31, 608200 Title: NOVEL 4- SUBSTI TUTED AZETI DI NONES

AS v PRECURSORS TO 2- SUBSTI TUTED- 3- CARBOXY
CARBAPENEM ANTI Bl OTI CS AND A METHGOD OF
PRODUCI ‘NG THEM BACKGROUND OF THE | NVENTI ON 1
Field of the Invention The invention relates to new
4-substituted azetidinones having the fornulae | and I1: [err]
with Rerr], Rerr], Rerr], Rlerr], R err] and X defined hereafter, as
i ntermedi ates for the preparation of carbapenem and car bacephem
anti bacterials through the utilization of an acid nediated ring
§#¥sg _rﬁaction shown to form _ car bapenens |1l and carbacephens |V
- wWTh Eﬁep ]-Rlerr] defined hereafter.

Title: NOVEL 4-SUBSTITUTED AZETIDINONES AS
PRECURSORS TO 2-SUBSTITUTED-3-~CARBOXY
- c APENEM IBIOTICS AND A METHOD
| OF PRODUCING THEM
BACKGROUND OF THE INVENTION
1. Field of the Invention
The invention relates to new 4-substituted
azetidinones having the formulae I and II: .

1 1
R R
\ Rl \ ﬁ!
Z—N X N co, RS

0 l S
CO,R
R‘ 2

ré X

i 1t

with Ri, Rz, 83, R‘, Rs and X defined hereafter, as

intermediates for the preparation of carbapenem and
carbacephem antibacterials through the utilization of
an acid mediated ring closure reaction shown to form
carbapenems III and carbacephems IV with RI-R5 definea
hereafter.



2o T lerr] DESCRI PTI ON OF THE PRI OR ART

A nunper of carbapenenlderlvatlves cont ai ni ng the basic structure
(and nunbering schene) [err] 20 have
been disclosed in the literature to have utility as anti bacteri al
agents. The 2-substituted carbapenens .are known to be effective

anti bacterials. For exanple, T. 2H Sal zmann et al., in "Recent
Advances in the Chem 25 istry of bSLactam Antibiotics," P. H Bentley
and R Sout hgat e eds., Royal Society of CHemi stry, 1989, pp.

171- 189 di scl oses 2-a|kyI-3-carboxycarbapenenE

[err] 30 to have anti bacteri al act|V|ty where al kyl is defined

therein. R B. Sykes et qL., th "Antlblotlc Inhlbltors 35 of Bacterial -
Cell Vall Biosynthesis," . pperqu erganmon Press, 1987, pp
184- 188 describes 2-substil-_| x t+ﬁ+*+ékcar carbapenens

[}

'Y | s
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DESCRIPTION OF THE PRIOR ART
A number of carbapenem derivatives containing

15 the basic structure (and numbering scheme)
[ ] S !
| 2
//‘r-—N/
00 4 37co,H
20

have been disclosed in the literature to have utility
as antibacterial agents. The 2-substituted carbapenems
are known to be effective antibacterials. For example,
T. H. Salzmann et al., in "“Recent Advances in the Chem-

25 istry of b-Lactam Antibiotics," P. H. Bentley and R.
Southgate eds., Royal Society of CHemistry, 1989, pp.
171-189 discloses 2-alkyl~-3-carboxycarbapenems

A
alkyl
30 2
77—~
CO,H

to have antibacterial activity where alkyl is defined
therein. R. B. 8ykes et al., in "antibiotic Inhibitors

35 of Bacterial Cell Wall Biosynthesis," D. J. Tipper ed.,
Pergamon Press, 1987, pp. 184-188 describes 2-substi-
tuted-3-carboxy carbapenems



35

r

- 3- [err] havi ng anti bacteri al
activpty, where S-alkyl is defined t herei n. In US.
Pat ent 4,707,547 2-am no-substituted- 3- car boxy carbapenens 10
[err] 15 are disclosed to have anti bacterial properties, where
am ne is defined therein. 2-Substituted-3-carboxy car bapenens t hat
have substituents bonded to the _o2-position of the carbapenemring
t hrough carbon, sul - fur or nithgen all have anti bacteri al
properties of 20 I nterest. General nethods to prepare
t he car bapenem nucleus are limted. In U S Patent 4,350,631 a
rhodium (Il') acetate catalyzgd ring closure of the
[err]-diazo-[err]-ketoester jproduces the 2-oxo-3-carboxy carba- 25 penem
nucl eus. This product sery, keys<danket medi - ate for the
preparation of other 2-substi - car- boxy car bapenens. 30
35
5 0 CO,H
having antibacterial activity, where S-alkyl is defined
therein.
In U.8. Patent 4,707,547 2-amino-substituted-
3-carboxy carbapenems
. 10
' HO
/l\ amine
0F—N Y,
0 CO,H
is are disclosed to have antibacterial properties, where
amine is defined therein. 2-Substituted-3-carboxy
carbapenems that have substituents bonded to the
2-position of the carbapenem ring through carbon, sul-
fur or nitrogen all have antibacterial properties of
20 interest.
General methods to prepare the carbapenem
nucleus are limited. In U.8. Patent 4,350,631 a
rhodium (II) acetate catalyzed ring closure of the
a-diazo-g-ketoester produces the 2-oxo-3-carboxy carba-
25 penem nucleus. This product serves as a key intermedi-
ate for the preparation of other 2-substituted-3-car-
boxy carbapenenms.
30 -



_a. ' [err] 10 Anot her gener al

net hod to synthesize the car- bapenem nucl eus is found in European
Pat ent Application No. 83301073.9 (Beechan). The carbapenem nucl eus
i3 15 synt hesi zed via an intranol ecular Wttig reaction shown
bel ow using a specific exanple (2-thiopyrimdinyl-3- car boxy
carbapenenm) fromthis disclosure. Thig.intra- nol ecul ar Wttig
. reaction nethod is also used to ~ prepare 2-al kyl substituted-3-carboxy
- car bapenens as 20 denonstrated in European Patent Application No.

89102859. 9 (Fujisawa). [err] 25

oK
));rIO . Rhy(0ae),
A “*‘""@' "o
"

5 80°/benzene
OR
]
gieg
- 10 ° CO,CH, —@— no,
Another general method to synthesize the car-
bapenem nucleus is found in European Patent Application
No. 83301073.9 (Beecham). The carbapenem nucleus is
15 synthesized via an intramolecular Wittig reaction shown

below using a specific example (2-thiopyrimidinyl-3-
carboxy carbapenem) from this disclosure. This intra-
molecular Wittig reaction method is also used to
prepare 2-alkylsubstituted-3-carboxy carbapenems as

20 demonstrated in Buropean Patent Application No.
89102859.9 (Fujisawa).
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H. Wasserman et al., reported in Tetrahedron
Letters, Vol. 25, pp. 3747-3750, (1984) a method to
35 make a known carbapenem and carbacepham from the
earlier mentioned U.8. Patent 4,350,631. In this
disclosure a diketoester is closed to form a



30 ' H Wasserman et al., reported in Tetrahedron

Letters, Vol. 25, pp. 3747-3750, (1984) a nethod to 35 make a known

car bapenem and car bacepham fromt he earlier nentioned U S. Patent
4:350,631. In this di scl osure a diketoester is closed to forma

3- hydroxy carbapenem vi a dehydration with activated mol ecul ar

si eves. The hydroxyl group in this g I nternmedi ate nust be renoved in a
reduction step to formthe [err]-ketoester carbapenemthat is
-disclosed in 5 the Merck patent. The Wasserman et al. disclosure

provi des ng-hgagbixyd carbapepent via dshydgapiopawidthoactivatedf conpounds

Wi th | _f I N I 1 ' . ' [ i h
than the oBBLEPBIRT.iersa,  THE RFARPERE okdup, i3, 5RiE""C e Dasser man ot
al . discl ointertediater mustcbenvenovelli iy aorednetipnestepokPersi on of
conmpounds ?BEH EQE”HLiStBeQEQrIEaiﬂaﬁ&ﬁéﬁzeﬁtgfg C&fsclosg% il and 1V

respective {

5 the Merck patent. The Wasserman et al. disclosure
provides no teaching or suggestion on the preparation
of compounds with general formulae I or II where R® is
a functionality other than the oxo group utilized
therein. Additionally, the Wasserman et al. disclosure

10 provides no teaching for the direct conversion of
' compounds with formulae I and II to cycliged adducts

III and IV respectively.

0

is o -_Tj :if
X N CO0,~t-B
o7 | ° 2. Melscuiar 4 2 ‘

78S coz-f"lll Slevas HO

Ty

° €0,~t-Bu

20

25 The object of the present invention is
two-fold. The first objective is to provide novel
families of 4-substituted azetidinones of formulae I
and II via new and general chemical processes. The
second objective is to demonstrate the utility of

30 compounds I and II as precursors in a one-stepracid
mediated cyclization to carbapenem and carbacephem of
formulae III and IV respectively. )

SUMMARY OF THE INVENTION
It has now been found that 4-substituted aze-

35 tidinones of formulae I and II are synthetic precursors

to substituted carbapenems III



(1 ower) al

kyl . Suitalgtejhydloxy (Iower)?a X substituents

|
I nclyde straight or br anehetf2f over 20 akkyl cdjaVi ng a hydroxyl
as hydroxynet hyl ene, 2- hydr oxyet hyl , hydroxypropyl, 1-hydroxyethyl.
Sui tabl e protected hydroxy (lower) al kyl neahs the

10

15

20

25

30

35

and carbacephems IV respectively via an acid mediated
ring closure reaction.

r? r?
Yk ]__
o K cogt? & UL
co,R®

s iy

In the above formulae I-IV:

Rl is hydrogen, hydroxy (lower) alkyl or ptotected
hydroxy (lower) alkyl. Suitable hydroxy (lower) alkyl
substituents may include straight or branched lower
alkyl having a hydroxyl group such as hydroxymethylene,
z-hydroxyéthyl, hydroxypropyl, l-hydroxyethyl.
8uitable protected hydroxy (lower) alkyl means the
aforementioned hydroxy (lower) alkyl in which the
hydroxy grouﬁ is protected by a conventional hydroxy
protective group. Preferable protecting'groups are,
the trisubstituted silyl such as trimethylsilyl,
triethylsilyl, tert-butyldimethylsilyl, tert-butyldi-
phenylsilyl; an acyloxy group such as a lower aliphatic
acyloxy group preferably allyloxycarbonyloxy or an
aralkyloxycarbonyloxy group preferably benzyloxycar-
bonyloxy or 4-nitrobenzyloxycarbonyloxy. Other
suitable examples of R' can be found in U.8. Patent
4,921,852, |

rR? is hydrogen or substituent groups previously
disclosed for other carbapenem derivatives. More
specifically, R? may be hydrogen or any of the non-hy-
drogen 1-substituents disclosed for example, U.S8.

25 The object of the present invention is two-fol d.
The fjrst objective is to provide novel famlies of 4-substituted
.azetidinones of fornulae | and Il via new and general chem ca
pfocesses. The second objective is to denonstrate the utility of 30
conpounds | and Il as precursors in a one-step acid medi at ed
cyclization to carbapenem and car bacefhem of formulae Il and IV
respectively. SUMVARY OF THE | NVENTI ON

It has now been found that 4-substituted aze- 35 tidinones of fornulae |
and |l are synthetic precugsors to supstituted carbapenens |1

[err] apd catbacephens | Vet espectively via an acid nediated

ring closure reacti om f 15 | #*t he above fornulae I-1V;
Rlerr] is hydrogen, hgdmoxy jover) alkyl | rot ected hydr oxy

may
group such



af orenenti oned hydroxy (lower) alkyl in which the hydroxy group is
protected by a conventional hydroxy 25 protective group. Preferable
protecting groups are, the trisubstituted silyl such as
ttimethylsilyl, triethylsilyl, tert-butyldinmethylsilyl, tert-butyldi-
phenyl silyl; an acyl oxy group such as a | ower aliphatic acyl oxy group
preferably allyl oxycarbonyl oxy or an 30 ar al kyl oxycar bonyl oxy group

pref erably benzyl oxycar - - bonyl ey or 4-nitrobenzyl oxycarbonyl oxy.

Q her sui tabl e exanples of Rlerr] can be found in U S. Patent

4,921, 852. Rlerr] is hy drogen or substituent grgups previously 35

di scl osed P8teBthdr388r6apencRraéerveadi pen-hydsogen R° specifical |y,

g[er{] ngy?bnsh!dﬁeﬁel chaﬁneORcthé ¢JOR1RY1, most BregeRabigybstituents
I SCl OSse 0]

-7- ihﬁifggkeHYg BnSSEhenﬁ;eﬂgnrﬁd’n&ﬁkﬁ}droﬁéﬁ Rl err]
substituennenhhyandgeﬁCR r shbgkitubhtahkiy! bebat epthber abl §r

et hyl, - hyd
gfeﬁ?] su st|+uen€uPD€P%% (%;gr{% £lein%§n&é§ythafegyf Bﬁﬁ??ﬂgfgtlgnrogﬁg

it is intehueanthan gnglpdgsshe individualvent and p-+icsomers heas ndi vi dua

[err]- antwégir ks a9¥ehresthe eof. #f ' m88t E!&Eﬁa&hefe(’f The nost

preferred 1-substitute npounds arenkﬁose ving the
[err]- conf?»gﬁvla?f-bﬁ“teépeemawyd@ h5§e thosaghawingethe- net hyl 10

‘substituerng+configuratisi} | esedVAl Df thosd néviaqbtre | Saydt¥yOr OUp, azido,
an %eggc 8ﬁoup bonded via sul fur, nitrogen, oxygen,

phdgbhorussﬁé PBBE? at om such as, but not 1inited to, F, d, Br,
|, OCOCH[ eRr];sCli;idf@gen} aﬁ?(ﬁ)i.ﬁihle l1éavingCgfbup; | &zfido;, ] anCSO err] Ph,

g?c»?ﬁ??ir é?a?lc groﬁ%eﬁéﬁdgayvfﬁsgugfuf ngig%éggéérp?yégagﬁlgrganlc gr oup

bonded vi sPhesphorus %BﬂbemthbnthMtﬁ@cbu¢$urhutonotThen§tedptaonay be
hydr ogen, fSI@II]BEIeiflécéé# ) o66ER! ]o§16$fbihf{0'oa'ky'

CRRLE T v B G I S

(derr]-d®t rhay also be aa knodety afytnerﬁ@ﬂuhlaheteo |ﬁﬁérein

et or ocyol §1 £818s b h%;?éfﬁ%l% i diini %f ariEe
carbon atom to the sulfur atom. The group R may be
hydrogen, (cl-c‘) alkyl, (03-07) cycloalkyl, (cz

20 alkenyl, (c2°c6) alkynyl, aryl, heteroaryl, aryl
(cl-cs) alkyl, heteroaryl (cl-cs’ alkyl, (cl-cs)
alkanoyl, arylcarbonyl, heteroarylcar-
bonyl, heterocyclyl, heterocyclyl (cz'cs’ alkyl, fused
heterocyclyl, fused heterocyclyl ‘°1'°6’ alkyl, fused

25 heteroaryl, fused heteroaryl (ci-cs) alkyl, quaternized
heteroaryl, quaternized heteroaryl (cl-cs’ alkyl,
quaternized heterocyclyl, quaternized heterocyclyl
(cl-cs’ alkyl, quaternized fused heterocyclyl,
quaternized fused heterocyclyl ‘°1'°6’ alkyl,

30 quaternized fused heteroaryl, quaternized fused
heteroaryl_(cl-c‘) alkyl, quaterniged heterocyclyl
(°1'cs’ thioalkyl, any of such groups being optionally
substituted. Suitably, the heteroatom or heteroatoms
in the above-named heterocyclyl, fused heterocyclyl,

35 heteroaryl and fused heteroaryl moieties are selected
from 1~-4 oxygen, nitrogen or sulfur atoms and each ring
of the heterocycle, fused heterocycle, heteroaryl, and

Ce)



25 ‘het eroaryl, fused heteroaryl (Cerr]-Cerr]) alkyl, quaternized

heteroaryl, quaternized heteroaryl (Cerr]-Cferr]) alkyl,

quaternlzed het er ocycl yl , quaterni zed heterocycl yl (err]-Cerr])

al'kyl, quaternized fused heterocyclyl, guat er ni zed fused '

heterocyclyl (derr]-Cerr]) alkyl, 30 guat erni zed fused heteroaryl,

quat erni zed fused heteroaryl (Cerr]-(ferr]) alkyl, quaternized

~ heterocycl yl (Cerr]-Cerr]) tBroal kyl, any of such groups being
optionally substi t ut ed. Suitably, t he heteroatom or heteroat ons

in the above-n d hetero ycl used heteroc 35 het er oaryl and

fused hete i g?&?@@téa °°mpr15¥ﬁoﬁfl- R 5%yden, nitrogen or

sul fur atom&amui(pxdfenmhgy 5 or sohtbhs.hemheoh;tbcpatbnedrheterocycle

het er oar yl
fused hete?ba”#oﬁ%§%3|ﬁgsﬁn§ 3gﬁgflge quatggn}zed heterf ﬁgl'preferably

5 or 6 atomammml (Cl-c heabknr.oqnamrnmceabove naned
quat%rnlze%éeafagya' quaternﬂ%@hehﬁbéfgc? ioa g?[sikgﬁc[err])

al kyl, quaterni ze terocyclyl, |ze er oc
(err] - Suaberniznd fused he&&&'?é‘i’ﬁﬂ-i’éd EBQEG’-’H@FEFogyéF?I quat er ni zed

fused hethdicdyayal Y, - sr ahk?herﬁhhtabhihedqmbeam zed fused
heteroaryl uaternlzed Lg % ? h%ﬁL %yg[ﬁg % Z k¥by1' and
quat er ni ze R HEFSRTF e FUREEEBLELS CFBFF ) baf Letsés are

selected f owd huatnqqyman hetamgeyc&ylsMCEuc 3t thioalkyl meddtdest contain
at ly@Ast ORoligld 100042 38?304 8% gen, nit£bgEnObs! B FaSPRELRAS O oty IS

COFTpI’I sed stituents

for the gr &M@ mustr containsat leasgdene] Bitrogesr atoml apd, eaﬁhno

(err]-( erihgldarde FespectiPeOmoiety is bmpaideltr be(Sl 8k k- Clerr])

al kyl am no, h¥droxy Cerr]-Cerr] alkoxy, nmercapto, (Jerr]-(err]
al kyl t hi o, oaryl thio, fused het eroaryl thi o, arylthio,

het er ocycl yl t hi o, fusg¢1ona1 substetaeuehyfbhiﬁhesgbphpnn9l;nearbannyl,

am digho, anj d or 0 and
salgg and %&tgféqﬁhgkeéﬁgy ?&?h 85|§2%§§$8§gﬁ9ar9|§§%8 2 bonyl ,
het er oar y| édrbomd trﬁeﬂ@&o@g&l}lkﬁlb@nyb, hydedxy, C, Cﬁ alkoxy,

“heterocycl ylegosl C,~C¢ alkylth:.o et&‘b&i”?iiﬁhz& Cggelts Cerr]-Jerr] |
al kyl for exanp é or 1so Z&Egbﬁ ogtlonally substituted
Y,

by aﬁeﬁeoaepaﬁpﬁ°C[errithﬁeanﬁytsﬁpﬁzc H888- and di-

heterocyclylthio, sulphamoyl, carbamoyl, amidino,
20 guanidino, nitro, fluoro, chloro, bromo, carboxy and
1-c6 alkanoyloxy, arylcar-
bonyl, heteroarylcarbonyl, heterocyclylcarbonyl, fused
‘heterocyclylcarbonyl.
suitably, R® is c,;=C, alkyl for example
25 methyl, ethyl or isopropyl, optionally substituted by

salts and esters thereof, C

amino, °1°°6 alkanoylamino, carboxy, mono~- and di-
alkylamxno, hydroxy, amidino or °1'°s alkoxy. Prefer-
ably, R is ethyl substituted by c alkanoylamino,
for example R is acetamidoethyl.

30 Suitably, R® is C,-C, alkenyl and, ig partic~-
ular, optionally substituted vinyl wherein the substi-
tuents are selected from those described hereinbefore.
Preference is given to c1 alkanoylamino such as ace-
tamido, carbamoyl groups including mono- and d1-cl Ce

35 alkyl carbamoyl, such as phenylcarbamoyl and NH co-, a
carboxy group where the carboxy group is esterified
with an alkyl ester such as methyl or as its araalkyl



alkyfanino, hydroxy, amdino or.CJerr]-Cferr] al koxy. Prefer- ably,

Rlerr}] is ethyl substituted by (JQerr]-Cerr] al kanoyl am no, for
exanple Rerr] is acetam doethyl. 30 Suitably, Rlerr] is
Clferr]-Clerr] alkenyl and, in partic- ular, optionally substituted
vinyl wherein the substi - tuents are selected fromthose descri bed
her ei nbef ore. Preference is giggn to (Jerr]-derr] al kanoyl am no
such as ace- tam do, carbanoyl “groups incl udi ng nono- and
di-Cerr]-Cferr] 35 al kyl carbanoyl, such as phenyl carbanoyl and

NH err] CO es@er such @8 ROKY t@bBERzYNCEStbRCoFAEREX¥a0hBYY §eofpgierified
with an alkzl eitgn such as nethgl Oor as Its araa k¥?
18 saipfred 2 i&s,spfipBper petassimmopaliie carboxy group

i?[s sai ified as its ssdauﬁbmyl,pnf‘asaikuf@sabﬁch as phenyl; aralkylSuitably,
err] is such,as nyl . aralky erein the ag moiety is
phenyl andgéﬁteé#kspenﬁggﬁy¥°§egy £?5P23P31635§r€5ﬁ %£5¥€ ?ﬂ%% ¥s benzyl or
phergt hyl .is| & to 6 carbant atomarsuéheas|bengybeoppphenathylsubFnit ut ed

ar al kyl : ei gat SURSL 0, cCle yl portion is
hereinabov%aﬁg%fﬁgggén o%??ogglégﬁgggéiﬁii%ﬁg%€%£+ﬁéa LLLlﬁ&fphenyl ring
consi sts ovhereinr ther substitiuents| Sorng, 40, alkylipertienmtis anino,

Cerr]-C ehéteshkpsou ageifed "RRQ opffonal substi Sh&YSANESL: tRYdr OXY,
am di no or sul phanoyl, carbanmoyl, nitro,

err]-Clerr] al koxy,
chl oro, flﬁé£ﬁ¥£ngL€,°Ln51sgsc%fU%R? AR PREE 1 F JFRe LRI WERG  eof .
Suizebl e substitumhesminbhecfbc calkabslylatiné) chodd- and

Ler'] | airalxylamino, nyarory, ambdlflldr &S lalgesg e 1-Cler]

al kanoyl such @

sulphanoyl, carbamoyl, nitro, chloro, fluoro, bromo,
carboxy and salts and esters thereof. Suitable
examples of the above-named list are:

0. TR

u,-tl:u
"y _j ocH,

Suitably, R® is C,-C¢ alkanoyl such as

25 -cnz-cnzcm)cn3 or -cnzcw)cnzcn3 optionally substitut-
ed by c1°cs alkanoylamino, carboxy and salts and esters
thereof, dialkylamino, hydroxy, amidino, sulphamoyl,
carbamoyl, fluoro, chloro, bromo. Suitable examples of

the above named list include:

is

30

ry

35



25 .'-CH[err]-CH[err]CXC»C}{err] or -CHerr]C(OCHerr]CH err] optionally

subst &t ut - ed by (Jerr]-(err] al kanoyl am no, carboxy and salts and
esters t hereof, dial kyl am no, hydroxy, am di no, sul phanoyl,
carbanoyl, fluoro, chloro, brono. Suitable exanpl es of t he above
named |ist include: 30 35 _ - [err] 10
Suitably, R err] is heteroaryl where the hetero- at om or het eroat ons
in the heterocycle are selected €¥®m 1-4 oxygen, nitrogen or sul fur
atons such as pyri- di nyl, furanyl, imdazolyl, thiazolyl, triazolyl;
15 heteroaryl (Clerr]-Cerr]) alkyl such as: [err] 20
~CH,~C=C(0)CH, . -CH,-CHC(0)CH,
¢ unco,cuz-<i::>>-ﬂoz
5
-CH,C({0)CH, ; ~CH,CH-C(0)CHy
N(CHg), NHSO,Ph
10

Suitably, rR® is heteroaryl where the hetero-
atom or heteroatoms in the heterocycle are selected
from 1-4 oxygen, nitrogen or sulfur atoms such as pyri-
dinyl, furanyl, imidazolyl, thiazolyl, triazolyl:

s heterocaryl (cl-c‘) alkyl such as:
~CH.CH or -CH,-CH
2 2 _ 2 2 .
20 N
wherein the alkyl portion is optionally substituted as
hereinabove described and the heteroaryl portion is
optionally substituted with substituents hereinabove
defined. B8uitable examples are:
25
~N NH
~CH,CH -E I ~CH,-CH -@_/
| s I N)
NHCOCH, NHCOCH,
30

4

-cnzca@co,u ~CH, CH —@
| 0 | N
uucozcu,-{<:::>—uoz on H
35

Suitably, R® is fused heteroaryl where the
heteroatom or hetercatoms of the heteroaryl ring are



wheretn the al kyl portion is optionally substituted as her ei nabove

descr.ibed and the heteroaryl portion is optionally substituted with
substituents herei nabove defined. Suitable exanples are: 25 [err]
Suitably, Rerr] is fused heteroaryl where the het er oat om or

het eroatons of the heteroaryl ring are selected from1l-4
oxygen, nitrogen or sulfur atons and optionally substituted as

her ei nabove descri bed. Pre- f er&Bre exanples are the [3.3.0] and
[3.4.0] fused bi- cyclic heteroaryl ring systemas generically shown:

5 1 L.t abl, ' [ f d
I o g e P
sel ect ed fophidnadly substisutedndsopereinkbpveuldescribed. Preed as

her ei nabovge & Pedmpres’ arabRe®t3TB.85 Ana [324CofPeubdadpdl. [3-4.0],
[4.3.0] and 0 ugter-
T cyclic'hetgroaryl ring system as generically shown:

S
Rb

Het

t
N agryl R

10

' Suitably, R? is a gquaternized fused hetero-
aryl where the heterocatoms of the heteroaryl ring are
selected from 1 to 4 nitrogens and optionally substi-
tuted as hereinabove described. Preferable examples

1s are the [3.3.0], [3.4.0], [4.3.0] and [4.4.0] quater-
nized fused heteroaryl rings, optionally substituted
with an acidic substituent. 8Suitable examples are
shown:

20

25

30

35



ni'zed fused heteroaryl rings, optionally substituted
subst &t uent .

35 -

1o

15

20

25

30

35

Sui tabl e exanpl es are shown:
[err]
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with an acidic
25 30
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where RY s herelncfter defined.
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35 . -14- Anot her

sui t akl e exanpl e of quaternized heteroaryl (derr]-err]) alkyl
group i s shown generically as: 5 [err] :
where the definition of the heteroaryl noiety: 10 i s disclosed
in U S Patent 4,952, 397. O her suitable exanples of quaternized
het er ocycl yl (derr]-derr]) alkyl groups are quaternized

het er ocycl yl (err]-Cerr]) thioal kyl groups such as:

[err] 20 wherein the definition of the heteroaryl ring:

[err] 25 Anothernsuiteblefésddprn off c}xf&i:e’sifd%ec?rﬂ%[ﬂﬁ;ﬂ if} ?i scl OSFd|
in U S Patgnt 4,6880,922. . ul t L Rerr] 1s heterocycly
wher e the wl'cskeole’fﬁt%’fﬁ‘fﬁ ooy cﬁﬁp?ﬁf‘iﬂg‘%&’er ocycle are se- 30

|l ected from1 to 4 oxygen, nitrogen or sulfur atons. Addi tional ly,

t he above nentioned heterocyclyl noiety

)

where the definition of the heteroaryl moiety:

: O
+

is disclosed in U.8. Patent 4,952,397.

Other suitable examples of guaternized heterocyclyl
‘°1'°s’ alkyl groups are quaternized heterocyclyl
(cz'cs) thicalkyl groups such as:

-cu,-cn,-s.4ézz:>-n‘
+)

wherein the definition of the heteioaryl ring:

:.: CN ;
25 ' 7 (3)

and the definition of the alkyl group Rd is discicsed
in U.8. Patent ¢,880,922.

Suitably, R® is heterocyclyl where the
heteroatom or hetercatoms in the heterocycle are se-

is

30 lected from 1 to 4 oxygen, nitrogen or sulfur-atoms.
Additionally, the above mentioned heterocyclyl moiety
is optionally substituted with one or more of the fol-
lowing substituents hereinabove defined. Preferred
examples of the above named list are substituted pyr-

35

rolidinyl groups of formula:



- mwea|

is optionally substituted with one or nore of the fol- | owi ng

subst it uent s her ei nabove defined. Preferred

exanpl es of the above

naned |ist are substituted pyr- 35 rolidinyl groups of formula:

-15- where the definition of Rlerr] and Rerr] are found in
usS 5 Patent 4,921,852, U S. Patent 4,963,543, U S. Patent

4,463, 544 and U. S. Pat ent 4, 740, 507, gﬂpstltuted proline
derivatives as: [err] 10 where Rl err] is defined in U S
Pat ent 4, 888, 344 or pyrazolidinyl substituents preferably: 15

[err] where R err] is hydrogen, tert-butyldinethylsilyl or other
20 suitable tri-substituted siA#droup,
-CJerr]CHerr]-(4-nitrophenyl), err]CH[err]CH:CH[err] Rl err]
may also be OH, or OR where Rlerr] is >>Her ei nabove defi ned,;

Rlerr] may

yReRd, Fhel dediiihaon S T SRR alle’ fBund 10 v B N * R

Sui tabl e suU

NR[ e5r ] R ePaktenitc 4o SR1985]2 ,aWl &R} Fatientr d,i9639/5d3¢Je0L. 8. Patently sel ected
from hydroﬁeﬁsss%hﬁt' il %dsor #ﬂ%%‘ 7405%07; sub ELFXL e@nd cycl oal kyl
having from 1 on at ons aryl, ParRar such as phenyl
(Cerr]- C[EFP]I}% Wlém&lves as:

10

1s

20

25

30

35

CHy
c{o)N
e
N\Rn
where Rh is defined in U.8. Patent 4,888,344 or

pyrazolidinyl substituents preferably:
_CN/R' N~ RS
I |
N\RG N\R!-
where RY is hydrogen, tert-butyldimethylsilyl or other

suitable tri-substituted silyl group,
-CO,CH,~ (4-nitrophenyl), -CO,CH,CH=CH

3 22 272 2°
R™ may also be OH, or OR® where R® is hereinabove
defined;

3

'R may also be an organic residue bonded via a

nitrogen atom. Suitable substituents can be
represented as:

=-NC, NCO, -NHCN, NRhRi where Rh and Ri are independent-
ly selected from hydrogen; substituted or unsubstituted
alkyl and cycloalkyl having from 1 to 8 carbon atonms,
aryl, araalkyl, such as phenyl (cl-c4) alkyl and

- heterocyclyl, heterocyclyl (cl-c‘) alkyl, hetéroaryl

and heteroaryl (c1'°4’ alkyl wherein the hetercatom or

heteroatoms are selected from oxygen, nitrogen and
sulfur, and a cyclic group wherein Rh and Ri are
joined; and wherein the ring or chain substituent or

substituents on RP, R? or the cyclic radical formed by

their joinder are selected from the group comsisting of

amino, mono-, di- and tri (cl-cs) alkylamino, bhydroxyl,



het erocycl yl, heterocyclyl ((err]-Cerr]) alkyl, heteroaryl and
heterearyl (Cerr]-Cferr]) alkyl wherein the heteroatom or

het er oat ons are sel ected from oxygen, nitrogen and sul fur, and a
cyclic group wherein Rlerr] and Rlerr] are 35 j oi ned; and wherein the
ring or chain substituent or substituents on Rerr], Rerr] or the
cyclic radical fornmed by thelrJdO|nder are selected fromthe group
consi sting of am no, nmono-, di- and tri ((err]-Cerr]) alkylam no,
hydr oxyl , carboxyl al koxyl, chloro, fluoro, brono,

nitro, carboﬁgﬁer&hmﬂkgﬁr]chﬂ@&@ylfl%%&%ylb&@ﬁoal%ﬁiibparbonyl and

car boxam do lLative to the abové 8ener|c description for
5 -NR[eFPhﬂferrPhePﬁérdPﬁﬁ%&éuHéduaék°ﬂa@eﬁebenr 73087 pp. 3-4
cont ai ns spa:bbxamﬁapresentatlve exanples Q her ~ suitable
supst i ! e c) M ERR AT B B3R o3Mic aeschlpRlonRoY"
[err§ ethnndﬁpsdppuandURperEhtent ko7 Sagyepgef BRed, acyl
am no eonﬂ& Hlss lcli?q ol Q%%%‘Entati%e[ ‘EE:Elngaes. otner/Nerein Rerr]
et 'ne

and Rlerr] are herei above d roups presented by the
fornul a: ~Suitable substituents are| proxylaggno, hyAzpzinyk] and]

represents;hiﬂymggaowﬁuhQQnwaﬁé ON(R )NRhRi

| _.llo ::>= .;

wherein RP ana g} are hereinabove defined, acyl amino

groups of the formulae:

]
is 1
LI ¢
" I ead RE-C=N=~
on! i
wherein Rh and R are hereinabove defined; groups re-
20 presented by the formula:

RP—N-CH-C-NH-

| ]

|
R'Rk o
25 wherein Rk represents hydrogen, substituted or
unsubstituted (cl-ca) alkyl* (in the description of
respective groups in the present specification, groups
marked with an asterisk may have a substituent as
assigned hereinabove for Rh and Ri), (cz-cs) alkenyl*,
30 (cz-cs) alkynyl#, heterocyclyl®* and heteroaryl* wherein
the hetercatom or heteroatoms are selected from 1-4
oxygen, nitrogen or sulfur and the cyclic;pcrtion has 5

or 6 ring atoms; groups represented by the formula:

35 R®
fl

N=-C~NH-



unsubstituted (Cerr]-Cerr]) alkyl* (in the description of
respeetive groups in the present specification, groups mar ked with

an asterisk nmay have a substituent as
F{err] and Rlerr]), (Cerr]-Cerr]) alkenyl*, 30 (derr]-derr])

al kynyl *,

het eroatons are selected from 1-4
cyclic portion has 5

assi gned herei nabove for

het er ocycl yl * and heteroary* wherein- t he heteroatom or

Repr®sent ati ve exanpl es of an acyuan1no group

10

15

20

25

30

35

wherein Rk'is hereinabove defined; groups of the for-
mula:

R 8(0) {NE-
wherein i=0, 1, 2 and R is hereinabove defined; groups
represented by the formulae:

) 0
" .
>IPl M- ) °>iF|-|IH >I’-NH

I’
wherein Rh and R are hereinabove defined.

Representative examples of an acylamino group
of the formulae:

h
R"-C-N- R"-C

1N -

o r! R'-c

from the above-mentioned groups are: formylamino,
acetylamino, isobutylrylamino, benzyloxycarbonylamino,
l-aminocyclohexcarbonylamino, 2-(2-am1no-4-th1azoly1)-
2-ethylideneacetylamino, 4-bromobenzoylamino, nicotin-
oylamino, 3-phenyl-5-methylisoxazol-4-yl-carbonylamino,
pyrrolidinone, succinimidoyl and maleimidoyl.
Representative examples of an acylamino group

of the formula:

oxygen, nitrogen or sulfur
or 6 ring atonms; groups represented by the

and t he

formula: 35 [err]

-17- wnerathethenF] azednBreihhbave aeftheabeaa f8f haedximd Rierr] is
oXYy- Ifur roups reEresE é g bx hg for

[err] 5 9¢ Pgln ﬁ?BPF]rFQr gPRrRdnByther FALH roups of the
- for- mul a: [err] 10 MMEFEIH.I—O 1, 2 and
Rlerr] is hereinabove defined; &F H- represented by the fornulae:
[err]: wherein R err] Rl err] are herei nabove defined. 20



of the- formul ae: [err]
f.,r om tthe above-nenti oned groups are: fornylam no, acetyl am no,
i sobutyl ryl am no, benzyl oxycarbonyl am no, 30

1-am nocycl ohexcar bonyl ami no, 2- (2-amino-4-thiazolyl) -

2- et hyl i deneacetyl am no, 4-bronobenzoyl am no, nicotin- oyl am no,
3- phenyl - 5- net hyl i soxazol - 4-yl - car boaygam no, pyrrolidi none,
succi ni m doyl and mal ei m doyl . Represent ati ve exanpl es of
an acylam no group 35 of the formul a:
[err] fron1the'abov§-nentioned groups are: [err]

R

N-CH-C—-NH-
UG
k
5 R® 0

from the above-mentioned groups are:

cu,lu*cu,-c‘o’u"' "l-CHOC(O)l"-
CH CR NH=CH(CH,; )C(O) NN~ 7 o
10 [ At 3 —
] I-CH,-C(O)."- “!l-cu-C(O)u"-
CO,H
H’I-CH-C(O)'u-
15
ou
0
i
/t'l"'cn-c‘O)“"- (c“s)z.-cu-cto"n‘
20 c"’ o )
O .
-]
(cu,):.-c‘-c‘o’“"

' H (o)u(ch,),
25 _a

Representative examples of an acylamino group
of the formula:

30

L

R.
"
\\N-C-NH-
&!
from the above-mentioned groups are:

35



15 L]

group-
[err]
[ér]r

10

1s

20

25

30

35

25 Represent ati ve exanpl es of an acyl am no
of the formula: 30
fromthe above-nentioned groups are: 35

HyN=-C(0)NH- 2 ;u-c(o)-lu-
L] '

CH MHE(O) NH~ !
HoN=-C{S)NHU~ N=C(S)=Nti=-
CH NH=C(S)NK-
. KHCH
0 N=C(O)NH~
Du-c(o)uu_-
L] N-c{0) KN~ Ho
‘ 2u-c(o)-uu-
COH

Representative examples of an acylamino group
of the formula:

()

()

RE-C~C=NH~
I
NoO
I

from the above-mentioned groups are:



5. : 15
aof the formula: [err]
30
5 CHg=C-C-NH=
[ 1l
N O
|
OH
10
CHy-C-C-NH-
1 |
N O
|
15 OCHy
CHg=C-C~NH-
i
N O
20 I
OCH,CO,H
2 1Nl
N O
!
OCHy
30

35

Represent ati ve exanpl es of an acyl am no group
fromthe above-nentioned groups are:

-20=

s
HzN—AQ;TgL-c-c-Nu-
N
0

N
I
OCH,
s .
/L;:E&-c-c-un-
LA T
N O
|
OCH,CH=CH,

o

25



-21-

Representative examples of groups of the for-

mula:s
R"8(0) ;NE~
from the above-mentioned listings are:
5
CHySO,NH- o,n-<i::)>—s-nn-
10 )
I
s SONH~-
15 N N
soz-uu- |
—<<:::>*‘5° NH- éz?’/a\\soz-un-
20
SO-NH~-
(CHy),CH-S0,NH- NN
0 -
»s ] SO2NH \\47\\soznu-
\—N
@-soz-nu- CFsSO,NH-
0
CeHe=CH,-SO,NH-
30 R §

CeHsCHy=0C-CH,~S0,~NH-

0

35



30 35 -217" Representative
exanpkes of groups of the for- mul a: [err] fromthe
above-nmentioned listings are: 5 [err] 10
SONH- 20 :
' -22~-
Representative examples of groups of the for-
mula:
R O
5 N
P-NH~
n',/
from the above-mentioned listings are: dimethylphos-
phoamino, diethylphosphoamino, diisopropylphosphoamino,
10 diphenylphosphoamino, dibenzylphosphoamino.
Representative examples of the formula:
0
rRho_ ||
>P-NH
15 rRlo
from the above-mentioned listings are:
] [}
[}
cha? >I|!-uu >lrl -NH
20 eHg0 ' ¢
[}
M N, ol
et I-C P-KH
C /r-uu . cu> °
] 3
g Representative examples of the formula:
25
e
LTI ]
- ) Pl
l'
from the above-mentioned listings are:
30 e 0
e G e S
Chy . -
cxy | )
cHy
T



35 ’ -22- Represent ati ve exanpl es
groups®of the for- mul a: [err] fromthe above-nenti oned
i stings are: dinethyl phos- phoam no, di et hyl phosphoam no,
di i sopropyl phosphoam no, 10 di phenyl phosphoam no,
di benzyl phosphoam no. Represent ati ve exanpl es of the fornula:
[err]

-23=

Representative examples of groups of the for-
mula:

: R'>"'

from the above-mentioned listings are:

10 CHy Ph
>:u- >: N-
CHy X
Ph CHyS=CHyy
N :>::u-
is5 c“s c";

Q. L

N
20

X S;:::;:n-

H,N
CHy
25
HO,C
CHy

s0 , c‘n,cuzooc:>czu- .

