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does not have a collinear arrangement of the two terminal carbon 
atoms and the migrating hydrogen. Such a collinear structure 
must be higher in energy. While inclusion of correlation might 
reduce the energy difference between 2 and 3, we believe it unlikely 
that it would reverse the order of these two possible transition 
structures and conclude that the transition structure of the 
[l,5]-sigmatropic hydrogen transfer in 1 most likely possesses Cs 

symmetry and is therefore not a transition structure with a col
linear hydrogen transfer. 
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Naturally occurring carbapenem antibiotics can be classified 
into three groups (trans, cis, and ene types according to the 
structural mode of the side chain of the /3-lactam ring.2 Syn
thetically, trans-substituted carbapenem antibiotics have been most 
extensively studied by a number of research groups,33 and a 
cis-carbapenem antibiotic, (-)-carpetimycin A, was recently el
aborated starting with (5')-3-[((benzyloxy)carbonyl)amino]-4-
(methoxycarbonyl)butyric acid.3b However, there is no successful 
report for the enantioselective synthesis of asparenomycins 1-4, 
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which belong to the third class of naturally occurring carbapenem 
antibiotics recently isolated.4 They are structurally unique, 
because the common side chain at C-6 is a l-(hydroxymethyl)-
ethylidene group in E form and they have only one asymmetric 
carbon at C-5 with R configuration. We now wish to report here 
the first chiral and stereocontrolled synthesis of (-)-asparenomycin 
C starting with (5')-4-[(methoxycarbonyl)methyl]azetidin-2-one 
(5) as shown in Scheme I. The characteristic feature of the 
present synthesis includes a stereocontrolled elaboration of the 
required E tetrasubstituted olefin by a combination (one-pot 
reaction) of chelation-controlled aldol reaction and Peterson 
olefination as shown in Scheme II. 

The fully silylated derivative 6 of 4-(hydroxyethyl)azetizin-2-one 
now easily available5 from 5 was selected as the starting synthon. 
Introduction of alkylidene groups at C-3 of 2-azetidinone first 
studied by Shibuya et al.6 showed that 3-alkylideneazetidin-2-ones 
are easily obtained by reaction of 3-(trimethylsilyl)azetidin-2-one 
with usual carbonyl compounds. We become interested in direct 
introduction of (£)-l-(hydroxymethyl)ethylidene group in a 
stereocontrolled manner by using hydroxyacetone derivatives. 
Thus, one-pot reaction of 6 with trimethylsilyl chloride (1 equiv) 
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in the presence of LDA (2.3 equiv) at -78 0C (15 min) and then 
with [(methylthio)methoxy]acetone7 (1.6 equiv) at -78 0C (15 
min) was studied and 3-(l-(((methylthio)methoxy)methyl)-
ethylidene)azetidin-2-one (7) was obtained as the single product 
in 98% yield.7 7: oil, [a]20

D -25.26° (c 2.01, CHCl3). The 
stereochemistry of the olefinic moiety was assigned the E form 
based on the comparison of 1H NMR of 7 and reference com
pounds8 and proved to be the desired E form by eventual con
version to natural asparemonycin C. The remarkable success of 
the stereoselectivity could be reasonably explained by the chela
tion-controlled aldol reaction from the a-face followed by Peterson 
olefination or syn elimination9 of Me3SiOLi, as depicted in Scheme 
II. 

The similar complete stereoselectivity was also observed in each 
case of (((benzyloxy)carbonyl)oxy)- or ((methoxymethyl)oxy)-
acetone, giving the corresponding E isomer as the sole product. 
These results clearly indicate that the chelation between lithium 
cation and oxygens10 plays a key role at the transition state A to 
control the stereochemistry of the intermediate B. The MTM 
group was selectively cleaved by mercuric chloride-calcium 
carbonate in aqueous acetonitrile" at 40 0C, and the resultant 
unstable allyl alcohol 8, [a]20

D -38.6° (c 1.99, CHCl3), was 
reprotected with p-nitrobenzyl (PNB) chloroformate and 4-(di-
methylamino) pyridine to give 9 in 90% yield.12 It was gratifying 
to be able to isolate 8 in 84% yield by catalytic hydrogenolysis 
(H2-Pd/C) of 9, showing that hydrogenolysis of the p-nitrobenzyl 
group is much faster than the hydrogenation of the double bond 
of the enone moiety of the /3-lactam.13 The confirmation of this 
crucial step allowed us to proceed the present synthetic path from 
monocyclic 9 to bicyclic 13. Deprotection of the two silyl groups 
was quantitatively carried out with HCl in MeOH. Oxidation 
of 10 with Sarett reagent afforded an acid derivative 11, [a]20

