e ' oL 7655242 -
PLACEMENT SHEETS  SG 6@53 7
| oropyrinmidine 1nternediates The present i nv@OW]a%PQ'ESPECHmﬂm
Vel pyrim dine internediates, processes for t 7
conversion to 9-substituted-2-am nopurines, #ﬂﬁW‘%Mcgé?g-u
: heterocycllc and acyclic purine nucl eosi de analogues and salts, esters and
pharmaceutically acceptabl e derivatives thereof A nunber of 2-am nopurine

nucl eosi de anal ogues have been shown to be useful in the treatnment or
prophyl axis of viral infections, for exanple the conpound of formula (A)

[err] : Chloropyrimidine Intermediates

The present invention relates to certain novel pyrimidine intermediates, processes for their

‘preparation and their conversion to 9-substituted-2-aminopurines, such as certain
carbocyclic, heterocyclic and acyclic purine nucleoside analogues, and salts, esters and
pharmaceutically acceptable derivatives thereof.

A number of 2-aminopurine nucleoside analogues have been shown to be useful in the
treatment or prophylaxis of viral mfectlons, for example the compound of formula (A)

< l*x

is described as having potent activity against human 1mmunodeﬁc1ency virus (HIV) and
hepatitis B virus (HBV) (EP 0434450).

Processes have been pfoposed for the preparation of 9-substituted-2-aminopurines,

generally starting from a pyrimidine compound, coupling with a sugar analogue residue,
and cyclisation to form the imidazole ring and introduction of any suitable 6-substituent.

Pyrimidine compounds which have been identified as being useful in the preparation of 9-
substituted-2-aminopurines  include . 2,5-diamino-4,6-dichloropyrimidine, N,N'-(4,6- -
dichloro-2,5-pyrimidinediyl)bis formamide and also N-2-acylated pyrimidine derivatives
such as the 2-acetamido and 2-isobutryamide derivatives (US Patent 5087697).

Processes for the synthesis of these intermediates generally involve a number of steps of
which some are difficult to perform and produce poor yields, preventing any practical
scale up of these processes above a few grams, and are thus difficult and uneconomical.
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F
I s described as having potent activity agai nst human i rmunodefi ci ency virus
(H'V) and hepatitis B virus (HBV) (EP 0434450). Processes have been
groposed for the preparation of 9-substituted-2-am nopurines, generally
starting froma pyrimdine conpound, couplfeng with a sugar anal ogue
resi due, and cyclisation to formthe im dazole ring and introduction of any
sui tabl e 6-substituent. Pyrim dine conpounds which have been identified as
bei ng useful in the preparation of 9- substituted-2-am nopurines include
2, 5-di am no-4, 6-di chl oropyrimdine, NN -(4,6-
di chl oro-2 Bopgssésribdtheesjhﬂ:le&bbﬁtliemﬂs@dﬂe axfdmmm%madﬂmbpyraﬂxdmrmdu& ne
derivative
Pat ent 508%6%‘1’éCF rocesses ‘%&H}e gdﬂg’f’lﬁeis’l gﬁ&%ﬁl ése i é‘#’%ﬂéﬁ
general | y iphpgphosu saomhbmdeof exammatxon of this reaction was carried out by
Temple et al. (J. Org. Chem. 1975, 40: 3141-3142). These workers concluded that the
reaction was unsuccessful, apparently because of degradation of the pyrimidine ring
system. Hanson (SmithKline Beecham, WO 91/01310, US Patent 5216161) subsequently
described a process for the direct chlorination of 2,5-diamino-4,6-dihydroxypyrimidine by
reﬂuxing with phosphorus oxychloride in the presence of large molar excesses of
quaternary ammonium chlorides or amine hydrochlorides. We have examined this process
and have obtained, repeatedly, much lower yields (<10%) of crude 2,5-diamino-4,6-
dichloropyrimidine than those specified in the SmithKline Beecham patent specification.
The extensive decomposition of the 2,5-diamino-4,6-dihydroxypyrimidine to tars which
coat the equipment, combined with the problems of dealing with the copious solids due to
the insoluble amine salts, constitute significant drawbacks and make scale-up of such a
process impractical. The modifications of Legraverend et al. (Synthesis 1990: 587-589),
namely using acetonitrile as a solvent and adding phosphorus pentachloride to the
phosphorous oxychloride and quaternary ammonium chloride, result, in our experience in
the isolation of approximately 30% (after chromatographic purification) of 2,5-diamino-
4,6-dichloropyrimidine on a 2-5 gram scale. Again, scale-up beyond a few grams is
impractical due to the formation of tarry precipitates.

A recent Lonza AG patent specification (EP 0 552 758) suggests that higher yields (35-
65%) may be obtained with phosphorus oxychloride chlorination when the 5-amino group
of 2,5-diamino-4,6-dihydroxypyrimidine is protected with an alkoxycarbonyl protecting
group. This modification is claimed to simplify the chlorination step in that the amines and
phosphorus pentachloride, employed in the prior processes discussed above are not
required. This creates a new problem, namely the need to remove the alkoxycarbonyl
protecting groups in order to be able to convert the pyrimidine intermediates to- purines.
Indeed, the Lonza AG specification does not show that such 5-protected 2,5-diamino-4,6-
~ dichloropyrimidines may be converted to purines in an advantageous manner.
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whi ch sonme are difficult to performand produce poor yields, preventing any
practical scale up of these processes above a few grans, and are thus

di fficult and uneconomi cal .

- 2- Processes for the synthesis of the iqternediate

2, 5-di am no- 4, 6-di chl oropyri m di ne include the direct chlorination of
readily avail abl e 2, 5-di am no4, 6-di hydr oxypyri m di ne usi ng phosphorus
oxychl oride. The original exam nation of this reaction was carried out by
Tenple et al. (J. Og. Chem 1975, 40: 3141- 3142) These workers concl uded

that the reachioesssfos ﬁs%mN’-
proRBss RS theWyhidle mallow 10, us

T e LA aci gt e gl el md Lol e

chlorinati o(Hnrfndé‘n ét-all, drivied-Chem. A9D9,B30187196 ard US Pbtent 5,159,076).

The S5-step route to the N-2-acylated derivatives, and also to 2,5-diamino-4,6-
dichloropyrimidine required for the synthesis of N,N'-(4,6-dichloro-2,5-pyrimidinediyl)bis-
formamide (Temple et al., J. Org. Chem. 1975, 40: 3141-3142), starts from 2-amino-6-
chloropyrimidin-4-one and contains steps, which include the introduction of the 5-nitro
group and the subsequent handling and reduction of very reactive S-nitro-4,6-
dichloropyrimidine intermediates, which make scale-up impractical. The yields on a
number of the steps to these intermediates are poor (Legraverend et al., Synthesis 1990:
587-589).

We have now discovered certain new pyrimidine intermediates which are useful in a new
synthetic route for the preparation of the above 9-substituted-2-aminopurines and in
addition which can be used in the synthesis of the known intermediates described above.

In one aspect of this invention we provide the following novel intermediates which may be
utilised in the synthesis of 2-aminopurines, namely compounds of formulae (I), (II) and
(m);

R1
N=c1-m<R1 o <nz

wr :
N | R2 (II)
R1 )\\ ()

R2
Cl
nZ HCHO
/‘% ' (I11)
H2N N cl
—_—
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é
refluxing with phosphorus oxychloride in the presence of |arge nolar
excesses of quaternary ammoni um chl ori des or am ne hydrochl orides. W have
éxam ned this process and have obtai ned, repeatedly, nuch | ower yields
(<10% of crude 2,5-diam no-4, 6- dichloropyd mdine than those specified in
the Sm thKl i ne Beecham patent specification. The extensive deconposition of
t he 2, 5-di am no- 4, 6-di hydroxypyrimdine to tars which coat the equi pnent,
conbined with the problens of dealing with the copious solids due to the

i nsol ubl e am ne salts, constitute significant drawbacks and rmake scal e-up

of such a leﬁﬁ&ﬁRilrind mﬂﬁhbememdbfdmtmr&eeéleaag&auﬁcmWM

h I
i ng. phos RS Gabbrmpchet s 53-8 VBt 54 R0 tr (e s PRendt B pebiihy,
quat enary amhmhlma:y b bptiondlly substituted, fommmplekp&waikﬂ orrhaldgeni(e.gl €1)i ma of
appr oxi mat e}y &ﬂeﬁ%@% 5@9@1 2&5%@%8@&1 f 2,5-di am no-

4, 6-di chl orhpyrl m di ne on a gram sca Agai n, sca e up beyond a few
grans is inpractical due to the forrratlon of tarry precipitates. A recent

I(_ggza(sé\% g égl:?e obtinl ne \iﬁﬁfaﬁ orus o cﬂ?gﬁﬁ?%dﬁ%dm’gtﬂuﬁ%ﬁﬁ”&lﬂét he
5 ani no._ gr oBisPATation of A C SRFRPR o0t 7 AmifoRurines sliin e peoRs
alhkoxchar boanydlogieobf foriniida Q(AQ,Uﬁxchdloﬁr (ERI0182024)0 Ipendclohﬁl(@(i)IMQZ‘I)mHZGy
the c orin

erpl oyeq | nOBERSE | SIRasM T BT A BRRREAR AT Y RS- -
creates a neylopentylle6il-pusinei-gne HEPRA29518), r andv ethen e Ssubsitytod:2oaminbpurines
protecting Mﬂdﬁﬁb&ﬁ%&?wﬁi&&t&éﬁe&ﬁ?‘éﬂ%&xﬁﬁ%&' m di ne

i nternmedi ates to purines.
In a further aspect of this invention we provide processes for the synthesis of the novel
intermediates of formulae (I), (II) and (III), and the known intermediate 2,5-diamino-4,6-
dichloropyrimidine(IV). These processes are illustrated in the simplified diagram below
which is designed for illustration only of the posslble ways of synthesxsmg these

intermediates;
2,5-diamino-4,6-dihydroxypyrimidine.
e
o
\
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| ndeed, the Lonza AG specification does not show that such 5- prot ect ed
2, 5- dlan1no 4,6- dichloropyrimdines nay be converted to purines in an
advantageous manner . -3 -
A process for the synthesis of N N -(4,6- dschloro 2,5-pyrimdinediyl)bis
formam de is the reaction of 2,5-diam no-4, 6- dlchloropyr|n1d|ne with formc
acid and acetic anhydride (Fbrnden et al., J. Med. Chem 1990, 33:187-196
and US Patent 5,159,076). The 5-step route to the N 2-acyl ated
derivatives, and also to 2,5-di am no-4, 6-

The present invention also provides a process for the preparation of compounds of

formula () which comprises chlorination of 2,5-diamino-4,6-dihydroxypyrimidine with a
_ halomethylenimminium salt (Vilsmeier reagent) of formula (V).

R2
(v)
wherein R and R2 are as defined above

Compounds of formula (V), may be prepared from a variety of formamides of secondary
amines by reaction with a variety of acid halides, such as phosphorus oxychloride,
phosphorus pentachloride, thionyl chloride, phosgene, and oxalyl chloride, for example as
detailed in a review by C. M. Marson, Tetrahedron 1992, 48: 3660-3720 and references
therein.

The advantage of protecting the diaminopyrimidine from extensive decomposition during
chlorination is achieved by the in situ protection of the amino groups with two molar
equivalents of Vilsmeier reagent (V) to. give a bis-formamidine intermediate (detected by
thin-layer chromatography), which is subsequently chlorinated to a compound of formula
(D) as the reaction with additional equivalents of Vilsmeier reagent proceeds. The
improved solubility of such bis-formamidine derivatives is an added advantage of this
process, facilitating the subsequent chlonnauon to compounds of formula (I) and their
isolation and simple purification.

The disadvantage of the use of 5-alkoxycarbonyl protecting groups, as c!eécxibed in the
Lonza specification (EP 0552758) is avoided since the formamidine groups in compounds
of formula (I} are readily hydrolysed under mild conditions in a step-wise manner to form
the intermediates (II) and (IIT); or alternatively compounds of formula (I) can be directly
hydrolysed to compounds of formula (IIT).

The compound 2,5-diamino-4,6-dichloropyrimidine (IV) can be prepared by:-

_—
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di chl oropyrim dine required for the synthesis of

N, N -(4,6-dichloro-2,5-pyrimdinediyl)bis- formam de (Tenple et al., J.

G g. Chem 1975, 40: 3141-3142), starts from 2-am no- 6-

chl oropyrim di n-4-one and contains steps, .hi ch include the introduction of
the 5-nitro group and the subsequent handling and reduction of very
reactive 5-nitro-4,6- dichloropyrimdine internedi ates, which nmake scal e-up
i mpractical .
poor (Legraverend et al., Synthesis 1990: 587-589). W have now

di scovered A®rt athe hydrolysis offd conspound of formmlas@;s whi ch are useful in a new

The yields on a nunber of the steps to these internediates are

synthetic r
9- substi t ut

oute for the preparation of the above
ed- 2- am nopur| nes and in _addition which can be used in the

synt hesi s oB)t hetherydrolysis off eampouad of forawladB; ebove. I n one aspect of

this invent
utilised in

(1y, (11) af

ion we provide the foll ow ng novel internediates which may be

[eﬁﬁ'hyﬁmﬁs'rs?sé’ffacoﬁp”&uﬂﬁ%i‘%or&%faaﬁ?”e'y compounds of formil ae

The hydrolysis of (I), (II), or (II) to 2,5-dlammo-4,6-dlchloropymmdme is conveniently
carried out at pH 3 +/- 0.5 by adding a water-miscible cosolvent, such as ethanol. The
hydrolysis is more efficient at pH 1-2, with shorter reaction times required than at a higher
pH. It is advisable at pH 1-2, however, to protect 2,5-diamino-4,6-dichloropyrimidine
from hydrolysis to hydroxypyrimidines by extraction, as it is formed, into an organic layer
which is not miscible with the aqueous acid. When the pH of the aqueous layer is below
1, extraction of the product into the organic layer is inefficient (the pK, of (IV) was found
to be ca 0.5 and the pyrimidine ring is thus significantly protonated below pH 1).
Preferably, the acid used for this hydrolysis should be one which is not appreciably soluble
in the organic layer, e.g. phosphoric or sulfuric acid. The organic solvent should be one
which is stable to aqueous acid and in which (IV) is soluble. Satisfactory solvents for the
organic layer include toluene and halocarbon solvents such as methylene chloride,
chloroform, and 1,2-dichloroethane. At completion, the organic layer is simply washed,
e.g. with saturated aqueous bicarbonate, dried and concentrated to provide (IV) with no
purification required.

Compo;mds of formula (IIT) can be prepared by:-

A) selective hydrolysis of a compound of formula (i); or

B) selective hydrolysis of a compound of formula (II).

The hydrolysis of compounds of formula (I) or (I) to (IIX) is most efficiently carried out in
dilute aqueous acid, preferably in dilute aqueous mineral acid such as sulfuric acid,

hydrochloric acid, or phosphoric acid. Prolonged exposure to pH below 1 should be
avoided as the chloropyrimidine ring is protonated significantly below pH 1 and may

_
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4 .

-4- wherein R err] and Rl err], which be the same or different, are
selected fromderr] straight-chain alkyl, Cerr] branched al kyl, ([err]
cycl oal kyl, and aryl groups (such as phenyl or naphthyl), which may be
optional ly substituted, for exanple by C{efr] alkyl or halogen (e.g. ).
In a preferred enbodlnent of the invention R[err] and R[err] are both

nmet hyl . These novel internediates can be readily prepared in good yields
and are useful for the preparation of a wide variety of different types of
2-am nopurines including the nucleoside anal ogue of fornula (A)'

(57! 1 2, AR e s ARBEC) i
cycl opent y|11$')*’8€|t21§¥r &ﬁé"‘ émf'éﬁ‘r“ﬁ‘l?@g‘i%é an&ﬂﬁ B‘P;Fé’ 9 7- 63 Hor rt]ﬁ/e efficient
9- subst i t ut formatierof (IE)s iInahis pptimalipH ratigd, théforfhamiding gtoups of i(H andt(II) are
attached byg g ali¢ 3hdifsed 8 Give (II) in approximately 70% yield. As the hydrolysis of the
formamidine groups of (I) and (II) proceed, the secondary amine from which the Vilsmeier
reagent (V) was formed (HINR1R2) is liberated and causes the pH of the solution to rise,
thus slowing the hydrolyses. In addition, with certain reactive aliphatic amines HNRIR2,
such as N,N-dimethylamine, it is necessary to maintain a pH sufficiently low to prevent the
chloro groups of the pyrimidine ring from displacement by the secondary amine. We have
found that maintaining the pH of the reaction mixtures below 4 avoids significant
displacement of the chloro groups by the secondary amine, even with amines as reactive as
- N,N-dimethylamine. It was thus found optimal to buffer the hydrolyses of (I) and (II) to
([) at pH 3 +/- 0.5 or to add increments of acid throughout the hydrolyses in order to

mamtam the pH in this range.

Optimally, the hydrolysis of compounds of formula (I) or (II) to (IIT) is carried out in a
minimum of water with the pH controlled as described above. Under these conditions,
(1) precipitates as formed and is simply filtered off and washed with water. The
hydrolysis is carried out at gentle reflux for 4 hours, or at lower temperatures for longer
periods of time.

The compounds of formula (II) can be prepared by the selective hydrolysis of the
compounds of formula (I). Preferably the selective hydrolysis is carried out with slightly
more than two molar equivalents of mineral acid in water or ethanol and warmed for 15-
30 minutes.

The compounds of formmia (I) can be prepared by reacting- 2,5-diamino-4,6-
dihydroxypyrimidine with a Vilsmeier reagent of formula (V).

The coinpound 2,5-diamino-4,6-dihydroxypyrimidine is commercially available (Sigma,
Maybridge BTB, Pfaltz and Bauer, Polyorganix).
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In a further aspect of this invention we provide processes for the
synthesis of the novel internediates of formulae (I), (Il) and (I1I11), and
tthe known i nternedi ate 2,5-di am no-4, 6- dichloropyrimdine(lV). These

processes are illustrated in the sinmplified_di agram bel ow which is designed
for illustration only of the possible ways of synthesising these

I nt er medi at es; 2, 5-di am no- 4, 6-di hydroypyrim dine. [err]

The novel bis-formamidines of formula (I) are formed and isolated conveniently in high
yield when the 2,5-diamino-4,6-dihydroxypyrimidine (or a salt thereof such as the
hydrochloride or the hemisulfate) is treated with at least 4 molar equivalents of a Vilsmeier
reagent (V). These chlorination reactions proceed under extremely mild conditions
without the formation of copious tarry precipitates which characterises direct
chlorinations, as previously described with phosphorus oxychloride and phosphorus
oxychloride / quaternary ammonium halides. The Vilsmeier chlorination of 2,5-diamino-
4,6-dihydroxypyrimidine may be carried out in an inert solvent, such as toluene,
chloroalkenes, or chloroalkanes (such as methylene chloride, chloroform or 1,2-
dichloroethane). Preferably the solvent is 1,2-dichloroethane, chloroform, or methylene
chloride. The chlorination may be carried out at 0 to 110°C, preferably at 40-100°C,
conveniently at reflux for the solvent used. Reaction times are typically 12 to 48 hours.
Isolation of compounds of formula (I) is simple and can be readily scaled-up, involving
simply washing the reaction solution with an aqueous solution containing sufficient base,
such as sodium bicarbonate, to neutralize any hydrogen chioride formed and then
concentrating the dried organic layer to obtain the novel chlorinated pyrimidines of
formula (I). The compounds of formula (I) are generally stable and may be precipitated
from a variety of solvents, such as ethyl acetate, and stored or used wu:hout further
purification.

