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(acetylamino)-4-amino-2,6-anhydro-3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonic
acid).

Schreiner ef. al. Ann. Chem 19891, 129-134 describe the preparation of the 4-amino
analogue of DANA from the peracetylated methyl ester of sialic acid (peracetyl
NANA methyl ester) by the route shown in Scheme 1.

PCT/AU91/00161 (publication no. WO91/16320) describes the preparation of a
number of derivatives of S-acetamido 2,3,5-trideoxy-D-glycero-D-galacto-non-2-
enopyranosonic acid (2,3-di&eoxy-2.3—didehydro-u- acetyl-neuraminic acid; DANA)
including the 4-amino analogue of DANA from the peracetylated methyl ester of
DANA by a method similar to that of Schreiner et. al. with the exception that the
peracetylated compound (3a) was reduced prior to deacetylation. The method is
shown in Scheme 2.

Our copending application no. PCT/EP92/02904,publication no. WO 93/12105,
published 24 June 1993, describes a process for the preparation of 4-amino DANA
from the corresponding peracetyl-4-azido analogue by catalytic hydrogenation using.
gaseous hydrogen.

We have now found that the yield and purity of 4-amino DANA éan be improved by
modification of the conversion of peracetyl 4-azido DANA to 4-amino DANA
described in PCT/EP92/02904.
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‘ rmdlflcatlon of the conversion of peracetyl 4 azido DANA to 4-am no DANA
déscri bad 9sioossa’/ EP92/ 02904. 2 The invention thus provi dpgrp;mbmd for
the preparation of the conmpound of formula (1) OH [err] which conprises
catal ytic hydrogenol ysis of a conpound of formula (11) [err] (wherein Ris
Hor a[err] group and [err] is Hor a Rydroxyl protecting group for
exanple an acyl group such as acetyl) in aqueous formc acid foll owed,
where necessary, by hydrolsis. By aqueous formc acid is neant a solution
of formc acid in water or a mxture of water and any conpati bl e organic
sol vent The dhbention ithuseprovidesPacirathdd Yot thespieparatiors ofafhe colpotind @fi d
s COWWQH@ present in an amount of 1-4 nolar equivalents, for exanple
‘about 2 E]w val ents of the conpound of fornula (I11). The fornic acid
acts as the source of hydrogen for t hydrogenolysis It wll be

.appreciated by those skill | he gr Ahat t he hydrogenol ysis of the
conpound of R OVCOzH

OH 1
; a
H ol
30 - NH,
| which comprises catalytic hydrogenolysis of a compound of formula (i)
(
1
& 0\/ CO,R
OR |
an
H

i

(wherein R is H or a Cq.4alkyl group and R is H or a hydroxy! protecting group for
example an acyl group such as acetyl) in aqueous formic acid followed, where
35 necessary, by hydrolysis.

By aqueous formic acid is meant a solution of formic acid in water or a mixture of
water and any compatible organic solvent miscible with water.  Preferably the
solvent is water. Formic acid is conveniently present in an amount of 1-4 molar
equivalents, for example about 2 molar equivalents of the compound of formuta (li).

40 The formic acid acts as the source of hydrogen for the hydrogenolysis. it will be
appreciated by those skilled in the art that the hydrogenolysis of the compound of
formula (1) results in the liberation of nitrogen gas; it is thus advantageous to employ
formic acid rather than hydrogen gas as the source of hydrogen. -

The catalytic reduction may be effected with any suitable cataiyst. In one preferred
45 - embodiment the catalyst is a palladium catalyst but in particular a poisoned
palladium catalyst. A preferred poisoned palladium catalyst is a Pd catalyst
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« formul.a (1) results in the liberation of nitrogen gas; it is thus

advant ageous to enploy formic acid rather than hydrogen gas as the source
of hydr JY@r95/0U803 cat al ytic reduction may be effected wi th aRETERMOHIE
catal yst in one preferred enbodi nent the catalyst is a palladium catal yst
but in particular a poisoned palladiumcatalyst. A preferred poisoned

pal | adium catal yst is a Pd catal yst PBpoisoned with lead for exanple a
Lindlar Catalyst. A particularly preferred catal yst conprises 5% pal | adi um
on a suitabl e support such as barium sul phate or, preferably, calcium
carbonate, and 3 to 7% | ead by weight of catalyst, such as 4 to 6% ead,

nore prepoisoped with|lead for exampie ackindlar/Gaiglyst.oArparticuiady ipreferred, catalyst

catal ySt chipiidesnB% Waﬁﬁt dhy @ ’suhﬂb%?‘%:jaha"wd% 88! balie sl Sbr,

for exa e adi .um on charcoal ., The uction IS, convenl ent carried
out ar - oPEeEAbly CalGiiEn SamAR@nd;d 40755 Jead by weiohi of Saralvets sUch @8t tohe
1 nvesy i 08% lead; povepréferablyosdbliead) |) is deprotected. that is to say that R
and [err] are both hydrogen. The conpound of forrmula (I1) wherein R and

