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L ~ L INTRODUCTION

A. ANTIBIOTICS R

_ Antibiotics are substances produced by micro-organisms or produced .
_wholly or partiy by chemical syntheSis, which in low concentrations inhibit
the growth of other organisrns1 Thus, the three major sources of antibiotics
'are (a) mlcro-orgamsms (b) synthes1s and (c) semxsynthesxs Even though
~many ant1b1ot1cs are produced by synthetrc or semlsynthetlc routes, the
: fermentatlon process still is the most 1mportant primary route for the
E productxon of antxblotacs |

Some of the 1rnportant classes of antlbxoncs mclude2 B-lactam:

corhpounds contalmng a four membered B-lactam rmg fused to a thlazohdme
_ring in the pemallxns and to a d1hydroth1azme ring in the cephalosporms, N
aminoglycosides: con(%mmg one or more amino sugars, such as glucosamme o
or neosamine, with glycosidic lmkages to a basic (ammo or guanidino) 6-
membered carbon ring, e.g., streptldme or streptamine; macrolides: which are
hydroxylated macrocychc lactones contammg 12 to 20 carbon atoms in the -
primary ring, e.g., erythromycm polypeptides: which differ from each other E
" in their mechanism of action and antrbq;terral spectrum e.g., bacitracin,
polymyxm B sulfate; tetracyclmes have a perhy ronaphthacene skeleton, ‘
'qumolones which have the common structural feature, 1- alkyl -1,4- dlhydro- o
4- oxo—qumolme carboxyhc acid; sulfonarmdesu and miscellaneous antlbxotxcs

" The advantages of B-lactam antibiotics include a broad spectrum of

activity, low toxicity, easy availability and low cost.

) [ . s



B.-ﬁ'—LACTAM-ANIIBIOTICS S R

. Classes o‘f B-Lactarﬁs

~ 3.

B -Lactams are 4membered cychc amides derrved from 3-

9

ammopropanolc acids; the first rnember was’ synthesxzed by Staudmger in

19073 As a class they consist of. pemcxllms 1, that contam a thiazolidine ring
fused to the B-lactam rlng, cephalosporms 2, that contam a drhydrothxazme

’rmg fused to- the B -lactam ring and the non-classrcal" [3 1actam antrblotlcs

such as clavulamc ac1d 3, threnamycm 4 nocardrcm 5, and the monobactams -

Sources, .of B—Lactams

I’emcxllm 1, was accrdentally drscovered by Alexander Fleming?.

Pevmcr‘llm' is produced by a \(arlety of Pemc1111a5, including strains of

 Penicillium ‘éhrysogenum 6. Later, a number of diverse fungi other than’

 penicillia were reported to synthes1ze a vanety of B-lactam metabolites. A few

examples include the eukaryotic species of Asperbtllus 7, Malbranchea8

:-Cephalosporzum9 En{errcellopszsm Eptdermophytan and Trxchophyton”~ |

Although Penicillium notatum produced only-a few rmlhgrams of pemcrllm ‘



..,

per hter, with advances in the.art of submerged fermentation and successful -

~

" mutagenesis, strains producmg close:to 30 g/L of penicillin G have been

developed!2. The preferred procedure f&"‘reparmg a‘fungal culture for the

fermentatron process consisted of propagatmg a cell mass, elther conidia,

' 'arthrospores or vegetatlve mycehum’ from a master source and drspensmg a’

constant amount with or without substituting another menstrum for -

_ extracellular fluid, mto a number of v1ab. ‘The vrals as a group were f‘::?
er

either raprdly (in the lyOplullzatxon process) or at a sustamed rate . (

liquid nitrogen refrlgeratlon)l3. |
B . . % .

_ *Fermentatron Process

The process of fermentatlon begms wrth the moculum or seed

development stage on a laboratory scale, followed by a pilot plant inoculum’

development step. A typ1cal seed medium prov1des a good source of mtrdgen

and carbon' contams ‘

steep protem CaCO3 indluded as a buffer while other inorganic salts are

requxred to assure max1mal vegetatxve development The cycle tlme, air flow

rate, pH plateau, d1ssolved 02 levels, COg, NH3, resplratory quotlent and

resrdual carbon and N concentrations are monitored durmg this stepl4. The .

. e

1ndustr1al productron of penicillin. by fermentatlon is carr1ed out by a

submerged culture method Various fermentatxon media have been used for

- the manufacture. of pemcrlhn, the most common one contammg glucose or -

e -

molasses, corn- steep. liquor, CaCO3, side chain precursors, surface actlve

agents and mineral salts!5. Addrtlon of side chain precursors such as
phenylacetic acid for benzyl penicillin (pemcxllm G) and phenoxyacetic ac1d
for phenoxymethyl pemcxllm (pen1c1llm V) is the standard - procedure to
_ mcrease the total product,lcm of pemcxllms and to dlrect the fermentation

ilﬁ ‘r\

T0Se or glucose sugars and corn-steep hquor or corn-

=y
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towards a single penicillin. Although,. pemcﬂhns are made by many specxes

of - fung1 Pemczll;um chrysogenum remams as the ch01ce for the mdustnal

production of penicillin6. - S B

Biosynthesis of Pemicilling & - s

The 1n1t1a1 reaction - of pemcxllm bxosynthesm appears to be the
condensatlon of L—cysteme and L-a-ammoadlplc acxd to form the dlpeptlde, L
: a-ammoadlpyl -L- cyste1ne17 &C, (Flgure 1) Tlle reactlon requlres ATP and '
"bproceeds by the activation of the §- carboxyl group of a- amxnoadxpxc acid”
which then reacts. thh the a-amino gmup of cystelne to form the dxpeptlde
.AC the reactlon bemg catalysed by A(Z synthetase18 The incorporation of L-

vallne into the dipe t1de roceeds b he actlvatlon of the carbox 1 group of
pep P y: y 8 p

' the cystemyl residue of AC, which then condenses w1th L-valine and leads to
5-(L-a- ammoadlpyl) L-cystemyl -D-valine (ACV) In this reactlon, there 1s
inversion of confxguratlon of L-valine to D-vatine, catalysed by"'ACV.
synthetase'-’ The cyc11zat1on of LLD-ACV to 1sopen1c11hn N was ﬁrst observed
‘using a lysed protoplaSt “ratxon from Cephalosponum acremomum by
,Fawcett etal., 19, Meesschaert et al.20 observed this same .cyclization using
cell free extracts of Pemallzm chrysagenum ThlS is an oxxda?ive step
1nvolv1ng the removal, of four protons and the closure of the two rmg
systems, and is catalysed by the enzyme cyclase 6-Am1nopen1c111amc acid (6-
| ."APA) is the major pen1c1llm denvanve accumulatmg in precursor free

: fermentatlon of pemcﬂlm-producmg fung121 and is presumably obtamed by

the hydroly51s of mopemcxllm N, catalysed by pemcxllm acyltransferase, which

is intracellular and present in all pemcxllm-producmg fung1 Conversxon of

: N
1sopemc1llm N to pemcxllm N 1s catalysed by the enzyme eplmerase wluch

0

2 . . s ~—
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Figure 1. Rg%way of Penicillin Biosynthesis. T
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rsomerrzes ‘the L-ammoadlprc ac1d sxde cham to the D- configuratron This

 was drscovered for the first time in fresh cell-free extracts of Cephalosporxum
)\ T A

acremomum Thrs enzyme, epimerase, was found in only those orgamsms ‘

producrng cephalosporms and not in pemcrllm producmg organisms.

‘ Cephalosporms are “produced only from pen1c1llm N, thus conflrrmng

- epimerase actwrty in: these organisms22. Chemical modifications of the 6- -

' APA obtained by the blosynthenc route has. yrelded a number of semi-

synthetlc derivatives as c11n1callyvuseful antibiotics.

C. MODE OF ACTION OF PENICILLINS

Bactenal Cell Wall

The bacterial  cell wall is a h1ghly complex’ structure consx.,tmg of -
multrple classes. of polymers such as peptrdoglycans, teichoic ac1ds‘
polysaccharrdes and prote1n523 Of all the constituents of the cell wall
peptldoglycans are of particular 1mportance for their 1ntegr1ty is requxred for -
the malntarnance of cell shape in bactena and imparts the rigidity necessary to -
protect the bacteria from osmotic pressure24 The peptrdoglycans also known
- as murem or mucopeptiﬁes, possess a heteroglycan backbone of alternatmg
‘ resrdues of N- acetylglucosamme and N- acetylmuramlc acid, whrch are
. subsututed by peptxde chams and cross-hnked to grvé a mesh like aracter to
| “the peptrdoglycan25 The synthesis of peptrdoglycans proceed in three step526
- The first step is the synthesis of the’ peptrdoglycan precursor urrdme 5- .

dlphosphate (UDP)-N-acetylmuramyl-pentapepnde, catalyzed on the msxde of

. thecell by the cytoplasmxc enzymes. This step is followed by the transfer of

N-acetylmurarnyl-pentapeptrde and N-acetylglucosamrne to a lipid carrier, in -

‘ thq membrane, formmg a subunit & the glycan polymer The membrane- '

4
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bound dxsacchande pentapeptlde is mod1f1ed to mclude subsntuhon of the"v :
carboxyl -group of glutamlc acid or ‘diaminopimelic acid resxdues or
, attaehment of a peptide side chain' as in S. aureus. In the last stage the
medified disaccharide-pentapept“ide;residue is tfarféferred to a glycan acceptor
on the. oﬁtsidee}ef. the -cell to forrﬁ the linear peptidogl)}c‘an whi’éh-'i's/" finally
_ cross- linked in :; reaction cetaly'zed by the ehzyme transpepbti'dase. The Cross-
brxdge is formed between the carboxyl group of the penul‘xmate D-alanine in
" the peptldoglycan of one cham and an ammc!group in @ nearby cham, (Figure |

2), with the release of D- alamne catalysed by transpe ndase This last step of

pepndoglycan synthe51s is ,_the penicillin sensitive et

‘Peptidoglycan Pelymer . Pdptidoglycan Polymer |
| M\!erac . o ML|1rNac .
e .L-/Lla . ; L:zlx_la |
e b | b o
| L-Llys_._clyizly-c_;ly{;ly L1ys-Gly-Gly-Gly-Gly-Gly
- D-.‘lxle | lGly plALa | '
. , D-J\la | ’ : , "“/\ o

Figure 2. Transpeptidation in Staphylococcus aureus

The~peni§illins and cephalospprins show bactericid:al effects because_v
“ they disrupt the bacterial cell-wall synthesis by inhibiting the enzyme i.e, th’e\),
transpeptidase [the Penicillin B’inding-Proteins, '(PBI"s)]“ that 'cataIYZes the
cross-linking reaction of D- alanyl peptides on peptxdoglycan strands of the

growmg cell wall. _ : .

Id

X-D-Ala-D-Ala-COOH + Y-NH ; —» X-D-Ala-CONHY + D-Ala-COOH



| ',Transport of B-Lactams Thrdugh.The Cell Wall

To inkibit the growth of mxcro-orgamsms the antlbxotrc has to achewe
an mhrbrtory concentration a\t its target sxte First, the antlbxotlc must cross the:
~ outer membrane by passrve drffusxon through channels formed by the |
"porin" proteins. These channels do presentv a barrier to free access to the
‘ intermembrare space (the periplasm). Recent studies by Nikaido, et al.27
have r‘evealedthat the wild type Escherichia coli K-12 produces two'types of |
porms, OmpF (protein 1a) and OmpC (protem 1b). Rates of penetratlon of
hydrophilic; uncharged solutes through the Escherichia colz channel are
dependent on the size of the solute bulky ;de chains at C 6 in penicillins and
at C 7 in cephalosporms led to slower rates o£ penetration. = With
monoanionic B-lactams, the penetratxon rate depends on the hydrophob1c1ty
~and electrical charges o_f the molecule. An additional negatrve charge‘
‘ drastically reduced the penetration rate through porin channels, whereas an
- additional positive charge srgnlfrcantly accelerated the penetratxon The
zwitterionic compounds penetrated rap1d1y27 The gnbxonc then crosses the
cell wall (the cross-lmked peptidoglycan network) which presents no further ‘
barrier, because the "holes" in the network are large enough to allow the free
passage of the antxbrotxc molecule. The Blactam must then cross the
per:plasm on its way ‘to the targets wl'uch are the inner membrane enzymes
that are responsxble for the bxosynthesns of’ the cell wall (Flgqrg 3)28 The, :
| nature of the bactefial cell wall viz., the outer membrane hpo“ivolysacchande
) cytoplasrmc lipid bilayer, and molecular wexght and the charge present on the -
antrblonc molecule consxderably affect the transport of the antibiotic to the =

target site29.
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Figure 3. Section Through the Cell Envelope of Gram -ve Bacterium,
S Hlustrating the Transport of Beta-Lactam Antibiotic.
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';Mechamsm of Antlbactenal Action’

'1_0'-v

Pemcrlhn was hypothesrzed to be an analog of the terminal D-alanyl -D- : .

A\
alarune in the peptxdoglycan chain. The CO-N bond in the hl&hly strained B-

lactam r1ng would correspond to the peptide’ bond cleaved durmg.‘

: transpeptldatlon The transpeptidase would react with pemcrlhn to split [3

lactam ring and form a penicilloyl-enzyme complex whlch is stable and hence

' transpeptrdase would be inactivated?4, mterfermg with the cell wall synthesxs

Subsequent studies have shown tha:t several _proteins’ in the bacterral

. ».

. membrane bind spec1f1cally to pemc’l‘hn and these are called pemcxllm

" binding protems (PBPs) and this suggests the p0551bxlxty of multxple targets for

pemcrllm action30. »

Penicillin Binding _i’roteins

, CH;,
: . HO o
GGOOH  Cporypepidase. X~ N-CH-COOH.
Y- NH;*Transpepudasc R | _ o+ |
A " H,N-CH-COOH
CH, ' . CH, . S v
| | T S A CH, -
" X ~NH-CH-CONH-Y  + H,N-CH-COOH - * p.Alanine
. : ‘ D-Alanine
'HZOLEndopepti_dasc » '
CH; .

| .
X~NH-CH-COOH + Y-NHz

, Fig. 4: Model Reactions catalyzed by D D- Carboxypcpndasc. Transpcpndasc
and Endopeptidase. -

Carboxypeptldase catalyzes the removal of the carboxy termmal D-

alanine and endopept_l_dase hydrolyzes the transpeptide bond. (_Engure 4) The b

1
L)



transpeptidase, carbokypeptidase and endopeptidase~reactions'are' peni‘cillin-"

sensitive enzyme reactions and. were detected in a large number of other

" bacterial species31. Blumberg and Strommger24 have reported that' penelcrllm’

forms covalent complexes wrth these enzymes. This, together wrth the earlier -

locahzatton of cell-bound pemcrllm molecules to the bacterral plasmajf-,

.membrane, led to the mtroductron of radroactrve pemcrllm for the

visualization of bacter1a1 protems capable of covalently bmdmg pemcrllrns'él2

The procedure developed by Spratt33 for Escherlchm coli membranes 155

as follows [14€] benzylpenicillin or [14C] mecillinam was bound to purrfred
cell envelopes, prepared by sonication and d1fferent1a1 centnfugatron34 the:

~ inner membranes were selectrvelyjolubrhzed with Sarkosyl NL- 97, and the

_bmdmg proteins separated on sodium dodecyl sulfate/ polyacrylamrde slab'

gels and detected by fluorography by 1ncorporat1ng the scmtlllant 2,5-

diphenyloxazole (DPO) into the gel matrix and exposmg the drred gel. to

. detecti f a number of ba erxal protems capable of binding penlcrllms The

 Kodak Royal X-ray lrE .at -70 °C35. Thrs procedure resulted in the

moletular size of the PBP, the relatlve and absolute amount of pemcxllm
- bound by them and the stab*ty of the’ pemcrlloyl complexes varies from one

bacterxum to vanoﬂ\er The number of PBPs and thelr molecular srzes are

- 'reproducible characterrshcs of bacterial species33. ’ o v C
. ] .

The brndmg reacnons are specrfrcally prevented by prerncubatron of the .

 membranes with the non-radloactrve pemcrllm or by denaturation of the
: proterns' Hydroxylarrune treatment results in the release of radioactivity, in
the form of pen1c11101c acid from the protein complexes. Their molecular

weight ranges from 90 000 ta 12,000 and. are numbered in the order of

decreasing‘molecular weight on the fSDS-gel36. They are present in amounts B
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“been 1dent1f1ed as carboxypeptxdases and transpeptldases and thexr active sites

" rangmg from a few molecules to a several | fhousand ‘Several PBPs have

‘ .
seem to ‘be oriented towards the outer surface of the plasma membrane37

: Ind1v1dual PBPs of a bacterlum may have w1dely different selective affmmes

for structurally dlfferent B- lactam anhb10t1cs33 Spratt33 establxshed the specxflc

correlation between morphologlcal effects and the inhibition of specmc PBPs, |

by demonstratmg tha'( the selecnve 1nact1vat1on of PBPs by an appropnate B

lactam would. result m spec1f1c morpholog1cal changes, in E. coh - B- lactam

ant1b10t1cs that b1nd preferentlally to bmdxng protein. 1 (molecular weight
91,000) inhibits cell elongation and causes cell lysxs, B lactam antibiotics that
%md pteferennally to bmdlng protein 2 (rﬁolecular ‘weight 66 ,000) specifically

results in the produchon of ovoxd cells, B-lactam ant1b1ot1cs that specxflca.lly

- bind to binding protexn 3 (molecular weight 60 000) inhibits cell division. In

_E. colx PBP 1A and PBP lB are, transglycosylage/ transpeptldaseg involved in )

NS

cell elongation, PBP 2 are transpeptldases that may 1n1ti%’te pephdoglycan ‘

insertion at new growth sites and PBP 3 are transglycosylase/ transpeptldase

requxred specxfxcally for formation of. the cross-wall in cell division38a
Sxmxlar effects were observed in several members of Enterobactermceae 36, 38b
v Fllament formatxon was ‘observed in the Gram +ve Clostndxum perfrmgens

39

morphological effects and grew nox'mally?'8 in E. coli mutants Jlacking specific

Even though mutants lackmg specxflc PBPs 4, 5.and 6 showed no

PBPs, PBP 4 seemed to be identical to the carboxypepndase IB endopeptxdase :

and as a secondary tr,anspeptxdase x.maturatlon of peptxdoglycan, while PBPs

5and 6 were assoclated with major carboxypepndase acnvxty“o 41, These PBPs

(4 5 and 6) perform less vital. physxologxcal functions.
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D. ‘BACTERIAL RESISTANGE . e M ﬂ
" There are several ways in wh1ch a;‘pactenal populauon can become 3 g

R4

“resxstant“z The target enzymes may become less susceptlble to acyianon an‘z‘a‘ o
". mactxvatlon Changes in the outer- membrane permeabxhty gove;rned bﬂ* "
porms may limit the access of the antlbxouc to, the perxplasm’ sd that the

enzyme activity remains high enough to allow cell growth and d1v1§fon

" g
!

g0
Alterations in the activitiess of other enzymes,responable for the lysxs of tﬁ =y

cells, whose cell wall synthetic apparatus has been blocked by the B- Iactam ﬂ& 3" g

may lead to cell stasis rather than cell lysis and fmally, the appearance of ﬁ,

lactamases may result in the hydrolytlc destructxon of the antibiptic in thév "5

"periplasm43. The last type of resistance is the most common. - =% Cafaer

3

E. BLACTAMASES

wall thaf catalyze the hydrolysis of the cyclic apiide bond of the B-lactam

B-Lactamases are the bacterial enzymes Ijagtt in the bactenal of cell-
containing molecule.. When the B-lactam ring of the penicillin 1, is
- hydrolysed by the B-lactamases, antibiotically inactive penicilloic acid 7, is-

produced in stoichiometric proportions.

cH, ——> © HN
0" g’ coor | OH " coor
1 - 7 n

) R : . ) . ) Y- . v
5 S CH; : X R: .S CH,
P NJ ' 0=C 7)('cm |

The majority of B-lactamases produced by Gram +ve organisms are
inducible en‘zymes' which appear in quantity'only in the presence of an

~ inducerf4. They are extraceliular, i.e., they are excreted into the environment.
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"Gram'-ve orgamsms produce both mducrble and constrtutrve enzymes whrch

with few exceptions, are ceIl-bound45

'Action- of B-Lactamases R
s The specific mechanism of hydrolysis may varyA accordingito ‘the:
_ substrate and the source- of the enzyme. Initially,vthe reaction involves the
-formation of an enzyme-substrate c'ornplex (E.S) in which no ch’emical bonds

‘."fare‘ formed. This complex may undergo further modificationf‘G\(E.S') and

finally the release of the product results ina simple ring opened B-lactam.
L E + § === (£5) == (ES)—-—> E+ P

‘B-Lactan_s_ta__ses lack a 'rrg_ld tertrary structure and are hence’ often

descrtbed as 'nzymes47 Koshland's concept43 of "induced fit" explains

the bmdmg of the’ enzyr&e substrate Thxs states that the formation of the
. eﬁzyme-substrate complex is caused by the substrate’s abrhty to induce a
- conforrnational change in the enzyme, the proper alrgnrnent of an active srte

“amino acrd a srn le homologous. serme “in thls case, catal zes the h drol sis.
g 8 )’ Y y

Classes of B-Lactamases ‘
ot
Drfferent schemes have been proposed43.49,50 for the classification of -

o "

lactarnases baseda‘ﬂon brochermcal and genetic data B- Lactamases of S.aureus

have been serologrcally drvrded into. four types, viz.; A, B, C and D, wh11e<_
| those of B. cereus fall mto two, classes, viz,; I (mol wt 30,000) and II (mol. wt -

22,000). ‘Those of aerobic Gram -ve bacterra are classified, with respect to the. ‘.
: location of their structﬁraﬁl;;;;genes in- th‘e cell,‘ into chromosomal and

‘extrachromosomal.



" According to- Richmond, et al.51 B-lactamases, can be arbitrarily
" classified into four main classes: |
Class I: Enzymes predominantly active. against cephalospdrins. ‘

Class II: Enzymes predominantly active agamst pemcrlhns

15

Class IIL: Enzymes with approximately equal activity -against pemcﬂhns and_

cephalosporms.but sensitive to cloxacillin.
Class IV: Enz‘ymes with approximately equal activity against peniciilir\s and
cephalosp.oriris, but resistant to .cloxaciiiin.- -
F. B-LACTAMASE INHIBITORS

Protection of B-lactam antibiotics from inacti\ration by B -lactamases can
" be achieved by incorporation of structural features which decrease
susceptibility. Work has been done in two main areas: (1) the design of new
B-lactams w1th’ increased stability to enzymatlc hydrolysis, and (2) the

development of inhibitors that bind to or inactivate B-lactamases, thereby

~affording protection for B-lactamv substratesszl The promising B-lactamase’

~ inhibitors generally contain a B-lactam ring.- They consist of two @pes: (1) the
penicillins and- cephalosporins which bind, at least to some extent reversibly,
to the enzyme and subsequently are converted via the normal hydrolytic
sequence to pemc11101c acid or cephalesporonic acids, and their decomposmon
products, usually at a very slow rate53. (2) The second t_ype act as "suicide” o

"mechanism-based" rea'gents'i e‘ they are recognized by the enzyme as
potent1a1 substrates resulting in the diversion from the normal course of the

hydrolyn@chon, to inhibition and/ or inactivation of the enzyme34.
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All these mechanism-based 'inhibitors_of B-lactamases _fall ‘into two

16 -

~ classes: (a) those that contain a hetero atom at the 1-position which may act as-

* a leaving group from C-5 and (b) those, such as'ca_rpapenems, that do not43.

The utility of such B-lactamase inhibitors started with the discovery of

“clavulanic- acid>3 3. Other inhibitors resulting from 'reéearch in this area

mclude the carbapenems56 8, hanpemcrllamc acidsS” 9 and pemaﬁamc acid

sulf’ones58 10.

B

Mode of Action
. "} "

The interaction of the penicillanic acid sulfones 10, with the B-«

: “ . . . ‘
‘lactamases resulting in. theﬂinhibition of the enzym'e is represented in Figure -

5. Three distinct processes occur. First, the enzyme catalyies the hydrolytxc
- - opemng of the ﬁ -lactam rmg Second at pH 8, the su{fone ring opens and the

_ enzyme 1S converted into a transrently inhibited state.. Third, further

reactions’ ultlmately lead. to 1rreversxble mactxvatlon of the enzyme In the. |

‘ vhydrolytxc reacnon the acnve-sxte serme hydroxyl group attacks the B- -lactam '

carbonyl to form a tetrahedral 1ntermed1ate A whxch then collapses to the

‘e
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acyl enzyme B the deacylatxon of whxch hberates the imine 11 whlch ;
: undergoes spontaneous hydrolysxs to glvé'"the sulfinate of pemcrllamme and . ’

malonsem1aldehyde59 The second reactxon is the inhibition of the enzyme -

w1th the tautomenzatxon of 1m1ne B to the enamine 1260. The 1nact1vahon of

the enzyme is due to the tran51m1nat1on reactlon of B by an enzyme lysme

residue. g1v1ng 13, an inactivated: enzyme,_m which two active site residues
have been linked6T. o o /

Methods ofrISetectiOn

¥

B- Lactamases can be detected by one of the following methocls62 |
(1) Ac;dlmetrrc Method [3 Lactamase catalyzed hydrolys1s leads to the
formation of at least oné extra carboxyl group. The generatlon of the extra
carboxyl group can be detected W1th pH 1nd1cators, e.g., phenol red or
bromocresol purple. Filter str1p563 capxllary tubes4 and the use of membrane -
f11ters65 are different rnethods available for the detectlon of the extra carboxyl s

v .

group formed after the hydroly51s of the B-lactam ring. = - o ,‘ ' ;o~

e Iodometric Method: - The products of B- lactamase hydrolysxs act as_

reducing agents, removing’ iodine from 1ts starch implex resultmg in the '

loss of color intensity. Filter str1p566 tubes67 platet8 methods are

available for the detection of B lactamase hydrolyzed reducing agents by the -

1odometrlc assay..

(3) Mlcrobxologlcal Method On hydrolysxs by B- lactamases, B lactam
anubxotxes lose all antlbactenal activity and so ‘the enzymes can be detected by .

| mlcroblologlcal assay techmques, the clover leaf®? and double dlSC70 rnethods

~

are avarlable ‘ : - R . ,
(4) Chromogemc Method Hydrolysls of certain Blactam contammgov,

) B
molecules by B lactamases, leads to the formatron of products havmg an

cA



absorptron spectrum in the visible range drfferent from that of the parent
| compq,und Thus the presence of B- lactamase can be detected by color changes
~in the solutron N1trocef1n71, a cephalosporm 1s the commonly used
chromogenic réagent, that shows an absorptron peak at 386 nm Hydrolysrs of |
~ nitrocefin by B-lactamases leads to the appearance of an absorphon peak at 482

nm. ,N-(2-Furyl)acryloylpém_clllmn, is another reagent which shows —

diminu_tion of absorptron at 330 nm, after hydfolY_sis by B-lactamases.

G PENICILLINS -

After the large scale 1solatron of 6- ammopemcﬁlamc acid (6 APA) by.
- Batchelor, et al:.73 efforts were’ dlrected towards producrng structurally
modified penicillins havrng o o %‘
(a) a greater degree of intrinsic act1v1ty and a wider spectrum than that
possessed by pemcrlhn G, along with a¢1d stab111ty and oral absorbablhty
' comparable to that of penrcrllm ' |
(b) a low degree of deleterlous b1nd1ng to serum protems
(o reduced allergenicity and »

'(d) resistance to microbial B-lactamases”4.

- Classrfxcatron

Numerous penicillin derxvatlves were synthesrzed and these may be z
drvrded into five main. groups75 o : | : ﬁ' "M
1. Those resembhng benzyl pemdrllm (Table 1 1—¢D . - - ’f t“

, Compounds mamly for use in staphylococcal mfectlons (Table l 51]) 9

-

2
3. Pemcrllms related, or grvmg rise, to amprcrllm (Table 2)
4. Compounds resemblmg (1n antlmlcrobral spectrum) or gwmg rise, ’
- carbepicillin, (Table 3) ‘ | |
5. Prvm_ecrlhnam.'(‘Flgure 6%



_ TABLE' 1 o
Structire of Penicillins (1); R'=H. o |

):‘/S CHs.
/W .N%{Cﬂs '

'y ' . .
] 0"y "cooR.

R

| 1, Benzylpenicillin S .  ' C¢HsCH,CONH-
-2, ,Phenqume_th‘ylpeni_cnun | C4H;OCH,CONH-
3. Addocilln | © C4HsCH(N;)CONH-

4. " Clometocillin _ o Cl-@hCH(OCH3)CONH- o
5. Methicillin | ’ | @—mNH

6.  Naficillin = o | E

T Isoxazolylpemmllms’ . | SRR S

8. 'Oiz}éilﬁn
9. Cloxacilin R . a  H
0. Dicloxacillin P ‘a a
L Fluclowacilin L e O F
"1-4: Conventional penicillins. - 5- 1 :',Anﬁstéphyléooc’#l penicillins.



