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Cunstdorabie intereat in the panem riq system during the preceding decade has led to the discovery of several potent 

antbauterials. The 2dtyi mies, mpmented by FarmatalWs FCE 22101’ (Scheme 1). are anabguas uf the earliest members of the 

penem dass tu be synthesked2 and contain auybxymethyl or dmpb alkyl substituents, remlnismnt of the cephabsporbs. In the Whio 

series, structure-adlvlty relatbnsh@e (SAP) have advanu& throqth tribal bads such as Schering’s SCH 294822 and SCH S43& into 

more functionalkad varlatbns suuh u mpreemtted by CP-70,429, daveloped at Pfkar.5 Atthough advanued methodobgy for penom 

cunstruction exists.6*7 the affbient late stage bmrp~atbn d fundbnaliiad thiilr in a convergent fashbn haa heen addressed in only 

one report.* Furtharmom. the attauhment of alhyl sukstltuents to pensm tomplatas using this mathodobgy has not haen addressed b 

our lmowbdge. For m to thaso 2-thb 01 alkyl mrhstltutad penamr on pmpamt~ive scale and for reaaona of eunnumy. we decided on 

a strategy that would delay intmduutbn of homuuhtral memaptan 2 (or auitahle organometallb) until the final stages ol the synthesis hy 

utiliiatbn of sctivatad penem 1 aa the ebdruphib. Cnue jdned. the resultant %bpmbcted penem. (P, P’ = proteutbg groups) need 

only suffer straightforward deprotautbn9 and thw ti exposure of the sendtlvo funutbnafii of the side chain towards a variety of 

magenta currentty uaad b panem uydkatbn.6 In addltbn, thk qxoach albwa fur further investigatbn of SAR in thir sorbs without 

requiring cydkatbn of eauh penem auk&ate. 

Schenm 1 

Although the ayntheab of panam antika&riak has hean achbved through numerwa ring ubsure and side chain incorporation 

pmtouok, the related uarbqanem ti ia marked by at lasso one onnmun theme in that thii incmporatbn at C-2 is atways mmpleted hy 
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scthratbn of a pkshws~ mobty lhmugh the brmalbn of an ad-ester. ~ndphorphates.10 tosyiatestt and trifhteat* have aii heen 

used as activated precursors towards the additbn d functbnaikad thbb. The dtuatbn in the ruifur contatnbg penems is expectsd to 

he somewhat d7ferent duo to the reac4Mty of the thiazoikitne ring. Often side chab inaxporatbn b achkwed as part of the ring cbsun 

step6 or hy aikyiatbn of dithbiactone 7. 7* in the former case, these pmtocob am most general for unfunctbnaiked side chains which 

can survive the ccnditlaw for cycik&bn. Me stage incorpomtbn of free thbis r6 C-2 in the penem ciass has bsen possihie only through 

one method in which a ruifbate is the ieaving group.8 The iatter qrpmach has heen extremely successful in the preparation of a wide 

variety of penems for hbbgbal evaiuatbn; however, hecause the ieaving group, a ruifenb add, aiso reacts with free thbis and thioiates 

an excess of side chain must he empbyed. We wkh to report an aitemative penem synthesis whbh uses novel adtvated penom la as 

the substrate and which produces an tnnombus trifbta sait as the onty by-product. 

Our preparatbn of 613 (Scheme 2) foibws standard chemistry developed for the synthesis of the reiated dtthbiactone 7,’ 

although some modifbatiin was required. The known S-trityi-Nauhstttuted axetiktbone 3. avaiiahie in two steps from commercially 

avaiiahie startitg materiais,7a was depmtwzted under standard condbons (AgfQ; methanoi-pyridiie Cl°C 1 hr, then H2S gas) to afford 

the thibi 4 in exceibnt ybid. Thb mdariai was not generaily isoiated elthough it was stahb for some time under mfrigeratbn. Thtbi 4 was 

kbntified in part through oheewatbn of the 9 Hz coupiing between -SH and the C-4 proton in the nmr spectrum. A deuterium exchange 

experiment confirmed that this was indeed an interadbn between the C-4 methine and an acidii hydrogen. Addiinaify. we found that 4 

