-methanol O-diphosphate

The {(-)~(1S,4R)-4-(2-Amino-6~(cyclopropylamino)-9H-purin-9-y1}-2-cyclo
pentene-1-methanol O-monophosphate, prepared as described in Examplé
8, was converted to the triethylammonium salt by taking a solution
containing 0.49 wmmol of the monophosphate as the ammonium sailt,
combining with 5 m1 of 0.5 M triethylammonium bicarbonate and drying
in vacuo, followed by another 5 ml of 0.5M triethylammonium
bicarbonate then repeating twice. Then, three times, 5 ml of
acetonitrile were added and dried in vacuo. This was dissolved in 7
ml of 1,3-dimethyl-3, 4,5 ,6-tetra hydro-2(1H)-pyrimidinone (Aldrich)
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The conpounds of forrmula (VIITA) or (VIIIB) having the appropriate
enantioneric configuration can be obtained‘ﬁ@ conpl exi ng the corr@gbgﬁﬁing
racem c compound, i.e. ()-4-am no-2-cycl opentene-1-nethanol with an
optically active carboxylic acid (for exanple dibenzoyl-D-tartaric acid)
and then fractional crystallisation of resulting diastereoneric salts.

exampl e 10, WIS TEES I, TariB Y ERUREE CARTHL' 2 b6l s

conpounds of f ddded and\atiyredniesyd marutes ok iragm fgmeenatuse ablethangy Hd. 16
ml, 4.0 mmol1) was added and stirred for 30 minutes. Tributylammonium
pyrophosphate (made by exchanging the salt of tetrasodium
pyrophosphate for hydrogen on an jon-exchange resin, then neutralizing
with tributylamine and drying, 2.4 mmol) was added, stirred for 18
hours at room temperature, then 50 ml of water was added. Both
0-diphosphate and  -0-triphosphate were formed since the
tributylammonium pyrophosphate contained orthophosphate impurity.

The reaction products were separated by DEAE Sephadex ion exchange
chromatography in a 2.5 x 18 cm columm of DEAE Sephadex A25
(Pharmacia) which had been equilibrated with 50 mM ammonium
bicarbonate (ABC). The column was washed with 1L of 100 mM ABC then
with a 2 L linear gradient of 100 to 800 mM ABC to elute the to elute
the title compound followed by the triphosphate as described in more
detail in Example 34. The fractions containing diphosphate were
combined, dried jn vacuo, redissolved in water then repeated twice to
yield the ammonium salt of the title compound (0.032 mmol, & % yield).
UV scan: in 0.1 M HCY A max = 254 and 298 nm; at pH 7 A max = 259 and
284 nm: in 0.1 M NaOH X max = 258 and 284 nm.

An aliquot of diphosphate was treated with alkaline phosphatase ({calf
intestine, Boehringer Mannheim), sampled at varjous times and
developed on thin layer chromatography (PEI- cellulose, Brinkman, 1M
LiC1/1M formic acid 1:1). A sequential conversion of diphosphate to
monophosphate to nucleoside was observed. The final amount of
phosphate released was determined by the method of Bencini (Bencini,
D.A., Wild, J.R., and O'Donovan, G.A. Analytical Biochemistry
132:254-258 (1983)) and the base/phosphate ratio was determined to be
1.0/4.7, indicating the presence:of inorganic phosphate. UV purity
was 97% on analytical HPLC (strong anion exchange column eluted with a
gradient of 10mM to 1M ammonijum phosphate, pH 5.5). '
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14 prepared in a conventional manner for exanple by reducing a conpound of
formula (1 X) [err] - 49 - PB1198

Example 34

(15.4R}-4-(2-amino~-6-{cyclopropylamino)-QH-purin-9-y1}-2-cyclo
pentene-l-methanol O-triphosphate

Continued elution of the column described in Example 33 gave, on
evaporation, the ammonium salt of the title compound. This salt was
converted to the sodjum salt by passage through a Dowex AG 50W-X8
(Bio-Rad} resin column (sodium form, 20 m1). The fractions containing
nucleotide were concentrated in vacuo to yield 0.4 mmol (81 %). UV
scan: in 0.1 M HC1 A max = 254 and 299 nm; at pH 7 x max = 259 and 284
nm: in 0.1 M NaOH x max = 259 and 284 nm. Optical rotation in water
at 6.14 g/ 100 m1 was [«]20 = -47.1° at 589nm. UV purity was 99.5 %

" on analytical HPLC (strong anion exchange column eluted with a
gradient of 10mM to 1M ammonium phosphate, pH 5.5) with 0.5 %.
diphosphate present. An aliquot of triphosphate was treated with
alkaline phosphatase (calf intestine, Boehringer Mannheim), sampled at
various times and developed on thin layer chromatography (PEI-
cellulose, Brinkman, IM LiC1/IM formic acid 1:1). A sequential
conversion of triphosphate to diphosphate to monophosphate to
nucleoside was observed. The final amount of phosphate released was
determined by the method of Bencini (Bencini, D.A., Wild, J.R., and

. O'Donovan, G.A. Analytical Biochemistry 132:254-258 (1983)) and the
base/phosphate ratio was determined to be 1.0/2.8.

Example 35

{15 4R)-4-[2-Amino-6-{cyclopropylmethylamino)-9H-purin-9-y11-2-
cyclopentene-1-methanol

(1S,4R)-4(2-Amino-6-chloro-9H-purin-9~y1)-2-cyclopentene-1-methanol
(274mg, 1.00 mmol1), N-cyclopropyl-N-methylamine (0.71g, 10mmol), and
absolute ethanol (6 mlL). LThe residue was chromatographed on silica
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(wherein Z, Rerr] and Rlerr] are as hereinbefore defined) to effect
conversion of the NJerr] group to an NH2 .gs@pup and optionally copiensgi ng
the resulting NH2 group to a formam do group, for exanple, by treatnent
with form c acid/acetic anhydride. The conpounds of formula (1 X) may be
prepared in conventional manner. Those conpounds in which Z represents a

hal o, for exanple chloro group may be
gel. The Title compound was eluted with 10% methanol-chloroform as a

colorless glass. Evaporation of an ethanol solution and drying with
phosphorus pentoxide at 0.2 mm Hg gave the title compound as a white
solid foam (293 mg, 98%); 'H-NMR and []20589 identical with those of
the title compound of Example 11.

Example A

Tablet Formulations

The following formulations A, B and C are prepared by wet granulation
of the ingredients with a solution of povidone, followed by addition
of magnesium stearate and compression.
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prepared for exanple by hal ogenating, for exanple using phosphorgal
oxychl oride, a correspondi ng conpound of T ula (X) [err] 198

Formulation A

mg/tablet mg/tablet
(a) Active ingredient 250 250
(b) Lactose B.P. 210 26
(c) Povidone B.P. 15 g
(d) Sodium Starch Glycollate 20 - 12
(e) Magnesium Stearate 5 3

500 ' 300
Formulation B .

mg/tablet mg/tablet
{a) Active ingredient 250 250
{b) Lactose 150 -
{c) Avicel PH 101 60 26
(d) Povidone B.P. 15 g
(e) Sodium Starch Glycollate 20 12
(f) Magnesium Stearate _5 _3

500 300
Formulation C

mg/tablet
Active ingredient 100
Lactose 200
Starch 50
Povidone . 5
Magnesium stearate _4

- 359

The following formulations, D and E, are prepared by direct -
compression of the admixed ingredients. The lactose in formulation E
is of the direct compression type {Dairy Crest - “Zeparox"}.
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(wherein R err] and R err] are as herei nbefore defined). The conpounds of
formula (X) may al so be prepared in convensgonal manner, for exapgiliggby
reaction of a conpound of formula (Xl) :

Formulation D

mg/tablet
Active ingfedient 250
Pregelatinised Starch NF15 150

400
Formulation E

mg/tabiet
Active ingredient 250
Lactose 150
Avicel 100

500

Formulation F (Controlled Release Formulation)

The formulation is prepared by wet granulation of the ingredients
(below) with a solution of povidone followed by the addition of
magnesium stearate and compression.

mg/tablet

(a) Active ingredient 500
(b} Hydroxypropyimethylcellulose 112
(Methocel K4M Premium)

(c) Lactose B.P. 53
(d) Povidone B.P. 28
(e} Magnesijum Stearate 1

-700

Drug release takes place over a period of about 6-8 hours and is
complete after 12 hours.
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15 =~ * Jerr] (wherein Rerr] is as hereinbefore defined) with an
appropriate agent serving to - 53 - PB1198

Example B

Capsule Formulations

Formulation A

A capsule formulation is prepared by . admixing the ingredients of
Formulation D in Example A above and filling into a two-part hard
gelatin capsule. Formulation B (infra) is prepared in a similar
manner.

Formulation B

) ' mg/capsule
(a) Active ingredient 250
(b) Lactose B.P. 143
(c) Sodium Starch Glycollate 25
{(d} Magnesium Stearate _2
420

Formulation C

mg/capsule
{a) Active ingredient 250
(b) Macrogol 4000 B.P. 350

600

Capsules of formulation C are prepared by melting the Macrogol
4000 BP, dispersing the active ingredient in the melt and filling the
melt into a two-part hard gelatin capsule.

Formulation D

-mg/capsule
Active ingredient 250 .
Lecithin 100
Arachis 0il 100
450
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I ntroduce-the am no protecting group, for exanple by reaction with an
appropriate carboxylic acid or a functiomalb%equi val ent thereof eP§1198
i sobutyric anhydride. The conpound of formula (XI) may be prepared by

nitration of a corresponding conpound of fornmula (XI1) [err]

Capsules of formulation D are prepared by dispersing the active
ingredient in the lecithin and arachis oil and filling the dispersion

into soft, elastic gelatin capsules. -

Formulation £ (Controlled Release Capsule)

The following controlled release capsule formulation is prepared by

extruding ingredients a, b and c using an extruder,

followed by

spheronisation of the extrudate and drying. The dried pellets are
then coated with release-controlling membrane (d) and filled into a

two-piece, hard gelatin capsule.

mg/capsule -
(a) Active ingredient . 250
(b) Microcrystalline Cellulose 125
(c} Lactose B.P. 125
(d) Ethyl Cellulose 13
513
Examole €
Injectable Formulation
Formulation A.
Active ingredient 0.200 g
Hydrochloric acid solution, 0.1M, or
Sodium hydroxide solution, 0.1IM q.s. to pH 4.0 to 7.0
Sterile water g.s. to 10 ml

The active ingredient is dissolved.in.most of the water (35°-40°C) and
the pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or
the sodium hydroxide as appropriate. The batch is then made up to
volume with the water and filtered through a sterile micropore filter
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(wherein R err] is as hereinbefore defined). A conpound of forrmula (1) may
generally be converted into an ester there8f by reaction wth anrg1198
appropriate esterifying agent, e.g. an acid halide or anhydride. The
conmpound of forrmula (I), including esters thereof, may be converted into
salts thereof in conventional manner, for exanple, by treatnent wth an
appropriate acid. An ester or_salt of a conﬁﬁfnd of formula ( may

converted intdtnhe pardne oRpamher glass typel Jhped éleﬁqu"”thl'ﬁ(ﬁgrﬂee
0- nonophosphatgpsated pdnprgeanf, fornula (1) may be prepared by treating
the parent with an appropriate phosphoryl ati ng agent, e.g. phosphorus
oxychloride as in M Yoshi kawa, T.Kato and T. Takenishi, Bulletin Chem Soc.
Japan, 1969, Aermu3sPidn Fhe corresponding 0-di - and 0- triphosphates may be

Active ingredient _ 0.125 ¢g
Sterile, pyrogen-free, pH 7

phosphate buffer g.s. to 25 ml
Example D

Intramuscular injection

Active ingredient 0.20 g
Benzyl Alcohol 0.10 g
Glycofurol 75 1.45 g
Water for Injection g.s. to  3.00 mi

The active ingredient is dissolved in the glycofurol. The benzyl
alcohol is then added and dissolved, and water added to 3 ml. The
mixture is then filtered through a sterile micropore filter and sealed
in sterile 3 m] amber glass vials (type 1).

Example E

Syrup

Active ingredient 0.25 g
Sorbitol Solution 1.50 ¢
Glycerol ' 2.00 g
Sodjum Benzoate -0.005 g
Flavor, Peach 17.42.3169 0.0125 ml
Purified Water q.s- to  5.00 m
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prepared by methods described in "Nucl eotide Anal ogs" by K H Sheit, John
Wl ey and Sons, New York 1980, pp. 211-21556nd in D. E Hoard and EBX398t t,
J+Aner.Chenlsoc. 1965, 87, 1785, e.g. by naking the imdizolate derivative
o] 16

The active ingredient is dissolved in a mixture of the glycerol and
most of the purified water. An aqueous solution of the sodium
benzoate is then added to the solution, followed by addition of the
sorbito] solution and finally the flavor. The volume is made up with
purified water and mixed well.

Example F
Suppository
mg/suppositor
Active ingredient 250
Hard Fat, BP (Witepsol H15 - Dynamit Nobel) 1770

2020

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at
45°C maximum. The active ingredient is sifted through a 200 gm sieve
and added to the molten base with mixing, using a silverson fitted
with a cutting head, until a smooth dispersion is achieved.
Maintaining the mixture at 45°C, the remaining Witepsol H15 is added
to the suspension and stirred to ensure a homogenous mix. The entire
suspension is passed through a 250 pm stainless steel screen and, with
continuous stirring, is allowed to cool to 40°C. At a temperature of
38°C to 40°C, 2.02 g of the mixture is filled into suitable, 2 m]
plastic molds. The suppositories are allowed to cool to room
temperature.
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t he rel evant O-nonophosphate and by subsequent reaction of this derivative
with phosphate to give 0-di phosphate or w-t3 pyrophosphate to gi V81198
O-tri phosphate. For the preparation of esterified phosphate derivatives
referred to above, the parent conpound of forrmula (I) rmay be treated with
an appropriate di-al kanoyl phosphatidyl choline derivative in the presence
of an appropriate phaspholi pase for exanpl e phospholipase D, as described
in S Shuto et é%ﬁmi&Hgleic Aci d Research, 1988, 20, page 35 or by reaction
of a compound of formula (1) with an appropriate phosphoryl ati ng agent such
as phosphorus ride foll owed by work-up with an appropriate al cohol
as descri bed i%&omky & S.Kim Nucleic Acid Chem stry, Part 3, _
L. B. Townsend & R S. Ti pson (Editors), John \#u/ggsser®ons, New York, 1986,
255.

Active ingredient 250
Anhydrate Dextrose 380"
Potato Starch 363
Magnesium Stearate _7

1000

The above ingredients are mixed directly and pessaries prepared by
direct compression of the resulting mixture.

.Antiviral Activity

a) Anti-HIV Actjvity

(1S,4R)-cis-4-{2-amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methano] was tested for anti-HIV activity in MT4
cells according to the method described by Averett, D. R., J.
Virol. Methods, 23 1989, 263-276 and was found to have an
IC50 value of 4.0 + 1.4 uM (average of 10 determinations).

b} Anti-HBV Activity

The human HBV producer cell line of HepG2,2.2.15, described and
characterised by Sells et _al., PNAS 84: 1005, 1987 and J.Virol.
62: 2836, 1988 has been shown to share many characteristics of
the HBV chronically infected- hepatocyte. It is infectious as
demonstrated by the ability to cause disease in chimpanzees.

To test compounds for anti-HBV activity, monolayer cultures were
treated with the test compound: 50-200uM for ten  days.
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The enanti-onmers of the conmpounds of fornmula (1) may be resolved or isolated
in conventional manner, e.g. by chromatogra¥hi-c separation of PB1198

di astereoneric esters prepared by acyl ation of the hydroxyl on the

cycl opentenyl noiety with appropriate optically active carboxylic acid
derivatives as, e.g., wth naproxen (J. Og. Chem 1986 51, 1287). The

Lol | ow 19, EXATD! o et U roh A THA Bk G PHSTh! e s
(589nm) at 20C. Thpantdches)aeernesbarvegitedli entdayas tiwed, i 3ixExaniptes, Attezat@d
ﬁaggosg antiviral , fOMPANIAGCRT B Bg/dg LhE sioHYﬁﬁ“dbﬁ’éhyreérPﬁﬁjté"(Xz‘i?”‘%%“d
' incubated at 50°C for one hour. DNA was extracted with equal
volumes of phenol followed by chloroform and then precipitated by
ammonium acetate and propanol. The DNA precipitate was
dissolved and collected on nitrocellulose using the procedure of
Schleicher and Schuell {S&S, 10 Optical Ave., Keene, NH 03431,
Publication #700, 1987), and treated as described by Southern,
J.Mol.Biol., 98, 503, 1975. Cells were harvested, and the
intracellular DNA was obtained after cell 1lysis with guanidine
isothiocyanate. The intracellular DNA was handled in the same
manner as the extracellular DRNA. After precipitation Dby
ammonium acetate and propanol, the intracellular DNA precipitate
was dissolved, cut by restriction endonuc]ease, Hind III, applied
to agarose gel and then treated as described by Southern to
determine the quantity of replicative intermediate forms. The
antiviral effect of the drug was determined by measuring at least
a 100-fold reduction of the amount of Dane particles extruded
into the culture wmedium and a similar decrease in the
intracellular replicative intermediates.

(IS,4R)-gj§r4-[2-Amino-6-(N§cyclopropyT—N-methyIamino)—QH—purin-
9-y11-2-cyclopentene-l-methanol was tested by the above procedure
and found to have potent anti-HBV activity at 100uM.
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) e For: DE,GB,FR,IT °L,SE,LI/CH,BZ,AT,L,DIU -
Exanmple T
()-cis-4-[(2-Am no-4-chl oro-6-pyrim di nyl -am no] - 2- cycl opent ene- lpgigbgenol
ci s-4- Acet am docycl opent - 2-enenet hyl acetate [U. S. Patent 4,268;672} (14.88
g, 0.073 nol) and barium hydroxi de octahydrate (46.19 g, 0.146 nol) were
refluxed in water (300 mL) under nitrogen for 18 hours. The“m&wlli[nmwl”lll
solution was neutralized with carbon di oxide. The precipita A .
with water, thEEAIMShanol. The conbined filtrate-wash was evaporated to a
syrup (11.16 g) which was condensed with 2-am no-4, 6-di chl oropyri m di ne

23.91 g, 0.14 d triethylam 0.5 ni,
( g ? mk?uan%:r%omerrilcecon};:oﬁn sngf (S\e general formula

N (1)
1 |
A

{wherein R represents a cyclopropylamino or N-cyclopropyl-N-
methyl amino group and A represents the 2-cyclopentene-l1-metha-
nol-4-y1 group in either the (1S,4R) or (1R,4S) configuration)
and their derivatives, the said compounds and their derivatives
each being in the form of an enantiomer substantially free of the
corresponding enantiomer. '

2.  {1S,4R)-cjs-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-l-methanol substantially free of the corresponding
(1R,4S} enantiomer.

3. (1S5,4R)-cis-4-[2-Amino-6-(N-cyclopropyl-N-methylamino)-9H-purin-
9-y1]}-2-cyclopentene-1-methanol substantially free of the
corresponding (1IR,4S) enantiomer.

4. Pharmaceutically acceptable salts, esters and salts of esters of
the (15,4R) enantiomeric compounds of formula (I) claimed in any
of the preceding claims.

5. Phosphate derivatives of the (1R,4S) enantiomeric compounds of
’ formula (I) claimed in claim 1.
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17  0.219 nol) indﬂ Immluj llﬂlntnﬂ ol (100 mL) for 1.5 hours. After
addition of 1 N Na sul ting m xture was evapor at egi t98cc

*

dryness and the resi duaf soli'd slurfried in CHCl [err] (200 nmL). Unreacted
2-am no-4, 6-di chl oropyrimdine was filtered

6. Pharmaceutical formulations comprising a (1S,4R) enantiomeric
compound of formula (I} {(as defined in claim 1), a
pharmaceutically acceptable derivative thereof or a phosphate
derivative of a (1R,4S) enantiomeric compound of formula (I) (as
defined in claim 1),together with at least one pharmaceutically
acceptable carrier or excipient.

7. Pharmaceutical formulations as c]aimed in claim 6 in the form of
tablets or capsules.

8. Pharmaceutical formulations as claimed in claim 6 or claim 7
wherein the said (1S,4R) enantiomeric compound of formula (I) is
(1S,4R)-cis-4-[2-amino-6-{cyclopropylamino}-9H-purin-9-y1]-2-
cyclopentene-1-methanol.

§. A (15,4R) enantiomeric compound of formula (I) (as defined in
claim 1), a pharmaceutically acceptable derivative thereof or a
phosphate derivative of a (IR,4S) enantjomeric compound of
formula (I) (as defined in claim 1) for use in medical therapy.

10, Use of a (1S5,4R) enantiomeric compound of formula (I) (as defined
in claim 1), a pharmaceutically acceptable derivative thereof or
a phosphate derivative of a (1R,4S) enantiomeric compound of
formula (I) (as defined in claim 1) in the manufacture of a
medicament for the treatment or prophylaxis of a retroviral
infection or a hepatitis B virus infection.

11. Use as claimed in claim 10 of (1S,4R})-cis-4-[2-amino-6-(cyclo
propylamino)-9H-purin-9-y1]-2-cyclopentene-1l-methanol.

12. Use as claimed in claim 10 or claim 11 for the manufacture of a

medicament for the treatment or prophylaxis of a human immuno
deficiency virus (HIV) infection.
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of f and washed with muuj g!mﬂml Im_ The chloroform filtrate-wash was
concentrated and chr sili-ca gel colum. Additiorrd1198CC
pyrimdine starting nmaterial was el uted with 2.5% et hanol - chl oroform The
title conpound was eluted with 3.5% net hanol -chl oroformas an off-white
solid foam (15.90 g, 91%. [err]H NWVR (Nb[err]SC>d[err]) [err] 1. 15 1.28
and 2.26-2.41 m 2, CH2); 2.60-2.71 (m, 1,1'-H); 3.4 (moverlappin

Herr]O CH er prgcggss f(’f' thesprepanaticp &fr poppounds o (tarmyla ](I)CI-(-BISJ) ;
5.67-5.87 (m 2, C&Fﬁ'ﬂ)&d n 3%a{bny, ank, tIN“i[reﬂér]ﬂ/at'?ve%ZwKﬁhSco riddd:- M5 (d)
M+1l, 241, 243. Anal. Calcd. for C[err]H[err]N[err]OG .2 Herr]QO C,

48.99; H, 5.55; N, 22.85; d, 14.4s.
A) treating an enantiomeric compound of formula (II):-

Lz
N
; \
/K ()
N N ]*f
A

(wherein A is as defined in claim 1 and Z represents a precursor
group for the said R group as defined in formula (I)) or a
derivative thereof with an agent or under conditions serving to
convert the precursor Z group to the desired R group; or

B) reacting an enantiomeric compound of formula (III):-

. /{\ ‘ (111)
Rnw TN M

2

(wherein A and R are as defined in claim 1, R® represents

hydrogen or a formyl group and R3 represents an amino protecting
group) or a derivative thereof with an agent serving to effect
formation of the imidazole ring in the desired compound of
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I(;?u(rzllds 2 [?g ,%\21 ng 65 ﬂlmlllﬂ‘ﬂ!'ﬂﬂﬂm H’chlrgﬁggyl )ain(?ZPlp)sr |2m di nRB1198€6 nol -

2- cycl opentene-1 -methanol
()-cis-4-[(2-Am no-4-chl oro-6-pyrimdinyl)am no]-2-cycl opent ene- 1- net hanol
from Exanple 1 (11.58 g, 48.1 nmol) and sodi um acetate trihydrate (97 9)

vere di ssol ved Inglagl,af; POgH G02ddelP3enbladr 2B 8L (it hlotelefy ¢
group; or

C) reacting an enantiomeric compound of formula (IV):-

R
N
W >\
QQ
NH |

A

(wherein A and R are as defined in claim1 and R3 is an amino
protecting) or a derivative thereof with an agent serving to
effect removal of the R3 amino protecting group, and optionally
effecting one or both of the following conversions in any desired

(1v)

order:-

i) where a compound of formula (I) 1is formed, converting the
said compound to a derivative thereof; or

ii) where a derivative of a compound of formula (I) is formed,

converting the said derivative to the parent compound of
formula (I) or to a further such derivative.

14. Enantiomeric compounds of formula (II):-

N = \
N (11)
H,

MG.MF,21st November 1990
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5[err]C)rof 4-chloro r,“hloride was prepared from -
4-chl oroani l i ne (6. 73%@&“&"@’” ncent§at ed hydrochl ori c acipg1fdgcc/
nm), water (52 nL), and sodi‘um'nitrite (4.01 g, 58.2 mmol in 47 nlL of
water). This cold solution was added dropw se over 5 minutes to the first
solution. The resulting yellow precipitate was filtered after 18 hours,
washed with water, and extracted mnth et hanol_to give title conpound as
dark yel | ow powder (hereis Ay isam defiiped Jdng-clagpek r pud decrepresents a  halo

group) and derivatives thereof.

15. (1S,4R})-cis-(2-Amino-6-chloro-9H-purin-9-y1)-2-cyclopentene
-1-methanol substantially free of the corresponding (1R,4S)
enantiomer.

16. Enantiomeric compounds of formula (III):-

R
2
R
v’
N
a3 //l§t l
R nH N N (111)

2

(wherein A and R are as defined in claim 1, R® represent hydrogen

or a formyl group and R3 represents a C1-5 alkanoyl group) and
derivatiyes thereof.

17. Enantiomeric compounds of formula (IV):-

(1)

MG.MF.21st November 1990
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18 [err]HNIVR (Me r] 10 25 (d, 1, NH); 7.69 and 7.54 |
"5, 505, S i@"“}g’“’?ﬂ SRR Rt e e
r rr]d

(t,2,CHerr]OH; 2. 41 (m 1, CH); 1.44-1.53 (m 1, CH).
Anal . Calcd. for C [err}O C, 50.67; H, 4.25; N, 22.16;

f
c, 18.70. Found: C, 50.59; H 4.29; N, 22.10; d, 18.66
(wherein A and R are as defined in claifi 1 and R’ represents a

Cl_6 alkanoyl group) and derivatives thereof.

18. (1R,4S)-cis-N-[6-(Cyclopropylamino)~9-(4-{hydroxymethy1)-2-
cyclopenten-1-yl)-9H-purin-2-yl]isobutyramide substantially free
of the corresponding (1S,4R) enantiomer.

19. Enantiomeric compounds of formula (V¥):-

z
/ NHRE
N
3 /,§ l
7wy N N
' ' (V)
A

{wherein A is as defined in claim 1, Z represents a halo group,
R2 represents hydrogen or a formyl group and R3 represents a C1-s
atkanoyl group) and derivatives thereof.

20. (1R,4S)-cis-N-[4-Chloro-5-formamido-6-{{4-(hydroxymethyi)-2-
cyclopentene-1-y1}amino)-2-pyrimidinyl]isobutyramide

substantially free of the corresponding (1S,4R) enantiomer.

21. Enantiomeric compounds of formula (VI):-

N
(v1)
N
A
MG.MF.21st November 1990
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L M

nol The title conpound*ochxaane 2 {11.67 g) was suspended in et

(235 m.), glacial acetic acid (30 nL), and water 235 nlL). The m xture was
heated to reflux under nitrogen. Zinc dust (13.5 g) was added in snall
portions over 30 mnutes during which tine the conpound dissol ved. The
reacti on was heat edwheraindAtisonsldefdned rint edaimrld Zheepresantsxzedsleigroumas
filtered off fromt Lon, cand i | ; I
filtrates were evapargraaﬁtg:eﬁgnsgwtcﬁg Fbsﬁ éﬂﬁea’fﬁi %%?Pﬁ%ggﬂ %%12%%?0?%251:’
colum eluting with chloroform (1 L) and chl orof orm net hanol /4:1 (1.8

L). The fractizgns (qgmmﬁ-@w-t@mma%m%geragﬁbtmgi,mwwﬂwtéﬁ!-\lent
was removed under IBﬁgkﬁﬁﬁ%u Tn= §§Wf%s£ﬁhé§?¥ﬁ% e © é&bgkgatially free of the

corresponding (1R,4S) enantiomer.

(E;(agPlse43[ ( 2,l 5-Di am no”wuuulurullwlw“mn di py) —am no] - 2- cycl opent epﬁnjggpgt ha
ano

23. Enantiomeric compounds of formula (VIIIA) or (VIIIB):-
WO NH, ", N

(YI1IA) (VIIIB)
and derijvatives thereof.

24. (1S5,4R)-4-Amino-2-cyclopentene-l-methanol and the corresponding
dibenzoyl-D-tartrate, substantially free of the corresponding
(1R,4S) enantiomer.

25. (IR,4S)-4-Amino-2-cyclopentene-1-methanol and the corresponding
dibenzoyl-L-tartrate substantially free of the corresponding

(15,4R) enantiomer.

26. Compounds of formula (VII):-

MG.MF.21st November 1990
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canpound as a red-or l ﬂ > 100% yield). A pure sénple was

obt ai ned during anot ﬂmﬂlﬁlﬂlhl ﬁﬂﬂ ﬂ?maact i-og 10 obtain the productgiasser
light yellow solid ina 76%Yyi&l d¥ ferr]HNVR (Me2SO-d[err]) 8 1.29 and
2.39 (m 2, CH2); 2.69 (t, 1, 1'-H); 3.37 (d, 2, CH2OH); 3.91 (br, 2, NH2);
4.60 (br, 1, CH2OH); 5.02 (m 1, @NH); 5.56 (br s, 2, NH2); 5.74 (m
1,CH; 5.86 (m 1, = CH); 6.36 (d,j1, CH\NH . , Exanple 4
()-cis-4-(2-Am no-6-chl or o- 9H puriX: 9- NZU%ycIopentene-l-nethanol The
title conpound of Exanple 3 (apodt 9.l g) was di ssol ved in diethoxynethyl

R* (VII)

2

(wherein Z represents a halo group, R” represents a hydrogen or a

formyl group, R3 represents a C1_5 alkanoyl group and R4
represents a halo group) and derivatives thereof.

27. N-{4,6-Dichloro-5-formamido-2-pyrimidinyl)isobutyramide.

28. Compounds of formula (IX):-

P
NO,
hJ’// l .
NS
N N N
N
RNH (1X)
{wherein Z, R3 and R4 are as defined in claim 26) and derivatives

thereof.
29. N-(4,6-Dichloro-5-nitro-2-pyrimidinyl)isobutyramide.

30. Compounds of formula (X):-
o

N I =~

/KN R* (X)

R3an
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acetate {100 g), and re“lummmmuiuml“ys The sol vent was renoved under
hi gh vacuum at 50[err] C ,and 0.5 N HA (60 ”¥h1ﬂﬁ&c
added. 19

3 4

{wherein R® and R~ are as defined in claim 26) and derivatives.

31. N-(4-Chloro-1,6-dihydro-5-nitro-6-o%o-2-pyrimidinyl)
isobutyramide.

MG.MF.let November 1990
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The reaction was stirred at roomtenperature for 1.25 hours, and then
chilled. The reaction was neutralized to pH 7 with cold 5 N F@@b?ﬂhs
hydr oxi de, and then it was extracted with chl orof orm net hano sever al
times. The organic layers were dried wi th nagnesi um sul phate, filtered,
and evaporated. The residue was purified by chromatography on a silica gel
colum, eluting with 2% MeCH CHCl [err] to give 3.7 g (46%yield) of the
title conpound, mp. 138-139[err]C [gsszwCvaR: (Me[err]SO-d[err]) [err]
1.63 and 2.61 (m 2, CH2); 2.87 (m 1, 1'- 3.44 (d, 2, CHerr]OH); 5.44
(m 1, CHN; 5.89 (m 1, =CH; 6.14 (m 1,= CH); 6. 82 (br s, 2, NH2);
8.02 (s 1, S'hH)pre@é_lH[ enn?mxmt redates- tmn@esubthk)punive p:lélr'hm[)é-‘ﬂﬁﬁ:nax
315 ([err] 7 2 [ ] ( r 07
([err] 8000) %gie"%a%%é %%%5 85% ’6’(5) ?Eﬁ) ther 9’92"699%&%“? ’h?r 2]6'gmztgg (m
+ 1). treatment of HI and HB 1nfec jons. The 1nvent1on also relates
pharmaceutical formulations and processes for the preparation of

compounds according to the invention.
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Anal . Calcd. for (Jerr]Herr] N er'r] ClO2H err] @ 5 %‘f}:égi‘"” %‘%Ex N

23. 21T gt #o-Found: C. 43.67; H 5.29; N, {2305 = ¢ VI 7Rpss

5 ~ EP A ED SHEETS SG é’ 5Qes._c_fip:t:0;i Dpaged i to paagfg%_;_
()- %-%-‘f‘['?‘-”ﬂﬁi-‘r}?egff@l-.(.tyml 2REODH afi no) - 9K pur i h- TyRE6) cychgpd it draragesden

anol| = THé™{9t | e pegedipdting mafeEX@P| € 4 (0. 80_9) Wes AR SEEEN R R - et tRapAgEd (.40
m) - hd“‘l‘t’ydhbppmyl.@m RSapdl 65 ML, 5 equi'val ept¥ edielddedpagTh el rtoaumgedn-.
vvas‘ : i tixad ynplzﬁgrednizk.rtggﬁ&df OL"®l hours. An ad{liti onal 0.65 nL of

ﬁyc|£@€%wlt?annngrﬂ*ﬁ§.._ad ed, afid™tlhe reaction ref wxedofoREaxipddidietshal 5.5
Ours em;{ﬁ ...................... ud

Therapeutic Nucleosides

The present invention relates to purine nucleoside analogues
containing an unsaturated carbocyclic ring in place of the sugar
residue, pharmaceutically acceptable derivatives thereof, and their
use in medical therapy, particularly for the treatment of certain
viral infections.

AIDS {acquired immunodeficiency syndrome)} is-an immunosuppressive or
immunodestructive disease that predisposes subjects to fatal
opportunistic infections. Characteristically, AIDS is associated with
a progressive depletion of T-cells, especially the helper-inducer
subset bearing the okT? surface marker. '

Human immunodeficiency virus (HIV) has been reproducibly isolated from
patients with AIDS or with the symptoms'that frequently precede AIDS.
HIV is cytopathic and appears to preferentially dinfect and destroy
T-cells bearing the OKT4 marker, and it is now generally recognized
that HIV is the etiological agent of AIDS.

Since the discovery that HIV is the etiological agent of AIDS,
numerous proposals have been made for anti-HIV chemotherapeutic agents
that may be effective in treating AIDS sufferers. Thus, for example,
U.S. Patent 4,724,232 describes 3'-azido-3'-deoxythymidine (which has
the approved name zidovudine), its pharmaceutically acceptable
derivatives and their use in the treatment of human retrovirus
infections including AIDS and associated clinical conditions. Vince
et al., Antiviral Research, 9 {(1/2), 120 (1988) describes certain
carbocyclic nucleoside analogs and their use against HIV.:- At the
Second International Conference on Antiviral Research, Williamsburg,
VA, April 10-14, 1988, . ()-9-(cis-4-(hydroxymethyl)-2-cyclopentenyl)
guanine (NSC-614846), also known as carbovir, was disclosed.

Worldwide, hepatitis B virus (HBV) is another viral pathogen of major
consequence. It is most common in Asian countries, and prevalent in
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evaporated, and chloroform (25 nL) and saturated sodi um bi onat e
solution (5 nL) was added. The aqueous | ayer was extracted sgyenak {*

with CHC [err] to obtain the crude product. This was puriffe “ JF%EhET
gel colum eluting with 3% net hanol -ethyl acetate to give
of ([err]-cis-4-[2-am no-6- -2 -
(cycl opropyl am no) - 9H puri n-9-yl ] - 2- cycl opent ene- 1- net hangl
recrystallized fromacetonitrile to give 0.30 g of white
col | apses at 93- 130[err]C, nelts at 165[err]C  [err] H NW
(Me[err]SO-d[err]) [err] 0.56 and 0.63 (2m 4, 2-cyclopropyl CH2); 1.5
2.60 (2m 2, sub-Shiggrant evfylicCH[ eThe ) ¥iis85i metiglogicad)ly 3BRc{anedl, with

cycl opropyl 6;1m%¢9;hepatocellular carcinoma.

The United States currently contains an estimated pool of
500,000-1 million infectious carriers. Chronic active hepatitis will
develop in over 25% of carriers, and often progresses to cirrhosis.
It is estimated that 5000 people die from HBV-related cirrhosis each
year in the USA, and that perhaps 1000 die from HBV-related Tiver

" cancer. Even when a universal HBY vaccine is in place, the need for
effective anti-HBY compounds will continue. The Tlarge reservoir of
persistently infected carriers, estimated at 220 million worldwide,
will receive no benefit from vaccination and will continue at high
risk for HBV-induced liver disease. This carrier popq]ation serves as
the source of infection of susceptible individuals perpetuating the
incidence of disease particularly in endemic areas or high risk groups
such as IV drug abusers and homosexuals. Thus, there is a great need
for effective antiviral agents, both to control the chronic infection
and reduce progression to hepatocellular carcinoma.

Clinical effects of infection with the HBV virus range from headache,
fever, malaise, nausea, vomiting, anorexia. and abdominal pains.
Replication of the virus is usually controlled by the immune response,
with a course of recovery lasting weeks or months in humans, but
infection may be more severe leading to persistent chronic liver
disease as outlined above.

European Patent Specification No. 349242 discloses certain 6-
substituted purine carbocyclic nucleosides and their use in medical
therapy particularly 1in the treatment of HIV and HBV infections.
Among such nucleosides are the compounds (#)-cis-4-[2-amino-6-(cyclo
propylamino)-9H-purin-9-y1]-2-cyclopentene-1-methanol and (+)-cis-4-
[2-amino-6~(cyclopropylmethylamino)-9H-purin-9-y1]-2-cyclopentene-1-
methanol, i.e. each in the form of a racemic mixture of their relevant
enantiomers.
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2077 ?.432(HNHF, CTEerr]C}D; 4.71 (t, 1, CHerr]OH); 5. (m. 1, .4 -

: s, 2, err]). overlapping 5.84 (m 1, = CHerr BERS gﬁ%#
7.23 (d, 1 NHCH); 7.58 (s, 1, purine-8-H); ns () 2%% (ur?)bgﬂgﬁT
[err]max 296 ([err] 14000), 255 (10700); pH 7.0: [err]ma 5_8%15%5900 2b9
(9200); pH 13 [err]max 284 (15800), 259 (9100). :

We have now found that the individual isolated enantiomers of the two
compounds mentioned above and their pharmaceutical derivatives have
advantageous antiviral activity; particularly against HIV and HBY
infections, coupled with low cytotoxicity and/or are useful as
intermediates for the preparation of compounds having such activity.

