2136009 CARBAPENEM | NTERVEDI ATES i Field of the Invention The present
invention is directed to a new process for producing a key internedi ate
used in the synthesis of thienanmycin and ot her carbapenem anti biotics: 2.
Descriotion of the Prior Art The antibiotic thienanyci f e formula
[erwgnlerr] was originally obtained by fernentation of %i&)bg}@

cat ya as described in U S.. Patent 3,950,357. Thienanmycin is an
exceptional |y potent broad-spectrum antibiotic which possesses notable
activity agai nst various Pseudononas species, or ganl sms whi ch have been

notoriously resistant to ferr]-lactan antibiotics. . -2 - Because of the
exceptional - biological factivity o thienainycin, a.large nunber of (—
derivatives have been prepared. Wile attenpts have' been nmade to synt hesi zé

derivatives with various substituents-other than hydroxyethyl at the
6-position of the carbapenemring system the hydroxyethyl group is still
consi dered the nost advant ageous 6- substl tuent for optinmumactivity. Since
fernmentation procedures to_@ﬁ.ﬁﬂt :

/ . BACKGECUND OF THE INVENTION

o Field cf +Lhe Inveaticn

The present invention .is directed > a new process
for producing a key intermediate used in the synthesis of
thienamycin and other carbapenem ant;biotics.

Ko

2. Description cf the B=ior Axt’

A

The ant iotic 4hienamycin of the fezmula

was originally obtained by fermentation of St-eptomvoes cattleva
as described in U.S. Patent 3,950,357. Thienax vein is an .
exceptionally potent b*oaé-spect:um antibiotic wh;ch pessesses

notable activity against various Pseudcmonas scecles, organiss
which have been notoriously resistant +o 8~lactan antibictics.



and derivatives thereof have been unsatisfactory, several total synthesis -
procedures have been reported in the . literature (see, for exanples,U S

. Patents 4,287,123, 4,269,772, 4,282,148, 4,273,709, 4,290,947 and" European

. Bat ent. 'App2t ~on. 7973) . mhlle the various synthetic procedures- ut|I|ze N
di fferent start- .28 ing materials, they.go t hrough a comon diazo - ;??5:'
internedi ate having the fornula [err] where [err] represents. a’ conventlona
car boxyl - prot eating group.. Oie of the most preferred cafboxyl -protecting
groups for inte:- mediate . T'is the 'p-nitrobenzyl group which can be readlly
renmoved by catal ytic hydrogenation after formation.of the.ultinmate -
carbapenenlpoduct Recent |-y "attenpts have. been made to synthesize inter- |
‘mediate | (and subsequent!ly. thienamycin-and ot her carbapenenrderlvatlves) -
fronrreadrly avail abl e 6-APA. Karady et al., for exanple, in J. Am. ‘Chem -
Soc. 103(22): 6765-6767 (1981) dis- close one such process whi ch. produces
the diazo |nterned|ate of the fornula [err] [err] [err]: [err]
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a laxzge. numbexr of dex
thienanyClnv El ynthes‘2° aerivat;ves wich

Wh11e attempts have been made tO S

-t $edon
t xyethyl at the 6-positl
vaz;ous s¢bstztuents other than hvdro yethy

T £ill
of the ca:bapenem ::ng systen, the hyc:oxve*hvl gxr oua is s

- v.bqp‘qun
considered the nost advan.agecus 6-subst;tuent for optimad
. eor t

activity.
epare thzenaﬂycln

';s.nce fe:mentation p'ocedures to p-

£ mv,uual@¢1
he*eof have been unsatis ac
e deriva N rted in the literature (see,

4, 269 772 4,282,148,
ication. 7973).'

:"synthesis p:ocedu:es have been repo
for exana’e, U.S. Patents 4,287, 23,
4, 273, 709, 4, 290,947 and Euvopeah patent Appl o .

' While the various svn.he.zc p:ocedu*es u**lxze ex-ae rent st



r-

‘where P is t-butyldinmethylsilyl by dlsplacenent of the 0- protected

azetidinone of the formula OP ~ HJ[err] - -4- with an enol eryI et her of
benzyl 2-di azoacet oacet at-e haV|ng t he formul a Osi (ferr] ' _
ferr] [err] [err] Tetrahedron Lett. 23(22) 2293-2296 (1982) . dlscloses the'
“pr@@ar ati on of the diazo intermediate of the di azo internedi ate of t he

fo l.a [err] [err]. from 4- acetoxy 3- (1- hydroxyet hyl ) -2-azeti none by Lew s°
acid catal yzed alkylatlo th the correspondi silyl enol ether of the - -
formul a Yoshide et al. in Cheanharnr Bul | - 29(10):2899g-2909 (1981) report -
anot her synthetic procedure for cgaverting 6-APA.to. the C>protected '
azeti di none of t he fornula [err] [err] [err]

S
. ing materials, .hey go through 2 common diazo- inuerredxa.e

. having the ‘crﬂula

where Rl :egrésents_a conventional ca:quylép;otecting-group._..
One of the mest preferred carboxyl-protecting groups for inter-
mediate I is the p-ritrobenzyl group which can be readily
rerioved by catalytic hydfogenaéioniafté:1f6rmatioa of the
ultimate carbapenem product. '

‘Recently at 'enats“have_been nade to synthesize inter-
med;a e I (afd subsequently thienanyecin and other cazbapenem
derivatives) from readily available §-APA.: Karady et Eérr for
example, in J. Am. Chem. Soc. 103(22): 6765-§767 (1981) dis-
close one such process which prodgces'thé_die;o internediate .
of the formula ' o .

QP B

-Niszcoq35j4llbr_ T
whezre P is t-bn.yld;metby‘s;lyl by eisolacement of the O-
protected azetid;none of the ‘crmu-a

-




ferr] H whi ch can be converted to a diazo intermedi ate of Fornmula | by -
t he process disclosed in the above-nentioned Tetrahedron Lett. -reference.
Since the.diazo intermediate of “Fornula’l. havihg a p-nitrobenzyl ester
protecting group is a. pref erred carbapenem intermediate, it would be
desi-rahl e to have-a -process for converting read| Iy avai.l abl'e azet'i di none
corrpounds of the ceneral forrrul a [err] [err]- where L i$ a conventl onal
| eavi ng group such as hal o or ‘acgsoxy and P |s a conV| onal - - _

hydr oxyl - prot ecti ng. group such as” tri-organosilyl to the corresgonding.

p-ni trobenzyl - ester inter- nedi‘ate of Formula I. ‘Since the Lewis acid
catal yzed al kyI ation of' ‘ketones as thej T, silyl enol ‘ethers has been
described in'the' literature (see, for exahple, Tetrahedron Lett. 23(22):
2293-2296, '1982 and al so Tetrahedron Lett. 23§4 379-382, 198 img it mght -
be expect ed t hat yi&e of efrioh egh yyine thep beh py42¥dsE 127 0REFRASE AT oF .a
hydr oxy- . prot-ect efe dRLLYRL | ve thereof. coul d ‘be prepared. by Levm s acid
cat al yzed aI kyl atl on of an .appropri-ate azetl di noone conpound Il '
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Te‘-*a"xed’on Le.....' 25(22): 2293-2296 (1982) discloses
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the prasara.zon o0f the éiazo latesw te o _
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Mﬁth an enol silyl. ether of p- nltrobenzyl di azoacet oacet ate havi ng the

fornula 2 [ERR] [ERR]. |1l wherein [ERR], [ERR] and [ERR] are each
pendentl'y [ERR] al kyl. Unfortunately, however the present inventors |
,Nh found that the known nethod of preparing conpounds of Forrmula Il does -

not_ work when a p- ni-trobenzyl protecting group is desired. . Thus, the prior
art method for :preparingenol silyl ethers of diazo- acetoacetates enploys
silylation of ‘a diazoaceﬁ@acetate'ester of t-h@@tornula 0 O2R [err] wherein
[err] is a carboxyl-protecting group to the enol .silyl ether ester [err]
[eri] 2 . wherein -[err] and [err] -are each independently [err] alkyl by
use of a triorganosilyl - halide-®Bilylating agent in the presence of a
strong base, e.g. trlnethylchlor05|lane with a lithium base : U

which can be converted to a diazo 1nte:nedxate of Fornula I by
the process dzsc’osed in the above—nentzoned ”et:ahecroe Lets.

reference.

