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AZeEt | di ni ne BACKGROUND OF THE | NVENTION 1. Fireld of the Invention

present invention is directed to a novel stereocon- trolled process for
producing a key internediate used in the synthesis of carbapenem and penem
antibiotics. 2. Description of the Prior Art The present invention |§»
directed to a novel stereocon- trolled prgcess for converting

6-am nopenicillanic acid to an optically active azetidi none |nterned|ate of
the formubanfertfdr:-2:72~zwher el ﬂ-ﬁ;-ﬂks,.‘a.,cegy&m,l,gnal ,hyd,r,,ox_% DL 0,1 ectl ng
group and wherern the apbsolULe & ﬁur arr o at ,g,_gr_ug..a 42— =
and R Internediates of fcraebs rps¥Nse, are key
intermediates in the synthesis of car bapenem and penem anti bi oti cs havi ng

an (R)-hydr.oxyet hyl ubs;ltuent at the 6-position of the carbapenem or
peneﬁThuc£eﬁéjgéat%hg—abégiﬁieiﬁgnf|guratlon Rand S at the 5 and 6
positions, respectively. A w de variety of such conmpounds, including the

nat ur al fernentqflon producé t hi enamyci n, ve been_reported in the
he pIlesent invention zs irected to a novel stereocon-

trolled process for producing a key intermediate used in the
syn:hes;s of carbapenem and penem antibiotics.

' -
ruv?\

2. Description of the Prior Aart

The present invention is directed to a novel stereccon-
trolled process for converting 6-aminopenicillanic acid to an
optically active azetidinone intermediate of the formula
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fpatenu and scientific literature as having exceptional antibacteri al
jacVFVity. Several total synthesis procedures have been reported for
“prepar ati on of the above-described penem agd_carbapenem antibiotics, but to
date_such procedures have been unsatisfactdry -3- froma comercia
staﬁapbfnt due to the |l arge nunber of steps required and the necessity of
separ atiiag di astereonmer mxtures fornmed in such procedures. One. approach to
synthesi s of carbapenens and penens of the above-described type has been to
use as a starting material, 6-am nopenicillanic acid (6-APA), a
readi |l y-avail abl e substance easily obtained by fernmentati on procedures.
Hrai, et al. in Heterocycles 17: 201-207 (1982) report a process for
converting 6-APA to the optically active 4-acetoxy-3-azetidi none of the
formul awherefinWR"clisaa benventoidreall bydkoaw+proreciting, group Andivirétein

Sbove- | RaPcaPSH L CPRERE B atkd rF) BRPREPEc dre. 3 B )15 X W e 5,
- Intermediates of formula I, which are known per se, are key
intermediates in the synthesis of carbapenem and penenm
antibiotics having an (R)-hydroxyethyl substituent at the
6-position of the carbapenem or penem nucleus and the absclute
confiéuzaticn R and S at the 5 and 6 positions, respectively. A
Y wide vgriety of such compounds, including the natural -
- fermentation product thienamycin, have been reported in the':
patent and scientific literature as having exceptional

antibacterial activity.

¥

Several total synthesis procedures have been reported
for preparation of the above-described penem and carbapenem
antibiotics, but to date such procedures have been unsatisfactory



-4- [.err] To elaborate, 6-APA is esterified to give thé nethyl ester and
tfel converted by known nethods, e.g. those described in U K Z, 045, 755A,
t-o give the nethyl ester of 6,6-di bronopenicillin. This ester is then
hygLoxyethyIated by the net.al - hal ogen exghange process described in J. Og.
Chem 42: 2960-2965 (1977) to give a m Xt0re of cis and trans di astereoners
whi ch,_at least on a snpll scale,, can_ ,be chronatographically separat &st o
yi el dﬁWdésFPE@‘e(‘FSLg?dﬁﬁﬁﬁ‘gmnEiQﬂﬁs&?ert.he E9esAREbess of |Stepsd

Wi th t-duih yEdamaindy | ahe one&_'els;%rie:%o‘:gi s@plhaitatioid eepoecepe omed Mdztures
protected internmediate which is then subjected to reductive debrom nation
with ZPiBeEi $8 SURBKRFRCEAWRS ¢is and trans -5- (R) - hydroxyet hyl
products fromwhich the desired trans isomer can be separated. The
hydr oxyet hyl ated penicil:lin ester :is then treated with [err] in acetic
acid to cleave t (0% HEREPREANES | TYNBRESES: Al CRERAPBAGRECANA rRAREMS OF
|ntenﬁx%ﬁgFowhraéiétgwgd{t?%%yﬁih[sééh t® WW®Ves'@Cstarting material,
Lerr] éﬁam¥n8526¥ﬁifi£?£§ gc?é (6-APA), a readily-available substance
+*easily obtained by fermentation procedures. BHirai, et al. in
Heterocycles 17: 201-207 (1982) report a process for converting
6-A2A to'the'optically:active 4-acetoxy-3-azétidinone of the

formula .
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which can be converted, by known procedures, to biologically
active penems and carbapenems. In this process 6-APA is
converted to the above-indicated azetidinone by the following
scheme: .
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f or m t.he desired optically active 4-acetoxyazeti di none ﬁnternedi- ate.

Tetiahedron Létters 23(39): 4021-4024 (1982) describes the follow ng
Qreaction schene: [err] Thus, the diazopenicillin ester starting nateri al

~was convetted -6- to benzyl 6, 6-bis( yl sel enyl ) penicillinate which

was hydroxyet hyl ated with MeMgBr and [err} at -60C to give a m xture of

di astergoners fromwhich the desired cis isomer can be isolated. The
optically active 4-acetoxyazeti dig®ne can be used in known procedures in
Tr“tgwﬁéggsis of carbapenem and peneRFanti ki otics. For exanple, Tetrahedron
Lettefs~23(22): 2293-2296 (198 o rsion of this igyg f@ﬁégge

t o GHhi€HBnycin and Chem Pharm Bull]. 29(11): 8-3172 (1981) JESTTTBES™
use_gi_LhL§iﬂpternediate to prepare lpengmantibiotics. Wile the '
abov&088scrided procedures are-pouyﬁgrhlly use glarge scale synthesis
of (8R)-hydroxyethyl penem and car bapenem anti bi ofi€s, 3they suffer froma

| ack of stereo- specificity in the aldol condensation step and.in the

reductionistep, i.e. hydroxyethylation of the dibronmopenicillin or bis-
' °3:iT ' osit-
//i;\?r'J/’s ,;J’ .S
| | \F — y - A7 XX
1 N { n / ) 8/ l.q
7 C8.,08/CH.COO0.
& “Xo,cE, 3 3 e _J\°°2°33
XM |
O?i-{-
)‘ OAC
R “——-l’
Hg(OAc)Z/CB3COOB | -KMnO4 S
| > o7
COZCHB

To elaborate, 6-52& is esterified to give the methyl ester and
then converted by known methods, e.g. those described in U.K.
2,045,7554, to give the methyl ester of 6,6-dibromopenicillin.
This ester is then hydroxyethylated by the metal-halogen exchange
process described in J. Org. Chem. 42: 2960-2965 (1977) to give a
mixture of cis and trans diastereomers which, at least on a small
scale, can be chromatographically separated to yield the desired
(R)-hydroxyethyl cis-isomer. This isomer is silylated with
t-butyldimethylchlorosiiane to give the corresponding hydroxy-
protected intefmediate which is then subjected to reductive
debromination with Zn to give a mixture of the cis and trans




(Qpenylselenyl)pen|0|II|n ester and reduction of such hydroxy- et hyl at ed
i'nt.ermedi ates to renmove the bronp or phenyl sel eno group gives a mxture of
di ast ereoners whi ch nust be separated to give the desired optically active
praoduct. Such a separation, particul arl45#n a commercial scale, results in
t he procedures being nmuch less efficient than they m ght otherw 'se be.;
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R) - hy LOXY, t hyl subst nI a Rosi §ion t he car enem,or penem
nucl et®<hd %ﬁ“neéﬁﬁ%ﬁ?l[ Etécg:ﬁ a%da%e prAfR ecta][é)zfrﬁgng éﬁ&eémeaz-
. posi t ages, respectlvely Also prOV|ded are certain novel internediates
used in such process. Mre specifically the present invention provides an

i mpf oved process for preparing the optically active azetidinone -
Tetrahedron Letters 23(39): 4021-4024 (1982) desczibes

the foliowzng reaction -scheme: -
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Thus, tﬁe diazopenicillin ester starting material was converted



N {
*intermediate | which involves the steps of (a) converting by per se known
prodedures 6-am nopeni - cillanic acid to an anhydropenicillin of the
Jformula [err] wherein X and Y are each independently chloro, brono, iodo or
phepylseleno [err]; (b) reacting |nternéﬂ§ate V with a reagent selected
fromas«aignard reagent of the formula [ err] or an arganolithi um conpound

of thejs enRYH; nﬁVP#%ﬁPRQnYL%QRQQMk??ﬁﬂk?ﬂldﬂﬂﬁ§# whiick Wasas
def i ne¢ yahioygy éEh aatfﬂB’dﬁPHP Meﬁgtazora?@'@asehbegvcag-gebeé foleyhe @l ure In

the rande of a ou err err subsegdent | acet ehyde to
pr oduc & eKEW £8i P& Hﬂﬁ;¢heemﬁééuég@mﬁwnh%hféhﬁuﬁssgqq r¢iswhepden Xans be
as defijngsh abgge; (c) converting internediate Ila to the correspondi ng
internediate of the f ormula [err] -wherein R' is a conventiona

hydr oxy-protecting group, nost preferably a bulky triorganosilyl group such

as The optically active 4-acetoxyazetidinone can be used
in known procedures in the synthesis of carbapenem and penenm
antibiotics. Por example, Tetrahedron Letters 23(22): 2293-2296
(1982) describes conversion of this intermediate to thienamycin
and Chem. Pharm. Bull. 29(11): 3158-3172 (198l) describes use of
this-intermediate to prepare penem antibiotics.

While the above-described procedures are potentially
useful for large scale synthesis of (8R)~-hydroxyethyl penem Shd
carbapenem antibiotics, they suffer from a lack of stereo-
specificity in the aldol condensation step and in the reduction:
step, i.e._hydroxyéthylatibn of the dibromopenicillin or bis-
{phenylselenyl)penicillin ester and reduction of such hydroxy-
ethylated intermediates to remove the bromo or phenylseleno group

.-gzves 2 mixture of diastereomers which must be separated to give

__'the desired optically active product. Such a separation,

- particularly on a commercial scale, results in the procedures
being much less efficient than they might otherwise be.

e ” SUMMARY OF THE INVENTION

The present invention provides a novel stereocontrolled
- process for converting 6~-aminopenicillanic acid to the known



t~butyldimethylsilyl, i-butyldiphenylsilyl or triiso- aropylsilyl, and X is
as defined above; (d) subjecting internediate Ilb to reduction in an inert

50l vent and isolating the so-produced 5,6-trans -9- isomer of the
forqula [err] wherein R' is as defined adpve; (e) cleaving the thlazolldine
ring of intermediate Ill1b to produce an acetoxyazeti di none |nterned| ﬁ

the foopulizalldry Ja¢t]ivexiadet idinohe Meridimedyate 0P R4 LFHerh

crotonate noiety and produce the desired optically active |nterne |ate l.
In a variant of the above- described process, intermediate Ila may be
reduced prior to protection of the hydrox*,functlonal group. -10- .
Internedlates of the fornulae :
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-lwherezn R" is a conventional hydroxy-protectzng gzoup and wbe:e;n
the absolute confzgu:ation at carbons 1', 3 and 4 is R, R and R."
Such intermediates are key intermedzates in the synthesis of a \J
wide variety of previously disclosed carbapenem and penen antz-
biotics havzng an (R)-hydroxyethyl substztuent at the 6-positzon
of the carbapenem or penem nucleus and the absolute configu:atzon

"R and S (trans) at the 5 and 6 posit;ons, respectively.' Also
provided are certain novel intermediates used in such procéss.

