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Abstract Metal-free, thermally promoted synthesis of 3-alkoxy-3-
alkoxycarbonyl-2-azetidinones via the Wolff-Staudinger B-lactam syn-
thesis using dialkyl diazomalonates is described. The reaction appears
fairly general and delivers only one diastereomer.
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B-Lactams (2-azetidinones) can be confidently regarded
as privileged motifs in drug design.! Recently, we described
a one-pot, three component, generally diastereoselective
synthesis of polysubstituted p-lactams 1 from in situ
formed imines and readily available a-acyl-o-diazoacetate
esters 2.2 The reaction essentially represented the first ex-
ample of metal-free generation of specifically substituted
ketenes 3 bearing an alkoxy carbonyl function via the ther-
mally initiated?® Wolff rearrangement (Scheme 1, a). Consid-
ering the obvious attractiveness of this metal-free approach
to the earlier reported alternatives involving Rh(II) carben-
es* and the general prominence of f-lactams in antibacteri-
al drug design® (as well as other therapeutic areas®) we con-
sidered an opportunity to expand this methodology to in-
clude other types of readily available diazo compounds. In
particular, dialkyl diazomalonates 4, if found workable in
the same atom-economic transformation (presumably, via
the intermediacy of alkoxy-substituted ketenes 5), would deliv-
er 3-alkoxy-3-alkoxycabonyl-2-azetidinones 6 (Scheme 1, b).

The latter represent exceedingly rare type of substituted
B-lactams. Several related representatives have been pre-
pared from diazo Meldrum'’s acid via photolytically gener-
ated carbene’ or Rh(II) carbene species® but have not been
prepared in library fashion. Considering the high variability
of the imine component, the ready commercial® and syn-
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Scheme 1 The thermally promoted Wolff-Staudinger B-lactam synthe-
sis (a) reported earlier? and (b) investigated in this work

thetic availability (vide infra) of dialkyl diazomalonates 4,
we set off to investigate their three-component, catalyst-
free!® reaction which would make the method particularly
suitable for generating arrays of these compounds in diver-
sity-controlled manner for subsequent biotarget interro-
gation.b

There are a few isolated examples in the literature de-
scribing generation of ketenes 5 from diazomalonate deriv-
atives 4 under photolytic'! or gas-phase pyrolysis'?> condi-
tions; however, these reports did not convey the synthetic
utility of this transformation. In order to identify workable
conditions that would lead to the envisioned transforma-
tion 4 — 6, dimethyl diazomalonate (4a) was introduced
into the solution of (E)-N-ethyl-1-(p-tolyl)methanimine
(prepared in a separate step from p-tolualdehyde and ethyl-
amine) in various highly boiling solvents at various ratios,
temperatures, and time regimens (Table 1). Not unexpect-
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edly, dialkyl malonates 4 are more stable toward thermal
decomposition compared to a-acyl-a-diazoacetate esters 2
and, thus, prolonged (20 h) reflux in toluene (Table 1, entry
1) only led to incomplete conversion. Switching to xylene
(Table 1, entry 2) and to chlorobenzene (Table 1, entry 3)
using only 1.1 equiv of 4a led to some improvement of the
yield of the target product 6a. However, the optimal isolat-
ed yield of 6a (65% of a single diastereomer) was achieved
with 2 equiv of 4a (Table 1, entry 5), and these conditions
were adopted to study the reaction scope using dialkyl dia-
zomalonates 4a-e conveniently prepared on multigram
scale from respective dialkyl malonates using the previous-
ly described SAFE diazo transfer procedure,'? except for the
sterically hindered 4d which required using a different di-
azo transfer reagent (Figure 1).14

Table 1 Conditions Finding for the Preparation of 6a
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Figure 1 Dialkyl diazomalonates 4a-e employed in this work

In the majority of cases, the amine and the aldehyde
were combined in equimolar amounts in chlorobenzene,
refluxed with CaCl, tube serving as a condenser for 2 h to
ensure the complete formation of the intermediate imine,
whereupon dialkyl diazomalonate was introduced and the
refluxing continued for 20 h.'® In some cases, however,
imine was either preformed due to volatility of one of the
reaction components or because it was available off-the-
shelf at the time. The structures and yields of the pB-lactam
products (obtained as the single diastereomer shown in all

cases, with no signals from the opposite diastereomer de-
tectable in the crude '"H NMR spectrum) are provided in
Scheme 2.'6 The origin'” of the observed excellent diastere-
oselectivity is likely similar to the one previously rational-
ized for the generally diastereoselective formation of lac-
tams 1.2 The relative stereochemistry, corresponding to the
trans relationship between the R group and the alkoxy sub-
stituent was confirmed by the single-crystal X-ray analysis
of the representative compound 6i (Figure 2).

Figure 2 Single-crystal X-ray structure of compound 6i
(CCDC1975681, thermal ellipsoids are shown at 50% probability; see
Supporting Information for details)

As to the reactivity pattern illustrated by examples in
Scheme 2, migration of the tert-butoxy substituent preced-
ing the formation of the ketene intermediate appears to be
least efficient (cf. compound 60), likely for steric reasons.
Steric bulk is the likely reason for no product 6k obtained
with tert-butylamine (same result was observed for lactams
12). Electron-withdrawing groups in the aldehyde portion
appear to be disfavored (compare 6p with 6q as well as 6g).

In conclusion, we have described the first metal-free,
thermally promoted synthesis of 3-alkoxy-3-alkoxycarbon-
yl-2-azetidinones via the Wolff B-lactam synthesis using
dialkyl diazomalonates. The reaction appears fairly general
and displays remarkable diastereoselectivity. The com-
pounds obtained are exceedingly rare in the public domain
while belonging to the privileged -lactam class. Being able
to prepare them in diversity-controlled, library format will
undoubtedly promote and facilitate their biological annotation.
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Scheme 2 Synthesis of racemic B-lactams 6a—q.">'® ? Reaction was conducted with a preformed imine.
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