According to one feature of the present invention there are provided
enantiomeric compounds of the general formula

(1)

(wherein R represents a cyclopropylamino or N-cyclopropyl-N-methyl
amino group and A represents the 2-cyclopentene-l-methanol-4-y1 group
in either the (15,4R) or (1R,4S) configurafion) and- their derivatives
(for example, esters, salts and salts of estersj, the said compounds
and their derivatives each being in the form of an enantiomer
substantially free (for example to the extent of less than 10% wiw,
preferably less than 5%w/w) of the corresponding enantiomer.

It will be appreciated that the compounds of formula (I) comprise the
compounds having the following configurations:-
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‘ Q'Q&.& H T4 “:.:..%‘. ------
Anal . Calcd. for qerr]Herr]Nerr]Q0.25 Herr] QG 57/82—H 65T Sifgs +
28.90. Found: C, 57.84; H 6.45 N, 28.86. Exanmpl e 6 o
()-cis-4-(2-Am no-6-(cycl opropyl nmet hyl am no) - 9H puri n-9}y )3236&Higggnt -
1- et hanol ' '
()-cis-4:(2-Am no-6-chl oro-9H purin-9-yl }-2-cycl opent ernfe- 1- net ha 045
g, 2 nnDI) from Exanpl e 4, N-nethyl -N-cycl opropyl am ne dustri es,
Aurora, OH, O. 8477Rg, 12 mmol ) and net hanol (20 nl) mere pl aced in a Par
bonb and
/// //Ji::[:::is>
HO : OH
(IA) (IB)

(wherein R is as defined above).

The enantiomeric compounds of formula (I), i.e. substantially free of
the corresponding enantiomer, thus comprise:- :

1) (1S,4R)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methanol

2) (lR,45)-§j§f4-[2-amino-6-(cyc]opropy]amino)-QH-purin-Q-yl]-2-
cyclopentene-1-methanol

3)  (1S,4R)-cis-4-[2-amino-6-(N-cyclopropyl-N-methylamino)-9H-purin
-9-y1]}-2-cyclopentene-1-methanol

4)  (IR,4S)-cis-4-[2-amino-6-{N-cyclopropyl-N-methylamino}-SH-purin
-9-y1]}-2-cyclopentene-1-methanol

Compounds 1} and 3) above, hereinafter referred to as the (1S,4R)
enantiomeric éompounds of formula (I), with a negative (-) optical
rotation, have been found to have especially potent activity against
HIV and HBV infections, and these compounds and their pharmaceutically
acceptable derivatives represent preferred embodiments of the present
invention. The compounds have the further advantage that, upon
administration, they are capable of penetrating the blood-brain
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heated to 62C for 5 hours. The solution was concentrat ed}apehiisheQr 4F TLEED
wi th ethanol before being brought to pH 12 by the additi 100 ‘Gﬁﬁ
This solution was concentrated and the residue was purifje
a silica gel colum with 3% net hanol - chl orof orm (0.547 g, P1.1BQCT 1994
Crystal lization of such a sanple from wat®r-ethanol yieljddd a white po
mp. 130-131C. [err]HNVR (Meferr]SO-d[err]) [err] 7.1 (s, 1H, pur
H8, 6.10 (m 1H, CH=), 5. 84 (n1 1H, CH=), 5.7 (br s, NELerr]), 5.40

by elution fjro

(m 1H, CHN), 4.70 (br t, , 3.43 (m 2H, CH[err]CH) 3. 24 (br S, 4H

S;E:F{)[)L,nt Zny %I—(lf §%véd?)é”§§6%n%#lngg_%épﬂz‘%$$‘fs oqr Egic]ﬂgpr@ejta?jg?%e naI

Cal cd. ] errthdreof ]ml[ erhe] Gre 1 H2@rva@s S5gstaa; whers. Bvhifeita2yonss. ofodii: C

58.15; H, 6-?W%ec%*ong7afb4-particu]arly debilitating. Compound 1) above is
especially preferred in view of 1its exceptionally potent activity
against HIV and HBY infections. The compound has also been found to
have significantly lower toxicity against bone marrow progenitor cells
than 3'-azido-3'-deoxythymidine (zidovudine) referred to above.

We have further found that phosphate derivatives of compounds 2} and
4) above, hereinafter referred to as the (1R,4S) enantiomeric
compounds of formula (I), with a positive (+) optical rotation, have
_potent activity against viral infections such as those referred to
above. These phosphate derivatives thus represent a further preferred
embodiment of the present invention.

The reference herein to ‘“phosphate derivatives® of the (1R,4S)
enantiomeric compounds of formula (I) denotes derivatives in which a
phosphate grouping is attached to the l-methanol group of formula (I)
and includes mono-, di- and tri-phosphates.

The parent {(1R,4S)} enantiomeric compounds of formula (I} and
non-phosphate derivatives thereof are useful as intermediates for the
preparation of the said phosphate derivatives.

The above (1S,4R) enantiomeric compounds of formula (I} and their
pharmaceutically acceptable derivatives, and the phosphate derivatives
of the (1R,4S) enantiomeric compounds of formula (I), are hereinafter
referred to as the antiviral compounds according to the invention.

According to further features of the present invention we provide:-
a) antiviral compounds according to the invention for use in medical

therapy particularly for the treatment or prophylaxis of a
retroviral infection or a hepatitis B viral infection;

I
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b) a method for the treatment or prophylaxis of retroviral
infections and hepatitis B infections in a subject, e.g. a mammal
such as a human, which comprises treating the subject with a
therapeutically effective amount of an antiviral compound
according to the invention; and

c} use of an antiviral compound according to the invention in the
manufacture of a medicament for the treatment or prophylaxis of
any of the above-mentioned infections or conditions.

Examples of retroviral infections which may be treated or prevented in
accordance with the invention include human retroviral infections such
as human immunodeficiency virus (HIV), HIV-1, HIV-2 and human T-cell
lymphotropic virus (HLTV), e.g. HTLV-I or HTLV-II infections. The
antiviral compounds according to the invention are especially useful
for the treatment of AIDS and related clinical conditions such as
AIDS-related complex (ARC), progressive generalised lymphadenopathy
(PGL), AIDS-related neurological conditions, such .as multiple
sclerosis or tropjcal paraparesis, and anti-HIV antibody-positive and
HIV-positive conditions for example in asymptomatic patients, and
thrombocytopenic purpura. The compounds may also be used in the
treatment or prevention of péoriasis.

By "a pharmaceutically acceptable derivative" in relation to the
(15,4R) enantiomeric compounds of formula (I)- 1is meant any
pharmaceutically acceptable salt, ester or salt of such ester, of a
(1S,4R) enantiomeric compounds of formula (I}, or any other compound
which, upon administration to the recipient, is capable of providing
(directly or indirectly) such an enantiomeric compound, or an
antivirally active metabolite or residue thereof.

Preferred esters of the {1S,4R) enantiomeric compounds of formula (I)
include carboxylic acid esters in which the non-carbonyl mojety of the
ester grouping is selected from straight or branched chain alkyl, e.g.
n-propyl, t-butyl, n-butyl, alkoxyalkyl (e.g. methoxymethyl), aralkyl
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(-)cis-1-[ 2- Ani no- 6- (cycl opr opyl ani no) - 9H puri n- 9- yl | |2 REPAGEENT eBeET- dret h
anol The title conpound of Exanple 5 (0.600 g, 2.00 myT )y Was dissotyed in
1,3- dinethyl-3[err]4,5,6-tetrahydro-2-(1H)-pyrim di ngne (Ahqﬁépq o ;Zi
m.). Phosphoryl chloride (0.76 nL, 8.0 mvl) was added tio tHe ti?#bd; |
cooled (-10[err]C) solution. After 3 mnoytes, cold watjen—+100-nl). was!aflded
and the resulting solution neutralized with 3M amoni ym hydroxi de. The |
neutralized solution was diluted to 1 liter with water~amdappliedto a'2.5
X 20 cm col um of DEAE Sephadex A25 (Pharnaci a) whi ch had been
preequilibrated with 50 mM amoni um bi car bonate. The colum was first
washed with (#-9i bepzylof. s iexyalkibnilgns birbandamatiy1)Therg! nignephdsphdl e  of
() -cis-4-[ 2-pridhai by sk oruesy | ay nalo§dd puci n- Il -& ¢ alkoxy or
cycl openteneo?l- nse.t h%ﬂol yas t enmel u e%é_ﬁwiH 1;&9 2-RINiter r%ﬁﬁ ent. of, 50 to
300 M amino)}; sulfonate esters such as alkyl- “or aralkylsulfonyl ~(e.g.

methanesulfonyl); amino acid esters (e.g. L-valyl or L-isoleucyl}; and

mono-, di- or tri-phosphate esters.

The phosphate esters of compounds of formula (I), may be further
esterified by, for example, a €y 20 alcohol or reactive derivative
thereof, or by a _2,3-di(C6_24)acy] glycerol, for example
2,3-bis-{hexanoyloxy)propyl hydrogen phosphate and 2,3-bis-(hexadecan
yloxy)propyl hydrogen phosphate derivatives. In addition to such
further esterified phosphate derivatives of the compounds of formula
(1), the present invention further includes such derivatives of the
racemic compounds of formula (I).

With regard to the above-described esters, unless otherwise specified,
any alkyl moiety present advantageously contains 1 to 18 carbon atoms,
particularly 1 to 4 carbon atoms. Any aryl moiety present in such
esters advantageously comprises a phenyl group.

Pharmaceutically acceptable acid addition salts of the (1S,4R)
enantiomeric compounds of formula (I) include mono- or di- basic salts
with the appropriate acid for example organic carboxylic acids such as
acetic, lactic, tartaric, mé]ic, isethionic, lactdbjonic and succinic
acids; organic sulfonic acids such as methanesulfonic, ethanesulfonic,
benzenesulfonic and p-toluenesulfonic acids and inorganic acids such
as hydrochloric, sulfuric, phosphoric and sulphate methanesulphonate
sulfamic acids. The hydrochloric acid salts (ie. the mono- and di-
hydrochlorides) are particularly preferred.

The above antiviral compounds according to the invention may be
employed in combination with other therapeutic agents for the
treatment of the above infections or conditions. Examples of such
further therapeutic agents include agents that are effective for the
treatment of viral infections or associated conditions such as
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amoni um bi carbonate. The fractions containing nucl eofiREPLEL By, f € aboye
0- nonophosphate) were evaporated to a white powder to fe Ini-um

bi carbonate; 71% cal cul ated by UV absorbance; one pea
bel ow). Snake venom 5' -nucl eoti dase (EC 3.1.3.5) fromiCrjot
U, Sigma) was added to 1.4 mol es of thegnucl eotide difs
m.). The solution was incubated at 37[err]C for 22 hougs,
addi ti onal enzynme (1000 IU) was added. |ncubation was anot her
3 days. HPLC analysis (0.4 x 10 cm Watman Partisil 10 strong anion
exchange colum; elution with a gradient of 20 nMto 1 M anmoni um
phosphate, phf '@ZSdot%n?%ﬂXNFhﬁg“@%?rétzhé?]‘@'ld"‘Q)\/ detEcdidegxypucigas gy sHch hi s

FOI {1}1 showedat hat 5Q%3)f-dt1b@o)@ﬁ:§1ﬂd1% nucl eqti de-mélm@%a@nd%aa@osphoraﬂdat ed
o] e paren

col um of th w ‘ie‘%Bé%mOBé%e'aBSiﬁ%]t‘cEl W@Bﬁsﬁl%?h @pgrltggﬁt:ﬁ’f"?ﬁgEA nﬂ/f‘g‘?ﬁ?rgﬁldﬁ)r;
bi car bonat e fenossfaumbt i ansacinteaferiong trhemali texeretion inhibitors such as
probenicid, nucleoside transport inhibitors such as dipyridamole,
dilazep, mio-, lido- or soluflazine, or hexobendine, immunomodulators
such as interleukin II and granulocyte macrophage colony stimulating
factors, soluble CD4 or genetically engineered derivatives thereof,
and phosphonoformic acid. The component compounds of such combination
therapy may be administered simultaneously, in either separate or
combined formulations, or at different times, e.g. sequentially such
that a combined effect is achieved.

HPLC
éﬂu@Cﬁtm&( ([ 1000

ed in wat e

The antiviral compounds according to the invention, also referred to
herein as the active ingredient(s), may be administered for therapy by
any suitable route including oral, rectal, nasal, topical (inciudihg
buccal and subiingua]), vaginal and parenteral (including
subcutaneous, intramuscular, intravenous and intradermal). It will be
appreciated that the preferred route will vary with the condition and
age of the recipient, the nature of the infection and the chosen
active ingredient.

In general a suitable dose for each of the above-mentioned qonditions
(e.g. AIDS) will be in the range of 3.0 to 120 mg per kilogram body
weight of the recipient (e.g. a human) per day, preferably in the
range of 6 to 90 mg per kilogram body weight per day and most
preferably in the range 15 to 60 mg per kilogram body weight per day.
The desired dose is preferably presented as two, three, four, five,
six or more sub-doses administered at appropriate intervals throughout
the day. These sub-doses may be administered in unit dosage forms,
for example, containing 10 to 1500 mg, preferably 20 to 1000 mg, and
most preferably 50 to 700 mg of active ingredient per unit dosage
form.
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conpound. Evaporation of the water left white powder. ThLsS. naterlal

further purified by chromatography on silica gel with
give colorless glass. The glass was solidified in acetjng

(-)-cis-4-[2-an no- 6- 51 150CTH996 ¢

Cﬂﬁ‘s’%@ﬁmw hHﬁEﬁ

(cycl opropyl ami no) - 9K puri n-9-yl ] - 2- cyct dpent ene- 1- net

solid which was dried to a solid foamat 0.5 nm Hg at 11C (260 UQJ
fromracemate); 1HNVR in DMSO-d[err] and mass spectru with
those of the racemate (title conpound of Exanple 5); |

[err]-127. 8[1%%511’y[, e{hg agtli%elg grreli énct 9h01u5|’d Hgtala%ﬂ%lslered to achieve peak
plasma concentrations of the active compound of from about 1 to about
75 uM, preferably about 2 to 50 pM, most preferably about 3 to 30 uM.
This may be achieved, for eiample, by the intravenous injection of 4
0.1 to 5% solution of the active ingredient, optionally in saline, or
orally administered as a bolus containing about 1 to about 100 mg/kg
of the active ingredient. -Desirable blood levels may be maintained by
a continuous infusion to provide about 0.01 to about 5.0 mg/kg/hour or
by intermittent infusions containing about 0.4 to about 15 mg/kg of
the active ingredient.

B[
i-denti cal

While it 1is possible for the active ingredient to be administered
alone it is preferable to present it as a pharmaceutical formulation.
The formulations of the present invention comprise at Teast one active
ingredient, as defined above, together with at least one
pharmaceutically acceptéb]e carrier or excipient. Formulations
include those adapted for oral, rectal, nasal, topical ({including
buccal and sublingual), vaginal or parenteral (including subcutaneous,
intramuscular, intravenous and intradermal) administration. The
formulations may conveniently be presented in unit dosage form and may
be prepared by any methods well known in the art of pharmacy. Such
methods include the step of bringing into association the active
ingredient with the carrier which constitutes one or more accessory
ingredients. 1In general, the formulations are prepared by uniformly
and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then if
necessary shaping the product.

Formulations of the present invention adapted for oral administration
may be presented as discrete units such as capsules or tablets each
containing a predetermined amount of the active ingredient; as a
powder or granules; as a solution or a suspension 1in an aqueous or
non-aqueous liquid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emulsjon. The active ingredient may also be
presented as a bolus, e]ectuary or paste.

ur

~
fa'al
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OrIJT IJL
27.94. Found: C. 56.05: H 6.65 N 27.88. Continued  eRBEESEY6F t

Calcd. for (Jerr]Herr]Nerr]O 0.8 Herr] Or—€-55-9%-

| ast - ment i oned Sephadex columm with a 2-liter gradient] F 50 t6 300 mu

ammoni um bi car bonat e gave the 0-nonophcsphate (of the j(+) oges
corresponding to the title compound) whtdf -was stabl g tio gp@@é Q§§

e en e .

A tablet may be made by compression or moulding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active ingredient in a free-
flowing form such as a powder or granules, optionally mixed with a
binder {e.g. povidone, gelatin, hydroxypropylmethyl cellulose),
Jubricant, inert diluent, preservative, disintegrant (e.g. sodium
starch glycollate, cross-linked povidone, cross-linked sodium
carboxymethyl cellulose) surface-active or dispersing agent.

Moulded tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with' an inert 7liquid
diluent. The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of the active
ingredient therein using, for example, hydroxypropylmethyl cellulose
in varying proportions to provide the desired release profile.
Tablets may optionally be provided with an enteric coating, to provide
release in parts of the gut other than the stomach.

Formulations adapted for topical administration in the mouth dinclude
Tozenges comprising the active ingredient in a flavored basis, usually
sucrose and acacia or tragacanth; pastilles comprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose
and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

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

Formulations adapted for vaginal administration may be presented as
pessaries, tampons, creams, ge}s, pastes, foams or spray formulations
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nucl eoti dase. Exampl e 8 : { Q{“fﬂftupuy o]
(-)-C|s-4-[2-Anino-6-(cyc|opropy|anino)-9FLpurin-9-y|}-?“cyekepenleneTl‘

hanol 0- nonophosphate The title conpound of Exanple (qdi
e

7
was dissolved in 1 ,3- dinethyl-3,4,5,6-tetrahydro-2-{1
(Aldrich, 5 nL). Phosphoryl chloride (Aldrtch, 0.43 4.6 nmol )
added to the stirred, cooled (-10[err]C) solution. Affter 3 mnutes, coljd
water (20 nmL) was added and the resulting solution n¢e ' |
anmoni um hydr oxi de. 1on exchange chromat ography as

containing in addition to the active ingredient such carriers as are
known in the art to be appropriate.

Formulations adapted for parenteral administration include aqueous and
non-aqueous isotonic sterile injection solutions which may contain
anti-oxidants, buffers, bacteriostats and solutes which render the
formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The formulations may be
presented in unit-dose or multidose sealed containers, for example,
ampules and vials, and may be stored in a freeze-dried (1yophilized)
condition requiring only the addition of the sterile liquid carrier,
for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules and tablets of the kind previously
described.

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

It should be understood that in addition to the ingredients
particularly mentioned above the formulations of this invention may
jnclude other agents conventional in the art having regard to the type
of formulation in question, for example, those suitable for oral
administration may include such further agents as sweeteners,
thickeners and flavoring agents.

The present invention further includes the following process for the
preparation of enantiomeric compounds of formula (1) above and
derivatives thereof. The enantiomeric ~ starting materials and
precursors for such materials which are employed as described below in
relation to the process are each in the form of an enantiomer
substantially free (e.g. to the extent referred to above in relation
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‘Ynnl urfh nal + St

described in Exanple 7 gave the nucleotide as the diam
evaporation of water, white powder (95% yield, quantit
analysis as in Exanple 7 shows one peak; WV [err]nmax nM

297; (pH 7 phosphate buffer):259, 284; (0.1 M NaCH): 25
base/phosphate ratio was 1.0/1.3 as deteihrﬂed by the
(Met hods in Enzynol ogy 8:115, 1966. [err] -69.9[err],
[[err]][err] -84.0 (c = 0.52, MeOH Herr]Q4:1).

to compounds of formula (I)) of the other enantiom
according to the invention comprises either:

A) treating an enantiomeric compound of formula (I

i

A

er. The ' process

I):-

(11)

(wherein A 1is as hereinbefore defined and Z represents a

precursor group for the said R group as define
or a derivative thereof with an agent or under

d in formula {I))
conditions serving

to convert the precursor Z group to the desired R group; or

B) reacting an enantiomeric compound of formula (I

(wherein A and R are as hereinbefore defined, R
represents an amino protecting

hydrogen or a formyl group and R3

I1):-

(111)

2 represents

group, e.g. an acyl group such as a c1-6 alkanoyl group, e.g.
formyl, acetyl or isobutyryl)} or a derivative thereof with an
agent serving to effect formation of the imidazole ring in the
desired compound of formula (I) followed by removal of the R3

amino protecting group; or
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met hanol The title conpound of Exanple 6, (2.00 g, 6.50 nnDI) was
dissolved in 1,3- dinethyl-3,4,5, 6-tetrahydro-2(1 H)- pyr| F’ -
(Aldrich, 20 n). Phosphoryl ik _1

- - 10 OCT 1995 ¢

i
|
8

C) reacting an enantiomeric compound of formula (IV}:-

Pec TN

(wherein A and R are as hereinbefore defined and R3 is an amino
protecting group, e.g. as described above in relation to formula
(III)) or a derivative thereof with an agent serving to effect
removal of the R3 amino protecting group, and optionally
effecting one or both of the following conven;ions in any. desired
order:-

» 2

i) where a compound of formula (I) is formed, coaverting the
.said compound to a derivative thereof; or

i) where a derivative of & compound of formula (I) is formed,
converting the said derivative to the parent compound of
formula (I) or to a further such derivative.

Process A) may be carried out in conventional manner, for example, by
treatment of a compound of formula (II)} in which Z represents a
Ieavihg group (e.g. a halo such as a chloro group) with an appropr?ate
amine, 1.e. cyclopropylamine or N-cyclopropyl-N-methylamine,
preferably in an excess to introduce the amine R group as defined
above, advantageously at reflux or at a temperature greater than 50°C,
preferably in the presence of an organic solvent, for example methanol
or ethanol.

Process B) may be carried out, for example, by reacting a compound of
formula (III) with formic acid or a reactive formic acid derivative
(e.g. triethylorthoformate or diethoxymethyl acetate) optionally with
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23 chloride (2.28 nL, 24.0 mmol ) was added to the stlrred
(-10[err]C) solution. After 3 minutes, cold water (8$“ﬁﬁ§{ﬁ§§§gﬂ
solution was extracted with chloroforn1(3 x 80 ) -
diluted with ethanol (400 nL) and the pH gdjusted to b it u
o eﬂéhégh he
1 liter .and-X

aqueous NaOH. The precipitated inorganic salts were firt
was

filtrate was further diluted with ethanol to a vol unejo
adjusted to 8 with additional NaOH  The resulting prhcipltate
filtered and dried to give the O-nonophosphate-of L(
(cycl opr opy!| geiohyd laghHiGucPHagUS | d’tm@tWﬂacQtam}idé ownamehﬁ}fmmmnel at as

0,
2s i 0 Buampl 8172 W BRE Ak | RIS PALerite (2 Bnophobbial oo g ved
in conveniently effected by the addition of slightly more than one
equivalent of a strong anhydrous acid, e.g. with 1.1 equivajents of
ethanesulfonic acid per equivalent of compound of formula (III}, in
which case lower temperatures (e.g. 25°C) are used.

Process C) may be carried out, for example, by reacting an
enantiomeric compound of formula (IV) with an acidic agent, for
example, dilute aqueous hydrochloric acid. '

'The compounds of formula (I1) employed as starting materials in
process A) may be prepared for example, in an analogous manner to
process B), i.e. by reacting a corresponding enantiomeric compound of
formula (V)

(v)

3

(wherein A, Z, RZ and R” are as hereinbefore defined) or a derivative

thereof with an agent serving to effect formation of the imidazole
ring in the desired compound of formula (II) and to effect removal of
the R3 amino protecting group. The reaction may be carried out using
those agents'and conditions described above for process B).

The compounds of formula (III) employed as starting materials in
process B) may be prepared for example by treating an enantiomeric
compound of formula (V) above with an agent or conditions serving to
convert the precursor group Z to the desired R group, in an analogous
manner to that described for process A).
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water (200 nmL) and snake venom 51-nucl eoti dase (EC 3. 1 3 5 fm0ﬁ10g9p=
atrox (5,000 11U, Sigma) was added. After incubation dt 37 [err]
days, HPLC analysis as described in Exanple 7 showed thag J@é&
starting nucl eoti de had been dephosphorylated to the} nucle03|
separated on a 5 x 14 cm col um of DEAE-Sephadex R”Ph
been preequilibrated with 50 nM ammoni um bi car bona#e....[he
was eluted with 2 liters of 50 mM anmoni um bi car bonat e. EVaﬁo :
wat er gave white powder which mas dlssolved in nethanol adsor bed on silica
gel, and applied to a silica g nmpound = was

el ut ed wi TS FRIPRLRS OEhﬁ%‘F‘Bﬁ)r{Hi @f&%"'eé ck @P&@aﬁl%ﬁre%ﬁ“ for
acetoni tril eamplel,i B react MGARRINaRE dner i ¢Bmydundeot FbrfliTaotm) dried at 0.3
mm Hg over Plerr]Jerr]; 649 ng (72% fromracemate); [err]HNVR in
DMSO-d[err] and mass spectrun1|dBnt|caI with those of the racemate (tltle
conpound of Exanple 6); . [err] }- 48.0}J[err] -97.1,

(vI)

{wherein A, Z and R3 are hereinbefore defined) with an agent or under

conditions serving to convert the precursor group Z to the desired R
group, i.e. in an analogous manner to that described for process A).

The compounds of formula (VI) above may be prepared for example by
reacting an enantiomeric compound of formula (V) above with an agent
serving to effect formation - of the imidazole ring in the desired
compound of formula (VI), for example by treatment with formic acid or
a reactive formic acid derivative, as described above ir-relation to
process B).

Enantiomeric compounds of formulae (II), (III}, (Iv), (V) and (VI)

above represent further features of the present invention, especially

those in which R2 represents a formyl group and/or r3 represents a

C1-6 alkanoyl group, particularly acetyl or isobutyryl, and/or Z
" represents a halo such as a chloro group.

Particularly preferred intermediates for the preparation of
(15,4R)-cis-4-[2-amino-6-cyclopropylamino)-9H-purin-9-y1]-2-cyclopent-
ene -I-methanol, i.e. the preferred compound 1) above, include:-

a) (1R,4S)-cis-N-{6-(cyclopropylamino)-9-(4-{hydroxymethyl)-2-
cyclopenten-1-y1)-9H-purin-2-y1}isobutyramide;
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[err] -149 (¢ = 0.14, nethanol). Anal. Calcd. for
CHerr]CN. C, 59.96; H 6.72; N, 28.06. Found: C, dad
28.03. Continued elution of the Sephadex colunn wi tfh [2 Ilters of

conpound, which was stable to 5'-nucl eotidase.

b} (1R,4S)-cis-N-[4-chloro-5-formamido-6-{{4-(hydroxymethyl)-2-
cyclopentene-1-yl)amino)-2-pyrimidinyl]isobutyramide;

c) (IR,4S)-cis-N-[4-chloro-5-formamido-6~((4-(hydroxymethyl)-2-
cyclopentene-1-yl)amino)-2-pyrimidinyl]acetamide;

d) (1S,4R)-cis-(2-amino-6-chloro-9H-purin-9-y1}-2-cyclopentene
-1-methanol.

e) (1R,4S)-gjg;N-[ﬁ-ch}oro-Q-(4-(hydroxymethyl)-2-cyc]opentene-1-
y1)-9H-purin-2-y1]isobutyramide.

The enantiomeric compounds of formula (V) employed as starting

materials as described above may be prepared for example by reacting a
compound of formula (VII)

NHR®

(viI)

RNy

(wherein Z, R2 and R3 are as hereinbefore defined and R4 represents a

leaving group, e.g. a halo such as a chloro group) or a derivative
thereof with an enantiomeric¢ compound of formula (VIIIA) or (VIIIB)

. Wy N
WO Nil,

(VIIIA) (VIIIB)
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24 Exanple 10 (1S, 4R)-4- Am no-2-cycl opent ene- 1- net hanol
di benzoyl -D-tartrate ()-cis-4-Acetam docycl opent-2-enenethyl acetate [US
Patent 4, 268.672] (14.88g,

R, " .
EPlACEiﬂﬂﬁf SHzgy
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i

or a derivative thereof.

g, |

The last-mentioned reaction is advantageously effected in the presence
of a base such as a tertiary amine for example triethylamine or
trimethylamine advantageously in an organic solvent such as
dimethoxyethane or ethanol.

The compounds of formula (VIIIA) or (VIIIB) having the appropriate
enantiomeric configuration can be obtained by complexing the
corresponding racemic compound, i.e. ()-4-amino-2-cyclopentene-1-
methanol with an optically active carboxylic acid (for example
dibenzoyl-D-tartaric acid) and then fractional crystallisation of
resulting diastereomeric salts. Alternatively, enzymatic resolution
may be employed as described for example in J,Méd,Chem., 1987, 30, 746
and J.Med.Chem., 1985, 28, 1385.

The enantiomeric compounds of formula (VIIIA) or (VIIIB) and their
derivatives, particularly salts thereof with optically active
carboxylic acids such as dibenzoyl-D-tartaric acid, for example

(1S,4R)-4-amino-2- cyclopentene-1-methanol and its
dibenzoyl-D-tartrate represent a further feature of the present
invention.

The compounds of formula (VII) employed as starting materials above
may be prepared 1in a conventional manner for example by reducing a
compound of formula (IX)

N/ NO,.
l (1X)
3 AN Fa
Run N R

(wherein Z, R3 and R4 are as hereinbefore defined) to effect

conversion of the NO2 group to an NH, group and optionally converting
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ol EMENT Qe )
0.073nol ) and barium hydroxi de octahydrate (46.19g, 0.j1 6nn+f“mbre refl
in water (300m ) under nitrogen for 18 hours. The [r gsuf pi. sol“u
was neutralised with carbon dioxide. The precipitafe Masbﬁggﬁéakm-
wat er, then ethanol. The conbined filtrate wash was eyapore
(acetic acid salt of ()-4-anino-2-cyc|obeﬁ%éne-1-neth
converted to free amne by stirring with an excess of Anber
(OH) resinin water. The resin was filtered off, washed with water, and the
filtrate-wash evaporated to a pale yellow syrup which was dried by
evaporati on gk RQLItQRS M e?ﬂﬁ!ﬁo! to SUChr RnaRTHY e%&fup?mfﬁg (kakf1d, BP.0
nmol ) and dlbenzoyI-D-garﬁbn c gcid (AldrICHtRP'G g, 10.0 mmol as 99%
were di ssol VEB3MENR YT tALERmiE 2 ddhacrRhic(WYATIde. Ref| uxing acetonitrile
(ca. 150 nL) was added to the cloud point and the solution was allowed to
cool slowy to roomt rature. white needl es. which fornmed were
ecrystall) 208 SAPRETRESAPER (RS ot ol oRES P AT S o BTVBT i 11 e

Those compounds in which Z represents a halo, for example chloro group

may be prepared for example by halogenating, for example using

phosphorus oxychloride, a corresponding compound of formula (X)

a .Syr
whi ch was

NG,
N l

PN
W N R

N (X)

3

(wherein R” and R4 are as hereinbefore defined).

The compounds of formula (X) may also be prepared in conventional
manner, for example by reaction of a compound of formula (XI)

o
NO,

)\N RA-

(wherein R* is as hereinbefore defined) with an appropriate agent
serving to introduce the amino protecting group, for example by
reaction with an appropriate carboxylic acid or a functional

M, N (X1)
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(LT




o v —
Rt

- L .

compound as white plates (1.07 g, 37%; mp.160-162[err]} {err]+66;9{errf ]
[err] +165, [err] + 325 (¢ = 0.28, nethanol). X-ray cryst IVogﬁ@pbg of this’
elfixed By %WﬁiJ/ ;

' |t

;

salt allowed the absolute configuration of the cation to
known configuration of the D-di benzoyl tartaric acid dian on. TS~
crystallized in the space group C2 wi t h “oh Cerr]Herr] Lon and '
one-half Clerr]Herr]O[err] dianion as the asymmetric unit. AnziT‘."‘*G;aLQgé /
for Jerr]Herr]NO-1/2 ((er]rHerr]derr]): C 61.63; H 6.21; N 4.79.
Found: C, 61.56; H, 6.24; N, 4.74. Exanmple 11 -

equivalent thereof, e.g. isobutyric anhydride. The compound of
formula (XI) may be prepared by nitration of a corresponding compound
of formula (XII)

i (X11)

(wherein RY is as hereinbefore defined).

The compounds of formulae (VII), (IX), (X) and (XI) represent further
features of the present invention particularly those in which IZ
represents a halo such as a chloro group, and/or R3 represents a
Cl_salkanoyl group, especially acetyl or isobutyryl, and/or R4
represents a halo such as a chloro group.

Particularly preferred compounds of formulae (VII}, (IX) and (X)
according to the invention include:-

N-(4,6-dichloro-5-formamido-2-pyrimidiny1)isobutyramide;
N-(4,6-dichloro-5-nitro-2-pyrimidiny1)isobutyramide; and
N-(4-chloro-1,6-dihydro-5~nitrd-s—oxo-z-pyrimidiny})i;obutyramide.

A compound of formula'(l) may generally be converted into an ester
thereof by reaction with an appropriate esterifying agent, e.g. an
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(1R, 4S)-4- Am no- 2-cycl opent ene- 1- net hanol di benzoyl - L-tja

was fornmed and crystallized as described in Exanple 10,

di benzoyl -L-tartaric acid was used. Three crystal
et hanol - acetonitrile gave the t|t| e conpound as white jpljat eg é& 083
34%; mp. 160-162; - 20 - %

acid halide or anhydride. The compound of formula (I}, including
esters thereof, may be converted into salts thereof in conventional

manner, for example, by treatment with an appropriate acid. An ester

or salt of a compound of formula (I) may be converted into the parent
compound, for example by hydrolysis.

Thus the O-monophosphate of a compound of formula {I) may be prepared
by treating the parent with an appropriate phosphorylating agent, e.g.
phosphorus oxychloride as in M.Yoshikawa, T.Kato and T.Takenishi,
Bulletin Chem. Soc. Japan, 1969, 42, 3505. The corresponding O0-di-
and 0-- triphosphates may be prepared by methods described in
"Nucleotide Analogs" by K.H.Sheit, John Wiley and Sons, New York 1980,
pp. 211-215, and in D.E.Hoard and D.G.0tt, J.Amer.Chem.Soc. 1965, 87,
1785, e.g. by making the imidizolate derivative of the relevant
O-monophosphate and by subsequent reaction of this derivative with
phosphate to give O-diphosphate or with pyrophosphate to give
O-triphosphate. For the preparation of esterified phosphate
derivatives referred to above, the parent compound of formula (I) may
be treated with an appropriate di-alkanoyl phosphatidyl? choline
derivative in the presence of an appropriate phospholipase for example
phospholipase D, as described in S.Shuto et al, Nucleic Acid Research,
1988, 20, page 35 or by reaction of a compound of formula (I) with an
appropriate phosphorylating agent such as phosphorus oxychloride
followed by work-up with “an appropriate alcohol as described in
A.Rosowsky & S.Kim, Nucleic Acid Chemistry, Part 3, L.B.Townsend &
R.S.Tipson (Editors), John Wiley & Sons, New York, 1986, 255.

The enantiomers of the compounds of formula (I) may be resolved or
isolated in conventional manner, e.g. by chromatographic separation of
diastereomeric esters prepared by acylation of the hydroxyl on the
cyclopentenyl moiety with appropriate optically active carboxylic acid
derivatives as, e.g., with paproxen (J. Org. Chem. 1986, 51, 1287).
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25 [err]
Cal cd. for

4.79. Found: C, 61.59; H 6.21; N, 4.76. Exanpl e 12
([err])-cis-N[4-chloro-5-formam do-6-[[4-(hydroxynet hy

yl ] am no] -

-68.2[err], [err] -169, [err] -333, (c = O.ZJTE
CerrJ]Herr]NO1/2 ((err]JHerr]Jerr]): C 61

- 21 -

The following Examples are intended for illustration only and are not
intended to limit the scope of the invention in any way. In the
Examples the optical rotations were assigned with respect to the
sodium D Tine (589nm) at 20°C.  The term 'active ingredient' as used
in Examples A to G means an antiviral compound according to the
invention, especially compound 1) above.

Ik
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pyri m di nyl ] acetam de N-(5-Am no-4, 6-di chl oropyri m di n-i2= cetam de (J
Org Chem 1975, 40, 3141) was fornylated by addition of 96 EAUHW i 20
m) to a solution of (0.75 g, 3.4 mmol es) dissolved in ' 3

m.). The resulting solution was stirred at 25C f-or one /hqur

evaporated to give N (4, 6-dichloro-5-fordn do-2- pyri

tan powder (0.77 g, 919 ; structure confirmed by [err] ~ an
spectrum This tan powder (840 ng, 3.37 mol), ()-cis-i4-_ e

am no- 2-cycl opent ene- 1- met hanol (940 ng, 8.2 mml), and tTiethy|am ne (§.80

g, 8.0 mol) were warned in ethanol (50 nL) in an oil bath (70-80[¢&t

under nitro@éﬂ!ﬂﬂLLSO m nutes and evaporated to a dark oil which was

chromat ographed on silica gel. Title conmpound was eluted with 5%

][ret hanol - Chl{gﬁpfiotmﬁé _gmpeg l‘ah‘ﬁ&'r&.%iigyéﬁ,'ia%’nJﬁme&%‘-‘?-m)lope‘thXﬁé-a' l'ization
rom net han 1 T esS (oro Ny, .

