SYNTHESI S OF N- ACETYL NEURAM NI C ACI D DERI VATI VES The present invention
relates to a process for the preparation of derivatives of N-acetyl

neur ami M’@%@F’Q@‘ More particularly the invention rel ates t 8CI/HRERSES 1 or

t he preparation of 5-acetam do-2, 3, 4, 5-tegtradeoxy-4-guani di no-D-gl ycero-D -
gal act onon- 2- enopyr anosoni ¢ acid (the 4-guani di no anal ogue of DANA; al so
known as 5-(acetylam no)-2,6 anhydro-3,4,5-trideoxy-4-guani di no-D-glycero-D

SYNTHESIS OF N-ACETYL NEURAMINIC ACID DERIVATIVES

The present invention relates to a process for the preparation of derivatives of
N-acetyl neuraminic acid. More particularly the invention relates 10 a process for
5 the preparation of 5-acetamido-2,3,4,5-tetradeoxy-4-guanidino-R-glycero-D-
galactonon-2-enopyranosonic acid (the 4-guanidino analogue of DANA,; also
known as 5-(ucetylamino)-2,6 anhydro-3,4,5-trideoxy-4-guanidino-D-glycero-D-
W galacto-non-2-enonic acid) and derivatives thereof.

PCT/AUS1/00161 (publication no. WO91/16320) describes a number of

10 derivatives of 5-acetamido-2,3,5-trideoxy-D-glycero-D-galacto-non-2-
enopyranosonic acid (2,3-dideoxy-2,3-didehydro-N-acetyi-neuraminic acid;
DANA) including the 4-guanidino analogue of DANA. The 4-guanidino analogue
of DANA is prepared by the reaction of the corresponding O-acyl protected 4-
amino analogue of DANA by reaction with S-methylisourea foliowed by

15 deprotection.

We have now found a method of preparing the 4-guanidino analogue of DANA
directly from the unprotected 4-amino analogue of DANA.

The structure of the 4-amino and 4-guanidino analogues of DANA are shown
below:
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gal act - non- 2- enoni ¢ aci d) and derivatives thereof. PCIT/AU91/00161

(publi cawépg mgv\mmmﬁam B@ega c¢es a nunmber of deri vat i pes/Er¥93/02575
5-aceta QZ’ o D gal act o- non- 2- enopyranosonic acid

(2 3- di deoxy- 2, 3-di d & -ne anmi nic acid: DANA) including the
4- guani di no anal ogue o ANA. The 4 guam di no anal ogue of DANA is prepared
by the reaction of the corresponding O acyl protected 4- am no anal ogue of
DANA by reaction with S-nethylisourea foll owed by deprotection. W have
now found a method of preparing the 4-guanidino anal ogue of DANA directly
from t he unpr Thedtvaehtibnahu rw‘tﬁm@ﬂ%ﬁ a@ﬁé&.‘\ a mﬁhﬁbﬂdrlﬁ@é prepaRatidh18f 5-

4-amno and 4;gyan)gh.80 3 e?r%%egrv-g g Amding, 5 gfi;cero-g §13%o-non-2-eno-

pyranosonic acid which comprises the reaction of 5-acetamido-4-amino-

2,3,4,5-tetradeoxy D-glycero-D-galacto-non-2-enopyranosonic acid with a
5 compound of formula (1)

X
| I
4

where at least one of X1, X2, X3 and X4 is C-R and the remainder are C-R or N
and each R is the same or different and is H, C4.g alkyl, unsubstituted or

substituted phenyl, unsubstituted or substituied phenyl C1_4 alkyl or an electron
10 withdrawing group.

When R in the compound of formula (I) is an electron withdrawing group any
such group may be employed. Such groups will be evident to those skilled in the
art and include for example carkoxyl, nitro and cyano.

The compound of formula (I) may be employed either as the free base or as an

15 acid addition salt. Suitable salts include those derived from inorganic or organic
acids such as hydrochloric, hydrobromic, sulphuric, nitric, perchloric, fumaric,
maleic, phosphoric, glycollic, lactic, salicylic, succinic, toluene- p-sulphonic,
tartaric, acetic, citric, methanesulphonic, formic, benzoic, malonic, naphthalene-
2-sulphonic and benzenesulphonic acids.

