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Process for the preparation of cyclohexyl-azetidinones The present

j nventi oRyeé 64638 t0 an inproved process for the preparati BATEPIYI1114

cycl ohexane derivatives useful in the preparation of antibacterial agents.
Eur opean Patent Application, publication No. 0416953A2 descri bes a novel
class of tricyclic antibacterial agents. A particularly preferred conpound
described and clained therein is the conmpound (A) 10

[err] and salts thereof. A key internediate in the
synt hesi s of conmpound (A) is the cyclohkxane 15 derivative (I).
Terr]

Process for the preparation of cyclohexyl-;azetidinones

The present invention'relates to an improved process for the preparation of
5 cyclohexane derivatives useful in the preparation of antibacterial agents.

European Patent Application, publication No. 0416953A2 describes a novel
class of tricyclic antibacterial agents. A particularly preferred compound
described and claimed therein is the.compound (A)

10

and salts thereof.

_ A key mtermedlate in the synthesis of compound (A) is the cyclohexane
15 derivative ().

wherein R is a hydroxyl protecting group such as tnalkylsllyl group e. g t-
bulydimethyisilyl.

20  The present invention provides a process for preparing the odmpbunds of |
formula (1) in good yield and a high degree of enantiomeric purity.

Thus the present invention provides a process for the preparation of
compounds of formula (l)



wherein RL is a hydroxyl protecting group such as trialkylsilyl group e.g:

t- bul ydi met hyl si |l yl . 20 The present invention provides a
process Wwo9smeaisari ng t he conpounds of - fornula (1) PETEBRYMNYI4e| d and
a high degree of enantioneric purity. Thus the present invention
provi des a process for the preparation of conpounds of formula (1)
WD 95/ 26333 ' - PCT/ EP95/ 01114

2 [err] wherein R err] is a hydroxyl
protecting group which conprises reacting of the azetidinone (I11)
wherein Rlerr] is a hydroxyl protecting Broup. 5

[err] with the honochiral (2S)-2-nethoxycycl ohexanone (111) or

t he conpl ex t hereof formed with one nol ecule of stannic chloride-

‘wherein R4 is a hydroxyl protectlng group which comprises reacting of the
azetndmone (Il) wherean R1 isa hydroxyl protectmg group.

5
wuth the homochiral (28)-2-‘1hethoxycyclohexanone (1) or the complex thereof
formed with one molecule of stannic chloride '
oy an
ocH,
10 o

in an aprotic solvent and in the presence of a sterically hindered amine and a _
Lewis Acid. -

15 Examples of suitable 'aprotic. solvents for use in the .reaction include
halohydrocarbons such as dichloromethane, chiorobenzene or fluorobenzene.
Other aprotic solvents that may be used in the reaction include aromatic

hydrocarbons such as toluene esters such as ethyl acetate or isopropyl
acetate, or ethers such as 1-2 dimethoxyethane.

20



Terr] 10 in an aprotic solvent and in the presence of a sterically

hi ndered am ne and a Lew s Aci d. 15 Exanpl es of suitable aprotic
sol vent swiaes/26333 i n the reaction include hal ohydr oc aPEHEEISIEH as
di chl oronet hane, chl orobenzene or fl uorobenzene. : Q her aprotic

solvents that nmay be used in the reaction include aromatic

hydr ocar bons such as tol uene, esters such as ethyl acetate or isopropyl
acetate, or ethers such as 1-2 di nmet hoxyet hane. 20 WO 95/ 26333
PCT/ EP95/ 01114 3

Suitabl e sterically hindered amines incl8de tertiary anines and
heterﬁcyclic am nes in which one or both of the carbon atons
attached to the nitrogen atom therein are substituted by ope or .iwo
Jerr] strai§uitable siexiceliychipdered amipes:incllde tarfiarycamines and’ he

of suitabl e gnfHds i Which 61k bf Botif bf tHy darbon gtoms attached to thel mitroben atom

strai ght or branch al.kyl am nes ,(e. triethyl ang .

di i sopr opy! em?'ﬁ'rrf%,s ‘&'ted y °ﬂ°s&br‘§3’ﬁy&am %'SE‘YPF m@@%ﬂ?yﬁ’“ﬂwn@i‘\" or
tertiary aragfaupsm nes (e.g. di benzyl et hyl am ne, di benzyl nmet hyl am ne
or N, N-di met hyl benzyl am ne). 10 Exanpl es of suitable sterically

hi nder é® heterocyclic anines include a

Examples of suitable sterically hindered tertiary amines include tri Cy, straight
or branched alkylamines (e.g. triethylamine, diisopropylethylamine, tri-
isopropylamine or tri-isobutylamine), or tertiary aralkylamines (e.g.
dibenzylethylamine, dibenzyimethylamine or N,N-dimethylbenzylamine).

10
Examples of suitable sterically hindered heterocyclic amines include a
substituted pyrrolidines or piperidines e.g. 2,5-dimethylpyrrolidine, 2,6-
dimethylpiperidine, 2,2,6,6-tetramethylpiperidine or o« substituted aromatic
heterocyclic amines such as 2,6-diterbutylpyridine or 2,6-dimethylipyridine.

15 ' '

Particularly convenient sterically hindered amines for use in the reaction include
diisopropylethylamine, tri-isopropylamine, fri-isobutylamine, or 2,6-dimethyl-
pyridine and more especially diisopropylethylamine. |

20 Examples of suitable Lewes acids for use in the reaction include stannic
chioride and stannic bromide. A particularly convenient Lewis acid for use in
the reaction is stannic chioride.

Conveniently the reaction is carried out at a temperature within the range -30 to
25 20° e.g. -20 to 10° and more particularly -10 to 5°

In a preferred embodiment of this process the azetidinone (iI) is added to a

mixture of the compound (Ilf) with the Lewis acid, optionally containing a small

amount of the sterically hindered amine followed by addition of the sterically
30  hindered amine. | |



substituted pyrrolidines or piperidines e.g. 2,5-dinethylpyrrolidine, 2,6-
di met hyl pi peridine, 2,2,6,6-tetranethyl piperidine or a substituted aromatic
het er ocywin 95/28883nes such as 2, 6-diterbutyl pyridine or 2, 6-BCIEPISMIpA | di ne.

15 Particularly convenient sterically hindered am nes for use in

t he reaction include di i sopropyl et hyl am ne, tri-isopropyl am ne,
tri-isobutylam ne, or 2,6-dinethyl- pyridine and nore especially

di i sopropyl et hyl am ne. 20 Exanpl es of suitable Lewes acids for use in
t he reaction include stannic chloride and stannic bromde. A '
particularly convenient Lewis acid for ude in the reaction is
stanni c chl ori de. Conveniently the reaction is carried out at a

t t ithin th . -30 to 25, 20 e.g. -20.to 10[err] and nore
par £ cul ar Ly1ha By protatling Growp-Ry. i ereretstili S Meisg Grow SUhoRs &
t_hehaZﬁt i ﬁ i rtei(€4.4)alkyl ssilytidgrbupo Examples ofﬁisaitaliille ﬁalkﬁ%ilﬂowt ?b{d%
with the Lewy | ing a s _ anmount o
sterically m'ﬁﬁgﬁﬂg"ﬂm%w@mg@m tion of the sterically 30

hi ndered am ne. WO 95/_26333

PCT/ EP95/ 01114 ' : 4 .
The hyd oxyl Inpa prefetriedcergbodimeriteaf the inventioaftheabagtion is prefénably catrieg outp

such as 2. yith an detiiriie 30 Rirhila G WherSiPRP is F1BUR) Bndthy R Giokp.