1-methano

cis-4-Acetamidocyclopent-2-enemethyl acetate [U.S. Patent 4,268,672]
(14.88 g, 0.073 mol) and barjum hydroxide octahydrate (46.19 g,
0.146 mo1) were refluxed in water (300 mL) under nitrogen for
18 hours. The resulting solution was neutralized with carbon dioxide.
The precipitate was washed with water, then ethanol. The combined
filtrate-wash was evaporated to a syrup (11.16 g) which was condensed
with 2-amino-4,6-dichloropyrimidine (23.91 g, 0.146 mol) and
triethylamine (30.5 mL, 0.219 mol) in refluxing l-butaqol (100 mL) for
1.5 hours. After addition of 1 N NaOH (73 mt), the resulting mixture
was evaporated to dryness and the residual.solid slurried in CHC]3
(200 mL). Unreacted 2-amino-4,6-dichloropyrimidine was filtered -off
and washed with chloroform (100 mL). The chloroform filtrate-wash was
concentrated and chromatographed on a silica gel column. Additional
pyrimidine starting material was eluted with 2.5% methanol-chloroform.
The title compound was eluted with 3.5% methanol-chloroform as an
off-white solid foam (15.90 g, 91%). '
Ly-NMR : (Mezso-gﬁ) § 1.15-1.28 and 2.26-2.41 (2m, 2, CHZ);
2.60-2.71 {m, 1, 1'-H); 3.4 (m overlapping- H50, CﬁZOH); 4.625 (t,
J=5.3, 1, CHZQﬂ); 4.95 (br s, 1, CH-N); 5.67-5.87 (m, 2, CH=CH);
6.38 (br s, 1, NHZ); 7.12 (br s, 1, NH); MS (CI) M+1, 241, 243.

nal. Calcd. for C10H13

Ci, 14.46.
Found: C, 49.10; H, 5.57; N, 22.81; C1, 14.40.

N40C1‘0.2 HZO: C, 48.99; H, 5.55; N, 22.85;

Example 2

(£)-cis-4-[[2-Amino-6-chlora-5-[ (4-chlorophenyl)azol-4-pyrimidinyi]-
amino]-2-cyclopentene-1-methanol
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5299 ; mp. 189-193; [err]HNWR (DMSO-d[err]) [err] 10.23 (f
9.3 (br, 1.0, NHCHO), 8.15 and 7.90 (both s, total 1.0, H@
conf or ners,
total 1.0, CHNH fromtwo conforners, peaks coal esce at 60| ¢
5.7 (both m 2.0, CH=CH), 5.05 (m 1, CHB§,-4.73 (m 1, {
CHerr]OH),
1.36 (m 1, [err] CHerr]). Anal. Calcd. for
C[err]H[err]N[err]C{err]O C, 47.93; H 4.95;, N, 21.50;

CH err]),

peaks coal esce at 60[err]C), 7.42 and 7.22 (bf

2.72 (m 1, CH), 2.40 (m 1, 1/2 CH2), 1.36 (

C 47.99) H (498 N 21,42,

Amind- éjchloro g pyrimidinyl)amino]-2-cyclopentene-
1-methanol from Example 1 (11.58 g, 48.1 mmol) and sodium acetate
trihydrate (97 g) were dissolved in glacial acetic acid (225 mL) and
water {225 mL}. A cold solution (0-5°C) of 4-chlorobenzenediazonium
chloride was prepared from 4-chloroaniline (6.74 g, 52.8 mol),
concentrated hydrochloric acid (14.7 mL) water (52 mL), and sodium
nitrite (4.01 g, 58.2 mmol in 47 mL of water). This cold solution was
added dropwise over 5 minutes to the first solution. The resulting
yellow precipitate was filtered after 18 hours, washed with water, and
extracted with ethanol to give title compound as dark yellow powder
(12.56 g, 69%), m.p. 218-220°C dec.

'H-MMR:  (Me,SO-d) & 10.25 (d, 1, NH); 7.69 and 7.54 (both, d, J=8.9,
C6H4) overlapp1ng 7.6 (br, 6, NH, }; 5.80-5.95 (m, 2, CH=CH); 5.24 (m,
1, CHN); 4.75 (t, 1, CH,OH); 341 (t, 2, CHOH); 2.75 (m, 1, CH);
2.41 (m, 1, CH); 1.84-1.53 (m, 1, CH).

Anal. Calcd. for C15 16N6C1 0: C, 50.67; H, 4.25; N, 22.16;
Ct, 18.70. _
Found: C, 50.59; H, 4.29; N, 22.10; CI, 18.66.

Example 3

()-cis-4-[(2,5-Diamino-4-chloro-6-pyrimidinyl)-aminol-2-
cyclopentene-1-methanol

The title compound of Example 2 (11.67 g) was suspended in ethanol
(235 mL), glacial acetic acid (30 mL), and water 235 mL). The mixture
was heated to reflux under nitrogen. Zinc dust (13.5 g) was added in
small portions over 30 minutes during which time the compound
dissolved. The reaction was heated an additional 20 minutes, and then
the excess zinc was filtered of from the hot solution, and it was
washed with ethanol. The filtrates were evaporated, and the residue
was purified on a silica gel column eluting with chloroform (1 L) and
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26 Exanple 13 N ukwm

([err])-cis-4-[2-Am no-6-(cycl opropyl am no) - 9H puri n-9-yl
The title conpound of Exanple 12 (0.91 g, 2.79 fmmpky) Mﬁ
vek 8985

1- et hanol

cycrtuyan

dissolved in dry DM (1 m). Triethylorthoformate (10 niL nd et

sulfonic acid (0.29 m., 3.4 muol) - 24 - e

cﬁ!oroform:methano]/4:1 (1.8 L). The fractions containing the product
were combined, and the solvent was removed under reduced pressure to
give the title compound as a red-orange oil (11.2 g, > 100% yield). A
pure sample was obtained during another small scale reaction to obtain
the product as a light yellow solid in a 76% yield.

L-NMR:  (Me,S0-dg) 5 1.29 and 2.39 (m, 2, CHy); 2.69 (t, 1, 1'-H);
3.37 (d, 2, CHZOH); 3.91 (br, 2, NHZ); 4.60 (br, 1, CHZOH); 5.02 (m,
1, CHNH); 5.56 (br s, 2, NH,); 5.74 (m, 1, = CH); 5.86 (m, 1, = CH);
6.36 (d, 1, CHNH). -

Example 4

{z)-cis-4~(2-Amino-6~chloro-9H-purin-9-v1}-2-cyclopentene-1-methanol

The title compound of Example 3 (about 9.7 g} was dissolved in
diethoxymethyl acetate (100 g), and refluxed for two days. The
solvent was removed under high vacuum at 50°C, and dioxane (40 mL) and

0.5 N HC1 (60 mL) was added. The reaction was stirred at room

temperature for 1.25 hours, and then chilled. The reaction was
neutralized to pH 7 with cold 5 N sodium hydroxide, and then it was
extracted with chloroform:methano1/3:1 several times. The organic
layers were dried with magnesium sulphate, filtered, and evaporated.
The residue was purified by chromatography on a silica gel column,
eluting with 2% MeOH-CHCI; to give 3.7 g (46% yield) of the title
compound, m.p. 138-139°C.

La-teR:  (Me,S0-d ) 5 1.63 and 2.61 (m, 2, CHp); 2.87 (m, 1, 1'-H);
3.44 (d, 2, CHZOH) 5.44 (m, 1, CH-N); 5.89 (m, , = CH); 6.14 (m, 1,
= CH); 6.82 (br s, 2, NHZ)' 8.02 (s, 1, 8-H); (CHZOH not seen - under
H,0 peak). Uv: pH 1 amax 315 (¢ 7370); 218 (26200); X sh
239.5 {(5650). pH 7.4 xmax 307 {¢ 8000); 245.5 (4600); 223 (26400).
MS (E1) 265,267 {m) (CIl) 266,268 {(m + 1).

~

%hé;r
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was evaporated to a syrup. The syrup was dissolved in 1
stirred for three hours. The pH was adjusted to 7 with 5
and the resulting mxture (oil forned) was extracted wt

dried (MgSO4) and evaporated to a red glass (0.93 g). A sol
gl ass in nmethanol (20 nL) was heated with cycl opropyl anmtre:
bonmb at 70C for 18 hours. The resulting solution was evaporate
gl ass whi ch was, adsorbed on silica gel. Elution with 7%

met hanol - et h$8&lcebicd- gdee Gy PeNgShB oAt (a8 %,7919%:0 as3%iniNe BévRler,
after trituret)an,.th acetonitrile; [err]HNVR (DVSO-d[err]) identical

with that of (Lig. tid! g3 GITRPURdLef \>2MES &, 11.70.

Example 5

(+)-cis-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y1}-2-cyclo-
pentene-1-methano]

The title compound of Example 4 (0.50 g) was dissolved in ethanol
(40 mL), and cyclopropylamine (0.65 mL, 5 equivalent) was added. The
reaction was refluxed under nitrogen for 6 hours. An additional
0.65 mL of cyclopropylamine was added, and the reaction refluxed for
an additional 5.5 hours. The solvents were evaporated, and chloroform
(25 mL) and saturated sodium bicarbonate solution (5 mL) was added.
The aqueous layer was extracted several times with CHCI3 to obtain the
-crude product. This was purified on a silica gel column eluting with
3% methanol-ethyl acetate to  give 0.43 g (80%) of
(x-cis-4-[2-amino-6-{cyclopropylamino)-9H-purin-9-y1]-2-cyclo-
pentene-1-methanol. This was recrystallized from acetonitrile to give
0.30 g of white powder; m.p. collapses at 93~130°C; melts at 165°C.
'4-NMR: (Me,SO-dg) 5 0.56 and 0.63 (2m, 4, 2-cyclopropyl CH,); 1.56
and 2.60 (2m, 2, cyclopentenyI-CHz); 2.85 (m, 1, 1'-H); 3.02 (m, 1,
cyclopropyl CH-NH); 3.43 {(m, 2, CﬁQOH); 4,71 (¢, 1, CHZQﬂ); 5.40 (m,
I, 4'-H); 5.77 (s, 2, NHZ)' overlapping 5.84 (m, 1, = CHZ); 6.09 (m,
1, =CH); 7.23 (d, 1, NH-CH); 7.58 (s, 1, purine-8-H); ms (CI)
287 (m+l).  UV: pH 1: axmax 296 (¢ 14000), 255 (10700); pH 7.0:
amax 284 {15900); 259 (9200); pH 13 amax 284 (15800), 259 (9100).

Anal. Calcd. for C14H18N60.0.25 HZO: C, 57.82; H, 6.41; N, 28.90.
Found: C, 57.84; H, 6.45; N, 28.86.
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Exampl e 14 _
(+)4(1R,4S)-cis-N[4-Chl oro-5-formam do-6-{[ 4- (hydr oxy . nt en
e-1- yl]am no}-2-pyrimdinyllacetam de a2
(1S, 4R) - 4- Ami no- 2- cycl opent ene- 1- net hanol di benzoyt-D-faftrate pr as
described in Exanple 10 (2.76 g, 9.02 nnn%é was di ssol [
and applied to a colum of 65 nL of Amberfite | A-400 (JOH: f
exchange resin. The colum was washed with water. Basifc frac
conbi ned and evaporated to a residual oil which was d
absol ute ethanol and then at 0.5 mmto give
(1S, 4R) 4- am pxamgie¥icl opent ene- 1-met hanol (1.2 g) as a pale yellow oi
(darkens rapidly in air) which was used i medi ately. This oil was dissol ved
in ethanol (5 nm) and added to a sol ution of N-(4,6-dichloro-5-
(£)-cis-4-{2-Amino-6-(cyclopropyimethylamino)-9H-purin-9-y1)-2-

cvclopentene-1-methanol

(z)-cis~4-(2-Amino-6-chloro-9H-purin-9-y1)-2-cyclopentene-1-methanol
(0.53 g, 2 mmol) from Example 4, N-methyl-N-cyclopropylamine (Karl
Industries, Aurora, OH; 0.8477 g, 12 mmol) and methanol (20 mL) were
placed in a Parr bomb and heated to 62°C for 5 hours. The solution
was concentrated and then diluted with ethanol before being brought to
'pH 12 by the addition of 1.0 N NaOH. This solution was concentrated
and the residue was purified by elution from a silica gel column with
3% methanol-chloroform (0.547 g, 91.2%). Crystallization of such a
sample from water-ethanol yielded a white powder, m.p. 130-131°C.

1H-NMR: (MeZSO-gﬁ) § 7.61 (s, 1H, purine H-8), 6.10 (m, 1H, CH=),
5.84 (m, 14, CH=), 5.7 (br s, 2H, NHZ)' 5.40 (m, 1H, CHN)}, 4.70 (br t,
14, OH), 3.43 (m, 2H, QEZOH) 3.24 (br s, 4H, CH, NCH cyclopropyl},
2.85 (m, 1H, CH), 2.66-2.57 and 1.61-1.51 (m, 2, cyclopentenyl CHZ)'
0.90-0.65 (m, 4H, 2CH, of cyclopropyl}.

Anal. Calcd. CISHZONGO‘O.S HZO: C, 58.24; H, 6.84; N, 27.16.
Found: C, 58.15; H, 6.86; N, 27.14.

Example 7

(-)-cis-4-[2-Amino-6-{cyclopropylamino)-9H-purin-9-yii-2-cyclo-
pentene-1-methanol

The title compound of Example 5 (0.600 g, 2.00 mmol) was dissolved in
1,3-dimethy1-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone (Aldrich, 12 mL).
Phosphoryl chloride (0.76 mL, 8.0 mmol) was added to the stirred,
cooled (-10°C) solution. After 3 minutes, cold water (100 mL) was
added and the resulting solution neutralized with 3 M ammonium
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f or mam do- 2- pyri m di nyl )acetam de (2.07 g, 8.31 mml), prepared as
described in Exanple 15, and triethylamne (2.50 g, 24.8 nmol):~ The
resulting dark solution was heated (oil bath 75- 80[err]C3 under nltrogen

for 50 m nutes. The sol uti on was
27 - 27 -

R kY Fes

———

!
{
f
!

f
¢

'

-

hydroxide. The neutralized solution was diluted to 1 liter with water
and applied to a 2.5 x 20 cm column of DEAE Sephadex A25 (Pharmacia)
which had been preequilibrated with 50 mM ammonium bicarbonate. The
column was first washed with 4 liters of 50 mM ammonium bicarbonate.
The O-monophosphate of (x)-cis-4-[2-amino-6~(cyclopropylamino)-9H-
purin-9-y1]-2-cyclopentene-1-methanol was then eluted with a 2-liter
gradient of 50 to 300 mM ammonium bicarbonate. The fractions
containing nucleotide (i.e. the above 0-monophosphate) were evaporated
to a white powder to remove ammonium bicarbonate; 71% calculated by
Uv absorbance; one peak by HPLC (see below). Snake  venom
5'-nucleotidase (EC 3.1.3.5) from Crotalus atrox (1000 IU, Sigma) was
added to 1.4 mmoles of the nucleotide dissolved in water (20 mkL). The
solution was incubated at 37°C for 22 hours, at which time additional
enzyme (1000 IU) was added. Incubation was continuéd for another
3 days. HPLC analysis (0.4 x 10 cm Whatman Partisil 10 strong anion
exchange column; elution with a gradient of 20 mM to 1 M ammonium
phosphate, pH 5.5, containing 5% methanol; UV detection at 284 nM) at
this point showed that 50% of the starting nucleotide had . been
dephosphorylated to the parent nucleoside. This mixture was again
applied to a DEAE Sephadex column of the type described above.
Elution with 4 liters of 50 mM ammonium bicarbonate gave fractions
containing the title compound. Evaporation of the water left white
powder. This material was further purified by chromatography on
silica gel with MeOH:CHC15/1:9 to give colorless glass. The glass was
solidified in acetonitrile to give (-)-cis-4-[2-amino-6-(cyclopropyl
amino)-9H-purin-9-y1]-2-cyclopentene-1-methanol as white gummy solid
which was drxed to a solid foam at 0.5 mm Hg at 68°C (260 mg, 86% from
racemate); H NMR in DMSO-_q6 and mass spectrum 1dent1ca1 with those of
the racemate (title compound of Example 5); [a] p -59-7°%,
[1?3 T127.8°, [«]2° 365 218.1°, (c = 0.15, methano])

Anal. Calcd. for C14H18N50-0.8 HZO: €,55.91; H, 6.57; N, 27.94.
Found: C, 56.05; H, 6.65; N, 27.88.

This Sheet Has Been Rep

LT



B .

evaporated to a syrup which was applied to a silica gel! cbbﬁﬁnrmgﬁik@* Y
conmpound was eluted with 3 to 5% net hanol - chlorofornlas w ﬁaPE*yeLanLé lid
foam (1.59 g, 54%; [err]H- NMR identical with that of dr sta |j.zed sanple
Such a sanple was crystallized fromethanol to give mhﬂte gr Qébsm9m1p
194-195[err]C, [err] HNVR (DVMSO- d[err])- i28entical wth that—af_ the tltle
conpound of Exanple 12; [err] +2.7[err], [err] +36[errT [err] +2. 9[err]
[err] -2.5[err], [err] 41.2, (c=0.238, nethanol) Exanmpl® 15 ...
(-)-(1S,4R)-ci s-(2- Ami no- 6- chl or o- 9H- purin-9-yl)-2-cycl opent ene- 1- nethanol

Continued elution of the last-mentioned Sephadex column with a 2-liter
gradient of 50 to 300 mM ammonium bicarbonate gave the O-monophosphate
(of the (+) enantiomer corresponding to the title compound)} which was
stable to 5'-nucleotidase; the preparation of this monophosphate is
described in more detail in Example 9.

Exampie 8

(-)-cis-4-[2-Amino-6-{cyclopropylamino)}-9H-purin-9-y1]-2-cyclopentene
-1-methanol O-monophosphate

The title compound of Example 7 (0.35 g, 1.2 mmol) was dissolved in
1,3-dimethy1-3,4,5,6-tetrahydro-2-(14)-pyrimidinone (Aldrich, 5 mL).
Phosphoryl chloride (Aldrich, 0.43 mL, 4.6 mmol) was added to the
stirred, cooled (-10°C) solution. After 3 minutes, cold water (20 mb)
was added and the resulting solution neutralized with 3 M ammonium
hydroxide. Ion exchange chromatography as described in Example 7 gave
the nucleotide as the diammonjum salt after evaporation of water,
white powder (95% yield, quantitated by UV); HPLC analysis as in
Example 7 shows one peak; UV xmax nM (0.1 M HC1).254, 297; (pH 7
phosphate buffer):259, 284; (0.1 M NaOH):259, 284. The base/
phosphate ratio was 1.0/1.3 as determ1ned by the method of B. Ames
(Methods in Enzymology 8:115, 1966). [a]2° "69.9°, [a1%5;5 T73.0°,
[a]%0,¢ 784.0° (c = 0.52, MeOH: H,0/4:1).

Example 9

(+)-cis-4-[2-Amino-6-{cyclopropylamino)-9H-purin-9-y1]-2-cyclopentene
-1-methanol O-monophosphate

Elution of the DEAE Sephadex column described in Example 7 after
5'-nucleotidase incubation with a 2-1iter gradient of 50 to 300 mM
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The title conmpound of Exanple 14 (1.15 g, 3.53 mmol) wa
di et hoxyl net hyl acetate (45 nL) under nitrogen for 3.5
pal e yel |l ow sol ution was concentrated at 0.5 mmHg to ajy Ih §%%;§E T
syrup was stirred in IN HCl (50 nL) for 1.0 hour. This jsalutio
neutralized with sodi um bi carbonate and ewgporated to
solids were extracted with nethanol and the nethanol -sel.uble naterlal
applied to a silica gel colum. Elution of the col umm with 10w~ i
met hanol - et hyl acetate gave title conpound as a pale yellow solid foam
(730 ng), 78%; J[err]HNVR (DVMSO-d[err]): identical with that of racemate
(title conpoumdordiimEbdzaphonats ;gdver ndcledt ié-B¢rerarihifg fradtiafs wheChl) .after

evaporation of water, gave the title compound as the diammonium salt;
white powder (56% from title compound of Example 5); HPLC analysis as
in Example 7 shows one peak; UV Apax MM (0.1 M HC1): 254, 297; (pH 7
phosphate buffer): 259, 284; (0.1 M NaOH): 259, 284. The
base/phosphate ratio was 1. O/O 98. [a]zo *62.0°,

[1%05,5 *65.2°, [«]%0,, *75.0°, (c = 0. 54, MedH: :H,0/4:1).

Example 10

{#)-cis-4-[2-Amino~6-{cyclopropylamino)-9H-purin-9-y1]-2-cyclo-
pentene-1-methanol

The title compound of Example 9 (0.67 mmole} was dissolved in water
{20 mL) and alkaline phosphaﬁase (EC 3.1.3.1) from calf intestine
(3000 IU, Boehringer Mannheim) was added. The solution was incubated
at 37°C for 19 hours, at which point HPLC analysis as described in
Example.7 showed - that all of the nucleotide had been dephosphory-
lated. The solution was evaporated to dryness and the residual solids
extracted with refluxing ethanol (100 mL). The ethanol-soluble
material was adsorbed on silica gel and applied to a silica gel
column. Title compound was eluted with methanol:chloroform/1:9.
Evaporation of an acetonitrile-ethanol solution gave white solid foam
(164 mg, 79%); Ly MR in DM501g6 and mass spectrum identical with
those of the racemate (title compound of Example 5); [a]zo +58.7°,

[]?5 +126.2°, [«]% 365 *217.5°, (c = 0.10, methanol).

N, 27.64.
Found: C, 56.60; H, 6.63; N, 27.55.
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Exanpl e 16

(-)-(1S,4R) -ci s-4-[ 2- Ami no- 6- (cycl opr opyl am no) - 9&+g&?mmiﬂ$ﬂl zi.cY§l opente

ne-1 - nethanol The title conpound of Exanple 15{(

met hanol (12 nL) was heated with cycl opropyl am ne {( E%Q bonb
at 78[err]C for 17 hours The sol vent was #vapor at dd ana % re5|d e
chromat ographed on silica gel. Title conpound was e ;

nmet hanol - et hyl acetate as a colorless solid foam ( . 1H NVR

(DVSO-d[err]) identical with that of Exanple 7; [e

Example 11

{(-)-cis-4-[2-Amino~6-{cyclopropylmethylamino}-9H-purin-9-y1]-2-cyclo-
pentene-1-methanol ‘

The title compound of Example 6, (2.00 g, 6.50 mmol) was dissolved in
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (Aldrich, 20 mL).
Phosphoryl chloride (2.28 mL, 24.0 mmol) was added to the stirred,
cooled (-10°C) solution. After 3 minutes, cold water (80 mL) was
added. The solution was extracted with chloroform {3 x 80 mL). The
aqueous layer was diluted with ethanol {400 mL) and the pH adjusted to
6 with saturated aqueous NaOH. The precipitated inorganic salts were
filtered off. The filtrate was further diluted with ethanol to a
volume of 1 liter and the pH adjusted to 8 with additional NaOH, The
resulting precipitate was filtéered and dried to give the
0-monophosphate of (z)-cis-4-[2-amino-6~(cyclopropylimethylamino)-9H-
pufin-Q-yl]-2—cyc1opentene-1-methan01 as white powder (4.0 mmoles, 62%
quantitated by UV absorbance); HPLC analysis as in Example 7 shows one
peak. This racemic 0-momophosphate was dissolved in water (200 mL)
and snake venom 5'-nucleotidase (EC 3.1.3.5) from Crotalus atrox
(5,000 1U, Sigma) was added. After incubation at 37 °C for 10 days,
HPLC analysis as described in Example 7 showed that 50% of the
starting nucleotide had been dephosphorylated to the nucleoside.
These were separated on a 5 x 14 cm column of DEAE Sephadex A25
{Pharmacia) which had been preequilibrated with® 50 mM  ammonium
bicarbonate. The title compound was ~eluted with 2 liters of 50 mM
ammonium bicarbonate. Evaporation of water gave white powder which
was dissolved in methanol, adsorbed on silica gel, and applied to a
silica gel column. Title compound  was eluted with
methanol:chloroform/1:9 as a colorless glass. An acetonitrile
solution was evaporated to give white solid foam, dried at 0.3 mm Hg
over P205, 649 mg (72% from racemate); 1H NMR in DMSO-Q6 and mass
spectrum identical with those of the racemate (title compound ~of
Example 6); [a]ZOD -48.0°, [°120436 -97.1°, [0120365 -149° {(c = 0.14,
methanol).
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28 59.0[err], (c = 0.28, MeOH) confirnms the absol ute conflgyratlon of the

title c0ﬁpound of Exanple 7. | AR
[ T_._;;:IL;LN;__'; ;
; - o
-1 . L__ C ol %96 by
! SRR
S T '

Anal. Calcd. for C15H20N60-0.10 CH3CN: C, 59.96; H, 6.72; N, 28.06.
Found: C, 59.93; H, 6.76; N, 28.03.

Continued elution of the Sephadex column with 2 liters of 100 mM
ammonijum bicarbonate and then with 2 liters of 200 mM ammonium
bicarbonate gave O-monophosphate of the (+) enantiomer corresponding
to the title compound, which was stable to 5'-nucleotidase.

Example 12

{+)-cis-4-[2-Amino-6-{cyclopropylmethylamino)-9H-purin-9-yt1-2-cyclo-
pentene-1-methanol

The fractions containing O-monophosphate of the (+) enantiomer eluted
from the Sephadex column of Example 11 were combined and alkaline
phosphatase (EC 3.1.3.1) from calf intestine (4800 IU, Boehringer
Mannheim) was added. The solution was incubated at 25°C for 18 hours,
at which point HPLC analysis showed that all of the nucleotide has
. been dephosphorylated. The solution was evaporated to dryness and the
residual solids extracted with refluxing ethanol (100 mL). The
ethanol-soluble material was adsorbed.on -silica gel and applied to a
silica gel column. Title compound was eluted with methanol:
chloroform/1:9 as a colorliess glass. An acetonitrile solution was
evaporated to give white solid foam, dried at .0.3 mm Hg over P,0g;
659 mg (73% from racemate); 1H_—NMR in DMSO-Q_6 and mass spectrum
identical with those of the racemate (title compound of Example 6);
(]2, +47.0°, [a1?0y56 +93.0°, [a]?04q +141.3° (c = 0.11, methanol).

Anal. Calcd. for C15H20N60-0.1 CH3CN: C, 59.95; H, 6.72; N, 28.06.
Found: C, 59.92; H, 6.80; N, 27.96.
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Exanpl e 17
di benzoyl

(71.1 g).

-D-tartrate 2- Azabi cycl o[ 2. 2. 1] hept - 5- en- 3-
Vince, 3. Og Chem 1978, 43 2311 and U.S. Patent 4, 268{6
nole) was stirred in 2N HCl in nethanol (0.5 L) at 25[efr
Vol atiles were evaporated to | eave ([err]y,-_cis-methyl
4- am no- 2- cycl opent ene- 1- car boxyl ate hydrochl ori de as

(1S, 4R) - 4- Am no- 2- cycl opent ene- 1- net hanol

Example 13

{15.4R)-4-Amino-2-cyclopentene~1-methanol dibenzoyl-O-tartrate

(+)-cis-4-Acetamidocyclopent-2-enemethy] acetate [US Patent 4,268,672]
(14.88g, 0.073mo1) and barium hydroxide octahydrate (46.19g, 0.146mol)
were refluxed in water (300ml) under nitrogen for 18 hours. The
resulting solution was neutralised with carbon dioxide. The
precipitate was washed with water, then ethanol. The combined
filtrate wash was evaporated to a syrup, (acetic acid salt of
(+)-4-amino-2-cyclopentene-l-methanol) which was converted to free
amine by stirring with an excess of Amberlite IRA-400 (OH") resin in
water. The resin was filtered off, washed with water, and the
filtrate-wash evaporated to a pale yellow syrup which was dried by
evaporation of portions of ethanol. Such a sample of amine (2.26 g,

20.0 mmol) and dibenzoyl-D-tartaric acid (Aldrich, 3.62 g, 10.0 mmol

as 99%) were dissolved in hot absolute ethanol (35 mL). Refluxing
acetonitrile {ca. 150 mL) was added to the cloud point and the
solution was allowed to cool slowly to room temperature. The white
needles which formed were recrystallized three times from the same
solvent combination to give title compound as white plates (1.07 g,
3%7Y mp. 160-162 °; [a]%0) +66.9°, [a]P0yqc +165°, [a]?04e, +325°
(c = 0.28, methanol). X-ray crystallography of this salt allowed the
absolute configuration of the cation to be fixed by the known
configuration of the D-dibenzoyl tartaric acid dianion. This salt
crystallized in the space group 2 with one C6H12N0 cation and
one-half C18H1408 dianion as the asymmetric unit.

Anal. Calcd. for C6H11N0-1/2 (018H1408): C, 61.63; H, 6.21; N, 4.79.
Found: C, 61.56; H, 6.24; N, 4.74.
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Trituration of such a sanple with diethylether gave a whi{e .powder, mop.
92.5-95[err]C [J. Org. Chem 1981 46, 3271, mp. 82-3 '
(DMSO-d[err]) [err] 8.25 (br s, 3, NHerr]), 6.1 and|5.,
CHCH, 3.64 (s) overlapping 3.75-3.6 (m total 4,
and 2.05-1.85(both m 2, CH2). Anal .. Galcd for C
C, 47.33; H 6.81; N 7.89; d, 19.96. Found: C, 47.41;] H 6.-84;
c, 19.89. ()-cis-Methyl-4-am no-2-cycl opent ene- 1- clar oxylate
hydrochl oride (17.7 g, 0.100 _ :

Example 14

{1R, 45)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-L-tartrate

This salt was formed and crystallized as described 1in Exampie 13,
except  that dibenzoyl-L-tartaric acid was used. Three
crystallizations from ethanol-acetonitrile gave the title compound .as
white plates  (1.00 g, 34%); m.p. 160-162°;  [o]°0, -68.2°,
(12,55 ~169°, [a1%05c -333°, (c = 0.24, methanol).

Anal. Caled. for CcH,,N0-1/2 (C18H1408): C, 61.63; H, 6.21; N, 4.79.
Found: C, 61.59; H, 6.21; N, 4.76.

Example 15

(2)-cis-N-[4-chloro~5~formamido~6-[[4~ (hvdroxymethyl) 2-cyclopentene-

1-yllamino]-~ 2-Dvr1m1d1nzllacetam1de

N-(5-Amino-4,6~ d1chloropyr1m1d1n-2-y])acetamxde (J. Org. Chem. 1975,
40, 3141) was formylated by addition of 96% formic acid (20 mL)} to a
solution of 1&0.75 g, 3.4 mmoles) dissolved in acetic anhydride
{20 mL). The resulting solution was stirred at 25°C for one hour and
then evaporated to give N-(4,6-dichloro-5-formamido-2-pyrimid~
inyl)acetamide as tan powder (0.77 g, 91%); structure confirmed by
1y MR and mass spectrum. This tan powder (840 mg, 3.37 mmol),
(t)-cis-4-amino-2-cyclopentene-1-methanol (940 mg, 8.2 mmol), and
triethylamine (0.80 g, 8.0 mmol) were warmed in ethanol (50 mL) in an
oil bath (70-80°C} under nitrogen for 50 minutes and evaporated to a
dark oil which was chromatographed on silica gel. Title compound was
eluted with 5% methanol-chloroform as a peach-colored solid foam
(840 mg). Crystallization from methanol gave white granules (575 mg,
52%); m.p. 189-193°; IH-NMR (DMSO-dg) & 10.23 (br, 1.0, NHAc),
9.3 (br, 1.0, NHCHO), 8.15 and 7.90 (both s, total 1.0, HC=0 from two
conformers, peaks coalesce at 60°C), 7.42 and 7.22 (both d, J=8.3,
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mol e) and diisobutyl-al um num hydride (0.500 nole as a 1lpi-so Bo—tn
hexane) were refluxed in hexane (200 m) for 6 hours. The HEreACEERN SH - ;
sol ution was cooled and 10 nL of 1 M aqueous ammoni um ch{ of Tdé and then j
met hanol (200 nlL) were added. This m xture was refl uxed '
MySO4 (10 g) added. Solids were filtered 34 f- and washed
nmet hanol . The filtrate-wash was evaporated to a dark oi
(DMSO-d[err]) identical to that of ()-4- am no-2-cyclope t ene- 1- et hanol
prepared as described in Exanple 13. Such a sanpl e, aftET purtrircation

by chromat ograph n_ silica Et OH: CHG H 0:1
was crystall g?@ﬁ %q'hcﬁl‘l@eﬁ%@‘bﬁ"&?‘?%" 8 Repks CB 1?1‘! %8 (r[)]t'l % ounZ:I.
5.7 {both m, 2.0, CH=CH), 5.05 (m, 1, CH-N), 4.73 {m, 1, OH}, 3.39 {m,
2, CﬂQOH), 2.72 {m, 1, CH), 2.40 (m, 1, 1/2 CHZ)' 1.36 (m, 1,
1/2 CHZ)'

hqgﬁ i

tional

Anal. Caled. for C13H16N503C1: C, 47.93; H, 4.95; N, 21.50;
Cci, 10.88. :
Found: €, 47.99; H, 4.96; N, 21.42; C1, 10.96.

Example 16

(£)-cis-4-]2-Amino-6-(cyclopropylamine)-9H- pur1n -9-y1]-2-¢cyclo-
pentene-1-methano]

The title compound of Example 15 (0.91 g, 2.79 mmol) was dissolved in
dry OMF (1 mL). Triethylorthoformate (10 mL) and ethane sulfonic acid
(0.29 mL, 3.4 mmol) were added and the solution heated at 65°C for
24 hours. The solution was evaporated to a syrup. The syrup was
dissolved in 1N HC1 (15 mL) and stirred for three hours. The pH was
adjusted to 7 with 5N sodium hydroxide and the resulting mixture {oil
formed) was extracted with j-propanol:chloroform/1:3 (3 x 100 mL).
The combined organic layers were dried (MgSO4) and evaporated to a red
glass (0.93 g). A solution of this glass in methanol (20 mL) was
heated with cyclopropylamine (2 m.) in a Parr bomb at 70°C for
18 hours. The resulting solution was evaporated to a dark glass which
was adsorbed on silica gel. Elution with 7% methanol-ethylacetate
gave title compound (148 mg, 19%) as white powder, after trituration
with acetonitrile; L NmR (oMso-d ) identical with that of the title
compound of Example 5. ‘
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29 Exanple 18 .
(cis-4-(2-Am no-6-(cycl opropyl am no) - 9H puri n-9-yl) - 2- cyclopenten 1qmj]neth
yl R 2. 3-Dbis-(hexadecanoyl oxy) propyl hydrogen phosphate -

- 35 -

Example 17

(+)-{1R,45)-cis-N~[4-Chloro-5-formamido-6-{[4-(hydroxymethyl)-
2-cvclopentene-1-y1lamino}-2-pyrimidiny]]acetamide

(15,4R)-4-Amino-2~cyclopentene-1-methano]l dibenzoyl-D-tartrate
prepared as described in Example 13 (2.76 g, 9.02 mmol) was dissolved
in water (20 mL) and applied to a column of 65 mL of Amberlite IA-400
(OH form) anion exchange resin. The column was washed with water.
Basic fractions were combined and evaporated to a residual oil which
was dried by evaporation of absolute ethanol and then at 0.5 mm to
give (1S,4R)-4-amino-2-cyclopentene-l-methanol (1.2 g) as a pale
yellow 0il (darkens rapidly in air) which was used immediately. This
0il was dissolved 1in ethanol (5 mL) and added to a solution of
N-(4,6-dichloro-5-formamido-2-pyrimidinyl)acetamide - (2.07 g,
8.31 mmol), prepared as described in Exémp]e 15, and triethylamine
(2.50 g, 24.8 mmol1). The resulting dark solution was heated (o0il bath
75-80°C) under nitrogen for 50 minutes. The solution was evaporated
to a syrup which was applied to a silica gel column. Title compound
was eluted with 3 to 5% methanol-chloroform as a pale yellow solid .
foam (1.59 g, 54%); 1H-NMR identical with that of crystallized sample.
Such a sample was crystallized from ethanol to give white granules,
m.p. 194-195°C; 1 NMR (DMSO—QG) identical with that of the title
compound of Examp]e 15 [a]20 +2.7°, [a]20 +3.6°, [a]20546 +2.9°,
(1?36 -2.5°, [a]%5¢5 -41. 20 (c=0.238, methano!).

Example 18

(-)-{15,4R)-cis-{2-Amino-6-chloro-9H-purin-9-y1)- 2-cvclopentene-
1-methanol

The title compound of Example 17 (1.15 g, 3.53 mmol) was gently
refluxed in diethoxyImethyl acetate (45 mL) under nitrogen for
3.5 hours. The resulting pale yellow solution was concentrated at
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A solution of L-[err]-dipalmtoyl phosphatidyl choline j [~ -l
Sigma) in 6 nL of chloroform was added to a flask C?Hgllé E’Eﬁlmﬂ@ﬁ ShEET ,'-
([err])-cis-4-(2-am no-6- !

(cycl opropyl ami no) - 9H-puri n-9-yl ) - 2-cycl opent ene- 1- met hapol T § 33 1.028
mol ), phospholipase D, Type VII (fronmr Sifreptonyces, 1.0 ng, specifi §
activity 185 units/ng, Sigm) and pH 4.5 buffer (1.5 TOB0 TV i snd !

Cad [err], 200 mMin NaOAc adjusted to pH 4.5 by addi th li N HCl) |
The resultlng bi phase was stirred at 45C (oil bath) for 1 hour. The" 1ay rs

wer e separ at t us Ia er extracted w (
The conbi nedg %’r %gc g?go Hga WA viastf_r@re dH g&qﬁh ?Sd( mﬁ)
concent r at edforSlhdh hams.anﬁhts wai;utpunl fwiae chduy r&] ized omi thr sod i2msibiicasbarlte

col ums_wi t hy k24 as%fyeéaokac{a#gﬁg SO kordiglah U L mpady 130,

(479 . This erral was So Iac ate-ace rrle
produce a | imgthagad mvtbemwhmod-sqbslqam@er Frripplip to a silica gel

(Cherr] CD thhﬁ‘r r ]E)uih@hrt]f 1 tHS c6$umn0N%H apt M tRMHoE8Ehy 1PMdtA8e H ke 6. 12
and 5.88 (m CI—‘Q 53 éni] 1
t1t1e compo d as a pale yéllow solid foam (730 mg), 78%); ~H-NMR :
{OMSO- —6) identical with that of racemate (title compound of
Example 4); [«]?0) -114.9° (c = 0.26, MeOH).