20 The preferred compounds of formula (1) are pyrazole-1H-carboxamidine and
derivatives thereof bearing a C1.g alkyl group on the pyrazole ring.

A particularly preferred compound of formula (i) is pyrazole-1H-carboxamidine
either as the free base or, preferably, as an acid addition salt such as pyrazole-
1H-carboxamidine hydrochloride (PCH).

25 The reaction is conveniently carried out in aqueous medium. By aqueous
medium is meant any liquid medium comprising a substantial amount, for




[err] 2
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example 50% or more, of water. Preferably the aqueous medium comprises
water alone.

The reaction may be carried at ambient or elevated temperature for example
300C to 700C. Preferably the reaction is carried out at about 50-55°C.

5 The molar ratio of the 4-amino analogue of DANA to the compound of formula
() employed in the reaction may be from about 1:1 to about 1:10 for example
1:1 to 1:3. Preferably the compound of formula (l) is employed in a molar
N excess of about 1.5 - 2 fold, e.g. about 1.8 fold.

The reaction is carried out at a pH range of about 6 to about 8. The pH range
10 may vary within this range during the reaction.

Where the compound of formula (1) is employed in the form of an acid addition
salt the pH may be maintained in the desired range by addition of one or more
inorganic or organic bases. Such bases include for example alkali metal
hydroxides and carbonates such as lithium hydroxide, sodium carbonate or

15 sodium bicarbonate and amines such as triethylamine, imidazole or 1,8-
diazabicylo [5.4.0Jundec-7-ene (DBU). The amount of base required to maintain
the desired pH will depend upon the particular base(s) employed. Quantities of
the base(s) required to control the pH will be apparent to those skilled in the art.

The desired 4-guanidino analogue of DANA may be isolated by any

20 conventional method from the reaction mixture, for example by crystallisation or
chromatography. In particular the 4-guanidino analogue of DANA may be
isolated by treatment of an aqueous solution with a water miscible organic
solvent in which the compound is insoluble. Such solvents include for examp'=
aliphatic alcohois such as methanol and isopropyl alcohol (IPA) and acetone.

25 The present invention is further described by the following examples which are
for illustrative purposes only and should not be construed as a limitation of the
invention.
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The. i.-nvention thus provides in a first aspect a nethod for the preparation
of 5- acetam do-2, 3,4

, 5-t et r ad WX P4/87888ani di no- D- gl ycer o- D- gal act o- non- 2- eno- pyr BRFSERPA3L02525 d
whi ch conprises the reaction of 5-acetam ‘€ 4-am no- 2, 3,4, 5-tetradeoxy

D- gl ycer o- D- gal act o- non- 2- enopyranosonic atid wth a corrpound of fornmula
(n Terr] where at | east one of Xferr], Xerr], Xerr] and X err]
is' CRand the remainder are GR or N and each Ris the same or different
and is H (err] alkyl, unsubstituted or substituted phenyl, unsubstituted
or substituted Ehena C[err] al kyl or an electron withdraw ng group. Wen
Rin the conp rmula (1) is an el ectron wi thdrawi ng group any such
group may be enpl oyed Such groups will be evident to those skilled in the

To a stirred solution of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-D-
5 galacto-non-2-enopyranosonic acid as the trihydrate (58.05g; 169mmol) in water
(300mi) at 33°C was added in one lot pyrazole-1H-carboxamidine hydrochloride

(600mmol, 87.95g) followed by triethylamine (60ml, pH = 8.4) and the reaction
stirred for 5 hrs.

The crude reaction mixture was added to rapidly stirred methanol (900mi).
10 Stirring was continued overnight and the precipitated solid was collected,

washed with 4:1 MeOH: H20 (250ml), air dried and dried in a vacuum oven
(420C) for 2 h. Yield = 46.7g.

The so obtained product (45.5g) was suspended in water (518ml) and heated
with rapid stirring. The so obtained solution was rapidly fitered and allowed to
15 cool to ambient temperature. The solution was further cooled (ice-water bath) to
30C. Isopropy! alcohol (450ml) was added dropwise to the cold solution over
thr and stirring continued over 1.5hr. The precipitated solid was filtered oft, and

dried at 400C to give the {itle compound (30.4g) identical with authentic
material.