35

of



fromthe above-nentioned |istings are: [err]
Represent ati ve exanples of the formula: 25 [err]
above-nentioned listings are: [err] 35

fromthe

-23-

Rh

10

15

20

25

30

35

Represent ati ve exanpl es of groups of the for-
[err] .

-24=

Representative examples of groups with the
formula:
-n(rP)or?
from the above-mentioned listings are:
-NHOH, -N(CH,)OH, -N(CH,)OCH,, -N(CH,CH,)OH,

3'
N(CHZCKS)OCHs, -N(cxs)ocn CO_H, -N(Cns)OCHchZCK c
-8(083)0063

2992 2CeBs”
5’

-u(cu,)o—@—n -u(cu,)o—@—cou(cn,),

DD A

Representative examples of groups with the
formula:
-n(’P) nrBRY
from the above-mentioned listings are: —NH-NKZ, -

-unnncozcnzcsns, -NHNHCGKS, -NHNKCEchEs,

-""@ , U' . .

' @
Ne—n ! NP

nmul a:



35

»

10

15

20

25"

30 °

35

fromthe above-nentioned listings are: [err] 20

-25-

R> may also be an organic residue bonded via

a carbon atom. Suitably, the organic residue is bonded
to either a bivalent, trivalent or tetravalent carbon.
' Suitably, a bivalent carbon can be a nitrile

-C=N or accfylcnlc, -c== c-R*

wherein R? is hereinabove defined. A trivalent carbon
can be imino

-C=N-R! -C=0
s carbony! , | , thlocarbonyl
RY RS
-C=S
| » olefinlc ¢ « Cc-R® vhereln
R® I ||
R" R

A tetravalent  .-carbon can be T‘
-c-gP
R!
hpi,
-CH F, -CH_,Cl, -CH_Br, CH I, -CH,OCOCH.,, -C(O)NR
2 2 2 2
-CHRkNR CHR*N(R )OR CHRkN(R JNR , -CHF

-cHCl, -cn(c1)cozn crm"N(R )C(O)Nnhnl 2
-CHRkC(NOR )C(O)NR.I‘Rl -CHRkNHSOZRk,
-CHRkNHP(O)(OR )OR ), -curR®p(0) (or?) (or)y:

wherein R®, R?, R and R¥ are hereinabove defined.

Representative examples of a bivalent carbon
are: '



- 24- . Representative exanpl es of groups with the
forml a: [err] fromthe
abpve-nmentioned listings are: 5 -NHOH[ err], -N(CH err]) OH,

-N(CH err])CCH err], -N(CH err]CH err]) OH,

N(CH err])OCH err])-N(CH err])OCH err]COerr]-N(CH err])OCH err]CJerr]H,
-N(CH[err])CCH[err]CC{err]CH[err]C[err%H[err]

-N(CH err])CCerr]Herr], [err]

Represent ati ve exanpl es of groups with the 20 formul a:

[err] fromthe above-nentioned listings are: -NHNHerr], -

N(CH err])-NH err], -N(CH err])-NHCH err], -NHN(CH err])[err],

-N(CH err]) N(CH.&wr 1) [ erddz con ,  -co=-dNdl NINEICOL ¢ £ €LE4e)foki] H[err]
-NHNHC[ err] H err], -MWMHeH]quH{mﬂ 25[mﬂ

-C==C-C¢Hy , =-C==C-CH,NHCO,-C(CHg)q

-csssc-cu,-u;::] -C== C-CH,CH,
/i !
0

NKCOCH,

~c=c¢ ’ \ ~c=c—" N
L3 ),

NH,

. ‘°=°'< \C(:)/\ , -fsc{m

Representative examples of a trivalent carbon
are:
20

25

30

4

35



-25- - R[err]'nay al so be an organic residue bonded via

a carbon atom Suitably, the organic residue is bonded to either a

bivalent, trivalent or tetraval ent carbon. 5 Suitably, a

bi val ent carbon can be a nitrile [err] 10 wherein Ra is

her ei nabove defined. A trivalent carbon can be imno [err] 15
- 20 Rlerr], R err] and Rl err] are hereinabove defi ned.

A tetraval ent carbon can be [err¥2725 -CH err]F,

-CH err]d, -CHerr]Br, -CHerr]l, CH[err]OCOCH[err] -C(ONR[err]Rerr],
-CHRlerr]NR[err]Rerr], -CHR[err]N[err](R[err])CR[err]
-CHR[err]N(R[err])NRlerr]R err], -CHF[err], 30 -CHO [err],
-CH(Ad)CJerr]H -CHRerr]N(Rerr])C(ONRerr]Rerr],
-CHR[err]C(ONR[err]Rlerr], CCONRerr]Rerr], -CHerr]NHSJerr]Rerr],

-CHR err] NHP(O) (OR[err] )OR err ] -CHRerr] NHP(O) (OR[err] )R err]),
-CHR[err] P(O (OR[err])(OR[err]) wherein Rerr], Rerr], Rerr]
and K err] are hereinabove defi . Representati ve
exanpl es of achw.ad@nt,card@on@ I “_<:N -CO,CH,CqH,
_ N-CO,CH,C Hy
-C=NCH,
10 | _4(fij> CeS , CeS 0
o CH,~-$S . S , =5, =C-0 .,
| TN |
CHg CeHy CHy

-C=0 , =C=0 , <~C-0 ,

15 ! |
CH,SCHy CH,CI
-
NHCOCH

~C-0 . =t-cC
20 l - l |-_Z:;:B\]
CHyNHCOCH, CHy M L oH
Ne—e— C Q
25 Zuu, CON(CHy),

30

45

35



-26- - [err] 5 . Representati ve exanples of a
tsrivalent carbon are: 20 25

Representative examples of a tetravalent car-

bon are:
5
CH,CO0,CHy , CH(CI)CO,CHy , -cl:u-co,cuzc,u5
NHCO,CH,CgHg
10 _
o
CHCO,CH,C4y . CHCgHg )%L-:)
| ' 0
S0,CeHs CN CO,CH,CqHy
15
% ;u-co,cnz-*<::::>—-ﬂoz
20 CO,CH,CqHg

r3 may also be an organic residue bonded via a
25 phosphorus atom. S8uitably, such groups can be
represented as

0 0 ’ rM
Il _or" § u<:k:
-P or -P
30 oR! RP =

wherein Rh and Ri are hereinabove defined.

Representative examples of each are:
35



30
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30

35

35 -27- [err]

-29=

-P(0)(0CHg), . P(0)(OCH,CHg), . =-P(O)(OCH(CHy),), .

-P(0)(OH), . =-P(0)(OCH,CeHg),y .

-P{0){0-4-ccafamidophenyl), . -r(o)(o-@—oa),

0
Il

.ﬁ<::> . -p<:}uncocn, »  =P(0)(N(CH5),),

0

~P{0)(N (CHyCeHg)y)y .  ~P(O)(K o), .

~P(O)( N N-CHg),

»



30

35 -28-

Representati ve exanpl es of a tetraval ent car- bon are:

.

10

15

20

25

30

35

730-

1l ) {l
-P(0)(OCH3)N(CHy), <ND ' P<N:>

H CH,

4
0
O
1
-P :
CH
NQ con
CHy
7 -
0



5 [err] 15 Rl err] may al so be an organic

r.esi duwe bonded via a 25 phosphorus atom ' Suitably, such groups can be
represented as [err] therein Rerr] and Rl err] are herei nabove
defi ned. Represent ati ve exanpl es of each are: 35
3]l
4

R° is hydrogen or a readily removable protecting group
for an amide nitrogen such as, but not limited to,
trisubstituted silyl, preferable groups are trimethyl-
silyl, triethylsilyl, triisopropylsilyl, tert-butyldi-
S methylsilyl, and tert-butyldiphenylsilyl;

R® is hydrogen or a suitable carboxy protecting group
that can readily be removed. Preferable examples are a
straight-chain or branched lower alkyl group such as
methyl, ethyl, n-propyl, tert-butyl; a lower haloalkyl

10 group such as 2,2,2-trichloroethyl; a lower alkoxy-
methyl group such as methoxymethyl, ethoxymethyl, a
lower aliphatic acyloxymethyl group such as acetoxy-
methyl, isobutyryloxymethyl, or pivaloyloxymethyl: a
1-(lower alkoxy)carbonyloxyethyl group such as

15 i-methoxycarbonyloxyethyl, l-ethoxycarbonyloxyethyl, an
aralkyl group such as benzyl, p-methoxybenzyl, o-nitro-
benzyl, or p-nitrobengyl; a benzhydryl group; 2
phthalidyl group, a silyl such as trimethylsilyl or
t-butyldimethylsilyl or 2-trimethylsilylethyl:; an

20 allylic group such as allyl, 2-chloro-2-propenyl,
2-butenyl, 3-methyl-2-butenyl or 2-cinnamyl;

X is selected from oxygen, sulfur or a group that is
hydrolytically equivalent to oxygen. 8Suitable groups

25 that are hydrolytically equivalent to oxygen can be
represented as; imines, x=NRG, where R6=n, a
straight-chain or branched (°1'°6’ lower alkyl group
such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, a trialkylsilyl group such as

30 tert-butyldimethylsilyl; an oxime, X=NR, whexe R’ is
OH, a straight or branched lower alkoxy grbup such as
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
iso-butoxy, sec-butoxy or tert-butoxy:; silyloxy groups
such as trimethylsilyloxy, tert-butyldimethylsilyloxy,

35 phenyldimethylsilyloxy or phenyldi-tert-butylsilyloxy.

Relative to the above description, X can

represent a hydrazone where X= N-NRang, where R® and R?



- 20-

10

is

20

25

30

35

5 [err] 20 25 30

-32-

are independently chosen from hydrogen, lower alkyl

(cz'cs)' benzyl, phenyl, coéns wherein Rs is as herein-
before defined or R® and R’ together with the

associated nitrogen form a 5 or 6 membered cycloalkyl

ring. The following examples are representative for
8.9,

NN(cns’z' RN(cnzcns)z, RN[cn(cns)z]z, N-l-pyrrolidinyl,

N-l-piperidinyl, N-4-morpholinyl, Nhnn(c‘ns),
N—N(cxs)csnsf u-u(csns)z, NHNK(CKZCSKS), K~N(Cﬂzcsﬂs)2,
N-Nn(coz-tert—butyl), Nhnn(coz-4-nitrobenzy1),
N-Rn(cozcnécsns), NHN(cozcxzcsns)z, N-N(tert-
butyldimethylsilyl)z:

The carbapenems III and carbacephems IV of
the present invention are produced by treating the
novel 4-alkylsubstituted azetidinones I and II in an
inert solvent such as tetrahydrofuran or methylene
chloride with an appropriate acid such as hydrochloric
acid and or titanium tetrachloride using a temperature
range of -70°¢ to 50°c with 0° to 40° being the usual
optimal range. The contact times between reagents
usually is in the range of 1 minute to 240 minutes
depending on the particular substitution pattern of the
azetidinone used.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Novel 4-alkylazetidinones I and II according
to the present invention are produced according to the
following reaction schemes:
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aral kyl group such as benzyl, p-nethoxybenzyl, o-nitro- benzyl, or

p-ni tr obenzyl ; a benzhydryl group; a pht hal i dyl group, a silyl such
sas tYinmethylsilyl or t-butyldinmethylsilyl or 2-trinmethylsilylethyl;
an 20 allylic group such as allyl, 2-chloro-2-propenyl,

2-butenyl, 3-nmethyl-2-butenyl or 2-cinnanyl; X is selected from
oxygen, sulfur or a group that is hydrol ytically equivalent to
oxygen. Suitable groups 25 that arggaydrol ytically equival ent to oxygen
can be represented as; imnes, X=NR[err], where Rerr]=H a
straight-chain or branched (Cferr]-Cerr]) lower alkyl group such as

met hlylk I et IhyI n- propyin stseprows ,sdhehutb wl,, the aﬁdfh labubzl foR~

trialkyl si G tert - but t S| an oxipe,

X=NR[ err], %ﬁ%a Fké%ﬁiké?;gy)lltﬁﬁﬁtqg sP&&gﬁﬁ? 5PR ﬁﬁgﬂglﬁﬁtgealkoxy
group such &he PhospmmWiammytontpmp&h;, corpespendingn- but oxy,

| so- but oxy, é#ﬂi Y W Ox} gpBups4
trimethyl silylox tert&%utﬁ&g%t ;)?I SI >L<’y§ 35ﬁ ﬁheﬁyfdl may%yl si |yl oxy
or ph&nyl di A% e fined hexginhefore and 21 alkmblarubsaneheﬂe above

SﬁZf; l FF)%E; ?p],algikny%\rhuchr as ne¥dhyAScWthyll)y prop9ls 188Lprepyly NGuepi| Rierr],
it S A SRRSO YL BBAR G ARRSRLLUERS ALKER SFRYP

E) C][ err] dC][ emﬁn dserhqdzylptmwenzﬁ@[dm], Rbﬁanhy\hopeianﬂ.ryr $ubs as her eijn-
efore defi I ssoci ate
nitrogen for%% Qé'éh rﬁe d?[:c;&’g 8“"‘?&??‘ g{gcw LQ xw&yl Th t?%?l oW ng
exanpPes aréndemmit-at |R/e fi@r a substitntnn[ ELIYR[QIN}P wm[eﬂr]
mmFgﬂ%err%) N r] er? Sii &L Q&ii an err]][err]

err er i 5
N- 1- pyrrollg BAP as a\ip) #&P
N-NH( [ er r] eicatyl),, propxonyﬂVoN(GH[chlk?&é&tbbh;lriroup such as

R e e

}:t Ri-pid R,
N- NHLE]] er r }ned:aﬂ.l oatiiow \such as lithitm)HeGaiumrdEHpetagsiums| Herr]),

N- N Ad t
but 3(/ICEJI1|C renra[]rt% yl HM ‘2o % ana’n"% ﬁgéa?ﬁ%%%%e"rr%‘l??rand

car bacephe upnganethylsilgﬁe present |nvent|on are produced by treating
the The aldehyde V and phosphonate anion VI of

Scheme I can be reacted using those conditions of

20 Nakamura in Tetrahedron Letters, vol. 22, pp. 663-666
(1981) as representative of this overall conversion.

In Step 2 of 8Scheme I, the vinyl ether adduct
VII is treated with a suitable halogen source such as,
but not limited to, bromine, N-bromosuccinimide, jio-

2s dine, N-iodosuccinimide, N-chlorosuccinimide, with bro-
mine being preferred, in the presence of a suitable
solvent, such as, but not limited to, tetrahydrofuran,
diethyl ether, dimethoxyethane, dioxane, toluene,
methylene chloride with tetrahydrofuran being pre-

30 ferred. An excess of halogenation reagent is preferred
relative to VII generally in the ratio of }.1 equiva~-
lents of halogen source to one equivalent ‘of the vinyl
ether VII. Reaction concentrations usually are main-
tained in the range of 0.2 molar for the limiting re-

35 agent VII.




15 . novel 4-alkylsubstituted azetidinones I and Il in an I nert
sol vent such as tetrahydrofuran or nethyl ene chloride with an
appropriate acid such as hydrochloric acid and or titanium
tetrachl ori de using a tenperature range of -70[err]Cto 50[err]C
with O[err] to 40[err] being the usual 20 opti mal range. The contact

ti mes between reagents

m nut es

azeti di none used.
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usually is in the range of 1 mnute to 240

depending on the partiggy ar substitution pattern of the

Novel 4-al kyl azetidinones | and Il according

‘the present inventiorrhd &ripiyad @b @Edstiitatied @@tidinone Wahl oW ng
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suitaﬁ?% solveéﬁscan be treated witﬁ-%%é suitable
halogen source at temperatﬁres ranging from -70% to
40°c with a more narrow temperature range of -70° to 0°
producing optimal results. Contact times of reagents
usually are from 1 minute to 120 minutes with 5 to 10
minutes producing desired results. '

The reaction product VIII, where Rl, Rz, R‘,
r° are defined hereinabove and Hal = ¥, Cl, Br and I,
is isolated after a sequence of conventional techniques
in the art that include filtration, washing, chromato-
griphy and the like. Yields of halogenated product
VIII are in the range of 60 to 95%.

In 8tep 3 of Bcheme I, the halogen of the
ketoester VIII is displaced with a suitable nucleophile
R3. The product Ketoester IX is formed on contacting
VIII with the conjugate base of the species R>-H in a
suitable solvent and temperature range. The conjugate
base of R>-H is formed by treating R3-E in a suitable
anhydrous solvent such as tetrahydrofuran, dimethoxy-
ethane, acetonitrile, dimethylformamide with a suitable

~-base, such as, but not limited to, lithium, sodium or

potassium bis(trimethylsilylamide), sodium hydroxide,
sodium hydride, triethylamine, diisopropylethylamine,
1,8-diazobicyclo[5.4.0]undec~7-ene (DBU), alkyl
lithiums such as methyl or butyl lithium at a tempera-
ture range of -70° to 20°c. _

The halogenated ketoester VIII is then con-
tacted with the preformed conjugate base of rR>-E. The
above process may be performed sequencially as.de-
scribed or in-situ where as a suitable base is contact-
ed with the pair R3-H ana haloketoester VIII.

An excess of the conjugate base of reagent
Rs-n relative to reagent VIII may be used and generally
is preferred in the ratio of 1.1 to 1. Reaction con-
centrations usually are maintained in the range of 0.2
to 1.0 molar for the limiting reagent, VIII. The

Schene

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
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-34- . In Step 1 of Scheme 1, the al dehyde of for-

nul a V¥ prepared by literature methods is contacted with t he
phosphonate anion VI to formthe corresponding chai n ext ended adduct
VIl wherein Rlerr], Rerr], Rerr] and Rlerr] are 5 as defined

her ei nbef ore and R[err] I's al kyl or branched al kyl such as nethyl,
ethyl, propyl, iso-propyl, butyl, ) sec-butyl or tert-butyl;
phenyl - substituted al kyl group -$ECch as benzyl or benzhydryl; phenyl,
optionally sub- stituted with 1-3 carbon groups such as nethyl,

et hyl 10 and propyl. Rerr] is a substituted silyl group such as

trimethyl sidxyéra)ntefinmmdtm hgésctibed aimaBYép 3 repregents sich as a

I | i phat '
ar al kyl car DOTRTeRRARYE iR EEESh Erpe oo ofEohbiny F8 O T e
4-ni trobenzy| xepieseitatiyerr¢view o 5this matxmttm sigifaund it hi um

sodi um or Si R efwd ef lﬂ.?r ] are
met hyl and e?t? Dékimpe b‘ll}%d metlelﬁf] ﬁF @ﬁeﬂ@iﬂ H'% Je al dehyde

V and® phospigtenes arindnalsiehydes a@&mﬁﬂ iminese " 8acPa%adsi ng t hose

condi tions §8a 20, Rapphyertéas), Tﬁémwmey tesdes S108®) ppi2, Pp. 663- 666
(1981) as representative of this_ ov I n

conv
Step 2 of SkTRHR: | TRALTOMFL the?t & tg gchem;/l'.lf is dsorated yith a
sui tabl e hanbpg@csnwmwotemiques inbthenatt | ime1wding didute ne,

N- br onosucci
N- chl orosuc%‘l’ ‘ﬂﬁgﬁ%h’ V\ﬂ’ﬁé% Nl df{'ﬁ:r%igg, be&‘r%%geﬁsrreog I n the presence
of a&0sui ta&bromatogr%phvemnm%%atm and therlidke« o PXRAYSMydr of uran,

di et hyl el w% & YEESR S0 ebomle 8| yfoduct 1x, RY@ymne chloride
ran

W th tetrah dro ei ng, pre- ferred. An excess of hal ogenation
* reagent is PA%e ?QRWe de n?%1at|ve to VI | generally inthe ratio of 1.1

equi va- lents Di PEEAEESD TXHIRE andoRE sreiimdepénddnthe vi nyl
e Wt o SEEAMFR ERORTEh USRS MBIt preserddd ¥ 11 L1e
-351s where R is 1- mwmymmthnbhsxlmh&bz | it texrde VI |
methylsiloxyethyl), 1-(allyloxycarbonyloxy)ethyl,
1~ (benzyloxycarbonyloxy)ethyl or 1i-(4-nitrobenzyloxy-
carbonyloxy)ethyl and where R‘ is tert-butyldimethyl-
silyl, trimethylsilyl or triethylsilyl. Removal of
20 these types of protecting groups may be achieved by any
number of conventional procedures such as acid hydroly-
sis for the silyl-based groups and catalytic reduction
for the other two which are members of the carbonate-
based protective groups.
25 In 8tep 4 of Scheme 1, the preferred
1~ (tert-butyldimethyl)siloxyethyl group of R! and the
tert-butyldimethylsilyl group of R* of xetoester IX are
hydrolyzed to the 1-hydroxyethyl and N-E respectively
via a standard procedure in the art that entails con-
30 tacting keto ester IX with hydrogen fluoride in aceto-
nitrile-water solvent. The generalized g;ocedure of R.
F. Newton et al., Tetrahedron Letters, (1979) no. 41,
Pp. 3981-3982 is followed here. Product X yields for
this step range from 40-%0% following conventional iso-
35 lation techniques including neutralization with a weak
base such as sodium bicarbonate dilution, extraction,
washing with water, chromatography and crystallization.
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in a suitable solvent can be treated with the suitable hal ogen

sourcé at tenperatures ranging from-70[err]Cto 40[err]Cwth a
nore narrow tenperature range of -70 to 0 5 produci ng optimal results..
Contact times of reagents usually are from1l mnute to 120 m nutes
with 5 to 10 m nut es producing desired results. _
The reaction product VIII, where Rerr], Rerr], Rerr], R err] are
defi ned herei nabove and Hal = F, d, -B7-and |, 10 is isolated after a
'sequence of conventional techniques in the art that include
filtration, washing, chromato- graphy and the like. Yields of

hal ogenat edtpigidmportant by mote that tin sapgcageso depemding
Id'n S]f ep 3 %fnt %Hleiﬂ%,tiurbet e |id': %ﬂh'_l%lﬁ it @olrmula €} Ogﬁéeici%'&?if( Coest

i spl aced wi a . sui tabl e nucleophile err]. e product Ketoester
X is form?&'%ﬁc(?dﬁ”a&é ffep 4, Scheme § maY %"c&'}ﬁ RERTSIREE Mt he
speci es R[] ¢he] kXidtioester IX, thdﬁéﬁdnh;ﬂﬂgusﬁiﬁuaiidﬁﬂ!&nﬁtwrﬁsﬁfﬁe. The
conj ggat e . e erd:-H.is I reat | rl-Hin a
suitSble pymich :!ﬁﬂ?dr‘%&'s g&ol‘{}%ﬁu’?&c‘;g&wﬁeﬁ a%mf??cﬁ% et hoxy-
et hane, acetonitril eIndiStephy of Sxohete d,t compiinds|af the Fodbase, such
as, but no |l T | gmg\r di 3 i S
(trimethyl gdll;lna‘xtm 5%§ggfél}m yé%xiﬂﬂproprx%tﬁ%ﬁy%%e,
tri et hyl anSNetallies §1Fepte &%y tomperatpres of -100°C to 40°C.
1, t8- d: azobga%mleolhiiyﬁ,s%lta?q@ t%eﬁ@%:@%&)es Qidi?"be emploﬁé%ﬁii?t‘miéufht as
me or bu i thium a enper a- W e range ,of - err 0
20[£¥r] c, Pprelerred to use %@p%%l‘&b‘é:ﬁgt of I?@tooeg:t"e%'%fl*t"i ‘{fe"n con-
tacted w t natiec undesdredd side) weartibase of Rlerr]-H The 30 ~ above
process may be perfogqg_@‘ﬁ_gug@?hgl umq:s c‘iﬁf é’(f VM%& l&gﬁlr%ﬂer_}; situ

where as a suitable base 1s conftact- X rr]-H and
hal oket oesg&neypilly are agueous Or nonraguesns @ngd eompaise the base of

r eagent folloWiag:] -H relative to reagent VIl may be used and generally
35 Is preferred in_the rati f 1.1 tQq 1. Reaction con-
centPations usual |y 5rglﬁEPﬁP§i%€ TAGhIRE ge of 0.2 to 1.0 nol ar

for the limting reagetitadliin tfiehloride _
cggventional rggg{?L% %gggiﬁﬁﬁgﬁﬁbgng?§ﬁhkge?hénaft?p ° repriéents :
representative revi ew sitanivm basedoacigse withf dhed generalized
formulae Ti ay(0813)x where RS is an alkyl
20 group which may be straight or branched
chain having 1-4 carbon groups such as
methyl, ethyl, n-propyl, isopropyl, n-
butyl:; phenyl-substituted alkyl groups
such as benzyl. A is fluoride or chloride

25 and x and y can have values of 0, 1, 2, 3
and 4 but the sum of x and y must always
equal 4.

- hydrochloric acid
- hydrobromic acid
30 - hydroiodic acid
- sulfuric aciad
- nitric acid
- trifluorocacetic acid
- stannyl-based acids of the general formulae
35 8n ax(ORJ"?’)y where A, Rls, X and y are
hereinabove defined.
- iron trichloride



in'N. DeKinpe and R Verhe in "The Chem stry of [err]-Halo- 5 ket ones,
[.err]. Hal oal dehydes and [err]-Hal oimnes," S. Patai and Z. Rappaport
eds., John Wley & Sons 1988, pp. 1-368. The product |1 X of Step 3,
Schene | is isol ated by conventional techniques in the art including
dilute acid wash, dilution, filtration, aqueous washing, 10

chromat ography, crystallization and the |ike. Product yi el ds range
from20 to 95% In product I X, Rerr]=-38err] are. her ei nabove

. def i ned. In Formula I X, Rlerr] and R err] are

I ndependent |y selected fromthe list shown herei nabove. Preferred is
15 where Rlerr] is zircepiumutetrachliewidei| oxyet hyl, 1-(tri-

met hyl si | oxyethyl), 1=(gbkyhOk¥ER{89PYaEXY) €t hyl,

1- (benzyloxycarbonyloxm%ethyl or 1-(4: nltrobenzyloxy-

car bonyl oxy) et hyl and~wWRERECEF}UPFIbeEie Agidyt v di net hyl - silyl,
trimethylsilyl or trietRyhei tNlorf@epviin®fbEdhide these types of
protegting groups nay_be_ achieve . an nu of . conventi ona

pr oce%ur es such as acld® ﬁ%?ﬁ'@mdhgylgegsjr%clf‘bqi?%gggqﬂd%ased groups and
catal ytic reduction bromide and iadidetwo which are nenbers of the

car bonat e- based [ ep 4 of
Schenme 1, the preferredafﬁﬂiﬁ&ﬁfgfbéut E %yl tq“ﬂsra (ﬁ&F%é?%ggroup of
Rlerr] and the t i'-tlgbl!y by riEhexe A jis %kﬂﬁ? ST F{Jéﬁlj'c’bf ket oest er

I X are hydr ol yzeg#0j § hfednyw/ &Wﬁ rog ﬁﬂﬁ:ﬂ'“d aEReq i vely
via a standard procedure in the arl that nlalls con- tacting keto

estet® I X with hydrogen FRBOMEAYR Vaipes Jigpging from,q rti‘? & /et vent .
The generalized procedugsamoéf Ra plus b nust\alwdysctequal 3letrahedron

Letters, (1979) no. 1- [ IIo Product X
yi el ds for thlétg?ﬁ ?’é%‘gi 77”{)% Zf%’!fé%’?’(ﬁ I &M%%agﬁinﬂ onal iso-
35 | at i BhOYeéhhtquétscmwlng "Maodern iSynthetic (Reactdons™ by  base
such as sodglMaBhed) PROAS Shbiiail, Fd/AUddb park, cAYAY W th water,

chronatography and cr falllza
-37-1 is |§15 2ble $ULYRALS (apd solveht copkinations di ng
on the nat uenpméyd?{leeaié bé lanj¥drdus rbf,grarwllahalee M@agﬁi,d aﬂ@xem?]s
protection t ep, not, be an t he
ket oest er Ig; ?her%?%?egufggéiﬂt%ﬁ???ﬂtﬂ|§ﬂ§3 combinafians i || now
be di scussedrem Step 5 of Schene I.
- tetrahydrofuran (THF) and THF/water
20 - dimethoxyethane (DME) and DME/water
- diethyl ether, diisopropyl ether
- dioxane

= acetone and acetone/water
- acetonitrile and acetonitrile/water
25 ' - methanol and methanol/water
- ethancl and ethancl/water
- propancl and isopropanocl
- bengene and toluene
. - N,N-dimethylformamide
30 ' - N,N-dimethylacetamide
- N-methylpyrrolidinone
- acetic acid and acetic aciad/water
- trifluorcacetic acid
- methylene chloride
35 = chloroform
' - 1,2~dichloroethane
- carbon tetrachloride

=



In Step 5 of Schene |, compounds of the For- mula X are contacted

W th an appropriate acid in a sui tabl e sol vent at tenperatures of
-100C to 40[err]C Wil e any suitabl e tenperatures nay be enpl oyed,
it is 10 preferred to use tenperatures of -20[err] to 30[err] to elim -
nat e undesired side reactions. Sui tabl e acids that can be
enployed in Step 5 general |y are aqueous or non-aqueous and conpri se
t he foll owi ng: 15 =39-tjitaniumtetrachl oride

- titaniumtrichloride - titanium i sopropoxide

- titanium based acids with the generalized formul ae Ti

Alerr] (OR[err])[err] WrRkRYRasetate an al kyl 20 . ~ group
whi ch may be straightrgyg suBréd€can be employhea in amdilitig) d¥rddwy 1-4

car bon groyns. sych a . qs methyl . ethyl, n-propyl,
i sopropyl , L‘ﬁ‘-ve to' solubilize the kptoastem &y i -%ﬁ?fﬁﬁﬁﬁ'ef%‘ﬁ'yl gr oups
such as bendyns Af X finthe crangae B Hr0.05 2o 2.0 molar are useid x and y

can gave v3llgs Hfadha hedsatha ring closure to foz@%oﬁp%wnd@ebf?um of X
quvvays Sgua F

and y nust "a

hydr)c/)chl or ifermula III, preferably a donhenhuatiiomefd 0335 to 0.5 -
hydroi odi C pfliay is used. - sulfuric acid - nitric
acid - trifluoroacetjc acid _ -

st annyl - based aci ds Fhe ketpanker ¥ Jamfitep 5 of Scheme I can beg,

Alerr] (OR eontdctied with @ randd &1 |1.1X A& lefili¥alents of a
trichl (%I’hl de

"SeT0" 0 Sl acta preferapty 3 epivHlent i e suie-

boron triflakde demperature range of —100f did waoS\oyr preferably

- Zi hl Qs jn ' ; i ; Si lydgs

ol udi ng. Catorcd . fot Vil petiods zangiag, crod BIYE R U'd _
al um num bRe¥F RHeferahly fodd ouxs WRder an inert atmosphere of

argon or nitrogen.

15 The reaction product III is isolated after a
sequence of adding 1 to S egquivalents of a weak base
whose basicity lies in the range of pH=8-10 such as
sodium or potassium bicarbonate followed by temperature
equilibration to 0° to 20°c and then by conventional

20 techniqgues in the art including washing, crystalli-~
zation and/or chromatography. Yields of purified
product IIIXI are in the range of 40 to 80%.

Following formation of the desired carba-
penems of general formula IIXI, the carboxyl protecting

25 group RS of these intermediates may be optionally re-
moved by conventional procedures such as solvolysis,
chemical reduction or hydrogenation. Where a protect-
ing group such as p-nitrobenzyl, benzyl or benzhydryl
is used, it can be removed by catalytic hydrogenation,

30 intermediates III in a suitable solvent such as diox-
ane-water-ethanol, tetrahydrofuran-diethylether-buffer,
tetrahydrofuran-agqueous dipotassium hydrogen phos-
phate-isopropanol or the like may be treated under a
hydrogen pressure of from 1 to 4 atmospheres in the

35 presence of a hydrogenation catalyst such as palladium
on charcoal, palladium hydroxide, platinum oxide or the
like at a temperature from 20° to 40°c or from about



Al -Alerr](Rlerr])[err] where Ais chloro or fluoro;

Rlerr]<is nmethyl, ethyl or propyl; a and b 10 can have

val ues ranging fromO to 3 but the sum of a plus b nust
al ways equal 3. O her strong acids which may be suitably
em pl oyed are disclosed in "Mddern Synthetic Reactions" by

H House, W A Benjamn, Inc., Menlo Park, CA 1972. 15

Suitabl e sol vents and sol vent conbi Nat4 @ns enpl oyed can be anhydrous
or, at least in part, aqueous ones. Sone suitable solvents and

sol vent conbi nati ons are: - tetrahydrofuran (THF)

and THF/ wat®s2 200 4 hours. Proteckimy hgroupishavweh )2 2¢-BE/-n\at er

- di et hyl Y
- acetone an tgf%zéoe%%g?p&?g be tdifdved by mila zznccetroenl‘fg i 1anét'he
acetonitri I‘b’/% @rotecting group may heuemesiedy Ry msintha / wat er
- et hanol *ﬁf‘%éﬂﬁﬁan a mixture of a ARG p 3ufifaor0pan0'

benzene and t N- di et hyl f.or mam
NNSdi et m%c%’i%mwlphwphme in a smm BRI} 19k vieRte

aceti c amublnds atetrshydrsfuidinr, methylene chloride drf idilétdyQacetic acid
net hyl ene

2-di chi or oe?ﬁg%'g‘ri “1aiflarly, other °°£%§$’%é{%gzﬁnﬂr&r Xy} protect- 5

- 39- ing groups may -betrsguowesktbyt methods known to thoBee sol vent can

be enpl oyedgy i Fd@® f &L tive to solubilize the ketoester X
Ceneral ly, i[rl uﬂ;stﬁ%lons of Xin the range of 0.05 to 2.0 nolar are

used® 5 in the acTRRSedniBLLR |Gy CATPAPEDON, oB%aFsc f) FANETad
formul a || Iformiei€ et yare OesrsvKed Mmzd%fdé.thgliot eHd Satrzrzere agaaﬁl g; i's
gzﬁ?act ed \ﬁ]{W’Pan‘b%a%tffﬁ’&lyt ?Qf@iﬁﬁﬁ 3 ep SPPzithqse §l§’|et able acid
pref erabl y carbppermdne o gendral foamiula XI where R® ana R® are
hereinabove defined. The method of product isolation
15 in 8tep 6 will vary on the method of deblocking used.
But all methods used in this transformation follow con-

ventional techniques in the art including chromato-
graphy and lypophiligzation.
It is usual to isolate carbapenem XI as an
20 alkali metal salt wherein R® is a lithium, sodium or a
potassium ion or as a water soluble zwitterionic spe-
cie, whereby r15 represents the anionic component an

internal salt pair, dependent on the nature of the r3
substitutent.
25 Compounds of Formula III where Rs is a physi-

ologically hydrolyzable ester such as acetoxymethyl,
pivaloyloxymethyl, methoxymethyl, etc., may be admini-
stered directly to the host without deblocking since
. such esters are hydrolyzed in vivo under physiological
30 conditions. =
A variation of Scheme I allows other methods
to prepare ketoester IX and these preparations follow
in S8cheme 2.

35



T Mt Terwree of S

abl e tenperature range of -100 to -40[err]C, preferably -20 to O for
time periods ranging fromO0.02 hours to 1 hour preferably 0.15 hours
under an inert atnosphere of argon or nitrogen. 15 ' The
reaction product Il is isolated after a sequence of adding 1 to 5
equi val ents of a weak base whose basicity lies in the range of
pH=8-10 such as sodi um or pot'assi um bi carbonate foll owed by

t enperature equilibration to Ofé&r] to 20[err]}C and then by
conventional 20 techniques in the art including washing, crystalli-
zation and/ or chromat ography. Yields of purified product 11l are in
the range of 40 to 80% Scheme 2| | owing formati on of the desired
car ba- penens of general forrmula IIl, the carboxyl protecting 25
group Rlerr] of these internedi ates nay be optionally re- noved by
conventional procedures such as solvolysis, - chem cal reduction or
hydr ogenati on. Where a protect- ing group such as p-nitrobenzyl,
benzy or benzhydryl is used, it can be renoved by catal ytic

hydr ogenati on, 30 intermediates Il in a suitable solvent such as diox-
ane-wat er - et hanol , tetrghydrofuran-diethylether-buffer, g2 ¢I

t et r ahydr of ur an-giqueousj di pot assi um hydrogen phos- g1 phate-bsgp#opanol
or the Iike may bd quunder 2 hydr ogen from1lto 4
at nospheres in the 3 presed@ EdrAd Chydr ogenat i o

pal | adi um AN Ghar coal , “parTaar um nyadr oxT de, Lnunnmxide or the

i kgeat a tenper@turé from 20[er¢rl];cl°eﬂi0[p”] C or f&¢om apout

--40- 0.2 toki hour s. Prgtecting gr-oups -such asR?2, 2x24tri -

chl oroethyl may be, renmoved by ni Pd*®idc reduction. The al |yl
protecting group ﬁhy be renoved by using a catal yst conprising a

m xture of a palladg m conpound 5 and tri phenyl phogphine in a suitable
aprotic sol véritzCO,R such as tetrahydrofuran, nethylepeasd oride or

di et hyl pusiher S&Rifarly, other conventional car OX ¥l ¢F Qt Ct -

i ng 4@ oups nmay be repoved by nethods known to those skill'ed in the
art. 10 Thus, in Step 6, carbapenem esters of general

formula I'll are debl ocked according to the nature and chem cal
reactivity of their gster®droup to formthe a2

R1 A 5 R1 ‘!
CO,R

20 47“7 Step § 47"? ¢

Xv

25
Rz
R "
N

//‘a—N (]

0
30 4 5

R* CO,R -
1X 3

35



carbapenem of general fornula XI where Rlerr] and Rlerr] are _

her ei mabove defined. The nethod of product isolation 15 in Step 6 will
vafy on the nethod of debl ocki ng used. But all methods used in this
transformation foll ow con- ventional techniques in the art including
chr omat o- graphy and | ypophilization. It is usua

to isolate carbapenem XI as an 20 al kali nmetal salt wherein Rerr] is a
lithium sodiumor a pot assi urr4h or as a water soluble
zZwitterionic spe- cie, whereby Rlerr] represents the anionic
conmponent an i nternal salt pair, dependent on the nature of the

Rl err] " substi tkh &ftep 5 of Scheme 2, hexamethylphéspmorusa ||| where
Rlerr] is axifide mediated Quirndddsntishk oy zahd eafﬁéfdu?&?@ é‘fde-

SCE O e & vty B B E N o A o
such est er XIT,e wheveo! Gldsl Ih&%&;ﬂ%{dﬁﬁ@éﬂ Cﬁﬂ-&&lcé)@e%lg R ?l)tels?gf' ' x
A 2 OB S ol U5t B whered Y S
-41- and & hane mereix{aémv]e Yefined. The reaction condi-
tions that are utiligzed in this step are similar to
those in gimilar transformations found in J. Villieras
et al., Bull. Chem. Soc. France, pp. 898 (1971).

o0 In 8tep 2 of Scheme 2, the o~chloro=-a,f-
epoxyester of formula XIV, wherein 21, Rz, R4 and Rs
are hereinabove defined, is formed by contacting the
hydroxydichlorocester of formula XIII with a suitable
base in a suitable solvent. Bases that are suited for

15 a=-chloro-a,f-epoxyester XIV formation include, but are
not limited to, lithium, sodium or potassium bis(tri-
methylsilylamide), sodium hydride, lithium diisopropyl-
amide, lithium piperidide and potassium tert-butoxide
and suitable solvents include tetrahydrofuran, di-

20 methoxyethane, diethyl ether, dimethylformamide, aceto-
nitrile, toluene and methylene chloride. An excess of
base is preferred relative to XIII generally in the
ratio of 1.1-2.0 to 1 respectively. Reaction concen-
trations usually are maintained in the range of 0.2 to

25 1.0 molar for the limiting reactant XIII. Conversion
of XIII to XIV proceeds in a temperature range of ~20
to 20°C and contact times of base with XIII usually on
the order of 0.1 hour to 12.0 hours depending on the
base employed.

