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qChem'¢al Pr.ocess The present invention relates to an irrprovéd process for

he synthesis of an antibacterial agent and to a novel i “ﬁ[llﬁlo"s‘ﬂ t-e .u. HS
in this process. Eur opean Patent Application, pubI i catl %5

descri bes a novel cl-ass of tricyclic antibacte Lard nr Pq for
their preparation. A particularly preferred co%é)@ scrlbed therein is
(4S, 8S, 9R 10S, 12R)-4-
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Chemical Process

The present invention relates to an improved process for the synthesis of an
antibacterial agent and to a novel intermediate for use in this process.

European Patent Application, publication No. 0416953A2 describes a novel
class of tricyclic antibacterial agent and processes for their preparation. A
particularly preferred compound described therein is (4S, 8S, 9Fl, 10S, 12R)-4-
methoxy-10-(1-  hydroxyethyl)-11-oxo-1  azatricyclo[7,2,0,03-8Jundec-2-ene-

10 carboxylic acid and physiologically acceptable salt thereof. Further the
specification teaches that the compound may be prepared by the following
process.

This Sheet Has Been Rep

Ll IIIIII IHI I i




10

15

20

25

ti cycl o[ 7, 2,0, O[ err]] undec- 2- ene-

articular t-butyldinmethylsilyl,
~and Rerr]

1042 U
-10-(1- hydroxyethyl)-1 1 -oxo-1

carboxylic acid and physiologically

eptable salt thereof. Further the specification teaches {MALGNEET HAs BEEN
fipound may be prepared by the foll owi ng process. [errL .. REPLACED.

In the above formulae Rlerr] represents a hydroxyl proteet-ng—gretp—i
Y rfpresents oxygen or a phosphi ne group,

in the above formulae R1, represents a hydroxyl protecting group in particular
t-butyldimethylsilyl, Y represents oxygen or a phosphine group, and Rog
represents a carboxyl protecting group including arymethy! e.g. benzyl or allyl.
More specifically the specification contains examples of the synthesis of the
compound using intermediates wherein Rqg represents a t-butyldimethyisily!
group, Y is oxygen and Rog is allyl or R{a represents t-butyldimethylsilyl, Y is
PPhg and Rog is benzyl. '

in these examples the various intermediates are obtained as oils and this is not
particularly desirable in a multi-step synthesis for use as a manufacturing
process. It has surprisingly been found that the suitability of processes
described above for use on a plant scale can be significantly improved if the t-
butylbenzyl group is used as the carboxyl protecting group in the above
synthesis. In particular the final Intermediate shown here below.

is a solid and its properties are such that it allows for a relatively simple -
purification step, for example recrystallisation, if desired before the final step in
the synthesis is carried out.

Thus the present invention provides a process for the preparation of the
compound of formula (1)

or a salt thereof which comprises hydrogenolysis of the compound of formula

(in
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1="presents a carboxyl protecting group including arynethyl e.g. benzyl or

#pl lyl. Mre specifically the specification contains exanples of the
gpynthesis of the conpound using internediates wherein Rlerr] @pge&aﬂmﬁsatatj
=4t - put yl di met hyl silyl group, Y is oxygen and R err] is allyl{or RmPLACED
Jrepresents t-butyldinethylsilyl, Yis PPh[err] and Rl err] is—benzyt I'n

t hese exanples the various internedi ates are obtained as oils .and this is

not particularly desirable in a nult3-step synthesis for use as a

manuf acturi ng process. It has surprisingly been found that the suitability

of processes descri bed aboveHLor se on a plant scale can be significantly

i mproved if the t- butylr- zy p i s used as the carboxyl protecting

group in the above synt hég sliT gryicular the final Internmediate shown

here bel ow. CH OCH,

0 _cozCHz"@' C(CH),

an

and if necessary or desired converting the resuitant carboxylic acid into a salt
thereof. The hydrogenolysis reaction is conveniently carried out using hydrogen
and a metal catalyst such as palladium and in a solvent such as an alkanol e.g.
5 ethanol, isopropanol, esters e.g. ethyl acetate or ketone e.g. acetone.This
reaction is preferably caried out in the presence of a base, and suitable bases
for use in the reaction include tertiary organic bases such as trialkylamines e.g.
triethylamine. The carboxylic acid (I) or a salt thereof may conveniently be
converted into a physiologically acceptable salt thereof without isolation of the
10 product of the hydrogenolysis. Thus for example the sodium sait thereof may be
obtained by the addition of acetone and sodium ethylhexanoate to the reaction
solution, followed by addition of a non solvent such as an ether e.g. diisopropy!
ether. In this process it may be advantageous to add seed crystals of the

required sodium salt.

15

Salts of the compound of formula () include physiologically acceptable salts
thereof and non physiologically acceptable salts thereof.

Suitable physiologically acceptable salts of compound of formula (1) include
20 salts formed with alkali metals e.g. sodium or potassium, alkaline earth metals

e.g. calcium, amino acids (e.g. lysine and arginine) and organic bases (e.g.

procaine, phenylbenzylamine, ethanolamine, diethanolamine and N-methyl

glucosamine). Non physiologically acceptable salts of the compound of formula

(1) may be useful as intermediates for the preparation and/or isolation of the
25 compound of formula (1) or a physiologically acceptable salt thereof.

The compound of formula (Il) is novel and represents a further aspect of the
invention.
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it allows for a relatively

ft he final step in the synthesis is carried out. Thus "t he_present
g invention provides a process for the preparation of the ¢OHoSEETORAT BEFNI
¥ (1) [err] or a salt thefeof \#PEACED

b

conpri ses hydrogenol ysis of the conpound of formula (I1)

- 4

The compound of formula (II) may be prepared by cyclisation of the compound
of formula (lil).

am
wherein R is a hydroxyl protecting group, followed by removal of the hydroxyl
protecting group R.

Suitable hydroxyl protecting groups include those conventional hydroxy!
protecting groups which may be removed by hydrolysis under buffered condition
or non aqueous condition. Examples of such groups include hydrocarbyl silyl
groups such a tri(C_salkyl)silyl group e.g. t-butyldimethylsilyl or trimethylsilyl.

