~ PREPARATI ON OFANACETYL NEURAM NI C DERI VATI VES The present | Qﬁ?ﬁ | 082904

rel'ates WO 93/18%ess for the preparation of derivatives of R ﬁ/] -
neuram nic acid. More particularly the invention relates to a process for
the preparation of
5- acet am do- 4- am no- 2, 3, 4, 5-t et r adeoxy- D- gl ycer o- D- gal act o- non- 2-
enopyranosoni ¢ acid (the 4-am no anal ogue of DANA; al so known as 5-
(acctyl ami no) - 4- am no- 2, 6- anhydr o- 3, 4, 5-firi deoxy- D- gl ycer o- D- gal act o- non- 2-
enoni c acid) and derivatives thereof and the preparation of internedi ates
for use in the process. Schreiner et. al. Ann. Chem 1991, 129-134 descri be
the preparation of the 4-am no anal ogue of DANA fromthe peracetyl ated

et hyl ester of SPREPARATIONMQF AICETYRBNEURAMINKS DERIVAIEMES r out e

- shown in Scheme 1. PCT/ AU91/ 00161 (publicati-on no. W91/16320) describes a

nunber of derivatives of 5-acetam do. 2,3,5- trideoxy - D-glycero-

D- gal act o- non-2-¢e a | C cid . ( =i Fgep’grg e -

acetyl - neur ar rr'-ﬁhel .gpegﬁtdﬁgﬁﬁm rﬁlaﬁ% 'ltfgian otéﬁééd’ %?gﬁ%( 0 anaio&gﬁ%ﬁéﬁvﬁxﬁho}f rom

t he pemaceyNacayl Rairminiea&idr Mordpdidcilariyp thecinberioni relatesr tot © prduris fr the

Schreiner et. al. with the exceq?tion_that t he peracetyl at ed_conpound (3a)
was reducedprpparationt o afeaSeacptagidmA-aming=2 3w, friviradeoxynBuglycerr-Begrlagto-nonZ-

maj or problemwi th the kn rocesses faor prepar] he_.4- api no_anal qgue
of DANA I i @@Wﬂ@@%cﬁ"?mﬁt H“g"’%'ﬂve‘ﬁ"%%ﬁe dlgfepl}&ly&"oralf%dl %‘?:"E'l?sor%‘the
conpound ( -Qhdifb-£ 6FRYIR6L3\Y, $-briRok R PEIPELre L BlaétB-rioRE2-éndiiRs i T i ON

w th azide g ot stereospecific and l'eads to significant amounts of the
updesi red Badidyamdrdefiddtjves theaetdiand the prepardtiondd intermedjatesfpr usednthe groegss. Thi s

| eads ItOO both égh?'gigeerdﬂyigf lA?Ex. %E‘lertnhl%9ij,eisi.9r-ie3d4 ggsc Oeutri'g p%ggarétﬁmto 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/AUS91/00161 (publication no. W091/16320) describes a number of derivatives
of S-acetamido 2,3,5-trideoxy-D-glycero-D-galacto-non-2-enopyranosonic ‘acid
15 (2,3-dideoxy-2,3-didehydro-N- acetyl-neuraminic acid, DANA) including the {4-amino
analogue of DANA from the peracetylated methyl ester qf DANA by a method similar to
that of Schfeiner et. al. with the exception that the peracetylﬁted compound (3a) was
reduced prior to deacetylation. The method is shown in Scheme 2.
| A major proﬁlem with the known processes for preparing the 4-amino analogue of
¢ 20  DANA lies in the fact that the conversion directly or indirectly of the compound (2) and
any other compound with a leaving group in the 4-position with azide is not stereospecific
- and leads to significant amounts of the undesired B-isomer (3b) in addition to the desired
o-isomer (3a). This leads to both reduced yields of the desired compound and to the
need for chromatographic purification at this or a subsequent step in the synthesis.
25 We have now found that by careful selection of the azide source the conversion of
(2) to (3a) can be effected with high stereospecificity.
The invention thus provides in a first aspect a method for the preparation of the

- compound of formula (I)

30 :



-need for chromatographic purification at this or a subsequent step in the
'syht HesWO 932188 e now found that by careful selection of tHHRCHEPIY02M4 ce
the conversion of (2) to (3a) can be effected with high stereospecificity.
The .invention thus provides in a first aspect a nethod for the preparation
of the compound of fornmula (I) REPLACED SHEETS SG [err] It is
currently. believed that the reason for the stereospecificity is that the
reaction generates HN, in situ other reagents which generate [err] in situ
are well known to those skilled in the art. The reaction is effected in a
protic solvent. Preferably the solvent js a [err] -alcohol in particular a
hi ndered al cohol. Hi ndered al C%E I n e for exanpl e isopropyl al cohol
and, particularly, tert-butyl a | i I s conveniently carried
out at a tenperature of for exanpl ex0-15 . .cgi;@l?erably at 15-90[err]C
actjlon will bg,effected at bel ow

such as about 80[err]C. Conveni entAc@ the r
the reflux tenperature of the selected s The anount of [err] enpl oyed

will generally be in the range of frdeNdboutz1 to about 6 nolar equivalents
of thesconmpound of formula (I1), prefeﬁably ﬁ55 to 2 nol ar

by reaction of the compound of formula (II)
OAc

10 an

with trimethylsilylazide ('1.‘MSN,).