‘ Namc_: of pcnicillin' '

Structures Of Peniciﬁin (1) Resembling

™ Armipicillin

2

Bacampicillin
Pivampicillin

Talam pillin

Amoxycillin
Epicillin
Metharnpiﬂfllin

Cyclacillin

 Hetacillin

| ”CsHS\)_(

TABLE?2,

R

S, CHs

. O - '

g’ 'COOR

R
. H,CH(NH)“CONH-
CHCH(NH,)*CONH-
(‘ZGHSCP‘I(NHQ;CONH-

CH;CH(NH;)*CONH-

'HO.C¢H,CH(NH;)*CONH-
C ¢HsCH(NH;)*CONH-

CH<CH(N:CH;)CONH-

. +
NH3

e

)

" HN Ne='

X

H;C- CH3

H
.'H
H
H

or Giving_Risé to Ampicitlin

Rl

q

CH(CH;)OCOOC,Hs

CH,0COC(CHy); -

“O;j@

0]

H
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Structure of Peicillins (1) resembling or giving rise toc

" 4 R . . 3 . -

arbenicillin

Kp;!; ;‘_.

- " 'H' COOR. -
S R=YCHCONH-. © R=H
- J:‘ : X " R e

" Name of Penicillin Y

X
1. Carbenicillin , COO: © L CeHs
' | ~ CONH- | - o
2. -Adocillin N0 . cds S
" . A CONH-, . s e
3. ¢ Mezocillin s ;q 6 - CeHs- .
| o Usocn |

4. Carfecillim i CoocHs . . SeHs

s.  Carndacilin . ; Cels b
6. Ticarcillin o eoot L

7. Pipercillin

Yoo

_»‘ ' v v " _CH=N ‘ “ ‘ . | .. . B | . ) N ‘
o % ococCHy -

| o “cooct;
T | - Figure 6. Structure of Pwmecxlhnam A

N



Requuements for Antibacterial Activity
B 3
The b1010g1ca1 activ1ty of this class of antibiotics is due to the chemical
reactwrty of the B- 1actam amlde bond; hindered amide resonance in the B-

lactam ring. is due to the Byrarmdal character of the B-lactam nitrogen atom.

) The pyramldallzanOn ls St

i

d by the strain of the rmg fusron m the case of

pen1c1llm or electron delocahzatron through enamine resonance out51de the -
: e v Gy »m _J,,v h;:

B- Jlactam ring as in cephalosporms76 T T
) i‘” . ¢ -

The 3- dlmen51c5nal aspects, although not: cleariy understood may also

play an 1mportant -role in”  the blochemical, processes. inivolved.
Conformational studies can reveal that prec1se geometrical requlrements for
the recogmtion of the antlbiotics by the enzymes could exlst A structure
exactly conformmg to the prec1se geometri.cal requirements of the -enzymes
will possess antibiotlc activity whereas a structure which does not conform
_ wxll be unable to modify its geometry to ad]ust ta these requirements and W111
have no antibacterial act1v1ty |

‘The presence of an amlde bond does not assure a_high degree of
potency since the grouping ad)acent to the atm_ide carbonyl_' greatly influences
' the level of intrinsic activity. Maximal antistaph'ylococcal actiyity is obtained .
when the neighboring group is methylene as in benzyl penicillin (penicillin
G). Thus for maximal intrinsic actiyity, the substituent at the C-6 position of

penicillanic acid must be a B-substituted acetamido group74.78,

Spectrum of Act1v1ty '

' Pemcrlhn G is the antibiotic of ch01ce for most 1nfect10ns caused by
‘Gram +ve 'cocci, 1nc1ud1ng Staphyiococcz It is- used in streptococcal
pneumoma, streptococcal and memngococcal menmgltis, group A

streptococcal infections, streptococcal endocarditis, syphihs and gonorrhea

a
B P



,Ma.ny clinical strain's_ of -Staph;;l:ococcus Z_i_ll_reus -and Sta'phylococcus .

eptdermtdzs have however-'developed-total‘resistance to .p'enicillin' G. |
Efforts to stabrhze the molecule agamst the actlon of staphylococcal

| pemcrlhnases led to oxacxllm nafcillin’ and meth1c1lhn Methicillin is now

- the preferred antlb}xtrt for treatment. oﬁ’infectlons caused by Staphylococcus

aureus..

» «

. -
‘Development of acrd-stable and orally absorbed pemcxllm derivatives
: hke pemcxlhn v and ampxcrllm appear to have solved t e problem of

&t

chem1ca1 in- stabxllty and poor oral absorption. , -

Development of ampicillin led to its. w1de use in pedxatncs to treat
1nfect1ons\<\caused by Haemoph:lus mﬂuenzae, Nets&gna m\emngttxdzs and
' 'Streptococcus pneumomae, while carben1c1lhn led to the expansmn of.

activity to 1nc1ude Gram -ve orgamsms like Enterobacteriaceae and

Lo
. « . T
\ ""-.?

-Pseudomonas s

Plperacxlhn and ‘azlocillin have excellent m vttro act1v1ty agamst )
Pseudomonas aerugmosa, Klebszella specres, Enterococci and a few
: ° e

penicillinase_-producin.g strains of Stap_hylococcus aureus79.

Testmg of Susceptlbﬂxty to Antmucrobxal Agents ‘
An antxmlcrobxal suscepnblhty test is the determmatxon of the least B
amount of an antrmxcroblal chemotherapeunc agent that w111 mhlbxt the
growth of mtcro-orgamsms [Mmlmum Inhlbltory Concentratlons (MICs)] in
vitro 80. For standardxzed routine m vztro testlig -the’ envxronmentall_
'condmons must be optimal for the growth of orgamsms and the moculum.
used must represent a good cross-secuon of the populatlon Vananons in ‘
‘ results are mtroduced by fac;tors such as moculum size, medla, protem-

' bmdmg and mcubatxon nme Determmatlon of the MICs has become a useful o



reference_ point in evaluating the efficacy of antimicrobial agents by in vitro
tests: Among the numerous methods available to detetmi\r_\e the
susceptibility of .'microéorganisr‘ns, the agar dilution tnethod and the broth
dilutionr method are most widely used.
| The principle for the dlffuswn method is dependent upon - the
inhibition of the growth of a mlcro-orgamsm on an inoculated agar plate, by
the antimicrobial agent that diffuses from a depot in the medxum The zone
of inhibition is dependent upon (a) the ghffu51b1hty of the agenﬁand (13) the
“degree of susceptibility of the organism. Thus the diameter of the zone of
mh?bmon is related to the MIC. :

The prmcxple behmd the dllutxon method is the inhibition of growth

* of the test organism by an antimicrobial agent incorporated into a broth or

2‘5.

agar media that is optimal for growth and does not neutralize the agent used.

The agent may be serially double-diluted, in sequené‘e, in test tubes or a

specific amount of the agent may be added to each tube in ascending or -

descending order. The advantage of this nrethod over the diffusion method
is that it permtts the determination of both the MIC and the minimum

bactericidal concentratxon (MBC). The MBC is determmed by sub-culturing

‘the broth from the tube that shows gross mhlbltloh of growth onto an

appropriate media. (The susceptibility is defined in s_pecific. ug/miso.

CH PENICILLIN-1-SULFOXIDES

Benzylpemcxllm sulfoxide methyl ester"31 was one of the early v_

derivatives of penicillin prepared but was found to be inactive82. Freg acid
forms of several penicillin sulfoxxdes were made w1th the hope that they
might possess a hxgher degree of activity and also exhihit de51rable pxopertxes

not shown by the conventxonal pemcxllms Although the sulfoxxdes of
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penicillins were in‘actiVe they possessed stability to ;acidic and basic conditions
superior to the parent penicillins81. Since the ‘report by Morin, et al.83 %
- describing the acidic rearrangement of penicillin sulfoxide to the -
| cephalosponns, investigations into the chemistry of pemcxlhn sulfoxides. has {
increased. A review by Cooper and Spry84. outlihes the utxhty of pemcxlhn i
sulfoxide as an economic startmg material ‘for the synthesis of ° more ',;-
inaccessible cep?\alosporms The reason for the importance of pemcxllm "
sulfox1de is that the th1azohd1ne rmg can be quantltanvely opened underl |
' relatxvely mlld conditions without the loss of stereochemlcal integrity of
‘- carbons 5 or 3 in the starting pemcﬂlm Penicillin sulfoxide {5 in thermal | ,“\"
_ equ1hbr1um.w1th an unstable’ ring open sulfemc acid olefm Electrophxhc :
| agents can be added to the double bond to forrn the’ cephalosporm ring system .
or 2-(subst1tuted methyl)penams, The rlpg opening and the a,d‘dxtxon": v

* reactions are stereospecific85.

Methods of Oxldatlon

A number of methods are avallable for the oxxdatxon of pemcxllms to
their ‘sulfoxides. Some “of the oxldlzmg agents used “are sodlum '
metapenodate, m-chlorol')erbenzom acxd peracetic ac1d hydrogen peroxlde/
acetic.acid, iodobenzene dichloride and ozone.

: Us&lg Sodium Metapenodage
) ‘Treatment of ‘a solution of benzyl 6[3 phenylacetaxmdopemcxﬂs“nate la,‘
or benzyl-6[3 phenoxyacetarmdopemcxllanate lbq in dioxane and phosphate,
- buffer (pH 6.8) thh a solutxon of sodium metaperlodate gave the benzyl-éB )
‘ phenylacetamxdopemcnllanate -1B-oxide 14a, and benzyl 6B-phenoxy-‘ -

acetam1dopemc1llanate—1 B-oxide 14b, in 27% and 57% yxelds respectxvely"-‘6
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SR U . ' | 14
a.  R=C(HCH,CONH- ° R'=-CH,C¢Hs
b."  R=C4H;OCH,CONH- . © R'=-CHCeHs

Using m-Chloroperbenzoic_acid:

The reactiqn of a solution A.of 2,2,2-triéhloroethyl-6B-phenylacetamido-
penicillénate 1c, or 2,2,2-trighior6ethyl-6B-phenoxyacetamidopenicillanate 1d,
~in chloroform with a solution of 85% rﬁ-chloroperbenzoic acid in chloroform
-in an ice-water bath gave the B-sulfoxides of Eemcﬂlms 14c, and 14d in 84%

and 94% yields respect&ely” wh1le Jhe reaction of methyl-
phthalimidopenicillanate 1e, /under similar c_ondmons gave the methyl-

phthalimidopenicillanate-la-sdifoxide 15e, as the major product88.

0
R . .+ : :
I S R S
o or . /
N ."o . ' N ] ."o
O H COOR' | | o H COOK
1 T S
¢ R=CgHsCH,CONH- - 4 R'=-CH,CCls
d.  R=CeH;OCH,CONH-' ~  R=-CH,CCl
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Usmg Peracetlc acid: _ | - o

To a stirred cold suspensmn of 6- ammoperucﬂlamc acid 1f, p- toluene .
- sulfonic ac1d was added followed by peracetic acid. After one hour a white
precipitate of 6-armnopemc1llamc acid-B-sulfoxide p-toluenesulfonate 14f,

. was obtained in 63% y1e1d Under similar conditions, amplcxllm lg gave

ampicillin sulfoxide 14389 -

» - _ ' 0

n I : ] CH;,3
R s S R S .
O. % t : - , O ." ] .
H COOR o g’ COOR'  SO;H
1 S 14 ’
f... R=NH, CR=H . -

g, R=C(H,CHCONH- R'=H
. ‘ I
NH,

R
‘

Usngodobenzene dlchlonde

The oxidation of methyl 6p- phenylacetamldopemcxllanate 1h, by iodo-
benzene dlchlonde in aqueous pyrldme gave the f-and a- sulfoxides 14h,

and 15h respectxvely, in approxxmately all ratlo90

ks o | y? B g
S R s , . s
. - ‘ N ."' . ‘ ‘.'
u’ COOR' 0" /" coor 0"y’ “coor
1 . 14 _ R L

h.  R=C¢HsCH,CONH- = R'=-CH,
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U Lng Ozone
' Bubbhn\g ozone into a cooled solution of 6-am1nopen1c111amc ac~1d 11; in
water, in.an ozomzer for 3 h followed by lyophilization gave the B- and -
sulfoxides 14i and 15i, (98% yleld) in the ratio 4 1 respectively, while a
solution of phenoxyaeetamldopemcﬂlamc‘ acid 1j, in 1:1 acetone-water gave

the two sulfoxides B- and «- sulfoxides14j, and 15j, in the ratio 1:1; and the

oxidation of the bulky- B-phthalimidopenicillanic acid 1k, gave only a- .

sulfoxide 15k°1. R - J
o o 0
R, | d . 15 :
s, R < | ) "
- ' ., — ., + 7 /
O i . , O ! "o, - O (A ,
. H COOR g COOR g COOR
1 15 " 14
<
R ' . B
i NH, - 1 o - 4
i (CgHsOCH,CONH- R R B I
CEgg |
= - y R . ‘ “'? N .
s The preferentlal formatxon of the B- sulfoxldes 14, by rnost oxxdxzmg

agents Wthh tends to oxidize normal sulfldes under steric approach control
suggests that a powerful dxrectu:g influence must be present in the pemcxlhn-
‘molecules. The' B-sulfoxldes 14, although more ster1cally hmdered were the
result of hydrogen bondmg between the 6fB-amido proton with the oxldants

or the stabilization by an intra 6B-agmdo p}roto}n-_sulfoxxde hydrogen bond88 90,



 Preparation of a-Sulfoxxdes

Blockmg the NH- group in the C-6 posxtlon of pen1c11hns, with an

easxly removable ‘group followed by peracid oxldatxon tesults in the

hlndered a- side. The N-nitroso group was selected by Uye, et al 92 since

functxonahty occur in good yields93. Benzhydryl phenoxyacetarmdo-

.3Q

: predommant formatlon of a-sulfoxides due to the-attack from the less _

'preparatxon of antrosopemcxllm and rernoval of "the Nmtroso.

pemcxllanate 11 was converted into its N-nitroso denvatxve 16 usmg

nitrogen tetroxxde, and the product oxidized -1mrned1ately with mé

: chloroperbenzmc acid to the unstable N-nltrosopemcxllm sulfoxxde 17, which

and 151, in the ratio 1:5 respectlvely. - .

’H'com"

g’ “coor”
. ) J; F-a. ’ ’ ) B R
: '4‘; . ' . B . ) ! .
SL R’*R"CONH e —'CH(C6HS)2 | R"=C5H50CH2" |

- on treatment w1th zinc and acebc acid at 0 °C gave the B and o sulfoxldes 141

The methylé dx(phenylacetylammo)pemcxllanates 18 (X-H), on .

. -.oxidanon w1th“ -chloroperbenzoxc acxd in methylene chlonde at 0 °C gave a

Iy
ol
s

2‘;.’
W mxxture (58 42) of the la- 15 and the IB- sulfoxxde 14 whlle the 2[5

o
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(chloromethyl)derivative 18, (X=Cl), on oxidation gave exclusively (100%) of

the 1d-derivative 15, (X=CI)%. : - - e
’ . ) ) -O . . ." "." B O (e @
R-- o s : R : = o R v | _ :
S CHX ~N__-S CHX .S CH,X
of Wrcoor O WZcoow 0 7 coor
| R o 15 14
) R=(CZHsCH,CO),N- - R'=-CHj X .
'R=(CHsCH,CO)N- =~ R=CH; ~  X=Cl

Interconversmn of Pemcﬂlm Sulfox1des ) |

The methy‘?phenylacetam1dopen1cxllanate -la- sulfox1de 15h in

refluxing benzene was converted into the B-sulfoxide 14h90;

" COOR 0
15

. h. R=C6H5€H2CONH' ’ 5 R'=‘CH3

Irradia'tion' of the methyl- acetamidopenicillanate-lB-sulfoxide 14m, or -
the methyl phenoxyacetamxdopemcﬂlanate-lB sulfoxxde 14n, in acetone gave
: S
a smg.le product viz., the a-sitlfoxide of the ‘respective pemcﬂlms 15m, 15n '

L

conflrmed by spectrophotometnc and chemical methods95.

o -



o H "COOR - 9" g "coor
Y - 14 a % 15
m.  R=CH;CONH-" ~ R=CHy -

n. "R=c6H5o(_:H%c0NH- R'=-CH,

L PENICILLIN SULFONES ‘ o _

The flrst pemclllm sulfone to be reported as a B- ‘lactamase’ mhxbltor
exh1b1t1ng synergy with approprxate B-lactams against a varlety of bacteria was
6- desammopemcﬂlamc acid sulfone 10 (Cp 45899)58 Similar to. the well
known B-lactamase 1nh1b1tor clavulamc acid55°3, it lacks an acyl-ammo side
chain and has a weak C-5 to. sulfur nd, which is the driving force for the
N fragmentatxon occurrlng after formation of an acyl mtermedrate with B-

B lactarnases‘*8 However the spectrum of inhibition of B- lactamases is

| _dlfferent from that of clavulanic acid. The 6a chloropemcxllamc acid sulfone
eff1c1ently and 1rreversrbly macnvates extracellular pemc1llmag from
Staphylococcus aureus %6. Fac1le epnnenzatlon at the 60~ position would be.
expected to play a role i in the mactwatron process Both the 68-bromo and the -
6B 1odopen1c1lramc acids- have been shown to exhlbxt synerglstxc act1v1ty W1th
: amp1c1111n comparable to thdm of. clavulamc acid and greater than that of B

'sulbactam97 The d1sc0vgty‘%

icj "mc acid sull’ones':’8 as B- lactamase

. 1y .u '
mhxbxtors led to the oxldatla .Gf 60 er pemcrlhn denvatlves to their

sulfones followed by testmg for B-" & ‘se mlubmon Some of the recentlyv,

,developed _ inhibitors mclude sulfones of the ‘2[3 (substntuted_- "

~



methyl)penrcrlhns 19, whrch are’ usually prepared by the oxrdatron of the ‘

respectlve pemcrllrns 18, w1th potassrum perrnanganate98 A4 or -

chloroperbenizoic acid®? as oxrdmng agents.

: s CHX : S CHX
N ] R . '—'———> . ’ : . o \—-’
o” R Ay
y’CooR 00 ' coor!
18 19
R=H R'=Na, K X=Cl, Br, Nj OH

i

, . A\
f/ J. 2- (SUBSTI'I‘UTED METHYL)PENAMS ‘
| React1ons of the pen1c1lhn sulfox1de 14 wrth heteroaromatrc th{ols are
known to readrly produce the d1th1oazet1d1nones 20100, Thf.xs, treatment of
: pemcrlhn sulfoxrde 14, w1th 2- mercaptobenzothlazole Fluxmg toluene for
v 4 h gave the crystallme unsym azetrdlnone dlsulfl 20, which is a\very .
useful 1ntermed1ate— in the synthe51s of - numeroug penlcrllrn and X
cephalosporm derxvatrves = » ' o
Treatment of the unsym azetldlnone drsulfrde 20a or 20b with
chlorme or cuprrc chlorrde,‘m methylene chlorrde, afferded the 2p
(chloromethyl)penams 18, {X=Cl), the confrguratron of whrch was conﬁrmed
‘ by 1nternal Nuclear Overhauser Effect (NOE) and solvent-md ced shlfts

Bromme or cup‘nc brornlde under sunrlar cond' jons ga e. the 2B

(bromomethyl)penams100 18 (X-Br)




R o
CH, - N—5 CHzX
s __'_> ce -
S R—C6H5CH2CONH R=CHy . X=Cl BT= N,
b R—C6H50CH2CONH - _—-CH2CC13 X=Br . _
' 'The”_conversmn of azet1dmone dlsulfxdes 'aﬂnd ‘thiazoline"w

o azetidinone'sloiil tb the '3-'io’docephams 22, (X I) and the 28-

' (1odomethy1)penams 18, (X=D), has been reported102 . _
The thlazohne aietldmone 21, obtamed in 80% y1e1d by the reactlon of
o pen1c11hn sulfox1de esters 14f w1th tnmethylphosphxte in refluxmg benzene o
| for. 30 h on reactxon ‘with 1od1ne in a sultable organic solventgnd in presence B

- of moxsture in'1-3 h gave the 2[3 (1odomethyl)penam 18, X=D, in 80%. yxeld .

/ o
- whxch was then converted to the‘S-mdocephams 22, (X I) w1th time. L,
Y— _ CH, CH, ‘. "
. N... o : N A
O.; VAR U o ' 3y . O ) o, e
~ gtcoor H _,CQ_O,R e 7 gl coor
.._2_-1_ \ s T -
R—R"CC_,)NH o R'C6H50CH2 o --CH(C6H5)2 S & SR

7

. Reactlon of the unsym-azetldmone dlsulfxde 20, _w1th chloroaceﬁ’c acld.' :
,‘and sxlver acetate gave, after chromatography, 35- 40% of the 2|3 h :
‘"'(chloroacetoxymethyl)penam 18 (X OCOCHzCl), along thh 30% of 3
.chloroacetoxy-cepham 22, (X OCOCHZCI), and 8?.cephem 26 Treatment 7 :



_i’the penhm 18’ (X-OE(XCHZCI) w1th thlourea in ethanol at @Q oC for 30 mins -

":'- F YN

: gave 74 84:% y1e1d of cnudé” 2B ’(hydroxymethyl)penam 18 (Y= OH) the

_ structure of whrch,was {conﬁrmed by phy51cal data1 03

SBT

EE A A o
¢.R=CgH;OCH,CONH- X= ococnzo
R'='CH2C6H'4’P>‘N_02IY'; _ Y-‘OH |

N 3 PR S : AR e
~ ' .. . N . . .

The g,nsym azetldmone d1sulf1de 20 on: treatment with srlver 0x1de,

glacxal acenc acid and 1odme for 1 h> s reported to afford the 2[5

,(acetoxymethyl)penam 18 (X= OCOCHQ %3 acetoxycepham "2

~1(X-OCOCH3) in therat1025 1104 s g w |

“o-

r ,3'5”,‘

’vacetlc ac1d and 1od1ne for 15 mins at room temperature or 511ver acetate, ~

acetate m the presence o& 51lver gcetate is reported to afford the 2[3- .

(amhnomethyl)penam 18, (X=NHC6H5) in 90% yxeldm5 o




J:N A s

~ R=C¢H;OCPECONH- y BT= _(/ ' ". et

—-CH}, E —NHC6H5 K

4 ,/
}V’ 3

An electrochermcal S S bond cleavage of the ,uns‘ym azetxd?fnone
chsulfxde 20, derived frorn benzylpemcxllm led to ZB (halomethyl)penarns 18
: ‘(X-Cl Br), and o—halocephams 22 (X Cl Br) o SR }.-:_' R f‘-," “
o A solution' of the unsyms- azetldmone drsulflde 20 and magnesrum
_ bbrormde in acetonltnle, tetrahydrofurjan4 and water when electrolyzed at 10
| ‘rnA~/ cm? at 23- 25 oC, after 35 mms gave 52% of 2B (bromomethyl)penam 18
(X= Br) and 44% of 3-bromocepham 22 (X Br) Jher alkalr metal salts, N"aBr

‘and KBr or HBr afforded the above rmxture in 46 73%. yleldsm6 R i

3

N ) “, . 0 4 N . Y
. .. H . COOR" - - 2 A et
o200 Cos o :
| R=C(HsCH,CONH- ~ R=CH; . X=Br BT— N o

Electroly51s of the unsym-azendmone dxsulﬁde ZOA in .acetomtnle‘
4 under 8 mA constant current, m presence of monochloroacetlc acrd and;

stoxchlometnc amounts of tetramethylammomum bﬁ)mxde m water, yrelded-'



.‘g,» . ;‘,' N : ' ‘ .

exclusrvely 2B- (bromomethyl)penam' 18, (X=Br), raccompanied by 2- -
beﬁzothxazotyt ,drsulfxdem'/' 23, - 7

. §<BT. . - S I T
o (| ',,,'..v T FE I
K N/ . _+‘_S-<' | 1
coo& o N S |
‘ 18 23
eR= C6H5L,H’(CONH " R'=-CH,CCly X=Br  BT= y_
12 —CH,CeH,p- »—<"| |
.G, C6H50CH2CONH R—-CH2C6H4 p N02 ) ‘ EEREN .

A toluene ‘solut1on of the benzylpemcrlhn -1B- sulfox1de ester 140, (er an

‘ analog havu‘\g a secondary amxde side cham) on reflux thh one equlvalent of
‘aCyl ha‘hde (or aryl hahde) and pyndme, for 1-2 h, gave, the 28-

(chloromethyl)penam 18 (X= Gl) in 30-40% yxeld dependmg upon the C-6

amtde cham a‘nd the acyl hahde employed108

,ﬁ;- | _
Q“; COOR' SRR H- COOR‘

O

14" v ' 18
.o R= C6H5CH2CONH R'=-CH(C6H5)2 - X=Cl
An u:ientrcal reactt?)n with the phthahmldopemcﬂhn -lo- sulfox1de
. methyl ester 15e, as substrate, ylelded a mlxture of two B -lactam denvatxves
viz., the 2p- (chjloromethyl)penam 18, (X Cl) and 2<x (chloromethyl)penam
24 (X-Cl) in 67% yxeld in the ratio 53: 47 o s

o
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The sﬁlferiic" 'acic.i'; pfepared 'by the }thermolysis of penici’llinv.sulfoki‘de’
‘15e, was converted to the sulfenyl chloride with thlonyl ‘chloride and"
) tr1ethylam1ne in carbon tetrachlorlde This hlghly reactive mtermedlate
mstantly cychzed to-two. stable products viz., 2[3 (chloromethyl)penam 18,

(X= Ch, and 3-chlorocepham 22, (X-Cl), in the ratio 3: 4109 |

)j// :){C}hx +  R\);N(

'H COOR' 7. 'H COOR" o

L o‘ - L o T
- Ree 7 redH,  gEmeQ
SR N — '. S R&%”J; . R
) L ‘ 0 - - . . . ’ ’ o
e Slow addmon of the p- mtrobenzylsulfemc ac:xd110 25 obtamed from .

0

_the pemcﬂlm sulfox1de 14, to a cold solutlon ‘of phosphorus tnbromxde in
methylene chlorlde, folfo‘Wed by reflux/for 1h gave a mlxture of 2B |
., (bromomethyl)penam 1&, (;&—Br), and Za-(bromomethyl)penam 24 (X-Br), in
-therat1011111 R



.' T 4‘ I

Ty

The pemc1llm sulfoxxde 14, on reflux w1th acetic anhydnde gave a
mxxture of 2[3 (acetoxymethyl)penam 18, (X=0Ao0), and 3- acetoxycepharn 22,

(X=0Ac), in 30 mins in the ratio 1:2 in 60%_ yield112.