Particularly preferred examples of the compounds of formulae (I), (II) and (III) are:

a) 4,6-Dichloro-2,S-bis-[(dimethylamizio)methyleneamino]pyrimidine
b) 2-Amino-4,6-dichloro-5-[(dimethylamino)methyleneamino]pyrimidine
¢) N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide

According to a further aspect of this invention the novel intermediate of formula (III) can
be used in the synthesis of 2-amino-6-éhloropurines. In addition compounds of formula
(D or (II) may also be used in the synthesis of 2-amino-6-chloropurine nucleosides,
provided that the amine HNRIR2 (where R1 and R2 are defined earfier) liberated, during
the conversion of the pyrimidine intermediate to the purine, is sufficiently unreactive
towards the displacement of the chloro group of the 2-amino-6-chloropurines generated.

—_
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This is the replacenent sheet

L 5.

The compounds of formula (II) share with the previously described N-2-acylated
derivatives the property of greater reactivity than 2,5-diamino-4,6-dichloropyrimidine

~ toward displacement of a chloro group by an appropriate primary amine or protected

hydroxylamine. However, such condensations with (IIT) (described in more detail below)
may be carried out under milder conditions at lower temperatures and with shorter
reaction times than with compound (IV), thus resulting in less decomposition of the
amines. The condensation products (VI) are isolated in greater yield and purity than the
corresponding products (VII) formed in condensations with 2,5-diamino-4,6-
dichloropyrimidine (IV). Another advantage of the use of the intermediate (III) over the
previously described N-2-acylated derivatives, in addition to greater ease of synthesis, is
that the purines generated from (III) do not require deprotection, i.e. hydrolysis of the N-
2-acyl group (these longer processes are described in US Patents 5,087,697 and
5,159,076).

-Cl

L o
« NHCHO  Hcl N From N
O ==, 100 £- 100
HNT N7 W LY N N
3 Rr?

H,N N NHR 2

(Via) - (Vi) (Vila) - (V1if) (IXd)
' From Viia (Famciclovir)
\ FromVia NH
NH EtOH
n-BuOH

wi <]
Bos

Wherein R3 is hereinafter defined. (Xa)

\.
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The present invention also provides a process for the preparation of
compounds of formula (1) which conprises chlorination of

2, 5-di am no- 4, 6-di hydroxypyrim dine with a hal onet hyl eni mm ni um sal t
(Vilsmeier reagent) of formula (V). [enpg} wherein R err] and R2 are as
defined above Conpounds of formula (V), may be prepared froma variety of
formam des of secondary am nes by reaction with a variety of acid halides,
such as phosphorus oxychl ori de, phosphorus pentachl oride, thionyl chloride,
phosgene, and oxalyl chloride, for exanple as detailed in a review by C M
Marson, Tetrahedron 1992, 48: 3660-3720 and references therein. The

Gur g onl o et Rl 6 oty 0BT Bl 8 Ept PR GeF iR WAl O

groups w t h(\WEavhigh rgpresent a further feature of the invention:-

cl
NHCHO
N7
| (V1)
' &
HN N NHR3

wherein R3 may be hydrogen or any group which is not attached by a glycosidic bond.

Preferably R3 is a hydroxyl or a protected hjdroxyl; or a carbocyclic group (e.g. C3.7
carbocyclic), an acyclic group (e.g. Co.g hydrocarbyl) wherein carbon atoms may be
substituted by one or more heteroatoms such as N, O or S, or a heterocyclic group (e.g.
C4.7 heterocyclic) in which at least one carbon atom is replaced by a N, O, or S atom, or
a substituted analogue of any thereof (e.g. such substituents are independently selected
from Cj._4alkyl, C1_4 alkoxy, hydroxyl or protected hydroxyl, azido, phosphonyl, or
halogen), provided that such groups are not attached by a glycosidic bond .

Preferred groups for R3 are hydroxyl or protected hydroxyl.

Further preferred groups for R3 are
X
a. >
b H;
0
C. H:O: )
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equi val ents of Vilsneier reagent (V) to. give a bis-formam dine
internmedi ate (detected by thin-layer chromatography), which is subsequently
chlorinated to a conpound of fornmula (1) as the reaction with additional
equi val ents of Vilsneier reagent proceeds.ijlhe inproved solubility of such
bi s-formam di ne derivatives is an added advantage of this process,
facilitating the subsequent chlorination to conpounds of fornula (I) and .
their isolation and sinple purification. The disadvantage of the use of

5- al koxycarbonyl protecting groups, as described in the Lonza specification
(EP 0552758) is avoided since the formam di ne groups in conpounds of
formula (1) are readil -.mld conditions in a step-w se
manner to formthe inﬁ% %égpgﬂéiﬁﬁphae *(11'1); or alternatively conpounds
of formula (1) can be directly hydrolysed to conpounds of formula (I111).

The conpound 2, 5-di amé\ﬁdcﬁiéh&fgmpzexri m dine (1V) can be prepared by: -
IHiCEI ' _

HO
f
&
HO F

g. ; and

s
N
0

HO
ho
A further preferred group for R3 is ;
ey
Suitable groups for R3 are selected ﬁ'or_n a; b; c; d; e; and £, as defined aboYea
By "hydrocarbyl" it is meant a group containing only hydrogen and cafﬁon atoms, which

may contain double and/or triple bonds and which may be straight, branched, cyclic or
aromatic.
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- 6- A) the hydrolysis of a conpound of formula (1); B) t he
hydrol ysis of a conpound of formula (I1); or O the hydrolysis of a
compound of formula (I11). The hydrolysis of (I), (Il1), or (lIl) to
2, 5-di am no4, 6-di chl oropyrim dine is convepently carried out at pH 3 +/-
0.5 by adding a water-m scible cosolvent, such as ethanol. The hydrolysis
Is nore efficient at pH 1-2, with shorter reaction tinmes required than at a
hi gher pH It is advisable at pH 1-2, however, to protect
2, 5-di am no-4, 6-di chl oropyri m dine from hydrol ysis to hydroxypyrim di nes by
ext L aCL | on, Accordihg tea Wwwwﬁngaﬂ we provide F\pﬁbc’ebs for thlf)preﬁiﬁﬁblbbﬁ
with the a n e of the agueous |aver is.hel o .
ext ract | on SPTRAEbE gl W‘ﬁ@wﬁ%ﬁai afRend Bt iy (O with
pK[ err] of anl ¥ningaef foromia RYNHH,cwheéreSRAnid definedyabowe.di Swchr conglensatiohs: sire
significant I | -4

g préf %ﬁﬂé@e ongu ir@ﬁfnpiﬂ a-solvéit Shél ﬁbﬁm&r@m%ﬁﬁl 4 tﬂr LQkoditHle

hydr ol ysi s ;shou ch 1s not aptprem a (o) e organic
| ayer, ~e. g.ingkeBrssence of at least) angraquivalentio wheseowéms lpmine ofRARSSIUBEOh e
sodium carbonate.

Subsequent references to compounds of formula (VIa, b, ¢, d, e, f, g, or h) denote a
compound of formula (VI) in which R3 is a group of a, b, ¢, d, e, f, g, or h as defined
above.

A particularly preferred compound of formula(VI) is (1S,4R)-4-[(2-amino-6-chloro-5-
formamido-4-pyrimidinyl)amino]-2-cyclopentene-1-methanol (VIa)

The novel intermediates (VI) can be converted by ring closure to the corresponding
compounds of formula (VII):-

wherein R3 is defined above.

Ring closure of (VI) to (VII) is conveniently carried out in trialkylorthoformates (e.g.
triethylorthoformate or trimethylorthoformate) with concentrated aqueous ‘acid (e.g. 2-4
molar equivalents of hydrochloric, sulfuric acid or methane sulfonic)., For example, the

- hydrochloride salt of (VIla) i.e. wherein R3 represents group a, begins to precipitate from
such orthoformate solutions of (VIa) within minutes and yields above 90% may be
achieved by filtration of the precipitate, optimally after several hours at ambient
temperature.
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which is stable to aqueous acid and in which (IV) is soluble. Satisfactory
sol vents for the organic layer include toluene and hal ocarbon sol vents such
as net hyl ene chloride, chloroform and 1, 2-dichloroethane. At conpl etion,
the organic layer is sinply washed, e.g. w$h saturated agqueous

bi carbonate, dried and concentrated to provide (IV) wth no purification
requi red. Conpounds of fornmula (Il11) can be prepared by:- A sel ective
hydrol ysis of a conpound of fornmula (1); or B) sel ective hydrolysis of a
conpound of formula (Il1). The hydrolysis of conpounds of formula (I) or

(11) to (Il7he %&ﬂ{&ﬁtof@-ﬁﬁlfshﬁﬂéd- -aﬁﬁid-aw oPépurings, iuchitag cagpOANds OF fstmula

preferably £ aqueous mn .ac uch as sulfuric acid
hydr ochl or |¢&QC|“3|%’5 mg'?ﬂ% ggmw Ry gu?repfegmb'ﬂybg‘fwef

shoul d be aynlhdsadxﬂhmh@@ahhopmnﬁnmﬂtermedmtngsuchap(ﬁﬂﬁhat ed significantly
bel ow pH 1 and may

{(VIII)

as described US Patent 4,916,224, The previously-described routes to intermediates such
as (VIII) are longer and, more importantly, the number of steps to the purine targets after
incorporation of the group R3 is greater. Also, triaminopyrimidine intermediates such as
(VII) are air- and light-sensitive and extremely difficult to purify due to their polarity and
metal-chelating abilities (the isolation from the zinc reduction of diazo intermediates is
especially problematic). The novel 5-formamido intermediates of formula (VI) are easily
and directly attainable from compounds of formula (IIT) in one step and are generally
solids which are stable and easily-purified by precipitation from a suitable solvent. '

(1'S,3'S,4'S)-2-Amino-1,9-dihydro-9-[ 3,4-dihydroxy-3-hydroxymethyl-1-cyclopentyl]-6H-
purin-6-one (IXh) (EP0420,518) may be prepared by condensation of the compound of
formula(IIT) with 4-amino-3-cyclopentene-1-methanol (US patent 5,049,671) to form the
compound of formula (VIg) followed by ring closure of the compound of formula (VIg)
to prepare the compound of formula (VIIg), which may be hydroxylated, with osmium
tetroxide/N-methyl-morpholine N-oxide to provide the compound of formula (VIIh). The
compound of formula (VIIh) is hydrolysed to form the conipound of formuIa (XXh).
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-7- - therefore undergo attack by water, generating undesired

hydr oxypyri m di ne by-products. Preferably, the pH is naintai ned above 2 and
optimally at 3 +/- 0.5 for the efficient formation of (lI1l1). In this
optimal pH range, the formam dine groups ofi4¢l) and (I1) are selectively
hydrol ysed to give (I111) in approxinately 70%yield. As the hydrolysis of
the formam dine groups of (I) and (I11) proceed, the secondary am ne from
which the Vilsneier reagent (V) was fornmed (HNRlerr]Rerr]) is |liberated
and causes the pH of the solution to rise, thus slowng the hydrolyses. In

addi tion, Mimnﬁar&aﬂarobaﬁﬁé (Vﬂb)adnaynbebrepaﬁm hyeﬁngﬂaﬁlﬁé rdfﬁibeélrj 4-didntiho-8s
N, N- di net hyI | t to mai nt ai su{ h{m e | ow,t

pr event the 53‘0 é %rr‘ff’m% nsé[“%e g%‘ﬁé‘ﬂ tﬁ?‘le
secondary ammpouﬂdéoﬁeﬁumnﬂa)lﬁm) withtanmomual FThe gotipeund aﬁ’ffotmmar eémb) snan

M xtures bej oud iy éﬁﬁbl%'fgf‘%hfﬁ bsid b RyRf Wﬁu&%&d&? 's%ﬁa?w&ow .

t he secondar am ne, nes as‘reacti ve as am ne

was thus f owherethther@ramino§rehiereputine injermediate {VBH) (is )coamlqnﬂnr) subjected t9 at
pH 3 +/ - 0. Ryd¥bgérolyaiddo the2-anRidpharifd maddodidenr oughout the hydrol yses in

order to mai nta| n the pHin thisS range.
Carbocyclic nucleosides may also be synthesized from the compound of formula (VIIb),
for example by (Pd-catalyzed coupling with an appropriate carbocyclic intermediate as
described in Mac Keith et al,, J.Chem.Soc Perkin Trans 1. 1993: 313-314 and references
therein.

The compounds of formula (VIIa), (VIIc), (VIle), (VI), (VIlg) and (VIIh) are
conveniently hydrolyzed to the corresponding guanine compound by refluxing with
aqueous base or acid.

As a further feature of this invention we have found an alternative process for the
synthesis of 2,6-diaminopurines (wherein the 6-amino group is substituted by R4 and R,
which may be the same or different, and are selected from H, C;_galkyl, C3_gcycloalkyl,
aryl (such as phenyl), in particular R4 is H and R? is cyclopropyl) directly from (VI) which
advantageously eliminates a step in the process. Such 2-aminopurine compounds can be
synthesised directly from the intermediates (VI) by refluxing the compound of formula
(VI) with an excess of the amine (HNR4RS) in a refluxing solvent, such as ethanol,
isopropanol, n-propanol, t-butanol or n-butanol.

In particular cases, it may be more wuseful to utilize 2,§-dia.mino-4,6-
dichloropyrimidine(IV) to prepare compounds of formula (VIII), useful in the synthesis of
8-modified 2-aminopurine nucleoside analogues, such as 8-aza-2-aminopurines (which
have broad-spectrum anti-herpes activities described in Storer et al., Spec. Publ. Roy. Soc.
Chem (Rec. Adv. Chem. Anti-Infect. Agents) 1993, 119: 251-265); in such cases the
intermediates (I), (II) and (IIT) can be used to provide (IV).

—_—
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Optimally, the hydrolysis of conpounds of formula (I).or (Il) to (II1) is
carried out in a mninmnumof water wwth the pH controlled as descri bed
above. Under these conditions, (lIIl) precipitates as forned and is sinply
filtered off and washed with water. The hygsalysis is carried out at gentle
reflux for 4 hours, or at |ower tenperatures for |onger periods of tine.
The conpounds of fornmula (I1) can be prepared by the selective hydrol ysis
of the compounds of fornula (1). Preferably the selective hydrolysis is
carried out with slightly nore than two nolar equival ents of nineral acid

:c n Walt er ( ?;Pﬁ:ﬁﬁ&@iﬁ t&lﬁlé esters of certaih) cﬁmgb\hﬁl% .of thedifvétion endydse repared
ormul a can r epar e ea i a
di hydr oxypy?¥ ﬁ??ff@g B?’r“% ‘?/egﬁ%q"g e&&&@&ﬁ? r%lsgfckweth"dfﬁ'édwﬁnd
2, 5-di am noe:éﬁﬂeﬁﬂwuhemfypyppmpﬂaﬁemmdshahdmmﬂrydﬂdq avai |l abl e (Sigm,
Maybri dge BTB, Pfaltz and Bauer, Pol yorganix). |
The compounds of the invention, including esters thereof, may be converted into
pharmaceutically acceptable salts in a conventional manner by treatment with an
appropriate acid or base. An ester or salt of a compound of the invention may be
converted into the parent compound, for example, by hydrolysis.

The following examples are intended for illustration only and are not intended to limit the
scope of the invention in any way.

Example 1 ,
4 6-Dichloro-2. 5-bis-{ [(dimethylamino)methylenelamino } pyrimidine

2,5-Diamino-4,6-dihydroxypyrimidine hemisulfate (Sigma, 25.0 g, 0.131 mole) was stirred
in chloroform (AR Mallinckrodt, 400 mL) in a 2 L- 3-necked round bottom flask equipped
with a reflux condenser (with source of nitrogen connected to the top of the condenser)
and an exit for HCl gas connecting another neck of the flask to a NaOH trap.
(Chloromethylene)dimethyl ammonium chloride (Vilsmeier reagent, Aldrich, 88.0 g, 0.651
mole as 95%) was washed into the flask with additional chloroform (400 mL). The
reaction mixture was brought cautiously to reflux with nitrogen sweeping the HCl
evolved into the trap. When the evolution of HCI slowed after about 1 hour of reflux, the
sweep was stopped and the reaction kept under a gentle positive pressure of nitrogen from
that point. Additional Vilsmeier reagent (50.0 g, 0.370 mole) was added after 24 hours
and reflux continued for an additional 20 hours. The stirred reaction mixture (yellow
solution with dark yellow solid) was cooled (ice bath) and diluted with water (sufficient to
dissolve the solid, ca. 300 mL). The aqueous layer was adjusted to pH 7 with sodium
hydroxide or solid sodium carbonate. The chloroform layer was separated, ‘washed with
water (3 x 400 mL), dried (sodium sulfate), and concentrated in vacuo to a dark yellow
solid (36 g). This solid was dissolved in ethyl acetate (300 mL), stirred with charcoal (1
g), and filtered with a silica gel pad (3x3 in., packed in ethyl acetate). The pad was

—_—
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- 8- The novel bis-formam dines of formula (1) are formed and isol ated
conveniently in high yield when the 2,5-di am no-4, 6-di hydroxypyrimdi ne (or
a salt thereof, such as the hydrochloride or the hem sulfate) is treated
with at |east 4 nolar equivalents of a Vilsgeier reagent (V). These
chlorination reactions proceed under extremely mld conditions wthout the
formati on of copious tarry precipitates which characterises direct
chlorinations, as previously described with phosphorus oxychloride and
phosphorus oxychloride / quaternary anmoni um halides. The Vil sneier

chlorinati Odl%ﬂkd%viﬁr ddcﬁﬁ&ﬂ%@e’lcﬂl fcefut bﬁid @m\eﬁwl krdoilbéhm' bétitracedinvabgo cilldfaivedh@tiﬂei n
an inert solvent, .suc to , 1l ken o n as
ot hyl ene. crTaRad 38 BBt tanapk G075 5106 Bt By Dl 1By THRVBRL KRRIGH 13

sol vent i s &fréerystaliized sevnplesne, chl orof orm or nethyl ene chloride. The
chlorination may be carried out at O to 110[err]C, preferably at
40-100[err] C, conveniently at reflux for the solvent used. Reactio
are typi cal Agall 2Caled 4for o101 4N6Cp 8 100RQAc: GrpbBZidH, 8101 o AR-20; (¢
sinple and pamdPe, 4229 Hy495NE88.46,.Cli 2401 Vi ng

n S

time
2380.

Recrystallization of such a sample from ethyl acetate gave the title compound as white
granules; mp. 123-125 °C; mass spectrum (CI/CHg): 291, 289 (M+1); IH-NMR
(DMSO-dg) 5: 8.49 and 8.69 (both s, 1 each, 2CH), 3.16 (s, 3, CH3), 3.03 (s, 6, 2CH3),
2.97 (s, 3, CH3); UV (pH 7 phosphate buffer) Amax 296 nM (£33,300), Amin 248 (5200).

Anal. Calcd. for CI0H14N6CL2: C, 41.54; H, 4.88; N, 29.06; Cl, 24.52. Found: C, 41.59;
H, 491; N, 29.01; Cl, 24.47.