" Since the diazo in*erme&iate-of Formule :: hev;ng 2
p-nitrobenzyl ester o*otec ting group is a preferred ca-bapenem.
in.ermed*ate, t would be desirable to have a2 process for
converting reacxly available aze tidinone compounds of the éeﬁeral
formula ' . e

oP -

_'4;

e dnd

C

B+

where L is a'conventideal leaviné g;ou§ such.es-ha1o 6r_acetogy
‘and P is a-convenbicnal hyd:okyl—aro'ecting group such as
triorganosilyl to the- co*res:onézn~ n-n;trobenzvl estex ;n.e*-'
nedza e of Fo*n 2la I : '

) Since the: Lew*s ac;d ca.alyzed alkv’atlcn of" ketcnes as
”thelr silyl enol ethers has been described in .he literatu

'(see, for example, Tetrahedron Lett. 23(22): 2293-2296, 1982 and
also Tetrahedron Lett. 23(4): 379-382, 1982}, it might be expected

© that the desired p-aic robenzyl es.er int erned.ate Iozxa hyd'cxy-
protected derivative thereof could be- prepared by Lewis acigd -
catalyzed alkvlatlon of an approp';ate ‘azetidinone comoonnd 1z
"with an encl s-lyl ether of p~nitrobenzyl d azoacetoacetate having
the formula . ' ' :




Such as IithiunihexanethyldisiIazide When this prior art silylation
pfocedure is enployed with the p- ni ttobenzyl 635;

ester -7- Jerr] N2 the
strong base needed to form the enolate is |nconpat|ble with the

p- nlrrobenzyl ester because of .the highly reactive neyhyl ene group. : Use of
“weaker, organi c bases such as trial kylamines with the triorganesityl halide
‘silylating agent, however, does not produce t he. deS|regs§nol silyl ether:

It was t-he object of the presentéﬁhventlon t o. provide ilylation:
procedure for producrng the p-nitrobenzyl.. silyl enol -ether [err] [err] N

‘lerr] 2 "3 wherein [err] and [err] a@e each |ndependently [err] aIkyI
Homthe|MeHmmaH30[eH] _ .

faitd

1;;

.whe"e.n Rl, Rz ar.d R3 are eac’q indenenden iy cl-c4 alkyl..

Unfortunately, however, the present inventors have ;oun? thatl
the k“own method of p:epar.ng consounés of Fozmula III does not
ka o wozk when a p-nxtzobenzyl p*o.ec-;ng g.oun is desz:-:ed.‘= Thus,_ |
' ' ' the pr rior art method for preca:_ng enol si.w" e‘-‘xe—i 2 d:.i:i _
acetoacetates employs szlylahzou of a d‘azoaeetoaca.a te ester
" of the formula :

CO5Ry

- L - : " ool silyl
" ‘wherein R; is 2 cazboxyl-protecting gzous to the eao s y

. b oy
- ether estel

w#e*ei; R*, ®% and ‘®° are each independen*ly cl::: ai:ztn:z :ie
of a trzorganosilyl halide silylating agent i: = ih-km beee
‘a st ong base, e.G. t*xmethvlchlo-os;lane wlthls przor .

such as lithlum hexame hyldisilaz;de wWhen

- robenzyl ester
sxlylatzon proceau'e is employed thh the p -pitzo Y
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"-8- Successful preparation O internediate 11l would then al [ ow prepar ation ‘
of the key carbapeflneminternediate OH [err] la or. a hydroxyl-protected

derivative thereof by reaction of inter- nmediate Il with a suitable

O protedcted azetidi none of the formula OP wherein P andL are as defi ned
above followed by removal, if * desired, of the hydr oxyl - prot ecting group/
SUMWWARY OF THE | NVENTI ON The present |nvent| on proyides novel carbapence .

i nt di at es having- theormJIa [err]. 11 nln [err] and [err] are each.
i ndependently [err] al k) Al'so provided by t preserd inventionis a '
process for the pre'paratlon of an internediate of Fornula-l11l1 which com
prises reacting a corrpound of the_ fornula-Owith a silyl triflate of the -

formul a : - T ' L2
ozc-:az't-:gz .

the gtrong base needed to form the enolate is incompatible with
the p-nitrobenzyl ester because of the highly reactive metaylene

group. Use of weaker organic bases such as tx :.alxyla..'n_nes with
the’ tzio:ganosilyl halide si ylating agen‘.:, however, does not © -
procduce the neszred enol. silyl ethex.

LIt was the cbject of the bresen. ..nvent* on "o provide. ’
a sii vlatxoﬁ p rocedure ‘o* prodacing the p-m obe.nz:,l silyl
enol ether '
223
wherein Rl., Rz and 33 are each independe:x ly Cl-C 4 a.lkvl -..cm .
the intermediate - L : ~ : S :

24 O . o [}
cczc:s;2 ' o




[err] [err] R V wherein [err] and-[err] are each independently [err] éE&yl
ih an’inert organic solvent.and in the presence of an organic base. -10-
'Still further provided by t.he present invention is a process for the '
preparation of an internediate of .the fornula [err] I b wherei.n [err] i
.hydrogen or a conventronal hydroxyl -[ protecting group, which process
-conprises reacting a conpound of the fornula [err] [err] N Il wherein [err]
-is a conventianal hydroxyl-protecging group and L is. g onventronal o
| eavi ng grdup such as acetoxy,rwéinonyloxy, t-butyrylo¥y or chioro in an
inert .organic solvent and“in the presence of a Lewis acid catalyst with a
si L.yl enoI et her of the fornula R. . :

-/v*
-f-
s ai n'enaiation of intermediate III would"then_allaw
Success.. | T
mediate
"preaa:ation of the key cazba?enem intermedia
. P oy, o,
v CC)ZCZA.2 2
- Ia
. ' - T a of inter-
) hy a oxyl vrotec ed de*zvat;ve thereo‘ bv bea;tic: oi ne
e s ) i e of the
ord? te I*I with a su*table o-protec*ed azeti d_npbe ' _
mediat =
formula :- S )
oF L
B
)‘-~~ - ‘L '. ) ._
— N\ "
| adé N :
o i+ S
- L '- . : - . N . .- . . ) e‘nucval ] if )
~ h in P and L are as de;_ned above followed by ¥ '
' where

aesi*ed, of the hydroxyl-p*o.ect_ng groué.