[err] areg_both hydrogen e_obt gi ne hvdrolysi s of the correspondi ng
corrpoundEiBfa'f (ﬂ%ﬁ“& WMe‘FW%!@% %#‘a&‘ki‘? %W’M&&?&% L]
hydLOXyl particutar, apaliadium catalystaforaxample patiadimrionicharcoalny be ef f ect ed
w th any

The reduction is conveniently carried out at 0-50°C, preferably at 20-30°C .

( In a preferred aspect of the invention the compound of formula (if) is deprotected,

S5 that is to say that R and R'! are both hydrogen. The compound of formula (n)
wherein R and R! are both hydrogen may be obtained by hydrolysis of the
corresponding compound of formuta (i) wherein R is a C,_, alkyl group and R! is a
hydroxyl protecting group such as acetyl. The hydrolysis may be effected with any
suitable inorganic or organic base. Preferably an organic base such as triethylamine

60 or, particularly, 1,8-diazabicylo [5.4.0Jundec-7-ene (DBU) is employed. Water or a
mixture of water and any compatible organic solvent miscible with water is
conveniently employed as the solvent. Preferably water is used. The reaction is
conveniently carried out at ‘ambient temperature. Conveniently at least 5 molar
equivalents of base will be employed; altematively a catalytic quantity of base may

65 be employed where trans-esterification is used by incorporation of an alcohol, eg
methanol, in the solvent mixture.

To facilitate isolation of the compound of fomula (f), the pH of the reaction mixture is
preferably optimised. Optimal pH for the isolation of the compound of formula (1) is in
the range of 3 to 9, preferably 5 to 8, more preferably about 6.5. Adjustment to
70 optima! pH may suitably be effected by addition of an acid, such as an organic acid,
for example formic acid, or a base, such as an organic base, for example 1,8-
diazabicyclo[5.4.0Jundec-7-enem (DBU), as appropriate.

The compound of formula (1) may be isolated by any convenient method known in

- the art. However, the compound of formula (I) is preferably obtained by

75 crystallisation. By this means 4-amino DANA is readily obtained substantially free of
impurities.
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‘sui-tabl*e inorganic or organic base. Preferably an organic base such as
triethylamne or, particularly, 1,8-diazabicyto [err] (D8U) is enployed.
Water or woos/msesese of water and any conpati bl e organi ¢ sol vepCT/EP&/0i346
with water is conveniently enployed as the solvent. Preferably water is
used. The reaction is conveniently carried out at anbient tenperature.
Conveni'ently at least 5 nolar equival ent4 of base will be enpl oyed,
alternatively a catalytic quantity of base may be enployed where
trans-esterification is used by incorporation of an al cohol, eg nethanol,

in the solvent mxture. To facilitate isolation of the corrpound of forrrula
(1). the q:»ullaauenrmtheomm)emum dire aquegus olutione of AChmianWf or

s S P el oo o o o034 . v

sui t abl yesemlqaéere\ham P°Gn acid, such as an organic acid. for
exanple formc acid, or a base, such as an organi c base, for exanple 1, 8-
di azg®i CSI'hlem-[dimﬁoCinﬁl G bf DRNA(BYE botert iNFIBRGPS! MitBenzh Virk8 BAN I vifro

Lg\rNerr:J/L? g{‘h é be D|€'t GM ?qnvEnl ngf C g knovvn I'n as L,

cryst al | (ses forrexanypleWO9H16320): am no DANA is readily obt ai ned
substantially free of inpurities.

The 4-amino analogue of DANA is also of use as an intermediate in the synthesis of
) other DANA derivatives which are inhibitors of influenza virus (see for example
"85 WO091/16320).

The invention is illustrated by the foliowing non-limiting examples. All temperatures
are in °C.