20 Example 2

5-Acetami ino-D-al -D-gal -NoN-
enopyranosonic acid

A mixture of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-
2-enopyranosonic acid as the trihydrate (15.0g), pyrazole-1H-carboxamidine

25 hydrochloride (7.55g) and imidazole (11.55g) in water (52.5ml) was stirred and
heated at 50-55°. After 18h the resulting slurry was treated with acetone (150mi)
over 15 min. maintaining the vesel contents at 50-55° . The mixture was then
cooled to 15-20° and after a further 3h the product was collected by vacuum
filtration. The bed was washed with 4:1 acetone/water (2x25ml) and then
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rt-and’include for exanple carboxyl, nitro and cyano. The conpound of
ormula (1) may be enployed either as the free base or as an acid addition
alt. Sui t s i nclude those derived frominorganic or ds
uch as hia/ﬁ(?gchlé)a}él ¢, hydrobromc, sulphuric, nitric, perchl o??c 1‘390#%9

| ei c, phosphoric, gI ycollic, lactic, sald cyI ic, succinic, toluene-

-sul phoni c, tartari c, acetic, citric, net hanesul phoni c, form c, benzoic,

| oni ¢, napht hal ene- 2-sul phoni c and benzenesul phoni ¢ acids. The
referred conpounds of fornmula (1) are pyrazole-1 H carboxam di ne and
erivatives thereof bearing a (Jerr] alkyl group on the pyrazole r|ng A
articul arly paedtene %mbnﬁba@o@ic’mf\nzﬂf driéd at ambipnt demperature to give the

H car boxam di Wm é ee base or, preferably, as an acid addition
salt such as carg am di ne hydr ochl ori de (PCH) The react| on
i s conveni entl carried out in a ueous nedi um By aqueous diumis nea

any |iquid med Mﬁ(@a ri o2-04 (aHsﬁ S:&/h (3Hhmh FRh{2H.mp). 4.23 (1H m), 4.42 (2H, m)
5.63 (1H, d, J 2.5Hz).

5 IR (Nujol) 3428, 3338, 3253; NH, OH
1692, 1666, 1646, 1619, 1575; CO (CH,CONH, CO,’), CN.
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3 o éxarrple 50% or nore, of water. Preferably the aqueous nedi um
conprises water alone. The reaction nmay be carried at anbient or elevated

t enper atwos4yergsexanpl e 30[err]C to 70[err]C. Preferably thec/epsijesysi S
carried out at about 50-55[err]C. The nolar ratio of the 4-am no anal ogue

of DANA to the compound of fornula (1) efployed in the reaction may be from
about 1:1 to aﬂ wm nple 1:1 to 1:3. Preferably the conpound of
formJIa (I) S mﬂ“ Il mmﬁ | ar excess of about 1.5 - 2 fold, e.g. about
1.8

Claims

1. A method for the prepa::tion of 5-acetamido-2,3,4,5-tetradeoxy-4-
guanidino-D-glycero-D-galacto-non-2-eno-pyranosonic acid which
comprises the reaction of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-

5 glycero-D-galacto-non-2-enopyranosonic acid with a compound of formula
(1
2 3
X X
o Il I
- X\N /x m
HN NH,

where at least one of X1, X2, X3 and X4 is C-R and the remainder are C-R
orN

10 and each R is the same or different and is H, C1.g alkyl, unsubstituted or

substituted phenyl. unsubstituted or substituted phenyl C1.4 alkyl or an
electron withdrawing group.

2. A method as claimed in claim 1 wherein the compound of formula (i) is

pyrazole-1H-carboxamidine or a derivative thereof bearing a C,_g alkyl
15 group on the pyrazole ring.

3. A method as claimed in claim 2 wherein the compound of formula (1) is
pyrazole-1H-carboxamidine.

4. A method as claimed in any one of claims 1 to 3 wherein the compound of
formula (1) is in the form of an acid addition salt.

20 5. A method as claimed in any one of claims 1 to 4 wherein the salt is the
hydrochloride salt.