. Example 2 - .
2-Amino-4.6-dichloro-5-{[(dimeth ino)methylene amino }pyrimidine

4,6-Dichloro-2,5-bis—{[(dimethylamino)méthylene]amino}pyﬁmidine (Example 1, 5.87g,
20.3 mmol) was dissolved in 95% ethanol (200 mL) and 6 N aqueous hydrochloric acid
(13.5 mL) added. The solution was heated in an oil bath at 55 °C under nitrogen for 30
minutes, at which point TLC (silica gel, 5% methanol-chloroform) showed that starting
material had been cleanly converted to a lower-Rf product. The cooled (ice bath) solution
was adjusted to pH ~8 with concentrated ammonium hydroxide and the resulting mixture
(white precipitate formed) concentrated on a rotary evaporator to ~5 mL to remove
ethanol. Additional water (20 mL) was added and the cooled mixture was filtered. The
white precipitate was washed with additional water (2 x 20 mL) and dried to give the title
compound as a white powder (4.50 g, 95%), m.p. >dec 250 °C ; mass spectrum
(CL/CHA4): 236, 234 (M+1); IH-NMR (DMS0-d6)3: 7.59 (s, 1, CH), 6.90 (s, 2, NH2),
3.00 and 2.94 (both s, 3 each, 2CH3); UV (pH 7 phosphate buffer) Amax: 328 nM (g
4500), 255 (15,800).
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sinply washing the reaction solution with an agueous sol ution containi ng
sufficient base, such as sodi um bi carbonate, to neutralize any hydrogen

chl oride forned and then concentrating the dried organic |ayer to obtain

t he novel chlorinated pyrimidines of formujf_.(1). The conpounds of formula
(I') are generally stable and nmay be precipitated froma variety of
solvents, such as ethyl acetate, and stored or used w thout further
purification. Particularly preferred exanples of the conpounds of formnul ae
(t), (r1r) and (111) are: a)

4, 6- Di chl or Anal, Calbd. fof CRHONSCA: ©)B59R{H] bssBeNemmod:lpsoam Bouid: C) 35.66; H,

2- Am no- 4, 63 géﬁi%‘f 5%153‘9 thyI am no) net hyl eneam no] pyri m di ne c)

N- ( 2- Am no-4 % gyrlmdlnyl)formamde Accordlngtoafurther
aspect of this invention the novel internediate of forrmula (111) can be

For mil & Ef‘ef“% et 2 31t s AR B naloR RAIGR SRR W'Y, ©

2- ani no- 6- ch ﬁ) weasnmmdsmgs Example dewvithh less t‘&‘ilsmnrnneagwa[ @rZ]@hrr]
E)f ﬂ\g pr[yflr‘f%hbl nterrredl ate O‘Ptahrﬁ!ééhgjrhiﬁgbﬁ-gtsu cl ent nre 'ﬁé}eon
t owards t hel’yaﬁ’@g!“ﬁ& Wrehwithout rrerystallization, wasiydrolyzed 129§fﬁﬂban&16h pethO AN nes

gener at ed. aqueous hydrochloric acid (110 mL) to provide the title compound of the same purity
(elemental analysis and 1H-NMR) as the characterized sample described above (44.2 g.
76% overall from 2,5-diamino-4,6-dihydroxypyrimidine hemisulfate).

Example 3
N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (TIT)

A slurry of 2-amino-4,6-dichloro-5-{[(dimethylamino)methylene]amino}pyrimidine
(Example 2, 1.50 g, 6.41 mmof) and 1.5 M aqueous potassium phosphate buffer (35 mL,
prepared by adjusting the pH of a 1.5 M solution of KH2PO4 to 3.2 by addition of 85%:
phosphoric acid) was gently refluxed (in an oil bath at 125 °C). After 4 hours of reflux,
the pH of the mixture was adjusted from 4 to 3 by addition of 4 drops of 85% phosphorié
acid. After a total of 6 hours of reflux, TLC(silica gel plates developed in 5% methanol-
chloroform) showed that the starting material had been largely converted to a lower-Rf
product. The solid was filtered and washed with water (5 mL), methanol (5 mL), and
dried to give the title compound as a white solid (0.900 g, 68%), m.p. >250°C dec.; mass
spectrum (CI/CH4): 209, 207 (M+1); 1H-NMR (DMSO0-d6)5: 9.81 and 9.46 (sand d, J = -
11 Hz, total 1, NH), 8.25 and 8.00 (s and d, J = 11 Hz, total 1, CHO), 769and763 (both -
s, total 2, NH2). ' .

Anal. Calcd for CSH4N4OCI2: C, 29.01; H, 1.95; N, 27.07; Cl, 34.25. Found: C, 29.12;
H, 1.96; N, 27.13; Cl, 34.34.

—_—
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-9 - The compounds of formula (I11) share wth the previously

descri bed N-2-acyl ated derivatives the property of greater reactivity than
2, 5-di am no-4, 6-di chl oropyri m di ne toward di spl acenent of a chloro group by
an appropriate primary am ne or protected droxyl am ne. However, such
condensations with (I111) (described in nore detail below) nmay be carried
out under mlder conditions at |ower tenperatures and with shorter reaction
times than with conmpound (IV), thus resulting in | ess deconposition of the
am nes. The condensation products (VI) are isolated in greater yield and

purity than the c respond:n produts (VII ) | S
with 2, 5- dfam®¥8 &L?r rr;gl fJ i%ﬁ&%ﬁ%?ﬁacvanta%me%
use of the axmn@)mdlylme]anﬁm] pymnﬂmet&ample 2 25 0 g, 0.107 mol) in 1.5 M aqueous

potassium phosphate buffer (300 mL, prepared as above) was gently refluxed for 4 hours.

pH was maintained at 3.2 by addition of 85% phosphoric acid, as required, throughout
this period. The precipitate was filtered, washed with water (3 x 10 mL), methanol (2 x
10 mL), and dried (50°C, 25 mm Hg) to give the title compound as an off-white powder
(16.0 g, 72%) with purity identical to that of the characterized sample described above
(elemental analysis and 1H-NMR).

Example 4
2.5-Diamino-4.6-dichloropyrimidine

4,6-Dichloro-2,5-bis-{[(dimethylamino)methylene]amino} pyrimidine (Example 1, 1.00 g,
3.36 mmol) in ethanol (25 mL) and pH 3.2 aqueous potassium phosphate buffer (1.5 M,
10 mL, prepared as described in Example 3) was refluxed for 24 hours. During reflux, the
pH was maintained at ca. 3 by addition of 85% phosphoric acid, as required. The ethanol
was evaporated in vacuo and water added (10 mL). This solution was extracted with
chioroform (3 x 25 mL). The combined chloroform layers were dried (sodium sulfate) and
chloroform evaporated to leave a solid (0.40 g). Crystallization of this solid from ethanol-
water/ 4:1 gave the title compound (IV) as off-white needles (0.324 g, 52%); darkens and
shrinks to black solid above 185°C, does not become fluid below 300°C ; .[Lit. 198°C
(Legraverend et al, Synthesis 1990:587-589) and 188-191°C (Temple et al, J. Org.
Chem. 1975, 40:3141-3142)]; mass spectrum (CI/CH4): 181, 179 (M+1); 1H-NMR
(DMSO0-d6)3: 6.50 (br s, 2, NH2), 4.73 (br s, 2, NH2).

Anal. Calcd. for C4H4N4CI2.0.12 EtOH: C, 27.60; H, 2.58; N, 30.36; Cl; 3842 Found:
C, 27.99; H, 2.39; N, 30.42; Cl, 38.74.

\
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previously described N-2-acylated derivatives, in addition to greater ease
of synthesis, is that the purines generated from (l11) do not require
deprotection, i.e. hydrolysis of the NN 2-acyl group (these |onger
processes are described in US Patents 5,087%4¢97 and 5, 159,076). [err]

Example 5 _
2.5-Diamino-4.6-dichloropyrimidine

A mixture of 2-amino-4,6-dichloro-5-[(dimethylamino)methylene]amino}pyrimidine
(Example 2, 500 mg, 2.14 mmol), pH 3.2 aqueous potassium phosphate buffer (1.5 M, 6
mL, prepared as described in Example 3), water (1 mL), and ethanol (5 mL) was refluxed
gently for 28 hours. During the reflux period, pH was maintained at ca. 3 by addition of
85% phosphoric acid. Volatiles were evaporated in vacuo and the residual solids
partitioned between water (30 mL, adjusted to ph 8 with dilute ammonium hydroxide) and
chloroform (75 mL). The chloroform layer was dried (sodium sulfate) and the chloroform
evaporated to leave off-white solid (030 g). Crystallization of this solid from
ethanol:water/ 4:1 gave the title compound (IV) as light pink needles (332 mg, 61%);
darkens and shrinks to black solid above 185°C, does not become fluid below 300°C;
1H-NMR (DMSO-d6) and mass spectra identical to those described in Example 4.

Anal. Calcd. for CAHANACI2: C, 26.83; H, 2.25; N, 31.30; C, 39.61. Found: C, 26.93;
H, 2.25; N, 31.24; Cl, 39.52.

Example 6
2.5-Diamino-4.6-dichloropyrimidine

N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 500 mg, 2.42 mmol) was
dissolved in 0.1 N hydrochloric acid (5 mL, 2.5 mequiv) and ethanol (7 mL) at reflux.
The solution was refluxed for 5 hours. Volatiles were removed in vacuo. The residue was
partitioned between water (30 mL) adjusted to pH 8 with dilute ammonium hydroxide and
ethyl acetate (75 mL). The ethyl acetate layer was dried (sodium sulfate).- Evaporation of
the ethyl acetate left pink solid (0.40 g). Recrystallization of the solid from 95% ethanol
gave the title compound (IV) as light pink needles (280 mg, 65%); darkens and shrinks to
black solid above 185°C, does not become fluid below 300°C ; 1H-NMR (DMSO-d6)
and mass spectra identical to those described in Example 4.
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VWherein R err] is hereinafter defined.

-10-

-20 -

Anal. Caled. for C4H4N4Cly: C.26.83; H.2.25; N.31.30; C139.61. Found C.26.95;
H.2.24; N. 31.19; CL. 39.53.

N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 2.07 g, 10.0 mmol) was
stirred in refluxing absolute ethanol (40 mL) under nitrogen to achieve partial dissolution.
To this stirred mixture was added a solution of freshly prepared (1S,4R)-4-amino-2-
cyclopentene-1-methanol (PCT Application 9204015.3, 1.57 g, 12.5 mmol as 90%) in

~ ethanol (15 mL) followed by triethylamine (3.5 mL, 25 mmol, freshly distilled from

calcium hydride). After 14 hours of reflux, the resulting dark solution was cooled and 1 N
sodium hydroxide (10 mL) was added. The volatiles were evaporated in vacuo. The
residual tan solid foam was dissolved in 5% methanol-ethyl acectate, and the solution was
washed through a silica gel pad to give the title compound as an off-white solid (2.50 g,
88%), after evaporation of solvents. Recrystallization of the solid from ethyl acetate-

‘methanol (20:1) gave the title compound (VIa) as fine white crystals (2.29 g, 81%), m.p.

177-178°C; mass spectrum (CI/CH4): 286, 284 (M+1), 190, 188 (B+H); 1H-NMR
(DMSO0-d6)5: 8.99 and 8.58 (s and d, J = 11.1 Hz, total 1, amide NH), 8.11 and 7.80 (s
and d, J = 11.1 Hz, total 1, amide CH), 6.77 and 6.61 (two d, J = 8.0 Hz) overlapping
6.60 and 6.48 (two br s, total 3, NH and NH2), 5.85 and 5.70 (two m, 1 each, CH=CH),
5.15-5.00 (m, 1, NCH), 4.71 (¢, J = 5.1, 1, OH), 3.45-3.30 (m overlapping H20, OCH2),
2.80-2.65 (m, 1, CH), 2.45-2.25 and 1.45-1.30 (both m, 1 each, CH2); [«]20 5gg +21.2°,
[0]20 578 +22.2°, [a)20 546 +25.2°, [0]20 436 + 41.4°, [0]20 365 + 48.3° (c 0.50,
methanol). '

Anal. Caled. for C11H14NSO2CL: C, 46.57; H, 4.97;, N, 24.69; Cl, 12.50. Found: C,
46.63; H, 4.99; N, 24.58; Cl, 12.59.
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The conpound of fornula (111) can be used to prepare the novel

I ntermedi ates of formula (VI) which represent a further feature of the
iFnvention: - [err] wherein R3 may be hydrogen or any group which is
not attached by a glycosidic bond. Prefepghly R3 is a hydroxyl or a
protected hydroxyl; or a carbocyclic group (e.g. CJerr] carbocyclic), an
acyclic group (e.g (Jerr] hydrocarbyl) wherein carbon atons may be
substituted by one or nore heteroatons such as N, 0 or S, or a heterocyclic
group (e.g. CJerr] heterocyclic) in which at | east one carbon atomis

repl aced byEgamhple® or S atom or a substltuted analogue of any thereof

i koxy: " hy PSR S R S el ogeny
al koxy, hyd ya hal ogen) ,

provi ded t hHydsoshleride dMiEa)ar e not attached by a glyc03| d| ¢ bond.

A mixture of (18,4R)-4-[(2-amino-6-chloro-5-formamido-4-pyrimidinyl)amino]-2-
cyclopentene-1-methanol (Example 7, 1.00 g, 3.50 mmol) and triethylorthoformate
(Aldrich, Sure Seal, 18 mL) was stirred while concentrated hydrochloric acid (37%, 1.25
mL) was added in one portion. The resulting clear, colo_rless' solution was stirred under
nitrogen. A white precipitate began to form after 15 minutes. After 4 hours, TLC of a
drop of the reaction mixture dissolved in methanol and neutralized with sodium hydroxide
(silica gel plates developed in 10% methanol-chloroform, visualized in UV light) showed
almost complete conversion of VIa to a higher-Rf material. The precipitate was filtered,
washed with t-butyl methyl ether (15 mL) and dried at 0.2 mm Hg/ 25°C for 18 hours to
give the title compound as a white powder (975 mg, 92%), m.p. >300°C dec.; mass
spectrum (CI/CH4): 266(M+1); 1H-NMR (DMSO-d6): 8.18 (s, 1, purine CH), 7.2-6.7
(br s, NH2, OH overlapped by water), 6.20 and 5.90 (both m, 1 each, CH=CH), 5.48 (m,
1, NCH), 3.47 (d, J = 5.7 Hz, 2, CH20), 2.90 (m, 1, CH), 2.75-2.55 and 1.75-1.60 (both
m, 1 each, CH2).

Anal. Calcd. for C11HI2N5OCLHCL: C, 43.73; H, 4.34; N, 23.18; Cl, 23.48. Found: C,
43.62; H, 4.34; N, 23.07; Cl, 23.53.

Example 9
1S 4R 2-Amin ] ino)}-9H-purin-9-vi]l-2-cyclopentene-1-methanol

(IXa)

A solution of (1S,4R)-4-chloro-5-formamido-6-{[(4-hydroxymethyl)-2-cyclopenten-1-
yl]amino}pyrimidine (Example 8, 250 mg, 0.883 mmole) was refluxed gently' (in an oil
bath maintained at 130°C) in n-butanol (dried over 4 A molecular sieves, 5 mL) under
nitrogen with cyclopropylamine (Aldrich, 0.30 mL, 4.4 mmol) for 16 hours. A second
portion of cyclopropylamine (0.15 mL) was added and reflux continued for an additional 5
hours. The volatiles were removed and the residual oil redissolved in ethanol-water (1:1)

—_—
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Preferred groups for R3 are hydroxyl or protected hydroxyl. Furt her
preferred groups for R3 are [err] .
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with 1 N sodium hydroxide (0.5 mL). Volatiles were again removed and the residue
chromatographed on a silica gel flash column (1x10"). (18, 4R)-[(2,5-Diamino-6-chloro-
4-pyrimidinyl)amino}-2-cyclopentene-1-methanol (VIIa, 35 mg, 16%) eluted with 5%
methanol-ethyl acetate. Continued elution with 10% methanol-ethyl acetate gave (1S,
4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methanol(IXa) as
a light tan solid foam (160 mg, 60%); H-NMR (DMSO0-d6)5: 7.58 (s, 1, purine CH),
7.25 (d, J = 4.5 Hz, 1, NH), 6.10 (m, 1, =CH), 5.80-5.75 (m, 3, =CH and NH2), 5.40 (m,
1, NCH), 4.72 (ni, 1, OH), 3.45 (m, 2, OCH2), 3.0 (br m, 1, CH of cyclopropyl), 2.80 (br
m, 1, CH), 2.70-2.50 (m overlapping solvent, CH), 1.50-1.05 (m,1, CH), 0.70-0.50 (m, 4,
2 CH2 of cyclopropyl).

Anal. Calcd. for C14H18N60.0.20 H20.0.40 CH30H: C, 57.32; H, 6.35; N, 27.85.
Found: C, 57.59; H, 6.48; N, 27.70.

Example 10
1S.4R)-4-[2-Amin clopropylamino)-9H-purin-9-vi]-2-cvclopentene-1-methanol

(IXa)

(18,4R)-4~(2-Amino-6-chloro-9-H-purin-9-yl)-2-cyclopentene-1-methanol (US Patent
5,206,435) or the hydrochloride salt thereof (Example 8) was refluxed in ethanol with 10
molar equivalents of cyclopropylamine for 2 hours. The resulting solution was cooled to
ambient temperature and 1 N sodium hydroxide (1 or 2 molar equivalents, depending on
whether the starting material was VIIa or the hydrochloride salt of VIIa) was added. The
volatiles were evaporated in vacuo. (18S,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-
9-yl]-2-cyclopentene -1-methanol (IXa) was washed from a silica gel pad eluted with 5%
methanol-chloroform or 10% methanol-ethyl acetate and isolated as a white solid foam
(80%); spectra identical to those of the product of Example 9.
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Example 11

b)

By the method of Example 7, N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide
(Example 3, 2.56g, 52.4mmol) was reacted with (4R)-4-amino-1-cyclopentene-1-
methanol (1.4g, 52.4mmol), available from (-)-2-azabicyclo[2.2.1]hept-S-en-3-one
(Chiroscience) by methods described in Examples 1-4 and 42 of U.S. Patent
5,049,671. Crystallization from ethyl acetate - methanol gave title compound as
white crystals, m.p. 148-1500C; mass spectrum (CI/CHy): 286, 284 (M+1), 190,
188 (B+H); H-NMR (DMSO-dg)5: 8.97 and 8.55 (s and d with J = 11.3 Hz, total
1, NHCHO), 8.12 and 7.80 (s and d with J = 11.5 Hz, total 1, CHO), 7.00 and
7.78 (both d, J = 7.4 Hz, total 1, NH), 6.60 and 6.40 (both 8, total 2, NH>), 5.48
(s, 1,=CH), 4.74 (t, ) = 5.5 Hz, 1, OH), 4.74-4.60 (m, 1, NCH), 4.0-3.90 (m, 2,
CH20), 2.75-2.55 and 2.40-2.15 (both m, 2 each, 2CH,); [0]58920-4.40,
[c]57820.5.20, []54620-4.80, [a]43620-20.00, [c]36520-60.4° (c 0.25,
methanol).

Asal, Caled. for CyH14N502Ck: C, 46.57; H, 4.97; N, 24.69; CL 12.50. Found:

C, 46.64; H, 5.01; N, 24.60; C, 12.45.

4R)-4-(2-Aminy oro-9H-purin-9-yi)-1-cyclo 1-m 10l
A mixture of (4R)-4-[(2-amino-6-chloro-5-formamido-4-pyrimidinyl)amino]-1-
cyclopentene-1-methanol (Part a, 1.60g, 5.65mmol) and triethylorthoformate
(29mL) was stirred while concentrated hydrochloric acid (37%, 2.0mL) was added
in one portion. The resulting clear, colourless solution was stirred under nitrogen.
After 5 hours the resulting precipitate was filtered and washed with t-butyl methyl
ether (3 x 10mLO and dried to provide white powder (1.25g). This powder was
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A

A further preferred group for Rerr] is; : [err]

Sui tabl e groups for R3 are selected froma; b; c; d; e; and f, as defined
dbove. By "hydrocarbyl™ it is meant a group containing only hydrogen and
carbon atons, which may contain doubl e andégr triple bonds and which nay be
straight, branched cyclic or aromatic.

dissolved in water and the pH adjusted to 3 by addition of IN hydrochloric acid.
The solution was heated at 60°C for 4 hours, cooled, neutralized, and evaporated
to a solid which was chromatographed on silica gel. Title compound was eluted
with 5% methanol chloroform and crystallized from ethanol-ethyl acetate to white
crystals, m.p. 145-1479C; mass spectrum (Cl/CHy): 268, 266 (M+1), 172, 170
(B+H); 'H-NMR (DMSO-dg)3: 8.09 (s, 1, purine CH), 6.9 (br s, 2, NHp), 5.64
(m, 1, = CH), 5.2-5.0 (m, 1, NCH), 4.87 (t, J = 5.5 Hz, 1, OH), 4.05 (m, 2,
CH»0), 3.0-2.5 (m, 4, 2 CH2).