Example 1

Methyl S-acetamido-7,8,8-tri-O-acetyl-4-azido-2,3,4,5-tetradeoxy-D-glycero-D-

90 galacto-non-2-enopyranosonate as its monohydrate, (20g) was suspended in water
(40mi) and chilled with stirring to 10°. 1,8-Diazabicyclo[5.4.0]undec-7-ene (31 Smi)
was added over 20 minutes. The mixture was then stirred at 20°C for 1.5h, giving a
clear solution.

¢ Lindlar catalyst (1g), then formic acid (3.2ml) were added and the mixture stirred at
~ 95 20° for 16h. Filter aid (1g) was added, then reaction mixture filtered -to remove the
- catalyst. The spent catalyst bed was washed with water (3 x 0.67ml).

The filtrate and washings were combined and formic acid was added till a pH of 6.5
was reached. The resulting solution was heated to 60° and the product was.
crystallised by adding iso-propyl alcoho! (400ml) in portions.

100 The resulting crystalline slurry was cooled to 5° ovemight, then filtered, and the
. product washed with iso-propyl alcohol (2 x 40mi), then dried in vacuo at 40° for 16h,
lo give the 4-amino analogue of DANA (12.25g) as a trihydrate.

N.M.R. (D,0)5.62 (1H,d,2); 4.40-4.25(2H,m);
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4 Crystalli satlon can be induced by treati ng an aqueous sol ution of 4-am no
DANA wi th an antisolvent, for exanple iso-propanol, at a tenperature of
from 1ov@0s/pesos | C. for exarrpl e 25-70[err] C such as about 6E&CEHEPEHIINAe
4-am no anal ogue of DANA is a potent inhibitor of influenza virus both in
vitro and in vivo and is thus useful in the treatnment of viral infections
such as influenza. (see for exanple WP1/ 16320). The 4-ami no anal ogue of
DANA is also of use as an intermediate in the synthesis of other DANA
derivatives which are inhibitors of influenza virus (see for exanple

exiipl os. A1 tempor at d 48 (i Wﬁ@‘éﬂ"&a#@(i Binyr T

5-acet am do- 7 8,9-tri-0O acetyl -4-azi do- 2, 5-tetradeoxy-D-gl ycero- D

gal act olRo(Na;oﬁnopyr an 352684773368, WM&!@M)& (20g) was suspended in
water (40m ) and chill eiB78 (COsamide)n1801cnid (€0, |ICO,H) ‘

. 1,8-Di azabi cyci o(5, 4, 0Jundec-7-ene (31.5m ) was added over 20 m nutes. The
m xt ur eExamplén@n stirred at 20[err]C for 1.5h, giving a clear solution. .
Undl ar catalyst (1g), then formc acid (3.2m) were added and the m xture

i !(( ur eA? %Pﬁg{og{j ‘# W%W&\p/?" F € ca gﬁygtg(%%@g%@f} # 5?5‘6%%‘9’%& hed
wi t h waglycersDgalactorhpn-2-enopyranosonate as its monohydrate, 2/29) in water (6ml)
and methanol (14ml) was treated with triethylamine (1.17ml) and 1,8-
diazabicyclo]5.4.0Jundec-7-ene (1.89ml). After stirring the resulting solution for 1.2h
{ at 20°, 10% palladium on activated carbon catalyst (0.2g) and formic acid (0.32mt)
115 were added. The mixture was stirred under nitrogen at 20° for 18h, then filter aid
(0.2g) added.

The reaction mixture was filtered to remove the catalyst, then the spent catalyst bed

was washed with water (2 x 4ml). The filtrate and washings were combined and

concentrated to 16ml in vacuo. The resulting solution was heated to 60° and the
120 product crystallised by adding iso-propyl alcohol (80ml) in portions.

The resulting crystaliine slurry.was cooled to ambient temperature, then filtered, and
the product washed with iso-propyl alcohol (2 x 4ml}, then dried in vacuo at 40°, to
give the 4-amino analogue of DANA (0.83g), identical to the product of Exampie 1.

Example 3

125 A solution of Methyl S-acetamidc-7,8,9-tri-O-acetyl-4-azido-2,3.4,5-tetradeoxy-D-
glycero-D-galacto-non-2-enopyranosonate as its monohydrate, (100g) in water
(150mi) at about 10° was treated with 1,8-diazabicyclo[5.4.0Jundec-7-ene (158ml)
and stimed at about 20° for ca. 1.5h, giving a solution. Lindlar catalyst (5g)
comprising 5% paliadium on calcium carbonate arid 5% lead was added, followed by

130 formic acid (15.9mi) whilst the temperature was kept below 30°: The mixture was
maintained at 25-30° for approximately 16h. The catalyst was removed by filtration
through a prepared filter-bed, which was then washed with water (2x50ml).

