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ETHOXYMETHYL—-GUANINE

The present invention relates to a novei, improved
"pfocess for  the preparation " of 9-(2-hydroxy)-
ethoxymethyl-guanine, of formula (I)
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H’)\ " NZ/\/\O

H

10 ' The preparation of compound (I), known- as
nacyclovir® and widely used in therapy as an antiviral,
was described for example in Belgian Patent 833,006
starting from guanine, which is first subjected to
trimethylsilylation at the three 2%&mino, 6 and 9
15 positions. The resulting siiylafed intermediate is then
treated with 2-bénzoyloxyethoxyméthy1-cﬁloride, to form

6 positions) 9-(2-

(after deprotection of the N2 and N
benzoyloxY)ethoxyﬁethyl-guanine, from which écyclovir
is recovered by ammonolysis in methanol. The process
20 involves the use of a very strong excess of the
silylating agent, with obvious problems és far as costs
and wastes are concerned, moreover it 1leads to a
product which is remarkably impure for the presence of
the 7-substituted isomer -in unacceptable amounts in

25 view of the pharmaceutical use.
British Patent 1.567.671 ~ discloses  another

process, in which the protection of the amino group at

the 2- position is carried out by acylation; the patent
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claims, as acylating groups, acetyl," propionyl, butyryl

and benzoyl, even though the only described case is the
one of N2,9-diacetylguanine, which is reacted with 2-
oxa-1l,4-diacetoxybutane to give Nz-acetyl-9- (2-
acetoxy)ethoxymethyl-quanine, which is hydrolysed to
yield finally acyclovir, in yields which could be
satisfactory if only remarkable amounts (up to 13%) of
the 7-isomer did not form, which - besides forming to
the detriment of the desired product - involves further
gxpel:xsive purification steps.

Now it has surprisingly been found that acyclovir
can be -obtained in high yields, substantially
preventing the undesired 7-isomer to form, carrying out
the élkylation of the 9- position of the purine ring
with 2-oxa-l,4-diacetoxybutane on Nz-—formylguanine. The
latter compound is des_cribed in literature (Shapiro,
Biochemistry, 8, 231-245 (1969)). Adcording to this
author, N2-formylguanine can be obtained by treatment
of the glyoxal-guanine adduct with sodium periodate
and/or periodic acid; - actually, the process |is
reproducible in high yields, although N2-formylguanine
can be obtained, according to the process of the

invention, also through other ways, such as:

oxidation of the glyoxal-guanine adduct by means
of peracetic acid or hydrogen peroxide or lead
tetraacetate;

- direct formylation of guanine with formic acid, in
the presence or not of solvents such as
dimethylformamide or dimethylsulfoxide, optionally
in the presence of dicyclohexylcarbodiimide;

- direct formylation of guanine with formylacetic
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anhydride, optionally in solvents such as
dimethylformamide, dimethy}sulfoxide, hexamethyl-
~ phosphoric triamide or formic acid.

Whichever operative procedure to prepare NZ-

5 formylguanine is followed, the subsequent reactibn of
said compound with 2-ox§—l,4-diacetoxybutane 1e§ds, in
yields above 90% (and; more significantly, with
formation of only traces of the 7-isomer) to Nz-formyl—
9-(2-acetoxy)ethoxymethyl-guanine, which is finally

10 deaéy}atéd, eiéher in a single step, with aqueous
alkali, or is first deformylated in acid medium and
finally deacetylated by alkali hydrolysis. The
following scheme summarizes the process according to

the invention.
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In said scheme R 1is hydrogen, Cl—C4 alkyl or
phenyl. The diol product (2) can be recovered in high
yields suspending guanine (1) in H,0, adding a glyoxal
aqueous solution and heating the mixture to 80°C for 4
hoﬁrs (R. S@apiro, loc. e¢it; R. Shapiro and J.

Hachmann, Biochemistry 5, 2799 (1966)). Diol (2) can

then be oxidized to formyl derivative (3) in very good
yields by means of a stoichiometric amount of NaIO, in
water kept at pH 1.8-2.2.

.Nzrrormylguagine (3) (which, as already stated, is

- obtainable also by direct formylation of guanine) can

then be subjected to the alkylation reaction to obtain.
the N-9 alkylated compound (4) in high yields,lwithout
formation of the N-7 alkylated product in important
percentages; finally acyclovir (I) can be obtained from
compound (4) by hydrolysis with aqueous NaOH, in
excellent yields. v

On the whole, therefore, the ébove described
synthesis allows to obtain the deéired product (I) in
quite sétisfactory.yields, higher than those obtained
with the synthesis via acetylguanine, and above all
without formation of noticeable amounts of the 7-
alkylated product.

In a further embodiment, the process of the
present invention provides a final purification step in
order to obtain acyclovir substantially free from
guanine. Said purification step ad&antageously provides
acyclovir in very highly pure form.

It has been found that eluting an aqueous basic
solution of acyclovir through a strong anionic ion
exchange resin allows to obtain the desired product

This Sheet Has Been Replaced
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form carrying out substantifdlyl Kyeeatfrom gfuanimed- position of. the purine
ring According to the present invention, the
purification step comprises:

a) dissolving acyclovir into an équeous basic

5 solution and diluting the so obtained solution
with water;

b) loading said diluted solution of point a) on a
strong anionic ion exchanging columh in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

10 €} -, elut:.ng said dlluted solution at a flow ranging
from 200 to 300 ml/hour,

d) eluting acyclovir with an eluant consinsting of a
mixture formed by lower alcohol/aqueous base
solution in a v/v ratio ranging from 0.8 to -1.2,

15 and with a eluant/acyclovir. v/w ratio ranging from
15:1 -to 20:1 llkg at the same flow as point ¢) to
give an eluate; "

e) isclating acyclovir from said eluate of point 4).
Anionic ion exchange resins are resins of the:

20 basic type, which consist of: po:_l.ymers' having several
crosslinking degrees and bearing quaternary ammonium
groups. The resins used according to the present
invantion are basic resins of the strong type.

Examples of strong basic resins aré dextrans,

25 agarose, cellulose, divinylbenzene, appropriately
functionalized with quaternary ammonium groups.

These resins are normally commercially available
with the trade marks AmberliteR, DowexR, SephacelR,

SephadexR, etc. |

30 Amberlite®R IRA-400, Relite® 3a, 1MAC EP-441 are

preferred.
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The elution is performed at room temperature.

The aqueous basic solution of point a) consists of
aﬂ alkaline metal hydroxide, such as litium, sodium,
potassium hydroxide, solution. The base concentration
ranges from 5 to 15 %, a 10% sodium hydroxide solution
being preferred.

A 1l.75 resin:acgclovir w/w ratio is preferred.

The'preféﬁred eluant flow is 250 mi/hour.

Lower alcohols of point d) are methyl alcohol,
ethyl alcohol, propyl alcohol. The agqueous Dbase
solution of point d) consists of an alkaline metal
hydroxide in a cconcentration ranging from 0.8 to 1.2 M.
A 1:1 v/v methyl alcohol/IM sodium hydroxide is
preferred.

