EP 0 396 901 81 Descri pt,i on .SUMVARKp of39¢8 b1 8NVENTI ON 5 Thi s invention
is concerned with an inproved process’ for producing the internediate

[ 2S-(2a, 3,8,5a)]-3- nethyl-7-oxo0-3-(H1,2,3-triazol-1-yl nmethyl)-4-thia-

- azabi cycl mdseérfiod] hept ane- 2- car boxyl i c aci d, (4- nitrophenyl) net hyl
ester, 4,4-dioxide, having the structure a CGOCHE / NO2 15
CH2 20X0 iSUMNARY|OF THEINVERTION N' N The i nprovenent resides in an increased
yield (60% and purity (90%,:the elimnation of two steps in the heretofor
known synt heShissingantion$ Fespginadwith a8 imprever] preceps for predying the infermediate [RS-(R 36 Sy )k3-

Wi t Qout ~ r SBSMHT-RE-33Hd Aldiraedyime ,%?'w-azab'qVH°la-219H6‘em°'F§3'E?’ivkﬁw de€i8r i bl in
EP- A 00974’3’6’9‘3%"7’2;‘1%']8[1%*9&6&}1@‘ B Heving the SUPYPved and the product is isol ated
by col unm chromat ography. The above described internediate is then used to
produce the biologically active fi 8l actamase=RR| bi t or

[ 2S- (2al 3w, 5a,)].3-nethyl - 7-oxo-3}|(1 H 1
.2,3-triazol-1-yl nmethyl)-4-thi a- 1- 8z86Hey
acid, 4,4-dioxide having the fornua 30 0 I

The improvement resides in an increased yield (60%) and purity (80%), the elimination of two steps in the
heretofor known synthesis and allows isolation directly from the reaction mixture without resorting to
chromatography.

25 In a known reaction described in EP-A-0097446 strenuous conditions are involved and the product is
isolated by column chromatography.

The above described intermediate is then used to produce the biologically active g-lactamase inhibitor
[2S-(2a,38,5a,)}-3-methyl-7-0x0-3-(1H-1,2,3-triazol-1-ylmethyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid, 4,4-dioxide having the formula
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45 DESCRIPTION OF THE INVENTION

The process improvement which is the subject of this invention is described by the following reaction
scheme and description:
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~~~~~~~~~~ C-DCHZ t NOR 25 EP 0396901 B1 O t 0 ~~~~~~~CH2- 30
28 40 18 0 C OCH 4500 25~~~~~~~~~~~~~~~~~~~ | 30 35~~~~~~~~~~~ According to
t he above reaction azi dopenansul fone 1 is dissolved in vinyl propionate
contai ning 4- 50 nethoxyphenol and this solution is reacted dropwise with a
solution of bisftrinethylsilyl)acetgmde ang—4x net hoxyphenol in tol uene at
70-80-*C fol l owed by reaction at 95-ckOfh,= hqyt 24 hours and
filtration and cooling to produce t i nt er\gedj/at ed

[ 28\W2a,°3f |, 5af | ) - 3- net hyl - 7- oxo- 3- Hdu,, 2, 3-triazol -1 -ylmethyl)-4
thia-1 -azabicycl o[ 3. 2. J hept aa¢ oxylic acid, (4-nitrophenyl)nethyl
ester, 4,4-dioxide, 2 having 90¢% . in 60%yield 88 The
internediate 2 is then hydrogenat ? 50% pal | adium on carbon in ethyl
acet at e/jgvat er, containi ng sodi um ¥ gfir bmat e, fol |l owed by acidification

with a mneral acid, giving the desined $8-1actamase inhibitor 3. 3 EP O
396 901 Bl *Exanple 1 [28- (2a* 30,r§) 1-3-MIlthyl-7-0x0-3- (IR 112 s3- 5
triazol-1-Xlnmethvl)-4-thia-1-azabicvdl or3.2.01- heptane-2-carboxvlic acid,