Anal. Calcd. for C11H19N5OCL C, 49.06; H, 4.64; N, 26.01; Cl, 13.16. Found:
C, 49.18; H, 4.63; N, 26.11; C], 13.19. '

c) 18,28 4R )-4-(2-Amino-6-chloro-9H-purin-9-yl)-2 oxymethyl)-1,2-
cyclopentanediol

(4R)-4-(2-Amino-6-chlon_‘o-9H-purin-9-yl)-l-cyclopentene-l-methanol (Part b,
501mg, 1.89mmol), N-methylmorpholine N-oxide (60% aqueous solution, Aldrich,
0.33mL, 1.89mmol), osmium tetroxide (2.5% in t-butyl alcohol, Aldrich, 0.47mL),
and t-butyl alcohol (12mL) were heated at 60°C for 1.5 hours. Volatiles were
evaporated and the residual solids were chromatographed on silica gel. Title
compound was eluted with 10% methanol-chloroform as tan solid (210mg) and
resolidified from absolute ethanol to give white powder, m.p. 217-2199C; mass
spectrum (CVCHy): 302, 300 (M+1), 172, 170 (B+H); IH-NMR (DMSO0-dg)3:
8.29 (s, 1, purine CH), 6.9 (br s, 2, NH>), 5.15-4.90 (m, 1, NCH), 4.80 (d, J =3.9
Hz) overlapping 4.78 (t, J = 3.5 Hz, total 2, 2 OH), 4.30 (s) overlgpping 4.3-4.2
(m, total 2, OH and OCH), 3.45-3.35 (m, overlapping water, CHzOH) 2.25-2.05
(m, 4, 2 CHp).

Anal. Caled. for C11H14NsO3Cl: C, 44.08; H, 4.71; N, 23.37; Cl, 11.83. Found:
C, 43.89; H, 4.80; N, 23.16; Cl, 11.73.
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cyclopentyl )-6H-gurin-6-oné '

(18,28,4R)-4-(2-Amino-6-chloro-9H-purin-9-yl)-2-(hydroxymethyl)-1,2-cyclopen-

tanediol (Part ¢, 90mg, 0.27mmole) was refluxed in 1N hydrochloric acid (2.7mL)
for 45 minutes. Volatiles were evaporated in vacuo. Portions of water were
evaporated and the residue was redissolved in water. The pH was adjusted to 5
with hydrochloric acid and the resulting mixture cooled, filtered, and the
precipitate dried to provide the title compound as an off-white powder (51mg,
68%), m.p. >300°dec.; mass spectrum (CI/CHy): 283 (M+1); 1H-NMR(DMSO-
dg) identical with that described in U.S. Patent 5,233,041.

Example 12
N-(2.4-Diamino-6-chloro-5-pyrimidinyl)formamide

N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 500mg, 2.14mmol) and
ammonia (150mL) was stirred in a Parr bomb at 50°C for 18 hours. The ammonia was
evaporated and the residual solid triturated with water (10mL). The solid was dried to
give the title compound as red powder (400mg, 89%), m.p.>300°C; mass spectrum
(CI/CHy): 190, 188 (M+1); 1H-NMR('DMSO-d5)8: 9.05 and 8.60 (both br s, total 1,
NHCHO), 8.1 and 7.8 (both br s, total 1, NHCHO), 6.80-6.20 (4 br s, total 4, 2 NH>).

Anal. Calcd. for CsHgNsOCL: C, 32.01; H, 3.22; N, 37.34; Cl, 18.90. Found: C, 31.97;
H, 3.23; N, 37.26; Cl, 19.00.
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-12- According to a further feature of the invention we provide a
process for thepreparation of conpounds of formula (VI) which conprises
reactin roula (I11) with an amne of formula R3NH2, where
R3 |s d m“ﬁm]ﬂ'mmlmu“ﬁ condensations ar 2F|gr eferably carried out at

lux i actsoklvemt Such as ethanol, butan water or acetonitrile in the
presence of at |east one equivalent of a base, such as trialkylam ne or
pot assi um or sodi um carbonate. Subsequent references to conmpounds of
formula (Ma, b, c, d, e f, g, or h) denote a conpound of forrmula (VI) in
which R3 is a group of a, b, c, h as defined above. A
particularly preferred conpound of for%ﬁ) IS
(1S, 4R) 4-[ (2-ami no- 6-chl or o- 5- _ :
for mam do- 49pyr i A &nipbuhd OF Bsthrufr @y ! opent ene- | - met hanol (Via) The novel
I nternmedi ates (VI) can be converted by ring cl osure to the correspondi ng

conmpounds of formula (VII): c1

/k

>NHC —N
R2

N-—--CHN<

wherein R! and R2, which may be the same or different, are selected from C1-8
alkyl, C3._g cycloalkyi, and optionally substituted aryl.

2. A compound of formula (I) as claimed in claim 1 wherem R1 and R2 are both Cy.
' g alkyl.

3. A compound of formula (IT)

Cl

“/k\ | (11) .
H, N’ cl

wherein R1 and R2 are as defined in claim 1 or 2.

4, A compound of formula (IIT)

C1
WZ NHCHO

/k\ l (111)

llzN N c1

—_—_—
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[err] Wherein r| 1s defined above. Ring closure of (VI) to (VII)
| S convenl efmlm lﬂii"llﬂjlﬁ in trialkylorthofornmates (e.g.

tri et hyl orlt et hyl ort hof ormate) with concentrated agueous
acid (e.g. 2- £ ol ar eqw val ents of hydroghzaric, sulfuric acid or nethane
sul foni c). FQI‘ exanpl e, the hydrochloride salt of (Vlla) i.e. wherein R3
represents group a, begins to precipitate fromsuch orthofornmate sol utions
of (Vla) within mnutes and yi el ds above 90% nay be achi eved by filtration
of the precipitate, optinmally after several hours at anbi ent tenperature.

5. A compound of formula (VI)

cl
NHCHO
N7 '
| (VI)
~
HN N NHR3

wherein R3 may be hydrogen or any group which is not attached by a glycosidic
bond.

6. A compound as claimed in claim 5 wherein R3 is C3_7 carbocyclic, a Co.g
hydrocarbyl or a C4.7 heterocyclic group, provided that such groups are not
attached by a glycosidic bond.

7. A compound of formula (VI) as claimed in claim 5 wherein R3 is a group selected
' from: ' '

a. ;
b H;
0
N
c. o : a

d. (AcOCH,),CHCH,CHy" ;

e. HOCHoCH2CHCH- ;
OH
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- of 9-substituted-2-am no-6-chl oropur| nes, such as
corrpourﬁgw”wm in this manner represents a significant

i nprove ﬁmsl y published syntheses utilizing

triam nopyr| ni-di Me $ ntef medi at es such as {2L1): [err]

(M11') ‘as described US Patent 4,916,224. The previously-described rout es
to internedi ates such

g ; and
HO
wo ™

")
S
NS
0

#

8. A compound of formula (VI) wherein R3 is

N

9. A process for the preparation of a compound of formula (VII)

wherein R3 is as defined in claim 5, 6, 7, or 8 comprising ring closure of a
compound of formula (VI) as defined in claim 5 in the presence of an acid.

I
heet Has Been Replaced

R



as (VI'II) Ionger and, nore inportantly, the nunber of steps-to the

puri ne targ ation of the group R3 is greater. Also,

triam nopyr ates such as (VIIl) are air- and

l'ight- sen3|t*v wg’y difficult to &Ul‘lfy due to their polarity and
nmet al - chel atlng abllltlé the isolation T?omthe zi nc reduction of diazo

I nternmedi ates i.s.especially problematic). The novel 5-fornmam do
intermedi ates of fornmula (VI) are easily and.directly attainable from
compounds of fornula (I1l) in one step and are generally solids which are

(1795 370 ) Kpad iR AR (0. S0 ST o

entyl] 6H purin-6-one (I Xh). (EP0420,518) may be prepared by condensation
of the compound of formula(lll) th 4-am no-3-cycl opent ene-| - net hanol (US
patent 5,049,671) to formthe co &do formula (Vig) followed by ring
cl osure of the conmpound of formila Ig) %ﬁ] prepare the conpound of fornula
(M'l1g), which may be hydroxyl atqj i h ¢

t et r oxi de/ N- net hyl - nor phol j Q3pI‘OVI de t he conpound of fornula
(VI1h). The conpound of formila (VIIh) is hydrolysed to formthe conpound

of formula (I Xh). . ,

wherein R3 is as defined in claim 5, 6, 7, or 8 comprising reacting a compound' of
formula (0I) as defined in claim 4 with an amine of formula R3NH, in the
presence of a base.

11. A process for the preparation of a compound of formula (I) as defined in claim 1
comprising of reacting 2,5-diamino-4,6-dihydroxypyrimidine with a compound of
formula (V)

R1 + -
( >ll =CHCI’ Cl
R2
()
wherein R! and R? are as defined in claim1 or 2.

12. A process for the preparation of a compound of formula (II)

wherein R1 and R2 are defined in claim 1 or 2; comprising hydrolysmg a
compound of formula (I).

ep]aced
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-14- ml—er—epurlne (VIIb) may be prepared by ring closure of
novel iﬂ“ﬁﬂ’mmy,ﬂm 0- 5-f ormam dopyri m di ne (VIb), conveniently

synt hesi "Ln of the conmpound of formula (111) wth ammonia.
The conmpound of “fdtmA a*(Vilb) is an i ntergBdl ate suitable for the
synthesis of acyclic antiviral nucl eosideS; Such as fanticlovir wherein the
2-am no-6-chl oropurine internediate (VIld) is conveniently subjected to

hydr ogenol ysis to the 2-am nopurine nucl eosi de. Carbocyclic nucl eosi des
may al so be synthesized fromthe corrpound of formula (VIIb), for exanple by

(Pd-catalyz co | ' E&ﬁ.{ éfﬁ"&’hg termedi ate as
descri bed i ?mciﬂ%g?%sgrttg?ﬁ&pgﬁ% er rans 1 1993: 313-314 and
ref erences therein. The conpounds of forrrul a (VI la), (Mlc), (Mle),

(MIIf), (VMIlg) and (VIIh) are cofVeniently hydrolyzed to the correspondi ng

guani ne conpound by refluxing vvi/ h  _xucho
N

)\\ I (11r)

HZN N ¢

by hydrolysing a compound of formula (I) or (II).

14. A process for the preperation of a compound of formula (VI)

cl
NHCHO
N7 '
I (V1)
™
HN N NHR3

2

wherein R3 is as defined in claim 5, 6, 7, or 8; comprising reacting a compound of
formula (IIT) as defined in claim 4 with an amine of formula R3NHS.

15. A process for the preparation of 2,5-diamino-4,6-dichloropyrimidine by the
hydrolysis of a compound of formula (I), (II), or (III).

16. A process for the preparation of 2,6-diaminopurines wherein the 6-amino group is
substituted by R4 and RS, which may be the same or different and are selected
from hydrogen, C;.g alkyl, C3.4 cycloalkyl or phenyl, by reaction of a compound
of formula (V1) as defined in claims 5, 6 or 7 with an excess of amine NHR4RS in
a refluxing solvent. '

17. A process for the preparation of (1S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-
purin-9-yl}-2-cyclopentene-1-methanol by reaction of a compound of formula (VI)
as defined in claim 8 with an excess of cyclopropylamine in a refluxing solvent.

-
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¢
aqueous base or acid. As a further feature of this inventi on we have f ound
an alternative process for the synt hesi's of- 2, 6-di ami nopuri nes (wherein the
6-am no group is substituted by R4 and R5, whi ch may be the sane or
different, and are selected fromH (err} al_kyl Clerr]cycl oal kyl, aryl
(such as phenyl), in particular Rerr] is and Rlerr] is cyclopropyl)
directly from(VlI) which advantageously elimnates a step in the process.
Such 2-am nopurine conpounds:can be synthesised directly fromthe
internediates (V1) by refluxing the conpound of fornula (VI) with an excess
of the amne (HNR err]Rerr]) in a r&ﬁgyg?%sol vent, such as ethanol,

i sopropanol , n-propanol, t-butanol ol In particular cases, it
may be nore useful to wutilize 2,5-diamno-4,6- dichloropyrimdi ne(IV)

t80 p(rje]Loar ng@ﬁkﬁéﬂi Gsvefifior f&leﬂ%ﬂ i} c@ighlhlnbvellﬁﬁﬁuklmt ntérhediayestand sheir salts,

modi fi ed 2- ne nucl eoside anal QQues nopuri nes
(whi ch havBmﬁFsﬁﬁﬁR’g E’é“é‘i RTGRATANGN andRr B‘éeﬁseﬁgﬁ &eilr %ﬁ&e&%@i 19 %gééﬁtigu%@]zr elro et

al ., Spec. aminbpuritesywhicoare uGifelin pikdical thérapyChem Anti-Infect. Agents) 1993,

119: 251-265); in such cases the internediates (1), (Il1) and (I1l) can be .
used to provide (1V).
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15 - Phar maceutically acceptable esters of certain conpounds of the

i nvention may be prepared by esterification usifig CoRMEACEMBRT gﬁgﬂ@ds SG
Known in the art. Such nethods include, for exa Q)es& 1d1'15'ep m ;Eagedas

appropriate acid halide or anhydride. The conpbl@s..aff he L.Bvesd i o = 3y

I ncluding esters thereof, may be converted i nto' gst Q‘ﬁ g
salts in a conventional manner by treatnent with BI’I irg E9ETC 5
base. An ester or salt of a conpound of thé-inve |b b g%q'l ort? FR2e T

t he parent conpound, for exanple, by hydrolysis. The foI | ow exanpl es
are intended for illustration only and are not i nP&FHc@Ft RECE Hgf Lhe..scope

of the invention in any way.

Chloropyrimidine Intermediates

The present invention relates to certain novel pyrimidine intermediates, processes for their
preparation and their conversion to 9-substituted-2-aminopurines, such as certain
carbocyclic, heterocyclic and acyclic purine nucleoside analogues, and salts, esters and
pharmaceutically acceptable derivatives thereof.

A numbef of 2-aminopurine nucleoside analogues have been shown to be useful in the
treatment or prophylaxis of viral infections, for exa.mple the compound of formula (A)

)\

is described as having potent activity against human immunodeficiency virus (H[V) and
hepatitis B virus (HBV) (EP 0434450)

Processes have been proposed for the preparaﬁon of 94substituted-2-amihopuﬁnes,
generally starting from a pyrimidine compound, coupling with a sugar analogue residue,
and cyclisation to form the imidazole ring and introduction of any suitable 6-substituent.

Pyrimidine compounds which have been identified as being useful in the preparation of 9-
substituted-2-aminopurines  include - 2,5-diamino-4,6-dichloropyrimidine, N,N'-(4,6-
dichloro-2,5-pyrimidinediyl)bis formamide and also N-2-acylated pyrimidine derivatives
such as the 2-acetamido and 2-isobutryamide derivatives (US Patent 5087697).

Processes for the synthesis of these intermediates generally involve a number of steps of
which some are difficult to perform and produce poor yields, preventing any practical
scale up of these processes above a few grams, and are thus difficult and uneconomical.
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Exanple 1 4.6-Dichloro-2.5-bis-{[(dimethylam no)nethyl ene] am no} pyri m di ne
-2, 5-Di am no- 4, 6-di hydroxypyri m di ne hem sul fate (Sigma, 25.0 g, 0.131 nole)
was stirred in chl orof orm (AR Mall'inckrodt, 400 nL) in a 2 L- 3-necked
round bottom flask equi pped with a reflux condenser (wi th source of

nitrogen connected to the top of the conde _I\rger) and an exit for
neck of the flask to a

connecti ng anot her

(Chl or onet hyl ene) di et hyl
0.651 nole as 95% was washed into the flask with additional

88.0 g,
chl orof orm (400 ni).

wth mtrogq;}gé(gg

HA sl owed after

reacti on kephe Lﬂﬁ@é‘f chlog"éﬁlqne °§d’§4‘lﬂb’v€’aﬂ?@§ sﬁa?'ém@imw

Addi ti onal

HC gas
OH trap. -

anmmoni um chl oride (Vilsneier reagent Aldrich,

The reaction m xture was brought cautiously to reflux

ﬁetlspﬁthur O YxQ' ted édihttﬁz Tshtﬁathrxﬁﬂt 6-d1¢ r%;gg-mﬁéﬁgé Eh:?lu%@ of

i6rdigydroxynyrimidiag usiBnt .
ginal Coxdrfithatioh f thidSreactidadwad tatied bub ®yr S

and refl ux

i xture (yell oIy ﬁﬁr % g%;%}%r S0rTOHD, TorSe Moskih conciiag P the

diluted wit heamtoarw@suuhfsuocessﬁﬂ appadembobeoausmef siegnadatmﬁof 3ho pyhm:dlﬂ'mmng

car bonat e NEHEs IRFRUT Slhei0R hebelll) WERHIATS ) EIS IR Do 0P sttty

nL), dried (mhsrdmagupms £9r aﬁue@cqhmmm eﬂZ,ﬁrdlmgd,Q-dﬁwdwvwwmdmg\m

solid (36 g)refibbhg vﬁﬂi I %ﬁ?&h!’&ihe' th Qwsﬂre@ﬁ&t ?F darkgdOfholBr) excedsks ofd
wi th charcoal {1 and f| | & er(ed W th I 'hf d% “Paﬁi 3x3in ;)acked in
ethyl acet at nmchlon es or amine ochlori e examined this process

and have obtamed, repeatedly, much lower yields (<10%) of crude 2,5-diamino-4,6-
dichloropyrimidine than those specified in the SmithKline Beecham patent specification.
The extensive decomposition of the 2,5-diamino-4,6-dihydroxypyrimidine to tars which
coat the equipment, combined with the problems of dealing with the copious solids due to
the insoluble amine salts, constitute significant drawbacks and make scale-up of such a
process impractical. The modifications of Legraverend et al. (Synthesis 1990: 587-589),
namely using acetonitrile as a solvent and adding phosphorus pentachloride to the
_ phosphorous oxychloride and quaternary ammonium chloride, result, in our experience in

- the isolation of approximately 30% (after chromatographic purification) of 2,5-diamino-
4,6-dichloropyrimidine on a 2-5 gram scale. Again, scale-up beyond a few grams is
impractical due to the formation of tarry precipitates.

‘A recent Lonza AG patent specification (EP 0 552 758) suggests that higher yields (35-
65%) may be obtained with phosphorus oxychloride chlorination when the 5-amino group
of 2,5-diamino-4,6-dihydroxypyrimidine is protected with an alkoxycarbonyl -protecting
group. This modification is claimed to simplify the chlorination step in that the amines and

_phosphorus pentachloride, employed in the prior processes discussed above are not

' required. This creates a new problem, namely the need to remove the alkoxycarbonyl
protecting groups in order to be able to convert the pyrimidine intermediates to purines.
Indeed, the Lonza AG specification does not show that such 5-protected 2,5-diamino-4,6-
dichloropyrimidines may be converted to purines in an advantageous manner,
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-16- washed with additional ethyl acetate and el uents concentrated in
vacuo to | eave the title conpound.-as a light tan solid (30.75 g, 81%);
mp. 116-119[err]C, 1H-NVR identical to that of recrystallized sanples.
Anal . Calcd. for CJerr]Herr]Nerr]CJ[err].0 10 EtOAc: C, 41.92; H, 5.01;
N, 28.20; d, 23.80. Found: C, 42.23; H 4,95; N, 28.46; O, 24.11.
Recrystal lization of such a sanple from e't:?ﬁll acetate gave the title
conpound as white

A process for the synthesis of N,N'-(4,6-dichloro-2,5-pyrimidinediyl)bis formamide is the
reaction of 2,5-diamino-4,6-dichloropyrimidine with formic acid and acetic anhydride
(Harnden et al., J. Med. Chem. 1990, 33:187-196 and US Patent 5,159,076).