30 The reaction product XIV is isolated. after a
sequence which initially involves quenching the reac-
tion with a slight excess of a weak acid‘;uch as acetic
acid or potassium dihydrogen phosphate as a 1 M agqueous
solution, followed by conventional techniques in the

35 art including filtration, washing, crystallizationm,
chromatography and the like.
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In S8tep 3 of Scheme 2, the a-chloro=-q,fS-
epoxyester of formula XIV is opened by the nucleophilic
conjugate base of the specie R3-K, wherein R3 is here~-
inabove defined, in a suitable solvent and temperature
range. The conjugate base of specie Rs-n is formed by
treating R3-E in a suitable anhydrous solvent such as
tetrahydrofuran, dimethoxyethane, diethyl ether, ace-
tonitrile, toluene, dioxane or dimethylformamide with a
suitable base, such as, but not limited to, lithium,
sodium or potassium bis(trimethylsilyl)amide, sodium
hydride, sodium hydroxide, potassium tert-butoxide,
triethylamine, diisopropyl ethylamine, 1,8-diazabi-
cyclo[5.4.0]Jundec-7-ene (DBU), alkyl lithiums such as
methyl-n-butyl- or sec-butyllithium, methylmagnesium
bromide or ethyl magnesium bromide. Suitable tempera-
tures for forming the conjugate base are in the range
from -70° to 20°% depending on the specie RS-H.

The o-chloro-a,f-epoxyester XIV is then con-
tacted with the conjugate base of the specie R3-H. The
above process in 8tep 3 may be performed sequentially
or in situ wherein a suitable base is contacted with
the pair RS-K and o-chloro-¢,f-epoxy-ester XIV.

Another alternative that can be employed equally well
is to pre-form the conjugate base of species R3-E as
described above then isolate and purify this conjugate
base using conventional techniques in the art. One
advantage in pre-forming and isolating conjugate base
before contacting it with the o-chloro-c,f-epoxyester
XIV in 8tep 3 is the realization of less unwanted side
products in the product isolation and purification
stage.

In S8tep 3 of Scheme 2, an excess of conjugate
base of species rR3-m relative to XIV is used and gener-
ally is preferred in the range of 1.1-2.0 to 1. Reac-
tion concentrations usually are maintained in the range
of 0.2 to 1.0 molar for the limiting reagent, XIV.
Reaction temperatures usually are in the range of -20°



-42- In Step 1 of Schene 2, hexanet hyl phosphorus

triam-de nedi at ed condensati on of the azetidi none al de- hyde V and
the trichloroacetic acid ester of fornula XI'l, where Rerr] is

her ei nabove defined, produces the hy- 5 dr oxydi chl oroester of fornula
X1, wherein Rerr], Rerr], Rerr] and R err] are herei nabove
defined. The reaction condi - tions - that are utilized in this step
are simlar to those in simlard44~+ansformations found in J.
Villieras et al., Bull. Chem Soc. France, pp. 898 (1971). 10

In Step .2 of Schegme 2, the [err]-chloro-[err]- epoxyester of fornula

X'V, wher eitf F@r6¢ |depgrding ‘R[efift}ﬁ el eepddidicity of the igangiutabove
defined, | gty %@&bﬁ%é’&iéé‘@h 3he . Reactilewd @fydnily vyRstatle of fornula

X vmthaswtable |r1aswtab|e sol vent. .Bases that are
suited for Pegt Pe’[%?ﬂ%rﬂ'&ﬁ%? [’é’rr’j ety ArIosphege, of, niFNogen &Y ude, but
are arxgond mted to, Ilthlum sodi um or potassium bis(tri-

thyl silylamd | d | - d
e Sty am 0e). SOBAMB NSRS 0d oM 4 SOURRMS 7 50 amg % oo
i ncl ude t etkatigdirist usimd 1ab -fﬁhzon raa mobed: fore thei symthestlscof

di net hyl fo ndfles ﬁ%ﬁéoi nitrile, toluene and nethyl ene chloride.
An excess ol;? ¢ ase Is preferred relative to Xl I %enerally in the

ratio of 1.1-2.0 to ARQLhAR3ltanpate symtdyesis,of,XIV dem ati ons
usual ly ar @mﬂa@wfmﬁﬁ@&mﬂmeﬁ 4002 Behéme 2. 1U@:ﬂd anef or the

i ng reactan Conver . of X !ﬁ groceeds in a
r’rﬂ'ér atur @ deist”o%}OTCkgﬁd (Foﬁ'haCt se with XlII

usually on_o_c_.ﬂm;ond:e‘r 3,0 pp.has9s (19800 ither aldehydd ig on t he
base enpl o with the tribildieAtd:1d Reddueaellr/ary is5p! ated after

a Sreate i nvol ves tion
with a sli 31%!3 mw #m e&!ﬁj @myg,glayem chlorife dror potassium

di hydr ogen fetaeipd#o fitrsh laddvadite ¢6s form theOhilbhPB8roheiiyaned by

conventi onal techm qu s in thg 352 [ nclsudl ng filtra on washi ng,
crydfal | i zR9%HE XV vh FRiFhdt (:!gr""dp!hﬁt ARd R precherein
-43- described. Yields for this process range from 40 to

85% depending on the nature of Rz, R'll and Rs and pro-

duct isolation and purification following conventional
techniques in the art including dilution, washing,

20 chromatography and/or crystallization.

In 8tep 5 of Scheme 2, the o—-chloro-acrylate

ester XV is epoxidized to the o-chloro-a,f-epoxyester
XIV. A number of applicable epoxidizing reagents and
reaction conditions are useful here. The method of W.

25 Adam et al. Tetrahedron Letters, vol. 31, pp. 331-4
(1990) utilizes dimethyldioxirane to epoxidize electron
deficient double bond similar to that in Compound XV.
Additionally, the method of M. Ashwell et al.,
Tetrahedron, vol. 46, no. 21, pp. 7429-7442 (1990) is

30 effective in converting electron poor double bgnds such
as that in XV to XIV. Product isolation and purifica-
tion follow conventional techinques and ylelds of pro-
duct XIV vary with the nature of R ’ R and R but
usually are in the range of 45-85%.

35



In Step 3 of Schene 2, the [err]-chloro-[err]- epoxyest er of

fornmul.a XIV is opened by the nucleophilic conj ugat e base of the
specie R err]-H wherein Rerr] is here- i nabove defined, in a
suitabl e solvent and tenperature 5 range. -The conjugate base of
specie Rerr]-His formed by treating Rlerr]-R in a suitable
anhydrous sol vent such as t et rahydr of uran, di nmet hoxyet hane, di et hyl
et her, ace- tonitrile, toluerme45di oxane or dinethylformam de with a
sui tabl e base, such as, but not limted to, lithium 10 sodi um or

pot assi um bi s(trinmethylsilyl)amde, sodium hydrjde, sodium

hydr oxi de, pot assi unfi SEbeBe 0x7 da, novel St’c'ﬁ‘?%%y’r%rﬂ#ﬁfiﬁﬁ?%opr opy!

Ie_t hK! am nefoﬁﬁ,&dimﬁ:esis of arupiﬁl;ﬁsﬂi&}wuigﬁ-kkffa_a#mﬁof al kyl
Ithiuns such as nmefbyl - n- yl- oI sec-put 1t ni.u

et Pyl g ARAeARL stormuf ety hidh eveflad o6 Hdbiaieag, oy
tenpera- tuted carbapémems oofii generel cOormula cXXEEE. are in the range
fromg-70 to 20[err] C dependi ng on the specie R err]-H. The
a-chloro-[err]-epoxyester XIV is then con- tacted with the conjugate
base of the specie Rerr]-H The 20 above process in Step 3 may be
performed sequentially or in situ wherein a suitable base is
contacted with the pair Rerr]-H and '
[err]-chloro-[err],[err]-epoxy-ester XlV. Anot her alternative that
can be enployed equally well is to pre-formthe conjugate base of
sp%ﬁjes Rlerr]-H as 25 descri bed above then isolate and purify this
canjugate base using conventional techniques in the art. One
advantage in pre-formng and isol ati ng conjugate base bef ore
contacting it with the [err]-chloro-[err]-epoxyester XIVin Step 3
is the realization of |ess unwanted side 30 products in the product
“isolation and purification st age. In Step 3 of
Schenme 2, an excess of conjugate base of species Rerr]-Hrelative
to V is used and gener - ally is preferred in the range of 1.1-2.0
to"r Reac- 35 tion concentrations usually are nmaintained in the range
of 0.2 to 1.0 nolar for the limting reagent, X V. React i on
tenperatures usually are in the range of -20

-44- to 50[err] C depending on the nucleophilicity of the conju-
gate base of species Rerr]-H Reactions of this type are best
performed under an inert atnosphere of nitrogen or

20

25

30 . . . he 23
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argon. ' 5 The product I X of Step 3 in schene 2 is iso-

lated 'tn simlar fashion as noted for the synthesis of | X in Schene
1., Anot her alternate synthesis of XIV is de-

scrlbed beginning with Step 4 of Schenme 2. Using the 10 procedur e

di sclosed in K ‘Takai et al., Bull. Chem Soc. Japan, vol. 53, pp.
1698 (1980) the al dehyde is coq& cted with the trichloroacetic acid
ester Xl in the presence of zi'ht and diethyl al umi numchloride in
tetrahydrofuran solvent to formthe [err]-chloroacrylate 15 ester XV,
wherein Rlerr], Rierr], Rerr], ang &l 14 are herei nabove

descri bed. Ylelds for thls proces rom40 to 85% dependi ng on
the nature of R err], Rerr] and R err] and pro- duct isolation and
purification follomnng conyenti onafter 1 techniques in the art including
di l ution, washi ng, %Q Rchr omat ogr aphy, gand/ or crxstalmzzatluﬁ‘

In Step 5 of Schene "A err] - chh@:&{hq;ylate '\ est XV is

epoxBdi zed to the [erf]dchl &M8-]erkyr epodyester XN “Agnunber  of
appl i cabl e epoxi di zi 4§ Tieagent s —am or reactio ditions are useful
here. The method of W 2% Adam et _al TetrahedbonlLetters vol . 31, pp.
331-4 (1990) util%izes di negyh I@lOquane to epoildlzé électron

defici ent doubl e bondysimilar to%Hh P npound Addltlonally,
the method of M Ashwell et al., &' et¥ ahedron, vo no. 21, pp.
7429-7442 (1990) is 30 effective xvmg convertumg ctsﬂem qooor doubl e
bon¥® such as that in XV to XlV. Product i tli on and purifica-
tion foll ow conventional techinques and yields of pro- duct XIV vary
with the nature of R err], Rerr] and R err] but © usually are in the
range of 45-85% 35 18 xlx - 45-

%t ramdgy ﬁs di scl osed for thgzsyﬂtﬁe5|s of
1§ of gener ak!for whi ch

In Scheme 3, a novel
al kyl substituted |

cyclize to 2-al kyl sub tutednparbapenens e% Fornula
XX8 . 5 N
0 l . Step 3
w COsR c co,a’
xX1 xx
NBS Step 4
20 cco!onolllzo
18
j:i R f on  g?
17
R acld "J\ te
25 L—N E— :
647 | 0 . Step 5 Vam 7 "
co,r® 0
H co,r®
kx11 . XXUId
30 . /Ioek c:f.r
- =
HO R?
‘;J\ Rts ]
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35 co,a“



10

10

s

20

25

30

35

15 20 25 30 35 - 46-

In Step 1 of S8cheme 3, the aldehyde V is con-
tacted with a suitable Wittig reagent XVI or XVII to
form the olefin adduct XVIII. The Wittig methodology
utilized in this step is a common technique for the
conversion of an aldehyde functionality to the olefinic
adduct as represented in formula XVIII. The rational
for the use of either Wittig reagent XVI or XVII and
the generalized method is covered in H. O. House in
#Modern S8ynthetic Reactions' W. A. Benjamin, Inc.,
Menlo Park, CA, 1972, pp. 682-709.

Another method to prepare the olefin adduct
XVIII that is not shown in Scheme 3 is via a base
catalyzed reaction of the aldehyde V with a
dichloroacetate of formula cnclzcozns wherein R® is
hereinabove defined. The method of A. Takeda et al.,
Bull. Chem. Soc. Japan, vol. 43, 2997 (1977) is
followed here.

In formulae XVI-XVIII, Rl, Rz, R‘ and R11 are
hereinabove defined. R is any suitable electron
withdrawing group such as, but not limited to, =-CO Rs,
-c(r®)=Nr, -c(0)R®, -c(8)R%, -c(onuz"n1 —c(syxeat,
-F, -Cl1, -Br, -CF cc1 -80 R ’ —SOR ’

-2(0) (or) (orY), -1:(0) (m‘n“)z, -¥0,, -CN, -XC,
-soznnpn wherein Rs, Rh, R* and R® are hereinabove
defined;

317 is hydrogen, substituted silylgroups such as
trimethylsilyl, triethylsilyl, tert-butyldimethylsilyl,
substituted or unsubstituted alkyl groups which may be
branched or straight chain having 1-5 carbon atoms such
as methyl, ethyl, n-propyl, iso-propyl, n-butyl:
phenyl-substituted alkyl groups such as benzyl,.phenyl,
any of such alkyl and phenyl groups being;optionally
substituted by amino, ¢,-c,) alkylamino, hydroxy,
(C,~Cy) alkoxy, mercapto, (cl-cs) alkylthio,
sulphamoyl, carbamoyl, nitro, fluoro, chloro, bromo,
carboxy and salts and esters thereof; or any suitable

electron withdrawing group as stated for R16



[err] « _ -47-

In Step 1 of Schene 3, the al dehyde V is con- tacted wwth a
suitable Wttig reagent XVI or XVII to formthe ol efin adduct
XVI1l. The Wttig nethodol ogy utilized in this step is a common
technique for the 5 conversion of an al dehyde functionality to the
olefinic adduct as represented in formula XVII1. The rationa

for the use of either Wttig reagent'ﬁ@r or XVII and t he
generalized nmethod is covered in H 0. House in "Mbdern Synthetic

Reactions" W A. Benjgmn, Jlnc. 0o Par CA, 1972 . 682-709.
Anot her nethod to prjé%'g‘eé"i t‘r}(}' né’f]liweéd&l?c%k’e 1t§igx’%?ﬁ°53598§s not shown

in Scheme existyiwhizlbasn be utilizadawithdegeatt soaceéstibm shdehyde V with

'l A R S W Reag e 7 e

Bul I . Chenffheo Knosvenageloreassiomgan !ansmnpagyed for substuabdsherc.
In”f grmul a%fx‘élre?Mdeu t‘%r baseRfdrn ofNther EoﬁBQuBﬁeéf]géﬁSral

her ei nabove defined.a i1y any syitakl e el ectron W t hdr awi ng
gr oup suchf8§m“31$t Rot ‘txed eready B LR gp;fznabove defined

g( Rierr]) nNB[ ndC(né) Rl @reﬂe:ﬁ%S)iR[ thebe appDlokdeons R &Fe] .

-F, e h

-P(O ( OQ[ err) t)h( %@ "ﬁfgﬁhﬁrﬁl %kf’ #’%‘fi?‘ es. %@? r+éthQﬂF NC,
- SJ er r ] NRrenijeRjedy D]Y mea I:-Wﬁervﬂanﬁs;?[ppr] are
her g nabOVQo%5599 (QQEHQeGenerallg a?k Fi#uh§r9¥9ﬁ89§f t?&bSt'tUted

si:l yl groups such triethylsi
tert- butyIBFFPFP@P?WPyFeSGrlbed t§@5§¢PFEP§a°Br unsubstltuted al kyl groups

whi ch may be I %Bﬁb%‘iin@’ xvirrai ghe ababmehsawg%éoﬁe@ﬁfbon at ons
such 30 as_neth ehh¥l -propyl, iso-propyl ut yl

phenyl - subgPPtRFbﬁlihE§l uﬁs such as benzyl, phenyl, any of such
al kyl and phenyl groapsshepng Oift Schainky3, the 1i€m&5taddmcﬂ ¥yxan no,

T eggl ( Y,
ner%%pto err e?h%? Pﬁﬂpgﬁygeféged is £¥§% %&%%%Bg§¥€f nitro,
fluoro, ch 9r§°=9r6 4-add1teanbnxydunu SabtsThﬂdutstQﬁslitkmeof or any
suitabl e adduct exER!§ANcHhhdety 1J40aA4PLESE" B eshh Ol ar S95d

tems is common in the art and a representative example
is disclosed in J. L. Herrmann et al., Tetrahedron let-
20 ters, no. 28, pp. 2599-2602 (1973). Product isolation
and purification in Step 2 utilizes common techniques
as in the cited disclosure and product yields range
from 60 to 95% depending on the nature of r1® ana r
In S8tep 3 of Scheme 3, the tert-butyldi-
25 methylsilyl group of R in dithioketal XX is hydrolyzed
to the corresponding N-H functionality via standard
procedures in the art that entails contacting XX with
tetra~n-butylammonium fluoride in acetic
acid-tetrahydrofuran solvent. According to the method
30 of Guthikonda et al., J. Med. Chem., Vol. 30, -pp.
871-880 (1987). Product isolation and purification
follows the cited disclosure and producti}ields are in
the range of 70 to 95%. Another method for converting
XX to XXI are hereinabove discussed in Scheme 1/Step 4.
35 In 8tep 4 of Scheme 3, the dithioketal of
compound XXI is hydrolyzed to XXII using n4bromosuccin-
imide (NBS) in acetone/water solvent system. This type

17




-48- - O her alternatives to the Wttig nmet hodol ogy

exi st uwhich can be utilized with equal success in the conversion of
al dehyde V to olefin XVI1I in Step 1. The Knoevenagel reaction can
bé enpl oyed for substrates 5 of the conjugate base form of the
conmpound of gener al formula Rlerr]-CHR[err]-Rerr] wherein R is
her ei nabove defi ned and Rlerr] and Rerr], generally in these
applications, are bot h el ectror 44 hdr awi ng functionalities. The
met hods revi ewed by Jones in Organic Reactions, vol. 15, pp. 10
204-599 (19670 Ve &L A raf i rei nabgye

descri bed t?z?n%ﬂgoyns. 1 dém £t ' eife quné rc}lglr‘r!potlﬁlr?dpig‘fm"f"?hggeggoubI e

bond geonet By J. Coremrethdloi,t ¥ Orgw Chem., vol. 36, no. 2B8p Ppep 2 of
Scheme 3, t 16y O APHUCt] oX \her. I3 g i ove defined
I s contact e?%vﬁ:it'{\éaxa J1 19%?%1&13"{‘%%%%%&&??3%?%?0 ugt XX. The use
of lithio Purification follay ahanfiard technianes and yieddsiofr sys-
tens S compidodutt NEXEY tarddm HHRDGRTE A \GD-D0¥ P! € i s disclosed
inJ. L. Herrmann et g&ﬂj Tet(riahe rorLLet- 2%?& }‘ers, go. 28._pp.
2599- 2602 (1973). Prdf&taRAH /T Sicheme 3, garerPester XX st ep 2
utilizes codsorcadrtdvtefiiosdth a suidable tawidiire duitabler sokvenpr oduct
yi el ds rang 9 i n r Rerr] and
forr]. o8na sempdrdtilnd) aghal £ EMAN Hfa edial I aflncl L
net hyl silyl P@D@mnﬂo%@r rqxﬁﬁrdi‘ﬂﬁltﬂ(éi al B¢ i hy& ol }Eéda"—'ld_ to the
fﬁr[ﬁp?nd: %ﬂéfﬁiﬁﬁ%@'dﬁfﬂ&&t a{ﬁ;vu timcbess liar seesuseflsl n tge art
at entails cqntact,n Wi et.ra- n-butyl agmni y yoride in
acetic - siileF dn i PARAReEPTa ARk HEAtLHATIORES, 95 HESRed hod 30
of Cut hi kond¥ @ch@ime 1. Med. Chem, Vol. 30, pp. 871-880 (1987).
Product isolation and jpurdficati fall i L scl osure and
product yields are i n:I:On dtep ﬁé’%l}frﬁeen(ﬁn %ﬁeﬁgg%ﬁﬁggggrg thod for
converting mula XXIITL aréidedlockediactording toushednatusehand 1/ Step 4.
35 f , | taeekal conpound
12 hyar SPf?gf D, %ﬁblﬂlﬁtﬁsgf%ér g&% R t"ii faﬁg @%S)

XXl br onbsucci n- m in

acet one/ wat EATPIPARAR Afganerp]; forpla XXIV where R™, R
are hereinabove defined. The method of product isola-

tion will vary on the method of deblocking used. But
all methods used in this transformation follow conven-
20 tional techniques in the art including chromatography
and lyophiligzation.
It is usual to isolate carbapenem XXIV as an
alkali metal salt wherein Rls is a lithium, sodium or a
potassium ion. _
25 Another strategy to prepare 4-alkylazetidi-
nones of general formula I that varies from those shown
in Schemes 1, 2 and 3 is shown in Scheme 4.
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-49- i of hydrolysis is common in the art and the procedure of

E. J. Corey et al., J. Og. Chem, vol. 36, no. 23, pp. 3553- 60
(1971) is exenplary. Product isolation and purification follow
standard techni ques and yields of 5 product XXIl are in the range of
80-90% In Step 5 of Schene 3, the [err]-ketoester XXII-
is contacted with a suitable acid inm a suitable sol vent and
tenperature range to cyclize and formi¥e carba- penem product
XXI'I'l, where Rlerr], Rerr], Rerr], Rerr] and acid 10 are herei nabove
described. The process in Step 5 simlar in all paraneters as
that disclosed in Step 5 féégﬁﬁﬁmgl. In Step 6
car bapenem esters of general for- - mula XXIIl are debl ocked accordi ng
to the nature and 15 chemical reactivity of their ester group to form
t he car bapenem of gemeral fornul R where R err], Rerr]-Rerr]
are herei nabove defipged. The met hod of proﬁuct i sol &tep 1 tion wll vary
on tke met hod of deb Qggtné\q§ed But s s all ds used in this
transformation foll ow]cohvent*%0 tlgné tgchnlque in the art including
chr omat ogr aphy an Iyophlflzatﬂdn 0aR It is usual to
i sol ate car bapenem XX v an al kali nmetal saltf wherein R err] is a
lithium sodiumor a pot assi um i o¥t¥ 25 Anot her
strategy to prepare 4-3lkylazetidi- nones of general fornula | that
varies fromthose shown in Schemes 1, 2 and Z%2i s shown in Schene 4.
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-50- - [err] . 2) TsCl _
In Step 1 of Schene 4, the al dehyde of gen- eral formula Vis
contacted with an alkali netal salt

-5~

In S8tep 1 of Scheme 4, the aldehyde of gen-
eral formula V is contacted with an alkali metal salt
of the corresponding dithioketal ester XXV to form,
after a mild acid quench, the hydroxy adduct XXVI where

S Rl, Rz, R‘, Rs are hereinabove defined and n = 1 or 2.
The actual transformation is representative of an aldol
condensation which is common in the art. Both diastere-~
omers of hydroxydithioketal product XXVI are isolated
according to conventional techniques. Yield of product

10 XXVI usually range from 50-85% depending on the nature
of Rz, Rs and the value of n. '

In 8tep 2 of Scheme 4, the hydroxy group of
compound XXVI is functionalized to a corresponding
leaving group such as its toluenesulfonate (OTS) as

1s shown in compound XXVII where Rl, R?, R‘, Rs and n are
hereinabove defined. Contacting hydroxy compound XXVI
in a suitable solvent such as tetrahydrofuran, dioxane,
methylene chloride or diethylether in a temperature
range of =70 to 20°, preferably -20° to 0°c with a

20 suitable strong base such as, but not limited to,
n-butyllithium or methyllithium under an inert solvent
such as argon followed by contacting this intermediate
alkoxide with toluenesulfonyl chloride (TsCl) produces
the derivitiged tosylate XXVII.

25 Yields of product XXVII range from 40-90% depending on
the nature of R?, Rs and the value of n.

In S8tep 3 of S8cheme 4, the dithioketal
functionality of compound XXVII is hydrolyzed using
n-bronosuccinimide/acetone/ﬂzo system to form the keto-

30 ester XXVIII, where Rl, Rz, n‘, Rs are hereinagove de~
fined. The overall transformation in Step 3 of Scheme
4 is similar in nature to that described in.step 4 of
Scheme 3. In the present transformation, yields of
product XXVIII vary from 55% to 90%.

35 In 8tep 4 of Scheme 4, the tosylate leaving
group is displaced with a suitable nucleophilic conju~
gate base of the specie 83-8 to form the ketoester of



of the corresponding dithioketal ester XXV to form after a mld

acid quench, the hydroxy adduct XXVI where 5 Rlerr], Rerr], Rerr],
Rl err] are herei nabove defined and n = 1 or 2. The act ual
transformation is representative of an al dol condensati on which is
common in the art. Both diastere- oners of hydroxydithi oket al
product XXVI are isolated acc@di ng to conventi onal t echni ques.

Yi el d of product 10 XXVl usual ly range from 50-85% dependi ng on the
nat ur e of Rerr], Rerr] and the value of n. In

fSt ept_2 ofI %‘éﬁ?ﬁt&ﬂ,fdﬁﬁxl@&r PHerd ®t g are nqreimwﬁe@i‘ﬂed._st
uncti onal 1 ze 0 a _correspo 1 nNg . avl n [ OU SUC as 11s
t ol uenesul f’@rﬁit‘b"? tf?n%;m‘%ﬁ&/\n?‘ieﬁ?&?ﬂlod‘g’d 4 \ﬁrére Rlerr],
E[gr rl, R eicﬂe,md?[erilrs] gind larmrin all asﬁaﬁs‘ :wbctmtda‘dswibe@rigﬁgti Pg
roxy cCO | A . e t ra r or ur an,
/o0 OB B e, 2, 0% Bl 57 SN BN

di oxane, e or “dief e nper at ure
rang® of - Fenerad)[formulalcirange \Erom) 200s90Rkc depending primarilysuit abl e

Strong bases e Gratddd Ji0%rd Hudidophilic cona%g?%ggdgﬁwom

met hyl I'i t hi um underg an 1 nert sol vent suc wed by
cont acti ng SRfcte & elvedi at e al koxi de with tol uenesul fonyl chloride
(Tsd ) produces the derivitized tosylate XXVil. 25 Yi el ds of
product XXVII range from 40-90% dependi ng on the nature of Rerr],
Rlerr] and the val ue of n. In Step 3 of Schene 4, the
di t hboket al functionality of conpound XXVII is hydrolyzed using
n-Hr onosucci ni m de/ acetone/ Herr] O systemto formthe keto- 30 ester
XXVI11, where Rerr], Rerr], Rerr], Rerr] are hereinabove de-
fined. The overall transformation in Step 3 of Schene 4 is simlar
in nature to that described in Step 4 of Schene 3. In the present
transformation, yields of product XXVIII1 vary from55%to 90% 35
In Step 4 of Schene 4, the tosylate |eaving group is displaced with
a sast abl e nucl eophilic conju- gate base of the specie Rerr]-Hto
formthe ketoester of -52-
general formula | where Rerr]-R err] are herei nabove defi ned. The
overall transformation presented in Step 4 of Schenme 4 is simlar in
all aspects to that described in detail in Step 3 of Schene 1. '
Yi el ds of product of 5 general fornmula | range from 20-90% dependi ng
primarily

20

25

30 -

-

35



on the-nature of the nucleophilic conjugate base of
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Schene 5 . [err] 5

20 - . - 54-

Schene 5 a convergent approach to conpound

1 3 4 5 of formula XXXIlIl is presented where Rlerr], Rerr],
Rlerr], Rerr] and X are herei nabove defined and Rlerr] is H or
CHerr]. Com pound XXXIIl is §inilar to conpound of general
formul a -54=

In Scheme 5 a convergent approach to compound
1, 8%, rY, R® ane

of formula XXXIII is presented where R
X are hereinabove defined and ng is H or CH,. Con~

3
pound XXXIIXII is similar to compound of general formula
5 I and differs only in the more specific definition of

r? compared to that of R? in formula I.

In 8tep 1 of 8cheme 5, the carbonyl substi-
tuted azetidinone of formula XXIX is contacted with the
ester-alkali metal conjugate base XXX in a suitable

io0 solvent such as tetrahydrofuran, dimethoxyethane, di-
ethyl ether, toluene, dioxane dimethylformamide on ace-
tonitrile where 318 is lithium, sodium, potassium or
magnesium. The conjugate base XXX is formed by con-
tacting the ester of formula XXXIV with a suitable base

15 such as lithium, sodium or potassium bis(trimethyl-
silyl)amide, lithium diisopropylamide, sodium or potas-
sium hydride; alkyllithiums such as methyllithium,
n-butyllithium, sec-butyllithium; alkylmagnesium
halides such as methyl magnesium bromide and ethyl-

20 magnesium bromide; sodium methoxide, potassium
tert-butoxide. Amounts of the base required may vary
relative to compound XXXIV depending on the nature of
X. Preferred is where X = N-OH and therefore two equi-
valents of base relative to XXXIV are required. The

25 generation of conjugate base XXX is done in a suitable
anhydrous solvent such as tetrahydrofuran, diethylether
or dimethylformamide at a temperature ranging from ~70°
to 0° under an inert atmosphere such as argon.

An excess of reagent XXX relative to the aze-

30 tidinone XXIX generally is preferred in the rggio range
of 1.0-3.0 to 1. Reaction concentrations. usually are
maintained in the range of 0.2 to 1.5 molar for the
limiting reagent XXIX and the overall contact time
between reagents XXIX and XXX varies but usually ranges

35 from 0.25 to 4 hours. The reaction product XXXI is
isolated by conventional techniques in the art

In



5. | and differs only in the nore specific definition of Rlerr]

conpared to that of Rlerr] in fornmula I. In Step 1 of
Schenme 5, the carbonyl substi- tuted azetidinone of formula XXI X is
cbntacted with the ester-al kali netal conjugate base XXX in a

sui table 10 sol vent such as tetrahydrofuran, dinmethoxyethane, di-

et hyl ether, toluene, dioxane dinethylfornmmde on ace- tonitrile
where Rlerr] is lithium sodium potds®ttum or : magnesi um  The

conj ugate base XXX is forned by con- tacti ng the ester of formula
XXXI'V with.,a able e 15 lithiu dlumor ot assi um

bi s(trimet A i d’g'ﬂ )%ﬁf'i‘h@e‘fl# AT Yo 1eR e d ETIESH UM or

pot as- waslﬂlngndmdengadm |andy o xystalds zatilop.l i thi um
n-butyllithium sec- n such as
r#d eﬁ? !g%:lémg %é’ rﬂgdroxgr Jialg Qx‘i%

met hyl magnesi um brom de a sodi um
met hoxi de, ofotfesmula XXXI ig (#thmﬁjetO mhmml@f(;fn Mfe ﬂmlraeqw red may

varys xxrxaﬂzaw@ré Qz’corﬂﬁnﬂﬁi R \arlepengid here inadoval W, X

Preferred is where X = N-"OH and, therefore two equi - vaI ents of base
rel ative t&iRed. Fhe dehydratiop ds dest ‘i&qﬁ’f‘%ﬁq"oﬁ”oﬁ SR tPAe base XXX
i s done i nsplvéntldieh as tetrdnylirsfurel vmawmw alagd=of ur an,

di et hyl et her thIf rmam eat rature nin from-70
to O ﬁnder 5ﬁ’i1tﬁe"llt 'aﬁ#ﬁ%ﬁeﬁ%e e rfimeetrg)yit%mam ) A% excess of
reagent XXstddlimiing: ne;ctths:razlzammatures dlmdm; mln)gegafer-alq y tios
prejgrred ig e 19_ é}% ction
con%gntratlggusﬁ&dﬁ?e‘n n:’madlﬂn‘!t al ne ﬁ#%%ﬁ"&%@ of 0.2 to 1.5

mol ar for tiRe =CHy) qqqh @shhatadehirepyesented A gedexal Lo%ract tine
bet ween reggamal a:ik)ﬂ Metiyarabe \ial lfﬁﬁa lisztesaw& |df mets%c;ds from0.25 to
4 hours. The_reaction product XX)% i i 31(1 iea X‘ conventlonal

t echni ques ur?ht m«: orous pentoxide, zinc chlor agnesi _55.

i ncl udi ng dbldﬂda,acﬁatamwmeﬂmim ethdriteor agmeons mineralwashi ng

chr t ogr an t Inep 2 of
Schggrrfal 5g ?’ga'&nyd%xy conp ou"r%'{ezq'd %cqm*onl%lprmced °g’%hy rgt ed to the
olefin of thempict and a mq lcompnehenaive trgatmentrps: thisRlerr] and X
are herei ngpye Qer found ixd iFlC%arbif 19¢ Malivalndua lorgasilc conducted in a

sui tabl e sol vent _such .as tetrahydrofuran, dinethoxyethane, ace-
tonitrile, ChepiptayY Jiohdy Widey ‘m‘rr@t"fﬂﬁ dfew ¥ark 1985, pp.
901-906.
‘20 Product XXXII isolation and purification en-

tails conventional techniques such as contacting the
product with aqueous mineral acid to ensure the hydrol-
ysis of the oxime (X=NOH) to the corresponding a-keto-
ester functionality present in the product XXXII, dilu-
25 tion with an organic solvent such as ethyl acetate,
water washing and chromatography and/or crystalliza-
tion. The product XXXII is isoclated as amixture of E
and Z geometric isomers whose ratio is dependent on the
acid employed in the dehydration step as well as r1?
30 and Rs. 2
In 8tep 3 of S8cheme 5 the conjugated double
bond of XXXII is reduced using suitable reaction condi-
tions. The saturated alkyl azetidinone product XXXIII
can be a mixture of all possible diastereomers on the
35 carbons bearing r'? ana B3 where Rl, 83, R® ana rY? are
hereinabove defined. A number of suitable reaction
conditions are known in the art to reduce



utilizing reaction tenperatures in the range of -30 to 10 50C.

Seconrdary (R err]=H) and tertiary al cohols (Rlerr]=CH err]) such as
what is represented in general for- nmul a XXXI dehydrate in the
presence of various acids such as phosphorous pentoxide, zinc

chl ori de, magnesium i odi de, boron trifluoride etherate or aqueous

m neral 15 acid. This technique |§ a commonly practiced one in

the art and a nore conprehensive treathent of this topic is found in
J. March in "Advanced Organic Chem stry" John Wl ey and Sons, New

-York 1985, J’%—unsatura%@ﬁ %Q..G.:bo %1 compounds suct Q@J(itxx&i?(' | gpepl ation and

pUI’I fication en- vent | techni ques as contacti ng

t he OFARRLe o tTr é'fﬂ}t‘%iuse‘?n a|La@%a s LheBur Vehe FdrRP-
ysis of thezpdsgo (¢E3¥3) dnpidys iUty la FukEien hyaride<st er

functionalit res it ct XXXII u tio th an
organi c sol"!%frﬁ itﬁ?%&%t&ﬁ&i’é{g éthyiv@?%?e’('/vam g?nj\c,i\4 £
chr osat ogr aixhytee g res exroes toof Ihamnethylphdspnbrﬂ'metﬁm&mé XXXI'l is

I sol at ed as“aﬁ r qgﬁm& 0 ratio is
dependent on B I?sequl me&;hod o) ecf{] ydra I'Oh gs?e%fa’s wel | as

Rlerr] 30 Ws_: V°1- 17: no. 2, pp S BDHI (NEkhe 5 the
conj ugat ed i Gises sodiifd i a8PEri et HPMORF U Tk Sdk t@dHies £ act i on
condi - frons. The saturated al kyl Aazetidi none product XXXII I

can be a niBakHeR cﬁ°ralﬁhﬁﬁ)ﬁ’d¥%f%%drﬂsr%t% 3he Bppduct a89mns
beagong R Qriﬂzcim(hﬂtﬂ{d ]aww &ifled MetHddd rdnt&i s Idomrehtimid]l are

rown | n 1 RECHHLes B 3 el VAAE W horq, et iy 02 nony

conpounds  Stasthixg With watier, chromahognaphyfand/ons ckystakliza<d. O g.

Chem , Vol ¢35k, PP 537-540 (1986) enploys a diisobutylal um num
hydri de- nmet hod that is dependent on a nethyl copper (I) catalyst 5
in the presence of hanathed Marfdhsathad itmirkepare t heﬁn&ﬂkﬂ‘ usef ul

rzfet hed |1 thdw?ez?fogg _édaefﬁnlﬁmﬁlﬁlﬁlmnz in é‘éﬁéoxlib m‘%‘ﬂ"?@’f |17 no.
| C us sSoqQl u | Odl ge S y
PP: o o ap €0 Th this selfishbey The Algtheinas BT T8 For b ouct

chloride c
I so- 10 ducsid alidpctillye taborne XRXIIIMt hdise m&ta:dd; ammanuc:mml

- techni ques gyigdh fity W WIS WRTPH 1% 3xT) Udd''dditiary alco-
hols (319=x in XXXI) is a common technique in the art.