A 17.5 1l/kg eluant/acyclosir v/w ratio is
preferred. ' '

The isolation of the product from the eluate as in
point e) is carried out according to conventional
techniques. Preferably, aéyclovir is precipitated by
acidifying the eluate with an appropriate acid.

The so 6btained product has a guanine content
lower than 0.1%.

According to the purification step of the present
invention, the so obtained acyclovir is from 3 to 4
times purer than the best commercially available
products.

The above pure form of acyclovir is a further
object of the present invention.

The purification step of the present invention is
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applicable to every other well known process for the
preparation of acyclovir. For example, the above
mentioned processes of BE 833.006 and GB 1.567.671 lead
to a final product containing from 1 to 3% of guénine,
which is a unacceptable amount, since U.s.
Pharmacopoeia prescribes a maximum upper limit of 0.7%.

Therefore, the purification of acyclovir as above
described, constitutes a further object of the present
invention._ .

The - following example;' further illustrate the
process of the invention.
Example 1
a) "Glyoxalguanine" (2)

100 g (0.662 mole) of guanine, 800 ml of H,0 and

150 ml of a 40% w/w glyoxal agqueous solution (1.32
moles) are mixed at room temperature in a 2 1- round-
bottom flask fitted with condenser, £hermometer and
hagnetic-stirrer and the mixture is heated to 80°C for

4 hours, after which the flask content is gradually

cooled to S5°C, filtered and washed with water. After

drying under vacuum to constant weight, 136 g of
product (98% yield) are obtained, showing a >98% purity
by HPLC analysié.

b) gz—Formylguanine (3)

A suspension of 100 g (0.478 mole) of
glyoxalguanine in 800 ml of water adjusted to pH 1l.8-

2.2 with 6 ml of H3P04, is added with 107.4 g (0.502
mole) of NalO, under mechanic stirring and keeping the
temperature within 30°C with the aid of a water bath,
monitoring continuously pH which should not

substantially change from 1.8-2.2. The reaction
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develops a slight, constant hexothermicity until
completion, which is obtained about two hours after the
addition of the oxidizer. After said time, the reaction
mixture is cooled to 5°C, filtered, washed with water
and dried. 82 g of formylguanine (3) (96% yield) are
obtained, showing a >98% purity by HPLC analysis.
c) l_\I_z—fcrmyl-Q-(acetoxy)ethogxmethylguanine (4, " with
R = CHj)
100 g (0.559 mole) of formylguanine (3), 300 g

(1.705 moles) of 2-oxa-l,4-diacetoxy-butane and 2 g
(0.0105 mole) of p-toluenesulfonic acid are placed into
a 500 ml round-bettom flask on an oil bath, fitted with
thermometer and a distilling device. The system is
brought te depression (30-40 mmHg) and the mass is
heated to reach an inner temperature of 118-122°C in
about 1 hour. Temperature is kept at 118-122°C for 8
total hours, distilling the formed atetic acid. The
mixture is cooled to 50 60°C and dlluted with 150 ml of
acetone (or n-—butyl alcohol or ethyl acetate), cooled
to 0-5°C, filtered and dried under vacuum at 60-70°C,
to obtain 148.3 g of (4) with R - CH, (90% yield). The
elemental analysis and spectroscopic data confirm the
suggested structure.
d) Acyclovir (I)

65 g (0.220 mole) of (4) (with R - CH,) are

dispersed in 650 ml of a 5% NaOH solution, checking the
complete dissolution of the solid. After 12 hour
stirring, the mixture is neutralized to pH 5-6 with a
HCl aqueous solution. The slurry is cooled to 20-25°C,
the cake is filtered and washed with 400 ml of

deionized water. After drying under vacuum at 60-70°C,
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46.1 g of acyclovir (I) are obtalned in a 93% yield.
Example 2
a) 9-(2-Acetoxylethoxymethyl-quanine (6)

300 ml of 95% EtOH, 29.5 g (0.1 mole) of

intermediate(4) and 40.4 g (0.4 mole) of Et;N are
placed into a 500 ml. round-bottom flask fitted with
thermometer, stirrer and bubble condenser. The mass is
refluxed for 5 hours. pH 1is adjusted to 5-6 with
aqueous HCl, the mixture is coocled to 15-20°C, the cake
is filtered and washed with 200 ml of deionized water.
After drying under vacuum at 60-70°C, 22.8 g of (6)
(85% yield) are obtained.
b) Acyclovir (I)

26.7 g (0.1 molej of (6) are treated with 5% NaOH,

as described in Example 1 d). Acyclovir is obtained in
a susbtantially quantitative yield.

Example 3
'~ The 'procedﬁ:e of Example 1 is followed using,

”

instead of 2—oxa-1,4-diacetoxybutane, a cqrresponding
amount of 2-oxa-l,4-diformyloxy-butane or 2-oxa-1,4-
dibenzoyloxy-butane for the alkylation of N2-
formylguénine. The corresponding intermediates (4) with
R = H and, respectively, with R = phenyl are
obtained, substantially in the same yields as those of
Example 1lc), from which intermediates acyclovir is
easily obtained according to what described in Example
id}.
Example 4

87.5 g (125 ml, apparent d-0.7) of strong basic
resin (AMBERLITE 1IRA-400) were suspended in deionized

water and loaded into a chromatographic column
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(diameter= 4 cm, h= 40 cm). After the |usual

regeneration treatments (subsequent elution with 2M
NaOH, 2M HCl, 2M NaCOH and deionized water till
neutrality) a solution obtained by dissolving 50 g of
5 aé?clovir into 100 ml of a 10% NaOH solution, diluted
up to 200 ml with water, was loaded. The solution was
then eluted with a flow of 250 ml /hour (4.2 ml/min).
After eluting the above solution,'the cplumn was eluted
with the same flow rate with 900 ml of a l:1 v/v
10 MeOH/1M NaOH mixture. The so obtained eluate was
adjusted to pH 5-6 with agueous HCl. The precipitated
solid was filtered; washed with water and dried. 45 g
of acyclovir (90% yield) free £from guanine were

chtained.
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to alkylation with  ~ 2-oxa-1,4-diacyloxybutane and in

15 that the resulting Nz-formyl-Q-(Z-acyloxy)ethoxymethyl-

guanine (4) is hydrolysed, according to the scheme:
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wherein R is hydrogen, Cl-C4 alkyl or phenyl.

2. A process according to claim 1, characterized in
that the intermediate (4) is at the same time
deformylated and O-deacylated by treatment with diluted
aqueous NaOH. ' _

3. A process according to claim 1, characterized in
that the intermediate (4) is first deformylated with
triethylamine in ethanol, and in that the resulting 9-
(2~acyloxy)ethoxymethylguanine is hydrolysed to
acyclovir with diluted aqueous NaOH.