(4-nitrophennV)- nmethyl ester 4.4-didxide 10 An ethyl acetate solution
contai nisng 84 g of azi dopenammsul fonqg was evaporated to dryness, then added
to 1865 nml of vinyl propionate contailning 4 g of 4-nethoxyphenol and
stirred for 1 hour. The solution was filtered and the filtrate added

dropwi se over 3.5 hours to a solution conprised of 1324 ml of toluene, 84
m 15 (66.8 g) of bis(trinethylsily}l)acetan de and 4 g of 4-nethoxyphenol

at\Z0- 88 C. When addition was conpl effe the yeaQ{ion tenperature was raised
to 95-100 *C and mai ntai ned for 24 hetdtH ¢80 i on was

CH,
0 ~—
2 N I ettt D
| =/
30 3
0
| Il
o C~0H
Chy
og— N
| d 'cnz-r/ NN
; i =

3

According to the above reaction azidopenamsulfone 1 is dissolved in vinyl propionate containing 4-
50 methoxyphenol and this solution is reacted dropwise with a solution of bis(trimethylsilyl)acetamide and 4-
methoxyphenol in toluene at 70-80°C followed by reaction at 95-100°C for about 24 hours and filtration
and cooling to produce the intermediated [28-(22,38,5q,)]-3-methyl-7-0x0-3-(1H-1,2,3-triazol-1-yImethyl)-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, (4-nitrophenyl)methyl ester, 4,4-dioxide, 2 having 90%
purity and in 60% yield. B
55 The intermediate 2 is then hydrogenated over 5% npalladium on carbon in ethyl acetate/water,
containing sodium bicarbonate, followed by acidification with a mineral acid, giving the desired g-lactamase
inhibitor 3.



then cooled to room tenperature, with 11 g of hydrous nmagnesi um
silicate, stirred for 20 m nutes angp'%ﬂggs?ml Bl ed t hrough a bed of 33 g of
hydrous magnesium silicate. The filtrate was rotoevaporated, collecting
2500 n of gigdddd ate. The filtrate was stirred at roomtenperature for 12
hours, then Toofed to 0- 20 5 Cfor 2 hours and the resulting solid

col l ected, washed w h VI n f the desired
intermediate with a {9%’ %'é@l’/j'g %3’4% ST or pr oduci ng
the conposind [ 2S- \ ¥ _Z_ E-! } lof _

H1, 28-triazol - %M ehifa Iaaicc 3:2.0

thlalazablcyclo[3 131)% RCAED D) X3¢ 1C4cnitrophengphenyl ) net hyl
ester, 4,4-dioxide, which cogafJFes C'f'-gdfofbt'on of

azi dopenamsul fone, 4-net hoxy%‘é‘ﬁﬁ‘*‘?%’(‘p‘l’b‘p‘l‘(}%e with a solution of
bi s(trimgehyl silyl)acetam de and 4-net hoxyphenol in toluene at 80-100-C for
18-30 hours followed by filtering the resulting solution and cooling the
filtrate to O-Ap(pthyl acetatgsoiptien EPriating 4 gcH @zidopengmstiiang was exaporated e drydss tpnddded
Ver bi ndung [%2'85% z'é°f3@vls%{?rj'0"ste Iettaiging wekﬂfmsmwp*rqn@u and sgfirfeq jfos A djour] The gelution was
thyl)-4-t p. "°red:f2 %ﬁdzif Itepr 5?°wa%$?§$'m@mvcs$dm% H9koneei4y

ester, 2 lapet and 4 ’ém "é'i #ef0-9036y °@/Gﬁd"'°" was
Azi dopent a qz ;h - a f(e'éeggﬁﬁs il Q%M i 'ta'"?ﬂ fr %ﬁ '??é;s T_'I?s’
]I?:s(trlnethé F %T q‘\?{?ﬁ’g sma 31' ﬁa?éwsr

r 18 bis : tThg '%igs ure hE ﬂ?ﬁ gm o
Abki hl en ,gles. L% § Eafrssanﬁ lle lh% r?ena%d gl he Bsired

produ¥tion infdABROAH abuf y
[ 2S- (2a. 3,0, 5a)]-3-nbt hyl - 7- oxo 3 (1H—1 2,3-triazol -