' More specif;cally the p:esent invent;on provides an

improved process for preparing ‘the optically active azet;d;none
intermediate I which 1nvolves the steps of

(a)'Canerting”by'ge: se known procedures S-Smiﬁsﬁéﬂif"
cillanic acid to an anhydropenicillin of the formula o

X

wherein X and Y are each independently chloro, bromo,
iodo or phenylselenc (Secsas):

(b) reacting intermediate V with a reagent selected
from a Grignard reagent of the formula Rlng or an

organolithium compound of the formula RlLi in which Rl



*[err] wherein X is chloro, bronmp, iodo or phenyl sel eno End R -is hydrogen
or a conventional hydroxy-protecting group are novel conpounds and are
sincluded within the scope of the present invention. DETAI LED DESCRI PTI ON
Thepresent invention provides a significaginprovement in the prior art
met hod of converting 6-am nopenicillanic acid to the key optically active
acetoxygzetidi none igt ¢l owdirdiad Ky Whogharylusefl tX $¥Nabe8eZene® id¥ve in an
car bapenem and penen1€§h%bioths including t he road-sgsctrun1carbapenen1 R
t hi enanycin, of theé® PHS GRS AL RERBE CatRAV DR | BRdart Ar SCARATALYEHR in
- preparing (8R)-hydroxgetBilgec dthanssietn md tRenerg CoNanangdgbyed vt 197 ARfding
route i nvolve an aldol. c nsation reagtion to jntroduce the desiréed,
6- hydr oxyet hyl sumﬁ??ﬁéﬂ2§°i§%3q?t%?ﬁé&ﬁ?[ﬁ*ﬁiﬁ%*%egﬁv&??eé@ﬁﬁﬁﬂ§44¢®e of
6- APA to the 6-acetyhedgpewmatliave and t hen reducing this derivative to
gi ve the hydroxyethyl penicillin.product (JACS 103: 6765-6767, 1981). The
reduction step, however, is not stereospecific and the desired opti cal
i somer nust be separated froma m'Oél‘L&e gf diastereoners. Direct
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wherein X is as defined above;

(¢) converting intermediate Ila to the corresponding
intermediate of the formula '

IIb

wherein R" is a conventional hydroxy-protecting group,
most preferably a bulky triorgancsilyl group such as
t-butyldimethylsilyl, t-butyldiphenylsilyl or triiso-
propylsilyl, and X is as defined above;

(d) subjeéting intermediate IIb to reduction in an-
inert solvent and isolating the so-produced 5,6-trans



hydroxyet hyl ati on of a 6-halopenicillin, 6,6- dihalopeniéillin or
76, 6-bi s(phenyl sel enyl )penicillin is disclosed, for exanple, in Chem Pharm ,
~Bull. 29(10): 2899-2909 (1981), J. Org. Chem 42: 2960-2965 (1977),
Heterocycl es 17: 201-207 (.1982) and Tetralgdron Letters 23(39): 4021-4024
(~x982), but this procedure suffers fromthe fact that the al dol reac&jon on
the penicillin int Eﬂﬁﬁé t ot specific and it is necessary to
~ separate out the: dg'm re gﬁ) ;/édrfooziﬁfxﬁa i soner before proceeding wth
-the remai ning steps: of the synt hesis. The present invention is based on the
unexpect ed di scovery that an al dol olendhit iQn reaction on certain 6, 6-
di substituted anhydropen|C|II|ns uft s _iip#ext ve formation of only one
stereoi soner, .i.e. the isorer of the f@&rRyl a [erd] X = halo or phenyl sel eno
whi ch has the desired 5R, 6R, 8R sterqoch stry.l: Thi$ stereo- specific
hydr oxyet hyl ati on elininates the necegstty €mar ati ng stereoi soners
following this step and, coupled witR the stereq?\selective reductive
renoval of X under the preferred conditions of the present invention,
greatly inproves the useful ness of the 6ED®RR route for synthesis of penem
and carbapenem anti biotics. The general reaction schene for the present

process is illust rq,tleéjtpfhow.f qr t{ga &é‘ffnb'a V&H&J]eﬁ 6, 6-di brom)penl cillin

startlng material is

{e) cleaving the thiazolidine ring of intermediate ~"Ib
to produce an acetoxyazetidinone intermediate of the
formula ' -

5025

v . | . 3 and

(£) oxidizing intermediate IV to remove the S-methyl-
crotonate moiety and produce the desired optically
~active intermediate I. 1In a variant of the above-
‘described process, inte:medzate Ila may be reduced
prior to protection of the hyaroxy_functzonal group.



3;12~=-~[err] . .-13- To el aborate on the above process, 6-APA is first
converted by known procedures to a 6, 6-di hal oanhydropenicillin or

B, 6- bi s(phenyl sel enyl )anhydropenicillin internediate of the fornmula [err]
wherein X and Y are each independently ckl@=0, bronp, iodo or phenyl sel eno.
Internedi ates of formula V, the starting materials for the novel reaction
st eps ‘0¥t he presedntiermedianes aoé khewmfoxmylamds or are prepared by
known met hods. These internedi ates may be prepared by converting 6-APA to
t he correspondi ng 6, 6- dihal openicillanic acid or

6, 6- bi s(phenyl sel enyl )penicillanic acid, formng an acid halide or m xed
anhydri de thed®bf and then reacting such acid halide or anggdride with a
tertiary am te §o gilg gihe anhydropenicillin. U K Patent 4@5, 7a0A

di scl oses eprt= of @ous 6, 6-di hal openi ci | | ani c gogdsysuc]
6, 6- di bronopeni ¢i | 'ani c acj d, 6-ch|oro-6-gggopenicilIanic aci
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wherein X is chlozo, bromo, iodo or phenylseleno and R'
is hydrogen or a conventional hydroxy-protecting grbup
are novel compounds and are included within the scope
of the present invention. '

DETAILED DESCRIPTION

The present invention provides a significant
improvement in the prior art method of converting
6-aminopenicillanic acid to the key optically active
acetoxyazetidinone intermediate I which is used to synthesize

| various carbapenem and penem antibiotics including the
et broad-spectrum carbapenem, thienamycin, of the formula

x ‘
R -ﬁcﬂzuzmz s
i

N - .
0”7 ~ COoH

As noted above, prior art procedures for preparing

. (§R)-hydroxyethyl carbapenem and penem compounds via the 6-APA
route involve an aldel condensation reaction to introduce the
. desired 6-hydroxyethyl substituent. One literature procedure

involves converting 6-APA to the 6-acetyl derivative and then
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,ﬁxbronm 6- |odopen|C|IIan|c acid and 6, 6-diiodopenicillanic acid.
‘Tetrahedron Letters 23(39): 4021-4024 (1982) discloses prepara- tion of

6, 6- bi s(phenyl sel enyl)penicillins. Cbnveiilon of . 6,6-di - hal openicillanic
agi.ds to the correspondlng anhydr-openici fin is taught, for exanple, in J.
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the fact that the aldol reaction on the penicillin intermediate
is not stereospecific and it is necessa:y to separate out thé
desired (BR)-hyd:oxyethyl isomer before pnmeahng with the
renaznxng steps of the synthesis.

The,p:esent,invention_is based on the unexpected
discovery that an aldol condensation zeaction on certain 6,6-
disubstituted anhydropenicillins results in exclusive formation
of only one sterecisomer, i.e. the isomer of the formula

/Y\’;_f,s\/o |
R ! 71 r X = halo or
- o N )( - phenyiseleno

which has the desired 53R, 6R, 8R stereochemistry. This stereo-

v

— gspecific hydroxyethylation eliminates the neéessity of separating

stereo;some:s following this step and, coupled with the stereo=-
selective reductive removal of X under the preferred conditions

of the present invention, greatly improves the usefulness of the

6-APA route for synthesis of penem and carbapenem antibiotiecs.

The general reaction scheme for the present process is

111ustrated .below for the case in which-a 6,6- dzbromopenzcxllzn
starting material is used:



fhe~stereoisoner having a cis-configuration at carbons 5 and 6 and an
(8R) - hydr oxyet hyl substituent at position 6. This unex- pected
gstereospecific al dol condensation elimnates the need for separation of
di astereoners as required in prior art prqéigyres and, therefore, greatly
i ncreases the practical utility of the 6-APA route for synthesis of

car bapef#m a penem en odycts. The al dol condensation may B carried
out in essent nner as in prior art reacti ogs wijt h
penicillins, e.g. O g Chem 42(§§é: 2960- 2965, (19 T
is first generat 6, 6- di hal oanhgdrgpeni- cillin by a
net al - hal ogen e&xchange procdss at -te s bel ow about [er/—R. o]
[err], using an orga oIithi'lfrﬁz%agent or a¢Grignard reagent @d the so
produced enol ate thea reacted in situ with excess acetal dehyde to dormt 25
hydr oxyet hyl at ed_ pyoduct. The al dol reaction step is carried out i an

i nert -anhydrous %r ic.solvent, e met hyl ene chl oride, chloroform

t et rahydrof uran, diethyl ether, topge_ne,_di oxane, di met hoxy- ethane or

m xtures thereof, at tenperatupgs. erowﬁq%iref- erably bel ow about

[err].soclil? enol ate is generated by us¢ of 5- about a nol ar equival ent

of organolitlyiumreagent or Gignagfd keagent. C83MgB:
o” :
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Preferred organolithiumreagents are those of the type R Li in which [err]
is (lower)alkyl, i.e. [err] alkyl, or aryl, i.e. [err] aryl such as phenyl.
‘An exanple of a suitable organo- lithiumreagent is n-butyllithium The

G gnard reagent is preferably a reageml3®¥ the type [err] where [err] is
[err] alkyl or [err] aryl and X is chloro, brono or iodo. Preferred _3

Gi gnard reagent?oaméa[l‘m:rdtandn[ehe] aba&qarpm‘eceed,elﬁbdd’im ﬁnmt M ses

emhoaCAN SR, Py KRN R Fafoy PRB ko Ae, €-arhalpalfYiad {2 1T o

fornaﬁudwhﬁs(pheamdba&auylﬁiuWyéxopssuﬁzk&xﬂaidehydednauaﬂhﬂitueform

t he de &&ﬁﬂﬁgydroxyethylated I soner. Internediate Ila may next be subjected
to red to formthe internediate [err] or, alternatively and
preferably, internediate |la may first be converted to the correspondi ng
anhydropenicillin internediate ingyhich tdhe hydroxyl group is protected by

a conventional -hydroxy- protegting a hén reduced to formthe
hydr oxyl - pr ot ect ed -16- interngdi atje [err]

TR
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wherein X and Y are each independently chloro, bromo, iodo or k)
phenylseleno. Intermediates of formula V, the starting materials
for the novel reaction steps of the present invention, are known
compounds or are prepared by known methods. These intermediates
may be prepaied by converting 6-APA to the;cor:esponding 6,6~
dihalopenicillanic acid or 6,6-bis(phenylselenyl)penicillanic
acid, forming an acid halide or mixed anhydtiée'the:eoffand then
reacting such acid halide or anhydride with a tertiary amine to
give. the anhydzopenitillin. U.K. Patent 2,405,755a dzscloses
preparation of various 6, s-dzhalopenzcillanxc acids such 2=
6, 6-dzb:omopenzcillan1c acid, 6-chloro-6-zodopen1C111anic aczd,
6-bromo-6~iodopenicillanic acid and 6, 6-dzxodopen1czllanzc acid.
Tetrahedron Letters 23(39): 4021-4024 (1982) discloses prepara-
tion of 6,Gfbis(phénylselenyl)péniéillins. conversion of 6,6-di-
halopenicillanic acids to the corresponding anhydropenicillin is
- taught, for example, in J. Chem. Soc. (C): 2123-2127, 1969 where
preparation of 6,6-dibromoanhydropenicillin is specifically’
disclosed. U.S. Patent 3,311,638 teaches general procedures for
cénvertinq pehicillins to anhydropenicillins. The most préférred
anhydropenicillin starting materials for use in the process of
the p:esédt invention are 6, 6-dihaloanhydropenicillins préferably
6, 6-d1bromoanbydropen1c1111n and 6- bromo-6-1odoanbydropen1czllzn,
and most preferably 6,6-dibromoanhydropenicillin.




’whene R'. is a conventional hydroxy-protecting group. If reduction is
carried out directly on internediate Ila, the hydroxyl group of product
Jllais protected to forminternediate |II1l1b before the subsequent
thIEZO|IdIne ring cleavage step. Fydroxy1ch Jptection is achi eved according
newn procedures using conventional roxy-protecting groups knomnto

those skilled in “??-earénbfdf’éﬁéhhemqf nf *secahy@'i gyhai:%%uo'l@ &

internediate lla or 1lla I's desirable to prevent Yeaoti ons And T lee
ylelds|§PI%@€P1598ﬁ§Qﬁ5§¢kﬁFeéé?F6ﬁ°§e¢ﬁaRi9Védg thige deisid afe ARl Ym

step W tde W1 8HEEC indldrmedi 488! 8£h O GROUPS My be, for exanple, acyl
groups such as benzyl oxycar bonyl, benzhydryl oxycarbonyl, trityl oxycarbonyl,

p- ni trobenzyl oxycar bonyl and 2.2, 2-trichl or oet hoxycarbonyl, aral kyl groups
such as benzyl, benzhydryl, trP IX or Bp- rgtrobenzyl or trlorganosHyI -
groups such as tri([err] [err. & s Lol O trinethylsilyl,
triethylsilyl, triisopropylstf1y, & sapropyl dinethylsilyl,
t-butyldinmethylsilyl, nmethyldiisoprop IsinI'or nethyldi-t-butylsilyl);

triarylsilyl (e.g. triphenylsilyl ~iN IsinI) or triaral kyl.silyl
(e.g. tribenzylsjlyl). Exanpl es@if these an t her suitable
hydr oxy- protecting groups and nmethods for their formation and renoval are

known in the art, e.g. see ProtectiVBI& oups in Organic Synthesis, T..-W
(}eene,-John.VVIey & Sons, New York, 1981, Chapter 2. Wile any

convenﬂwﬂt&ebudxoxplthnmmxihgogbounud@/dmephenylseleno, most preferably
bromo, and wherggg_the absolute configuration is SR, 6R, BR.
This is the key step in the present process as the aldol conden-
sation on the anhydropenicillin intermediate results in
exclusive formation of the desired optically active isomer, i.e.
the stereoisomer having a cis-configuration at carbons 5 and 6
and an (8R)-hydroxyethyl substituent at position 6. .This unex-
pected stereospecific aldol condensation eliminates the need for
separation of diastereomers as required in prior art procedures
and, therefore, greatly increases the practical utility of the
6-APA route for synthesis of carbapenem and penem end-products.

rd

The aldol condensation may be carried out in
essentially the same manner as in prior art reactions with
penicillins, e.g. see J. Org. Chem, 42(18): 2960-2965, (1977).