20 An exemplary method to reduce secondary alcohols is
found in D.H.R. Barton et al., J. Chem. Soc. Perkin
Trans. I, pp. 1574-78 (1975). Tertiary alcohols, on
the other hand, require slightly different conditions
(oxalyl chloride, N-hydroxypiperidine-2-thione in the

25 presence of a catalytic amount of tert-butylthiol) and
the method of D.H.R. Barton et al., J. Chem. Soc.,
Chem. Commun., pp. 774-5 (1984) serves as an adequate
example of the direct reduction of XXXI to XXXIII where
in this case 219=cn3 is preferable. Product isolation

30 follows conventional techniques. =

The most direct method to prepare the o-keto-

ester of general formula XXXIII is shown .in Step 5 of
S8cheme 5. In this one-step procedure, the azetidinone
of general formula XXXV is contacted with the

35 ester-alkali metal conjugate base XXX, hereinabove de~
scribed, in a suitable solvent and temperature range to
form the product XXXIIX, where Rl 19

’ Rs-RS, R and X are



washing with water, chromatography and/or crystalliza- tion.

Anot hey usef ul nethod to prepare the [err]-keto- 15 ester of general
formula XXXI'I'l in Scheme 5 is shown in Step 4. In this sequence, the-
al cohol of XXXI is re- duced directly to form XXXIIl1. The method of
reduci ng secondary al cohols (Rlerr]=H in XXXI') and tertiary alco-
hols (Rlerr]=Hin XXXI) is a comon technique in the art. 20 " An
“exenplary nmethod to reduce secondary aPdGhol s is found in D.H R
Barton et al., J. Chem Soc. Perkin - Trans. |, pp. 1574-78 (1975).

Tertiary al ‘ix 1%3(%3"3 qeflﬁletahg oS RN_D ggnqn rggwt 13' igm’# di fferent

condi tions ori r OX p| per 8ne in the 25
presence of G¥ouRsalspak: G@rmm OPtt éﬂmbsﬁytphl EL)BandOSO 2CE4 st he method of

D.H R Bart@@cﬁhiﬂnetnﬁlﬁﬂaaﬁu, %@ocn ococEh ”bp@@?SB?na Qp 74-5 (1984)
serves as an a % 3]’ rect UCtI XXXl to

XXXI |1 wher 8%cess of ﬁ%?%&%&FFF‘EHFBrFPﬂ QzﬂFéFéPaﬁFexWoduct

'Lsola5|on ﬁ&s :drﬂﬂnau51agmman&uaaalrhagbnbnumso-s .0 t? 1. R°F°F ThelnDst

irect net t 0 _prepar.e e _[err]-keto- ester o ner a or mul a

XXXI11 is s J)”é{) B‘PnL us]ua&gghgﬁg Baiphaippd bﬂeggfeﬁaﬂﬁﬁcedure,

the azeti di ntno.z to 3 mblge‘ntptl ther dimating\/reagenht ZXX¥dandt kthiehe 35

ester - al kaI ga‘yﬂt‘i%t nggssemanhgggbgﬁggv?xgg ﬁ scri bed, in a
t he

sui tabl e soI vent an erature ran roduct XXX,

wher e R[err]"lrﬂ[eér Heqqeanrp 2R &pr g gﬁgr;(. ar 8uitable solvents for
-57-319 th:.hela&'dﬂl%@&eﬁlef reaetasd Bhem: C%I § aPf¥ tettakyarbeavi ng

group, such as, but,not |inted tO] dk %e{:&%ge#ﬁf&f‘?d An

OB err ] - 4- FEE 'pﬁé‘ﬁﬁﬂth RaLy

excess of rdigpethylddlfexideye Reat:h&onzthmﬂenahuré@()@anSrangel s preferred
in the rati @ gndgqof 50t L O t I ons
usual ly ar e%mal nt a|°ne<fL| Qo g%.&eprgﬁﬂ& X¥XBIJZ‘ {'é gsSi?gggaf é’rﬁht he
limting rengsntzxmwianenvnational proceduregothattinekudeet ween reagents

XXXV3gnd XX¥menching’ ¢hleCtelet 188 "wdtRomi Pa‘aljabbds &ataﬁswiabvent s for
10 . this displacénent reactign in Step 5aetetraﬂ¥ero- furan,

di met hoxyet BREE1ckent, fontacketanes BPﬁHﬁFBe“&hﬂ and cruge geAGELOR: 02i de.
Reacti on t emjistairesctoCalloengdrolysisf 68nthéloximéOterthé. The product

X011 TS 15948t88sR0d o proaBE! HkRFTP) EAIVEILA Wi AL SHLERS! N
solvent such as ethylacetate, washing with water, chro-
20 matography and/or crystalligzation.

In formula XXXIII, Rl and R4 are independent-
ly selected from the list shown above. Preferred are
where R is 1-(tert-butyldimethyl)siloxyethyl and rY is
tert-butyldimethylsilyl. Removal of these types of

25 protecting groups may be achieved by any number of con-
ventional techniques but most efficiently with hydrogen
fluoride in acetonitrile-water solvent according to the
generaligzed procedure of R. Newton et al., Tetrahedron

etters, no. 41, pp. 3981-3982 (1979).
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15  -quenching the reaction with nild aqueous and al | owi ng

suffictent contact tine between acid and crude reaction m xtures to
allow hydrolysis of the oxine to the a- ket oester of product XXXII1,

dilution with an organic sol vent such as ethyl acetate, washing with
wat er, chro- 20 mat ogr aphy and/or crystallization. In
formula XXXI'll1, R err] and R err] are |independent- ly sel'ected from
the list shown above. Preferred are ~58= where Rlerr] is

1-(tert-butyldinmethyl)siloxyethyl and Rlerr] is
tert-butyl di met hyl sil V. f Jhese. I ng groups
may be achi eved by ar%gJ nuggde%}l% t%at q‘% %IL'XRg‘Zn %gftt &?ﬁﬁ%g’g but nost
ef fi ci ent | §nwBechemeddog@tep S, th‘ﬂ mk#&eesheacxxxhllrl-Secml.gzedol vent
accordi ng I ogl8t jal .
te the carba Shef rﬁdcﬁﬁ;‘i Wh%‘i:%g §8 858?2563% R-°l ad

Tet r ahedr on ers, ‘35
In a nannePeFﬁ&P‘-PS’vﬁ defined, t PBro F-PB&G“"D and; BuSéﬁérre 1, Step 5,

the §err]- &at@aat Fol116¥ Idonventidnalc¢echniquebOabieriBeapspem product

wher e R[erék S gu:il‘l to R[err] as her ei nabove defined. Product
I sol ation 8Ppari 1. cation foll ow conventional techni qgues
descri bed for ISt Gehemdciégma hethod to prepare carbacéphems 6, a

nmet hod to Q?GBQBSI:Q?J %mz‘n&% %Fd@%gagﬁe aal _ftgr %gr +¥ i s presented.

In ste enera a Vis contact-
10 ed &rhpnené.ythe #éﬂn@wyﬂepﬁyBenernlpﬁenyulphﬁsphocantact- in

tetfg@hydr ogdr g@itRok%eNy134 %Q;'hb]x@nb%h eHed ic isoners
of-the produc; XX;(\P(IyI I ty conventlona §Q Qi?hgﬁg} %ggslﬁo?ﬁheéart The

vinyl ethet® furan sﬁ}&F&FyE@dol & S?e§°?‘o?°t-kh‘éﬂ%'6 with dilute
m ner al 15metr;acidoherbhefctmhegﬁeadcugxzkdthzdnyXaa&vénaiéﬁa1ahydr0-
furan sol v, etL] Le a ], are herein-
above def |ﬁ§éhﬁ%'ﬁa§Lm%¥1 §8 V@%tdn %SHYR% H\eﬁogﬁgzﬁi is

hydrolyzed in Step 2 of scheme 6 with dilute mineral

s acid to the corresponding aldehyde XXXIX in tetrahydro-

furan solvent at zs°c, where Rl, Rz and R4 are herein-
above defined. This method for one carbon chain homo-
logation is a commonly used technique similar to that

disclosed in J. org. Chem., Vol. 40, p. 1989 (1975).
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| egation is a comonly used technique simlar to that

J. Ogi Chem,
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-.60- . The remai nder of the steps in Schene 6,

starting with al dehyde XXXI X, i.e., Steps 3-8 are anal ogous in al
experinmental paraneters, isolation and purification conditions as
was disclosed in Steps 1-6 5 respectively in Schene 1, where the
definitions of all variables Rerr]-Rerr], X acid etc., are

her ei nabove de- fined. : It will be appreciated that
certain products within the st8P8 of Fornulae Il and IV 10

[err] may be formed as optical isoners as well as

epi neric m xtyres_theceqf . It [s.intended that the_present in- 20
vgntion I ncl ude mﬁth?%gifémgégggraf% gﬁghs%EPﬁcéP ECEeme 8¢ soners and

epi meri c rdtaxting whthealdphrdeWKBEIKhei.e., StépsuBssiament in Il and IV
are 1-(t- | i 4- $ t su [ be either
R or'Sﬂmﬁ#ﬁ*i&%ggg?ygtﬁgéi3ﬁ?ﬁf%ﬂegﬁéfd9§gﬁ??ggggfigaa%égggﬁpgg erred. 25
Li kewi se, RYRLEIFALIOR sPRAibionaca8VRBpaLBALAGEAcED Steps 1n6y be 5R or

5S ad 6R pésPéctivélPRin 65chenadi] "enase- the defihetisfdsCopfapirati on.
In the fore(aighmnr 1 desgri pti on ve. schematic reaction

.of the abo
di agrans f Y hﬁé?s' '35°18 e%ﬁrbaﬁEﬁeﬁFﬁﬁﬂnEBPﬁﬁcgﬁﬁen1
anti bactertie@d. it i s under- stood that there is latitude in

selectiorf of precisere wiiy KEChbRIcPALAHPLELS cSUIIPRILoDagLeAN o
35

latitude and rea €nera I ndrca € enunerati on

of equi valwikhin| thetscope cpf Formpbaat TXcandng¥s, pro- tecting
groyps, and range of identities of involved re- agents.
. R2 : g2
R! R!
\
Y )
—N
o/ o//—N 7 RS
15 cozns | cozgs
11 ' Iy

may be formed as optical isomers as well as epimeric
mixtures thereof. It is intended that the present in-
vention include within its scope all such optical
isomers and epimeric mixtures. For example, when the
6-substituent in II and IV are 1-(t-butyldimethyl)sil-
oxyethyl, such substituent may be either R or 8 confi-
guration with the R éonfiguration being preferred.
Likewise, the configuration of the carbapenem nucleus
may be 5R or S8 and 6R or 68 with 5R, 68 being the pre-
ferred configuration.

In the foregoing word description of the
above schematic reaction diagrams for the synthesis of
carbapenem and carbacephem antibacterials, it is under-
stood that there is latitude in selection of precise
reaction parameters. B8uggestion of this Jatitude and
its breadth is generally indicated by the enumeration
of equivalent solvent systems, temperature ranges, pro-
tecting groups, and range of identities of involved re-
agents.
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THe conpounds of this invention and their preparation can be

understood further by the foll ow ng exanpl es, but shoul d not
copstitute a limtation thereof. 5
Exanmple 1 1, 3-Dit hi ol ane-2-propanoic acid, [err]-[[1-](1, 1-

di nethyl ethyl)dimethyl silyl]-3-[1-[[(1, 1-

di et hyl et hyl ) di et hyl si | yl ] oxy] et hyl }g4=0x0- 2-

azetidinyl]methyl]methyl ester, [2R[2[err](R* and S*), 10

3[err](R*)]]- Benzyl 1, 3-dithiol ane-2-carboxyl ate (Gazz.
Chim Ital., 120(3), fThe ¢ompdffids, ofSEhiy, invertdon and thedkved in 9.3 n
of tetrahyd I ] n

at mmsphor o. Prtraatias E49 BF, bgefHtEEh rurtnr biTERL, B1760RAg

bi s(tri met hprsmpyep,albute should not copstitnte a mna@tatuon in

t et rahydr of ghapbogAfter stir- ring at -78[err]C for 30 mnutes
2-butenoic acid, 4-[1-

[ (1, 1%di et hyl ethyl)dl nethy|s.|y|]ml.g.]_;1 1-di -
met hyl et hyl ) di refhgl-piltni - bk B
ester, [2R[2[err]
solution in 4.6 m$

yl]-, met hyl
dr opwi se as a
e reaction is

guenched by addgimes y hethyigilyl hoxv]ebbylil-e+ong=24t h et hyl

acet ate. Afte&z-tidin E’EEE-' ' [ ~ kSad@Sgefl twice with
25 wat er anda ofr 1L AT Ler dryli g over annyar ou
nagnéglun1sulfate and filtration, 28&R®LEltting sol u- tionis
cancent rat ed and the sedig1on] stasthilagemsocarnoxy1ateapagson silica ge
with 15%eth L ace% ie in p gnpound,i s _opbtained as a
mxture of SB3Me IfplevctalBfd) e %§5275' %5@8 ?ﬂ% P odhEt WSS also been

- prepared assdlivelloinds.n imtbahtdtnahﬁdrbfurahlana4cooled topp78 %e51-4
(1959, sagodt bR RALGE phnl bG8 sty g sl 5, 120100
2. 8 5 7(m 2afided es(anumgrp.ithign(bxs(tzigtethylsily;) AspideH3.1. l(d 3H),
2 gﬁés 9H) . mPs88€Sa%) M solutiofl gnoééﬁraﬁfhféfﬁ}anpknoifﬁéf”?ﬁird 7.32(br
’ ’ ring at -78°c for 30 minutes 2-butemocic acid, 4-[1-
[(1,1-dimethylethyl)dimethylsilyl]=3=-[1-[[(1,1-di-
methylethyl)dimethylsilyljoxy]ethyl]-4-oxo-2-agzetidin-
20 yl]-,methyl ester, [2R-[2c(E),35(R*)]] (1.14 g) is
added dropwise as a solution in 4.6 ml tetrahydrofuran.
After 1 hour, the reaction is quenched by adding 5 ml
10% acetic acid and diluting with ethyl acetate. After
partitioning, the organic layer is washed twice with
25 water and once with brine. After drying over anhydrous
magnesium sulfate and filtration, the resulting solu-
tion is concentrated and the crude oil flash chromato-
graphed on silica gel with 15% ethyl acetate in
hexanes. The compound is obtained as a mixture of

30 = diastereomers (1.4 g, 80%). The product has g%so been
prepared as disclosed in Tetrahedron Lett., vol. 24,
pp. 3251-4 (1983). : &

'E WMR (cDC1,) Major Isomer: 4 7.33(br s,5H), 5.18(ABq,
2H), 4.1(m,1H), 3.65(s8,3H), 3.52(m,1K), 3.4-3.2(m,4H),
35 2.9(m,1H), 2.8-2.7(m,2H), 2.33(dd,1H), 1.84(br t,1H),
i1.48(t,1H), 1.1(4,3H), 0.92(s,9H), 0.85(s,9H),
0.2-0(48,3H each). Minor Isomer: 4 7.32(br s,SH),



5.22(d, 1H), 5.1(d,1H), 4.15(m1H), 3.9(m 1H), 36(&3m,
3.4-3.2(m4H), 3.0-2.9(m 2H), 2.5(dd, 1H), 2.35(dd, 1H), 2.21(m 1H),
1.38(m 1H), 1.19(d, 3H), 0.9(5,9H), 0.85(s,9H), 0.2-0(4s,3H each). 5
Exanmpl e 2 2- Azeti di nebutanoic acid, 3-[1-[[(1,1-dinethylethyl)-

di mret hyl silyl ] oxv] ethvll -4-o0xo-8- .r2- ERhenyl net hoxv) - :

carbonyl ] -1, 3-dithiol an-2-yl)-net hyl -gater, [2R-

[2[err](R* and 8*), 3[err](R*)]]- 10 The conpound prepared in
Example 1 (504 ny) in 83 m dichloronmethane is cooled in an ice
bath and 5.22(a&,1#¢t,ed .1 10) 5c4alsqmeH ,aci.0 (MQ18Y4 ) and then
tetrabutyl fl wor,i_de f 022 1 tign in
tetrahydro?uran gﬁyftéf‘sﬁlfrlﬁ;n?2r918 th 9 S(Fﬁélg&dling bath is
renoved an@- ?ﬁddﬁu%ﬂunezhgldmuiﬂéd 1. 38(m:ﬂaﬂ;aﬂ é@dﬂbﬁ&hal 20 minutes. The
reaction i g bNa)ex), o. aguguggg Vol B-@i(aNsk @hlkey.and then washed twice
wth sat Uratéd so |un1b|carbonate ol ution. After washi ng

onceSwith brine, the or gani cs areEEEEBA—eﬁer anhydr ous 20 nmagnesi um

sul fate, fikitazediditebutanslicaneid,N3nqeud (1, 1-dimétBviesuihag oil is
t hen fl ash N i acetate in

hexanes. BofffReElY 814y dPEYdehays ] AsoRRbrhéeyRneny Mot~ | somer: 95. 8
nmg; Maj or R 34 8l ¥ ighid]} yli-netBd bE R 1H NWR
(CDCl[err]) d Mjor | Somer: 335 8h5H) 35 PrOP{PL S, 1H)

5.20(s,2H), 4.12(m1 3: 2(m4H), 3.0(m1H),

2. Shédd 1H), 2.65(m , compoundopgepaged jn §xsppier9 (§°6(n91r0

1:'15(d, 3H) in38.3 mlodﬁéﬁiogﬂhetﬁaﬂa(isGEBoled in an ice bath an
Exanple 3

i ot byl o EFPRSRS) WARD FLACIRY a88bEk: ARHYL (hephyl ) & L
[ 2R-[ 2[ er r FeRrabntyTammofi 8aRE I wbridé (1.1 ml of a 1NMBsolmgieai ni m de (748
"0 o8 ST raivarorurgh T aRhef TaRsBSEhAERELEN WERBPRCO0L S0 0 |
Exak® the cooling bath is removed and the mixtgge is stirrefle 2 (298
ng) in 10 gbraght aadit2edhii 20 ﬂ!ﬁgtésﬂ‘nrhe react¥bfiSis £hRenbath
tenperaturgliatggbsgggeggexhyl ether and then washed twice with
saturated sodium bicarbonate solution. After washing
once with brine, the organics are dried over anhydrous
20 magnesium sulfate, filtered and concentrated in vacuo.
The resulting oil is then flash chromatographed on
silica gel using 30% ethyl acetate in hexanes. Both
diastereomers are separated.
Minor Isomer: 95.8 mg; Major Isomer: 271 mg: Total
25 Yield: 366.8 mg (87%). |
1l am (CDC1,) 4 Major Isomer: 7.35(br m,sH), 5.95(br
s,1H), 5.20(s,2H), 4.12(m,1H), 3.67(s/m,4KH),
3.4-3.2(m,4H), 3.0(m,1H), 2.83(44,1H), 2.65(m,1H),
2.35(a4,1H), 1.9(m,1H), 1.6(m,1H), 1.15(4,3H),
30 0.85(s,9H), 0.05(s,6H).
Example 3
Pentanedioic acid, 3-[{3~[i-[[(1,1-dimethylethyl)~

d1methzls;111]ogz]ethxl]-4-oxo-2-azetidin11]methxl]-

2R=[2a(R* and 8% 3(3(R*
35 N-Bromosuccinimide (748 mg) is dissolved in
10 ml of 97:3 acetone:H,0 and cooled to -10°C. To this

2
cold mixture is added the dithiolane described in Exam-

-

-~




warmto 10[err]C and stirred at this tenperature for 30 m nutes. The

reaction i s then quenched with 10% sodi um 5 t hi osul fate sol ution and

stirred until decol ori zed. The m xture is diluted with ethyl acetate

and parti - tioned. The organic |layer is washed once with 1M

sodi um bi carbonate sol ution, once with brine, and dried over

anhydr ous nmagnesi um sul fate. The crude_a-keto 10 ester is purified via

flash chromat ography with 30% ’é?ﬁyl acetate in hexanes to afford 150
ng (58% as a colorless oil. [err]H NVR (CDC [err]) d

7 35(m 5H), ( , I 3 ~2H) ,

5.14(d, m i |son€!3§%§) in 11? J’.n(l ifg)igq? ‘f% dl%é!) EE%)' glsgmgéfoir | soner),

3.6(s, 3H), utes). Tty (bath-)tempegataxel is, s Ly 2 g A)

2. 05 1
o 84@ gg)) %r%wlmc shnd Hetr¥da ok $8GS. HebPerature fbgow)

1- Azabi cycmiERtER%) hé'iﬁel-i)Z%*?naéét thep. @yenghed with 10%°30
[[(1s1-di nRiRdAiTed el seidvicn land @tikeiedy until decolorized.

0X0- 2- h | met b hy|
[)S(R-[S%falror]en L5 h'('ﬁ!% s &%Jed "mith %th%i(:%ﬁgtﬁttreaf‘n& ﬁ?&r ochl oric acid
(0.350 m, t.’a'i—'nned. 37f,ne usrg&uhiﬁuj ltayet iiis wiashiedr omsehawig&h 1¥his nixture is

stirred ra%o?%%f&ﬂ c#e dkseé&f%[a% er o %&cmﬁdmn@am ariea Ple 3 in

2 m dichl ane 1's a tirrin m nutes, the
reaction | SWHL ATKYA¥QUS Magresiam sulfate-t afféeaﬁa'"&eeﬁcﬁe&%th 1M

sodipgm bi cardiates UM EEE WA flashhenopatiography withwasiked once with

bri.ne and dri_ed over .anhydroys sulf After filtration
and etk Agelats 1n he 3'1,9 %ﬁ% Ilil Q4 B, 3%&‘3 A3 A o-
mat ogr aphy coIdrides e&in acetate in hexanes. The pure car bapenem

e (o o 1 ek R i ol g BB 10, (1T

3. 85(d 1H) ,5 R5(&,m8iHqr as:qngzj)l-}) .30(s,2H), 5. 14(d,mino: isomer),

5. 4.1 6,y B7s 35T Yea (b, %é.%ﬁ'i')som@r%( 3.%7s,3H) ,
0 0 (5 6H) Pr opanedi oi c

acid, [2- P{Rﬁ‘!&%ﬂht%%ﬁ%%lrn@t’ﬂﬁm"g)l 3. 3staa,1m,
si | yI I- 3 [ b Jdsl¢nd, dhyptiyvietpyin)d mRiusyiasizmyl,] ocslé(s,minoxr
isomer), 0.84(8,98), 0.05-0(3s,6H).

Example 4

e420

20

[[(1,1-dimethylethyl)dimethylsilyljoxy]ethyl]=~7=

OX0O=2~= henylmetho carbonvyli-, methyl ester

[SR=[5a,68(R*)]]~
Concentrated hydrochloric acid (0.350 ml,

25 37%) is added to 4 ml dichloromethane. This mixture is
stirred rapidly as the oc-keto ester described in Exam-
ple 3 in 2 ml dichloromethane is added. After stirring
for 20 minutes, the reaction is diluted with ethyl ace-
tate and quenched with 1 M sodium bicarbonate solution.

30 The organic layer is washed once with brine agg dried
over anhydrous magnesium sulfate. After filtration and
concentration, the residue is purified via flash chro-
matography with 20% ethyl acetate in hexanes. The pure
carbapenem obtained amounts to 78.4 mg (35%).

35 IR(cm™ ) 1780
g mer (cDC1,) @ 7.46-7.25(m,5H), 5.26(ABq,2H),

4.2(m,2H), 3.85(4,1H), 3.7(s,3H), 3.6(4,1H),



et hyl ]+ 4- oxo- 2-azeti di nyl Jethylidene] -, dinethyl

ester,~[2R-[2[err],3[err] (R*)]]- The title conpound was
prepared using the met hod described by W Lehnert, Tetrahedron
Letters, 10 No. 54, p. 4723-4724, 1970. Titaniumtetrachl oride
solution (52 mM of a 1 Msolution in nethyl ene chl o- ride) is added
to 100 m of ice cold dry tetrahydro- _ furan under argon. To the
resul ting bright yeI | ow slurry ~%4" added dropwi se a m xture of
2-azeti di neacet - al dehyde,

3-[2-[[(1, | et

et hyl ] - 4- oéoq'l t r| et'hh?/ ftﬁ%‘% er ri(i%’)[ Tr r] (GF\‘*% ]9]11) ‘(10

(prepar ed & in EP 37081A1) and di et hyl - rral onate (3 9

in 35 m dry THF. V\hen the additi ofixdple s conpl ete (10 m nutes)
pyridine (8. 4 mt) J'S Aadded, 20 %il | : f 0 ninutes, the
cool i ng barfeRARECigIs ALy ol S QAR 1 EA0E 5 hours.

The seacti omii =3 | t1, TH dinet hyl dichiyl Yo silyljoxyth water, and
partitioned ' | Ss .Lh er, once with
sat ur at ed sod-g:l:eh figy: ne. The
resul ting organic |ayer i M&ﬂ!ﬂﬂ&l&!ﬂﬂlﬁagne- sium sul f at e,

filtered, and concents T ngém jdue purified via
filtration through a x?é i el ed SIH Iwas \F\nh'?h 20% et hyl

acet at e i nRg¢ho dfﬁﬁ&ﬁ‘?é%ed boh & « i hehnelfw diatk dnong Lekkexrs t ap crys-
tal go 10 gNo(7%4, B 472i-9(1£ﬂ Ny d CDQ‘iﬁxﬁ]dm Qe@r&%tloie&lhe 4.13(m 1H),

3..84(s, 3 87 2.45m 1
1 160, 3 = A EINT 3 S a ¥ (@é@%"% ‘wpsiTreng 3816-37" 17
0 07(s, 3H) ride)4(ds Added to 100 ml of ice cold dry tetrahydro- Exanpl e

SI lyl]-3-[ aﬁﬁ?lwf%(f& qﬁ? et hy %t#ﬁn%t#% {ﬁ%ﬁ‘%‘@ %&ﬂ’u’yl

ethyl | - 4- oR3UTTF; i am dpqpm[qq)mmﬂmrﬂmﬁ) 2-a5etidineacet-
carponyl | - a1 dekiylde ilp@d ﬂuetﬂ?ﬂ&%ﬁya)dimethylszlylpoxy?ster

E??ﬁéﬂﬁ{%&ﬁ%ﬁ §a8 LB 1) - (22 2 RATEEE /O @ 11 iy

tetrahydr of(ptapalrmleras_ameribed imEP GrUsaAL)0 m&h&hbhﬁyﬂo this
sol uti on 'ﬁaigggq'. (@'gqmijno 35 ml "ﬁ-}{ "llﬁt hylﬁ:enylt%@ gﬁdggxég is of a1 M

solution in
complete (10 minutes) pyridine (8.4 ml) is added

20 rapidly dropwise. After 20 minutes, the cooling bath
is removed and the mixture is stirred for 15 hours.
The reaction is diluted with diethyl ether, guenched
with water, and partitioned. The organic layer is
washed once with water, once with saturated sodium

25 bicarbonate solution and once with brine. The
resulting organic layer is dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The result-
ing residue is purified via filtration through a plug
of silica gel 60 eluting with 20% ethyl acetate in

30 hexanes. The title compound is obtained as tan crys-
tals, 10 g (77%).
'H NMR (CDC1,) @ 6.99(t,1H), 4.13(m,1H), 3.84(s,3H),
3.79(s,3H), 3.73(m,1H), 2.87(m,2H), 2.53-2.45(m,1H),
l.16(4,3H), 0.96(5,9R), 0.87(s,9H), 0.24(8,3H),

35 0.23(s,3H), 0.07(s,3H), 0.04(8,3H).




t et rahydr of uran). After 30 m nutes, the diester pre- pared in

Exaane 5 (200 mg) in 0.8 mM dry tetrahydro- furan i s added
dropmnse After the addition is com plete, the reaction is stirred
for 15 minutes and then 15 guenched with 10% aqueous acetic acid. The
m xture is diluted with diethyl ether/water and partitioned. The
organic |layer is washed once with water, once with brine, and dried
over nmagnesium sul fate. The residue ~65- obtained after filtration and
concentration is chroma- 20 tographed on silica gel with 20% et hyl
acetate in hexanes. The total anount of title conpound obtained
amounted to 279 ng (94% . The ni xEXA8PdL & astereoners is partially
;egizatggbpro panedf 6i& HcNHR 3505 frﬂll-\r 1@t hiyd @Ry dxﬁe%i EL5H%

S , . O .2o0(Mm
2. 93(m1H) ; 14 i ® '_\ " ,_1 %h 1811 1 H)
0.87(9, 9H), x6r26 gel8h n 1 -1- Q- 3H). M nor
| songr: d 7.36 ). ' 5.16(d 4
4.04(d, 1H), et 3. 9t ‘ “f SHT, - 5, 0°F 2
3.02(m1H), 2. 25(mmgu1§uamm_d_a§m_m£ﬂn_*u1: 0. 95(s 9H) ,

962?(5 9H), 0.26(s, 3k@n2911§§§-3H¥h101g§e-2QcQ%ﬁSx%HLte 1(206Sm3h) - 35
1, 3-Di t hi aH®-9183PL¥e9 ip éch‘12dFZ thfggrﬂr°furan under argon
d|nethylethgd)doctéhytel¥7b €3- [ To[ thislsdluelibyl is added lithium

v Ayt i EELBHERGEH R knlag M8°53 REChE o gpruBion in

'3[err](Fv)gqtrahydrofuran). Aft8en29| mingtes,htheed2estebopyrate (J. Og.
Chem , 45 N 0] t gt Lah 0 ygran is
?)Exiﬁé?egs (206 H} Qﬁyo S ﬁi &Q? tetraw?drg

cooled to -7§Ter argon an r eat dr op- with [ithium
blstrlneth§4§¥¥y+§n43€°?643°BV169 1. 8fter thewPQGﬁGﬁPBniFn°°m'

tetrahydr gréee) . tﬁétﬁéaétiéﬁlﬂﬁ §91:§Ga for 15Mnixteeésahna’ghenr]C the
aI yde (2-az |ne
i i shed PEER 15k Srvnone, postig peta. The mixture 1o
ethyl] 4- dlutédrvithydiethyl - ethéR/waterr and[ partiRidhed) | The
organic layer is washed once with water, once with .
brine, and dried over magnesium sulfate. The residue
obtained after filtration and concentration is chroma-
. 20 tographed on silica gel with 20% ethyl acetate in
hexanes. The total amount of title compound obtained
amounted to 279 mg (94%).- The mixture of diastereomers
is partially separated.
1z xm (CDC1,) Major Isomer: & 7.37(m,SH), 5.21(s,2H),

25 4.14(m,1H), 3.90(4,1H), 3.73(s,6H), 3.4-3.26(m,6H),
2.93(m,1H), 2.49(m,1H), 1.34(m,1H), 1.19(4,3H),
0.92(s,9H), 0.87(s,9H), 0.23(s,3H), 0.16(s,3H),
0.06(s,3H), 0.04(8,3H). Minor Isomer: 4 7.36(m,5H),
5.31(4,1H), 5.16(4,1H), 4.26(m,1H), 4.04(4,1H),

30 3.96(br 4,1H), 3.71(s,3H), 3.69(s,3H), 3.39-3.24(m,5H),
3.02(m,1H), 2.25(m,1H), 1.97(44d,1H), 1.28(6,33),
0.95(s,9H), 0.89(s,9H), 0.26(s,3H), 0.16(§,3K),
0.08(s,3H), 0.05(s,3H). o

35



15 "10 m dry tetrahydrofuran is added dropwi se. After the

addition, the reaction mxture is stirred for 30 m nutes. The
reaction is quenched at -78[err]C with 10% aqueous acetic acid and
allowed to warmto room tenperature. The reaction mxture is diluted
with 20 ethyl acetate and partitioned. The organic |layer is.

then washed 3 tinmes with water and oncsesvmth bri ne. After drying
over anhydrous magnesi um sul fate and filtration, the solvent is
removed in vacuo to give a crystalline slush WhICh is diluted with

10% et hyl 25 acetate in hexan%‘%{g &hjlled inice. The crystals
are collected and n,nsed w th 10% et hy: e I N hexa_‘,nes2 t hen hexanes.

Drying i n vacucti e att3nemes A #S. This product.
corresponds tdinbethyd 'Iﬁh 1 dunetdi --‘-» f - 1- 1-tdin gposind. 30

MP. 170-172]err .[err ». err S br 5

5.27(s, 2H), et ic" 2 ,. 4 J AN 1,'90(d 1H),
2. 686mM 3H) . hxxiteye tHy X -2 phein 2 :-f ] R ‘u§ R* or 8#%)Q 94(s, 9H),
0.89(s,9H), 0.21(s, 3H) 0. 20(s 3H)3 ii 0 08(s 3H) 0.07(s, 3H).

-67- le 8

1, 3- Di t hi ane- 2- car bo)888%¥ladl P -dithianena~gasboxylate (J. Org.

[1[(11dldﬁ9§iwe¢§bd9dlf§3i y, i 3-inl 2dd Wil-dty tetranydro-

met hyl et hyl' ) di ne J Q/I S 3 d)] e? “ ]ng g[?é 2- 3;;15&'1 orre Yetr'l.c,dl nyl et hyl ] -

phenyl met h uran o og_—;y JZ "é¥r’]73 (o] der argon and treated rop-=

3[ eaw] (Rl*) [iise w:.th lithium bls'ﬂxdndmd iYylepdidsl (6, adnue ﬂ.tfjo. 540( 9)

|sd|ssov Wigt ride (1
4- di %?hy‘{lam nopyr| &Mgm(é ﬂeﬁcwﬁrd‘c?&l fa"n"g e reaction

i s stirred minuytasat mi& £, the aldehyde @ﬂmem@&m ion mixture

is dilutedpyae, 3 y‘[[d<|1etlmdim@‘tlggrleﬁmhqﬁﬁégmﬂﬂﬁ]m]hydr ochloric

acid and once with brine. The organic ayer | S er anhydrous

magnesi um sﬂﬂ%k‘ﬂ?’?"t‘e‘r’e‘&%@&?@éﬁ )9 [231[:3&'58 ‘R*?ﬂé'Peéal ting
reshpgue is Jﬂhrﬂf&txqgrﬁﬂmmofuran iy ldaredAropwisl0%xiterd et ate in

?Séoa/g?s' Thaedd:i.tion, ttil;tel e 2! ound I%F—_‘S%'SOl .at esg::.rre cclror ess oil 0.348 g
minutes. The reaction is quenched at -78°c with 10%
aqueous acetic acid and allowed to warm to room
temperature. The reaction mixture is diluted with
20 ethyl acetate and partitioned. The organic layer is
then washed 3 times with water and once with brine.
After drying over anhydrous magnesium sulfate and
filtration, the solvent is removed in vacuo to give a
crystalline slush which is diluted with 10% ethyl
25 acetate in hexanes and chilled in ice. The crystals
are collected and rinsed with 10% ethyl in hexanes then
hexanes. Drying in vacuo affords 2.04 g (61%) of white
crystals. This product corresponds to a single
- diastereomer of the title compound.
30 M.P. 170-172°c. ' =
'H »Mr (cDC1,) 4 7.38(br s,5H), 5. 27(s,28),
4.08-4. 02(m,2H), 3.75(br 4,1K), 3. 16(t,28), 2.90(4,1H),
2.68(m,3H), 2.02-2.05(m,2H), 1.83(br q,2H), 1l.22(4,3H),
0.94(s,9H), 0.89(8,9H), 0.21(s,3H), 0.20(s,3H),
35 0.08(s,3H), 0.07(8,3H).



20 ’2- Azet i di nebut anoi ¢
ethyl)dinethylsilyl]-3-[1-]
di et hyl silylJoxy]ethyl]-[e
ester, [2R-[2[err],3(3(R*)]]-
g

acid, [err](acetoxy)-1-[(1,1-dinethyl-
[1, 1-di net hyl et hyl) -

rr], 4-di oxo-, phenyl net hyl

] A sol ution of

N- br omosucci nimde (0.774 g) in 25 9.8 m of 97:3 acetone:water is
cooled to -10[err]C and treated ¥Ath a solution of the dithiane
prepared in Exanple 8 (0.37 g TH'3 m acetone). The reaction is

then allowed to warmto 8[err]C over 30 mnutes. The reac- tion is
quenched with 10% sodi um sulfite apg ytgd 30 with ethyl acetate.
After partitioning, the organlc .v-r S mashed once mnth 1 M sodium
bi carbonat e aké ithiap : A

magnesium g F:(iu.hiaiﬂeéﬂﬂlétﬁ%iﬁiﬂé‘th*i‘E%fgi¥-e§‘lf§ﬁif1r.Egg; gd in
vacuo. The re€su |2o're5|'ue’|s < ronar ogr a gy o et hyl
: lm, 3 ol b2 {-

acetate in hexan®$ 2d a-keto ester

as asgolorless ggbtidinviethyl]l-
[err]H NVR (CDCl [err])

d 7.36(m5
5.21(ABg, mnor isoner), 4.95En1 Lmae |soner) 4. 29(n1nor | sonmer),
4.1(m 1H), 3 74(m 1H) The alcoBol(prepared isoRxampld. B3(on34&®,gd. 7(m m nor
[ 1

a8 119,11 StAeaty e ik b boitlne wift ErefblfiiRhein ooy
Exanpl e 10 anhydride 11@ch|bTWEhIMPY§1G€MI (9-99-@1-ig1,1- 10
dj[ ﬁ{'é' et {Wﬁléﬂl th]éiﬂ &hdYthe %iﬂciiéﬂ :ﬂsd?ﬂ%i-ﬁdé at room tempera-

e i me Si 0X -4- 0x0-2-azetidjn

iy oxyet nyFES. EHELTE TREREH- o TR Posation chiFYude ois ajlutea
3[err](F#)]ﬁ1th diethyl ether, washdditwicewbemwzyds Inhparothlokise- 2-car -

%g m d?;x%/e?ir'ahygﬁzéuran un%er?iﬁ%oﬁﬁé)dr&g?lgo}ﬁéggt%s %'ferr] é gng a

treated witover seabydrousfmagresimm sulfate; stiltered|andyconaete (6.4 ni

f | he al dehyd
o0 18" 50 teteal The “%ﬂ*f*‘% fﬁ'ﬁ‘ s Fafondfolt TR one = e
met hyl si | yI§ 2F9L ¥ ’b YL ethyk aRetate in hezanes.

[2R-[2[ err]tBtber¢émpound i2. Isclated 1ds d 61érlésdyeiDioses g i's
added rapid&yg*kppmﬁse. After stirring at -78[err]C for

20

ethyl)dimethylsilyl]=3~{i1~- 1,1-dimethylethyl)=-

dimethylsilyljoxyjethyl]-c,4~dioxo~, phenylmethyl
ester, [2R-[2c,3(3(R* '
A solution of N-bromosuccinimide (0.774 g) in
25 9.8 ml of 97:3 acetone:water is cooled to -10°C and
treated with a solution of the dithiane prepared in
Example 8 (0.37 g in 3 ml acetone). The reaction is
then allowed to warm to 8°C over 30 minutes. The reac-
tion is quenched with 10% sodium sulfite and diluted
30 with ethyl acetate. After partitioning, the arganic
layer is washed once with 1 M sodium bicarbonate and
once with brine. After drying over anhyd;ous magnesium
sulfate and filtration, the solvents are removed in
vacuo. The resulting residue is chromatographed with
3s 30% ethyl acetate in hexanes and affords 0.227 g (70%)
of desired o-keto ester as a colorless oil.