The cyclisation reaction is carried by treating the compound of formula (1) with

the phosphorus compound (1V)
RO

\/’ -O)R,
RO

(Iv)

wherein Rq, Ro and R3 independently represent Cq.4alkyl, benzyl or phenyl
and n is zero or 1, in a suitable solvent at a temperature within the range 50-
2000, Suitable solvents include hydrocarbons such as n-octane, nonane,
toluene xylene, ethylbenzene,. halohydrocarbons such as chiorobenzene,
dichlorobenzene, dichloromethane, trichloromethane or 1,1,2-trichioroethane,
ethers such a tetrahydrofuran, or esters such as ethyl acetate or butyl acetate.
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and if necessary or desired converting the resultant

‘carboxylic acid into a salt thereof. The hydrogenol ysis reaction is

‘conveniently carried out using hydrogen and a netal

catal yst such as

pal | adium and in a solvent such as an al kanol e.g; ethan®lgyid SQRFORROBEEN
esters e.g. ethyl acetate or ketone e.g. acetone.This reacti orREPEACED
preferably caried out in the presenge of a base, and sui tabtetases
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Preferred compounds of formula (li1) for use in the cyclisation process include
those wherein R, Rz and Rg3 are alkyl e.g. ethyl and nis 1 or Rq and Rp are
ethyl, n is zero and R3 methyl. Conveniently the. latter compounds may be
prepared jn situ using known procedures.

The hydroxy protecting group R may be removed by well known standard
procedures such as those described in Protective Groups in Organic Chemistry
pages 46-119, Edited by JFW McOmie (Plenum Press 1973). Thus for example
when R is a t-butyldimethyisilyl group this may be removed by reaction with
tetrabutylammonium fluoride in acetic acid or by reaction with fluoride ions and
a suitable phase transfer catalyst such as tetrabutylammonium bromide in the
presence of acetic acid. A particularly suitable source of fluoride ions includes
potassium fiuoride or cesium fluoride.

The compounds of formula (lll) may be prepared from the compound of formula

V)

)

wherein R is as defined in formula (1) by reaction with p-t-
butylbenzy!oxalychloride in the presence of a suitable base such as, pyridine
triethylamine and/or potassium carbonate in solvent such as a hydrocarbon e.g.
xylene or cyclohexane, or a halohydrocarbon e.g. chlorobenzene, or
dichloromethane or mixtures thereof.

In the above formulae the solid wedge shaped bond indicates that the bond is
above the plane of the paper and the broken wedge shaped bond indicates that

it is below the plane of the paper.

The following examples are given by way of illustration only:-
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for ‘use in the reaction include tertiary organlc bases such as

trialkylamnes e.g. triethylanne. The carboxylic acid ( or a salt
-thereof may conveniently be converted into a physiol ogi calrHy ateeRld
salt thereof without isolation of the product of the hydrogenrREnSickn
for exanple the sodiumsalt thereof may be obtai ned by the addrtto
acetone and sodi um et hyl hexanoate to the reaction solution, followed by
addition of a non solvent such as aB ether e.g. diisopropyl ether. In this
process it may be advantageous to add seed crystals of the required sodi um
salt. Salts of the conpound of formula ( i ncl ude physiol ogically

accept ablrethgaintermadiates andmxamplep nystempe@tw@snpfqdoé& soludiopalwaret her eof .
Sui t abl e [ of formula (I)

i ncl ude gg%qgéffe{)s?a%ﬂh s%?i%ﬁﬂ:f@?hﬁ? Sﬁisg&uﬁpgﬂgﬁ@gr pot assi um al kal i ne
earth netals e.g. calcium amno acids (e.g. |lysine and arginine) and
organi c s (o . procai ne, phenyl benzyl am ne, et hanol am ne,
diethand&gﬁnﬁ§&§ﬁg'N—nethyl glucosan1ne) Non phy5|olog|cally accept abl e
sal §s of {3TeR}-drff : oxy)oxalyll-B-{Fii -thbutide A xviethyllidat es for the
pr epar atg

To a solution of triethylamine (42.4 ml), potassium carbonate (2.32 g) and 4-
[(3S.4R)-3-[(R)-1-(tbutyldimethylsilyloxy)ethyl]-4-[(2'R,6'S)-6"-methoxy-1"-
oxocyclohexyllazetidin-2-one (42 g) in cyclohexane (400 ml), neat p-t-butyl-

10 benzyloxalyl chloride (64 g) is added dropwise in ca 10 min. at room
temperature under nitrogen. After 10 min., the reaction mixture was washed
with water (3x400 ml), and the organic layer was concentrated to ca 125ml. The
obtained solution was diluted with isopropanol (1040 ml) the residual
cyclohexane was removed by azeotropic distillation with concentration to

15 approximately 700 ml and then water (230 mi) was added dropwise in ca 10
min.. The cloudy mixture was seeded and stirred for 1 hr at room temperature, a
further amount of water (450 mi) was then added dropwise in 30 min. and the
obtained slurry is stirred for 1 hr at room temperature. The solid was filtered off,
washed with a 4/1 mixture water/isopropanol (200 ml) to afford after drying in

20 vacuo at 40°, the title compound (57.3 g) as a white solid (m.p. 68-69 °).
TH-NMR (CDCls): 7.36 (dd), 5.28 (dd), 4.35-4.25 (m), 3.76 (m), 3.52 (t), 3.33 (1),
3.22 (s), 2.2 (m), 2.1-2.0 {m), 1.68 (m), 1.46 (m), 1.31 (s), 1.19 (d), 0.78 (s), 0.04
(s), -0.05 (s) ppm.

25

A solution of intermediate 1 (5.1 g} triethylphosphite (17.8 ml) and hydroquinone
30 (0.1 g) in ethylbenzene (330ml) was refluxed under nitrogen for 15 hrs, cooled
to room temperature and concentrated to approximately 178 mi. The obtained
solution was treated with 5% HpO2 (66 mi) and the mixture was stirred for 40
min. The organic layer was washed with 5% agq. NazSOg3 (51 ml), water (51 ml)
and then concentrated to an oil which was dissolved in petroleum (153 mi). The
35 obtained solution was washed with water (3x153 ml) and the solvent evaporated
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ﬁorrp"o‘und of fornmula (1) or a physiologically acceptable salt thereof.