: ?, S S KX
RO s , R S CHX - "N__SN
If - If X o+ ]ff
: Qi) N CH3 - 7N

R g ‘coor . ©
| 18
( 'R‘-C6H50CH2CONH | ’--CH3’  X=OAc

| 'I’he 2a- (chloromethyl)penam 24, (X= Cl), when treated with 511ver
acetate and acetic acid gave 2a-(acetoxymethyl)penam 24, (Y OAc) whlle W1th
sﬂver nitrate and acetone  the Za-(nltrooxymethyl)penam 24, (Y-ONOz) was -

o_btained“l. o ‘3_
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J _S_ - ; _s CH3f
N
o7 CHz - CH2

COOR ”
o 24 o | @ o
‘ A ' v 8 ,. .. v
R=, 0 R%{}h v _xgc1_’  Y=OAc o
g 0 . R

The 2[3 (chloromethyl)penam 18, (X—Cl) or 2B- (bromomethyl)penam
18, (X=Br), w1th silver acetate and acehc acid or with silver nitrate and acetone .
gave 2B- (acetoxymethyl)penam 18, (Y OAc) 3 acetoxycepham 22, (Y= OAc) !
~ and ceph-3-em 26 in the ratio 3:3:1, or 2B- (mtrpoxy)penam 18, (Y ONOz) 3-

n1trooxycepham 22, (Y—ONOz) and ceph 3—em 26, in the ratio 5:15: 110,

R

. . » NJ'/'.“ ‘- . : l;" ‘ . .. . i

O g’"coor

2 726
R'=-CHy " X=Cl =~ Y=OAc

the presence of sxlver fluoroborate gave ZB ‘(amlmomethyl)penam ‘18 as the



vmajor ‘,'produet;.‘fw“rith- 'so’diu‘vrn-, thxocyanate it gave only 2B~
_(t‘hi'ocy.ahomethyl)penem 18; W1th Z-mercaptobenzothlazole in the presence
of a base it gaye 2f- (merca%tobenzothlazomethyl)penam 18, (the normal
substitution product) and. the dxsulflde 20, which was produced by the o
nucleophlhc attack of th1ol on the su!f‘ur df the eplsﬁomum fonl13. |

4

- LD w ) {i'}:‘j’ i

o/j:—’N/ . ’
. g. COOR'
R L | ' | ®
‘i,z . » . “ . : ’ ‘ . | ?—BT N
RN___S CHySBT . RS on,
) / : + -
. e '0' ’ . / e )
, o He- COOR . o H%coo}z'
. 18 | 2000
eR=C¢HsCH,CONH- X=Br Y=-NHCH; | N
& SRt | - BT=-S < 1@

' Treatment of the- 2B- (amlmomethyl)penam 18“ (Y—NHC6H5), w1th
’. BF3OE t2. in methanol gave, in 80% vyield, a mxxture of ZB
. (methoxymethyl)penam 18 (X= OCH3) and 3-methoxycepham 22, (X-OCH3)
while a similar reaction with HCl ylelded the 2- (chloromethyl)penam 18,

_(X-Cl) in quantltatlve y1e1d105
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. R . .
\\ ) E . ~.u
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T . .
O/ ., Co 0 s o v B
g’ v COOR f -~ “'g” "COOR'
| 18 b 18
R=CgH,0CH,cHRH-  Y=-NHCgH;
R=CH; . X=OCHj Cl

r!* "
w T

' E L
The ZB"(chloromethyl)penam 18 (X Cl) on treatment thh sodxum ,

azxde in aqueous dnnethylformam& for 3 h- gave a 2 1 rmxture of 6 ,6-

.dxhydro-ZB (a21domethyl)penam 18, (Y—N3) and the isomeric 7 7-d1hydro-3[3

_ }ocepham 22; (Y=Np)!4. S

. . f . . v * v - ‘ )
RG__s CHX cnz R
- 0" 4/ " coor | COOR' o
18, '_ o o ’18 , .
R=H » . * X£Cl
CR=CHCH), Y=N;

The sulfenic acid 25 could also be protonated thereby changmg the "S'
“from a good nucleophlle to an electrophlle Nucleophxlxc dlsplacement at St
by the double bond gave 2[5 (hydroxymethyl)penam 18, (X—OH) and 20~
(hydroxymethyl)penam 24, (x_OH)115 .’ S
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. ' ~S ~ CHX R N
o 24

a3

vV
OH he Ci)*
1 1
R S . R _S
. O¢ "-. - O ' o,
- ~” COOR'
25% -

JH "COOR' S O
S 18 o

R=C4H5OCH,CONH- R=-CH,CCl;  ~ X=OH . o

" Thus the 2- (subsntuted methyl)pemc111ms 18, can act as 1ntermed1ates
for mtroduc?ng other nucleophilic groups into the pemcxllm nucleus

 The disulfide 20 (X= OAc), obtained from 2p- (acetoxymethyl)penam-la- E
sulfoxxde 15, (X=0Ac), on treatnient ith molecular bromme gave the 2[5-,»:»
(b\gmomethyl) 2a-(acetoxyme ylpenam 24, (X=OAc), while the disulfide 20,
(X=Cl) obtained fror gﬁélﬁmethyl)penam-la sulfoxide 15, (X=Cl), under

51m11ar condmons, gave the 2p- (bromomethyl) =20 (chloromethyl)penam 24,

\
(X—Cl)l 16

. R s CH-X R CH RGO _s CHBr .
I:N7)%; — l T I,&j)/' o
0 A ) O/ N YlL CHzX CH2X : N

o) :
s 20 24



N ‘.Q'% . R=C, 5OCH'1CONH~ ‘ X=Cl - 6 . BT= N. S -
o "‘CH(CsHs)z e o XSOAc S |

s

The 2[3 (acetoxymethyl)penam 18 (X OAc), was obtamed by the "

o\idatxon of methyl acetamldopemcxllanate followed by acetic anhydrlde."-_‘;
snangement The ox1dat10n of 18, (X= OAc) ‘with peramd gave the ZB o
: (acetméymethyl)penam-lﬁ sulfoxxde 14 (X-OAc) whxch on 1rrad1anon by the

proce@hre of K;‘cher117 gave the a- sulfox1des of 2[3 (acetox&methyl)penams N
27, and@a (acetoxymethyl)penams 29 and B- sulfoxxdes of 2[3-»

'(acetoxymtim*penams 28 and 2a-(acetoxymethy1)penams 0.
@R . SRR . ’l S A
NS R s, CLX R 5 ocn
9" g'Tcoor 0 o COOR' ¢ VA
: 8 B 2 I
"'Q _ o o .

L R, o

'. . ". . KN

27

B .30

CH3CONH X—OAc

The 2[3 (substltuted methyl)penams 18 (X Cl Br), are( converted mto.f. '
. B F . _
the1r 1somer1c cephams 22 (X-Cl Br) by rmg expaﬁsxbn Some typxcal_ -

’ i "“’ﬂ.

Py ‘J
5 examples mclude o fo’@_‘ 7‘.:'*

¥ . ) . ) ‘-"-1"“'.‘.": L

A
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(1) Conversion of the 2B- (bromomethyl)penam 18 (X Br), in DMF at room

| temperature (overmght) to. 3-bromocepham 22, (X-Br) and conver51on of ZB
(chloromethyl)penam 18, (X=Cl), by refluxmg in benzene in presence of

pyridine fo 3-chlorocepham 22, (X=CI)100,

R

SN\ .S CHX | N
v ., ——— v

Some

fo 2 . T
18 . L

'R=C(H,CH,CONH- - . R=CH; _?xﬁr

"R=C5HSQ_CH2CONH- o R'=-C_H2CC13'" X=Cl

. . W
an (2) Conver51on of the 2[3 (chloromethyl)penam 18, (X Cl) to 3—chlorocepham
122, (X= Cl), by heatmg in DMSO at 100 °C for 1 h108

RS CHX .
" g"coor
R= O ‘R'é

‘. ;fu -

The ring contractxon reactlons convertmg the cephams 22, into penams
_.( : - o .
' 18 is also'cited in the hterab,gglm?ﬂ. iy
' - 4 n"

Treatment of 3 chlogpfzepham 22, X=Q1), wnh sxlver acetate in acetlc -'
RN
acid. for 5 mins gave a mxxture d‘r f 3pB- acetoxycephaarm 22 (Y—OAc) ceph 3 em o

26, and ZB (acetoxymethyl)pen‘am 18, (Y=OAJo), in almost quantxtanve y1e1ds,

" in the ratxo 3 f :3, whlke treatment of 3- hydroxycepham 22? (X—OH) thh '

a
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- thionyl ‘chloride, triethylamine and carbon tetrachloride gave a mixture of 3[3 -
chlorocepham 22, (X= Cl) ceph- 3- -em 26 and 2p- (chloromethyl)penam 18,
- (Y=Cl),in therat10411 ' L

X
- . . o \ O %) ., . ‘ - . 4
‘ H COOR' e
. . T S 1o B { S f i
R RS CHY
+ |
Ne /™
- . 18» R

-a. ,X:CII,‘ .Y_=O‘Ac o

b 'x“=o'H‘, Y=a

<

Cs

- The p-mtrobenzyl ester of phenoxyacetamldo-BB hydroxycepham 22,
' (Y OH) when reﬂuxed with thronyl chlonde and DMF in borlmg benzene for
i }0 mins gave the correspondmg 2[§ (chloromethyl)penam 18 (X= Cl), ’whlch
' rearranged to 3[3 chlorocepham 22 (X Cl) on standmg at room

temperature111




R=C(H;OCH,CONH-  Y=OH
i\.

The cepherns 26 are prepared from the 2B- (chloromethyl)penarnlS '
(X Cl) cepham chlor1de 22 (X=C1), by warmrng at 130 °C.in DMSO in presence -

of a weak base such as urea,. w1th the ehmmahon of HCllO8

K. FLLIORO ORGANIC COMPOUNDS B g B S E e
. The unusual propertres numerous compounc‘ls' a'cquire "on-.'
mtroductxon of fluorme are vaned ag:i extend from- extreme stabxhzatlon in
| ‘fluorme contamlng polymers and blood substrtuents to alteratxons in the |

~ activity of pharmacologxcally and phytornedxcmally acq*g compounds One

o physxcal pecuharlty of the fluorme atom its magnetlc moment, suggests a

- “new approach to the decyphermg of metabohc processes119 The 1mportance,

of*‘wmonofluormated molecules w1th dxstmctlve and highly interesting -
'blologlcal activities 1§ contmually reflected in the li eraturelzuory,"‘
'fluorlne contarnmg medxcmals are represented in dxve se areas such as the
y antrcancer agents121 e.g., 5 ﬂuorouracil 5-f1uoro-2 -deoxy B-unﬁme and N--
tetrahydrofuranyl -5- fluorouracrl ant1v1ral agentslzz, eg., 5-substxtuted (2-:
o fluoro -B-D- arabmofuranosyl)pynmldmes, inhalation anaesthet1c5123 e.g. |

N u‘.-’ ,2, Lo
A 3
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' .'.halothane, enflurane, 1sof1ulane sevoﬂurane synthane and allﬂurane anti= |

" 41nf1ammatory drugsu4 eg paramethasone dexamethasone flurblprofen an

arylalkanmc acid, and sulmdac and . the sahcyhc acid - analfbg dlflumsal

ant1b10t1c5124 e.g. flucloxacrllm 5- fluorocytosm ﬂudalamne and rnefloquﬁ\e -

.and CNS agents125 eg fluphenajlne HCl,' flupenthlxol decanoate,
»haloperrdol penflundol %ktrazepam fenfluramme, progabrde Other

'fapphcatlons 1ncl/de the use of bendroflurnethrazrde as a dxuretrc'amd

_ ant1hypertensr‘ve agent124 and flecaxmde acetate as an aﬁt‘larrhythmtd drug126
. Perﬂuorochemxcals have been used as superlor oxygen carryrng blood
%’ubstltuentsln Rad1p opaque fluorocarbons e. §s fl-uorocarbon

’monobromldes, have been shown to have hrmted but useful apphcatron for%

contrast enhancement of X- rays128 Fluorme 18 is a posxtron emittmg' o

radrolsotope.of fluonne whrch is bemg mcreasmgly used in posxtron B

ermssxon tomography129 '.“ L T (

¢ e

The 1ncorporat10n of fluorme in druy molecules as. a means of

'_ vmcreasmg therapeutrc effrcacy is based on several consrderatxons mcludmg124 -

(D Fluorme, mmucs hydrogen thh respect to stenc requlrements at enzyme Lo

receptor srtes The Van der Waal S~ radrus for fluorlne is, 1.35 A° whlle itis 1.2 :

1o

. Ao for hydmoen. o 5 .

~ (2)-.The- strong electron-thhdrawmg effert“.df‘ffluorme can sxgmfxcantly,

~1nf1uence reachvxty and stabxllty of functlonal groups and ‘the reactrvxty of o

nelghbormg reactlon centers. - o

4

"__(3) The substxtutxon of hydrogen by fluonne at or-ne area’ctive site '

| frequently causes mhrbltxon of metabohsm because of the hxgh C F bond': o

energy a - "%"

(4) The replacement of hydrogen by fluorme usu'ally mcreases hpxd solubllxty, L

b thereby enhancmg the rate of absorpnpn and transport of drugs in/ vwo In;_’

e
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‘npany “cases, this factor may be the most sxgmflcant in 1mpro ing -

ph'}rmacologxcal actrvrty :
(5) Sometlmes, as in d case of 5- fluorouracrl the presence of fl
o mstead of. hydrogen actually blocks an essent1a1 b1ochem1cal reaction i. e the
¥ fluorme behaves asa deceptor group | . . L R
| The real1zat10n of the 1mportance of fl-uormated compounds has led to o
a drastrc 1ncrease in the avallabllrty of synthetic methods and reagents for:
, fluormatlon of orgamc compounds. In hxghly fluorinated c0mp;unds all or
kmost the hydrogen atoms initially bonded to carbon atoms have been
replaced by fluorme, while-in low fluorlnated compounds, only. some of the -
hydrogen atoms are replaced by ﬂuorrne As a rule, specrflc 1nteract10n of a -
"fluormated compound w1th a hvmg orgamsm 1s only possrble when not all -
» the. carbon-bonded hydrogen atoms have been replaced by halogens The
most elegant mevtg:od @f fluorination is' the 1ncorporat10n of a fluorme atom
into the cgmpound in questron at the end of the conventronal synthesrs119
f Eluoro-org:mc compounds may be synthesxzed by the drrect reacnon of
'hydrocarbon -type orgamc derlvatlves thh metallic fluorides. The metallrc |
,fluorlde may be used to effect the exchange of fluorme for- functional groups, |
frequently other halogen atoms (Cl Br or. I), }rydrogen and unsaturated
hnkages In another process, all substrtuents on a carbon skeleton can be
. replaced by fluorme, and unsaturatxon removed to grve hxghly fluormated
E ,products and eventually fluorocarbonso Metalhc fluorldes may be classrﬁed
- into’ two ‘groups accordmg to. which reactxon they promote. In exchange
reac,tnons, with alkali metal ﬂuorldes, metals form derrvatlves in more than
one’ Va%\cy state and the metal fluorlde is converted into another salt by

lower valence fluorxdes In exhaustivée ﬂuormatron, ‘hrgh valency metal

fluorldes are reduced toa Iower valency fluoride as the reactlon proceeds

| 4
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‘le=C + 2MF, —_ —C-C + ZMF,,.;,
YA \ o L :

‘FF

Some of the metal fluorldes Wthh brmg about exchange are antlmony |

pentafluorrde, 51IVer fluorlde, potassmm fluorrde, mercurrc fluonde,
)

-antxmony trlfluor,ge and mercurqus fluorlde The most 1mportant hxgh

valency metal ﬂuorxde is cobalt trifluoride. Srlver cltfluonde manganese
N

trlfluorxde, cerium tetraﬂuonde and lead tetraﬂuorrde are’ some examples of

this group. wh1ch are used to a lesser extenﬂl30 B AT

Fluorination by halogen exchange is by far the most wxdely used \ \

method of synthesxzmg orgamc fluorlne compoundsmn the laboratory G{and
lndustry Alkah metal fluondes are frequently very effectwe fl'u'ormatmg
agents for halogen exchange fluormatlons and are. used in the preparatxon of

compounds possessmg a functxonal!,group and only one halogen a,tdm A

large number of inorganic fluorides Mve been studied as‘ reagents for ﬂuonde
R R

;

¢

exchange reactlonsm1 examples 1ncl@e T Lo T

(a) Anhydrous hydrogen fluonde (AHF) whxch causes substxtutxon of only

very reactwe atoms such as benthc halogen atoms, converts ( ‘:-

————

.._benzotnchlorlde to benzotnﬂuorﬂe132 substltutes fluonne“’for chlonne;’

atoms in d1phenyld1chlot6methane133 and tnphen lchloro'methanel3'4

(b) Antunony ulﬁuonde is’ sxmllar to AHF. Benzyhc135 and atllyhc136 halogen o

.atoms, halogens in ac1d4 chlorxdes137 trlchloromethylsulphu:lt—:sl38 |



alkylchlorosxlanesl39 and orgamc ]ihosphorous compounds contarmng a I’-Cl

.' borrd 140 are- a few examples where an’ exchange reacnon of chlorrde to fluorrde

51

A' is medlated by antimony trrfluorrde /}\ntrmony pentafluonde 1s a powerful |

' ’fluormatlng agent used for the complete reﬁcement of haloger@atoms by

‘ fluormel‘“

(c) Alkah metal fluorxdes Potassmm fluorrde is. the most versat1le alkah

‘metal fluoride used for: fluormatron by halogen exchange It is useful for the -

replacement of 1solated halogen ator;#,ﬁ

compounds contammg a functlonal‘;‘gro\!p such. as in ethersl43 and

!

) alcoholsl‘ﬂ

1od1des and bromides as well as esters The dlsadvantage is that it promotes
the removal of hydrogen halide from an alkyl halrde ‘with the formatlon of
. olefins145. P - - ot
‘Mercuric fluorrdejrs a powerful fluormatmg agent ‘which does not

~ cause ehrnmatron of hydrogen hahde from an orgamc fluoride and is. useful

or I) exchange reactron by fluoride contmu,e en)oy great popularrty This
i e

_sxmple method can also prove successful with complicated derivatives of

natural products such as’ pnostagland1nsl47, sugars148 ar,\dvnucleosxdesl‘_‘9 in

whxch case a tosyl group is exchanged

% alkane senesl"‘2 and also in

Mercurous fluorrde is used for fluormatron of alkyl hahdes espec1ally‘ B

‘rxdes, the halogen (Q, Br

" .Some srmple examples of halogen exchange reactrons usmg metal_’-

v' 3
‘fluorldes are as follows v



o KF[Glycol, 175-185°C R R
CHy(CHpCl — L CH3(CHZ)5F B SR
o HgF2.4o°,cj - _— . N
CHBr2Cl % " > CHBCF .. 18

‘Methyl fluonde can be obtamed in 80% yield by fluormatmg methyl .
| 1od1de with mercuric fluonde152 The same reactxon usmg sxlver fluonde was
- studied much earlier by Moissan and Meslansl53 LT N C |
| ' Fluor1nat1on of CBrCIZCHBrCI in presence of a catalyst pared from
| SbCl3, SbCls and HF proceeds excluswely on tnhalogenomethyl group154

L,

CBrC12CHBrCl HF’Sb ““"ys‘ 0 120 C» CF3CHBrCl -
nAnother compound of potentlal 1nterest as a non-mflammable anaesthetxc is
-bromo 1 1 1 2-teUaﬂuor§éthme, wh1ch was prepared in 50% y1eld by either

- of the ﬂuor1nat10n5155 '

. o HF/Sb,ClF 110°C/250p51 L
~ CF;CHBr, — > CF3CHBrF

‘ l-[F/SbF3/SbC15,110 °C/250 psi
CBszCI‘IBI'F " ‘ N —- CF3CI’IBI'F

LR
o

On treatment of 1, 2 d1bromo-1 1 2 trxfluoroethane wrth srlver fluorrde

in a sealed tube fluormanon occured on the monobromo methyl groupk _
e; . . .
: o

; o~ - . T
AgF' 20C o CBrFZCHzF s

CB}F2CH21§%‘ ‘
Numerous methods for the preparatxon of fluoroalkane by halogen exchange
, reactlon usmg metal fluorides are ngen in reference # 131 K St '. g o
Reagents other than rnetal fluorldes are also avaflable for the= ) :
' “_mtroductlon of fluorme 1nto orgamc molecules However, smce the_":
~ ﬂuonnatrons studies were based“on the use of metal ﬁuorxdes, L have lrmlted ’

the drscussron to thls class of compounds ‘

K



'Fluormated B—Lactam Antlblotxcs _ ‘ |
In splte of the avaulablhty of a number of methods for the fluonnathn

of organic compounds and natural products and the knowledge about the

'usefulness of this class of med1c1nal compounds, very httle is known about . -

the fluormatlon of - lactam antxbxotlcs Only a few examples of B lactams

with ﬂuorme in the molecule are known e SR ] ,‘ Sl v @“_ ,
Von Daehne, et al., 157 have reported the react1on of 6B bromo-ZB

(bromomethyl)penam 18 (X=Br), w1th nucleophxhc agents to provxde a

. " .
« . ,
4 S

‘mlxture of 6p- -bromo- 2[5 (fluoromethyl)penam 18 (Y=F), 7{3 bromo Sﬁ
hfluorocepham 22 (Y= F) and 7B- bromo~ceph -3-em. 26 although no detalls of

the reactlon are prov1ded

s CHX * | .

S CH,Y
‘H ~COOR'
18

ReBr -~  X=Br

' R'=-CH20AC, H K . Y-'=E
' T

L4

. Muller, et al 158 have reported the preparatlon of 3- fluoromethyl 3- -

h

cephems and 3- d1f1uoromethyl -3- cephems usmg 2-chloro-1 1,2- tnfluoro-

-



tr1ethylam1ne (CTT)159 or pxperldmo sulfur’ trlfluorlde (I’S’I’)160 as |
fluorinating agents, whxle 3 fluoro—3~cephem has been dxsclosed in the patent
-11terature161 " , | o e '

| '}l'he alcohol 31 (X= OH) was converted w1th CTT in 1,2-- |
drchloromethane to the 3 fluoro‘methyl Az-cephem ester 31 (Y= F) 73%, whlch
an ox1dat10n w1th m chloroperbenzorc acid gave 3- ﬂuoromethyl A3-cer3hem ‘
;sullfoxlde 32 deoxygenauon with PC13 in DMF gave the requlred 3-

: ﬁuoromethyl A3-cephem ester 33 (68%)158 |

<

.';: K
2 -
07 T CHX  '»3_ o CH,Y
' W :
% _+ O T U
| ' © CHyY

Y otewmyy o 0 0 07

_; : ' COOR' -® T '— E L : o o ?‘ : COOR: :
=C5H5CH2'CONH- 7 U X=OH: | :

For the preparatxon of 3- drﬂtioromethyl A3-cephem 34 the readﬂy

-4
P

avallable aldehyde 35, was treated m dxoxane thh 7 equrvalents of PST at

,_ r(Jom temperature for 1 5 hrs, when crystallme 34 was 1solated in 45%

) . PR . .
r‘. PN Q..g' . e
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‘ 35

R=C5H5CH2C_ONH- i ,
s _‘5)1

“R' —-CH(C6H5)2

Flucloxacxlhn162 13 a narrow spectrum pemcxllmase stable ant1b10t1c is.

( .
another example of a B-lactam ant1b10t1c with fluorine’in the molecule

‘ | . " F . . .
R S . . ! ol " . . )
R= -—— CONH
N/ ™ i N \K
O/_'/ ", : oo \O , CH3
Yo ' 13 s . ' - - g \'2 §
- \ N . b . A . ', . 1

The reaction of metal fluor1des witly unsym ‘azetldmone dlsulfldes 20,

( }‘alomethyl)pemcﬂlms 18 (X Cl, Br), leadmg t° 3B fluoro 3a-
methy eephams 22, (X=F), has been reéently reported by Micetich, et al 1.

" / / . < ) ’ / o,



“ﬂs OB]ECITVES

“ 0

The maih ob]ectWe was tp sq,\g{’the synthesis: and propertxes of ZB

*

(subsntuted rnethyl)penams 18, thk mberxc 3B -substituted cephams 22, and' B

‘An active Blactamase 1nh1b1tor the 6,6- d1hydropemc1llamc acxd o

"sulfone58 19, (X=H, R'—H) is bemg marketed by Pﬁzer The 6,6-dihydro-2(- |
(chloro-, bromo— and azxdomethyl)penam sulfones 19a, and: the YTR class of 4
compounds 19b are known to possess good B- -lactamase mhxbltory act1v1ty“4 v
. 164-169,  Among . the 2- (halomethyl)penams the 2B- (chloro- _and |
bromomethyl)penams 18, (X-—Cl, Br), have ._been fairly extenswely
. studied100,111,170, The 2B- (iodomethyl)penams 18, (X=I)' have also been
descnbed102 171, In contrast the 2pB- (fluoromethyl)penams 18, (X=F), are"
| relatxvely unknown As the 6,6- dxhydro-2B (halomethyl)penam sulfones 19,
~(X=Cl, Br), proved to have B-lactamase 1nh1b1tory actxvxty my objectxve was
“directed towards the mvesngatmn of methods for the synthesis of ”2[3
' (fluorofnethyl)penams 18, .(X=F), by studymg the fluormanon of unsym-
azendlnone dxsulfldes 20, and the 2f- (halomethyl)penams 18, (X—Cl Br), W1th

‘the metal ﬂuondes.

. L : ,
- [~ ,) : ‘ P
’ ' .
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\ S ~ CH;X S x
; ):_IQ/ . a| a8, N3
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| ~ H COOR | AR
e b — NN
‘R=H 3 » . o _Ruc ' ~.R" ;
R'=Na

Although the synthe51s and characterlstlcs of 2p- (halomethyl)penams

18, (X=Cl, Br, I), analogs of benzylpenicillin and phenoxymethylpemclllms
have been reported100.102, 111,170,171, comparatxve antibacterial activities

(MICs) of these pemc1111n derivatives is not ava1lab1e Broad spectrum

antibacterial act1v1ty of cephalosporms with heterocyclic ring substxtuents at

C 3 has been reported172. Mybther ob)ectlve was to synthesize a series of 2[3 _

" (substituted methyl)penams 18, which had various substltuents at C-6 such as

[R=C¢HsCH,C , C_6H50CH2CONH, C6I'ISCH(N H:;_)CONH], _at C-2 [X=Cl, Br,

2-mercapto-5 ethyly,3, 4-th‘iadiazo"le -and S-mer'capto-l-methyl-l 2,3, 4- .

tetrazole) and §uitable ester at C-3 [R'-CHzCC13] which could be subsequently |

- hydrolyzed an§&he acid converted to the sodlum salt.

-

R

0% 4" coor'

18

- ’ N7‘)<CH3 S ' L
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(o o o
CHsCH,CONH - =~ C = = CHCClL
" C4H;OCH,CONH Br . Na -
CHCHCONH NeN L
| NH, _sd W\...-
g o S7..CHy ‘
R _C(,HS(fHCONH N-.
] . I "
NH =SNG A
: | _ 1:1_/
CH3'
Csz ”

'I‘:ée compounds thus prepared‘\were to be tested for antxbactenal

~

activity (MIC determmanon) agamst selected strains of Gram +ve and Gram - ’ o

ve bacterxa to obtam data that would be useful for SAR studtes, based on |
varlatlons at the C 6 h‘C-Z B methyl posmons of the pemcﬂlms

| The té dlhydro-ZB (tr1azolylmethyl)pemcﬂhn sulfone 19b, (YTR 830
R'=Na, R"-R"'—-H) the ‘most effective B lactamase lnhlbltOl’ now known, is
under prechn.lcal testmg in’ combmatlon w1th a varxety of antibiotics. The
other objective was to prepare the 6 6—d1hydropemc1llms with 2-mercapto—5-' ’
methyl -1 ,3,4-th1ad1azole at C- 2 B-methyl and carry out a systemanc ox1dat10n

" study on this compound W

H H S CH2 S* )\CH:;

. » NJCH
o >

H COOR'

BN



[OVR e ‘"I_IIA;,,RESULTS“ANDDISCUSéION'
‘A, OXIDATION

The oxidation of pemc’lm 1, to its suifox1de could theorencally lead to o

two isomers viz., pen1c1llm B-,sulfox1de 14, and pemcxllm o- sulfoxlde 15..

However, several modified pen1c1111ns 1 w1th varymg substltuents at C-6

such as [R—C6H5CH2CONH- C6H50CH2CONH- and CH3CONH- ] and at C-3

[R'= CH3, CHzCC13] under various oxxdatlon condmons nge exclusively one :

sulfoxide isomer viz., the B sulfox1de 14 the confxguratlon of Wthh was

assigned by NMR and "X'-ray crystallography stud1esl73 The B-conflguratxon
~ although sterlcally hmdered was the result of the directing influence of the
" 6B-amido proton either through hydrogen bondmg with the oxidants
(reagent approach control) or. through_ therrnodyhamlc: control in which the

‘B-configuration was stabilized by an internal 63-amido proton-sulfoxide

hydro‘geri bond.- In the absence of the 6B-amido pr'oton, steric control Vwo»uld .

be the major du'ectmg influence in the oxndatlon88

“The proposed mechanism174 of sulfide oxxdanon by perac1d is“as .-

follows:

‘ (o) ; ; )
R—CvOr\:SRZ [ — R—-{ o+ - 0=SR,

2

sgn -



The hydrogen bonding and suhsequent bond 'displaceme’nt existed in

an especmlly favored form with the peracid 1tse1f and no accessory hydrogen- :

.bondm a ent was necessar The oxidation rocee d by a nucleo h111c
g ag Y- P y P

attack of the sulfur atom on the peracrd Extendrng thlS mechamsms to

penlcﬁhns and from consxderahons of ster;c hmdrance, the B- sulfoxrde would

—

seem to be the 1east hkely product The: mveshgatlons of Henbest and

coworkersl75 have shown that the stereochemrstry of . epox1dat10n was, |

1nf1uenced by the” presence of hydrogen-bondlng functlons e. g hydroxyl in

'posmons close. to the reactxon 51tes | The epoxldatlon of 3-' ‘

benzarmdocyclohexene with peracetlc ac1d leads to the cxs-epoxlde due to the

. |
directing effect” of the benzamldo proton176 it was postulated that in non-

polar solvents oxidation occurred by the nucleophxhc attack of the double

“bond on the peracrd hydrogen bonded to the hydroxyl group Apphcatron of

thrs argument of "reagent approach control" to the oxldatxon of penicillin to

its B-sulfomde would require that the perac1d be vmmally hydrogen bonded to

" the amido proton, .(Figurev7).

- H %COOR'v- L
¥ : l L—

Figure 7. The Mechamsm of Oxrdanon of Pcmcﬂlm wnh Peracid.