35 ninutes, the reaction is quenched with 5 m of 10% 25 acetic acid

and the cooling bath is renoved. The reac- tion mxture is diluted
with water and ethyl acetate and partitioned. The organic |layer is
t hen washed once with brine, dried over anhydrous nagnesi um sul f at e,
and filtered. Concentration affords light yellowoily 30.

crystals which are slurried in hexanes and cooled in I ce. The

coll ected crystals amount to 129g C: of the title alcohol as a
si ngl e di astereoner. = 133-136[err] C [err]H NWR
(CDCI[err]):l.Bch}g1 5 H) 750(% (53 1q 395(m2H) 3.77(m 1H),
3.5-3.27(m 3 é‘“ds’Za( s?4)63 d?‘fﬁ) %3 1.62(t, 1H),
1.20(d, 3H) 5.29 (ABq,le), 5 21(A8q, minor isomer), "‘16
8- 82ES g;)') 160uRE)S, Y29 (hiZidsF {Hdmer) 2Q(.a,(aﬂ)mn). 3 'u(ﬁ fms 3H),

: S

1, 3-Di t hi 013 Ay SEHRF i ImeR)i o 2-2’3[(?1[1?5?(?2 (m,;minor isomer),
di neshyl et W'MMﬁWJ % Jod {s,2H)1 [1. (ﬂ(hudlﬁmdr)’llsomer) ’

ethyl)dlnethyls | yJ ].OXY, 4- tl(y @% 'Qn
[T (ot hy Ptea st s At (i i & 3, B o 30+
igt((arl 2%2R){..21[-m(rjﬂs,3{1n6re§c{tﬂ*)}] " 2 o dry t tThﬁ SI c](c)hol fro(T Exanpl e
: g) is dis- sol ve #}é o dry tetrahydrofuran under argon
1y

and diluted with 24rr1 dr eher Th|s moxture is
cool ed to - 78Q.AnDith i aract AGidn, 2= 1= A um (1.54 n
of 36 M sol @sintdepy y

p- toI uenesul
The reacti orf

.radually

CLebaler, Se mmethyl as REnorc8*Wi.t h wat er
and diluted with et hyI acet ate. ﬂ%‘ ;#ét;_er partitioning, the organic
| ayer is washed once 20 Wt h nce with brine. After drying
over magnesi urd sag¥ution Rf thenzxdk ilod-dithiedanenescars re-

to afy 6 u S a | t@s..y@l-lggo R Iowoil.
i3 R EA eefr Gasi I iRS X, 2920 (9l o)

Eaerze(d 1H) 1@"2(91 %L!H) snbﬂﬁj ZHt) Al %né@der ar °§( ﬁ]slH)
3. 4-3. 15( mckd1red € ms9c &daﬁﬁeawd with a sbliftonldf 11thimmiH),
= 26(d 3H)bzst£4mééﬁglszlyl amide (6.4 ml of 1 M solution in
tetrahydrofuran). After 40 minutes, the aldehyde
20 2-azetidineacetaldehyde, 3-[1-[[(1,1~dimethylethyl)di-
methylsilyl]oxy)]ethyl]-4-oxo-1~-(triethylsilyl)-,
[2R~[2c,38(R*)]]- (2.0 g) in 10 ml of tetrahydrofuran
is added rapidly dropwise. After stirring at -78%¢ for
35 minutes, the reaction is quenched with 5 ml of 10%
25 acetic acid and the cooling bath is removed. The reac-
tion mixture is diluted with water and ethyl acetate
and partitioned. The organic layer is then washed once
with brine, dried over anhydrous magnesium sulfate, and
filtered. Concentration affords light yellow oily
30 crystals which are slurried in hexanes and coqled in
ice. The collected crystals amount to 1.29 g (40%) of
the title alcohol as a single diastereomer.
MP = 133-136°C.
'z MR (cDCl,) @ 7.35(m,5H), 5.27(ABQ,2H), -
35 4.2-3.95(m,2H), 3.77(m,1H), 3.5~-3.27(m,4H), 2.94(m,1H),
2.63(44,1H), 2.08(m,1H), 1.62(t,1H), 1.20(4,3H),



0.88(s!9H), 0.18(s,3H), 0.10(s,3H), 0.06(s,3H), 0.01(s, 3H). 30
35 = 0-

Exanpl e 12 2- Azetidi ne butanoic acid, 1-[(1,1-dinethylethyl)-
dinethvlsilyl]-3-[1-[[ (1, 1-di met hyl et hyl ) di -

met hyl silylJoxy]ethyl]-[err]-[[(4-nethylphenyl)sulfonyl]- 5

oxy]-[err], 4-di oxo-, phenyl methyl ester, [2R-[2[err],3[err](R*)]]-

N- Bronosuccinimde (1.52 g) is di ssol ve¥~i n 19 M of 97:3
acetone:water and cooled to -5[err]C.  The di t hi ol ane prepared in

Exanple 11 (Q, 8 in 7 e is_added dropw se over 5

m nut es. c{egr:; f%e%b 0. 383;%1?#5n °t?1%?§0%§?ng 0h29hS¢3Eht | owed to warmto
10[err]C ©0.08 (=)3H) AC0 NO6I(8 £3H) The reaction is guenched at 10 C with

10% sodi um bisulfite and stirred %gﬁqd ghf%orange col or S

di scharged. Dilution with ethyl wat er is foll owed by
partitioning. Ak D thiokane; AXDOXY - 2= ' M sodi um
bi'cagbonat e afxdnd i -drying over

magnesi um sul R 1 4 ) fied via
Chl’ oma- athy fpa AR LI YA S IO Vb | OA Y tr X ARG @ WA Y T 411 ned

as a nearly
di ast er eoners. .28(m 14H),

5.47(m 1H), 5.38(d, 1H), 5558k FR= 2o B RAL] 4.88(m 1H),
4 13( m 2H) 3. 7(m 2HThe BEdohdH)from Bxamxil661m ()29 Y4l dd$
?Bl 36H) s%l%ﬁrgb:g_l_z %? %&Afi‘&@#ﬁ:& 4y Hdgon - diH dExarrpI e 13
2 Azet i di n@ddiiest it R4 mY 4ry Qiekhyl | ether) This mixture is
dl”Ethy|5lHﬂdté&[ﬁb[4%ﬂ9d-éhdﬁﬂfbﬂﬁﬁdwﬁiébﬁﬁiby&ith n-butyl-
lithium (1.54 ml of 1.6 M solution in hexanes). After
several minutes, solid p-toluenesulfonyl chloride
1s (0.433 g) is added in a single portion. The reaction
is stirred at -78°c for 45 minutes then gradually
warmed to 0°C over 30 minutes. The reaction is
quenched with water and diluted with ethyl acetate.
After partitioning, the organic layer is washed once
20 with water and once with brine. After drying over
magnesium sulfate and filtration, the solvents are re-~
moved to afford 1.66 g crude tosylate as a faintly yel-

low coil.
1z amr (cDC1,) d 7.8(d,2H), 7.37(br s,5H), 7.3(d,2H),
. 25 5.25(d,13), 502(d'm)' 5.07(4,1!), 4.24(!.,13),

3.9(m,1H), 3.4-3.15(m,4H), 2.9(m,1H), 2.42(s,3H),
2.33(m,1H), 1.9(m,1H), 1.26(d4,3H), 0.91(s,9H),
0.88(s,9H), 0.18(s,3H), 0.10(s,3H), 0.06(s,3H),
0.01(s,3H).

30 =

35



30 ' silyl]oxylethyl]-[err], 4-dioxo-[err]-

[ (phenyl met hyl )t hi o] -
phenyl¥ret hyl ester, [2R[2[err](R* and s*), 3[err]

rlI(R)I11-
A sol ution of benzyl nercaptan (0.07 ml) in 4.2 m of dry
tetrahydrofuran is cooled to OC under argon. To the ice cold m xture
I s added sodi um bis- 35 (trinmethylsilyl)amde (0.406 ml of a 1 M
solution in tetrahydrofuran). After 15 minutes, the tosylate pre-
pared in Exanple 12 (0.238 g) in 2. 8 =P —of dry
-71- tetrahydrofuran is added dropwi se. After stirring for
20 mnutes, the reaction is quen%hed %ntqzmater and diluted with
ethyl acetate. The organlc Iayer—#?gg—————-mashed wth brlne and dried over
anhydr ous nagnage anbfigt acidfi 4 dime thyled Ak

t he

7.47-7.22(m
3. 60( ABq, 2H) , g)3senﬂiﬂf 1Y955&H11k0
0. 94(s, 9H) 190m&3 6%, QMks acatonazﬁdteaHaﬁacbbolSBOWb -5°c. | yneer:

g T e gt g RO T WO EE
0. 95(s, 9H) acetone ig. 8A@edoRropYiss- ovgt(asmSHusash) After the
Exajgpl e 14add1t1g?, theAesbiﬁnGCbﬂt%(ﬂh”ﬁipB&&&hﬂépbgﬁﬁ'LByibgéy' 20

phenyl et hyl e conpound was grepared by the
proce- overjfPpcminutesp,Ther Fepction| is. qVGPchEQ atgde "Cpwiths)

benzyl gl ynegl sbaittk Bighlgitedafiat 8¥irpeasphitit thRe28range collbrbenzene

are treated wgth catal t|c Luenes The m xture is
P uxed vienaidchRrBed, IoR1iB1sR VEth gPh1"Znetans afin wakes X
cooling, ths fellbwed by partitioninguntr Thedozgdnfibelayerdis then

TO0R% ot nyl “asa0a’lith 178 sqiun, Bfpathbiagl WASTPHER bR1FeY' RE7 T 500

yellom10||residue °P§Pipﬁﬂhn¢@ectﬂryeng]9vgr7m49n¢839@npgl¢at9,3(ABq 2H) ,
4.65(br  f£i1trdtibh add9cénéedtrltidn s purified via chroma-

tography on Biosil A. The title compound was obtained
as a nearly colorless oil 0.239 g (32%) as a mixture of
20 diastereomers.
1! NMR CDCls) 4 7.78(m,4H), 7.44-7.28{m,148),
5.47(m,1H), 5.38(d,1H), 5.3(ABqg,2H), 5.14(4,1H),
4.88(m,1H), 4.13(m,2H), 3.7(m,2H), 2.85(m,1H),
2.66(m,1H), 2.44(4,6H), 2.3{m,1H), 2.18(m,1H),
25 2.0-1.8(m,2H), 1.10(4,3H), 1.04(4,3H), 0.9(m,36H),
0.1-0(m,24H) .

Example 13
2-Agetidinebutanocic aecid, 1-[(1,1-dimethylethyl)=~-
dimethylsilyl]-3=-fi1-[[(1,1-dimethylethyl)dimethyl-
30 silyljoxylethyl)—c,4~dioxo=-5=-[ (phenylmethyl)thio]l-,
phenylmethyl ester, [2R-[2c(R* and 8%), 3§(R*)]]-

A solution of benzyl mercaptan ‘(0.07 ml) in
4.2 ml1 of Ary tetrahydrofuran is cooled to 0°c under
argon. To the ice cold mixture is added sodium bis-
35 (trimethylsilyl)amide (0.406 ml of a 1 M solution in
tetrahydrofuran). Aftér 15 minutes, the tosylate pre-
pared in Example 12 (0.238 g) in 2.8 ml of ary



35 ‘ ” ' -72-

Exanple 15 Acetic acid, (dimethoxyphosphinyl)[[ (1, 1-dinethyl-

et hyl ) di net hyl sily] oxy] -, phenyl net hyl ester Silylation of
t he al cohol described in Exam 5 ple 14 is effected by dissolving 3.66
g in dinmethyl - formam de (13 m) and adding tert-butyldi-.

met hyl silyl chloride (2.21 g) and inLgdgzole (2.27 g). After stirring
at roomtenperature for 1 hour and 30 m nutes, the reaction is
diluted with diethyl ether and 10 washed five tines wth water once

mﬂgh bri netaggatiyded furan isoaaazaggtdpegsenagmg&%wnstubhmﬁ? flod tration
an con- .. centra on ave. 4. g_o the tit cO oun S a near -
] oror 1 620 miputes] the HRkE: tn Ps daRenchen Wikh HRTREAGAD ¢

5. 25( ABq, 28iluted with. éEhgllaetat8l( dThE) oxrganiedlaler As91(s, 9H)

0.09(5,3FDH?QP§§§é?ﬁ§F%r ne ﬁ?ﬁyﬁfﬁad over anhydrous mﬁéﬂ@yf%m}6

Acetic aci ogip 0S roxy-,
(4-n$trophen}fpteshyFidsratiop and concentratipa affpxrdsotdeund i s prepared

using the eryge piBtiet H8S&MmPREube’ oEXdiRseetdonByrai. i I Paghin Ol V-
oxal ate (4.3

2 g) and glneth Ighosghltepéz.o ng% in 25 ... M henzene are
treated wi BRPREBLLOR spQFBKG AdsVipoRhromatography onTRdlicy ged | s
ref:yxed Wbibnafﬁeaatﬁyarkch;aﬁe25n hexhfesl huubTﬁbdaSOanmuRest Affﬁr
cool ing, the,sol vent LS. _renpye vacuo. e resulting crystalline
mass is @ltiesFﬁPPPgﬁdiﬂbgfﬁﬁfsatstgfggﬁn ‘filtered. The white
cry¥Qal s o%naunndcacﬁ nFegdtt IsGmegsgd 7.47-7.R&(M,AORMR (CDCl [err]) d

8.30(d, 2 , . . 91¢d 2d, 6H) .
Exanéle )s-3stdsd, 2 cét?66§3ﬁg?nfg?ﬁé?ﬁéQQ’ﬁﬁgﬁh%ﬁgﬁ) P%?%Sginetzgl-
ethyl)dine?h?PéPb}Fbxy?s§36mohﬁivoéh§ﬂ§ﬂ)ié§hyﬂ-§§ﬂ@w1 ’ The
al cohol prepsugd,sl) Fxe08s¢s)uf 7- 6524} .68 (43, 3uSedbhIQl vadown 12 n

ci et hy |1 OLABLge 39, AESF 28 m, 20m , "L R &, B9 B BYIH Lt YT ST 1Y)
15 4.18~-3.96(m,2H), 3.8(m,1H), 3.57(4,1K), 3.43(4,1H),
2.79(m,1H), 2.5-1,99(m,2H), 1.08(4,3H), 0.95(s,9H),
0.87(s,9H), 0.25-0.04(45,3H each).
Example 14
Acetic acid, (dimetho hosphinyl)hydroxy-

20 phenylimethyl ester
The title compound was prepared by the proce-
dure of E. Nakamura (Tet. Let. vol. 22, 1981, p. 663)
benzyl glyoxalate (4.9 g) and dimethyl phosphite in 20
ml benzene are treated with catalytic p-toluenesulfonic
25 acid. The mixture is refluxed with a Dean-S8tark trap
for 1 hour 30 minutes. After cooling, the reaction is

concentrated and the residue chromatographed on silica

gel with 30% hexanes in ethyl acetate to 100% ethyl

acetate. The alcohol, 4.9 g, is obtained as a light
30 yellow oil. =

'H MMR (CDC1,) 4 7.45-7.30(m,SH), 5.3(ABq,2H), 4.65(br

4,1H), 3.9-3.7(4s,br s,7H). ¢

35



i ni dazol e. After stirring at roomtenperature for 2

-J73- & hours, the reaction is diluted with 50% et hyl ace-
tate/ di ethyl ether and washed five tines with water, - once with

sat urat ed sodi um bi carbonate, and once with brine. After drying over
magnesi um sul fate and filtra- 5 tion, the solvent is renoved in vacuo
to afford 3.90 g of silylated_?5gduct as faintly yellow crystals.
[err]H NVR (CDCl [err]) d 8.23(d,2H), 7.59(d,2H), 5.35(ABq, 2H),

4.71(d, 1H), 3.84(d,3H), 3.61(d,3H), 0.91(s,9H), 0. 11(s, 3H,
'0.09(s,3H). 10 Example 15Exanp|e 18 2- But enoi ¢
acid, 4-[1-[¢1,2-.di s ] |rret I

Si|y|]-3-[1-, ‘. c 11d1met - | phenyl
met hyl ester, dﬁm E 13 2 l - hen lmethyl esterkbrner-EnnDns

reagent as prepared b@lsiﬁgﬁkﬁ &2 the & %gailaegéﬁiﬁgé Fgﬁ¥ed With

t et rahydrof uran under"a
I|th5un1b|9@9w14 is effensgnybyuﬂys;ahvuaq(a Qilgninodlaeth3b+ut|on in

tetra- roiandiaef L(&%”hl_}[AEhQr aadfhﬁuiﬁit-isﬂe Qhﬂ.ehyde 2-azeti -

dlneacetaldeh i net h | pet hyl - 20

si lyl]oxy] Eﬁ%%] 8& ; %F%Fet ﬁ?r%H?h 4 {nfEazdle (2.27 g).

([jZR- [ 2[ er r pfdlear rsrb(:Ei-)ihh atnrbod ﬁhmﬁéi‘&ﬁﬁrdrﬁégrﬁnhbﬁr agnedso

r S. (9]

Oferr]C (oBimutictrerRetsbiob’ 1R EiRPeRuALR tetiva eener BRdl o1
queh@hed wwalshed diveThimesgwith water omc@sSwith brihedandicdriedh water,
once WHih Qiele a%wa%hsdmegﬁas;um sul £REYCT Oy ERQRESH Ulhd leodLe. After

filtration and con- entration 1n vacuo e residue is
purified bfentratiop; gave: #e88t 6 efighhe tithe geompound nas vt REATY et hy|
acetate inipexenesrless oil.Yield: 160 ng (95% of nearly colorless oi

t f - 7 =82: 18, f NVR. H NMR ( CDO
At Of b e (EpbayTOUSH SR ekl 8 M. psana, sk MR (O o))
zll ﬂmdlgi) 4357((:!1.1!).03 a1(d,3nn,3311mdr3mf.egmqégﬁs%fa 58(()m8é|(_|),9l-|)
or I soner), . S, , . S, ,
0. 87Es 9t|)|)°'gééf§3§%|f 889?)%?5 ﬁfﬁ
xamgle 16
Acetic acid, (dimethoxyphosphinyl)hydroxy-,

(4-nitrophenyl)methyl ester
20 The title compound is prepared using the

method described for Example 14. P-nitrobenzyl gly-

oxalate (4.32 g) and dimethylphosphite (2.0 ml) in 25

ml benzene are treated with catalytic p-toluenesulfonic

acid. The mixture is refluxed with a Dean-Stark trap
25 for 1 hour and 30 minutes. After cooling, the solvent

is removed in vacuo. The resulting crystalline mass is

slurried in ethyl acetate and filtered. The white

crystals obtained amounted to 3.48 g.

13 NMR (CDcls) 4 8.30(4,2H), 7.73(4,2H), 5.42(ABg,2H),
30 4.91(4,1H), 3.75(24,6H). =

Example 17
Acetic acid, (dimethoxyphosphinyl)[[(1/i-dimethyl=-
ethyl)dimethylsilyl]oxy]-, (4-nitrophenylimethyl ester

The alcohol prepared in Example 16 (3.48 g)

35 is dissolved in 12 ml diﬁethylformamide and treated
with 1.81 g t-butyldimethylsilyl chloride and 1.86 g
imidazole. After stirring at room temperature for 2



-74- Exanpl e 19 2- Pent enoi ¢ aci d,

4-[1-[%X 1, 1-di net hyl et hyl ) di met hyl -
silyl]-3-[21-[[1, 1-di net hyl et hyl ) di net hyl si |l yl]oxy] -

- 2-azetidinyl]-2-[[(1, 1-dimethyl ethyl)dinethylsilyl]- 5 oxy] -,
phenyl net hyl ester, [2R-[2[err][S*-(E),3[err](R*)]]- The
title conpound is prepared by the proce- dure descri bed |n Exanpl e
18 by using an alternate al dehyd@=2- azet i di neacet al dehyde,

1-[(1, 1-di et hyl - ethyl)dinmethylsilyl]-3-[-[[(1, 1-di net hyl et hyl ) di -

10 t hyl | H NVR
(00 [ 1] ) HOF o HE R TR d o i 3ol tB FOk ethyl pegi |1y
3.64(m 1H), tawmmtmm, X188 au;am)gshea flveltiﬁéd $tilth wad®efg, 3H),
0.91(s, 9H), 8 H ﬁ

Exam()ise |2_?) ohdd ﬁt}ﬁ? ttuernac?'lec‘l as%dé bﬁ H%‘& Pﬁyf’etchylw)"&hrret hyI

" silyl]-3-[ 1bgime.1- Aftamdring ovenmegnesiym sulfate and filtra-

oxy] eghyl ] - 5040 417 Wd1venit lléién{o%ek %ﬂ%@% to afford 3.50 g
ethyl)dlnethyIS|IyI]oxy (4-nitrop r

[2S-[2[ err] OF siY EFoduct-as rféth)élQSYfi"ym" crystals. Thé title
compound | S MR Q¢ Hih@ @.eeH4,2H), 7.89(4, dnscrsbed(qumml e 18 by

bstituti | | dehvd
iu[?ll 1odin th&e“’aﬂﬁ' 3 eﬁ%&ﬂﬁ%ﬁe%fﬁéﬁ'?ﬁ's r?g‘[??( i et ﬁyl et hyl ) di -
met hPl. il (el 1368y [02R( (@, SBOR*) , 3[err] (R)]]- and the Hor ner -
E t with that le 17. H NVR
SRR A - e P
407(m1H) 32cButeno w ihyiethyl) dimethy

1.06(d, 3H), 30s111-%2( ﬁ tHvEy ‘ i1%09~3H) ,

0.1(s,3H), 0.09(s Pz - ] ,3H), Z

i somer: d 8. 2( s ra . 4.09(m 1H),

3.56(m 1H), n&B@ddngr aQ §tépaubd 1noagumgmp 35

0. 95 9H) , 6 H) ,

T W %noa«f %Wt“ﬁhéﬁ%g Furgp, ek S5
is cooled to -40°C and treated with lithium bis(tri-
methylsilyl)amide (0.311 ml of 1 M solution in tetra-
hydrofuran). After 5 minutes, the aldehyde 2-ageti-
dineacetaldehyde, 3-[1-[[(1,1-dimethylethyl)dimethyl~

20 silyl]joxy]ethyl]-4-oxo-1-(triethylsilyl)-,

[2R=[2x,38(R*)]]- in 0.4 ml tetrahydrofuran is added
dropwise and the cooling bath is allowed to gradually
warm to 0°c (30 minutes). The reaction is diluted with
Et O and quenched with water. The organic phase is

25 washed once with water, once with brine and dried over
anhydrous magnesium sulfate. After filtration and con-
centration in vacuo the crude residue is purified by
filtration through silica gel eluting with 10% ethyl
acetate in hexanes.

30 Yield: 160 mg (95%) of nearly colorless oil, mixture of
E:Z isomers=82:18 from NMR.

m MR (cDCl,) @ 7.43-7.25(m,SH), 6.0(t, H,minor %
isomer), 5.45(t,1H), S5.2(s8,2R), 4.1(m,1H), 3.7(m,1H),
3.0-3.1(m,1H), 2.8(m,1H), 2.58(m,1H), 1.14(4,3H),

35 1.09(4,3H, minor 2 isomer), 0.94(s,9H), 0.88(s,9H),
0.87(s,%9H), 0.2(8,6H), 0.06(s,12H).




-75- Exanpl e 21

2- Azet't di nebut anoic acid, [err]-brono-1-[(1, 1-di et hyl -
ethyl)dinethylsilyl]-3-[1-[[(1, 1-di et hyl et hyl) - .

di met hyl si |l yl ] oxy] et hyl ]-c-nethyl -a, 4-di oxo-, (4- 5

ni trophenyl ) nmethyl ester, [2S-[2[err][S*(R*) and :
s*(s*)],3[err](s*)]]- 724lhe silyl enol ether from Exanple 20
(38.1 ng) is dissolved in 0.5 n1 dry tetrahydrofuran under

argon and cooled in an ice bath. To this solution is 10 added brom ne
(0.004 m) dropwi se. After stlrmgggggy 1 15 mnutes, the reaction is
quenched vmtzh 00@ sodi um . . Plt_hyl acet ate.
After over

anhydr ous nagidy xydly ai ned upon

concentratlgu -2l Wiindvi8d U E!ﬁﬁﬁf -1ethyl) diReedviRiNviR-Si | i ca ge
(20% et hyl ace ' nexar ne pure brom o T xt ure of
di asPer eo-

H NVR "5 - (ABg and
e i e e b

3.43(m 1H) & éﬁ‘l‘éﬁ“Ple cr gt 3 3§(gn1‘fl—|)‘1tf 8 3H) .
1.18(d, 3H)alhdﬁ¥hé 2¥ayutidineacdtalidehyde). &8¢31,mhuamemmmhﬂ)

0.91 9 9 0 26, 0 07 3
minor 25 ethva)Bmetny sty -4 ps & dac BT TRs C 558
Exakpl e 22methY1811211Qﬂxlﬁ&R@sﬂBﬂénéﬂ&Rab]B- [err] - brono- 1- [(1 1 dlnethyl

ethyl ) di mediy i Yldpok [)1 d [71,336(% fgﬁt)h)"sehhxh) i), 5.18(s,2H),
di met hyl si | yl xy]ethyl -[err] | 0XO- %x net ﬁ
ester, [2R—P?%éﬁﬂ1 H)[se q#ﬂ ¢+ 3.5(br 3' 'FPa'conpound i s

prepared by .2legdayEme- 1. osm 3myr,e odeaqs,loay ,i 0.B8q8plieR]}] by substituting
the silyl ﬁ&% er from Exanple 18 for that one used in Exanple
21. 35  Pad®r9-RAR- ‘lerr]) d 7.40(m5H), 5. 35)(ABq 2H), 4.95(dd, 1H),
4.1%86m 1H), 3.85(m 1H), 2.76(m 1Examdlec@e 1H), 2.17(m 1H),

1.26(d, 3H) , QpdGedndde abi¥(3-3P-r(1,1-dimethylethyl)dimethyl-

silyl]-3-{1- 1,1-dimethylethyl)dimethylsilyl]~-
ethyl]-4-oxo-2-azetidinyl]-2~- 1,1-dimethyl-
ethyl)dimethylsilyljoxy]~, (4-nitrophenyl)methyl

20 ester 28-[{2a(8%-E) ,38(8* -E/Z ratio 88:12

The title compound is prepared by the proce~
dure described in Example 18 by substituting the alde-
hyde with 2-agzetidineacetaldehyde, 1-[(1,1-dimethyl-
ethyl)dimethylsilyl]=3~[1~-[[(1,1-dimethylethyl)di~

25 methylsilyl]oxy] [2R2a(R¥) ,35(R*)]]~ and the Horner-
Emmons reagent with that one prepared in Example 17.
m MMR (CDC1,) E isomer: 4 8.2(d,2H), 7.6(d4,2H),
5.5(4,1H), 5.27(s,2H), 4.07(m,1H), 3.64(m,;ﬂ),
3.52(m,1H), 2.88(m,1H), 1.27(4,3H), 1.06(4,3H),

30 0.92(s,9H), 0.91(s,9H), 0.89(s,9H), 0.21(s,3H)y
0.1(s,3H), 0.09(s,3H), 0.087(s8,3H), 0. 07(8 3H),
0.06(s,3H), 2% isomer: 4 8.2(4,2KH), 7. 49(&,23),
6.07(4,1H), 5.28(q,2H), 4.09(m,1HK), 3.56(m,1H),
3.18{m,1H), 2.93(44,1H), 2.5(4,3H), 1.08(4,3H),

35 0.95(s,9H), 0.92(s,9H), 0.89(s,9H), 0.17(s,3H),
0.165(s,3H), 0.16(s,3H), 0.l14(s,3H), 0.09(s,3H),
0.06(s,3H).




_76- 0.26(s,3H), 0.22(s,3H), 0.11(s,3H), 0.10(s,3H).

Exanple 23 2- Azeti di nebutanoic acid, [err]-bronmo-1-[(1, 1-di nethyl -

ethyl)dinmethylsilyl]-3-[1-[[1, 1-dinethylethyl)- 5

di met hyl silyl]Joxy]ethyl]-c-nethyl-[err], 4-di oxo-, phenyl net hyl

ester, [2S-[2[err][S*(R*) and S*(S*)], The title

conpound is prepared by the proce- dure described in Exanple 21 by

substituting the silyl 10 enol etH&t~ from Exanpl e 19 for the one used

i n Exanpl e 21. [err]H NVR (CDCl [err]) d 7.4(m5H),

5.45-5.26(m 3H), 5.02(d, ' 1e ry, 4.08(m 1H and 2H m nor

| soner), 3.67(t, 1H), 3..44% (ml m rlorl isomer), 15
Azpitidinebutang: gidy7 f-bromoml=

2.68-2.5(m 114
0.89(9,9H), Og
I somer), O0.2(s

262 A Sl 0. 9(819|_|)’

Exanpl e 24 20 = B LA e R P B
di meshyl si |l yl ] - &itkrdphehyl )dietiyly ledttas,) dizeifpd S« (R*) and
silyl]oxy]ethyl]-c-methyl-[errd, i aa&l45 [ (phenyl -

met hyl ) thi o] -, phenyl nethyl e , *(R* or

(S*)] ,3[err](S*)]]- 2%he silyl enol Etrm dirom Branplenq n(IWednpl e 23
0.483 q) iq | ' [ . f f under
argon and ) i Sy d&vms;yﬁa?egr?z/% rf‘;'rsgggt glﬁoté#%ﬁﬁfﬁm£%§}h | ani ne

(0.12 m) AFIeliedd faokediin A% ige hath. To 'this gqlptian 4 ed at
r 00Rpt enpepdaedE vromide foldes m10 dropwilsey Qiftdr atirdingetsor acetate

o0 uench 0 etilhon, e, SAAREL G 0 TR G O o Al © | Y
obt ai ned afthdosilfiate amt dibdgbed wihthléthyl Z¢dtate. Aftemtion and
;ggfg{“er?t %%’éﬂi%g'&'ﬂﬁ%ﬁ[@f%é’%? d laydd!i sV dofl el Gy !
n “hexanes. e two | astereoners are separated yi el ding
0.078 g of aphydirous magnesium sHfateend Hiltared. | T Teiflie | yiel d
-Tlys obtained upon concentration is purified via flash chro-
matography on silica gel (20% ethyl acetate in
hexanes). The pure bromide as a mixture of diastereo-
mers (4:1) is obtained in quantitative yield.
g NMR (cDC1,) 4 8.26(d,2H), 7.59(4,2H), 5.48-5.36-
20 (ABg and 4,3H), 5.05(d, minor isomer), 4.12-4.02(m,1H),
3.67(t,1H), 3.43(m,1H), 2.87(m, minor isomer),
2.58(m,1H), 1.25(4,3H), 1.18(4,3H), 1.08(4, minor
isomer), 0.98(s, minor isomer), 0.91(s,9H), 0.89(s,9H),
0.88(s, minor isomer), 0.33,0.26,0.07(3s, minor
25 isomer), 0.21(s,3H), 0.13(s,3H), 0.1(s,3H), 0.06(s,3H).
Example 22
2-Azetidinebutanoic acid, S-bromo-i-{(1,1-dimethyl-
ethyl)dimethylsilyl}=-3=-[1~-[f(1,1-dimethylethyl)-
dimethylsilyl)oxyjethyl]-c,4-dioxo~, phenylmethyl

30 | ester, [2R-[2c0,38(R%*)]]- =y
The title compound is prepared by the proce-
dure described in Example 21 by suhstitutiing the silyl
enol ether from Example 18 for that one used in Example
21.
35 g NMR (CDC1,) @ 7.40(m,5H), 5.35(ABq,2E), 4.95(44,1H),
4.15(m,1E), 3.85(m,1H), 2.76(m,1H), 2.46(m,1H),

2.17(m,1H), 1.26(d,3H), 0.96(s,9H), 0.92(s,9H),



0.443 g (86% . | R(CNeat) 1744 cnierr] [err]H NMR (CDCl [err]) d
7.44-7:17(m 10H + m nor isoner), 5.32(s,2H), 5.28(s, mnor isoner),
4.23(d, minor 5 i somer), 4.14(m1H), 4.09(m 1H), 3.83(d, 1H)

3.59(d, 1H), 3.36(d,1H), 2.66(m1H), 2.45(m 1H), 1.15(d, 3H),

1.03(d, 3H), 0.93(s,9H), 0.89(s,9H, 0.21(s,3H), 0.16(s, 3H),

0.08(s, 3H), 0.05(s, 3H). -76~- Exanpl e 25 10

2- Azeti di nebutanoic acid, 1-[(1, 1-dinethylethyl)-
di methyl silyl]-3-[1-[[(1, 1-di net hyl et hyl ) di net hyl - _
silyl]oxy] &84 ts-38)¢ h\a .-Z[Ze(rsr,]3,m-,di00m ((sgr3H)-,( pharoyls J8R)). ,

phenyl met hyl ester, [2S-[2[err] ($ 25(5#)]] A

solution of the coqpound prepare Exanple 23 (220 ng) and

t hi Ophen0| ( £ A hdineb: no:.c acl ) D 8 LING T < gon is

treated with ethyl)diine m-ﬂﬁg(:p;ﬂ-%%nmf)nzﬂéﬂl@ m nutes the

) I'um bi. carbonat e sol ution and

RARS ' : d=sgmethWlso,A-dioXomy. quent |y washed

once wth wat erg_tf_eﬁlmﬂmxl estem t[lzgllzags*&hhgr athidy igRq 8 gr, anhydr ous

" magnesi um sul fat e, f|Itrathgggaig;gpncentratlon the residue is

chromat ographed on silica gel wt Ac in hexanes. The m xture

of di astereonmers obt fheetiztde componad: d¢ prepdred) hyS3¥Ne proce- | R(Neat)

}1733 ?nrr[ll?i)r rdu:l:e3 Od(edscz{lgb‘iféd N ﬁa‘n%ig %gr b%) s@.b;tﬁiuzu%@( @hj&?llﬁ; 3(ABq, 2H),

1.180d, 3H) & §¥F§P@H)19 &or t QQFSPGHF
0.19(s, 3H) 210. 11(s 3H) 0. 09(s, 3H). '35
- 78- 1

H NMR (CDCl,) 4 7. a(m,5m), 52188 5% (m, 3m), s.021(a,
minor 1somer), 4.08(m,1HE and 2H minor isomer),
3.67(t,1H), 3.44(m,1H), 2.86(m, minor isomer),

15 2.68-2.5(m,1H + 1H minor isomer), 0.97(s, minor
isomer), 0.9(s,9H), 0.89(s,9H), 0.88(s, minor isomer),
0.31,0.24,0.09,0.07 (s, minor isomer), 0.2(s,3H),
0.12(s,3H), 0.09(s,3H), 0.06(s,3H).

Example 24
20 2-Azetidinebutanoic acid, i-{(1,1-dimethylethyl)-

dimethylsilyl]=3-[i1-[[(1,1-dimethylethyl)dimethyl=~
silyljoxyjethylj~c-methyl-a,4-dioxo-5-[ (phenyl-
methyl)thio]-, phenylmethyl ester, [28-[2c[8%*(R%* or
§*!] .32‘8*!]]-
25 Bromide prepared as in Example 23 (0.483 Q)
is dissolved in 6.5 ml of dary tetrahydrofur#n under
argon and treated with benzyl mercaptan (0.1 ml).
Triethylamine (0.12 ml) is added to the mixture and the
reaction is stirred at room temperature for 20 minutes.
30 After dilution with ethyl acetate and quenching with
saturated sodium bicarbonate, the organic layer is
washed once with water and once with brine. The resi-
due obtained after drying over magnesium sulfate, fil-
tration and concentration is chromatographed on silica
3s gel with 10% ethyl acetate in hexanes. The two
diastereomers are separated yielding 0.078 g of minor
isomer and 0.365 g of major isomer. Overall yield



2-Azeti'di nebutanoic acid, [err]-(cyclopentylthio)-1-

[(1, 1-%dimethylethyl)dimethylsilyl]-3-T1-[[(1, 1-

di et hyl et hyl ) di met hyl silyl]oxy]ethyl]-[err], 4-dioxo-, 5
phenyl net hyl ester, [2R[2[err](R* and c*),3[err](R*)]]-

To a solution of the brom de prepared in Ex- anple 22 (0.135 g) in 2
m dry tetrahydrofuran at O[err]C  ~77-under argon is added

cycl opentyl mercaptan (0.026 m). To this mxture is added dropw se
sodi um bi s(trinmethyl- 10 silyl)am de (0.265 mM of 1 Msolution in
tetrahydro-0.443 g f(86%l).. After 15 minutes, the reaction is quenched

Wi th 10@6acgﬁkge§§bdquq A3t ed with dlethyl et her. The organic

| ayer is waghed once wi.th water, once with brine, and dried over

anhydr ous naBnd¥RuHFCOGEAt & 7344-7.12(Re 10K +{ REPPB18AMEEbncent rati on, the
resulting s.32(sf emqus uscebrﬁnbegiaaﬁeﬁl)pmsziawa fehowi th 10% et hyl

acetate in hexane titlLe.co obtain a m xture of
di astBr eonetEORES 39 ,18); quggmi’ﬁﬁ' f? g%" [err]H NVR
(Cba [err])3d5!(dJ.M)J.OH)-SGEtd:im/;\Ba,-“I)(m.13). 2 4s pd(2EPH), 3.99(m 1H),

3-910m 11033 8R6Mal: 2 0300, 2 SOp Tk o) S50 [ 0y E1(m 1.

2. 77( 0-1.3(m 18H),
1.12(d, 3H), 9128484 38y, 091§6€s3§Pb 000848538 , 0985 (s,38) 83(s, 9H),

0. 84(s, 9H). Exam le 2§xanp|e 27

2- Azetldlnebutan0|c a0|d A3

nmethy®silyl]-3 '

shlyl}oxyLefh imelthtllk 4 diiesef{her: 1d2§. megh L"“u» T met"l

phenyl et hyl _estet. [ 2R, err F# & * er, -

The title cof 3iyiloxy]e —'-- ]' E l 4 "" et dgous to t hat
one descri bed i n Ephs il de i s used

[eH HhM?é &ar; m xture o masmelmr
C16K%1, 2H) , ;aqg (&3F3rpgpngpdlgp&ophenol (0.04 ml) in 3 ml
5732:,( _ ry tetPaliyaebturah) gﬁﬁeﬁ%i-fir% ?% Sthéskdd)witn 28(d, 1H),
. m nor, not,
4. 21(ni nor ﬁ} gﬁE¥gp¥3ﬁ§§§§amghg(ﬁ§[$3 %f%B q&ééﬂt 30 minutes the
reaction is quenched with saturated sodium bicarbonate
solution and diluted with ethyl acetate. The organic

20 layer is subsequently washed once with water and once

i nst ead of cycl o- ._4 soﬂﬁ%&%h ??riﬁﬂt éﬁh% %f%ﬁ%égwslﬁn{er(n1nord 2H) ,

with brine. After drying over anhydrous magnesium
sulfate, filtration and concentration, the residue is
chromatographed on silica gel with 10% EtoAc in
hexanes. The mixture of diastereomers obtained

25 amounted to 190 mg (83%).

IR(Neat) 1744 cm '
'H MMR (CDC1,) & 7.45-7.24(n,10H), 5.3(aBq,2H),
4.39(m,1K), 4.30(4,1H), 4.17(m,1K), 2.84(m,1H),
2.36(m,1H), 1.16(&,3H), 1.02(4,3H), 0.94(s8,9H),

30 0.93(s,9H), 0.24(s,3H), 0.19(s8,3H), 0.11(3,3EL£
0.09(s,3H).