trial kyl sil groups i _
t-butyl di methylsilyl. 5 In a preferred enbodi nent of the invention

th tioni ferably carried out . : --
he reactionye [s)-2-methdxycyclohexanone (lll) may be ‘prepared by oxidation of

(1S,2S)-2-methoxycyclohexanol using conventional procedures. Thus for

10 example the oxidation may be carried out using oxalyl chloride and
dimethyisulphoxide, pyridine/sulphur trioxide, sodium hypochlorite, N-
bromace_té_mide_ - 1,3-dibromo-5,5-dimethyl-hydantoin  or Jones reagent
(CrO,/H,S0,). The reaction is conveniently carried out in a solvent, the choice
of which will depend upon the oxidants to be used: Thus oxidation using

15 oxalylchloride and dimethylsulphoxide is conveniently carried out in a.
halohydrocarbon e.g. dichloromethane and at a temperature within the range
-78°-500. Oxidation using pyridine and sulphur trioxide is conveniently carried
out in a solvent such as an ether e.g. t-butyimethyl ether and in the presence of
acetone and a base such as triethylamine or diisopyropylethylamine.

20
The oxidation using sodium hypochloride is conveniently carried out in the
 presence of 2,2,6,6-tetramethyl-1-piperidinyloxy and in a solvent system such
as dichloromethane and water. Altémativély the oxidation with sodium
hypochlorite may be carried out in the presence of a phase transfer catalyst.
25 : '-

The (2S)-2-methoxycyclohexanone may be isolated from the reaction mixture in
‘the form of a 1 to 1 complex with stannic chiorride which may be formed by the
- subsequent addition of stannic chioride. Alternatively the stannic chloride
complex with (2S)-2-methoxycyciohexanone may be prepared by addition of
30 stannic chloride to a solution of (2S)-2-methoxycyclohexanone in a suitable
solvent such as halohydrocabon e.g. chlorobenzene or toluene. Conveniently
the reaction is carried out at a temperature between -20 - 0°C.



W th an azetidinone of formula (1) mheréiH?R[err]_is a

t-butyl di net hyl silyl group. - %7 The (2S)-2-nmet hoxycycl ohexanone (I111)
my be pmapesiEd3by oxidation of (1S, 2S) - 2- net hoxy cyRFHERISMAM usi ng
conventional procedures. Thus for 10 exanpl e the oxidation may be
carried out using oxalyl chloride and di et hyl sul phoxi de,

pyri di ne/ sul phur trioxide, sodium hypochlorite, N br omacet am de

1, 3-di brono- 5, 5-di et hyl - hydantoin or Jones reagent
(Cerr]/Herr]SO[err]). The reaction is conveniently carried out in a
sol vent, the choice of which mﬁll5depend upon the oxidants to be
used. Thus oxidation using 15 oxal yl chl ori.de and di net hyl sul phoxi de is

i entl Led out i hal qh . Lahl
and ot ot enfils.2S)emationryEinberanp) s”a ourt SBIBLE Hnddng 1% BERaR
pyri di ne andusingpknowhr procediurés suchvasi thase, described by . Honigt H; Senfer-
I t o I h '
2cet one and WansBRUR| I Sirhesls 1 TPis7114) EaufiRh Kol B, Qreﬁﬁ“*’%ﬁ'
The oxi dat i oGhesi. @mmﬂ%d@iﬁ%mﬁe&emrmemg, Qhﬂfg’i '@Qfﬁg 19031e
presencg of ;9676,6-tetranethyl-1-piperidinyloxy and in a solvent system

such as dichl oromet hane and water. Alternatively the oxidation with
sodi um hypochl orite nay be carried out in the presence of a phase

f | .. 25 T -2- h 21 oh o
ol at od {1 otbMSHVERLNESRAUITRAIAS 23 2-SthOXYHEISANG %ﬁf’i’f&ﬁﬁ?f L
with stannic $-2cnetMoxybydlobiexsndl obyeselectivé cenzymic fficationt of the

it ‘ . Iy oy e ! . |
ol exwi t napates (15t A Shenfher Nliel & stisat)e s R &3 5l fsnor suches,
st anni $0chl oandanhydrigesot optionally substjtutadetheny) estarcloliowsdnby iseparation ab| e
sol vent suchyas Oakeay di font the 88 Gsifh BnalcRivERS! THIS ¥
BT Iy oo ot o e ol
> " represents yet a further aspect of the invention. .

16 Suitable lipases for use in the reaction, which may be readily determined by
performing small scale experiments and measuring the extent of resolution in
each case, preferably by means of a chiral chromatographic assay, include the
lipases from Pseudomonas sp. and Candida antarctica. Preferably these are
used in an immobilised form. - '

20 :

Lipases may be immobilised onto various solid supports by methods well known

in the literature (e.g. Malcata etal., J.Am.Oil Chem.Soc. 67 (12) pp 890-809,

1990). For example, lipases from Pseudomonas sp. may be conveniently

immobilised by deposition onto a solid support such as a styrene-

25 divinylbenzene copolymer resin e.g. Amberlite XAD-2 or a diatomaceous earth

. e.g. Dikalite, Celite. Immobilisation may be conveniently achieved by making
slurries of enzyme and support in an aqueous buffer such as a solution of an
inorganic phosphate salt e.g. ammonium dihydrogen orthophosphate in water,
then removing water either by freeze drying or by adding suitable quantities of

30 organic solvents which form azeotropic mixtures with water and concentrating
mixtures under vacuum. Organic solvents for use in this azeotropic technique
include alcohols e.g. butan-1-of and hydrocarbons e.g. cyclohexane. Lipases
may also be obtained from commercial suppliers in an immobilised form, for



(1S, 2S) - 2- met hoxycycl ohexanol is a known conmpound and may be prepared

usi ng known procedures such as those described by . Honig H, Senfer-
Wassent twab 982638y nt hesi s 1990, 1137-1140 Launen K et at, JPOTEPIS/EGIA4,

Chem Commun., 1989, 148-150 or Peterson et al, Jorg. Chem 1988, 53 1903-
5 1907. Alternatively the required

(1S, 2S) - 2- net hoxycycl ohexanol nay be obtai ned from

()-trans-2-nmet hoxycl ohexanol by sel ective enzym c esterification of the
unwanted (1 R 2R) enantionmer using a suitable |ipase and an acyl donor such
as 10 - an anhydride or optionally sub&ituted ethenyl ester followed by
separati on of the required al cohol fromthe unwanted ester using

conventional nea Thi s el and adv gequs process for
preparing (X80 2 PHPW?CMh&%\f% ordisk ?-léi ?‘&ﬂ‘é"htésyéf' dmmphilised
aspect of tpeap a?aﬁoﬁbﬂ(tandid'aanta&ticaaﬁ:basd | pases for use in the reaction,
whi ch may be readl |y determ ned by. performng small scale

experinents and neasuring the extent of resolution in - each case,

pref erabl y Syitakleracy)donocs foralise in this processhinclutiesagid anhyidridesténg. acetic