6. A method as claimed in any one of claims 1 to 5§ wherein the reaction is
carried out in an aqueous medium.

7. A method as claimed in claim 6 wherein the aqueous medium is water.
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The red¢tToN is carried out at a pH range of about 6 to about 9. The pH
range nmay vary within this range during the reaction. Were the conpound

of fornu iSs enployed in the formof an acid addition may
bty brded, st /polnp

be mai nt he desired range by addition of one or nore inorganic or
organi ¢ bases. Such bases include for exahple al kali nmetal hydroxi des and

car bonat es such xi de, sodi um carbonate or sodi um

bi carbonat e and‘lmluimnmmgmri et hyl am ne, imidazole or 1,8- diazabicylo
[ 5. 4.0] undec- 7-efie £DBU)." TRe anount of base required to maintain the
desired pH w Il depend upon the particul ar base(s) enployed. Quantities of

the base(s) rgquig géthcd QQBta!irﬁ_éd‘irhSnPHanf kidifis ARBA RRBriPtHd'PRResid | €d in
the art. The desired 4‘-“9 an4 di no analcgggje7 gb DANA may be isol ated by any
conventional net k86189 gt atAtemparatyse of 80, for exanpl e by
crystallisation or chromatography. In particular the 4-guani di no anal ogue
of DANA may b@. i foimethat 8y clairmed incakairn B whersinuthetemperatureis frami50a5563.er

m sci bl e organic solvent in which the conpound is insoluble. Such solvents

include for exgnm methddPastiimal %PBAY ond Wt Riakhs TabPRAbraim thd ﬁﬁl&r%ﬁb 8'
al cohol (I PA) and acetone. Ths g{ eaent invention is fhrt t]er descr.i bed by
the fol | Wi ng exah q:ggnmﬁ}-@ﬁi.g etradeoxy-4-amino-Q-glycero-D-galacto-non-2-eno-
pyranosonic acid to the compound of formula (1) is in the range of 1:1 to
1:10.
) 11. A method as claimed in claim 10 wherein the ratio is about 1: 1.8.
12. A method as claimed in any one of claims 1 to 11 wherein the pH is in the
10 range of 6-9.

13. 5-Acetamido-2,3,4,5-tetradeoxy-4-guanidino-DR-glycero-R-galacto-non-2-
eno-pyranosonic acid whenever prepared by the method of any one of
claims 1 to 12.
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for illustrative purposes only and shoul d not be construed as. a limtation
of the [invention. ' 4 - - Exarrpl e
1 5- Acetam ge-, 3 4_._ »,';-ti:etradeoxy 4- guani di no- Dgl,ycero Dgal acto non 2--.-
enopyranqseme— HeidoTE a stirred solution of . I S .'"_
5- acetam do,lé? an{1 I“IO 2, $ 4 5-tetradeoxy-D-glycero-D- = < T

| Do e afefac

The present invention relates to a process for the preparation of derivatives of

. N-acetyl neuraminic acid. More particularly the invention relates to a process for
the preparation of S-acetamido-2,3,4,5-tetradeoxy-4-guanidino-D-glycero-D-
galactonon-2-enopyranosonic acid (the 4-guanidino analogue of DANA; also
known as 5-(ucetylamino)-2,6 anhydro-3,4,5-trideoxy-4-guanidino-D-glycero-D-
galacto-non-2-enonic acid) and derivatives thereof.

PCT/AU91/00161 (publication no. WO91/16320) describes a number of
derivatives of 5-acetamido-2,3,5-trideoxy-D-glycero-D-galacto-non-2-
enopyranosonic acid (2,3-dideoxy-2,3-didehydro-N-acetyl-neuraminic acid:
DANA,) including the 4-guanidino analogue of DANA. The 4-guanidino analogue
ot DANA is prepared by the reaction of the corresponding O-acyl protected 4-
amino analogue of DANA by reaction with S-methylisourea followed by
deprotection.

We have now found a method of preparing the 4-guanidino analogue of DANA
directly from the unprotected 4-amino analogue of DANA.