35



(mnor;m1H), 3.02(m nor,dd, 1H), 2.94(dd,1H), 5 2.80(m nor, m 1H),

2.3-2.94(m 2H), 1.89(ninor,m1H), 0.95(m nors, 9H), 0.93(s, 9H),
0. 85(m nor, s, 9H), 0.79(s, 9H). Exanpl e

28 2- Azeti di nebutanoic acid, 1-[(1,1-dinethylethyl)- 10

di methylsilyl]-3-[1-[[1, 1-di et hyl et hyl ) di met hyl - :

silyl]oxy]ethyl-[err]-[(3-ethoxy-3- oxg;gropyl )t hi o-c-

met hyl -[ err], 4-di oxo- phenyl net hyl ester, [2S-[2[err] (S*),

3[err](S*)]]- The t|tIe conmpound i s prepared using a
roce- 15 dure anal ogous to %@1@ 24 wherein ethyl 3-nercapto-

b |

pr opi onat e |szs bstituted for henzyl, rrercatan R (ngat) 1741

cnferr] A AR e o e oL {(gyclgpentylth eFs d 7. 4(m 5H),
5.4-5.25(m 2H) d:im%.til 56 28-r1~-11(3 ) 6H) ,

0. 95(s, 9H), . .

1, 2-pyrazoli

di nefhyl et hyl phieny

t hyl ) di met hyl si |l yl I -
gt h)}ili IC%m[3(4yn|8|t r)c/)p]heny g&ihug)%éfoé% %&@ég&:bﬂiﬂ& reggred in Ex

t hi 0] -, bi sBP. d.enize dﬁh@-ﬁ;ﬂ t:.ﬁt),p] adt &xy tetragydrofuran at 0%
[2S 2[ er 1] pSue® ardjth $o( dded %&'&h6§e)ﬂ:ylmercaptan (o 026 mihe title

d i d th d le 26 b
ising the Bebie Aiakeks 13 Baded aropyian Sodsuh,Bis ERARRERILE boxy| i c
aci 849 8ilylyendiade do 26iSs mi4-ofi r Mpselykiont byl j:fetrahydro- I Rd( neat)
1738 llgN es eoners
5. 35 6. 1( mESTER) s oALen de el €he) kolLE1A°4E' qHlAIhRROOTE T 0o,y
1. 35-0. 85(”?' 0% acetic acid and diluted with diethyl ether. -30-

Exanpl e 30Tne organzc Juped! 14l GRBHeANShEe Wit {rﬁié%‘i(g Q‘én?ﬂ’éﬁzm yl thio)

4 e R, S A b EoLD kb 58, FAERCS:
di ox8-, (4- Aftemphdathhtﬁbhyhnﬂsbehce585atiéﬁ )the resulting
3[err](S*)LL31due is chromatogra Rgdt55|31 ic 0&2 %itgrgggﬁgghgilng the
acetate in hexanes. The title compound is obtained as
a mixture of diastereomers .109 g (78%).
IR 1746 cm 1
20 18 NMR .(CD013) d 7.41(m,10H), 5.33(2ABq,4H),
4.14(m,2H), 3.99(m,1H), 3.91(m,1H), 3.85(m,1H),
3.50(m,1H) ’ 2.88(m,1H), 2.81(m,1H), 2.77(m,1H),
2.67(m,1H), 2.26{(m,1H), 2.12(m,1H), 2.0-1.3(m,18H),
1.12(4,3H), 1.08(4,3H), 0.96(s,9H), 0.95(s,9H),
25 0.88(s,9H), 0.84(s,9H).
Example 27
‘2-Azetidinebutanoic acid, 1-[{(1,l1-dimethylethyl)di-
methylsilyl]=3—fi=-[[(1,1-dimethylethyl)dimethyl~-
silyljoxyjethyl]-a,4~dioxo-g-(2-pyrimidinylthio) -,
30 phenylmethyl ester, [2R-[2a(R%* and 8*), 38(R*)]]~-
The title compound is prepared using a proce-
dure analogous to that one described in Biample 26
wherein 2-mercaptopyrimide is used instead of cyclo-
pentyl mercaptan.

35 IR 1743 cm *

13 NMR (CDc13) mixture of diastereomers 4 8.38~

(minor,d,2H), 8.18(4,2H), 7.44-7.27 (major/minor,m,10H),




met hod described in Exanple 26 by substituting the brom de prepared

in Exanple 21 for the one used in 10 Exanpl e 26 and usi ng

2- wer capt obenzoxazol e i nstead of cycl opentyl nercapt an.

[err]H NVR (CDCl[err]) major isomer: d 8.05(d,2H), 7.42(d, 2H),
7.42(d,2H), 7.35(m2H), 7.20(m 2H), 5.55(d, 1H), 5.26(s, 1H),
4.0(m 1H), 3.66(m1H), 3.35(m1H), 15 2.82(m 1H), 1.20(m 6H);
0.95(s,9H), 0.85(s,9H), 0. 25- O(4p93H each).

Exanmpl e 31 2- Azeti di nebutanoic acid, 1-[(1,1-dinethylet hyI ) di -

met hyl silyl]-3-[1-[[1, 1- di et hyl et hyl ) di met hyl - 20
[si I yi ] ZXé] etéhd 9 (nfimdr 4 (B )hy o6 Boyet fRH)) ! |8 .0 ¢, :r[m;E Ayl.28 (d.m)é*
err i 0 : ery. erLl]-
7L 2 LI . M ad Sl
prepared vi #-2¥ninamam,1H) , 4 de@triHad ﬂorﬁmoaﬁﬁjl.e:izaﬂby substituting the
brom de 25 (min¥sShi e | s Fa@mfoeﬂadqr )2 meﬁdasqi;' n Exanpl e 24

nt

and using 2-nerca toet hanol 1 nstead ‘of cycl ope mer capt an.

[err] B NVR @8 AT o il dor o0 4y 2H) (g 12189 (minor,m, 3HY( d, 2H)

5.37(q, 2H), 049%&14(6?,@1)98)3, Jﬁ%(‘h(.'ﬁlﬁ"l) 0 &(mzno&,%ﬁ;@ﬁ)fil'i) 1.17(d, 3H),
0. 93(s, 9H), L 7%9 s9 0.18(s,6H), 0.08(d 35

Exanpl e 32 1 Azabi cycl o[ 3. 2.0] hept - 2- ene- 2 car boxylic acid,
6[1[[(11d|msthylethyl)dlrrethylgggﬂ.]gmgethyl] 4-

met hyl - 7- 0x0- 2+ o R ] .
ester,[4R-[4] efTT,
est elOf r om Exskimest Bl=acetonitrile

and-treated W igi1yl]oxyletiing-aT0ethe 3%&6 ve ﬂtﬂi’o-’-’é—rﬂ) After
rou, ets@a] N EIRER E%%g&&@%ﬁ Y B2, ".“92' aliair©

38(8%)]1]~-
The title compound is prepared using a proce-
1s dure analogous to Example 24 wherein ethyl 3-mercapto-

propionate is substituted for benzyl mercaptan.
IR (neat) 1741 cm *
13 NMR (CDCIs) mixture of diastereomers 4 7.4(m,SH),
5.4-5.25(m,2H), 4.22-3.98(m,5H), 3.3-2.3(m,6H),
20 1.25(m,6H), 0.95(s8,9H), 0.89(s,9H).
Example 29
1.2-pyragolidinedicarboxylic acid, 4-[[1-[1~[1-[(31,1~
dimethylethyl)dimethylsilylj=3=[1=[[(1,1=dimethyl=-
ethyl)dimethylsilyljoxy]ethyl]-4-oxo-2-azetidinylj-
25 ethylj=3-[(4-nitrophenyl)methoxy]=~2,3~-dioxopropyl]-
thioj-,bis[(4-nitrophenyl)methyljester,
[28=2c[B%*(R*) and S%(S%)],38(8%)]~-
The title compound is prepared via the proce-
dure described in Example 26 by using the bromide from
30 Example 21 and 1,2-pyrazolidinedicarboxylic aciqd,
4-mercapto-, his[(4-nitropheny1)methy1]ester.
IR (neat) 1738 cm™ :
15 mr (CD013) mixture of diastereomers d
8.35-8.1(m,6H), 7.65-7.40(m,6H), 5.45-5.15(m,6H),
35 4.4-2.55(m,10H), 1.35-0.85(m,24H). '




10 .into rapidly stirring saturated sodi um bi carbonat e- et hyl

acetat®e. The organic |ayer is separated and washed once with water
and once with brine. After dry- i ng over magnesi um sul fate and
filtration the solvents are renmoved in vacuo to give 0.102 g of
crude N-H 15 [err]-lactam This material is used in the cyclization
step without further purification. The crude N-H
[err]-lactam (.102 g) is dissolved _gq_ in 1.3 m of dry tetrahydrofuran
under argon and treat- ed with titaniumtetrachloride (0.735 m of a
1 Msolu- 20 tion in nethylene chloride). After stirring at room
tenperature for 1 hour and 45 m ngiggépiéhgoreaction mxture is

poured into rapidl ng_sat urate SOdI um b| carbonat e- et hyl

acetate. The degeffeledmepuranolc acidy 4r-(erpenzoxazolylthiolsr and twice
with brine. ThB- 1-aim lethyll hbé'ah 1p<34[y+np(Dye+ anhydrous
magnesi um s | ' . chr omat ogr aphed
on silica ge The—ptte car bapenem
is olsained as 4 116-8[err]C

[err]H NNR(CDCI[err]) d747728(m 8 (ABq 2H) 4.20(m 1H),
4.18-4.04(m 3H), 3.30(m 1H),_ 3.19( mltfﬁ_ﬁﬁ 1. 23(2d, 6H) . 0.85(s, 9H),
0.06(s, 3H), 0.04(s,3Hne title MMB} sty pReRAFed lasing he
- 82- method descrzbed in Examplé&2¢H¢ sidbstituting the

(1 hydr oxydtgRS9e Bithgred i etmle 34 (£6¥) €he one used i

F{hen.]pl_ rkrez hyBxagep e 245 J4nd @uné‘ S-Exlurc}zgﬂwcl}:(&%%c}%% B:Ensl):egd %fG . The
‘err]-keto f1=Te npl e g) in

acetonitri I?éls a%“iﬁt é%@éﬁl 10% hydrofluoric acid in
acetonitril & Mefc%l } majorisemex: (heB@%tdi2H) i s7 ptRf@REhto0 rapidly
stirring 7,42(4,65 ﬁpﬁﬁilezﬁ %w.aé@(:{n’s»ggl,yrg.bsgp&bﬁpte solution. 10
Addi t i onal %azcéj sodi um bi carbonate solution is added until the
originally {ﬂﬂ’sﬂutft& (RelB) ¢ 3-66 (M, 1H) £ 24PS ety gani c | ayer is
wasi&d oncez 482 (myxH), ,1.20 (m, M) L0198 (8 /9H) 2 GJBS (&) 9H) pver anhydrous
magnesi um o ,2s-0(4s,38 each).

Example 31
2-Azetidinebutanocic acid, i-f(1,1~-dimethvlethyl)di-

methylsilvli=3=[1~- i,i1-dimethyvlethyl)dimethyl-

20 silyljoxylethyl]=-5~[ (2-hydroxyethyl)thio]-c-methyl-
a,4-dioxo-, (4-nitrophenyl)methyl ester, [28-[2a[S-R*

or B*),c-8+%],35(8%
The title compound is prepared via the method
. described in Example 24 by substituting the bromide
25 prepared in Example 21 for the one used in Example 24

and using 2-mercaptoethanol instead of cyclopentyl
mercaptan.

13 NMR mixture of diastereomers: 4 8.26(d4,2H),
7.58(4,2H), 5.37(¢,2H), 4.3~-3.4(m,6H), 3.15-2.4(m,3H),

30 i1.25(4,3H), 1.17(4,3H), 0.93(8,9H), 0.89(s,9H)s,
0.18(s,6H), 0.08(d4,6RH).

35



suWfate. Filtration and concentration afforded 0.053 g 15 of crude

deprotected product as a |light yellow oil. The crude product is

di ssolved in 0.9 m of dry tetra- hydr of uran under argon and treated
with titaniumtetra- chloride (0.624 m of a 1.0 Msolution.in

di chl oro- met hane). After 3 hours the reaction mxture is poured 20
into rapidly stirring ethyl acetate-saturated sodium bi car bonat e.
The m xture is partitioned and the =-gi- organic |layer washed twice with
brine and dried over anhydrous magnesium sul fate. Filtration and
concentr a- tion affords the crude carbapenemwhich is purified via

25 silica gel chromat ography M acetate in hexanes). The
title corrpoundlqsz,gb{ S SES :

4.25-4.1 (m 2% d, 3H).
Exanpl e 34 aci d, 3-
(cyc:'sopent yl t hi o) - 6- (1- hydroxye e phenyl et hyl
este [BR-[5[err],6[err] Thetltle conmpound i s

prepared fromthe The J-Xetio lexstterefrom Examplepl2da 10.a29ng)t Be procedure

de- &idd cetonit a wi
29,82- 3.0(m Mieﬁénms%%% er](r;j d::} ?%f:? gq.tﬁifte{hzo(ng 2H.
Exanpl € 35 hour, the redE&id:r id n%:ﬂdﬂ p%u@:'i@rgz h@ﬂ—.ldz@ acid, 3- 5

(2- henzoxazol Ith| 0, -6 (1%{12/ roxyet | -7 0X0-
(4- |*|°t roph > 15+ T %’%Péﬁﬂm
The title @nmrxbeaﬁ.eparm dﬁmﬂ&aayer is s@ﬂ&‘ateﬂsfaﬂd of Exanple 26

grsr{ Q?r} "o R Os(heéifer rﬁ%(‘%r{ er rﬁ%?%%ﬂ%?’d b%;g)ne. &%&@W??B

7.40(m 2H) ing over magmsium)sulFfaim wrehEAdtration: the( molMents 30(m 1H),

4.00(m 1H) ,ard 4UmBvdd 11&% 3d g Jvelﬁq,o%"'); of ¢

de
Exanpl e 36 15 1, 2-Pyrazo |d|ne | car boxyl i"c_aci 6- ( 1- hydr oxy-
rrp p=lactanm. Tl-xl?s material is used ¥n the eyclizf :Logn Y Y

step without further purification.
The crude N-E p-lactam (.102 g) is dissolved
'in 1.3 ml of dry tetrahydrofuran under argon and treat-
ed with titanium tetrachloride (0.735 ml of a 1 M solu-
20 tion in methylene chloride). After stirring at room
temperature for 1 hour and 45 minutes, the reaction
mixture is poured into rapidly stirring saturated
sodium bicarbonate-ethyl acetate. The organic layer is
then wahsed once with water and twice with brine. The
25 crude residue obtained after drying over anhydrous
magnesium sulfate, filtration, and concentration is
chromatographed on silica gel with 20% ethyl acetate in
hexanes. The pure carbapenem is obtained as white
crystals 0.056 g (55%).
30 M.P. 116-8°C =
'm mMr (CDC1,) 4 7.47-7.28(m,10H), 5.28(ABq,2H),
4.20(m,1H), 4.18~4.04(m,3H), 3.30(m,1H), i~3.1.9(1!1,1.!!),
i1.23(24,6H), 0.85(s,9H), 0.06(s,3H), 0.04(s,3H).
Ms(FAB) 537 (x%)
35



et hyl)-4-met hyl -2-[[ (4-ni trophenyl ) met hoxy] car bonyl ] -

7: 0x0-'1- azabi cycl 0-[ 3. 2. 0] hept - 2-en- 3-yl ] t hi o] -, bi s[ ( 4-

ni trophenyl ] methyl ] ester, [4R-[4[err],5[err],6[err](R]]-

The title conmpound is prepared fromthe 20 [err]-keto ester of Exanple
29 using the procedure de- scribed in Exanple 33. IR (neat)
3500, 4770 cnferr] [err]H NVMR (CDCl [er]r) d 8.33-8.10(m 6H),
7.7-7.4(m 6H), 5.55-5.15(m 6H)og#. 4-3.98(m 5H), 3.75-3.15(m 5H), 25
1.37(d,3H), 1.25(m 3H). Exanpl e 37

1- Azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ aci d,

6- (1- hydroxyet hyl)-3-[(2- hydr oxyeEtunnlei3d - 4-

Fﬁ}qh{la,[ eri(o '(4 Casst-dkh | ".l gt S e-22barboxyl ic acid Grrpound i s
r red fromXS&mes ’dro ethyl)-4rmethvl<-F-oXo-Belntenylithio ), t he procedure
prepa p

de- scri bec J 1' Dehlerr]) d
8.22(d, 2H), 7.65(d,2ZH

84( m 1H),
3.298m 1H), 3.05(m 5+iBe a-Xe S¥8 Pmparfdziple
- 84- (0.0837 g) in 0.6 ml acetoxﬁ)tﬁfﬂ]le? 1%8 added to 4 ml of

2- Azet i di d.. 1- ZL-dereth
i et hyt 51 5% Wgteffideid dase [l ARREBAITERIE,  Arter 30
si-lyl ] oxy] esimitémrtle Jrahation érs ]pqt(qdibrigdtuswap:)dlly) dtirring

henyl net h %E
R %nit ll]’? e gétme%e%ig%iﬁtg{nﬁr M )hicqﬁoﬂo‘&% %J]betnlzoq mer capt an
(0.9 m), %%Msaturateq bigardbopates sml)uﬁzm ets— ahydr of ur an
(L.onm) ISadded untsiy gl o&tigzmﬂyemwuﬁw@%lﬁﬁw id syere) for 22 10

h re s.ol ted b rative thi | ayer

cglrjcr)rsmt ogr?p"'rﬁfP Q{f s 3@ é‘l’g dste °n°§c§'li%tl\a:%&£7es (1:4). Thin:
| ayer chr orcatasy ety bmd:e and dﬁm mmmmmusomusﬁhm/\ed th?t age .
two di ast er, ' e

Exanpl e 39 diflfate. Ff |rr%atﬁ'eca | Ce%é:lrgiﬁ%% %1%5%}%[ fp["?ﬂ%}

.di mdBhyl et IBf eRU4e KapRatgcteq pr[qd@zptlm scilight yellow oil.

ethyl) di neinne drided Ppdaidty lils Aid6e14ed 3 9.9V hll- of ary tetra-

hydrofuran under argon and treated with titanium tetra-
chloride (0.624 ml of a 1.0 M solution in dichloro-
methane). After 3 hours the reaction mixture is pourea
20 into rapidly stirring ethyl acetate-saturated sodium
bicarbonate. The mixture is partitioned and the
organic layer washed twice with brine and dried over
anhydrous magnesium sulfate. Filtration and concentra-
tion affords the crude carbapenem which is purified via
25 silica gel chromatography (40% ethyl acetate in
hexanes). The title compound is obtained as white
crystals (0.0143 g).
' MR (cDC1,) 4 7.6-7.25(m,10H), 5.34(ABg,2H),
4.25-4.1(m,2H), 3.18(44,1H), 3.06(m,1H), 1.29(4,3H),
30 0.96(d,3H). 2 |
Example 34 )
1-Azabiczclo[3.2.o]hept-z-ene-z-carbogﬁiic acid,3-
(cyclopentylthio) =6~ (1-hydroxyethyl)=-7-oxo-,
phenyimethyl ester, [SR-[S5a,6a(R%*)]]-

3s The title compound is prepared from the
a-keto ester of Example 26 using the procedure de-
scribed in Example 33.




ethyl];3(4-nitrophenyl)nethyl ester,[3S-[2(S*), 20

3ferr]tS*)]]- Hexanet hyl phosphorous triamde (0.63 m) is
added to a stirred m xture of the al dehyde used in Ex- anple 5 (1.39
g) and p-nitrobenzyl trichloroacetate (1.04 g) in 10 m of
tetrahydrofuran at -78[err]C (argon 25 at nosphere). The reaction
mxture is stirred at this tenperature for 1.25 hours, then quenched
with a solution of 0.20 m of a88«ic acid in 1.0 m of
tetrahydrofuran. The reaction is worked-up as descri bed in Exanpl e
41 and purified by chromatography 30 on silica gel using ethyl

acet at e: hexaRe¥MR1.(#PClg)gidyd - 51-7.15(me5Hbsi 1 e (BpdH) de. [err]H NVR
(CDO [err])3ds8326((sh,dH), 2.2504J4%h,sh) $5i5335& 3m)., 4.12(m 1H),

3.68(m 1H), 3.42(d, 1FD 2.40(n11 : 1. 5 d, 3H), 1.15(d, 3H),
0.95(s,9H), 0.85(s,9H), 35 0. - each) .

Exanpl e 40 21=-Azabi © Gle.a he t22€bhé¥9-éa 1id-séeq@ipyl ethyl)-

di mrethyl si |l yl - ' -

sil ylI'T oxy] et hy
The desiredeX

P et Z?E?Et otvgraf’h"h“mc“’ﬁ?°“&6 i’ g%ééyﬁf' Mc%@ f'eﬁ ‘r’] )S e
7.40(s, 5F) avketeiester of Brampls 26 using £hemrAcequre uERdnin)

2 95 2. 80(bzgaﬂ Te2Bs. 2.55(m 1H), 1.17(d,3H), 0.97(s,9H),
(4s+8H each). : Exanpl e

?Rﬂéﬁffagh§§73aﬁﬁlc acid, [err]-dichloro-1-[(1, 1-di-
rret hyI et hyl JHii mmcomﬁu] a3apzsk{l£ﬂmr d7 &S () 21y 19 - 40 (m, 2H) ,
(rjr{e'[rﬁ;lhyla:“a?qué]'sgiyl %grﬂ PYﬁ&XXm‘l 4 58@‘9{% '301 WO HP 10 thium
hexanet hyl 4 @@ ®zLH 026 40(m(182:n1 35 (&, 3HD, M B (A,3H). i s added dropwi se
to a SO!UtIOﬂ of benzyl dlggéﬁég@qggate (219 ng) and the
aldggyde usggcéngx gglld1nggxé§££§§%1{é)égfgL(Es{?2-i{thdrogz?
ethyl)-4-methyl=2- 4-nitrophenyl)metho carbonyl]-
=oxo-1l-azabicyclo[3.2.0]hept-2~-en-3-yljthiol=-,bis
nitrophenylimethyljester, [4R=-[4c,58,68(R)]]~
The title compound is prepared from the
20 a~keto ester of Example 29 using the procedure de-
scribed in Example 33.
IR (neat) 3500, 1770 conm
'H MMR (CDC1,) d 8.33-8.10(m,6H), 7.7-7.4(m,6H),
$.55~5.15(m,6H), 4.4-3.98(m,5H), 3.75-3.15(m,5H),
25 1.37(4,3H), 1.25(m,3H).
Example 37
1-Azabicyclo[3.2.0]hept-2-ene-2~-carboxylic acid,
6= (i1-hydroxyethyl)-3-{ (2~-hydroxyethyl)thioj-4~
methyl-7-oxo-, (4=-nitrophenyl)jmethyl ester,
30 [4R-[40,58,68(R*)] ]~ <
The title compound is prepared from the
a~keto ester of Example 31 using the prod;dure'de-
scribed in Example 33.
' W (cDCl,) 4 8.22(4,2H), 7.65(4,2H), S.38(q,2H),
3s 4.25(m,1H), 3.84(m,1H), 3.29(m,1H), 3.05(m,5H),
1.38(4,3H), 1.24(4,3H).

-1



an ice bath. The mxture is stirred for 1.0 hour in the col'd then

guenched with 0.12 m of acetic acid. 25 The reaction m xture is poured
into 0.5 M potassium di hydrogen phosphate and extrcted with ethyl
acet at e. The organi c phase is washed with brine, dried

(magnesi um sul fate) and evaporated to dryness. Trituratigon of the
resi-due with hexane afforded the 30 di chl oro hydroxy conpound which is
col | ected by filtration. -g4<err]H NWVR (CDCl [err]): d
.7.38(s,5H), 5.31(d,2H), 4.26(m 1H), 4.06(m 1H), 3.73(m 1H),
2.88(4,1H), 2.71(t,1H), 2.18(m 1H), 1.79(m 1H), 1.22(d, 3H),

0.95(s, 9H), 35 0.88(s, 9H), 0.ExRmple 381 each)

Exanpl e 42 z-nzenal%ﬁmﬁfﬁé)oawiac 3 L(1,1-di-
met hyl ethyl)dlrre SI, -l
et hyl ) di met h§

met hyl ] -, phegill
filtgate from ) er._

dryness and cHiofrat 5 ~FH :

acet at e: hexanes (1: 4» ng:um of the epux:s;n)xﬁm paxaahpate 390 [err]H

NMVR (DO 7 3.72(m 1H),
3. 40Em 1H§ %2] g'g} %ﬂiﬁ%ff%’% Zw‘“l’ﬁ’( mcf]id(@ 48T 054, 3I(—I)m K
0. 90(s, 9H)isepsep§19n)zne (0.05 mi) iy ketahwdnefuran (1.0 ml) is

Exanpl e 43g¢Prrea @€ ¥ & a&uaétl :g?ancfuwdyp%e&H [ebd. 22di et hyl -

et h %S: rsr}e gi;l %;ly]yl 3#%44’“% 1-di n;et hyI et hﬁﬁ% meparatzve thin
phenyl net hyayest eh:oh&%ob&[a@my] (oﬁi‘)d:]l—:.ca gel using ethyl A sol ution of
Pot ahyar of e HEbiHekahes” (119)2", amid dalferd enomaraakionRy, ondl chi'or o
conpound (300 MHz NMR speChroscoRy @mmum tlhe Ewengiestéreon 2.5 nl of
tetrahydr opgranatar ¢he %hﬂi&sl&'&ezis@} o%(&&éJ sgg 13, tion.
mxture is allowed to cone to -20[err an as descri bed
I n J5<arrpl e 41. The product is i to that obt ai ned i n Exanpl e
39 as shown byogffahbeaibBxviic acid, 2-chloro=3=[1=-fi-[(1,1-
dimethylethyl)dimethylsilyl=-3-[1-{[(1,1-dimethyl-
.ethyl)dimethylsilyljo ethylj]-4-oxo-2-azetidinyl]-
ethyl]-, (4-nitrophenyl)methyl ester,[38-[2(8*
20 3c(B8%)]]~
: Hexamethylphosphorous triamide (0.63 ml) is
added to a stirred mixture of the aldehyde used in Ex-
ample 5 (1.39 g) and p-nitrobenzyl trichloroacetate
(1.04 @) in 10 ml of tetrahydrofuran at -78°c (argon
25 atmosphere). The reaction mixture is stirred at this
temperature for 1.25 hdurs, then quenched with a
solution of 0.20 ml of acetic acid in 1.0 ml of
tetrahydrofuran. The reaction is worked-up as
described in Example 41 and purified by chromatography

30 on silica gel using ethyl acetate:hexanes (1:4) to give .
the desired epoxide.
1

H NMR (CDCl,) & 8.24(d,2H), 7.55(d,2H), '5.35(s,2H),
4.12(m,1H), 3.68(m,1H), 3.42(d,1H), 2.40(m,1H),
1.35(d,3K), 1.15(d,3H), 0.95(s,9H), 0.85(s,9H),

35 0.20-0(48,3H each).



spectrescopy. Exanpl e 44

xi ranecar boxylic acid, 2-chloro-3-[[1-[(1,1-di- 30

met hyl et hyl ) di nethyIS|IyI] 3-T1-[[ (1, 1-di net hyl -
~ethyl)dinmethylsilyl]oxy]ethyl]-4-oxo-2-azetidinyl]-

met hyl ] -, phenyl met hyl ester, [3S-[3[err](S*)]]- . The al kene
described in Exanple 40 is con- verted to the epoxide by the nethod
described by M 35 Ashwel | et al.<8%etrahedron 21, 7429 (1990). This
com pound is identical to the material prepared in Exanple

39 as shown by 300 MHz NMR spectroscop
- 87- ?_xa_mgis@ﬂe 45

- 2-Azeti di nelziBubesodE| seid
met hyl ethyl)d.rretl '

di met hyl si |yl VARSEL, ety - A ]

phenyl et hyl mﬂ]ommﬁﬁgﬁ 3 L&Y ggidinzlj-benle ester, A sol ution
of t al dehyde used in Exanple 19 (545 ng) and benzyl

trichl oroacetate (414 ng) in 5 MS_*LLD]: tetrahydrofuran is added to a
stirred mxture (argdfhe des;re@tmr@g prepaned (bycthey)samel di et hyl

al um num lGnethod NbwEL fifed Qi.x?%fﬂmﬁe 148 &é@ét‘tt tie Lfeddttn

tetrahydrofuxan atc_b*err he mxture is stirred for an addi ti onal
30 mi nut es FHERYRS & At "etq'ﬁ/ls%i’c"et%?er°°m temperrtiTe RYRF70.30 M) are
added. The nightding m xture is washed with 1.0 N hydrochloric acid,

\Ié\,\?;g'oratlfonl ofﬁﬁﬂ Pé e'?o’?‘l%‘ﬁ&f%’cﬁ%f%w; agoe(d’zq}rf silica gel

usi ng 15% ek 4088 (mAH )i eammw for R . 80 (bromanmﬁ)o,f t he hydr oxy

d| chloro CM&P 1. 1,[@()’ 1%@4% 1—|) %gg%(ﬁ(s 5H), 5.31(4, 2H),

2 93(d OH) 02857 (4543 %cﬁ(-d 3H), 1.14(d, 3H), 0.97(s, 9H),
0.87(s,9H), 0. 26- 0(4s 3H each) Pxampldl£1 ] O exchange resulted in the
dIS pear ance, ¢ f the 93 q# bl et :

ad 25 ace=d
2 Azet | di neded ::,:

methxl ester, [38-[3c(8%)]]~-
A solution of lithium hexamethyl disilazide

20 (1.2 ml of a 1.0 M solution) is added dropwise to a
solution of benzyl dichloroacetate (219 mg) and the
aldehyde used in Example 5§ in tetrahydrofuran (5 ml) in
an ice bath. The mixture is stirred for 1.0 hour in
the cold then quenched with 0.12 ml of acetic acid.

25 The reaction mixture is poured into 0.5 M potassium
dihydrogen phosphate and extrcted with ethyl acetate.
The organic phase is washed with brine, dried
(magnesium sulfate) and evaporated to dryness.
Trituration of the residue with hexane afforded the

30 dichloro hydroxy compound which is collected -,
by filtrationm.

g aer (CDCl,): d 7.38(s,5H), 5.31(4,2H); 4.26(m,1H),
4.06(m,1H), 3.73(m,1H), 2.88(4,1H), 2.71(t,1H),
2.18(m,1¥), 1.79(m,1H), 1.22(4,3H), 0.95(s,9H),

as 0.88(s,9H), 0.23-0(48,3H each). |



met hyl si yl ] oxy]ethyl]-[err], 4-di oxo-, phenyl nethyl 30 _ ester,
[2R-[2Terr] (R* or S*),3[err](R*)]]- A solution of the
brem de from Exanple 22 (190 ng) and 18 ng sodiumcyanide in 1 m of
di net hyl - : formam de is stirred at roomtenperature under argon
for one hour. The solution is diluted with 20 ml of 35 et hyl acetate
and is washed with 1 N hydrochloric acid, wat er and brine. The
organic layer is dried over nmaegeesi um sul fate, filtered and
concentrated in vacuo - 88-
to an oil. Purification is carried out on 2000 m cron silica plates
devel opi ng wi t h hexane: et hyl Exampler 42c: 70: 30 to afford 60 ng of the
desired produokiranecarb6xilleSaci aC¢llerr]) d
0.8(s,9H), O. . .
3.8(m 1H), 5.7Z5¢Cs; , .
Exanple 47 ethyl)d Lei ppbyompdathylie ~oxo-2-azetidinyl F

heny nethyl ester,

%SLJ%ZFZ?Pf(EF[é&egﬁﬁiix¥ﬁigxkiﬁeégxl es&gii][és i a08 %*il

A sol ution of 90 ng Thet fdltratedEremothexabove exPanﬁhenﬂGinn 5 n1 of 10%
HF in acet2ﬂhhblbeltse$hbéiﬁéed to drgﬁﬁfgogh ﬁﬁf& fatd rsﬁﬁegooﬂ1nUtes

The sol ution_i,s 15 drluted acet te and 1's washed
with lééFﬁr39@d“§?83rBBH&%e‘SﬁFﬁFPoHeﬁﬂEeﬁrKﬁé"Tﬁe giygani c
| ayer is dthedepogidengpoanstLsulfate, filtered and is concentrated

i to d
(C3For e RO s80eEl) 0 bEEe 601 £ 1000 2ufy °4U6) n72g) o0 1 1y
3. 60(m 1H) 322 98¢ AH) 1) 3. 50 P84 $EP}) 2. 88 (m, 1HB, 024 37 () 1HY, 40( s, 5H) .

Ex |l e 48 2- t thyl ethyl)di- 25
ne?ﬂ5|§||yf]°1‘milnL fZG%Fﬁe ?é?ﬂﬂ?fﬁagtfh # Lééslgﬂjnﬁ yhethyl)di-
S|Iyl]oxy]%tﬁyP% 18¢ ]°ﬂE¥hoxy [err], 4-dioxo-, methyl ester,

[2R-[2[err], 3[err](FF)]] st er egy r§3 A sol ution of
21 of fhe_Dbrc il Eg. [ 2

di i"Sopr opyTethyTant e —-T-h—3 for—<—CRIOLRTdak BECE

t enperat ure fath ineth 1silyl]-3=-[1-[[(2 1-dimeth leth 1 -

dimethylsilyljoxy]ethyl]-4-oxo-2~azetidinyllmethyl]-
phenylmethyl ester, [38-[3«(S%)]]1~
| A solution of potassium hexamethyldisilazide
20 (0.60 ml of 1.0 M solution in tetrahydrofuran) is added
to a solution of the hydroxy-dichlorc compound (302 mg)
(prepared as described in Example 41) in 2.5 ml of
tetrahydrofuran (argon atmosphere) at 0°c. The reac-
tion mixture is allowed to come to -20°C ana worked;ué
25 as described in Example 41. The product is identical
to that obtained in Example 39 as shown by 300 MHz NMR
spectroscopy.

Example 44
Oxiranecarboxylic acid, 2-chloro=3=-[[1~-[(1,1-di-
30 methylethyl)dimethylsilyl)=~3-[i1-[[(1,1-dimethy]l~
ethgl)dimethzlsilgl]ogx]ethzl]-4-oxo-2-azetidin11]-
methyl]-,.phenylmethyl ester, [38-[3a(8*)]]

The alkene described in Example 40 is con-
verted to the epoxide by the method described by M.
35 Ashwell et al., Tetrahedron 21, 7429 (1990). This com-
pound is identical to the material prepared in Example
39 as shown by 300 MHz NMR spectroscopy.



hour.s under argon. The solution is diluted wth ethyl acetate and is

successi vel y washed with 1 N hydrochl oric acid, saturated sodi um

bi ear bonat e, and brine. The organic layer is dried over magnesi um 35
sulfate, filtered and is concentrated in vacuo to an oil.
Purification is carried out on a silica col um.

- 89- Eluting with hexane: ethyl acetate:70:30 to yield 99 ng

of the desired product as a white sol-8d=- NMR indicates a 4:1 ratio
of di.astereoners. The maj or i somer shows net hoxyl absorption at 3.50
dand- 3.75 d 5 (Cbhdferr]). Exanpl e 49

[ 2S-[ 2Al pha, 4a|pha[R*(or s*)[ls*Egpggégaaé -3(S%)11111

- 2[ (di net hy| grnze ey & - bididntd

met hyl et hyl) Bt

et hyl ) di mett .

et hyl - 3-[ (4- dimed
thi oL- 1-pyrrolidi

met hyl ester and
R*)[18*, 1[ 2R*, 3R*, 3( & BP ppponlgf the aldehyde used in Example 19

2- [(dlnEthXEQS‘EQ ) C &nR0 Bk I g& EE? giok3 &e@hﬁe (4ﬁ4| g) in 5 ml

met hyl et hyl ) di methyl sily I met
dlﬂEthy|SlP% fffﬁ?ﬁfpfu 98x&’25 EﬁlﬂPnylf8¥ﬁ§PF xture (argon

[ (4- n:taophenybbﬁn&boxyk g;&:duasep&gPYEhahaﬂeihyl aluminum A
r i din i 0 er
C21481 on oPBTREZES 4838 Brcer acb R BRI 1n Ep Y308 04 ) in 15
m of dry tettahydrofuran at ofenr]rhe mixturneecisastybnred forammad with 0. 39
m of trieg ggﬁgbﬂﬁl 30 minh@bbOYEdehy £8fa28Hbh' 8PnPl acetate

(2S-cis)-2-
am no) car b®# IPY§1#¥P8aﬁPo3P Py r sFpdpddeds boRhe Tesulting

(4- nltrophﬂﬂitiﬂﬁtﬂ¥|wi§hea GﬁtﬁpﬂtednbﬁyGFScﬂf% PP §éid, watel!, Sunagana
0bo g)y i 5.5 n of

et al . . Loti X 519- 1990
?etrah #ﬁ%ﬁﬁ then hr‘ﬂft8Y°§0“ﬁ9ﬂﬁ?%§étﬁ%1%é§ét|on mxture is
flltered andaporatzonheffthhrabmveneCSOIIGied by chircmatofraphiys 30

chronatogrgghgglggasggicgaggé &%&heZﬂy§0£g§é€¥+d§§§3nés ‘fﬁ?HSFln hexanes.

Both i soners are se | soner: 301
my; Maj or 433nRe ?fe§§9pbYQ¥?875¢$ch1°r° compound.

NMR (CDclz). 4 7.38(s,5H), 5.31(4,2H),

20 4.59-4.56(44,1H), 3.96(m,1H), 3.47(m,1H), 3.34(4d,1H),
2.93(4,0H), 2.57(m,1H), 1.27(4,3H), 1.14(4,3H),
0.97(s,9H), 0.87(8,9H), 0.26-0(48,3H each).

D,0 exchange resulted in the disappearance of the 4
2.93 doublet and the peak at 4.59-4.56 became a broad
25 singlet. .
Example 46
2-Azetidinebutanoic acid, g~cyano-1-[(1,l-dimethyl-
ethyl)dimethylsilyl]=3-[i-f[(1,1-dimethylethyl)di~-
methylsilyljoxy]ethyl]—c,4-dioxo~, phenylmethyl

30 ester, [2R-[2¢(R* or S%),38(R#)]j~ _

A solution of the bromide from Exampie 22
(190 mg) and 18 mg sodium cyanide in 1 ml-of dimethyl-
formamide is stirred at room temperature under argon
for one hour. The solution is diluted with 20 ml of

35 ethyl acetate and is washed with 1 N hydrochloric acid,
water and brine. The organic layer is dried over
magnesium sulfate, filtered and concentrated in vacuo




ny;. M xture of Isomers: 735 ng; Total yield: 1.612 g 35 (72.4%

-90- Maj or | soner: | RCKBr) 1660 cnjerr], 1718 cnierr] and
1740 cnferr] Calc'd: (Cerr]Herr]Nerr]Jerr]): C,55.97; H,6.94;
N, 7.42; Si,5.95; s,3.40 5
Found: C, 55.63; H,6.95; N,7.15; Si,5.71;
.5, 3.32 [err]H NVMR (CDCl [err]) "d 8.23(m 4H), 752“n4m 524Un4m
4.61(m 1H), 4.05(m4H), 3.33(m 1H), 2-88¢m 8H), 2.55(m 2H),
1.81(n11kb, 1.16(m6H), 0.91(m 18H), 10 0.24(m 6H), 0. 07(m 6H) .