An enolate is first generated from the 6,6-dihaloanhydropeni-
éillin by a metal-halogen exchange process at temperatures below
about 0°C, e.g. 0° to -73'C,'using an organolithium reagent or a
_Gtignérd reagent and the so produced enoclate then reacted in situ
with excess acetaldehyde to form the hydroxyethylated product.

The aldol reaction step is carried out in an inert
‘anhydrous organic solvent, e.g. methylene chloride, chloroform,
. tetrahydrofuran, diethyl ether, toluene, dioxane, dimethoxy-
ethane or mixtures thereof, at temperatures below 0°C and pref-
. erably below about -20°C. The enoclate is generated by use of



Mtilized in the reductive renoval of substi t uent X, 1t was unexpectedly

found that use of a bulky triorganosilyl hydroxy -17- protecting group
.such as t-butyldimethylsilyl, t-butyldiphenyl- silyl or triisopropylsilyl
results in essentially exclusive formatdpg.(e.g. ~ 95% of the desired
trans isomer Illb, while use of other hydroxy protecting groups or

unpr otagsde€l anhelaRdiedhiivaPehesulft Digarfdl PERLuRt reBgeht! t@ﬁféb&é’é‘ cis
isomer in sufficient anounts to require a separation step. Thus, it is a
pref efreA8 ¥Mbodi nent of the present invention that intermediate Ila be

converted to the correspondi ng hydroxyl- protected internediate I-1b where

R' is a bulky triorganosilyl group, .nost preferably t-butyldinefhylsr|yl,

t - but yl di phenyl sPEFIEEHT & i?%gﬁPBE}ItrsIﬁ%I%,r%ﬁlﬂe{’ﬁénafﬁi & '%eer#adz%?etﬁ'ee

subj e@ﬂditﬂnthﬁitadwﬁiw tlevesqadkytd, pi p¥i de, egsealikdlly or aryl, i.e.

stereogel ecti ve Eorna 1 on_ of theltra S internedi ate ILIRQ. e B¥droxz

pr ot e&g o gr BE¥ Ls SNER &S SPREPE Le AARPr+8 PLadi Isﬁlrt@}{}\)%\ E92R03

| at er 1sitagbusf rellgendadis ap-puegeidthilin Or gPhesGrignrrdl e@dden®r Dsips are

advant.age usl¥lused i_n adgltfog to . cert 'nyo% &Rese r oups, |.$. t?ﬁ Eulky

Lri or GRRRSTIPLY, B e aumit .o Fhec siyn g%, whigEg Ry 4w icasfs alkyl o

t - but ned-imfb hakgll wnd el ngs pehlervgd Fromanoesiedbi.al Preferred Grignard
reagents are CH3MgBr and CH3ch1. A preferred embodiment com-
prises use of'CH3N9Cl at a temperature of about -40°C to -45°C.
Ano;hg: preferred embodiment comprises use of Casugar at a (o
temperature of about -20°C. After formation of the enclate a
molar excess of acetaldehyde is added to form the desired

hydroxyethylated isomer.

‘Intermediate IIa may next be subjected to reduction to
form the intermediate ' : o

OH

' H
. R.\ i :/ S

l
N

y
. is R
&
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or, alternatively and preferably, intermediate IIa may first be
conVe:tgd.:o the corresponding anhydropefiicillin intermediate in
which the hydroxyl group is protected by a conventional hydroxy-
protecting group and then reduced to form the hydroxyl-protected



Stereocontrol l ed reduction step) since such groups can be readily renoved
under mild conditions, e.g. by treatnment with nethanolic HJ or with
fluoride ion (e.g. tetra-n-butylamonium fluor- ide/tetrahydrofuran),

W t hout destroying the sensitive [err]-lac%€n1nucleus. Silylation nmay be

acconpld shed by use of a suitable silylatihy agent (e.g. silylchloride or

silyltrif el I nert organic solvent such as nethylene chloride,
tetrah?ﬁ?%ﬁgﬁbﬁg%éghcmane, di met hoxyet hane, chl orof orm or diethyl ether
~and in the presence of base, e.g. an organic base such as pyridine,
2,6-lutidine, imdazole or trietgykamne. VWile silylation can be carried
out over a wide tenperature range, &t i8 ferred to use tenperatures in
the range of about [err] up to/ééb A . pref erred enbodi nent, t he
hydroxy group of internediate Ila o'_IE ais gilylated with
triisopropylsilyltriflate, t-butyldi- envlisillyltriflate or _
t-butyldinmethylsilyltriflate in ne4ﬁylene chl g¢ri de, tetrahydrofuran,
chloroform toluene or .diethyl ether, . nost/preferably tetrahydrofuran or
nmet hyl ene chloride, at a tenperature-igp nd [err]. Intermediate Ila or

hydr oxy--protected intertediate I1b is d*hemted to reduction so as to
emove e B3l RYCTLTa RiHVen 18NA0 HY A ¥k P B €I Rg! R Sl T ofle SR 6S
.pro ue JgéﬁLtion is carried out directly on intermediate IIa, the

‘hydroxyl group of product Illa is protected to form intermediate
IIIb before the subsequent thiazolidine ring cleavage step.

Bydroxyl protection is achieved according to known
procedures using conventional hydroxy-protecting groups known ,to
those skilled in the art. Protection of the hydroxyl functional
group of intermediate IIa or IIIa is desirable to prevent side
reactions and reduced yields in later steps of the reaction
sequence, e.g. the ring degradation step with mercuric salt.
Suitable hydroxy groups may be, for example, acyl groups such as

- benzyloxycarbonyl, benzhydryloxycarbonyl, trityloxycarbonyl,.
p-nitrobenzyloxycarbonyl and 2,2,2-trichloroethoxycarbonyl,
aralkyl groupé such as benzyl, benzhydryl, trityl or
p-nitrobenzyl or triorganosilyl groups such as tri(cl-
Cs)alkylsilyl (e.g. trimethylsilyl, triethylsilyl,
triisopropylsilyl, isopropyldimethylsilyl, t-butyldimethylsilyl,
methyldiisopropylsilyl or methyldi-t-butylsilyl), triarylsilyl
(e.g. triphenylsilyl, tri-p-xylylsilyl) 6z triaralkylsilyl (e.g.
tribenzylsilyl). Examples of these and other suitable
hydroxy-protecting groups and methods for their formation and -
removal are known in the art; e.g. see Protective Groups in
Organic Synthesis, T. W. Greene, John Wiley & sons, New York,
1981, Chapter 2.

While any conventional hydroxyl protecting group may be
utilized in the reductive removal of substituent X, it was
unexpectedly found that use of a bulky triorganosilyl hydroxy



wherein R is hydrogen or a conventional hydroxy-protecting group, nost
p;gferably a bul ky trlorgan05|lyl group such as triisopropylsilyl,

t~but yl di phenyl silyl or t-butyldinmethylsilyl. Reduction may be carried out
with a chem cal redUC|ng agent 'such as zLRgwsilver couple, zinc-copper
counle, [err], tin hydride, zinc amal gam zinc or zinc activated with-acid

(e.g. FS&OQ%&6¥H ) PéuBYSﬁEQn%éﬁt9@&@&!33E§§¥?q§¥3¥§'0@—%@?yh@%§%enyl- |

sol vent ener a oyed such as tetr di et
met hano$11éf hai-’oltr#lswésaarélsﬂe)@ettesaér-a 19 BSsentially hexcaiiézve

al cohol § g rAlLNH S(e 84S . ~1N 9B g F£rERE EE'BQQ'e’aEQtraﬁd‘Cz%ﬂié!?r IQ%D' %lﬁe .

used in a THE/ [ é&& sol vent system Another preferred di rent i nvol vés
use of %PRc%ctq %xpﬁﬁfﬁxﬁb9§°ﬁﬁ%ﬁb@ﬁbE§°H€§ @FzﬂﬁRthﬁﬁFﬁd Reduct i on

may be pRRieevRrlies BIN de s fh UES-paBdactidh &eriﬂe U@n&@s&?%@ cis
enperature. General %é;the reduction step provides the nost desired trans

(5R 65} SPEEFerl S Hel £ BSMARARN P obBCF SRUAR SR \FIRIALLABUAESPor (RIS,
| ess degtr 4@ @ i 6L edAentRd imeree 650Eﬁe plr e "B @ €ibhathate

converted.to a 0X tected inte e IIb wher ei s .a bul ky

trior gahB&RER {;ék& iﬁghgﬁscpﬂv%&ﬁﬁ gg E&fl°°FqﬁﬁRHQéR&§h YQFP§VLﬁ
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the desired trans ., sone st clu rme

b of o1 r 8BRS S ERer BPad b r by EA EpeBbyE sty o Find iy laipety 131l
or trzzsopropyls;lyl, and then this intermediate be subjected to
the reduction step so as to provide essentially stereoselectzve\j
formatxon of the trans intermediate IIIb.

_ The hydroxy protecting group selected should be one

_ that 1s read;ly removable at a later stage of the reaction
.process. Triorganosilyl protecting groups are advantageously
used (in addxtion to certain of these groups, i.e. the bulky
t:iorganoszlyl groups such as triisopropylsilyl, t-butyldiphenyl-
silyl or t-butyldzmethylsilyl being preferred for an essentially .
_ste:eocontrolled reduction step) since such groups can be :ead;ly
removed under mild conditions, e.g. by treatment with methanolic
ECl or with fluoride ion (e.g. tetra-n-butylammonium fluor--
ide/tet;ahydtofuran), without destroying the sensitive B-lactam y
nucleus. Silylation may be accomplished by use of a suitable
silylating agent (e.g. silylchloride or silyltriflate) in an

- inert organic solvent such as methylene chloride, tetrahydro-
furan, dioxane, dimethoxyethane,; chloroform or diethyl ether and
in the presence of base, e.g. an organic base such as pyridine,
2,6-lutidine, .imidazole or triethylamine. While silylation can
be carried out over a wi§e temperature range, it is preferred to
use temperatu:es in the range of about -40°c,dp to about +5°C.
In a preferred embodiment the hydroxy'group of intermediate Iia
or IIIa is silylated with triisopropylsilyltriflate, t-buty;di-
phenylsilyltriflate or t-butyldimethylsilyltriflate in methylene
'chldxidé, tetrahydrofuran, chloroform, toluene or diethyl ether,



*directly in the subsequent feaction steps w thout the necessity of first
separating out the undesired cis isoner co-product. After reduction the

;anhydropenicillin internediate 111, follow ng hydroxy group protection if
required, is converted by per se known readi-on steps to the desired
acet oxyazetidinone intermediate |I. Thus, in the nost preferred enbodi nent,

t he hydemostprprefesably drettiabydrofupanhad methylenei chdockides iaty at
carbons §, ol ﬁﬁm to thiazolidine ring degrada- tion, e.g.
wi'th [er%elﬁl@ggc]té Fe %ci i fgéfot?bduce the interme- diate [err] wherein R

s a conventional hydroxy-protecting group and this internediate IV is then -

oxidized to formth | ; i | ¥,k ' | . i azqlJ di
ring degradation Lsegggﬁﬁéﬁkfﬁé_?ﬁé ?thpgﬁkigﬁﬁégﬁgbegg gg%&#ﬁ%ﬁﬁ%ﬁf fib
for exandlSe,SWhiecsed P iTRAIGRLPAL 80| BSh tih LRREYE taginhedoaem xuphesfyl -
acetic agl LyRer; réggg o n sgs et gahyd an or di oxane
wth a n%r%uﬁg gglo%@guatgﬁ)as [et?‘?f {(:)}rfe[g???%?’?é?én%%ré?éggeget ween about
[err] and [err]. Renoval of the.gatonate noiety is acconplished by

oxi dation of intermediate IV. & o¥onolysis (e.g. [err] in [err])
allows acid IV to be directly oxrdi Xed tgesRte pryi ate |. Chenical

oxi di zi ng agents such as [err] © Rwi§hrjhase tr@nsfer catalysts, [err] and
[err] generally require i _ |
. _ g N n
VAN
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wherein R' is hydrogen or a conventional hyd:oxy-protecting:
group, most preferably a bulky triorganosilyl group such as
triisopropylsilyl, t-butyldiphenylsilyl or t-butyldimethylsilyl.
Reduction may be carried out with a chemical reducing agent such
as zinc-silver couple, zinc-copper couple, SnIz, tin hydride,
zinc amalgam, zinc or zinc activated with acid (e.g. BCl or
CH3COOHi or by means of catalytic hydrogenation. An inert
solvent is generally employed such as tetrahydrofuran, diethyl
ether, methanol, ethanol, isopropanol, acetic acid, mixtures of
ether and alcoholic solvents, etc. In a preferred embodiment

o zinc-silver couple is used in a THP/CH3OB solvent system.