The 5-step route to the N-2-acylated derivatives, and also to 2,5-diamino-4,6-
dichloropyrimidine required for the synthesis of N,N'<(4,6-dichloro-2,5-pyrimidinediyl)bis-
formamide (Temple et al., J. Org. Chem. 1975, 40: 3141-3142), starts from 2-amino-6-
chloropyrimidin-4-one and contains steps, which include the introduction of the S-nitro
group and the subsequent handling and reduction of very reactive 5-nitro-4,6-
dichloropyrimidine intermediates, which make scale-up impractical. The yields on 2
number of the steps to these intermediates are poor (Legraverend et al., Synthesis 1990:
587-589).

We have now discovered certain new pyrimidine intermediates which are useful in a new
synthetic route for the preparation of the above 9-substituted-2-aminopurines and in
addition which can be used in the synthesis of the known intermediates described above.

In one aspect of this invention we provide the following novel intermediates which may be
utilised in the synthesis of 2-aminopurines, namely compounds of formulae (I), (I) and

(amy;
1
cl . : R1
R1 —-—CHN<
. N__"":cr-m’< _ NZ R2
N | R2 “)\\ | (Imn
R1 *\ (1) N cl
DNHC =N N c1 , B
R2
cl
CHO
N7 H

)\\ L

HZN N Cl
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granules; mp. 123-125 [err]C, mass spectrum (Cl/CHerr]): 291, 289 (M+l);
[err] HNMR (DMSO-d[err]) [err]: 8.49 and 8.69 (both s, 1 each, 2CH), 3.16
(s, 3, CHerr]), 3.03 (s, 6, 2CH3), 2.97 (s, 3, CH3); WV (pH 7 phosphate
buffer)[err] mx 296 nM (s33,300), [err]mn 248 (5200). Anal . Cal cd. for
Cl OH14NeCd 2: C, 41.54; H 4.88; N, 29.06; d, 24.52. Found: C, 41.59; H,
4.91; N, 29.01; d, 24.47. Exanple 2 -4- '
2- Ami no- 4. 6-di chl or o-5-{[ (di net hyl am no) nmet hyl ene] am no} pyri m di ne
4, 6-Di chl oro- 2, 5-bi s-{[ (di nmet hyl am no) et hyl ene] am no} pyri m di ne (Exanpl e
1, 5.87g, 20.3 mml) was dissolved in 95% ethanol (200 nL) and 6 N aqueous
hydrochl ori c, acj 13 mL). added. The salution wa edAn_an.ojl .bath
at 55 [er r]t’,hﬁfﬁﬂ‘cejlf*{ and g(%g%wﬁgf" SAMe R ;?regtf Wei‘?’fp%g’t‘r?ﬂ‘ dﬁt%s{}gg*tfcch&mgel ,
5% net hanol alkyl] Gy of tranghed latkyk; C3-§ aycledliayl) andoarplsgroupssucinas fiwayl ari naphthyl),
converted tg,a,l - Bf.. : €£G0 (|:|' o5 a%g)l '
adj ust ed towM%%%W%%%%tﬁ e?afogg&é‘%m uﬂ‘ﬁy of?gémg%@&f%e ). Ina
resul ting nprefesred efnbiodimenp pfthieinveatien Roand Ry asebetbmsthyled on a rotary
evaporator to [err]5 nL to renove ethanol. Additional water (20 nL) was
added and the cooled m xture was_filt d. Th
These novel mten)r(wclijlates can be Iread‘;"l;'epreparedein good yields and are useful for the
preparation of a wide variety of different types of 2-aminopurines including the nucleoside
analogue of formula (A), famciclovir (EP 0182024), penciclovir (EP 0141927), H2G
(EP 0343133), (1'S,3'S,4'S)-2~-amino-1,9-dihydro-9-[3,4-dihydroxy-3-hydroxymethyl-1-
cyclopentyl]-6H-purin-6-one (EP 0420518), and other 9-substituted-2-aminopurines
provided that the 9-substituent is not attached by a glycosidic bond.

In a further aspect of this invention we provide processes for the synthesis of the novel
intermediates of formulae (I), (II) and (III), and the known intermediate 2,5-diamino-4,6-
dichloropyrimidine(IV). These processes are illustrated in the simplified diagram below
which is designed for illustration only of the possible ways of _sg-mthesising these
intermediates; :

2,5-diamino-4,6-dihydroxypyrimidine.
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white precipitate was washed wth addi tional wat er (2 x 20 nL) and dried to
give the title conmpound as a white powder (4.50 g, 95%, mp. >dec 250

[ferr]C ;

(15, 800) .

mass spectrum (Cl/CH err]): 236, 234 (M ); [err]H NWR
(DVMBO-d6)[err]: 7.59 (s, 1, CH, 6.90 (s, 2, NH2), 3.00 and 2.94 (both s,
each, 2CH3); WV (pH 7 phosphate buffer)[err]max: 328 nM ([err] 4500), 255

3

-5 -17- -.  Anal.
Cal cd. for C7HONSCl2: C, 35.92; H, 3.88: N, 29.92; d, 30.29. Found: C
35.66; H 3.86; N, 29.74; d, 30.54.

The present invention also provides a process for the preparation of compounds of
formula (T) which comprises chlorination of 2,5-diamino-4,6-dihydroxypyrimidine with a
halomethylenimminium salt (Vilsmeier reagent) of formula (V).

rR2” .
(v)
wherein R! and R2 are as defined above

Compounds of formula (V), may be prepared from a variety of formamides of secondary
amines by reaction with a variety of acid halides, such as phosphorus oxychloride,
phosphorus pentachloride, thionyl chloride, phosgene, and oxalyl chloride, for example as
detailed in a review by C. M. Marson, Tetrahedron 1992, 48: 3660-3720 and references

. therein. '

The advantage of protecting the diaminopyrimidine from extensive decomposition during
chlorination is achieved by the in situ protection of the amino groups with two molar
equivalents of Vilsmeier reagent (V) to- give a bis-formamidine intermediate (detected by
thin-layer chromatography), which is subsequently chlorinated to a compound of formula

(@) as the reaction with additional equivalents of Vilsmeier reagent proceeds. The

improved solubility of such bis-formamidine derivatives is an added advantage of this
process, facilitating the subsequent chlorination to compounds of formula () and their
isolation and simple purification.

The disadvantage of the use of 5-alkoxycarbonyl protecting groups, as described in the
Lonza specification (EP 0552758) is avoided since the formamidine groups in compounds
of formula (Y) are readily hydrolysed under mild conditions in a step-wise manner to form
the intermediates (I) and (II); or alternatively compounds of formula (I) can be directly

- hydrolysed to compounds of formula (IT).

The compound 2,5-diamino-4,6-dichloropyrimidine (IV) can be prepared by:-
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I n anot her experinent, 2,5-diam no-4, 6-di hydroxypyrim dine hem sulfate -
(Sigma, 48.0 g, 0.250 nole) was reacted as in Exanple 1 with I ess Vil sneier
- reagent (7.2 nolar equivalents) and the resulting ' '

4, 6-di chl oro- 2, 5- bi s-{[ (di met hyam no) et hyl ene] am no} pyrimdine (92%,

wi t hout recrystallization, was hydrolyzed&+1 95% ethanol (1 L) and 6 N
aqueous hydrochloric acid (110 nL) to provide the title conpound of the
sanme purity (elemental analysis and 1H NVR) as the characterized sanple
descri bed above (44.2 g. 76% overall from

2, 5-di am no- 4, 6- di hydr oxypyri m di ne hem sulfate). Exanpl e 3

N- (2- Ani no-Ad, 6- ah@hydgplas150§9mmpw Forp (ﬁde (111)  Aslurry of

2- am no- 4, 6-di chl oro-5- {[ (di net hyl am no) nmet hyl ene] am no) pyri m di ne (Exanpl e

o epar ed byPladj 44t FrioBE obieorpA S R AL B "F ooroi 10 5. 2 by
addi tion of 85% phosphoric acid) was gently refluxed (in an oil bath at 125
o 5 by addtti onePtrSiyRs ok E koot U By (S 1R TS Total ot 6
hours of reflux, TLC(silica gel plates devel oped in 5% net hanol -
chl or of or Mrphgyerslydi 't (h.h@DS b6 A)FdRirind-4/Gdicklerpylimidine i convetbertigd t 0
a lover-Ri carried out at pH 3 +/- 0.5 by adding a water-miscible cosolvent, such as ethanol. The
hydrolysis is more efficient at pH 1-2, with shorter reaction times required than at a higher
pH. It is advisable at pH 1-2, however, to protect 2,5-diamino-4,6-dichloropyrimidine
from hydrolysis to hydroxypyrimidines by extraction, as it is formed, into an organic layer
which is not miscible with the aqueous acid. When the pH of the aqueous layei' is below
1, extraction of the product into the organic layer is inefficient (the pK, of (IV) was found
to be ca 0.5 and the pyrimidine ring is thus significantly protonated below pH 1).
Preferably, the acid used for this hydrolysis should be one which is not appreciably soluble
" in the organic layer, e.g. phosphoric or sulfuric acid. The organic solvent should be one
which is stable to aqueoﬁs acid and in which (IV) is soluble. Satisfactory solvents for the
organic layer include toluene and halocarbon solvents such as methylene chloride,
chloroform, an_d 1,2-dichloroethane. At completion, the organic layer is simply washed,
e.g. with saturated aqueous bicarbonate, dried and concentrated to provide (IV) with no
purification required. ' -

Compo;;nds of formula (IIT) can be prepared by:-

A) selectiye hydrolysis of a compound of formula (I); or

B) selective hydrolysis of a cémpouﬁd of formula (II).

The hydrolysis of compounds of formula (T) or (II) to (II) is most efficiently carried out in
dilute aqueous acid, preferably in dilute aqueous mineral acid such as sulfuric acid,

hydrochloric acid, or phosphoric acid. Prolonged exposure to pH below 1 should be
avoided as the chloropyrimidine ring is protonated significantly below pH 1 and may
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product. The solid was filtered and washed with water (5 nmL), nethanol (5
m), and dried to give the title conpound as a white solid (0.900 g, 68%,
np. >250[err] C dec.; mass spectrum (Cl/CH4): 209, 207 (M1); 1H NWR
(DMSO-d6)[err]: 9.81 and 9.46 (s and d, J = 11 Hz, total 1, NH), 8.25 and
8.00 (s and d, J= 11 Hz, total 1, CHO, 7.89 and 7.63 (both s, total 2,
NH2) . Anal . Calcd for C5H4N4AOC12: C, 29701I; H 1.95; N, 27.07; O, 34.25.
Found: C, 29.12; H, 1.96; N, 27.13; d, 34.34. '

- 18-

therefore undergo attack by water, generating undesired hydroxypyrimidine by-products.
Preferably, the pH is maintained above 2 and optimally at 3 +/- 0.5 for the efficient
formation of (). In this optimal pH range, the formamidine groups of (I) and (II) are
selectively hydrolysed to give (III) in approximately 70% yield. As the hydrolysis of the
formamidine groups of () and (IT) proceed, the secondary amine from which the Vilsmeier
reagent (V) was formed (HNRIR2) is liberated and causes the pH of the solution to rise,
thus slowing the hydrolyses. In addition, with certain reactive aliphatic amines HNRIRZ,

“such as N,N-dimethylamine, it is necessary to maintain a pH sufficiently low to prevent the
chloro groups of the pyrimidine ring from displacement by the secondary amine. We have
found that maintaining the pH of the reaction mixtures below 4 avoids significant
displacement of the chloro groups by the secondary amine, even with amines as reactive as

N,N-dimethylamine, It was thus found optimal to buffer the hydrolyses of (I) and (II) to
() at pH 3 +/- 0.5 or to add increments of acid throughout the hydrolyses in order to
maintain the pH in this range.

Optimally, the hydrolysis of compounds of formula (I) or (II) to (III) is carried out in a
minimum of water with the pH controlled as described above. Under these conditions,
(I) precipitates as formed and is simply filtered off and washed with water. The
hydrolysis is carried out at gentle reflux for 4 hours, or at lower temperatures for longer
periods of time.

The compounds of formula (II) can be prepared by the selective hydrolysis of the
compounds of formula (I). Preferably the selective hydrolysis is carried out with-slightly
more than two molar equivalents of mineral acid in water or ethanol and warmed for 15-
30 minutes. '

The compounds of formula () can be prepared by reacting 2,5-diamino-4,6-
dihydroxypyrimidine with a Vilsmeier reagent of formula (V).

The compound 2,5-diamino-4,6-dihydrqupyrimidine is commercially available (Sigma,
Maybridge BTB, Pfaltz and Bauer, Polyorganix).
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‘In another experinent, a slurry of
2-am.no-4, 6-di chl oro-5-{[ (di net hyl - am no) net hyl ene] am no} - pyri m i di ne
(Exanple 2, 25.0 g, 0.107 nol) in 1.5 M aqueous potassi um phosphate buffer
(300 nlL, prepared as above) was gently refluxed for 4 hours. pH was

mai ntai ned at 3.2 by addition of 8596phosp§or|c acid, as required,

t hroughout this period. The precipitate was filtered, washed wth water (3
x 10 mL), nethanol (2 x 10 mL), and dried (50[err]C, 25 mmHg) to give the
title conpound as an off-white powder (16.0 g, 72% with purity identical
to that of the characterized sanpl e descri bed above (el enental analysis and .

1H NWR). ER6 14:132 o{?‘nﬂxﬁdﬁ‘l st4f ﬁmﬁh ¢ 26 Topihddardl iaaa{eh\éonvemenﬂ in high _
46D|chloro§% f) ég é thjema\{nno} rim Exa
11,00 g, ¥e iy ﬁre;‘mﬁ’aﬂ 05 SR ATt Shed piho ©
phosphat e bhyd:echlbﬁdéioﬂ‘ﬂxe h&xﬂsiﬂfata)rls peatedl with atl &astr4 inelir equitalentp bfa Q)Ismar
refluxed for
addi tion of e@% h-](;l%)g% acf@ﬁaas)f?aecég& @gm\é% ‘E%H: %ﬁ%ﬁ?ﬁ%@}gg&i&?
vacuo and mm&puhddtedfqmunn) of Teopiousotatry o pregipitates t Mémhecbhaxas:tmd;ﬁ
(3 x 25 m) ¢hi Ema lﬁfﬁ’d@ and
chl oroform evgggarat ed t eavsya SO E ? % tordd | zat | ﬁ%ﬁs
solid from e¥ychlaside / quaternary ammonmum ﬂsmeler orination o 25 iamino-
4,6-dihydroxypyrimidine may.be carried out in an inert solvent, such as toluene, '
chioroalkenes, or chloroalkanes (such as methylene chloride, chloroform or 1,2-
dichloroethane). Preferably the solvent is 1,2-dichloroethane, chloroform, or methylene
chloride. The chlorination may be c_arried out at O to 110°C, preferably at 40-100°C,
conveniently at reflux for the solvent used. Reaction times are typically 12 to 48 hours.
Isolation of compounds of formula (I) is simple and can be readily scaled-up, involving
simply washing the reaction solution with an aqueous solution containing sufficient base,
such as sodium bicarbonate, to neutralize any hydrogen chloride formed and then
concentrating the dried organic layer to obtain the novel chlorinated pyrimidines of -
formula (I). The compounds of formula (I) are generally stable and may be precipitated
from a variety of solvents, such as ethyl acetate, and stored or used without further
purification.

Particularly preferred examples of the compounds of formulae (I), (II) and (III) are:

a) 4,6-Dichloro-2,S_-bis-[(dimethylamiﬁo)methyler;eamino]pyﬁnﬁdine
b) 2—Amino-4,6-dichloro-5-[(dimethylaminq)methyleneamino]pyﬁmidme
¢) N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide

According to a further aspect of this invention the novel intermediate of formula (IIT) can
_be used in the synthesis of 2-amino-6-chloropurines. In addition compounds of formula
(D) or (II) may also be used in the synthesis of 2-amino-6-chloropurine nucleosides,
provided that the amine HNRIR2 (where R1 and R2 are defined earlier) liberated, during
the conversion of the pyrimidine intermediate to the pun'ne, is sufficiently unreactive
towards the displacement of the chloro group of the 2-amino-6-chloropurines generated.
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water/ 4:1 gave the title conmpound (1V) as off-white needles (0.324 g,
52% ; darkens and shrinks to black solid above 185[err]C, does not becone
fluid below 300[err]C, .[Lit. 198[err]C (Legraverend et al., Synthesis
1990: 587-589) and 188-191[err]C (Tenple et al. J. Org. Chem 1975,

40: 3141-3142)]; mass spectrum (C/CH4): 18% _ 179 (Ml); 1H NWR
(DMBO-d6)[err]: 6.50 (br s, 2, NH2), 4.73 (br s, 2, NH2) Anal . Cal cd. for
C4HANACL12.0.12 EtOH C, 27.60; H 2.58; N, 30. 36; CI 38.42. Found: C,
27.99; H, 2.39; N, 30.42; d, 38.74.

-1 9-

The compounds of formula (L) share with the previously described N-2-acylated
derivatives the property of greater reactivity than 2,5-diamino-4,6-dichloropyrimidine
toward displacement of a chloro group by an appropriate primary amine or protected
hydroxylamine. However, such condensations with (II) (described in more detail below)
may be carried out under milder conditions at lower temperatures and with shorter
reaction times than with compound (IV), thus resulting in less decomposition of the
amines. The condensation products (VI) are isolated in greater yield and purity than the
corresponding products (VII) formed in condensations with 2,5-diamino-4,6-
dichloropyrimidine (IV). Anot!x_er advantage of the use of the intermediate (III) over the
previously described N-2-acylated derivatives, in addition to greater ease of synthesis, is
that the purines generated from (III) do not require deprotection, i.e. hydrolysis of the N-
2-acyl group (these longer processes are described in US Patents 5,087,697 and
5,159,076).

-cl . . . al

/'.\/NHCHO HCH )\/N From

N CH(OEY) NQ N vid O \\

J,... == IO = HNJ\J\
3

HJN N NHR 3
(Via) - (Vif) (Viia) - (Vi) (IXd)

From Vlla (Famciclovir)
From Via NH ,
NH 5 EtOH
n-BuOH
NH
N
")CI >
ALY
]
R 3
Wherein R3 is hereinafter defined. (1Xa)
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Exampl e 5 2. 5-Di am no-4, 6-di chl oropyridine (V) A mxture of
2-am no- 4, 6-di chl oro-5-[ (di met hyl am no) net hyl ene] am no} pyri m di ne (Exanpl e
2, 500 ng, 2.14 mmol), pH 3.2 aqueous potassi um phosphate buffer (1.5 M 6
m., prepared as described in Exanple 3), water (1 nmL), and ethanol (5 nL)
was refluxed gently for 28 hours. During the reflux period, pH was
mai ntai ned at ca. 3 by addition of 85% phosffieric acid. Volatiles were
evaporated in vacuo and the residual solids partitioned between water (30
mL, adjusted to ph 8 with dilute amoni um hydroxi de) and chl orof orm (75
m.). The chloroformlayer was dried (sodium sulfate) and the chl orof orm
evaporated to | eave off-white solid (0.30 g). Crystallization of this
solid from ethanol :water/ 4:1 gave the title conpound (1V) as |ight pink
geedl est ( g32TK8 c?lfxﬂ;&%ﬂdbéilefoﬁ;émﬁ@fgel nﬁk&lt\ld %a&/%ge g@g{d ﬁt%hﬁﬂﬁtek&ﬁ'[f&{nﬁdl&
oes not bec .Ul el ow err]1c - \ and mass spectra
Cdent i cal t oCYRoichepgssen Lfég?%ﬁﬁﬁ%fjtﬁg = Calcd. for CAHANACL2: C,
26.83; H2.25; N, 31.30; d, 39.61. Found: C, 26.93; H 2.25; N, 31.24; d,
39. 52. Exanpl e 6 - _

NHCHO
(vi)

wherein R3 may be hydrogen or any group which is not attachéd bya glycosidic bond.

