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GB 2 136 009 A 1

SPECIFICATION
Carbapenenintermediates

5 The presentinvention is directed to 2 new process
for producing a key intermediate used in the synth-
esis of thienamycin and other carbapenem antibio-
tics.

The antibiotic thienamycin of the formula

OH H
A E SCHCHaNHZ
]:Nj[
q COOH

10 was originally obtained by fermentation of Strep-
tomyces cattleya as described in U.S. Patent
3.850,357. Thienamycin is an exceptionally potent
broad-spectrum antibiotic which possesses notable
activity against various Pseudomonas species,

15 organismswhich have been notoriously resistant to
B-lactam antibiotics. ’

Because of the exceptional biological activity of
thienamycin, a large number of derivatives have been
prepared. While attempts have been made to synthe-

20 size derivatives with various substituents otherthan
hydroxyethyl at the 6-position of the carbapenem
ring system, the hydroxyethyl group is still consi-
dered the most advantageous 6-substituentfor opti-
mum activity.

25 Sincefermentation proceduresto prepare
thienamycin and derivatives thereof have been
unsatisfactory, several total synthesis procedures
have been reportedin the literature (see, forexample,
U.S. Patents 4,287,122, 4,269,772, 4,282,148,

30 4,273,709, 4,290,947 and European Patent Applica-
tion 7973). While the various synthetic procedures
utilize different starting materials, they go through a
common diazo intermediate having the formula

OH

~.

H
0 N COZR1

7
= "X
1
~
o

where R, represents a conventional carboxyl-protect-

35 ing group. One of the most preferred carboxyl-
protecting groups forintermediate | is the p-nit-
robenzyl group which can be readily removed by
catalytic hydrogenation after formation of the ulti-
mate carbapenem product.

40  Recently attempts have been madeto synthesize
intermediate [ {and subsequently thienamycin and
other carbapenem derivatives) from readily available
6-APA. Karady et al., forexample, inJ. Am. Chem.
Soc. 103(22): 6765-6767 (1981) disclose one such

45 process which produces the diazo intermediate of the
formula

P H

o
N-P
CoocH —@
0 i, 2

where P is t-butyldimethylsilyl by displacement of the
O-protected azetidinone ofthe formula

opP

e XX

=

0
with an enol silyl ether of benzyl 2-diazoacetoacetate

50 having the formula

55

60

65

70

0SilCH3i3
/\/ cogy <)

N2

Tetrahedron Lett. 23(22): 2293-2296 {1982) dis-
closes the preparation of the diazo intermediate of

theformula
OH
-~ 0
oji”'(”Icoumz-@

N2

L=

from 4 - acetoxy -3- (1 - hydroxyethyl) - 2 - azetidinone
by Lewis acid catalyzed alkylation with the corres-
pondingsilyl encl ether of the formula

OSifCH3)3
Al

N2

Yoshida et al. in Chem. Pharm. Bull. 29(10):
2899-2909 (1981) report another synthetic procedure
for converting 6-APA to the O-protected azetidinone
oftheformula

/CH3
0Si—CICHgls
N

‘j:-i—ocoma
N

0 N\
H
which can be converted to a diazo intermediate of
Formulal by the process disclosed in the above-
mentioned Tetrahedron Lett. reference.

Since the diazo intermediate of Formula | having a
p-nitrobenzyl ester protecting group is a preferred
carbapenem intermediate, itwould be desirable to
have a process for converting readily available
azetidinone compounds of the general formula

oP H
A i,
RN

where L is a conventional leaving group such as halo
oracetoxy and P is a conventional hydroxyl-protect-
ing group such as triorganosilyl to the corresponding
p-nitrobenzyl ester intermediate of Formulal.