2 [err] [err] [err] [err] =~ - 11 - wherein [err] and [err] are each -

I nd ndently [err] al kyl. DETAILED- DESCRI PTI.ON The present ‘invention is’
base# on t he unexpected di s- covety that the p-nitrobenzyl ' L

, di azoacetoacetate internediate of the fornula 0 [err] 2 N could be
successfully converted to the corresponding enol silyl ‘ether internediate

of the fornula [err] [err] g&err} [err] 2 11l whererm R R _and R are each
i ndependent |y Cl1-C4 al kyl . e
’ o Y- T
SUMMARY OF THE INVEN™Ioy >0
' The present i“vea*iOﬁ provides no .
vel ca:ba
intermediates hav;ng the .o*mula ' pcp:;
gt -
 oki—g?
111 R
. _ N\
where.n R R2 and R3 ar o
’ e each indeaenden.ly cl-c‘ alkyl
Also prov‘ded by the presenb invention is a process
for the px ena*at-on of an in.ermedza.e of Formula III vhich com-
" prises’ react ﬁa a compound o‘ the ‘ormula
o
v
with a silyl triflate of the formula U
o meeT T -
gl . -
2_},
R®~51-0SC,CF,
K :
R .
\'
whezein Rl, R? and R> are each independently Cy=Cy alkyl in'an .

‘inert organic solvent and in the presence of a7 organic base.



G

reacti an of Conmpound IV wth a triorganosilyl triflate silylating agent of -
the formula [err] [err] [err] [err] - 12 - wherein [err] and [err] are_
as defined above in an_ inert organic solvent and in the presence of an -
6rganic base. Use of the silyl triflate silylating agent instead of the.
prior art silyl- chloride reagent allows use of -an organic base such as a
tri- alkylantne [e.q. trl(lerr])alkylantne3 instead of the prior art strong
bases, ‘thus making it possnble togguccessfully forntthe"e5|red silyl enol
ether intermed ate 111 in high yi &d despite the présence of the hlghly
.reactive methyl ene group in the p- nitrobagzyl noiety. The reaction’ of
internediate |V wiith the trlorgano- silyl triflate silylating agent .i
caﬁ¢xed out in an inert  or

tetrahydrofuran,

carbon te

?Q‘éﬁf 2811"\/? ’Ltza§£'£éé By ¢ JApthylene sehQEbdge a

I oxane

“etHer or . .chl or of orBReses® Se&nEr BITFE* 147" P *Fa

rhgkﬂgég

pxXyet hane, (|

rom abouf

: 40% hyl

~about' +301C. . Mpst canveniently thg reaction is allomed to take pIace at

ai
tenperature in the range of - frowP&bou% 0-5C. o

whéréi.n 'R‘ is hydrogen or 2 co-wen-:.onal hydroxyl -s:otectmg
\-M ' group, wh-c‘z rTocess conor*ses reac‘;;ng a co-noou.nd of the
o formula . .
: - ]
- ort' =
) '——?PL :
L] . N )
- (/l"' N :
: Iz
. where*_n R4 is a co'went:.onal byd*cxv’-p-’otec ing _.g_':‘o'up _a:'.d L
is a co':ven‘.::.ona.l leaving g"o\.:a Such as acetoxV, propicnyloxy ., .
- t—buty*yloxy er chloro in an inert. orcam.c solvent and-in the -
"presence of a Lew:.s ac:.d catalyst wi..h a silyl enol et.he* oF
S _the formula '

III .



The. triorganosilyl tziflate may be any trial kylsilyl . o
Ctri oronet hyl sul fonate but is preferably a commercially avail- able -
re@ﬁt such as trinmethylsilyl trifluoronethylsulfonate or tert-butyl
-dimethylsilyl trifluoronethylsulfonate. The nost prefer red silylating
.agent, is tert-butyl dinethylsilyl trifluoro- nethylsul fonate. Organi c

am ne bases such as di i-sopr.!yl et hyl am ne; -D3U '

(1, 8-di azabi cycl o[ 5. 4. 0] unc 7-ene), DBN (1, 5- dl@Zbl cycl o-

(4. 3.0] non- S—ene) and especi ally tr#i err] ) al kyl ami nes. (g.g. '
trimethylamne, triethyl@aimne, tributylanie, tripropylanne) are sui.table
for use with the trlogganos lyl triflate- S|Iyl ating agent. Cenerally the . -
organi ¢ ba¥¥¥= el‘?l‘br'géndé‘idl §/:1 3F £ qacht ndanehdently Gpel abBkllV are reacted in At
approxi mately equi nol ar anmounts with the base bei'ng uséd in slight excess..
The nost preferred nol ar. ratoeizh bfHceEpe@i.ate | V. triorganosilyl
triflate:. base is about 1.1. 27T 4 ~TI3- The desired silyl enol ether -
i nt er medi ates of g r la lll ar rored i n high yiel ds by use of
the above- %ECI‘I b% Q réég’g{s@‘ﬁ“trﬁ Hove E%I?ﬂétlhﬁ’éﬂleé?%g' efrfdifnded within =
the scope 0 f' dr idla e‘II“" SR 7oRd v (ol ‘bw"‘é'f’%?ertéﬂc?:‘dﬁﬁo’&ﬁa@eﬁﬁe-q hose having the -
trimethyl sf eo‘r°’f"b+’c butyl di met hyl'si | yI prot ect i ng- groups _

™
could be successfally ccnve:tea to the co::espond*uc enol s;1v1
ether zn:e:mediate of the formula
11z
’ L '1 2 3 3 :_ - . . . T
wherein R™, R® and R” are each independen ly cl-c4 alkyl by . ",

reaction of Compound IV w*th a t iorganosxlvl triflate silylating
agent of the formula

2 L, .
o R -?;-OSOZCFB
S :

v




Oncé int ernedi ates of Formula Il are preparéd, they may be used in a

~further aspect of-the present invention to prepare the known diazo . _
internediate la. Thus, .internmediate 111 is reacted with a suitable ~
O protected azetidinone of the Formul'a Il in an inert organi c..sol vent such_

~as netHylene chioride, chi or.of or m carbon tetrachloride, di oxane; diet hyl
et her, tetrahydr ofUran or di.ne't_hoxyet hane_in the presence of a Lewis acid
cat al yst such -as zinc, chloride, zigc iadide, zinc bromigm titanium
tetrachl ori de; magnesium broni de, boron trifluoride, aluffnum chloride,
stannic chloride or ferric chloride. A praferred sol vent is nethylene:
chILL_Lde and a preferred. catal yst is ZI nc chl oride. -Azeti di none corrpounds
of Formula Il ar ehhknown Qo S_0r g reg%fed by knovvn met hods.
The hydroxyal kyl of SIS B <u “é’ rﬁ)oﬁﬁﬂs’s fp‘gST &8 By>n BeFiy ergInénal
hydr oxy- pr ot ect i ng>Y’88p. am"'V\!‘r'i‘ I‘éet?résﬁ”a‘?et PE ARaPTRSE AR NG V§f sfptassed i s
not critical and nedivBetzidilets sdlfyading agantdnaterdert dhe sprihr grsupsyknown
in the art, it is grlekide edagentusblawst iseObfam0Bidanlic pis@Céuchi £ agEQUP -Such -

as trimethylsilyl apytes=bgs. e et lahmaawgeiﬁygéugawm LS &Qﬁd"y

renovabl e by treat ggnb vgatlg f
tetra-n-butyl anmogl trlri I ?fgég/ﬁ?gﬁkgﬁyd ?&Vs;l%é QOL Eg%]’ rk°£§
ect| n

sui tabl e hydr oxy- Qro g roups A ncru "“fdfﬁr?r& ’h’i f‘%ﬁdfé fﬁp’\nﬁl ch
'can be renoved by“ttaPaFSAT JeRltY oﬁ“‘é'P’FWﬁ%%PrebWP #hitk® xcan be
renoved by Pd([errT’-‘}’PE?‘?‘]ch%R’&I"yzed reaction.and 2-trihal oet hoxy- carbonyl
(Lerr] where X=C or Br) which nay be renpved by treatnent with Zn-acetic -
acid in methanol. The | eavhagegeoicp &f :.nte:'mecha‘.:e IV with the triorgano