Example 19

(-)-(1S5,4R)-cis~-4-[2-Amino-~6~- (cvc]oprouv]ammo) 9H-pur1n-QJIL
2-cvclopentene-1-methanol

The title compound of Example 18 (560 mg, 2.11 mmol) in methanol
(12 mL) was heated with cyclopropylamine {2.4 mL) in a Parr bomb at
78°C for 17 hours. The solvent was evaporated and the residue
chromatographed on silica gel. Title compound was - eluted with 5-7%
methanol-ethyl acetate as a colorless solid foam (367 mg, 59%); Iy -NMR
(nmsofga) identical with that of Example 7; [a] p ~59.0° (c = 0.28,
MeOH) confirms the absolute configuration of the title compound of
Example 7.

Examplie 20

(15.4R)-4-Amino-2-cyclopentene-1-methano] dibenzoyi-D-tartrate

2-Azabicyclo[2.2.1]hept-5-en-3-one [Daluge and Vince, J. Org. Chem.
1978, 43, 2311 and U.S. Patent 4,268,672] (44.0 g, 0.400 mole) was
stirred in 2N HC1 in methanol (0.5 L) at 25 °C for 1.5 hours.
Volatiles were evaporated to leave (z)-cis-methyl-4-amino-2-cyclo-
pentene-1-carboxylate hydrochloride as an off-white powder (71.1 g).
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CHN cycl opentene), 5.22 (m 1, CJerr]CH, 4.37 (dd, J=3-—-2,..1._0.5
POCH err] glycerol), 4.12 (m 1, 0.5 POCH[err]egceroI)“tB 42 (@ 4,

CCH err] glycerol, OCHerr]), 3.11 (br m 1, CH, 2.9
(m 1, 0.5 CHerr] cyclopentene), 2.27 (m 4, 2CHerr

0.5 CH err]

m 38, 24 CHerr]), 0.88 (m , 2CHerr]), 0.83 (m 2,

0.60 (m 2,

C[err]H[err]NN[err]C{err]P—Z 4 H[err]C) C, 61.28; H,

3.22. Found:

cycl opentene), 1.56 (br m 4372CH err] CH

CH err] cyclopropyl). Anal. Calcd. for

Tr1turagxon of §ué% a sample w?éh d1ethylg§her gave a wh1te powder,
m.p. 92.5-95°C [J. Org. Chem 1981, 46, 3271; m.p. 82-83°C]; 1H NMR
(DMSO-Qs) 5 8.25 (br s, 3, 3 ), 6.1 and 5.9 {both m, 2, CH=CH),
3.64 (s) overlapping 3.75-3.6 (m, total 4, OMe and CH), 2.65-2.45 and

2.05-1.85 (both m, 2, CHZ)'

Anal. Calcd for C7H11N02-HC1: C, 47.33; H, 6.81; N, 7.89; C1, 19.96.
Found: C, 47.41; H, 6.84; N, 7.85; Cl1, 19.89.

(£)-cis-Methyl-4-amino-2-cyclopentene-1-carboxylate hydrochloride
(17.7 g, 0.100 mole) and diisobutyl-aluminum hydride (0.500 mole as a
1 M solution in hexane)} were refluxed in hexane (200 mL) for 6 hours.
The resulting solution was cooled and 10 mL of 1 M aqueous ammonium
chloride and then methanol (200 mL) were added. This mixture was
refluxed for 30 minutes and MgS0, (10 g) added. Solids were filtered
off and washed with additional methanoT The filtrate-wash was
evaporated to a dark oil (15.5 g); 1h-vR (DMSO-d.) identical to that
of (%)-4-amino-2-cyclopentene-1-methanol prepared as .described in
Example 13. Such a sample, after purification by chromatography on
silica gel (EtOH:CHCI3:NH4OH/10:90:l) was crystallized with
dibenzoyl-D-tartaric acid to form the title compound.

Example 21

[cis-4-(2-Amino-6-{cyclopropylamino)-9H-purin-9-y1)-2-cyclopenten-

1-y1imethy] R-2,3-bis-{hexadecanoyloxy)propyl hydrogen phosphate

A solution of L-a-dipalmitbyl phosphatidyl choline (150 mg, 0.2 mmol,
Sigma) in 6 mL of chloroform was added to a flask containing
(x)-cis-4-(2-amino-6-{cyclopropylamino)-9H-purin-9-y1)-2-

cyclopentene-1-methanol (300 mg, 1.03 mmo1),phospholipase D, Type VII
(from Streptomyces, 1.0 mg, specific activity 185 units/mg, Sigma) and
pH 4.5 buffer (1.5 mL, 250 mM in CaCl,, 200 mM in NaOAc adjusted to
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30 Exanple 19 REPLACEMi T & <!
[ cis-4-(2-Am no-6-(cycl opropyl am no) - 9H purin-9-yl ) -2} cyc oﬁénten 1-yl et h
yl R 2, 3-bi s- (hexanoyl oxy) propyl hydrogen phosohate sqép ﬁgg

L-[err]-dicaproyl phosphatidyl choline (9%8 ng, 0.66 nfo gna) in 151

pH 4.5 by addition of 0.1 N HC1). The resulting biphase was stirred
at 45°C (0oi1 bath) for 1 hour. The Jlayers were separated and the
aqueous layer extracted with chloroform (3 x 6 mL). The combined
organic layers were washed with 1 N HC1, dried and concentrated. Such
a sample was purified by elution from 2 silica gel columns with 12%
methanol-chloroform to yield the title compound, 120 mg (47%). This
material was solidified using ethylacetate-acetonitrile to produce a
1ight yellow powder m.p. 155-157°C; 1H-NMR (CD3CD-CDC13) § 7.78 (s,
overlapping solvent, purine H-8), 6.12 and 5.88 (m, 2,. HC=CH),
5.53 (m, 1, CHN cyclopentene), 5.22 {(m, 1, COZCH) 4.37 (dd, J=3, 12;
1, 0.5 POCH, glycerol), 4.12 (m, 1, 0.5 POCH, glycerol), 3.42 (m, -4,
OCH2 glycerol, OCH ) 3.11 (brm, 1, CH), 2.90 (m, 1, NCH}, 2.78 (m,
1, 0.5 CH, cyc]opentene), 2.27 (m, 4, ZCHZCOZ), 1.70 (m, 1, 0.5 CH,
cyclopentene), 1.56 (br m, 4, ZCEZCHZCOZ), 1.27 (br m, 38, 24 CHZ)'
0.88 (m, 6, 2CH3), 0.83 (m, 2, CH, cyclopropyl), 0.60 (m, -2, CH,
cyclopropyl). :

Anal. Calcd. for C49H85N608P -2.4 HZO: C, 61.28; H, 9.42; N, 8.75;

P, 3.22.
Found: €, 60.97; H, 9.12; N, 8.78; P, 2.96.

Example 22

[cis-4-(2-Amino~6-(cyclopropylamino)}-9H-purin-9-y1)-2-cyclopenten-
1-yllmethyl R-2,3-bis-(hexanoyloxy)propyl hydrogen phosphate

A solution of L-a-dicaproyl phosphatidylcholine (300 mg, 0.66 mmol,
Sigma) in 15 mL of CHC13 was added to a flask containing (z)-cis-4-
(2-amino-6-(cyclopropylamino)-9H-purin-9-y1)-2-cyclopentene~1-methanol
(378 mg, 1.32 mmol), phospholipase D, Type VII (from Streptomyces,
1.04 mg, specific activity 185 units/mg, Sigma), pH 4.5 buffer
(4.5 mL, 250 mM in CaC12, 200 mM in NaOAc adjusted to pH 4.5 with HC1)
and CHC1; (3 mL}. The resulting biphase was stirred at 45°C (oil
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mL of CHCl[err] was added to a flask containing (L_p -4-(2-am no- 6-
(cycl opropyl am no) - 9H- puri n 9-y|)-2-cyc|opentene-l-nethaﬁ (gé p%ﬁ
mmol ), phosphol i pase D, Type VII (from Streptomyces, 1; 0« A1 EE!
activity 185 units/ng, Sigma), pH 4.5 buffer (4.5 ni, 250 mM i n CaCl [ efr r;
200 MM in NaOAc adjusted to pH 4.5 with B8] and CHO [k ry] W®ooT) weghe
resul ting biphase was stirred at 45[err]C (oil bath) flor{ 4 hours. The
| ayers were separated and the organic |ayer washed with T NHC 2x m.) .

The conbined aqueous | ayers were back washed with chl droform (10 i) Tde

A,

conbi ned Or%@ﬁ)cfbxaﬁehéur\@ererﬂ' ¢y YORCEE] a)ra@&ij GRARBT SrafaRtle WB Ger
resi due was pl aced nfa gel ol um %ﬁk t|tIe ﬁFgapund s eIuted

with 16% metMiakest WUHI 6r-’bf‘i§rl centieaf ‘f‘% VAEFH Sy e Y9 o89F
powder. Thi &aﬁﬁédeﬁit&i mmrdfmol(wdnu)n etthanaombtrbdcorgamnit r dlagery SwareH0 i)

before dryi 1419 igs, 5" AACMRCERerteEh I 18R el ¥ Y| Ahraabo? ol O

yellom/pomd
5111ca gel column and the title compound was eluted with

16% methanol-chloroform and concentrated to yield a fine yellow
powder. This material was dissolved in ethanol and concentrated (3 x
50 m.) before drying under high vacuum to yield 103 mg (21% yield) of
a light yellow powder, m.p. 182-185°C.

Ly-MR: (OMSO-dg) o 7.61 (s, 1, purine H8), 7.22 (brs, 1, WH),
6.09 {m, 1, 0.5 CH=CH), 5.89 (m, overlapping br s at 5.83, 3, 0.5
CH=CH, NHZ)‘ 5.41 (br m, 1, CHN), 5.09 (brm, 1, COZCH), 4,30 (dd;
J=2.7, 12; 1, 0.5 POCH, glycerol),4.08 (m, 1, 0.5 POCH, glycerol),
3.80 (br m overlapping br m at 3.75, 4, OCH, glycerol, ‘OCHZ),
3.02 (br m, 2, CH, NCH cyclopropropyl), 2.65 {m, 1, 0.5 CH2
cyclopentene), 2.23 {+, J=7.5, 4, 2CH o€0 ), 1.48 (brm, 5,
2 CH,CH,CO,, 0.5 CH, cyclopentene), 1. 23 (br m, 8 2 (CH2)2) 0.84 (m,
6, 2 CH3) 0.67 and 0.58 (m, 4, 2 CH, cyclopropyl).

—-—.

H, 7.33; N, 11.46; C] 2.9,
Found: €, 48.65; H, 6.61; N, 10.81; C1, 2.5.

Anal. Calcd. for C H 5N60 P-3.9 H,0, 0.2 CHC13, 0.05 EtOH: C, 48.00;

27

The preceding example is an adaptation of the procedure by Satoshi
Shuto et al. Tetrahedron Letters, Vol. 28, No. 2, pp. 199-202, 1987.

Example 23

N-(4-Ch1oro-1.6-dihvdro-5-nitro-s-oxo-z-pvrimidinvl)isobutvramide

6-Chloro-5-nitroisocytosine (J.Chem.Soc. 1960, 5041; J.Org.Chem, 1975,
40, 3141) was protected by heating the yellow solid (14.88g, 78.09
mmol) to 100°C for one hour in isobutyric anhydride (250m1) and
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[errTHHNMR:  (DMSO-d[err]) [err] 7.61 (s, 1, purine FB) ﬁgﬂ@yﬁbr .8, *1{{
NH), 6.09 (m 1, 0.5 CH=CH), 5.89 (m overlapping br s at5-83, .5
CH=CH, NH2), 5.41 (br m 1, CHN), 5.09 (br m 1, COegr C*%é 30 (dd
J=2.7, 12; 1, 0.5 POCH err] glycerol),4.08 (m 1, 0.5 POcH iﬁﬁgmﬁuerol,
3.80 (br moverlapping br mat 3.75, 4,-@Herr] glycerpli _OCHerr]), 3.102
(br m2,CH NCH cycl opropropyl), 2.65 (m 1, 0.5 CH errj cycl opentené);
2.23 (+, J=7.5, 4, 2 CHerr]CJerr]), 1.48 (br m &2
CHerr]CH err]CJerr], 0.5 CHerr] cyclopentene), 1.23 (br m 8, 2

(CHenr]) | ot okl 28 Liandi€ o5 504 atig 2P S i 303utisy sy
CHC [err], Gro&tedtwtth &hhydBod methandl 3300 ), 1lsﬂﬁ‘r€ﬂ & 90 (Fdundial€, 248. 65;
H 6.61, N h%grfg%onégntrgiéé to a third of the original volume, and the title
compound (14.97g, 74%) was collected by filtration as pale yellow
crystals; m.p. 196-199°C (dec); ‘'H-NMR (DMSO-d6) & 1.12 (d, J=6.9,
Hz, 6H, (CH3) CH), 2.75(m, J=6.9, Hz, 1H, (CH3) CH), 12.41 (br s, 1H).

Anal. Caled for C8H9N404C1: C, 36.87; H, 3.48; N, 21.50; (1,
13.60. Found. C, 36.94; H, 3.48; N, 21.44; C1, 13.53.

Example 24

N-{4 6-Dichloro-5-nitro-2-pyrimidinyl)isobutyramide

The title compound of Example 23 (10.0g, 38.37 mmol) was heated to
reflux in phosphorus oxychloride (200m1) and N,N-diethylaniline (3-4
drops) for 5 hours under nitrogen. The solution was then cooled to
“room temperature, concentrated to dryness, and the syrup was dissolved
in cold (¥-10°C) methylene chloride (200m1). The organic layer was
treated with saturated aqueous sodium bicarbonate (100ml1) with
vigorous stirring, and the temperature was kept below 5°C as solid
sodium bicarbonate was addéd portionwise to elévate the pH to between
5and 7. The 1layers were separated and the aqueous phase was
extracted with methylene chloride. The combined organic layers were -
filtered over phase-separator paper, concentrated and dried under
vacuum to give the title compound (7.71g, 72%) as a yellow-white solid
sufficiently pure to employ in the next step. Recrystallisation of
the solid from hexane/methylene chloride provided an analytical
sample, m.p. 166-166°C; 'H-NMR (DMSO-d6) s 1.09 (d, J=6.9Hz, 6H,
(CH3)2CH), 2.79 (m, J=6.9Hz, 1H, (CH3)2CH), 11.61 (s, 1H).

Anal. Calcd. for C8H8N403C12: C, 34.43; H, 2.89; N, 20.08; (I,
25.41. Found: €, 34.53; H, 2.89; N, 20.02; C1, 25.40.
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Example 25

N-{4,6-Dichloro-5-formamido-2-pyrimidinyl) isobutyramide

The title compound of Example 24 (6.77g, 24.26 mmol) was placed in a
Parr bottle containing 220m] absolute EtOH and 10.0g (wet) Raney
nickel catalyst that had been previously shaken under hydrogen (40psi)
for 10 minutes. The mixture was shaken under hydrogen (40psi) for an
hour, filtered over celite, and the filtrate was concentrated to a
yellow-white solid that was dried under vacuum overnight. This solid
was stirred in 1,2-dichloroethane {250m1) at 0%C. Acetic anhydride
(30m1) was added, followed by formic acid (30ml1), dropwise under
nitrogen. The resulting mixture was stirred at room temperature for 2
hours, concentrated to half the original vlume, and azeotroped with
toluene to remove residual formic/acetic acid. The crude solid was
triturated with methanol to give the title compound (4.92g, 73%) as an
off-white solid; m.p. 206-209°C (dec); ‘H-NMR (DMSO-d6) s 1.08 (d,
J=6.8Hz, 6.0 (CH3)2CH), 2.74 (m, J=6.8Hz, 1.0 (CH3)2CH), 8.18 (d,
J=10.3Hz) and 10.26 (br s) [total 1.0, NHCHO from two conformers],
11.17 {br s, 1.0}.

Anal. Caled. for C9H10N402C12: C, 39.01; H, 3.64; N, 20.22; (1,
25.59. Found: C, 39.13; H, 3.68; N, 20.12; C1, 25.67.

Example 26

(+)-{1IR,4S}-cis-N-{4-Chloro-5-formamido-6-{[4-(hydroxymethyl)}-2-cyclo
pentene-1-yllamino}-2-pyrimidinyllisobutyramide.

(1S,4R)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-D-tartrate (2.44g,
8.15mmo1) prepared as described 1in Example 13, was dissolved in 90%
ethanol (20m1) and the solution added to a column of Amberlite IRA-400
(OH) resin (30m1) which had been prewashed with the same solvent.
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Exanple 20 N-(4-Chloro-1, 6-di hydro-5-nitro-6-o0xo-2- pyrinidinyl) _

| sobutyram de 6-Chl oro-5-nitroisocytosine (3.Chem Soe. 1960, :.5041;,

3.0rg. Chem 1975, 40, 3141) was protected by heating the~yelLOMfsoL4d
(14.88 g, 78.09 rmol) to 100[err]C for one hour in isbbytyric anh dr|F
(250m ) and concentrated sul phuric acid { 324-drops). hF s WGT #MPésol ut i on
was treated with anhydrous nethanol (100m), stirred at{50[err]C for_hal f

an hour, concentrated to a third of the original volufre, and the title
conmpound (14.97g, 749 was collected by filtration as low-crystial s;
1 1 ( DV =6.
mp. 196- 99C]&91eo?1)wnjhe Rlanol gaveO gegs{cr ]fzaclh wflﬁc]hzogxd’co‘;tcgntgr’atygd 6H,
and evaporation of portions of toluene-ethanol, left

(1S,4R)-4-amino-2-cyclopentene-1- methano] as pale yellow oil (1l.4g)
which was condensed immediately with N-(4,6-dichloro-5-formamido-2-
pyrimidinyl isobutyramide (2.26g, 8.15mmol) prepared as described in
Example 25, in 1,2-dimethoxyethane (100m1) with triethylamine (2.3ml,
16.3mmol) at 95-110°C for 1.5 hours. The resulting solution was
evaporated to a dark yellow syrup which was chromatographed on silica
gel. Elution of column with 5-7.5% methanol-chloroform gave the title
compound as pale yellow solid (2.45g, 84%). Crystallisation of such a
sample from acetonitrile gave the title compound as fine white
~crystals, mp. 194.5-195.5°C.

"H-NMR (DMSO-QS) § 10.21 (s, 1, NﬂCOCHMeZ), 9.29 (s, 1, NHCHO), 8.12

(s, 1, CHO), 7.18 (d, J=7.9, 1, CHNH), 5.8 and 5.7 (both m, 2, CH=CH),

5.08 (m, 1, CHN), 4.71 (t, J=5.06, 1, OH), 3.37 (m, 2, CﬂQOH), 2.9- 2 6

(m 2 CHMe6 and CH), 2.40 (m, 1, O. 5CH2) 1.33 (m, 1, O. SCHZ) [a]D
[a]365- 20.7° (c=0.237, MeOH).

Anal.Caled. for C15H20N5C103
Caled : C, 50.92; H, 5.70; N, 19.79; C1, 10.02.
found : C, 50.67; H, 5.78; N, 19.62; C1, 9.92.

Example 27

(-)-(1R,4S)-cis=N-[6~-{cyclopropylamino)-9-(4-{hydroxymethyl)-2~
cyclopentene-1-v1)}-9H-purin-2-y1]isobutyramide

(+)-(1R,45)-cis-N-[4-chloro-5-formamido-6-{[4-(hydroxymethyl)-2-

cyclopentene-1-yl]amino}-2-pyrimidiny1]isobutyramide (1.949¢,
5.44mmo1) prepared as described in Example 26, was stirred with
triethylorthoformate (30m1) in an ice-water bath while concentrated
hydrochloric acid (2.0m1) was added dropwise over two minutes. The
resulting clear solution was stirred at ambient temperature overnight.

N

aced




(CH3)2CH), 2.75(m J=6.9, Hz, 1H, (CHerr])[err]CH), 12.41 (br s,
Anal . Cal cd for C[err]H[err]N[err]C{err]Cl C, 36.87; H“ﬁ? ﬁéf ?
C,13.60. Found. C, 36.94; H, 3.48; N, 21.44; d, 13. 53“ %&5. ‘ﬁ@
N- (4, 6-Di chl oro-5-nitro-2-pyrimdinyl) isobutyranlde iThe title conpobund of
Exanmpl e 20 (10.0g, 38.37 mmvl) was heat ed 43o0-refl ux i phopgr(m‘pqg%
oxychloride (200m) and N, N-diethylaniline (3-4 dropg) ifor 5 hours upde
nitrogen. The solution was then cooled to room tenperat are;—ctuoncentrat ed

r

The volatiles were removed under vacuum- and the residual syrup
(containing a (1R,4S)-cis-N-[6-chloro-9-(4-hydroxymethyl)-2-cyclo
pentene-1-y1)-9H-purin-2-y1]}isobutyramide orthoester conjugate)
refluxed in ethanol (30m1) with cyclopropylamine (10g) for 2.5 hours.
Evaporation left a syrup which was dissolved in 10% isopropanol-
chloroform (200m1}. This solution was stirred vigorously with
saturated aqueous sodium bicarbonate (25m1). The organic layer was
separated and the aqueous layer washed with additional 10%
isopropanol-chloroform. The combined organic layers were dried

: (MgSO4). Evaporation left a "pale yellow glass (2.4g) which was
chromatographed on silica gel. The -title compound was eluted with
2-3% methanol-ethyl acetate as a white solid (1.02g, 53%);
recrystallisation of such a sample from methanol-acetonitrile gave the
title compound as white needles; mp. 197.5-198.5°.

TH-NMR (DMSO-QG) 5§ 9.75 (s, 1, NHCO), 7.93 (s, 1, purine H-8), 7.82
(br s, 1, NH-cyclopropyl), 6.12 and 5.92 (both m, 2, CH=CH), 5.50 ({(m,
1, CH-N), 4.73 (t, J=5.3, 1, OH), 3.46 (m, 2, CHZ-O), 3.25-3.00 (m, 2,
CHMe and CH), 2.91 (m, 1, CH), 2.75-2.6 (m,1, 0.5CH ) 1.7-1.6 (m, 1,
0. SCH ), 1 07 (d, J=6. 8 6, CHMez) 0.75-0.6 (m, 4 2 cyclopropyl,

CHZ) [a] -70. 7 [a]436 159.0° {c=1.02, MEOH)

Anal Calcd. for c18H24N602:

Caled : C, 60.66; H, 6.79; N, 23.58
Found : C, 60.62; H, 6.83; N, 23.51.

Continued elution of the column with 5% methanol-ethyl acetate gave
additional title compound contaminated by ca. 10% of (-)-(1S,4R)-cis-
4-[2-amino-6~(cyclopropylamino}-9H-purin-9-y1]-2-cyclopentene-1-
methanol as a pale yellow solid foam (928mg).
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to dryness, and the syrup was dissolved in cold (~-10[err]C3'netherne

chloride (200m ). The organic | ayer was treated mﬁth_saturated aqueous
sodi um bi carbonate (100m ) with vigorous stirri.ng, and’t eg@&g&gg
kept below 5[err]C as solid sodi um bi carbonat e was add & *qa

el evate the pH to between 5 and 7. The |aydrs were seppr ted and t he
aqueous phase was extracted with methyl ene chloride. The Cdﬁbﬂﬁédﬂgﬁgcnlc
| ayers were filtered over phase-separator paper, concgntyrated and :driqgd

under vacuumto give the title conpound (7.71g, 72% ds a yeIIOMFMM|
ystallisation] of

solid sufficientl re to enploy in the next step.
the solid fﬁéﬂgﬂéezgne/nethylene chl ori de provided an analytlcal sanpl e,
mp. 166-169C, [err]HNVR (DMSO-d[err]) [err] 1.09 (d, J=6.9Hz, 6H,

(CHLerr]) [er (LeH1s, V%1635 b6 (b 1dobbb STamtdd £ERL @in-d4aG L (5. 11

. cyclopentene~1-methanol

{-)-(1R,4S)-cis-N-[6-{cyclopropylamino)-9-{4-(hydroxymethyl)-2-
cyclopentene~1-y1)-9H-purin-2-y1lisobutyramide (1.33g, 3.73mmo1)
prepared as described in Example 27, was stirred with IN hydrochloric
acid (40mL) for 2 days at ambient temperature. The pH was adjusted to
7.0 with sodium hydroxide and the mixture evaporated to dryness. The
residual solids were triturated with hot EtOH (3x25m1). The ethanol
was evaporated to leave yellow glass which was chromatographed on
silica gel. The title compound was eluted with 3% methanol-ethyl
acetate as a colourless solid foam (857mg, 80%), ‘H-NMR and [a]go
identical with that of the title compound of Example 19.

Example 29

(-)-(15,4R)~cis-4-[2-Amino- 6-(cchonropv!am1no),9H-pur1n-9 y1}-2-
cvclopentene-1-methanol hydrochloride.

(-)-(1S,4R)-cis-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-

cyclopentene-1-methanol (1.90g, ca. 6.3mmol by ‘H-NMR) was dissolved
in IN hydrochloric acid (7.0mL) and ethanol. The solution was
evaporated to dryness and the residue redissolved in ethanol (15ml).
Ethyl acetate was added slowly, to a total volume of 80ml. The off-
white powder which formed was filtered off and dried under vacuum to
give the title compound (2 07g, 97%); mp. collapses at 125-130°, dec.

above 138°C, [a]589 -27.1°, [al%35 -52.3° (c=0.199, MeOH).

"Anal. Calcd. for C14H18N60.HC1.0.8H20:
Caled : C, 49.87; H, 6.16; N, 24.92; (€1, 10.51.
Found : C, 49.91; H, 6.16; N, 24.96; C1, 10.52.
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32 Anal . Calcd. for Cerr]Herr]Nerr]err]CJerr]: C 34. 43 H 2. 89; ,
N, 20.08: d, 25.41. Found: C, 34.53; H, 2.89; N, 20.0%: R%% o
Lﬁi,ti&hm1 NN i
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Example 30

(-)-{1S,4R)-cis-4-[2-Amino~-6-(cyclopropylamino)}-9H-purin-9-y1]-2-
cyclopentene-1-methanol Dihydrochloride.

(-)-{18,4R)~-cis-4-[2-Amino-6~(cyclopropylamino}-9H-purin-9-y1]-2-
cyclopentene-1-methanol (857mg, 3.00mmol) was dissolved in ethanol-
ethyl acetate and IN ethereal hydrochloric acid (12m1) was added. The
fine white precipitate was washed with ethyl acetate and dried under
vacuum to give the title compound (642mg, 75%); mp. 176-180° dec. .

Anal. Calcd, for C14H18N50.2HC1 :
Caled. : C, 46.81; H, 5.61; N, 23.39; C1, 19.74,
Found. : C, 46.82; H, 5.64; N, 23.33; C1, 19.67.

-

Example 31

{1R.4S)-4-(2-Amino-6-(cyclopropylamino)-9H-purin-9-y1}-2-cyclo
pentene-1-methanol 0-diphosphate

{+)-(1R,4S)-4-(2-Amino-6-(cyclopropylamino)-9H-purin-9-yi}-2-

cyclopentene-1-methanol O-monophosphate, prepared as described in
Example 9, was converted to the triethylammonium salt by taking a
solution containing 0.5 mmol of the monophosphate as the ammonium
salt, combining it with 10 ml of 0.5 M triethylammonium bicarbonate
and drying in vacuo, followed by another addition of 10 ml of 0.5M
triethylammonijum bicarbonate, then drying. Then, three times, 10 m]
of acetonitrile were added and dried in vacuo. This was dissolved in
10 m1  of 1,3-dimethyl-3,4,5,6- tetrahydro-2(iH)- pyrimidinone
(Aldrich) then 0.43 g of 1,1'-carbony] diimidazole (Aldrich, 2.6 mmol)
was added and stirred for 2 hours at room temperature. Methanoi
{0.18 ml, 4.5 mmol) was added and stirred for 30 minutes.
Tributylammonium pyrophosphate (Sigma, 1.2 g, 2.6 mmol) was added,
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Example 22 N- (4, 6-D chl oro-5-formam do-2-pyri mdinyl)
title conpound of Exanple 21 (6.77g, 24.26 mmpl) was p
bottl e containing 220m absolute EtOH and 10.0g (wet)

t hat had been previously shaken under hydrogen (40psi)
m xture was shaken under hydrogen (40psi #6f-or an hour,

celite, and the filtrate was concentrated to a yellomf
dri ed under vacuum overnight. This solid was stirred i
(250m ) at O[err]C Acetic anhydride (30n) was added,

|sobutyran1de The

'tFiSQﬁtTOY995

fdlmmdbyfown

f
f
Ml te SO|Id t hat S
N e

acid (30m)

dro e und nitrogen. The resultin
st1rrp\ﬁn1§or 18?10urs atgroom temperature, then 1 g of additional

tributytammonium pyrophosphate (2.2 mmol) was added and stirred 8
hours at 40°C, then 50 ml of water was added. Both 0-diphosphate and
O0-triphosphate were formed since the tributylammonium pyrophosphate
contained orthophosphate impurity.

The reaction products were separated by DEAE Sephadex ion exchange
chromatography in a 2.5 x 18 cm column of DEAE Sephadex A25
(Pharmacia) which had been equilibrated with 50 mM of ammonium
bicarbonate (ABC). The column was washed with 1 1 of 50 mM ABC then
with a 2 1 linear gradient of 50 to 800 mM ABC to elute the title
compound followed by triphosphate, as described in more detail in
Example 32. The fractions containing diphosphate were combined, dried
in vacuo, redissolved in water then dried again to yield the ammonium
salt of the title compound (0.077 mmol, 15 % y1e]d) UV scan: in 0.1
M HCY A max = 254 and 298 nm; at pH 7 ) max = 259 and 284 nm: in 0.1 M
NaOH X max = 259 and 284 nm. '

An aliquot of diphosphate was treated with alkaline phosphatése (calf
intestine, Boehringer Mannheim), sampled at various times ang
developed on thin layer chromatography (PEI- cellulose, Brinkman, 1M
LiC¥/1M formic acid 1:1). A sequential conversion.of diphosphate to
monophosphate to nucleoside was observed. The final amount of -
phosphate released was determined by the method of Bencini (Bencini,
D.A., Wild, J.R., and O'Donovan, G.A. Analytical Biochemistry
132:254-258 (1983)) and the base/phosphate ratio was determined to be
1.0/11.5, indicating the presence of inorganic phosphate. UV purity
was 99.8% on analytical HPLC (strong anion exchange column eluted with
a gradient of 10mM to 1M ammonium phosphate, pH 5.5).

Example 32

{+}-{1R,4S)-4-(2-Amino-6-{cyclopropylaming)}-9H-purin-9-y1)-2-cyclo
pentene-1-methanol O-triphosphate
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m xture was stirred at roomtenperature for 2 hours, &%&n f
t he ori gi nal EEMEWOHPE‘P&P
form c/acetic acid. The crude solid was triturated mnth EP to i e
the title conmpound (4.92g, 73% as an off-white solid; n?ﬁ ggg 4
(dec); [err]H MR (DMSO-d[err]) [err] 1.087 (d, J=6.8H4,

vol unme, and azeotroped with toluene to rge

(CHerr])[err]CH, 2.74 (m J=6.8Hz, 1.0 (CH[err])[err]CH) 8.18 (

J=10.3Hz) and 10.26 (br s) [total 1.0, NHCHD fromt

(br s, 1.0).

Anal. Calcd. for CJerr]Herr]Nerr](err]Cl[err]: C, 9.01; H,

7

3.64; N, 20 coftidded Sat?sh BPUNE Coludd- Hescribed: 8 EXmpdR. J12; géde, 26n 67.

Exanpl e

evaporation, the ammonium salt of the title compound. This salt was
converted to the sodium salt by passage through a Dowex AG 50W-X8
(Bio-Rad) resin column (sodium form, 20 mi). The fractions containing
nucleotide were concentrated in vacuo to yield 0.31 mmol (61 %). UV
scan: in 0.1 M HC1 A max = 254 and 299 nm; at pH 7 A max = 259 and 284
nm: in 0.1 M NaOH x max = 259 and 284 nm. Optical rotation in water
at 3.83 g/ 100 ml was [a] 20 = +43.2°% at 589nm. UV purity was 99.1%
on analytical HPLC (strong anion exchange column eluted with a
gradient of 10mM to 1M ammonium phosphate, pH 5.5) with 0.9 %
diphosphate present. An aliquot of triphosphate was treated with
alkaline phosphatase (calf intestine, Boehringer Mannheim)}, sampled at
various times and developed on thin layer chromatography (PEI-
cellulose, Brinkman, IM LiC1/IM formic acid 1.1). A sequential
conversion of triphosphate to diphosphate to monophosphate to
nucleoside was observed. The final amount of phosphate released was
determined by the method of Bencini (Bencini, D.A., Wild, J.R., and
0'Donovan, G.A. Analytical Bfochemistry 132:254-258 (1983)) and the
base/phosphate ratio was determined to be 1.0/2.7.

Example 33

(1S.4R)-4-(2-Amino-6-{cyclopropylamino)-9H-purin=-9-y1)-2-
cyclopentene-1-methanol 0-diphosphate

The (-)-(1S,4R}-4-(2-Amino-6-(cyclopropylamino)-9H-purin-9-y1}-2-cyclo
pentene-1-methanol O-monophosphate, prepared as described in ExampTé
8, was converted to the triethylammonium salt by taking a solution
containing 0.49 mmol of the monophosphate as the ammonium salt,
combining with 5 m1 of 0.5 M triethylammonium bicarbonate and drying
in vacuo, followed by another 5 ml of 0.5M triethylammonium
bicarbonate then repeating twice. Then, three times, 5 ml of
acetonitrile were added and dried in vacuo. This was dissolved in 7
m! of 1,3-dimethyl-3, 4,5,6-tetra hydro-2(1H)-pyrimidinone (Aldrich)
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(+)-
R, 4S) - ci s- N[ 4- Chl or o- 5- f or mram do- 6-{[ 4- (hydroxynethyl)iz cyfb%ﬁgptene 1.
-yl]- amnol }-2-pyrimdinyl]isobutyram de.
(1S, 4R) - 4- Am no- 2- cycl opent ene- 1- met hanol, ,di benzoyl -D-§a .
8. 15nml ) prepared as described in Exaﬁbﬁ@ 10, was dispgolved in 90% et
(20m ) and the solution added to a colum of Anberlite TRAA8-OH)-Lesijn
(30m ) which had been prewashed with the sanme sol vent.

then 0.39 g of 1,1'- carbonyl diimidazole (Aldrich, 2.4 mmol} was
added and stirred for 30 minutes at room temperature. Methanol (0.16
ml, 4.0 mmol) was added and stirred for 30 minutes. Tributylammonijum
pyrophosphate (made by exchanging the salt of tetrasodium
pyrophosphate for hydrogen on an jon-exchange resin, then neutralizing
with tributylamine and drying, 2.4 mmol) was added, stirred for 18
hours at room temperature, then 50 ml of water was added. Both
0-diphosphate and  -0-triphosphate were  formed since the
tributylammonium pyrophosphate contained orthophosphate impurity.

The reaction products were separated by DEAE Sephadex ion exchange
chromatography in a 2.5 x 18 cm column of DEAE Sephadex A25
(Pharmacia) which had been equilibrated with 50 mM ammonium
bicarbonate (ABC). The column was washed with 1 L of 100 mM ABC then
with a 2 L linear gradient of 100 to 800 mM ABC to elute the to elute
the title compound followed by the triphosphate as described in more
detail in Example 34. The fractions containing diphosphate were
combined, dried in vacuo, redissolved in water then repeated twice to
yield the ammonjum salt of the title compound (0.032 mmol, 6 % yield)}.
UY scan: in 0.1 M HCT X max = 254 and 298 nm; at pH 7 A max = 259 and
284 nm: in 0.1 M NaOH X max = 258 and 284 nm.

An aliquot of diphosphate was treated with alkaline phosphatase (calf
intestine, Boehringer Mannheim), sampled at various times and
developed on thin layer chromatography (PEI- cellulose, Brinkman, 1M
LiCl1/IM formic acid 1:1). A'sequential conversion of diphosphate to
monophosphate to nucleoside was observed. The final amount of
phosphate released was determined by the method of Bencini (Bencini,
D.A., Wild, J.R., and O'Donovan, G.A. Analytical Biochemistry
132:254-258 (1983)) and the base/phosphate ratio was determined to be
1.0/4.7, indicating the presence of inorganic phosphate. UV purity
was 97% on analytical HPLC (strong anion exchange column eluted with a
gradient of 10mM to 1M ammonium phosphate, pH 5.5).

ol

This Sheet Has Been R

W

III

laced




33 Elution wth 90% et hanol gave basic fractions
and evaporation of portions of toluene-ethanol, |eft
(1S, 4R) - 4- am no- 2- cycl opent ene- 1- net hanol as pal e ygl
was condensed i medi ately with N-(4,6- di ghloro-S-f
| sobutyram de (2.26g, 8.15mmvl) prepared s descri bgd
1, 2-di net hoxyet hane (100m ) with triethylamne (2.
95-110[err]C for 1.5 hours. The resulting solution wa

iﬁﬂﬁ&ﬂf&&q .Qﬂlliatlon

Ay .
oy oi T T+-4g): "whi ch
mi dbexgr i mi i hyl
Exanpl 24 i/n

At
or at ed™t

Example 34

{1S,4R)-4-(2-amino~6-(cyclopropylamino)-9H-purin-9-y1)-2-cyclo
pentene-~l-methanol O-triphosphate

Continued elution of the column described in Example 33 gave, on
evaporation, the ammonium salt of the title compound. This salt was
converted to the sodium salt by passage through a Dowex AG 50W-X8
(Bio-Rad) resin column (sodium form, 20 m1). The fractions containing
nucleotide were concentrated in vacuo to yield 0.4 mmol (81 %). UV
scan: in 0.1 M HC1 X max = 254 and 299 nm; at pH 7 A max = 259 and 284
nm:-in 0.1 M NaOH A max = 259 and 284 nm. Optical rotation in water
at 6.14 g/ 100 ml was []20 = -47.1° at 589nm. UV purity was 99.5 %

" on analytical HPLC (strong anion exchange column eluted with a

~ gradient of 10mM to 1M ammonium phosphate, pH 5.5) with 0.5 %
diphosphate present. An aliquot of triphosphate was treated with
alkaline phosphatase (calf intestine, Boehringer Mannheim), sampled at
various times and developed on thin layer chromatography (PEI-
cellulose, Brinkman, IM LiC1/IM formic acid 1:1). A sequential
conversion of triphosphate to diphosphate to monophosphate to
nucleoside was observed. The final amount of phosphate released was
determined by the method of Bencini (Bencini, D.A., Wild, J.R., and

. 0'Donovan, G.A. Analytical Biochemistry 132:254-258 (1983)) and the
base/phosphate ratio was determined to be 1.0/2.8.