The structure of the 4-amino and 4-guanidino analogues of DANA are shown
below:

NH

4-amino analogue of DANA 4-guanidino analogue of DANA



gal act o- non- 2- enopyranosonic acid as the trihydrate (58.05g: 1 69mmol) in
water (300m ) at 33[err]C was added in one |ot pyrazole-1 H carboxam di ne
hydr ochl ori de (600mmol, 87.95g) followed by triethylam ne (60m, pH = 8.4)
and the reaction stirred for 5 hrs. Thg crude reaction m xture was added
to rapidly stirred nethanol (900m ). Stfrring was continued overnight and
the precipitated solid was col |l ected, washed with 4:1 MeOH Herr]O0
(250m ), air dried and dried in a vacuumoven (42[err]C) for 2 h. Yield =
46.79g. The so obtai ned product (45.5g) was suspended in water (518nl) and
heated with rapid stirring. The so obtained solution was rapidly filtered
and al | owed The inwentianthusiprevides ima §rstraspect ametbod foritbe preparfation véi5- cool ed
(i ce-water 40, re ) fern ) 140 ¥ I 16;11 s nadded.dr opw se
to the col dagé) utllag_r?% %’\?é§ léltjraﬁe%gﬁ& @ﬁq@hﬁ??%#ﬁ%ﬁ@%oﬁ n?ﬂdégrr\g The
preci pi t at e BYEROS@NIGACIH | whigh cgmprises theyreadtieq oft S-agptamide-4-aminare t he
title conpo@(sls(S3etradkoky Aglycero-DigalacitinemR-ehoppiatiosahic adik withl£ 2

5- Acet am do-_2. %bﬁhé_otf?t ra y-4-guani di no- D- gl ycer o- D- gal act o- non- 2-

e
com ormuia

1 3

X X
()
x\N X o
HN NH,

where at least one of X1, X2, X3 and X4 is C-R and the remainder are C-R or N
and each R is the same or different and is H, C1.g alkyl, unsubstituted or
substituted phenyl, unsubstituted or substituted phenyl C1.4 alkyl or an electron
withdrawing group.

When R in the compound of formula (1) is an electron withdrawing group any
such group may be employed. Such groups will be evident to those skilled in the
art and include for example carboxyl, nitro and cyano.

The compound of formula (I) may be employed either as the free base or as an
acid addition salt. Suitable salts include those derived from inorganic or organic
acids such as hydrochloric, hydrobromic, sulphuric, nitric, perchloric, fumaric,
maleic, phosphoric, glycollic, lactic, salicylic, succinic, toluene- p-sulphonic,
tartaric, acetic, citric, methanesulphonic, formic, benzoic, malonic, naphthalene-
2-sulphonic and benzenesulphonic acids.

The preferred compounds of formula (1) are pyrazole-1H-carboxamidine and
derivatives thereof bearing a C1.g alky! group on the pyrazoie ring.

A particularly preferred compound of formula (1) is pyrazole-1H-carboxamidine
either as the free base or, preferably, as an acid addition salt such as pyrazole-
1H-carboxamidine hydrochloride (PCH).

The reaction is conveniently carried out in agueous medium. By aqueous
medium is meant any liquid medium comprising a substantial amount, for



enopyranosonic acid A m xture of

5-acet am do- 4- ani no- 2, 3, 4, 5-t et radeoxy- D- gl ycer o- D- gal act o- non-

2- enopyranosonic acid as the trihydrate (1 5.0g), pyrazole-1

H car boxam di ne hydrochl oride (7.55g) and i m dazole (11.55g) in water
(52.5m) was stirred and heated at 50-5p. After 18h the resulting slurry
was treated with acetone (1 50nm) over 15 min. nmaintaining the vese
contents at 50-55 . The mixture was then cooled to 15-20 and after a
further 3h the product was collected by vacuumfiltration. The bed was
washed with 4:1 acetone/water (2x25m ) and then

5 example 50% or more, of water. Preferably the aqueous medium comprises
water alone.

The reaction may be carried at ambient or elevated temperature for example
300C to 70°C. Preferably the reaction is carried out at about 50-55°C.

The molar ratio of the 4-amino analogue of DANA to the compound of tormula
() employed in the reaction may be from about 1:1 to about 1:10 for example
1:1 to 1:3. Preferably the compound of formula (I} is employed in a molar
excess of about 1.5 - 2 fold, e.g. about 1.8 fold.

The reaction is carried out at a pH range of about 6 to about 8. The pH range
may vary within this range during the reaction.

Where the compound of formula () is employed in the form of an acid addition
salt the pH may be maintained in the desired range by addition of one or more
inorganic or organic bases. Such bases include for example alkali metal
hydroxides and carbonates such as lithium hydroxide, sodium carbonate or
sodium bicarbonate and amines such as triethylamine, imidazole or 1,8-
diazabicylo [5.4.0Jundec-7-ene (DBU). The amount of base required to maintain
the desired pH will depend upon the particular base(s) employed. Quantities of
the base(s) required to control the pH will be apparent to those skilled in the art.