1 It is currently believed that the reason for the stereospecificity is that the reaction
generates HN, in situ; other reagents which generate HN, in situ are well known to those
skilled in the art. ..

The reaction is effected in a protic solvent. Preferably the solvent is a C, , alcohol in
¢ 20 - particular a hindered alcohol. Hindered alcohols include for example isopropyl alcohol
and, particularly, tert-butyl alcohol. _
The reaction is conveniently carried out at a temperature of for example 0-150°C,
ﬁpreferably at 15-90°C such as about 80°C. Conveniently the reaction will be effected at -
below the reflux temperature of the selected solvent.
The amount of TMSN; employed will generally be in the range of from about 1 to

25 about 6 molar equivalents of the compound of formula (II), preferably 1.5 to 2 molar
equivalents. | |

A significant problem also arises with the reduction of compounds such as (3a) and
(4), there being a risk of undesired reduction of the 2,3-double bond in addition to

reduction of the azido group. Such potential for over-reduction leads both to reduced
30 s



equi val.ents. A significant problemal so arises with the reduction of
cofpound¥¥@ 83205 (3a) and (4). there being a risk of undesi PSI/EB2R/(0290dn
of the 2.3-double bond in addition to reduction of the azido group. Such
potential for over-reduction | eads both to reduced 3 yield and to the
presence of by-products which necessitates nore extensive purification _
procedures. W have now found that yield and purity of the 4-am no anal ogue
of DANA can be inproved by reducing the cgnmpound (4) or a protected
derivative thereof in the presence of certain catalysts. The invention thus

i des i th i f th d of
Pormul . (11 7R S0 R 2 BiSlact FNIRGALRE whith RERALEL oo StV SRBRGEGR G
of formula prodediies] aWe havemiri Sud hdt Sidill @id Burftp of thedd-kiknotiralizua e DAYA]

is Hor a hydroxyl protecting group for exanple an acyl group such as
~acetyl) fol Cabe impraved by feincing B ¢ompoung {#lor Tipeotecter alerivatoke thereofiinathe! V)
may opti Onalplrééertl)c% oqrc%;tgl%tc%gahl?s}/s.any sui tabl e hydr oxyl
5 The invention thus provides in a second aspect a method for the preparation of the

compound of formula (III)

10 (441))
which comprises catalytic hydrogenaﬁon of a compound of formula (IV)
R
15
av
(._ = 20
(wherein R is H or a C,_alkyl group and R' is H or a hydroxyl protecting group for
- . example an acyl group such as acetyl) followed where required by hydrolysis.
The compound of formula (IV) may optionally be protected by any suitable hydroxyl
protecting groups for example as described in *Protective Groups in Organic Synthesis' by
25 Theodora W. Green (John Wiley & Sons, 1981) which also describes methods for the

removal of such groups.

It will be appreciated by those skilled in the art that where R arid/or R in compound
(IV) are other than hydrogen partial removal of the protecting groups and/or hydrolysis of
the C,- ester may occur during the reduction phase. However, upon hydrolysis all such

30 partially hydrolysed compounds will be converted to the compound of formula (III).



protecti ng roups for exanple as described in Protective Groups in Organic
"Synt hesi¥ ‘»%ﬂuméodora W Geen (John Wley & Sons, 1981) wi(GHEEP2/92904
descri bes nethods for the renmoval of such groups. It will be appreciated by
those skilled in the art that where R and/or [err] in conpound (IV) are

ot her than hydrogen partial renoval of the protecting groups and/or

hydrol ysis of the [err] ester may occur during the reduction phase.
However, upon hydrolysis all such partial4dy hydrol ysed conpounds w |l be
converted to the conpound of fornula (I111). 4 The solvent for use in the

reduction step y be either an uequs,.sol vent coppri.si ng water or

m xture water H% s(gﬁ\gpng ﬂ‘bélsﬁb'lne&gr b‘%ﬁf‘é"% 5?"‘Peﬁ’tayrr€€ &'%Frg i BHERME eSP?"GF‘t an
or gani ¢ sol y&fprisihE Waft di'a Rliktife whid¥ghd ahy ebmbatitle ngaé.ld k&v?n?rn‘a&ga@%m the
solvent is water. Preferably the catalyst 1s a poisoned catalyst but In
particul ar wateoics ameorgpait |sablientnsuch tas lap sther Alower talcohbbot theplile! ePrefadabilnithd yst