The

onpoun d of forrmula (I11) is novel and represents a further aspect of the

formula (11) nmay be prepared by cyclisation of the conpoung:
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to give a clear oil which was dissolved in a 4/1 mixture isopropanol/water (26
ml); azeotropic distillation of the solution afforded the crude title compound.

This was dissolved in isopropanol (51 mi) and water (26 ml) was added
dropwise over 10 min. The cloudy mixture was seeded, stirred at room
temperature for 1 hr and a further amount of water (35 mi) was added dropwise
over 15 min. The mixture was stirred at room temperature for 1.5 hrs the white
solid was filtered off, washed with a 4/1 mixture water/isopropanol(10 ml) and
dried in vacuo at 45° to afford the fitle compound (4.2 g) as a white solid (m.p.
71-72°).

TH-NMR (CDCl3): 7.38 (dd), 5.25 (dd), 4.96 (1), 4.2 (m), 4.13 (dd) 3.21 (s), 3.18
(dd), 3.2-3.12 (m), 2.05 (m), 1.9-1.7 (m), 1.7-1 5(m) 1.5-1.35 (m), 1.32 (s), 1.23
(d), 0.86 (s), 0.8 (s) ppm.

Intermediate 3

To a stirred solution of oxalyl dichloride (100ml) in diethylether (500ml) at -10°
under nitrogen a solution of 4-t-butylbenzyl alcohol (200ml) in diethylether
(1000ml) was added dropwise so as to maintain the temperature between -10
and -5%. The solvent was then evaporated under vacuum to give the title
compound (289g,) as a clear oil (b.p. 120-122° at 2 mbar).

Example 1

azatricyclo-[7.2.0,0 28undec-2-ene-2-carboxylate.

Method A

To a solution of intermediate 2 (15.5 g) and acetic acid (9.5 ml) in
tetrahydrofuran (53 ml), tetrabutylammonium bromide (40 g) and potassium
fluoride (7.3 g, 42-80 mesh) were in turn added. The reaction mixture was then
stirred at 50°C for 4 hrs under nitrogen. After cooling at room temperature the

- mixture was diluted with ethyl acetate (295 ml) and washed with 10% aq.

NaHCO3 (217 ml) and water (2x295 mt). The.organic layer was concentrated to
40 mi and slowly added (in ca 5 min), under vigorous stirring, to n-hexane (295
ml). The white slurry was stirred for 1 hr at room temperature and for 1 hr in an

ice bath. The solid was filtered off and washed with a 1/1 mixture n-
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wherein R is a hydroxyl protecting group, followed by
of the hydroxyl protecting group R Sui tabl e hydroxyl protecting

|
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hexane/cyclohexane to afford, after drying in vacuo, the title compound (9.6 g, )
as a white solid (m.p. 112-113°).

TH-NMR (CDClg): 7.4 (dd), 5.35 (d), 5.2 (d), 4.95 (t), 4.25 (m), 4.2 (dd), 3.3-3.25
(dd+m), 3.2 (s), 2.05 (m), 1.9-1.1 (m) ppm.

Method B

Intermediate 2 (2.77g) was dissolved in tetrahydrofuran (13.6mi), acetic acid
(3ml) and solid tetrabutylammonium fiuoride hydrate (14.3g) were added in turn
and the reaction mixture was stirred at 40° for 3hrs under nitrogen. The reaction
mixture was diluted with ethyl acetate (480ml), washed with saturated sodium
bicarbonate (480ml), water (2x350ml) and brine (350ml). The organic layer was
dried and the solvent evaporated to give a clear foam. A 10/1 mixture of
petroleum/ethyl ether (70ml) was added and the mixture stirred at room

temperature for 1.5hrs. The white solid was fitered off and dried under vacuum

to give the fitle compound (1.31g).

Exampie 2
. " Py 11-Ox0-1-
azatricyclo-[7.2.0.0.28undec-2-ene-2-carboxylate
10% Palladium on carbon (0.42g) and triethylamine (0.48ml) were added to a
solution of Example 1 (1.22g) in n-propanol (10.6ml), under nitrogen. The
mixture was hydrogenated for 30min, the catalyst filtered off washed with
acetone (4.2ml) and solid sodium ethylhexanoate (0.615g) added to the filtrate
solution. Diisopropylether (432mi) was added dropwise to the solution over
20min and the mixture was stirred at room temperature for 2hrs. The white solid
was filtered off under nitrogen washed with a 10/2.5/1 mixture of
diisopropylether/n-propanocl/acetone (2.1ml) and dried under vacuum to give the

title compound.(0.38g) as a white solid.

Exampie 3
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or non aqueous condition. Exanples of such groups include hydrocarbyl silyl
groups such a tri¢Cferr]alkyl)silyl group e.g. t- butyl di methyl silyl or

trimethylsilyl. The cyclisation reaction is carried by tﬁeatlng ;
compound of formula (111) wth the phosphorus conpound (|v#
[err] wherein R err], Rerr] and R err] independently rep

C err]al kyl, benzyl or phenyl and nis zero or 1, in a suitable solvent at
a tenperature within the range 50- 200[err]. Suitable solvents include
hydrocarbons such as n-octane, nonane, toluene xylene, ethylbenzene,

tri onl or Sfidk PERGSTHI o Tasben Lol G AL HEEMaRINEL UnBrware a0adJeicor ur an
or est er solutioh ofexahipld (LGl Apropand! (2tmi)atisder nitrogen. The mixture
was hydrogenated for 45 min at room temperature, the catalyst filtered off,
washed with acetone(6ml) and solid sodium ethylhexanoate (1.34 g) added to
5 the filtrate. Diisopropylether (126 ml) was added dropwise to the solution over
45 min., the mixture seeded and stirred at room temperature for two hours. The
white solid was filtered off under nitrogen, washed with diisopropylether(15ml)
and dried under vacuum to give the title compound (1.78 g) as a white solid.
TH-NMR (300MHZ,) |(D20): 4.74(1H ,m) , 4.08(1H,m), 4.03 (1H dd), 3.28( 1H
10 dd), 3.08(3H s), 2.99(1H m), 1.85(1H m), 1.72(1H m), 1.6-1.3 (3H m), 1.20(1H
m), 1.11(3H d)