Pt Another preferred embodiment involves use of zinc activated with
acid, preferably HCl or acetic acid. Reduction may be achieved
over a wide temperature range, e.g. -45°C up to room temperature.
Generally the reduction step provides the most éesi:ed trans (SR,
6S) isomer as the predominant product wiﬁh only minor amounts of
the less desired cis isomer. As mentioned above, if intermediate
Ila is converted to a hydroxy-protected intermediate IIb wherein
R" is a bulky triorganosilyl group such as triisopropylsilyl,
t-butyldimethylsilyl or t-butyldiphenylsilyl, reduction of 1IIb is

. essentially stereospecific with the desired trans isomer being
| ‘almost exclusively formed. Thus, under such preferred |
- “conditions, the product of the reduction step can be used



that the carboxylic acid functional group of IV be protected prior to
‘oXi.dat'ion, e.g. by conversion to an ester or anhydri de. -20- The
above-descri bed reaction can of course, with judicious selection of

sol vents, be carried out wtthout isolatligp % of one or nore internediates in
t e sequence. Alternatively, where possible, internmedi ates may be i ated

as CrypiAlet 1y R A&l $upsd aahltoriaéacygpaﬁ'Etegsa%i%§nferyﬁéahbbé§

bef ore proceeting w uent reaction step be a aren

‘t hose ki £ 8¢t ﬁ%%%nihaﬂttﬁ@%r@ﬁ?ﬁlbﬁécés§ leﬁqmﬂ)Dgﬁ'deseﬁubﬁd |n
terms of produci ng acetoxyazetidi none |, can be readlly nodi fied to provide
ot her useful azetidi none internedi ates of the ty [err] where L
represents- a con%&ﬁﬁ&nﬁﬁdﬂéévpﬁgRﬁﬂnﬁﬂh?@?°E§a#ﬂh§1h&nkﬂh@ﬂﬂﬁﬁéaFBIEII.

above gy 591 A4PhydRsk Y Og sahgﬂ yéé@;&ﬁr 1= reh% ge@, fér&o%behea%

oxi di zed, after conversion to thie corresp on acid or ester, descr bed
above 39% _$8e ngpeiaﬁﬁﬁhgnaéép@%/to the des;red acetoxyazetldxnone

intermediate I. Thus, in the most preferred embodiment, the
hydroxy-protected intermediate IIIb, having the deeired chirality
at carbons 5, 6 an@ 8, is subjected to thiazolidine ring degrada-
tion, e.g. with Hg(OAc)z.in acetic acid, to produce the interme-
diate )

. W,
OR" - 0

P X -0&3_3
| .. . oj:j,\%

. g
v C02
wherein R* is a conventional hydroky—protecting gzoup_and'ehis
intermediate IV is then oxidized 0 form the desired optically
active intermediate I. Thiazolidine ting'deg:adatioh_is
described in the literature and may be accomplished, for example,
by reacting intermediate IIIb in acetic acid or a mixture of = 1\
acetic acid and an inert organic solvent such as tetrahydrofuran
.or dioxane with a mercuric salt such as Hg(QAc)i or HgCl, at a
temperature between about 0° and 40°C.

Removal of the crotonate mozety is accomplzshed by
oxidation of 1ntermedxete IV. Use of ozonolysxs (e.q. 03 in
CH OH) allows acid IV to be dxtectly oxzdxzed to intermediate I.
Chemzcal oxidizing agents such as KMno4, Knno4 wzth phase
transfer catalysts, KMnO /Nan4 and Ruo /NaIO4 generally requzre
that the carboxylic acid ‘functional group of IV be protected
prior to oxidatiocn, e.g. by conversion to an ester or anhydrzde.



L)

-21- deeratlve to give the chloro intermediate [err] The (R)-hydroxyethyl
azeti di rione intermedi ates produced according to the present invention, i.e.
Jnternedi-ate | or an anal og thereof such as the above-nentioned chl or o
conpound are readily converted by known oggpbods to thienanycin and ot her
carbapenenrand penem derivatives having useful antibacterial activity. The

fol I owisag exanpl es phéuabbvles dusicrid 6@t réabti chhearc U uide, PRESEN
i nventi on. 4$£ tenpeggﬁures referred to bel ow are in degrees, Cef si us unl ess

ot her wi sdUGHAIQHS S ERSAPLE PIPSAANAESn Be carried out without isolation
(4R)- acequyrr{eBFer [:ﬁ&z & inhtermdailad ¢k npa hyhel b)ék;uefm:\@ et Wldesnagbedynone

from anh

peni c
Anhytr o, BRGER HObURORe, EPte TMAdASes (paY PELAalAERS AR FHYSERLLEBA of
6, 6- di br paRRanials and optionally purified as by recrystallization before

proceeding with subsequent reaction steps.

It will be apparent to those skilled in the art that
_ the preéént process, although described in terms of producing
acetoxyazetidinone I, can be readily modified to pzovide other
_ useful azetidinone intermediates of the type

OR"

L,L
.)—m

where L represents a conventional leaving group. For example,
intermediate IIIb above may be subjected to chlorinolysis

OR"

/§

H

-t

cl

j

cocl
which may be oxidized, after conversion to the corresponding acid
or ester, as described above for the corresponding acetoxy



cillanic acid (20.00 g, 55.56 mml) in [err] (200 nL) was treated dropw se
Ath triethylamne (58.4 mml, 8.00 nL) and stirred for 15 nin. To the

sol uti.on was added dropwi se trifluoroacetic anhydride (8.40 nL, 61.2 nmol). -»
Itry_vas stirred for 30 min, then treatedgyopwi se with pyridine (4.8 ni,
6X.2 mol). The m xture was stirred for 30 mn at [err] and then for %8 h
at 5. de%’hﬁ:i‘%ﬁ&rQo“@&ﬁé‘c@l?éstﬁ%!o“@%ﬂﬂtabaw aqueous HG, water, 1M
aqueous [err] and bri'ne and dried [err]. The residue obtained upon sol vent
evaporation was redissolved in ethyl acetate [err], and treated with
activated charcoal to give titpr*conpound: np [err] (16.1 g, 47.2 mol,
yield 85%: [err] 80 MHz) 6:¥5.B0 BH, s, H5), 2.21 (3H, s, [err]), and
2.15 ppm (3H, s, [err]); ir rr #61(s, [err]-lactam C=O), 1708 (s,

| actone C=0) and 1640 [err] (w, qlefijn); [err] + 88.9 (C 0.144, [err]);
Anal. calcd. for [err]: C 28.17, |H %??7, N 4.10; found.C 28.08,- H 1.98, N

4.06. B. Anhydro-[err]-brono-] -1 (1' R) - hydroxyethyl Jpenicillin [err]
Anhydr o- 6, 6- di bronopenicillin (15.02 g, 44 nmmol) was dissolved in cold
[err] THF (450 mL), treated dropwise with a 2.85 Msolution of MeMyBr (18.0
m., *51.-3 nmol ). in ether and -23- ' _ _
_ The (R)-hydroxyethyl azetidinone intermediates produced
. according to the present invention, i.e. intermediate I or an
analog thereof such as the above-mentioned ¢hloro compound, are
readily converted by known methods to thienamycin and other o/
carbapenem and penem derivatives having useful antibacterial

activity.
The following examples illustrate but do not limit the

scope of the present invention. All temperatures referred to
below are in degrees Celsius unless otherwise indicated.

Example 1

Preparation of (4R)-acetoxy-(3R)-[(1'R)-(tert-butyldimethylsilyl=
oxy)ethyl]-2-azetidinone from anhydro-6,6-dibromopenicillin

Br

\J




*stirred .for 20 nmin at -78C.  The resulting nmagnesi um enol ate was trapped
wrth excess acetal dehyde (25 nL, 0.45 nol) and stirred for 20 mn. The
,cooling bath was renoved and to the reaction mxture was added 1N aqueous
HC (70 nmL) and ether (300 nmL). The aqueqQus phase was renoved and
extact-ed with ether (2 x 200 nL). The of gm c phases were conbi ned, washed
successl;?vel y wth I N aqueoys HCO, water,.1M aqueous-ferr] and brine and
dried [dr] . ARDYRIOZP, 3 1£228i ve title conpound (13.08 g; 42.7
mmol ; yield 97% as an oil: [err] 5.61 (1H, -s, H5), 4.28 (1H, q, J=6.0,
H1), 2.21 (38r s, [err]) 2.16 (3H, s, [err]), 1.64 (lH,8$)§,- OH), and 1.31
ppm (3H, d, J=6.0 efr]); ir [err] 3560 (m OH), 178b (s,

[err]-IacFé' 11710¥(s, lactone C=Q and 1635 !%rr,]sr—m BR);
+ [err] (c 0.128, OH)f\Anal. calcd. for [err] C 29.23, H|3.95, N
found C 38. 31, © 63, N 4.61. C. Anhydro-[err]-brono-[eri}=[N
(1 R)-(tert-b@tyl di met hyl silyloxy)- ethyl]penicillin [erré To a ¢
bat h) met.hyl ene chl ori dm.‘(mo mL) sol ution of '
anhydro-[err]-bromo-[err]=[l"'R)-hydroxyethyl | penicillin (6.0 g, 19.6 nmol)
was added first 2,6-lutidine (4.50 nL,, 39 mmol) followed by the dropw se

a0d L1 on of Lo DR gl ngtdghel kRS dghdk kv 36 ETE Bun Bfnmani-
1M aqueeudslJani¢ acddbﬂﬁ@&ﬂOﬂgari&ussimgodnng(ﬁﬁgckf (2680 dmLédwasrr],
treated dropwise with triethylamine (58.4 mmol, 8.00 mL) and
v stirred for 15 min. To the solution was added dropwise _
trifluoroacetic anhydride (8.40 mL, 61.2 mmol). It was stirred
for 30 min, then treated dropwise with pyridine (4.8 mlL, 61.2
mmcl); The mixture was stirred for 30 min at -10°C and then for
18 h 'at 5°. The mixture was sucéesSively washed with 1N agqueous
HCl, water, 1M agqueous NaHCO, and brine and dried (Mgso4). The
residue obtained upon solvent evaporation was redissolved in
ethyl acetate (EtOAc), and treated with activated charcoal to
give title compound: mp 102-103°C (CB,0H), (16.1 g, 47.2 mmol,
yield 85%):lamr (cpcl,, 80 MHzZ) §&: 5.80 (1H, s, E-5), 2.21 (3H,
s, CH;), and 2.15 ppm (3H, s, CH,); ir (CH,Cl,) v ..: 1800 (s,
B-lactam C=0), 1708 (s, lactone C=0) and 1640 cm ~ (w, olefin);
{ " leal 22 + 88.9° (¢ 0.144, cnsoa); Anal. calcd. for CSB7NOZSB:2: Cc
28.17, B 2.07, N 4.10; found C 28.08, B 1.98, N 4.06.

err]

B. Anhydro-6a-bromo-68-[(1'R) ~-hydroxyethyllpenicillin

T‘ | | | oH

_ S _
..Br—_-—"“'- Ne= 0 T S.

e U ——

anhydro-6,6-dibromopenicillin (15.02 g, 44 mmol) was
dissolved in cold (~-78°) THF (450 mL), treated dropwise with a
2.85 M solution of MeMgBr (18.0 mL, S51.3 mmol) in ether and

