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Abstract - The first selena nuclear analogues of R-lactam antibiotics have been 

synthesized and compared with their sulphur counterparts. 

During the last decade, the quest for an expanded antimicrobial spectrum has prompted 

several synthetic endeavours aimed at the skeletal modification of the naturally occurring 

B-lactam antibiotics. The nuclear sulphur of penicillins and cephalosporins has been replaced 

by different atoms (O,N,C) and the chemophysical and microbiological effects of these substi- 

tutions have become object of investigation. We wish here to describe the svnthesis of the -r~~~~-~-~- 

optically active l-dethia-1-selenapenem 2 1. 
r.9d and its antibacterial activity in comparison with 

the sulphur counterpart 1. Although substitution of selenium for sulphur in the periphereal 
/%A, 

side chains of cephalosporins has been claimed 
2 
, to our best knowledge the 1-selenapenem 2 

'w 

and the closely related 2-selenacephem 6 are the first bicyclic selena R-lactams ever reported. 
- 
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For the synthesis of 2, 1,5-ring-closing strategies were preferred to the classical 
I\l\r 

Woodward's cyclization pattern, which would have required the preparation of 4-azetidinyl 
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3 
selenoester intermediates . Substitution of sodium selenide for sodium sulfide in our original 

2-thiacephem approach' allowed the conversion of the disulphide-mesylate 4a (Na2Se 1 equiv., 

DMF-H20, 5 min 10°C, followed by prompt quenching with AgN03 2 equiv., H20) into the novel 

2-selenacephemhin 12% isolated yield5. In analogy with ring-contraction experiments carried 

out on the sulfur isoster 5 
436 

lvvr 
, it was hoped that treatment of 6 with PPh 

lvvI 3 
would preferen- 

tially give the selenapenem 8a; however, 
lvvI 

the undesidered (55)-epimer E (as indicated by the 

large coupling constant of the B-lactam protons, J= 4.13 Hz) was exclusively formed (78%). An 

identical sample of 10a was obtained (47%) from shy chlorinolysis to&(C12 2 equiv., 
- 

CH Cl "Pl"lr\ _-.a ~:__~___-__L _z L.-_ ____.1_.___ --_.._ 7 ..1L1 ,.Y_ "_ ,?,>nrr 
2 2' 

-_q"-b, aIl" "lsplacamer,L "I L‘lt: maaysuxy yr.oug WIL.II LYa 38 \umr, ~~---- Ir --- n,,\nn’ 
2 

argor1, 43 ,lllIl CV‘L, . 

The above results indicated the (42)-chloroazetidinone &as the most appropriate key inter- 

mediate for obtaining the desired (5R)-l-dethia-1-selenapenem 2. Chlorinolysis of 4-alkylthio- - NVI 

azetidinones can be reagent-approach controlled when the hydroxyethyl group at C is unprotect- 

8 
3 

ed . A convenient precursor was therefore envisaged in the thioether 4d, prepared from the 
- 

threonine-derived benzoyloxyazetidinone 2 by sequential displacement with butylmercaptan 

(NaH, DMF, 82%), N-alkylation (pNB iodoacetate, Cs2C03, MeCN, overnight, 83%), C-acylation 

(LiN(SiMe ) 2 equiv., CH3COC1 1.1 equiv., 
32 

THF, 30 min -78OC, 75%), enol mesylation (MsCl, 

NEt 
3' 

CH Cl 
2 2' 

-20°C, 90%) and desilylation (BF3.Et20 1.2 equiv., MeCN, -15OC, 80%). As expect- 

ed, chlorinolysis of this m^+,.-;-, lrl in CC1 1.2 *-..i.. CH r, ?n -l- noor. "^%._ Ch,. 7 n 1110.Ccllas ,"I 
2 4 

ryurv., 
2"&2' 

.J" 1,111‘ -‘+" u, &:a"= L.l‘G Q,-?- 

cis azetidinone %(41% after flash-chromatography), which reacted with sodium selenide to 

afford the (5R)-selenapenems, albeit in poor yield (14%). Removal of the p-nitrobenzyl group - 

was best achieved by reduction with iron powder in a buffered medium (NH4C1, THF-H20 l:l, 35 

min 20°C) and the product required for microbiological evaluation was isolated as the sodium 

salt&(33%) after ion exchange and reverse-phase chromatography. 

Interestingly, the selenapenemclosely reproduced the antibacterial spectrum of the penem 

1, but with a constant (about 4 fold) decrease in potency (see Table). These data suggest that 
- 

the isosteric systems differ not for their mode of action but for the intrinsic acylating ac- 

tivity of the B-lactam ring: It is reasonable to RRRII~~ th.at sllhntitl,tinn of selenium for sul- --- -..._ ----_-_-_--__ _- ____..__... 

phur brings about a partial release of the structural strain associated with the combination 

10 
of four- and five-membered rings . This is probably reflected in the IR carbonyl stretching 

frequency, which is consistently (-10 cm -l) 1 ower in the selena compounds. Differences be- 

tween the components of the isosteric pairs 2-1, 
1 

6-5, lOa-9a were also observed in H-NMR and 
nA/Nvnfv..W~,Wvv 

UV spectroscopy: the selena derivatives were characterized by a 0.23+0.28 downfield shift for 

the heteroatom-adjacent B-lactam proton, and by a strong absorption at 280 nm, either accom- 

panying (in selenapenems) or submerging (in selenacephems) the long-wavelenght maximum proper 

of their sulphur counterparts (310 and 327 nm, respectively). 
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OSiMe,Bd 

).qp,x 

oJ-$/k oby 6?< 

CO,Me C02R2 CO,R’ 

5, x= s 

6, x= se 
7, x= s 9, x= s 
8, x= se 10, X= Se 

a, Rl= TBDMS, R2= Me 

b, R1= OH, R2= pNB 

OSiMe,Bd OR’ 
TBDMS = SiMe2Bu' 

a, R1= OCOPh, R2= H 

b, R1= SBu, R2= H 

c, R1= SBu, R2= CH2C02pNB 

4 k0,R4 

Bt = 

pNB = 

a, R1= TBDMS, R2= H, R3= SSBt, R4= Me 

b, Al= TBDMS, R2= H, R3= Cl, R4= Me 

C, R1= TBDMS, R2= H, R3= SBu, R4= pNB 

d, Rl= R2= H, R3= SBu, R4= pNB 

e, Rl= R3= H, R2= Cl, R4= pNB 

The desulphurative ring-contraction of&andzbbears the most relevant chemical difference 

between the sulphur and selena isosters object of our study. In parallel experiments6 carried 

out on 
35 

S analogues (i.e., 2 instead of 6) we found a single regiochemical result (incorpo- 
- 

ration of the radiolabel in the penem product) accompanying different stereochemical outcomes 

(7a* 
- 

and 9a* formed in relative amounts of 1:l or 2.4:1, depending on the solvent; see Scheme 
- 

overleaf). Therefore, the observed discrepancy should not be attributed to chemoselectivity 

factors in the PPh3 attack (A vs.A' 
*-NY 

on replacing Se for S) but rather depends on differences 

in the fate of the thiophosphonium intermediate A. The observed exclusive formation of 10a 
- 

from kcorroborates our analysis 
496 

of the ring contraction in terms of a competition between 

SN2 and SNl mechanisms: changing the entering nucleophile from -S- to -Se- cannot affect the 

latter but obviously promotes 
11 

the former. 
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Scheme 

5f X = 35s 

6: X= Se 

Tef x=3$ ~o$le 
8.: X= Se 
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