The combined filtrate and washings were adjusted to pH6.5 by addition of formic
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The. filtrate and washi ngs were conbined and formc acid was added till a pH
of 6.5 wagye 95)6¢%asl- The resulting solution was heated to 60[ erpclr2pedsol

pr oduct vvasdcrystal l'i sed by adding iso-propyl alcohol (400n) Plar']- por‘tolgﬁs
The resulting crystalline slurry was cooled to 5[err] overnight, then
filtered, and the product washed with iso-gropyl alcohol (2 x 40m ). then
dried i'n vacuo at 40[err] for 16h. to give the 4-am no anal ogue of DANA
(12.25¢g) as a trihydrate. NMR [err] [err] Exarrple 2 A solution of

Met hyl 5- acetam' do-7,8,9-tri - Oacetyl 4- azi do-2 5-tetradeoxy-D-

| D-
?6?1110)“0 tg% m reate ﬁHE rfetﬁ :am&ﬁe T %’?@%ﬁé"
di aza Ha{‘jyc% &9[ |W¢# warmed ta-about 80° and
sol ution fauﬁdZWt gl Ithéh wrtm

0.2 d_f (0 dded.. The t d
5,50 il & 4 Mm‘"m“'w" o i i s
m Xt ur ehvvasuit ﬁsbwwas()sﬂmvfor mﬁﬁ mantdmeo%tamawsrh& lid
was was ed”m! ig e ﬂ)y ﬁl Xt [;d ; lmg e Bs re conb
and ropanol (Wm vactum d
140 40° to give the 4-amino analogue of DANA (62.4g), identical to the product of

Example 1.
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concent r atweg 95Q0sg§ i n vacuo. The resulting solution was heated to 60[err]
and the product crystallised by adding iso-propyl alcohol (80rpOT/Efe4r019.40
portions. The resulting crystalline slurry was cool ed to anbient
tenperature, then filtered, and the product washed with iso-propyl alcohol
(2. x 4m.). then dried in vacuo at 40[err]7 to give the 4-am no anal ogue of
DANA (0.63g), identical to the product of Exanple 1. Exanple 3 A solution
of Methyl 5-acetam dc-7,8,9-tri-0O acetyl-4-azido-2, 3,4, -tetradeoxy-D

gl ycer o- - non- 2- enopyanosonate as its nonohydrate, (100g) in water
(450m ) at about 10[err] was treated with

1, 8-di azabi cycl o[ 5. 4. @pndec- 7-ene (158m ) and stirred at about 20[err] for
ca. 1.5h, gi&ca uthon Li ndl ar catal yst (5g) c ri sing 5% pal | adi um
on cal ci um car bonay 5% | was added, Aedlqwed formc acid
(15.9n) whilst the te e was kept bel ow 30 . Hhe nixture was

mai nt ai ned at 25-38f@rr] |for ﬁpOQDﬂerraI_eJ_;L,lGh The cat ,ygt\wféofbé&oved by

(2x50m ). The conbh filtrate and mashlngs wer e adj
addition of formc 6 ach c(lO m ). The solution wa
then re-acidified to pH6.5 by addition of a further f
acid. The solution was warnmed to about 60[err] and

red for 30m n,
ops of formc

2 H
o : h:
| H)\/" - ow J I
ACN < Ac) /\./

H :
N, NH,
(4a) R=H
(4b) R=Me | (5) 4-Amino analogue of DANA
(4c)R=ny* |
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(800m ), then allowed to crystallise. The m xture

diluted With isopropanol :
err] and further diluted with isopropanol (1200m ). The
t hen cPCTER94/01940

was reheat‘%%g&[

resul ti ng suspension was stirred for approxi nately 16h,

about 5[err]. The solid was isolated by filtration, washed wi th isopropanol
lve the 4-am no anal ogue of DANA

(2x200m ) and vacuumdried at 40[err] to g
(62.49). identical to the product of Exarrp#e 1. 7 9 1. A process
for the preparation of a conmpound of formula (1) OH [err] NH2