\
w




L . . R ' L]
diluted, wth an equal volume of a m xture of ether-petrol eumether(1:2) and

treated with activated charcoal. The solid residue upon sol vent
evaporation was redissolved in hot hexane and allowed to crystallize to .
give title conpound, 5.35 g.- The -24- mpiher liquor was concentrated,

tréated with activated charcoal and allowe® to crystallize in the cold

(Lere: duPeth, sBYATSRARNAY A0 SiEope SR e AUGIEELSH DUETTNY! uas
5.53 (1|—trappb|65)d:.r4'1 2% ¢a b gpemmehizdel—(zs)ml.z 20 {Bimok) émdrkrireeds
(()3319 ?é#gérbf’e” 8 ﬁasdsgg}gﬁjq 'ﬁat[}{ & %)rego?ld( Wha Seo tl%é ?g&Xlen

[err]-| auiatur€Owasl zdd €4, 1Na@gmapu3i3Chnﬂ7Q6$5)[Gﬂ@ et(rar o 200nyL) [ er The

+ [err] éﬁgggéé :ﬁ%g’%a w{‘#%kggﬁ@s@ add ek Cfhdt el ﬁt@o’eﬂvg’: 4P2 & 308°%mL).

f ound:
Anhydr o-Ther prpenir) ghagesbueymmqnmbmngﬁjy@&groﬂhﬁqqnaﬁsmv¢lm ¥iEth] 1Wo a

oty h?rh?&yﬁs.lyﬂ}yf‘%%k Prodhe d&fidold IqHcOsohhy. brine and aried . . .

of THF- n/emmga.m%ose vent| sag mmmﬂeuozezcmg)mt(he cgqmpouné il 3t 0Be

vas stirgedsgngl ppdy; (PLe 38287 as an oil: lEmr (cpcl,) &: 5.61 (1H, s,
B-5), 4.28 (1H, g, J=6.0, B-1'), 2.21 (3H, s, CHy) 2.16 (3H, s,
CHq ), 1.64 (18, bs, OH), and 1.31 ppm (38, 4, J=6.0 Hz, CH3); ir
-(ca 5) Vpay? 3560 (m, o:;), 1785 (s, s-1ace;xzn C=0), 1710 (s, o
1actone C=0) and 1635 cm (m, olefin); [a) + 83.8°(c 0.128,
MeOH); Anal. calcd. for c10 12N03SB:. C 39.23, E 3. 95, N 4.57;

“found C 38. 31, B 4.63, N 4.61.

c. Anbydro-sc-bromo-GB-[(l'R) (tert-butyldxmethylszlyloxy)-
ethyl)penicillin

1
-

To a cold (ice bath) methylene chloride (60 mL)
solution of anhydro-sc-btomo-és-fl'5)4hydroxyethyl]penicillin
(6.0 g, 19.6 mmol) was added first 2,6-lutidine (4.50 mL, 39
mmol) followed'by the dropwise addition of Eggg-butyldimethYI-
silyl triflate (7.8 mL, 34 mmol). The mixture was stirred (5°C)
for 1 h, then washed with 1N agueous HCl, water, ln'aqueous
NaHC03 and brine. The resulting organic phase was d:ied (Hgso4).
diluted with an equal volume of a mixture of ether~-petroleum
ether(1l:2) and treated with activated charcoal. The solid
residue upon solvent evaporation was redissolved in hot hexane
ané allowed to crystallize to give title compound, 5.35 g. The

e



naterlal was consumed (TLC plate, Rf 0.4, 2% J[err] and then filtered

t hr'dughi CELI TE**pad into a cold 1M aqueous [err] solution. The phases were
shaken, separated and the aqueous phase was extracted with ether (3 x 10
nm). The organi c phases were conbined and guccessively washed with 1IN
aqueous- HCO , water, 1M aqueous [err], brine and dried [err]. Evaporation

of the agletes B @bdedayn da-icéﬁeﬁaeaﬁst%'z' 0 EER YREVYICRINI oGy B8

mol , yield 99 6 HPLC anal ysis of the so howed f
Startlnﬁmﬁﬁﬁﬁ%%ﬁ 8. $80F IR At 5178 okdr L2 5 R lghdl 3161 elcdfpoind 96. 79@6 np

Begr] (Wméﬁgh of: taég.»(el"&rggsJaév% é*é)oré‘té”é“-éél'h.ﬁg ﬁ«ﬁ 3,
[err]),?f'@'ﬁ'a(%!l—?’ ?gRgé §t'e?“ed ﬁr%@*l&/ﬁﬂ%eld & 6% ’[‘Erl}ﬁ" §72$ ((meo-d)_
J=6.3 Hzrim[rer(r@ugwa (SH,sas (1) tsbukyl)), ancdP. OB pra) (8. i.%er r%ge”

' 77, C= 1695 (s Iactone c;cy an
Eﬁq”ln efir r?)J" ‘53e"¥'r] [)erf%al(rgc 69114 el (3B cdr £56. [lerilz]; @3.,
56. 10, B.8124, 9}1\1 4599te8t90318:y1fp}m0| 0% 5@&65, H ¢k 8?,av':\h40067 P37, The

corresp ndlng [ . i sone s,isolated as =an ojl: _[err] err]
5.35 (1\31 G g& p) A’majx Lﬂ\g (83 8‘(5;;3"—33“ £=Q 4 3-; 08 ¢5,( iactane
J=4.6, G=0)4ard 6)631. ¢ (lsre,m,s oieﬁﬂa). :zaq% + 119.6° (c 0.14 MeCH);.
~ Anal. calcd. for CygH,9¥03SBrSi: € 45.60, B 6. 45, N 3.32; found:
C 46.38, H 6. 02, N 3.23.

D. Anhydro-&a—[(1';)-(tert-butyldimethylsilyoxy)ethyl]peniCillin

i | L, .
Br . OS:.+ _
A s | ”['

. o ) o . . ' . R"lns—-a—rs'
1 —_—

N\ 7N

I
oS
l

To a solution of anhydro-6a-bromo-68-[(1'R}-(tert-
butyldimethylsilyloxy)ethyl)penicillin (1.00 g, 2.38 mmol) in a
~25% mixture of THF-MeOH (25 mL) cooled at -45°C was added 2n
s (Ag)* (10 g). The mixture was stirred until all the starting
material was consumed (TLC plate, Rf 0.4, 2% CH3CN/CH CJ.2 and
then filtered through CELITE pad into a cold 1M agqueous NB4C1
solution. The phases were shaken, separated and the aqueous
phase was extracted with ether (3 x 10 mL)., <The organic phases
we:e combined and successively washed with 1N agqueous HC1l, water,
14 aqneous_NaHCOB, brine and dried (Mgso4). Evaporation of the
solvent afforded an oil that crystallized under vacuum (815 mg,
2,383 mmol, yield 99.6%). HPLC analysis of the solid showed the
following ratio: tarting material 0.70%, the cis iscmer 2.51%
and title compound 96.79%; mp 56-7°C (MeoH); lmmr (dCl,) 6: 5.29
¢ (14, d, J=1.8, H-5), 4.34 (1%, dq, J=6.3, J=3.5 Hz, H-1'), 3.52
(1H, dd, J=3.5 Hz, J=1.8 Hz, #-6), 2.17 (3H, s, CHjy), 2.08 (3H,

e Registered Trade Mark



(3H, s, [err]), 1.23 (3H, d, J=6.0, [err]), 0.89 (9H, s, tert-butyl), 0.10
A438H, s, -[err]) and 0.06 ppm (3H, s, [err]); ir [err] : 1785 (s,
[err]-Iactan1C:O), 1695 (s, lactone C=0, and 1635 [err] (m olefin);
[grr] + [err] (c 0.084, MeOB). * Zingeilver couple was prepared from

- one-part of silver acetate and 11.7 parts of Zn. E [err] [ (3R - o,

(I' R 5 (t@g PUt%/'ﬁFm%tB'ﬂy' %'VJ:PG(Y?GEQV' kﬁ(goﬁq) oa§§t ?“. s,zeééﬂ-%ﬁ),

-1- yI crotonic atid

anhydaoq éhq9 [QamR)(S@t'ersv- ) Hi #Bt Hﬂ& o3 x/ %et er]spdrsu.cuaﬂactz;?moo
, 1l4e d’gnnl ti h

gcet at(i (14 J}sé_‘s" @ge st |$?Z1a 5?’%3& ﬂ%e%&%tf\gpe) WaHE&% g

addi t #@nd° cQur ﬂ-é acé’tezﬂf@ {oAmal. Egl%l )f%\lhdc 58, gt 0SSy v(ésﬁ:ohﬁb nBed

for 24 my.c Mokl g9, EN9 IRAC!S Sindl XEUTsE W fs'feF 5 N0l 5 G dE, pad

and the solid was washed Wi'th acetic acid. tfate was 'diTutedy W th

wat er TRESF RS eSRENEinGadrdt (4 1R) of BOMeTs Was 0l 503 at egnha sordnrficl ExTRBR S

ver e @@rﬂmne)d washsd wm vua,tews!a?»s; #Qs0L,) pripe1gyi eq [%ud ik af:éeat ed
with charc 226 sol'vent vaporatloAg?ave an ol

under \T&cu’mnié')s%S(éallﬁ% atd 6y Ird . d50gH= &y 1391§0€3§[rer5rr]/ ) e?hBs,
(38, s, Cﬁ ), 1.23 (34, 4, J=6.0, CH }, 0.89 (98, S, tert-butyl),

0.10 (38, s, CH3) and 0.06 ppm (3K, s, CH3), ir (CB ) 6
1785.(s, B-lactam C=0), 1695 (s, lactone C=0), and 1535 cm i (m, N
olefin); [a]y %% + 171.2° (g 0.084, MeoEH). U

o zinc silver couplé was prépazed from one part of silver acetate
and 11.7 parts of 2n.

E. c-[(BR} [(l'R) (te:t-butyldzmethy131lyloxy)ethylJ (4R)-
' acetoxx-z-azetidinon -1-yl]-8-methylcrotonic acid

o,
© oSi-

Jn! l S N

05:1-

-

e A solution of ‘anhydro-6a-[(1'R)-(tert-butyldimethyl-
szlylbxy)ethyl]pehicillin (5.00 g, 14.6 mmoi)'ih:icetzb aéidﬁf75
mL) was treated -at 22° C with mercuric acetate (14 g, 44 mmol)
and stirred for 24 h. To the mixture was added addztional '
mercuric acetate (9.3 g, 29 mmol) and the stzrrzng was cont;nued
for 24 more hours. The reactzon mzxture was letered through a
CZLITE pad and. the solid was washed with acetic acid. The
‘filtrate was diluted with water (150 mL) and extracted wzth etber
(5 x 40 mL). The organzc extracts were combxned, washed with
water (3 x 40 mL) brine, dried (hgso ) and treated with charcoal.



b/l) [err] © 6.32 (1H;, d, J=1.4, H4), 4.24 (1H, center of 5 lines,
J-6.0, H1'), 3.20 (1H, dd, J=1.4, J=5.8, .H-3), 2.24 (3H, s, [err]), 2.05
{3H s, [err]), 1.97 (3H s, [err]), 1.29 (3H d, J=6.3, [err]), 0.86 (9H
s, tert-butyl), 0.08 (3H s,.[err]), and.@gd> ppm (3, s, [err]); ir [err]
1770-(5 [err]-lactam C-O) 1745 (m [err]); 1690 (m [err]), and 1620

cm 1 (wag ﬂ'veénﬂ)evégblt]atzbr{ €§é\}e(Snooﬂﬁsghzwgg‘bcrﬁ'@éllffkﬂdunWr [V ddum ©

56. 07,
(4R) - Acétsoﬁl/?(%@) F( BRG. erX’-%@y?é#htﬁ‘ﬁél%ﬁ%&ﬁe(ﬁ?hFl Zp&rot iefiheme
[elrr} -I-(g/(fjlt)&oI mgg)(delSox &.(Sﬂ?a%l(gllﬁé @tfgyleL%%Lﬁwn;th 4cr(otHo'n|¢ce‘\"atce|rd
si OX - 2- -
(2% @f;%% r‘ro] { ﬁf; taéladdéy aicﬂ]r[eh 1-4i c&=Relr Batd), B3
(1. ?3 g B, ZfEN,:mBé)f, ﬁhisﬁ?nésbath coag ;ﬁlcmcesgu ey ébecﬁeqct '10r29 | 38,
m X ure Jwas, s % . & a

ous “H4 3 I8¢ 1§, =Bty ki R 9 f ' Evayﬁﬁga)tn &nd
319 UE he Qolﬂﬁerppmfteaded,aoa pohydei ¢e ]02 v14xga Mm d(9$ B-Qa%%aéh c-)O),

ajive

AT T ol a1 1 e sl
J=1.4, Jnﬂ P*318 9325 $H08£,[neokg. An@Qd .( Haled. [E?f]¢} 33 g% (9H
-[s,er'[]eztsljgutyl') 0%%3& ]3 é{: #%"}"éndgogg %mi'ﬁf% feg ? ;‘ ir [err]

1800 .