4. A process according to claim 1, characterized in

that N2

~-formylguanine is prepared by direct formylation

of guanine with formic acid or formylacetic anhydridé.

5. A process according to claim 1, characterized in

that acyclovir is subjected to a purification step

which comprises:

a) dissolving acyclovir into an’ aqueous basic
solution and diluting the so obtained solution with
water; '

b) loading said diluted solution of point a) on a
strong anionic ion exchanging column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a flow ranging
from 200 to 300 ml/hour;

d) eluting acyclovir with an eluant consinsting of a
mixture formed by 1lower alcohol/aqueous Dbase
solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir v/w ratio ranging from
15:1 to 20:1 l/kg at the same flow as point c¢) to
give an eluate;

e) isolating acyclovir from said eluate of point 4d).
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6. As novel compounds, the Nz-formyl—Q- (2-
acyloxy)ethoxymethyl-guanines of formula (4) according
to claim 1.

7. A process for the purification of acyclovir

comprising the following steps:

a) dissolving acyclovir into an aqueous Dbasic
solution and diluting the so obtained solution
with water;

b) loading said diluted solution of point a) on a
strong anionic ion exchanging column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a flow ranging
from 200 to 300 ml/hour;

d) eluting acxclovir with an eluant consinsting of a
mixture formed by lower alcohol/agqueous base

" solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir v/w ratio ranging from
15:1 to 20:1 1l/kg at the same flow as point c¢) to
give an eiuate;

e) isolating acyclovir from said eluate of point 4d).

8. A Pprocess according to claims 5 or 7,

characterized in that said aquoeus basic. solution of

step a) is 10% sodium hydroxide.

9. A process accordiﬁg to claims 5 or 7-8,

characterized in that said resin is selected from the

group consisting of Amberlite® IRA-400, ReliteR 3a,

IMAC HP-441.

10. A process accordiné to claims 5 or 7-9,

characterized in that the resin:acyclovir w/w ratio

rangés from 2 to 1.5, preferably is 1.75.

11. A process according to claims 5 or 7-10,

to

I
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characterized in that eluant flow rate is 250 ml/hour.

12. A process according ¢to «claims 5 or 7-11,
éharacterized‘in that the eluant of step d) is a 1l:1
v/v methyl alcohol/1M sodium hydroxide mixture.

5 13. A process according to «claims 5 or 7-12,

characterized in that acyclovir is isoclated by

precipitation.

14. 65-(2-hydroxy)ethoxymethyl-guanine {(acyclovir)

obtainable by a process of <claims 5 or 7-13,
10 characterized in that is substantially free from

guanine.

15. 9-(2-hydroxy)ethoxymethyl-guanine (acyclovir)

obtainable by a process of claims 5 or 7-13,
characterized in that it contains less than 0.1% of

15 guanine.
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Abstract

A PROCESS FOR THE PREPARATION OF 9-(2-HYDROXY)-
ETHOXYMETEYL-GUANINE

A process for the preparation of acyclovir by

2

alkylation of N°-formylguanine with 2-oxa-1,4-

diacyloxybutane and  Thydrolysis of the resulting

intermediate is described.
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A PROCESS FOR THE PREPARATION OF 9-(2-HYDROXY)-

ETHOXYMETHYL—-GUANINE

The present invention relates to a novel, improved

 process for the preparation of 9-(2-hydroxy) -

.ethoxymethyl-guanine, of formula (I)

HN)IN\
H’“/& NN

H

" The preparation of compound. (I), known: as
nadyclovir" and widely used in therapy as an antiv;ral,
was describéd for example in Belgian Patent 833,006
starting from guanine, which is £first subjected to
trimethylsilylation at the three 2Limino, 6 and 9
positions. The resulting siiylaﬁed intermediate is then
treated with Z—bénzoyloxyethoxymethyl-cﬁloride, to form

6 positions) 9-(2-

(after deprotection of the N? and N
benzoyloxy)ethoxymethyl—-guanine, from which écyclovir
is recovered by ammonolysis in methanol. The proéess
involves the use of "a very strong excess of the
silylating agent, with obvious problems és far as costs
and wastes are concerned, moreover it leads to a
product which is remarkably impure for the presence of
the 7-substituted isomer .in unacceptable amounts in
view of the pharmaceutical use.

British Patent 1.567.671 discloses another

process, in which the protection of the amino group at

the 2~ position is carried out by acylation; the patent

t
ovir



sol:ution and diluting the so obtained solution with water; D)

| oading said diluted solution_of QN a fenijc i on
exchangi ng colum in THIS SHEERBAH B& Y|l ovi r mﬁﬁﬁ%@@%ﬁvngﬂggﬂg from?2
to 1.5, c¢) eluting saidl}dil utREPLASERL t a fil ow rangi ng from 200

to 300 m/hour; d) eluti cyclowr with an elfuantQ3QEQ A% ng lof a
m xture formed by | ower al cohol/aqueous base

claims, as acylating groups, acetyl,Lp;oplonyl, butyryl
and benzoyl, even though the only described case is the
one of N2,9—diacetylguanine, which is reacted with 2-
oxa-1l,4-diacetoxybutane to give Nz-acetyl-S—(Z-
acetoxy)ethoxymethyl-quanine, which is hydrolysed to
yield finally acyclovir, in yields which could be
satisfactory if only remarkable amounts (up to 13%) of
the 7-isomer did not form, which - besides forming to
the detriment of the desired product - involves further
gxpegsive purification steps.

Now it has surprisingly been found that acyclovir
can Dbe obtained in high yields, substantially
preventing the undesired 7-isomer to form, carrying out
the élkylation of the 9- position of the purine ring
with 2-oxa-1,4-diacetoxybutane on Nz—formylguanine. The
latter compound 1is des;ribed in literature (Shapiro,
Biochemistry, -8, 231-245 (1969)). Adcording to. this
author, Nz-formylguanine can be_ obtained by treétment
of the glyoxal-gﬁaniﬁe adduct with sodium periodate
and/or periodic acid; - actually, the process is
reproducible in high yields, although Nz-formylguanine
can be obtained, according to the process of the
invention, also through other ways, such as:

- oxidation of the glyoxal-guanine adduct by means
of peracetic acid or hydrogen peroxide or lead
tetraacetate;

- direct formylation of guanine with formic acid, in
the presence or not of solvents such as
dimethylformamide or dimethylsulfoxide, optionally
in the presence of dicyclohexylcarbodiimide;

- direct formylation of guanine with formylacetic

Sheet Has Been Replaced

TR




sol'ution in a v/v ratio ranging from0.8 to 1.2,

and with a

eluant/acyclovir.v/wratio ranging from 15:1 to : ! E sanme
flow as point c) to O\ ) isolatin E%@éé’#&f@ ﬁﬁm sai d
el uate of point d). THIi SHEET dHAS RBE¢hange resing are resing jof
the basic type, which consfst oREReISHPers having several 63 OE¢ 1996 g
degrees and bearing quaternary ammry um groups. Thelresins used acqorfdi ng

to the present

anhydride, optionally in

solvents such as

dimethylformamide, dimethylsulfoxide, hexamethyl-

~ phosphoric triamide or formic acid.