Exanpl e 50 [ 2S-[ 2Al pha, 4al pha] R*(or 8*)[18*, 1[ 2R*, 3R*, - 3(s*) 11111-
2-[ (di met hy$an®og&hr boﬁvr}fu%faomzf 3cgrnied gut on 2000 micron
net hyl et hylgifi 1@4 hyi stey! aewi ]wﬂtpxpeﬁanelétnn

azetidinyl]eth tro met hoxy]
di oxopropyl?‘f?#%% 17éy??o ¥b %Y c"'%c‘ixi? desired product.
(4- n|trophemyt)nmshyln S589 The title conpound is prepared

b1, U, U1 o3hgn gemc, 12819k 8, 56, 4 O lagd i PRl (or 20

bony! ] - 4- [ 2 {4(R41RY - msmmemyﬂmmmﬂ@wm. 5.25(s,2H),

3-11-[1(1, Iy 04 gwg hygy et hyl ) di met hyl si |l yl ] oxy] et hyl | - 4-
0x0- 2-azetidin etL

-3-[(4- nltrophenyltnethoxy] 2, 3-
di oxopropyl ] - thIO] 1- pyrrolldlne acid 25

(4 nitrophe iii {nEBiEinPie be 49npdfdxvethyl)dy) in 7.5
acetonitrjl AHA e tr]s-hydrofliuoride

at 38bn1tenp*'i i o L 2Ll e cact i on

mxture is quenched mnth sauumgugg;§od|un1b|carbonate sol ution and

30 extracted wt theg{% %I’I ne andp ﬁecfr&%nbgohﬂgr f!"'ﬁm gx- \ashed

once with water, once w drous magne3| um

sulfate. AMmRLlE 46 riniSMhmf 10% HF donasetonitadilesds ngl(::sé% of
product i s sWirddifté@fperature 3P| 50 W dtENl | ThdS solution is

1s diluted with 30 ml of ethyl acetate and is washed with
saturated bicarbonate solution and brine. The organic
layer is dried over magnesium sulfate, filtered and is
concentrated in vacuo to yield 47 mg of the desired
product.

20 NMR (CDCls) 4 1.22(4,2H), 2.05(m,1H), 2.55(m,1H),
2.90(m,1H), 3.60(m,1H), 3.90(m,1H), S5.25(s,2H),
6.90(s,1H), 7.40(8,5H).

Example 48
2-Azetidinebutancic acid, 1-[(1,i-dimethylethyl)di-

25 methylsilyl]=3=-[1-[[(1,1-dimethylethyl)dimethyl-

silzl]ogx]ethzl]—Q-ﬁethogg?a.dédioxo-. methyl ester,

[2R~[20,35(R*)]]-, stereo isomers
A solution of 215 mg of the bromide from

Example 22 and 40 mg of diisopropylethylamine in 3 ml

30 of methanol is stirred at room temperature fogefour
hours under argon. The solution is diluted with ethyl
acetate and is successively washed with 1°N
hydrochloric acid, saturated sodium bicarbonate, and
brine. The organic layer is dried over magnesium

35 sulfate, filtered and is concentrated in vacuo to an
oil. Purification is carried out on a silica column.




-91- . [err]H NVR (CDO [err]) d 8.25(m4H), 7.50(m4H), 5.95(d, 1H),

5,15(m4H), 4.65(m 1H), 4.10(m 4H), 3.40(m 1H), 3.0(m 8H),
2.5(m2H), 1.9(m1H), 1.1(m6H), 0.82(m 9H), ~ 0.05(m6H). 5
Exanpl e 51 [ 4R-[ 3(3S*, 5S*), 4Al pha, Sbet a(R*)]]-3-[[5-[ (di met hyl -

]
am no) carbonyl ]-1-[[ (4-nitrophenyl ) nmet hoxy] car bonyl | -
3-pyrrolidinyl]thio]-6-[1-[[(1, 1- dlnethylethyl)dl
met hyl silyl ] oxy] et hyl]-4-nmnmethyl-7- oxo-§ azabicyclo 10
[ 3. 2. 0] hept - 2- ene-2-carboxy|ic acid (4-nitrophenyl) -

t hyl t J of aloM
0 S gt iy oo SR MMABAEGHY ) e o
t et r ahydr o eﬁfpﬁuﬁﬁﬁl%ﬁ%](ﬂf%ﬂuﬂbcﬁﬂ t2emrite selido 15 this mixture is
added [ZS'N&ﬂlﬂﬁthﬂﬁgiﬂfvifl ratio of dzastereomers. The major

bonyi |- 4. {8 %i%‘l% Iderioh{L hagaeiiRn 4k ety 1d and 3.75 @
S|be]oxy]qumnﬂ - 0X0- 2- azetldlnyl]ethyl] 3-[(4-nitro-

phenyl ) met hoxy] 32 3- di oxopr opyl ] t% §| ﬁ p)/EroI i di necar- 20 boxylic
' |8 A25.3 '

2 5 n1 of

aci d(4- n|trophenyl)nethyl ester (

tetrahydr offi28e ipha , Sl phajiR&tor
with ice-cold
acetate. The aq
conbi ned 25 BRe
dri gg over a

sul fate.

whi ch is pur ; 6 acetate
in 30 ° i i ' phealy yel | ow
oil (0.295 g) 77% Cal é& & N[err] Qerr] Si S) C, 56. 21;
H,6.08; N, 8.63; Si, %& eJJQJﬂ ad 3.46; s,3.95

Found: C 5I_EaJ_QAE!!1_!lEh!I2_19,_3!1Ll§£&ll&£!;§££;§1§£llllll_ 3.21;
8,3187 dimethylamino)carbonyl]—4=- i~ 1,1-di-

methylethyljdimethylsilyl}j=-3-f1- 1,1=-dimethylethyl) =~

dimethxlsilzl]ogg]ethzl]-4-oxo-2-azetidinzl]ethxl]-a-
[(4-nitrophenyl)methoxy]~2,3-dioxopropyljthio-1~
pyrrolidinecarboxylic acid (4-nitrophenyl)methyl ester

20 A solution of the compound prepared in Exam-
ple 23 (1.584 ¢g) in 1.5 ml of dry tetrahydrofuran at 0°
under argon is treated with 0.39 ml of triethylamine
followed by the addition of (28-cis)=-2-[(dimethyl~
amino)carbonyl]-4-mercapto-i-pyrrolidinecarboxylic acid

'25 (4-nitrophenyl)methyl ester (prepared by the method of
M. Sunagana et al., J. Antibiotica, XLIII 519-32
(1990)) (1.000 g) in 5.5 ml of dry tetrahydrofuran. -
After 30 minutes the reaction mixture is filtered and
the filtrate concentrated to an oil which is

30 chromatographed on silica gel with 70-80% ethyl acetate
in hexanes. Both isomers are separated as. whxte
solids.

Minor Isomer: 301 mg; Major Isomer (less polar): 576
mg; Mixture of Isomers: 735 mg; Total yield: 1.612 g



- -92- R (Neat) 1658 cnferr], 1711 cnferr] and 1772 cnierr]
[err]HNI\/R(CDCI[err]) d 8.22(m4H), 7.54(m4H), 5.26(m 4H),

4.Y4(m 1H), 4.20(m 3H), 3.50(m4H), 3.02(4S, 6H), 2.72(m 1H),
1.95(m 1H), 1.25(m6H), 0.87(S,9H), 5 0.07(m 6H)

Exanpl e 52 [4R-[ 3(3S*,5S*), Al pha, 5beta (R*)]]-3-[[5-[dinethyl -
am no) carbonyl ] -1-[[ (4-ni trophenyl ) net hoxy] car bonyl | -
3-pyrrolidinyl]thio]-6-(1-hydroxyet hyt9@2-net hyl -7- 10

0x0- 1-azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i ¢ acid

(4-nitroph ester ~ The conpound prepared in
Exanpl e 51%%%% in 6.2 m o{ dry tetrahydrofuran is treated with
gl a- IR(KHr)aaseaonc air,l:d (110 cnd') aayll t17e0 ted rabut yl anmoni um 15

fluoride ( of I J et rga,hy n and stirred
under argonluﬁ' dI9 §5 %e)urtgeeac rb $5.4Y} %’C%lbr‘q X L 73i%%t ed with et hyl

acetate and washed once W th szﬁlur-‘&tm &A@ .40 bi carbonat e sol ution
and gw ce with brine. ?@&{&ar& ng ﬂ % (;rg eqq , 980 ; .anhydrous- 20
magnesi um sul fate, filtered an oncent rat The resulting

oil is then flash chromatographed on 8i,5. 719| Iq'@a3§el usi ng ethyl acetate
fol | owed byml GMrTeCDCIQ)) a 8.23 () 4}y |7 Seeturem)  Tlse 2, amggPOUNG i S

bt d | | I ny), %% [err]H NMR
obtarned o3 3.0 oo P S yal gy <A COg ) A 2 T Ferr
4. 16(m 3H) 23550280 1.B100(AK)GHL. 16 (m, 6H)2. 63O (biL8H) ,97( m 1H),

1. 3Zéd 3H) ;42&(%)' .o,m"dys( FAB) 698( M+H) 30

Example 50
28~[2Alpha.4alphafR* (or S%) [18%,1[2R*, 3R*, -3_(§*)1‘l'l'l‘l-

dimethylamino)carbonyl]-4-[[1~ 3= 1,1-4i~-
_ methylethyl)dimethylsilyljoxylethyl]-4-ox0=2~
is : azetidinyljethyl}]-3-[(4-nitrophenyl)methoxyl=2,3~
dioxopropyljthio]~i-pyrrolidinecarboxylic acid
(4-nitrophenyl)methyl ester
The title compound is prepared by the treat-
ment of a solution of [28~[2Alpha,4alpha[R*(or
20 8%) [18%,1[2R#*,3R*,~3(8%)]]]]1]1-2[ (dimethylamino)car-
bonyl]=4-[[1-[1~-[1~[(1,1~di-methylethyl)dimethylsilyl]~-
3-[1-[[(1,1-dimethyl~-ethyl)dimethylsilyl]oxy]ethyl]-4-
oxo-2-azetidinyl]-ethyl-3~[ (4-nitrophenyl)methoxy]-2,3~
dioxopropylj~-thio]-i-pyrrolidinecarboxylic acia
25 (4-nitrophenyl)methyl ester prepared in Example 49 (444
mg) in 7.5 ml of acetonitrile with 29 drops of
triethylamine tris-hydrofluoride at room temperature
for 30 minutes with stirring. The reaction mixture is
quenched with saturated sodium bicarbonate solution and
30 extracted with ethyl acetate. The organic layer is
washed once with water, once with brine and dfied over
anhydrous magnesium suifate. After filtration and
concentration, 390 mg (100%) of product is obtained as
a pale yellow oil. |

35



-93- . Exanpl e 53 Phosphoni ¢ aci d,

[3-[21-F(1, 1-di net hyl ethyl)d| nmet hyl -

Sikyl]-3-[1-[[(1, 1-di net hyl et hyl ) di net hyl silyl]oxy]-

et hyl ] - 4- oxo- 2- azetidi nyl]-1-propenyl]-,dinmethyl 5

ester, [2R[2[err](E),3[err]R*)]] To a slurry of sodi um
hydride (.038 g) in 2.2 m of dry benzene under argon is added
dropwi se tetra- met hyl net hyl &9ddi phosphonate as a solution in 2.2
m dry benzene. After stlrrlng for 10 nlnutes a solution 10 of
2-azetidi na 1 t l) -

di met hyl si | %q%m’ i %x& ‘S‘"(' ﬁfngy By 422 8-95(d,18H),

[2[err], S[ér.tl]s((ﬁ*.)‘]ﬂ]), alssgp,q.mepar.a@ (aSﬂHScra Jad(m ,1E)R 37081A1)

in 2.2 qf nzgn S de r he o ti m xture is
stirred at rogkytgﬁﬁe‘riat%h ﬁ ‘1‘3(9,'9% mnu By 6H)yp, 8] L“&'I s then

quenched wPt+®5(m,6H) .water and diluted with ethyl acetate. The organic

| ayeg is washed twice with brinegzdmpie ®4er anhydrous nmagnesi um
sul f at e, flltered and concent r at ed. ‘%e'ﬁel si red conpound S
obt ai ned as L&y 58 Alphag Sbet di=@= [ S/ di meddvy

~[err]H NVR a@igb) earbbn€1§-1514 (4501t Fphehyl ) nethibdvidarbonyl 1 -
‘11 éggg‘%l':?) 3-pyrraihaidvy Qiio 6=118 ' Pl ylethylyai-" 1)
3-Dit hi ol anerzethylisdlyl]oxxylethy A=meiths X

phiqy!l)-1-]
[[(1 1- di methy oI
azetldlnl]nethyl]ethyl] ,phenylh?

Eg[irr])3[err](R*)]]Tleﬂnlum tetrachlorEGSSXb iz?:%'??g?'?gﬁ'&%gagggrggate
r
to -78?errfe;ﬂﬁ&8P g?g§ﬁ°¥$8rPﬂF§gﬁP??uF€ Fédﬁgd nl' of Ary ¥ se 8.96

m of |ithtetrahy@rofurahyundeyl argorcatlfoom tempemhmnmen | To
phosnonat SHbRchixEys 15 hhbpATLERE (2R15a, 4 BATREToR BRI () 1 on
in 11 m of18Fyl{2Rra3R¥*, -3(st)]]]]]-2-[(dimethylamino)car— - 94-
%g;ﬂ of gg%nh%gs?r-esggu e ;saxakm (¥, XL4iCmethy1eth§d) dimethy1-f O gradually.
s1 yl]oxy]ethyl]-4-oxo-z-azetidiny1]ethyl]-s-[(4-n1trc-
phenyl)methoxy]-2,3-dioxopropyl]thio]~-1-pyrrolidinecar-
20 boxylic acid(4-nitrophenyl)methyl ester (0.392 g) in
2.5 ml of tetrahydrofuran. After 30 minutes the reac-
tion mixture is treated with ice-cold saturated sodium
bicarbonate solution and ethyl acetate. The aqueous
layer is extracted with ethyl acetate. The combined
25 organic layer is washed with three portions of brine,
dried over anhydrous sodium sulfate and by anhydrous
magnesium sulfate. Filtration and concentration
affords the crude carbapenem which is purified via
silica gel chromatography (80% ethyl acetate in
30 hexanes). The title compound is obtained as a pale
yellow oil (0.295 g) 77%. N
Calc’d (038 ‘985011818): c,56.21; H,6.08; " N,8.63; 8i,
3.46; 8,3.95
Found: C,55.66; H,6.02; N,8.03; 8i,
35 3.21; 8,3.87



The reaction is quenched with 10% acetic acid and di - luted with

et hyl *facetate. The organic |ayer is washed 5 once with water and
once with brine. After drying over magnesi um sul fate and
filtration the crude product is chromat ogr aphed on silica gel with
50% et hyl ace- tate/ hexanes to afford 1.58 g (53% of the desired
.com pound as a nearly colorless oil. 10 [err]H NMR
(cbd[err]) d 7.35(m5H), 5.2(ABq, 2H), 94"2(m 1H), 3.9(m1H), 3.7(2d, 6H),
3.4-3.2(m4H), 305(br slH) 265(m1H) 2.2(m 1H),

2.0-1.6 -1 Ex | e 55

2- Azetlt(:hmn ut an0| C acé(? rr'] 1[(1(:} rré"thoxyb’h(}ggﬁi r?)'/nl )- 15 e

met hyl ] - 1- [ (A, NMRy; ("@Q‘P%letth)ﬂ 928 (Fot4E)l,si7 yﬂﬂ(mm-, 5.26(m,4H),

[[(1,1-di meg o @ hi/k 'Md‘bﬂ gy, ]ﬁ@dﬁg[ ), Lzeroj <&, 6m) , To

di oxo-, phenyl rret il est 2R— E}e r;
28 m of 3%1ER EBRs Wac’e't 18 gddedS (n '53" °18 8y 98) /N- br onosucci ni i de
and she reslo7 (g, 6B)Xiure 20 cooled to -15[err]C. The dithiol ane

conpound prepared in i%l e!54, 0.859 g, in 14 mM of acetone is
added drop- Wi se over 9+ . The reactlon Is then all owed
i 38B5 88 A1 Bibe tac A Ri%i a¢thedehed with 10%

sodi um t hi osgyl

The organic
once with

filgpation a'&%ﬂﬁﬁi dl% ShQ - ®f ‘!i@ tﬂEQ@HGT-zL-%aEBB lic acia fied via
flash chromatography on s %e 0 exanes/ et hyl acetate.
The title conpound is obtjé-mmr hen t ss oil which fornms white
crystal s upon THe eampounidopreparedclid. Eftample)s54652¥6 mqg) [err]H

NVR ( CDCl
MRS 4([23['{ ]asﬁj '7123‘%% ra,?—*)t %‘i@’%ﬁ‘ ?é!) lg(z%%m‘fﬁ) withsgla= | g oH),
+1.15(d, 3H) cial acetic acid (0. 29 ml) and then tetrabutylagonium
l e 56 2 d, 3-
¥ dzlﬂgrre'?hox yflu(;:sr::l.f.‘!e ]I rretiﬁ'lyl ] 1 [ [ ?lﬁ%mm iﬁ”@ﬁ%:ﬁﬁ&ﬁ?éfhbﬁnﬁc'
et hyl ) di me ap %% £or, 18,BAVFRet hyPe reaction
ester, [SRalidturd iH em]u(tB’a) Witn ethyl acetate andh®abBed] okeeo ester

\;I)Mrte Ea{)engn @ﬁa@it%raﬁied sodium hi gbnage soTutgfonaggaogw&“ le is treated

with brine. The organic layer is dried over anhydrous-

20 magnesium sulfate, filtered and concentrated in vacuo.
The resulting oil is then flash chromatographed on
silica gel using ethyl acetate followed by 10% methanol
in ethyl acetate. The title compound is obtained as a '
pale yellow solid (100 mg) 42%.

25 ' MM (CDCL,) 4 8.22(m,4H), 7.55(m,4H), 5.29(m,4H),
4.75(m,1H), 4.16(m,3H), 3.50(m,4H), 3.02(48,6H),
2.68(m,1H), 1.97(m,1R), 1.37(4,3H), 1.27(4dd4,4H)

MS (FAB) 698 (M+H) |

30

£

35



m- of triethylam ne trihydrofluoride and stirred at room tenperature

for 30™m nutes. The reaction is 10 poured into a rapidly stirring
mxture of ethyl acetate and saturated aqueous sodi um bi carbonat e.
The organic | ayer is washed once with saturated sodi um bi carbonate
solution, once with water and once with brine. After drying over
'anhydrous magnesi um sul fate and filtrfation, 15 the solution is
concentrated to afford 0.406 g of cruUf3~ nono desi | yat ed
i nt er medi at e. The crude product is dissolved in 5.4 nl of
dry tetrahydrofuran under argon to whi.ch m of tita- ni um
tetrachl oride sol ution (1M I n WE%%%%%%?#%%(NIde) 20 I s added dropw se.
i hyletbyl)ddmethyl=api dl y

After 10 m RIRNOS 2 z-5° A =1 (1,1~dime

stirring et lagh olution. The

organi c | ayer ] > then dried
over anhydr ouS= gt 8N4 8Ae I 1INy pIopeny B@tAYL concentration
t he srude product gt e¥s9 o [ i§ flash chr omat ogr aphy on
silica gel with ethyl acet te t 0 the deS|red
conpound. IR (% ﬁa] 8? godium gF g I(IIVR:"PCSC*,I Aoy 2

7.42-7. 23(ml5kf, ary2denzene inder argon/ i32added( drdpirise. %&d-aG-H)
3. 5-2. 9(”1§HLhyi %@iﬁ?ﬂ@ned;Phqgﬁ%J%;%eg?Lbrpggguéinﬁ#g ? 235

[2?r] drxhbﬁeizﬁnen[ edfters mﬂpﬁgmdﬂomnvcﬁwr solpsdop) al kyl or
praieected of 2-azetidineacetaldehyde, 3-[1~[[(1,1-dimethylethyl)-
- dimethylsilyl)oxy]ethyl]-4-oxo-1-(triethylsilyl)-[2R~-

[2¢,38(R*)]]- (10 g) (prepared as described in EP
37081A1) in 2.2 ml of dry benzene is added dropwise.
The resulting mixture is stirred at room temperature
15 for 45 minutes. The reaction is then quenched with
water and diluted with ethyl acetate. The organic
layer is washed twice with brine, dried over anhydrous
magnesium sulfate, filtered and concentrated. The de-
sired compound is obtained as waxy light yellow crys-
20 tals: 0.549 g (86%)
'H NMR (CDC1,) @ 6.75-6.55(m,1H), 5.8-5.6(dd,1H),
4.10(m,1H), 3.7(8,3H), 3.65(s,3H), 2.8-2.6(m,2H),
2.38(m,1H), 1.09(d4,3H).
Example 54
25 1,3-Dithiolane-2-carboxylic acid, 2-[2-(dimethoxyphos-
phinyl)=3-[fi1-[(1,1-dimethylethyl)dimethylsilyl]—-3—[1-
[{(1,1-dimethylethyl)dimethylsilyl]joxy]ethyl]-4-Ox0-2~
agetidinyl Imethyljethyl]-,phenylmethyl ester,[2R-

[20,38(R*)]]~
30 Benzyl 1,3-dithioclane-2-carboxylate (2.15 g)
~

is dissolved in 10 ml of dry tetrahydrofuran and cooled
to -78°c under argon. To this mixture is*"added drop-
wise 8.96 ml of lithium bis(trimethylsilyl)amide (1M
solution in tetrahydrofuran). After stirring for 15

35 minutes, the vinyl phosphonate prepared in Example 53
is added dropwise as a solution in 11 ml of dry tetra-



hydroxy (Cferr] -Clerr]) alkyl; Rerr] is selected fromthe group

consi sting of hydrogen and (C[err] Clerr]) alkyl; Rerr] is hydrogen,

hal ogen, azido, nitro, cyano, a suit- able | eaving group conprising a

noi ety selected fromOCOCH err], OCOCF[err], OSOerr]CHerr], Osqerr]Ph,
OP(O)(OPh)[err]; a noiety of the formula - S(O)R[err] wherelnl =0, 1, 2
and Rlerr] may be hydrogen, ((err]- C[err]) al kyl , (C[err] derr]) cyclo-
al kyl, (Jerr]-Cferr]) alkenyl, (C[err?-’C[err]) aIkynyI aryl, hetero-
aryl, aryl ((Jerr]-Cerr]) al kanoyl aryl car bonyl , heteroaryl- car bonyl ,

heterocyclmdmﬁmcwﬁT@WW SdeBlidxlieed Jo R gyl Tused

het erocycl yl C’::[ err]-Clerr oar f'use oaryl
(Clerr]-d &% 9rad Ycﬂ&?‘&r#‘i’éd‘?\%t%r%rﬂ5 Q]U-?HQ:R rene chdust er oar yl

err (S ( t oLyE ! r ero- cycl yl
Eg[err} g[[ rrei )rﬁmon%%tﬂﬁigd%% het ear%ect%la*ﬁml aterni zed fus)éd d
heterocycl§1 "](J& k%‘(ﬁ ¥4 acptate. qt?éhet%?gﬂ'&’eﬁj wﬂa twashed|
quat Br ni zesriaes ard 1o twter yand Gnde ]wﬂlﬁrlﬁh)n@.' Kyl £t &t ArSF it Wrer

opt 1 onal |y HasEeeii AR And K lhaYesad P S“C“p?qo@afa drr)

al kanoyl anichromatngraphed amdsilicy ek Wity &ay )etaiyiylm-no hydr oxy,

e cemkosinedts detith S19 GAY kel dlrdlgger

cycl yl t hi oP%%%ﬂylnekrdrﬁ)a?ﬁiﬂn%ﬁ d?lnb guani d| no, nitro, fluoro,
clhlkvoo | &mmmr(luma. INd 8;6J3§(nﬁ,r3k)e,stf.rzs(rlﬂzfrz@?f H}uﬁ[ grrll used
a anoy (0)¢ car.pony het ero car pony use
AN 0 s Y L A G GRS o

above- narree-lﬁét(u.am(}l yol .2 (SR he2.a-acyeiny,|3E)hetiepagdylsmnd f used
heteroaryl noieties are sel ect edé‘ ;g@% Agsoxygen nitrogen or sulfur atons

and each ri ng of_the heterocycle erocycle and heteroaryl . fused

het er oaryl L fidy 3 hoxypbh ingddem or

het £¢ oat ons h&th alkavq 3Nk )3 15 Eul zed

het eroaryl ( N guat er ni zed
het er o- cycl H—CEFerT S 1=V AT -, Rt AYASELY LI QXY @EQY LU S0 e efBcycl yl,

guat er ni zed fusddolkxe zed fused

heteroaryl, quaternligﬂ %uiﬁQOQEEQr%%EQr in acetone is added
1.67 g of N-bromosuccinimide and the resulting mixture

20 cooled to -15°C. The dithiolane compound prepared in
Example 54, 0.859 g, in 14 ml of acetone is added drop~
wise over 9-10 minutes. The reaction is then allowed
to warm to -5°C over 30 minutes. The reaction is

_ quenched with 10% sodium thiosulfate and then diluted

25 with ethyl acetate and water. The organic layer is
washed once with 1M sodium bicarbonate and once with
brine. After drying over anhydrous magnesium sulfate,
filtration and concentration the crude product is puri-
fied via flash chromatography on silica gel with 50%

30 hexanes/ethyl acetate. The title compound is obtained
as a colorless oil which forms white crystals upon
freeger storage. yield: 0.504 g (65%).

17 aMr (cpcl,) 4 7.35(m,5H), 5.3(s,2H), 4.15(m,1H),
3.65-3.4(24,m,8H), 2.8(m,1H), 2.4-2.2(m,1H), 2.0(m,1H),

35 1.8(m,2H), 1.15(4,3H).



(Clert]-Cerr]) alkyl, quaternized heterocyclyl (Cerr]-Cerr]) thio- alkyl
noi ettes are selected from 1-4 oxygen, nitrogen or sulfur atons and nust
contain at | east one nitrogen atom and each ring of the-respective noiety
is com prised of 5 or 6 atons; a noiety of the fornmula -OR[err], wherein

- Rlerr] is described hereinabove; noieties of the formulae -NRerr]Rerr],

-N(Rlerr])ORlerr], -N(R[err])NR[errTR[erggh

[err] where Rlerr[°a8nd Rlerr] are independently

sel ected from hydro- gen; substituted or unsubstituted Clerr]-Cerr] alkyl
and cycloalkyl having from1l to 6 caghaniatggs, aryl, heterocyclyl,

het erocycl yl Cierr] C[err]) alk I nd heteroaryl
(derr]-derr] )==2%3210R@+@ 14 gLaE L84 DRy :
from1-4 oxygen[(d&ﬁéggggygmdsguiﬁgnlabe§§1gnsgtanmkg Q&daEheehkltaken

h f phenylmethy
together My 10 ¢he1)dinethylsilyljoxy)ethyl]-7-oxo-, phenylmethyl
s ester, [SR-[Sa,6a(R*)]]-

The o~keto ester prepared in Example 55,
0.493 g, in 12 ml of acetonitrile is treated with 0.650
ml of triethylamine trihydrofluoride and stirred at
room temperature for 30 minutes. The reaction is

10 poured into a rapidly stirring mixture of ethyl acetate
and saturated aqueous sodium bicarbonate. The organic
layer is washed once with saturated sodium bicarbonate
solution, once with water and once with brine. After
drying over anhydrous magnesium sulfate and filtration,

15 the solution is concentrated to afford 0.406 g of crude
mono desilyated intermediate.

The crude product is dissolved in 5.4 ml of
dry tetrahydrofuran under argon to which 3 ml of tita-
nium tetrachloride solution (1M in methylene chloride)

20 is added dropwise. After 10 minutes the reaction mix-
ture is poured into rapidly stirring ethyl ace-
tate/saturated sodium bicarbonate solution. The
organic layer is washed once with water, once with
brine, then a@ried over anhydrous magnesium sulfate.

25 After filtration and concentration the crude product
(0.389 g) is purified via flash chromatography on
silica gel with ethyl acetate to give 0.218 g (55%) of
the desired compound.

IR (cm™t) 1780

30 13 NMR (CDCls) 4 7.42-7.23(m,5H), 5.23(br sJZH),
4.22-4.05{m,2H), 3.7(24,6H), 3.5-2. s(m,SH), 1.2(4,3H),
0.8(s,9H), 0.05(s,6H). :

35



cyclic group consisting of 5 and 6 ring atoms and wherein Rl err] and R[err]
tor the cyclic radical forned by their joinder may be subsf—l—t—u{—ed—wheka—nﬂ

the substiifésylps are selected fromthe group consisting of'rlﬁrshe@

di- and tri-(Cerr]-Cerr]) al kylam no, hydroxyl, carboxyl-, M’Br w, u,,

-Sgerr]NH err], phenyl, benzyl, and al koxyl cg&bonyl V\/nere

reprgesents hydrogen, substituted or unsub- uted (derr]=
(Gerr]-derr]) alkenyl, heterocyclyl and heteroaryl wherein the heteroatom
or heteroatons ar ggeedfcisd from 1-4 oxygen, nitrogen or sulfur and the

cycljc portion has 5 or 6 ring atons wherein the substituents on Rlerr] are
sel e}ct ed from anino, nono-, iti - & compound of thegformuly Is

tri-{C[err]-Cerr]) al kylam no, hydroxyl, carboxyl, fluoro, SJerr]NH err]

car boxam do and al koxycar bonyl ; noi eti gs ofl't he for mul ae: [err]
“wherle Rlerr], Rerr] and Rerr] are ad\her ore defined; noieties of
t he If or nul ae: ]
. 4 z
° ! co:"

wherein:
R" is hydrogen, hydroxy (lower) alkyl or protected

. . bydroxy (lower) alkyl; |

o R? is selected from the group consisting of hydrogen
a.nd (c,-Cq) alkyl:

R is hydrogen, halogen, azido, nitre, cyano, a su:.t-
able leaving group comprising a moiety selected from
OCOCH,, OCOCF,, 080 2CE4 osozrh, OR(0) (O?h)

a noiet.y of the formula -8{0). R +» Wherein :. =0, 2, 2
ang % may be hydrogen, (c ) alkyl, (33-1::7) cyclo~-
alkxyl, (cz-cs) alkenyl, (cz-c‘) alkynyl, aryl, hetero~
aryl, aryl ,(c:_-es) alkanoyl, arylcarbonyl, heterocaryl-
carbonyl, heterocyclyl, heterocyclyl (cl-cs) alkyl,
fused heterocyclyl, fused hetercocyclyl ‘°:."'°s’ z1kyl,
fused hetercaryl, fused heterocaryl (cz-csj alkxyl,
quaternized heterocaryl, quaternized heterocaryl (C,-C,)
alkyl, quaternized heterocyclyl, quaternized hetero-

- eyelyl ‘°1'°s’ alkyl, quaternized fused heterocyeclyl,
quaternized fused heteroc¢yeclyl (C:L"ce’ alkyl, gua-
ternized fused heteroaryl, quaternized fused heteroaryl
(cl—cs) alkxyl, quaterniged heterocyclyl ‘cz.'cs’ thio~
alkyl, any of such groups being optionally substituted
by Cy-C, alkyl, amino, C,~C, alkanoylaminoe, mono-, d&i-
and tri- (c,~C¢) alkylamino, hydroxy, € 4=Cg 8lkoxy, mer-
capto, C,~C, alxylth:.o, heteroa.rylthio, fused hetero~-
aryithio, aryltkhio, heterocyclylthio, fused hetero-
cyeclylthio, sulphamoyl, carbamoyl, amidino, guanidino,
nitro, fluoro, chlore, bromo, carboxy and salts and
esters thereof, C,-C, alkanoylexy, arylcarbonyl,
hetercaryicarbonyl, heterocyclylcarbonyl, fused

O] Y O 0



[err] - -CHerr]NRerr]Rerr], CH[err]N(R[err])CR[ rrj,
CHert]N(R err])NRferr]R[err], CH[err] F, -CHerr]d, -CHer ]F[err]

-GH err]Br, -CHerr]l, CH[err]OCOCH[err] CH[err]N(R[err])C( )R[err]
-CH err]- N(R[err])C(O)NR[err]R[err] CH[err]-C(NOQ[err])C( )NR[err]R[err],

-CHerr]NHSO err|Rerr], CH[err]NHP(C»(CR[err])(CR[err])
-CHerr]P(O(ORerr])(ORerr]), -CHerr]P(O ebRREerr]Rerr]),
-CHR[err]NR[err]; -CHRlerr]N(Rlerr])OR[err],
-CHR[err]N(R[err])NR[err]R err], -CHF[err], -CHCl [err],
-gﬂg%err}“&g%frr]%@@G%NﬂpqnﬂympcrbigéEszhE%;GGHﬁﬁh&ng%iﬁ(ﬁt:ﬁkeambﬁbeﬁnl
- err err Qr & 8a' Et M ehge k el

CHR err] P(O err wher el.n : X&
areRLere!ngbénggeppﬁégéﬁgyl and fused h eroiryl moiet;%t arz se;ggte

Rierr] is hydrogenfeom? 154 b&Ryen) cHRY2B ﬁnprt SaliFae 4teHS ahd' edBnAmid
nitrogen; Rerr] |% Q&g n_or a.sui % S eppvabl e_protectin rou or
a carboxylSc acid; ®*x gg; ERCYELLy  FUSE n§F§P§°SV°§HeaPGrPﬁFgr% Ew]
where R is.hydroguugdahstbtbghylomoheaﬂebedscbompriﬁbarbk €] okr k) atbmesr
e (ToetY & gl R atap o' hretiRESnfl £h' Lot apfly, Sagpl] 07
formul a N-NR[ er r ] Rawaternized npsp:?arxmd ghaternized hatpynaryll (CohCgdn
from hydrogen, 'OmﬁhkihKYEuﬁﬁkﬁhiLaﬁiﬁ&EL%oc g%y, qﬁh&ﬂ¥hiz€§lﬁ&%b err]

where R err] is as hefeinbefore. defi ne or err Rerr] gether

vmtrltrua£ESOC|ateﬁyﬁﬂﬂﬂodGa‘Fe?nF§x310rqBaﬁE ized SVEPGapﬁﬁFrPF glyl,
2, A conpound of t gaateriiiizadl Fused heterocyclyl (C 1-C¢) alkylor ghaterni-

ged fused heterocaryl, quaternized fused heteroaryl
‘cl'cs) alkyl, quaternized heterocyclyl (cl-cs) thio~-
alkyl moieties are selected from 1-4 oxygen, nitrogen
1s or sulfur atoms and must contain at least one nitrogen
atom and each ring of the respective moiety is com-
prised of 5 or 6 atoms;
2 moiety of the formula -on‘, wherein R® is described
hereinabove;
20 moieties of the formulae -NRhRi, -N(Rh)oni,
-N(RP)NrPRY,

err]

” )
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-wherein: Rerr] is hydrogen, hydroxy (Clerr]-Clerr]) alkyl or protected
hydroxy (dJerr]-Cerr]) alkyl: Rerr] is selected fromthe group

cansi sting of hydrogen and ((Cerr]-Cerr]) alkyl; ' rogen,
hal ogen, azido, nitro, cyano, a suit- able |eavinglb$
noi ety selected from OCOCH err], OCOCF[err], OS(Oerr
OP(O (OPh)[err]; a noiety of the fornula -Sgg)[err] .
1, 2 and R err] may be hydrogen, ((err]-Cerr]) alkyl, err err])
cyclo- alkyl, (Cerr]-Cerr]) alkenyl, ((Jerr]-Cferr]) alkynyl, aryl,
hetero- aryl, aryl ((err]-Cerr]) al kanoyl, arylcarbonyl, heteroaryl-
carbonyl, heterocyclyl, heterocyclyl (CJerr]-(Jerr]) alkyl, fused

het er ocycl yl , fused heterocychyl (C1-(6) al kyl, fused heteroaryl, fused
heteroaryl (Cerr]-C err]_g_ <’ yl,  gudt@rni zed pef uoamyl . quaterni zed
heteroaryl (Clerr]-Cerr] LI ' I . -101-

al kyl, quaterni zed heterocyclyl, qua&lerni zed heteggs cyclyl

((err]-gerr]) alkyl, quaternized fused heterocyclyl ,, quaternized fused
heterocyclyl ((err]-Cerr]) alkyl, qua- ternized fuged heteroaryl,

quat erni zed fused heter ogeW-c-AuC] er r ] '@ eto-hy- al KyR:-c-Gumik-Lr ni zed
heterocyclyl (Clerr]-Clerr])lithio-" alkyl Il any of suf¢h group$ being
optionally substituted by CPerr]-Clerr] & kyl, anmino, err]-Cerr]

al kanoyl am no, nono-, di- and tri-(Cerr]-Cerr]) aIKyIanino, hydr oxy,
Clerr]-Cerr] al koxy, ner- capto, Cerr]-Cerr] alk§8thio, heteroarylthio,
fused hegtgro- arylthio, arylthio, heterocyclylthio, fused hetero-
cyclylthio, sul phanoyl ,-mhp,ano.yl ~n2fediamee guani ghghego)ad trq, fluoro,

¢hl oro, bronmo, carboxy and salts and esters thereof, (err]-Cerr]

al kanoyl oxy, arylcar- bonyl, heteroaryl carbonyl, heterocyclylcarbonyl,
fused heterocyclylcarbgpsy. the heteroaton}ar"heteroatorrs in the
above-naned heterocyclyl, a§e@,h@1e[ocy yl', " heteroaryleyand fused

het eroaryl nvieties are §q}9€te& from 1- Nepyeen, nitrogen or sul fur atons
and eacq_ ing of the heterocycle, fused heterocycle and heteroaryl, fused

het er oary nmeUeS|scmmn3%°;”aQr6aum&

where RP and R* are independently selected from hydro-

gen; substituted or unsubstituted °1'°4 alkyl and
- ecycloalkyl having from 1 to 6 carbon atoms, aryl,
heterocyclyl, heterocyclyl (cl-c4) alkyl, heteroaryl
and heteroaryl ‘01'34’ alkyl wherein the hetercatom or
heteroatoms are selected from 1-4 oxygen, nitrogen and
sulfur atoms or Rh and Ri taken together may form a
cyclic group consisting of 5 and 6 ring atoms and
wherein RP anda Ri or the cyclic radical formed by their
joinder may be substituted wherein the substituents are

selected from the group consisting of amino, mono-, di-~

20

25

and tri-(cl-cs) alkylamino, hydroxyl, carboxyl,

alkoxyl, -soznnz, phenyl, benzyl, and alkoxylcarbonyl:;
wherein R~ represents hydrogen, substituted or unsub-
stituted (C,-C,) alkyl, (C,=C¢) alkenyl, heterocyclyl

and heteroaryl wherein the heteroatom or heteroatoms

30

are selected from 1-4 oxygen, nitrogen or sulfur and
the cyclic portion has 5 or 6 ring atoms wherein the

35
substituents on R* are selected from amino, mono-, di-

A



t he hiteroat om or
quaternlzed heter
quat erni zed het er
het er ocycl yl , quat
guat er ni -

(dJerr]-

contain

Rerr] is descrlbqgD elg

heteroatons in the above nanmed quaternized heteroaryl,

zed fuse

err]) alkyl, quaternized heterocyclyl,
-Clerr]) al kyl, quaternized fused

eterocyclyl (Cerr]-Cerr]) alkyl,
uaterni zed fused heteroaryl

i

Cerr]) alkyl, quaternized heterocyclys~(Cferr]-Clerr]) “t hi o- al kyl
noi eties are selected from 1-4 oxygen, nitrogen or sul fur atonms and nust
| east one nltrogen aton1and each ring of the respective noiety

is com prised of &ndrtpia n abkyl;mbﬁo;hnydrnxyuﬁiciiﬁdxyl. £lheo o )

at

-N(Rlerr])OR[err],

[err]

10

s

25

30

35

?fi°£§@%££g£9%?e -NR[err]Rerr],

err -err

moieties of the fornnlae.