Is a Pd catal yst poisoned with |ead, for exanple a Lindlar catalyst. The
reduction i SO¥SNIEWARRt |y carried out 0-50[err]C. preferably at anmbient

e i e, TRRANS LAY Bl PR IO i Bifabin
triethyl am egalyfterA padiedlat preferred catalyst is a Pd catalyst poisoned with lead, for example
a Lindlar catalyst. | |
The reduction is conveniently carried out 0-50°C, preferably at ambient temperature.
( The hydrolysis may be effected by any suitable base and is preferably effected in an
10 aqueous medium. Suitable bases include aqueous triethylamine, NaOH, Na,CO, and the
like. Where protecting groups are preseﬁt appropriate deprotection agents known in the
art may be employed. _
In a preferred embodiment the invention comprises the preparation of the compbund
of formula (III) as defined herein from the compound of formula (II) by the steps of :-
15 (i) reacting the compound of formula (IT) with HN,; to give a compound of formula (I)
(b) hydrolysing the corﬁpound of formula (I) to give a compound of formula (IV); an;i
(c) hydrogenating the cqmpound of formula (IV) in the presence of a poisoned catalyst

_followed by hydrolysis.

20 The 4-amino analogue of DANA is a potent inhibitor of the inﬂuenza virus both jn
vitro and in vivo and is thus useful in the twatment. of viral infections suﬁh as influenza.
- (see for example WO091/16320). .
The 4-amino analogue of DANA is also of use as an intermediate in the synthesis of
other DANA derivatives which are inhibitors of the influenza virus (see for example
25 'W091/16320). '
The invention is illustrated by the following non-limiting examples. All temperatures

are in °C.
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| i ke. \Were prbt_ecti ng groups are present appropriate deprotection agents

known' | Wé@ﬁ/f'iiﬁs may be enployed. In a preferred enbodi nent PTCH?E?W/G ely
conprises the preparation of the conmpound of forrmula (I11) as define

herein fromthe conpound of fornmula (11) -by the steps of :- (a) reacting

t he conpound of fornula (Il) with [err]: to give a conpound of forrmula (I)
(b) hydrolysing the conpound of fornmula (1) to give a conpound of fornula
(I'V); and (c) hydrogenating the conpound of fornula (1V) in the presence of
a poi soned catal yst followed by hydrolysﬁs. The 4-am no anal ogue of DANA is
a potent inhibitor of the influenza virus both in vitro and invivo and is
t hus usef ul Intetmiedligtet - €at nent of viral infections such as influenza. (see
for exanple W91/16320). The 4-am no anal ogue of DANA is al so of use as an
i nternedi ate ift 3 HiéresJmepleesh sountd battom equipRed: Withsa wrdter cendenser and

O, ka P A PR R R IRARY, ey

t enper at ur esi,8dtfmid8-1 #1778 9-pbith O-acetylD-glycero-D-galacto-2-nonulopyranosonate

5  (peracetyl NANA methyl ester) (70g) in dichloromethane (1050ml). Trimethylsilyl
trifluoromethanesuifonate (76ml) was then added dropwise over 10 min. with stirring
(magnefic stirrer) under an inert atmosphere of nitrogen. After the addition was complete
the oil-bath temperature was raised over 25 min to ca. 50°C. After 4.5 h at reflux the
reaction mixture was allowed to cool and poured into a vigorously stirred mixture of

10 aqueous sodium hydrogen carbonate (1700ml), ice (500ml) and solid sodium hydrogen
carbonate (80g). After ca. 10min. the solution was checked to confirm that it was still
basic (pH=8) and the organic phase separated off. The aqueous phase was further
extracted with dichloromethane (3 times 500ml) and the combined extracts were treated
with Norit ultra SX + charcoal, dried (MgSO,) and evaporated in_vacuo at 48 - 50°C

15 (rotary evaporator) to give methyl 7,8,9-tri-Q-acetyl-2,3-didehydro-2,3,5-trideoxy-4',5'-
dihydro-2'-methyloxazolo[4,5-d]}-D-glycero-D-talo-2- nogdlopymnosidonate (52.5g).
TLC : (Silica gel - Ethyl acetate : single spot Rf = 0.55 (visualised with UV and ceric
- sulphate spray)

20 NMR : §(CDCL) 2.15-2.0 4xs each 3H, 3.4 dd 1H, 3.81 s 3H, 3.96 dd 1H, 4.22 dd 1H,
4.60 dd 1H, 4.82 dd 1H, 5.44 m 1H, 5.64 m 1H, 6.384 1H. |