.~ F. (4R)-Acetoxy~-(3R)- [(l'R) (tert-butyldxmetbylszlyloxy)ethyl]-
==

2-azetzdinone
i I . |
os it osi~- osi-|
1 Ac ,; '_(Cw: /[ ! oae
R'R’Ri _— TR = _ RTRR
(o] l _ (o) 0
CO.B - | cochzst
To a solution of a-(3R)=-{(1'R)- (tert—butyld1methyl-
i szlyloxy)etbyl] (4R)-acetoxy-2-azet1d1non_-1-y1] B-methyl
i

crotonic acid (2.0 g, 5.2 mmol) in CHZC].2 (30 mL) was added at
-15°C (ice-MeOE bath) EEDQ (1.63 g, 6.20 mmol). The cooling bath
~was removed and the reaction mixture was stirred for 18 h at
22°C. 1t was sucéessively washed'with 1N'aqueous HCl, water, 1M
agueous Naaco3, brine and dried (ngso4). Evaporation of the
solvent afforded a mixed anhydride (2.14 g, yield 93.3%) as a
carboxylic acid-protected derivative; lsm: (CDC13) 8§: 6.23 (1B,
&, J=1.4, B-4), 4.32 (28, q, J=7.1, CH,CH;), 4.05-4.39 (1H, m,
J=6.1, H~1'), 3.23 (1B, 44, J=1.4, J=6.1, H-3), 2.25 (3H, s,
’ CH3), 2.06 (38, s, CH,CO), 1.17 (3H, s,.CH3), 1.35 (38, t, J=7.1,
g§3c32), 1.29 (3H, 4, g-é.l,.CHBJ, 0.86 (98, s, tert-butyl), 0.08
. (38, s, CH3) and 0.05 ppm (3H, s, CH3); ir (CHZCIZ) Vnax$ 1800



-27- (s, n1xed anhydrlde) 1775 (s, [err]-lactam C=O), 1750 (s, Acetate
C=0 and 1625 cnl (w, olefin). The m xed anhydride (2.10 g, 4.76 mmpl) so
.obt ai ned was dissolved in [err] (30 mL) cooled to [err] (acetone-dry ice
bath ) and ozonolyzed until all startingosaterial disappeared (1.5 h). The
CGTd (-78C) solution of ozonide was reduced with [err] (6 nL) and srrfred

r 0o tepn h. a 3 =G 8de 1
.2 6-1utTdin ‘;‘rf? %ﬁ%’ah“éé uré; g\g gt |9rare at Zgg' §7§9 (% c%éj%ltadtvvlth
et her, Ca@éh@@dml&ﬂihbaquedmsIﬂjefmaﬂer 1M aqueous [err], brlne and dried
[err]. Evaporation of the solvent gave title conpound'(1.31 g; 4.56 mol,

yield 95% as a white solid; np 104-106C ether/pet. ether: 1/1 [Ilterature*
mp [err]]; [err] The pixep @@hngmﬁe[éirpﬁ g/ 14426 anmpd? Bor dptained|vas

- 0.41, P 2 9
0,f1 AEthtbed DFTGRSTOD sl CH Ik 3 VP (6 ik IS oo
[err]-bashd- pgd]ozqqquze unt11 all starting material disappeared (1.5

R) -t - byl digid lyd pd | YL%mt %i@ﬂhﬁéreeeawdﬂw w&bma%@a Wit

Conden?gglgn§%¥%n$€? ghdrigiégfé at roo e%ghpeggiﬁgéu%g: e“g h.
nethanol_(So mL) was added followed by 2,6-lutidine (1.2 mL).
The mixture was stirred at 22°C for 2 h, ‘diluted with ether,
washed with 1N agueous HCl, water, 1M agqueous NaBCOB, brine and |
‘dried (ngso ). ~Evaporation of the solvent gave title compound xj
(1.31 g, 4. 56 mmol, yield 95%) as a white solid; mp 104-106°C
ether/pet. ether: 1/1 [literature* mp 104-106°C}; [a] 22 47.4°

(c 0.136, CBC13 [lxteratu:e* [a]D + 48.8° (c 0.41, CBCI )]
?;heﬁ. Pharm. Bull (Tokyq) 32'2899.(1981)._
' Sa-B:omo-GB-((1'Hkhydroxyethyl]anhydroéenxczllin and 6a-bromo-68-

[(1'R}t-butyldxmethylsxlyloxy)etbyl]anhyd:openzcxllxn-xllustrates
alaol condensation reaction at relatxvelg high (-ZO‘C)tequ:ature

. | 7 B: - 'rfos{
1) CH Mgsr ’/1\\.:- - i
Br__. 3 ' pS
' STO R S
P! ~2) CE,CHO ; [ r | ca2c12

.,.o ) | -20° _ -"O'/ | l

l
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* 28. REAGENTS anhydropen|C|II|n 10.23 9 (0.03 mole) [err]

1221 mb (0.0348 nol e, 16% excess, 2.85M solution in ether, Aldrich) [err]
6.6 g [err] 8.4 nL (0.15 nole, d. 0.788, AIdrlch) THF

150 nL (dried over nol ecul ar.sieves) [err] - 11.54 ¢
[err]"10.02 nL (0.0436 nole, d. 1.151 di s@8y 2, 6-1utidine

6.42 g ferr] 6.98 nL (0.06 nole, d. 0.92, Aldrlch) [err]

100 nmL £§Eﬁéﬂﬂﬁ§ér nol ecul’ar si eves) PROCEDURE: To a sol ution of anhydro 6,
6- di bronopenicillin (10.23 g) in dry THF (150 nl) cooled to [err], there
was added dropw se net hyl magnesi um brom.de (12.21 nlL) over 10 min. while
nalntalﬂﬂﬁgqqﬂPQ%hﬁélétare at [er¥Q.23 ghé0r83uimaley) sol uti on was stirred
at -20 for 10 mn., and then acetal dehyde (8.4 nL) was, initially dropw se,

added oyer 5 m. n. nalntalnlng t he tenferature at [err] The sol ution was
stirred*ggH I9RF for 15 nin. To the ¥2etti BR (Dx034S maleddb6t sexceased2. 854

ammoni um chl oride (10 nL) followed by_m@éfﬁtﬁgglﬁ& eéﬂg%;nxigffcﬂﬁs t hen

* CH,CHO 6.6 g=8.4nL (0.15 mole, 4. 0.788,
Aldrich)
| THF 150 mL (dried over molecular sieves)
(‘*»,-.4'- | _
T£OST - 11.54 g = 10.02 mL (0.0436 mole, d. -

1.151 distd)

2,6-lutidine 6.42 g = 6.98 mL (0.06 mole, d. 0.92,
Aldrich)

CH,Cl, | 100 mL (dried over molecular sieﬁes),

PROCEDURE:

o To a solution of anhydro-6,6-dibromopenicillin (10.23

\_ §) in dry THF (150 mL) cooled to -20°, there was added dropwzse
methylmagnesium bromide (12.21 mL) over 10 min. while ma1nta1n1ng
the temperature at -15%” -20°. The resulting solution was
stirred at -20° for 10 min., and then acetaldehyde (8.4 mL) was,
initially dropwise, added over 5 min., maintaining the
temperature at -15% -20°. The-solution was stirred at -20° for
15 min. . To the reaction mixture was added saturated ammonium
chloride (10 mL) followed by water (80 mL). The mixture was then
extracted with ethyl acetate (150 mL, 50 mL). The ethyl acetate
extract was washed with brine (twice, 100 mL each), dried over
anhydrous sodium sulfate and concentrated to give an oil (8.9 g,
97%). HPLC* 92% of cis, no trans isomer, 8% of impurities.



extracted with ethyl acetate (150 nL, 50 nlL). The ethyl acetate ext ract
was. washed with brine (twice, 100 niL each), dried over anhydrous sodi um
sul fate and concentrated to give an oil (8.9 g, 97%. HPLC* 92%of cis, no «

trans isomer, 8% of inpurities. - -29-2%0l um: [err] Porasil
(Waters) Sol vent: 3% /[err] Flow 90 nL/h i:E
Det ection: *Column: uv 275 nn1AIpequ@@qm (Water®92 ("Porasil” is. a

regi stered 1§g.§eg?[k) The above grude 0i | _was_dissolved in dry [err]--(100
m.) cooled to Terr]” There was adl e&haﬂ§IQﬁi€ﬂge (6.98 nL) foll owed by
dropwi se addiiden of t-butyldi negbymsi/hyl trifluoronethyl sul fonate (10.02
m.) over 20 .1 ~maintaining the tegperature at [err]. The resulting
soltion was 's ???égggf [err] for%Y¥ ﬁggrpm'TLC (silica, ether-pet. ether
1:1, [err] stowenugodpheti on of geaction. The reaction m xture was washed

\rMetsBeg'lt\li \I;ltca::(;,(l,]o_(r)al‘ e ';)v]z t%:] %?%ggg%ér &]%g ﬁ%@gn?;:ﬂ?gd(ggogrbé a dark

oi |l that gradualEhesdﬁdﬂéiexhdéhbiloMasmﬁisﬁskob&ednimnMNCﬁfmiz éLner

carbogty el 8Tle 8N CYXLNFRLEL L8s added 2,6-lutidine (6.98 mL)
followed by dropwise addition of t-butyldimethylsilyl
trifluoromethylsulfonate (10.02 mL) over 20 min., maintaining the
temperature at 0°-5°. The resulting solu:ion was stirred at
0°-5° for 1 hour. TLC (silica, ether-pet. ether 1:1, I, showed
completion of reaction. The reaction mixture was washed with 1IN
HC1 (100 mL),'saturated NaBCO3'(iOOImL) &nd brine (100 mL)
respectively, dried over anhydrous Nazso_4 and concentrated to
give a @ark oil that gradually solidified. This oil was
dissolved in warm pet. ether, carbon-treated and concentrated to
dryness (14 g). This crude solid was redissolved in warm
isopropanol (70 mL), diluted with wate:'(35 mL) while the
solution was warm, cooled to 0° and filtered. The cake was
washed with isopropanol/Hzo 2:1 and drie¢ in a vacuum desiccator.
Yield 7.0 g (55.5% over 2 steps).

"6a-Bromo-68-[(1'R)~(t-butyldimethylsilyloxy)ethyl Janhydropeni-
cillin-illustrates use of CH,MgCl as Grignard reactant

v ——

1 R 1) o wga , A
. N 2) Cu,cHo o o S— —
g - ¥ ' : ‘| 2,6=1utidine
. ne o) ‘toluene
) : -45%--40° . : _




dryness (14 g). This crude solid was redissolved in warm i sopropanol (70
m),” diluted with water (35 nL) while the solution was warm cooled to
Jerr] and filtered. The cake was washed with isopropanol/[err] 2:1 and
dried.in a vacuumdesiccator.: Yield 7.0 ¢ {p5. 5% over 2 steps). Exanple 3
[err]-Bronpb-[err]-[(1' R -(t-butyldi methyl S onxy)ethyI]anhydropen

crIIrnrﬁ%g@ NfEes use of [err] as Gignard reactant [err] - 30-

REAGENTS: openicillin 34.1 g (0.1 nole) [err]

39.6 nL (0 116 nole, 16% excess, 2.9 Msolution in THF) [err]

28 L [ effdy @2odeh? I d.0.78 H 350 nL

(dried oveﬁ,§%°egulg?lg?g€es ?htgdgnéo 1 mole) 23.3 L [err] 21.4
g (0.2 nole, d.0.92, dried over KC%D [err] 32 g [err]

27 5 n di.dgecpol e, d. 1.151) tolug 6 ML | 0(3]26'51 m?le 1§90e%e§§905D‘§R'%

A sol utior of anhydro- 6, 6- di brormpenl ci
solutzon in TEF)

- CE4CHO | 28 mL = 22 g (0.5 mole, 4.0.788)
TBF | 350 mL (dried over molecular sieves)

2,6=lutidine 23.3 mL = 21.4 g (0.2 mole, 4.0.92,
dried over KOH)

rfosEEE; ' 32 g = 27.6 mL (0.12 mole, 4.1.151)
toluene | 800 mL |
PROCEDURE:

A solution of anhydro-§, 6-d1bromopen1c1111n (34.1 g) in
éry THBF (350 mL) was cooled to -45° and there was added dropwise
me thylmagnesium chlorxde (39.6 mL) over 20 min., maintaining the
temﬁerature below -40°, The resulting solution was stirred at
-45° ~/ -40° for 10 min. and acetaldehyde (28 mL) was, initially
dropwise, added over 5 min. while maintaining the temperature

- below -30°. The solution was stirred at -%0° for 15 min. To the
reaction mizture was added saturated ammonium chloride (35 mL),
followed by addition of water (400 mL). The mixture was
extracted with toluene (350 mL and 150 mL). The toluene extract
was washed with brine (2 x 300 mL), dried over anhydrous
magnesiuh'sulfate and concentrated until the volume became ~100
mL. 7To the concentrated solution was added toluene (300 mL)

. followed by continued concentration to ~300 le.