Since the Lewis acid catalyzed alkylation of ketones

Formulae in the printed specification were reproduced from drawings submitted after the date offiling, in accordance
with Rule 20(14) of the Patents Rules 1982.
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GB 2136 009 A 2

as their silyl enol ethers has been described in the
literature (see, for example, Tetrahedron Lett. 23(22):
2293-2296, 1982 and also Tetrahedron Lett. 23(4):
379-382, 1982), it might be expected thatthe desired
5 p-nitrobenzy! ester intermediate | ora hydroxy-
protected derivative thereof could be prepared by
Lewis acid catalyzed alkylation of an appropriate
azetidinone compound Il with an enol silyl ether of
p-nitrobenzyl diazoacetoacetate having the formula

]!
|
0Si—R2

\
/\F@/tozcﬁz —@-NOZ

N2

10 wherein R, R2and R®are each independently C;-C,
alkyl. Unfortunately, however, the presentinventors
he ve found that the known method of preparing
compounds of Formula lll does notworkwhen a
p-nitrobenzyl protecting group is desired. Thus, the

15 prior art method for preparing enol silyl ethers of
diazo-acetoacetates employs silylation of a diazoace-
toacetate ester ofthe formula

0

/\/COZRT

Nz

wherein R; is a carboxyl-protecting group to the enol
silyl ether ester

R’
[
0Si— R?

\,
/\Ra/ COzRy

Nz

20 wherein R?, RZand R®are each independently C+-C4
alkyl by use of atriorganosilyl halide silylating agentin
the presence of a strong base;, €.9. trimethylchlorosi-
Jane with a lithium base such as lithium hexamethyl-
disilazide. When this prior artsilylation procedure is

25 empolyed withthe p-nitrobenzyl ester

cochZQ N0z

the strong base needed to form the enolate is
incompatible with the p-nitrobenzyl ester because of
the highly reactive methylene group. Use of weaker
organic bases such as trialkylamines with the triorga-
30 nosilyl halide silylating agent, however, does not

produce the desired enol silyl ether.

it was the object of the present invention to provide
asilylation procedure for producing the p-nitrobenzyl
silyl enol ether

0

Nz

gt
)
0Si—-R2

N\,
/f/mzﬂ*z*@w

N2
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35 wherein R', R2and R® are each independently C4-C4
alkyl from the intermediate

0
/\/EOZC”ZQN“Z
N2

Successful perperation of intermediate Ill would then
aliow preparation of the key carbapenemin-
termediate

OH

(k=4

b
!

= {

i \}

0

EOZ(HZ-ONOZ

40 orahydroxyl-protected derivative thereof by reaction
ofintermediate Il with a suitable O-protected azetidi-

none ofthe formula
-‘ L
I
AN

H

wherein P and L are as defined above followed by
removal, if desired, of the hydroxyl-protecting group.

45 The presentinvention provides novel carbapenem
intermediates having the formuia

0 N2

R‘l
]
0Si—R2

N\
/\RB’/cozcnz —-QNDZ
N2

wherein R?, R? and R®are each independently C;-C4
alkyl.
Also provided by the present invention is a process
50 forthe preparation of anintermediate of Formulalll
which comprises reacting a compound of theformula

COz(H2®N02

with a silyl triflate of the formula

0

N2

g/
|

RZ - Si-0S0,CF;
B

whereinR", RZand R®are each independently C,-C,
alkyl in an inert organic solvent and in the presence of
55 an organic base.
stilifurther provided by the presentinventionis a
process for the preparation of an intermediate of the

formula
”

OR%

A 0
J: “/I cozcuz-Q NOz

D!I*Nz

A

Y
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wherein R*is hydrogen or a conventional hydroxyi-
protecting group, which process comprises reacting
acompound ofthe formula

oré'

} I:"L
0 “NH
whereinR? isa conventional hydroxyl-protecting

5 group and L is a conventional leaving group such as
acetoxy, propionyloxy, t-butyryloxy or chloroinan

inert organicsolvent and in the presence of a Lewis
acid catalystwith a silyl enol ether of the formula

U=

=

,?1
0Si—R2

\
/\Ra/mzcﬂz—@mz

Nz

wherein R, R? and R® are each independently C,-C,
10 alkyl.
The presentinvention is based on the unexpected
discovery that the p-nitrobenzy! diazoacetoacetate
intermediate of the formula