[ silyl trzflate s;lylatzﬂg agent is carried oet in an inert

&*‘ _ organic so'ven. such as’ methylene chl loride, tetr ahyd:o-uran,
carbon setzacﬁlor.de, dioxane, dlmethcxye.hane, giethyl. ehhe- _
or chloroform at a’ temperature in the. range of from about =40°C

"to about +30°C. Most convenzently the reactzon is allowed tc
take place at a tenpe-atu;e_xn the range of rom about o—=°c.

_ The tr;czcanos-lyl *“*f’ate may be any t:ialrv1s;1v1
' ,.r;fluo*ome*.ylsulfonate but is prefezably a 'omme*c~all§ ava‘l-
'1able reagent sach as t:.me*hyls;lvl t—i‘luo*onet‘ylsnl‘ona_e or
-buty’ dimethyvlsilyl t:;fluo'emethy1sul£oﬁate. The most
' b*efe::eA silylating. agen is te-t-bu*yl czmethylsx yl tziZluero~
..me.hylsulfoua.e._ '

. o'ganic amine bases such as ‘diisopropylethylamine; D3U
o P & W 8-diazab1cv.lo[5 4. O]anec-7-ene), DN (1, S—diazanicyclc-.
&_j--' '{-.'_' l[4 3. Olncn-s-ene) and especially tri(c —C4)alkylamines (e.q.
' trimethylanine, ie .hvla.mine ¢ tributylamine, t.rip*oyyla.:n* ne) )
. are suxtable fex use wi*h uhe triorganosilyl **1flate s;‘y‘atxng
_agent. :' ' ' ' C

Gere*ally tne organ;c base, triorganosilyl triflate
. and 1nuermedzate v a:e reacted in approxzmate ly ecu;mola-
" amounts with the base being used in slight excess. The most
. preferred mc‘a*z*atlo of znte:med‘ate IV: tr*o:aanos~ly1 triflate:
base is about 1:1:2:1.4. o



g: acetoxy, propionyloxy or t-butyryloxy) but is nost preferably

toxy.. Generally it is preferred to add an excess of the silyl enol
et her 111 to the azet.i dinone I1I. -14- Follomnng the al kyl ati-on reaction
to form the hydroxyl- protected diazo internediate, tHe protecting group
may be' subsequently renoved by known nmethods so as to. provide the desired
internmediate |a.- Tr|orga&35|lyl protecting gro@ps ‘as mentioned. above, are
especially preferred because they may be readily renmoved wi thout di sruption
of the remaining portion of the dfecul . Di azo internediate.la may be
converted by knovfhrenfesizds ?tid-Ytmn@hm:mranmaﬁaatmsf@ehefalcar bapene.m - -
deri vat i Fesmitay LI auns efarmednini hipt eidldls Betusyidsy thelBodedl | OW NG "exanpl es ==
i || ust rataesbiiibedOopdt@bsd.i Nit . the scope of the present invention. Exanple- 1
Preparation of p-Ntzobenzyl 2- dlazo 3- trrnethylsrlvloxy 3- butenoate A
p- Ni t robenzyl ace&to%ggt ate, [err er

novel 'interme La*Js pnclucnd within. the scope
of Formula 111, bhe most pre‘e Ted consounds are those hav*ng the
trimethylsilyl ox heeh-bu tyl d1m=“5y1s11y1 b*otectzng grouns. ’

'ggé be -any conventi onal Ieaving group such as halo.(e.g. chloro) or acyloxy

Once Lﬂtermed;ates of Fo:mula Iz are prepared, they
may be used in a further aspect of tﬁe'present inven:ion to-
prepare the known d;azo inteirmediate Ia. Thus. intermediate III
is reacted with a suitable d-proteé*ed azetidinone of the
Formula II in'an inert organic solvent such as methylene chlo*;ae,
chloroform, .carbon tetrachloride, dioxane, diethyl ethex
tetr ahvd.o;.u.an or d..nethoxyethane in. the presence of a Lewis acid
catalys. such as z;ac chlo’ice, zinc iocdide, zine bromide,
titanigm tetrachloride, magnesium bromide, boron trifluoride
aluminun chloride, stannic chloride or ferric cnlo:;de. A

' preferred solvent is me.hyleﬁe chlor;de and a p*e‘e::ed catalyst
is z‘nc ch lo‘zce. T

'Azetidinone compounds of Formula II are known compounds

oz may be b;esa-ed by known methods. The hydrdéxyalkyl group. of
sach compaunés is pro.ec ted by a conventional hyd.oxy-p-otectzng
gfoup. Wh;le_.he pa:ticular p:c.-ctzng group used is ngt _
critical and way be selected'f:dh'é laxge nuabes- of sﬁcp groups
known in the ar:, it is preferred to use a *Piorganos‘lvl'béétect-
ing group such.as tr;me.hylsilyl or -ter -butyl dzmethylsxlyl
since.sudh groups are readxly removab’e by treatment with ; .
me;hanolic'HCI or with flucrzde ion (e.g. tetra-n-butyl ammonium . \f’
fluorxde/tetrabyd:o&uran). Othez examsles of sultable hyéroxy- '
protecting groups include p-nitrobeuzyloxyca:bonyl which ‘can ‘be
removed by catalytic hyd ogenation, ally oxvca.bonyl which can .
be removed by ?d(?¢3)--ca alyzed reaction and 2-trihaloethoxy-
carbonyl (- cochzcx3 where X=Cl or Br) which may be removed by
.reatmen. ‘with Za-acet tic acid in. me.haﬁol. The 1eaving group L
may be any conventional leavxﬁg g*ouv such as halo (e. g. chloro)
or acyloxy (e.g. acetoxy, propionylexy oI *-butyryloxy) but is
most preferably acetoxy. Generally 1‘_15 preferred to add an
excess of the silyl enol ether III to the azetidinone II.



[err] [err] A mxture of ethyl acetoacetate (140 g, 1.08 nole) and
p- nitrobenzyl al cohol (153 g, 1.00 nole; was washed with diethyl -ether
pri‘or. to use) in toluene (1.L) was slowy distilled, 900 nl of the solvent
bei.ng .colTected over a period of 15 hours. After cool i ng, any insoluble
mat eri al was renoved by filtration - 15- over Celite, washed’ W|th

t ol uene and evaporated in vacuo.to ‘obtain 280 g of a crude oil.

was crystallized at [err] fromdlet@ ether (280 ). to@eld 181 55 ¢
(0.766 nole, 76.6%yield) of the title cong4 ound as of f-white Crystal s:

[erfl; ir (film [err]: "’ 1740( ster),.

[err’-]s.,c([err]) 6:

(2H;."d", J=9 . Hz, ArH s),

(di ethyl ether).