Example 35

(1S,4R)—4-f2fAmino-611cyclopronv]methylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methanol

(1S,4R)-4(2—Aminb-6-chloro-9H-purin-9—y1)-2-cyc1opentené-1-methanol
(274mg, 1.00 mmol), N-cyclopropyl-N-methylamine (0.71g, 10mmol), and
absolute ethanol (6 mL). | The residue was chromatographed on silica
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dark yel I ow syrup which was chromat ographed on silica gegp;
colum with 5-7.5% net hanol - chl orof orm gave the title
yellow solid (2.45g, 84% . Crystallisation of such a

acetonitrile gave the title conpound as fine white cr
194.5-195.5[err]C. [err]HNNR (DVsO-d[err]) [err] 10
9.29 (s, 1, NHCHO, 8.12 (s, 1, CHO, T.i@‘(d J=7.9, 1,
(both m 2, CH=CH), 5.08 (m 1, CHN), 4.71 (t, J=5:

2, CH[err]CH), 2.9-2.6 (m2[err] CHVe and CH), 2.40 (m 1, 0.5
1 33 (n1 1, 0.5CHerr]); [err] + 4.4[err], [err] -20. 7[err] (c=0. 237,

Anabeigal @ﬂa Tigf%%lﬁﬁcfu]nhi[v?arsr]zwt%ﬁr\]rﬁhq@ metfdHoddch ToroPHmdds 3

5 '70 N, 19
colorless glass. Evaporation of an ethanol solution and drying with

phosphorus pentoxide at 0.2 mm Hg gave the title compound as a white
solid foam (293 mg, 98%); 1H-NMR and [a]20589 identical with those of
the title compound of Example 11.

Example A
Tablet Formulations
The following formulations A, B and C are prepared by wet granulation

of the ingredients with a solution of povidone, followed by addition
of magnesium stearate and compression.
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Found: C, 50.67; H 5.78; N, 19.62; d, 9.92. Exanpl e 24

(-)-(1R 4S)-cis-N[6-(cycl opropyl am no) - 9- (4- (hydr oxynet :
-1 -yl)- 9H purin-2-yl]isobutyram de
(+)- (1R 4S)-cis-N-[4-chl oro-5-formam do- 6-{[ 4- (hydr oxyngt |
e-1- yl]am no}-2-pyrimdinyl]isobutyramde(l.949g, 5. 44
described in Exanple 23, was stirred with triethyl ort hof
i ce-wat er bath while concentrated hydrochloric acid (2.0
dropwi se over two

Formulation A

mg/tablet mg/tablet
(a} Active ingredient 250 250
(b) Lactose B.P. 210 26
(c) Povidone B.P. 15 9
(d) Sodium Starch Glycollate 20 12
(e) Magnesium Stearate 5 _3

500 ' 300
Formulation B

mg/tablet mg/tablet
(a) Active ingredient 250 250
(b) Lactose 150 h -
{c) Avicel PH 101 60 26
(d) Povidone B.P. 15 9
(e) Sodium Starch Glycollate 20 12
(f) Magnesium Stearate _5 _3

500 300
Formulation C

mg/tablet
Active ingredient . 100
Lactose 200
Starch 50
Povidone 5
Magnesium stearate ‘ _4

359

The following formulations, D and E, are prepared by direct
compression of the admixed ingredients. The lactose in formulation E
is of the direct compression type (Dairy Crest - "Zeparox").
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m nutes. The resulting clear solution was stirred at anbient tenperature
overni ght. The
volatlles were renoved under vacuum and the residual sy UBHﬂﬂOEMENﬁ.

- 52 -
Formulation D

mg/tablet
Active ingredient 250
Pregelatinised Starch NF15 150

400
Formulation E

mg/tablet
Active ingredient 250
Lactose 150
Avicel 100

500

Formulation F -(Controlled Release Formulation)

The formulation is prepared by wet granulation of the ingredients
(below) with a solution of povidone followed by the addition of
magnesium stearate and compressijon.

mg/tablet

(a) Active ingredient 500
(b} Hydroxypropylmethylcellulose 112
(Methocel K4M Premium)

(c) Lactose B.P. 53
(d) Povidone B.P. 28
(e) Magnesium Stearate _1

700

Drug release takes place over a period of about 6-8 hours and is
complete after 12 hours.
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(1R, 4S)-cis-N-{6-chl oro-9-(4-hydroxynet hyl)-2-cycl opente

-yl )-9H purin-2-yl]iso- butyram de orthoester conjugate)- r%méﬂiﬁ SHE@T
et hanol (30m ) with cycl opropylam ne (10g) for 2.5 hourk.{]Evaporat.ion
syrup, which was dissolved in 10% i sopropanol -chl or of of aznqcn)“n‘
This solution was stirred vigorously w thssaturated aguepus sodi um :
bi carbonate (25m ). The organic | ayer was separated and fthe a r
washed with additional 10% i sopropanol -chl orof orm The clonbi ned or gani c

| ayers were dried (MgSO err]). Evaporation left a pale yellow glass (Z. Hﬁ4
whi ch was chronato%raphed on silica gel. The title conpound was eluted with
23%rrethan Xi acetate as a white solid (1.02g, 53%;
recrystallisation of such a sanple from nethanol -acetonitrile gave the

title conpound a |t% needl es; mp. 197.5-198.5[err]C. [err] H NMR
(DNBC>d[err]§é¥¥j§¥giﬂyﬂg—P§L-1 NHCO), 7.93 (s, 1, purine H8), 7.82 (br s

Formulation A

V)

A capsule formulation is prepared by admixing the ingredients of
Formulation D in Example A above and filling into a two-part hard
gelatin capsule. Formulation B (infra} is prepared in a similar
manner.

Formulation B

* ' mg/capsule
(a) Active ingredient 250
(b) Lactose B.P. 143
(¢) Sodium Starch Glycollate 25
(d) Magnesium Stearate _2
420

Formulation C

mg/capsule
(a) Active ingredient 250
(b) Macrogol 4000 B.P. 350

600

Capsules of formulation C are prepared by melting the Mécrogol
4000 BP, dispersing the active ingredient in the melt and filling the
melt into a two-part hard gelatin capsule.

Formulation D

mg/capsule
Active ingredient 250 .
Lecithin 100
Arachis 0il 100

450
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NH-cycl opropyl), 6.12 and 5.92 (both m 2, CH=CH), 5.50 ( 4.73
(t, J=5.3, 1, OH), 3.46 (m 2, CHerr]-O, 3.25-3.00(mj REpA ' S
CH, 22912 (m 1 CH, 2.75-2.6 (m1, 0.5CHerr]), 1.7-1]}6

0.5CH err]), 1.07 (d, J=6.8, 6, CHwe[err]), 0.75-0.6 ( 4, 2 cyclopropyl,
CH err]); [err] 70.7[err], [err] -1 59.Q[e4r] (c=1.02, 0-300051‘1@96031
for JerrJHerr]Nerr]J]Jerr]: Calcd: C, 60.66; H 6.79
60.62; H 6.83; N, 23.51. Continued elution of the cofum w
met hanol - et hyl acetate gave additional title conpound ]
ca. 10% of (-)- (184R% Ci s-4-[ 2-am no- 6-

(cycl opr opy| Gadsudgs 9 planmulatipn] -B- aye IPspRANEEn YL - ALIREAR NI a§h% g&f bve
yel I ow sol i d;fQafidid28Athe lecithin and arachis oil and filling the dispersion

into soft, elastic gelatin capsules.

Formulation E {Controlled Release Capsule)

The following controlled release capsule formulation is prepared by
extruding ingredients a, b and c¢ using an extruder, followed by
spheronisation of the extrudate and drying. The dried pellets are
then coated with release-controlling membrane (d) and filled into a
two-piece, hard ge]atin capsule.

mg/capsule -
(a) Active ingredient . 250 :
(b) Microcrystalline Cellulose 125
(c) Lactose B.P. 125
(d) Ethyl Cellulose 13
513
Example C
Injectable Formulation
Formulation A.
Active ingredient 0.2060 g
Hydrochloric acid solution, 0.1M, or
Sodium hydroxide solution, 0.1M q.s. to pH 4.0 to 7.0
Sterile water g.s. to 10 ml

The active ingredient is dissolved in most of the water (35°-40°C) and
the pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or
the sodium hydroxide as appropriate. The batch is then made up to
volume with the water and filtered through a sterile micropore filter
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into a sterile 10 ml amber glass vial (type 1) and sealed with sterile
closures and overseals.

Formulation B.

Active ingredient 0.125 g
Sterile, pyrogen-free, pH 7

phosphate buffer q.s. to 25 ml
Example D

Intramuscular injection

Active ingredient 0.20 g
Benzyl Alcohol 0.10 g
Glycofurol 75 1.45 g
Water for Injection g.s. to 3.00 ml

The active ingredient is dissolved in the glycofurol. The benzyl
alcohol is then added and dissolved, and water added to 3 ml. The
mixture is then filtered through a sterile micropore filter and sealed
in sterile 3 ml amber glass vials (type 1).

Example E

Syrup

Active ingredient 0.25 ¢
Sorbitol Solution 1.50 g
Glycerol ' 2.00 g
Sodium Benzoate - 0.005¢g
Flavor, Peach 17.42.3169 " 0.0125 m]
Purified Water g.s. to 5.00 ml
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(-)-(1S,4R)-ci s-4-[ 2- Am no- 6- (cycl opr opyl am no) - 9H—puﬁrﬁw9ry+$~2—cyclopente

N\,

ne-1- met hanol ShLE T S
(-)- (1R 4S)-cis-N[6-(cycl opropyl am no) - 9- (4- ( hydr oxyj yT )™= 2—cyclopertene
-1-yl)--9H purin-2-yl]isobutyram de (1. 33g, 3. 73 k)eg?pggﬁL,
described in Exanple 24, was stirred wthglN hydrochljork c "aci )
days at anbient tenperature. The pH was ag usted to 7 '
hydr oxi de and the m xture evaporated to dryness. The fesidual solids wdre
triturated with hot EtOH (3x25nm ). The ethanol was evaporared TO gave
yel | ow gl ass, which was chromat ogr aphed, on
The active ingredient is dissolved in a mixture of the glycerol and
most of the purified water. An aqueous solution of the sodium
benzoate is then added to the solution, followed by addition of the
sorbitol solution and finally the flavor. The volume is made up with
purified water and mixed well.

Example F
Suppository
ma/suppository
Active ingredient 250
Hard Fat, BP (Witepsol H15 - Dynamit Nobel) 1770

2020

One-fifth of the Witepsol H15 is meited in a steam-jacketed pan at
45°C maximum. The active ingredient is sifted through a 200 um sieve
and added to the molten base with mixing, using a silverson fitted
with a cutting head, until a smooth dispersion is achieved.
Maintaining the mixture at 45°C, the remaining Witepsol H15 is added
to the suspension and stirred to ensure a homogenous mix. The entire
suspension is passed through a 250 pm stainless steel screen and, with
continuous stirring, is allowed to cool to 40°C. At a temperature of
38°C to 40°C, 2.02 g of the mixture 1is filled into suitable, 2 ml
plastic molds. The suppositories are allowed to cool to room
temperature. '

This Sheet Has Been RTlaced

A



silica gel. The title conpound was eluted w th 3% nethan Inﬁﬂag

a colourless solid foam (857ng, 80%, [err]H NVMR and [erf]

that of the title conpound of Exanple 16. Exanpl e 26 +
Yy

24

P L
WERE SREET o
(-)-(1S,4R)-cis-4-[ 2- Am no- 6- (cycl opr opyl ani no) - 9H puri nt yj 110 02T wogntjerie
-1 et hanol hydrochl ori de. - 57 - !
(-)-(1S,4R)-ci s-4-[ 2- Ami no- 6- (cycl opropyl am no) - 9H puri nf- yl | - Z=-Cycropemntede

Example G
Pessaries

mg/pessary
Active ingredient 250
‘Anhydrate Dextrose 380
Potato Starch 363
Magnesium Stearate _7

1000

The above ingredients are mixed directly and pessaries prepared by
direct compression of the resulting mixture.

JAntiviral Activity

a) Anti-HIV Activity

(15,4R)-cis-4-[2-amino-6-{cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methanol was tested for anti-HIV activity in MT4
cells according to the method described by Averett, D. R., J.
Virol. Methods, 23 1989, 263-276 and was found to have an
ICc, value of 4.0 + 1.4 xM (average of 10 determinations).

b) Anti-HBV Activity

The human HBV producer cell Tline of HepG2,2.2.15, described and
characterised by Sells et al., PNAS 84: 1005, 1987 and J.Virol.
62: 2836, 1988 has been shown to share many characteristics of
the HBY chronically infected hepatocyte. It is infectious as
demonstrated by the ability to cause disease in chimpanzees.

To test compounds for anti-HBV activity, monolayer cultures were
treated with the test compound: 50-200uM for ten days.
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met hanol (1.90g, ca. 6.3mmol by [err]HNVR) was dissolved in 1N
hydrochloric acid (7.0nm.) and ethanol. The soluti y
dryness and the residue redissolved in ethanol (15 ﬂﬂqﬂﬁﬁv.; cetate was
added slowy, to a total volunme of 80m . The off- iqﬁfﬁﬁﬁﬂér whi ch forned

was filtered off and dried under vacuumto give th tit{e(§gpnqupd (R.07gq,
97%; mp. collapses at 125-130[err]C, "dec. above 134[erf]C [err]:
A £

-27.1[err], [err] -52.3 (c =0.199, MeOH). Anal. | de—F-ot

Cerr]Herr]Nerr]OHC .0.8H err]O Calcd C, 49.87;] H 6.16; N, 24.92; d,

10.51. Found C, 49.91; H 6.16; N, 24.96; C, 10.5Z
Supernatant media containing extracellular virion ONA (Dane

particles) were harvested on days three, six and ten, treated
with proteinase K (1 mg/mL) and sodium dodecyl sulfate (1%), and
incubated at 50°C for one hour. DNA was extracted with equal
volumes of phenol followed by chloroform and then precipitated by
ammonium acetate and propanol. The DNA precipitate was
dissolved and collected on nitrocellulose using the procedure of
Schieicher and Schuell (S&S, 10 Optical Ave., Keene, NH 03431,
Publication #700, 1987), and treated as described by Southern,
J.Mol.Biol., 98, 503, 1975. Cells were harvested, and the
intracellular DNA was obtained after cell 1lysis with guanidine
isothiocyanate. The intracellular DNA was handled in the same
manner as the extracellular DNA. After precipitation by
ammonium acetate and propanol, the intracellular DNA precipitate
was dissolved, cut by restriction éndonuclease, Hind 111, applied
to agarose gel and then treated as described by Southern to
determine the quantity of replicative intermediate forms. The
antiviral effect of the drug was determined by measuring at least
a 100-fold reduction of the amount of Dane particles extruded
into the culture medium and a similar decrease in the
intracellular replicative intermediates.

(IS,4R)-51574-[2~Amino-6-(N;cyclopropyl-N-methy]amino)-gH-purin-
9-y11-2-cyclopentene-1-methanol was tested by the above procedure
and found to have potent anti-HBV activity at 100zM.
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CLAINS

1. Enantiomeric compounds of the general formula

R

N/ \>

“z“ (1)

»—z

(wherein R represents a cyclopropylamine or N-cyclopropyl-N-
methyl amino group and A represents the 2-cyclopentene-l-metha-
nol-4-yl group in either the (1S,4R) or (1R,4S) configuration)
and their derivatives, the said compounds and their derivatives
each being in the form of an enantiomer substantially free of the
corresponding enantiomer. '

2, (15,4R)-cis-4-[2-Amino-6- {cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1 1-methanol substantially free of the correspond1ng
(1R,4S) enantiomer. '

3. (1S,4R)-cis-4-[2-Amino-6-(N-cyclopropyl-N-methylamino)-SH-purin-
9-y1]-2-cyclopentene-1-methanol substantially free of the
corresponding (1R,4S) enantiomer.

4. Pharmaceutically acceptable salts, esters and salts of esters of
the (1S,4R) enantiomeric compounds of formula (I) claimed in any
of the preceding claims.

5. Phosphate derivatives of the (1R,4S) enantiomeric compounds of
formula (I) claimed in claim 1.
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(-)-(1S,4R)-ci s-4-[ 2- Ami no- 6- (cycl opropyl ani no) - 91 puri n- 9-
(857nmg, 3.00mmol) was dissolved in ethanol - &l
hydrochl oric acid (12m ) was added. The fine White"

acetate and dried under vacuumto give
759 ; np. 176-180[err]C dec. Anal. Calcd. for

ne-1 - net hanol
and 1N et her eal

precipitate was washed w th et hyl
the title conpound (642nyg,

CerrJ]Herr]Nerr]0.2HC Calcd.: C, 46.4pl;- H 5.61; N, 23.39; d, 19.74
Found.: C, 46.882; phardacedtidd] formadatichs 1BmPrising EaanPiE4RP enantiomeric

10.

11.

12.

compound of formula (I) {as defined in claim 1), a
pharmaceutically acceptable derivative thereof or a phosphate
derivative of a (IR,4S) enantiomeric compound of formula (I) (as
defined in claim 1),together with at least one pharmaceutically
acceptable carrier or excipient.

Pharmaceutical formulations as claimed in claim 6 in the form of
tablets or capsules.

Pharmaceutical formulations as claimed in claim 6 or claim 7
wherein the said (1S,4R) enantiomeric compound of formula (I) is
(15,4R}-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-y1]-2-
cyclopentene-1-methanol.

A (1S,4R) enantiomeric compound of formula (I} (as defined in
claim 1), a pharmaceutically acceptable derivative thereof or a
phosphate derivative of a (1R,4S) enantiomeric compound of
formula (I) (as defined in claim 1) for use in medical therapy.

Use of a (1S,4R) enantiomeric compound of formula {I) (as defined
in claim 1), a pharmaceutically acceptable derivative thereof or
a phosphate derivative of a (1R,4S) enantiomeric compound of
formula (I) (as defined in claim 1) in the manufacture of a
medicament for the treatment or prophylaxis of a retroviral
infection or a hepatitis B virus infection.

Use as claimed in claim 10 of (1S,4R)~cis-4-[2-amino-6-(cyclo
propylamino)-9H-purin-9-y1]-2-cyclopentene-1-methanol.

Use as claimed in claim 10 or claim 11 for the manufacture of a
medicament for the treatment or prophylaxis of a human immuno
deficiency virus (HIV) infection.
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(1S, 4R) - 4- ( 2- Ami no-
hanol O di phoshate

- met hanol O nonop

st oronst ) o512 RN

(-)-(1S, 4R) - 4- (2- Ami no- 6- (cycl opropyl am no) - 9K puri n-9-yl ) - 2- cyclopentene 1

hosphat e, prepared as described in Exanple 8, was

converted to the triethylamonium salt 8% t+aking a solution containing 0.49

nmmol of the nonoph

osphate as the ammonium salt, conbining wwith 5 mM of 05

M triethyl anmorg.um tplroeésfsomrt e thabrépytatjon n ofamnppuridsl bbweddriitaahbt héas 5
ni' UM R C?L%gﬂaéh%ﬁhg}ﬂ}%gg \Jhq ch Vﬂoi?ﬁmselhen three

m of 0.5M trleth
times, 5 m of ace
di ssolved in 7 ni

(Al drich) themy. 38e3tg hnlemantdsmeany!c Féﬂdéaéf”f%mﬁtﬁad(lphr 2.4 mol ) vias

added and stlrred
4.0 mml) was adde

B)

|Ie wer e ed and ed in vacuo
of 1 3-di net hyl --3, 4,5, 6-tetrahydro-2(1H)-pyri m di none

for 30 mnutes at roomtenperature. Methanol (0.16 m,

d and stiired for 30

(11)

(wherein A is as defined in claim 1 and Z represents a precursor
group for the said R group as defined in formula (I)) or a
derivative thereof with an agent or under conditions serving to
convert the precursor Z group to the desired R group; or -

reacting an enantiomeric compound of formula (III):-

(111)

2

(wherein A and R are as defined in claim 1, R™ represents

hydrogen or a formyl group and R3 represents an amino protecting
group} or a derivative thereof with an agent serving to effect
formation of the imidazole ring in the desired compound of
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m nutes. Tri butyl amoni um pyrophosphate (made by exchangi ng

t et rasodi um pyrophosphate for hydrogen on an ion-exchange reﬂmlmm“ﬂm““lll“l“l
neutralizing with tributylamne and drying, 2.4 mvl) was added, °stfrr&d ®

for 18 hours at roomtenperature, then 50 nl of water was added Bot h O-

di phosphate and O-triphosphate were-fé2nmed since the tributylamonium

pyrophosphat e contai ned orthophosphate inpurity. 3
formula (I) and to effect removal of the R” amino protecting

group; or

C) reacting an enantiomeric compound of formula (IV):-

R
20
N N T

A
(wherein A-and R are as defined in claim 1 and R3 is an amino
protecting) or a derivative thereof with an agent serving to
effect removal of the R3 amino protecting group, and optionally
effecting one or both of the following conversions in any desired
order:-

(1V)

i) where a compound of formula (I} is formed, converting the
said compound to a derivative thereof; or

ii) where a derivative of a compound of formula (I) is formed,
converting the said derivative to the parent compound of

formula (I) or to a further such derivative.

14. Enantiomeric compounds of formula (II):-

N = \
(11)
HZN
A
REPLACEMENT SHEET
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37 The reaction produ re separated by DEAE Sephadex ﬂl mljg WIJ“III
e um of DEAE Sephadex ¢ pas A
). The

chromat ography in Axi K
- He7 S anmmoni um bi car bonate (AB

whi ch had been equ

col um was washed W ABC then with a 2 L |inear gradient of

100 to 800 mM ABC eljute the title conpound followed by the
cilibed in nore deffai$3in Exanple 29. The fractions

tri phosphate as de
cont ai ni ng di phospfjate were conbl ne { dried in vacuo, redissolved in water

t hen

(wherein A is as defined in claim 1 and Z represents a halo
group) and derivatives thereof.

15. (1S,4R)-cis-(2-Amino-6-chloro-9H-purin-9-y1}-2-cyclopentene
-l1-methanol substantially free of the corresponding (1R,4S)

enantiomer.

16. Enantiomeric compounds of formula (III):-

(I11)

2

(wherein A and R are as defined in claim 1, R™ represent hydrogen

or a formyl group and R3 represents a C1-6 alkanoyl group) and
derivatiyes thereof.

17. Enantiomeric compounds of formula (IV):-

(1v)
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[err] max-259 Ol 1§ M NaOH [err] max = 258 and 284 nm

al i quot of dipho p at"e \wtﬁ‘&at diw t h al kal i ne phosphat ase (cal f

I ntestine, Boehriln shnpl ed at various tines and devel oped on
thin layer chromdtography (PEr- ce|lutds®,~ Brinkman, 1MLid/1M formc
acid 1:1). A sequept+al—eorrerstom of di phosphate to nonophosphate to

nucl eosi de was observed. The final ‘amount of phosphate rel eased was

det er m ned by t h |

O Donovan, ﬁ?\eg}a q‘daﬁdé{a Pge'}s 4%9%3 25%515 (afgs%) }-E%recfﬁpﬂs a
base/ phosphat e IC tq}@lkmyaeg@mﬁ régd d&rmetwe@/mereﬁ-ndu cating the presence
of inorganic phosphate. UV purity was 97% on anal yti cal HPLC (strong anion

h I | f. 1l
exchange colgrm((f % s:dc]vgn hh[sa(gycal%lpregpty]gmm STQVI-& (hydroxymethy1)-2-
cyclopenten-1-y1)-9H-purin-2-yl]isobutyramide substantially free
of the corresponding (1S,4R) enantiomer.

19. Enantiomeric compounds of formula (V}:-

2
_ NHR®
N
|
RgNH/JQE“ NH
l | (v)
A

(wherein A is as defined in claim 1, Z represents a halo group,
Rz represents hydrogen or a formyl group and R3 represents a C1-6
alkanoyl group) and derivatives thereof.

20. " (IR,4S)-cis-N-[4-Chloro-5-formamido-6-( {4- (hydroxymethy1)-2-
cyclopentene-1-y1}amino)-2-pyrimidiny1]}isobutyramide

substantially free of the corresponding {15,4R) enantiomer.

21. Enantiomeric compounds of formula (VI):-

(v}
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g 1 REET AfEanear o
1M amoni um phosph tRFFL'ﬁEMng SHFEI‘Ex npl e 29 mewuﬂlmwul" ,m
(1S, 4R) - 4- (2- am no{64(cycl opropyl afm pho) - 9H puri n-9-yl ) -2-cycl
hanol O-triphosphajef DOCTgghge! Lit| on of the col utm descri bed in Exanpl e
28 gave, on evaporatton, the anmmonf um salt of the title conpound. This salt
was converted to the sodlun1sail*by passage through a Dowex AG 50W X8
(Bi o-Rad) resin colum (sodi um form] 206k ¥. The fractions containing

nucl eoti de were concentrated in vacuo to yield 0.4 mmol (81 %. UV scan: in

0.1 MHCI [err] max = 254 and 299 nm at pH 7 [err]
{wherein A is as defined in claim 1, Z represents a halo group,

and R3 represents a C1-6 alkanoyl group) and derivatives thereof.

22. (1S,4R)-cis-N-[6-Chloro-9-(4-(hydroxymethyl)-2-cyclopentene-1-
y1)-9H-purin-2-y1]isobutyramide substantially free of the
corresponding (1R,4S) enantiomer.

23. Enantiomeric compounds of formula (VIIIA) or (VIIIB):-

(VIIIA) | (VIIIB)

and derivatives thereof.

24. (1S,4R)-4-Amino-2-cyclopentene-1-methanol and the corresponding
dibenzoyl-D-tartrate, substantially free of the corresponding
(1R,4S) enantiomer.

25. (1R,45)-4-Amino-2-cyclopentene-l-methanol and the corresponding
dibenzoyl-L-tartrate. substantially free of the corresponding

(1S,4R) enantiomer.

26. Compounds of formula (VII):-
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(wherein Z represents a halo group, R2 represents a hydrogen or a
formyl group, R3 represents a C1-6 alkanoyl group and R
represents a ha]o.group) and derivatives thereof.

27. N-(4,6-Dichloro-5-formamido-2-pyrimidinyl)isobutyramide.

28. Compounds of formula {IX):-

(1X)

(wherein Z, R3 and R* are as defined in claim 26) and derivatives

thereof.
29. N-(4,6-Dichloro-5-nitro-2-pyrimidiny1)isobutyramide.

30. Compounds of formula (X):-

H oS l

R3wn N R* (X)
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nonophosphate t¢
rel eased was de
O Donovan, G A

0

t

Ni
waﬁ’&tm%ﬂ&&ivmth al kal i ne phosphat ase (cal f |ntest|ne
hej ) 5afpl ed &t jvarious times and devel oped on thin

ia:)h)ﬁ é?\ae

IuI e, Brinkman, 1M LiCl/1/Mformc acid

rsion | of trirpAdsphate to di phosphate to

opserved. The final anount of phosphate

m ned by the ne}jhod of Bencini, D.A, WId, J.R, and

b

ytilCal

Biochem stry 132: 254-258 (1983)) and

base/phosphate rati o was deternlned to be 1.0/2.8.
(wherein R3 and R are as defined in claim 26) and derivatives.

31.

N-{4-Chloro-1,6-dihydro-5-nitro-6-oxo-2-pyrimidiny1}

isobutyramide.
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( iS, 4R% h4- [ I2 Ami oRBPKW&{EBBerBt hyl am no) - 9H puri n- 9-yl ]| lll'"cmmj “I'!lullslzumull
-1- et hano = > -
(1S, 4R) - 4( 2- Am ng- tp eToseui - 9-yl ) - 2-cycl opent ene- 1- met hanol (274ny,
1.00 mmol ), N-cyd -N-net hyl gm ne (0.71g, 10nmmol), and absolute
ethanol (6 m). Th ' r dmat ot aphed on silica gel. The Title
conpound_ﬂﬁﬂ!ﬁlut d with 10% net hagol - chl orof orm as a col orl ess gl ass.
Evaporati on of an-ethanol solution and drying with phosphorus pentoxi de at
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Exanpl e 9. formula

(1)

{wherein R represents a cyclopropylamino or N-cyclopropyl-N-
methyl amino group and A represents the 2-cyclopentene-l-metha-
nol-4-yl group in either the (1S,4R) or (IR,4S) configuration) and
their derivatives, the said compounds and their derivatives each being
in the form of an enantiomer substantially free of the corresponding
enantiomer, which process comprises'

. A} treating an enantiomeric compound of formula (II):-

(I1)

(wherein A is as defined above and Z represents a precursor group for
the said R group as defined in formula (I)) or a derivative thereof
with an agent or under conditions serving to convert the precursor Z
group to the desired R group; or



"Exanple A Tablet Fornulations The follow ng fornulations A, Hﬂlﬂ Ilﬂmuml " |I||
prepared by wet granulation of the ingredients with a solutio , _
fol l owed by addition of magnesium stearate and conpression. e mos

- 69 -
1 .BEPLACEMENT SHEET
B) reacting an enantiomeric compound of formula (III):- 10 OCT 1996
R 1
NHR
N
/,1\\\ l (111)
NN
R N NH
A

2

(wherein A and R are as defined above, R® represents hydrogen or a

formyl group and R3 represents an amino protecting group) or a
- derivative thereof with an agent serving to effect formation of the
imidazole ring in the desired compound of formula (I} and to effect
removal of the R3 amino protecting group; or

C) reacting an enantiomeric compound of formula (IV):-

R
pes,

A
- (wherein A and R are as defined above and RS is an amino protecting)
or a derivative thereof with an agent serving to effect removal of the
R3 amino protecting group, and optionally effecting one or both of the

following conversions in any desired order:-

(1v)

i) where a compound of formula (I) is formed, converting the said
compound to a derivative thereof; or

" This Sheet Has Been Rep
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ii) where a derivative of a compound of formula (I) 1is formed,
converting the said derivative to the parent compound of
formula (I) or to a further such derivative.

2. A process as claimed in claim 1 wherein the enantiomeric compound of
formula (1) 1is (1S,4R)-cis-4-[2-amino-6-{cyclopropylamino)-9H-purin-
9-y1]-2- cyclopentene-1l-methanol substantially free of the
corresponding (1R,4S) enantiomer.

3. A process as claimed in claim 1 wherein the enantiomeric compound of
formula {I) is (1S,4R)-cis-4-[2-amino-6-(N-cyclopropyl-N-methylamino)
-9H-purin- 9-y1]-2-cyclopentene-l-methanol substantially free of the
corresponding (1R,4S) enantiomer.

4. A process as claimed in claim 1 for the preparation of
pharmaceutically acceptable salts, esters and salts of esters of the
(15,4R) enantiomeric compounds of formula (I).

5. A process as claimed in claim 1 for the preparation of the phosphate
derivatives of the (1R,4S) enantiomeric compounds. of formula (I).

6. A process for the preparation of enantiomeric compounds of formula

(Iv) (as defined in claimll) which comprises reacting an enantiomeric

compound of formula (vI)

(V1)
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8.

precursorgroup for the said R group as defined in formula (I)) with an
agent or under conditions serving to convert the precursor group Z to
the desired R group. '

A process for the preparation of enantiomeric compounds of formula
(V1) (as defined in claim 6} which comprises reacting an enantiomeric
compound of formula (V)

N .
‘ ()
A

(wheréin A, Z and R3 are as defined in claim 6 and R? represents a
hydrogen or a formyl group) with an agent serving to effect formation
of the imidazole ring in the desired compounds of formula (VI).

A process for the preparation of enantiomeric compounds of formula V
(as defined in claim 7) which comprises reacting a compound of formula
(viI)

N

NHR®

/KN. R (viI)
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359 The follow pg formlations, euﬁiTz ﬂfe prepared by direct
conpressi on of the

{wherein Z, R™ and R3 are as defined in claim 7 and R4 represents a

leaving group) with an enantiomeric compound of formula (VIIIA) or
(VILIB)

2

We NH,

(VIIIA) , ' (VIIIB)
or a derivative thereof.

9. A process for the preparation of compounds . of (VII) (as defined in
claim 8) which comprises reducing a compound of formula (IX)

NO
N/ l :
2 /'\ 4 (1X)
&SI N R

{wherein Z, R3 and R4 are as defined in cIa1m 8) to effect conversion
of the NO2 group to an NH2 group and optionally converting the
resulting NH2 group to a formamido group.
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adm xed ingredients. The |actose in formulation Eis of the direct
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THERAPEUTIC NUCLEQSIDES

ABSTRACT

The present invention relates to 6-substituted purine carbocyclic
nucleosides and their use in medical therapy particularly in the
treatment of HIV and HBV infections. The invention also relates to
pharmaceutical formulations and processes for the preparation of
compounds according to the invention.
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| DATT OF RECEIPT ki  THERAPEUTIC NUCLEOSIDES

The present invention relates to purine nucleoside analogues containing an
unsaturated carbocyclic ring in place of the sugar residue, phamaceuticaily
acceptable derivatives thereof, and their use in medical therapy, particularly for the
treatment of certain viral infections.

AIDS (acquired immunodeficiency syndrorhe) is an immunosuppressive or
immunodestructive disease that predisposes subjects to  fatal opportunistic
infections. Characteristically, AIDS is associated with a progressive depletion of T-
cells, especially the helper-inducer subset bearing the OKT* surface marker.

Human immunodeficiency virus (HIV) has been reproducibly isolated from patients
with AIDS or with the symptoms that frequently precede AIDS. HIV is cytopathic and
appears to preferentially infect and destroy T-cells bearing the OKT* marker and it is
now generally recognized that HIV is the etiological agent of AIDS.

Since the discovery that HIV is the etiological agent of AIDS, numerous proposals
have been made for anti-HIV chemotherapeutic agents that may be effective in
treating AIDS sufferers. Thus, for example, US-A-4,724,232 describes 3'-
azido-3'-deoxythymidine (which has the approved name zidovudine), its
pharmaceutically acceptable derivatives and their use in the treatment of human
retrovirus infections including AIDS and associated clinical conditions. Vince et al.,
Antiviral Research, 8 (1/2), 120 (1988) describes certain carbocyclic nucieoside
analogs and their use against HIV. . At the Second international Conference on
Antiviral Research, Williamsburg, VA, Apri 10-14, 1988, (&)-9-{cis4-
(hydroxymethyl)-2-cyclopentenyl)guanine (NSC-614846), also known as carbovir,
was disclosed.

Worldwide, hepatitis B virus (HBV) is another viral pathogen of major consequence.
It is most common in Asian countries, and prevalent in Sub-Saharan Africa. The
virus is etiologically associated with primary hepatoceliular carcinoma.

The United States curmrently contains an estimated pool of 500,000-1 million
infectious carriers. Chronic active hepatitis will develop in over 25% of carriers, and
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Ayi cel 100
500 Fornulation F (Controll ed Rel ease Fornmulation) The fornmulation is
prepared by wet granulation of the ingredients (below) with a solution of
povi done foll owed by the addition of nagnesium stearate and conpression.
ng/tablet (a) Active ingredient 500 (b)

Hydr oxypr opyl nmet hyl cel | ul ose 112 2

often progresses to cirrhosis. It is estimated that 5000 pecple die from HBV-ralated
cirthosis each year in the USA, and that perhaps 1000 die from HBV-related liver
cancer. Even when a universal HBV vaccine is in place, the need for effective anti-
HBV compounds will continue. The large reservoir of persistently infected cariers,
estimated at 220 million worldwide, will receive no benefit from vaccination and will
continue at high risk for HBV-induced liver disease. This carrier population serves
as the source of infection of susceptible individuals perpetuating the incidence of
disease particularly in endemic areas or high-risk groups such as iV drug abusers
and homosexuais. Thus, there is a great need for effective antiviral agents, both to
control the chronic infection and reduce progression to hepatocellular carcinoma.

Clinical effects of infection with the HBV virus range from headache, fever, malaise,
nausea, vomiting, anorexia and abdominal pains. Replication of the virus is usually
controlled by the immune response, with a course of recovery lasting weeks or
months in humans, but infection may be more severe leading to persistent chronic
liver disease as outlined above.

FR-A-2626002 discloses certain optically-active isomers of carbocyclic purine
nucleosides, including carbovir, and their use in the treatment of HIV virus.
EP-A-366385 discloses amino acid esters of the carbocyclic purine nucleoside
carbovir.

EP-B-349242 discloses certain 6-substituted purine

carbocyclic nucleosides and their use in medical therapy particularly in the treatment
of HIV and HBV infections. Among such nucleosides are the compounds ()-Cis4-
[2-amino-6-(cyclopropylamino)-9H-purin-9-yi}-2-cyclopentene-1-methanol and (+)-
cis-4-[2-amino-6-(cyciopropyimethylamino)-SH-purin-8-yi}-2-cyciopentene-1-
methanol, i.e. each in the form of a racemic mixture of their relevant enantiomers.
We have now found that the individual isolated enantiomers of the two compounds
mentioned above and their pharmaceutical derivatives have advantageous antiviral
activity, particularly against HIV and HBV infections, coupled with low cytotoxicity
and/or are useful as intermediates for the preparation of compounds having such
activity.

According to one feature of the present invention there are provided enantiomeric
compounds of the general formula

#
REPLACEM_ENT . C‘ ' %
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(Met hocel KAM Premium (c) Lactose B.P. 53 (d)

‘Povi done B. P. 28 (e) Magnesium Stearate
7 i _ 700 Drug rel ease takes place over
a period of about 6-8 hours and is conplete after 12 hours.
3
R

(wherein R represents a cyclopropylamino or N-cyclopropyl-N-methyl amino group
and A represents the 2-cyclopentene-i-methanol4-yl group in the (1S,4R)
configuration) and their derivatives (for example, esters, saits and saits of esters),
the said compounds and their derivatives each being in the form of an enantiomer
substantially free (for example to the extent of less than 10% w/w, preferably less
than 5%wiw) of the corresponding enantiomer.