Theoretlcally, 1t would still be possxble for either of the sulfur lone pa1

.of electrons to attack the hydroxyl oxygen, of the peracxd ‘However, mspectto

of the. non-bonded irtteractxons for both transition states mdtcated that the




product with the Bvconflguratron (the stereochemlstry cis to the am1de s1de

chain) represented a transxtlon state thh a lower energy barner, hence df

'hlgher stab111ty’17°‘ J 3

AU . °
i * . B

“An, alternatwe explanat1orf*‘ was that no matter whxch isomer was

-

tmmallv med; under thg reactxon condltrons employed 1somer

Y

equrhbratlon may have occurred so that the frnal product ‘was governed by'

. thermodynamlc factors, ie, the formatlon of an mtramolecular hydrogen'

bond between ‘the', amxd‘; proton and tl}e sulfoxlde oxygen atom This

hydrogen bond =expla1ne‘ the 1nab111ty of phenoxymethylpemcxlhn-l[3
_sulfox1de 14, [R—C6H50CH2CONH-] 3 1somenze to the a-isomer. "

The oxldatlon of perucxlhn 1, to pemc1llm-1B sulfoxlde 14 by hydrogen -

- peroxlde and acetlc acxd or hydrogen peroxrde in an aprotlc solvent Was a one L

step mteradnon of the' sulf1de wrth the pero d
' N
seneé of electromc dxsplacements led to

B PN

':..transfer177 (Flgure 8 andJEtgure 9). - Even in th1s case, an, mtramolecular
: hydrogen bond between the amido proton at C 6 and the sulfox1de oxygen

atom stabxhzed the [3 1so‘rner :

e-soIvent complex in whxch a_'.'r,:- o

"!ogen exchange and oxygen': .

;‘

I

 Figure 8: The Mechanism of Oxidation of Penicillin with H,0y/Glacial Acefic Acid

I
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f ,Frgurc 9 The Mcchamsm of Ox1dauon of Pemcﬂhn w1th 1-1302 in Apronc Sotvcnt Ty

Varrous pemcﬂhns 13, exh1b1ted a sterxc effect on the approach of the B

'ozone molecule Wthh determmed the stereochemrstry of the resultmg

',;,sulfoxrde"’1 Frgure 10 represents the reaction mechamsm of ozone oxidation -

_”of pemcrllm 13.

COOR' s
14, 15 ., "

. . o : A
Frgure 10 The Mechamsm of Oxrdanon of Pemcrllm wuh Ozone .

The varred proportrons of the two 1somers, pemcrllm—lB-sulfoxxde 14

; and pemcrllm-la-sulfoxlde 15 in the ratxo 41 1 1 and only 0 1 formed thh

varymg substltuents at C-6 [R- NHz C6H50CH2CONH- and phthahrmdo]“
respectxvely mrghf )

"e been the result of a B to a- conversxon v1a the

sulfemc acrd ¢ th the drwmg fo,ree bemg th.e release of stram between tWO

K e

- Ao

'I'he oxrdatxon of pemcﬂlmwDiR—C(,HsCHzCONH-], by 1odobenzene
drchlonde in aqueous pymdme gave the a and B sulfoxrdes ﬁ\
approxrmately 1: 1 ratro The reactxon proceeded by a two step process in whxch

the mtermedrate, ther a complex or a sulfomum chlonde, _was capable of



f'; *63

a8

. berng hydrogen bonded to the armde srde cham the hydroly51s of whrch led
to the mversmn about sulfur178 179 grvmg the mlxture of the two 1somersw7 ;
', 4 Morm, et al. 83 proposed the mtermedx‘acy of the sulfemc acxd 25, in.the

rearrangement“f?of ;,pemcrlhn-lB sulfoxrde 14, [R= C6H50CH2CONH] The.

o inversion of methyl pemcﬁfhn-lo.* sulfoxrde 15 [R:CH3] to the B- sulfoxrde 14 :

r [R CH3], in refluxmg benzene reported by Archer et al.95 also crted the

sulfenrc acrd 25 asa possrble intermediate. |
| On heatmg a’ solutron of pemcrllm 1[3 sulfoxlde 14, in benzerre .
_ contammg a large excess, of DZO for 24 h, the recoveréd sulfoxxde Rad an
‘average of one deuterrum atorn located only in tf\e €-2 B-methyl group as
shown by NMR, whlle phthahmrdopemcrlhn-la sulfoxrde gave d‘eutenum

e mcorporatron only in the.C-2 a-methyl group180 These results mdrcated the» N

existence o? a, thermal equrhbrlum between the sulfoxrde 1£ 15 and sulfemc '.

' acrd 25. When tl’us equrlrbrlum was estabhshed in the’ presence of D20, -

hydrpgen deuterrum exchange occurred m the sulfemc acid 25, W1th

consequent deuterrum 1ncorporatron mto the rnethyl group, either oc-rnethyl -

>

."or B rnethyl of the sulfoSude (Flgure 1), R "" ' ﬁ’ T
L ». ...:‘ ’ ‘ jj:_i . ‘
v : .- . !., h.' 3 ‘ 5
. Y .
£ o
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' R= CGHSCHZCONH-' 3 R'—CH; L
_Figure 11: The Deutenum Incorporanon in Pemcrllm Sulfoxrde

Cooper et al., 101 181 have suggested the formatlon of a sulfemc acxd 25

j as a reversrble thermal stx—electron sxgmatroprc rearrangement Thrs was

possrble as the: hydrogen atom mvolved in transfer frorn the methyl group to

the sulfoxlde oxygen had a syrnrnetrrcal electron drstrlbutron (s orbital).’ Thv.ts*m"

effectlve overlap scould

o hydrogen atom in: the fof

orbitals and’ the hydrogen atorn m, the reverse sense The deuteratlon was

1 4.

" stereOSpecxflc The readdrtron of sulfemc acrd 25, to the olefm gave the

: deuterrum to the methyl group ‘cis to the sulfoxrde and the conhguratto,p

o *\between the. oxygen 7 orbxtals and the ,.'

; ~and the carbon-carbon double bond 1:

_ could be controlled by two possrblé_zfact rs: Ftrstly, the thermodynarﬁrc

‘DN~.

stabrhty of the product srnce, in all oases the recovered sulfoxrdes h?/ the
t

_ same stereochemrstry as the startmg sulfoxrdes Secondly, due

A

restrt’cted conformatron of the mtermedlate sulfemc acrd 25 (because of

the .

'_hydrogen bondrng to the armdo proton) the rmg closure occurred on the ﬁ- =

. fdce of tl‘te /inolecule, whrle m the case of phthalrrmdo srde cham W1th no

o arnrdo proton at C-6 the stenc‘ effects dommated and rmg closure occurred on Q',

o ,thea-facelso e Uy R T

A smglé step reac@on of the potasszum salts of phenylacetamrdo or

o _-‘phenoxyacetanudo pemcrlhn 1 [R-C(,H5CH2CONH and C5H50CH2CONH

B -'--'_,R'-K], in’ water and acetone,/wrth peracetlc acrd as oxxdxzxng agent and
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?' benzop%one hydrazone for esterrfrcatron gave the ﬁsulfox1des of the
. respective pemcrlhns in 80 90% yrelds The structures of these pemcrlhn

sulfoxxdes 14 were, confxrmed by compansxon of. the NMR data ‘with' that
8 favaxlablehm the lxterature The unequwocal ass1gnments -of protons H- 3

-"(smglet), H-5 (doublet) and H-6 (quartet) could be- ‘made. However, a5 both

gemmal methyl protons (2a- CH3 and 2B- CH3) .ppeared as smglets, the.

a551gnment of these methﬁ protons to specrﬁc sxgna, in the. NMR spectrum

could not be based .on chemical shift mforrnatlon alone ' ’j- R

X-ray stud1e5173 182 of several salts "of benzyl pen1c111amc acid have B |

established the ;gonformatron of the thlazolldme ring: of sulfrde and sulfoxrde "~

~asa and b respectively in, Figure 12. -

el

K Fxgure 12 The Possxble Thlazohdme Conformauons

FrOm mternal Nudéar Overhauser Effect (NOE) stud1e5133 184 Cooper u
..:_'-et al., 173. have determmed whlch protons it conformatronally r1g1d systerns
; ,are proxxmal to each other, thus ascertalmng the {elatxve spatral proxxmtty of
- 'drfferent protons in, thq pemcrllms, whxch alldwed a compléte chemrcal shrft
assrgnment of the methyl probon sigﬂals, alrradratron of the low fxeld methyl
peak mcreased the mtensrty of H—B by 21% for suIﬁde and 26%70r sulfoxrde
o respectively, wrth ne effect was observed on H-5 Irrad;atton of‘ the hrghjﬁeld

| methyl peak resulted m 7% mcrease m 1ntensrty for H-3 in. the sulhde and

had no effect o H 3 m the sulfoxxde On the other hand the H-S mcreased in



| | . 6 6 ‘,
mtensrty by 14% for the sulfoxlde Accordmgly, the low freld methyl sxgnal in _

A ’_ the NMR spectrum was assrgned to the 2B-methyl protons Because of thelr )
proxrmrty ‘only. the 2[5-methyl protons could relax H-3. Consequeatly, the
hrgh freld methyl srgnal was a551gned to the 2a-methyl protons In solutlon,'- y
Tue defmrte dlfferences exxsted between the conformatron of the thrazohdme ring.’ .

of the sulflde artd the sulfoxrde Upon irradiation of the Za-m'ethyl protons

- the H-5 signal ‘was enhanced in the. sulfoxxde but not in the s,ulfxde Only m7 :

.b -c

»onformatron < ﬁ“‘ )

2) could the H-5 be relaxed by the 2(1 methy,, .

protons Th'.’ N 'de and sulfoxrde apparently extsted tn the. same

%

conformation as't

» .

o R
ratana/l}ze the geometry of benzene solute colhsxon Xes involvmg |

4

.‘ » 5solutes &ontarmng any polar functronal grpup Accordmg to thlS model the",_ :

drpole axis of ‘thte polar functxonal group in the, solute molecule was locatedv -

" along ‘the six. fold axis of symmetry of the ben'f ",‘e system wrth the posmve

end of the polar ftmct‘ion nefar 1t and the neganve end farther away from it: % ’
L Assurmh\g the fopn

anon of such a complex betyveen benZene molecules and‘
the's

“Qond of the}'}f

Tt llm molecule the geometr‘y of assocratton for the _
ﬂ-.‘f;tsomet’lc' ’pemcrllfnﬁ sulfoxxdes 14 and 15 should b dlfferent For the- B \
5 :': "sulfox1de 14 the benzene assoaauon would take place from the a- face of the

- olute molecule, 1 et, from ‘the posmvely polar1Sed end of the S—O bond"

," of thlS complex and the amsotropy of the aromatrc

" ;ZB-methyl proton§ were only margtnally affected whrle for the a-sulfoxrde 15
oo the’tomplexauon of benzene thh the pemcrlhn molecule was from the ﬁ
3 ; _face, leadmg to a strong shxeldmg of the ZB-methyl and the H~3 protons :



. Figure 13. The Solvation of Penicillin Sulfoxide. |

. AR
u';" &

Hydrogen bondmg stud1es also helped to establish the conformatlon of

67

the two sulfox1de 1somers The formatlon of hydrogen bonds has been shown :

lcompounds contammg hydroxyl groups has also been well estabhshedlsg

; 3_ W1th pen1c1111n sulfrdes 1 the -NH proton was shlfted downfreld by 1 21 ppm

i conﬁrmed the conformatlon of the pemcﬂlm sulfoxrde to be B when an'.

. amxdo srde chain was present at C-6173 SRR \‘ ' L

e synthesxs of 2B- (substrtuted methyl)apenams 18 were prepared usmg exthet;" h

f in DMSO w1th' respect to CDC13, due to the: solute-solvent hydrogen bondmg

i. e, the formatlon of a -NH- - -OS\(bond The pemcxlhn B- sulfox1de 14; '

: 'generally to cause a dOWﬂflEld sh1ft1§7 of the resonance 51gna1 of. the proton_. .

“involved; and the use of DMSO as a solvent for studylng the’ NMR spectra of

showed a downfxeld shxft of -NH proton ‘with respect to pemcﬂlm in CDC13‘

%eeause of the mtramolecu.lar hydrogen bondlng or by amsotropxc shleldxng-

but expenenced no downﬁeld Shlft on changmg the solvent to DM_SO for the

',‘ —gn

mtramolecular hydrogen bond etween the -NH and S-O wouId not be

affected by the external hydrogen bondmg agent viz,; DMSO Thr-s study-'_'.»..

The penl‘mlflm sultsomdes 14 requlred as startlng matenal for

"

3 "ﬁ : ? .,
he‘ .

'foroperbenzorc acid or hydmgen peroxrdé/ g.lacral acetxc acrd Qr peracetrc_\" "

. "‘

| acxd as oxldlzmg agent.. The oxrdatron w1th l 1 mole equrvalents of m-'
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- chloroperbenzorc acrd was carned out for 1 5 h m methylene chlonde at 0°C

_ The hydrogen peroxlde/ glac1a1 acet1c acrd ox1 ' '_'_‘n was carrred ou; in-

_f'methylene chlonde at room temperature »for 24 h and the peracetr;: acxd“‘ v
oxidation took about 4 5 h for completron 1H NMR data qf pemcllhngf i

)

sulfoxrdes 14 used as startlng materral aresummarrzed in. Ta'ble 4 RN D

-~ ,_' e T ’ "p_ - . . R ;‘.

) “':--~. ‘”,4 r‘"“ .4 . .. ,V‘— o Sl 5
v U s
B. ESTERIFICATION. . '~ & /"

Es‘terrgrcatlon of the ca.rboxyl ,group at C-3 of pemcrllm protected the B
carb.o;cyl gr’oup from undesrrable srde reactlons and facilitated the process of
‘purrfrcatlon Several groups sueh as 2,2,2- trrchloroethy1189, p-mtrobenzylwo"- .
'192 tr‘*’imethylsrlyﬂ% ,ﬂd benzh*ydrylw‘* whrch can be removed under mr?:l -
condrtlons wrthout rmg cleavage, "have been extensrvely used in: the "
laboratory Woodward et 4.,139 have proven - “the usefulness of 222-.-4
'trrchloroethyl ester as a protectmg group in the synthesrs of cephalosponn C. .
This -ester survrved the workmg ‘conditions of the rearrangement and
subsequent sxde-cham cleavage reactions and coxlld be removed thhout: .
_‘ ' damage to the B-lactam nng usmg zinc and acetlc aqﬁl.and thus was chosen as.

a surtable protectmg group The p—mtrobenzyl esters were easrly prepared by'.'_'
- treatmg the correspondmg acrd with p—mtrobenzyl bromxde m the presence of_-

'a base at temperatures between 0. °C and 20 oC. The p-mtrobenzyl esters were‘ ."
- stable to acrdic and basrc condltxons and COpld be selectrvely removed by"’.“:
-‘ v,catalytrc or chermcal reductron Benzhydryl estersw‘1 could be prepared usmg
v,_'_'v_'reactrve mtermedrates lrke drpheny]. dxazomethane ansxng from the Y

~—

_ oxrdanon of benzophenone hydra:one thh HgO

’ .

. L N ,' v B
R S
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C. FORMATION OF UNSYM- AZETIDINONE DISULEIDES

Dlthloazendmoneswo 20, easily obtamed by the reaction of penicillin

sulfox1des 14 with heteroaromanc tthlS, were the key mtermed1ates for“ -

_'prepanng the 2p- (halomethyl)penams 18. Treatment of pemcxllm sulfox1de

: crystallme unsym azet1d1n /ne dlsulfldes 20 1H NMR data of unsy‘n-f‘.‘-;_f :

| (halomethyl)penams 18, are summanzed in -Table. 5. With halogenatmgv,{a,

14 with 2- mercaptobenzothlazole in refluxmg toluene for 4 h gave the X

71

azetxdmone disulfides 20 used as mtermedlates for the synthe51s of 2[3 “

agents unsym- azet1dmone dlsulfldes 20, gave 2B- (halomethyl)penams 18, 3-

halocephams 22 and ceph- -em 26 dependmg on the,reactlon condmons and

dxsulfldes 20, in methylene chlorxde w1th cuprlc chlorlde for 154 h gave the

2p- (chloromethyl)penams 18, (X-CI) and w1th cupnc bromide gave the 2B-

‘the substituents at the C-6 p051t10n100 The reaction of unsym- azetxdmone

(bromomethyl)penams 18, (X-Br) The unsym- azet1dmone dlsulﬁdes 20, 2B--

. (chloromethyl)penams 18, (X-Cl) and 2B- (bromomethyl)penams 18 (X=Br), °

- b. FLUORINATION STUDIES

were used as substrates for fluormatton reactxons thh metal ﬂuorldes

/

The B- lactamase 1nh1b1tory activities of 2B- (substltuted methyl)penam

;1 1- dlox1des 19a [R-H R'-Na, X—Cl Br N3) and the YTR class of compounds'

19b are well documented“4 1‘54 -165. We have mvesngated methods for the :

[

. synthe51s of ZB (fluoromethyl)penam 1,1- dxoxxdes 19c (X F) smce the -

,1rreversxble enzyme‘ mhxbxtor195

‘fltxoromethyl substituent m an orgamc molecule can functxon as an -
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R'=Na . ¢ | F
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» The reaction of silver-fluoride and mercuricvgluoride With :unsym- -
azet1d1none dlsulflde 20f, under varyrng reaction condrtlons was studied. .
-_Drsplacement reactlons of 2B (halomethyl)penams 18 (X=C], Br) wrth‘
o vanous subsnruents at C-6 [R—C6H5CH2CONH C6H50CH2CONH Brz and a-
Br) and C 3 [R' C@(C(,Hs)z, CHZCC13 CH2CeHg-p- NOz and CH0A¢] with

-

metal ﬂuomdes such as silver fluonde sodrum fluorrde, potassmm fluorlde,

mercuric fluonde, ferric fluoride, cuprrc fluoride ﬁd cobaltrc fluoride in -
* methylene chlorrde, acetomtrxle drmethylformamrde and ethyl acetate at

. drfferent temperatures and reactlon trme were mvestrgated

LY
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ne hIorlde at room tem%rature for 48 h gave a complex
. ln}wuh a rmxture of hydrogen peroxrde 2.4 moles)
: 8'v'moles) followed by purxfrcatlon over a srlrca gel
1d not produce the desrred 2[3 (ﬂuoromethyl)penam-lB-oxxde or
any fluorme contammg cepham denvatwe Under rdentrcal reactlon'
conditions thh 2 rnole equivalents. of srlver fluonde _ srmxlar résoyhs ‘were
.obtamed e - S ! . R . '

: : . , wda
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| . gradient elution us:ing\ ethyl acetate ’and hexane did- not 'leact to a good, .

> o
The reactron of 1 mole equwalent of unsym- azetldmone disulfide 20f
<

cwrth 2 mole equtvalents of 51lver fluoride in methylene chloride at room

75

s
_temperature for 120 ., gave a d1ff1cu1t-to-separate reaction mxxture, (Scheme"

1), whrch was oxrdrzed wrth 1.1 mole equrvalents of m- chloroperbenzorc acid.- |

~The srhca-gel chromatographic purification of the OXIdIZEd' product by

separa‘tion.of the compounds The fractron that showed a mrxture of two B-

lactam contammg compounds from the NMR spectrum was, purlfled on a

preparatlve srhca-gel chfomatography plate usmg chloroform and ethyl

acetate (1 2) as the solvent system. Two clear bands observed under a Uv

lamp were c‘ut out, extracted with ethyl acetate, flltered c\ongentrated and

dried. Crystalh.zatxon from a mixture of ethyl acetate and hexane gave the 3p-

/fluoro-Sa-methylcepham T-oxide 36, the structure of which was confirmed by- :

comparing the 1H and 13C_NMR spectral data of the compound with

authentic samples of the 3B-chloro- and 3B- bromocepham sulfoxrdes wluch-

were preparaed by hterature methods In addition the 19F NMR spectrum |

the structure ceph—@—em 1-oxide 37 as it was identical i in its TH NMR spectrum

' to that of an authentic sample obtained by oxxdlzmg a samplp of ceph~3-em 26,

“establishes the cepham structure The ,other compound 1solated was gwen"

under@stabhshed condxhons [1H NMR data 2.2(3H, s, C3-CHa); 3 24, 3. 64(2H

ABq,"]-IBHz Co-CHy); 4.54(1H, 3 J-4Hz, C6 ‘H); 4.62(2H, 5, 0C —{U’ 16(1H, dd,”
J=4 Hz, '10.5 Hz, C7-H); 698(1H s, Cﬂ(C6H5)2), 73(15H m, Celky (C )2,
798(1H, d, J=105 Hz, NH)]. R | ‘



COMPLEX
MIXtURE .

~

m-CPBA

. ... H "cOOr®
36

1. R=CgH;OCH,CONH- . R'=-CH(CHs),

]

Scheme I’

ko . 4 N

| The ”réaction of 1 mole of the unsym-azetidinone disulfide iébf""with 2

mole equivalents-of silver fluonde was carried out m methylene chlonde at B

¥

‘toqm temperatyre for 24 h. The crude reaction mxxture was ox1dxzed w1thf '
. p ‘fr

hydrogen perox1de (30%, 2.4 moles)/ glacial acetic acid (8 moles) and punfxed' :

on a preparanve silica-gel plate with ethyl acetate and hexane (2:3) as solvent

- system. The three bands obgerved under a UV lamp were cut out,"ext;acted '_

\ with ethyl acetate, concentrated and 'dr‘ied- The only pure Jproduct isolated

,was givernthe \tructure ceph -3-em 1- ox1de 37, by comparision thh an

# authentic sampYe

- As the peaction did not proceed to yield the 2Bf(f1uoromethy1)penam

18, (X=F), and 'beceuse'of the difficulty in the sep}ar'ation of the 3f8-
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‘fluorocepham 22 (X F) and 1ts low yreld a reactlon under the same
cond1t1ons ‘was: closely monltered by workmg up an ahquot penod;cally and
.checkmg the lH NMR spectrum After 4 and 8 h only the startmg material
- 20f, was recovered after 24 h and up to. 96 h two more B lactam ccﬂ/aumng
{compounds, mcreasxng in quantrty thh txme, _were° present along thh a |
decreased amount of startmg inaterl D After 120 h, when the 1H NMR of
the ahquot showed no startmg mate:? he reactlon mrxture was worked up,
_ I)xxdrzed and pur1f1ed as before to 1solate the same two compounds vxz th | =
3[3 fluorocepham 1- ox1de 36 and ceph 3-em—1-ox1de 37,in’ very low yxelds |
o - The reaction of unsym azetrdmone dlsulﬁde 20f with srlver ﬂuorlde
in methylene chloride was repeated under v‘anous reactlon condltlons At
low t,emperature ((0 oC) the reactlon did. not proceed well, onIy startmg
matenal 20f bemg recovered while at reflux temperatures, after 2 h, mostly
. startmg matenal 20f, and very httle 3 ﬂuorocepham 22, (X=F),-were presegt
. after 5 h, 30% of 3p- ﬂuoroceph}ﬁ*ZZ (X=F), 10% of ceph-3-em 26, and 60% of
o startmg mater1a1 20f, were present. Addmon of crown ether to the reactroni :
..mrxture did not help to speed .up the reactxon as about 10% of SB
- fluorocepham 22, (X=F), was 1solated after 5 h. » |
From the react1on of the unsym-azetrdmone disulfide 20f with.
mercurrc fluoride in methylene chloride at room temperature for 24 h or at |
* reflux temperature for 4 N, only the startmg materlal was re‘covered A
. srmrlar reaction with- unsym-azetrdmone disulfide 20g [R=H,: R'-CH2C6H4-p-
NOg] or 20h [R=H, CH(CgHs)s] or 20i [R—Ce,}fsCHzCONH R'-CH(C(,H5)2] and R
silver fluoride failed to give the desrred products y
Thus _the. reactxo(n of various unsym -azetidinone. dlsulfxdes 20, thh

srlver ﬂuorlde or rnercurlc fluoride gave 3B- ﬂuorocepham 22, (X=F), as the

only fluorme contamrng product that could ‘in turn, undergo



¢ : «\ l'l . ; . " . . . . B .", ,‘
dehydroﬂuormatron as conﬁrmed by the 1solat10n of ceph-3-em 26 in most of
the reactxons The results of the reactron of the unsym-azetxdmone dlsulfrde: -
. .‘20f anud 20g, with metal fluorides in methyiene chlorlde are surnmarxzed m oo
Table, 6. ‘
] ' _
- j Due to the: long reactlon time, low yields, problern of purlflcatlon and

mconsxstent results the dlsplacement reactron of 2B (halomethyl)pemcxlhns

18, (X=Cl, Br), by ﬂuorlde usmg metal fluorldes was tr1ed

-

Reactlon of 2f- (Chloromethyl)penams 18, (X-Cl) with Metal Fluondes

In the reaction "of* 1 mole benzhydryl-éﬁ phenylacetamldo 2[3
(chloromethyl)pemcxllanate 18 (X CD, w1th 2 mole equxvalents of silver -
fluoride: 1n methylene chlorrde at room temperature after 4 h 75% of 3B-
fluorocepham 22 (X=F), was formed The amount of the 3B- fluorocepham 22, |
(X=F), formed remained constanOm the next 48 h, at the end of vihich 13.5%
of 3B-chlorocepham 22 X= Br) and 11 5% of ceﬁa\—sgern 26, were present. In
~"a similar reaction of 2,2 2-tr1chloroethyl-6B-phenoxyacetamrdo—ZB-(chloro-
methyl)penicillanate 18, (X=Cl), thh srlver fluorrde, 62. S% of. S‘B/—’*
fluorocepham 22 (X=F), was present after 24 h to 144 h. The reaction of * -
'benzyhydryl 6B- phenoxyacetamido-ZB (chloromethyl)pemcxllanate 18, (X-Cl)
with 2 mole equlvalents of sﬂver fluorlde gave 86% of 3f- fluorocepham 22,
~ (X=F), 10% of 3B chlorocepham 22, (X Br), and 4% of ceph- -3-em 26. - The 3pB-
chlorocepham 22, (X=Br), formed initially underwent dehydrochlor‘f‘natlon
~ with a gradual 1ncrease in the amount of ceph- 3-em 26, formed during the
reaction. I‘he results of dlsplacement reactions of 2B-(chloromethyl)penams
18, (X= CD,. with varied substltuents at C-6 and Ca3 usmg 2 molé equivalents -
of silver ﬂuorlde in methylene chlorrde at room temperature at various time

intervals are summarlzed in Table 7. , ' _ o
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* - Thus, in all the reactions of 2[3-(chloromethyl)penams 18, (X—Cl) with

srlver fluoride, the only fluorine containing product isolated was the 3B-
fluorocepham 22, (X F). | | |
N _4. v. : . "~ A‘

£

':"‘;Re‘aiCt-idh of 2B-(Bromomethyl-)periams 18, (X=Bn), with Metal Fluorides

,;:pemcﬂlanate 18 (X=Br), with 2 mole equivalents of cuprrc fluorlde, cobaltic -

'_‘;T'fluurlde ferrrc fluoride or sodlum fluoride at room temperature in.

‘\

it ffluorocepham 22 (X-F) and the starnng material 2[3 (bromomethyl)penams

';';.’18 (X Br), were obtalned in equal proportions (1:1). When sxl\)‘er fluoride

82

~ In the reaction of benzhydryl 6pB- phenoxyacetamido- ZB (bromomethyl)~'

’

;

méthylene chlorxde after 24 h the starting materral 18, (X= Br) along with 10 -
;‘15% of 3B-bromocepham 22 (X=Br), were 1solated No trace of any fluorinated

: ,;'.,-compour\‘d was detected W1th mercuric fluorrde after 2 h the 3f- :

was used to brmg about the exchange reaction, in‘2 h the major product 3p-

fluorocepharn 22 (X—F) - was 1solated in over 90% yield.