15
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5 Preferred conpounds of formula (111) for use in the cycl

| sation process

include those wherein Rlerr], Rlerr] and Rlerr] are alkyl e.g. ethyl and n

...

is 1 or Rerr] and R err] are ethyl, nis zero and R err] methy

Conveniently the latter conmpounds may be prepared in situ \

STH§ SKABWHAS BEEN | |

procedures. The hydroxy protecting group R may be rermvedL..b.y._mE@LAEﬁva
standard procedures such as those described in Protective Goups in Oganic

Chem stry pages 46-119, Edited by JHV M Oni e (Pl enum Press
exanple when Ris a t-butyldinmethylsilyl group this may be
reaction with _

CLAIMS

1. A process for the preparation of a compound of formula (1)

1973). Thus for
removed by

10 | | )

and if necessary or desired converting the resuitant carboxylic acid into a salt

thereof.

15 2. A process as claimed in Claim 1 wherein the hydrogenolysi
is carried out using hydrogen and a metal catalyst .

s reaction

3. A process as claimed in Claim 1 or 2 wherein the metal catalyst is

palladium.

20
4. A process as claimed in any of claims 1 to 3 wh
hydrogenolysis reaction is carried out in the presence of a base.

5. A process as claimed in Claim 4 wherein the base is a tertia
25  base. |

—

erein the

ry organic
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tetl’abutyl ammoni um fluoride in acetic acid or by reaction with fluoride
ions and a suitable phase transfer catal yst such as tetrabutyl ammoni um
brom de in the presence of acetic acid. A particularly suitgbie-
fluoride ions includes potassiumfluoride or cesiumfluoridg. HISTHEET HAS BEEN
conpounds of formula (111) may be prepared fromthe conpound HACED( V)
[err] wherein- R is as defqud in formula (11l1) by reaction
with p-t- butyl benzyl oxal ychloride'i'n the presence of a suitable base such
as, pyridine triethylam ne and/or potassium carbonate in solvent such as a

hydr ocar fgon e. gA’ﬁch?éh"s 46 GUmMENINER o cRim25ONKEfAT AhBoBage Is a

chl or obenzene,
tnalkylamme

7. A process as claimed in any of Claims 1 to 6 whérein the compound of
5 formula (1) is isolated in the form of a physiologically acceptable salt thereof.

8. A process as claimed in any of Claims 1 to 7 wherein the compound of
formula (Il) has been prepared by cyclisation of a compound of formula (ll!).

I'd

10 am

wherein R is a hydroxyl protecting group followed by removal of the hydroxyl
protecting group R.

15 9. The compound of formula (I) and physiologically salts thereof
whenever prepared by a process as claimed in any of Claims 1 to 8.

10. - Sodium (4S, 8S, 9R, 10S, 12R)-4-methoxy-10(1-hydroxyethyl)-11-oxo-
- 1-azatriacyclo[7.2.0.0%8undec-2-one-2-carboxylate whenever prepared by a

20 process as claimed in any of Claims 1 to 8.

11. The compound of formula (11).

i) i
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oronet hane or m xtures thereof. |In the above fornul ae the solid wedge
geoed bond indicates that the bond is above the plane of the paper and the
ken wedge shaped bond indicates that it is below the plane of the paper.

& foll owi ng exanples are given by way of illustration only:
"In the internediates and exanples all tenperatures refer t

| uti ons were

BSTRACT

A process for the preparation of the antibacterial compound

or a salt thereof which comprises hydrogenolysis of the novel compound of

formula (1)
10

(In

and if necessary or desired isolating the resuitant carboxylic acid as a salt

thereof.
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dried refers to solutions dried over anhydrous sodi um sul phat.e

Intermediate 1 (3S,4R)-1 -[4-t-Butyl benzyl oxy) qxal I%— 3- (R REPLACEMENT SHEET
2-(t-butyl di met hyl si |yl oxy) et hyl ] -4- 360?735’?/’

[(2' R 6" S)-6" net hoxy-1'-oxocycl ohexyl]azetidin-2 QE a{saql th boﬂﬂﬁfF’W

triethylamne (42.4 m), potassium carbonate (2}3 Wgnd 4- >

[(3S,4R)-3-[(R -1 '

-(tbutyl di net hyl silyloxy)ethyl]-4-[ ('2' R 6'S)-6"-methoxy-1'}-

.

oxocycl ohexyl ] azeti di n-2-one (42 g) 'in cycl ohexane (400 nmYy——neat
p-t-butyl- benzyloxalyl chloride (64 g) is added dropwise in ca 10 mn. -at
roomtenperature under nitrogegn. qut*y 10 min., the reaction m xture was
washed with water (3x400 m), FG rBFaﬁﬁi c layer was concentrated to ca
125m . The obtained solution was diluted with isopropanol (1040 m) the
resi dual cycl ohexane was renoved by azeotropic distillation with

concent I pé YReddh ANRSRILNTRISEY 160 Fhip@0Ed!BEeLe 16 the? WniHiekisge apdded

dropwi se I h ca |, udy mxture was seeds stirred for 1 hr
at roomQ@mﬁhﬁﬁ?n@ﬂmm%@PV%'%WGQWQ\A@@SG(WQD'&WPCQE% t hen added
dropwise in 30 min. and the obtained slurry is stirred for 1 hr at room
tenperature. The solid was filtered off, washed with a 4/1 m xture

wat ler/ i SEWQ@@Qﬂoggfe%@Qﬁﬁﬁlﬁcaﬁ@n,abﬁﬁﬁdétiléhéﬁb. (UMiGgg_SiGAg daserbedt a4fdwslr] . the

tithe % gsu% tg'icyéh% %%tiggctgrigw latggnts and pgorge%'ses for thLﬁ'rBQparaﬁon. A
particularly preferred compound described thersin is (4S, 8S, SR, 10S, 12R)-4-
methoxy-10-(1-  hydroxyethyl)-11-oxo-1  azatricyclo[7,2,0,03-Bjundec-2-ene-
carboxylic acid and physiologically acceptable salt thereof. Further the
specification teaches that the compound may be prepared by the following
process.
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(dd), 5.28 (dd), 4.35-4.25 (nm), 3.76 (m) 3.52
(M, 2.1-2.0 (M, 1.68 (m, 1.46 (m.,.