The enantiomeric compounds of formula (!), i.e. substantially free of the
corresponding enantiomer, thus comprise: -

1) (18,4R)-cis-4-[2-amino-6-(cyclopropylamine)-9H-purin-S-yi]-2-
cyclopentene-1-methanol

2) (18,4R)-cis-4-[2-amino-6-(N-cyclopropyl-N-methytamino)-8H-purin-8-yi}-2-
cyclopentene-1-methanol

Compounds 1) and 2) above, hereinafter referred to as the (15,4R) enantiomeric
compounds of formula (I), with a negative (-) optical rotation, have been found to
have especially potent activity against HIV and HBV infections, and these
compounds and their pharmaceutically acceptable derivatives represent preferred
embodiments of the present invention. The compounds have the further advantage
that, upon administration, they are capable of penetrating the blood-brain barrier to
provide high levels of the compounds or active metabolites thereof in the central
nervous system where manifestations of HIV infections are particularly
debilitating. Compound 1) above is especially preferred in view of its exceptionally
potent activity against HIV and HBV infections. The compound has also been found
to have significantly lower toxicity against bone marrow progenitor cells than 3'-
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Exanple B Capsule Fornulations Fornulation A

4
azido-3'-deoxythymidine (zidovudine) referred to above.

The above (1S,4R) enantiomeric compounds of formula (I) and their
pharmaceutically acceptable derivatives are hereinafter referred to as the antiviral
compounds according to the invention. '

According to further features of the present invention we provide: -

a) Antiviral compounds according to the invention for use in medical therapy
particularly for the treatment or prophylaxis of a retroviral infection or a hepatitis
B viral infection; and

b) Use of an antiviral compound according to the invention in manufacture of a
medicament for the treatment or prophylaxis of any of the above-mentioned
infections or conditions.

Examples of retroviral infections which may be treated or prevented in accordance
with the invention include human retroviral infections such as human
immunodeficiency virus (HIV), HIV-1, HIV-2 and human T-cell lymphotropic virus
(HLTV), e.g. HTLV-{ or HTLV-Il infections. The antiviral compounds according to the
invention are especially useful for the treatment of AIDS and related clinical
conditions such as AlDS-related complex (ARC), progressive generalized
iymphadenopathy (PGL), AlDS-related neurological conditions, such as multiple
sclerosis or tropical paraparesis, and anti-HIV antibody-positive and HIV-positive
conditions for example in asymptomatic patients, and thrombocytopenic purpura.
The compounds may also be used in the freatment or prevention of psoriasis.

By "pharmaceutically acceptable salt, ester or salt of such ester, of a (1S, 4R)
enantiomeric compounds of formula (I), is meant a compound which upon
administration to the recipient, is capable of providing (directly or indirectly) such
an enantiomeric compound.

Preferred esters of the (1S,4R) enantiomeric compounds of formula (l) include
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A capsule fornmulation is prepared by adm xi ng the ingredients of

Formulation D in Exanple A above and filling into a two-part hard gelatin
capsul-e. Fornulation B (infra) is prepared in a simlar nmanner.

Formul ati on B ng/ capsul e (a) Active

I ngr edi ent 250 (b) Lactgpse B.P. 143
(c) Sodium Starch dycollate 25 (d) Magnesium Stearate

2 420 Forrmul ation C

Mg/ capsul &arboxyiic acid esters in which the non-carbonyi maiety of the ester grouping is
selected from straight or branched chain alkyl, e.g. n-propyi, t-butyl, n-butyl,
alkoxyalkyl (e.g. methoxymethyl), aralkyl (e.g. benzyl), aryloxyalkyt (e.g.
phenoxymethyi), aryl (e.g. phenyi optionally substituted by halogen, C,_ akyiorC,
alkoxy or amind); sulfonate esters such as alkyl- or aralkylsuifonyl (e.g.
methanesuifonyl); amino acid esters (e.g. L-vaiyt or L-isoleucyl); and mono-, di- or
tri-phosphate esters.

The phosphate esters of compounds of formula (I), may be further esterified by,
for exampie, a Cy.p5alcohol or reactive derivative thereof, or by a 2,3-di(Cqg 5 )acyi
glycerol, for example 2,3-bis-(hexanoyloxy)propyl hydrogen phosphate and 2,3-bis-
(hexadecanyloxy)propyl hydrogen phosphate deriv_ativeé. In addition to such further
esterified phosphate derivatives of the compounds of formula.(l), the present
invention further includes such derivatives of the racemic compounds of formula ().

With regard to the above-described esters, any aryl moiety present in such esters
advantageously comprises a pheny! group.

Pharmaceutically acceptable acid- addition saits of the (1S,4R) enantiomeric
compounds of formula (I) include mono- or di- basic salts with the appropriate acid
for example orgamc carboxyhc acids such as acetic, lactic, tartaric, malic, isethionic,
lactobionic and succinic acids; organic sulfonic acids such as methanesulfonic,

. ethanesulfonic, benzenesulfonic and. p-toluenesulfonic acids and inorganic acids
such as hydrochloric,' sulfuric, phosphoric and sulphate methanesuiphonate
sulfamic acids. The hydrochloric acid salts (ie. the mono- and dihydrochlorides)
are particularly preferred.

The above antiviral compounds according to the invention may be employed in
combination with other therapeutic agents for the treatment of the above
infections or conditions. Examples of such further therapeutic agents include agents
that are effective for the treatment of viral infections or associated. conditions
such as 3'-azido-3'-deoxythymidine (zidovudine), 2',3'-dideoxynucleosides such as
2,3-dideoxycytidine, 2',3'-dideoxyadencsine and 2' ,3'-dideoxyinosine, acyclic
[re————— .
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(a) Active ingredient 250 (b) Macrogol 4000 B. P.

350 600 Capsules of fornmulation C
are prepared by nelting the Macrogol 4000 BP, dispersing the active
ingredient in the nelt and filling the nmelt into a two-part hard gelatin
capsule. Fornulation D ng/ capsul e Active
i ngredi ent 250 Leci® hin

100 Arachis Q| 100

nucleosides (e.g. acyclovir), interferons such as a-interferon, renai excretion
inhibitors such as probenicid, nucleoside transport inhibitors such as
dipyridamole, dilazep, mio-, lido- or soluflazine, or hexobendine,
immunomodulators such as interfeukin 1l and granulocyte macrophage colony
stimulating factors, soluble CD, or genetically engineered derivatives thereof, and
phosphonoformic acid. The component compounds of such combination therapy
may be administered simultaneously, in either separate or combined formulations,
or at different times, e.g. sequentially such that a combined effect is achieved.

The antiviral compounds according to the invention, aiso referred to herein as the
active ingredient(s), may be administered for therapy by any suitable route including
oral, rectal, nasal, topical (including buccal and sublingual), vaginal and parenteral
(including subcutaneous, intramuscular, intravenous and intradermal). it will be
appreciated that the preferred route will vary with the condition and age of the
recipient, the nature of the infection and the chosen active ingredient.

In general a suitabie dose for each of the above-mentioned conditions (e.g. AIDS)
will be in the range of 3.0 to 120 mg per kilogram body weight of the recipient (e.g.
a human) per day, preferably in the range of 6 to 90 mg per kilogram body
weight per day and most preferably in the range 15 to 60 mg per kilogram body
weight per day. The desired dose is preferably presented as two, three, four, five,
six or more sub-doses administered at appropriate intervals throughout the day.
These sub-doses may be administered in unit dosage forms, for example,
containing 10 to 1500 mg, preferably 20 to 1000 mg, and most preferably 50 to
700 mg of active ingredient per unit dosage form.

Ideally, the active ingredient should be administered to achieve peak plasma
concentrations of the active compound of from 1to 75 uM, preferably

2 to 50 uM, most preferably about 3 to 30 uM. This may be achieved, for
example, by the intravenous injection of a 0.1 to 5% solution of the active
ingredient, optionally in safine or orally administered as a bolus containing 1
to 100 mg/kg of the active ingredient Desirable biood levels may be
maintained by a continuous infusion to provide 0.01 to 5.0 mg/kg/hour
or by intermittent infusions containing 04 to 15 mg/kg of the active
ingredient. '
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While it is possible for the active ingredient to be administered alone it is
preferabie to present it as a pharmaceutical formuilation. The formulations of the
present invention comprise at least one active ingredient, as defined above,
together with at least one pharmaceutically acceptable carrier or excipient.
Formulations include those adapted for oral, rectal, nasal, topical (including
buccal and sublingual), vaginal or parenteral (including subcutaneous,
intramuscular, intravenous and intradermal) administration. The formulations
may conveniently be presented in unit dosage form and may be prepared by any
methods well known in the art of pharmacy  Such methods include the step of
bringing into association the active ingredient with the carrier which constitutes
one or more accessory ingredients. In general, the formutations are prepared by
uniformly and intimately bringing into association the active ingredient with liquid
carriers or finely divided solid carriers or both, and then if necessary shaping the
product.

Formulations of the present invention adapted for oral administration may be
presented as discrete units such as capsules or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous or non-aqueous fiquid; or as an oilin-
water fiquid emulsion or a water-in-oil liquid emulsion. The active ingredient
may also be presented as a bolus, electuary or paste.

A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder (e.g. povidone, gelatin,
hydroxypropyimethyl cellulose), lubricant, inert diluent, preservative, disintegrant
(e.g. sodium starch glycollate, cross-linked povidone, cross-linked sodium
carboxymethy! cellulose) surface-active or dispersing agent.

Moulded tablets may be made by moulding in a suitable machine a mixture of
the powdered compound moistened with an inert liquid diluent. The tablets may
optionally be coated or scored and may be formulated so as to provide slow or
controlled release of the active ingredient therein using, for example,
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Capsul es of formulation D are prepared by dispersing the active ingredient
In the lecithin and arachis oil and filling the dispersion into soft,

el astic gelatin capsules. Formulation E (Controlled Rel ease Capsule) The
followi ng controlled rel ease capsule fornmulation is prepared by extruding
ingredients a, b and ¢ using an extruder, followed by spheronisation of the
extrudate and drying. The dried pellets8re then coated with

rel ease-controlling nenbrane (d) and filled into a two-piece, hard gelatin

| e. . . [ I Agt i .
icﬁgfgdieenpydroxypropylmethyl fggulose in varying propg%ocn%pst% epré\%e tt=.1 Vgeszred

release profile. Tablets may optionally be provided with an enteric coating, to
provide release in parts of the gut other than the stomach.

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

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

Formulations adapted for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to
the active ingredient such carmriers as are known in the art to be appropriate.

Formulations adapted for parenteral administration include aqueous and non-
aqueous isotonic sterile injection solutions which may contain anti-oxidants,

20 buffers, bacteriostats and solutes which render the formulation isotonic with the
blood of the intended recipient, and aqueous and non-aqueous sterile
suspensions which may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or muitidose sealed containers, for
example, ampules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carmrier, for exampie water
for injections, immediately prior to use. Extemporaneous injection solutions
and suspensions may be prepared from sterile powders, granules and tablets of
the kind previously described.

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

it should be understood that in addition_ to the ingredients particularly mentioned
above the formulations of this invention may include other agents conventional in
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(b) Mcrocrystalline Cellulose 125 (c) Lactose B.P.
'125 (d) Ethyl Cellul ose 13

513 Exanple C Injectable Fornmulation A Active ingredient

0.200 9 Hydrochloric acid solution, 0.1 M or Sodi um hydroxi de sol ution,
0.1Mg.s. to pH 4.0to 7.0 Sterile water g.s. to

10 m 9

the art having regard to the type of formulation in question, for exampie, those
suitable for oral administration may include such further agents as thickeners and
flavoring agents.

The present invention further includes the following process for the preparation of
enantiomeric compounds of formula (I) above and derivatives thereof. The
enantiomeric starting materials and precursors for such materials which are
employed as described below in relation to the process are eachin the form of
an enantiomer substantially free (e.g. to the extent referred to above in relation to
compounds of formula (I)) of the other enantiomer. The process according to the
invention comprises either:

Z
N

/

LY

NS
N~ N
HN™ |
A

A) treating an enantiomeric compound of formula (11):-

(i

(wherein A is as hereinbefore defined and Z represents a precursor
group for the said R group as defined in formula (1)) with an agent or under
conditions serving to convert the precursor Z group to the desired R group; or

B) reacting an enantiomeric compound of formula ({11):-

R
NHR?
N e
N I NH
A
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The active ingredient is dissolved in nost of the water (35[err]-40[err]C
‘and the pH adjusted to between 4.0 and 7 0 with the hydrochloric acid or

t he sodi um hydroxi de as appropriate. The batch is then nade up to volune .
with the water and filtered through a sterile mcropore filter into a
sterile 10 m anber glass vial (type 1) and sealed with sterile closures
and overseal s. 10

(wherein A and R are as hereinbefore defined, R? represents hydrogen or a
formy! group and R® represents an amino protecting group, e.g. an acyl group
such as a C,4alkanoyl group, e.g. formyl, acetyl or isobutyryl) with an agent
serving to effect formation of the imidazole ring in the desired compound of
formula () followed by removal of the R® amino protecting group; or

C) reacting an enantiomeric compound of formula (IVy--

R
N7 | N\>
\8

)\ N

Rnd” N |

A
(wherein A and R are as hereinbefore defined and R®is an amino protecting
group, e.g. as described above in relation to formula (Ilf)) with an agent
serving to effect removal of the R® amino protecting group, and

optionally effecting one or both of the following conversions in any desired
order: -

(V)

=

where a compound of formula (l) is formed, converting the said
compound to a derivative thereof; or

ii) where a derivative of a compound of formula (I} is formed, converting the
said derivative to the parent compound of formula () or to a further such
derivative.

Process A) may be carried out in conventional manner, for example, by treatment of
a compound of formula (Il) in which Z represents a leaving group (e.g. a halo
such as a chioro group) with an appropriate amine, i.e.cyclopropylamine or N-
cyclopropyl-N-methylamine, preferably in an excess to introduce the amino R
group as defined above, advantageously at reflux or at a temperature greater than
50°C, preferably in the presence of an organic solvent, for example methanol or

ethanol.
REPLACEMENT grger ?
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43 Fornulation B. Active ingredi ent 0.125 g Sterile,

‘pyrogen-free, pH 7 phosphate buffer g.s. to 25 M Exanple D
I ntrarmuscul ar i njection

11

Process B) may be carried out, for example, by reacting a compound of formuia (1)
with formic acid or a reactive formic acid derivative (e.g. triethylorthoformate or
diethoxymethyl acetate) optionally with a co-solvent such as a dimethytacetamide

. or dimethyiformamide at an elevated temperature preferably at 75-90°C. This
reaction conveniently effected by the addition of slightly more than equivalent of
a strong anhydrous acid, e.g. with 1.1 equivalents of ethanesulfonic acid per
equivalent of compound of formuia (Ill), in which case lower temperatures (e.g.
25°C) are used.

Process C) may be camied out, for example, by reacting an enantiomeric
compound of formula (IV) with an acidic agent, for example, dilute aqueous
hydrochloric acid.

The compounds of formula (ll) employed as starting materials process A) may
be prepared for example, in an analogous manner to process B), i.e. by reacting a

corresponding enantiomeric compound of formula (V)
z

NHR?
N/

I
R’NH)\\ N
NH
| )
A .

(wherein A, Z, R%and R are as hereinbefore defined) or a derivative thereof with an
agent serving to effect formation of the imidazole ring in the desired compound of
formula (If) and to effect removal of the R? amino protecting group. The reaction

may be carried out using those agents and conditions described above for process
B).

The compounds of formula (lll) employed as starting materials in process B) may
be prepared for example by treating an enantiomeric compound of formula (V)
above with an agent or conditions serving to convert the precursor group Z to the
desired R group, in an analogous manner to that described for process A).
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Active ingredi ent 0.20 g Benzyl Al cohol

0.10 g dycofurol 75 1.45 g Water for injection
g.s. to 3.00 M The active ingredient is dissolved in the glycofurol.
The benzyl al cohol is then added and di ssol ved, and water added to 3 m .
The m xture is then filtered through a sterile mcropore filter and seal ed
in sterile 3 mM anber glass vials (type1%). Exanple E Syrup

The compounds of farmuia (IV) referred to above may be prepared, for example, by
reacting an enantiomeric compound of farmula (V1)

4

NZ NN

‘ \
Rﬁ!i//L§ﬁV “£>
A

(wherein A, Z and R® are hereinbefore defined) with an agent or under conditions
serving to convert the precursor group Z to the desired R group, i.e. in an analogous
manner to that described for process A).

M)

The compounds of formula (V1) above may be prepared for exampie by reacting an
enantiomeric compound of formula (V) above with an agent serving to effect
formation of the imidazole ring in the desired compound of formula (V1), for example
by treatment with formic acid or a reactive formic acid derivative, as described above
in relation to process B).

. Particularly preferred intermediates for the preparation of (1S,4R)-cis-4-[2-amino-6-
cyclopropylamino)-8H-purin-9-yiJ-2-cyclopentene-1-methanol, i.e. the preferred
compound 1) above, include:-

a) (1R,4S)-cis-N-{6-(cyclopropylamino)-9-{4-(hydroxymethyl)-2-cyclopenten-1-
yl)-8H-purin-2-yljisobutyramide;

b) (1R,4S)-cis-N-{chioro-5-formamido-6-(4-(hydroxymethyl)-2-cyclopentene-1-
ylyamino)-2-pyrimidinyflacetamide;

c) (1S 4R)-cis-(2-amino-6-chioro-9H-purin-9-yl)-2-cyclopentene-1-methanol

d) (1R,48)-cis-N-{6-chloro-8-(4-(hyrdroxymethyl)-2-cyclopentene-1-yl)-9H-purin-
2-yllisobutyramide.
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Active ingredient 0.25 9 Sorbitol Solution

"1.50 9 dycerol 2.00 9 Sodi um Benzoat e

0. 005 9 Flavor, Peach 17.42.3169 0.0125 M Purified Water (g.s. to
5.00mM The active ingredient is dissolved in a mxture of the glycerol and
nost of the purified water. An aqueous solution of the sodium benzoate is

t hen added to the solution, foll owed byl3addition of the sorbitol solution

and finally the flavor. The volune is nade up with purified water and m xed
wel | .

The enantiomeric compounds of formula (V) employed as starting materials as
described above may be prepared for exampie by reacting a compound of formuia

(Vi)
4
NHR?
N |
R"NH/k\N R* o)

(wherein Z, R? and R® are as hereinbefore defined and R* represents a leaving
group, e.g. a halo such as a chloro group) or a derivative thereof with an
enantiomeric compound of formuia (VIIIA) or (VIIIB)

NH
HO—I .-. l 2 Hle — _OH

(VIIIA) (VIIIB)
or a derivative thereof

The last-mentioned reaction is advantageously effected in the presence of a base
such as a tertiary amine for example triethylamine or trimethylamine advantageously
. in an organic solvent such as dimethoxyethane or ethanol.

The compounds of formula (VIIIA) or (VIIIB) having the appropriate enantiomeric
configuration can be obtained by complexing the corresponding racemic compound,
i.e. (+)4-amino-2-cyclopentene-1-methanol with an optically active carboxylic acid
(for example dibenzoyl-D-tartaric acid) and then fractional crystallisation of resulting
diastereomeric salts. Alternatively, enzymatic resolution may be employed as
described for example in J.Med.Chem. 1987 30, 746 and J.Med.Chem., 1985 28
1385.

The compounds of formula (VI) employed as starting materials above may be
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44

Exanple F

14

prepared in a conventional manner for exampie by reducing a compound of formuia
{1X)

N .
N R

(wherein Z, R%and R* are as hereinbefore defined) to effect conversion of the NO,
group to an NH, group and optionalily converting the resulting NH, group to a
formamido group, for example, by treatment with formic acid/acetic anhydride.

RNH

The compounds of formula (IX) may be prepared in conventional manner. Those
compounds in which Z represents a halo, for example chloro group may be
prepared for example by halogenafing, for example using phosphorus
oxychlioride, a corresponding compound of formula (X)

O
NO
HN | 2
N

(wherein R®and R* are as hereinbefore defined).

The compounds of formula (X) may also be prepared in conventional manner, for
example by reaction of a compound of formula (XI)
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Supposi tory
"ng/ suppository Active ingredi ent

250 Hard Fat, BR (Wtepsol H1S - Dynamit Nobel) 1770

2020 One-fifth of the Wtepsol H15 is nelted in a steamjacketed pan at
45[err] C maxi num The active ingredient is sifted through a 200 [err]m

si eve and added to the nolten base witfASnixing, using a silverson fitted
with a cutting head, until a snooth dispersion is achieved. Mintaining the
m xture at 45[err]C, the remaining Wtepsol HL5 is added to the suspension
and stirred to ensure a honobgenousm x. The entire suspension is passed
through a 250 [err] m stainl ess st/eHI\ scretla\lnoand, w th continuous

HN I :

N X!
HzN N R‘ ( )

(wherein R* is as hereinbefore defined) with an appropriate agent serving to
introduce the amino protecting group, for example by reaction with an
appropriate carboxylic acid or a functional equivalent thereof e.g. isobutyric
" anhydride. The compound of formula (XI) may be prepared by nitration of a

corresponding compound of formula (XII)

O

HN ]
>
H N% NN e (X11)
2

(wherein R* is as hereinbefore defined).

A compound of formula (I) may generally be converted into an ester thereof by
reaction with an appropriate esterifying agent, e.g. an acid halide or anhydride.
The compound of formula (I), inciuding esters thereof, may be converted into
salts thereof in conventional manner, for example, by treatment with an appropriate
acid. An ester or salt of a compound of formula (I) may be converted into the
parent compound, for example by hydrolysis.

Thus the O-monophosphate of a compound of formula (I} may be prepared by
treating the parent with an appropriate phosphorylating agent, e.g. phosphorus
oxychloride as in M.Yoshikawa, T.Kato and T.Takenishi, Bulletin Chem. Soc.
Japan, 1969, 42, 3505. The corresponding 0-di- and O- triphosphates may be
prepared by methods described in "Nucleotide Analogs” by K.H.Sheit, John Wiley
and Sons, New York 1980, pp. 211-215 and in D.E.Hoard and D.G.Oft,
J.Amer.Chem.Soc. 1965, 87, 1785, e.g. by making the imidizolate derivative of
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stirring, is allowed to cool to 40[err]C. At a tenperature of 38[err]Cto
‘40[err]C, 2.02 g of the mxture is filled into suitable, 2 m plastic
nol ds. The suppositories are allowed to cool to roomtenperature. Exanple

G Pessaries ng/ pessary Active ingredient
250 Anhydrate Dextrose 380 Potato Starch
363 Magnesi um St ear ate 16 7

1000

the relevant 0-monophosphate and by subsequent reaction of this derivative with
phosphate to give O-diphosphate or with pyrophosphate to give O-triphosphate.
For the preparation of esterified phosphate derivatives referred to above, the
parent compound of formula (I) may be treated with an approprate di-alkanoyi
phcsphatidyl choline derivative in the presence of an appropriate phespholipase for
example phospholipase D, as described in S.Shuto et al, Nucleic Acid Research,
1988, 20, page 35 or by reaction of a compound of formula (I) with an appropriate
phosphorylating agent such as phosphorus oxychioride followed by work-up
with an appropriate alcohol as described in A.Rosowsky & S.Kim, Nucleic Acid
Chemistry, Part 3, L.B.Townsend & R.S.Tipson (Editors), John Wiley & Sons, New
York, 1986, 255.

The enantiomers of the compounds of formula (I) may be resolved or isolated in
conventional manner, e.g. by chromatographic separation of diastereomeric esters
prepared by acylation of the hydroxyl on the cyclopentenyl moiety with appropriate
optically active carboxylic acid derivatives as, e.g., with naproxen (J. Org. Chem.
1986 51, 1287).

The following Exampies are intended for illustration of the invention. In the
Examples the optical rotations were assigned with respect to the sodium D
(589nm) at 20°C. The term 'active ingredient’ as used in Examples A to G means
an antiviral compound according to the invention, especialy compound 1) above.

Example 1

(+)-cis4-[ (2-Amino-4-chloro-6-pyrimidinyl)amino]-2-cyclopentene-1-methanol

cis-4-Acetamidocyclopent-2-enemethyl acetate [U.S. Patent 4,268,672] (14.88 g,
0.073 mol) and barium hydroxide octahydrate (46.19 g, 0.146 mol) were refluxed in
water (300 mL) under nitrogen for 18 hours. The resulting solfution was neutralized
with carbon dioxide. The precipitate was washed with water, then ethanol. The
combined filtrate-wash was evaporated to a syrup (11.16 g) which was condensed
with 2-amino-4,6-dichloropyrimidine (23.91 g, 0.146 mol) and triethylamine (30.5 mL,
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‘The above ingredients are mxed directly and pessaries prepared by direct
‘conpression of the resulting m xture.
45

17

0.219 mol) in refluxing 1-butanol (100 mL) for 1.5 hours. After addition of 1 N NaQH
(73 mL), the resuiting mixture was evaporated to dryness and the residual solid
slurried in CHCly (200 mL). Unreacted 2-amino-4,6-dichloropyrimidine was filterad
off and washed with chioroform (100 mL). The chloroform filtrate-wash was
concentrated and chromatographed on a silica gei column. Additional pyrimidine
starting material was eluted with 2.5% methanci-chloroform. The title compound
was eluted with 3.5% methanol-chloroform as an off-white solid foam (15.90 g,
91%).

'H-NMR: (Me,S0-dg) 5 1.15-1.28 and 2.26-2.41 (2m, 2, CHy); 2.60-2.71 (m, 1,1'-H);
3.4 (m overlapping H,0, CH,OH); 4.625 (t, J=5.3, 1, CH,0H); 4.95 (brs, 1, CH-N);
5.67-5.87 (m, 2, CH=CH); 6.38 (brs, 1, NH,); 7.12 (br s, 1, NH); MS (Cl) M+1, 241,
243 .

Anal. Caled. for Cy4oH14N,OCL.0.2 H,O: C, 48.99; H, 5.55; N, 22.85;
Cl, 14.46.
Found: C, 49.10; H, 5.57; N, 22.81; Cl, 14.40.

- Example 2

(+)-cis-4-[[2-Amino-6-chloro-5-{(4-chlorophenyl Yazol-4-pyrimidinyl}-amino}-2-
cvclopentene-1-methanol

(+)-cis-4-{(2-Amino-4-chioro-6-pyrimidinyf)amino}-2-cyclopentene-1-methanol  from
Example 1 (11.58 g, 48.1 mmol) and sodium acetate trihydrate (97 g) were
dissolved in glacial acetic acid (225 mL) and water (225 mL). A cold solution (O-
5°C) of 4-chlorobenzenediazonium chioride was prepared from 4-chloroaniline
(6.74 g, 52.8 mol), concentrated hydrochloric acid (14.7 mL), water (52 mL), and
sodium nitrite (4.01 g, 58.2 mmol in 47 mL of water). This cold solution was added
dropwise over S minutes to the first solution. The resulting yellow precipitate was
fitered after 18 hours, washed with water, and extracted with ethanol to give title
compound as dark yellow powder (12.56 g, 69%), m.p. 218-220°C dec.
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Antiviral Activity a) Anti-HV Activity
"(1S,4R) -ci s-4-[2-am no- 6- (cycl opropyl am no) - 9H puri n-9-yl]-2- cycl opent ene-
1- net hanol was tested for anti-H V activity in cells according to the

met hod descri bed by Averett, D. R, J. Virol. Methods. 23 1989,
263-276 and was found to have an 1(Jerr] value of 4.0 1.4 [err]M
(average of 10 determinations). b) ABti-HBV Activity The human
HBV producer cell line of Hep@&2, 2.2.15, described and

'H-NMR:  (Me,S0dg) & 10.25 (d, 1, NH); 7.69 and 7.54 (both, d, J=8.9, CgH,)
overiapping 7.6 (br, 6, NH,); 5.80-5.85 (m, 2, CH=CH); 5.24 (m,1, CHN); 4.75 (¢, 1,
CH,0OH); 3.41 (8,2, CH.OH); 2.75 (m, 1, CH), 2.41 (m, 1, CH); 1.44-1.53 (m, 1, CH).

Anal. Calcd. for C4gH:gNgCl,0: C, 50.67; H, 4.25; N,22.16; C|, 18.70.
Found: C, 50.59; H, 4.29; N, 22.10; Cl, 18.66.

Example 3

(£)-cis-4-[(2,5-Diamino-4-chioro-6-pyrimidinyl}-aminol-2-cyclopentene-1-methanol

The title compound of Example 2 (11.67 g) was suspended in ethanol (235 mL),
glacial acetic acid (30 mL), and water 235 mL). The mixture was heated to reflux
under nitrogen. Zinc dust (13.5 g) was added in small portions over 30 minutes
during which time the compound dissolved. The reaction was heated an additional
20 minutes, and then the excess zinc was filtered off from the hot solution, and it
was washed with ethanol. The filtrates were evaporated, and the residue was
purified on a silica gel column eluting with chloroform (1 L) and
chloroform:methanot/4:1 (1.8 L). The fractions containing the product were
combined, and the solvent was removed under reduced pressure to give the title
compound as a red-orange oil (11.2 g, > 100% yield). A pure sampie was obtained
during another small scale reaction to obtain the product as a light yellow solid in a
76% yield.

H-NMR: (Me2S0-dg) 5 1.29 and 2.39 (m, 2, CH2); 269 (t, 1, 1"-H); 3.37 d, 2,
CH20H); 3.91 (br, 2, NH2); 4.60 (br, 1, CH20H); 5.02 (m, 1, CHNH); 5.56 (br s, 2,
NH2); 5.74 (m, 1,CH); 5.86 (m, 1, = CH); 6.36 (d, 1, CHNH).

Example 4

(+)-cis4-(2-Amino-6-chioro-9H-purin-9-yl)-2-cyclopentene-1-methanol

The title compound of Example 3 (about 9.7 g) was dissolved in diethoxymethyl
acetate (100 g), and refluxed for two days. The solvent was removed under
high vacuum at 50°C, and dioxane (40 mL) and 0.5 N HCI (60 mL) was added.

REPLAGEMENT SHEET

19 JUN 1999




characterised by Sells et al., PNAS 84: 1005, 1987 and J.Virol 62: 2836,
"1988 has been shown . to share many characteristics of the HBV
chronically i nfected hepatocyte. It is infectious as denonstrated by
the ability to cause di sease i n chinpanzees. To test conpounds
for anti-HBV activity, nonolayer cultures were treated with the test
conpound: 50-200[err]M for ten days. $8pernatant nedia cont ai ni ng
extracellular virion DNA (Dane particles) were harvested on days

three, six and ten, treated with proteinase K (1 ng/nL) and sodi um dodecyl
sul fat e (g  reactibni wasistimed at SOfretenjp@raitre dore 11RR5UrhouPhAam sheex tchdled ed

with Th@%a&ndﬁowmfe&fanféwE@bafpmtﬁweadtyu%mrﬁf @Eﬁ;ﬁ&é’ 4l en i

tate t tat
b ssovge @xracted wih BPIRTEeATRIES haBVP Bsusi A | ARG BYBTR ¢ of

Schl ei cheweendri&t imith| magnesium suiphate, filtered, and evaporated. The residue was
purified by chromatography on a silica gei column, eiuting with 2% MeGH-CHCY, to
give 3.7 g (46% yield) of the title compound, m.p. 138-139°C. '

IH-NMR: (Me,S0-dg) 3 1.63 and 2.61 (m, 2, CH2); 2.87 (m, 1, 1-H); 3.44 (d, 2,
CH,OHY); 5.44 (m, 1, CH-N); 5.88 (m, 1, = CH); 6.14 (m, 1,= CH); 6.82 (br s, 2, NH,);
8.02 (s, 1, 8-H); (CH,OH not seen - under H,0 peak). UV: pH 1 Amax 315 (e
7370); 218 (26200); A sh 239.5 (5650). pH 7.4 Amax 307 (¢ 8000); 245.5 (4600);
223 (26400)MS (EIl) 265,267 (m) (Cl) 266,268 (m + 1).

Anal. Calcd. for Cy4HNsCI0.2H,0:  C, 43.79; H, 5.35; N, 23.21;Cl, 11,75.
Found: C, 43.67; H, 5.29; N, 23.05; Cl, 11.70.

Example §

&)—cis—4-[2—Amino-6-(cyc!opropyIamino)-9H—purin-9-y!1—2—cyclopentene—1-methanol

The title compound of Example 4 (0.50 g) was dissolved in ethanol (40 mL), and
cyclopropylamine (0.65 mL, 5 equivalent) was added. The reaction was refluxed
under nitrogen for 6 hours. An additional 0.65 mL of cyclopropylamine was

- added, and the reaction refluxed for an additionat 5.5 hours. The soivents were
evaporated, and chloroform (25 mL) and saturated sodium bicarbonate solution (S
mL) was added. The aqueous fayer was extracted severai times with CHCI3 to
obtain the crude product. This was purified on a silica gel column eluting with 3%
methanol-ethylacetate to give 043 g (80%) of (t-cis-4-[2-amino-6-
(cyclopropylamino)-9H-purin-9-y{}-2-cyclopentene-1-methanol. This was
recrystzillized from acetonitrile to give 0.30 g of white powder; m.p. collapses at 93-
130°C; meilts at 165°C.

'H-NMR: (Me,S0-dg) 3 0.56 and 0.63 (2m, 4, 2-cyclopropyl CH,); 1.56 and 2.60
(2m, 2, cyclopentenyl-CH,); 2.85 (m, 1, 1'-H); 3.02 (m, 1, cyclopropyl CH-NH);
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(S&S, 10 Optical Ave., Keene, NH 03431, Publication #700, 1987), and
‘treated as described by Southern, 3.Ml.Biol., 98, 503, 1975. Cells were
harvested and the intracellular DNA was obtained after cell lysis with
guani di ne i sothiocyanate. The intracellular DNA was handled in the sane
manner as the extracel |l ul ar DNA. After precipitation by amonium
acetate and propanol, the intracellul aBO0DNA precipitate was di ssol ved, cut
by restriction endonuclease, Hnd Ill, applied to agarose gel and

then treated as escribed hy ut hern_t etermpe Lthe quantity of
repli cati%‘é3iﬁﬁ‘ﬂ-e?vn§bi29?'§' 4.71 8fdr 12GHhe aﬁt“i%v Palt: éf’f"‘gci’"d)f( %e Mg was
det er m negvdnappirgs Brdanat, + €b). 6.08 (md, £0BYf G128 redutt | NH-OH); thE8 gepunt
of Dane parp| Ghea gyt mddRsh 2BY ImhAE Uv: pH 1: Amax 296 (£ 14000), 255 (10700);

pH 7.0: Amax 284 (15800); 259 (8200); pH 13 Amax 284 (15800Q), 238 (31QQ}.

Anal. Calcd. for C,,HaNg0.0.25 H,O:C, 57.82; H, 6.41; N, 28.90.
Found: C, 57.84; H, 6.45; N, 28.86.

Example 6

(+)-cis4-(2-Amino-6-(cyclopropyimethylamino)-9H-purin-8-yl )-2-cyclopentene-1-
methanacl

()-cis-4-(2-Amino-6-chloro-gH-purin-8-yl)-2-cyclopentene-1-methanoi  (0.53 g, 2
mmol) from Example 4, N-methyl-N-cyclopropylamine (Kari Industries, Aurora,
OH; 0.8477 g, 12 mmol) and methanol (20 mL) were placed in a Parr bomb and
heated to 62°C for 5 hours. The solution was concentrated and then diluted with
ethanol before being brought to pH 12 by the addition of 1.0 N NaOH. This solution

» was concentrated and the residue was purified by elution from a silica gel column
with 3% methanol-chioroform (0.547 g, 91.2%). Crystallization of such a sample
from water-ethanol yielded a white powder, m.p. 130-131°C.

TH-NMR: (Me,S0-dg) 8 7.61 (s, 1H, purine H-8), 6.10 (m, 1H, CH=), 5.84 (m, 1H,
CH=), 5.7 (br s, 2H, NH,), 5.40 (m, 1H, CHN), 4.70 (br t, 1H, OH), 3.43 (m, 2H,
CH,OH) 3.24 (br s, 4H, CH,, NCH cyclopropyf), 2.85 (m, 1H, CH), 2.66-2.57 and
1.61-1.51 (m, 2, cyclopentenyl CH;), 0.90-0.65 (m, 4H, 2CHj of cyclopropyt).

Anal. Caled. Cy5H,qNgO-0.5 H20 : C, 58.24; H, 6.84; N, 27.16.
Found: C, 58.15; H, 6.86; N, 27.14.
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46 culture mediumand a sinmlar decrease in the intracellular replicative
I nt er medi at es.