Whichever operative procedure to prepare N2-
formylguanine is followed, the subsequent reaction of
sdid compound with 2—ox§—l,4-diécetoxybutane le;ds, in
yields above 90% (and, more significantly, with
formation of only traces of the 7-isomer) to Nz-formyl—
9-(2-acetoxy)ethoxymethyl-guanine, which is <finally
deaéylatéd. eifher in a single step, with aqueous
alkali, or is first deformylated in acid medium and
finally deacetylated Dby alkali hydrolysis. The

following scheme summarizes the process according to

the iavention.
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I nvention are basic resins of the strong type. Exanpl es of strong
basic resins are dextrans, agarose, cellul ose, di vi nyhE ene -

appropriately functionalized with quaternary ammoni um gr RE%QA‘%“@LNT SHEEG
resins are normally commercially available wth the tfrade nmarks f
Anberlite[err], Dowex[err], Sephacel[err], SephadexR, ¢t¢. 03 DEC 1994 |
Amberlite[err] I RA-400, Relite[err] 3#, |MAC HP-441 ar¢ |preferred. l
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7 The chromat ography is carried out on the resinin its basic form
The elution is performed at roomtenperature. REPLACEMENT SHEET

5 03 DEC 1996

In said scheme R 1is hydrogen, Cl' 4 alkyl or
phenyl. The diol product (2) can be recovered in high
yields suspending guanine (1) in H,0, adding a glyoxal
agqueous solution and heating the mixture to 80°C fo; 4

hours (R. Shapiroc, 1loc. cit; R. Shapiro and J.

Hachmann, Biochemistry .5, 2799 (1966)). Diol (2) can
then be oxidized to formyl derivative (3) in véry.good
yields by means of a stoichiometric amount of NaIO, in
water kept at pH 1.8-2.2.

.Nszormylguggine (3) (which, as already stated, is

- obtainable also by direct formylation. of gugnine) can
then be subjected-to the alkylation reaction to obtain
the N-9 alkylated compound (4) in ﬁigh yields, .without
fotmation of the N-7 alkylated product in important
percentages; f£inally acyclovir (I) can be obtained from
compound (4) by hydrolysis with agqueous NaOH, in
excellent yields. _ re

On . the whole, therefore, the ébove desqribed
synthesis allows to obtain the desired product (I} in
quite s&tisfactory.yields, higher than those obtained
with the synthesis wvia acetylguanine, and above all
without formation of noticeable amounts of the 7-
alkylated product.

In a further embodiment, the process of the
present invention provides a final purification step in
order to obtain acyclovir substantially free from
guanine. Said purification step advantageously provides
acyclovir in very highly pure form.

It has been found that eluting an aqueous basic
solution of acyclovir through a strong anionic ion

exchange resin allows to obtain the desired product



The "agueous basic solution of point a) consists of an

hydr oxi de, such as litium sodium potassium hydroxide
concentration ranges fromb5 to 15 % a 10% sodi um hyd
bei ng preferred. A 1.75 resin:acyclovir wwratio
The preferred eluant flowis 250 m /hour. Lower a
are net hyl al cohol, ethyl al cohol , & propyl al cohol .
solution of point d) consists of an al kaline netal

substantially free from guanine.

According to the present invention, the
purification step comprises:

a) dissolving acyclovir into an équeous basic
solution and diluting the so obtained solution
with water;

b) loading said diluted solution of point a) on a
strong anionic ion exchanging <column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) -. elut_lng said dlluted solution at a flow ranging
from 200 to 300 ml/hour°

d) eluting acyclovir with an eluant consinsting of a
mixture formed by 1lower alcohol/aqueous base
solution in a v/v ratio ranging from 0.8 to.l.2,
and with a eluant/acyclovir.v/w ratio ranging from
15:1 -to 20:1 1l/kg at the same flow as point c) teo
give an eluate;

e) isclating acyclovir from s;id eluate of point 4).
Anionic ion exchange resins are resins of the

basic type, which consist of. polymers having several

crosslinking degrees and bearing quaternary ammonium
groups. The 1resins wused according to the present
invantion are basic resins of the strong type.

Examples of strong basic resins aré dextrans,
agarose, cellulose, divinylbenzene, appropriately
functionalized with quaternary ammonium groups.

These resins are normally commercially available
with the +trade marks AmberliteR, DowexR, SephacelR,
SephadexR, etc.

Amberlite® IRA-400, Relite® 3a, IMAC EP-441 are

preferred.



hydroxi de in a concentration ranging fromO0.8 to 1.2 AT T VIV RRiRY|
al cohol /1 M sodi um hydroxide is. preferred. A 17. Wﬁiﬁg&ﬁfh gﬁﬁﬂ
eluant/acyclovir v/iw ratio is preferred. The ispl AtTon of the
product fromthe eluate as in point e) is carried jout gRGEY 9969 | t
conventional techniques. Preferably, acyclovir is precipitated by
acidifying the eluate with an approptiate acid. The *so—obtatned
product has a guani ne content

e

The chromatography is carried out on the resin in
its basic form.

The elution is performed at room temperature.

Thé aqueous basic solution of point a) consists of
an alkaline metal hydroxide, such as litium, sodium,
potassium hydroxide, solution. The base concentration
ranges from 5 to 15 %, a 10% sodium hydroxide solution
being preferred.

A 1l.75 resin:aczclovir w/w ratio is preferred.

@he‘preféfred éluant flow is 250 ml/hour.

Lower alcohols of point d) are methyl alcohol,
ethyl alcohol, éropyl alcohol. The aqueous base
solution of point d) consists of an alkaline metal
hydroxide in a cconcentration ranging from 0.8 to 1.2 M.
A l:1 v/v methyl élcohol/lM sodium hydroxide is
preferred.

A 17.5 1l/kg eluant/acyclosir v/w ratio is
preferred. _ ' | .

The isolation of the product from the eluate as in
point e) is carried out according to conventional
techniques. Preferably, aéyclovir is precipitated by
acidifying the eluate with an appropriate acid.

The so obtained product has a guanine content
lower than 0.1%.

According to the purification step of the present
invention, the so obtained acyclovir is from 3 to 4
times purer than the best commercially available
products.

The above pure form of acyclovir is a further
object of the present invention.

The purification step of the present invention is




| ower than 0.1% According to the purification step~ef~t-he—present
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i nvention, the so obtained acyclovir is from3 to 4 tiné%%ﬁééﬁ%ﬂ'SﬁﬁEﬁ

t he best commercially available products. The abgve~purefornmiof
acyclovir is a further object of the present invention, Oghﬁi
purification step of the present inyention IS C 199

applicable to every other well known process for the
preparation of acyclovir._ For example, the above
mentioned processes of BE 833.006 and GB 1.567.671 lead
to a final product containing from 1 to 3% of guanine, .
which is a unacceptable amount, since U.s.
Pharmacopoeia prescribes a maximum upper limit of 0.7%.