S

"[err]H-NMR (CDO [err]): 7.3
(t), 3.33 (t), 3.22 (s), 2.
z(s), 1.19 (d), 0.78 (s), 0.04 (s), -0.05 (s) ppm Inte
4-t-Butyl benzyl - (4S. 8S. 9R 10S. 1 2S) - 4- net hoxy- 10[ 1-

. d0.

(t-butyl di net hyl silyloxy)ethyl-11-oxo-1-azatriciclo-[7. égr Hﬁklﬁggfc 2ye
m

6
2
0

ne-2- \ A solution of internmediate 1 (5.1 g) triethyl phgsphi

nitrogen for 15 hrs cool ed to room tenperature and conclentrated to
approximately 178 m . The obtai ned solution was treated W

:4[ err] J e[y the(dtfove! tormokket Mg mmsemsvmh ditox rptbtéarng4(yrommlm paricalagani c
RN S G PG R
obt ai ned gpregents avearbory prdtesting gmu;annc(lemmg@ym)hydrejgi benzyloraailyl.
evaporat eﬂlore specifically the specification contains examples of the synthesis of the

compound using intermediates wherein Rq5 represents a t-butyldimethylsilyl

group, Y is oxygen and Rgg is allyl or Rq4 represents t-butyldimethyisilyl, Y is

PPhs and Rog is benzyl.

in these examples the various intermediates are obtained as oils and this is not
particularly desirable in a multi-step synthesis for use as a manufacturing’
process. it has surprisingly been found that the suitability of processes
described above for use on a plant scale can be significantly improved if the t-
butylbenzyl group is used as the carboxyl! protecting group in the above
synthesis. {n particular the final Intermediate shown here below.

o C02CH2——©—C(CH3) ,

is a solid and its properties are such that it allows for a relatively' simple
purification step, for example recrystallisation, if desired before the final step in
the synthesis is carried out.

Thus the present invention provides a process for the preparation of the
compound of formula (1)

or a salt thereof which comprises hydrogenolysis of the compound of formula
(1))
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7 to give a clear oil which was dissolved ina 4/1 mxture [ ———
| sopropanol /water (26 m); azeotropic distillation of the solutlon afﬁo&ﬂgﬁ
ithe crude title compound. This was dissolved in isopropanol; (51 ). ang—
water (26 m) was added dropwi se over 10 mn. The cloudy mjxtiure R
seeded, stirred at roomtenperature for 1 hr and a further ja Ih% v@%r
(35 M) was added dropwi se over 15 mn. The m xture was stilr

tenperature for 1.5 hrs the white solidgqwas filtered off, shed with a 4/1

m xture water/isopropanol (10 m) and dried in vacuo at 45[e ] .t.o-aff-ord
the title conmpound (4.2 g) asav\,hlte solld(mp 71 -72). [err]H—NIVR

(CDC[err]): 7.38 (dd), 5. (rr) 4.13 (dd), 3.21 (s),
3.18 (dd), 3.2-3.12 (m, 2. ,1 -1.5 (m, 1.5-1.35 (m,
1.32 (s), 1.23 (d), 0.86 é

(In

and if necessary or desired converting the resultant carboxylic acid into a salt
thereof. The hydrogenolysis reaction is conveniently carried out using hydrogen
and a metal catalyst such as palladium and in a solvent such as an alkano! e.qg:
ethanol, isopropanol, esters e.g. ethyl acetate or ketone e.g. acetone.This
reaction is preferably caried out in the presence of a base, and suitable bases
for use in the reaction include tertiary organic bases such as trialkylamines e.qg.
triethylamine. The carboxylic acid (I} or a salt thereof may conveniently be
converted into a physiologically acceptable salt thereof without isolation of the
product of the hydrogenolysis. Thus for example the sodium salt thereof may be
obtained by the addition of acetone and sodium ethylhexanoate to the reaction
solution, followed by addition of a non solvent such as an ether e.g. diisopropyl!
ether. In this process it may be advantageous to add seed crystals of the
required sodium salt.

Salts of the compound of formula (1) include physiologically acceptable salts
thereof and non physiclogically acceptable salts thereof.

Suitable physiologically acéeptable salts of compound of formula () include
salts formed with alkali metals e.g. sodium or potassium, alkaline earth metals
e.g. calcium, amino acids (e.g. lysine and arginine) and organic bases (e.g.
procaine, phenylbenzylamine, ethanolamine, diethanolamine and N-methyl
glucosamine). Non physiologically acceptable salts of the compound of formula
(1) may be useful as intermediates for the preparation and/or isolation of the
compound of formula (l) or a physiologically acceptable salt thereof.