D 
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+47.82° (c 1.18, CHCl3). The final phase of the synthesis or the 
construction of the bicyclic system was performed in a straight
forward manner according to the known procedures. The /3-keto 
ester 12 was obtained in 63% yield from 11 (4 steps) and con
version of 12 to the enol phosphate followed by the direct treatment 
with NaI (11.2 equiv) and powdered silver (£)-2-acetamido-l-
ethenethiolate (1.1 equiv) in CH3CN14 afforded the desired E 
isomer 13 in 82% yield along with Z isomer4a in 17% yield.15 

Catalytic hydrogenolysis of 13 (H2, 40 psi, 10% Pd-C, phosphate 
buffer solution-dioxane, pH 7.5, 49% yield) completed the total 
synthesis of 316 identical in all respects16 with natural aspareno-
mycin C including the antibacterial activity. It should be men
tioned here that the optically active half-ester in (S) form prepared 
by an enzyme-mediated hydrolysis of the prochiral dimethyl 
/3-aminoglutarate can be now converted to any type of naturally 
occurring carbapenem antibiotics3,5 in principle. 
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The anthracycline glycosides comprise an important class of 
antitumor antibiotics. A chemical basis for the expression of some 
of their biological activities has been sought in the ability of their 
anthraquinone moiety to undergo enzyme-catalyzed reduction to 
semiquinone and hydroquinone states. In the presence of O2, both 
reduced states are oxidized;1 in the absence of O2, the hydro
quinone eliminates the C-7 glycoside to provide a quinone 
methide.2-4 This quinone methide has been suggested as a 
plausible intermediate in the covalent labeling of cellular mac-
romolecules.2,4 Until recently, the only known reaction of the 
quinone methide was irreversible solvent protonation at C-7.56 
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Kleyer and Koch7 have now observed that the 7-deoxydauno-
mycinone quinone methide is efficiently trapped by a second 
electrophile, benzaldehyde. We report here that the quinone 
methides of 11 -deoxyanthracyclinones possess reactivity as elec-
trophiles, reacting with thiol and thiolate nucleophiles by addition 
at C-7. 

Since the circumstances required for the isolation of the re
sultant adducts are unusual, a brief discussion of the quinone 
methide is necessary. AU evidence indicates that the equilibrium 
between the hydroquinone 1 and the quinone methide 2 and free 
glycoside strongly favors quinone methide formation. Thus, nu-
cleophile addition will provide an unstable adduct, 3, as quinone 
methide formation remains favored. In order to prevent the 
eventual (and irrevocable) loss of the quinone methide to solvent 
protonation (to give 4), it is necessary to provide to the nucleophile 
an oxidant, to trap 3 and convert it to the stable quinone adduct 
5 (Scheme I). In searching for the requisite conditions, we have 
observed that the anthracycline glycoside itself is a most suitable 
oxidant and that the nucleophile adducts may be isolated under 
the following circumstances. After initial quinone methide for
mation and nucleophile addition, the hydroquinone adduct is 
trapped by disproportionation. The anthracycline glycoside hy
droquinone from the disproportionation eliminates to a second 
quinone methide; this is also sequentially trapped by nucleophile 
addition and disproportionation. Hence, in the presence of a 
suitable nucleophile, quinone methide formation is autocatalytic. 
If the rate of nucleophile addition and of the disproportionation 
exceeds that of solvent protonation at C-7, an excellent yield for 
conversion of the anthracycline to the adduct may be expected. 
This has proven to be the case for the 11-deoxyanthracycline 
glycosides 11-deoxydaunomycin (6, R = daunosamine), aclaci-
nomycin A, and marcellomycin, with thiol and thiolate nucleo
philes. 

The method that is used to initiate (and sustain) quinone 
methide formation is enzyme-catalyzed reduction. A typical 
reaction is described: To a 10.0-mL anaerobic solution of po
tassium ethyl xanthate (10 mM), 11-deoxydaunomycin (0.91 
mM), and NADH (0.18 mM) in 35 mM potassium phosphate 
pH 7.0 buffer is added V. harveyi oxidoreductase (0.26 ^mol min"1 

NADH oxidized by riboflavin).6 After 6 h at ambient temper-
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