Exgmpl'e 1
(1) A 3-necked round bottomed flask equipped with a water condenser ~ and pressure
25  equalised dropping funnel was charged with 2  solution of Intermediate 1 (7.8g) in
t-butanol (65ml). Heating of the stirred solution (magnetic stirrer) to 80°C was then
commenced while azidotrimethylsilane (10.5ml) was added dropwise over 3.5 h.
After a total of 4h the reaction mixture was allowed to cool and poured into a°

vigorously stirred mixture of aqueous sodium hydrogen carbonate (350ml), (chilled in an
30 )



A 3 litre 3-necked round bottoned flask equi pped with a water condenser and

presur e vegwisyizgegl dropping funnel was charged with a sol uti opcpfEpoRiodyds
5-acet am do- 2, 4,7, 8, 9- pent a- Q acetyl - D- gl ycer o- D- gal act o- 2- nonul opyr anosona
te (peracetyl NANA nethyl ester) (70g) in dichloronethane (1050 m). :
Trimethylsilyl trifluoronmethanesul fonate (76m ) was then added dropw se
over 10 min. with stirring (magnetic stirrer) under an inert atnosphere of
nitrogen. After the addition was conpl et% the oil-bath tenperature was
raised over 25 mn to ca. [err]. After 4°5 h at reflux the reaction m xture
was allowed to cool and poured into a vigorously stirred m xture of aqueous
sodi um hydticnghmh):ardasniﬁt sodju h§ddogen buboﬂaié)mﬂg) aufliersaal. iSchis. otie lsaluhynl vegen

b t 10 hecked t t hat
T vas st 1 RIS Bt srisd peeia (s SOmc Tk SBtEe axHRGa vsrs drehiMER oo
h fald
goﬁi.enﬁﬁsext?ta"?t borliE i NSl 1 8, ORI u‘%@?&%@%éﬁ%ﬁ? SorpBl 32
and evapor aiethyli N Sace@mido-23,9-trb0[ eﬂ’-i@t}ﬂ-moézﬁﬁdz Gldiwiydidln,)} 4 s-t@tadeoxipt hyl

7,8,9-tri- acetyl-23d|dehydr023 tI‘IdEO%/
di hydr 8- 2' O&ag@la@pﬂz-aomqlomr@oydemeﬁ%g) 72 nonul opyr anosi donat e

E\Sllzsﬁgl) [ seg&vﬁ ( %J A & 'Mﬁp@{i&hbﬁgﬁi\d E’r%lfz) X sé'?‘r‘%esri’%%@z\? 6’5‘3>geﬁ§ach

3H, 3.44 dqu%,hh{é g 3H, 3.96 dd 1H, 4.22 dd 1H 4.60 dd 1H, 4.82 dd 1H,
5.44 m1H ¢ 6.38d. 1H (i) A 3-necked round bottoned fl ask

equi pped WINMRa SWDQI,)QJMenﬂOst&adl PHe3 825 SH: G188 18T 4R 1opH) & . 5 luinrBH, was
clparged with a solution of Internediate 167.&13_19) in
464dd 1H,534m 1H,547m 1H, 5.82d 1H, 6.00d 1

10
(i) To a stirred solution of the product of step (i) (7.51g) in dry methanol (17ml) under
an inert atmosphere of nitrogen was added 1% sodium methoxide (10ml). The mixture
was stirred at 21°C for ca. 30 min. Dowex 50Wx8 (H+) resin (ca 7g) was added to adjust
the pH to 7. The solvent. was then filtered and the resin further washed with methanol

15 (4x20ml). The combined filtrates were evaporated under reduced pressure (rotary
evaporator) at 48 - 50°C to give compound 4b, methyl S-acetamido-4-azido-2,3-
didehydro-2,3,4,5-tetradeoxy-D- glycero-D-galacto-2-nonulopyranosidonate (5.03g) as a
buff foam. '

( . TLC : (Silica gel - Methanol (1) / CHCI3 (3)): Rf 0.025 (visualised with UV and Ceric

20 sulphate)

NMR : &(D,0) 2.06 s 3H, 3.60-3.99 m 4H, 3.84 s 3H, 4.20-4.46 m 3H, 6.10d 1H.

Example 2

A 20L 4 necked round-bottomed flask was equipped with a thermometer an
25 overhead air driven teflon stm'er and a condenser. The flask was lmmersed in a steam
heated water bath. Hot water (50°) was circulated through the condenser. Nitrogen was
passed through a combined inlet/outlet fitting at the top of the condenser to blanket the

reaction and to flush any low boiling vapours through to a train of scrubbers containing '
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t-butanol (65m ). Heating of the stirred solution (magnetic stirrer) to
"80[ et r] waas/kien Commenced whi | e azi dotrinethyl sil ane (1®PCI/EPY2/02804
added dropw se over 3.5 h. After a total of 4h the reaction mxture was

al l owed -to cool and poured into a vigorously stirred m xture of aqueous
sodi um hydrogen carbonate (350 ml). (chilled in an 6 ice bath) and solid
sodi um hydrogen carbonate (1Qg). After ca. 5 mn. the solution was
extracted with ethyl acetate (3 tines 15 ). The conbi ned extracts were
dried [err] and evaporated in vacuo at 48 - 50[err]C (rotary evaporator) to
gi ve crude conpound 3a, nethyl 5-acetam do-7,8,9-tri -, ..