“(€=0), 1515 and 1349 (NXR).
1.98 (s, |rrpur|ty) 2.32 (3H, s, .[err]), [err] 7.53

~This oil-

BloBifS thpA k@ tioh Feactsc® b, fohn H8)nyaRbxQ~-45
sapadaviianl isapte0as ikt Sidaes g f:&ﬁﬁyﬁa@%é i zation

.'rrp'

from tol uene- hexanagsefiknk8f Memofiby 1G2LS Hehis 61l tEQBSse Ge 55-590 H
N desi*gd nQeéﬂeEEQbeGEEY | TZ*’ Qg@?s&:ﬁyk%gpégt 99 %’t‘-gun-les,’\@s [err]

'4.62; N, .5. 85.

mentxoned above, are es:ec~al Y p:efer:ed because ;hey mey be

read ly removed without dis*nbtion of the remaining po:t‘oﬁ of

,the olecule,

*. biazo ;nte:mediate Ia may be co1ve:ted by kaowm

methods to. th;enamvcin .and various other. carbapenen ce-;vatzves
having useful an.;bacterzal act;vitv.' '

The following examples ;llust:ate bu* do ﬂo* limiﬁ the

scope of the p:esent invention.

.”:xamble.l

e?reparatienﬁof p-Nit:oSen;yl 2=-diazo~3~

*trimeshvlsilvlcoxy-3-butencate’

/A, p-Nitrzobenzyl acetoacetaté

" toluene

L A mixtu*e of ethyl acetoacetate (140 g, 1 08 1913) and -

p—nit*cbenzyl alcohol (153 9, 1.00 nole' was washed with diethyl

. ether prior to use) in toluene a1 was slowly distilled,. 900

nml of the solvent being collected over a period ef 15 hours.
fter ccc’ing,'any xnsoluble ma.e—xal was :emovea by f-lt:at;on



2 To a sol ution of p-nitrobenzyl acetoacetate (134. 6 g, 0 568 nDIe) and ,
triggghylamne (79.0 m, 0.568 nole). in CHCN - (340 n) was added at [érr] -
un8&f a nitrogen at m)sphere p- tol uenesul fonyl azide (130 g, 0.639 nple;
HA7% pure) over a period of 15 mnutes. During this period the title
‘ conpound started precipitating. The cooling bath was removed and the
m xture was stirred at.roomtenperature for. 3 hours. The mx- ture was
cool.ed.in an ice-bath for €) minutes.and the pre@lpltate was filtered,
washed with' cold [err] (75 n). and then cold die et her (200 m), and
dried to yield 135.06 g (0 514 nDFé yleld 90. 4% of the title conpound as
pal e yel | ow powder: err x-H%.L 50 (3H, s, [err]), 5.38 (23, s, N
[err]), 7.°8%F G3iee a=h dJ 1%1’:”8#’5&‘% EVRROF L5 1B, VARUR 5 (2H, Td", J=9 s
Hz, aronmtoPgaisPe0ig °€[aer°|r]45‘= Odtr] ThiDPid YFeFFY9talizeg 4tester), 1655
(C=0), 15Z@ocantetBF0ekber |(28¢ ad ] %o yREIAD1EE SGey hipl. 76 ebnt eyé.68 C.
p- Ni t r obenzyid odi g0t Seler boregduyd Sisl yEDxiiGe ouyenoat € nfos0d-s2kgpENSI ON Of
p- mtroberlz;ylcfmcshaoacetmeeté&eﬁo1&1§Lr8_9@nsu9is @ha R3Qk tagbenzyl -
a- di azoac ehcé@g}éﬁﬁggq 09, o ogRY dedy, st Iggrnet%p)iS m, 1.08
mmole) in [erk rA wais ad eg err ST et yIsr1 vl @rflrJoro-
net hyl sul fofigef "@ 20 ‘HP&.zGHd@rr &- 9ﬁ t(Fo ua’tqmsphéﬂe(mds,t he mixture was
stirred foCOZEEMAFhut’es3 (2Fe 14{i,5J¢d dar Argl' nwasd|sulB gipawe:,added dry
hexanes (3@"plJd=sans, mhs‘s)eazfloomsm@iburﬁ ether). AaAn analytical :
sample was cbta~1ed by rec.ystal*izatLOﬁ from bo1uene-bexanes
mp 47°-49°C. -

Anal. cale'd for C,,B,,NOg: C, 55.70; H, 4.67; N, 5.91 . o

B. _p-Nitrdbenzyl‘2hdiazo;3-ketcbutancate

. | o . TSN3 .':
: /.J\/'cbzpus‘ EtyN/CE,CN -
| _ To a solution of p-nitrobenzyl acetocacetate (134.6 g,
0.568 mole)'ana triethylamine (79.0 ml, 0.568 mole). in CH,CN
{340 ml) was added at.0-5°C under a nitrogen a“mosnheve :—
toluenesulfonyl azide (130 g, 0.639 mole; 97% pure) over a
period of 15. mznutes. During this period the title compo.nd
started prec;p;tating. The:cqoling bath was remcved and the
mixture was stirred at'room temperature for 3 heurs. The mix- - N
ture was cooled in an ice-bath for 30 minutes and the’ precipitate "
was flltered, washed with celd ca3cu (75 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 powdev
Yemr (cocl,) 8: 2.50 (3%, s, -CHy), 5.38 (2R, s ~CO,CHAr),
7.53 (28,'"d'_ 3-9 Bz, -aromatic Hs) and 8.27 ppm (2H, "&",

J=9 Hz, aromatic Hs); ir (CH,CL,) v, o8 2130 (N,), 1720 (ester),
1655 (C=0), 1520 and 1350 s (NOZD: RE 0.65 _(ethyl acetate).




,_—

was stirred for 10 minutes. After renoving the oily deposit, the hexanes
solution was evaporated-in vacuo to y'eld yellow solid which was

reai ssol ved in dry hexanes (50' m). The insol ubl e material was flltered
ove=-"Celite and the filtrate was evaporated i'n vacuo to obtain 277 nmg (O. 90

-nol e, yi.eld 90% oz' tlhe title conpound as yeIIowcrystaIs ir (film
vm. 2100 (N2), - 1705 (ester), 1520 and 1345 ¢ . (NO2); P8 (CDCI 3) 8
0.27(9!, s, -Sile3), 4.23 (sl - d@0-2 Her vinyl proton’4 93 (11, d, J=2
Hz- " tvi n’yI proton), 5.32 (Z2E, s, COZCEZAE% 7.48 (IR~ .d", J-9 Hz,
aromatic p-otons), and 8.23 pp- (2E d 9 Hz aromatlc pr ot ons).