Therefore, the purification of acyclovir as above
described, constitutes a further object of the present
invention.‘ .

The * following example;' further illustrate the
process of the invention.

Example 1
a) "Glyoxalguanine" (2)

100 g (0.662 mole) of guanine, 800 ml of H,0 and
150 ml of a 40% w/w glyoxal aqueous solution (1.32
moles) are mixed at room temperature in a 2 1. round-
bottom flask fitted with condenser, thermometer and
' magnetic -stirrer and the mixture is heated to '80°C for
4 hours, after which the flask content is gradually
cooled fc 5°c, filtered and washed with water; After
drying under vacuum to constant weight, 136 g of
product (98% yield) are obtained, showing a >98% purity
by HPLC analysis.
b) §2—Formy1guanine (3)

A  suspension of 100 g (0.478 mole) of
glyoxalguanine in 800 ml of water adjusted to pH 1.8~
2.2 with 6 ml of H3PO4,
mole) of NaIO, under mechanic stirring and keeping the

is added with 107.4 g (0.502

temperature within 30°C with the aid of a water bath,
monitoring continuously pH which should not

substantially <change from 1.8-2.2. The reaction



8 ~applicable to every other well known process for thggﬁgﬁgﬁggfgg%E“
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acyclovir. For exanple, the above nentioned procgs

and GB 1.567.671 lead to a final product containing fgqom1 to 3% of
guanine, which is a unaccept abl e anount , sinde! Q3PEC 1995
Phar macopoei a prescri bes a maxi mum ypper limt of 0.7% Therefore

purification of acyclovir as above descri bed, constitytes—a Turther

of the present
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develops a slight, constant hexothermicity until
completion, which is obtained about two hours after the
addition of the oxidizer. After said time, the reaction
mixture is cooled to 5°C, filtered, washed with water
ana dried. 82 g of formylguanine (3) (96% yield) are
obtained, showing a >98% purity by HPLC analysis.
c) H?-formyl—g-(acetoxy)ethoxymethylguanine (4,' with
R = CHj)
100 g (0.559 mole) of formylguanine (3), 300 g

(1.705 moles) of 2-oxa-l,4-diacetoxy-butane and 2 g
(0.0105 mole) of p-toluenesulfonic acid are placed into
a 500 ml round—béttom flask on an o0il bath, fitted with
thermometer and a distilling device. The system is
bro&ght to depression (30-40 mmHg) and the mass is
heated to reach an inner temperature of 118-122°C in
aboutr 1 hour. Temperature is kept at 118-122°C for 8
total hours, distilling the formed aketic acid. Thé
mixture is cooled to 50-60°C and diluted with 150 ml of
aéetone (or n-butﬁl aléohol or ethyl  acetate), cooled
to 0-5°C, filtered and dried under vacuum at 60-70°C,
to obtain 148.3 g of (4) with R = CH, (90% yield). The
elemental analysis and spectroscopic data confirm the
suggested structure.
d) Acyclovir (I) ;

65 g (0.220 mole) of (4) (with R = CHj) are
dispersed in 650 ml of a 5% NaOH solution, checking the

complete dissolution of the solid. After 12 hour
stirring, the mixture is neutralized to pH 5-6 with a
HCl aqueous solution. The slurry is cooled to 20-25°C,
the cake is filtered and washed with 400 ml of

deionized water. After drying under wvacuum at 60-70°C,

he
ct



I nventi on. The follow ng exanples further illustrate the process of

the invention. Exanple 1 a) "d yoxal guani ne" (2) 9) Y O ot
guanine, 800 m of Herr]O and 150 m of a 4096m/m/glyg%ﬁﬁgé§ﬁgg%§E§BI

(1.32 noles) are mixed at roomtenperature in a 2 1ljround- bottom fll a

fitted with condenser, thernonmeter and nmagnetic stifrer @p ctfhgg Xt U

heated to 80C for 4 hours, after whil®h the flask contemnt is gra ual l'y

cooled to 5C, filtered and washed with water. After dr yrng—under-—vacuu

constant weight, 136 g of product (98%yield) are obtfained, showi ng a

purity 46.1 g of acyclovir (I) are obtained in a 93% yield.
Example 2

a) 9-(2-Acetoxy)ethoxymethyl-quanine (6)
300 ml of 95% EtOH, 29.5 g (0.1 mole) of

intermediate(4) and 40.4 g (0.4 mole) of EtsN are
placed ‘into a 500 ml. round-bottom flask fitted with
thermometer, stirrer and bubble condenser. The mass is
refluxed for 5 hours. pH is adjusted to 35-6 with
aqueous HCl, the mixture is cooled to 15-20°C, the cake
is filtered and washed with 200 ml of deionized water.
After drying under vacuum at 60-70°C, 22.8 g of (6)
(85% yield) are obtained.

b) Acyclovir (I)
| ‘26.7 g (0.1 mole) of (6) are treated with 5% NaOH,
as described in Examéle 1 d). Acyclovir is obtained in
a susbtantially quantitative yield..
Exgggle 3

The procedure of Example 1 is followed using,
instead of '2-oxa-l,4-diace£oxybutane, a cqrresponding
amount of 2-oxa-1l,4-diformyloxy-butane or 2-oxa-1,4-
dibenzoyloxy-butane for the alkylation  of N2-
formylguénine. The corresponding intermediates (4) with
R = H and, respectively, with R = phenyl are
obtained, substantially in the same yields as those of
Example 1lc), from which intermediates acyclovir is
easily obtained according to what described in Example
ld).
Example 4

87.5 g (125 ml, apparent d-0.7) of strong basic
resin (AMBERLITE IRA-400) were suspended in deionized

water and loaded into a chromatographic column

) of
ut i on
sk

re is

mto
>98%



by HPLC anal ysis. b) N err]-Fornyl guani ne (3) frS+-6h
g (0.478 nol e) of gl yoxal guanine in 800 m of ma eﬁ é&ﬁ

1.8-

Nal &4
with t
shoul d

| CEMERT smm
2.2 with 6 M of Herr]PJerr], is added with 10744 g ‘(UTSG?”ﬁqu
under mechanic stirring and keeplng the tenperafuge
he aid of a water bath, nonitoring conti nuouslty

not substantially change ¥rom 1.8-2.2. h

-eacti on

(diameter= 4 cm, h= 40 cm). After the usual
regeneration treatments (subsequent elution with 2M
NaOH, 2M HCl, 2M ©NaOH and deionized water till
neutrality) a solution obtained by dissolving 50 g of
aé?clovir into 100 ml of a 10% NaOH solution, diluted
up to 200 ml with water, was loaded. The solution was
then eluted with a flow of 250 ml /hour (4.2 ml/min).
After eluting the above solution,'the cplumn was eluted
with the same flow rate with 900 ml of a 1l:1 v/v
MeOH/1M NaOH mixture. The so obtained eluate was
adjusted to pH 5-6 with aqueous HCl. The precipitated
solié was filtered, washed with water and dried. 45 g
of acyclovir (90% yield) free <from guanine were

4
obtained.