The compound of formula (Il) is novel and represents a further aspect of the
" invention,



Intermediate 3 4-t- But yl benzyl oxyoxal yl gttori %r trlred sol utio of ...
oxal yl dichloride (100m) in diethyleth rRE%@régﬁyl ﬁ%,E%HEEB[ rrl. ugderh g

initrogen a solution of 4-t-butyl benzyl al gohol (200 i n| di et hylvet/hs
(1000m ) was added dropwise so as to maintjaign6t MR t'8¥pef a
and -5. The solvent was then evaporatedjujder vacuum g
conpound (289g,) as a clear oil (b.p. 130-T22[err] at 2 = X
4-t-Butyl benzyl - (4S. 8S. 9R 10S. 12S) - 4-4retlhoxy- 10[ 1 - (hydrexy)et hyl - 11
-0x0-1- azatricyclo-[7. 2.0.0.[err]]undec-2-ene-2-carboxylate. Method A To
a solution of internediate 2 (15.5 g) and acetic acid (9.5 m) in

t et r ahydr qhercomgamndcof) formutia {bumay repaned by ayelisation of tharpempnundsi um
“fluoride %f Fmtll @?7-80 mesh) were in turn added. The reaction m xture was
then stir 8 at qs err]C for 4 hrs under nitrogen. After cooling at room
tenperature the mxture was diluted with ethyl acetate (295 m) and washed
wth 10% agq. NaHCJ err] (217 m) and water (2x295 m ). The organic |ayer
was concentrated to 40 m and slowy added (in ca 5 mn), under vigorous
stirring, to n-hexane (295

411Y)
wherein R is a hydroxYl protecting group, followed by removal of the hydroxyl
protecting group R.

Suitable hydroxyl protecting groups include those conventional hydroxyl
protecting groups which may be removed by hydrolysis under buffered condition
or non aqueous condition. Examples of such groups include hydrocarby! silyl
groups such a tri{C;.,alkyl)silyl group e.g. t-butyldimethylsilyl or trimethyisilyl.

The cyclisation reaction is carried by treating the compound of formula (lil) with
the phosphorus compound (1V)
RO

1

\/ OR,

RO
Iv)
wherein R4, Ro and Rg independently represent Cq.4alkyl, benzyl or phenyl
and n is zero or 1, in a suitable solvent at a temperature within the range 50-
2000. Suitable soivents include hydrocarbons such as n-octane, nonane,
toluene xylene, ethylbenzene, halohydrocarbons such as chlorobenzene,

dichlorobenzene, dichloromethane, trichloromethane or 1,1,2-trichloroethane,
ethers such a tetrahydrofuran, or esters such as ethyl acetate or butyl acetate.
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m). The white slurry was stirred for 1 hr at room tenperature.and.fo: r
in an ice bath. The solid was filtered off and washed w tﬁEﬁﬁ@E@/EmTXSMﬁq -
B hexane/ cycl ohexane to afford, after drying in vacuo, & 11l e compoyn(
(9.6 g,) as a white solid (mp. 112-113[err]). [err]HN ngs%rm 1.4
(dd), 5.35 (d), 5.2 (d), 4.95 (t), 4.25 (m, 4.2 (dd), 3 33 d , 13.12
(s), 2205 (m, 1.9-1.1 (m ppm

5

Preferred compounds of formula. (ilf) for use in the cyclisation process include

those wherein R4, Rg and Rg are alkyl e.g. esthyl and nis 1 or Ry and Ry are

ethyl, n is zero and Rz methyl. Conveniently the latter compounds may be
_ prepared jn sity using known procedures.

The hydroxy protecting group R may be removed by well known standard
procedures such as those described in Protective Groups in Organic Chemistry
pages 46-119, Edited by JFW McOmie (Plenum Press 1973). Thus for example
when R is a t-butyldimethyisilyl group this may be removed by reaction with
tetrabutylammonium fluoride in acetic acid or by reaction with fluoride ions and
a suitable phase transfer catalyst such as tetrabutylammonium bromide in the
presence of acetic acid. A particularly sultable source of fluoride ions includes
potassium fluoride or cesium fluoride.

The compounds of formula (lll) may be prepared from the compound of formula

(V)

wherein R is as defined in formula () by reaction with p-t-
butylbenzyloxalychloride in the presence of a suitable base such as, pyridine
triethylamine and/or potassium carbonate in solvent such as a hydrocarbon e.g.
xylene or cyclohexane, or a halohydrocarbon e.g. chlorobenzene, or
dichioromethane or mixtures thereof.

In the above formulae the solid wedge shaped bond indicates that the bond is
above the plane of the paper and the broken wedge shaped bond indicates that

it is below the plane of the paper.

The following examples are given by way of illustration only:-
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“ Method B Internediate 2 (2.77g) was dissol ved in tetrahyérefuran—13~6
acetic acid (3m) and solid tetrabutyl amoni um fl uori de |hREPIACEMENT. SHBE

. were added in turn and the reaction m xture was stirred

at—4otef+f—f+or—8h

under nitrogen. The reaction m xture was diluted with et hylvggem e;gg750

(480m ), washed with saturated sodi um bi carbonate (480mi}), ter Tl
and brine (350m ). The organic |ayer was dried and the dolvent—evaporated
to give a clear foam A 10/1 m xture %f petrol eum et hyl lether (70m ) was

added and
(1. 319).

the m xture stirred at roomtenperature for 1.5hrs—Fhewrnte
solid was filtered off and dried under vacuumto give the title conpound

@i

(1.319) Wﬁfﬁﬁiﬁ%@% Wil $inpBS al BmpkRurds RBsr f UE! BBitHhE ke
g

azatricycl
carbon (0.

42g) and triethylamne (0.48m ) were added to a sol ution of

refers. to solitions siigslover andydropsrsasiymauiphedes Pal | adi um on -

Exanple 1 (1.22g) in n-propanol (10.6nl), under nitrogen. The m xture was

hydr ogenat

(4.2mM) ang

sol uti on.

n, the catalyst filtered off washed with acetone
X : > . ]' h_t4|; ate

[(3S,4R)-3-[(R)-1-(tbutyldimethyisilyloxy)ethyl]-4-[(2'R,6'S)-6'-methoxy-1'-
oxocyciohexyllazetidin-2-one (42 g) in cyclohexane (400 ml), neat p-t-butyl-
benzyloxalyl chloride (64 g) is added dropwise in ca 10 min. at room
temperature under nitrogen. After 10 min., the reaction mixture was washed
with water (3x400 mi), and the organic layer was concentrated to ca 125ml. The
obtained solution was diluted with isopropanoi (1040 ml) the residual
cyclohexane was removed by azeotropic distillation with concentration to
approximately 700 ml and then water (230 ml) was added dropwise in ca 10
min.. The cloudy mixture was seeded and stirred for 1 hr at room temperature, a
further amount of water (450 ml) was then added dropwise in 30 min. and the
obtained slurry is stirred for 1 hr at room temperature. The solid was filtered off,
washed with a 4/1 mixture water/isopropanol (200 ml) to afford after drying in
vacuo at 40°, the {itle compound (57.3 g) as a white solid (m.p. 68-69 °).