(1S, 4R)-ci s-4-[ 2- Ami no- 6- ( N-cycl opropyl - N-net hyl am no) - 9H puri n-9-yl ] - 2-
cycl opent ene- 1- et hanol was tested by the above procedure and found to
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Example 7

{- )-cis—4-[2-Amino-6-{cycicoropyiaminoc)-SH-ourin-g-vil-2-cyciccentene- {-methanol

The title compound of Example 5§ (0.600 g, 2.00 mmol) was dissolved in 1,3-
dimethyl-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone (Aldrich, 12 mlb). Phosphoryl
chloride (0.76 mL, 8.0 mmol) was added to the stirred, ccoled (-10°C) solution.
After 3 minutes, cold water (100 miL) was added and the resuiting sciution
neutralized with 3M ammonium hydroxide. The neutralized solution was diluted to
. 1 liter with water and applied to a 2.5 x 20 cm column of DEAE Sephadex A25
(Pharmacia) which had been preequilibrated with 50 mM ammonium bicarbonate.
The column was first washed with 4 liters of 50 mM ammonium bicarbonate. The
O-monophosphate  of ()-cis-4-{2-amino-6-cyciopropylamino)-8H-purin-g-yl}-2-
cyclopentene-1-methanol was then eluted with a 2-fiter gradient of 50 to 300 mM
ammonium bicarbonate. The fractions containing nuclectide (i.e. the above 0-
monophosphate) were evaporated to a white powder tc remove ammoenium
bicarbonate; 71% calculated by UV absorbance; one peak by HPLC (see
below). Snake venom 5'-nuclectidase (EC 3.1.3.5) from Crotalus atrox (1000 U,
Sigma) was added to 1.4 mmoles of the nucleotide dissolved in water (20 mL). The
solution was incubated at 37°C for 22 hours, at which time additional enzyme (1000
IU) was added. Incubation was continued for another 3 days. HPLC analysis (0.4
x 10 cm Whatman Partisil 10 strong anion exchange column; elution with a gradient
of 20 mM to 1 M ammonium phosphate, pH 5.5, containing 5% methanol; UV
detection at 284 nM) at this point showed that 50% of the starting nucleotide
had been dephosphorylated to the parent nucleoside. This mixture was again
applied to a DEAE Sephadex column of the type described above. Elution with 4
fiters of 50 mM ammonium bicarbonate gave fractions confaining the title
compound. Evaporation of the water left white powder. This material was further
purified by chromatography on silica gel with MeOH:CHCI,/1:9 to give colorless
glass. The glass was solidified in acetonitrle to give (-)-cis<4-{2-amino-6-
(cyclopropylamino)-9H-purin-9-yll-2cyclopentene-1-methanol as  white gummy
solid which was dried to a solid foam at 0.5 mm Hg at 68°C (260 mg, 86% from
racemate); 1H-NMR in DMS0-dg and mass spectrum identical with those of the
racemate (title compound of Example 5); («]*° -59.7°,
[@]® a6 —127.8°, [2]3e5 —218.1° (c = 0.15, methanoi).
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Anai. Caicd. for CqHiaNeC 0.8 H,0: C,55.91; H, 6.57: N, 27.94.
Found: C, 58.05; H, 6.85; N, 27.88.

Continued eiution of the last-mentioned Sephadex column with a 2-liter gradient of
50 to 300 mM ammonium bicarbonate gave the O-monophcsphate (of the (+)
enantiomer comesponding to the title compound) which was stable to 5-
nuclectidase.

Exampie 8

(-)-cis-4-{2-Amino-6-{cyclopropylamino)-9H-purin-8-yi]-2-cyclopentene-1-methanol 0-
monophosphate

The title compound of Example 7 (0.35 g, 1.2 mmol) was dissolved in 1 ,3-
dimethyl-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone  (Aldrich, § mL). Phosphoryl
chioride (Aldrich, 0.43 mL, 4.6 mmol) was added to the stirred, cooled (-10°C)
solution. After 3 minutes, cold water (20 mL) was added and the resulting solution
neutralized with 3 M ammonium hydroxide. lon exchange chromatography as

. described in Example 7 gave the nucleotide as the diammonium salt after
evaporation of water, white powder (95% vyield, quantitated by UV); HPLC
analysis as in Example 7 shows one peak; UV Amax nM (0.1 M HCI):254, 297,
(pH 7 phosphate buffer):259, 284; (0.1 M NaOH):259, 284. The base/phosphate
ratio was 1.0/1.3 as determined by the method of B. Ames (Methods in
Enzymology 8:115, 1966. [a]”° —69.9°, [a]Zss—73.0°, [0]P%s —84.0° (c = 0.52,
MeOH: H,0/4:1).

Example 9

(-)-cis-4-[2-Amino-6-(cyclopropyimethylamino)-9H-purin-9-yl}-2-cyclopentene-1-
methanol

The title compound of Example 6, (2.00 g, 6.50 mmol) was dissolved in 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone  (Aldrich, 20 mL). Phosphoryl




d ai ns Clains for the followng Contracting States: DE, GB, FR, IT, NL,
"SE, LI, CH, BE, AT, LU ES, DK 1.

(1S, 4R)-ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] -2-cycl opent ene- 1
-met hanol substantially free of the '
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chloride (2.28 mL, 24.0 mmoi) was added to the stirred, coocled (-10°C) sciuticn.,
After 3 minutes, coid water (80 mL) was added. The solution was axtracted with
chicroform (3 x 80 mL). The aqueous layer was diluted with athanol {4CC mL) and
the pH adjusted to 8 with saturated aqueous NaOH. The precipitated incrganic saits
were filtered off. The filtrate was further diluted with ethanocl to a volume of 1 liter
and the pH adjusted to 8 with additicnal NaOH. The resulting precipitate was
fitered and dried to give the 0-monophosphate of (+)-cis-4-{2-aminc-6-
(cyclopropyimethylamino)-9H-purin-9-y{]-2—cyclopentene-1-methanol as white
powder (4.0 mmoles, 62% quantitated by UV absorbance); HPLC analysis as in
Example 7 shows one peak. This racemic 0-monophosphate was disscived in
water (200 mL) and snake venom 5S1-nuclectidase (EC 3.1.3.5) from Crotaius
atrox (5,000 IU, Sigma) was added. After incubation at 37 °C for 10 days, HPLC
analysis as described in Example 7 showed that 50% of the starting nuclectide
had been dephosphorylated to the nuclecside. These were separated ona S x
14 cm column of DEAE Sephadex A25 (Pharmacia) which had been
preequiliorated with 50 mM ammonium bicarbonate. The title compound was
eluted with 2 liters of 50 mM ammonium bicarbonate. Evaporation of water gave
white powder which was dissolved in methanol, adsorbed on silica gel, and applied
to a silica gel column. Title compound was  eluted with

. methanokchloroform/1:9 as a colorless glass. An acetonitrile solution was
evaporated to give white solid foam, dried at 0.3 mm Hg over P,05; 649 mg (72%
from racemate); 'H-NMR in DMS0-ds and mass spectrum identical with those of
the racemate (tite compound of Example 6); . [l 48.0°, [ ws -97.1°,
[0]Pes -148° (c = 0.14, methanol).

Anal. Calcd. for C5H,gNg00.10 CH,CN: C, 58.96; H, 6.72; N, 28.06.

Found: C, 59.93; H, 6.76; N, 28.03.

Continued elution of the Sephadex column with 2 liters of 100 mM ammonium
bicarbonate and then with 2 liters of 200 mM ammonium bicarbonate gave C-

monophosphate of the (+) enantiomer corresponding to the title compound, which
was stable to 5™-nucleoctidase.
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correspondi ng enanti oner. 2.
(1S, 4R) - ci s-4-[ 2- am no- 6- (N-cycl opropyl - N- net hyl am no) - 9H purin-9-yl]-2-cyc

| opent ene- 1- et hanol substanti al - ly free of the correspondi ng
enantlomer. 3. An enantioneric conpound as clainmed in either claim1 or 2
free of the corresponding enantioner tq the extent that |l ess than 10%
w w of the correspondi ng enantioner is4resent 4. . An enantioneric
conmpound as clainmed in any of clains 1 to 3 free of the correspondi ng
enant i omer=}.0_1he,extent that | ess than 5% w w of the corresponding
enant i omers: "g-sejsggnt. 5.

(1S, 4R) - ci s-4-[ 2-am no- 6- (cycl opropyl am no) - 9H puri n- 9-yl | - 2-cycl opent ene- 1
- met hanol (a8, 4R)al-ARfind-2-FcRicehfene-1-mdth &l Aibdm2yvicOlamGRONdi Ng enanti omer .

(=)-cis-4-Acetamidocyclopent-2-enemethyl acetate [US Patent 4,268.372] (14.88g,
0.073mol) and barium hydroxide octahydrate (46.19g, 0.1468mol) were refluxed in
water (300mi) under nitrogen for 18 hours. The resuiting solution was
neutralised with carbon dioxide. The precipitate was washed with water,
then “ethanol. The combined filtrate wash was evaporated to a syrup (acetic
acid salt of (+)<4-amino-2-cyclopentene-1-methanol) which was converted to free
amine by stirring with an excess of Amberlite IRA-400 (OH) resin in water. The
resin was filtered off, washed with water, and the filtrate-wash evaporated to a
pale yellow syrup which was dried by evaporation of portions of ethanol. Such a
sample of amine (2.26 g, 20.0 mmol) and dibenzoyi-D-tartaric acid (Aldrich, 3.62g,
10.0 mmol as 99%) were dissoived in hot absolute ethanol (35 mL). Refluxing
acetenitrile (ca. 150 th) was added to the cloud point and the sclution was
allowed to cool slowly to room temperature. The white needles which formed
were recrystallized three times from the same solvent combination to give title
compound as white plates (1.07 g, 37%); m.p.160-162°; [a]®;+66.9°, [2]*°es

. +168°, [a}z";,ss + 325° (c = 0.28, methanol). X-ray crystallography of this salt
aflowed the absolute configuration of the cation to be fixed by the known
configuration of the D-dibenzoyl tartaric acid dianion. This salt crystallized in the
space group C2 with one CgH(,NO cation and one-haif C,3H,,0, dianion as the
asymmetric unit.

Anal. Calcd. for CgH,4NO-1/2 (C,5H,,04): C, 61.63; H, 6.21; N, 4.79.
Found: C, 61.56; H, 6.24; N, 4.74.

Example 11

(1R, 45)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-L-tartrate

This salt was formed and crystallized as described in Example 10, except that
dibenzoyl-L-tartaric acid was used. Three crystallizations from ethanol-
acetonitrile gave the title compound as white plates (1.00 g, 34%); m.p. 160-162°;
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6. :

(1S,4R) -ci s-4-[ 2-am no- 6- ( N-cycl opropyl - N net hyl am no) - 9H puri n-9-yl ] -2-cyc
| opent ene- 1- et hanol as cl ai ned in claim2, tree of the correspondi ng
enantiomer. 7. A pharmaceutically acceptable salt, ester or salt of such
ester of a conpound as clainmed in any of clains 1 to 6, wherein said
ester is selected from carboxylic aci d28sters in which the non-car bonyl
noi ety of the ester grouping is selected fromstrai ght or branched
chain (Jerrkgal k rr], al.koxyw C eLr | kyl,, ar err] alkyl,

aryl oxy(| é‘?‘{z]o a*?i??- [« ‘3ﬁor'1§ y&‘ﬁ o | %r?&lr’ra %‘@s%‘ﬁr‘%etg%‘i“agt ed fromJerr]

al kyl - or ar(ferr] al kylsulfonyl; amno acid esters; and nono-, di- or

tri - phosphaiat. Caitd.rier CsHENOAMRN@, RGOV | Cag1.80y Hug.at| Np4ganprising a

conpound Foupldai Qeé1.ise; Bng.2al N m7erom 1,to0 7 together with at |east one
pharmaceutically acceptable carrier or excipient.

Example 12

(£)-cis-N-{4-chloro-5-formamido-6-[[4-(hydroxymethyl)-2-cycicpentene-1-yllaming]-2-
pyrimidinyllacetamide

N-(5-Amino-4,6-dichloropyrimidin-2-yl)acetamide (J Org Chem. 1975, 40, 3141) was
formytated by addition of 96% formic acid (20 mL) to a sciution of (0.75 g, 3.4
mmoles) dissolved in acetic anhydride (20 mL). The resulting solution was stirred
at 25°C for one hour and then evaporated to give N-(4,6-dichioro-S-formamido-2-
pyrimidinylyacetamide as tan powder (0.77 g, 91%); structure confirmed by 'H-
NMR and mass spectrum. This tan powder (840 mg, 3.37 mmol), (x)-Cis4-
amino-2-cyciopentene-1-methanol (940 mg, 8.2 mmol), and triethylamine (0.80 g,
8.0 mmol) were warmed in ethanol (50 mL) in an oil bath (70-80°C) under nitrogen
for 50 minutes and evaporated to a dark oil which was chromatographed on silica
gel. Title compound was eluted with 5% methanol-chioroform as a peach-colored
solid foam (840 mg). Crystallization from methanof gave white granules (575 mg,
52%); m.p. 189-193°; 'H-NMR (DMSO-dg) 8 10.23 (br, 1.0, NHAc), 9.3 (br, 1.0,
NHCHO), 8.15 and 7.90 (both s, total 1.0, HC=0O from two conformers, peaks
coalesce at 60°C), 742 and 7.22 (both d, J=8.3, total 1.0, CH-NH from two
conformers, peaks coalesce at 60°C), 5.9 and 5.7 (both m, 2.0, CH=CH), 5.06 (m, 1,
CH-N), 4.73 (m, 1, OH), 3.39 (m, 2, CH,OH), 2.72(m, 1, CH), 240 (m, 1, 1/2
CH), 1.36 (m, 1, 1/2 CHy), 1.36 (m, 1, ¥2 CH,).

Anal. Calcd. for Cy3HgNsO4Cl: C, 47.93; H, 4.95; N, 21.50; Cl, 10.88.
Found: C, 47.99; H, 4.96; N, 21.42; Cl, 10.96.
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9. A pharmaceutical fornulation as clained in claim8 adapted for oral

‘adm ni stration. 10. A pharnaceutical formulation as clained in claim38
adapted for parenteral admi nistration. 11. A conpound as clained in any
claimfrom1 ,to 7 for use in nedical therapy. 12. Use of a conpound as
claimed in any claimfrom1,to 7 in the manufacture of a nedicanment for the

treatnent or prophyl axis of a retr@@iral infection. 13. Use of a
conpound as clained in any claimfrom1l to 7 in the manufacture of a

medi cament.for _jhg, treatnent or prophyl axi s of a human i munodefi ci ency
vi rus (HI\E—&QEE@&OW

{=)-cis-4-[2-Amino-8-{cyclopropylaming)-SH-purin-8-vil-2cvclopentene- 1-methangi

The title compound of Example 12 (0.91 g, 2.78 mmol) was dissclved in dry DMF (1
mL). Triethyiorthoformate (10 mL) and ethane suifonic acid (0.29 miL, 3.4 mmal)
were added and the solution heated at 65°C for 24 hours. The solutiocn was
evaporated to a syrup. The syrup was dissclved in 1N HC! (15 mL) and stirred
for three hours. The pH was adjusted to 7 with SN sodium hydroxide and the
resulting mixture (oil formed) was extracted with i-propanci:chicroform/1:3 (3 x 100
mL). The combined organic layers were dried (MgSO4) and evaporated to a red
glass (0.93 g). A solution of this glass in methanol (20 mL) was heated with
cyclopropylamine (2 mL) in a Par bomb at 70°C for 18 hours. The resulting
solution was evaporated to a dark glass which was adsorbed on silica gel. Elution
with 7% methanol-ethylacetate gave title compound (148 mg, 19%) as white powder,
after trituration with acetonitrile; 'H-NMR (DMSO-ds) identical with that of the title
compound of Example 5.

Example 14

(+)(1R,4S)-cis-N-{4-Chloro-5-formamido-6-{[4-(hydroxymethyl)-2-cyclopentene-1-
yilamino}-2-pyrimidinyllacetamide

(18,4R)4-Amino-2-cyclopentene-1-methanol dibenzoyl-D-tartrate prepared as
described in Example 10 (2.76 g, 9.02 mmol) was dissolved in water (20 mL) and
applied to a column of 65 mL of Amberlite |A-400 (OH-form) anion exchange resin.
The column was washed with water. Basic fractions were combined and
evaporated to a residual oil which was dried by evaporation of absolute ethanol
and then at 0.5 mm to give (1S,4R)-4-amino-2-cyclopentene-1-methanol (1.2 g)
as a pale yellow oil (darkens rapidly in air) which was used immediately. This oil
was dissolved in ethanol (5 mL) and added to a solution of N-(4,6-dichioro-5-
formamido-2-pyrimidinyl)acetamide (2.07 g, 8.31 mmol), prepared as described in
Example 15, and triethylamine (2.50 g, 24.8 mmol). The resulting dark solution
was heated (oil bath 75-80°C) under nitrogen for 50 minutes. The solution was
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14. Use of a compound as clainmed in any claimfrom1 ,to 7 in the

‘manuf acture of a nedi canent for the treatnent or prophyl axis of a
hepatitis B virus infection. 15. Use as clainmed in clainms 12 to 14 wherein
the nedicanent is in the formof a dosage anount in the range of 3.0 to

120nmg per kil ogram body wei ght of the recipient per day. 16. A process for
the preparation of a conpound as clai mAY in any of clainms 1,to 7 which
conpri ses: -

evaporated to a syrup which was applied to a silica gel column. Title compcund

was eluted with 3 to 5% methanol-chiorcform as a pale yellow solid fcam {1.39 g,

54%); 'H-NMR identical with that of crystailized sampie. Such a sample was

crystailized from ethanol to give white granules, m.p. 194-1385°C; TH-NMR (DMSO-

dg) identical with that of the title compound of Example 12; [a]*%; +2.7°, (¢} x4

+3.6°, [P +2.9° [a]is -2.5° [a]3es <41.2°, (c=0.238, methanol).

Exampie 15

{(-)-{1S,4R)-cis-(2-Amino-6-chloro-gH-purin-8-yl }-2-cyclopentene-1-methanol

The titte compound of Example 14 (1.15g, 3.53 mmol) was gently refluxed in
diethoxylmethyl acetate (45 mL) under nitrogen for 3.5 hours. The resuiting
pale yellow solution was concentrated at 0.5 mm Hg to a yellow syrup. The syrup
was stired in 1N HCl (50 mbL) for 1.0 hour. This solution was neutralized with
sodium bicarbonate and evaporated to dryness. The residual solids were
extracted with methanol and the methanol-soluble material applied to a silica gel
column. Elution of the column with 10% methanol-ethyl acetate gave title
compound as a pale yellow solid foam (730 mg), 78%); 'H-NMR (DMSO-dg):
identical with that of racemate (title compound of Example 4); [o]*%, -114.9°, (c
= 0.26, MeOH).

Example 16

(-)-(18,4R)-cis-4-[2-Amino-6-{cyclopropylamino)-9H-purin-9-yi}-2-cyclopentene-1-
methanol

The title compound of Example 15 (560 mg, 2.11 mmol) in methanol (12 mL)
was heated with cyclopropylamine (2.4 mL) in a Parr bomb at 78°C for 17 hours
The solvent was evaporated and the residue chromatographed on silica gel.
Title compound was eluted with 5-7% methanol-ethyl acetate as a colorless solid
foam (367 mg, 59%), 1H-NMR (DMS0-dg) identical with that of Example 7; [0.]200‘
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59.0° (c = 0.28, MeOH) confirms the absoiute configuration of the title ccmpcund
of Example 7.

Example 17

(1S,4R)<4-Aminc-2-cyclopentene-1-methancl dibenzoyi-D-tartrate

2-Azabicyclo[2.2.1]hept-5-en-3-one [Daluge and Vince, 3. Org Chem.1978, 43
2311 and U.S. Patent 4,268,672] (44.0 g, 0.400 mole) was stirred in 2N HC! in
methanol (0.5 L) at 25°C for 1.5 hours. Volatiles were evaporated to leave (&)-
cis-methyl-4-amino-2-cyclopentene-1-carboxytate hydrochioride as an off-white
powder (71.1g).

Trituration of such a sample with diethylether gave a white powder, m.p. 92.5-95°C
{J.Org. Chem. 1981 46, 3271; m.p. 82-83°C}; '"H-NMR (DMSO-d) 5 8.25 (br s, 3,
NH,"), 6.1 and 5.9 (both m, 2, CH-CH), 3.64 (s) overlapping 3.75-3.6 (m, total 4,
OMe and CH), 2.65-2.45 and 2.05-1.85(both m, 2, CH,).

Anal. Caicd for C;H{NO,-HCI: C,47.33; H,6.81; N, 7.89; Cl, 19.96.
Found: C, 47.41; H, 6.84; N, 7.85; Cl, 19.89.

(z)-cis-Methyl-4-amino-2-cyclopentene-1-carboxylate hydrochleride (17.7 g, 0.100
mole) and diisobutyl-aluminum hydride (0.500 mole as a 1 M solution in hexane)
were refluxed in hexane (200 mL) for 6 hours. The resulting solution was cooled
and 10 mL of 1 M aqueous ammonium chloride and then methanol (200 mL) were
added. This mixture was refluxed for 30 minutes and MgSO4 (10 g) added. Solids
were filtered off and washed with additional methanol. The filtrate-wash was
evaporated to a dark oil (15.5 g); 1H-NMR (DMS0-dg) identical to that of (+)4-
amino-2-cyclopentene-1-methanol prepared as described in Example 13. Such a
sample, after purification by chromatography on silica gel
(EtOH:CHCI;:NH,OH/10:90:1) was crystallized with dibenzoyl-D-tartaric acid to
form the title compound.
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[err] (wherein A represents the cycl opentene-1-nethanol-4-yl group in the
(1S,4R) configuration and Z represent a precursor group for an R group
whi ch represents a cycl opropyl am no or N-cyclo-N-nethyl am no group) wth
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Example 18

{cis—<4-(2-Aminoc-6-(cyclapropviamino}-9H-ourin-9-vi }-2-cyclogenten-1-vilmethyi R-
2.3-bis-(hexadecanoyloxy)prapvl hydrecgen phcsphate

A solution of L-a-dipalmitoyl phosphatidyi choline (150 mg, 0.2 mmoi, Sigma) in 6
mL of chloroform was added to a flask containing ()-cis—$-(2-amino-6-
(cycicpropytamino)-9H-purin-8-yl }-2-cyclopentene-1-methanol (300 mg, 1.03 mmel),
phosphoiipase D, Type VIl (from Streptomyces, 1.0 mg, specific activity 185
units/mg, Sigma) and pH 4.5 buffer (1.5 mL, 250 mM in CaCl,, 200 mM in NaOAc
adjusted to pH 4.5 by addition of 0.1 N HCI). The resulting biphase was stirred at
45°C (oil bath) for 1 hour. The layers were separated and the aqueocus layer
extracted with chloroform (3 x 6 mbL). The combined organic layers were washed
with 1 N HCI, dried and concentrated. Such a sample was purified by elution from
2 silica gel columns with 12% methanol-chioroform to yield the title compound, 120
mg {(47%). This material was solidified using ethylacetate-acetonitrile to produce a
light yellow powder m.p. 155-157°C; 'H-NMR (CD,CD-CDCL) § 7.78 (s,
overlapping solvent, purine H-8), 6.12 and 5.88 (m, 2, HC=CH), 5.53 (m, 1,
CHN cyclopentene}, 5.22 (m, 1, CO,CH), 4.37 (dd, J=3, 12; 1, 0.5 POCH, glycerol),
4.12 (m, 1, 0.5 POCH, giycerol), 3.42 (m, 4, OCH;glycerol, OCH,), 3.11 (brm, 1,
CH), 2.90 (m, 1, NCH), 2.78 (m, 1, 0.5 CH, cyciopentene), 2.27 (m, 4, 2CH,CO,),
1.70(m, 1 0.5 CH, cyclopentene), 1.56 (br m, 4, 2CH,CH,CQ,), 1.27 (brm, 38, 24
CH,), 0.88 (m, 6, 2CH,;), 0.83 (m, 2, CH, cyclopropyf), 0.60 (m, 2, CH,
cyclopropyl).

Anal. Caled. for C,gHgsNgOaP-2.4 H,O: C, 61.28; H, 9.42; N, 8.75; P, 3.22.
Found: C, 60.97; H, 9.12; N, 8.78; P, 2.96.
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an agent or

under conditions serving to convert the precursor Z group to

‘the desired R group; or B) reacting an enantioneric conpound of formnula

(rrr)y: gJerr]
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Example 19

[cis—4-(2-Amino-8-{cyciopropylamino)-3H-purin-8-vi -2<ycicoenten- 1-vilmethyi R-
2.3-bis-(hexanoyioxy)propyl hydrogen phosphate

A soiution of L-a-dicaproyl phosphatidyicholfine (300 mg, 0.86 mmeol, Sigma} in 15
mL of CHCl, was added to a flask containing (*)-cis-4-(2-aminc-8-
{cyclopropylamino)-8H-purin 9-yi)-2-cyclopentene-1-methanol (378 mg, 1.32 mmol),
phospholipase D, Type VIl (from Streptomyces, 1.04 mg, specific activity 185
units/mg, Sigma), pH 4.5 buffer (4.5 mL, 250 mM in CaCl,, 200 mM in NaOAc
adjusted to pH 4.5 with HCI) and CHCl; (3 mL). The resulting biphase was stirred
at 45°C (oil bath) for 4 hours. The layers were separated and the organic layer
washed with 1 N HCI (2 x 4 mL). The combined aqueous layers were back washed
with chloroform (10 mL). The combined organic layers were dried (MgSQ,) and
concentrated. The residue was placed on asilica gel column and the fitle
compound was eluted with 16% methanol-chloroform and concentrated to
yield a fine vyellow powder. This material was dissolved in ethanol and
concentrated (3 x 50 mL) before drying under high vacuum to yield 103 mg (21%
yield) of a light yeilow powder, m.p. 182-185°C.

I4-NMR:  (DMSO-de) « 7.61 (s, 1, purine H8), 7.22 (br s, 1, NH), 6.09 (m, 1,
0.5 CH=CH), 5.89 (m, overlapping brs at 5.83, 3, 0.5 CH=CH, NH,), 5.41 (br m,
1, CHN), 5.09 (br m, 1, CO,CH), 4.30 (dd; J=2.7, 12; 1, 0.5 POCH,
glycerol),4.08 (m, 1, 0.5 POCH, glycerol), 3.80 (br m overlapping brm at 3.75, 4,
OCH, glycerol, OCH,), 3.02 (br m,2,CH, NCH cyclopropropyl), 2.65 (m, 1, 0.5
CH, cyclopentene), 2.23 (+, J=7.5, 4, 2 CH,CO,), 148 (brm, 5 2
CH,CH,CO,, 0.5 CH, cyclopentene), 1.23 (br m, 8, 2 (CH,),), 0.84 {m, 6, 2 CH,),
0.67 and 0.58 (m, 4, 2 CH, cyclopropyl).

Anal. Calcd. for CogHsNgOgP-3.9 H,0, 0.2 CHCl, 0.05 EtOH: C, 48.00; H, 7.33; N,
11.46;C1,2.9.
Found: C, 48.65; H, 6.81; N, 10.81; Cl, 2.5.

The preceding example is an adaptation of the procedure by Satoshi Shuto et al.
Tetrahedron Letters, Vol. 28, No. 2, pp. 199-202, 1987.
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(wherein A and R are as defined above, Rl err] represents hydrogen or a

fornyl group and Rlerr] represents an am no protecting group) with an agent

serving to effect formation of the imdazole ring in the desired conpound

of formula clainms 1 to 7 and to effect renmoval of the Rl err] am no

protecting group; or C) reacting an enantioneric conpound of forrmula (IV):
' 31

Example 20

N-(4-Chiore-1,6-dihydro-5-nitro-8-oxo-2-pyrimidinyi ) iscbutyramide

§-Chioro-5-nitroisocytasine (3.Chem.Scc. 1960, 5041; 3.0rg.Chem, 1975, 40, 3141)
was protected by heating the yellow solid (14.88 g, 78.09 mmoi) to 100°C for
one hour in isobutyric anhydride (250mi) and concentrated sulphuric acid (34
drops). The resulting solution was treated with anhydrous methanoi (I00m),
stirred at S0°C for half an hour, concentrated to a third of the original volume, and
the title compound (14.97g, 74%) was collected by fiitration as pale yellow
crystals; m.p. 196-199°C (dec); 'H-NMR (DMSO-dg) § 1.12 (d, J=6.9, Hz, 6H,
(CH3),CH), 2.75(m, J=6.9, Hz, 1H, (CH;),CH), 12.41 (brs, 1H).

Anal. Calcd for CgHgN,O,C1: C, 36.87; H, 3.48; N, 21.50; Cl,13.60.
Found. C, 36.94; H, 3.48; N, 21.44; Ci, 13.53.

Example 21

N-(4,6-Dichioro-5-nitro-2-pyrimidinyl) isobutyramide

The title compound of Example 20 (10.0g, 38.37 mmol) was heated to reflux in
phosphorus oxychioride (200ml) and N,N-diethylaniline (3-4 drops) for 5 hours
under nitrogen. The sclution was then cocled to room temperature, concentrated
to dryness, and the syrup was dissolved in cold (~-10°C) methylene chioride
(200mi). The organic layer was treated with saturated aqueous sodium
bicarbonate (I00ml) with vigorous stirring, and the temperature was kept below
5°C as solid sodium bicarbonate was added portionwise to elevate the pH to
between S and 7. The layers were separated and the aqueous phase was
extracted with methylene chioride. The combined organic layers were filtered over
phase-separator paper, concentrated and dried under vacuum to give the title
compound (7.71g, 72%) as a yellow-white solid sufficiently pure to employ in the
next step. Recrystallisation of the solid from hexane/methylene chioride
provided an analytical sample, m.p.  166-169°C; ‘H-NMR (DMSO-dg) & 1.09
(d, J=6.9Hz, 6H, (CH,),CH), 2.79 (m, J=6.9Hz, 1H, (CH,),CH), 11.61 (s, 1H).
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[err] (wherein A and R are as defined above and R3 is an am no protecting
‘group) with an agent serving to effect renoval of the R err] am no
protecting group, and optionally effecting one or both of the follow ng
conversions in any desired order - i) where a conpound of claim1l or 2
I's formed, converting the said conpound to a pharmaceutically

acceptabl e salt, ester or salt of such3dster thereof; or

Anal. Calcd. for CqHgN,O4C1:: C, 34.43; H, 2.89; N, 20.08; Cl, 25.41.
Found: C, 34.53; H, 2.89; N, 20.02; Ci, 25.40.

Zxample 22

N-{4,6-Dichloro-5-formamido-2-pyrimidinyl) iscbutyramide

The title compound of Example 21 (6.77g 24.26 mmoi) was placed in a Parr bottle
containing 220ml absolute EtOH and 10.0g (wet) Raney nickel catalyst that had
been previously shaken under hydrogen (40psi) for 10 minutes. The mixture was
shaken under hydrogen (40Qpsi) for an hour, filtered over celite, and the filtrate was
concentrated to a yellow-white solid that was dried under vacuum ovemnight. This
solid was stirred in 1,2-dichioroethane (250ml) at 0°C. Acetic anhydride (30mi) was
added, followed by formic acid (30ml) dropwise under nitrogen. The resulting
mixture was stirred at room temperature for 2 hours, concentrated to half the original
volume, and azeotroped with toluene to remove residual formic/acetic acid. The
crude solid was triturated with methanol to give the title compound (4.92g, 73%) as
an off-white solid; m.p. 206-209°C (dec); 'H-MR {DMSO0-dg) 5 1.08 (d, J=6.8Hz,
6.0 (CH,),CH), 2.74 (m, J=6.8Hz, 1.0 (CH,),CH), 8.18 (d, J=10.3Hz) and 10.26
(brs) [total 1.0, NHCHD from two conformers], 11.17 (br s, 1.0).

Anal. Caled. for CgHigN,O,C1,5: C, 9.01; H, 3.64; N, 20.22; Cl, 25.59. Found: C,
39.13; H, 3.68; N, 20.12; Cl, 25.67.

Example 23

(+)-(1R,4S)-cis-N-[4-Chloro-5-formamido-6-{[4-(hydroxymethyl)-2-cyclopentene-1-yi}-
amino}-2-pyrimidinyllisobutyramide.

(18,4R)-4-Amino-2-cyclopentene-1-methanol dibenzoyl-D-tartrate (2.44g, 8.I5mmol)
prepared as described in Example 10, was dissoived in 90% ethanol (20mi) and
the solution added to a column of Amberiite IRA<400 (OH) resin (30mi) which had
been prewashed with the same solvent.
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i) where a pharmaceutically acceptable salt, ester or salt of such ester
‘of a conpound of claim1 or 2 is formed, converting the said
pharmaceutically acceptable salt, ester or salt of such ester to the parent
compound of claim1l or 2 orto a further such pharmaceutically acceptable
salt, ester or salt of such ester, wherein said esters are as defined
in claim?7.

Elution with 90% ethanol gave basic fractions which on concentration and
evaporation of portions of toluene-ethanal, left (1S,4R)-4-amino-2-cycicpentene-1-
methanol as pale yellow oil (1.4g) which was condensed immediately with N-(4,5-
dichloro-5-formamido-2-pyrimidiny! iscbutyramide (2.26g, 8.15mmal) prepared as
described in Example 22, in 1,2-dimethoxyethane (100mi) with triethylamine (2.3mi,
16.3mmol) at 95-110°C for 1.5 hours. The resulting solution was evaporated to
dark yellow syrup which was chromatographed on silica gel. Elution of column with
5-7.5% methanol-chloroform gave the title compound as pale yellow solid (2.45g,
84%). Crystallisation of such a sample from acetonitrile gave the title compound as
fine white crystals, m.p. 194.5-195.5°C.

'H-NNR (DMS0-dg) 5 10.21 (s, 1, NHCOCHMe,), 8.29 (s, 1, NHCHO), 8.12 (s, 1,
CHO), 7.18 (d, J=7.9, 1, CHNH), 5.8 and 5.7 (both m, 2, CH=CH), 5.08 (m, 1,
CHN), 4.71 (t, J=5.06, 1, OH), 3.37 (m, 2, CH,0H), 2.9-2.6 (m,2; CHMe and CH),
2.40 (m, 1, 0.5CH,), 1.33 (m, 1, 0.5CH,); [a]% + 4.4°, [ ses -20.7° (c=0.237,
MeOH).

Anal.Calcd. for CquzoNsClO3

Caled : C, 50.92; H, 5.70; N, 19.79; Cl, 10.02.
Found : C, 50.67; H, 5.78; N, 19.62; Cl, 9.92.

Example 24

(-)-(1R,4S)-cis-N-[6~{cyclopropylamino)-9-(4-(hydroxymethyl)-2-cyclopentene-1-yl)-
9H-purin-2-yllisobutyramide

(+)-(1R,48)-cis-N-[4-chloro-5-formamido-6{[4-(hydroxymethyt)-2-cyclopentene-1-

yilamino}-2-pyrimidinyflisobutyramide (1.949g, 5.44mmol) prepared as described in
Example 23, was stired with triethylorthoformate (30ml) in an ice-water bath
while concentrated hydrochloric acid (2.0ml) was added dropwise over two
minutes. The resulting clear solution was stirred at ambient temperature overnight.
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The volatiles wers removed under vacuum and the residual syrup (ccntaining a
(1R,48)-cis-N-{B-chicro-8-(4-hydroxymethyl)-2-cycicpentene-1-yl)-9H-purin-2-yifisc-
butyramide orthcester conjugate) refluxed in ethanci (30mi) with cycleprepyiamine
(I0g) for 2.5 hours. Evaporation left syrup, which was disscived in  10%
isopropancl-chicreform  (200mi). This solution was stired vigorcusly with
saturated aqueous sodium bicarbonate (25mi). The organic layer was segarated
and the aqueous layer washed with additional 10% iscpropancl-chioroform. The
combined organic layers were dried (MgSO,). Evaporation left a pale yellow glass
(2.4g) which was chromatographed on silica gel. The titte compound was eiuted
with 2-3% methanol-ethyl acetate as a white solid (1.02g, 53%); recrystallisation of
such a sample from methanoci-acetonitrile gave the title compound as white needles;
m.p. 197.5-198.5°C.

TH-NMR (DMSO-dg) 5 9.75 (s, 1, NHCO), 7.93 (s, 1, purine H-8), 7.82 (brs 1
NH-cyclopropyl), 6.12 and 5.92 (both m, 2, CH=CH), 5.50 (m, 1, CH-N), 473 (t,
J=5.3, 1, OH), 3.46 (M, 2, CH,-O), 3.25-3.00 (m, 2; CHMe, and CH), 2.91 (m, 1 CH),
2.75-2.6 (m,1, 0.5CH,), 1.7-1.6 (m, 1, 0.5CH,), 1.07 (d, J=6.8, 6, CHMe,), 0.75-0.6
(m, 4,2 cyclopropyl, CHy); [}y 70.7°, [a]®® s -159.0° (c=1.02, MeOH).

Anal Caicd. for C1aH24N502:
Caled : C, 60.66; H, 6.79; N, 23.58
Found : C, 60.62; H, 6.83; N, 23.51.

Continued elution of the column with 5% methanol-ethyl acetate gave additional title
compound contaminated by c¢a. 10% of (-)(1S.4R)-cis-4-{2-amino-6-
(cyclopropylamino)-9H-purin-8-yl ]-2-cyclopentene-1-methanol as a pale yellow solid
foam (928mg).
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[err] (wherein A and R are as defined in claim16 and R err]
represents a CJerr] al kanoyl group). 18. The conpound of claim17 which is
(1R 4S)-cis-N[6-(cycl opropyl am no) - 9- (4- (hydr oxynet hyl ) - 2- cycl opent en-
1-yl)-9H purin-2-yl]isobutyram de substantially free of the corresponding
(1S, 4R) enantioner. 19. Enantioneric 3csorrpounds of formula (M):-

Example 25

(-)-(1S.4R)-cis4-{2-Amino-6-(cyclopropylamino)-§H-purin-3-vi]-2-cyciopentene-1-
methanal

(-)>-(1 _R_,4§)-gi§-N-{6-(cyciopropylamino)-g-(4-(hydroxymethyl)-z-c‘jcécpentene-1 -yi)-
SH-purin-2-yllisobutyramide (1.33¢q, 3.73mmol) prepared as described in
Example 24, was stirred with 1N hydrochloric acid (40mL) for 2 days at ambient
temperature. The pH was adjusted to 7.0 with sodium hydroxide and the mixture
evaporated to dryness. The residual solids were triturated with hot EtOH (3x25mi).
The ethanol was evaporated to leave yellow glass, which was chromatographed, on
silica gel.  The ftitle compound was eluted with 3% methanol-ethyl acstate as a
colourless solid foam (857mg, 80%), ‘'H-NMR and [a]z"o, identical with that of the
title compound of Exampie 16.

Example 26

(-)-(1S,4R)-cis-4-{2-Amino-6-(cyclopropylamino)-9H-purin-9-yi]-2-cyclopentene-1-
methanol hydrochloride.

-)>-(1 §_,43)—is-4—[2—Amino—6—(cyclopropylamino)-QH-purin-9-yl]—2—cyclopentene—1 -
methanol (1.90g, ca. 6.3mmol by 'H-NMR) was dissolved in 1N hydrochloric acid
(7.0mL) and ethanol. The solution was evaporated to dryness and the residue
redissoived in ethanol (15mi). Ethyi acetate was added slowly, to a total volume of
80mi. The off-white powder which formed was filtered off and dried under vacuum to
give the title compound (2.07g, 97%); m.p. collapses at 125-130°C, dec. above
138°C, [a]”sg9 -27.1°, [a]436 -52.3° (c=0.199, MeOH).