Q acet yl - 4-sadiudohgiréxide delugidn ¢~2VBimtwe, and efifeymiponipmynijrater @lytion (1% wiv)

gal act o- 2- nonul ranosi qonate (8.027g). TLC : (Silica gel - Methanol (1) /
[err] (19) )‘9a}$ftgg¥§“rl\ﬁ° [-sed with UV and Ceric sul phate spray) NVR

err] 2.14 - 0 i idte 1H1.5k tértibutan&1( 1ML H.
50 2 1 Pt 5 40 bt ) S e

sol uti on ofTrichethylsityd uzideo(724t ml) Was addedSdndgthei stirngd ymixpure awasl h¢atednto reflwter

an inert atnosphere of nitrogen was ded 1% sodi um et hoxi d 10m ). - The
i xt ur & wadndes ﬂ\eé%if%eﬂﬁmf%lpbra“gi‘? L0l AV ip BW‘S’“"'?’ resin (ca

79) was added L Q AL shifnPakd (Fo0g] Pwafdt YESY) WR2AHEL"The rafhisif mBire! e

resin further _
was. cooled to <20°, the nitrogen blanketing was stopped and the top of the condenser

was connected directly to the scrubber system.
{ _ Hydrochloric acid solution (~6M; 625ml) was added dropwise over lh with
10 continued cooling to maintain the temperature below 20°, and to control the gas
evolution. The mixture was stirred for 2 h after gas evolution had ceased.
The mixture was transferred to a SOL separator with ethyl acetate (8L) and distilled
water (8L). The two layers were separated and the organic layer washed with water
(2x8L). The combined aqueous layer was back extracted with ethyl acetate (SL) and
15  separated.
The combined orgaﬁc layer was washed with sodium hydrogen carbonate soiution
(6% wiv, 2x8L) and then with sodium chloride solution.
The separated organic layer was concentrated to a crystalline slurry (— 1 vol) then the
(- solid was collected by filtration, washed with water (2 x 2L) and dried in vacuo to give
20 compound 3a, methyl-5-acetamido-7,8,9-tri-Q-acetyl-4-azido-2,3-didehydro-2,3,4,5-
tetradeoxy-D-glycero-D-galacto-2-nonulopyranosidonate, monohydrate (1.32kg).
" m.p. 89°
'N.MR. § (CDCL) 6.18(1H,d,9); 5.99(1H.d,3); 5.47(1H, m); 5.32(1H, m); 4.67(1H, m); .
4.46(1H, m); 4.19(1H, m); 3.93(1H, m); 3.82(3H, s); 2.15(3H, s);'2.18(3H, s), 2.09(3H,
25 s); 1.98(3H, s).
LR. (Nujol) 3592(NH); 2120, 2087 (azide); 1752 (CO, acetate); 1732(CO, conj.ester),
1662cm” (CO, CH,CONH.). ' |
Water content 4% (Karl Fischer method).
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(4x20nt) The conbined filtrates were evaporat ed under reduced pressure

(rotarywayepanpsspr) at 48 - 50[err]C to give conpound 4b, MPOTYEP92/02904
5-acet am do- 4- azi do- 2. 3- di dehydro-2, 3, 4, 5-t et radeoxy- D

gl ycer o- D- gal act o- 2- nonul opyr anosi donate (5.03g) as a buff foam TLC :
(Silica gel - Methanol (1) / CHA3 (3)): Rf 0.025 (visualised with UV and
Ceric sulphate) NVR [err] 2.06 s 3H 3.60-3.99 m4H, 3.84 s 3H 4.20-4.46 m
3H, 6.10 d 1H A 20L 4 necked round-bottgnmed flask was equi pped with a

t hermonmeter, an overhead air driven tefion stirrer and a condenser. The
flask was imersed in'a steam heated water bath. Hot water (50[err]) was
circul at ed&&ﬂlﬂlsgﬁl t he condenser. Nitrogen was passed.through a conbi ned

inlet/outl fiLti t t op - of, e . et e feaction
and to fl uﬁ] &ny‘ 33’8&9%&5‘%@%&@%&&?"‘05% f"g‘lrtﬁmé‘? seé(?%"_gﬂgr etl°w_
cont ai ni Nthe le%lsmigam &ydia @4é Betld AdaptoP Wa thdrbed Withsoliish 6REdrRpsRERY ) UM
nitrate solution (19 In the third final scrubber. The reéaction flask

was char geprqu’atdd amdescnheﬂ it Examyle 15istep @) @2.02) in waten I(&Dmlo;LlL)'ndlar catalyst
R S TREIE S/ RN W R R AR TN, )

the water lﬁ%ngh the vigorously stirred solution for 4h. Additional catalyst (0.2g) was then added

at this stage and hydrogen bubbled through for a further 16h. The catalyst was then

removed by filtration through celite. The filter was washed with water (2 times 50ml) aﬁd