‘1H-NMR (CDClg): 7.36 (dd), 5.28 (dd), 4.35-4.25 (m), 3.76 (m), 3.52 (t), 3.33 (1),

3.22 (s), 2.2 (m), 2.1-2.0 (m), 1.68 (m), 1.46 (m), 1.31 (s), 1.19 (d), 0.78 (s), 0.04
(s), -0.05 (s) ppm.

Intermediate 2

carboxylate,

A solution of intermediate 1 (5.1 g) triethylphosphite (17.8 ml) and hydroquinone
(0.1 g) in ethylbenzene (330ml) was refluxed under nitrogen for 15 hrs, cooled
to room temperature and concentrated to approximately 178 mi. The obtained
solution was treated with 5% HoOs (66 ml) and the mixture was stirred for 40
min. The organic layer was washed with 5% aq. NapSOg3 (51 mi), water (51 ml)
and then concentrated to an oil which was dissolved in petroleum (153 mi). The
obtained solution was wa_shed with water (3x153 ml) and the soivent evaporated

ofrtrtron over
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20min and the mixture was stirred at roomtenperature for 2hrs. The V\/nite

solid was filtered off under nitrogen washed with a 10/2 3@5‘_ Xture—of
di i sopropyl et her/ n- propanol / acetone (2.1 nl) and dried u SHEET Ve
the title conpound. (0.38g) as a white solid. Exanpl e Sodi UIT((4D'8'S“§?R
, 10S, 12R) - 4- met hoxy) - 10( 1 - hydroxyethyl)-1 1 -oxo-1 - 06 MAR 1997
azatricyclo[7.2.00[err]]undec- 2-ene-2-carboxyl ate )
7 !
|

to give a clear oil which was dissolved in a 4/1 mixture isopropanol/water (26

mi); azeotropic distillation of the solution afforded the crude title compound.

This was dissolved in isopropanol (51 ml) and water (26 ml) was added
. dropwise over 10 min. The cloudy mixture was seeded, stirred at room

temperature for 1 hr and a further amount of water (35 ml) was added dropwise

over 15 min. The mixture was stirred at room temperature for 1.5 hrs the white

solid was filtered off, washed with a 4/1 mixture water/isopropanol(10 mi) and

dried in vacuo at 45° to afford the title compound (4.2 g) as a white sohd (m p.

71-72°).

TH-NMR (CDClg): 7.38 (dd), 5.25 (dd), 4.96 (t), 4.2 (m), 4.13 (dd), 3.21 (s), 3.18

(dd), 3.2-3.12 (m), 2.05 (m), 1.8-1.7 (m), 1.7-1.5 (m), 1.5-1.35 (m), 1.32 (s), 1.23

(d), 0.86 (s), 0.8 (s) ppm.-

Intermediate 3

- |

To a stirred solution of oxalyl dichioride (100mi) in diethylether (500ml) at -10°

under nitrogen a solution of 4-t-butylbenzy! alcohol (200ml) in diethylether

-(1000mi) was added dropwise so as to maintain the temperature between -10

and -5°% The solvent was then evaporated under vacuum to give the title
compound (289g,) as a clear oil (b.p. 120-122° at 2 mbar).

Example 1

azatricyclo-{7.2.0.0 2#undec-2-ene-2-carboxylate,

Method A

To a solution of intermediate 2 (155 g) and acetic acid (9.5 mil) in
tetrahydrofuran (53 ml), tetrabutylammonium bromide (40 g) and potassium
fluoride (7.3 g, 42-80 mesh) were in turn added. The reaction mixture was then
stirred at 50°C for 4 hrs under nitrogen. After cooling at room temperature the
mixture was diluted with ethyl acetate (295 ml) and washed with 10% ag.
NaHCOs3 (217 ml) and water (2x295 ml). The organic layer was concentrated to
40 mi and slowly added (in ca 5 min), under vigorous stirring, to n-hexane (295
ml). The white slurry was stirred for 1 hr at room temperature and for 1 hrin an
ice bath. The solid was filtered off and washed with a 1/1 mixture n-
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10% pal | adi um on carbon (300 ng) and triethylam ne(11 m) were added to a
solution of exanple 1 (3.2g) in n-propanol (21 m), undé€

‘m xture was hydrogenated for 45 mn at roomtemeraturehEPw@m §§Eﬁ
filtered off, washed with acetone(6m ) and solid sodi umEthyl hexanoat¢ }
(1.34 g) added to the filtrate. Diisopropylether (126 im) Qs MPIEG?
dropwi se to the solution over 45 mn., the mxture seedef and stirreditat
roomtenperature for two hours. The ite solid was fijtered off under
ni trogen, washed with diisopropylether(15m) and driedf under vacuum.to
give the title conpound (1.78 g) as a white solid. [err] H NW (300M—|Z )

| (D err]0) he ﬁaﬁé%ﬂlnclbh&anet%%ra UL dr_yﬂ@fﬁ 6écdd fﬂﬁlé gng %ﬁ%ﬂ( 9g )
3.08(3H s), ﬁ(t m &}i 2(1H m , 1.20(1H m),
1. 11(3H d) as a white soli (mp 1

TH-NMR (CDClg): 7.4 (dd), 5.35 (d), 5.2 (d), 4.95 (1), 4.25 (m), 4.2 (dd), 3.3-3.25
~ {dd+m), 3.2 (s), 2.05 (m), 1.9-1.1 (m) ppm.