WD3TE L CRAREe RIS anfifdida 8 ofd Eferh, of SO s BEINGH °
vari ous sol ethenypester sush astheoviayler 1sopn@wwyl 35tef3 qfrCmalkarmc acidsce.ge. g.
Mal cata et ghyl acetatd, Vinyl grépionate, viryl bidyra ﬁyl acetate or'i88Broperyl

obi & sed!?&?‘?%eﬁ)rﬁn R FeRiER | FSeBhbiy e@%«ipﬁ”ve”bﬁé‘am solyeph such gs an

dl VI nyl benzethercogp! tetrahydrofurars. @. nitrilec elg.t acetonitdleo oraadhpticarborvse.gar t h {

rai ndP" '&fc'g'*%Hﬁ & or FEBRLomBHA’ s opforkfit Y Ui brdestivd BLE woitiary., .

sol ution of organic base such asitdethylampine: e Tne t subgtratemmmreaemt iry #eagtion

S:t B;pggzm%)& ﬁga%\%g quayn?t?l e's‘ag‘f%a% or am 'C soﬁents ﬁv)\%l c‘#? orm EYI "

azeot ropi ¢ ef between2 and.10Q melneewamwer mol ragamic substratecthe
vacuum O gﬁﬂl rganit sbasy dtsa mmﬂaﬁeﬁwmﬁm m viv, and the

%y'gfg gz'gg%?fﬁbéwﬁeﬂ RS emREredd ol %bﬁ&é‘rﬁt?a Bovert LR Bbfu " or
5
PCT/ EP95/ 0144 requnred (1S 28)-2-methoxycyclohemnol may be lsolated from the reachon
by conventronal procedures such as columnfflash chromatography or more
preferably by a selective extraction procedure Thus for example if the reaction
20 is carried out in cyclohexane the product may be selectively extracted into
water. Optionally a cyclohexane backwash may be performed to remove traces
of the unwanted ester which part:tton into water. The Pproduct may then either
be adsorbed onto ‘a hydrophobic polymer resin such-as a styrene-
divinylbenzene copolymer e.g. Amberiite XAD-16 and eluted with a polar water
25  miscible organic solvent such as acetone, or more preferably be back-extracted
into an orgamc solvent such as ethyl acetate or dlchloromethane which may be
concentrated to gwe the required product. An inorganic salt such as sodium
~ chloride ‘may be added prior to back-extraction to enhance the efficiency of
partitioning of the product into organic solvent. |
In order that the invention may be more fully understood the following examples
are given by way of illustration only.



6 exanpl e Novozyme 435 (Novo Nord| sk Ltd.) which.is an imobilised
preparation of Candida antarctica lipase. - . Sui tabl e acyl donors for
yse in thigp dafgssass i ncl ude acid anhydrl des e€.g. acetic 5 pcrErsspdiidde,
succi nic anhydride, or nore preferably an optionally substituted

et henyl ester such as the vinyl or isopropenyl esters of (Jerr] alkanoic

acids e.qg. vinyl acetate, vinyl propionate, vinyl butyrate,
i sopropenyl acetate or isopropenyl butyrate: The reaction is
preferably carried out in an organic solvent suchds an ether e.g.

tetrahydrofuran, a nitrite e.g. acetonitr7le or a hydrocarbon e.g. 10
cycl ohexane or dichl oronethane and optionally in the presence of a tertiary
organi ¢ base such as triethylam ne. The substrate s Eresent in reaction

mi xtures pr eflatheexamples st temperaturesrefen to2G, p3/40/solutions dried over
donor at anhyﬂr&@’fédlﬂﬁlﬂﬂew 2 and 10 nol eqw ‘val ents per nol racenic

substrate, . tertiary organic base at a concentration between 0.1
and 5% v/v, and the 15 inmobilised enzyne preparation at a concentration
bet ween 1 ancj 30% W v. The required (1 S, 2S)-2-net hoxycycl ohexanol
may be i sol at the reaction by conventional procedures such as
col um/ fd ash 3 B otiBah ' preferably by a selective
extraction p e if the reaction 20 is carried out
in cycl ohexarMetﬁwmr oduct may be selectively extracted-into wat er .

Optionally a _cycl ohexane backwash may be perforned to repove traces

of the unwant&d 8esoluti omdu:)m mmmﬁ‘ﬂ@ﬁnof B}iﬂjd& tmhkd@fﬂfﬂn
either - (1 Be Wrm@@to " OaR@bith 40.8mhUClveré added.

\?\;%/Legebol LB I!VI Zl beﬂzene COE@ % %ggﬁwemdeﬁ it D16 and elFHﬁBa
preI :[ 21100?/ 3:txdwm|wgemfbec5 day. Thei réattion was;diltanedsdwarpaparcmasand ithe
Fequi redpr odtepAicRiiEas Whrkitated Hier{Rruced prafilts Thé %ﬁﬁﬂ%ﬁv&déﬁwl%g
added prior flashahromatography fpetroleumetheretherdi2)itoigive thetitie compound as a
partitioni ngcgiodr[%espgr%gggg??ﬂ_ nto organic solvent. 30 ~ In order that

the invention may | y understood the foll ow ng exanpl es
are given by eey 88% (shifsteagent:tris(d,d-dicamphelyimethanane) Eu(lil), CDCl,)

16
Method B -

Immobilised Candida antarctica lipase (Novozyme 435;10g) was added to a
solution of (+) trans-2-methoxycyciohexanol (50g), vinyl acetate (42mi) and
triethylamine (6ml) in cyclohexane (167ml). The mixture was stirred in a

20 stoppered conical flask for 24h at room temperature and then filtered through a
number 3 sinter funnel under vacuum. The filter ceke was washed with
cyciohexane (100mi). The filtrate (350ml) was taken and vigourously extracted
with water (4 x 180ml). The ‘combined water extracts (820mi) were back
extracted with cyclohexane (200ml). The water Iayer was taken and sodium

25 chloride (245g to give 5M) added. After dissolution, the_sa_lt solution (ca 900ml)
was extracted with ethyl acetate (2 x 450mi) and the combined ethyl acetate
extracts were reduced in vacuo to afford the title product as a pale yellow oil
(17.5g ee >99%).

30 Example 2
28)-2-methoxycvclohexanone

" Method A’



WO 95/ 26333 ' : PCT/ EP95/ 01114
7 . In the exanples all. tenperatures refer to[err]C Dried refers to
sol ut i onwodisizesszover anhydr ous sodi um sul phat e. PCT/EP9SH1tMapl e 1

5 (1 S.2S)-2-met hoxycycl ohexanol Met hod A ' To a sol ution of
() trans 2-nmet hoxycycl ohexanol (51g) in dry tetrahydrofuran (11),
vinyl acetate (255m ) and triethylamne (40.8nl) were added. :
Psaeudononas fl uorescens |ipase (8.5g) was added and the suspension stirred

10 under nitrogen for 5 day. The reaction was filtered on a paper filter

and the organi ¢ phase evapor at ed &nder reduced pressure. The residue
. was purified by fl ash chromat ogr aphy (petrol eum et her: et herl : 2) to

gi ve the t| col.ourl es a}y

3336 (S 11 1ELECROIBR 7B SOHUBR AT PRV ENERARCIE- 1D n SV disbipromsinang

Met hod B (250m| mundef | nitrbgennd csolativrar oft idimethylsulphoride o {13@mipSinl Gy

Vinyl acet atiEarmethanf b wis, el i W?bf‘ﬁ* Amhf?n‘aﬁa#éﬁq%%)

“The mi xtur e(tﬁ,ﬁ&)%z-metﬂoxycycldtmxanolst(amgjrw dnni dichloromethane (40mihtwasom

d
vachan® The SE8d, Hidinteinhg( & Bhphinse below- cycﬁawﬁoﬁwﬂg o
filtrate (3$9%#ml M@Stemsd ane the Jeackion wasckant 249" under vigpuneusstising 4 x
180m ). ThefgoyiHdipd AVSdtaratedisolation bﬁaﬁmmuﬁf ehbﬁab was added tiéphagesi t h