¢ the combined filtrates evaporated under reduced pressure at 48 - 50°C (rotary evaporator)

10 and the residue co-evaporated with methanol (3 times 50mi) to give a solid found to be a

mixture resulting from partial ester hydrolysis. This material was therefore fully

de-esterified without further characterisation.

(i) A solution of the product of step (i) (1.87g) in water (20ml) was stirred at 21°C with

15 triethylamine (Sml) for 4h. The resulting mixture was evaporated under reduced pressure
at 48 - S0°C (rotary evaporator) followed by co-evaporation with methanol (2 times
100ml) to give crude product (1.81g).

(- | (iii) A column of Dowex 2 x 8 (CI) resin (100g) was converted into'i't's hydroxide form
T 20 with 2N sodium hydroxide solution (1.5L). The resin was then washed free of hydroxide
with water. Crude product from step (ii) (5.0g) dissolved in water (250ml) was then
" placed on the top of the column znd eluted with water (400ml). Following this the resin
was eluted with IN Acetic acid solution (2L). Like fractions were combined and freeze
dried to give the 4-amino analogue of DANA (2.45g). A second slightly more coloured
25 fraction was also obtained giving after treatment as above a further quantity of fhe title
compound (0.53g) the 4-amino analogue of DANA.
TLC : (Silica gel - nButanol (3) / Water (1) / Acetic Acid (1)): Rf = 0.22 (visualised with
UV, ninhydrin and ceric sulphate) '

NMR : 5 (D,0) 2.05 s 3H, 3.6-4.0 m 4H, 4.2'm 1H, 4.36 m 2H, 5.69 d 1H.
30 ‘ -~



A so;I ution of sodiumnitrite (300g) in water (1.51) was added. The reaction

m Xt ur e d to <20[err], the nitrogen bl anketing was t he
%%3&%3? PCI9RPSSY0

top of the c enser was connected directly to the scrubber system
Hydrochleric acid solution (-6M .625m ) was added dropw se over 1h with
continued cooling to maintain the tenperature below 20[err], and to
control” the gas evolution. The mixture was stirred for 2 h after gas

evol ution had ceased. -The m xture was trasferred to a 50L separator with
ethyl acetate (8L) and distilled water (8L). The two | ayers were separated
and the organic |ayer washed with water (2x8L). The conbi ned aqueous | ayer
was back extUNVadig0)yj 2B3Kdyy| acetate (5L) and separated. The conbi ned
organi c | ayer was washed with sodi um hydrogen carbonate solution (6% w v,
2x8L) and then with sodiumchloride solution. The separated organic |ayer
was concentg&ﬁ%ﬂ%ﬁo a crystalline slurry (- 1 vol) then the solid was
collected b ation, washed with water (2 x 2L) and dried in vacuo to

gi ve conpound A3aspension of compound 3a (1g), prepared as in Example 2, in water (10ml) was
met hyl - 5-acetam do-7,8,9-tri-Q aceryl -4-azi do- 2, 3-di dehydro-2, 3,4,5- [err]
m p. 89 er rireqted with triethylamine (1.53ml, added in 3 portions during 4%h) and the solution was
left at 20° for 24h.
Lindlar catalyst (100mg) was added and the mixture was stirred for 6h in an
atmosphere of hydrogen gas. | |
The cafalyst was removed by filtration and the filter bed was washed with water (5 x
10 2ml). The combined filtrate and washings were concentrated to 3ml then isopropanol
(5ml) was added portionwise. The cloudy solution was warmed and then allowed to cool,
to deposit a crystalline solid. The solid was collected by filtration, washed with
isopropanol (2 x 1ml) and dried jnvacuo to give the 4-amino analogue of DANA (0.44g).
N.M.R. 8 (D,0) 5.62(1H,d,2); 4.40 - 4.25(2H, m); 4.13(1H, m); 4.05 - 3.50(4H, m).
15 LR. (Nujol) 3526, 3477, 3368, 3179(OH, NH); 1675(CO, amide); 1601cm™(CO, CO,H).
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(1) A 3-necked round bottonmed fl ask equi pped with a gas inlet tube