Thus the metal ﬂuorrdes like cobaltic- fluorrde cuprrc ﬂuorrde, ferrxc

fluonde and sodlum ﬂuonde failed to react with- ‘the 2B- (bromomethyl)- ,

__'penam 18 (X Br) The 3[3 bromocepham 22, (X=Br), obtamed durmg the -

S -

7 d‘reactron was the result of the Ting expansron of the 2f- (bromomethyl)penam

18 (X-Br) The mercuric fluoride reacted ‘with 2B (bromo(methyl)penams 18,
(X= Br) ‘ata slower rate compared to silver fluoride. .The- reaction of silver

fluoride w1th 2B (bromometh_yl)penam 18, (X= Br) with various substrtuents

at C-6 was tried. The only major fluorine containing product isolated in all v

the cases was the 3B-ﬂfidrocépha‘m 22, (X#F). :-The'results of the reaction of 23-

(bromomethyl)penam 18, (X=Br), with various metal fluorides are

summarized in Table 8.
r
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* To study the rate of 1 reactibn o‘ffv'2B-(bromomethyl)penam 18, (X=Br),

84

with 51lver fluorlde, the reactxon was performed at d1fferent temperatures for

various time mtervals The results aré summanzed in Table 9. As expected '

at 25 °C the reaction was complete in 2 h, whlle at 0oCji in2 h only 75% of thte

reaction occurred At reflux temperature in methylene chlonde after 2ha

67% yield of ;

£
',orocepham 22, (X=F), along w1th a 33% yield of 3-

bromoceph,a ) —Br) resulted It‘;appeared that under reflux_the 2j-

'(bromomet'i‘ 4 f m. 18 (X=Br), converted farrly rapldly to the 3[3
bromocepham 22 ‘0( =BY), _presumably via the. -episulfonium ion 39, and that

this compound was relatlvely stable and unreactive to sﬂver ﬂuor1de '

The solvent was also an- 1mportant factor in’this reaction. The reaction -

proceeded in_acetonitrile at a slower rate than m methylene chloride, about

80% of thef3p- fluorocepham 22, (X=F), being, 1solated m 24 h In DMF there

was no observable reactlon only about 20% of the BB orocepham 22, (X=F), -

was isolated in thh _ - K | iv | ) N
The 3p- ﬂuorocepham 22, )X:F) was oxidized to -th.'e sulfoﬂxide using 1

mole equivalent of m- chloroperbenzorc acid for 2 hin methylene chloride at

0°C. The sulfone was obtalned usmg 2 mole equwalents of potassxum g

- permanganate (Scheme 1D. The 19F and 1H\&MR data of the 3B-

fluorocepham 22, (X F), 1ts sulfoxide 36 and sulfonied0\are summarlzed in

Table 10. '

N
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N Q-.
L3
N .
' COOR" -~ . o H COOR'
“C‘:(H%'" . R,
R 50CH2CONH‘ I ~ R=CH(CHs), -/ o

SCHEME g

-

In the reactlon of p- mtrobenzyl -6,6-dihydro- 2B (bromomethyl)-
pemcxllanate 18, (X=Br), w1th mercurlc fluoride in methylene chlonde at
room temperature for Th, 66% of 3B-f1uorocepham 2’2, (X=§), and 33% of 3B-
; bromocepham 22, (X Br) mgreadily formed. After 5 h, 20% of 3B-

bromocepham 22, (X= =Br), and of céph-3-em 26, ‘were preéent along'With

89

 60%-of 3[3 fluorocepham 22 (X= F) “So, as the reaction proceeded, the

* conversion of 2[3 (bromomethyl)penarn 18, (X=Br), to 3p- bromocepham 22,

(X=Br) and to the 3B- fluorocepham 22 (X=F), occurred along with thL

dehydroﬂuonnatlon and dehydrobrommatlon of the cephams 22, to the ceph- o

‘3-em '26. At 00°C, a 51m11ar result was obtained, but af -20 °C there was no

observable reactlon only startmg material bemg recovered

st . . o ) r
R : : .
# K3 . . K



Mechanism |
Scheme III summarizes the mechamsm of these reactrons The unsym:

azetidinone drsulfldes 20, were presumably converted to azetldmone sulfenyl

90

. hahdes 38, which transform te the thrramum hahde 39. In the case of

nucleophlhc dlsplacement reactrons of 2[3 (halomethyl)penams 18, the
1ntermed1ate thiiranium ion 39, was presuambly mvolved Thls reactive

thuramum mtermed1ate 39, could then follow one. of the rearrangement

-

pathways - attack ofﬁthe anion at the tqrtzary - carbon leadmg fo the -

thermodynam1cally stable 3B- subst1tuted cepham 22, or attack of the anion at

the przmary - carbon producmg the k1net1c product, ZB (substltuted methyl) )

penams 18. With hahdes (X Cl Br or I) the products formed in thrs reactlon"'

'hwere dependent on the experrmental condmons ‘Thus, partrcula’tly in the

case of iodo andwbromo-compounds, the format1on of the ZB-

'

(halomethyl)penams 18, (X=I, Br), were favored by short reacnon times and .

low temperatures When unsym-azetidinone drsulﬁde 20g, [R=H], was
reacted with cuprlc bronudemethylene chloride at room femperature for 4
‘h, an about 1:1 mixture of 2p- (bromomethyl)penam 18,:(X=Br), and 3p-
bromocepham 22 (X=Br), ‘were formed, whrle the same reactron run at 0 °C,
gave only 2f- (bromomethyl)perram 18, (X Br), as the sole product114 The 2-
.(halomethyl)penams 18, (X= Cl Br I) were also readily converted to 3B-.
halocephams 22, vu} the same thnramum mtermedrate 39. Iﬁ the case of 2[3
(halomethyl)penams 18, (X=Br.or I), the conversion to 3p- halocephams 22
_otcurred thh time even in the solid state100 102,111, -
Thus, the ease of preparation of the 2B- (halom\thyl)penams 18, (X=Cl,
Br or 1), followed the sequence Cl> Br> I, paralleling the increase in the ionic
characte‘i of the C-X bond from CLClto C-L Fluorme 1s an atyplcal halogen

and forms essenhally covalent bonds with carbon. It would appear that the

\A
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d.ifference-in character favours a preferential attack of the F- at tertiary -
carbon, resultmg in the formation of‘the 3B- fluorocepham 22, (X F). Thus
with cupric bromide or 1od1ne the reaction with- unsym azetldlnone

disulfides 20, for a short reactlon time or at low te_mperature resulted in the

’

- preferential formation of 2B-(halomethyl)penams 18, (X_=C1, I). These factors-

_ “had no effect on the reaction of 2B-(halométhy1)pen‘am 18, (X=Cl or Br), or-of

unsym-azetidinone d1§ulf’<—:le 20f and 20g, with silver ﬂuorlde since only the

' 3[3 ﬂuorocepham 22, (X= F) was detected in these reactions.

In the reactlon of 51lver fluonde thh unsym-azetidinone dlsulfldes :

20g, or silver. fluorlde and mercuric fluoride with 2B-(halomethyl)penams 18,
(X=Cl and Br), only one identifiable fluorine containing.product 22,‘ (X=F), was
isolated. The 19F NMR spectrum, (Figure 14), showed a complex multiplet at
6 16.55, expected ‘of vthevBB-fluorocepharn 22, (X=F), ra.her than the 2B-
(fluoromethyl)penam 18, (X=F). In the TH NMR spectrum (Flgure 15), the 3a-
‘CH3 51gna1 of compound 22, (X= F) appeared as a doublet at 8 1.36. Although

- the position was more in keepxng with the C>-CHj3 of a pemc1llm the splitting |

of the 3a-CH3 group due to the ad]acent fluonne wa5'21 Hz, charactenst1c ofa -

CH3-C F group196 In addition, the splitting pattern of the Cz CHz group in the
\ ) 276 and & 338 region was also ‘that expected of the Cy-CHj of 3B-
ﬂuorocepham 22, (X=F), rather than the C,-CHJF of 2B-(ﬂuoromethyl)penam
18, (X=F). The I9F I}X:R and 1H NMR spectra of the sulfoxide 36, and sulfone
40, of 3B fluorocepham 22 (X F), followed the same pattern . ,
Table 11 summarizes the 13C data on theKZB (halomethyl)penams 18,

(X—Cl Br), and the i isomeric BB-halocephams 22, (X-—Br, F). The C2-CHj carbon

~ of the penamslS appeared at § 52.69 ,when X was Cl and at & 42.23 when X |

/
was Br, whereas in the cephams 22, the Cz CI—Iz carbon appeared at 37 44

| when X was Bf, and m fhe case of the fluoro compound the C»- Cl-glz carbon

[

Yoo ' v \ . -
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Figure 14. °F NMR Spectra of 33-Flu

oroccpham (22 X=F), its Sulfoxlde (36)

- and Sulfone (40)
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" Figure 15. 'H NMR Spectra of3- Fluoroccpham (22, X=F), its Sulfoxldé 66
. and Sulfonc (40)
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appeared as a doublet at 83203 and 532.34. In addition the fertiaty Cs-carbon
appeared as a doublet at 3 83.60 and & 85.75, the secondary Cg-carbon as a
| doublet at 8 57.89 and 8 58 24 and the C3-CHj carbon as a dgublet at $23.78 and *
&24.09. With- 3B- bromocepham 22, (X Br), these signals were found as
smglets at & 58.39 for tertiary C3-_<;arbon, §54.07 for the secondary C4-_carbon‘
~and 63(_).22‘for the C3-CHj3 carbon. - | o _ s

When the 3B4f1u'otocepham sulfoxide 36 wae treated with: i:')y'ridine for
30 min at room temperatdre the ceptl-S-em-l B-oxide 37, was obtained in 35%
~ yield. Th's product could have arisen only by dehydrofluormatxon of the 3f-

' fluorocepharn 1B- ox1de 36) ,was unhkely for the 2[3-£fluoromethy1)penam- -
1B-oxide to isomerize to the 3B-f1uorocepham~-1B-ox1de 37 under these
conditions. The data thus indicated.that the fluorine containing.product
. 1soxated in- all the reactions of metal fluorides with unsym-azetidinone
dlsulﬁdes 20, or 2[3 (halomethyl)penams 18, (X= Cl Br) was the 3[3 fluoro- 3a-

]

methylcepham 22, (X=F). - . T

'E. 2B-(SUBSTITUTED METHYL)PENAMS o

The development of resistance to B Iactam antxblotlcs by bacteria led to
the search for novel B-lactamase stable - lactams In the process, numerous
.pemc1llms were synthesxzed with modifications at Cv-6 and C-2 and the
penicillin nueleus itself. On the same lines we ha{re'synthesized penicillins
with various substituents at C-6' [R=C6H5'CH2CONH-5 CeH50CH2CONH-, ’
C6H5CI-_I(NH2)CONH-]. and at ‘C-2 such as chloromethyl, brortxomethyl, (5-
methyl-1,3,4-thiadiazol-2-yl)thiomethyl and (1-.methyl-I,2,3,4-tetrazol-5-

yDthiomethyl to test for antibacterial activity.

- 7
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Synthesis of 2B-(Halomeﬂ1y1)pendms 18, (X=Cl, Br), and Their Sulfoxides

Scheme IV represents the route for the synthe51s bf 2p- (halomethyl)-

penams " 18, (X=Cl, Br) and theu' sulfoxides 41. The 2,2,2- tnchloroethyl—

917

pemcxllanate-l B-oxide 14, [R'-CH2CC13],,obtamed in over 90% yield by the?

oxidation of 2,2, 2 mchlovoethyl pemcxllanate 1, with m- chloroperbenz Qig
acxd on reﬂux with 1.1 mole equivalents of 2-mercaptobenzotl)1azo,
toluene for 5 h, gave the unsym-azetidinone disulfide 20¢"g] &

‘ quanntahve ylelds the reaction of the uhsym-azetidinone ° il

‘with 1.1 mole equi

ents of cupric c¢hloride in methylene chlo.ljx :

4{;

g -Yf'a

temperatu're for 5 h-gave the GB-phenoxyacetami'do-ZB-(chloromef‘i’\yl:)'penam

18, (X= Cl) while the disulfide 20e; with 1.1 mole equxvalents of cupric

chloride at room temperature gave 6B - pbenylacetamxdo 2[3 |

——
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(chloromethyl)penam 18, (X—Cl) in 45 min. A similar reactlon of the unsym-

_azetldmone disulfide 20b'and 20e, ‘with 1.1 mole equrvalents of cuprlc .

bromide in methylene chlorxde at 0 oC gave 6B-phenoxyacetamido -2f-
(bromomethvl)penam , (X= Br) and 6f- phenylacetamldo 2B-
* (bromomethyl)penam. 18, (X-Br), in 4 h and 45 min- respectively.

Oxidation of the 2B- (halomethyl)penams 18, (X=Cl, Br) with 1.1 mole _

.equlvalent of m-chloroperbenzorc acid in methylene chloride at 0 °C for 2h

yrelded the 2[3 (halomethyl)penam 1[5 oxides 41, (X=Cl, Br). Purification on a

5111ca-gel column by gradrent elution using a mixture of ethylfecetate and

. hexane as the solvent system gave the pure sulfoxides 41,'in ~ 60% yleld The

022 2-tr1chloroethyl group of the 2f- (halomethyl)penams 18 (X= Cl Br) and

99

v

' 'thelr correspondmg sulfoxides 41, could be removed by reductwe cleavage o

w1th zmc and acetic acrd in DMF at O/OC for 3 h. The acids thus obtained were

converted to their correspondmg sodlum salts- -by drssolvmg the acxds in ethyl

acetfate and adjusting the pH of ‘the solutron to 7.0 by dropwrse addition of

“sodium-2-ethylhexanoate in et_hanol. ‘Table 12 summarizes the 1H NMR data

of esters and sodium salts of 6B p}{ényiacetamido -2B- (halomethyl)pénams 18,

(X=Cl, Br) and 42, (X=Cl, Br) and thelr correspondmg sulfoxides 41, (X Cl, Br)
_and 43, (X=CJ, Br) Table 13 summarizes the 1H NMR data of esters and
. spdlum salts. of 6B- phenoxyacetamrdo 2p- (halomethyl)penams 18, (X=Cl, Br)

and 42, (X=Cl, Br) and their correspondmg sulfoxides 41 (X~C1 Br) and 43 o

(x=Cl, Br).
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. Synthesm of ZB [(S-Methyl 1,3,4-th1adxazol-Z-yl)thlomethyl]penams and 2[3-[(1-
Methyl-1, 2,3,4-tetrazol-5-y1)thlomethyl]penams _

Scheme V represents the route for the s_ynthesis of 'the sodium salts of
2B-(»substitutvedb methylaﬁenams 45, 'Where R" was S-methyl-i 3')4-t}“i,iédiazol§2- _
yl' or 1-methyl-1,2,3,4- tetrazol-5- Zﬁ The couplmg reactlon of 2,2,2-°
trichloroethyl-2f- (chloromethyl)pemcﬂlanates 18 (X= Cl) havmg substltuents

such as phenylacetamldo, phenoxyacetamido, D-2-am1no-2-phenylacetam_1do '
and D-2-[(4-ethy1-2 3—dioXo-'pip<e-fazin- -yl)carb'onylﬂamino]-2-pheny1acetamidb
at C-6 with 2-mercapto-5- methyl -1,3,4- thiadiazole andl 5-mercapto -1-methyl-
1,2,3 4-tetrazole- were carried out by refluxmg in acetone, contammg '
phosphat{e buffer (pH 6.8) and sodium b1carbonate. The trlchloroethyl group
was removed by reductive deavage using zinc and acetic aC;d in DMF at 0 °C
for 3 h and the ac:id was éonvefted _té the corresponding sodium salt by
adjusting fhe'pH to 7.0 with'sodium-z;ethylhéxanoaté ‘Table 14 summarizes
~ the TH NMR data of the 2,2,2- tnchloroethyl esters and sodium salts of 6p-
phenylacetam1dopemc1llm and 6p- phenoxgacetamldopemcxllms thh
substituents such as 2B- [(S-methyl -1,3,4-thiadiazol- 2-yl)th10methyl] and 2B-[(1-
methyl-1 2,3 4-tetrazol-5-y1)thlomethyll at C-2. Table 15 summarlzes the 1H

NMRiata of 2,2,2-trichloroethyl esters and sodmm salts of ampxcxlhn with.
2p-((5-methyl-1,3 4-thiadiazol-2-yDthiomethyl] and 2p-[(1-methyl-1,2,3,4-
tetrazol-5-yl)thjomethyl] at C- 2 and Table 16 summarizes’ the 1H NMR data of
the 2 2,2- tr1ch10roethy1 esters and sodium salts of plperaallm with 2p- -[(5-
methyl-1,3, 4- hxadxazol- -yl)thxomethyl] and 2- [(1 -methyl-1,2,3 4-tetrazol-5-
A_ yDthio- methyl] at C 2. '
s In the 1TH NMR sps&ra of t’he Bélaétams, the proton at C-5 of penicillin .
and C-6 of Cephalospofin’gave rise to the B-laétam doublet [Jy-H(cis)=4-5 Hz,
IH.H(tfans)=l.5-2 Hz], while the prot_ons‘ at C-6 and C-7 of the penidllins énd
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erhaJOSporlns located vicinal to the protons at C-5 and C-6 of perucxllms and |

erhalOSpol'lns respectlvely, and - to ‘the- arrudo proton gave rise to the quartet o
S22 [\l(cls)_—4 -5 Hz, J4. H(trans) 1.5:2 Hz and INH ,H“S 11 Hz), confxrmed by the
iddltlon of D70 to the solut1on of pemc11hns and cephalosporms in-a B
: qeuterated orgamc solvent followed by shaklng and observmg the collapse of -
the quartet to a doublet197 198 1t was also observed that ‘the ring junctiori B~

*‘lagfam prothn at C-5 of. pen1c1111ns or C-6 of cephalosporms generally -
resOnated at: "3 hlgher field than the neighboring protoh at C-6 and C- 7199,
-Eplrnermatlon at C-61n pemc1111ns or C-7 in cephalosporms glvmg ‘the trans .‘
‘B-lactam system, resulted in a large upfield shrft (~0.7-0. 8 ppm) for the two

: protgns The presence of two methyl smglets correspond to theozot (3 1.23-

™ 1.66) and 2- (5 1.49-1.84) geminal methyl groups and. a‘one proto&nglet 3
4.38-3.92) to H-3199,200 . . o
In the 1H NMR spectra of 2f- (sipstrtuted methyl)penams 18, 2a-
(5ubst;tuted methyl)penams 24, and 3-substituted cephams 22, (a) a methyl
-Singlet (b) an AB system due to the methylene group (c) a one proton srnglet
of the C-3 or C-4 and (d) the pattern of resonances characterxstnc of the two.-‘ E
.'tnethme proton resonances of the azetrdmone rmg were observed201 The
germnal cOUphng constant observed for methylene protons in penams were
in the range of 11. 5-12.0 Hz while it was 14-14.5 Hz in the cephams. The'
| ‘chen\lcal shift of the methyhprotons of the 2[3 (substxtuted methyl)penams 18 o
and the 2a—(Subst1tuted methyl)penams 24, helped to dlstmgursh between the
two- The chemlcal shifts of the 28- methyl protons were at umformly lower
b'fleld than those oftthe 2(1- analogs and the shrfts of H-5 and H-6 were
, consxstently similar for the 2a-analog w1th sllghtrvarlatlons (< 0. lppm) for
the 2B-allalogs
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In the upfield region- of the 13C NMR spectra. sbcarbon resonances“
‘were observed which could be assrgned to non- protonated methine,
' ‘.methylene and methyl carbons. The penam 18, and the cepham 22, systems
could be easily - dlstmgurshed through the chemrcal *shift of the methylene'
carbons. In penams 18, the methylene carbon was: dlrectly attached to X"
(halogen) and was therefore deshxelded to a degree largely dependent upon
k the electronegatxwty of- this erBstrtuent Whereas in the cephams 22, the
methylene carbon was lmked to the ring sulfur whrch had a small effect and
. therefore resonated in the chemlcal shift range 35 + - 4-ppm, while those of the )
penams 18 were found—vbelow 42 ppm The 1dent1f1catron of the resonances
~due to substrtuents R at C-6 or C- 7 and R' at C- 3 or C-4 in penams 18,zpr
! cephams 22, respectlvely presented no. problem On the basis of the chemrcal” ‘
A‘shxft the carbonyl carbons could be 1dent1f1ed even though they do }%ﬂ)t@help" |
_ in dlstrngulslung the two. systems The methyl carbbn of penams 18,#pl§ams
22, or cephems 26, resonated between 20 30 ‘ppm. In cephams 22 the’ ‘hon-
~~protonated carbon C-3 was drrectly attached to "X" but beca

of;ihe varymg a

!



. | | T
_'w1der varlatrons than that observed for C—2 of the penams 18. ’I‘he C-6 or C- 7 ¥
substituted by "R" showed relatively constant shifts in penams 18;. cepharns s
22, and cephem 26 while the other two methxne carbons, C-5 or.C-6 and C-3
or C-4, resonated at lower freld in the penams 18 than in the cephams 22,
- thus helping in drstmgulshmg the methme carbons of the thlazolxdme nng
‘ of penam 18 and thiazine rmg of the cepham 22. In cephems ‘26, two

resonances in the range typical of olefmlc carbons made therr 1dent1f1catron

easy201,

F. PENANSULFONES AS B-LACTAMASE INHIBITORS.

- - The sodium and potassium salts of 6,6- dlhydro-zﬁ (halomethyl)penam
sulfones 19a, (X Cl Br), have been found to be active B-lactamase inhibitors - |
and this effect has been extended to 6,6- dlhydro-ZB (azxdomethyl)- and -2- |
'(trlazolylmethyl)penam sulfones 19a, b114,164-169 . The 6, 6-dihydro-2p-
(trrazolylmethyl)penam sulfone 19b, is the most effective B-lactamase
| ~ inhibitor known. The effect of another hetergcycllc ring system such as. 2[5 -[(5-
methyl -1,34- thladxazol 2-y1)th1omethy1] at C-2 and different oxidation states
- of the side chain sulfur of the 6,6- dxhydropenam sulfones 49, 50 and 51 were

rnvestxgated in order to study the variations on PB-lactamase 1nh1b1tory _

: act1v1ty o
o

, 6,6-Dihydro-2B-(halomethyl)penam Sulfones _

. A class of penicillin sulfones were synthesxzed as potentral B lactamase'
‘inhibitors. Scheme VI represents the route for the syntﬁesns of the sodlum_.
| h-}salts of 6,6- dlhydro-ZB (halomethyl)penam sulfones 19, (X Cl Br). The p-
N mtrobenzyl 26,6~ dxhydropemcrllanate~1 B—oxlde 14 [R=H] was obtalpéd by the ., 3
ox1dat10n of p-mtrobenz,u 6 6 dlhydropemcxllanate 13, [R-H], thh 1 1 mole. o
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equrvalents of m-chloroperben201c aC1d for 2 hin methylene chlorlde at 0 °C
: :._;The penam sulfoxide 14, thus obtalned-on reflux thh i2- "5" |
mercaptobenzothxazole in toluene for 2h gave the‘unsym azetldmone
disulfide,20i, which on treatment w1th 11 mole equlvalents of cupr&fchlorlde
in methylene chloride at room temperature for 4 h led to p- mtrobenzyl -6,6-
dlhydro 2B- (chloromethyl)pemcrllanate 18 (X Cl R—H) The reactlon of the. .
unsym azetldmone dlsulflde 201 w1th cuprxc bromlde in. methylene chloride - |
was carried out at 0 oC for 4 h p-nttrobenzyl -6,6- dlhydro 2[3
(bromomethyl)penlcﬂlanate 18 (X.-Br R—H) was obtained exclusrvely The_.
‘ sulfone of 2p- (halomethyl)penams could be obtamed by oxadatton with 2. 2
mole equlvalents of potassium permanganate in water and glacral acetlc acxd;
‘0'. mixture. The p—mtrobenzyl group was removed by catalyttc hydrogenatlon int
THF/ water on palladium-carbon (10%) catalyst The acid thus obtatned was
. treated w1th sodium blcar,bonate yleldlng the sod1um 6 6 dxhydro 2B
(halomethyl)penlcxllanate 1 1- droxrdes 194, (X=Cl, Br, R'—Na) Table 17
summarizes ‘.they 1H NMR data ~of the 6,6-d1hydro_-2B-(fhalo-,

‘ methyl)pemcrllanate-lldtoxrdes}f L . ;o

' i~

Oxidation Studies on athe Benzhydryl -6, 6- Dlhydro-ZB [(5 methyl 1 3, 4-'
thladxazol-z-yl')thlomethyl]pemcﬂlanate

P S o
‘Benzhydryl-6,6- dlMydro-Zﬂ (chloromethyl)pemcrllanafe 46, obtamed as. L "
shown in the Scheme VI on reflux wrth 2-mercapto 5. methyl 1 '3, 4- ‘,
thiadiazole in acetonekfor 5hin presence of sodlum .blcarbonate and' L
phosphate buffer . (pH 6.8) gave the crude benzhydryl 6 6 dxhydro-ZB [(5-‘:
. methyl -1,3 4-th1ad1azol 2-y1)]pen1c1’llanate 47 whtch was purxfted ona sxlrca- :
gel column by gradrent elutlon usmg a mxxture of ethyl acetate and hexane;f.f
to obtain the' pure compound 47 in 35% yxeld (Scheme VII) Oxxdatxon of this

compound 47, wrth hydrogen peéoxxde 24 moles) and, glacral acetrc ac1d

r . L L . B : o . .
. ’ . ' [ A . . . . - .
: : o . - Lo " L R
. R T, * . . . B s . : S o B
) . L Il . N X . ’
. K e N . e v
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(8 moles) in methylene chloride at room temper'ature for 24 h gave ‘the
' .benzhydryl-6,6‘-dihydro-2[3'-[t54methyl-l,3,4-thiadia‘zol-Z-yl)]penicillattat&-l B-.
oxtde 48, in over 50% yiel_d. This penicillin sulfoxide 48: was further oxidized
“with 2 mole equiyalents of ‘m-chloroperbenzoic acid in methylene chloride at
room temperature for 6 h, purxfted on a silica-gel column by gradient elutlon :
’usxng a mtxture of ethyl acetate and hexane. Durmg this reaction the
» thtomethyl "S" was oxidized to -sulfoxide and the thia®blidine ring "S wak
oxidized to the sulfone,_ and gave the compound benzhydryl-6,6-d1hydro-2B-
[(S-methyl-.l,3,4-thiadiaiol-z-yl)sulfirtylmethyl]penicillartate:1,l-dioxide 49
The  oxygen on the _'th‘;omethyl "S" could be removed using P2Ss in
combination with pyridine in m'ethyle'ne’chloride_for deoxygenation at room
temperature for24 h. The product 50, was purified on a preparative silica-gel
chromatography plate' using a mixture of ethyl acetate and"toluene (2:3) as the
solvent system to obtain the benzhydryl -6,6- dthydro-ZB [(5-methyl-1,3 4-
thladlazol 2-yl)thromethyllpemcrllanate-l 1-dioxide 50, in 25% yleld
" < The benzhydryl-6,6-dihydro-2- [(Smethy1-1,3,4-thiadiazol-2-yDthio-
‘ methyl]pemcrllanate 1B-oxide 48 on oxidation thh 3 mole. equxvalents of
.potassmm permanganate in glacxal acetic acid -and water at room temperature.
for 4 h led to the oxidation of the thlazolrdme Ting "S" to sulfone and ;.
\thlomethyl "S" to the dioxide and thus benzhydryl -6,6- d1hydro~2B [(5- methyl-
1,3 4-thiadiazol- 2-yl)sulfonyh€1ethyl]pemcxllanate-l 1-dioxide 51, was obtained -
in 90% yleld The benzhydryl ester of penam sulfones 49, 50 and 51, with the'
thxomethyl‘J'S" as sulfoxlde sulflde and sulfone state thus @tamed were
converted to the correspondmg sodium salts using sodtum blcarbonate after
conversmn to the acid by catalytic hydrogenatlon over palladlum carbon .
A(l(}%) catalyst in a mixture of ethyl acetate and water at room temperature for = .

3 h at 50 p.si. Table 18 summarlzes the 1H NMR data and Table 19

ég‘ %}
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summarizes the 13C NMR data of _the 6,6- dlhydro 2B (substltuted
methyl)penams 47 - 51. '
G. ANTIMICROBIAL TESTING. o0
iy he 2B-(substituted methyl)penams were tested for . the1r ant1m1crobxalv Z

bact1v1ty by the agar plate dilution method usmg selected Gram +ve &trains of
Staphylococcus,.Streptococcus and Baczllus ) and Gram.-ve (strams 'of
Klebsiella, Pseudomonas, Enterobacter and Cltrobacter) bacterla _ The
principle of the agar plate dilution method was the 1nh1b1t10n of growth on
the surface of the agar by the antimicrobial agent 1ncorp8rated into the
medium?202, ' - o ©

vBenzylpen‘icillin (penicillin G), phenoxymethylpenicillin (penicillin |

V), ampicillln “and piperacillln were 'used +as references to' test their
derivatives thh chloromethyl bromomethyl [(5-methyl-1 3 4- thlad1azol 2-
yl)th10methy1] and [(1- methyl -1,2,3,4-tetrazol-5- yl)thlomethyl] substituents at
the C-2 B- posmon for their antimicrobial activity. . To determme the\MIC the
" drug was mcorporated m?lo the liquified medlum (45 < 50 0C), mlxed and
allowed- to solidify. A series of plates were prepared with increasing’ -
concentratlons of the drug, the bacterial culture spot inoculated on each plate -
and mcubated overnight (18 h, 37 °C). The plates were read for MIC wh1ch.f
'represented the lowest concentratxon of antlmlcroblal agent at whxch |
complete inhibition occurred a very hazy, barely v1sxble or single colony was
v dlsregarded et |
, The V[ICs of the pemc1llm derlvatrves are tabulated in the Tables 20-22.
Among the 6[3 phenylacetarmdo -2p- (halomethyl)penams 42 (X=Cl, Br), the
| 28- (chloromethyl)penams 42 (X=Cl), had lower MIC values than the 2B-

'(bromomethyl)penams 42 (X Br) agamst Gram +ve orgamsms, although

.



