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Abstract: A novel construction of lg-mcthylcarbapencm skeleton has been achieved by use of N- 
~ii6a(NsStpmnoled cyclizalion ss a key s&p. The mcchmism Of the stempccrw cydipiion lading Y) 

l&med~ylcarbapmamisakodixussed. 

1 ~Methylcarbapcnems have attracted much attention recently because of their potent and broad-specbum 

antibacterial activities in addition to their chemical and metabolic stability.11 ‘Ibe la-methylcarbapencm 

skeletons having a bicyclic ring system have been synthesized by the excelknt methodologies based on the 

Rh(II>catalyzed carbine insertion,t*2) the intramoleculer Wittig reaction?) the Dieckmann condensati&) and 

the E.schenmoscr sulfide contra&4.*) In amncction with our synthetic studle4 in search of a new carbapcnem 

having potent antibacterial activity, we now report a conceptually new synthetic method of lb- 

methylcarbapenem skeleton based on a novel ring construction utilizing NBS-promoted cyclization as a key 

step. 

It is welldocumented that the halcmium ion-induced cyclization leading to lactams is quite convenient in 

the synthesis of nitrogen-containing hctem~yclcs such as alkaloids@ because of the mild reaction conditions and 

simplicity of the proccdun. Although Sc&trigonal mo& is unfavorable in the co~~~~ction of a 5-mcmbcrcd 

ring system. 7) we anticipated that cycllzation of a-alkoxy enoatc A leading to the &slraI carbapenam B would 

proceed smoothly due to the effect of the electrondonating alkoxy group which could stabilize the developing 

positive charge on the carbon a to the ester group (Scheme 1). 
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First of all. propionic acid derivative 18.9) was treated sequentially with N. N%arbonyldiimidazole and 

EtSH, followed by hr-silylation with TBSOTf in the presence of 2,6-lutidine to give 2 in 81% yield. 

Compound 2 was then reduced according to the Fukuyama’s msthod(Et$iWlO% Pd-C)l@ to aldehyde 3 in 

quantitative yield. Aldthyde 3 was treated with the sodium salt of phosphate 4 at 0 “C to give a mixture of the 

(Z)-isomer Sa and the (E)-isomer Sb in 85% yield in a ratio of 2:l. N-TBS group of Sa was selectively 

cleaved with n-BubNF in the presence of AcOH to give the Q-isomer 6a.11) (&Isomer 6b was also obtained 

from Sb under the same conditions. 

!%R=TBS,X=OEt,Y=C Et 
% 

7a: X = OEt, Y = CO Et 10 - 
Sb: R = TBS, X = C02Et, Y = Et 7b: X = CO,E1, Y = aE1 
6a:R=H,X=OEt,Y=CO,E1 
6b:R=H,X=C02E1,Y=OEt 

We next examined the NBS-promoted cyclization of 6 leading to 7. Treatment of 6p with 1 eq of NBS in 

CH,CN at room temperature gave the cyclized product 7a as a sole product in quantitative yield via S-endc+ 

ttigonal mode cyclization.t2) In a similar way. the (&)-isomer 6b was subjected to the cyclization reaction, 

resulting in the formation of the C3-epimer 7b in quantitative yield. 13) The stereochemistry of 7a and 7b was 

determined by both the NOE expctiment and the X-ray crystallographic analysis.14) 

In order to gain an insight into the mechanism of this cyclization. we tried to isolate a reaction 

intermediate. When the reaction was carried out at 0 “C for 5 min and subsequently quenched with 0.2 M 

phosphate buffer @H 7.0). a mixture of the N-brominated compound 8’5) and 7a in a ratio of 1:l was obtained; 

when the reaction was further continued under the same reaction conditions, 8 was gradually converted to 7a. 

These results indicate that the reaction is initiated by bromination of the nitrogen atom. The bromonium ion 

would then migrate to the olefin n-bond from the less him&ted a-face to form the bridged bromonium ion 

intermediate 9. Subsequently, the resulting anion on the amide nitrogen would attack on the carbon a to ethoxy 

group, giving the anti adduct 7e (Scheme 2). 

With the desired carbapenam 7a. b in hand, we next examined conversion to the carbapenem. After 

several trials, 10, which is an important precursor for the synthesis of carbapenems,t@ was obtained in 75% 

yield by treatment of 7a with CHQCI-Nal in CH$N. 17) Epimer 7b was also converted to 10 under the 

same reaction conditions. 
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Schomo 2 Ptau8lbto mochanlsm of the N8Gpmnotod cycliation 

NBS t 

?a 1 

&Et 

In summary, we found a convenient method for the construction of 1 p-mcthylcarbapcnam skckton using 

the novel NBS-promoted cyclization reaction. Further transformation of the functionalized catbapenams 7 into 

other useful lj3-methylcarbapenems is now under investigation. 
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