Preferably R3 is & hydroxyl or a protected hydroxyl; or 2 carbocyclic group (e.g. C3.7
" carbocyclic), an acyclic group (e.g. Co.g hydrocarbyl) wherein carbon atoms may be
substituted by one or more heteroatoms such as N, O or S, or a heterocyclic group (e.g.
'C4.7 heterocyclic) in which at least one.carbon atom is replaced by a N, O, or S atom, or
a substituted analogue of any thereof (e.g. such substituents are independently selected
- from Cj.4alkyl, Cj.4 alkoxy, hydroxyl or protected hydroxyl, azido, phosphonyl, or

halogen), provided that such groups are not attached by a glycosidic bond .
Preferred groups for R3 are'hydroxyl or protected hydroxyl.

Further prefefred groups for R3 are
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2, 5-Di ami no-4, 6-di chl oropyri mdine (I1V)

N- (2- Ami no- 4, 6-di chl oro-5-pyrimdi nyl)formam de (Exanple 3, 500 ng, 2.42
mml ) was dissolved in 0.1 N hydrochloric acid (5 nL, 2.5 nequiv) and
ethanol (7 nmL) at reflux. The solution was refluxed for 5 hours. Volatiles
were renoved in vacuo. The residue was par-tlijitd oned between water (30 ni)
adjusted to pH 8 with dilute ammoni um hydroxi de and et hyl acetate (75 nL).
The ethyl acetate |ayer was dried (sodiumsulfate). Evaporation of the

ethyl acetate left pink solid (0.40 g). Recrystallization of the solid from
95% et hanol gave the title conpound (1V) as |light pink needles (280 ny,
65% ; darkens and shrinks to black solid above 185[err]C, does not becone

fluid bel ow 300[err]C 4 W@Hﬁ“ﬁj mass spectra identical to those

described in Exampl e 4.

e. HOCH,CHoGHCHy™ ;

Ho '
no ™

h Hﬂs
A further preferred group for R3 is ; |
dheg
Suitable groups for R3 are selected ﬁ'om a; b; c; d; e; and £, as defined above.
By "hydrocarbyl” it is meant a group containing only hydrogen and carbon atoms, which

may contain double and/or triple bonds and which may be straight, branched, cyclic or
aromatic. |
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-20 - Anal . Calcd. for Cferr]Herr]Nerr]CJ[err]: C 26.83;, H2.25;

N. 31.30; C1.39.61. Found C. 26.95; H.2.24; N 31.19; Cl. 39.53. Exanple 7
(1S, 4R) - 4- [ ( 2- Ami no- 6- chl or 0o- 5- f or mam do- 4- pyri m di nyl ) am no] - 2- cycl opent en
e-1- met hanol (VlIa) N- ( 2- Am no- 4, 6-di chl or o- 5- pyri m di nyl ) f or mam de
(Example 3, 2.07 g, 10.0 nmmol) was stirred,,n refluxing absol ute ethanol
(40 nmL) under nitrogen to achieve parti al &:zssol ution. To this stirred

m xture was .added a solution of freshly prepared (1S, 4R)- 4-ani no- 2-

cycl opent ene-1 - net hanol (PCT Application 9204015.3, 1.57 g, 12.5 mmol as
90% in ethanol (15 nmL) followed by triethylamne (3.5 nL, 25 nmol, freshly

distilled fr
ark sol ut | AoReieduNE deite ot Brentibntt bitoyfle o 1%'%‘*‘ ol e pfﬁﬁ’zﬂﬂﬂ“% 0
vol ati | es wepmpoundsef formanls (VDawhich wmnﬁeéms & compennd d’ 18

di ssol ved i En%:ﬁ@tdf%ﬂhnlﬁtmcm ®3 @ndefiled sbove! | Such\@dndensations are

preferably carried out at reflux in a solvent such as ethanol, butanol, water or acetonitrile
in the presence of at least one equzvalent of a base, such as trialkylamine or potassmm or
sodium carbonate.

Subsequent references to compounds of formula (VIa, b, c, d, e, f, g, or h) denote a
compound of formula (VI) in which R3isagroup ofa b, c, d, e, £ g, or h as defined
above.

A particularly preferred compound of formula(VI) is (1S,4R)-4-[(2-amino-6-chloro-5-
formamido-4-pyrimidinyl)amino]-2-cyclopentene-1-methanol (Vla)

* The novel intermediates (VD) can be converted by ring closure to the corresponding
compounds of formula (VII):-

wherein R3 is defined above.

Ring closure of (VI) to (VII) is conveniently carried out in trialkylorthoformates (e.g.
triethylorthoformate or trimethylorthoformate) with concentrated aqueous acid (e.g. 2-4
molar equivalents of hydrochloric, sulfuric acid or methane sulfonic). For example, the
hydrochloride salt of (VIIa) i.e. wherein R3 represehts group a, begins to precipitate from
such orthoformate solutions of (VIa) within minutes and yields above 90% may be
achieved by filtration of the precipitate, optimally after several hours at ambient
temperature.
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washed through a silica gel pad to give the title conpound as an off-white
solid (2.50 g, 88%, after evaporation of solvents. Recrystallization of
the solid fromethyl acetate- nethanol (20:1) gave the title conpound (VIa)
as fine white crystals (2.29 g, 81%, mp. 177-178[err]C, nass spectrum
(a/CcH4): 286, 284 (Mr1l), 190, 188 (B+H); 1H NVR (DWVSO d6)8: 8.99 and 8.58
(s and d, J = 11.1 Hz, total 1, am de NH)J138 11 and 7.80 (s and d, J = 11.1
Hz, total 1, amide CH), 6.77 and 6.61 (two d, J = 8.0 Hz) overlappl ng 6. 60
and 6.48 (two br s, total 3, NH and NH2), 5.85 and 5.70 (two m 1 each,
CH=CH), 5.15-5.00 (m 1, NCH), 4.71 (t, J =5.1, 1, OH), 3.45-3.30 (m
overl appi ng H20, OCH2), 2.80-2.65 (m 1, CH, 2.45-2.25 and 1.45-1.30 (both
m 1 each, ﬁkéZ Jsﬁrdd 9 EsBstitut&RS-adio-8loBlordpurinb € skl be cbinp 51?&1s+ot2ﬁm%{nﬁrr]

BESgr:] ]zlz[BegEé’rﬁ_}}G +. 25. !err|i %?rr]ll%%#m u?ég{og/ardﬁjélptd' e”&fev{o[xﬁ”,ldbﬁfﬂ

C[err]H[errs]yhﬂnses]lm[mng]tﬁhmwpyﬂmdﬁﬁmﬂdmeﬂxﬁéssmhaﬁm c, 12.50. Found:
C, 46.63; H, 4.99; N, 24.58; d, 12.59. '

as described US Patent 4,916,224. The previously-described routes to intermediates such
as (VIII) are longer and, more importantly, the number of steps to the purine targets after
incorporation of the group R3 is greater. Also, triaminopyrimidine intermediates such as
(VII) are air- and light-sensitive and extremely difficult to purify due to their polarity and
metal-chelating abilities (the isolation from the zinc reduction of diazo intermediates is
especially problematic). The novel 5-formamido intermediates of formula (VI) are easily
and directly attainable from compounds of formula (IIT) in one step and are generally
solids which are stable and easily-purified by precipitation from a suitable solvent.

-(1'8,3'S,4'S)-2-Amino-1,9-dihydro-9-[3,4-dihydroxy-3-hydroxymethyl-1-cyclopentyl]-6H-

purin-6-one (IXh) (EP0420,518) may be prepared by condensation of the compound of
formula(IIT) with 4-amino-3-cyclopentene-1-methanol (US patent 5,049,671) to form the

compound of formula (VIg) followed by ring closure of the cbmpound of formula (VIg)
to prepare the compound of formula (VIIg), which may be hydroxylated, with osmium

tetroxide/N-methyl-morpholine N-oxide to provide the compound of forrmla (VIIh). The

compound of formula (VIIh) is hydrolysed to form the compound of formula (IXh).
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-21 - Exanpl e 8

(1S, 4R) - 4- ( 2- Ai no- 6-chl or 0- 9- H puri n-9-yl) - 2-cycl opent ene- 1- net hanol
Hydrochl oride (VI1la) A mxture of

(1S, 4R) - 4-[ (2- am no- 6- chl or o- 5- f or mam do- 4- pyri m di nyl ) am no] - 2-

cycl opent ene-1 - et hanol (Exanple 7, 1.00 g, 3.50 mmol ) and :
triethylorthoformate (Al drich, Sure Seal, -18-nmL) was stirred Wmle
concentrated hydrochloric acid (37% 1. 25 m.) was added in one portion. The
resulting clear, colorless solution was stirred under nitrogen. A white _
precipitate began to formafter 15 minutes. After 4 hours, TLC of a drop of
t he reaction m xture dissaolved in nethanol and neutrali zed W th sodi,um

hydr oxi de ( rAming-grehlopapyrise (&iEb)amaqbée pmamb/bw&ah&!m&f N9V} 2ft-¢jamino-6-
visual i zed icHIob).5fofthinlidSpyiEine | (VIB), 09 ddnd¥fisatiéd ofl the

hi gher-Rf materi al recinit Was f|| red, was t

met hyl et heFo’(“ESu’Pﬂ_firgﬂﬂ‘%H?l@ 3‘?‘5‘0 /tl‘gg[cg ‘Pcﬂ(} %"H‘B @%'Sg%e

the title conpaedihtesuitabletfor chepsynthesis ()9 acyclig antbAs) nuakegsides; F00h es finRiclewdr ;

Mass wherein the 2-amino-6-chloropurine intermediate (VIId) is conveniently subjected to
hydrogenolysis to the 2-aminopurine nucleoside. '

Carbocyclic nucleosides may also be synthésized from the compound of formula (VIIb),
for example by (Pd-catalyzed coupling with an appropriate carbocyclic intermediate as
described in Mac Keith et al., J.Chem.Soc.Perkin Trans 1. 1993: 313-314 and references
therein. | |

The compounds of formula (VIa), (VIc), (VIe), (VI), (VIlg) and (VIIh) are
conveniently hydrolyzed to the corresponding guanine compound by refluxing with
aqueous base or acid.

. As a further feature of this invention we have found an alternative process for the
synthesis of 2,6-diaminopurines (wherein the 6-amino group is substituted by R4 and R3,
which may be the same or different, and are selected from H, Cj_galkyl, C3_gcycloalkyl,
aryl (such as phenyl), in particular R4 is H and R3 is cyclopropyl) directly from (VI) which
advantageously eliminates a step in the process. Such 2-aminopurine compounds can be

~ synthesised directly from the intermediates (VI) by refluxing the compound of formula
(VI) with an excess of the amine (HNR4RS) in a refluxing solvent, such as ethanol,
isopropanol, n-propanol, t-butanol or n-butanol.

In particular cases, it | may be more useful to utilize 2,5-diamino-4,6-
dichloropyrimidine(IV) to prepare compounds of formula (VIII), useful in the synthesis of
8-modified 2-aminopurine nucleoside analogues, such as 8-aza-2-aminopurines (which
have broad-spectrum anti-herpes activities described in Storer et al., Spec. Publ. Roy. Soc.
Chem (Rec. Adv. Chem. Anti-Infect. Agents) 1993, 119: 251-265); in such cases the
intermediates (I), (II) and (IIT) can be used to provide (IV).
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spectrum (Cl/CH4): 266( M+l); 1H NVR (DVMSO-d6)[err]: 8.18 (s, 1, purine CH),

7.2-6.7 (br s, NH2, OH overl apped by water), 6.20 and 5.90 (both m 1 each,

CH=CH), 5.48 (m 1, NCH), 3.47 (d, J = 5.7 Hz, 2, CH20), 2.90 (m 1, CH),

2.75-2.55 and 1.75-1.60 (both m 1 each, CH2). Anal . Calcd. for

Cl 1H12N50d . HA : C,.43.73; H 4.34; N, 23.18; d, 23. 48. Found: C, 43.62; H

4.34; N, 23.07; C1, 23.53. Exanpl e 9 -

(1S, 4R) - 4-[ 2- Ari no- 6- (cycl opr opyl ani no) - 9H pur| n-9-yl ] -2-cycl opent ene- 1- net

hanol A solution of

(1S, 4R) - 4- chl or o- 5- f or mami do- 6- { [ (4- hydr oxynet hyl ) - 2- cycl opent en- 1-

yl ] am no}pyri’m’ dine (Exanple 8, 250 ng, 0.883 mmole) was refluxed gently

(in an oil Y 1e1&&[reof<}e®am d‘bnlipdmi&s’:\ﬂﬁldhe fufehtish fid be reﬁared
E un er

mol ecul ar si eve vl hﬂgﬁ%\'\@ i 35% $%‘%’1}Pﬁtﬁg’ﬂ ﬂ%ﬁhsfq&)

M, 4.4 mrml'3y
was added aretample] ﬂneusenfamappﬂoprmtemndhdlﬁetqrmhydrﬁehours The vol atiles
were renmoved and the residual oil redissolved in ethanol-water (1:1)
The compounds of the invention, including esters thereof, may be converted into
pharmaceutically acceptable salts in a conventional manner by treatment with an
appropriate acid or base. An ester or salt of a compound of the invention may be
- converted into the parent compound, for example, by hydrolys1s

The following examples are intended for illustration only and are not intended to limit the .
scope of the invention in any way. - '

2,5-Diamino-4,6-dihydroxypyrimidine hemisulfate (Sigma, 25.0 g, 0.131 mole) was stirred
in chloroform (AR Mallinckrodt, 400 mL) in a 2 L~ 3-necked round bottom flask equipped
with a reflux condenser (with source of nitrogen connected to the top of the condenser)
and an exit for HCl gas connecting another neck of the flask to a NaOH trap.
(Chloromethylene)dimethyl ammonium chloride (Vilsmeier reagent, Aldrich, 88.0 g, 0.651
mole as 95%) was washed into the flask with additional chloroform (400 mL). The
reaction mixture was brought cautiously to reflux with nitrogen sweeping the HCI
evolved into the trap. When the evolution of HCI slowed after about 1 hour of reflux, the
sweep was stopped and the reaction kept under a gentle positive pressure of nitrogen from
that point. Additional Vilsmeier reagent (50.0 g, 0.370 mole) was added after 24 hours
and reflux continued for an additional 20 hours. The stirred reaction mixture (yellow
solution with dark yellow solid) was cooled (ice bath) and diluted with water (sufficient to
dissolve the solid, ca. 300 mL). The aqueous layer was adjusted to pH 7 with sodium
hydroxide or solid sodium carbonate. The chloroform layer was seﬁarated, washed with
water (3 x 400 mL), dried (sodium sulfate), and concentrated in vacuo to a dark yellow
solid (36 g). This solid was dissolved in ethyl acetate (300 mL), stirred with charcoal (1 .
g), and filtered with a silica gel pad (3x3 in., packed in ethyl acetate). The pad was
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-22 - with 1 N sodium hydroxide (0.5 nL). Volatiles were again renoved
and the residue chromat ographed on a silica gel flash colum (IxI0"). (1S
4R) -[ (2, 5- Di am no-6-chl oro- 4-pyrim di nyl)am no] - 2- cycl opent ene- 1- net hanol
(Mlla, 35 ng 16% eluted with 5% nethanol -ethyl acetate. Continued el ution
wi th 10% net hanol -et hyl acetate gave (IS, :

4R) - 4-[ 2- am no- 6- (cycl opr opyl am no) - 9H purile-9-yl ] - 2- cycl opent ene- 1- net hano
| (I Xa) as a light tan solid foam (160 ng, 60%; H NVR (DMSO-d6)[err]: 7.58
(s, 1, purine CH, 7.25 (d, J = 4.5 Hz, 1, NH), 6.10 (m 1, =CH), 5.80-5.75
- (m 3, =CH and NH2), 540(m1NCH),472(m1C]—|) 3.45 (m 2, OCH2),
3.0 ( br m 1, CH of cycl opropyl 2.-80 m 2.70-2.50 (m

over | appi ngwashedewith adpijional ,@C@&e(ﬂﬂﬂ egwgn;s cqmcmra@ectm Yasno 4o leave the title

compound as a light tan solid (30. 75 g, 81% ); m.p. 116-119°C; 1H-NMR identical to that
of recrystallized samples.

Anal. Calcd. for C10H14N6Cl2.0.10 EtOAc: C, 41.92; H, 5.01; N, 28.20; ClL, 23.80.
Found: C, 42.23; H, 4.95; N, 28.46; Cl, 24.11.

‘Recrystallization of such a sample from ethyl acetate gave the title compound as white
granules; m.p. 123-125 °C; mass spectrum (CI/CH4): 291, 2890 (M+1); IH-NMR
(DMSO-dg) 8: 8.49 and 8.69 (both s, 1 each, 2CH), 3.16 (s, 3, CH3), 3.03 (s, 6, 2CH3),
2.97 (s, 3, CH3); UV (pH 7 phosphate buffer) Amax 296 nM (€33,300), Amin 248 (5200).

Anal. Caled. for CIOH14N6CL2: C, 41.54; H, 4.88; N, 29.06; Cl, 24.52. Found: C, 41.59;
H, 4.91; N, 29.01; CL, 24.47.

4,6-Dichloro-2,5-bis-{[(dimethylamino)methyleneJamino}pyrimidine (Example 1, 5.87g,
20.3 mmol) was dissolved in 95% ethanol (200 mL) and 6 N aqueous hydrochloric acid
(13.5 mL) added. The solution was heated in an oil bath at 55 °C under nitrogen for 30
minutes, at which point TLC (silica gel, 5% methanol-chloroform) showed that starting
material had been cleanly converted to a lower-Rf product. The cooled (ice bath) solution
was adjusted to pH ~8 with concentrated ammonium hydroxide and the resulting mixture
(white precipitate formed) concentrated on a rotary evaporator to ~5 mL to remove
ethanol. Additional water (20 mL) was added and the cooled mixture was filtered. The
white precipitate was washed with additional water (2 x 20 mL) and dried to give the title
compound as a white powder (4.50 g, 95%), m.p. >dec 250 °C ; mass spectrum
(CY/CH4): 236, 234 (M+1); IH-NMR (DMSO0-d6)5: 7.59 (s, 1, CH), 6.90 (s, 2, NH2),
3.00 and 2.94 (both s, 3 each, 2CH3) UV (pH 7 phosphate buffer) Amax: 328 nM (g
4500), 255 (15,800).
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2 CH2 of cyclopropyl). Anal. Calcd. for Cl14H18N60.0.20 H2O 0.40 CH30H: C
57.32; H 6.35; N, 27.85. Found: C, 57.59; H, 6.48; N, 27.70. Exanple 10
((1S. 4R) - 4-[ 2- Ami no- 6- (cycl opropyl am no) - 9H puri n-9-yl ] - 2-cycl opent ene- 1- et
hanol

(IS, 4R) - 4- ( 2- Ami no- 6-chl or o- 9- H puri n-9-yl ) - 2-cycl opent ene- 1- net hanol (US
Pat ent 5,206, 435) or the hydrochl ori de satd7thereof (Exanple 8) was
refluxed in ethanol with 10 nol ar equival ents of cycl opropyl am ne for 2
hours. The resulting solution was cooled to anbient tenperature and 1 N
sodi um hydroxide (1 or 2 nolar equivalents, depending on mhether t he

Tha ol S I a5l Ealed s (uFRBIp: A% AL 8 a8 1 50 38! &1, 9.8 a0 38 86H,

(1S, 4R) - 4- [ 2:86{IN"29.24;(Cly80.64r opyl am no) - 9H-purin- 9-yl]-2-cycl opent ene
-1-nmet hanol (1Xa) was washed froma silica gel pad eluted with 5%
met hanol - chl orof orm or 10% net hanol -ethyl acetate and isolated as a white

sol i d f oam ImBatgthersgxpetiment] 3Sndiaminio-4,6-diliydroxypyrinidine themismtfuteofSigeg M8.6: g9.
0.250 mole) was reacted as in Example 1 with less Vilsmeier reagent (7.2 molar
equivalents) and the resulting 4,6-dichloro-2,5-bis-{[(dimethylamino)methylenejamino}
pyrimidine (92%), without recrystallization, was hydrolyzed in 95% ethanol (1 L) and 6 N
aqueous hydrochloric acid (110 mL) to provide the title compound of the same purity
(elemental analysis and 1H-NMR) as the characterized sample described above (44.2 g.
76% overall from 2,5-diamino-4,6-dihydroxypyrimidine hemisulfate).