127

- 95°9C

§TIe

95'9C

R e

6L 811
WL
1€
|74
1€
1€

N4t

“sureuad (Ao _UEE.rwn%v.aN.OEEEmua_Em.nmdc o 9_: \wz vaHSH _

o

-,

. 5]
€20 €20 - ST9
£2°0 B & ) QT
€0 110 AR

0C 3’14V L

o

2o
cro

N

A
w

gy

.+ 009TLDDOLV smajrie S

TIZ6Z DLV SHesdey 'S -~
- €1Z62 DDLV shame G .

822l DLV stpruispida s

. I¥E6 DOLV Sty W -
6LSPL DOLV SPaId g
- TEEITDDLV sungns 'd
. o mﬂ@.uﬂ.ﬂ...m, :
| aa+ wern

aureN wstue810

i



qeb<
Sep<
A AN

STh<

qy<
~Gep<
T4 4
§ey<

©0S2IT,

GTp<
Sp<

L GF<
7/ 23

SLh<
SLY<
SLy<
SLp<

SL¥<
G/p<
S/ 811
GAb<
SLy<

SLY -

S/b<
SLy
SLb<
S'LET
1 6Lp<
GLp<
Sty

VYL
SO
S

oLy
GLb<

SLp<
-Gy

SLYy
SLy<
GLb<

SLYy

-89°6C
Sy

VA 4

Sz¥
- azy

STy

Gy

STy

T4 4

Gy

sey
%4 2
GTH<
[or4 /3

*

SLp<
SLp<
Lp<
G/p<
SLp<

SLy< -

GLY<
GLy<

HLY<-

SLv<

S/b<

005
- su
2961
ferad O3
008
005
629
S29
960

3
e

£e9se 5,8 ¥ esowrdniae

“aeruowrnaud Yy

: _._mw:.&. d

'GGEET HOLY dedeop g
0018 DDLV Suddsadieu °G

nuediow ‘W'

SNSIAAIP D)

'TTESTDDLV 10> 7
SIEEL DDLY suedna °J -
b Vsiqenu g

npunaiyj D

AA- weIn)

-



129

90
S8l
€20
950
910
910
S0°0-
90
o=u
:ﬁ

N-N

1o -

260

o

ST95

T4

SCIL -

89'6C
G811
¥8¥L

~ WL
L
(VA4
8962
89'6C

ST LE6S
i GT'98 GL811
AR 74 89°67

KAK: 1/ YL
AN 1A - LE'6S
0S¥ 74
€0°L. v8y1
ST96 LE6S
o=u . QW:
1g=x 1D=X

G
o- A
* HNODUIDOSHYD 7

[ d1dVL

T

.ﬂu. .

A

00921 DDLV snamne °g
TIT6C DLV S1e3ey S
'€1Z6Z DOLY smame ’5

87TC1 DLV stpruapidy,'s
I¥€6 DDOLV snain ‘W*

¢

» sweuad([Ayjowr B._E:E:eﬁm.ov._smaumb@mfr% Jo (nw/8i) sOIN [

 6LSYIMBDLY snam g
- TECIT 30MY sImqns g

- sname ‘G
9A+_ wre1ny

awrepN wstue3i0

w



130

SL¥,
Sty
RYA 4

Sy

SLb
Sy
SLY

suT

sey
. SLY

§'LET

s
B VA4

SLY
SLYy

SLY.
Sy

QLY

GL8IT -

LSLET
R4 4

0S¥
- 0st
i2

Sy

o
0Sy
0Sh
0S¥ .

oSy
0S¥

0S¥

"SLY
Sty
SLy

0sy

SLY
Ly -
Sy,
Sy
SLy
LY.

SLY

o
., 3 Y .,.,,(\J
S
© oSy - Sy
oSy S
0S¥ - 74 A
- sy, o 0SY
sy - Sy
0S¥ o
oSy S
st o .
sy - ST
..o,mv s SLET
osy wﬁ\

- (3u0D) 1Z 3qe]

e

-

69

7423
Sy
STI< -
R4 g
STIE

GTIE
6€0
182

sie

 €68/Z DDLV esourdnive g
.wm.EoEsm:m nf

wadyal g

mmmmm 201V msmo_u q
ooﬂw UU.H< STEREERN 01 S

==mwuoE ‘W
msmhr:v o N

22667, D01V o> T
SIEET DDLY sHedna g

syIqesnu g
1punay

9A- ure1n)



131

.mw.o | €50 . o,m.m_. o E_.m k G.m : 2o oooﬁ MUH< mso.aa m
99 e sl IS€ - ISe T 8y 21262 DDLV SHeddej G -
991 €60 80 ISE IS¢ . TI0 €1267 DOLV shame °g. |
9L ,,_ 9z0 60 €04z €L WO 82221 DALV m_sz%aw S
9¢9z T Tz - 06€ O SLL 1€ TWO0 . 1¥E6 DDLV SMAM[W
- 8Tel Iz . I8L . 90¥L €L .06€ . 6SYL-DOLV Snamo-g
99T - 90T . S6T 480 T VL. 900 -~y - Nmma JD1LV a_nea Q.
C¥99 . - 9L . . S6T . ISE Ise o - sname. ‘g
My o W . - vm>+_ urelo) |
Wy g N -THo s S : + )
N X N X | .
N-=N ”x ZIZHX ”x N=-N ”x N-N "x . "x v. . . - mgcawgw-ﬂo .
| _,_..__moo_u. | N 0 .
HO o xb
_ A  HN Nmz
A-S"THD ™ N R
, . HNODHOSH®D' :zoumow:ou _ FE .
. mo>zm>zma E:Cmuwmﬁ v:m E:U&E< zxﬁmE vﬁazanmv nu jo SOIN R
Nm.mﬁmﬁ PR |



132

- ares

959z

", TEE

199
+969Z

9992
95°9¢

ZIES

-

e
e

T 4
%0
I A &4
TUES _

. ‘:._.ﬁwa,.

90°T
S8

_m..w.

06

8V°0

- oee

LSS
T
SO A
T 06E
e 8Y0
06
AN

“sa<

GTe< B

. 06e<

T sw - oosTn
08I |

GqC<-
sz
STe<

STL< -

See<

(1u09) 7z J[qe, -

Pra GRS

SZ9

YA

7961

e
- m.muo.),.

B . w.\..ﬁ O S

- ocﬁw UU,H.< m:mummEcE 'S

o

-
a

mmw%WUUhﬁ esow3nise d

¢ N
Jwr mmmcogﬂwﬁ

o

3 /%pv uadyal g

mmnmm uu? 8%% q -

_ ::mwuoE W
RN - SnSIAAIP -y
NNm.mN UU.H< oo g -

maﬁ uu,E Emw:; d

IR m:_nmhﬁ d
S ._., :chmt o r

m>- EﬁU B




A the1r MICs agamst Gram —ve orgamsms dxd not vary much The MICs of the.
.’2[3 ((halomethyl)penam sulfoxxdes 43,4(X Cl Br) ‘weré not lov@r than the ‘
~ MICs of the 2B (halomethyl)penams 42§(X Cl Br) and so the oxxdahorf of the _‘: |

‘thiazolidine g

g g 'S' did not l‘ead to improved antxbacterlal actrvrty However o
- the ZB-(C- "‘.“f ,hyl)penam sulfoxrdes 43, (X-Cl) had lower MICs than the'
(bromomM yl)penam sulfoxrdes 43 (X Br), agalnst Gram +ve orgamsms |
" The MICs of the 2f3- (thlomethyl)derrvanves of pemcrll’ms 45, were lower than"’;._:
' the MICs of the 2p- (halomethyl)pena;ms 42 (X—C}, Br') or therr sﬁlfoxxcles 43_
“and thus, have better ant1bacter1al actrvxty agamst Gram +ve organisms The, .
" MICs of the 2p- [(S-methyl 1 3 4—th1adiazol 2-yl)thlomethyl]penams and 2B- [(1- |
- methyl -1,2,3,4-tetrazol- S-yl)thlomethyl]penams 45, did not show consxderable» X \
' varlat'on On comparrslon of the MICs of the reference, pemcrllm C with'its |
2B-(substituted methyl)denvatxves 42, 43 and 45 at was found that the MICs‘_ i
of pen1c1llm G against the selected orgamsms were much lower whlch
1nd1cated that the 1ntroductlon of varred subshtuefnts sucw chloro bromo .
[(S-methyl 1 3 4-th1ad1azol 2-yDthio] and [a- methyl -1,2,34- tetrazol -5-yDthio] °
at C-2 B methyl or oxxdatlon of the thlazolrdme 'S' to the sulfoxxde d1d notf. '
1mprove the antxmlcrobral achv1ty R )' o '5\"' Ll K
The MICs of the 6[3 phenoxyacetamldo-ZB [(S-methylrl ’4-th1ad1azol 2- ’ :
yl)thlomethyl]penams 45, and 2[5 [a- methyl -1,2,3,4-tetrazol-S- yl)thlo- : ‘.
methyl]penams 45, ‘were very similar and lower than the MICs of 6[3 |
phenoxyacetamrdo -2B- (halomethyl)penams 42 (Xf=Cl Br) and thelr :
'sulfoxxdes”43 {X=Cl, Br), and thus have better antxbactenal acthty The MICs :
of the ZB*(halomethyl)penamﬁ 42, (X=Cl, Br) and their sulfoxrdes 43 (X -Cl l'. ;
“ Br), showed vanatrons among the orgamsms tested e ' .
MIC§ of amplcrlhn and plperacxllm denvatlves w1th heterocycllc rmg. 8 |
systems at C-2 B methyl were lower. than that of the 6[3 phenylacetamxdo-ZB. : 3



T (substltuted methyl)penams 42 and 45, and thé 6B- phenoxyacetamldo 2B-
. (subsi’mlted methyl)penams 42, and 45 The MICs of the amplcxﬂm and' '
,plperacxllm der1vat1ves w1th heterocychc rmg systems at Cz-B methyl were

comparable wxq:x the MICs of -amp1c111m and plperacﬂkn used as references '

' thhout any 51gn1f1cant 1mprovement in antibacterial act1v1ty

> SR

. S .
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IV. EXPERIMENTAL

1H, 13C and:'19I.3'NMR spectra were recorded on a Bruker . AM-300

spectrometer, chemlcal shafts@vvere recorded in . § values relatwe to

e

“ ,tetramethylsrlane and hexaﬂuo%béhzene respectwely, as mternal standards. -

IR (KBr) spectra were recorded on'a N1col§DX -FTIR spectrometer for all the |
compounds prepared. Sansfactory rmcroanalyses (C, H and’ N thhm + 0.4%
@f ‘the calculated. value) were obtamed on all compoun\ds reported
Mlcroahalysés wére performed at Department of Chemlstry, Unrversxty of
Alberta. Meltmg pomts ‘were determmed on a Thomas ‘Hoover Caprllary

Meltmg Pomt Apparatus

A P_ENICILl.IN SULFOXIDES -

Slgmﬁcant IR srgnals are 1795 - 1805 cm’1 (- lactam C= O) 1750 - 1760 cm-1
| '(ester C= O) and 1685 - 1695 cm! (amide C=0).

L

Benzhydryl -6p- (phenylacetamldo)pemcrllanate-lB-oxrde,
[140, R C6H5CH2CONH R'= CH(C5H5)2]

' To a s’irspensmn of the potasgmm salt of 6[3 (phenylacetamxdo)- '
_ .pemcrlhn (372 g 0.1 mole) in a mm%}e of CHC13 (143.6 ml), water (86 ‘ml)
~and acetone (6 99 ml) in an ice-salt bath (0 °C), 40% peracetlc acrd(20 9g 0.11
- mole) was added over a 30 min period, and the mxxture strrred for another 15

- min: Benzophenone hydrazone (21.56 g, 0 1 mole) and 1% KI solution 6.03
- ml) were added, folloW'ed by peracetlc acid (20 9 g, 0. 11 mole) and 10% HzSO4
(311 ml) at a rate o g;namtam the temperature at 0 °C The stxrrmg was

‘continued for another 45 min and~ the reactlon mixture was allowed to warm _

| -:up to +12 °C in the next half an hour The CHCl; layer was separated the_} i

\ ,aqueous portlon extractgii thh CHC13, and the combmed orgamc extracts -
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_;washed seq\tntxally w1th water saturated NaHCO3 solutlon dlstllled water ;ﬁ

~and- brme and - dried over anhydrous NaZSO4, flltered concentrated and’ 8

‘ dried. The crude product was purified . by gradxen% sﬂréav-gel column
ohromatography usmg ethyl acetate/ hexane as eluant Iherﬁxﬂmd product

vwas obtained as.a whxte sohd y1eld 43 89g (85%) jm P- 140- 143 °C, 1H NMR

9

' 'data Table 4.

"Benzhydryl-6[3-(phenoxyacetam1do)pen1c1llanate-1[3 ox1de,
_ [141 R= CsHsOCH2CONH R'= CH(C6H5)2]

~ The above procedure was followed with the pota§§ium salt of 6[3 -

| .’(phenoxyacetamldo)pemcrlhn (388 g, 0.1 rnole) in CHCl3 (143 6 ml) water (86
'mlb) and acetone (6.9 ml); and benzophenone hydrazone (21 56 g/ 0.11 mole),

- KI solutxon (6.03 ml) peracetlc acid (41.8 8 0.22 mole) and 10% H;;_SO4 (31.1

" ml). The product was a white powder yleld 46.2 g (87%), ,m.'p. 118 - 121 Jok: 3
1I-I NMR data: Table 4.

12,2,2- Tnchloroethyl-GB (phenylacetamrdo)pemcrllanate-1[3-ox1de, ' S
[14c, R= C6H5CH2CONH R'-CH2CCI3] ' '

To a solutlon of 2,2,2- r1chloroethyl-6[3 (phenylacetamldo)penlcxllanate
¢ 1c, (23. 25 g, 0.05 mole) in Cf’:ZClz (300 ml) was added 30% H202 (13.6 g 0.12 .
mole) and glacral acetic acid (24 g 0. 4 mole) and the mrxture stlrrecl at room
temperature for 24 h. The reactlon mlxture was washed sequentlally w1th
“aqueous of NaHCO3 distilled water and brine. . The orgamc layer was dried .
.over anhydrous Na2504, f11tered and the f11trate concentrated and punﬁed.
by gradlent sxllca-gel column chromatography usmg ethyl acetate/ hexane as

. eluants. The product obtamed was an off-white solld y1e1d 9 62g (40%), , m.p.
'158 161 5C, 'H NMR data: Table 4.

k4



| o R | o 137
. 2,2,2-Tr1chloroethyl-6B-(phenoxyacetam1do)pen1crllanate-1B-oxl% |
, ‘[14d R=CgHsOCH2CONH R-CHZCCI:,] B
“In a manner 51m11ar to that descnbed’ above, the ntle*compound was
prepared from 22 2-tr1chloroethyl 6B- (phenoxyacetamxdo)pemcxllanaxe 1d, :
’ (24,,..05 g 0. 05 mole) in CH2C12 (390 ml), H20, (13.6 g, 0. 12 mole) a d glacral .
acetic acxd (24 g 0.4 mole) The product was obtamed as an off-white solxd .
yield: 1248g(50%) m. p 135 - 138°C 1H NMR data: Table 4.

#* 0‘ ' .
2,2,2-Tnchloroethyl-3-[N-(2,2,2-tnchloroethyloxycarbonyl)-D-a-phenylglykyl- :
amido]penicillanate-1B-oxide : .

- [14, R= C6H5CH(NHCOOCH2CCI3)CONH R'-CH2CC13] : - Ta

» " Toa cooled soluuon of 2 2 2-tr1chloroethyl -3-[N- (2 2,2- tnchloroethyl-
| oxycarbonyl) -D-a- phenylglcylamldo]pemallanate (51 g, 0.078 mole) in CHzClz B
: (500 rnl) m- chloroperbenzorc acid (15 9 8 0. 078 mole) was ad L portionwise
' over a perm,d of 30 mm The strrrmg was - contmued urﬁico’oling ‘for"
| another 30 min, and the reaction mixture was flltered The filtrate was
_,'washed sequentxally with aqueous NaHCO3 solutxon dxstllled water and
brine, drxed over anhydrous NazSO4 and. flltered The flltrate was - ‘
concentrated and dried; purlﬁed by 51hca-gel column chromatography usmg "

. ethyl acetate/ CHzClz (10:90) as eluants to give a wl'ute solld yleld 26 g (50%), _
(AR, 130- 133 °C, 1HNMRdata Tabled. . - . "

{ -Tnchloroethyl-3-{D-2-phenyl-2-[(4-ethyl-2,3-dloxo-p1perazm-l-yl)-
carbonylaminolacetamido}penicillanate-1B-oxide :
(14, R= C6H5CH(NHCO-N 'N-C2Hg)CONH, R'-CH2CC13]

b The ¢ procedure for the preparatlon of 14c, was followed with a solutlon_ "
G of 2,2,2- tnchloroethyl -3- (D 2-phenyl -2- [(4-ethyl -2,3- dxoxo-pxperazm-l-yl)- -
carbonylammo]acetamxdo}pemallmate (19 09 g 0 029 mole) in CH2Clz (200' L

ml) and 30% Plez (7.96 g, 0. 07 mole) and glacxal aceuc acxd (14. 06 g, 0 232



(esterC O) - SRR f'..,-:i,v_.ﬁ & g

| mole) tsg“glve'a whxmgsohd yleld 88 (45 2%), 185 - 188 °C, 1H NMR data:
Table4 g

“B.’UNSYM-AZET{;DINONE ifa‘zs,é}LFIDEs é#

Q

Y

Slgnxﬁcant IR s;gnals are 17&0 - 1780# 1

y‘

Benzhydryl-3-phenylacetam1do-4-(;'-benzoth1azolyldlthlo)-Z-azetldmon-l-yl
isgpropenyl acetate, [20i, R= C5H5CH2CONH R'-CH(C(,Hs)z] e |
To a solutxon of benzhydryl-6p- (phenylacetamldoagjemallanate-1B
oxxde 140, (5 15 g, '0.01 mole) in toluene (90 ml) 2-merc’aptobenzoth1azole (l 84 -
8 0.011 mole) was added' and the mixture heated to reflux for 4 h. The’ rgldue
- after concentratlon was suspended in ether and the 2- mercaptobenZothlazole__
Wthh separated was collected by fllteratlon The ether solutlon was _' .
evaporated . and the residue crystalhzed fnom ethyl acetate and hexane to glve

a pale yellow SOlld - yield: 4.98 g (75%), m.p. 130 133°C TH NMR data: Table 5. o

4 ‘Ina similar manner to that descnbed above the followmg compounds_
were prepared. : .

Benzhydryl-3-phenoxyacetamxdo-4-(2'-benzothrazolyldxthxo)-z-azehdmon-l-
yl isopropenyl acetate, [20f, R-CGHSOCHZCONH R'—CH(C(,Hs)z] '

The benzhydryl 6pB- (phenoxyacetamldo)pemallanate-'lB-ox1de (10 62 g,
0.02 mole) and Z-mercaptobenzothlazole 3. 679 g, O 022 mole) in toluene (180; B
ml) was refluxed until reaction was completé ‘The product was obtamed as a.

' paIe yellow sohd yleld 10 06 g (74%) m. p 135 - 137 °C, 1H NMR data: Table 5..

— /

2,2,2-Trlchloroethyl-3-phenylacetam1do-4-(2'-benzoth1azolyldrthlo)- i
azetxdmon-l-yl isgpropenyl acetate, [20e, R=CsHsCH,CONH, R'-CHzCCl3]

The 2 2,2- trlchloroethyl 6B- (phenylacetarmdo)pemcxllanate -1B- oxide y
(48 g, 001 mole) and 2- mercaptobenzothlazole (1.839. 8 0011 mole) in



. o s
toluene (90 ml) was refluxed until reaction was complete The product was -

~ obtained as a pale yellow sohd y1e1d 4, 53 g (72%) m. p. 129 131 oC, H NMR
 data: Tablﬁ .
2,2 2-Tr1ch.loroethyl-3-phenoxyacetam1do-4-(2'-benzothrazolyldlthlo)-z- :
azehdmon—l-yl isopropenyl acetate, [20b, R= CgH50CH2CONH R'-.CH2CC13)

‘ Fhe 2, /2 2-tr1chloroethy1 6[3 (phenoxyacetamldo)pemcﬂlanate-1B oxlde
(14.92. 8 0.03 mole) and 2-&rcaptobenzoth1azole (5.52 g, 0.033" mole) in
toluene (270 ml) was refluxed untll reactlon was complete The product was

obtamed asa pale yellow sohd yleld 155g (80%) m. p. 168 - 171 °C, TH NMR '.
vdata TableS . 2

Benzhydryl= jhydro-4- (2'-benzo;h1azolyldlthQ)-Z-azeudmon-l-yl
'1sopropenyl acetate; [20h, R=H, R'-CH(C(,HS)z] . > - _ R o

The benzhydryl 6¢6 drhydrOpemcrllanate-lﬁ-oxlde (13 4 g, 0. 035 mole) -
| and 2-mercaptobenzoth1azole (6 439 g 0. 0385 mole) in toluene (250 ml) was |
" refluxed for 2 h 45 min. The product was obtamed as a pale yellow solxd yleld

17.11 g (92%) m.p. 140 - 142 oC, TH NMR data: Table 5 '

p-Nltrobenzyl-3,3-d1hydro-4-(2'-benzothxazolyld1thlo)-2-azetldmon-l-yl
isopropenyl acetate, [203, R=H, R-CH2C5H4-p -NOz]
The p-mtrobenzyl -6,6- dlhydropemcﬂlanate-l B-oxxde (3.48 g, 0. 01 mole)_

*

and 2-mercaptobenzotlt1azole Q. 8396 g 0.011 mole) in toluene (50 ml) was '

refluxed for 1-hr 45 min. The product was obtamed as-a pale yellow sohd o

yxeld 451 g (90%) m.p. 130 133 °C 1H NMR data: Table S



'v'2,2, -Tnchloroethyl-3-IN-(2,2,2-tnchloroethyl&ycarbonyl)—D-a-phenylglycyl-
: anndo]-4-(2'-benzothlazolyldlthlo)-z-azetldmon-l-yl isopropenyl acetate
- [20j, GR—C5H5CH(NHCOOCH2CCI3)CONH R'=CH,CCl3]

| % a solution of 2,2,2- trichloroethyl-3-[N- (2 2,2- trxchloroethyloxy- "
carbonyl) D -0t phenylglycylamxdo]pen1c1llanate 1B~ox1de 14g, (18 0 g, 0.0268

2 . mole) in toluene 2-mercaptobenzoth1azole 14.93 g, 0. 0295 mole) was added

~and ‘l*e mixture heated to reflux for 4 h The reaction mxxture was

vconcentrated to half the volume and hexane was added The separated solid -

| was fxltered dissolved in CH2C12, concentrated and dned to nge a ypllow |

foam, yield: 20g (75%) m. p. 73 - 75 oC, 1H NMR data: Table 5.

) 2,2,2-’];]]r1chloroé?hyl-3 [D-Z-phenyl-z [(4-ethyl-2,3 dloxo-plperzm-l-yl)carbonyl-
- aminoJacetamido}-4 -(2'-benzothiazolyldithio)-2-azetidinon-1-yl isopropenyl
acetate, [20k, R-C(,HSCH(NHCO-N N-C2H5)CONH R'—CH2C(213]

-~ Ina manner 51m11ar t t described above the t1tle compound was
L]
p.repared from 2,2;2- tri hloro thyl= -2-phenyl-2-[(4-ethyl-2,3-dioxo-

pxperzm l-yl) arb nylam1no]acetam1do}penicillanate -1B-oxide 14h, (8.0 g, |
0.0 012 mole) in toluene (150 ml) and 2-mercaptobenzoth1azole (2.207 g, 0. 0132_-_ >
'mole) The product was a’ yellow foam, y1e1d 8 58 g (77%) m. p 85 - 88 CC lH"Tf-"

NMR data; kble 5.

N

C. 2p(HALOMFTHYL)PENAMS 1, |
\

Significant IR 51gmals are 1770 - 1780 cm'1 (- lactam C= O) 1750 - 1760 el

(ester C=0), and 1685 - 1695 cm-! (am1de C= O)

’ Benzhydryl-GB-(phenoxyacetamldo)-zB (chloromethyl)pemcxllanate,
(18a, R=C¢HsO)CH2CONH, R'=CH(CgH3),, X=Cl. - '

To a solution of the unsym- azetldmone dxsulflde 20f (0 681 g, 1 mmol)

in CH,Cly (20 ml), cuprxc chlorlde (0 1407 g 1.1 mmoll was added and?the'

'fé



rmxture stxrred at room temperature for 4 h The reactron mrxture was -
f11tered through a short bed of Celite and the frltrate washed sequentlally wrth =
équeous NaHCO3, dlStllled water and ‘brine and dried over anhydrous -

' ’gNaZS@Z{ and filtered. The flltrate was concentrate%)to nge a yellow foam

| yield. 0412 g (75%), mp 50 - 52 °C 1H NMR data: 13(3H s, C2-CH3); 3. 44

34§4ﬁABq, J=12 Hz, C-CHy); 454, 458(2H ABq,J=15Hz, ‘OCHb); 5.04(1H, s,

» C3W 662H, m, Cs-H, Ce-H); 6.90(1H, s, CH(C6H5)2) 692(1H d, ]_9 Hz, NH)
- 736[15H, m, CgHs, (C(,ﬁs)z] "

In a manner similar to that descrlbed above the followmg compounds

.- N " : - A . L
- were prepared - : L S

i

4

© 2 2-Tr1chloroethy1-6B~(phenoxyacetam1do)-2B (chloromethyl)pemcrllanate,
(18D, R-C(,H_:,OCHzCONH R'-CHzCCl3, X=Cl].. :

. The LI nsym azetxdmone dlsulfrde 20b (10. 33 g, 0 02 mole) and cuprlc |

chlorlde (2 % g, 0. 022 mole) in CH2C12 (100 ml) gave a pale yellow sohd, gyleld
765 g (59.10%), m. p. 48 50 oC, 1H NMR data: Table 13.

.
A E ‘ o . . L :
N . £ - - PN . . o e

<8

| Benzh}!dl’yl'ﬁB“é}lenylacetamldo) 204
[18c, R=C¢HsCH2CONH, R'=CH(g34s

S

‘oromethyl)pemallanate, -
' X=Cl]. '

The u nsym-azetldmone dxsulflde 201 (6.65 gkqm rnole) and cupric

. _‘99'(;‘

chlorrde (1.48 g, 0 011 prole) in CH2C12 (120 ml) gave an off-whlte foam, yxeld

o

H); 363@?’5, C(,Hsc_z),sourg. §'CH _),'5 63(2H, m, Cs-H, Co H) 656(1H
d,1=9 Hz, NH) 693(1H, 5, CHCeHs)); 733(15H m, (CeHs)s, C@) N




Coa

142
' 2,2,2-Tnchloroethyl-ﬁB-(phenylacetamldo) 2B-(chloromethyl)pemcﬂlanate,. o
_ [18d R-C6H5CH2C0NH R-CHZCClg, X=Cll. . - .

~The Unsym azendmone dlsulfxde (10 g 0. 020 mole) ‘and cupric ;
‘ chlorlde (2.95 g 0. 022 mole) in CH2C12 (150 ml) gave an off-wh1te foam, yleld
75 8 (75%), m. p. 111-113 °C TH NMR data Table 12.
'@ |

: p-Nxtrobenzyl-G 6-d1hydro-2B-(chloromethyl)pemcﬂlanate,.
[18e, R=H,R'= CH2C6H4~p-N02,X Cll. - o

| The Unsym azetxdmone disulfide (5.013 g, 0010 mole) and cupr1c
» chlonde (148 g, 0.011° mole) in CH2C12 (80 ml) gave an off-wh1te foam yield:
| 185g(50%) m. p.65- 68 °C, 1HNMR data: 1.53(3H, s, Cz-C_3) 3.16(1H, dd, J=2
' Hz, 18 Hz, Ce-H); 3.66(1H, dd, J= 45Hz 18 Hz, Co-H); 36(2H, s, C2-CHa);
5.16(1H, s, Cs-H); 5.36(2H, s, C_2C6H4N02) 346(1H dd, I 2Hz 45Hz C5-_)
7.66, 833(4H d, CeHy).