Method B

Intermediate 2 (2.77g) was dissolved in tetrahydrofuran (13.6ml), acetic acid
(3ml) and solid tetrabutylammonium fluoride hydrate (14.3g) were added in turn
and the reaction mixture was stirred at 40° for 3hrs under nitrogen. The reaction
mixture was diluted with ethyl acetate (480ml), washed with saturated sodium
bicarbonate (480ml), water (2x350ml) and brine (350ml). The organic layer was
dried and the solvent evaporated to give a clear foam. A 10/1 mixture of
petroleum/ethyl ether (70ml) was added and the mixture stirred at room
temperature for 1.5hrs. The white solid was filtered off and dried under vacuum

to give the title compound (1.31g).

Example 2

. 4. Y PP
10% Palladium on carbon (0.42g) and triethylamine (0.48ml) were added to a
solution of Example 1 (1.22g) in n-propanol (10.6ml), under nitrogen. The
mixture was hydrogenated for 30min, the catalyst fittered off washed with
acetone (4.2mi) and solid sodium ethylhexanoate (0.615g) added to the filtrate
solution. Diisopropylether (432ml) was added dropwise to the solution over
20min and the mixture was stirred at room temperature for 2hrs. The white solid
was fitered off under nitrogen washed with a 10/2.5/1 mixture of
diisopropylether/n-propanol/acetone (2.1mi) and dried under vacuum to give the

title compound-(0.38g) as a white solid.

Example 3
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'10 CLAI M5 1. A process for the prepardtion of conmpound--of f’;‘."FTJ| a
(1) [err] - or asalt ;]fﬁ!'#;ﬂf}EMENUSHEET

iconpri ses hydrogenol ysis of the conpound of fornula (I

06 MAR 1997

10% palladium on carbon (300 mg) and triethylamine(11mi) were added to a
solution of example 1 (3.2g) in n-propanol (21ml), under nitrogen. The mixture
was hydrogenated for 45 min at room temperature, the catalyst filtered off,
washed with acetone(éml) and solid sodium ethylhexanoate (1.34 g) added to
the filtrate. Diisopropylether (126 ml) was added dropwise to the solution over
45 min., the mixture seeded and stirred at room temperature for two hours. The
white solid was filtered off under nitrogen, washed with diisopropylether(15ml)
and dried under vacuum to give the fitle compound (1.78 g) as a white solid.
TH-NMR (300MHZ,) |(D20): 4.74(1H ,m) , 4.08(1H,m), 4.03 (1H dd), 3.28( 1H
dd), 3.08(3H s), 2.99(1H m), 1.85(1H m), 1.72(1H m), 1.6-1.3 (8H m), 1.20(1H
m), 1.11(3H d) |
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car boxyl

1 wherein the hydrogenolysis reaction is carried out using hydrogen and a

cﬂEﬁLA@EM:NT &HﬁTn*
erein the hydrogenolysis reaction is carried odt prtte—presen
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and if necessary or desired converting the resultant

c acid into a salt thereof. 2. A process as clained in Caim

alyst. 3. A process as clained in daiml
alyst is palladium 4. A process as cl ai
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CLAIMS

1. A process for the preparation of a compound of formula (1)

I

and if necessary or desired converting the resuitant carboxylic acid into a salt
thereof.

2. A process as claimed in Claim 1 wherein the hydrogenolysis reaction
is carried out using hydrogen and a metal catalyst .

3. A process as claimed in Claim 1 or 2 wherein the metal catalyst is
palladium.
4, A process as claimed in any of claims 1 to 3 wherein the

hydrogenolysis reaction is carried out in the presence of a base.

5. A process as claimed in Claim 4 wherein the base is a tertiary organic

R



—

5. A process as clained in Caim4 wherein the base is a tertiary

or gani ¢ base. 6. A process as cI ainmed in an |
;wWherein the base is a trial kyl am ne. /PHIS 0€e55—q g &"1‘#2‘“&@“5%‘[
Clains 1 to 6 wherein the conpound of}formﬁ' SP “’1’<o| ted n the form
of a physiologically acceptable salt theresi Al pr dcek s ds MARaiR d
in any of Cains 1 to 7 wherein the conpound of
11
6. A process as claimed in any of Claim 5 wherein the base is a
trialkylamine.
7 A process as claimed in any of Claims 1 to 6 wherein the compound of

formula (1) is isolated in the form of a physiologically acceptable salt thereof.

8. A process as claimed in any of Claims 1 to 7 wherein the compound of
formula (Il) has been prepared by cyclisation of a compound of formula (ill).

o

|
C02m2_©—_ ¢ CH 3) 3

am

wherein R is a hydroxy! protecting group followed by removal of the hydroxy!
protecting group R.

9. The compound of formula (l) and physiologically salts thereof
whenever prepared by a process as claimed in any of Claims 1 to 8.

10. Sodium (4S, 8S, 9R, 108, 12R)-4-methoxy-10(1-hydroxyethyl)-11-oxo-
1-azatriacyclo[7.2.0.0%®Jundec-2-one-2-carboxylate whenever prepared by a
process as claimed in any of Claims 1 to 8.

11. The compound of formuta (11).

q T

This Sheet Has Been Replaced
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formula (11) has been prepared by cyclisation of a conpound of formula

(rrr)y. f[err] wherein Ris a hydroxyl protecting grpuyp e
removal of the hydroxyl protecting group R 9. The conpoun3&618¢%ﬁﬁ§€§£%tT
(1 :

I
). lerr] 0§ MAR 1997
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CEEMICAL PROCESS

ABSTRA

A process for the preparation of the antibacterial compound

or a sait thereof which comprises hydrogenolysis of the novel compound of
formula (Ii) _

’
OCH,
0 CO:CHz—@-aca;;

(m

and if necessary or desired isolating the resultant carboxyllc acid as a salt
thereof.
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8. A process as claimed in any of Claim 5 whersin the base is a
trialkylamine. _ '
7 A process as claimed in any of Claims 1 to 6 wherein the compound of

formula (1) is isolated in the form of a physiologically acceptable salt thereat.

8. A pracess as claimed in any of Claims 1 to 7 wherein the compaund of
formula (l1) has been prepared by cyclisation of a compound of formula (11).

Nt
|
Colmz C(CH3)3
(I
wherein R is a hydroxy! protecting group followed by removal of the hydroxyl
protecting group R. - '
9. The compound of formuia (Il).
'\w—
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