COZEHZONOZ

N2

0

could be successfully converted to the co rresponding
15 enol silyt ether intermediate of the formula

Rl
|
0Si-R2

“\p3

Nz

wherein R, R?and R*are each independently C;-C,
alkyl by reaction of Compound IV with a triorganosilyl
triflate silylating agent of the formuia

g
]
RZ -Si-0S0,LF,
. é3

wherein R', R?and R®are as defined above in an inert
20 organic solventand in the presence of an organic

base. Use of the silyl triflate silylating agent instead of

the prior artsilylchloride reagent allows use of an

organic hase such as atrialkylamine [e.g. tri{C-C4)

alkytaminel}instead of the prior art strong bases, thus
25 making it possible to successfuily form the desired

silytenal etherintermediate lil in high yield despite

the presence of the highly reactive methylene group

inthe p-nitrobenzy! moiety.

The reaction of intermediate [V with the triorgano-

30 silyl triflate silylating agentis carried outin aninert

organic solvent such as methylene chloride, tetrahy-

drofuran, carbon tetrachloride, dioxane, dimethoxy-

ethane, diethyl ether or chloroform at atemperature

in the range of from about —40°C to about +30°C.

BNSDOCID: <GB__2136009A__{_>

35 Mostconveniently the reaction is allowed to take
place atatemperature in the range of from about
0-5°C.

The triorganosilyl triflate may be any trialkylsilyl
trifuoromethylsulfonate but is preferably a commer-

40 cially available reagent such as trimethylsilyl trif-
luoromethylsufonate or tert-butyl dimethylsily trif-
luoromethylsulfonate. The most preferred silylating
agentis tert-butyl dimethylsilyl trifluoro-methylsul-
fonate.

45 Organicamine bases such as diisopropylethyla-
mine, DBU (1, 8-diazabicyclo [5.4.0] undec-7-ene),
DBN{1,5- diazabicyclo-[4.3.0] non-5-ene)and
especially tri (C1-C,4) alkylamines (e.g. trimethyla-
ming, triethylamine, tributylamine, tripropylamine)

50 are suitable for use with the triorganosilyl triflate
silylating agent.

Generally the organic base, triorganosilyl triflate
and intermediate [V are reacted in approximately
equimolaramounts with the base being used in slight

55 excess. The most preferred molar ratio of intermedi-
ate lV: triorganosilyl triflate: base is about 1:1.2:1.4.

The desired silyl enol ether intermediates of
general Formulalll are formed in high yields by use of
the above-described process.

60 Ofthe novel intermediates included within the
scope of Formula lll, the most preferred compounds
are those having the trimethylsilyl or tert-buty|
dimethylsilyl protecting groups.

Once intermediates of Formula lll are prepared,

65 they may be used in a further aspect of the present
invention to prepare the known diazo intermediate la.
Thus, intermediate |l is reacted with a suitable
O-protected azetidinone of the Formulallinaninert
organic solvent such as methylene chloride, chlor-

70 oform, carbon tetrachloride, dioxane, diethyl ether,
tetrahydrofuran or dimethoxyethane in the presence
of a Lewis acid catalyst such as zinc chloride, zinc
iodide, zinc bromide, titanium tetrachloride, magne-
sium bromide, boran trifluoride, aluminum chloride,

75 stannicchloride orferric chloride. A preferred solvent
is methylene chloride and a preferred catalystis zinc
chloride.

Azetidinone compounds of Formula Il are known
compounds or may be prepared by known methods.
80 The hydroxyalkyl group of such compounds is
protected by a conventional hydroxy-protecting
group. While the particular protecting group usedis
not critical and may be selected from a large number
ofsuch groups knownintheart, itis preferredtouse a
85 triorganosily protecting group such as trimethylsilyl
or tert-butyl dimethylsilyl since such groups are
readily removable by treatment with methanolic HCI
orwith fluoride ion (e.g. tetra-n-butyl ammonium
fluoride/tetrahydrofuran). Other examples of suitable
90 hydroxy-protecting groups include p-nitrobenzyloxy-
carbonyl which can be removed by catalytic hyd-
rogenation, allyloxycarbonyl which can be removed
by Pd{P@3)4-catalyzed reaction and 2-trihaloethoxy-
carbony! (-CO,CH,CX3; where X=Cl or Br) which may -
95 beremoved by treatment with Zn-acetic acid in
methanol. The leaving group L may be any conven-
tional leaving group such as halo (e.g. chloro) or
acyloxy (e.g. acetoxy, propionyloxy or t-butyryloxy)
but is most preferably acetoxy. Generally itis
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preferred to add an excess of the silyl enol ether il to
the azetidinonell.