(cgzlSShteéage 200m g ThF Wat‘BrP I aéet Lﬁté(gnwg d u.m 25 M ri de
was extract amm(z% solution)a saturated BydrogéA Tarbonate; andtbmteL m erganic layu-at e {
LT aghs Vel ggagegggg WERE $0abBrefd Uit oduded phESLIS. ThS Fedialis wak' o
punf‘ by flash chromatography (cyclohexane: ethyl acetate 8: 2) to give the title
compound as a yellow oil (6.79).
1H-NMR (400 MHz; CDCIa) 3.74-3.68(1H, m) 3.41 (3H s); 2 58-2. 46(1H m) 2.34-
2.19(2H,m); 2.01-1.88(2H,m); 1.80-1.58(3H,m). :
15 ee = 84% (shift reagent: tns[3-(heptaﬂuropropyl-hydroxymethylen)—d- |
' camphorate] Eu(ill), CDCl,)

Method B
A solution of (1s 1S)-1-methoxy-cyolohexanol {g 3. 5) in acetone (10ml) was
20 ‘added dropwuse in 20 min at room temperature to a stirred solutlon contaumng
| N-bromoacetamlde (1089) in acetone (20ml) and water (10m|) The internal
temperature rose to 35°-40° and the yellow mrxture became orange during that
time. After 3h 30min the reactlon mlxture was poured into a 30% aqueous
| solution of sodium sulphlte (150 ml) and the mixture salted wrth sodnum chloride
25 (10g). The colourless mtxture was extracted with of t-butylmethyl ‘ether (1 x
100ml + 1 x 50ml). The combmed orgamc phases were dned over and
concentrated under reduced pressure at room temperature to glve the title
compound as a pale yeliow ltqurd (. ee. =100%: )
_ 1H-NMR(400 MHz; CDCI3): 367(m 1H); 3.37 (s 3H); 250( m. , 1H);, 2,3-
30 2,1(m,2H); 2.0-1.8(m,2H); 1.6(m,3H).

MethodC S
Concentrated sulphuric acid (6. 1ml) was added to a solut|on of chromium
trioxide (7 g) in water (50ml) cooled to 0°. An aliquot of this solution (30ml) was



30 Exanpl e 2 (2S) - 2- net hoxycycl ohexanone Met hod A
WD 95/ 26333 PCT/ EP95/ 01114

8 3gpol ed (-78[err]) soI ut i on of oxal yl chl orlﬂem;ﬁosmn)‘t in dry
di chl or orret ane (250m) under nitrogen a solution of

di net hyl sul phoxi de (134m) in dry di chl or onet hane (40n1) was added
slowy. After 30mn at -78err] a solution of

(1S, 25) - 2- et hoxycycl ohexanol: (8.2g) in dry dichlorgnmethane (40m) was 5
added mai nt ai ning the tenper ature below .60. After 30nin triet hyl am ne
(52.4mM ) was added and the reaction was Bept at -40[err] under vigourous
stirring for 1 hour. A saturated solution of ammoni um chl ori de was
added, the phases wer e separated and the organic |ayer was washed

with ice- coldddgdirdmpme cover a fewici minutessto @ i ion; af (19,29
car bonat e, Z@;&gressure 505)3%: iofombthidhe (15075 cééreaotoamdmaesblaueﬁ% ed

Chr ot 0gr apYGOTGHEY SHETRShS reﬁe« ﬁ@iﬂmqy?nﬁaﬁ%vigﬁé%q% f isopropyl
_go;rgogndBangl bl it foixture was extracted witfhvBichicrométhane {Bx50ml)] the
2.01-1. SEZMF;T‘L d89§qa w%y:%sﬁgé%ﬁfae%rﬁég@olﬂ%éd {E?ﬁpoonate

tris[ (hept af (30m¥); then wwbunar(éorr;I) m)i dried. The mixunenwas: thencliltened) over
CDCl[err])

(1S, 15) 1- rretﬁ%'gg cycq\k%&xanol I'n ace?@\elp&?nﬁ %sure at c%r
dropwi se in te;mmrntlma togive: gumma& i@ gligw; ;;P dnylﬁf
N- br onpacet agigle g) in acetone (20m) and water (10m ). The internal

dur | ngiPhat ‘iﬂfﬁ'vaO( oL s, ol SRRt afleauly, LA R

into a 30% apu@E2H),2.0-1.8(m,2H); 016(m‘,3l5|))d| um sul phite (150 m) and the
m xture salted with sodi umchl oride
Method D
To a solution of (1S, ZSHnethoxywclohexanol (264 g), 2, 2, 6 6, tetramethyl-1-
15 piperidinyl (6.3 g), potassium bromide (4.83 g) and sodium bicarbonate
(31.66 g) in dichloromethane (1320 ml) and water (396 ml) was added
dropwise over 3 to 4 hr at a 15% aqueous solution of sodium hypochiorite
(1145 ml) under vigorous stirring at 0 to 10°. The mixture was stirred for 30 rin,
. the two layers separated and the aqueous phase back extracted with
20  dichloromethane (792 mi). :

The combined dichloromethane phases were washed with a 10% w/v solution of
sodium sulphite (528 ml), cooled to o to §° and treated with isopropy! aicohol
(8.2 ml) and 98% sulphuric acid (6.7 ml). After 10 minutes the mixture was

25 allowed to warm to 10° over a further 15 minutes. The resultant mixture was
washed with water (264 ml) , saturated sodium bicarbonate solution (792 ml) |
and water (2x792 ml). The solution was dried azeotropically at reflux using a
Dean Stark apparatus and then concentrated by distillation to give the fitle
compound as a 26.5% wiw solution in dichloromethane (852 g), which may be

- 30 - used directly in the subsequent condensation reaction.

oxocyclohexyll}-azetidin-2-one



25 (10g). The colourless m xture was extracted with of t-butyl nethyl
ether (1 x 100m + 1 x 50m ). The conbi ned organi c phases were dried
over and WO095/226333oncentrat ed under reduced pressure at roonpd¢HEPIIAiMre tO
give the title conpound as a pale yellow liquid (, e.e.=100%).
[err] H NMR(400 MHz; CDCI3): 3.67(m1H); 3.37 (s, 3H; 2.50( m 1H); 2,3- 30
2,1(m2H); 2.0-1.8(m2H); 1.6(m 3H). Met hod C Concentrat ed
sul phuric acid (6.1n) was added to a sol ution of chronium trioxide
(7 g) in water (50m) cooled to O[err]. An aliquot of this solution (30n)
was WD 95/ 26333 10

PCT/ EP95/ 01114 ' 9

dded dropw se ovyer a fe mnutes to a solution of (1S, 28) - met hoxy
2yc|eohexaﬁol A J.s‘i‘)@ qfnﬁv(ﬁ)caﬂﬁﬁm%ﬁl@hﬁw €4.680) and (63314&)4-@081:0)@%

was vag(me(mnylammﬂdu 1r nambﬁehemsag chgd Blbrﬂ&%hi]étﬁﬁn&f

extracted wt
o choPLoPY! (140 i wBs EfS8em 3%13")1“%9&&56%@%?@3?%)@@ dded dronwiss via
sat ur at ed solsytlnge at stichra ipatecthiab the demperature W18 keptt hestweehh-18° idil (fP )