~ Exanpl e 2: Precaration of v-Nitrobenzyl 2-diazo- 3 tert-butyl

di et hyI si yl vexy- 21- (§-emeaftenzvl 2-diazo-3- -trimethvlsilvloxy-3zhytenaate o O\/ _

"02P-N N (C H5) N22. ~ To-a suspension of p-nitrobeazyl m diazoacetoacat ate
(26.30 g, 0.10 nole) and triethyla-me (14.57 g, 20. 0D n¥psfueld role) in
dry. netbyl'ene chloride (20@ M ). was added at 2*C te- butyl diethylsilyX

trifluoreonethyls(l. onate. o 90 s, ofF 12 nol €) o N,mrnu_te_
period under a nitrogen 2”[’% en stiNged at 2C for
one hour The cl ear '

tr ethylamxne

To a suspension of p—nlt:oberzvl a-ﬂlaboace.oace*a.e'-
(236 mg? b mmole) and trzet}ylamlne {0.15 ml, 1.08 mmole) in
CPZCl2 (2 ml) was adced at 0°-S°C *Lme_hvlszlyl_trlfluoro-
me.hy’sul cnate (0.22 ml) under a nitrogeﬂ atnosphere and fhe
'm.x.uve was stirred for 30 minutes., this clear yellow
X.xl - . solution was added d:y hexanes- (30 rl) and the *eac.ion mixtuze
T ' was stirred for 10 minutes. After removzng the o-ly ‘deposit,
the hexanes 'solution was evaporated in vacuo to yield vellow _
solid which was 'edzssolved in &ry hexanes (50 ml). The
insoluble mate*;al was filtered ovex Celite and the £iltrate
was 'evaporated in vacuo to obta.n 277 mg (0 90 rmole, yield 950%)
. of the title ccmpound as yellow c-ys.a‘5° ‘** (leﬁ) Veaxt - -
2100 (W ), 1705 (ester), 1520 and 1345 @ = (wo, ): ‘e (CoCl4 )
6: 0. 27 (SE, s, -S‘Me3), 4, 23 (lz, 4, J=2 Ez, v.nyl p*o-cq),
4. 93 (18, &, J=2 ¥z, winyl prot ton), 5.32 (2B, s, Cozcnzh.),_
" 7.48 (28, "é", J—9 2z, a*onat-c p—otons), and 8. 23 pom (28, "¢",
J=9 Hz,'aronat;c p*otons). E ' ' - - : "

T Exémole 2-

:P*eua;atiou'éﬁ D—Nztrobénzvi 2-diazo=3-= _
te*t-butyl d;mehhvlszlv1cxv-z-butenoate

osi-]- |

. . spMs oTf -
co,p-wB | oo >
N(CHg)3




water (3

Yi el ding 37.40 5 (.099 nol
,solid:

(9:1,

4-

and 1344 cm (NO gg
Preparatio
1-4- E3- (4
_IIO

I f

’ _yie}d 99%)'0 the uztle comoounu as a vellow solzd.' 1

*Sic(CE3)3), 4.25 (€B, d,-J=2.5 Hz 4- ) ,~4. 97'_(CI,'d, J-2.5 Hz,
H), 5 32 (2E, s, -Co2CH2AI, 7.48 (72E nda J=9.0- Hz, ArxHs) and-8.22 ppm.
(2H, 'd",

J=9.0 Hz, A'H s) ir (f|21m 2090 (N2) | 694 (ester)

Q\z 3‘5116’5? | a Zo8 - I°Ea‘2let P4
6‘5‘% $L~h 84&‘*&!’*&“3 cBlapipRrEi208: *‘311>| pas added at 2°C tert-

0.12 mole) over a 30 minute period under a ritrogen 2thosphexe,
The mixture was then stirred a% 2°C for ona hour. The clzar

-o:ange solution was diluted with néthylene;bhlofide (50 ml)

and washed with watex (3 x 200 ml) and then brine (100 ml),

drigd (Na,SO,) and evaporated ¢ vielding 37.40 g (0.099 mdle,'
(8y, s, S.-.C(CI )3), 4.25 (12, d, J—z 5 Ez, 4-—.-:), 4.97 (J.H, a,
J=2 5 Hz, 4"5)1 5 32 (22, S, "C ZC“ZA-)' 7 48 (2..,' ", J=9.0

Hz, ArH's) and 8.22 ppm (28, "d", J=9.0 1z, AzH's); ir (fidn)
Voay! zoso CARE 1694 (est e*), 1600 (c=c) and 1344 ca > (20,) .

 Example 3.__
Preparation of (3S,4R)-3-L(1R)- (tert-butyl-

dimethylsilz;oxy)ethy’:L4-[3 {4-nitrobenzyloxy)
- cartonyl-2-0xo0-3- diazop"opyljaze*id‘r 2-one '

o3t
i
osi~}- ; 2 Pmi3
l '.
)',, OCOCHB 2 g
2nCl >
\ 2
B

< It" (35 {§S§s ‘;ﬂshg"‘ %; PP °§/ bty "if‘h“"Fs?“r rax%/) et hy

} n-2-qre - >,
. ZnCl2 y~=>—_
butk® ¢ir@Shylsi2yl trpiNRronethylsalfcnate (31.72 g, 27.50 ql,'_ .

1600 -(C=0)
xamDl e 3

A

.orange sol ution was diluted with-nethylene.chlorde (50 m) and twashed with,
X 200 M) and then brine (100 m), driid (za2So4) and evapor at ed,
2, yiePd 999% of the title conpound as a yeIIow
1E2 (CDC13,” EM .360A, 60 Miz) 6: .0.26 (6HR s, Sit(CS3)2)' 0.96



18- Ta a suspension of anhydrous zinc chloride (34-ng, 0.25 mmole), in
net hyl'ef ne chlori-de (2 m-) was added a solution of (3tR 3R, .4R)-3- -
(11 -tert-butyl di nethyl slyloxyethyl)-4-acetoxy- azetidin-2-one (144 ng, 0.5

frol e) in nmethylene chloride (4 m) followed by solid .- . ' '

4-ni t robenzyl - 2-di azo-3-tert-bu' .yl d:iethyl- silYl.oxy3-butel noate (350 ng,

0.93 znol.e) under a ni-rogen atnrosphere. 'he mixture was stirred at room

tenperature Under nitrogen for 4. ghours. .The mixture, @iluted with ethyl

~acetate. (50 nl), was washed with saturated sodium bi'carbonate (2:x 25 M)
.end then brine (30:m); dried (Na' SO . a. rrd'a'evapor'at ed,, yielding a crude
oily_vellow solid which was purified by col uma chrqna- graphy, E(Si,(2s 30

g)=el uted with nmethyl-ene (ol argugeersingioheRbH8 Y *1c %‘Egﬁt‘i"i E‘f}/“lgéa; r?g% )
(0.405 =mote, 81%hond),t hie mekhylengorhdonit 43 ™A YA 2F Fisc°§r‘"(°z“| ? 1bar).
-with an authentic gagplag, propas d-bartabpulldindtonl ProteaF By e 18~ 4

. Preparation o " (3,4R)qi3-2-onk! ResEdigly 0xyainoye) id mathylene chloride (4 ml)

ni trobenzl oxv) cabgnyl-2-, ¢ _4%9153-42}19&1395%%;413&64adi_t_e_:'rt_-giu;m@i:aethy?.- ol *1
>z opPre Nsﬁily?oqc%tjg& indleel (350 £B) .93 mmole) under a nfcofdB F N

:'C) atmosphere. The mixture was stirzed at room temperature u;dg: |
; nitrégen for 4.5 hours. The mixture, diluted wi;h ethyl acetate
(50 ml), was washed with saturated sodium bicarbonate (2:x 2% nl)
and then brine (30 ml), éried (NaiSOA) and eyapd:ated,;yield;ng
a crude oily vellow solid which was purified by co%%mn chronma=-
tography {(Sioz, 30 9).glu§ed with pethylepe c;lorzce:eth?l .
- : acetate 4:1] to obtain 198 mg“(0{405 gmole,-?l%) of the ?1tle
\F{ ' | compound as an oil idehtiga;‘(tle,'lam:).with an authentic
_ saﬁ;le_p:epared by a published procedure.