Following the alkylation reaction toform the
hydroxyl-protected diazo intermediate, the protect-

5 ing group may be subsequently removed by known
methods so as to provide the desired intermediate la.
Triorganosilyl protecting groups, as mentioned
above, are especially preferred because they may be
readily removed without disruption of the remaining

10 portion of the molecule.

Diazo intermediate la may be converted by known
methods to thienamycin and various other car-
bapenem derivatives having useful antibacterial
activity.

15 Thefollowing examplesillustrate but do notlimit
the scope of the presentinvention.
Example 1
Preparation of p-Nitrobenzyl 2 - diazo -3 - trimethyl-
silyloxy - 3 - butenoate
20 A.p-Nitrobenzyl acetoacetate

0
teluene
HOCH -@-NO
/\/coza + 2 2
0

/\/cuzpua

A mixture of ethyl acetoacetate (140 g, 1.08 mole)
and p-nitrobenzyl alcohol (153 g, 1.00 mole; was
washed with diethyl ether priorto use) in toluene (1L}
was slowly distifled, 900 m! of the solvent being

25 collected over a period of 15 hours. Aftercooling, any
insoluble material was removed by fiitration over
Celite, washed with toluene and evaporated in vacuo
to obtain 280 g of a crude oil. This oil was crystallized
at 5°C from diethy! ether {280 mi) to yield 181.55g

30 (0.766 mole, 76.6% yield) of the title compound as
off-white crystals: mp 40°-42°C; ir {film) Vmax: 1740
{ester), 1715 (C=0), 1515 and 1345 (NO,) em™; '"Hmr
(CDCls) &: 1.98 (s, impurity), 2.32 (3H, s, CH3),3.62 (2H,
s, -COCH,CO,R),5.08 (s, impurity),5.28 (2H, s,

36 -CO,CH,Ar), 7.563({2H, “d”,J=9Hz, ArH’s),and 8.23
ppm (2H, ““d”, J=9 Hz, ArH’s); Rf 0.45 (diethyl ether}.
An analytical sample was obtained by recrystalliza-
tion from toluene-hexanes: mp 47°-49°C.

Anal. calc’d for C44H;1NOs: C,55.70; H, 4.67; N, 5.91

40 Found:C,55.69; H,4.62; N,5.85.

B. p- Nitrobenzyl 2 - diazo - 3- ketobutanoate

0

9 TsNy
e .
/\/COZPNB ErsN/CH 30N C02PNB -

Nz

To a solution of p-nitrobenzyl acetoacetate {134.64g,
0.568 mole) and triethylamine (79.0 ml, 0.568 moie) in
CH5CN (340 ml) was added at 0-5°C under anitrogen

45 atmosphere p-toluenesulfonyl azide (130g,0.638
mole; 97% pure) over a period of 156 minutes. During
this period the title compound started precipitating.
The cooling bath was removed and the mixture was
stirred at room temperature for 3 hours. The mixture

50 was cooled in an ice-bath for 30 minutes and the
precipitate was filtered, washed with cold CHLCN (75

BNSDOCID: <GB_2136009A__1_>

ml} and then cold diethyl ether (200 ml), and dried to
yield 135.06 g (0.514 mole, yield 90.4%) of the title
compound as pale yellow powder: 'Hmr (CDCl3) 3:

55 2.50(3H, s, Hs), 5.38(2H, s, -COCH,Ar), 7.53 (2K, ""d",
J=9Hz, aromaticHs)and 8.27 ppm {2H, “d"”, J=9Hz,
aromatic Hs); ir {CH2Cla} Vimax: 2130 {N3), 1720 (ester),
1655 {C=0), 1520 and 1350 cm™* (NO,); Rf0.65 (ethyl
acetate).