Example 3
N-(2-Amino-4, 6-dichloro-5-pyrimidinyl)formamide (TIT)

A slury of 2-amino-4,6-dichloro-5-{[(dimethylamino)methylene]amino}pyrimidine
(Example 2, 1.50 g, 6.41 mmol) and 1.5 M aqueous potassium phosphate buffer (35 mL,
prepared by adjusting the pH of a 1.5 M solution of KH2PO4 to 3.2 by addition of 85%
phosphoric acid) was gently refluxed (in an oil bath at 125 °C). After 4 hours of reflux,
the pH of the mixture was adjusted from 4 to 3 by addition of 4 drops of 85% phosphoric
acid. After a total of 6 hours of reflux, TLC(silica gel plates developed in 5% methanol-
chloroform) showed that the starting material had been largely converted to a lower-Rf
product. The solid was filtered and washed with water (5 mL), methanol (5 mL), and
dried to give the title compound as a white solid (0.900 g, 68%), m.p. >250°C dec.; mass
spectrum (CI/CH4): 209, 207 (M+1); 1H-NMR (DMSO-d6)3: 9.81 and 9.46 (sand d, J =
11 Hz, total 1, NH), 8.25 and 8.00 (s and d, J= 11 Hz, total 1, CHO), 7.69 and 7.63 (both
s, total 2, NH2). ' '

- Anal. Calcd for CSH4N40CI2: C, 29.01; H, 1.95; N, 27.07; Cl, 34.25. Found: C, 29.12;
H, 1.96; N, 27.13; C|, 34.34. ' '
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-23 -

(1'S,3'S,4'"S)-2- Ami no- 1. 9-di hydr o-9(3, 4-di hydr oxy- 3- hydr oxynet hyl -1 -cycl ope

ntyl)-6H purin-6-one a) :

(4R) 4-[ (2- Am no- 6- chl or o- 5- f or mam do- 4- pyri m di nyl ) am no] - 1- cycl opent ene- 1
met hanol By the nethod of Example 7, -

N-(2 Ami no- 4, 6-di chl or o- 5- pyri mi di nyl ) f or md&i-de

In another experiment, a slurry of 2-amino-4,6-dichloro-5-{[(dimethyl-
amino)methylene]amino }-pyrimidine (Example 2, 25.0 g, 0.107 mol) in 1.5 M aqueous
potassium phosphate buffer (300 mL, prepared as above) was gently refluxed for 4 hours.
pH was maintained at 3.2 by addition of 85% phosphoric acid, as required, throughout
this period. The precipitate was filtered, washed with water (3 x 10 mL), methanol (2 x
10 mL), and dried (50°C, 25 mm Hg) to give the title compound as an off-white powder
(16.0 g, 72%) with purity identical to that of the characterized sample described above
(elemental analysis and 1H-NMR).

Example 4
2.5-Diamino-4.6-dichloropyrimidine

4,6-Dichloro-2,5-bis-{[(dimethylamino)methylene]amino }pyrimidine (Example 1, 1.00 g,
3.36 mmol) in ethanol (25 mL) and pH 3.2 aqueous potassium phosphate buffer (1.5 M,
10 mL, prepared as described in Example 3) was refluxed for 24 hours. During reflux, the
pH was maintained at ca. 3 by addition of 85% phosphoric acid, as required. The ethanol
was evaporated in vacuo and water added (10 mL). This solution was extracted with
chloroform (3 x 25 mL). The combined chloroform layers were dried (sodium sulfate) and
chloroform evaporated to leave a solid (0.40 g). Crystallization of this solid from ethanol-
water/ 4:1 gave the title compound (IV) as off-white needles (0.324 g, 52%); darkens and
shrinks to black solid above 185°C, does not become fluid below 300°C ; .[Lit. 198°C
(Legraverend et al., Synthesis 1990:587-589) and 188-191°C (Temple et al.; J. Org.
Chem. 1975, 40:3141-3142)]; mass spectrum (CI/CH4): 181, 179 (M+1) 1H-NMR
(DMSO0-d6)3: 6.50 (br s, 2, NH2), 4.73 (br s, 2, NH2).

Anal. Caled. for C4H4N4CI2.0.12 EtOH: C, 27.60; H, 2.58; N, 30.36; Cl, 38.42. Found:
C, 27.99; H, 2.39; N, 30.42; Cl, 38.74.
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(Exanple 3, 2.56g, 52.4mmol) was reacted with

(4R) - 4- am no- 1- cycl opent ene- 1| - ' nmet hanol (1.4g, 52. 4nmol ), available
f'rom (-)-2-azabi cycl o[ 2. 21] hept - 5- en- 3- one (Chiroscience) by nethods
described in Exanples 1-4 and 42 of U.S. Patent 5,049, 671.

Crystallization fromethyl acetate - .nmethanol gave title conmpound as
white crystals, mp. 148-150[err]C, nmass speetrum (Cl/CH err]): 286, 284

(M+1), 190, 188 (B+H); [err]H-NVR (DMSO-d[err])[err]: 8.97 and 8.55
(s and d with J = 11.3 Hz, total 1, NHCHO), 8.12 and 7.80 (s and d
with J =11.5 Hz, total 1, CHO, 7.00 and 7.78 (both d, J = 7.4 Hz,
total 1, NH), 6.60 and 6.40 (both 8, total 2, NH2), 5.48 (s, 1, =

CH), 4.74 (ExampleS55 5 Hz, 1, OH), 4.74-4.60 (m 1, NCH), 4.0-3.90 (m 2,

CHerr]0), Q,sﬁa&in'é&,éleﬁicﬁoré&@ ‘aﬁei@qh m 2 each, 2CHerr]);
[[err]]589[err]- err err|]578[err]-5.2[err],
[[err]]546[err]- 4 8[err], [[err]]436[err]-20.0[err],

[[err]]365[&rrixeres| 6f r ]2-i(1ﬁm6-426idlchloro-5-[(dinieﬂ@hﬁhr)o)methylene]axmdkt}pjmmﬂalecd

1;: SL ng[ err] "{[Eengpi\le[ rsrgb%iri ggggnoq}\l pf?ii&gu@us ﬁasi:émi lé%pﬁa%e biffer (]IQS I@E 6

(4R) - 4- ( 2- AmlLyprepared lap descﬁblecwaxm@lg/B), wiater\(d Inolo and ethagol (5 my s refluxed A

T opene o RS R A Ml SO B i e
85% phosphoric acld Volatiles were evaporated in vacuo and the residual solid
partitioned between water (30 mL, adjusted to ph 8 with dilute ammonium hydroxide) and
chloroform (75 mL). The chloroform layer was dried (sodium sulfate) and the chioroform
evaporated to leave off-white solid (030 g). Crystallization of this solid from
ethanol:water/ 4:1 gave the title compound (IV) as light pink needles (332 mg, 61%);
darkens and shrinks to black solid above 185°C, does not become fluid below 300°C;

H-NMR (DMSO-d6) and mass spectra identical to those described in Example 4.

Anal. Calcd. for C4AH4AN4CI2: C, 26.83; H, 2.25; N, 31.30; Cl, 39.61. Found: C, 26.93;
H, 2.25; N, 31.24; Cl, 39.52.

Example 6
2.5-Diamino-4.6-dichloropyrimidine

N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 500 mg, 2.42 mmol) was

' dissolved in 0.1 N hydrochloric acid (5 mL, 2.5 mequiv) and ethanol (7 mL) at reflux.
The solution was refluxed for 5 hours. Volatiles were removed in vacuo. The residue was
partitioned between water (30 mL) adjusted to pH 8 with dilute ammonium hydroxide and
ethyl acetate (75 mL). The ethyl acetate layer was dried (sodium sulfate). Evaporation of
the ethyl acetate left pink solid (0.40 g). Recrystallization of the solid from 95% ethanol
gave the title compound (IV) as light pink needles (280 mg, 65%)); darkens and shrinks to
black solid above 185°C, does not become fluid below 300°C ; 1H-NMR (DMSO-d6)
and mass spectra identical to those described in Example 4.
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(29nL) was stirred while concentrated hydrochloric acid (37% 2.0nL) was
added I n one portion. The resulting clear, colourless solution was
stirred under nitrogen. After 5 hours the resulting precipitate was
filtered and washed with t-butyl nethyl ether (3 x 10nL0 and dried
to provide white powder (1.25g). This powder was
-24 - di ssolved in water and tpppH adjusted to 3 by addi ti on of
IN hydrochl oric acid. The solution was heated at 60[err]C for 4
hours, cool ed, neutralized, and evaporated to a solid which was
chromat ographed on silica gel. Title conpound was el uted with 5%
met hanol chloroformand crystallized from ethanol -ethyl acetate to white

' Anal. Caled. for C4H4N4Cly: C.26.83; H.2.25; N.31.30; C1.39.61. Found C.26.95;

H.2.24; N. 31.19; Cl. 39.53.

N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 2.07 g, 10.0 mmol) was
stirred in refluxing absolute ethanol (40 mL) under nitrogen to achieve partial dissolution.
To this stirred mixture was added a solution of freshly prepared (1S,4R)-4-amino-2-
cyclopentene-1-methanol (PCT Application 9204015.3, 1.57 g, 12.5 mmol as 90%) in
ethanol (15 mL) followed by triethylamine (3.5 mL, 25 mmol, freshly distilled from
calcium hydride). After 14 hours of reflux, the resulting dark solution was cooled and 1 N
sodium hydroxide (10 mL) was added. The volatiles were evaporated in vacuo. The
residual tan solid foam was dissolved in 5% methanol-ethyl acectate, and the solution was
washed through a silica gel pad to give the title compound as an off-white solid (2.50 g,
88%), after evaporation of solvents. Recrystallization of the solid from ethyl acetate-
methanol (20:1) gave the title compound (VIa) as fine white crystals (2.29 g, 81%), m.p.
177-178°C; mass spectrum (CI/CH4): 286, 284 (M+1), 190, 188 (B+H);, 1H-NMR
(DMSO0-d6)5: 8.99 and 8.58 (s and d, J = 11.1 Hz, total 1, amide NH), 8.11 and 7.80 (s
and d, J = 11.1 Hz, total 1, amide CH), 6.77 and 6.61 (two d, J = 8.0 Hz) overlapping
6.60 and 6.48 (two br s, total 3, NH and NH2), 5.85 and 5.70 (two m, 1 each, CH=CH),
5.15-5.00 (m, 1, NCH), 4.71 (t, = 5.1, 1, OH), 3.45-3.30 (m overlapping H20, OCH2),
2.80-2.65 (m, 1, CH), 2.45-2.25 and 1.45-1.30 (both m, 1 each, CH2); [o]20 589 +21 2°,

[0]20 578 +22.2°, [0]20 546 +25.2°, [0]20 436 +41.4° [0]20 365 + 48.3° (c 0.50,

methanol).

Anal, Calcd. for C11H14N502CL C, 46.57; H, 4.97; N, 24.69; Cl, 12.50. Found: C,
46.63; H, 4.99; N, 24.58; Cl, 12.59.
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crystals, mp. 145-147[err]C mass spectrum (C/CHerr]): 268, 266 (Mt1l),

172, 170 (B+H); [err]H-NWVR (DVMsO-d[err])[err]: 8.09 (s, 1, purine
CH, 6.9 (br s, 2, NH2), 5.64 (m 1, =CH, 52-5.0 (m 1, NCH,
4.87 (t, J =5.5Hz, 1, OH), 4.05 (m 2, CHerr]O,3.0-22.5 (m 4, 2
CH2) . . Anal . Calcd. for Cferr]Her43INerr]OC : C, 49.06;, H 4.64,
N, 26.01; d, 13.16. Found: - - C, 49.18; H 4.63; N, 26.11; d, 13.19.

c) (1S, 28 4R) - 4- ( 2- Ami no- 6- chl or o- 9H puri n-9-yl ) - 2- (hydroxymethyl) 1, 2-
cycl opent anedi ol
(4R) - 4- (2- Ami-no- 6- chl or o- 9H puri n-9-yl ) - 1-cycl opentene 1- net hanol (Part b,
501ng, 1. SQM&&- nmet hyI mor phol i ne N—OXI de (60% aqueous sol ution,

Sith.0 Sebéite

Al dri ch, el -piéthanol - but yI
al cohol , Al dri 12m.) were heated at

i

60[err]C f or:2YGrecihe 8l atiles were evaporated and the residual

solids were chromat graphed on silica gel. Title . conpound was el ut ed
i

0 -

P 10% ot B O S A0 0B A Bl prnidifledhl £
cyclopentene-l-methanol (Example 7 1.00 g, 3.50 mmol) and triethylorthoformate
(Aldrich, Sure Seal, 18 mL) was stirred while concentrated hydrochloric acid (37%, 1.25
mL) was added in one portion. The resulting clear, colorless solution was stirred under
nitrogen. A white precipitate began to form after 15 minutes. After 4 hours, TLC of a
drop of the reaction mixture dissolved in methanol and neutralized with sodium hydroxide
(silica gel plates developed in 10% methanol-chloroform, visualized in UV light) showed
almost complete conversion of VIa to a higher-Rf material. The précipitate was filtered,
washed with t-butyl methyl ether (15 mL) and dried at 0.2 mm Hg/ 25°C for 18 hours to
give the title compound as a white powder (975 mg, 92%), mp >300°C dec.; mass
spectrum (CI/CH4): 266(M+1); 1H-NMR (DMSO0-d6)3: 8.18 (s, 1, purine CH), 7.2-6.7
(br s, NH2, OH overlapped by water), 6.20 and 5.90 (both m, 1 each, CH=CH), 5.48 (m,
1, NCH), 3.47 (d, T = 5.7 Hz, 2, CH20), 2.90 (m, 1, CH), 2.75-2.55 and 1.75-1.60 (both
m, 1 each, CH2). |

jo"

Anal. Caled. for C11HI2NSOCLHCI: C, 43.73; H, 4.34; N, 23.18; Cl, 23.48. Found: C,
43.62; H, 4.34; N, 23.07; Cl, 23.53. '

A solution of (18,4R)-4-chloro-5-formamido-6-{[(4-hydroxymethyl)-2-cyclopenten-1-
yl]Jamino}pyrimidine (Example 8, 250 mg, 0.883 mmole) was refluxed gently (in an oil
bath maintained at 130°C) in n-butanol (dried over 4 A molecular sieves, 5 mL) under
nitrogen with cyclopropylamine (Aldrich, 0.30 mL, 4.4 mmol) for 16 hours. A second
portion of cyclopropylamine (0.15 mL) was added and reflux continued for an additional 5
hours. The volatiles were removed and the residual oil redissolved in ethanol-water (1:1)
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spectrum (O /CH err]): 302, 300 (Mrl), 172, 170 (B+H): [err]H NVR

(DVBO-d[err])[err]: 8.29 (s, 1, purine CH), 6.9 (br s, 2, NH2),
5.15-4.90 (m 1, NCH), 4.80 (d, J = 3.9 Hz) overlapping 4.78 (t, J
3.5 Hz, total 2, 2 OH), 4.30 (s) overlapping 4.34.2 (m total 2, OH
and OCH), 3.45-3.35 (m overlapping water, CH20H), 2.25-2.05 ‘(m 4,
2 CHerr]). Anal . Calcd. for CJerepH err]Nerr]O[err]Cl: C, 44.08;
H4.71;, N, 23.37; Cd, 11.83. Found: C, 43.89; H 4.80; N, 23.16; d,
11. 73. _ -25 -

with 1 N sodium hydroxide (0.5 mL). Volatiles were again removed and the residue
chromatographed on a silica gel flash column (1x10"). (18, 4R)-[(2,5-Diamino-6-chloro-

4-pyrimidinyl)amino]-2-cyclopentene-1-methanol (VIIla, 35 mg, 16%) eluted with 5%

methanol-ethyl acetate. Continued elution with 10% methanol-ethyl acetate gave (1S,
4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1-methanol(IXa) as
a light tan solid foam (160 mg, 60%); H-NMR (DMSO-d6)5: 7.58 (s, 1, purine CH),
7.25 (d, J=4.5 Hz, 1, NH), 6.10 (m, 1, =CH), 5.80-5.75 (m, 3, =CH and NH2), 5.40 (m,

- 1, NCH), 4.72 (m, 1, OH), 3.45 (m, 2, OCH2), 3.0 ( br m, 1, CH of cyclopropyl), 2.80 (br

m, 1, CH), 2.70-2.50 (m overlappmg solvent, CH) 1.50-1.05 (m,1, CH), 0.70-0.50 (m, 4,
2 CH2 of cyclopropyl).

Anal. Caled. for C14H18N60.0.20 H20.0.40 CH30H: C, 57.32; H, 6.35; N, 27.85.

-Found: C, 57.59; H, 6.48; N, 27.70.