The desired 4-guanidino analogue of DANA may be isolated by any
conventional method from the reaction mixture, for example by crystallisation or
chromatography. In particular the 4-guanidino analogue of DANA may be
isolated by treatment of an aqueous solution with a water miscible organic
solvent in which the compound is insoluble. Such solvents include for exampia2
aliphatic alcohols such as methanol and isopropyl alcohol (IPA) and acetone.

The present invention is further described by the following examples which are
for illustrative purposes only and should not be construed as a limitation of the
invention.




acetone (25m ). The product was air dried at anbient tenperature to give
the title conmpound (10.98g). PMR(D[err]0) 2.04 (3H, s) 3.67 (2H m,
3.93 (2H, m, 4.23 (1 HmM, 4.42 (2H M - _

2.5Hz). IR (Nujol) 3428, 3338, 3253; NH, oH i
1646, 1619, 1575; CO (CH err] CONH, Cq&r]) aN.!

1666

To a stirred solution of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-D-
galacto-non-2-enopyranosonic acid as the trihydrate (58.05g; 169mmol) in water
(300mi) at 33°C was added in one lot pyrazole-1 H-carboxamidine hydrochloride
(600mmol, 87.95q) followed by triethylamine (60ml, pH = 8.4) and the reaction
stirred for S hrs.

The crude reaction mixture was added to rapidly stirred methanol (300mi).
Stirring was continued overnight and the precipitated solid was collected,
washed with 4:1 MeOH: H20 (250ml), air dried and dried in a vacuum oven
(420C) for 2 h. Yield = 46.7g.

The so obtained product (45.5g) was suspended in water (518ml) and heated
with rapid stirring. The so obtained solution was rapidly filtered and allowed to
cool to ambient temperature. The solution was further cooled (ice-water bath) to
30¢, Isopropyl alcohol (450ml) was added dropwise to the cold solution over
1hr and stirring continued over 1.5hr. The precipitated solid was filtered off, and

dried at 400C to give the fitle compound (30.4g) identical with authentic
material.

Example 2

5-Acetami ino-D-glycero-D-galacto-non-2-
enopyranosonic acid

A mixture of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-
2-enopyranosonic acid as the trihydrate (15.0g), pyrazole-1H-carboxamidine
hydrochloride (7.55g) and imidazole (11.55g) in water (52.5ml) was stirred and
heated at 50-55°. After 18h the resulting slurry was treated with acetone (150mi)
over 15 min. maintaining the vesel contents at 50-55° . The mixture was then
cooled to 15-20° and after a further 3h the product was collected by vacuum
filtration. The bed was washed with 4:1 acetone/water (2x25mi) and then



Clains 1. A nethod for the preparation of

5-acet am do- 2, 3, 4, 5-t et radeoxy- 4-

guani di no- D- gl ycer o- D- gal act 0o- non- 2- eno- pyr anosi ni ¢ aci d which

conprises the reaction of 5-acetam do-4-am no-2, 3,4, 5-tetradeoxy-D

gl ycer o- D- gal act o- non- 2- enopyr anosoni ¢ gcid with a conpound of fornula
[err] where at | east one of X[er?ﬂ X[err], Xerr] and Xerr] is CGR
and the remai nder are C-R or N and each Ris the sane or different
and is H (err] alkyl, unsubstituted or

acetone (25ml). The product was air dried at ambient temperature to give the

title compound (10.98g).

PMR(D,0)  2.04 (3H, s), 3.67 (2H, m), 3.93 (2H, m), 4.23 (1H,m), 4.42 (2H,m)
5.63 (1H, d, J 2.5Hz).