" 60 C.p-Nitrobenzyl2-diazo -3 - trimethylsilyloxy -3 -

butenoate

0 0SiMe3

T™MS OTf

£0,PNB :
triethylamine

CO,PNB

N2 Nz

To a suspension of p-nitrobenzy! x-diazoacetoace-
tate (236 mg, 1 mmole) and triethylamine (0.15mi,
1.08 mmole) in CH,CI; (2 ml) was added at 0°-5°C

65 trimethylsilyl trifluoro-methylsulfonate {0.22 mi)
under a nitrogen atmosphere and the mixture was
stirred for 30 minutes. To this clear yellow solution
was added dry hexanes (30 ml) and the reaction
mixture was stirred for 10 minutes. After removing

70 the oily deposit, the hexanes solution was evaporated
in vacuotoyield yellow solid which was redissolved
in dry hexanes {50 mi). The insoluble material was
filtered over Celite and the filtrate was evaporated in
vacuo to obtain 277 mg (0.90 mmole, yield 80%) of

75 thetitle compound as yellow crystals: ir {film viax:
2100({N,), 1705 (ester}, 15620 and 1345 cm™ (NQ,);
THmr{CDCl3) 8: 0.27 (9H, s, -SiMe3), 4.23 (1H, d, J=2
Hz, vinyl proton)}, 4.93 (1H, d, J=2 Hz, vinyl proton),
5.32 (2H, s, -CO,CH,Ar), 7.48 (2H, “d"”, J=9 Hz,

80 aromatic protons), and8.23 ppm (2H, “d"”, J/=8Hz,
aromatic protons}).

Example 2

Preparation of p-Nitrobenzyl 2 - diazo - 3 - tert - butyl
dimethylsilyloxy - 3- butenoate

0 o_f,i +

TBDMS OTF
NiGHs1 3

£0,p-NB (07p-NB

Nz N2

86 Toasuspension of p-nitrobenzyl o-diazoacetoace-
tate (26.30 g, 0.10 mole) and triethylamine (14.57 g,
20.00 ml, 0.14 mole) in dry methylene chloride (200
ml) was added at 2°C tert-butyl dimethylsilyl trif-
luoromethylisulfonate (31.72 g, 27.50 ml, 0.12 mole}

90 overa 30 minute period under ahitrogenatmos-
phere. The mixture was then stirred at2°Cfor one
hour. The clear orange solution was diluted with
methylene chloride {50 ml) and washed with water (3
% 200 ml) and then brine {100 ml), dried (Na,S0,} and

95 evaporated, yielding 37.40 g (0.098 mole, yield 99%)
ofthe title compound as ayellow solid: "Hmr (CDCl3,
EM-360A, 60 MHz) 5: 0.26 {6H, s, Si(CHz),), 0.96 (9H, s,
SiC(CHs)3), 4.25 (1H, d,J=2.5Hz, 4-H),4.97 {1H,d,
J=2.5Hz, 4-H), 5.32(2H, 5, -CO,CH,Ar), 7.48(2H, “d”,

100 J=9.0Hz, ArH’s) and 8.22 ppm (2H, “d"”, J=9.0Hz,
ArH s} ir (film) Vimax: 2080 {N2), 1694 (ester}, 1600
{C=C)and 1344 cm™* {NO,).
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Example 3
Preparation of (35S, 4R) - 3- [(1R) - (tert - buty! -
dimethylsilyloxy) ethyl] -4 - [3- (4 - nitrobenzyloxy)
carbonyl -2 - oxo - 3- diazopropyl] azetidin - 2 - one

osi+

(0,p-NB

0si +
).