Anal. Calcd. for C14H13N30.HCLO.8H20:
Caled C, 49.87; H, 6.16; N, 24.92; C{, 10.51.
Found C, 49.91; H, 6.16; N, 24.96; Cl, 10.52.
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Example 27
{(-)-(18,4R)cis<4-[2-Amino-6-(cyclopropylamine)-9H-purin-9-vi}-2-cycicocentene- !-
methanol Dihydrochioride

(-)~(1S,4R)-cis4-{2-Amino-8-(cyclopropylamine)-SH-purin-S-yi}-2-cyciccentene-1-
methanol (857mg, 3.00mmol) was dissolved in ethanol-ethyl acetate and 1IN
ethereal hydrochloric acid (12ml) was added. The fine white precipitate was washed
with ethyl acetate and dried under vacuum to give the title compound (642mg,
75%); mp. 176-180°C dec.

Anal. Caled. for Cy HgNg0.2HCH
Caled.: C,646.81; H,5.61; N, 23.39; Cl, 19.74
Found.: C, 46.82; H, 5.64; N, 23.33; Cl, 19.67.

Example 28

(1S,4R)-4-(2-Amino-6-(cyclopropylamino)-9H-purin-9-yi)-2-cyclopentene-1-methanoi
O-diphoshate

The (-)-(1S,4R)<4-(2-Amino-6-(cyclopropylamino)-9H-purin-8-yl)-2-cyclopentene-1-
methanol O-monophosphate, prepared as described in Example 8, was converted
to the triethylammonium salt by taking a solution containing 0.489 mmol of the
monophosphate as the ammonium salt, combining with 5 mi of 05 M
triethylammonium bicarbonate and drying in vacuo, followed by another 5 mi of
0.5M triethylammonium bicarbonate then repeating twice. Then, three times,
5 mi of acetonitrile were added and dried in vacuo. This was dissoived in 7 mi of
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (Aldrich) then 0.38 g of 1,1"-
carbonyl dumidazole (Aldrich, 2.4 mmol) was added and stirred for 30 minutes at
room temperature. Methano! (0.16 mi, 4.0 mmol) was added and stirred for 30
minutes.  Tributylammonium pyrophosphate (made by exchanging the salt
of tetrasodium pyrophosphate for hydrogen on an ion-exchange resin, then
neutralizing with tributylamine and drying, 2.4 mmol) was added, stirred for 18
hours at room temperature, then 50 mi of water was added. Both O-
diphosphate and O-triphosphate were formed since the tributylammonium
pyrophosphate contained orthophosphate impurity.

e
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(wherein Ais as defined in claim16, Z represents a halo group, and R err]
represents a C[err] al kanoyl group). 20. The conpound of claim 19 which is
(1S,4R)-ci s-N-[ 6-chl oro-9- (4- (hydroxymet hyl ) - 2-cycl opent en-1-yl ) - 9H puri n-

2-yl]isobutyram de substantially free of the corresponding (1R, 4S5)

enanti oner. Clainms for the followng Contracting State: GR 1. A process

for the preparation of enantioneric condounds of the general fornula

The reaction preducts were separated by DEAE Sephadex ion exchange
chromatography in a 25 x 18 cm column of CEAE Sephadex A2S
(Pharmacia) which had been equilibrated with 50 mM ammonium bicarbonate
(ABC). The column was washed with 1 L of 100 mM ABC then with a 2 L linear
gradient of 100 to 800 mM ABC to elute the to elute the title compound followed by
the triphosphate as described in more detail in Example 29. The fracticns
containing diphosphate were combined, dried in vacue, redisscived in water then
repeated twice to yield the ammonium salt of the title compound (0.032 mmol, 6 %
yield). UV scan: in 0.1 M HCl A max = 254 and 298 nm; at pH 7 A max = 259 and
284 nm: in 0.1 M NaOH A max = 258 and 284 nm.

An aliquet of diphosphate was treated with alkaline phosphatase (calf intestine,
Boehringer Mannheim), sampled at various times and developed on thin layer
chromatography (PEr- cellulose, Brinkman, 1M LiC1M formic acid 1:1). A
sequential conversion of diphosphate to monophosphate to nuclecside was
observed. The final amount of phosphate released was determined by the
method of Bencini (Bencini, D.A., Wild, 3.R., and O'Donovan, G.A. Analytical
Biochemistry 132:254-258 (1983)) and the base/phosphate ratio was determined to
be 1.0/4.7, indicating the presence of inorganic phosphate. UV purity was 97% on
analytical HPLC (strong anion exchange column eluted with a gradient of I0mM to
- 1M ammonium phosphate, pH 5.5).

Example 29

(15.4R)4-(2-amino-6-{cyclopropylamino)-9H-purin-9-yl)-2-cyciopentene-1-methanoi
O-triphosphate

Continued elution of the column described in Example 28 gave, on evaporation,
the ammonium salt of the title compound. This salt was converted to the sodium
salt by passage through a Dowex AG 50W-X8 (Bio-Rad) resin column (sodium
form, 20 ml). The fractions containing nucleotide were concentrated in vacuo to
yield 0.4 mmol (81 %). UV scan: in 0.1 M HCI A max = 254 and 299 nm; at pH 7 A
max = 259 and 284 nm: in 0.1 M NaOH A max = 259 and 284 nm. Optical rotation

REPLACEMINT SHEET

19 JUN 1999




[err] (wherein R represents a cycl opropyl am no or
N-cycl opropyl - N-nmet hyl ani no group and A represents the 2-cy-

38

in water at 6.14 9/ 100 ml was {«]20 = 47.1° on analyticai HPLC (strcng anion
gradient of [OmM to 1M ammonium diphosphate present. An aliquct of
triphosphate was treated with alkaline phosphatase (calf intestine, Boehringer
Mannheim), sampied at various times and developed on thin layer
chromatography (PEl-cellulose, Brinkman, 1M LiCi/ 1M formic acid 1:1). A
sequential conversion of {riphosphate to diphosphate to monophosphate to
nucleoside was observed. The final amount of phosphate released was determined
by the method of Bencini, D.A., Wild, J.R.,, and O'Donovan, G.A. Analytical
Biochemistry 132:254-258 (1983)) and base/phosphate ratioc was determined to be
1.0/2.8.

Example 30

{(18.4R)-4-[2-Amino-6-{cyclopropyimethylamine)-9H-purin-S-yil-2-cyclopentene-1-
methanol

(1S,4R)-4(2-Amino-6-chloro-8H-purin-9-yl)-2-cyclopentene-1-methanol (274mg, 1.00
mmol), - N-cyclopropyl-N-methylamine (0.71g, {0mmol), and absoiute ethanol (6 mL).
The residue was chromatographed on silica gel. The Title compound was eluted
with 10% methanol-chloroform as a colorless glass. Evaporation of an ethanol
solution and drying with phosphorus pentoxide at 0.2 mm Hg gave the title
compound as a white solid foam (293 mg, 98%); 'H-NMR and [a]*® 55, identical with
those of the title compound of Example 9.

Exampie A

Tablet Formulations

The following formulations A, B and C are prepared by wet granulation of the
ingredients with a solution of povidone, foliowed by addition of magnesium stearate
and compression.
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cl opent ene- 1- net hanol -4-yl group in the (1S,4R) configuration), the said
conpounds being in the formof an enan- tiomer substantially free of the
correspondi ng enanti oner, which process conprises

50
39
Formulation A
mg/tablet mg/tablet
(a) Active ingredient 250 250
(b) Lactose B.P. 210 26
{(c) Povidone B.P. 18 8
(d) Sodium Starch Giycollate 20 12
(e} Magnesium Stearate _§ 3
500 300
Formulation B
mg/tablet mg/tabiet
. (a) Active ingredient 250 250
(b) Lactose 1580 -
(c) Avicel PH 101 60 26
(d) Povidone B.P. 15 g
(e) Sodium Starch Glycollate 20 12
() Magnesium Stearate ] 3
500 300
Formulation C
mg/tablet
Active ingredient 100
Lactose 200
Starch 50
Povidone 5
Magnesium stearate 4
359

The following formulations, D and E, are prepared by direct compression of the
admixed ingredients. The lactose in formulation E is of the direct compression type

(Dairy Crest - 'Zeparox').
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A) treating an enantioneric conpound of fornmula (ii):-
Terr]

40

Fomulation D
mg/tablet
Active ingredient 250
Pregelatinised Starch NF 1S 1580
400

Formulation E
mg/tablet
. Active ingredient 250
Lactose 150
Avicel 100
500

Formulation F (Controiled Release Formmulation)

The formuiation is prepared by wet granulation of the ingredients (below) with a
solution of povidone followed by the addition of magnesium stearate and

compression.
mg/tablet
(a) Active ingredient 500
(b) Hydroxypropylmethylcelluiose 112
(Methocel K4M Premium)

(c) Lactose B.P. 53
(d) Povidone B.P. 28
(e) Magnesium Stearate 7

: 700

Drug release takes place over a period of about 6-8 hours and is complete after
12 hours.
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(wherein Ais as defined above and Z represents a precursor group for the
said R group as defined in fornmula (1)} with an agent or under conditions
serving to convert the precursor Z group to the desired R group; or B)
reacting an enantioneric conpound of formula (I11):-

41

Example B

Capsuie Formulations

Formulation A

A capsule formuiation is prepared by admixing the ingredients of Formuiation D in
Example A above and filling into a two-part hard gelatin capsule. Formulation B
(infra) is prepared in a similar manner.

Formulation B

mg/capsule
(a) Active ingredient 250
(b) Lactose B.P. 143
(¢) Sodium Starch Glycollate 25
(d) Magnesium Stearate 2
420

Fomulation C :
mg/capsule
(a) Active ingredient 250
(b) Macrogol 4000 B.P. 350
600

Capsules of formulation C are prepared by meiting the Macrogol 4000 BP,
dispersing the active ingredient in the melt and filling the melt into a two-part hard
gelatin capsule.

Formulation D

mg/capsule
Active ingredient 250
Lecithin 100
Arachis Oil 100

450




[err] (wherein A and R are as defined above, Rlerr] represents hydrogen
or a fornmyl group and R{err] represents an amino protecting group) with an
agent serving to effect formation of the imdazole ring in the desired
conmpound of forrmula (1) and to effect renoval of the R err] am no
protecting group; or C) reacting an en4a2ntiorreri c conmpound of formula

(rvy:-

Capsules of formulation D are prepared by dispersing the active ingradient in
the lecithin and arachis oil and filling the dispersion into soft, elastic gelatin capsuies.

Formulation E {Controlled Release Capsule)

The following controiled release capsule formulation is prepared by extruding
ingredients a, b and ¢ using an extruder, followed by spheronisation of the
extrudate and drying. The dried pellets are then coated with release-controlling
membrane (d) and filled into a two-piece, hard gelatin capsule.

mg/capsule
(a) Active ingredient 250
(b) Microcrystalline Cellulose 125
(c) Lactose B.P. 125
(d) Ethyl Cellulose 13

513

Example C
Injectable Formutation A.
Active ingredient 0.2009
Hydrochloric acid solution, 0.1M, or
Sodium hydroxide solution, 0.1M q.s. to pH 40t 7.0
Sterilewater qg.s.to ' 10 ml

The active ingredient is dissolved in most of the water (35°40°C) and the pH
adjusted to between 4.0 and 7 0 with the hydrochloric acid or the sodium hydroxide
as appropriate. The batch is then made up to volume with the water and filtered
through a sterile micropore filter into a sterile 10 ml amber glass vial (type 1) and
sealed with sterile closures and overseals.




[err] (wherein A and R are as defined above and Rlerr] is an am no
protecting group) with an agent serving to effect

43
Formulation B.
Active ingredient 0.125g
Sterile, pyrogen-iree, pH 7
phosphate buffer q.s. to 25 mi
Exampie D
Intramuscular iniection
Active ingredient 0.20¢g
Benzyl Alcohol 0.10g
Glycofurol 75 145¢g
Water for injection  g.s. to 3.00mi

The active ingredient is dissolved in the giycofurol. The benzyl alcohol is then
added and dissolved, and water added to 3 ml. The mixture is then filtered
through a sterile micropore filter and sealed in sterile 3 ml amber glass vials (type 1).

Example E

Syrup

Active ingredient 0.259
Sorbitol Solution 1.509
Glycerol 2009
Sodium Benzoate 0.005 9
Flavor, Peach 17.42.31689 0.0125 mi
Purified Water q.s. to 5.00mi

The active ingredient is dissolved in a mixture of the glycerol and most of the
purified water. An aqueous solution of the sodium benzoate is then added to
the solution, followed by addition of the sorbitol solution and finally the flavor. The
volume is made up with purified water and mixed well.

prssi A s s o
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renoval of the R err]

or both of the follow ng conversions in any desired order: -
conmpound of forrmula (I)

phar maceutically ac-
t hereof; or

Example F

Suppository

Active ingredient

am no protecting group,

is fornmed,

ceptable salt, ester

44

Hard Fat, BR (Witepsal H1S - Dynamit Nobel)

and optionally effecting one
1) where a

converting the said conpound to a

or salt of such ester

mg/suppository
250
1770
2020

One-fifth of the Witepsol H15 is meited in a steam-jacketed pan at 45°C maximum.
The active ingredient is sifted through a 200 um sieve and added to the molten
base with mixing, using a siiverson fitted with a cutting head, until a smocth
dispersion is achieved. Maintaining the mixture at 45°C, the remaining Witepsol H15
is added to the suspension and stirred to ensure a homogenous mix. The entire
suspension is passed through a 250 um stainless steel screen and, with continuous
stirring, is allowed to cool to 40°C. At a temperature of 38°C to 40°C, 2.02 g of the
mixture is filled into suitable, 2 ml piastic mcids. The suppositories are allowed to
cool fo room temperature.

Example G

Pessaries mg/pessary

Active ingredient 250

Anhydrate Dextrose 380

Potato Starch 363

Magnesium Stearate _1
1000

The above ingredients are mixed directly and pessaries prepared by direct
compression of the resulting mixture.
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51 1) where a pharmaceutically acceptable salt, ester or

salt of such ester of a conpound of formula (1) is f or med,
converting the said pharmaceutically acceptable salt, ester or salt of such
ester to the parent conmpound of forrmula(l) or to a further

such pharnmaceutically acceptable salt, ester or salt of such ester;
wherein said ester is selected fromcardoxylic acid esters in which the

non- car bonyl noiety of the ester grouping is selected from
straight or branched chain Clerr] alkyl, C[err] alkoxy Cferr] alkyl, ar
Cerr] al kfntiviral Activity aryloxy CJerr] alkyl or aryl; sul phonate esters

selected fromerr] alkyl- or ar (err] al kylsul fonyl; am no
a) Anti-HIV Activity

(1S,4R)-cis4-{2-amino-6-(cyclopropylamino)-9H-purin-9-yl ]-2- cyclopentene-
1-methanol was tested for anti-HIV activity in ceils according to the methed

described by Averett, D. R., J. Virol. Methods, 23 1989, 263-276 and was
found to have an 1Cy value of 4.0 + 1.4 uM (average of 10 determinations).

b)  Anti-HBV Activity

The human HBV producer cell line of HepG2,2.2.15, described and
characterised by Sells et al., PNAS 84: 1005, 1987 and J.Viral 62: 2836, 1988
has been shown . to share many characteristics of the HBV chronically
infected hepatocyte. It is infectious as demonstrated by the ability to cause
disease in chimpanzees.

To test compounds for anti-HBV activity, monolayer cuitures were treated
with the test compound: 50-200uM for ten days. Supematant media
containing extracellular virion DNA (Dane particies) were harvested on days
three, six and ten, treated with proteinase K {1 mg/mL) and sodium dodecyl
sulfate (1%), and incubated at 50°C for one hour. DNA was extracted with
equal volumes of phenol followed by chiocroform and then precipitated by
ammonium acetate and propanol. @ The DNA precipitate was dissolved
and collected on nitrocellulose using the procedure of Schieicher and Schuell
(S&S, 10 Optical Ave., Keene, NH 03431, Publication #700, 1987), and
treated as described by Southern, 3.Mol.Biol., 98, 503, 1975. Cells were
harvested and the intracellular DNA was obtained after cell lysis with
guanidine isothiocyanate. The intracellular DNA was handled in the same
manner as the extracellular DNA. After precipitation by ammonium
acetate and propanol, the intracellular DNA precipitate was dissolved, cut by
restriction endonuclease, Hind lll, applied to agarose gel and then treated as
described by Southern to determine the quantity of replicative intermediate
forms. The antiviral effect of the drug was determined by measuring at least
a 100-fold reduction of the amount of Dane particles extruded into the

-
i
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acid esters; and nono-, di- or tri-phosphate esters. 2. A process as
claimed in claiml for the preparation of pharnaceutically acceptable
salts, esters and salts of esters of the (1 S,4R) enantioneric
conpounds of formula (1); wherein said ester is defined as in claim1. 3.
A process as clained in either claim1 or 2 wherein the enantioneric
conpound of fornmula (1) prepared is fred6of t he correspondi ng
enantionmer to the extent that less than 10% w w of the corresponding
enantiomer is present cess s clained in ejther clajm11 or
wherein the engh@f%nﬁ?@”%rﬁ'g{]rﬂj éfm r GEFRSR) iy ébﬁr“étﬂa‘?ei‘“'ﬁf é%pi(gattve

t he correspondnteymediatés.oner to the extent that |ess than 5% w w of the
correspondi ng enantioner is present. 5.

(1S, 4R) - ci s-4- 2 am no- 6- cycl opr yl am no) - 9H puri n-9-yl ] cycl ogentene 1
- met hanol subs(t EntRucisy- COP’@BY‘r*'&S‘Eﬁ?Hﬂ?H‘Q“@n%[‘r*ﬂPFB

cyclopentene-1 -methanol was tested by the above procedure and found to
have potent anti-HBV activity at 100uM.




'( 1S 4R) - ci s- 4-[ 2- am no- 6- (N-cycl opropyl - N- et hyl am no) - 91 pl“l““ Iulllél“m] m

| opent ene-1 - net hanol substantial - ly free of the correspondl n
enantionmer. 7. An enantioneric conpound as clained in either claim5 or 6
free of the corresponding enantioner to the extent that |l ess than 10%
w w of the correspondi ng enantioner is ﬂesent. 8. An enantioneric
conpound as clainmed in any of clains 5 to 7 tree of the correspondi ng
enanti omer to the extent that | ess than 5% w w of the corresponding
enantiomer is present. 9.
(1S, 4R) - ci CUAMS am no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] -2-cycl opent ene-1
-nmet hanol as clained in claimb5, free of the correspondi ng enanti omner.
1. (1S,4R)-cis-4-{2-amino-6-{cyclopropylamino)-3H-purin-9-yi]-2-cyciopentene-1-

methanol substantially free of the corresponding enantiomer.

2. (1S.,4R)-cis-4-[2-amino-8-(N-cyclopropyi-N-methylamine)-8H-purin-g-yi]-2-
cyclopentene-1-methanol substantially free of the corresponding enanticmer.

3. An enantiomeric compound as claimed in either claim 1 or 2 free of the
corresponding enantiomer to the extent that less than 10% wiw of the
corresponding enantiomer is present. |

4. An enantiomeric compound as claimed in any of claims 1 to 3 free of the
corresponding enantiomer to the extent that less than 5% w/w of the
corresponding enantiomer is present.

5. A pharmaceutically acceptable salt, ester or sait of such ester of a compound
as claimed in any of claims 1 to 4, wherein said ester is selected from
carboxylic acid esters in which the non-carbonyl moiety of the ester arouping
is selected from straight or branched chain C,_,, alkyl, C,_,alkoxyalkyl,
arC, salkyl, aryloxyC,_alkyl or aryl; sulphonate esters selected from
C,.1s alkyl- or arC,_,,alkylsulfonyl; amino acid esters; and mono-, di- or

tri-phosphate esters.

6. A pharmaceutical formulation comprising a compound as claimed in any claim
from 1 to § together with at least one pharmaceutically acceptable carrier or
excipient.

7. A pharmaceutical formulation as claimed in claim 6 adapted for oral
administration.

8. A pharmaceutical formulation as claimed in claim 6 adapted for parenteral
administration.
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(128 4R) - ci s-4-[ 2- am no- 6- (N-cycl opropyl - N- et hyl am no) - 91 pur““l“”ul&“! lu,ll“‘“l

| opent ene- 1- et hanol as cl ai ned inclaim6, free of the cdrréspbn |ng
enanti oner. 11. A pharmaceutically acceptable salt, ester or salt of
such ester of a conpound as clained in any of clains 5 to 10, wherein
said ester is selected fromcarboxylic 48id esters in which the
non- car bonyl noiety of the ester grouping is selected fromstrai ght or
branched chain Cerr] alkyl Cerr] alkoxy CJerr] alkyl at Cferr] alkyl,
aryloxy( err] al kyl or aryl; sul phonate esters selected from ([err]

al kyl -or asd] erA]coaidqdnsiLdsf@aryﬂed iardnycciain florastt ter S forasse inoratical tHeragy.
tri-phosphate esters. 12. A pharmaceutical formulation conprising a
conpound as clainmed in any claimfrom5 to 11 together with at | east

one phar mad8ut i ¥8eI0) 2£0MRAUARI a8 daimeadein any <aigy fivmant to S in the manufacture of
a medicament for the treatment or prophylaxis of a retroviral infection.

11.  Use of a compound as claimed in any claim from 1 to § in the manufacture of
a medicament for the treatment or prophylaxis of a human immunodeficiency
virus (HIV) infection.

12.  Use as claimed in either claim 10 or 11 wherein the medicament is in the form
of a dosage amount in the range of 3.0 to 120mg per kilogram body weight of
the recipient per day.

13. A process for the preparation of a compound as claimed in any of claims 1 to
5 which comprises:-

A) treating an enantiomeric compound of formuia (ll):

y/

N/

PR |

H,N

> 2
8

(wherein A represents the cyclopentene-1-methanol-4-yl group in the (1S,4R)
configuration and Z represent a precursor group for an R group which
represents a cyclopropylamino or N-cyclo-N-methylamino group) with an
agent or under conditions serving to convert the precursor Z group to the
desired R group; or

B) reacting an enantiomeric compound of formuia (li):

PPl Sl pihars S
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13. A pharnaceutical fornulation as clainmed in claimi12 adapt Hulmyumm L"lll" Illl
adm nistration. 14. A pharmaceutical fornulation as clained
adapted for parenteral admi nistration. 15. A conpound as clai med in any

claimfromb5 to 11 for use in nedical therapy. 16. Use of a conpound as
clained in any claimfrom5 to 11 i n 4he manufacture of a medicanment for

the treatnment or prophylaxis of a retroviral infection.
R
NHR?
N/
)\ | Ly
NS
RNE” N NE
A

(wherein A and R are as defined above, R? represents hydrogen or a formyl
group and R® represents an amino protecting group) with an agent serving to
effect formation of the imidazole ring in the desired compound of claims 1

to 7 and to effect removal of the R? amino protecting group; or
Q) reacting an enantiomeric compound of formuia {IV):

R

RsNﬂ)\

2z 2
E

(wherein A and R are as defined above and R® is an amino protecting group)
with an agent serving to effect removal of the R? amino protecting group, and
optionally effecting one or both of the following conversions in_any desired
order:-

) where a compound of claim 1 or 2 is formed, converting the said
compound to a pharmaceutically acceptable salt, ester or salt of
such ester thereof; or

ii) where a pharmaceutically acceptable sait, ester or salt of such
ester of a compound of claim 1 or 2 is formed, converting the
said pharmaceutically acceptable salt, ester or salt of such ester
to the parent compound of claim 1 or 2 or to a further such
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pharmaceutically acceptable salt, estér or salt of such ester; whereby the esters
are defined as in Claim 5.
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prophylaxis of a human i munodeficiency virus (H'V) infection. 18. Use of
a conpound as clained in any claimfrom5 to 11 in the manufacture of a

medi canent for the treatnent or prophyl axis of a hepatitis B virus
infection. 19. Use as clainmed in clains 16 to 18 wherein the nedicanent is
in the formof a dosage amount in the range of 3.0 to 120ng per kil ogram

body wei ght of the recipient per day. 28. Enantioneric conpounds of
formula (1V):-

THERAPEUTIC NUCLEQOSIDES

ABSTRACT

The present invention relates to 6-substituted purine carbocyclic
nuclessides and their use in medical therapy particularly in the
treatment of HIV and HBV infections. The invention also relates to
pharmaceutical formulations and processes for the preparation of
compounds according to the invention.
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[err] (wherein A and R are as defi nedumllﬁu Mrtﬂmz[ err] repré%ents
a (err] al kanoyl group). 21. The conpoun ch is (1R

4S) - ci s-N-[ 6- (cycl opropyl am no) - 9- (4- ( hyd roxymet yI 2-cycl o- pent en-

REPLACEMENT SHEETS SG
Jescription : paged ..... to paged ...

47 [l 5
o ﬁm(s) .paged A, 10 paged %

| Ds¥T OF RECEIPT...HJIM......

Claims

Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, L1, CH, BE, AT, LU, ES, DK

1. {1S,4R)-cis-4-[2-amino-6-{cyclopropylamino)-9H-purin-9-yi]-2-cyclopentene-1-methanol substantially free of the
corresponding enantiomer.

2. {1S,4R)-cis-4-[2-amino-6-(N-cyciopropyl-N-methylamino)-9H-purin-S-yi]-2-cyclopentene-1-methanol substantiai-
ly free of the corresponding enantiomer.

3. An enantiomeric compound as claimed in either claim 1 or 2 free of the corresponding enantiomer to the extent
1nat less than 10% w/w of the corresponding enantiomer is present.

4.. An snantiomeric compound as claimed in any of claims 1 to 3 free of the carresponding enantiomer to the extent
that less than 5% w/w of the corresponding snantiomer is present.

5. (1S.4R)-cis-4-[2-amino-6-(cyclopropylamino}-8H-purin-8-yl]-2-cyclopentene-1-methanol as claimed in claim 1,
{ree of the corresponding enantiomer.

6. (1S.4R)-cis-4-{2-amino-6-(N-cyclopropyl-N-methylamino)-9H-purin-8-yi]-2-cyclopentene-1-methanol as claimed
in claim 2, free of the coresponding enantiomer.

7. A pharmaceutically acceptable salt, ester or salt of such ester of a compound as claimed in any of claims 1 to 6,
wherein said ester is selected from carboxylic acid esters in which the non-carbonyi moiety of the ester grouping
is selected trom straight or branched chain C;.4g alkyl, Cy.,g alkoxy Cy.yg aikyl, ar Cy.4g alkyl, aryloxyC,., alkyl

or aryl; sulphonate esters selected from C;.,g alkyi- or arC, ., ¢ alkylsuffony!; amine acid esters; and mono-, di- or
tri-phosphate esters.

8. A pharmaceutical formulation comprising a compound as claimed in any claim from 1,10 7 together with at Jeast
one pharmacedutically acceptable carrier or excipient,

8. A pharmaceutical formulation as claimed in claim 8 adapted for oral admin;strazion.

10. A pharmaceutical formuiation as claimed in claim 8 adapted for parenteral administration.

11. A compound as claimed in any claim from 1,to 7 for use in medical therapy.

12. Use of a compound as claimed in any claim from 1,to 7 in the manutacture of a medicament for the treatment or
prophylaxis of a retroviral infection.

13. Use of a compound as claimed in any claim from 1 to 7 in the manufacture of a medicament for the treatment or
praphylaxis of a human immunodeficiency virus {(HIV) infection.

14. Use of a compound as claimed in any claim from 1,to 7 in the manufacture of a medicament for the treatment or
prophylaxis of a hepatitis B virus infection.

15. Use as claimed in claims 12 to 14 wherein the medicament is in the form of a dosage amount in the range of 3.0
to 120mg per kilogram body weight of the recipient per day.

16. A process for the preparation of a compound as ¢laimed in any of claims 1,10 7 which comprises:-



1-yl)-9H purin-2-yl]isobutyram de substantially free of the c

[err]

L —

(1S, 4R) enantioner. 22. Enantioneric conpounds of fornula (S/”!mrmnﬂllﬂlls””!ll

48
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A} treating an enantiomeric compound of formula (H): 1 2 AUG 1999
Z
= N
N l \> an
NS

(wherein A represants the cyclopentene-1-methanol-4-yi group in the {15,4R) configuration apd'z fepresa_m
a precursor group for an R group which represents a cyclopropylamino or N-cyclo-N-methylamino group) with
an agent or under conditions serving to convert the pracursor Z group 1o the desired R group; or

B) reacting an enantiomeric compound of formula {1l):

R

N/

| 1)
R?'Nn/K NH

N
A

(wherein A and R are as defined above, A2 represents hydrogen or a formyl group and /e regresems anamino
protecting group) with an agent serving to sffect formation of the imidazols ring in the dgsfred compound of
formuia claims 1 to 7 and to effect removai of the RS amino protecting group; or -

C} reacting an enantiomeric compound of formula {IV):

R
NZ N, a
R3NH \N P{ )
A

(wherein A and R are as defined above and R® is an amino protecting group) with an agent serving to effect
removal of the B3 amino protecting group, and optionally effecting one or both of the following conversions in
any desired order:-

I) where a compound of claim 1 or 2 is formed, converting the said compound 1o a phammacautically
acceptable salt, ester or salt of such ester thereof; or

it} where a pharmaceutically acceptable salt, ester or salt of such aster of 2 compound of claim 1 or 2 is
formed, converting the said phamacsutically acceptable salt, ester or salt of such ester to the parent
compound of claim 1 or 2 or to a further such pharmacautically acceptable salt, ester or salt of such ester;
wherein said eslers are as defined in claim 7.



(wherein Ais as defined in claiml, Z represents a halo group

represents a Cferr] al kanoyl group). 23. The conpound of cl a“!ﬁ“ﬂl%'ﬂ“ﬂ!l”!ﬂ
i's

(1S,4R)-ci s-N-[ 6-chl oro- 9- (4- hydroxynet hyl ) - 2-cycl opent en-1-yl)-9H puri n-
2-yl]isobutyram de substantially free ofgthe corresponding (1R, 4S5)

enanti oner. - .
17. Enantiomeric compounds of fotfiuld (1V) :- REPLACE M. MT -SHEET
1
R 12 AUG 999 |
-
I N
N~
LD
e’ N W
A

(wherein A and R are as defined in claim 16 and RS represents a C,.g alkanoyl group).

18. The compound of claim 17 which is (1R, 4S)-cis-N-{6-(cyciopropylamino)-8-{4-(hydroxymaethyl)-2-cyclopenten-
1-yl}-8H-purin-2-yllisobutyramide substantially free of the corresponding (1S, 4R} enantiomer.

19. Enantiomeric compounds of formula (Vi) :-

b4

N2 NN
l \
R’N-l/t\N N\>

A

M)

{(wherein A is as defined in ciaim 16, Z represants a haio group, and A3 represents a C,.g alkanoyl group).

20. The compound of claim 19 which is (IS, 4R)-cis-N-[6-chioro-8-(4-thydroxymethyl)-2-cyciopenten-1-yi}-8H-purin-
2-yllisobutyramide substantially free of the corrasponding (1R, 4S) enantiomer.

Claims for the following Coniracting State : GR

1. A process for the preparation of enantiomeric compounds of the general formula

R
= N
/Pl; > M
H,N N N\
A

{wherein R represents a cyclopropylamino or N-cyclopropyi-N-methy! amino group and A represents the 2-cy-
clopentene-1-methanol-4-yi group in the (15,4R) configuration}, the said compounds being in the form of an enan-
tiomer substantially free of the carresponding enantiomer, which process comprises
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A) treating an enantiomeric compound of tormuta {11);- ' ' T
12 AUG 1999
z |

{wherein A is as defined above and Z represents a precursor group for the said R group as defined in formuia
{1)) with an agent or under conditions serving to convert the precursor Z group 1o the desired R group; or

B} reacting an enantiomeric compound of farmuta {lIl}:-

R
N7 NHR?
I ()
R3NH)\\ N~ NH
A

{wherein A and R are as defined above, R2 represents hydrogen or a formy{ group and R3 represents an
amino protecting group) with an agent serving to effect formation of the imidazoie ring in the desired compound

of formulia (1} and 1o effect removal of the R3 amino protecting group; or

C) reacting an snantiomeric compound of formula (1V):-

R
N* | N\> av)
R3NH/k\ N~ N '

A

(wherein A and R are as defined above and R3 is an amino protecting group) with an agent serving to effect
removat of the R3 amino protecting group, and aptionally effecting one or both of the following conversions in
any desired order:-

i) where a compound of formula (i) is formed, converting the said compound o a pharmaceutically ac-
ceptable salt, ester or salt of such ester thereof; or
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ii) where a pharmaceuticaily accepiable salt, ester or salt of such ester of a compound of formula (1) is
formed, conventing the said phammaceutically acceptable sall, ester or salt of such ester to the parent
compound of formula(l) or to a further such phamaceutically acceptable salt, ester or salt of such ester;
wherein said ester is selacted from carboxylic acid esters in which the non-carbonyt moiety of the ester
grouping is selected from straight or branched chain C;_5 alkyl, Cy.4g alkoxy Cy.q atkyl, ar Cy.,5 alkyl,
aryloxy C,_, alkyl or aryl; sulphonate ssters sslected from C, g aliyl- or ar C, 4 alkylsultonyl; amino
acid esters; and mono-, di- or {ri-phosphate esters.

2. Aprocess as claimed in claim 1 for the preparation of pharmaceutically acceptable salts, esters and salts of esters
of the {1S,4R) enantiomeric compounds of formuta (i}; wherein said ester is defined as in claim 1.

3. Aprocess as claimed in sither claim 1 or 2 wherein the enantiomeric compound of formula {l) prepared is free of
the corresponding enantiomer 1o the extent that less than 10% w/w of the corresponding enantiomer is present.

4. A process as claimed in either claim 1 or 2 wherein the enantiomeric compound of tormula (i) prepared is free of
the corresponding enantiomer to the extent that less than 5% w/w of the corresponding enantiomer is present.

§. (1S,4R)-cis-4-{2-amino-6-(cyclopropylamino)-9H-purin-9-yil-2-cyclopentene-1-methanol substantially free of the
corresponding enantiomer.

6. (18,4R)-cis-4-[2-amino-6-({N-cyclopropyi-N-methylamino}-8H-purin-8-yl]-2-cyclopentene-1-methancl substantial-
ly free of the corresponding anantiomer.

7. An enantiomeric compound as claimed in either claim 5 or & free of the corresponding enantiomer to the extent
that less than 10% w/w of the corresponding enantiomer is present.

8. An enantiomeric compound as claimed in any of claims 5 1o 7 trae of the corresponding enantiomer to the extent
that less than 5% w/w of the corresponding enantiomer is present.

9. (185.4R)-cis-4-{2-amino-6-(cyclopropylamino}-8H-purin-8-yl}-2-cyciopentene-1-methancl as claimed in claim §,
tree of the corresponding enantiomer.

10. (18,4R)-cis-4-[2-amino-6-(N-cyciopropyl-N-methylaminc)-9H-purin-8-yl}l-2-cyciopentene-1-methanol as claimed
in claim 6, free of the corresponding enantiomer. )

11. A pharmacsutically acceptable salt, ester or salt of such ester of a compound as claimed in any of claims 510 10,
wherein said ester is selected trom carboxylic acid esters in which the non-carbonyl moiety of the ester grouping
is selected from straight or branched chain Cy.yg alkyl, Cy.4g alkoxy C,_qg alkyl, ar Cy.yg atkyl, aryloxyC, ., alkyl
or aryl, suiphonate esters selected from C_1g alkyl-or arC,.4g alkyisulfonyl; amino acid esters; and mono-, di- or
tri-phosphats esters. .

12. A pharmaceutical formulation comprising a compound as claimed in any claim from 5 to 11 together with at least
one pharmaceutically acceptable carrier or excipient. -

.13. A pharmaceutical formulation as claimed in claim 12 adapted for oral administration.
14, A pharmacedtical formulation as claimed in claim 12 adapted for parenteral administration.
18. A compound as claimed in any claim from § 1o 11 for use in medical therapy.

16. Use of a compound as claimed in any claim from 5 to 11 in the manufacture of a medicament for the treatment or
prophylaxis of a retroviral infection.
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17. Use of a compound as claimed in any claim from 5 to 11 in the manufacture of a medicament for the treaiment or
prophylaxis of a human immunodeficiency virus (HIV) infection.

18. Useofa compc'und as claimed in any claim from 5 to 11 in the manufacture of a medicament for the treatment or
prophylaxis of a hepatitis B virus infection. -

19. Use as claimed in claims 16 to 18 wherein the medicament is in the form of a dosage amount in the range of 3.0
1o 120mg per kilogram body weight of the recipient per day.

20. Enantiomeric compounds of formuia {IV) :-

R

N7 N
| \
m*\ N ',‘>

A

(V)

{(wherein A and R are as defined in claim 1 and R? represents a C,.; alkanoyl group).

21. The compound of claim 20 which is (1R, 4S)-cis-N-{6-(cyclopropylamino)-3-(4-(hyd roxymethyl)-2-cycio-penten-
1-yl}-9H-purin-2-yilisobutyramide substantially free of the corresponding (1S, 4R) enantiomer.

22. Enantiomeric compounds ot formula (V1) :-
Z

N7 N
| \
R‘N-l)%N N\>

A

M)

s

{wherein A is as defined in claim 1, Z represents a haio group, and R® represents a C,.g alkanoyl group).

23. The compound of claim 22 which is (1S, 4’R)-gi_s-N-[B-chloro-9-(4-(hydroxymethyi)-2-cyclopenten-1 -yl)-9H-purin-
2-yllisobutyramide substantially free of the corresponding (1R, 4S) enantiomer.

1
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ABSTRACT

THERAPEUTIC NUCLEOSIDES

The present invention relstes to 6-substituted purine carbocyclic nucleosides
and their use in medical therapy particularly in the treatment of HIV and HBV
infections. The invention also relates to pharmaceutical formulations and

processes for the preparation of compounds according to the invention.
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