Benzhyd:yl-ﬁ 6-d1hydro-2§ cthIQmeﬂ‘Vl)Pemcxllanate, ' L,
[18f, R=H, R'=CH(C4Hg),, XEc'i} o e

The Unsym azendmone ai de' (5 32 g, 0010 mole) and cupric

k SRR

- chlorxde {1.48 g, 0.011 mole) in CHzClz (80 ml) gave an off-white foam yield: . '.
| 2738 (68%),54-58°C, WRdata 13(H;'s, C-CHs); 3.04(1H, dd, ]=2 Hz,12 -
Hz, CoHD; 356(1H, dd%‘;s@iz 1RHZ, CoH)/3.6(2H, 5, CyCHa) S13(1H 5, Cy- -

,x*‘

H):; 54(1H dd J= 2Hﬁ445 Hz, csﬂ) 696(1H s, CH(C(,Hs)z) 73(10H, m,
- (C6ﬂ5)2) P 3’ N

'. 4 ’;
Al:; . . “ f',w ./‘ '

| 2,2,2-TncHlQroethyl-3-[(N-2,2,2,-tnchloroethyloxycarbonyd) D-a-phenylglycyl-
A mldo]»fZ'B-(chloromethyl)pemcﬂlanate E
[18g, R-QHSCH(NHCOOCH2CC13)CONH R'—CHZCCI;;, X=Cl].

he-d

.‘ ml) and cupnc chlonde (3 873 g, 0. 0288 mole) gave a: pale yellow foam yield:

e .,-%
4)"’;_ . ‘._’



D | s | -1”43 -
| 17g(94%) m. p. 93 - 96°C lH NMRdata 166(3H, s, C-CH3); 33 346(2H .
..'ABq,] =12 Hz, C,-CHa); 478(2H s, C3- COOC_ZCCI;;) 486(8H 5 CrH

~ COOCH:CCl3); 5.6(3H, m, Cs-H, Ce-H, CgHsCHNH); 6.66(1H, d, ] 7.5 Hz, c6
‘N H); 786(1H,—d,-I—TUSHz C6H5CHNI_j) 7.5(5H, m, C¢Hs). )

2, 2,2-Trlchloroethy1-3-{D-2-phenyl-2-[(4-ethyl-2,3-droxo-p1perazm-l-yl)-
» ._carbonylammo]acetamrdq}-Z|3 -(chloromethyl)penicillangte -
' [Lsh R=CgHsCH(NHCO-N N-Csz)CONH R'=CH,CCl3; -Cl]

_ " The Unsym azetrdmone drsulflde 20k (8 13 g, 0. 010 mole) in CHC13
: .‘(150) and cuprrc chlorlde (1.47 g 0. 011 mole) gave a yellow foam yleld 6.63 g,

(81 5%) m p. 85 - 88 °C 1H NMR data: 122(3H t, ] 751 Hz N-CH2C_3) Lol
_1 52(3H S, Cz-C ) 3.26, 348(2H ABq, J=12. 02Hz Cz-Cﬂz) 356(2H q J= 751 o
* Hz, N- -CH>CHy); 36 38,48,5. 1(4H NCH>CH?» N) 472, 476(2H \>ABq, J=12.12
Hz, CH,CCly); 5.04(1H, 5, Cy-H); 5. 58(3H, m, C5-H, Ce-H, CeHsCHNH); 7.366H, -
~ m, CeHs); 7.68(1H, d, I-95Hz N__) 10 02(2{ d, I 74 Hz, C6H5CHN___) |

,Benzhydryl-GB (phenoxyacetamrdo)-ZB (bromomethyl)pemcrllanate,
[181, -C6H50CH2CONH R'-CH(C(,Hs)z, X=Br]. o | o
'.. To. a solutron of unsym azeudmone dJsulfrde 20f (6 81 g 0. 010 mole) in’ )
x CH2C12 (80 ml) cuprrc brormde (3.35g,0. 015 mole) was added and the rruxture '
snrred at0-5°C for 4 h. The reaction mlx{Eure was ﬁltered through a short

bed of Celxte and the filtrate, washed sequenhally with aqueous NaHCO3

_ solunon dlsnlled water and brire. The orgamc layer was r1ed OVer':‘__’ '." )

. anhydrous Na2504 and frltered The frltrate . was concentrate to gwe a pale
‘vyellow foam, yield: 5.05 g (85%), m.p. 52 - 55 °C,'H NMR' data: 1 36(3H, s, Cr

C __3) 3.40, 346(2H ABq,I-lZHz C2-C _2),454(2H 5, OCﬂz) 5.14(1H, s, C3-_),g

564(2H m, c5- c6 __) 693(1H s, CH(CeHs)z) 73(15H m,-(Cé;I_s)z, CsHs)
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2, 2 2-Tnchloroethyl-6[3 (phenoxyacetamldo‘-ZB (bromomethyl)pemcﬂlanate,
: [18), R-C.;HSOCHZCONH R'=CHCCl3, X-lir] = .

“In a manner to that descrlbed above. for 1,81, the trtle compound was

: prepared wrth unsym azetrdrnone disulfide 20b (6. 465 g 0.010 mole) and' ‘

cupric bromlde (3.35 g, 0.015 mole) in CH,Cl; (80. ml) The product was

obtalned as a pale yellow foam yleld 4.46 g (75%) m. p. 59 - 62 °C 1H NMR. ',

: 'data Table 1’%

2,2 2-Tr1chloroethyl-6[3 (phenylacetamldo)-ZB (bromomethyl)pemcxllanaté}‘ -

[18k, R—CsHsCHzCONH R'—CH2CC13, X—Br]

)To a solutxon of unsym azetldmone dxsulﬁde\i(?e (1. 8915 g, 3 mmol) in |

CHzClz (30 ml), acetamide (0.15 g) and” IM bromine in CCly (2 93 ml, 3 mmol)' -

‘were added and the mixture st1rred for 50 min in an ice-bath. The separated

N aHCO3‘ solution, dried over anhydrous sodium sulfate, filtered* and_ the
filtrat‘e was eonéentrated Ether was added to the .residue and the separated
solid filtered and drled to give a pale yellow sohd r)gleld 1.07 g(60%) m. p. 86 -
e, lHNMR data: Table 12. SN

: p-«Nﬂrobenzyl 6 6-d1hydro-2B (bromomethyl)pemcrllanate, ‘

1181, R=H, R'=CH,C¢Hyp-NOz, X=Bx. ~

To a_cooled solutron of unsym azetldmone dlsulfrde 20g, (10.027 g, 0. 02

' rnole) in CHzClz (120 ml), cuprlc bromlde (6.7 g, 0 03 mole) was added and the'

AL

solid was removed by frltratxon The flltrate was washed with aqueous

mixture stirred at 0 °C for 4 h The reactron mxxture was flltered through a

“Short bed of Celite and the frltrate‘awashed sequentrally with aqueous N aHCO3

solutron distilled water and- bnne ‘The organic layer was ied, over

anhydrous Na2504, f11tered and the filtrate concentrated and drled to nge a

pale yellow solid, yreld 567 g (69%) m p-84-86°C, 1H NMR data 1. 56(3H s,

vy
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CycH Ha); 316(1H dd, J—2Hz 16 Hz, c6- _) 363(3H m, C6-H cz-c _z) 516(1H é”'.jj,_ 1
s, Cs _) 5.26(2H; , CI_-I_2C6H4N02) 7.63,83(4H, d, C@) B

g

KT
[

“D.EL u_ORINATED 'CEPHAMS

v

Slgnrfxcant IR 51gnals are 1775 1795 cm'1 (B- lactam C O) 1750 - 1760 el :
(esterC 0). Lo

Reactlon of Benzhydryl*3-phenoxyacetam1do-4 (2'-benzoth1azolyld1th10) 2-
azetrdmon-l-yl isopropenyl acetate 20f with Sllver Fluoride. !

- Toa solution of'fhe unsym- azetrdmone drsul?de 20f (1 7025 g, 2.5
mmol) in CHzClz (50 ml) in a flask, wrapped wrth aluminum forl AgF (0. 635,

? ‘g 5 mmol) was added and the mrxture st1rred at room temperature for 5 % o
. The reactlon mrxture was frltered thro}rgh Cehte, and the clear dark reddlsh.. .
brorwn f11trate was concentrated and drled to glve 1: 0762 g of the 'crude _

- product. The TLC and lH NMR of the crude product showed a complexv ‘
nuxture, whlch was drffrcult to purrfy by uSual chromatographrc techmques

SR / : o
0x1datlon of the Above Crude Reachon Mlxture with m- Chloroperbenzorc

Acrd.. : - ..

g Toa: d solutxon of the crude product (1. 0762 g) m CH2C12 (15 ml) ‘ '

45 g, 2 mmol) m CHClL (15 .

. __
. ml) and the rnrxture stxrred at the same temperature for 1.5 h The reaction

 was, added dropwrse m~chloroperbenzoxc amd (0

mlxture was fxltered and the flltrate washed sequentlally wrth saturated .
NaHCO3 s’_lutron distilled water and brine. The orgamc layer was drred over’ . :
anhydrous Na2504, flltered and the frltrate was concentrated to nge a ygllow.f . ‘
foam (750 mg) which' was purrfred by gradrent flash chromatography usmg - S
. ethyl acetate/ hexane as eluants, to give 36, (X-E 160 mg, 21%) and 26 (180 mg, - ,‘_
24%): The physrcal data are summanzed in. Table 10 and Table 11 |



., .

'Benzhydryl-7[3-(phenoxyacetamrdo)-SB-ﬂuoro-Ba-methylcepham,
v o [22 R-C6H50C'H2CONH R'-CH(CsHs)z,X

'ﬁ "* To'a solution, of benzhydryl- -6p- (phenoxyacetamxdo)«
' (-
*

. methyl)pemcrllanate &i (X—Br 0534 g, 1 mm'ol) in dlSt1lled CH2

4

the mrxture was stirred at room temperature for 2 h. The reactron mlxture -

b my,

in a flask wrapped with alurnrnum f011 AgF was added (0.254 g 2 mmol) and

‘was concentrated and the residue taken up.in ethyl acetate, decolorized by‘ = |

strrrmg with adsorbent charcoal flltered through Celite, and the- frltrate—' :

concentrated to grve a white foam." Crystallrzatlon of the foam from ethyl

acetate hexane Fve 22, (X=F) as a whrte solid, y1eld 0.507 g (95%) The
P

spectral data’an hysrcal constants are hsted in Table 10 and Table 11

j~f Benzhydryl-?B (phenoxyacetamldo)-BB fluorqéia-methylcepham-IB-oxrde,
‘ __‘[36 R= C6H50CH2CONH R'-—CH(CsHs)z,]

To a cooled solutlon of benzhydryl 7B- (phenoxyacetamldo) -3p-fluore- - L

3a- methylcepham 22 (X-F 0. 5340g, 1 mmpl) in CH>Cl (15 ml), meta-
) »chloroperben‘zorc atrd (O 19 g, 1. 1 mmol) in CH2C12 (10 ml) was addedp

port;onwrse ankrfl the mlxture strrred at the same ternperature for 1.5 h. The

reaction mrxture was frltered and the nlfrate washed sequentrally with

] saturated NaHCO3 solution, drstrlled water and brine. The orgamc layer was

+-dried over anhydrous NaS0y, flltered and the filtrate concentrated and dried.

The crude product was purrfred by gradlent flash chromatography using ethyl |

acetate/hexane as eluant The physrcal data on the pure product a white

’ powder yield: 0.44 g (80%) is glven in Table 10 and Table 11.

| Benzhydryl 7B~(phenoxyacetam1do)-3[3 fluoro-3a-methylcepham-1 1- dloxrde
;40* —C(;HsOCHzCONH R'—CH(CsHs)zl

ﬂé*I'o a cooled solution of benzhydryl 7B- (phenoxyacetamldo) 3p- fluoro-

3a- qethylcepham 22; (X F;035g, 0. 65 mmol) in glafcral acetic acrd (6 54 ml)



and water (0 85 ml) was added pornonw15e KMnO4 (0. 237 g, 1.3 mmol) overa -
period of 1 h. The reactxon mlxtu?e was stirred at room temperature for 3.3, h ) ﬂ
and a 30% solutlon of H202 added dropw15e Lﬁ‘% decolonzatlon was';‘
'complete The resultmg solutlon was poured ﬂto 1ce-water (15 ml)*and the E
resultmg sohd collected by flltratlon and taken up in CH2C12 The solutlonil;._
was washed Sequentlally with saturated NaHCO3 solutlon dxstllled water
~and brme The orgamc layer was dried over anhydrous Na2504, filtered and .‘
the f11trate concentrated to a whlte foam 40, which welghed 250 mg (60%
yield), phy51cal data Table 10 and Table 11

E. Zﬂ-(HALOMéj'jI{YL)PENAMfI ﬁOXIDES 4.,

Si n1f1cant si nals are 1780 - 1790 crn'1 (B-lactam C-O) 1760 - 1770 cm" . |
g g ~3 -)‘

(esterC O),and 1685 - 1695 aml (amidef’=0). . ,",; S
Benzhydryl-6p- (phenoxyacetamldo)-zﬂ (chloromethyl)pemcrllahate-lB-oxlde» "
413, R=CeHsOCH;CONH, R'=CH(CeHs), X=Cll. A EL e .;-

. To a cooled solution .of benzhydryl 6B (phenoxyaceﬁaxnxdo) 2[3 §
(chloromethyl)pemcﬂlanate 18a, (2. 2020 g 4 mmol) 1n CHzClz (15 xf;.'l) m- .f-,'-
chloroperbenzoic ac1d (0.759 g, 44 mmol)fm CH2C12 ﬁS ml) was added
dropw15e and the mixture stlrred .at the same,temperature f&r 15 h_ The

~ reaction mixture was flltered an& the’ flltrate whashed sequentlally Wlth r

saturated NaHCO3 solutlon, dlstxlled water and brine. The orgamc fayer ‘was , .5?_&

‘ drred over anhydrous Nazsor and flltered The frltrate was concentrated and« :
| drled The crude product:thus oth\ed was purlfxed by gradxent sﬂnca—gel
' column chromatography uSmg ethyl acetate/ hé?c‘ane as eluant to give a white
,'powder yield: 1.677 g (74%), m.p. 88 - 91 °C, IHm&Rdata 10GH, 5, C2CHy);

3.94, 428(2H ABq,I 12 Hz, cz-c ); 454(21-1 s,OCHz) 476(1H s, c3w



..SO(IH d, IéHz Cs-H); ‘618(1H dd T= I%Hz 6Hz C6H) 706[1H s, .

| ':CH(C(,Hs)z] 7.36(15H, m, CH(Cels)y, Cells); B24(1H, d, J=12 Hz, NH.

Ina manner- srmllar to that descrlbed to’ that above the followmg

¥
vcompounds were prepared '

2,2 2-Tnchloroethyl-6B (phenoxyacetam1do)-2B (chloromethyl)pen1c1llanate- '

: 1B~ox1de [41b R-C6H50CH2CONH R‘-CHZCCI;;, X=Cl]..
f. ok

~ The. title compound was;; pés,-ed from 2,2,2- trrchloroethyl -6p-
IR

v -(phenoxyacetamldo) -2- (chloromethyf?perﬁcﬂlanate 18b (258¢g,5 mmol) and
- m- chloroperbenzorc acid (0. 9488 g/ 5-5 mmol) in CH2C12 (50 ml). The product_
was obtamed as a ‘white powder, y1e1d 1.73 g (65%), m. p 82 85 oC, TH NMR

data Table 13.
X

- 2,2 2-Tr1chloroethyl-6B—(phenylacetamldo)-zB (chloromethyl)pemcrllanate -1B-
~ oxide [41c, R= C6H5CH2CONH R-CH2CC13,X Cll.

The title compound was prepared from 2,2,2- trlchloroethyl 6p3-

. (phenylacetamrdo) ZB (chlorometh?l)pemcrllgnate 18d (25 8 5 mmol) andr

m- chloroperben201c acrd (0.9488 g, 5.5: r,nmol) CH2C12 (50 ml) The product

- was obtained as a whxte powcﬁr y1e1d 1 625 : _-"(63_%) 80 - 84 °C 1H NMR data:

Table 12. e '

2,22 Trlchloroethyl-GB-(phenoxyacetamldo)-2[3 (bromomethyl)pemcﬂlanate-
IB-oxxde [41d, R—C5H50CH2CONH R'—CH;CCI;:,,X Brl.

‘The - title compound was prepared from 2,2,2- trrchloroethyl 6p-

| (phenoxyacetamrdo) -2p- (bromomethyl)pe’mcrllanate 18g, (2 7975 g, 5 mmol) |
| and m- chloropérbenzom ac1d (0.9488 g, 5. 5 mmol) in CH;_Clz (50 ml). The

rl
produict was obtained as a whlte powder y1e1d 1.727 g (60%), m. P 76 79 °C,
:1HNMRdata Table13. = / S s



, & R TR 149

Benzhydryl-GB-(phenoxyacetanudo)-ZB-(bromomethyl)pemcxllanate-lB-oxlde
[41e, R=CeH50CH,CONH, R=CH(CHg)z X=Brl. ~ o |

The title compound was prepared w1th benzhydryl 6B-
| _(phenoxyacetamldo) 2B (bromomethyl)pen1c1llanate 181, (0. 5949 g, 1 immol), -

| and m- chloroperbenzmc acid (0. 2588 g 15 mmol) in CHz (50 ml). The |
‘ ‘product was obtamed as a white powder yield: 0.403 g (66%) m.p. 78 80 °C, .
TH NMR d'ata 1 68(3H S, Cz C__3) 3 60, 36(2H ABq, J= 12 75 Hz, Cz C__z):
458(2H S, OC__z) 488(1H s, C3-_) 498(1H d ] 382Hz C5__) 578(1H dd,
+]=8.92 Hz, 3.28 Hz, C¢- _) 6. 98[1H, s, CH(C6H5)2] 736(15H m, CH(C(,_s)z,.
C6_5) 77(1H d, J-sgzyz NI;I) '

P b

R

. 8 A'.( . o N
22 2-Tnchloroethyl 6[3 (phenylacetamldo)-ZB (bromomethyl)pemcﬂlanate-
"'_IB-oxlde [41f, R—C5H5CH2CONH ‘R'=CH2CCl3, X=B1l.

The title - compound was prepared w1th 2,2,2- trlchloroethyl 6[3 :
(phenylacetamido)- 2[3 (bromomethyl)pemcrllanate 18h (1.8 g, 3. 3 mmol), and
m- chloroperben201c acid (0. 85 g, 5 mmol) in-CH3Cl5 (50 ml). The product was

obtamed asa thte powder yleld 1.575 g (85%) m. p 80 83 °C H NMR data
Table 12, .‘. | ’ " e .

' F. SODILIM SALTS OF ZB-(HALOMETHYL)PENAMS 42 AND THEIR
sur.roxmss 4. S e |
Srgmflcant IR srgnals are 1750 - 1760 cm‘1 (B lactam C-O) 1665 - 1625 cm 1”,
(aniide C=0) and 1610- 1620 emy! (COO" . |



Sodrum 6B-(phenoxyacetam1do)-2[3 (chloromethyl)pemcrllanate
[42a, —C6H50CH2CONH X-Cl] SR S .

+ To a cooled (0 - -5 °C)  solution of 2,2,2- trrchloroethyl 6{3

_ -(phenoxyacetamrdo) -2B- (chloromethyl)pemcrl}anate 18b, (0. 516 g, 1 mmol) m e ‘i

DMF (2.5 ml), glacial acetic acid (0.75 ml) and zinc dust (0.58 & 8.9 mmol) were

“1;

, added and the mixture strrred under coolmg for 3 h The reactron mxxture o ,;

was fxltered the filtrate taken up in ethyl. acetate- water mlxture (10 ml- each)

o

‘ The orgamc layer was separated, washed w1th 5% HCl and then thoroughly, o

.. w1th dlStlHed water dned over anhydrous Na2504 and frltered The f}ltrate . ) Ny

_was concentrated and dried. The resxdue, 6[3 (phenoxyacetarnxdo) 2[3

. (chloromethyl)pemcxllamc acid was dissolved in eﬁhyl acetate (10 ml) and the

| solution- cooled in an 1ce-ba

added'until the solution reac

a solution of sodmm 2-ethylhexanoate was.

]

4,

-t

LAY

ged a pH of pH 7 The separated sohd was-‘f':" -

B fxltered washed with ether ‘and dned to give a whrte powder y1e1d 0203 g . .

(SO%) m. p. 116 119 6C, TH NMR data: Table 13.

In a* manner similar to that descrrbed above,. the followmg

compounds were prepared | f ‘ . '.'b',‘"_
. . N B . .lv - —lo

- Sodium 6§- (phenylacetamldo) -2[3- (chlorornethyl)pen1c1llanate,

[42b, R= CeHsCH,CONH, = - _ o e

The title compound was prepared form 2 2, 2- tnchloroethyl 6[3

.(phenylacetamxdo) ZB (chloromethyl)pen1c1llanate 18d (05¢g 1 mmol) m
'DMF (2. 5 ml) glacial acetrc acid (0.75 ml) and zinc dust (0.5818 g, 8.9 mmol) |
The product was obt’amed as a whxte sohd y1eld 0 254 ¢g (65%) m. p- 146 - 149

°C TH NMR data: Table 12.
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Sodmm Gﬁ-(phenoxyacetamldo)-zﬁ (bromomethyl)pemcﬂlahate,
4 [42c, : —C5H50CHzCONH X—Br} ,

The tltle compound was obtamed from 2,2,2- tr1chloroethyl-6B o
(phenoxyacetam1do) 2[3 (bromomethyl)pen1c111anate 18], (0. 5595 g, 1 mmol) -
- .in DMF(2 5 rnl) glac1a1 acetic acid (0.75 ml) and zinc dust (0. 5818 g, 89 mmol)

The product was obtamed asa whxte powder, y1e1d 0. 225 g (50%), m. p-135-

'ﬂ '138 oc LH NMR data Table 13. &
o *

. Sodmm 6[3 (phenylacetamldo)-zﬁ (bromomethyl)pemcxllanate,
. (424, R—C5H5CH2C0NH X—Br]

‘ The title compound ‘Was prepared from 2,2, 2 trxchloroethyl 6p-
(phenylacetamxdo) 5‘[3 (bromometgyl)penlcxllanate 18k (0.5435 g, 1 mmol) in
- QMF (2 5 ml) glac1a1 acetlc aad (0 75 ml) and zinc dust (0 5818 g, 8. 9 mmol) _
, ’The product was obtamed as a whlte powder yleId 0.283 g (65%) m. p. 115 -

. }118 oC ng NMR data: TabIe 2., "

Sodlum 6[3 (phenoxyacetamldo)-ZB (chlorome‘thyl)pemcﬁlanate-l[}-oxlde
?43a, -C5H50CH2CONH X=Cll.. "

| ‘“ The ntle compound was prepared from 2 2 2- trxchloroethyl 6[3
(phenquacetamldo) 2[3 (chloromethyl)pemcrllanate—lB-oxxde 4Ib (. 532 g 1
rnmol) m DMF (25 ml) glaaal acehé acxd . 75 m15 and zmc dust (. 5818 g 8.9 N
mmol); The product was obtamed asa whxte powder Yxeld 0. 275 g (65%) m.

p 110 - 115 °C lHNMRdata Table 13 SR
) ; R ,’,.. ‘...uu\ﬁ ‘ i

) "Sodlum GB-(phenylacetanudo)-ZB-(’chloromethyl)pemc1llanate-lﬁ-oxrde, .
-7 [43b, R,-GEH5CHZCONH X= Cf] , _

. The txtle compound was prepared'hfrom 2 ﬁ f’rxchioroethyl 6[3 S -
4, (phenylacegamldo) 2[5 (chloromethyl)pen/ 1llanate-1B-ox1de 41c (0. 516 g, -
B mmol) in DMF (2 5 ml) glacxal acenc acrd (0 75 ml) and zmc dust (o 5818 8¢ 8 9 | _-

%
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/ mmol) The product was obtamed as a white powder, yleld 0.252 g (62%) m.
p 100 - 103 °C, TH NMR data: Table 12 S R
o . S

Sodium 6f- (phenoxyacetaxa;do)—ﬂﬁ (bromomethyl)pemcﬂlanate;lB-dx?de, =
[43¢c, R= C6H50CH2CONH ,-Bl'] : :

The title compound was prepared from 2 2,2- trxthloroethyl 6[3 " o )
(phenoxyacetamldo) -2B- (bromomethyl)pemcxllanate-lB ox1de 41d (0.5755 g, 1
mmol) in DMF 5 ml), glac1al acehc acid (0.75 ml) and zmc dust (0. 5818 g 8.9 R
mmol) The product was obtained as a white powder yield: D 313 g (67%) m.
p.115-118 06 1H NMR data: Table 13.

\\

Sodlum 6B- (phenylacetamldo)-ZB (bromomethyl)pemcﬂlanate 1B-ox1de,
[43d, R=CgisCH2CONH, X=Brl. - ,

The title compound was pr,epared frorn 222 trtchloroethyl 6B3-

| : ’vehylacetamxdo) 2B- (bromomethyl)pemc1llanate IB-oxlde 41f ©. 5755 g, 1
U*mmojl) in DMF (2.5 ml), glaaal aeenc acid (0.75 ml) and zinc dust (0. 5818 g, 8 9
' mmol) The product . was obtamed as a whlte powder yield: O 307 g (68‘7 ), m.
| p- 127- 130 oC, 1H NMR dafa Table 12. T

G. ESTERS OF 2B-(SUBSTITUTED METHYL)PENAMS 44

l

Slgmflcant IR signals are 1780 - 1790 cm'1 (B- lactam C O) 1755 - 1770 cg\ !
(ester C=0), and 1665 - 1695cm1(am1deC 0) | |

2 2,2-Tnchlotoethyl-6B (phenylacetam1do)-2B-[(5-methyl-1,3,4-th1ad1azol -2-yl)- _,
thiomethyl]penicillanate, . [44a, "R= C5H5CH2CONH R' —CHZCC13, R"= 5- ,
methyl-l,3,4-th1ad1azole] L

‘A
)

o "To a’ suspension of 2-mercag§o-5 methyl 1 ,3,4-thiadiazole (1 056 g, 8
mmol) and NaHCO3 (0.672 g, 8 mmol), in phosphate buffer, (pH 6. 4, 60 ml), a.
solution - of 2,2,2-trichloroethyl-6p- (phenylacetamldo) -2B- (chloromethyl)-‘
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re51due extracted .with ethyl acetate.v-

washed wit\v)distilled water and brine;: g4 over: anhydrous Na2504 ar(d

 filtered. Th 11trate was concentrated and\‘drxed and the residue purified by

gradlent silica-gel chromatography using ethyl acetate/ hexane as eluants The =

product was obtained asa whrte foam, yield: O 860 g (36‘7\ m-p. 70 - 72 °C H
NMR data: Table 14. ' '

X .
In-a manner similar to that descrxbed above, the followmg compounds.

’ _were prepared.

2 2,2-Tnchloroethyl~6[3 (phenoxyacetam1do)-2B-[(5-methyl-1,3,4—th1adlazol-z- '
yDthiomethyl)lpenicillanate [44b, R= CsHsOCHzCONH R'-CHzCClg, R"=5-
methyl-1,3,4-th1adlazole] '

| The title. compound was prepared from 2, 2 2- trlchloroethyl 6f3-

' (phenoxyacetamrdo) 2[5 (chloromethyl)pemcrllanate 18b, (2.064 8 4 mmol), in
“acetone (160 ml) and 2-mercapto— -methyl-l 3 4~th1ad1azole (1 056 g, 8 #imol), _
NaHCO3 (0 672 g8 mmol) and phosphate buffer, (pH 6.4, 60.ml). The product
was obtained as a white foam, yreld 0. 930 g (38%) m. p. 66 - 68 °C, TH NMR
data: Table 14, | )

2,2,2-Tnchloroethyl-3-[(N-2,2,2-tr1chloroethyloxycarbonyl)-D-a-phenylglycyl-

“amido]-2B-[(5-methy]-1,3 4- -thiadiazol-2-yl)thiomethyllpenicillanate [44c,
R= C5H5C‘H(NHCOOCH2CC13)CONH R' CH2CC13, R"-S-methyl 1,3,4-
thiadiazole]. . ‘

L

The title tompound was prepared from 2 2 2-tr1chloroethyl-3-[(N-2 2,2-
- mchloroethyloxycarbonyl)-D-a-phenylglycylamrdo]-ZB-(chloromethyl)-

pemc1llanate (6.9 g, 10 mmol) in acetone (105 ml)- and 2-mercapto-5-methyl-
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.,1 3 4-th1ad1azole (264 g, 20 mmol) NaHCO; (1. 68 g 20 mmol) and phosphate

. buffer, (pH 6.4, 35 ml) The product ‘was obtained as'a wh1te foam, yleld 1.965

g(?.S%) m. p. 89 - 92 °C, IH NMR data: Table 15.

22,2 -Tnchloroethyl-3-{D-2-phenyl-[(4-ethy1-2,3-droxo-p1perazm-l-yl)carbonyl-
. .ammo]acetamrdo}-ZB-[(S-methyl-1,3,4-thladrazol-Z-yl)thromethyl]- L

. penicillanate [44d, R= C6H5CH(NHCO-I\ Csz)CONH R' CH,CCl3,
R"—S-methyl-1,3,4-thradlazole] . 4 , :

The title compound was prepared from 222-tr1chloroethyl 3 {D 2-
phenyl- [(4 ethyl 2,3-dioxo-piperazin-1 syl)carbonylagmno]a_cetamldo -23-

(chlorornethyl)penicillanate %2.7 g, 5 mmol) in acetone (50 ml) and 2-

mercapto- S-methyl -1,3,4-thiadiazole (1.32 g, 10 mmol), NaHCO3 (0. 84 g, 10
-~ mmol) and phosphate buffer, (pH 6.4, 20 ml) The product was obtamed as a

Wield: 0.955 g (30%), m. p. 125 - 128 oc, 1H NMR data: : Table 16.