%, 0COCH3 N
J/::N Znlly

0 Ny

To asuspension of anhydrous zinc chloride (34
mg, 0.25 mmole}, in methylene chloride (2 ml) was
addedasolution of (1'R, 3R, 4R) -3-(1' - tert -
butyidimethylsilyloxyethyl) - 4 - acetoxy - azetidin - 2 -
one (144 mg, 0.5 mmole) in methylene chioride (4 ml}
followed by solid 4-nitrobenzyl - 2 - diazo - 3 - tert-
butyldimethyl - silyloxy - 3 - butenoate (350 mg, 0.93
mmole} under a nitrogen atmosphere. The mixture
was stirred at room temperature under nitrogen for
4.5 hours. The mixture, diluted with ethyl acetate (50
ml), was washed with saturated sodium bicarbonate
(2 x 25 ml) and then brine {30 mi}, dried {(Na;S04) and
evaporated, yielding a crude oily yellow solid which
was purified by column chromatography [(Si0,, 30 g)
eluted with methylene chloride : ethyl acetate 4:1] to
obtain 198 mg (0.405 mmole, 81%) of the title
compound as an oil identical {tic, 'Hmr) with an
authentic sample prepared by a published procedure.

Example 4
Preparation of (35, 4R) - 3- [(1R) - Hydroxyethyl]-4- (3
- (4- nitrobenzyloxy) carbonyf-2 - oxo -3 -
diazopropyl] azetidin-2 - one

1
0Si
(I+ N2
A,
co;PNe N HCU/ methanol
N 0
0 H
/('JH Ny
K (0,PNB
0
0 H

To asolution of (3S,4R)-3-[{1R)-{tert-
butyldimethyl - silyloxy) ethyl}-4-[3- {4 -
nitrobenzyloxy) carbonyl -2 - oxo - 3 - diazopropyi]
azetidin - 2-one (72 mg, 0.15 mmole} in methanol (1.0
ml}was added TN aqueous HCI (0.2 ml} and the
mixture was stirred at room temperature for 2 hours
by which time tic {ethyl acetate) indicated that the
reaction was completed. During this period the title
compound was precipitated. This was filtered and
rinsed with cold CH30H-H,0 (9:1) and then cold
diethyl etherto obtain 43mg (0.11 mmole, yield 73%)
of the title compound as a white solid. The title
compound was similarly obtained from {35, 4R)-3-
{{1R}-[(2, 4, 6 - tri - tert - butylphenoxy) dimethylsily-
oxy] ethyl} -4-[3-(4- nitrobenzyloxy) - carbonyl - 2-

BNSDOCID: <GB___2136009A_|_>

oxo - 3-diazopropyl] azetidin-2- one.

Example 5
Preparation of (3S, 4R)-3- {(1R-[(2,4, 6 - Tri - tert
butylphenoxy) dimethyisityloxyl ethyl}-4-[3-(4-
nitrobenzyl} oxycarbonyl -2 - oxo - 3 - diazopropyl]
azetidin-2-one

o%& +

L
CO,PNB 0§1-0 Ny

“, 2,
N2 /‘ ,J;r\ﬂ)KCOZPNB
N > N O
0 \ ZnCt;

0 H

The title compound was prepared in 84% yield
from (3R, 4Rand 4S) -4 -acetoxy-3-{(1R-{(2,4,6- tri
- tert- butylphenoxy)} - dimethylsilyloxy] ethyl} - 2 -
azetidinone by the method described above for the
corresponding t-butyl dimethylsilyl derivative: *Hmr
{CDClg, 80 MHz) 8: 0.26 (3H, s, SiMe), 0.40 {3H, s,
SiMe), 1.27 (9H, s, t-Bu), 1.41{18H, s, (t-Bu),}), 2.92(1H,
dd, J3-1'= 4,7 HZ, J3.4=2.5 HZ, 3"H); 2.97 (1 H, dd,
Jgem=17.6 Hz, Jyn4= 9.6 Hz, 1""-Hp), 3.40(1H, dd,
Jgem=17.6 Hz, Jy» 2.4=3.5Hz, 1"-H,), 3.98-4.24 (1H, m,
4-H), 4.32-4.57 (1H, m, 1"-H), 5.35(2H, s, -CO,CH,Ar),
5.95(1H, brs, NH), 7.22 (2H, s, ArH's of the ether), 7.52
{2H, ‘d”, J=8.7 Hz, ArH’s of the ester) and 8.26 ppm
{2H, "d", J=8.7 Hz, ArH’s of the ester): ir (neat) v, ax:
3300(br, NH}, 2137 (-N,}, 1755 (B-lactam), 1720
{ester), 1651 (C=0), 1523 and 1345cm™"' (NO,).
CLAIMS