100



9 ° develops a slight, constant hexothermcity un
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CLAIMS

1. A process for . the preparation of 9-(2-

hydroxy)ethoxymethyl-guanine (acyclovir) (I):

\ ()
N
\/o\/\nn

characterized in that Nz-formylguanine (3) is subjected
to alkylation with - 2-oxa-1,4-diacyloxybutane and in
that the resulting Nz-formyl—s—(2-acyloxy)ethoxymethyl—

guanine (4) is hydrolysed, according to the scheme:

This Sheet Has Been Replac

e

HII\II\ \llll\ Illll lllll ll lIIl



obtai ned, showing a >98% purity by HPLC analysi s c)

Nerr]- forrryl 9- (acet oxy) et hoxy W th R=CHerr])
100 g (0.559 nole) of fornylgu THES i”@? BEmBHEEN (1. 70F ({?
2- oxa- 1, 4- di acet oxy- butane  an g IG\QEDOS rm e) o 4—& E{%%\gsﬁffﬁﬂm c

€

acid are placed into a 500 m round bgomflas on panf oil bath, T1ite¢
with thernmoneter and a distilling devi The syste
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braought._to depression (30-40 nmrHg) and the mass is heat
tenperature of 118 122[err]C i about 1 _hour. Tenper at

118-1 a"c’f ot al hour|sTHEISEET HasgdERe] f or med
n1xtur 50- 60[ er r ]{C_andRértaceEpd with 150 m
n- buty thyI acetate), cooled 1o U-5[err]C

under vacuunlat 60-70[err]C, to obtaidn 148.3 g of (4) W
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suggested structure.

wherein R is hydrogen, Cl-c4 alkyl or phenyl.

2. A process according to claim 1, characterized in

that the intermediate (4) is at the same time

deformylated and O-deacylated by treatment with diluted
aqueous NaOH. '

3. A process according to claim 1, characterized in

that the intermediate (4) is fir;t deformylated with

tfiethylamine in ethanol, and in that the resulting 9-

(2-acyloxy)ethoxymethylguanine is hydrolysed to

acyclovir with diluted aqueous NaOH.

4. A process according to claim 1, characterized in

that Nz-formylguanine is prepared by direct formylation

of guanine with formic acid or formylacetic anhydridé.

5. ‘ A process according to claim 1, characterized in

that acyclovir is subjected to a purification step

which comprises:

a) dissolving acyclovir into an aqueous Dbasic
solution and diluting the so obtained solution with
water; '

b) loading said diluted solution of point a) on a
strdng anionic ion exchanging ‘column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a flow ranging
from 200 to 300 ml/hour;

d) eluting acyclovir with an eluant consinsting of a
mixture formed by lower alcohol/aqueous base
solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir v/w ratio ranging from
15:1 to 20:1 1/kg at the same flow as point c) to
give an eluate;

e) isolating acyclovir from said eluate of point 4d).

* [ L M N *




d) ACynistShedmislB)eenReﬁaced65 g (0.220 nole) of (4)

m of a 5% NaOH sol ution, chec |'Qgpl_tptﬁ;éi\nEhB

are dis

di ssol u ,um lid. Af §hehr i ng, tlh -m-xh:ﬂ"éls
neutralmﬂ'mm "% with aﬁﬂfﬁ%@%—:mn h g{)ﬁ |4§;(;}‘pl
20-25[err] C, the cake is fil wth 40 LM

wat er. After drying under vacuum at »o- 70[err] C,

6. As novel compounds, the Nz—formyl-g—(z-
acyloxy)ethoxymethyl-guanines of formula (4) according
to claim 1.

7. A process for the purification of acyclovir

comprising the following steps:

aj dissolving acyclovir into an  agueous |Dbasic
solution and diluting the so obtained solution
with water;

b) loading said diluted solution of point a) on a
strong anionic ion exchanging column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a £flow ranging
from 200 to 300 ml/hour;

d) eluting acxclovir with an eluant consinsting of a
mixture formed by lower alcohol/agueous base

" solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir v/w ré%io ranging from
15:1 to 20:1 l/kg at the same flow as point c) to
give an eiuate;

e) isolating acyclovir from said eluate of point d).

8. A ?rocesé according to claims 5 or 7,

characterized in that said aquoeus basic. solution of

step a) is 10% sodium hydroxide.

9. A  process accordiﬁg to claims 5 or 7-8,

characterized in that said resin is selected from the

group consisting of AmbefliteR IRA-400, ReliteR 3A,

IMAC HP-441.

10. A process according to claims 5 or 7-9,

char;cterized in that the resin:acyclovir w/w ratio

ranges from 2 to 1.5, preferably is 1.75.

11. A process according to claims 5 or 7—10,

||I||II| |||Il| III|I Ll |II|



10 © 46.1 g of acyclovir (1) are obtained in a 93%yield. _Exanple 2 a)

9- (2- Acet oxy) et hoxynet hyl - guani ne (6) 300 M &f pr 9.5
O (2 Acet oy et ant | RePREMER e 5 9
THIS SHEET HAS BEEN
REPLACED 03 DEC 1996
16

characterized in that eluant flow rate is 250 ml/hour.
12. A process according to «claims 5 or 7-11,
characterized in that the eluant of step d) is a 1l:1
v/v methyl alcohol/lM sodium hydroxide mixture.

13. A process according to «claims 5 or 7-12,
characterized in that acyclovir is isolated by
precipitation.

14. 5-(2-hydroxy)ethoxymethyl-guanine (acyclovir)
obtainable by a process of «claims 5 or 7-13,
characterized in that is substantially free from
guanine.

15. 9~(2-hydroxy)ethoxymethyl-guanine (acyclovir)
obtainable bf a process of «claims 5 or 7-13,
characterized in that it contains less than 0.1% of

guanine.

s
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i nt'er medi ate(4) and 40.4 g (0.4 nole) of Et3N are placed into a 500 m .