145

AcO H
x:;/\‘/o Cozu e

(8) (5) 4-Amino analogue of DANA
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whi ch *conpri ses catal ytic hydrogenol ysis of a conpound of fornula (11)
[err] whwassodsess H or [err] and [err] is Hor a hydroxyl P rREYTAEPS$104940
group, in aqueous formc acid. 2. A process as clainmed in Gaim1 wherein
the catalyst is a palladiumcatalyst. 3. A process—as—<elai - —in Garm1l

or Claim2 wherein the calyst is a poisoned pall adj

process as clainmed in any one of Clains 1 to 3 Wnere |!m§ 'lm Hl&ﬁ”'ﬂs a
pal | adi um cat al yst poisoned with | ead. 59 A process ary one
of ainms 1 to 4 wherein the catalyst is a Lindlar :catalyst 10 6. A
process as claimed in any one of Claim1l to 5 wherein the catal yst

conpri sesChgimanl | adi um on a support and 3 to 7%l ead. 7. A process as
claimed in Claim6 wherein the support is calciumcarbonate. 8. A process
as claimed in aim6 or Claim7 wherein the |lead content is 5% 9. A
process at- Alpipeess fos the preparation of & ¢ampound of lgrla ) the formic acid is

present in an amount of 1-4 nolar equival ents of the conpound of formula

(11).

"

(3]
41D

H,

CO,R

(i

wherein R is H or C1.4alkyl and R1 is H or a hydroxyl pmtectmg group, in
{ 10 aqueous formic acid.

2. A process as claimed in Claim 1 wherein the catalyst is a palladium catalyst.

3. A process as claimed in Claim 1 or Claim 2 wherein the catalyst is a poisoned
15 palladium catalyst.

4. A process as claimed in any one of Claims 1 to 3 wherein the catalyst is a
palladium catalyst poisoned with lead.

20 5. A process as claimed in any one of Claims 1 to 4 wherein the catalyst is a
Lindlar catalyst.
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10.. A-process as clainmed in Caim9 wherein the formc acid is present in
an anmounwebsmdxesit 2 nol ar equi val ents of the conpound of foPCIVEPHSON940 11.
A process as clained in any one of Clainms 1 to 10 which is carried out at a
tenperature of 0 to 50[err]C. 12. A process as cl-aifed |n -any one of Clains
1 to 11 wherein in the conmpound of formula (I1) at nd [err]
I s not ‘hydrogen and wherein the product of reducti ‘! mﬁmﬁﬁ!

hydr ol ysed. 13. A process as clained in @i m 12 yS| S is

effected i n aqueous medium 14. A process as clained |n Clal m 12 or Claim
13 wherein the hydrolysis is effected with a base selected from

tri et hyl arfB.neAprdcass as ¢laimed in\anyconeof.Cliims idocs whereindhe catalyst.cqmprisas:

as clainmed i °'pﬁ @Po,h the pH of the reaction

m xture is ag?urs]geg go heérrg‘ngg Z?@E k() 9 prior to isolation of the
conpound of formula (1). 16. A process as clainmed in cl a.i m 15 wherein the
PH i s adj upt e grecad9ds claifmed in Claim 6 wherein the support is calcium carbonate.

5 _

8. A process as claimed in Claim 6 or Claim 7 wherein the lead content is §%.

8. A process as claimed in any one of Claims 1 to 8 wherein the formic acid is
present in an amount of 1-4 molar equivalents of the compound of formula (if).

10

10. A process as claimed in Claim 9 wherein the formic acid is present in an amount
of about 2 molar equivalents of the compound of formula (If).

11. A process as claimed in any one of Claims 1 to 10 which is carmried out at a

15 temperature of 0 to 50°C.

12. A process as claimed in any one of Claims 1 to 11 wherein in the compound of
formula (lf) at least one of R and R1 |s not hydrogen and wherein the product of
reduction is subsequently hydrolysed

20 .
13. A process as claimed in Claim 12 wherein the hydrolysis is effected in aqueous
_ medium.
L
14. A process as claimed in Claim 12 or Claim 13 wherein the hydrolysis is effected
25 with a base selected from triethylamine and 1, 8-diazabicyclo {5.4.0] undec - 7 -
ene.

15. A process as claimed in any one of Claims 1 to 14 wherein the pH of the

reaction mixture is adjusted to within the range of 3 to 9 prior to isolation of the
¢ 30 compound of formula (l).
. 16. A process as claimed in claim 15 wherein the pH is adjusted to about 6.5.
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