1. Acompound having the formula

R1
]
0Si—RZ

N
/\*ﬁ/cozmz-@noz

Ny

wherein R?, R? and R® are each independently C4-C,
alkyl.
2. Acompoundaccording to Claim 1 having the

[0)=3¥ (CH3 ) 3
/\/COZCHZ Isz

)

3. Acompound accordingto Claim 1 having the
formula

CH
p.3
08i-C (CE3)3 .

Vo, ,
CO,CE, XD,
7
Mo
4. AprocessTforthe preparation of acompound of
theformula
Rl
!
0Si-R?

g3

N2
wherein R, R? and R®are each independently C,-C,
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alkyl, which process comprises reacting a compound
ofthe formula

o}

cochZQ- NO;
N2

with a silyl triflate of the formula

R
R2 -sii-osnch3
3
wherein R, R?and R® are as defined above, in an inert
5 organicsolventandin the presence ofan organic
base.

5. The process according to Claim 4 wherein the
reaction is carried out at a temperature of from about
-40°Cto +30°C.

10 6. Theprocessaccordingto Claim 4orClaim5
whereinthe organic base is a C;-C, trialkylamine, and
the solventis methylene chloride.

7. Aprocess for the preparation of a compound of
the formula

oR%

BN

N
§ tli N cuzcnz-@—noz

15 whereinR%is hydrogenora conventional hydroxyl-
protecting group, which process comprisesreacting
acompound of the formula

R"l

nx

0
4

0

L

i

H

wherein Lisa conventional leaving groupand R* isa
conventional hydroxyl-protecting group in aninert

20 organicsolventand inthe presence of a Lewis acid
catalyst with an enol silyl ether compound ofthe
formula

)
|
8Si—RZ

N\
/\‘@/com@mz

N2

wherein R?, R2and R® are each independently C;-C4
alkyl, and, if desired, removing the hydroxyl-protect-
25 ing group to obtain the corresponding hydroxyethyl
intermediate.
8. The process accordingto Claim 7 wherein the
leaving grouplis

o]
n
—-0-CCH,

9. The process accordingto Claim 7 orClaim 8
30 wherein the Lewis acid catalystis ZnCl,.

BNSDCCID: <GB___2136009A_1_>

10. TheprocessaccordingtoClaim7,80r8
wherein the solventis methylene chloride.

11. The process accordingto Claim7,8,20r10
wherein the hydroxyl-protecting group is tert-butyl-

35 dimethyisilyl, trimethylsilyl or (2, 4, 6 - tri - tert-

butylphenoxy) dimethylsilyl.

12. Process according to claim 4, 5 or 6, characte-
rized in that the compound of the following formulais

prepared:
OSsi (CE,)
/\‘/3302:32{}«02
L

40 13. Processaccording toclaim 4,5 or 6 characte-
rized in that the compound of the following formula is
prepared:

g
05i-2(CHg)y

e,
cozt:}&@woz
7

14. Aprocess asclaimed in claim 4, substantially
as described in the foregoing Example 1 or 2.

45 156. Aprocessasclaimedinclaim 7, substantially
asdescribed in the foregoing Example 3or5orin the
foregoing Examples 3 and 4 taken together.

16. Acompound asclaimed in claim 1 prepared
by a process asclaimedinclaim4,5,6, 12,13 or 14.

50 17. Anazetidin-2-onederivative prepared by a

process as claimedin any of claims 7to 11 orclaim 15.

18. Acompoundasclaimedinclaim 1,2,3 or 16,
foruse in the preparation of thienamycin and other
carbapenem antibiotics.
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