round-bottomflask fitted stirrer -BURDY &g Of1egmser
The mass is refluxed for 5 hﬂmB§HE§HHﬁ§fﬁ@Fupted to 5-16 'annnnngAH 1
the mixture is cooled to 13-20C, REN&CERKke filtered dnd washed wit 00
m of deionized water. After drying under vacuum at 60{ 70[ @F DEC 19268 |g|of
(6) (85%yield) are obtained. b) AtYyclovir (I) 26.17 g (0.1 nol e) of
(6) are treated with 5% NaOH, as described in Exanple {{ d)y-—Acyclovir

obtained in

Abstract

A PROCESS FOR THE PREPARATION OF 9-(2-HYDROXY)~
ETHOXYMETHYL-GUANINE

A process for the preparation of acyclovir by
alkylation of Nz—formylguanine with 2-oxa-1,4-
diacyloxybutane and hydrolysis of the resulting

intermediate is described.
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a susbtantially quantitative yield. Exanple 3 The %&P&AQEM%T SHFET
Exanple 1 is followed wusing, instead of 2-oxa-1,44dtacetoxybutand,
correspondi ng anount of 2-oxa-1, 4-difornyl oxy-butane ¢r|2-pxail, £97

di benzoyl oxy- butane for the alkylation of N erg]{ fornyl guani ne.
The corresponding internmediates (4) wi1+A-R = H and} “res ' )
with R = phenyl are obtained, substantially in the sanme yields as

those of  Exanpig;d¢&) af " QOyYRLER' BLELEEY GEERy RCYEEBYLEnyF, butyryl
and benzoyl, even though the only described case is the
one of N2,9-diacetylguanine, which is reacted with 2-
oxa-1l,4-diacetoxybutane to give N%-acetyl-9-(2-
acetoxy)ethoxymethyl-guanine, which is__ hydrolysed to
yield " finally acyclovir, in yields which could be
satisfactory if only remarkable amounts (up to 13%) of
the 7-isomef did not form, which - besides forming to
the detriment of the desired product - i'.m}olves further
expensive purification steps.

US-4,146,671 provides a method for the preparation
of guanine derivatives, including acyclovir, by
reacting a diacylated guanine with a diester of 2-oxa-
or 2~thiabutanediol and subsequent hydrolysis.

EP O 532 878 describes the preparation of
acyclovir starting from guanosine and a diester of 2-
oxa-butanedié‘l and acetic anhydride, followed by
hydrolysis. The desired product is obtained together
with the 7-isomer, which is to be converted into the
desired 9-isomer.

Now it has surprisingly been found that acyclovir
can be obtained in high yields, substantially
preventing the undesired 7-isomer to form, carrying out
the alkylation of the 9- position of the purine ring
with 2-oxa-1,4-diacetoxy5utane on Nz-formylguanine. The
latter compound is described in literature (Shapiro,
Bicchemistry, 8, 231-245 (1969%)). According to this
author, N.'z-formylguanine can be obtained by treatment
of the glyoxal-guanine adduct with sodium periodate
and/or periodic acid; actually, the process is
reproducible in high yields, although Nz-formylguanine

can be obtained, according to the process of the




easi,ly obtai ned according to what described in Exanple |
87.5 g (125 m, apparent d-0.7) of strong basic resin (A '
wer e suspended in deionized water and | oaded into a qﬁronatograph

col um 1-13 ] 09 JuL 1997
invention, also through other ways, such as:

- oxidation of the glyoxal-guanine adduct by means
of peracetic acid or hydrogen peroxide or lead
tetraacetate;

- direct formylation of gquanine with formic acid, in
the presence or not of solvents such as
dimethylformamide or dimethylsulfoxide, optionally
in the presence of dicyclohexylcarbodiimide;

- direct formylation of guanine with formylacetic
anhydride, optionally in solvents such as

dimethylformamide, dimethylsulfoxide, hexamethyl-
_ phosphoric tfiamide or formic acid. |

Whichever operative procedure to prepare N2-
formylguanine is followed, the subseguent reaction of
sdid compound with 2—ox§-l,4—diacetoxybutane legds, in
yields above 90% (and, more significantly, with
formation of 6nly traces of the 7-isomer) to Nz-formyl-
9-{(2-acetoxy)ethoxymethyl-guanine, which is finally
deacylated. eiéher in a single step, with aqueous
alkali, or is first deformylated in acid medium and
finally deacetylated by alkali hydrolysis. The
following scheme summarizes the process acgoraing to

the iavention.



(diameter= 4 cm h= 40 cn). After the

Jreétnents (subsequent elution with 2M NaCH, 2M HCl——2M—NaCH @gJ
deionized water till neutrality) a solution obtained by BERSSEVENG FEEY
of acyclovir into 100 m of a 10% NaCH solution, diluted jug™to 200 mM wth
wat er, was | oaded. The solution was t{en eluted with a fliow 92519_%7
/hour (4.2 mM/mn). After :eluting the above solution, theijcqlu was el ut gd

CLAIMS

1. A process for the preparation of 9-(2-

hydroxy)ethaxymethyl-guanine (acyclovir) (I):

(1)

usual regeneration

“1A§ N “\/o

characterized i
to alkylation with 2

that the resulting Nz-formyl-9~(2
(4) is hydrolysed, according to the scheme:

guanine

n that Nz-formylguanine (3) is subjected

-oxa-1,4—diacyloxybﬁtane and in

-acylcxy)ezhoxymethyl-



with the same flowrate with 900 m of a 1:1 v/iv MOHIM NaOH m xture. The
S0 obtained eluate was adjusted to pH 5-6 with aqueous HQ...-Fhe— .
precipitated solid was filtered, washed with water and {dmRreUACEAEERT SHEET
acyclovir (90% vyield) free from guanine were obtaj I’ltﬁc'r. WO
95/ 07281 - 13CT/ EP94/ 00308 09 JUL 097
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wherein R is hydrogen, Cl-c4 alkyl or phe;;l.

2. A prccess according to claim 1, characterized in

that the intermediate (4) 1is at the same time

deformylated and O-deacylated by treatment with diluted
aqueous NaoOH. '

3. A process according to claim 1, characterized in

that the intermediate (4) is first deformylated with’

triethylamine in ethanol, and in that the resulting 9-

(2-acyloxy)ethoxymethylguanine is hydrolysed to

acyclovir with diluted aguecus NaQH.

4. A process according to claim 1, characterized in

that Nz-formylguanine is prepared by direct formylation

of guanine with formic acid or formylacetic anhydride.

S. A process according to claim 1, characterized in

that acyclovir is subjected to a purification step

which comprises:

a) dissolving acyclovir into an aqueous Dbasic
solution and diluting the so obtained solution with
water;

b) loading said diluted solution of point a) on a
strong aniocnic ion éxchanqinq column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a flow ranging
from 200 to 300 ml/hour;

4) eluting acyclovir with an eluant consinsting of a
mixture formed by lower a;cohollaqueous .base
solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir v/w ratio ranging from
15:1 to 20:1 1/kg at the same flow as point ¢) to

give an eluate;
e) isolating acyclovir from said eluate of point d).

-
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according to the schene: -15 - 09 JUL‘P97

_ () 10 characterized._ in
N err]-fornyl guanine (3) is subjected to al kyl afi \ NT SHEET
'2-o0xa- 1, 4-di acyl oxybutane and in 15 that the resuliiﬁﬂ%mmt@&

N err]-fornyl-9-(2-acyl oxy) et hoxynet hyl - guaning¢ (4) is hydrolyse

hat

6 A process according to’ claim 5, characterized in

that 9-(2-hydroxy)ethoxymethy1-guanine (acyclovir) is

obtained substantially free from guanine.