(1S,4R)-4-(2-Amino-6-chloro-9-H-purin-9-yl)-2-cyclopentene-1-methanol (US Patent
5,206,435) or the hydrochloride salt thereof (Example 8) was refluxed in ethanol with 10

molar equivalents of cyclopropylamine for 2 hours. The resulting solution was cooled to-

ambient temperature and 1 N sodium hydroxide (1 or 2 molar equivalents, depending on

whether the starting material was VIIa or the hydrochloride salt of VIIa) was added. The

volatiles were evaporated in vacuo. (1S,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-
9-yl]-2-cyclopentene -1-methanol (IXa) was washed from a silica gel pad eluted with 5%
methanol-chloroform or 10% methanol-ethyl acetate and isolated as a white solid foam
(80%); spectra identical to those of the product of Example 9.
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d) (1'S,3 S,4'S)-2- Amino- 1, 9-di hydro- 9- (3, 4-di hydr oxy- 3- hydr oxynet hyl -
cycl opentyl)-6H puri n-6-one

(1S, 2S, 4R) - 4- ( 2- Ami no- 6- chl or o- 9H—pur|n 9-yl)-2- (hydroxymethyl) 1, 2-cycl ope
n- _ tanedi ol (Part c, 90ng, O0.27mmole), was refluxed in 1IN
hydrochloric acid (2.7nlL) for 45 mnUtes. Vol atiles were evaporat ed
I n vacuo. Portions of water were evaporated and the residue was

redi ssolved in water. The pH was adjusted to 5 wi t h hydrochl oric
acid and the resulting mxture cooled, filtered, and the precipitate
dried to proy e title conpound as an off- V\/mte povvder (51ng,

68%, mp. f 28 1

[ err] H NVR( [t A al: ‘ ] K¢ -8 ARV DENIyH-QH
5, 233, 041. 4%@_5%?12 N—(2 4- D|am no 6 chI or o- 5- pyrlmdl nyl)formam de
N-(2- Am no- 4, 6-di chl oro-5-pyrimdinyl)formam de (Exanple 3, 500ny,

- 2. 14mmol ) and ammoni a (I50rrL) was stirred in a Parr bonb _at 50[err]Cfor 18
hours. The agjnoni @RS pa8-eldorari formamid: Ainidimyl)a ' e

water (1QOm). The ﬁﬁnluluﬂ was drled to

By the method of Example 7, N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide
(Example 3, 2;56g, 52.4mmol) was reacted with (4R)-4-amino-1-cyclopentene-1-
methanol (1.4g, 52.4mmol), available from (-)-2-azabicyclo[2.2.1]hept-5-en-3-one
(Chiroscience) by methods described in Examples 1-4 and 42 of U.S. Patent
5,049,671. Crystallization from ethyl acetate - methanol gave title compound as
white crystals, m.p. 148-150°C; mass spectrum (CI/CHy): 286, 284 (M-+1), 190,
188 (B+H); IH-NMR (DMSO-dg)5: 8.97 and 8.55 (s and d with J = 11.3 Hz, total
1, NHCHO), 8.12 and 7.80 (s and d with J = 11.5 Hz, total 1, CHO), 7.00 and
'7.78 (both d, J = 7.4 Hz, total 1, NH), 6.60 and 6.40 (both 8, total 2, NHp), 5.48
(s, 1,=CH), 4.74 (t, J = 5.5 Hz, 1, OH), 4.74-4.60 (m, 1, NCH), 4.0-3.90 (m, 2,
 CHp0), 2.75-2.55 and 2.40-2.15 (both m, 2 each, 2CHy); [«]58920-4.40,
[]57820-5.20, [0]54620-4.80, [c]43620-20.00, [0x]36520-60.40 (c 0.25,
methanol).

Anal. Caled. for C11H14N5O4CL C, 46.57; H, 4.97; N, 24.69; Cl, 12.50. Found:
C, 46.64; H, 5.01; N, 24.60;.CL, 1245.

)

A mixture of (4R)-4-[(2-amino-6-chloro-5-formamido-4-pyrimidinyl)amino]-1-
cyclopentene-1-methanol (Part a, 1.60g, 5.65mmol) and triethylorthoformate
(29mL) was stirred while concentrated hydrochloric acid (37%, 2.0mL) was added
in one portion. The resulting clear, colourless solution was stirred under nitrogen.
After 5 hours the resulting precipitate was filtered and washed with t-butyl methyl
ether (3 x 10mLO and dried to provide white powder (1.25g). This powder was
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give the title conpound as red povvde_r' (400mg, 89%, mp.>300[err]C, nass
.Spectrum(CI/ﬁH[err]): 190, 188 (Mrl); [err]H- NVR(DMSO-d[err])[err]: 9.05
t
6.

and 8. 60 (bo br s, total 1, NHCHO, 8.1 and 7.8 (both br s, total 1,
NHCHO), 6.80-6.20 (4 br s, total 4, 2 NHer A). Anal . Calcd. for
Clerr]Herr]Nerr]Od: C, 32.01; H, 3.22; T\# 37.34; d, 18.90. Found: C,
31.97; H 3.23; N, 37.26; d, 19.00. 26
Cl ai ns: 1. A conpound of fornula (1)

dissolved in water and the pH adjusted to 3 by addition of IN hydrochloric acid.
The solution was heated at 60°C for 4 hours, cooled, neutralized, and evaporated
to a solid which was chromatographed on silica gel. Title compound was eluted
with 5% methanol chloroform and crystallized from ethanol-ethyl acetate to white
crystals, m.p. 145-1479C; mass spectrum (CI/CHy): 268, 266 (M+1), 172, 170
(B+H); IH-NMR (DMSO-dg)5: 8.09 (s, 1, purine CH), 6.9 (br s, 2, NHp), 5.64
(m, 1, = CH), 5.2-5.0 (m, 1, NCH), 4.87 (t, J = 5.5 Hz, 1, OH), 4.05 (m, 2, '
'CH50), 3.0-2.5 (m, 4, 2 CH2).

Anal. Caled. for C1Hj2NsOCE C, 49.06; H, 4.64; N, 26.01; Cl, 13.16. Found:
C, 49.18; H, 4.63; N, 26.11; Cl, 13.19. o

cyclopentanediol

(4R)-4-(2-Amino-6-chloro-9H-purin-9-yl)-1-cyclopentene-1-methanol  (Part b,
501mg, 1.89mmol), N-methylmorpholine N-oxide (60% aqueous solution, Aldrich,
0.33mL, 1.89mmol), osmium tetroxide (2.5% in t-butyl alcohol, Aldrich, 0.47mL),
and t-butyl alcohol (12mL) were heated at 60°C for 1.5 hours. Volatiles were
evaporated and the residual solids were chromatographed on silica gel. Title
compound was eluted with 10% methanol-chloroform as tan solid (210mg) and
resolidified from absolute ethanol to give white powder, m.p. 217-219°C; mass
spectrum (CVCHy): 302, 300 (M+1), 172, 170 (B+H); IH-NMR (DMSO-dg)3:
8.29 (s, 1, purine CH), 6.9 (br s, 2, NHp), 5.15-4.90 (m, 1, NCH), 4.80 (d, J=3.9
Hz) overlapping 4.78 (t, J = 3.5 Hz, total 2, 2 OH), 4.30 (s) overlapping 4.3-4.2
(m, total 2, OH and OCH), 3.45-3.35 (m, overlapping water, CHyOH), 2.25-2.05
(m, 4, 2 CHp).

Anal. Caled. for C11H 4N503CL C, 44.08; H, 4.71; N, 23.37; Cl, 11.83. Found:
C, 43.89; H, 4.80; N, 23.16; CL, 11.73.
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[err] wherein R err] and R err], which my be the sane or different,
are selected from{err] alkyl, CJerr] cycloal kyl, and optionally
substituted aryl. 2. A conpound of formula (1) as clainmed in claim1l
wherein R err] and R err] are both (Jerr] alkyl. 3. A conpound of fornula

(rn) [err]

-25-

(18,2S,4R)-4-(2-Amino-6-chloro-9H-purin-9-yl)-2-(hydroxymethyl)-1,2-cyclopen-
tanediol (Part c, 90mg, 0.27mmole) was refluxed in 1N hydrochloric acid (2.7mL)
for 45 minutes. Volatiles were evaporated in vacuo. Portions of water were
evaporated and the residue was redissolved in water. The pH was adjusted to 5
with hydrochloric acid and the resulting mixture cooled, filtered, and the
precipitate dried to provide the title compound as an off-white powder (51mg,
68%), m.p. >3000dec.; mass spectrum (CI/CHy): 283 (M+1); IH-NMR(DMSO-
dg) identical with that described in U.S. Patent 5,233,041.

Example 12

N-(2.4-Diamino-6-chloro-5-pyrimidinyl}formamide

'N-(2-Amino-4,6-dichloro-5-pyrimidinyl)formamide (Example 3, 500mg, 2.14mmol) and
ammonia (150mL) was stirred in a Parr bomb at 500C for 18 hours. The ammonia was
evaporated and the residual solid triturated with water (10mL). The solid was dried to
give the title compound as red powder (400mg, 89%), m.p.>3000°C; mass spectrum

* (C/CHy): 190, 188 (M+1); IH-NMR(DMSO-dg)5: 9.05 and 8.60 (both br s, total 1,
NHCHO), 8.1 and 7.8 (both br s, total 1, NHCHO), 6.80-6.20 (4 br s, total 4, 2 NH»).

Anal. Caled. for CsHgN5OCI: C, 32.01; H, 3.22; N, 37.34; Cl, 18.90. Found: C, 31.97;
H, 3.23; N, 37.26; Cl, 19.00.
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wher ei T Rferr1—and—R2—are—-as defined in-claim1l or 2.

EREX T T

-26-

CLAIMS

1. A compound of formula (I)

4. A compound of
27 5. A

wherein R1 and R2, which mﬁy be the same or different, are selected from Cl_g

alkyl, C3.g cycloalkyl, and optionally substituted aryl.

2. A compound of formula (I) as claimed in claim 1 wherein R1 and R are both C;.

g alkyl.

3. A compound of fbrmula (41))

Cl

' N/k\ | (II) .
1-12. N Cl
wherein R and R are as defined in claim 1 or 2.

4, A compound of formula (IIT)

1
>~ NHCHO

)%. | (I.II)

HZN N C1

T
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mhereln RB xyl or a protected hydroxyl; or a (err]
car bocycll imm MI hydrocar byl group wherein carbon atons may be
substltuted yc het eroatons such as N, 0 or S, or a C47

het erocyclic group in whi ch at | east one cakdpon atomis replaced by a N, O,
or S atom or a substituted anal ogue of any thereof wherein the
substituents are independently selected from Cerr]al kyl, Cerr]al koxy,
hydroxyl or protected hydroxyl, azido, phosphonyl, or hal ogen, provided
that such groups are not attached by a glycosidic bond; or R3 nay be

5. A compound of formula (VI)

wherein R3 may be hydrogen or any group which is not attached by a glycosidic
bond.

6. A compound as claimed in claim 5 wherein R3 is C3_7 carbocyclic, a Cpg
' hydrocarbyl or a C4.7 heterocyclic group, provided that such groups are not
attached by a glycosidic bond.

7. A compound of formula (VI) as claimed in claim 5 wherein R3 is a group selected

from:

ey
2. 3
b. H; . ‘

0
C. H%. :
d. (AcOCH3),CHCHpCHy" ;'
e. Hocgzcnzcg{HcZ:g%; ;o
N e
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28 [err]

A

HO

£.

o~
HO
. wo ™

h. L

HO
£
&

F .
L

; and

- 8. A compound of formula (VI) wherein R3 is

Y

9. A process for the preparation of a compound of formula (VII)

wherein R3 is as defined in claim 5, 6, 7, or 8 comprising ring closure of a
compound of formula (VI) as defined in claim 5 in the presence of an acid.
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compou claimed in claim5 wherein Rerr] is (Jerr] carbocyclic, a
C[err] mm mﬂﬂ &"!’a Cerr] heterocyclic group, provided that such
groups are d by a gl ycosidic bond. 7. A conpound of
formula (VI) as clai rred inclaim5 wherein R3.is a group sel ected
from

-29.

10. A process for the preparation of a compound of formula (VI)

cl
NHCHO
N7
] (vI1)
)\\
HN N NHR3

wherein R3 is as defined in claim 5, 6, 7, or 8 comprising reactiﬁg a compound of
formula (II) as defined in claim 4 with an amine of formula R3NH, in the
presence of a base.

11. A process for the preparation of a compouﬁd of formula (I) as defined in claim 1
comprising of reactmg 2,5-diamino-4 6-d1hydroxypynm1d1ne with a compound of -
formula (V)

R1 - . -
( >u =cnc1) 1
R2
)
wherein R1 and R2 are as defined in claim1 or 2.

12. A process for the preparation of 2 compound of formula (II)

wherein R! and R2 are defined in claim 1 or 2; comprising hydrolysing a
compound of formula (I).
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29 [ePid | ds.._ - (AcOCH[err])[err] CHCH err] CH err] -;
DR

-.30-

13. A process for the preperation of a compound of formula (TII)

C1
WF NHCHO

'/k\ I (111)

HZN N c1

by hydrolysing a compound of formula () or (II).

14. A process for the preperation of a compound of formula (VI)

Cl
(o]
aZ NHCH
I oo
NS

wherein B3 is as defined in claim 5, 6, 7, or 8; comprising reacting a compound of
formula (II) as defined in claim 4 with an amine of formula R3NH,.

15. A process for the preparation of 2,5-diamino-4,6-dichloropyrimidine by the
hydrolysis of a compound of formula (), (I), or (III).

16. A process for the preparation of 2,6-diaminopurines wherein the 6-amino group is
substituted by R4 and R, which may be the same or different and are selected
from hydrogen, C1.g alkyl, C3_¢ cycloalkyl or phenyl, by reaction of a compound
of formula (VI) as defined in claims 5, 6 or 7 with an excess of amine NHR4R5 in
a refluxing solvent. |

17. A process for the preparation of (1S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-
purin-9-yI]-2-cyclopentene-1-methanol by reaction of a compound of formula (VI)
as defined in claim 8 with an excess of cyclopropylamine in a refluxing solvent.
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HOCH err] CH err] CHCH err]; [__e_r_._:_r___]._

.,..e_
PO

31

CELOROPYRIMIDINE INTERMEDIATES

ABSTRACT

The present invention relates to certain nove! pyrimidine intermediates and their salts,
processes for their preparation and processes for their conversion to S-substituted-2-
aminopurines which are useful in medical therapy.
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8 f A corrpound of forrrula (VI) according to Claim5 wherein R3 is [err]
€ he preparation of a corrpound of fornula (VII)

9. A process—for th
 ger ] lil LT Im

26

Claims:-

1. A~¢ompound of formula (1)

U]

wherein R" and R?, which may be the same or different, are selected from C, 4

k’_" alkyl, C, 4 cycloalkyl, and optionally subs_t_ituted aryl.
2. A compound of formqla ) as claim'ed' in claim 1 wherein R' and R? are both
Ci.s alkyl.
3. A compound of formula (1)
Cl | R’
N= CHN<
/k R (1))
N wherein R! and R? are as defined in claim 1 or 2.

4. A compound of formula (Il

(i
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\z\,herel deflned I n cIa|m5 6, 7 or 8 conprising ring closure
of a- corrp VI) as defined in claim5 in the presence of an
aci d. 10 m&%”m the preparation of a conpound of fornmula (V).
Terr] erel as defined in claim5, 6, 7 or 8 conprising
reacting a conpound of formula (111) as defined in claim4 with an am ne of

formula Rlerr]NH err] in the presence off a bas'e: 11. A process for the |
preparation of a conpound of forrmula (I) as defined

_ 9. A compound of formula (V1)

Cl

NZ - NHCHO

1o I -
H,N AN NHR® vh
wherein R® may be H; a hydroxyl or a protected hydroxyl; or a C,, carbocyclic
group, a C,3 hydrocarbyl group wherein carbon atoms may be substituted by
one or more heteroatoms such as N,Oor S, oraC,y heterocyclic group in
w which at least one carbon atom is replaced by a N, O, or S atom, or a
substituted analogue of any thereof wherein the substituents are mdependently
selected from C,Lalkyl, C;4alkoxy, hydroxyl or protected hydroxyl, azido,

phosphonyl or halogen, provxded that such groups are not attached by a
glycosmc bond; .

orR®maybe
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in~c ri sing of reactlng 2, 5-di-am no- 4, 6- di hydroxypyrlmdl ne with

LaLm—J\LI\TV) 'Wnreln R[err] and R2 are as defined in |
tClhgll m ﬂ”t’"lumwllurrpound of fornul a (||) . otz A-pr(.)cﬂess for B

: _ _ 28

HO

ii.
HO

2 E%

I
'OMI

N\’ |
; or
iv. HO Ho™'
HO
6. A compound as claimed in claim 5 wherein R® is C47 carbocyclic, a Cog
hydrocarbyl or a C,; heterocyclic group, provided-that such groups are not
_ attached by a glycosidic bond. -

7.A compound of formula (VI) as claimed in claim 5 wherein R® is a group
selected from:
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[er]r - 'Wr'\erei n R'[err'] and R2 are defined in cl aim1lor 2; conprising

hydroly a_compound of_tornul a ). 13. . A process for the preparation
of a corrp ’Ti 1) [err] ' by hydrol ysi ng a conmpound of
o e A 7 by el yeing a conpound o
29 '
C. .
HO |

o | . d. | (AcOCH,),CHCH,CH,-;

e HOCHzCHzCHCHz y

CHZOH

8. A compound of formula (V1) according to Claim 5 wherein R® is

o~
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_A orocess f or the preparation of a corrpound of fornul a (VI) Jerr] .

',Wnereln inclaim5, 6, 7 or 8'corrpr|3|ng reacting a
coﬁpound@m ﬂﬁ"mﬂ.m as defined in claim4 with an-anine of fornula
Rlerr]N rocess for the preparation of :

2, 5-di aim no- 6 di chl oropyri m di ne by t he hydrol ysis of a corrpound of

forrmla(l) (II) or (I11). 30

9. A process for the preparation of a compound of formula (VIi)

0

wherein R® is as defined in claim 5, 6, 7 or 8 comprising ring closure of a
compound of formula (V1) as defined in claim 5 in the presence of an acid.

10. A process for the preparation of a compound of formula V1)

Cl

NZ NHCHO

H,N /KN NHR, v
wherein R? is as defined in claim 5, 6, 7 or 8 comprising reacting a compound of

formula (i) as defined in claim 4 with an amine of formula R’NH, in the
presence of a base. |

11. A process for the pre'paraﬁoh of a compound of formula () as defined
in claim 1 comprising of reacting 2,5-diamino-4,6-dihydroxypyrimidine with a
compound of formula (V)

N + _ -
/N—CHCI c_|_ V)

wherein R and R? are as defined in claim 1 or 2.
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32 16.—— A process for the preparati-on of 2, 6-di am nopurines wherein the
*6- am no ed by R err] and R5, ‘which may be the sanme or
d| fferent ?ﬂmﬂuuglmﬂﬁ'"mrfrom hydrogen, C[err]al kyl, Clerr]cycloal kyl or

, by=*reactrLommofs asconpound of formula (VI) as defined in clains 5, 6
or 7 W|th an excess of amne NHR{err]Rlerr] in a refluxing solvent. 17.
A process: for the preparation of 31(1S, 4R) - 4-[ 2- am no- 6-
(cycl opropyl am no) - 9H purin-9-yl ] - 2-cycl opent ene- 1- net hanol by reaction of

a conmpound of forrmula (VI) as defined in claim 8 with an excess of
cycl opr opyiani ne A pr@cessffonmmgrendrabm of a compound of formula (Il)

(mn

wherein R' and R? are defined in claim 1 or 2; comprising hydrolysing a
compound of formula (I).

b -13. A process for the preparation of a compound of formula (11)
Cl
NF l . NHCHO
. = ' 1
by hydrolysing a compound of formula (1) or (ll).
14.  Anprocess for the preparation of a compound of formula (V1)
_ NHCHO

NHR, V1)

wherein R® is as defined in claim 5, 6, 7 or 8; comprising reacting a compound of
formula (lil) as defined in claim 4 with an amine of formula R3NH2.

15. A process for the preparation of 2,5-diamino-4,6- dlchloropynmldme by
the hydrolysis of a compound of formuta (1), (Il), or (1.
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16. - A process for the preparation of 2 6-dlam|nopunnes wherein the 6-
amino group is substituted by R* and R®, which may be the same or different
and are selected from hydrogen, C,alkyl, Csscycloalkyl or phenyl, by reaction
of a compound of formula (VI) as defined in claims 5, 6 or 7 with an excess of
amine NHR*R® in a refluxing solvent.

17. A process for the preparation of (18,4R)-4-[2-amino-6-
(cyclopropylammo)-gH-punn-9-yl]-2-cyclopentene-1 -methanol by reaction of a
compound of formula (VI) as defined in claim 8 with an ‘excess of
cyclopropylamine in a refluxing solvent
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- ABSTRACT
CHLOROPYRIMIDINE INTERMEDIATES

 The present invention relates to certain novel pyrimidine intermediates
and their salts, processes for their preparation and prodessés for their
conversion to 9-substituted-2-aminopurines which are useful in medical

therapy. -
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