was transformed into a symmetrical dbuifiie hy copper (I) catalyzed air oxidatbn.14 A variety of acyiating agents were used to 

functiinalize this thbi in good yield as the required thbcarbonate; nevettheiesa, reaction with carhonyi diimidaxoie or phenyi 

chloroformate afforded adducto 8 and 9 whbh were iater found to he unreactive toward ring cbsure with base. Fortunately. the use of p- 

nitmphenybhbmformate provided a charactwizabls addud (5) which was easily cydiied to thiiiactone 6 in 66% overall ybid from 3 (THF 

soin. of 4 added to the chbmformate &I THF I iP@Et (c.&. DMAP); @Z 5 min then via cannuia (with in line fiiter) added 5 to a 1 M solution 

of LiHMDS I MF; -78oc. 1 hr; quench HOAc.] Formation of the activtied penem la was mmpleted ty treatment d a methyiene chbride 

solution of 6 with trtfitb anhydrtde and base at bw temperature. l5 The Mate la was stat&s at room temperature for a few hours after 

isolation. [St02 chromatography (9/2; hexanes-ethyl acetate) biiowed by tryst. from psntane at 40 OC.] Attempts to prepare the 

corresponding O-phosphate, tosyiate or mesyiate through use of related methodology were unsuccessful. Treatment of 6 with 

diphenybhosphoryi chbrkte did not appear from nmr spectroscopy to Ion lb [X - OP(O)(OPh)2) nor was there ohsenred signifiint 

amounts of P-thiwuhstttuted penem upon subequent introductbn of free thbi [suifiio (h) Table l] to the reaction mixture. 

intsrsstingiy. the suhstttutbn of trifiii chloride for trtiib anhydride resuited exciustveiy in chbdnatbn at the 3-posttibn [compound 10. 

(Scheme 3)] 91 accord wtth the precedent d Justt6 (ir I1665,1776,1735 cm-l). Attempted O-mesyiatbn iikswke ted unexpectedly to 
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the 3methylsulfone 11 (ir L 1600, 1760.1730 cm-t). The habgan suhatltuted thblactane 10 could be reconverted to 6 by rimpls 

treatment with triphenyfphoaphine.17 

Enof-trfflate la proved to he a convenbnt lntemtedbte for the synthestt of C-2 thbsubetftuted penems [entriss (c)-(I);~~ Tahb 11. 

The Michael additbn-afiminatbn of wM&utad thbb was strafghtforward and was generally completed without bolatbn of la [entries d-f; 

FISH + la 1:l mob equfv.; iPr2NEt. CH2Cl2 and /or CH3CN; -76% tort.] The ht yield for the addii of ethanethbl was achieved 

with an excess (5 aqulv) of tha free thbl in mzatonftrlle solutbn. The synthesb of CP-70,429 (entry l) began with the hydroxide mediated 

hydrolysis of the thbacotate derfvatfve of 2. lg The resuttbg crude thbl was found to add quantitatively when mfxed wfth a preformed 

solution of la in methybne chbrlde at -78oC. The penem was then liherated under standard conditbns mF. HOAc, O°C, 6 hm; 

(PPh3)gd. NaC2CCH(Et)n_Eu, Cl+& bx afford CP-70,42g-sodium sail whllh was klentfcal with material prevbusty prepanA20 The 

yields of most t&protected addltbn prodUs wore between 66 and 95% wlth the exceptbn of entry d. The corresponding thiilates 

(RS Na+, sulfiie 1) were generalty less effectbe in the additbn-elfmbatbn pmmss than were thffb. Reactbn mtxtures from the thiolate 

addition contained substanttal amounts of 6, fndiie of nudecphilib attadr on the trfflate S-C bond. 

In a brief investfgatbn, we determined that cuprate add&n to acbmted penem la can he psrformed wfth reagents 132f and 

14.22 In thess cases, ft WBO nm to isolate la and to then dissotve it in freshly dbtilled THF before adding the triflata as a substrate 

to preparations of the cuprate (2-3 equfv.) atready at low temperature. The madbn was then albwed to stir for one hour More aqueous 

quench. In this way modest ybtds of the C-2 alkyl and akoxyakylponem could he ohtabed. 

T&e 1 
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