1-yl m-t hyl ) chthdi a- 1- azabi cycl o( 3. 2. 0] hept ane- 2- car boxyl ate de

(4-ni trophenyl ) mdthyl e, qui conprend |a r~action d' une solution

d' azi dopesnams A progess focsrodbcinglthb @uigoadRb-(32{35 88 PR} ITuRE-8-(1H1  /3-R)dor1 ameﬂs.ynpne
sol ution de bitsi--aiapiydv. S0 hyptina@eb@mylitCacki, (Aitrodheipliristigy 916 -diekIIdS whieh com-

t ol uene & 80- FISs@apiingcasalutiohsf azidopeh8ma More, pimbtBoxyphehol labd AiyiptspiodRe With £sJiutibrt &N -
rdsul t ant e et Hisgrimeiifinisiyldé¢etamidecant 4etoettiaxydhermt indol@nd @Gt 80-100 * 6 @or 35-3d hours olfbwdd 356
901 Bl Exanpl diltering fh@resgifieg soRtionsand podjing t8e filkeatédntpl0-1+Gx0- 3- (1HC 2-1,2,3- 5
triazol - # Xl uethyl)-4-thia-1-azabicvclo r3 .2. 01- hentane-2-car boxvl i ¢
acid. (4-nPetep®PAlh®. et hyl ester 4. 4-dioxide

1. Verfahren zur Herstellung der Verbindung [2S-(2a,38.5a)]-3-Methyl-7-0x0-3+(1 H-1,2,3-triazol-1-ylme-

thyl)-4-thia-1-azabicyclo[3.2.0]heptan-2-carbonséure,-(4-Nitrophenyl)methylester,-4,4-Dioxid, das umfaBt

35 die Umsetzung einer LOsung von Azidopentamsulfon, 4-Methoxyphenol und Vinylpropionat mit einer

LSsung von Bis(trimethyisilyl)acetamid und 4-Methoxyphenol in Toluo! bei 80 bis 100°*C flir 18 bis 30
Stunden, gefolgt von Filtration der entstandenen L&sung und Abklihlen des Filtrats auf 0 bis 10°G.

Revendications

40

1. Procédé de. production du composé 4,4-dioxyde de [2S-(2a,38,5q)]- 3-méthyl-7-oxo-3-(1H-1,2,3-triazol-

1-ylméthyl)-4-thia-1-azabicyclo{3.2.0]heptane-2-carboxylate de (4-nitrophényl)méthyle, qui comprend la

réaction d'une solution d'azidopenamsulione, de 4-méthoxyphénol et de propionate de vinyle avec une

solution de bis(triméthylsilyl)acétamide et de 4-méthoxyphénol dans le toludne 3 80-100°C pendant

45 18-30 h puis Ia filtration de la solution résultante et le refroidissement du filtrat 4 0-10°C.
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10 An ethyl acet ate sol ution cont aigpigih y 1@10f azi dopenansul f one was
evaporated to dryness, then added to 188 m of vinyl propionate containing
4 g of 4-nmethoxyphenol and stirred for 1 hour. The solution was filtered
and the fiftampibe added dropw se over 3.5 hours to a solution conprised of
1324 m of toluene, 84 m i5 (66 8 g) of bis(trinmethylsilyl)acetam de and
4 g of 4-net hoxypthQL(QB 32 nf.3imfhfﬁd1l¢ﬁug\a§1ﬁ.om e4e the reaction
tenperature was r ased nd rrm.n.t.a.l..n.e.d._f.a.r__ZA_.h.m.Lr.s. The
reacti of was thelg §acbad 1iq hg of hydrous
magResi um silicate ] rough a bed
of 33 g of hydrous~fFlgrcs gc * S otgev apor at ed,
collecting 2500 m of di stl MMH rred at room
terrperature for 12 hours, then cooled to 0O- 20 5 * C for 2 hours and the
resul ti ng solid collect ed washed with heptane and dried, giving 50 g of

the desired i nref?i q@eﬂétggo?utlm éonta%ng HJi g oy d];pe%gr(gulfoge wa evaporatedlto dryné) Sa%df or
d