7 A process of claim 5 characterized in that 9-(2-

hydroxy)ethoxymethyi-guanine (acyclovir) is obtained

with a content of less than 0.1% of guanine.

ey
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BSTRACT

A PROCESS FOR THE PREPAﬁATION OF
9-(2-HYDROXY)-ETHOXYMETHYL-GUANINE

A process for the preparation of acyclovif by alkylation of N2-formylguanine

with 2-oxa-1,4-diacyloxybutane and hydrolysis of the resulting intermediate is described.



14, V\Qﬁ g/ R is hydrogen, Cferr]-Clerr] alkyl or phenyl,, 2.
A process ac8’ -H@ to claim1, characterized: n ¢ e "vhat Pﬂw4100308

i nternedi ate (4 is at the sane tinme : defor’r’ryl ‘at'édl ahd

O deacyl ated by treatnent with diluted 5 aqueous NaCH. 3. A
process according to claim1l1, characterizedin that the internedi ate
(4) is first defornmylated with triethylamne in ethanol, and in that

the resulting 9-
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(2- acyl oxy) et hoxymnet hyl guani ne S hydr ol ysed
claims, as acylating groups, acetyl, propionyl, butyryl
and benzoyl, even though the only described case is the
one of N2,9—diacety1guanine, which is reacted with 2-
oxa-1,4-diacetoxybutane to give Nz-acetyl-9- (2-
acetoxylethoxymethyl-gquanine, which is hydrolysed to
yield finally acyclovir, in yields which could be
satisfactorg if only remarkable amounts (up to 13%) of
the 7-isomer did not form, which - besides forming to
the detriment of the desired product - involves further
expensive purification steps. iNSEﬂT PAGE 2IA

Now it has surprisingly been found that acyclovir

can be ocbtained in high yields, substantially
preventing the undesired 7-isomer to form, carrying out
the alkylation of the 9- position of the purine ring
with 2-oxa-~l,4-diacetoxybutane on Nz-formylguanine. The
latter compound is described in literature (Shapiro,
Biochemistry, 8, 231-245 (1969)). According to this
author, Nz-formylguanine can be obtained by treatment
of the glyoxal-guanine adduct with sodium periodate
and/or periodic acid; éctually, the ©process is
reproducible in high yields, although N2-formylguanine
can be obtained, according to the process of the
invention, also through other ways, such as:

- oxidation of the glyoxal-guanine adduct by means
of peracetic acid or hydrogen. peroxide or lead
tetraacetate;

- direct formylation of guanine with formic acid, in
the presence or not of solvents such as
dimethylformamide or dimethylsulfoxide, optionally
in the presence of dicyclohexylcarbodiimide;

- direct formylation of guanine with formylacetic
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10 acyclovir with diluted agueous NaCH. 4. A process according to

claim1, characterized in that N err]-fornyl gudnifle i g pFeépared by

direct--fornyl ation of guanine with form-~c acid or f.ornytaceétic
anhydri deé. 5. A process according to claim1, characteriZed in 15
that acyclovir 1is subjected to a_purification step whi ch
conpri ses: a) dissolving acyel ovir into an aqueous basic
solution and. diluti bt ai ol ut i j 20
b) |oading said di u‘{t’re]ﬁ“zf?lﬂt it"g]r?n"?%eéoian:"{%mgntfg" the "'epa\s‘,\?‘ﬁ%
anionic ion ofxchauagimg cabbivativesa includingresadyalonciovirr by w
ratio ranging from2 to 1.5; c) eluting said diluted solution at a

fl ow rangi ng
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reacting a diacylated guanine with a diester of 2-oxa-
or 2-thiabutanediol.and subsequent hydrolysis.

EP O 632 878 describes the preparation of
acyclovir starting from guanosine and a diester of 2-
oxa—butanedi§1 and acetic anhydride, followed by
hydrolysis. The desired product is obtained together
with the 7-isomer, which is to be converted into the

desired 9-isomer.
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from 200 to 300 m/hour; 25 d) el uting acycl.ovi k. wi-t h atr etuant
consinsting of a m xture formed by [ ower, 'al'cohol./‘aqueous base
solution in a v/v ratio ranging fromO0. 8 tol.‘,l 2, T andtwith a

el uant/acyclowr v/wratio ranging from 15 1 to 20:1 I/kg at the
sane flow as point ¢c) to 30 gi ve an el uate; e) isolating

acyclovir fromsaid eluate of point d).
CLAIMS

1. A process ' for the preparation of 9-(2-

hydroxy)ethoxymethyl-guanine (acyclovir) (I):

10

" | \ (1)
> AN

characterized in that Nz-formylguanine (3) is subjected
to alkylation with 2-oxa-1,4-diacyloxybutane and in
15 that the resulting Nz-formy1-9-(Z-acyloxy)ethoxymethyl-

guanine {(4) is hydrolysed, according to the scheme:
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15. 6. Aveoesemss according to clajms5, characterjzed in- PCTEP4OANE
9-(2- hydr oxy) et hoxymet hyl - guani ne (acyclovif) :irs- . : :.obtdi.ned .

substantially free from guani ne. 7. A process of--¢claim5-
characterized in that 9-(2- 5 hydr oxy) et hoxynet hyl - guani ne (acycl ovir)
is obtained with a content of |ess thhn 0. 1% of guani ne.
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wherein R is hydrogen, Cl-c4 alkyl or phenyl.

2. A précess according to ¢laim 1, characterized in

that the intermediate (4) is at the same time

deformylated and O-deacylated by treatment with diluted
aqueous NaOH.

3. A process according to claim 1, characterized in

that the intermediate (4) is first deformylated with

triethylamine in ethanol, and in that the resulting 9-

(2-acyloxy)ethoxymethylguanine is hydrolysed to

acyclovir with diluted agueous NaOH.

4. A process according to claim ), characterized in

that Nz-formylguanine is prepared by direct formylation

of guanine with formic acid or formylacetic anhydride.

5. A process according to claim 1, characterized in

that acyclovir is subjected to a purification step

which comprises:

a) dissolving acyclovir into an aqueous Dbasic
solution and diluting the so obtained solution with
water;

b) loading said diluted solution of point a) on a
strong anionic ion exchanging column in a
resin:acyclovir w/w ratio ranging from 2 to 1.5;

c) eluting said diluted solution at a flow ranging
from 200 to 300 ml/hour;

4a) eluting acyclovir with an eluant consinsting of a
mixture formed by 1lower alcohol/agqueous base
solution in a v/v ratio ranging from 0.8 to 1.2,
and with a eluant/acyclovir vjw ratio ranging from
15:1 to 20:1 1/kg at the same flow as point c) to

give an eluate;
e) isolating acyclovir from said eluate of point 4).
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6. A process according to claim 5, characterized in
that 9-(2-hydroxy)ethoxymethyl-guanine (acyclovir) is
obtained substantially free from guanine.

7. A process of claim 5 characterized in that 9-(2-
hydroxy )ethoxymethyl-guanine (acyciovir) is obtained

with a content of less than 0.1% of guanine.
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