‘ext endi lw?lgg}%g he level of liquid and a gas outl et adapt orpeEEpPobanoss
with a solution of compound 4, prepared as described iin Exanple |, step
(ii) (2.0g) in water (50m ). Lindlar catalyst (0.2g) was then added and
the flask flushed with nitrogen. Hydrogen was then bubbl ed through the
viigorously stirred solution for 4h. Additional catalyst (0.2g) was then
added at this stage and hydrogen bubbl ed through for a further 16h. The
catal yst was then renoved by filtration d rough celite. The filter was
washed with water (2 tinmes 50m ) and the conbined filtrats evaporated under
reduced preScheme 1at 48 - 50[err]C (rotary evaporator) and the residue
co-evaporated with nmethanol (3 times 50m ) to give a solid found to be a
m xture resulting from partial ester hydrolysis. This material was
therefore fully de-esterified without further charactrisation. (ii) A
solution of the product of step (i) (1.87g) in water (20m) was stirred at
21[err]C with trieigael am ne (5m) for 4h. The res ing mxture was

evapor at ed r gduged prsgfure at 48 -p otary evapor at or)
foll owdd by co-eyap ' h methanol (2 ti h¥£ crude
product (1.81g).§ééii) A c g) was
converted into i hydr oxjde Formw th 2N sodiago hy roxillde sol ution
(1.5L). The resi n washed free of hydroxi | wat er. Crude
product from steg ii) (3.0g) dissolved in water (#50gf) was then placed on
the top of the colum an@A@luted with water (400nl JL-oFollowi ng this the
resin was eluted with 1IN Acetic acid solutjion (24¢c4 ke fractions were
conbi ned and freeze d@ ed to give the 4-afno anal ol'ju& of DANA (2.45g). A
secondwsl ightly nore tol oured ) '

g
5

N
X

(00}
i
@)

OAc

Ac

_CO,Me
+
AcN z
H =
15 Ny
(3a) 3b)
OH
(. CO,H
20
NH,
g:)) §=;Id (5) 4-Amino analogue of DANA
=Me
25 (4c)R=NH,*
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fraction was al so obtained giving after treatnent as above a further
quanti ty wah {tl e conpound (0.53g) the 4-am no anal ogue W{
(Silica gel 9‘?’h%lB(‘liJStanol (3) / Water (1) / Acetic Acid (1)): - 0.2 039ds
(visualised with UV. ninhydrin and ceric sul phate) [err] 9 W: J[err]
233130. 7 A suspension of conpound 3a (1g), prepared as in Exanple 2, in
water (10m) was treated with triethylamne (1.53m, added in 3 portions
during [err]) and the solution was left af, 20[err] for 24h. Lindlar

catal yst (100ng) was added and the m xture was stirred for 6h in an

at nosphere of hydrogen gas. The catal yst was renoved by filtration and the
filter bed \behem@hed with water (5 x 2m ). The conbined fitrate and

washi ngs were concentrated to 3nm then isopropanol (5nm) was added

porti onwi se. The cl oudy solution was warned and then allowed to cool, to
deposit a crystalline solid. The solid was collected by filtration, washed
with isopropanol (2 x 1 ml) and dried ih vacuo to 8iave t he 4-am no anal ogue

of DANA (0. 40 -9 25(2H, n); 4.18(1H,
m; 4.05 - H
5 CO,Me
OH
i..
®) )
10
15
. CO,H
20 - .
AcN = -
H =
NH,
(8) (5) 4-Amino analogue of DANA
25
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LR (Nujol) 3526, 3477, 3368 3179(OH, NH) 1675(CO, armide):

1601cn] egw; 1. A process for the prepgration.of a
conmpound o C% :992 O%Oa (I) [err] whi ch conprises reaction of a ?Sﬁﬁtﬁ%%‘%ﬂ‘*
formula (11) [err] 2. A process as clainmed in Claiml wherein the [err] is

gener at ed I—ﬁ—S“t—t—tr—‘S'_ﬁ_pT‘O'CES”S as claimed in CGaiml1l or Claim2 wherein

t he conmpound of f Is reacted with trinethylsilylazide. 4. A
process as cllﬂllm I of Claims 1 to 3 wherein thc reaction is
carried out

5. A prlacess as clainmed in Claim4
wherein the protic sol vent |s a [err] .al cohol.

Claims
1. A process for the preparation of a compound of formula (I)
OAc
CO,Me
5 (1)
AcN H
H =
Ny
/ which comprises reaction of a compound of formula (II)
- 10
a
L 15 .
with HN,.
2. A process as claimed in Claim 1 wherein the HN, is generated jn situ.
L. '. 20 3. A process as claimed in Claim 1 or Claim 2 wherein the compound of formula (II) is
reacted with trimethylsilylazide.
4. A process as claimed in any one of Claims 1 to 3 wherein the reaction is carried out
in a protic solvent.
25

5. A process as claimed in Claim 4 wherein the protic solvent is a C . alcohol.

6. A process as claimed in Claim 4 wherein the reaction is carried out in tert-butyl

alcohol.