- Example 4 .

f?#eégratiojﬂ6:;&§§{4n)73;1tlg)rﬁyd:oxyethy;jé'

4-[3‘(4—nitrobeazyloxv)ca:bonvl-z-

- oxo-3-3iazoprogyilazesidin-2-cne

. "-"J."N .Hci/meﬁﬁano_:l,-_

; COzFNS.

' To-éisolution'of'(35,45)-3-((153—(Eggg:buty;dime:hyl-
. siiyio&f)ethyl]-l-ls-(4-pitroben;yloxy)ca;?onyl-z—oxo-z- :
diazopropyl)azetidin-2-~one {72 mg, 0.15 mmole):in me%hfnol
(1.0 ml) was added 1N.agueous HCL_(O.Z nl) ané the mixture was
,stirfea at room temperature IOT 2 hours by which time tlc

{ethyl adetate)uindicatéd:that the reactipn was.comple;ed.



'To a solution of (3S,4R)-3-[(iR)-(tert-bu Yl-net.yl- siiyloxy)ethyl3 -'4-
n|trobenzyloxy) car bonyl - 2- 0Xo-3- d-azopropyl |l azetidin-2-one (72 ny,

‘595 manol e) in methanol (1.0 m) was added | N-aqueous HCl (0.2 ml )’ and

- mxture was stirred at roomtenperature for 2 hours by which time tlc
: (ethyl acetate)-indicated that the reaction was conpleted. ~~~~~~ LKRE

ok

*

. During this period the title conpound was

preC|p|tated ‘This Was - filgpred and ri.nsed with gpld CHOHO (9 1) - and

t hen -col a di et hyl

ether to obtain 43 ng (0.11 rntol-e, yield 73% of the

13-,

the |

titl.e conpound as a white solid. ¥he-title conpound was sinilarly. obtained
from(3S,4R)-3-{ (IR-[(2,4,6-tn-tt-. but ylI phenoxy) di met hyl si | yl oxy)
et hyl) - 4- pBrif{d thig pebbny theXyirle compound was precipitated. This .
casbonyl - 2n@x0r13=6dd 200 AR a3 eh i3l a-G10na, 0" (R1ANHE eherPlspar ati on o'

(38. 4R? d%etr{yl( Bendr €2 -obtdin 48-de -(ocir R.H&l/é nb%hqués)dbf\%nehw Si 4V0Xy|
et~'1 é::.tle ]c%gréundn5§ r OPE:{I; i:.)

azeti di n-

N

Y

.Oxi/ﬁ(\eaibﬁ@vlgo,%q&,{(é) wag: di azovr oi pyl
obta from \(3§,4R)-3-{ (LR)-1(2,4,6-tri-tesem  _ | Os,
&"ﬁ/ I\i Ed (oF Cc2PN-

title ccnn@&ﬁ?&?‘ﬁﬁ%“#?ﬂéﬁ%nﬁ?&5+¥¥18a@%3rP%}}T4'F?)ﬁﬁ'“lf‘ObenZchxy)-

carbonyl-Z-cxo-B-d*azon:opvl]a-et*dxn-z-one.

Example §

Preparation of (3S,4R)-3-{(1R-I(2;4,6-Priztect

butvichenoxy)dimethvlisiivioxviethvl i=
4-[3=-(4-nitrobenzvl)oxvcarbonyvl-2-cxo~
3~diazopropvl]azetidin-2-cne

) I. . 02 _OS;- ‘ .Nz_ e
,% Soac N ;&F_‘/’WFJK\'“ |
e - = > - | . : .

The title compound was pre_oa:ed in '84% yield from

(3R/4R and 4§)-4-acetoxy-3-{(1R~[(2,4,6~tri~tert-butylphenoxy)-
dimethylsilyloxy)ethyl}-2~-azetidinone by the method desc'—:.bed
above for the corresponding t=butyl- di imethylsilyl derivative:

1

Emz (CDC13, 80 MHz) §: 0. 26 (3H, S SiMe), 0.40 (34, s, SiMe),

1. 27 (38, s, t-Bu), 1. 41 (18%, s, (“’311) Y, 2.92 (AR, dd, 33 3=
4.7 Bz, J;_,=2.5 Bz, 3-8), 2.97 QF, dd, J__ =17.6 Bz, Jy. _,=
9-5 Hz' ;"-%)' 3.40 (lH, dd; gq -17 6 Hz' Jln _ =3 5 Ez,

S A"-H,); 3.98-4.24 (1H, m, 4-H), 4.32-4.57 (1E,

'm, 1'-W), 5.35 (2B, s, ~CO,CH.Ar), 5.95 (1H, br s, N&), 7.22
{28, s, AxE's of the ether), 7.52 (24, "d", J=8.7 Hz, ArE's of .
the ester) and 8.25 ppm (2, "4", J=8.7 Hz, ArH's of the ester)::
_i: (neat) vwz' 3300 {br, wH), 2137 ( N Y, 1755 (B lactan),
1720 (es.e—), 1651 (C=0), 1523 and. 1345 cm -1 (Noz)._

M

Fracs %

0%+

.Thég_



(3R'4R and. 4S)-4-acet oxy-3-{(I-.L(.2,4 ;6-tr:-tert-butyl phe. - oxy)-
di nnet hyI si |yl oxyl et hyl ) -2--azeti di.none by t he met hod descri bed above for _
thé correspondl ng t-butyl- dinet hyI silyl derivative: Hmw (CDC13,. 80 M- z) @

6: 26"(3E, s, Sie), 0.40 D3E, s, - SiMe), 1.27 (92, s, t-Bu), 1.41 (191,:
S, (t Bu) 2), 292(11 dd, J47Sz .J334=2.5 Hz, 3-3), 2.97 (di, dd, . _
e-17.6 Hz, 9.6 - Hz, |"- ')-;. 340(1N dd, J -176Hz, 4-35 Ez, 1'-H

)p 3.98-4.24 t1$,- m 4-H), 4.'_32_—-?4.-@ (19, a m -1'-H), 5. (21, s, . -
-.Co_2CHZAr) 5.95 (11, br's, NE)., 7.2Z2 (2:H s, ArB"s of "The ether), 7.52
(2H, > d", Jc8.7 Hz, ArE' s of thq ester) andag- 25 ppm(2H “d",.J-8.7 Hz,