I h | ut
s evagorat dé‘i‘"!?& %W*d ficitef: Bian the temdighir? wag incrgetod &5

the title corf@dufisaldtion ph delsmmmzlﬁthylamme( (543agamved in dldwloremelﬁme

%050 [ﬂ_{;] H(W%ﬂ%s dded over %Grrh  stired for 10

et hgd D ""“”‘P& gt ﬁdhqﬂhé 'Pf)@" y@%‘ﬁﬂh!ﬂte @zleaf @ 1:b,

2, 6, 6, tetmixteréof sbdium bicarbphate |(@kamrhte@ éiwdgﬁocnglrlgtshan aﬁg (
| C I

9)  nAB00 LR RS sfiethylether {500y with, Wbofau) SHTRE" Gy8h Ths e@j.

sol ution of layer lmmwpebad ovith saturated brirei(450mil), dlrledleland W solvent remove at
0 to 10. Thetdrgive aft wiiife Sbiid (P40g5" TRE dflide solid was taken up in hot n-hexane
. (175ml), filtered and the volume reduced to 7__5ml. The resulting mixture was
- warmed to completely dissolve the solid.The resultant solution was cooled and

15 stirred and the {itle compound was isolated by filtration as a white solid (3.03g).

Example 4 . : g o B
. (38.4R)-3-{(R)-1-{tert-butyldimethyisilylo 114-4(R '(2-metho
o o) mclohegl]ﬂtldm-z-on :
20 To a mixture of (3S. 4R)-acetoxy-3[(R)—(t-buty|dumethylsaIyloxy)ethyl]azetldlnone
(1.0g) and the 2-methoxycyclohexanone tin tetrachloride complex (1.6g) was
added anhydrous chiorobenzene (20ml). The resulting suspension was cooled
to -20°, with wgomus stirring, and to it added tin tetrachloride (0.9ml) over 2
. minutes. The reaction mixture was theri warmed to 0° and to it added a solution
25  of tmsob_utylamme (2.2 ml) in anhy_drous. dld\lommemane (5mi) via a teflon
~cannula over 20 minutes. The resulting solution was stirred for a further 40
minutes at 0° before pouring into a vigorously stired mixture of saturated
aqueous sodium potassium tartrate (75ml) saturated sodium bicarbonate (75ml)
and ethyl acetate (100ml). After stirring for 40 minutes the phases were
30  separated and the organic layer washed with 5% citric acid solution (100ml),
saturated sodium bicarbonate solution (20ml) and saturated brine (40ml). The
organic phase was then treated with sodium sulphate (30g), filtered and the
solvent removed to give the crude product as an off-white semi crystalline solid
(1.379). . A quantity of the crude product (1.28g) was recrystalhsed from hexane
35 to give the desired title comgoun (0.91g).



the two | ayers separated and the aqueous phase back extracted with 20

di chl oronet hane (792 m). “The combined di chl or onet hane phases were
washed WWO9S#2633%6 w/ v sol uti on of ~ sodi um sul phite (BCBERSS011o0!l ed

to oto 5[err] and treated with isopropyl alcohol (8.2 mM) and 98%
sul phuric acid (6.7 m). After 10 m nutes the m xture was 25 allowed to
warmto 10 over a further 15 m nutes. The resultant m xture was

washed with water (264 m),-:saturated sodi um bi carbonate solution (792 nl)
and water (2x792 m ). The 6l ution was gl’l ed azeotropically at reflux using
a Dean Stark apparatus and then dncentrat ed by distillation to give:
the title compound as a 26. 5%vv/w solution in dichloronethane (852

g). which iy, fuRfBo0 URAg:C! réﬁb‘ ;}jmﬁﬁeq”ﬁ%ﬁﬁ’]ﬂﬁsa&b&% m);
- (t-butyl di ﬁe‘i&(ﬂfhﬂﬂ%@ﬁ@hw]& (@HaN)2' 2.89(11,dd);2.28(1 Homy,) -212(1H,m);

oxocycl ohex e o8/ .
oxocycl of 01%911(1 PEM) L A70-252(8H,m); 1.25(3M4Q)26/88(91:3); 0.087(3H,s); Q.§7(3H.5).
sol ution of 2(S) 2-nethoxycycl ohexanone (4.08g) and (3S; 4R)-4-acet oxy-

3[(R)-6t- buww sil yI oxy) et hyI ] azeti di none (4 639) I n di chl or onet hane

A

(140 nl) was QR4 ¢ 3 raf: Io ide _ AR ded dr opwi se
Vi a SH-Hge ot —Streh TyiQxy @ty M- SYOXY zeen
-16 and -13 etldmt-m-naewas stirred for 10 m nutes, then the

t enperature [ t 5“

di-i sopropyl-r‘tiav'iil §g1 5?"3') ‘gagsod\éead%ﬁ]%‘?l@%bgnﬁgﬁ cetoxy ééw m )
was added ollrig xoxm&hy eactmldmﬂtlme véls118g) r ed andr 10 (2S)-2-

m nut 49 at thoé: cldtixahbAe Bhea
1:1 ni xtm of SOhI usﬁgﬁgn satura e Sabd’hgbg’ﬁgﬁb ® gglt
(saturat ed) ungar gonitrogen; Nag aliowsd o) 097G Gﬂsa

Etl rring (r)ﬂvsolmhn dhtriisolutylamine (2.52mi) &y mlmmanetmom \%a%tsddetli g
! 0eC) 2O et 20 o, T Ao i BpHRd o o, s oo, il Ol L
filtered an8@ mmmooﬁRochonul (40mi) saturédesodium| hydrggen carbanatessolution
15 (40mi), ethyl acetate (40ml) and diethyl ether (30ml). The mixture was stirred for
- 1h, then the layers were separated. The aqueous layer was extracted with
further ethyl acetate (40ml). The combined organic extracts were washed with a
0.5M citric acid solution (40ml), satured sodium hydrogen carbonate solution _
R (40mi) and brine (50ml). The organic layer was dried and concentrated in vacuo
20  to give the crude fitie compound as a white solid (1.67g).
This material (1.5g) was crystallized from n-hexane to give the title compound
as a white solid (0.55g). | |
TH-NMR (CDCl3): 5.78 (s, 1H); 4.18 (m, 1H); 3.99 (m,1H); 3.56 (t, 1H); 3.28 (s,
3H); 3.09 (m, 1H); 2.88 (dd, 1H); 2.21 (m, 1H); 2.10 (m, 1H); 1.99 (m, 1H); 1.72-
25 1.6 (m, 2H); 1.58 (m, 1H); 1.25 (d, 3H); 0.87 (s, 9H); 0.07 (s, 3H); 0.06 (s, 3H).