2,2,2-Tric ~_-f‘ oethyl- 6B~(phenylacetam1do)-2[5-[(1-methyl-1,2,3,4-tetrazol -5-yl)-

thiomethyl mcrllanateh [44e, R= C5H5CH2CONH R'= CH2CC13, R"-l-

- methyl-l 2,38 etrazole] g | |

~To a supensron of 5-mercapto-1 -methyl -1,2,3,4- tetrazole (0.96 g, 8.28
mmol) and NaHCQ; (0.695 g, 8.28 mmol) in phosphate buffer, (pH 6.4, 60 ml),
a soh,rtron of 2,2,2-tr1chloroethyl-6B-(phenylaceta_mldo,)-2[3*-(ch_loromethyl)-
penicillanate 18d, (2.16 g’, 4.32 mmol) in ace‘tor_\e (11’0 ml‘),v was added and the

mixture heated to reflux for 2 h. The reaction mixture was then stirred at -

room temperature for 24 h. The acetone was removed by evaporation and the

residue extracted with ethyl acetate The combined organic extracts were
| washed wrth dlstrlled water and brine; dried over anhydrous Na2504 and
, flltered ‘The filtrate was concentrated and purrfred by gradient srhca-gel

chromatography usmg ethyl acetate/hexane as eluants The product was
/
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- obtained as a g/hxte foam yreld 0 975 g (39%) m. p. 67 - 70 °C, 1H NMR data
Table 14. ‘

-

-In a manner srmrlar to that descnbed above the followmg compounds

were prepared

2,2 2-Tr1chloroethyl -6B3-(phenoxyacetamido)-2p- [(l-methyl-l,2,3,4-tetrazol 5

yDthiomethyllpenicillanate, [44f, R-C5H50CH2C0NH R'=CH,CCl,, R"=1-
methyl-1 2,3,4-tetrazole] : :

The title compound was prepared from 2,2, 2 Trrchloroethyl 6p-
(phenoxyacetamrdo) -2B- (chloromethyl)pemcrllanate 18b, (2.0644 g, 4 mmol),
in acetone (160 ‘ml), and 5 -mercapto- l-methyl -1,2,3 4-tetrazole (1.056 g, N
mmol), NaHCO; 0672 g, 8 mmol) andsphosphate buffer, (pH 6.4, 60 mi). The
product was ‘obtained as a whrte foam, yxeld 1 g (42%) m. p 68 - 70 oC, 1H

NMR data: Table 14:- |

2,2,2-Tr1chloroethyl-3-[(N-2,2,2-tnch1oroethyloxycarbonyl)-D-a-phenylglycyl-

amido]-28- [(l-methyl -1,2,3,4-tetrazol-5-yl)thiomet yllpenitillanate [44g,
R= C6H5CH(NHCOOCH2CC13)CONH R'-CHZC 13, R"= l-meth'yl -1 2,3,4- ~
tetrazolel. . (_ . ‘

The title compound was prepared from 2,2,2- trxchloroethyl -3- [(N~=2 2,2- ‘
trrchloroethyloxycarbonyl) D-a-phenylglyclyamrdo]-ZB (chloromethyl)-
pemcrllanate (5.14 g 7.4 mmol) in acetone (80 ml) and 5-mercapto— -methyl-
1,2,3,4- tetrazole (1.72 g, 14.8 mmoi;\ NaHCO3 (1 25 g, 148 mmol) and
phosphate buffer (pH 6 4 35 ml). The product was obtamed as a whrte foam,

- yield: 2. 4g (41.8%), m. p. 88 90 °C, 1H NMR data: Table 15.



‘2,2,2-Trichloroethyl-B-{D-Z-pheny1b[(44ethy1-2,3-d10xo-p1peraizv1n'- -yl)carbonyl-
ammo]acetamrdo}-ZB—[(l-rneth 1-1,2,3,4-tetrazol-5-yl)thiomethyl]penicillanate
- [44h, R= C5H5CH(NHCO- N-C2H5)CONH, R'=CH,CClj, R"=1-methyl-
1,2,3,4-tetrazole] - R C oy

The title- compound .Was preparéd from  2,2,2-trichloroethyl-3- {:D;Z-
(chloromethyl)pemcrllanate (2.7 g, 5 mmol), in acetone (50 ml) and 5- -
mercapto~1 methyl -1,2,3,4- tetrazole (1.15 g, 10 mmol), NaHCO3 (0.84 g, 10
mrnol) and phosphate buffer (pH 6. 4 20 ml) The proéuct was obtamed asa ’

white foam, yleld 1.1 g(35%) m. p. 133 - 135 oC, IH NMR data: Table 16.

H. SODIUM SALTS OF ZﬁJ(SL_IBSTITUﬁED METHYL)PENAMS 45. y
' » . : ]
Significant IR signats are 1750 - 1765 _vvcrnfl.'_‘~(‘[3-lactam»C=O), 1665 - 1675 cm-1-
- (amide C=0) and 1615' - 1625 cm! (COO) L
 Sodium 6p- (phenylacetamldo)-ZB [(S-methyl -1,34- thradlazol-2-yl)thromethyl]"
penicillanate [45a, R= C(,HSCHzCONH R"=5-methyl-1,3,4-thiadiazole]. -

- Toan 1ce—cold solutron of 2,2,2-trichloroethyl-6f- (phenylacetamxdo) -2-
[(5-methyl-1,3,4-thiadiazol- 2-y1)thromethyI]pemcrllanate 44a, (1.1 g, 18 mmol), -
- in DMF (8 ml), zinc dust (1.047 g-16.04 mmol) and acetic acid (1.5 ml) wére
added and the mixture stirred under cooling for 2 h The reaction mrxture
was frltered and the filtrate extracted with ethyl. acetate The combmed orgg?c
extracts were washed sequentially thrice with 5% HCl, twice with dlstllled
water and brme drled over anhydrous Na2504 and frltered A:l'he filtrate was
concentrated. To an 1ce-c01d solution of the acid (0.63 g 80% yield) in ethyl
acetate (15 ml) and water (15 ml); NaHCO3 (0.107 8, 90%) ‘was added and the

rmxture stirred for 15 - 20 min. The aqueous layer was separated and freeze



g v".dned The sodium salt was obtamed as-a whlte powder yleld 0. 78 g (90%) m‘r |
p. 85-880C, 1H NMR data: Table 14

Ina manner srmxlar to that descr‘bed above the followmg sompounds

were prepared

‘Sodlum 6p- (phenoxyacetamxdo)-ZB U(S-methyl 1 3, 4 thradxazol 2-yl)th10->

'methyl]pemcxllanate [45b R= C5H50CH2CONH R" 5- methyl -1,3,4- . "

j th1ad1azole]

The title compound was prepared from 2 2 2- trlchloroethyl 6B~
(phenoxyacetamxdo) 2[3 -[(5-methyl-1,3 4-th1ad1azol 2-y1)thlomethy1]
pemcrllanate ‘44b, (1.22 g, 2 mmol), in DMF (8 ml), and zinc dust (1.16 g, 17v8 _

.mmol) and acetic acid (1.5 ml). The sodium salt was obtamed as awwhite solid,

y1e1d 073g (70%), m:p. 120- 1zzoc 1HN Rincadl

Sodium 2[3-[(5-methy1-1,3,4 thladlazol-z-yl)t
145¢, R=CeH5CH(NH2)CONH, R"=5-methy]- iy

~The title compound was obtained from 2 2 2- trxchloroethyl 3- [(N 2,2,2-
trxchlo#thyloxycarbonyl) D-a-phenylglycylamldo] -2B-[(5-methyl-1,3, 4
thxadxazol 2- yl)thlomethyl]pemallanate 44c, (1 .53 g, 2 mmol), in DME (8 ml) |
and zinc dust (1.16 g, 17.8 mmol) and glacnal acetic acid (1.5 ml). The sodium

salt was obtained as a white sohd yleld: 0.738 g (77%), m. p. 185 - 188 °C, 1H__
NMR data: Table 15.

,Sodlum 2B-[(5-methyl-1,3,4-th1ad1azol-2-yl)thlomethyllpxperacxllm, :
[45d, R—C5H5CH(N~HCO- -C2Hs)CONH, R"-S-methyl-l,3,4-th1adxazole]

The-title compound was’ prepared from 2,2 2-tr1chloroethyl -3- {D 2-

| _}phenyl-Z—[(4—ethyl -2 3-dxoxo-pxpera.zm-l-yl)carbonylammo]acetarmdo]-2[3 [5-

. methyl-1,3,4-thiadjazol- 2-yl)thxomethyl]pemallanate 44d, (1.51 g, 2 mmol), in -
DMF (8 ml) and zinc dust (116 g, 17.8 mmol) and glacial acetic acid (15 mD.

4

e



B

The sodlum salt was obtaméd as<a whlfe sohd y1eld 0. 843 g (63%) m.p. 160 -

- 162°C, 1HNMRdat'a Table A T e

,uodlﬂtm 6B-(phenylacetam1do)-2[5-[(l-methy 1,2,3, -tetrazol S-yl)thlomethyll- .
. pemcﬂlanate [45e, R=C5H,Cd2LONH B"-l-methyl 1.2,3,4- tetrazole] :

~The title compound was prepared from 2, 2,2- trlchloroethyl 6B-
‘(phenylacetamxdo) 2B [€1- methyl -1,2,3 4-tettazol- 5 yl)thromethyl]pemcﬂlanate o
dde, (1 0g, 18 mmol) in SMF (8 mi), zrnc dust (1.04 g, 16 mrnol) and aeehc acxd’
- (1.5ml). The sodrum sait was obtamed as a whxte solid, yleld 0,676 g (80%) m.

@t
. .p- 140 - 143 °C, 1H NMR data Table 14.- ;
, . 4

L

-

Sodmrn 6B (phelgxyacetamrdo)-zﬁ [(l-methyl 1,2,3 4- tetrazol S-yl)thlo-_ o
methyl]pemcrllanate [45f~ R= C5H50CH2CONH R"= 1-methyl-1,2,3,4-tetrazole] .

The utle cornppund Was prepared from 2, 2 2 trrchloroethyl 6[3-
(phenoxyacetamldo) 2[3 [(1-methyl :1,2,3 4- tetrazol 5-yl)thlomethy1]- ‘ o
| pemglllanate 44f, (119 g, 2 mmol) in DMF (8 ml) and zinc dust (1 16 g, 17 8 _ |
mmol) and acehc add ( 1 5 ml) @esodﬁ salt was obtamed as a whxte sohd» |

- yield: 08262g(85%) m. P i51 154.9C, 1H NMR data: Tableld. .- - %

; Sodlum 2B~ [(l-methyl-l 2,3,4-tetrazol-S-yl)thlomethyI]amprcrllm .
R ,[45@, R-C5H5CH(NH2)CONH R"-,-l.methyl-l 2,,3,4-tetrazole]

158

' <T he tltle compound was prepared from 2, 2 Z-tnchloroethyl-B-[(N 2 2; > "

) _“'ltrrdrloroethyloxycarbonyl) -D- a-phenylglycylamrdo] -2B-[(1- methyl 1 2, 3
. };tetrazol S-yl)thlomethyl]pen1c1llanate 445,?(1 54 g2 mmol) in DMF (8ml)'afad

| zmc dust (T16 g, 178 mmol) and acetic acrd (1.5 ml). The sodlum salt was .

'ohtamed as awhlte sohd yleld 0666g (72%) m. p. 210 212 °C, H NMR datar..

~.'Table 15. Y
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SOchu'ni 2@{ i-rrtethyl-1,2,3,4-tetrazol-5-yl)thlomethyl]]plp acﬂlm, o
{45h R-C3H5CH(NHCO-I\T_—‘N—C2H5)CONH R''=1-meth 1-1,2,3, -tetrazole] ‘

The trtle compouné 'bs prepared from 2,2 2-tr1chloroethyl -3- {D-2-

pheny1-2-[(4-ethyl -2 3-d10xo-p1perazm-l-yl)carbonylammo]acetarmdo}-2B [(1-~
’_ methyl -1 2 3 4 tetrazol S-yl)thromethyl]-pemcrllanate 44h (LgS g2 mmol) in’ B
| DMF (8 ml), and zinc dust a: 16 g, 178 mmol) and acetic acid (1.5 ml) The
sodlum salt was, obtamed as a white sohd yleld 0. 705 g (56%) m. p 148 150
| o, 1HNMRdata Table 6

o AZB-(HALOMETHYL)P_ENAM-'I,1-D%XIDES &9.*

S1gmf1cant IR 51gnals are 1800 1810 cml (B- lactam C—O) and 1755 1765 em-1’ : |

.

(esterC O) . \ ‘
p-Nitrobenzylﬁﬁ,G-dlhydro-ZB (chloromethyl)pemcxllanate-l 1-d10x1de,
192, R, R —CH2C5H4-p -NOz, X=Cll. . L o
' 7 | 'Po an xce—cold solutxon of p-mtrobenzyl-6 6 dlhydro 2(3 (cruoromethyl)-
\pj.mcﬂlanate 18e 3. 705 g 10 mmol) i in glacxal acetlc acid (70 mID and water (9 3 -
mi) was added portlonwrse, KMnO4 (3 476 g, 22 mmol) over a penod of 1 h

.The reactron mrxture was stlrred at room temperature for 35 h. A 30%

soluhcn of Hzoz was added dropwlse untrl decoldrrzahon was complete The

- resultmg solunon was’ poured 1nto Tce-water (‘1‘50 ml) The sohd collected by 3

" a

flltranon was’ d"' lved 1n CH2C12 and washed sequentially w1th aqueous "ﬁ g

Na\HCO3,

i .
EORCE

dxstrlled watyr and brme The orgamc layehwas drred OVer L

| anhydrous_Na2804 and frltered\@d the fﬂtrate was concentrated and dned. -
The product was obtamed asa Mate sohd yleld 3 34 'g (83%), m p 80 82 °C v-'

[ C e ..;.:.....\,,i... -

1HNMR data: Table 17 e Ty T L

.
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p-N 1trobenzyl-6 6-d1hydro-2B-(bromomethyl)penlcﬂlanate-l 1- dlox1de, )

[R=H, R-CH2C6H4-p -NO, X=Bx]. 8.

.

R "

“In a manner srrmlar to that deScnbed above, the trtle compound was |

prepared -from p-mtrobenzyl -6,6- d1hydro—2[3 (bromomethyl)pemcrllanate 181,
(4 329 g 10 mmol) i in glacial acetic acid (82.2 ml), water (10 6 ml) and KMnO4 |
Q. 476 g, 22 mrsnol) The product was obtamed as a whlte solid, yreld 399 g," )
(86%) m. p 73-76 °C, 1H NMR data Table 17.

P A}

Sodrum 6, 6-d1hydro-2[3 (chloromethyl)pen1c111anate-1 1- dloxrde, S M
[19a, R=H, R'=Na, X=Cll. o L

To a solutlon of p- n1trobenzy1 -6,6- dlhydro ZB (chloromethyl)-
: pemcrllanate—l 1= dloxrde (1.0 8 25 mmol) in THF (35 ml) and water (25 ml)
Pd- o catalyst (10% 1.0 g was added and the mrxture hydrogenated at 50 p- s.i.
for 3 h. The reactJ?n mixture was fx.tered through a short bed of Cehte To
the flltrate NaHCO3 (0.093 g; 90%) was added and the solutf ion’ evaporated to‘ ‘_ o
" remove THEF. The aque‘bus portmn was was 1ed tw1ce wrth ether and the ,,
separated aqueo{,rs pornon was freeze drred Thc sodrum salt was obtained asa '_

-' whrte solld yreld Q2533g (35%) mp 125 13 OOC slHNMRdafa Table 17.

Sodmm 6 6-d1hydro-2|3 (bromomethyl)pemcxllanate-l l-dloxlde [:Qa R= H
R'=Na, X=Be)) . . | o
. 1» -. In a manner srrmlar te/ that descrxbed ab0ve the txtle corr:pound was
prepared from p-nrtrobenzyi 6 6- drhydro—ZB (bromomethyl)pemcﬂlanate (1. 0
) in THF (35 ‘ml) and mter (25 ml) ‘and’ Pd-C (10%) catalyst The.,sod.mm salt .
- Was obtamed as a whlte sohd,, yleld 0 2719 g (35%) m p. 190 192 °C IH NMR o

data Tab1e17 S e e &

»..._".
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J. 6, 6 DIHYDRO 2,8-[(5-METHY‘L 1.3, 4 THIADIAZOL-Z YL)]THIOMETHYL]— o

PENAM AND I'I‘S OXIDATION PROD ucrs o

S1gmf1cant IR srgnals are 1780 1805 cm'1 (B lactam C—O) and 1755 1765 cme1 -

(esterC—O) I, N L .

o : S . - ' /
: Benzhydryl-6 6-d1hydro-2[3-[(S-methyl-1,3,4-th1ad1azol-2-yl)thlomethyl]- |
: penrcrllanate, [47, R=H, R'=CH(C¢Hjs),l. » -

| . Toa suspensxon of 2-mercapto-5 methyl 1,3,4 thradxazole, (2 64 g 20-'
) .'mmol) and NaHCGO3 (L 68 g, 20 mmol) in phosphate buffer, (pH 6. 4 16.9 ml), |
o a. solut1on of benzhydryl -6,6- dlhydro-ZB (chloromethyl)pemcrllanate 18f,

- (4.015 g 10 mmol) in acetone €50.6 ml) was added and the mlxture heated to‘

reflux for 2.5 h. The reaction mrxture _was then strrred at room temperature .

B for 24 h The acetone was'

the reS1due extracted*twrce with'e thyl

acetate The combmed or AR "’

- water dned over anhydrous 1\(Ia2504 and fxltered The flltrate ‘was |
- concentrated and dned to grve a yellow foarn The crude product 3. 53 g (70%), |
'j"was punﬁed by gradxent slhca-gel golu chromatography usmg etl»zl-v'_‘_
.acetate/ hexane as eluants The product was obtamed as an off-w(hxte powder‘

’

. ‘»y1eld 174 g*(BS%a* mp 56 59 oc lH NMR'data Table 18 1-"c NMR data{_
, Table19 L coh R - e -' :

3o y / :

: Benzhydryl-6,6-d1hydr0-2B-[(5~methyl-l,3,4-th1ad1azbl-2-yl)thiomethyl]-

_.‘?f.;pentcux,anategp-oxide [48, R=H, R‘-CH(Cal-fs)z] R
| .To a—solupon of benzhydryl-6 6—d1hydro-2[3 [(S-methyl I,S”A-thxadiazol-;lﬂ; 7

_s' were washed thrlce Vsmh dxstllled.

i ,_2-y1)thromethylg}pemctllanate 47 (1 91 & 38 rnmol) in CHzClz (30 ml) a 30% _' B v. N
;‘.v_v- solutxon of HzOz (I 0448 g092 mmol) and glaaal aeetxc acrd (1 82 g, 30 mmol) S

“-..'were added and the rmxture stxrred at room temperature for 24 h Thezi__‘a "

' reactxon rmxture was" washed sequennally thh aqueous NaHCO;; soluhon,r}
RO T T



dlstlll water and brme, drred over anhydrous NaZSO4 and ﬁltered The ,

) ﬁItrate wag concentrated and the crude product 1. 68g (85%), was purified by

gradlent srlrca—gel column chromatography using ethyl acetate/ hexane as
- eluants“l'he product was obtamed as a white foam, y1e1d 0. 985 8 (50%) mp. -
. 83-85 °C 1H NMR data: Table 18, 13C NMR data Table 19.

' Benzh)'dryl-ﬁ 6-d1hydro-2H(5-methyl-1,3,4-th1adxaMulﬁnylmethyl]- R
» pemcrllanate 11 ledee [49 R= H R'—CH(C5H5)2]

To a solutxon of benzhydryl -6,6- d1hydro-2B [(5 rnethyl -1,3, 4-th1ad1azol- U
-2 yl)thromethyl pemcr,l‘lanate-l B-oxide 48 (1.8 8 3 5 mmol) in CHzClz (15ml), - :
a. solutron of m- chloroperbenzorc ac1d (1 3283 g 7. 7 mmol) in CH2C12 (15 ml)
was added over a penod of 30 min. The reactlon n‘uxture was stlrred at. roo§m o
' temperature for 6h. It was then washed sequentrally Mtl‘: aqueous NaHCO3,
vdlStllled water and brme drxed over anhydrous NazSO4 .and fxltered The‘-\_

’flltrate was concentr}-aaed and | dried to a foam The, crude product 1.623 g (85%)‘ _‘

 thus obtamed was" pur1f1ed by gradlent sxhca-gel column chrornatography S

_ ._usmg ethyl acetate/ hexane The product was obtamed asa whlte foam yleld

0,956 g (50%), m, p 67 70°C, lH NMR data Table 18, 13c NMR data Table 19.

t o T . _ _
NI - BN ',,. e 5 - - %

Benzhydryl-6 6-d1hydro-2[3-[(S-methyl-l,3,4-th1ad1azol-2-yl)thxomethyl]- e
. pemcrllanate-l l-choxlde [,50, R=H, R'—CH(CsHs)z}’ C R

TO a 501““0“ of benzhydryl-ﬁ 6- dthdT0-2B [(S-methyl -1 3 4-th1ad1azol- o g
;2-yl‘)8utfenylmethyl?emcxllanate& 1 droxxde 49 (0545 g, L mmol) in CHzClz-

(10 ml) Pzé* (0 4889 & L ¥ mmol) and Pyﬂdme (0 3164 8’, 4 mmol)-were added».i S

3nd the - mrxture strrred at room };emperature for 24 h Then, the reaétxon.,“ 3

'm&s(ture was poured.mto ‘water (10 mh). and the resulgng rmxture extractedﬂ”

thh CHzClg The combmed .orgamcvextracts were washed sequentxally with - .

"tdishlled water"(4 tunes) aqueous NaHC03 solutron and brme dnecl over" | §



~.

Benzhydryl-6,6- dileges

. glacral dzetlc ac1d (14. 9% ‘ml) and water (1 82 ml)_,KMnO4 (0 7

“was a

:' Na];ICO :

: '-[(5-methyl-1,3 A—thladlazol-z-y&%ul fonyln/'\tethyl]—

at’ room temperature for 3 5 h A 30% solutlon*i'%qHzoz was added dropw15e
4

until decolorxzatlon was compTete The resultmg solutton was poured mto -

'\)' \

B \ﬁiﬁ&

.r__

g o8

j;obtamed asa v white foam yxeld 0 62 g (77%) mp 111 113 °C 1I-LNMR data

)

'-_"Table 15, 13c N‘vIR dat&a Table 19 T R

N . . RN X . S Y

e L L . gt - - - < . [V e BN -
Sle TS e .o - E : R L, .

h 4 ", A ’ plTRO LR e T : o - . Y

| | Ses
anhydrous Na2304 and f1ltered The fxltrate was concentrated and drted to - -

85 g, 4 7ﬁmmol)'

d porhonwrse over a penod of 1h. ‘The reaction mlxture was shrred '

“This solutlon was 4washed sequentlally wnh‘ aquebus |

: glve a yellow foam (0. 2116 g, 40%) which was punfxed by preparative sxhca- E
) "gel chromatography usmg ethyl acetate/ toluene (2: 3) as solvent system A' |
- band wsxble under UV hght Wa.s cut out extracted ‘with ethyl acetate and the .

. ethyl acetate solutton concentrated and drled The product was. obtamed asa -

. penicillanate-1, 1’-;1 {51, R=H, R=CH(CeHS)l. |
(" To a cooléd solau‘tlon “of b,enzhydryl-6 6- dmydro-z“ gyhyl-134.
o thladlazol 2- yl)th1ométhy1]pen1etllana£1" -oxide’ 48 ( 6 Kmn};ol'), in

x utxon ‘dwﬂled waten and brme, drxed over anhydrous Na2504“

' white foam, yxeld 0.132 (25%), rnp 90 - 93 o, H NMR data Table 18, 13C S
: NMR data -.;jf “ ‘ .

i~ "xce.-watem‘(ZS 4 the sohd that separated Was collected by fxltratlon and- Tl
" CH ch/:

N 'drssolved‘ m

'u.'iand ftltered The ftltrate was cpncentrated and an ~The product wasl o

J
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»K. Biologi'cal section

Preparatlon of Medra AR S

‘The Mueller Hmton Agar was suspended in pur1f1ed water, mrxed

' th%)ughly and heated to- borlmg wi jh frequent agrtatlop to completely

dlssolve the powder Surtable 'volumesof medla was then poured into flasks '

-

u,:?.- : ez
7 .

'Ster‘iliza‘tion : B B e

Lo

. The media was sterilized by autoclaving at 121 °C for 15 min.

N Preparatibn of Antibiotic SolutiOn o _ ‘
A stock solution of ant1b10t1c was prepared by dlssolvmg 50 mg (pf ‘
| antrbxotrc in'5 ml of sterile distilled water, (10, 000 ug/ml),' and flltered |
through ao, 22 v mrlhpore ﬁ,lter ) | |
The workmg solutions of antrb\gtrc were prep%red by the serial dllutlon‘
method as follows Two ser1es of 13 sterrle test tubes were set upon a rack and :
labelled 2-14. 1.5ml sterlle chsttlled water was aseptrcally transferred to eadh
;_yof ‘the test tubes 1.5 ml of stock antlbrotrc solutron was added aseptlcally to- | :
~the test tube 2, (SOOOug/ ml). With.a freS‘h prpette, the contems of the tube 2 |
: "Were rruxed and 1:5 ml was tranleued to tube 3; the two fold drlutron was v -
"gacompleted by repeatmg the precedrng step, usmg a fresh prpette after each )
: transfer Thus two serles of workmg antrblotlc solutxons rangrng in
. concentration from 100 Oug/ml to 122 ug/ml were prep:red and thé"'
expenment_ camed out m Suphcate Sy EET %,

. -l" ' T 'a". : _
N r., v K . . v

&!paratmn of Antlmrcroblal Plates TR P o C - .
Sterrle Mueller Hmton Agar 1rY a ﬂask was melted cooled to. 45 50 OC ; '

and held at that range in-a water bath 14 stenle round petr1 dxshes were i

) labelled 1 to 14 19 ml of m%d agar was transferred to each plate 1 ml of : S
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. stock gntxbiotrc solunon was added to plate 1 and mlxed Srmilarly’l ml of

antlbrbtlc solutron m tubes 2 to’ 14 was transferred to plates 2 to f4 and mrxed

i

- The plates weré alIowed to‘sohdxfy Thus plates w1th antlbtotlc concentratxon

»

rangmg frorn SOOug/ ml to 0 Oégtg/ml weré prepared _ e . o

e

+ L
e ks
v e S I

Preparaponoflr}oculum ',: N o D ' .

)

All ATCC orgarusms weres.gandard and—)ther orgamsms were chmcal o
o 1solateg obtamed from the Umver51ty of Alberta Hosprtal Mlcroblology’ ',

e k3 e . .9

Department JJ, B

A loopful (0 001 ml) of each orgamsm was moculated to a tube' '
contantmg 4 ml of tryptreasef soya brdth and incubated for 24 h at 37 oC. .

The overmght broth culture was diluted in stenle dlstxlled water to a
turb1d1ty equrvalent to'a BaSO4 standard prepared by addmg 0. 5 ml of 0.048 M _Y
BaClz (11 7 gof BaClz 2H0 per liter) to 99 5ml of 1% (v/ V) H2504 (0. 25N) '

The fmal moculum was made by dxlut g ﬁe"’above standard
xuspensmn to yreld a bacternl CFU of- 106/ ml Tl'us was achxeved by dxlutmg

the Gram -ve cultuxea to 100- txmes (0. 1 ml + 09 rnl broth) and Gram +ve'_-_ -

o

| cultures to 10 tlmes (0.01ml + 099 ml broth)203 : N "‘ | e |
_Irtbci_xl'atioriOf:Plates‘_ : EEE vl SRR |
A surtable template was made to 1dent1fy the type of orgamsm at aQ_ Coa

' _partlcular spot The loop cahbrated to dehver 0. 001 ml was stenlxzed and the: S

. test cultures Were spot inoculated on- to the plates o - '¥ _ o

- Incubahon B L o o - ~v"4*-' C L
| The plates wére left undrstutbed for 30 min and then mcubated for 18 h i‘
at37ec. ‘ " | |

¢
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| ,Readmg the Plates - L i »h o ‘

_After 18 h each plate vhas placed on the template and the concentratxon_,
at which- the orgamsm falled to - grow (one colony or hazy growth was

n.

neglected) wa? noted as the MIC203 Results Tables 20-23.
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