NN

The toluene solution was cooled to 0° and there was
acécded 2,6-lutidine (23.3 mL) followed by dropwise addition of



dry THF (350 nL) was cooled to -45 and there was added dropw se

met-hyl nagnesi um chl oride (39.6 nL) over 20 min., maintaining the

tenperature below [err]. The resulting solution was stirred at [err] for
10 min. and acetal dehyde (28 nlL) was, initially dropw se, added over 5 mn. .
whit-e maintaining the tenperature bel ow=3drr]. The solution was stirgg
[err] for 15 min. To the reaction mxture was added saturated anmmoni iy
chlori tiei€late )(27 of| Bidd aneridiid t ®dn . oWhidiee ma YDBa i i ng Thi enibempex atusr e
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the concentrate were added isopropanol (200 mL) and water (d&rop-
wise) (100 mL) under stirring. 100 mL of solvent was removed
under reduced pressure to give a slurry that was cooled to 0°, ‘
stirred for 0.5 h and filtered. The cake was washed with . ™
ice~cold isopropanol-water 2:1 (80 mL) and dried in a vacuum’
desiccator. Yield 29.0 g (69%) mp 95°~100°. The crude product
was recrystallized as follows: dissolved in toluene (150 mL),
carbon-treated, concentrated as much as possible, isopropanol
(200 mL) added, followed by dropwise addition of water (100 mL)
under ice-cooling and stirring. The precipitated product was,
filtered off, washed with ice-cold isopropanol-water 2:1 and

dried in a vacuum desiccator. Yield 21.0 g (50%); mp 104-108°,

1HPLC* showed 92% purity, no trans isomer.
*Column: .Porasil (Waters) .
' Solvent: 3% CH,CN/CH,C, | _' L
Flow: $0 mL/h
Detection: ' uv 275 nm
- '~ Attenuation: = 0.2 o

2TLC:‘-silica'gel,' ethe:-pét._éthe: 1:1, I,



*hydroxi de. ([err] 10 nl). TheJorganic | ayer was washed with brine (2 x 250
nmL)7 carbon-treated (15 g) and concentrated to [err] 50 nmL. To the
~concentrate were added isopropanol (200 nmL) and water (drop- wise) (100 ni)
‘under stirring. .100 L of solvent was reogyed under reduced. pressure to
give a slurry that was cooled to [err] stirred for 0.5 h and filtered. The
cake was-~washed with ice-cold isopropagwimwpbeg 2:1 (80 nlL) and dried in a
vacuum desiccator. Yield 29.0 g (69@6‘ﬁﬁ‘95'rﬁrr The crude product was
recrystallized as follows: dissolved in toluene (150 m.), carbon-treated,
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precipita aial B2 4 35S ¢ 1SE3Q0 0l d
isopropanol-mater 2 1 and drled in a vacuun1de5|ccator Yield 21.0 ¢
(50%; np [err]. [err] showed 92% purity, no trans isoner. *Col um:

Por asi | (vatersgp§glvent 3@6[err] Fl ow 90 nL/h

Det ecti on: 1Br 275 nm A 43bd O ! 0.2 2TLC gillica gel,
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REAGENTS:
| anhydropenicillin 42.0 g (0.1 mole)
zinc dust 42.0 g (0.65 mole, Anachemia)
acetic acid 11 mL = 11.54 g (0.19 mole, d 1.049,
: glacial)
Cﬁ3OH . : 1000 mL
'  PROCEDURE:

In a 2 L 3-necked flask fitted with a mechanical
stirrer, a thermometer, a dropping funnel and nitrogen inlet and
~outlet tubes was suspended anhydro-6a-bromo-68-[(1'R)- t-butyl-
dimethylsilyloxyethyl]penicillin (42 g) in methanol (100 mL). The reaction
mixture was cooled to -20° and there was added zinc dust (42 g)
followed by slow addition of acetic acid (11 mL). The resulting
mixture was stirréd at =-25°,~ -15° for 0.5 h. TLC (silica,
. ether~-pet. ether 1:3, 12 or molybdate solution) showed completion
of reaction. The reaction mixture was filtered on CELITE into
saturated ammonium chloride (100 mL) and the CELITE was washed
with methylene chloride. The filtrate was diluted with water



e 4 [err]-[(l'R)(t-butyldinethylsiIyIoxyfethyl]anhydropeniciIIin -

- Exanpl
i-Fl-ustrates use of zinc/acetic acid reduction [err] REAGENTS:
anhydropenicillin 42.0 g (0.1 nole) zinc dust .
42.0 g (0.65 nol e, Anachem a) aceti.c aqi§3_ 11 mL [err] 11.54 g
(0.19 nole, d 1.049, glacial) [err]
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" phase was extracted with ether (2 x 20 mL). The ether extracts |/

on. reaction mxture was filtered oh urated
umchloride (100 nm.) and the CELI TE was washed w th net hyl ene
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Preparation of Anhydro 6a-and 6B-{(1'R)-hvdroxyethyl)penicillin

OB OH
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A cold (ice-methanol bath) solution of anhydro-éa-
bromo-68-[ (1'R)~hydroxyethyl)penicillin (4.20 g, 13.7 mmol) in
methanol (40 mL) was treated with Zn(Ag) (4.2 g) and stirred for
15 min. More 2zn(Ag) (1.1 g) was added and the mixture ﬁas' '
stirred for 10 min. The cold suspension was filtered through a
CZLITE pad into cold concentrated aqueous NE,Cl. The solid was
washed with ether and the two phases were separated. The aqdeous_

were combined and successively washed with 1N agueous HC1l, water,
1M aqueous Nahco3 and brine and_then dried. The residue upon
solvent evaporation was triturated with a2 cold mixture of petro-
leum ether/ether: 9/1 to give the 6a-isomer (1.3 g, 5.7 mmol,
yield 42%)* as a white solid: mp 173-4°C (CB,Cl,/ether: 2/8);
lumr (cpcl,) 8: 5.28 (18,°4, g=1.7, B-5), .35 (1H, quintet,
J=6.2, B-1'), 3.57 (18, d4, J=6.2, J=1.7, B-6), 2.19 (3H, s,

CH3), 2-1l'(3H,'s,'CH3); 1.72 (1B, bs, OH) and 1.40 ppm (EE;_E,

J=6.3, CHy); ir (CH,Cl,) v__ . : 3500 (w, OB), 1775 (s, B-lactam
c=0), 1695 (s, lactone C=0) and 1635 cm * (m, olefin); Anal.
calcd. for C10313N035: C 52.84, B 5.76, N 6.16; found: C 52.86,

g 5.72, N 6.08.
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233- (500 m_) and extracted/with methyl ene chloride (1000 mL and 500 nl).
The net Hyl ene chl ori de extract was washed with brine (1000 nlL), dried over
anhydrous magnesi um sul fate and concentrated to give an oil (34 g, 100%
crude) that gradually crystallized. Analysis showed trans 83.3% cis 5.7%
|rrpur| ties: 11% Exanple 5 Preparation of~34&rhydro [err]-and

[err]- [(\3." R) - hydr ox ethylf enicillin [err] A cold (ice-nethanol bath)

sol ution of anhydr@' teoher /peEF ol @urR)ethelr oxy AP hplikparieciwds n (4. 20

, 13.7 d
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pet r o- IlMefﬁe Ee REt2a "QICfQB' tﬁEr[éﬁﬂmnﬁ)r\%’rollaBngﬁBO? (m,
yi el d-42%efias) a white solid: rrp[err] ([err]/ether: 2/8); [err] : 5.28

(1H, d, J=1.7, H5), 4.35 (1H quintet, J=6.2, H1'), 3.57 (1H, dd, J=6.2
J=1.7, H6), 2.19 (3H, s [err]), 2.11 (3H, s, [err]), 1.72 (1H, bs, OH and
1.40 pprReadidion conditions not optimized; when repeated at -50°C it

gave a 56.6% yield of the 6a-isomer
A



J=6. 3 [err]); ir [err] ¢ 3500 (w, OH), 1775 (s, [err]-lactam C=O, 1695
~(s, lTactone C=O and 1635 cm1 (m olefin); Anal. calcd. for [err] X C
52.84, H5.76, N 6.16; found: C 52.86, H5.72, N 6.08. -34- The cold ok
ether/petroleumether: 1/9 m xture was evaporated and the pure [err]-isoner
separated on preparative TLC (2% [err]) a5 err] 5.40 (1H, d, J=4.6/~sH5),
4.36 (1H, dqg, J=6.1, J=9.0, H1'), 3.74 (1H dd, J=9.0, J=4.6, FL6)$5£119
(3H, s, [err]), 2.25-1.90 (1H, bs, OHCLAIM® (3H, s, [err]) and 1.27 ppm
(3H, d, J=6.0, [err]); ir [err] : 3580 (w, OH), 1770 (s, [err]-lactam
C=0, 1700 (s, lactone C=0) and 1640 cm1l (m olefin). *Reaction conditions
not optd i zed; CRRPP U A Biingt theodanmybde a 56. 6% yi el d of the '
[err]-isomer -35- CLAIMS 1. gg'A cogPound having the fornula [err]. -

. S ‘%

I
wherein X is chloro, bromo, iodo or phenleeleﬁo and R' is
- hydrogen or a conventional hydroxyl-protecting group.

\
2, A compound of Claim 1 wherein R' is a bulky triorganoesilyl
hydroxy-protecting group.

3. - A compound of Claim 2 wherein R' is triisépropylsilyl,
t-butyldimethylsilyl or t-butyldiphenylsilyl. |

4. A compound of having the formula
_ogk . e
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wherein X is bromo and R' is hydrogen or a conventional
hydroxy-protecting group. T

5. The compound of Claim 4 having the formula
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fwherein X is chloro, bromp, iodo or phenylseleno and R is hydrogen or a
conventi onal hydroxyl -protecting group.. 2. A conmpound of Claim 1l wherein
is a bulky triorganosilyl hydroxy-protecting group. 3. A conpound of
Claim?2 wherein R is triisopropylsilyl, t-butyldinethylsilyl or
t - bufyl di phenylsilyl. 4. A conpound of nd@rng the fornmula [err] wherein X
I's brommand R ciompduiidoer Qﬁainﬁ@%iﬂ&%hayfi_"o‘i %W otecting group. 5.
The conpound of Claim4 having the forrmula ™ [err] - A conpound of
Claim4 having the fornmula OR' p@P whereln R' is a conventional-
hydr oxyl - protecting group. 7. ! npo Hn f g@aim6 wherein R" is a bulky
triorganosilyl protecting gr ﬁbund of Claim?7 wherein R'" is
t - butyl di met hyl sil yl, trllsopropyl |Iy or t-butyldlphenyIS|IyI 9. A

conpound havi ng the fornula cﬁ,__zq -_j;&

wherein R" is a conventional hydroxyl-protecting. group.

7. A compound of Claim 6 wherein R* is a bulky triorgancsilyl -
protecting group.

8. The compound of Claim 7 wherein R" is t-butyldzmethylszlyl,
trxzsopropyls;lyl or t-butyldzpbenylszlyl. .

9. A'compound having'the formula

/Y* L_‘/s\/o
)J\

wherein R' is hydrogen or a conventional hydroxyl-protecting
group.

II1

10. The compound of Claim 9 having the formula
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[err] wherein R is hydrogen or a conventional hydroxyl-protecting group.
10 The conpound of Claim9 having the fornula [err] -37- 11. A
conmpound of Claim9 having the fornula [err] wherein R is a conventional
hydroxyl - protecting group. 12. A corrpound of Claim1l1l wherein R" is a
bul'ky trrorganosrlyl protectrng group 1337 The conmpound of Clarnrlz,rw

wher ei n t - but . si trii-sopropylsilyl or : ¥
t- butylhsphe coM ﬁ rl(%eqssh#%%nﬂhébﬁr degmulian of an internediate
of the fornula [err] mherern R’ i a conventional hydroxy-protecting group,

whi ch conprises the steps of ( rqgcgkng a 6, 6-disubstituted

anhydropenicillin of % $S

IIIb

wherein R" is a conventional hyd:cxyl-prptecting group.