-p(o)(or')(oR") , -P(0)(NR™R'),
-P(0)(orR*¥)(NR'R") , -P(O)IN-C(O)R"1,
. | }

-P(0)(OR¥)(NR'C(0)R")

h i k

where R, R™ and R are as hereinbefore defined:;
moieties of the formulae:

-c==C-R° -c-u-kf , =C=0
o .
Re
|
-c-s , =C-C-R® , -c-R"
O

ih

-cnznn R, CHzﬁ(Rh)ORi, Cﬂzﬂ(nk)NRhRi =CH -F, =CH 01,

~CHF -CH_Br, -CH

~CH,-N(R ye(o)NRMRL, -cE -c(non

o1, ~CH,0COCH,, -Cx n(ni)c(O)ni,

2’
k)c(omn.“n"

kz

k

cnzmzsozn CH,NHP (O) (OR )(OR ), =CH P(O) (OR ) (OR P

-cx, p(o) rrl), ? carSpixh , -CHRFN(R yor?,
--cnnku(a )nnpni ~CHF,, -CHC1, -CBRkN(R-)C(O)NRPRi,
~CHR e (vor )c(o)unhn -cnn*nnso &, -cEr®mme(0) (or})-
(or?), -cErFP(0) (or1) (ORD) vherein 2%, &Y, gl ana R"

are hereinabove defined;

* [ b - & hd



where R and R are independently selected from hydro- gen;
substTtuted or unsubstituted (Jerr]-Cferr] al kyl and cycl oal kyl havi ng
from1l to 6 carbon atoms, aryl, heterocyclyl, heterocyctyt=——"—"
(derr]-Cerr]) alkyl, heteroaryl and heteroaryl ((err]-Cerr]) alkyl’
wherein the heteroatom or het er oat ons are seLected

nitrogen and sul fur atons or Rlerr] aagoBkerr] tak [m"! Hﬁmnvwl“l
forma cyclic group consisting of 5 and 6 ring atons

Rlerr] and Rlerr] pr the cyclic radical formed by their j oi nder may be
substituted wher Rnh ischydbegenents suitable removablef protektingogpoup
consi sting of am | and tri-(Cerr]-Cerr]) alkylam no,
hydr oxyl , carbox fGE afﬁg n?tro%; err]NH err], phenyl, benzyl, and

al koxyl car bony! : 'S 13v®¥4€?9ﬁ¥{%¥r? suptable sepouablenprotesting: guoup
unsub- stltufag i(}@*ﬁ&xfiféri&igkkyl (derr]- C[err]) al kenyl ,

het er ocycl yl a d heteroar% wher el n tge het et §t0¥] et er gat ons
are sel egt ed fro¥1i9 SKIIeR:s R1fufendPOLBEY PL, ormpia NR.| where

portion Has 5 or ® riﬂmyamemheuesﬂraﬁqht or brianthedecchaian (R_[Lecg) are

sel ected from am nd
(dJerr]-derr]) éﬂﬁw?éﬁgikxlhyﬁr%&§$tyc bégglfofPuo oNﬁ &£b§fﬁerrfﬁH
carboxan do and #Koxycstbaight or braneheduégloesihbowe:nalaexy °r[err]

silyloxy, or a moiety of the formula N—NR R where R

and R9 are independently chosen from hydrogen, lower

10 alkyl (C,=Cq) e benzyl, phenyl, CO RS where R® is as

§

hereinbefore defined, or Ra and R” together with the
associated nitrogen form a 5 or 6 membered cycloalkyl

ring. _
15 2. A compound of the Formula II:
This Sheet Has Been Replaced
5
o IV
20
wherein:

Rl is hydrogen, hydroxy (lower) alkyl or protected

hydroxy (lower) alkyl:

25 R is selected from the group consisting of hydrogen
and (c =C¢) alkyl:
R is hydrogen, halogen, agzido, nitro, cyano, a suit-
able leaving group comprising a moiety selected from
ococns, OCOCF3, 0802083, osozph, OP(O)(OPh)z.

30 a moiety of the formula -8(0). R » Wherein i =0, 1, 2
and R® may be hydrogen, (C -cs) alkyl, (cs-c ) cyclo-
alkyl, (cz-cs) alkenyl, (cz-cs) alkynyl, aryl, hetero-~
aryl, aryl (cl-cs) alkanoyl, arylcarbonyl, heterocaryl-
carbonyl, heterocyclyl, heterocyclyl (cl-cs) alkyl,

. 38 fused heterocyclyl, fused heterocyclyl ‘°1'°s) alkyl, .
fused heteroaryl, fused heteroaryl (cl-cs) alkyl,
quaternized heteroaryl, quaternized heteroaryl (C,=C¢)



where’ R[err] Rlerr] and Rlerr] are as herei nbefore defined, noi eti es

of thexformjlae [err] -CH[err]NR[eﬁh]—REeH—}——————
-GH[err]N(R[err] OR[err], CHerr]NR err]NR[ err], -CH er This SheetHatBRf

-CHF[ err], -CH[le] CH err]l, -CH err] OCOCH err]

-CHerr]N(Rerr]) )R[err] -CHerr]- N(R[err])C(O)a*gl nguuﬂmm
-CH[err]-C(NOQ[err])C(O)NR[err]R[err-], err] NHS
CHerr]NHP(O (OR[err]), -CHerr]P(O(ORerr]) err]),
-CH[err]P(O)(NR[err]R[err]) -CHR[err]NR[err]Rerr],
-CH N N ;
__mg[[ere;]r](R[er D) Qi eqrura'l:)egg[gjg[e”]R[eﬁlrﬂ]) %&MJ&[&U& neteda L1l
-CHR[err]C(NCR[err] 1&)1!\1 °°Y°1Y1'

- CHR] er r ] NHP( O) ( ORiqfiaitlelrnized fiuddiee Weltarocgdiya rd20) ()OBIIWJJ. Lrr])

wherein Rerr], Rerr er ar.e oV ned

-104- Rlerr] gﬁé’d%erﬁ{ﬂ’@gﬁ?ﬁrﬁrglﬂe r@‘[ﬁ’é{%b a%g

an ani de rgt rogen,; (di[ sn alkyllyd gquadermi zeds hetertoryodyly Lo e'q%r)otimitd-ng

group for a carbo 0 | a

NR[ err] where R[e?ﬁ]ﬂi% hy%r C?geé(r?h% Q“%E’%t%uo&% ﬁ’}%‘ﬁﬁ %];“'btsriq'ttuqer&j

(Jerr]-Cerr]) |&kC a‘IQGylalkalaniyl%f Q I'IG@‘ GM&?MM]: l\m-a Hlerr]

is OH a straight aga Q&qpq@gd 9 @ thu& I@pxb Ol

or a noiety of the fornmula NANRS®err err] mhere %ﬁrr rr

i ndependent |y chos&*PPem%y&ieo % %&#& s Cff é¥$%5

phenyl , C’? err] R exyltndos E[xlet]hiJos mtdwanWi@,thdﬁeﬂ[-err]

and R[err togethegygfyiéﬂyi' sulphamoyl, carbamoyl, amidino, guanidino,
nitro, fluoro, chloro, bromo, carboxy and salts and
esters thereof, cl'cs alkanoyloxy, arylcar-
bonyl, heteroarylcarbonyl, heterocyclylcarbonyl, fused

15 heterocyclylcarbonyl, the heteroatom or heterocatoms in
the above-named heterocyclyl, fused heterocyclyl,
heteroaryl and fused heteroaryl moieties are selected
from 1-4 oxygen, nitrogen or sulfur atoms and each ring
of the heterocycle, fused heterocycle and heteroaryl,

20 fused heteroaryl moieties is comprised of 5 or 6 atoms,
the heteroatom or heteroatoms in the above named
quaternized heteroaryl, quaternized heteroaryl (C,-C¢)
alkyl, quaternigzed heterocyclyl, quaternized hetero-
cyeclyl (ci-cs) alkyl, quaternized fused heterocyclyl,

25 quaternized fused heterocyclyl (cl-c‘) alkyl, quaterni-
zed fused heteroaryl, quaternized fused heterocaryl
‘cz'cs) alkyl, quaternized heterocyclyl (c1'c6) thio-
alkyl moieties are selected from 1-4 oxygen, nitrogen
or sulfur atoms and must contain at least one nitrogen

30 atom and each ring of the respective moiety is com-
prised of 5 or 6 atoms;
a moiety of the formula -0R®, wherein R® is described
hereinabove;
moieties of the formulae -Nnhni, -N(np)oni,

35 - (eP)urlal,

1N AR



T ela it 0T » ¢

associated nitrogen forma 5 or 6 nenbered cycloal kyl ring. 3.
A conpound according to Claim1 having the fornul a: [err]

wherein: Rerr] is seglegted fron1the roup consisting of hydrogen and
(derr]-derr]) aIkyIﬂ = o gen or a suitable renovable

protecting group for id;, Rerr] is selected from
-Cqerr]Rerr],-C(R e it C(O)R[err. 02-
-C(S)Rerr],-C(ONR rr]R[err] -C(S) NR[err]Rerr], -C(SRerr],
-C(ONR[err],NRerr]R err], C(S)NR[err]R[err] -F, -d, -Br, -CF[err],
-Cl[err]-SOerr]Rerr], -SCR[err], -P(C»(CR[err])(CR[err]),

P(O(NRerr]Rerr])[err], -NJerr] -CN, -NC, -SOerr]NRerr]Rerr]
mhereln Rlerr], Rerr], Rerr] and R[ePr] are as defined in Cdaiml;
Rierr] is hydrogen, trlnethy lyl, |ethyIS|
but yl di met hyl si ['yl, al kyl 'b{gps whi TRy be br"g\ éa"'of' strai ght chain

“having 1-5 carbon atons; benzyl or pRenyl, any of ¢h al kyl, benzyl or
- phenyl grups being optlonally subst it ut ed by am no, - 105-
(derr]- CPerr]) al kyl am no, hydroxy, (C[err]-Clerr]) al,oxy, mer capt o,

(Cerr]-derr]) alkylthi gagubgianoyl, peayhappyl, sty | uoro, chloro,

brono, carboxy and salts and gsters of sal carb0xy gpoup; or *any of the
noieties recited for R ° 4. A cohpound accorgling to daim1 having
the formul a: [

or*

10 _
-NHSO,R* -N==¢, -Nco , R'RfP(O)NH-

& '
h ”\r(o)un- . -u<cml . =NHCN
(n'o)/ c(o)r*
15
~-NHP{0)R*{OR")

'* where Rh and Ri are independently selected from hydro-
gen; substituted or unsubstituted €,-C, alkyl and

20 cycloalkyl having from 1 to 6 carbon atoms, aryl,

heterocyclyl, heterocyclyl (cl-c4) alkyl, heteroaryl

and heteroaryl (cl-c‘) alxyl wherein the heterocatom or
heteroatoms are selected from 1-4 oxygen, nitrogen and

sulfur atoms or RP and Ri taken together may form a

cyclic group consisting of 5 and 6'ring atoms and

wherein Rh_and Ri or the cyclic radical formed by their
joinder may be substituted wherein the substituents are

selected from the group consisting of amino, mono-, di-

and tri-(c -Cy) alkylamino, hydroxyl, carboxyl,

30 alkoxyl, so an, phenyl, benzyl, and alkoxylcarbonyl;
wherein Rk represents hydrogen, substituted or unsub-
stituted (cl'ca’ alkyl, (cz-cs) alkenyl, heterocyclyl
and heteroaryl wherein the heterocatom or heteroatoms
are selected from 1-4 oxygen, nitrogen or sulfur and

3s the cyclic portion has S or 6 ring atoms wherein the

substituents on R* are selected from amino, mono-, di-

R O R D1

25




[err] .wherein: Rerr] is hydrogen, hydroxy (derr] - (err]) alkyl or
protect‘ed hydroxy (Clerr] -Cerr]) alkyl; Rerr] |s sel ected fromtihe- group

consi sting of hydrogen and ((Jerr]-er ]) al kyl ;

sui tabl e renovabl e protecting group for an am de ni trogen
hydrogen or a suitable removable protecting group for a ca

5. The conpound according to Claim1 wherein: err] is hy rogen

(Clerr]-Cerr]) alkyl or protected hydr oxy ( grr] - Cerr]) alkyl; R[err]
i s hydrogen, or nethyl; Rerr] is hydrogen hal ogen,' azido, nitro, cyano, a

suit- able | eavi ng s Wicof@ -
OCOCF[err], OGSO err CHerr! é({’err] (())? %‘B?gl gﬁgggi{étﬁ%*’:t%e
formul a B(O)[err] alk °EY&H€17’RPKH] may be hydrogen,
(derr]-Cerr]) al mdietidsrof ﬂwmhquelco- al kyl, (Cferr]-Cerr])

~al kenyl, (Clerr]-Clerr]) alkynyl, aryl, hetero- aryI aryl (Cferr]-Clerr])
alkanoyl, aryl car bonyl , heteroaryl- carbonyl, heterocyclyl, het er ocycl yl
(err]-Csrr]) alkyl, fused heterocyclyl, fused heterocyclyl
(err]-Cerr]) alkyl, fused heteroar'yl fused heteroaryl ((err]-Cerr])
al kyl, quaterni zed heteroarylp r hiyet eroary ppQyerr])

al kyl, quaterni zed heterocycl yﬁ?wgggt gr(frrﬂgez b((oqeﬁh R )

- 106- het erocyclyl (Clerr]- C[err]) al kyl% quaternized fused heterocyclyl,
guat.erni zed fused heterocyclyl (CJerr]-Cferr]) alkyl, quaternized fused

het eroaryl, quaternized fus 1e@lerr] - C[err | kyl atyerni zed
heterocyciul (derr]- C[err]?fip ?&gpﬁ Nh #y)of stich g'roLlebéT?\égb 'szlally
substituted by (Jerr]-Cerr] alkyl, amno, CJerr]-Clerr] al klanoyl am no,
moho-, di- and tri-(Cerr]-Cerr]) alkylamno, hydroxy, C[erﬁrr] derr]

al koxy, nmercapto, Cerr]-Cerr] alkylthio, heteroarylthio,

-P(0)(OR*)(NR'C(0O)RY)

15
where Rh, R and Rk are as hereinbefore defined:;
: moieties of the formulae:
-C==C-R® , -C-N=-R! , ~C=o0
20 l !
RP R®
RG
25 ' !
-C=§ , =C=C-R® , —C-RP
I | | l
R® RP R! R!
-cE_NRIgP CH,N i hn
2 ;- (n JOR™, CH H(R )NR --cx2 F, -CH,C1,
30 -CHF,, -CH,Br, -cn oI, =CH, ococn -CH, N (R )c(O)Ri,
X k h i
—cE. ,~N(R )c(oannhn CE. -c(uon )c(o)un ri,
cnznnsoznk cnznnP(O)(on )(on ), =CH P(O)(OR )(on ).,
- bely’ —cERMNginP Xn
CH,P(0) (NR -CHR (R yor*,
-cnnknrn )unpni ~CcHF,, -cncl -cnnknra yc(o)NrER,
i
ss -cnn ¢ (NoRF )C(O) hn -cnn?nnso r®, -cnn*nnp(O)(on )-

(or®), -cER®P(0) (or) (ORDY vherein B , %, r! apa RP
are hereinabove defined;

A



fused, heteroarylthio, arylthio, heterocyclylthio, fused heterocyclylthio,
sul phamoyl , carbanoyl, am di no, guanidino, nitro, fluoro, chloro, brono,
carboxy and salts and esters thereof, Cerr]-Cerr] alkanoylaxy. . .
aryl carbonyl, heteroaryl carbonyl, heterocyclyl carbonyl, fused

het er ocycl yl carbonyl, the heteroatom or heteroatons in t

heterocycl yl, fused heterocyclyl, heteroaryl | fused h mum’m”lwmmﬂt
are selected from 1-4 oxygen, nitrogen or suT " atoms a

het erocycl e, fused heterocycle and heteroaryl, fused heteroaryl noieties is

conprised of 5 or g glePrfy dfélfeﬁ‘eéfré’aéﬁ%ﬂw%e‘ﬂdmféﬁqdﬂéé& 1P G agred

quat er ni zed heteroaryl u ternlfﬁd heteroaryl ((err] err]) al Kyl

quat erni zed heter IRIPMet erocyclyl (Cerr]-Cerr]) al kyl,

?uc[at er]nl é[ed fiJ)sedI patagen c%mtersuﬁ&bh wmml wmt)dctaxﬁg grdoup
err err a uat.erni eteroary guat erni ze use

het er oar yl (C[err]é(‘%[@raﬁ ’Wrzf cﬂfé[s ni zed heterocyclyl ((e -Cerr])

t hi oal kylg noi et es arsa oxygan o sl fur,l -2 mom omiﬂha)gamlas umlfams

and nust contain tr b’if?a&lé o I ective
noi ety is conpri sed ?% ?&k oﬁggﬂ}% or r:;u @1 ?ﬂaerei n
R is described herla‘fm&ﬂélﬂrml%tﬂ%'hﬁfcﬁ Qf]ethﬂ)rﬂﬂﬂﬂﬂ’éli N ar F']!Hra R’

-N(Rlerr]) OR err] op NaNstrdight &2 I &ictea (C;~C4) lower alkoxy or

-107- r
0 silyloxy, or emozl.ety of the formula N-NR®R? where Rr®

10 and R9 are independently chosen from hydrogen, lower
alkyl (Cy=Cg) benzyl, phenyl; coBR§ where R° is as
hereinbefore defined, or r® ana Rr together with the
associated nitrogen form a 5 or 6 membered cycloalkyl
ring.

15 3. A compound according to Claim 1 having

the formula:

& on a2 gt
A Sheet Has Been Replaced
S (117
20 J— ? .
0
s
wherein:
R% is selected from the group comnsisting of hydrogen
25 - .
agd (C,=C¢) alkyl;

R” is hydrogen or a suitable removable protecting group
for a carboxylic acid;
R'® is selected from -co,Rr°, -c(R®)=Nr*, -c(om‘,
-c(8)RY, -c(onuzl‘ni '-c(s)mhn -¥, -c1, -5z, 3,,
30 -cc1,, -sozn , -80R%, -p(0) (or)) (oR®), -P(0) (NR'RD )
5 ,h _i
—Noz, -CN, -NC, -80 NRPR wherein R, R, R* and R are
as defined 1n_c1a1m 1; _ ' _
R is hydrogen, substituted silylgroups,

substituted or unsubstituted alkyl groups which may be
35 branched or straight chain having 1-5 carbon atoms;

phenyl-substituted alkyl groups, any of such alkyl and

phenyl groups being optionally substituted by amino,



where’ R[err] and Rl err] are independent |y Setected—from-hydro- gen;
substftuted or unsubstituted (Jerr]-Clerr] alkyl and cycloal kyl having from
140 6 carbon atons, aryl, heterocyclyl rr]-Clerr])

al kyl , heteroaryl and heteroaryl C[err]lmm ﬂﬂ'mmﬂ!"m rein the

het eroat om or heteroatons are selected fr0n1& 4t ox trogen and sul fur
atons or Rlerr] and Rerr] taken together Ré8£n1a cyclic group
consisting of 5 and 6 ring atons and wherein err]. and R err] or the
cyclic radical formed by their joinder may be substituted wherein the
substituents are sehecge is

and tri-(Cerr]- C[?h]?‘gl %(iﬁgim“ggngﬁ d£8£,§ cg%box%/{ i‘ﬁ:@ﬂy, ”Ré‘feapgb
~SOerr]NH err], ph&fyTC3be §¥1t5hﬂ'a?¥¥R BAYbon rh%ﬁ@?%rh‘*&%?r]

Jrepresents hydr ogenﬂﬁubstlémoﬁloprhmb csfbéﬁfednéqexti &h&réstesskyl,

| k t I et t
(cerrl Cler]) @ “Ei¥kaoRE oF Shtg ! 4k B08 MSLGEESE ko fLd fot 205! o7 02t O
cyclic porg ion has 5 or 6 ri ng. atAnsompeund nacberdimstto vehaimon hheing are
'sel ect ed ron1an1no ~ -108- and

tri-(Cerr]- C[err]) a ky?an1no hydroxyl, carboxyl, fluoro, SO err] NH

earboxanldo and al koxycar bonyl ; nnletleg of the fornulae . “This ﬁﬂ{&“

Frpe O T

10 .4 co,nt

wherein:
Rl is hydrogen, hydroxy (lower) alkyl or protected
hydroxy (lower) alkyl:
15 R? is selected from the group consisting of hydrogen
and ‘°1'°6’ alkyl:
: r! is hydrogen or a suitable removable protecting group
: %ﬁ for an amide nitrogen:
| , Rs is hydrogen or a suitable removable protecting group
: 20 for a carboxylic acid.

5. The compound according to Claim 1

wrwsavnpvmmnll, s Nww e o

wherein:

: R1 is hydrogen, hydroxy (lower) alkyl or protected

) hydroxy (lower) alkyl:

: 25 R? is hydrogen, or methyl;
R® is hydrogen, halogen, azido, nitro, cyano, a suit-
able leaving group comprising a moiety selected from
OCOCH,, OCOCF,, 080,CH_, 080 2h, OP(O)(O?h)z,

3 3 23
a moiety of the formula -8(0) R , Wherein i = 0, 1, 2
30 and rR® may be hydrogen, (c ) alkyl, (c ) cyclo-

alkyl, (c2 cs) alkenyl, (cz-cs) alkynyl, aryl, hetero-
aryl, aryl (ci-cs) alkanoyl, arylcarbonyl, heteroaryl-
carbonyl, heterocyclyl, heterocyclyl (c -C ) alkyl,
fused heterocyclyl, fused heterocyclyl (c ) alkyl,

35 fused heteroaryl, fused heterocaryl (c1 cs) alkyl,
quaternized heteroaryl, quaternized heteroaryl (c1 -C
alkyl, gquaternized heterocyclyl, quaternized

6’



- where_ Rlerr], Rerr] and Rlerr] are as hereinbefore defined; noieties of

the f or nul ae: [err] -CH[err]NR[err]R[eppk—————*—*——’-—”"
-GH err]N(R[err])OR[err], CHerr]N(Rlerr])NR[ err] Rl er rynis
err], -CHerr]Br, -CHerr]l, -CHerr]

-CH err]d, -CHF
-CH[err]N(R[er 1) X )R[err] -CHerr]-N(Rlerr])C(O NR[ er

r i
CI—l-C(NCR[err])C(O)NR[err]R[err]l - CH[ er r ] NG riR[ err
)

CH err] NHP( O ( rl1)(OR[err]), -CHerr]P(O (ORerr])(ORerr]),
-CHerr]P(O (N ]R[err]) CHR[err]NR[err]R[err],

ORerT MR e ert] eb cly@?'?be"-bﬁn Sl Isus &l err,
- err - rr err er.r err ,
-mR[err]qNOR[ers ezt ngm A RESEFATHEIFY | (C4C)

.};’ﬁ

- CHR[ er r] NHP( O) ( OriLey],) quateraizkd fiiddd heltidrCaryd] eruatdralzud ]ﬁusea

M0oc " “Rerr| i DORPASEY §PaSCe)i PNRE SHRFRES L HRKORAPE D or

3.3

an ami de ®itrogen{C,RPgdr Fhﬁ-gaﬂtilﬁi-egmyopfa sugh gironpse heizg opticmaling
group for a CaerﬁﬁE%&tﬁ%bﬁ by C,-C, alkyl, amino, C,-C, alkanoylamino,
mono~-, di- and tr1 (c -C ) alkxylamino, hydroxy, cl Ce
alkoxy, mercapto, c1 6 alkylthio, heterocarylthio,
fused heteroarylthio, arylthio, heterocyclylthio, fused
10 heterocyclylthio, sulphamoyl, carbamoyl, amidino,
- guanidino, nitro, fluoro, chloro, bromo, carboxy and
: salts and esters thereof, cl--c6 alkanoyloxy,
arylcarbonyl, heteroarylcarbonyl, heterocyclylcarbonyl,
fused heterocyclylcarbonyl, the heteroatom or
15 heteroatoms in the above-named heterocyclyl, fused
heterocyclyl, heteroaryl and fused heteroaryl moieties
are selected from 1-4 oxygen, nitrogen or sulfur atoms
and each ring of the heterocycle, fused heterocycle and
heterocaryl, fused heteroaryl moieties is comprised of s
20 or 6 atoms, the heteroatom or hetercatoms in the above
named quaternized heterocaryl, gquaternized heteroaryl
(°1'°s) alkyl, quaternized heterocyclyl,.quaternized
heterocyclyl (C,=C¢) alkyl, quaternized fused
heterocyclyl, guaternized fused heterocyclyl (cl—cs)
25 alkyl, quaternized fused heteroaryl, quaternized fused
heteroaryl (°1'cs’ alkyl, quaternized heterocyclyl
(cl-csj thiocalkyl moieties are selected from 1-4
oxygen, nitrogen or sulfur atoms and must contain at

least one nitrogen atom and each ring of the respective

30 moiety is comprised of 5 or € atoms;
a moiety of the formula -OR‘, wherein R® is described
hereinabove;
mo1et1eshof the formulae -anni -N(R )on ’

—N(R JNR R* ’
35
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Ceew——

X is Oxygen
fornura
Rlerr],

R[~err]

6. A process for producing a conpound of the
[err] wherein: Rerr],
are as defined in

Rlerr] and Rlerr] g;ghg%}_,ywuiiL,____,
conprises reacting in the presence of a solvent a co aof the for

[err]
aci d.
[err]

of the fornul a:
-110-

10

15

-

20

25

30

35

where Rlerr]-
7.

wher ei n: “

Claim 1, which conprises reacting in the presence of a solvent -a conpound

and X are defined in C ajmhisB

produci ng a conpound o i\ﬁm

Rl err]

A process for

| e
Rlerr], Rerr], \

Rerr] andt®err] are

[err]

gt H _
-a-<: , -M-c-r*  -MH-c-cH-NR*R'
2! I I .
' &t o &t
lI
R*RIN-C-NH~- R*RIN-C-NH- , R*-c-c-NH-
1} .H l
0 s N
lu'
~NHSO,R* | -N=¢c, -NcO  x"'p(0)NH- .
(r*0) clo)e!
\\r(o)ua- . -u<<: , ~NHCN
(g'o)/ C(O)R.

S TLICHE L)

where R® and R; are independently selected from hydro-
gen; substituted or unsubstituted c1 C, alkyl and

cycloalkyl having from 1 to 6 carbon atoms, aryl,
heterocyclyl, heterocyclyl (c -C ) alkyl, heteroaryl
and heteroaryl (c ) alkyl wherein the heterocatom or
heterocatoms are selected from 1-4 oxygen, nitrogen and
sulfur atoms or RP and Ri taken together may form a
cyclic group consisting of 5 and 6 ring atoms and
wherein Rh and Ri or the cyclic radical formed by their
joinder may be substituted wherein the substituents are
selected from the group consisting of amino, mono-, di~-
and tri-(c -C ) alkylamino, hydroxyl, carboxyl,
alkoxyl, so an, phenyl, benzyl, and alkoxylcarbonyl:
wherein R; represents hydrogen, substituted or unsub-
stituted ‘cl'cs) alkyl, (c2 cs) alkenyl, heterocyclyl
and heteroaryl wherein the heteroatom or heteroatoms
are selected from 1-4 oxygen, nitrogen or sulfur and

the cyclic portion has 5 or 6 ring atoms wherein the

substituents on R® are selected from amino, mono-, di-

/A




V\/nere Rerr]-

R err
Sui t abl e aci d.

] and X are as defined in daiml with a

8. A process for

prepdn ng - a corrpound. of

t he formul a:
wher ei n: Rerr], R[err], Rlerr], and Rerr] are ml
whi ch conpri ses; (a) cont acti
the formul a: L
wherein: 20 Rlerr], Rerr] and Rl err] ar883s deflned in Cdaiml wth
a conpound of the for mul a: [err] wher ei n:
Rlerr] is hereinbefqr f_i rr t n
lithium sodium or %'&% c&) al}r)ﬁylm%x% Lyﬁ?eri:ﬁe ’i ?aa dr itoirq'g’r@ed
al kyl phenyl substi ;gquoxam.do andgpdd:pxypncbynylcpt i onal |y
substituted W th jra3 A3 d¥DE the formhiRels: Rerr] is a
substituted silyl group, an acyﬁ group or an aral kyl carbonyl group to yield
a conpound of the fornmul a:
S
-p(o)(or')(oRP) , -P(0)(NRMR'),
-p(0)(oRK)(NR'RP) , -P(O)IN-C(O)RM),
10
RY
-P(0) (OR*)(NRTC{O)R")
15
where Rh, R* and Rk are as hereinbefore defined;
f moieties of the formulae:
~C==(C-R" ~Ce=N-R! , ~-C=0
20 I!l\ Le
Rﬂ
25 I
-¢=$ , =-C-C-R® , =-C-R!
A N
-cr,NR'R", -cH,N(R ®or?, cE,x(® k) xrBgi, ~CH,-¥, ~CH,Cl,
-CHF, , =-CH Br, -CH, I, -CH OCOCH ¢ =CH N(R )C(O)R ¢
30 2 x2 2; 2 37 2 i
~cH, -5 (X) c (0)ne"R?, ~C8,~C (R k) c(0)¥rERY,
CH NHSO Rk CH NHP (O) (OR )(OR Y/, -CH P(O) (OR )(OR )
-cnzp(m umhn‘), —cErNpiE?, -cur¥n(e®)ort,
-cmzkmn nm 'r', -cHF,, CIICIz, -cmzkmn )c(onm“n1
Bpl g .
—CKR C(NOR )C(O)NR R, -CHR SO R , -CHR P(0) (OR )-

35

h

k

{OR", =CHR P(O) (OR )(OR ) where:.n R s R, R and Rh are

hereinabove defined,

’ - [ [ ™ [ «



[err]’, ) __._\A,hereln — HRerr], Rerr], Rerr], Rerr] and

R[err] are herei nbef gy aaBd:pReplaced (b) the conpound of
step a is contacted mn appropri ate hal ogen source to give a
conmpound of the “\M [err]
wher ei n: Rl er err] and R err] are hereinpefore
defined; 20 (c) the conmpeu®®-of step b is contacted with
a reagent Rl err]-H where R[err] i s hereinbefore defined to yield a
conpound of the forgul a: [err]

“wherein: 30 Rq[e##]hrctqcmx} o % FYitayle remgyabie protacting group
her ei nbefore defi nesk an amide nitrogen; (d) the conpound of step c is

' fgp § ? LR Rs is hyirolgt'eaJP loer aa(:ls%::[to Ieveremovamoeu rﬂ)(:j:o%ect engf Og[rnéjtipa

for a carboxylic acid;

s X is oxygen. |
6. A process for producing a compound of the
formula:
R2
R!
10 N RS
/)
0 5
CO,R
i 2 3 4 5 . .
wherein: R™, R, R, R" and R” are as defined in Claim
15 1, which comprises reacting a compound of the formula:
l!
. _
5 r 2?
N X
° -’: co,k?
20 ] 2
where R1-R® and X are defined in Claim 1 with a
suitable acid.
7. A process for producing a compound of the
formulas '
25 "
.1
N 2A—n
o
co,n®
. b 3 2 3 5 R .
30 wherein: R™, R", R” and R~ are as defined in Claim 1,
which comprises reacting a compound of the formula:
a! n*
\
Y
35 °

) A A



wher ei n: Rlerr], Rerr], Rerr] and R err] are herei nbefore

defi n&d; (e) the conmpound of step d is contacted m[fﬁ
a‘suitable acid to afford a conpound of the fornul a: 5
[err] wherein: 10 Rerr], HeH]LHeH]amiHeHL
are hereinbefore defined. 9. A process f preparlng
a conpound of the formul a: wIBEEER L T
[err] wherein: 20 ° Rlefid- Rerr], Rerr], and
Rlerr] are defined in Claim1 which conpri ses;
(a) contacting a conpouna oﬁithe formul a:
[err] 25 where ciand X are as d¢§£indd I «Ckdimmd vilthr @ are
her ei nbef ore deflg%?t%? Qppound 30 of the fornul a:
Cllerr]CJerr]R err ere err] I s hereinbefore defined to
yi el d a conpound of the for®usl aA process for preparing a compound of the
formula:
5 R?
I’
\ g3
//
° co,r’
10 wherein:
Rl, R?, R3, and Rs are defined in Claim 1 which
comprises;
(a) contacting a compound of the formula:
.2
1s R
]r—r’L‘mm
N
o’ |
l‘
wherein:
20 Rl, R% ana R* are as defined in Claim 1 with a compound
of the formula:
0 or!?
(rR''0),-P-cC
25 p10C0,R"
wherein:
R® is hereinbefore defined;
Rlo is a metal cation such as lithium, sodium or
- 30 potassium;

-

r1? is alkyl or branched alkyl phenyl subst1tu;ed'iiky1

group, phenyl, opticnally. subst1tq§g§/wtfﬁ 1-3 carbon
groups, =T
ia_,,aubsf}tﬁfia/;zgyl group, an acyl group or an

_am—" aralkylcarbonyl group to yield a compound of the
formula.

* C L N § . *
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are herei nbef or e—definetd;

-113-

_ \WheretAr—— Rlerr], Rerr], Rerr] and R err]

(b) the conpound of step a

is contacted with 10 . a suitable base to give a conpound of the
formul a: _ R [err] wher ei n:
Rlerr], Rerr], Rerr] and Rerr] are hereinbefore defined, :
(c) the conpound of step b is contacted with111= a reagent Rerr]-H
where Rl err] is hereinbefore defined to yi el d a conpound of the
formul a: [err] 25
R2
R .
\—\/1
o”—"‘ § co,RS
S B S
p12
wherein: .
1 5

i

10

a5

20

25

30

35

’ Rz, R‘, R° ana R? are hereinbefore defined;

(b) the compound of step a is contacted with
an appropriate halogen source to give a compound of the
formula:

R

rR2
Rl
\ “ al
o//—T 0
5
g4 CO2R
wherein:
1 2 4 5 ' . ) .
R, R", R* and R~ are here;nbeforg defined;

(c) the compound of step b is contacted with
a reagent R3-H where R® is hereinbefore defined to
yield a compound of the formula:

b} Rz
|;’_? J;o
¢ co,r®
wherein:
1 2

r', r?, 3, R* ana R® are hereinbefore defined; _
(d) the compound of step ¢ is contacted with
) ,_..-4—/ . .
a suitable acid to give a compound of the formula:

I

—\i Vs
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vidl.

wher ei n: ' Rlerr], Rerr], Rerr], Rerr] and Rerr] afe

hrer eishbef ore defi ned,; - (g) the conpound of _Step c isS
contacted with a suitable acid to give a compound of the fornmnula:
30 [err] "+ wherein:
Rlerr], Rerr], Rerr] and R err] are hereinbefore defined.. -

10. A process for preparing a conpound of the formula: [err]

wherein: 10 Rlerr], Rerr], Rerr] analﬁferr] are defined in Claim3
whi ch conpri ses: (a) contacting a conpound of the
formul a: wherein: [err] wher ein: Rerr],
ARG B AR S R AR R AP R

(e) the compound of step 4 is contacted with
a suitable acid to afford a compound of the formula:

5 r?
n’
\ R3
7N 4
o co,e’
wherein:
10 1 .2 _3 5 . .
R, R®, R” and R® are hereinbefore defined.
9. A process for preparing a compound of the
formula:
nz
R‘
1s \ o3
/,——N /
° co,r®
wherein:
20 Rl, Rz, 33, and R® are defined in Claim 1 which
comprises;
(a) contacting a compound of the formula:
lz
l'
. \—|/|\l:ﬂ0
25 7R
s
l‘
wherein:

Rl, R? ana r* are hereinbefore defined with a compound
5

30 of the formula: c13c0235 where R” is hereinbefore
defined to yield a compound of the formula:

35

= L - ~r
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[err]

v lelmetaretae o

where Rlerr] is defined in Claim8 to yield a conpound

gf ~, the formla—fer+]

wher ei n:

Reerr] Rerr] and Rl err] are hereinbefore defined;

Rerr], Rerr],

-115- - (b). The conpound of step a is contacted with
a conmpound of the fornul a: 5 _ [err]
wher ei n: Rl err] i1s hereinbefore defined; to yield a conpound of the
formula: 10 [err] -113=-
R2 ct

0

15

20

25

30

35

0

wherein:
1

R! '
\ : co,Rr3
c1 2

7—N OH

R‘

R", Rz, R4 and Rs are hereinbefore defined;

{(b) the compound of step a is contacted with
a suitable base to give a compound of the formula:

7/
o

wherein:

1 2 4 5

r? ¢l

e

—N

{
g4

R™, R", R" and R are hereinbefore defined;

(c) the compound of step b is contacted with
a reagent 23—K where 33 is hereinbefore defined to
yield a compound of the formula:

wherein:
Rl

g

Lc co,r®

’ Rz, Ra, R4 and Rs are hereinbefore defined:;

(g) the compound of step ¢ is contacted with
a suitable acid to give a compound of the formula:

wherein:
b 5

R'
N\ RS

) _
§
CO,R

S

AL

R, R?, R3 and R ate hereinbefore defined.



15 . wher ei n: Rlerr], Rerr], Rerr], Rerri;—Rerrj and -

Rl ern]. are hereinbefore defined; (c) the .conpound of step b
is contacted with 20 a suitable acid to give a conpound of the = ° _
formula: [err] wher ei n: Rlerr], Rerr], Rerr], Rerr]
and Rl err] are hereinbefore defined; (d) the corpound of step
c is contacted with 30 a suitable hydrolxsis reagent to give a
~conpound of the formula: [err] Cloptl '

-116- wher ei n: _ Rlerr], Rerr], Rerr], Rerr] and

Rlerr] are hereinbefore dEfia?d'A process for preparing a compound of
the formula:

o

3 R17
0
o | .
'y COaR
wherein: _
i0 n?, ns, Rls and g7 are defined in Claim 3 which
comprises:
(a) contacting a compound of the formula:
r! *
15 \—]/‘\cuo
N
o7 |
.4
wherein:
Rl, nz and R4 are hereinbefore defined with a compound
20 of either formula: ' '
rR'1o R 16
h p.<<: or _ 17
3
25 R17 R0 | R
where R'? is defined in Claim 8 to yield a2 compound of
the formula:
g!
\_I/k/ R‘7
i
0/ | :
’ | OO R A
35 _ * € L N 0§ -
‘ wherein:
b § 2 _4 16 17

R, R", R, R" and R”" are hereinbefore defined:;
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-115-

(b) The compound of step a is contacted with
a compound of the formula:

co,R®
wherein: .
R° is hereinbefore defined; to yield a compound of the

formula:

wherein:
Ri, Rz, R‘, Rs, st and R are hereinbefore defined;
(c) the compound of step b is contacted with

a suitable acid to give a compound of the formula:

17

-]
CO,R

wherein:
1 -4 5 16 . .
R, R", R, R and R are hereinbefore defined;
(@) the compound of step c is contacted with

a suitable hydrolysis reagent to give a compound of the

17

formula:

SO T
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wherein:

R

1

, R, R

5

s R

16

=116~

17

and R are hereinbefore defined.
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