30



6. A process as clained in Claim4 wherein the reaction is carried out in
tert-bu | . 13 7. A pracess as clained in any o

to 6 vvhwéigg}&ﬁ@otri met hyl silylazide is present in an amun{ﬁa?%fg%@bg&

nmol ar equiALangrrpound of formula (I1). 8 A process as clained
in any one of Clainms 3 to 6 wherein the nolar ratio of trimethylsilylazide
to the- cmm]’mw m (1) is from1:1 to 2:1. 9. A process as cai ned
in any o 8 wherein the reaction is carried out at a
tenperatur®e dof flroth Osto*150[err]C. 10. A3process forthc preparaion of a
conmpound of forrrula (1) [err] which conprises catal ytic hydrogenati on of

a conpound 3 Op&lsgl ncmm&ﬂ’r{i V@%r@f‘ Claffnd § t5|60£v Lrgfn qu%hg?sqdlﬁdel s H

or a hydroxyl g grou process as

‘wherei n the capresensin axsazﬂomlomm@d mﬂqnmleh&of%@é@ﬁmdaﬂ‘fshﬁnﬂm).
Claim10 or daim11ll wherein.the catalyst is a poisoncd Palladi um catal yst.

8. A process as claimed in any one of Claims 3 to 6 wherein the molar ratio of

5 trimethylsilylazide to the compound of formula (II) is from 1:1 to 2:1.

9. A process as claimed in any one of Claims 1 to 8 wherein the reaction is carried out

at a temperature of from 0 to 150°C.

10 10. A process for the preparation of a compound of formula (I1I)

am
15
which comprises catalytic hydrogenation of a compound of formula (IV)
.
20
awv)
wherein R is H or C, , alkyl and R' is H or a hydroxyl protecting group.
25

11. A process as claimed in Claim 10 wherein the catalyst is a poisoned catalyst.

12. A process as claimed in Claim 10 or Claim 11 wherein the catalyst is a poisoned

palladium catalyst.
30



14 1.3. A process as clained in any one of Clains 10 to 12 wherein the

cat al 'yst 9593?17%%' adi um cat al yst poi soned with lead. 14. A PhET aﬁi‘%ﬁgﬁgw

clainmed 1'nany one of Clainms 10 to 13 wherein the catalyst i's

catal—y—s{—-—LE——A—pﬁeeess—as clainmed in any one of Clains 10 to 14 which is
led out at a mrature of O to 50[err]C. 16. A process as clained in

anyo l | "Hll 15 wherein in the conmpound of fornula (I1V) at |east
one of

hydrogen and wherein the product of reduction is
subsequently hyaro ysed. 17. A process ad4claimed in Caim16 wherein the
hydrolysis is effected in aqueous medium 18. A process as clained-in Cd ai m

16 or G ai m3l7AvhRicElsNad BRiriPlaky Iohe! OF Claleif 100a"12 NwfierbifiStheSERighed {1 om

triethylam ne, as alkali nmetal hydroxide or an al kali netal carbon

A process as ci:dhdmdwatalw;pomaed)ﬁmnﬂ@drrs 10. to 18 wherein the corrpound of
formula (1V) is obtained by a nethod as clainmed in any one of Clains 1 to
9. 20. A process for the preparation of a conmpound of formula (I111) [err]

"14. A process as claimed in any one of Claims 10 to 13 wherein the catalyst is a Lindlar

5 © catalyst.

15. A process as claimed in any one of Claims 10 to 14 which is carried out at a

temperature of 0 to 50°C.

10 16. A process as claimed in any one of Claims 10 to 15 wherein in the compound of
formula (IV) at least one of R and R’ is not hydrogen and wherein the product of

reduction is subsequently hydrolysed.

17. A proceés as claimed in Claim 16 wherein the hydrolysis is effected in aqueous
15 medium.

18. A process as claimed in Claim 16 or Claim 17 wherein the hydrolysis is effected with
a base selected from triethylamine, an alkali metal hydroxide or an alkali metal

{  carbonate.
20

19. A process as claimed in any one of Claims 10 to 18 wherein the compound of

formula (IV) is obtained by a method as claimed in any one of Claims 1 to 9.

20. A process for the preparation of a compound of formula (III)
25

ain
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15 Wmch conpi ses the steps of (a) reacting a conmpound of formula (11)

[err] ART303 ool & (1) ro give a compound of 1 onnul b ( NG e HpERa0
ég?sgxgrogena i ”O\Aledog;dh%rglo;gjlsa (I'V) in the presence of a
AR i i I

which comprises the steps of

15

(a) reacting a compound of formuia (II)

OAc
5
@
10
(1)

15

(b) hydrolysing the compound of formula (1) to give a compound of formuia (IV)

(.
20
- aw

and .

25 (c) hydrogenating the compound of formula (IV) in the presence of a poisoned

- catalyst followed by hydrolysis.

30



