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The synthesis of-lactams attracts considerable interest due to
the presence of the 2-azetidinone ring in several types of natural
and unnatural antibioticsThe formal [2+ 2] cycloaddition of
imines and ketenes, termed Staudinger reaction, is one of the most
employed synthetic methods because of its simplicity and wide
availability of substrates. Its mechanism has been extensively
studied from experimentabnd theoreticdlperspectives, and the
most generally accepted model consists of an initial imine attack
to the ketene carbonyl carbon to afford a zwitterionic intermediate,
followed by a conrotatory [2+ 2] cycloaddition to form the final

product (see Scheme 4). Figure 1. Molecular structure and numbering scheme2of
We have recently found that the alkylideneamido complex [Re- ¢ pome 1

(N=CPh)(CO)(bpy)] (2) (bpy= 2, 2-bipyridine), whose structure o

allows it to be considered as a N-rhenaiminmacts with alkyl 0 P N X o

and aryl isocyanates to afford products related to those obtained H\ LA R 4\&93 0

usingN-silylimines. However, the reaction takes place at consider- RO R R R R3R4

ably lower temperatures, indicating that the presence of the
transition metal fragment reduces the reaction kinetic barrier. We scheme 2

have extended now these studies to the reactidnvath ketenes, N o
and here we report our results. [Rej—om (MO () & ARO=CLD [Re]_p\f\\cm
Complex 1 reacts with diphenylketene to afford, as single | orne CPhe

product, complex2 (see Scheme 2), which could be isolated in
good yield by crystallization and was characterized by elemental
(C, H, N) analysis, IR and NMRd and13C) and single-crystal

[ Re ]= Re(CO)3(bpy)
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o
I |

C. C.
X-ray diffraction. The IR spectrum shows three intenggstretches [Re|—orr + H—N< >cii,ﬂ [Re ]—N< >c:z, o
diagnostic of gdac-Re(CO} fragment, which occur at wavenumber o e o e ;\T
values some 15 cm higher than those of the precursbr as o e 8
expected for the reaction dfwith an electrophile. In addition, the LR meo
parbkoI group within thes-lactam ring gives rise to a meQium _(C:';)s_ Bog o
intensity band at 1668 cmi. Thel3C NMR spectrum of contains /E\ o
two sets of signals for the bpy, carbonyl gfidactam groups (in me—N_  Jelp +[Rel—om
an approximate 1:1 ratio), a fact attributed to the presence of two ot e
rotamers resulting from hindered rotation around the-Rg5- R 3

lactam) bond. Each rotamer features thi#=NMR signals due to

the three carbons which, along with nitrogen, constitute the four- ¢ o rter than C(6)N(3) (1.523(6) A). The distances and angles
mem_bered cycle. The solid-state structur_e,(rihown n F'Q“re 1 within the S-lactam ring are comparable with those found in the
consists of a [Re(CQQbpy)] fragment acting as a substituent on p-lactams whose structures have been determined by X-ray dif-
the nitrogen atom of #-lactam ring. No previous examples of fraction?

transition met_al N-substitu_tq(ﬁtla_ct_ams are known. This '?i”c’ge“’ Although transition metal complexes have been previously
N(3), along with C(6), has its origin on th.e alkylideneamido ligand employed for the stoichiometfior catalytic synthestof S-lactams,

of complex1, whereas C(4) and C(5), which complete fhiactam the reaction leading t@ is, to the best of our knowledge, the only

ring, result from diphenylketene. The sum of a_mgles around N(3), example of ap-lactam synthesis in which the \C moiety
358.4, reveals a nearly planar geometry, attributable to delocal- originates from a transition metal complex. Using complexes with

ization of the nitrogen lone pair involving the carbonyl gréup. chiral chelates instead of the bpv |i :
. . . . py ligand could lead to asymmetric
Accordingly, the C(4}N(3) distance (1.338(7) A) is appreciably induction in the synthesis of chirglactams.

T Departamento de Quica Orgaica e Inorgaica-lUQOEM, Universidad de 2 reacts with methyl triflate, affording the fré¢methyl{-lactam
Oviedo. i

+ Departamento de Qmiica Fsica y Analtica, Universidad de Oviedo. and the complex [Re(OTH)(CGlbpy)] (VYhICh has been the pr.ecur-
§ Universidad de Valladolid. sor of complexl).> The fact that a singlg-lactam is obtained

3706 = J. AM. CHEM. SOC. 2003, 125, 3706—3707 10.1021/ja034070s CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

nucleophilicity of the imine N atom due to the presence of the
metallic substituent causes the first TS to occur at a larger distance
between the reactants (2.427 A 81 versus 1.745 A in the
corresponding TS for the ketenéormaldimine reactiolf) and,
consequently, with a smaller charge transfer from the imine (0.15e
compared to 0.21e). The formation of the-® bond atl produces

a larger charge transfer (0.40e) than in the absence of the metallic
substituent (0.29¢). As a result, the difference in charge between
the two remaining C atoms of thlactam ring increases and the
conrotatory electrocyclic closure leading to the fifdlactam has

a much lower energetic cost than for the ketefi'maldimine
reaction.

P— To conclude, we have reported the first Staudinger reaction of a

Figure 2. B3LYP/6-31+G*(LANL2DZ effective core potential for Re) transition metaN-metallaimine, which is considerably faster than

relative electronic energy profile including ZPVE for the reaction between rglated reactions. of n.onm.etal-substituted besilylimines.. This
ketene and [Re(RCH)(CO)(N2CzHa). diference was rationalized in terms of the different location of the

intermediates and transition states in the reaction profile using the

strongly supports that the presence of two sets of signals itfhe  results of DFT calculations.
NMR spectrum of2 is due to two rotamers (vide suprd).also
reacts with ethylphenylketene and cycloheptylketene to aférd
and 4, respectively (see Scheme 2), which could be demetalated
by treatment with MeOTf to give the correspondiNgmethyl3-
lactams and the rhenium triflate complex. Triflic acid can also be
used as demetallating agent; thus, its reaction @itinoduces the
N—H g-lactam as shown in Scheme 2.

The closer precedent of the reaction of diphenylketene Wigh
the reaction with the imine B6B=N(SiMe;).1° Despite the enhanced
reactivity against electrophiles shown lysilylimines, the reaction Supporting Information Available: Complete details for the
of PC=C=0 with Ph,C=N(SiMe;) requires 2 equiv of the ketene  synthesis of all compounds and spectroscopic data {&DF); X-ray
to obtain thegs-lactam via reaction of 1 equiv to give an intermediate crystallographic data fo2 (CIF). This material is available free of
azabutadiene which subsequently reacts with a second equivalentharge via the Internet at http://pubs.acs.org.
to afford a N-acylateg@-lactam!! The formation of3-lactams from
N-silylimines and a single equivalent of ketene requires forcing References
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