ArYissof the ester) (neat) vma: 3300 (br, NX), 2137 (- = 1-N2)
1755 (0 | act am), 1720 (estes) 1651 (C O), 3.and . 1345 cm. ((N2)O .
~~~~~~~~~~~~~~~ I —é%jrséﬁl— - - A conpound’
hawngthefor aula( TN e 2S5 -2 R2 Y
21 -2 © 3 wherein F\’AA meamf R“‘dﬁ‘!e%(,fﬁ"‘l‘%ependentl y G C4 aleyl. 2.
Acorrpound accordlngto Caim1l. havr ngtheforrmla-'Z .
: / _ ) : Ig].
. o&i—=r?
H . \

i

2 5.3

wheréi.n Rl, R and R are each independen-tlv'cl-c4 -alkfl._
2. A compound acco"d..ng to Claim 1 hav* ing the formula
3. = A compound according to Claim 1 having the fozmul
CH3 .
OSi-C (C83 3 _— : .:-
CH . :
.CO csz NO S
. \.« e & A p-ocess ..o: the nrepa.:at:on of a compo:.nd of the'

formula

LT



3. A conmpound according to Claim1 having the f ox=la 3 3 CG3 1, 0.
| @p ON 4. -vcs Co rparatlon of a '

ound of the forma 2 2. S 4 R2 -7 O2CH2. 5N02 2 111112111 -
-211111 11111 1212111112188 * C L M S * --21- wherein R, R2 and-
R3 are. each indépendently Cl1-C4 al kyl, which process tonprises reacting a
corrpound of the formula 0 "' < ~COZCI—|2 : 2.2 wth a silyl

_ti'Plate of the fornula @Si -0S02CP3 13 23 mywherein Rl, a2 and R3 are

as defi ned zbove, in an inert organic solvent and in the presence of.an

organi c base. 5. The. proce’ss-.zacc_ordi ng.to Cain 4. whereii the

reaction. o o : " -~
1.2 3 | =¥

wherein R°, R° and R’ are each indepenaently ¢;=C, alkyl, which

process comprzses reac*‘ﬂg a compound of the bc*mala

_c:ozc:-zzc:'2

with a silyl ..;-late of the ‘ozmula

&t | o |
R2-81-080.CP o | o
R . .

wherein 31, R% and R® are as defined above, in ‘an inert organic
solvent and in the presence of an organic base,

5. The process according to Claim 4 wherein the reaction.
is carried out at a temperature o£ zom about ~40°C to'+30°c.

6. ~ The p*océss acco-dinq-ho Claia 4 or Cla in s wbe*ein
the orgaxnic base is a cl--c4 .rialkylan.ne, and .he solven“ is
methvlene chloride,. :

7. A prbcess'fpr'the preparation of a compound of ‘the
formula ' -

wherein r? is hydrogen'qr'a convéntionél hydfox§1-p:otecting
group, which process comprises reacting a compound of the
formula '

R0 A O



Is.carried out at a tenperature of from about -409C to +30C. 6. The - {@%
process according to Claim4 or Caiims$S wharein the organic base is a-

Cl-4 trlalkylanlne and t he solvent is met hyl'ene chl oride. 7. *A proceSS'
for the, preparation: of a compound of the formula OR4 N .

Nav ,- O-—~2 CH2 3N2- wher.ei n R4 S hydrogen or a conventional.__ :
hydr oxyl - protectlng group, which rocess conprlses reacting a conpound of

“the fornula 111111111111 111111 %%111 -22- )R4 .~ : K
~~~~~~~~~~~~~~~~~~~~~~~~ . .~ wherein L iS a con |nt|ofl IeaV|ng group- L
and R s a convnti . al hydroxyl i O~g grotd-in an inert organlc 'sol vent and -
‘in-the presence of a Lewis-acid catalyst with anh enol ‘silyl* ether conpond
0:he fornula * i1 a2 DL~~~ °§F~~g~ - 2 N2 712
_ . S : S ' N_
R =

o . 4 . vemtional
or entiona
L is 2 conv»ﬁtzo1al leav_ng g:oup ‘and R is a con tion

' e = ¢ N
et ot roup in an _ne’t organic solvent and in the
_hydﬁoxvl-::c,e ..n, gIour . Si‘Y1 el
presence of a Lewzs acid ca.alys* w*th an en B

‘eompouné o ‘the fommula

1

wherein Rl, R? and 8> are each independently Cy=C, alky%, aid, is
desired, removing the hyd:cxyl-o:otec.;ng gzoup te obtain the
n s - . -

.cor:espond.ng hyd:oxxethyl Lnte:medxate.

ﬁ .. S The-proﬂess accorc;ng -3 blaim 7 whezein the leay;ng
- grcnp L is . - :

ﬁ
_ ~o~cc33_ .
&"J | o -H:.f élvf- | .The p'ocess accord*ng to. Cla_n 7 or’ Claim 8 wﬁeremn

) the Lewis aﬂxd ca.a’V>t LS ZnC12

o . - | . sherein the
'10" .. The- p*oceas according o Claim 7, 8 9: 9 wherein

solvént is me Hylene ch-o:ide.

pht | :."lah;.p°ocess acccrding to Clainm 7, 8: 9 or 10 wheve.n
. is .ewt—bu y‘F;me thyl zlyl,

. 1l-protecting group _
e e -butylahenoxy}d.methy1s yl.

t:zmethyls;lyl,o. (2.4, B-trz-te'*

o



erein RL,* ard R are each dgulependently Cg-C4 al kyl, arnd, If desi.red,. - -
novi ng the hydroxyl - po- tect nqg group to obtain -the correspond Ln
droxCet hyl internediate.; - 8 : nrhe process accordrng to Clalm: ;
,7 wherein the | eaveng -* *. group is. 0 -OCCE . 3. - 9. The
: process according to Cdaimn or Clain 8 wherein the Lewis acid catal yst -
. is Znd 2 10. * The proecess according to Claim7, 8 or 9 wherein the
solvent 's nethylene chloride. -11. . The process according tg Claim7,
erein _the h* yl-p trng gLQuUR i [ yigl enhytsil'ylt
tr|ne?ﬁylS|r€F08eSFZaﬁcorglR kp I s95RUB, §h3gd%tPVE bﬁ UYL
. Uhl that. the coBBound. of tReofeidowioar fpagula eﬁapnﬁnarsd@r 6,
characterized in that the conmpound of the following fornmula is prepared 35¢“
i(Cfrl3 . CORE202 13 E% ces 13. " Process.according toclaim4, 5 or -6
Q;iﬁound

characterrzed |n th of s follomnng fornula IS prepared :

-

13. Process according to claim 4, 5 or 6 characterlzed

in that the compound of the follow1n~ formula is prepared-
?33 B S S

 0Si- ' t -
i-cleag)y:

co caz‘.~

mmmmmml{'“  _.;

e e e T e e e e L ! . .
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CH-'* .~ ~CSi-C (CH:. le{ 3 GSLOC CB) 3 - tCD2CE2CR2? . ‘L. |

11112111+121211 12121 11212 111111 * c L n S . * o -24- 14,
Aiprocess-as clalned in claim4, substantially as descrlbed in the
f oregoing Exanple 1 or 2. 15. A pr oces®4as claimed in claim?7,

substantlally as, described in the' ) 9 the fore-
~going Exanpl es §J§nd 4 & FESESy éfhgﬁal' d'in ﬂ§86Wpomnau8§t8P§Fﬂé Yi /%
clairm1l prepar edldgcratmtbaess:h&s f@lr@clgmd!m Exelnpilm 4, 0F, 26, 12, 13 or .14.
A7, An azetiyd n-2- %%x%%@sww </ IRIRRY 90 BY 3nP7OCERESE] €L ah dagn :
~any pf claims 7 to 11 or ‘claim oung Faimed inc mil,.
2, 3 or 16, for deEenidachdn ﬁP@pé@ﬁPﬂ@ﬁn@fEﬁﬁW@ﬁ&nﬁcPﬁ §n8roﬁﬁeﬁh§af§§96nem“

' antFﬁTotics . ‘'going Examples 3 and 4 taken together. :

- ' ' 16. A compound as clalmed in claim 1 prepared by a
process as claimed in claim 4, 5, 6, 12, 13 or 14.

'17. . An azetidin-2-one derivative prepared by a process
as ciiimed_in'ény of claims 7 to 11 or -claim 15.

18. T A compound as cléimed in claim 1, 2, 3 or 16, for use
in th prepafatioh-of thienamycin and other carbapenem
antibiotics. ' o L '

|y i