Frzg ?g;ngof{: @3‘ ?G? hﬁi nz)t% ;éop ’Elr;tnm of 4- thox){pheno anﬁ stirred f r1 ml he solu’noré4 was

yTsi W %

fto
thi a- 1- 2 algs 5 cPlos i h&hcﬁ%hanol 7668 fcotmny
ester, 4, 4deghpRite tQ@veaéﬁm feMp&rFe wak ranBs to” 9331@6 { N ghananftdindl kPB4 Rdurs. The reaction was
azi dopenarmbH §BB&10 rBorhTRInB&¥NB L BMBIhedAfk 1Y Igrbvwaro@phegm&.ﬁn Wlicatd, MrredPiordol fiiutdaf
bi s(tri met &gl thenl rbrpd eredughra ded 3NSB § oMRYdRsdY Yiabsiom siliBaté. Orinb! Afrte Mas Rtooldporafed,§ OF
18- 30 hour eliécohg 250 ehi bidishilldtd. Fhd filgatd R suesdﬂttmongteﬁpdruﬁre N 12 Adlirs; hem tddld td1e
filtraten t® MiedDhdurs@nd 819 rddaltirgyrsolitnactdaveastied witle hédptdne endl dried, giviag Sd ‘¢ bil thisdpsiekar
Vekbj ndunginp@®dié eith 8yredf 908~ Met hyl - 7- oxo-3- (1 H 1 ,2,3-triazol - 1-yl ne-
thyl ) -4-thia-1-azabicycl of 3. 2. 0] hept an- 2- car bonsi ure, - (4- Ni trophenyl ) net hyl
ester, -4, 40Bmsxi d, das unfalt 35 di e Unsetzung einer Ldsung von
Azi dopent ansul fon, 4- Met hoxxphenol und Vi nyl propionat mt einer Ldsung von
Bi s(tri At hyl“sﬂ’?cﬁs%la'dﬁda?ﬁgd UPRNPRUIHE @ dedirdamethyh7-miot 3 (d-1.8.8riagy 1 fyimsthyipdy |
C fUr 18 bi s thipy!-azebicyglel3.2.0 Eﬂpﬁn %-caf'eﬂwﬁap'tﬂfmﬂrmew&weﬁﬂﬁs@hﬁd@ww (whisk pg-und
AbkUnl en des °F§°F ﬁaa’ aa 'f" °Pfoa"a§""% pheng|aad vinylpropignate witlop golidigiotde
producti on dl?lt " oty ": ‘%/‘g | ’25" Qc%%&?&')‘?o "S- T5-18AP) howrs dgligwed by 1
12, 3-trjazol - 8ing, ?rﬁsﬂmg)mﬂmf'ﬁ °°T'"§i ety 6 0705 0] hept ane- 2- car boxyl at e

de (4- n|tr m‘q{% gﬁl& hyl e, qui conprend |l a reaction d' une solution
d' azi dopenansul'i de 4-nmdt hoxyphdnol et de propionate de vinyle avec une

sol ution dg %ﬁaﬁ,khl,{fﬁt )éleﬁd &&%ﬁ;ﬁrgméqgﬂ%a%%a 33?% e Py ai‘%&" on
&

t ol ubne A 80| Wiia-REA Jheptan-2~ reld(4!NRroplib eWyI@&térQ'm ﬁ
r~sultapd e elgiel GindeRlingOdisk i&ﬂuﬂ@ Odn Alidopérhdmisiton,2a- ﬂétﬂ&yphe&:l u progi At
1111 hhl'1lj 1 (3suhddon Bisitrimethyisilyl)acetamid und 4-Methoxyphenol in Toluol bei 80 bls 100 C fur 18 bis 30
Stunden, gefolgt von Filiration der entstandenen L&sung und Abklihlen des Filtrats auf 0 bis 10°C.

, Revendications
NS 40 .

1. Procédé de production du composé 4.4-dioxyde de [25-(2a,38,5a)]-3-méthyl-7-ox0-3-(1H-1,2,3-triazol-
1-ylméthyl)-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate de (4-nitrophényl)méthyle, qui comprend la
réaction d'une solution d'azidopenamsulione, de 4-méthoxyphénol et de propionate de vinyle avec une
solution de bis(triméthylsilyl)acétamide et de 4-méthoxyphénol dans le toludne A 80-100°C pendant

45 18-30 h puis la filtration de la solution résultante et le refroidissement du filtrat & 0-10°C.
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