Example 6 : ,
28)-{2)-Metho clohexano -tin tetrachloride 1:1 chelatecomplex
: To a stirred solution of (2S)-methoxycyclohexanone (2.0ml) in dry

30 chiorobenzene (15ml) which had been cooled to -5° in an ice/sait bath was
added tin tetrachloride (2.0ml) at a rate sufficient to maintain the temperature
below 0°. The resulting suspension was stirred for a further 15 minutes prior to
filtering at the pump. The filter cake was washed with hexane (30ml) and dried
in vacuo to give the title compound (5.9g) as a white-pale pink solid. |



warmed to conpletely dissolve the solid. The resultant solution was cool ed
and 15 stirred and the title corrpound was isolated by filtration as a
white solwo 9%6@63330) . Exanpl e 4 (3S. 4R) - 3- [KCAVEH95/01114
(tert-butyl dinmet hyl sil vi oxy)ethyl]-4-[(R-2"-[(S)-6"-(2-net hoxy) -

1' - oxocycl ohexyl ] - azeti di n-2-one 20 To a m xture of

(3S.4R) - acetoxy-3[ (R) - (t-butyl di methyl silyl oxy)ethyl]azetidinone

(1.0g) and the 2-methoxycycl ohexanone tin tetrachloride conplex (1.6g) was
added anhydrous chl orobenzene (20m ). The resulting suspension was cool ed
to -20[err], with vigorous stirring, and 1® it added tin tetrachloride
(0.9mM) over 2 m nutes. The reaction m xture was then vvarmed to

O[err] and to it added a solution 25 of triisobutylamne (2.2 m
anhydr ous di c’ﬁlﬂ;r?ﬁ?et%@ (deq)) [ﬂo&-a"'t%ﬂ = 0.935 in ChiaGi2) oJBr(W') nmax

m nutes. The 1@49kinhg sol ution was stirred for a further 40 m nut es

at O[err] bef ' I, Nto, a Nioar, |y, 4L m xt.U S rated
aqueous sodi Jﬁ&&)f@é@&g’n f‘gh (’sat“!'i)( %Sﬁis's:ytﬁi! éd?é 2"5 J}bu kre‘rféjiﬂr %Hia?é% (m,
(75m) 1) @. ety (modipt e (100m ). After stirring for 40 mnutes the
phases re 30 separated and the organic |ayer washed with 5%citric
acid soldtion (100m), saturated sodi um bi carbonate sol ution -(20m)
and sat ur at ecﬁmmgﬁi40'rﬂ). The - or gani ¢ phase was then treated with
sodi um sul phagoe b Exarshe-T oo I « g ve the
crude product_a ' SEIT [ '

quantity of 528 atptram

iy -Rinendipsony mide 23
tP (C)ZT ?:E \F/)e t he dnatere(mmnlwewrmdew t60a9§ouiion of (1s 28!32 clohexanol

Lor r] 1+ RRR( 5095SIE9"2%,.26,=100%) (8p) in dichigroruetian, (80 ommure was
3. 58( 1H, m) ; 3. Gsuiéditoi0° vigorblisiv-stired ando tHen ad)3%. soltion of sodiufbhypochiorite -
2- 0L - ab}- Bt s tart ol Pl Wkl arbpideth 2h
> (tert-but yI d3ormins;The mixtre ditionaliy-tirred foep0qminy 2t A T groanic layer
1' - oxocycl oheyys Ideparateddard he r&ueo'us layer extracted with dichloromethane (80ml).
15  Combined extracts were vigorously stirred for 1h with of a satured solution
sodium sulphite (32ml). The orgariic layer was separated and the aqueous layer
extracted with dichloromethane (20ml). The combined extracts were washed
with aqueous 30% citric acid (7.2ml), then with a eolutidn_containing brine
'(10mi) and 10% aqueous sodium bicarbonate (10ml), dried and concentrated
20  under vacuum to give (28)—2-methoxychclohexane (9 41 5mg) as a red liquid
e.e.=100%). S
Stannic chloride neat (8ml) was slowly added to a solution of the (2S)-2-
memoxy-cyclohexanone (8.63 g) in toluene (85ml) at -5°/.0° a precipitate
- formed. This mixture was stirred for 30 min at -5°. The precipitate was removed
25 by filtration, washed with toluene (20ml) and cold n-hexane (40ml) and dried
under vacuum overnight to give the title compound 16.43g of a pale brown solid
(decomposition temperature=118°- 123°)
1H-NMR(400 MHz; CDCI3) 4.60 (m 1H); 4.04 (s, 3H); 3.01 (m 1H) 2.8 (m,
2H)238(m 1H)218(m 2H); 20 - 178(m 2H)

30

Example 8

1'-oxocyclohe I-azetldln-z-on
'To a mixture of (38, 4R)-4~acetoxy-3—(R)-t-butyldlmethylsdyloxy)ethyl
35 azetidinone (1.0g) and the compound of Example 6 (1.6g) was added



Tin tetrachloride (1.59nm) was added to a solution of °

(3S, 4R) - 4- acet oxy- 3- (R) - ~t-butyldi methyl silyl oxy)ethyl
.azetidi napg 95126333 1 15Q9) and (28) 2- 10 nmet hoxycycl ®OFERSII14 0. 6ml)
in dry dichloronethane (40m ), cooled to -20[err] under a ni trogen

at nosphere. The m xture was allowed to warmto O[err], then a

solution of triisobutylamne (2.52m) in dry dlchloronethane (10m) was
added over 20 m‘nutes, The reaction was stirred at O[err] for 1 h.

~ Then, it was poured into e a mxture of Rochelle salt (40m), satured
sodi um hydrogen carbonate sol ution 15 430m ), ethyl acetate (40m ) and
diethyl ether (30m ). The m xture was stirred for 1h then the _
| ayers were separated. The aqueous |ayer was extracted wt further

et hyl acet at @nhydraus dichioromethane) (29Hhn .‘lbeemuamgssmmm gpoled to -
O 5Mcitric %"%nﬂotit b8ded fiftbiraciiotide ¢ dsim ovea dminawsn The reactidremixture

Conoent rat cd WS ek wadned to " @y t‘ﬂﬁed@pe 88 4t drisBbifyidling (3.7 fuf ¥
fgl |g |dV((a 1. GZg%alnth roﬁus d&%ﬁ;ﬁ;@thanel (5?}%;%&;31?' over 20r minutese XEhe:
Fesyiltin s sfirre i ugngént
e e
i i FicarSate 75 bt et 20
§35) 3(H)z) Vet @%@&mmﬁm thephasas ware ’a @nﬂtbeamalcggwpwa hed
To a stirred g @%O6itrid doid)soNatidr? (100mi)) saturatext sodivm bicarbohate 3olution

hI b n L
wns " O L gg0e and Ben s t“i@”?'%%‘éﬁhéie was heh drbehd fincdtaiBd il |
]E he te][natra[ ﬁé;kub nﬁo givebtheoeruijee title . corhpound ast amgwf&wht nersﬂmncmulhme Igusal
or a
cake was was f‘é?% tﬂ“%éﬁgﬁﬁe?éa@ %%mﬁé%ilgbb%ﬁlﬁgg%ﬁ%qpc?'gl ve hhe
tPICtT} EpggygggdﬂﬁM(&%)te pal e pink solid. VO 9?/326333
e T e s Al
1.6 (m, 2H); 1.58 (m, 1H); 1.25 (d, 3H); 0.87 (s, OH); 0.08 (s, 3H); 0.06 (s, 3H).

Example 9

| 38.4R)-3-{(R)-1(t-butyidimethyisi hyl 2'(S)-6'-methoxy-1'-

20  oxocyclohexyl)azetidin-2-one '
Neat stannic chloride (55.2ml) over 30min at 59 and then
diisopropylethylamine (6.4ml.) over few minutes were dropped to a stirred
solution of (2S)-2-Methoxycyclohexanone (22.56ml) in dry dichloromethane
(200mi). To the resultant white suspension obtained a solution of (3S,4R)-4-

25 acetoxy-3-butyldimethyisilyloxyethyl-2-azetidinone (40g) in dry dichloromethane
(80ml) over 15 minutes. The'reactio_n temperature was allowed to rise to 0% and
a solution of diisopropylethyiamine (56.8ml) in dry dichloromethane(80ml) was

- added dropwise over 40 minutes. After further 15 minutes stirring the reaction

mixture is poured into a chilled (0°) aqueous solution of 2N HCI and left under

30 stirring for 15 minutes. After separation the organic layer was washed with 2N
HCI (13x200ml) and then stirred with a aqueous mixture of 20%w/v sodium,
potassium tartrate/ 2M sodium carbonate (200mi/120ml) for 15 minutes. After
separation the organic phase was washed with brine (200m), dried over sodium
sulphate and the solvent evaporated under vacuum to guve of the crude tltle

- 35 compound 53g as a whitish solid.



