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ABSTRACT

The transformation of diazoketones derived from r-amino acids to ketenes that, in turn, react further with imines to afford â-lactams, can be
realized not only by utilizing photochemical reaction conditions but also under the action of microwave irradiation. Under the latter reaction
conditions 4-alkenyl-substituted â-lactams derived from amino acids, substrates that were not previously accessible, have been prepared.
â-Lactams possessing a trans-substitution pattern at the ring were obtained exclusively.

The use ofR-amino acids for the preparation ofâ-lactams
has been explored to some extent in our group.1 The
photochemical decomposition of diazoketones derived from
R-amino acids2 in the presence of imines leads to the
formation ofâ-lactams; almost any suitably protected amino
acid can be employed in this reaction. Only two of the four
possible diastereoisomers were found, namely, those in which
the substituents at positions C-3 and C-4 were in thetrans-
configuration (Scheme 1). The resulting aminoalkyl-substi-

tutedâ-lactams are useful precursors for the preparation of
compounds with potential biological activities such as the
similarly substituted carbapenem3 or trinem4 antibiotics.

The trans-substitutionsotherwise hard to achieve5swas
found to be responsible for the special activity of these
antibiotics against resistant bacterial strains. Nevertheless, a
major drawback of this method was its limitation to the use
of aromatic aldimines.

Microwave (MW) irradiation has proved to be very
efficient in various reactions, especially in organic synthesis.6

Bose et al. observed a dramatic change in the diastereo-
selectivities duringâ-lactam formation from acid chlorides
when the reaction was performed with MW irradiation.6e,7
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Especially noteworthy is the preferredtrans-substitution
pattern of the products in this reaction.

We have examined whether microwave irradiation can be
used for the generation of ketenes starting with diazoketones9

derived from Cbz-protected alanine andtert-leucine, respec-
tively (Table 1).10 Surprisingly, we found that these reaction
conditions are not only an alternative for the preparation of
the â-lactams mentioned above but are, in fact, applicable
even when nonaromatic imines are used in this reaction.

In this way we have synthesized 4-vinyl- and 4-crotyl-
substituted â-lactams, which should be useful starting
materials for further transformations. In those cases in which
both reaction conditions were tested, similar results were
obtained (entries 1 and 4). Again, thetrans-substituted
â-lactams were formed exclusively (Figure 1). In the cases
of the crotyl-substituted derivatives5 and 6, a partial
isomerization to theZ-substituted olefin was observed (28%
and 26%, respectively).11

The unfavorable use of the high-boilingo-dichlorobenzene,
which is hard to remove after the reaction, was avoided by
performing the reaction in 1,2-dimethoxyethane. To realize
the required temperature of 160-180°C, the reaction was
performed in a sealed Teflon tube, leading to a similar yield
and selectivity (Table 1, entry 4). It has been repeatedly
reported that MW-assisted reactions can be performed
without a solvent with the starting materials adsorbed on
supports such as silica gel, alumina, or clay.6,7e,12Under these reaction conditions, we obtained the homologatedâ-amino

acids instead of the desiredâ-lactams. Obviously traces of
water present on the support have trapped the intermediate
keteneA (Scheme 4). Even with virtually water-free alumina
(activity grade I) only theâ-amino acids were isolated.

This synthesis ofâ-lactams is not restricted to the
particular substitution pattern stemming from the parent
amino acids and can also be applied, e.g., to a diazoketone
derived from butyric acid1b (Scheme 2).
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Table 1. Photochemical or Microwave-Assisted Formation of
â-Lactams

â-lactam MWa hνb

R1 R2 R3 yield (%) dr yield (%) dr

1 Me 2-furyl Bn 1 80 2:1 76 2:1
2 Me 2-furyl allyl 2 75 2:1 c
3 tBu 2-furyl Bn 3 85 9:1 c
4 Me 2-furyl Bn 1 67d 2:1 76 2:1
5 Me vinyl allyl 4 60e 2:1 f
6 Me crotyl Bn 5 60e 2:1g f
7 Me crotyl allyl 6 40e 2:1g f

a Reaction performed ino-dichlorobenzene at 180°C (regulated via a
temperature sensor) in an MW oven.10 For details see Supporting Informa-
tion. b Reaction performed in a quartz photo reactor in Et2O at -15 °C
within 2 h as previously described in ref 1a,b.c Reaction not performed.
d Reaction performed in a sealed Teflon tube in 1,2-dimethoxyethane at
180 °C. e Various amounts of the correspondingâ-amino acid amide are
formed as side products.8 f No â-lactam formed.g A partial E f Z
isomerization of the double bond was observed during MW irradiation
(∼27%).

Figure 1. Crotyl-substitutedâ-lactam5a (major isomer, X-ray).
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We assume that the observed reactivity was effected by
microwave-induced heating rather than a dielectric polariza-
tion of the substrates. When the synthesis ofâ-lactam3 was
performed without MW irradiation at 160°C in o-dichloro-
benzene, thetrans-substituted products were again formed,
although the reaction was significantly less selective
(64:36).13 We assume that the unusualtrans-selectivity is
due to either a photochemically14 or (here) thermally15

inducedsyn/anti-isomerization of the imines (Scheme 3).

Surprisingly, although a plethora of Staudinger-type reac-
tions has been described, to the best of our knowledge not
one single example of the use of aminoalkyl-substituted
ketenesA has been reported previously. It is known that these
ketenes undergo stabilization by intramolecular nucleophilic
attack leading to the oxazinonesB2b that cannot react further
to afford â-lactams (Scheme 4).

Nevertheless, when the attack of the imine is fast (i.e.,
the imine is sufficiently reactive), this oxazinone formation
is suppressed and the correspondingâ-lactam is formed
exclusively.cis-Substituted imines should be more reactive
than the correspondingtrans-isomers because they are less
sterically hindered.
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