12. ‘A compound of Claim 11 wherein R® is a bulky trzo:ganou-;yl
protectzng group. | : NS

13. The compound of Claim 12 ‘wherein R' is t-butyldzmethylszlyl,
triisopropylsilyl or t-butyldxphenyls;lyl.

14. A prbqess-for the preparation_of an intermediate of the
formula - |

IIIb

wherein R" is a conventional hydréxy-protectihg étoup;u;hich
comprises the steps of

(a) reacting a 6,6-disubstituted anhydropenicillin of

A

¥



?38< the formula [err] whereih X and Y are each i ndependently chl oro,
brono, iodo or phenylseleno with a reagent.selected froma Gignard reagent
pf the fornmula [err] or an organo- |ithium conpound of the fornula [err]
in which [err] is (lower)al kyl or aggk and X is as defined above in an
anhydrous inert organic solvent and at a tenperature in the range of

0 to [ert] anbk ssbsmgugnt!y addi ng acet al dehyde to excl usively produce the
cis isomer of the fornula wherein X is as defined above; (b) converting
intermediate |la to the correspgnding intermediate of the fornula [err]
wherein R" is a conventionaL_nLguxgﬁ%ﬁt&g;oing group and X is as defined

above; and -39- (c) subjecting imtermediate Ilb to reduction in an
inert solvent and isolating thej|so-producefl 5, 6-trans isomer of the formula
& N
v

wherein X and Y are each independently chloro, bromo,
iodo or phenylseleno with a reagent .selected from a
Grignard reagent of the formula Rlng Oor an organo-
lithium compound of the formula R,Li in which R, is
(lower)alkyl or aryl and X is as defined above in an
anhydrous inert organic solvent and at a temperature in
the range of 0° to -78°C and subsequently adding
acetaldehyde to exclusively produce the cis isomer of
the formula

IIa

wherein X is as defined above;

{b) converting intermediate IIa to the corresponding
intermediate of the formula

wherein R" is a conventicnal hydroxv-protecting group
: and X is as defined above; and

W

(A



[err] mhereln R is as defined above. 15. The process according to Caim
14 wherein in step (b) internediate Ila i's converted to the internedi ate of
sthe formula [err] wherein R' is a bulky triorganosilyl hydroxy-protecting
gr oup. 16. A process for the preparationzgf an internediate of the fornula
[€r'f] wherein R is hydrogen or a conventional hydroxy-protecting gr p,
Wmhcg conpri SFIS t(h:e)f %\ﬁbgeotmlg -i4refmediacet inId a:cﬁ ﬁedueebéﬁl SRt Qa’
.anhydropenicillin of_t 0 a ry rein X an ea

i ndependent | y chl"(ﬂ%rtb§8§‘rﬁ % dl%rl%%ﬁh%g& &hE vﬁCE'FP5°$BS§én15'§€Ité'@t’ﬁj
froma Gignard nexgeet of the ffaermda R MgX or an organo- |ithium conpound
of the formula [err] in which [err] is (lower)alkyl or aryl and X is as
defined above in an OR"

7 N
o

\
IIIb -

- wherein R" is as -:fined above.

~ 15. The process according to Claim 14 wherein in step (b)
intermediate IIa is converted to the 1nte:med;ate of tbe
formula :

OR

Y * B s o

”is\irirr" \\T’

Y llk

IIb |
wherein R" is a bulky triorganosilyl hydroxy-protecting
group. | |

o/

16. A process for the preparation of an xntermedzate of ‘the
formula : ' '

I1I

wvherein R' is hydrogen or a conventional byd:oxy-p:obectxng
g:oup,.wbzcb comprises the steps of

AT



'+ anhydrous inert organic solvent and at a tenperature in the range of
.Jerr] to [err] and subsequently addi ng acetal dehyde to excl usively produce
"the cis isonmer of the fornula [err] wherein X is as defined above; (b)
*subjecting internediate Ila to reduction in an inert solvent and isolating
t he so-produced 5, 6-trans i soner qfOLhe formula [err] ; and, if desired,
-41-.(¢k<converting I ntermedi ate Iﬁla to the. correspondi ng internedi ate of
t he forful ag fer ed Na RE kS nd, i I s lomRQts ' group.
17. A proc%ég ?%?%?ﬁéﬁ%r%g%fgtFgﬁaggﬁg"ég%%%uﬁﬂxg?P?ﬁgn ggﬁgﬁgiﬁﬁaherein X
is chloro, BRBMECIMMEA or phenyl sel eno whi ch conprises reacting an
internmediate of the fornula [er¥] wherein X and Y are each independently

chl oro, lbrom), i'odo - ‘5\40
| l l
. -
¢ ¥ J§
' v

wherein X and Y are each independently chloro, bromo,
iodo or phenylseleno with a reagent selected from a
Grignard reégent of_the formula Rlng o an organo-

/ lithium compound of the formula RlLi in which R, is
(lower)alkyl or aryl and X is as defined above in an
anhydrdus inert organic solvent and at a temperatuze in
the range of _ 0° to ~-78°C and subsequently adding
acetaldehyde to exclusively produce the cis isomer of
the formula

9]
m
-“

. a
T
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i _ : Ila
wherein X is as defined above;
(b) subjecting intermediate IIa to reduction in an

inert solvent and isolating the so-produced 3,6-trans
isomer of the formula

o7 )J
: _ \ ; and, if desired,
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or phenylseleno with a reagent selected froma Gignard reagent of the

“formula [err] or an organolithium conmpound of the formula [err] i.n which
[err] is (lower)alkyl or aryl and X is as defined above in an anhydrous
i nert organic solvent and at a tenperature in the range of ' [err]
to -78C and subsequently addi ng acetald%hyde to exclusively produce yﬁE

desired (8R)-hy Cd Q r 8. The proce

Claim 17 wherei ﬁé? é%@ arl:t“nhlgg nggg‘;i:g'leq Oﬁ #?119 toTﬁ’é'eprciﬂ:%EgsB?néﬁﬁﬁm 17
wherein the staxntegmesdtisrtial of stBe6faitmudnmanhydropenicillin. 20. The
process of, Claim17, 18 or 19 wherein the Gignard reagent [err] is used.
21. The process of Caim.17, BRbBr 19 wherein the Gignard reagent [err]
is used. 22. The process of CHElﬂilZ& Qrein 6, 6-di bromopanhydropenicillin
is reacted in an inert organvc?som& : th ut a nol ar equival ent of

met hyl magnesi um chl ori de at a tenﬁera ure ingthe range of about [err] to
[err] followed by addition of a nBIar xcessjof acetal dehyde. 23. The
process of Claim 17 wherein 6, 6- WEFO anhyfiropenicillin is reacted in an
inert organic solvent w.,th about a nnlar

111k

wherein R" is a convention;l hydroxyl-prqtgcting group.

17. A process for the preparation of a compound of the formula
Ila
wherein X is chloro, bromo, iodo or Phenylseleno which
comprises reacting an intermediate of the fornmula
X
' ‘ot
- ¢ ¥

A

wherein X and Y are each independentlﬁ chlbro, bromo, iodo
or phenylseleno with a reagent selected from a Grignard
reagent of the formula Rlng or an organolithium compound of
the formula RlLi in which Rl_is (lower)alkyl or aryl and X
is as defined above in an anhydrous inert organic solvent
and at a temperature in the range of 0° to -78°C and
subsequently adding acetaldehyde to exclusively préduce the
desired (SR)-hydzoxyethyl cis isomer of formula II.
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®equi_val.ent of nethyl magnesi um brom de at a tenperature of about [err]
foll owed by addition of a nolar excess of acetal dehyde. -43- 24. A
process for preparing a conpound having the forrmula [err] wherein X is
“chl oro, bromp, iodo or phenylsel eno and R43-s a conventi onal
'hde0x¥:a§rotecting group, which conprises converting the internediate of
the forw®a [Ehs]pﬂ@9§§&1in%létmdggiM&#&ﬂiﬂmﬁhht%t@néioerm&ﬂaniihujs
inter- nmediate wherein the hydroxyl group is protected by a conven- tional
hydroxyl-prgéecting group. 25. The process according to Cl-aigg24 wherein
internedi ate®fla i s .converted to an internmediate of the formfa OR' [err]

wherein R_ig ﬁy #$br ganosi | yl hydroxy- protecti ng ggQug e o
process accotding to im25 wherein the hydroxy- protecting grqup is
I

triisopropyl$ilyl, t-butyldinethylsilyl®%r t-butyldiphenyl sillyl
. o/)/—N

d
O” N )‘l\

19. The process of Claim 17 wherein the starting material is
6,6-dibromoanhydropenicillin, '

_ 20. The process of Claim 17, 18 or 19 wherein the Grignard
A reagent CHjMgBr is used.

21. The process of Claim 17, 18 or 19 wherein the Grignard
reagent CH3MgCl is used.

22. The process of Claim 17 wherein 6,6-dibromoanhydropenicillin
ié_reacted in an inert organic solvent with about a molar
equivalent of methylmagnesium chloride at a temperature in
the range of about -45°C to -40°C followed by addition of a
molar excess of acetaldehyde. '

23. The process of Claim 17 wherein 6,6-dibromoanhydropenicillin
4 : is reacted in an inert organic solvent with about a molar
equivalent of methylmagnesium bromide at a temperature of
about -20°C followed by addition of a molar excess of
acetaldehyde,

5
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-44- 7. The process according to Claim?25 or 26 wherein the conpound of the
formila [err] is reacted in an inert organic solvent at a tenperature in
the range of about [err] to roomtenperature with a bul ky )
triorganosilylating agent in the presencgsof base. 28. The process of Claim
27 Wherein the reaction is carried out wwth t-butyldi methylsilyltriffa

t - but ylgi phegylsidl t ' Aard i jal Wt rei f
oroct SRPIRYpEbdes (£0F | Bk Bpdtshid | SNCRPHbAL Maidd Ve r§°€%ﬁ8éne or
di et hyl, ether and in the preggpce of an organic base. -45- 29. A
process according to claim 14 I2yighg @ procedure substantially as
described in the foregoing E,wf;&?rss_syﬂ o3P A process according to
claim 16 enpl oying a procedure®su ﬁhptlallyias described in the foregoing
N —
° AN
IIb
wherein X is chloro, b:dﬁo, iodo or phenylseleno and R* is a
conventional hydroxyl-protecting group, which comprises
T converting the intermediate of the formula

OBy B | g L ~
S
/:\,ﬁf \,,o
ot |

Ila

wherein X is as defined above into the correspondzng inter-
mediate wherein the hyd:oxyl g:oup is protected by a conven-
tional bydroxyl-protectzng g:oup.

25. The process according to Claim 24 wherein intermediate Ila
"is converted to an intermediate of the formula [
- OR"™ '

IId ,
wherein R" is a bulky triorganosilyl hydroxy-protecting
group.

26. The process according to Claim 25 wherein the hydroxy-
protecting group is triisopropylsilyl, t-butyldimethylsilyl
or t-butyldiphenylsilyl.
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3Exanpl es section. 31. - ‘A process according to claim 17 enploying a
*pro€édure substantially as described in the foregoi ng Exanpl es section. 32.
;A process according to claim24 enploying a procedure substantially as
*described in the foregoing Exanpl es secti gggq.33. A conpound of the
formula-lllb specified in claim 14, prepared by a process according to -
claim 141715 dhePrdXiess accorddmygl td Cheimorsudbm 25| khereeéni thee dompouniadin

16, prepared Q & éﬁfig according to claim16 or 30. 35. A conpound of
the fornmula I 'sﬂ§£| | ‘in claim17, prepared by a process according to

any of clains 17 to 23, or claim31. 36. A conpound of the fornula Ilb
specified in.claim24, prepared byoq process according to any of clains 24

to 28, or claim32. S Br
: : S S\°
N
o 4 _ .

is reacted in an inert organic solvent at a temperature in
-the range of about -40°C to room temperature with a bulky
triorganosilylating agent in the presence of base.

28. The process of Claim 27 wherein the reaction is carried -out
with t-butyldimethylsilyltriflate, t-butyldiphenylsilyl-
triflate or triisopropylsilyltriflate in a solvent selected
from methylene chloride, tetrahydrofuran, chloroform,
toluene or diethyl ether and in the presence of an organic
base.
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29. A process according to claim 14"employing a
proceduré substantially as described in the foregoing
Examples section. L

30. A process according to claim 16 employing a
procedure éubstantially as described in the foregoing
Examples section. :

31. A proceés_according to ¢laim 17 employing a
procédure substantially as described in the foregoing

- Examples section. -

32. A process according to claim 24 employing a
procedure substantially as:described in the foregoing
Examples section.

33.. A compound of the formula IIIb specified in
claim 14, prepared by a process according to -claim
14, 15 or 29.

- 34. A compound of the formula III specified in
claim 18, prepared by a process according to claim
.16 or 30.

35. A compound of the formula IIa specified in
claim 17, prepared by a process according to any of
claims 17 to 23, or claim 31.

36. A compound of the formula IIb specified in
claim 24, prepared by a process according to any of
claims 24 to 28, or claim 32.

* T L L 1 *

R R .

£33
et

o