IR (Nujol) 3428, 3338, 3253; NH, OH
1692, 1666, 1646, 1619, 1575; CO (CH,CONH, CO,’), CN.




substituted phenyl. unsubstituted or substituted phenyl C1 4 alkyl or an
el ectron vmthdravm ng. group 2. A method as cl ai rred in claiml wherein the

conmpound of:® forrml a. (k) A ; pyrazol e- 1 H-car erivative

t her eof bearl ing a er r] aI kyl group on the mﬂi’ wﬂ'ﬁB A et hod
as claimed iin claj ma mh;ren n the conpoend of for a i( pyrazol e-1
H-carboxamsdhne 247 A et hod as clainmed in any one of clains 1 to 3

wherei n thel c‘eﬂ"ﬁetjﬂﬁ of-— fior mul a (I') isinthe formof an acid addition
salt. 5. A nmethod as clained in any one of clains 1 to 4 wherein the salt

Is the RYArgTRT 6ride"sal't. 6. A nethod as clained in any one of clains
l1tob V\her%e reaction is carried out in an aqueous nedium 7. A
nmet hod as cl in claim6 wherein the aqueous nediumis water.

1. A method for the prepa:ztion of §-acetamido-2,3,4,5-tetradeoxy-4-
guanidino-D-glycero-D-galacto-non-2-eno-pyranosonic acid which
comprises the reaction of 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-
glycero-[-galacto-non-2-enopyranosonic acid with a compound of formula

U

Y

NH,

where at least one of X1, X2, X3 and X4 is C-R and the remainder are C-R
or N

and each R is the same or different and is H, C1-g akkyl, unsubstituted or
substituted phenyl. unsubstituted or substituted phenyl C1.4 alkyl or an
electron withdrawing group.

2. A method as claimed in claim 1 wherein the compound of formula (1) is
pyrazole-1H-carboxamidine or a derivative thereof bearing a C, ¢ alky!
group on the pyrazole ring.

3. A method as claimed in claim 2 wherein the compound of formula (1) is
pyrazole-1H-carboxamidine.

4. A method as claimed in any one of claims 1 to 3 wherein the compound of
formula (1) is in the form of an acid addition salt.

5. A method as claimed in any one of claims 1 to 4 wherein the salt is the
hydrochloride salt.

6. A method as claimed in any one of claims 1 to 5 wherein the reaction is
carried out in an aqueous medium.

7. A method as claimed in claim 6 wherein the aqueous medium is water.



8. A method as clained in any one of clains 1 to 7 wherein the process is
carried out at a tenperature of 30-70[err]C. 9. A nethod as clained in
claim8 wherein the tenperature is from50-55[err]C. 10. A nethod as
claimed in any one of clainms 1 to 9 wherein the nolar ratio of

5-acet am ﬁ) muﬁdeoxy-4- am noy D- gl ycer o- D- gal act o- non- 2- eno-
pyranoson m\ m ‘ npound of formula (1) is in the range of 1:1 to

8. A method as claimed in any one of claims 1 to 7 wherein the process is
carried out at a temperature of 30-70°C.

9. A method as claimed in claim 8 wherein the temperature is from 50-55°C.

10. A method as claimed in any one of claims 1 to 9 wherein the molar ratio of
5-acetamido-2,3,4,5-tetradeoxy-4-amino-R-glycero-D-galacto-non-2-eno-
pyranosonic acid to the compound of formula (1) is in the range of 1:1 to
1:10.

11. A method as claimed in claim 10 wherein the ratio is about 1: 1.8.

12. A method as claimed in any one of claims 1 to 11 wherein the pH is in the
range of 6-9.

13. 5-Acetamido-2,3,4,5-tetradeoxy-4-guanidino-D-glycero-D-galacto-non-2-
eno-pyranosonic acid whenaver prepared by the method of any one of
claims 1 to 12.




11, cATTret héd™2& €l aimed in claim 10 wherein the ratio i s about Jessts8s 12,
A nethod as clainmed in any one of clains 1 to 11 wherein the pHis in the

Tange of 6-9. 13.

5- Acet am do- 2, 3, 4, 5-t et r adeoxy- 4- guani di no- D- gl ycer o- D- gal act o- non- 2-
eno- pyranosoni ¢ aci d whenever prepared by the nmethod of any one of
claims 1 to 12.

SYNTHESIS OF N-ACETYL NEURAMINIC ACID DERIVATIVES

ABSTRACT

A method for the preparation of 5-acetamido-2,3,4,5-tetradeoxy-4-guanidino-
D-glycero-D-galacto-non-2-enopyranosinic acid by reaction of 5-acetamido-2,3,4,5-
tetradeoxy-4-D-glycero-D-galacto-non-2-enopyranosinic acid with pyrazole-1 H-

carboxamidine or a derivative thereof in aqueous medium.
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