1649 cnjerr] NNR'(CDCI[err]); 4..12 (s, 1H), 3.74 (s, 3H), 2.78 (m

1H, 2.50 (m 2H), 2.16 (m . 1H), 2.1 -12.7 (m 4H 5 Exanpl e

7 woldsr26333et hoxy-.cycl ohexanone-Tin(lV) tetrachl ori dect/ER9s/01114

chel at e- conpl ex 2,2,6,6,-tetranet hyl - 1- pi peri di neoxyl (288 np), :
pot assi um brom de (225 ng) and wat er (24m) were added to a solution
of (1S, 2S)-2-net hoxy-cycl ohexanol. 10 (assay=91.2% e.e.=100% (8g) in

di chl oronet hane (80ml). This m xture was ~ cooled to O vigorously
stirred and then a 13% sol ution of sodi um hypochl orite (40mM)

buffered with sodi um bi carbonate (680ng) 14was added dropwi se in.2h
30mn. The m xture was additionally stirred for 30 mn at 0. The organic

i ¢hi or omet 1S CrAARpAtGE AR efigyehid i) 8406, o B B odobbung P asa o,

1h with of casatwhitedsalid.uti on . sodi um sul phite (32m ). The organic
| ayer was separated and the aqueous | ayer extracted with
di chl or onet I ned extracts_ were washed

Sueous. 305 DMMB(EBIGSY 15 280e. bt T8I AL, 38805 W, Cosh(a. iHhg3 BLaaH)
(10n1) mnd ‘9poaAUReYS 2faséum1b1car2mhem)10nt)2-1 (PR 9GBASERER 20

2”291138%”"4 b e ot B T Saen o

solution of .the (2S)-2- met hoxy- cycl ohexanone (8.63 g) in toluene
(85m ) at -5L¢ Pn a precipitate f or ned. ThIS m xture was stirred
for 30 mn ae= : The preC| pltate was rem)ved 25 ¢ by f||trat|on
washed with (38.4 B yldin Isilvigiasie r2(SH6"

vgcuunw)verrb 1 cidh L Szét’ikﬁnIZ hg corrpn 16439 ofa pal e brown solid
t H- NIVR( 400
DAt Lorr]) i Et(aeﬁnza”pcnéinqymmlt”ei @IéIqésE il s 3 sgiebito: @ - stimsF | Kblaton of AT
(23284(R ;ﬂ éH[ tetho » ter&k%ne 121 41 t8in( ahll'ljidibuiodxfd\hloromdem (226 Zéunder
- - u | e _

(2 met nolpEen o 85 e 14" Jred gt &t 1B for 5
'm xture -of miriaes 4ient- acesohxt;orB oR) (35, bMaW&{RM@mthyﬁlyi-
azet i dyone L i ERdfidintng (40 8Y i ahhylrgtEPdihforérheftane FOCRHiEHas added

WD 95/ 26333
PCT/ EP95/ 01 1tothe reaction mixture in under 20 min, keeping the temperature below -5°. Di-

|sopropylethylam|ne (63.1 ml) was added dropwise over 1 h keeping the
temperature between 0 and 5° (the temperature over the first quarter of the

. ‘addition was allowed to rise ca. 0°). The reaction was stirred at 0 to 5°C for 10
20 min, then quenched by addition of the reaction maxture into a chnlled (0-5°)

' ~ solution of 2M hydrochloric acid (400 mi). The solution was stlrred for 15 mins,
and the organic phase then separated. The organic phase was washed three

times with 2M hydrochloric acid (3x200 mi) and then stimed with 20% wiv
Rochelle's salt: 2N. sodium carbonate (5;3) (309 mi) for 30 min. The aqueous

25 . phase was backwashed with dichloromethane (80 mi), the combined organic
phase were washed with 20% wiv aqueous brine (200 ml), and the aqueous

phase again backwashed with dlchloromethane (80 mi). ]

The organic solution was dried over magnesium sulphate concentrated to

_ dryness and the residue dissolved in dichloromethane (3), iso-octane (7)
30 (280 ml) and the mixture was filtered through a 1 micron filter. The fi iter was
washed with dichloromethane; iso-octane (0.45: 1 55) (100 ml) and the
combined filtrates were further evaporated to -dryr_;ess. The residue was
dissolved in iso-octane (360 ml)' at reflux. The solution was aliowed to cool with -

stirring to 18-22° overnight and the crystallised mixture was aged for a further h

35 at 0-5°. The product was isolated by filtration, washed with iso-octane (2x 100




‘ 13 anhydr ous di chl or onet hane (25n1 ) . The resulti ng suspensi on was

cooled to - 20[err] and to: it added tin tetrachloride 0.9n1% over 2
. mi nut es WOR¥26383ct i on ni xture was then warmed to OFSEMEPIFHRHIYo |t
added a solution of triisobutylamne (2.2 m) in | anhydr ous

di chl oronet hane (5m ) via teflon cannula over 20 ninutes. The 5

resulting solution was stirred for a further 40 mnutes at O[err] before
pouring into a vigorously stirred m xture.of ‘saturated aqueous

sodi um potassiumtartrate’ ' (75rr1)1 at ur at ed sodi um bi carbonate (75m)
and ethyl acetate (200m ). After stirring for 20 m nutes the phases
were separated and the organic | ayer washed wth 3%citric acid

sol ution (JA0Mcuo &R BOP 2 Yive TH compBaAat ' crystal

bri ne (50rr1§ 7'l'hg or gani c%hasgé\l/\t/amsebbsen gﬁlaeéds ggti’ﬂ‘ct(é)ﬁjcée"r% at’ed |mr11é S
vacuo to gﬂ 2% 8% crude title conpound as an off-white sem crystalline gum
(1.89). This material (1.79) was recrystallised fromn-hexane to give the
pure ‘title conmpound (0.51q). 1H NWVR (CDCl[err]): 5.75 (s,
1H); 4.18 (m1H);-3.99 (m 1H); 3.57 (t, 1H); 3.28 (s, 15 3H); 3.09 (m
IH); 2.88 (m 1H; 2.23 (m 1H); 2.10 (m 1H; 1.99 (m 1H; 1.74- '

1.6 (m 2H); 1.58 (m 1 H); 1.25 (d, 3H); 0.87 (s, 9H); 0.08 (s, 3H); 0.06

(s, 3H). Exanpl e 9 (3S. 4R -3-[(R -1
(t-butyldinmethylsilyloxy)ethyl]-4[(R)-2'-(S)-6"-nethoxy-1 '- 20

. oxocycl ohexyl ) azeti di n- 2- one Neat stannic chloride (55.2m) over
30mn at -5[err] and t hen di i sopropyl ethylam ne (6.4m .) over
few m nutes were dropped to a stirred sol ution of

(2S) - 2- Met hoxycycl ohexanone: (22.56m ) in dry dichl oronet hane

(200M ). To the resultant white suspension obtained a solution of .
(3S,4R) -4- 25 acet oxy- 3- but yl di net hyl si | yl oxyet hyl - 2-azeti di none (409)
in dry dichloronethane ~ (80m) over 15 mnutes. The reaction
tenperature was allowed to rise to O[err] and a solution of

di i sopropyl ethylam ne (56.8m) in dry dichloromethane(80m ) was

added dropwi se over 40 m nutes. After further 15 mnutes stirring the
reaction - mxture is poured into a chilled (O[err]) aqueous sol ution
of 2N HCl and | eft under 30 stirring for 15 mnutes. After separation

t he organic | ayer was washed with 2N HCl (13x200m ) and then
stirred with a aqueous m xture of 20%W v sodi um - pot assi um
tartratel 2M sodi um carbonate (200m /120m ) for 15 minutes. After
separation the organi c phase was washed with brine (200m ), dried over

. sodi um sul phate and the sol vent evaporated under vacuumto give of
the crude title 35 conpound 53g as a whitish solid.



WO 95/ 26333

PCT/ EP95/ 01114 14 ' The
cryst al | i wat9s2e338r om n- hexane (600m ) gave of pure title congEEPM/H03H4159
as a white solid. [err] H-NVR(O®Cl[err]): 5.76(bs,1H), 4.18(m 1H),

3.99(m1 H), 3.58(m1H), 3.28(s,3H), 5 ~3-09m—iH——=2-88(dd, 1 H),
2.25(m 1 H), 2.2-1.85(m2H), 1.8-1.52(m

. ! I: 13|_|)1
o, ea(s. ot . o87(s, 30 b orcs, 5. " RINATTTAL
(3S.4R)-3-[(R) - 1(t-butyl di methyl silyl oxy) et AR 7w )= 0' - met hoxy-1' -

10 oxocycl ohexyl ) azeti di n-'2- one - Tin.tetrachloride (55.6 m) was

added to a stirred solution of 2(S)- met hoxycycl ohexane (21.4 g) in
anhydr ous di chl orhAMSne (220 m) under . ..nitrogen over 40 m nutes at
bel ow -5[err]. The m xture was aged at -5[err] for 5 m nutes then a

azetidi none (40 n anhydrous d was' ‘a
to the reaction xde'%m@iemw%-m n, keeping the tenperature bel ow -5.

01017, 55 Aot n il e 4R o (P RS

D - 5 i sopropyl et hyl am ne (63.1 M) was added dropwi se over 1 h
keepi ng t he tenperature between 0 and 5 (the tenperature over the
first quarter of the addition was allowed to rise ca. 0). The

reaction was stirred at 0 to 5C for 10 20
of the reaction mxture into a &olled (0 N ]) solution of 2M
hydrochloric acid (400 m ). The gp utg’o %, tirred M 15 m ns,

and the organi c phase then separ g §d.= arfiocu;hase was washed three

times with 2M hydrochl oric aci _

Rochell e's salt 2N sodi um car borrat g -3) (300 M) for 30 mn. The aqueous

25 phase was backwashed with ¢i#hl oronethane (80 ml), the conbi ned

organi c phase were washed Wi th 20% w/ v aqueous brine (200 nml), and

t he aqueous i Srqeeg) fHe azitidiRofs i E e .
A Szl of M WRERIR RIS & hfeony

The organic solution was dried over nmagnesi um su

m n, then quenched by addition

protecting group
10
with the homochiral (28)-2-me_thoxycyclohexa‘ne (i) or the complex
thereof formed with one molecule of stannic chioride, in an aprotic solvent
and in the presence of a Lewis acid and a sterically hindered amine.
v @D
. OCH,
15 ' o :

2. A process as claimed in claim 1 wherein the Lewis acid is stannic
chioride. '

3. A process as claimed in claim 1 or claim 2 wherein the sterically hindered

20 amine is a compound selected from trie‘thylamine di-isopropylethyiamine,

tri-isopropylamine, tri-isobutylamine, dibenzylethylamine, dibenzyl-

methylamine, N,N-dimethylbenzlamine, - 2,6-dimethylpiperidine, 2,2,6,6
-tetramethyipiperidine, 2,6-diterbutyipyridine, or 2,6-dimethylpyridine.



Jdryness and the residue dissolved in dichloronethane (3); iso-octane (7) 30
(280 mM) and the mxture was filtered through a 1 mcron filter. The filter
aas wo 98a&d38d wi t h di chl oronet hane; iso-octane (0.45: perEPdsH9P M)

and the conmbined filtrat es'wer@further evaporated to dryness. The
resi due was di ssol veidii n i so-oCtane (360 m ) at reflux. The solution
was allowed to cool with = . stirring to 18-22ferr}—overnight and the
crystalli sed m xture was aged for a further 6h 35 pr oduct
was isolated by filtration, washed with iso- oct a H““m‘“mﬁ““irm‘\m
95/ 26333
PCT/ EP95/ 01114 in

" vacuo at 30[err] to give the title conpound as a white yell ow crystal l'ine
solid (32.7 9). WO 95/ 26333

PCT/ EP95/ 01414 A process as claimed in claim 3 wherein the sterically hindered amineGsAl VS

1. A process f@ﬁ-ﬁdﬁoﬁléﬂﬁlaﬁ\irﬁn of conpounds of fornmula (1) Wnere R err]
is a "~ hydroxy protecting group. 5 [err]

5 5. A process as claimed in any of claims 1 to 4 wherein the reaction is
carried out at temperature within the range -20 to 10°.

6.  Aprocess as claimed in any of claims 1 to 5 wherein the aprotic solvent is
dichloromethane.

10
7. A process as claimed in any of claims 1 to 6 wherein the hydroxy
protecting group R, is a t-butyldimethyisilyl group.

8. A process as claimed in claim 1 wherein the azetidinone (ll) in which R,
15 is a t-butyldimethyisilyl group is reacted with the homochiral (2S)-2-
methoxycyclohexanane (lll) in the presence of stannic chloride and a

sterically hindered amine.

9. A process as claimed in claim 8 wherein the sterically hindered amine is
20 - di-isopropylethylamine.

10. A process as claimed in any of claims 1 to 9 wherein the azetidinone () is
added to a mixture of the Lewis acid, and homochiral 2-

methoxycyclohexanone (III), followed by addition of the sterically hindered
25 amine.



Whi ch conprises reacting the azetldlnone (II) wherein R[err]
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compounds of formula “(I) wherein R is
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17 4. A process as clainmed in claim3 wherein the

sterically hi ndered amine is di -i sopropyl et hyl am ne. 5

5. A process as clained in any of clainms 1 to 4 wherein the reaction is
carried out at tenperature within the range -20 to 10. 6. A
process as clainmed in any of clainms 1 to 5 wherein the aprotic solvent is
di chl or onet hane. 10 : 7. A process as clainmed in any of clains 1 to
6 wherein the hydroxy protectlng group Rlerr] is a
t-butyldinmethylsilyl group. 8. A process as clained in clalm 1
wherein the azetidinone (Il1) in which Rerr] 15 s a

t-butyldimethylsilyl group is reacted with the honochiral (2S)-2-
met hoxycycl ohexanane (I11) in the presence of stannic chloride and a

sterically hindered am ne. 9. A process as claimed inclaim8
wherein the sterically hlndered amne is 20

di -i sopropyl et hyl am ne. 10. A process as clainmed in any of clalns
1 to 9 wherein the azetidinone (II) is ' added to a m xture of
the Lewi s acid, and honochiral 2- ' - met hoxycycl ohexanone (I111),
fol |l oned by addltlon of the sterically hindered 25 am ne.
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