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Reaction of diphenylketené)with imine 2aforming 3 reported
100 years ago (eq 1) was the first synthesis ¢f-lactam and, i Y=g .
with the reaction ofl. with aldehydes forming-lactones and with —;, RN
alkenes forming cyclobutanones, was the first example of 2]
cycloaddition! This reaction took on great interest after the
discovery of penicillin in 1928 and its identification as the first
B-lactam antibioti¢® ¢ The S-lactam structure of the penicillins
was proposed in the 19485and synthesis of penad which
differs from the natural _penicillins by the presence of the 9-phenyl ian thermal reversion t6 (eq 3). However, B3LYP/6-31G(d)
group, was achieved in 1950 by using keteimine cycload-  compytationsof interconversion o6a, 6a, and8ashow the carbene
dition 2 lactone8a is 30.7 kcal/mol higher in energy th&a, with a 36.7

kcal/mol barrier for reaction, showing that formation8x# is not

Figure 1. X-ray structure of aziridinda
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Subsequently, there has been immense effort devoiedictam J 6a 8a

synthesig9 including preparation of big¢lactams) by ketene
reactions with bis(iminesi ¢ photolysis of bis(carbene) complexes
n the_prese’nce of |m|d_azoI|né%, and dehy_drgtlon of diacids with in the reactions of 1,2-bisketeng%priginally in the reactions of
Mukaiyama'’s reagent in the presence of imi#i€Bhe presence of . ) .
. . . . . bisketenel0 formed by photolysis of benzocyclobutadieno® (
bisketene intermediates in these reactions was, however, not . . . o
) - - which for example reacts with pyridine to form the zwitteribh
established, and the goal of the current research is to study-mine N .
; . 2 - eq 4)% Computation$now show the unobserved carbene lactone
bisketene reactions in circumstances where bisketenes are prove .
. . A 2 to be 4.0 kcal/mol more stable than the bisket&febut the
to be intermediates, so that the course of the reactions can be, ) .
. ; barrier calculated for return of the bisketeh@ to cyclobutene-
followed with certainty. dione9 is lower than that for formation of the more stable carbene
Photolysis of cyclobutenediori&a formed bisketen&a, which

with imine 2a gave aziridinetrans-(4)-7a in 78% yield (eq 2). lactonel2 by 4.5 kcal/mol, thereby accounting for the failure to

The stereochemistry was proven by X-ray (Figure 1). Im2ie observel2
with 6a gavetrans(+)-7b, also characterized by X-ray. Generation

0 0
of 6b (R = Me) and reaction with imin@a gave the aziridiné'c, O c© O
which was unstable to chromatography but was identified by ©i =<:E N 0@ 0
A
(0] 20 -

Lactone derivatives analogousidave been formed previously

NMR. \
+N=
o IR 2077, 2138 cm'! (\\)
MesSi, O  MesSia_C*~ N-Rlyo o 9
3 1€ on_t MesSi 10 1 12
_— 2 i .
szio A R 2a(R'=Ph) g @ Two reaction paths have been calculdtddr reaction of
I 2b(R'= 1/Nl- Ph bisketene6a with imine (E)-2a, which is more stable than
5(a,R=Ph 4-MeOCgHy) R™ H (2)-2a by 6.6 kcal/mol. These include the possibility that reaction
b, R = Me) 6a,b 7 (@ RR'=Ph;b,R = occurs by initial conversion ofF)-2a to (2)-2a followed by re-
Ph, R" = 4-MeOCgH,; action with the ketene, as reportddr other such reactions. The

¢, R =Me, R' = Ph) rate-limiting step for bisketen€a reaction with E)-2a giving

, ) T L aziridine 7a is calculated to be formation of zwitterionic inter-
A _concelvable pathway for forr_nanon of aziridinéss cyc_llzatlon mediate E)-13, followed by cyclization to lower energy intermedi-
of blsketepeSG to highly r_eactlve carbene Iactor_wé‘sln low ate €)-14 (eq 5). This is less than the corresponding barrier
concentration, so that reaction proceeds through this channel ratherfor reaction via Z)-2a by 1.0 kcal/mol, but within the accuracy
T Current address: Department of Chemistry, Fuzhou University, Fuzhou, Fujian _Of the computations, reaction by one or the other route, or both,
350002, China. is not proven.
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Experimental demonstration of bislactam formation by reaction
of the observable 1,3-bisketenylbenzet@® generated by Wolff
rearrangement of 1,3-bis(diazoacetyl)benzet® by continuous
photolysis, followed by addition of imineE)-2a, led to a product
identified by the characteristizans H,H NMR couplings as the
chiral (£) and achiralrrans,transdiastereomers of bislactafiva
as a 1:1 mixture (eq 6)frans-Stereochemistry has been reported
for the -lactam from imine E)-2a and phenylketene generated
photochemically or by dehydrochlorinatién.

Figure 2. X-ray structure of chiral big{-lactam)20a

as well as new structural types. A mechanism involving stepwise
imine addition to the bisketene is proposed based on DFT
computational studies. This argues against formation of carbene
lactones in this process and against previous suggestions of carbene
lactonel2in the reactions of bisketeri® from benzocyclobutene-
dione @), even thoughl? is calculated to be more stable than
bisketenel0. Bisketenylbenzeneks, 19, and22 react with imines

R1
PhH N 2 forming unique bisg-lactams), includindl7 and 20, providing
N H o simple routes to these structurally interesting compounds.
h N R‘ Acknowledgment. Financial support by the Natural and Sci-
toluene Eza, ®) ences Engineering Research Council of Canada is gratefully
H 0 acknowledged.
\ Ny Ph N Supporting Information Available: Experimental procedures,
16, IR 2116, H R spectra, and computational details, and cif files. This material is
15 2122 cm'™ 17a (trans, trans) available free of charge via the Internet at http://pubs.acs.org.

Observable 1,2-bisketenylbenzeh€ generated by dehydro-
chlorination of bis(acyl chloride)8 with 1,8-bis(dimethylamino)-
naphthalene and catalytic &t in toluene (eq 7) was captured by
imine (E)-2a, giving four isolated products, identified as chiral)(
and mesdranstrans-bis(3-lactams)20ab, cigtransisomer20c,
and ¢)-lactam21, in a 73:12:4:11 ratio by NMR analysis (eq 8).
Similar methodology gav&6 from the 1,3-bis(acyl chloride), which
with (E)-2a formed 17a, while 16 and PhCH=NBn (E)-2c, gave
17b (R* = Bn) as two diastereomers in a 2:1 ratio. 1,4-
Bisketenylbenzen®2, also generated by this protocol, reacted

similarly with 2a forming bis(3-lactams)}2
MeZN NMe, =C=0
s@ucle o
COCI
18 BN 19 1R 2115 om 0=C= 22
o) Ph
H N CONHPh
Ph\%N\Ph H
v — Phoy (8)
(E-2a) Ph
H
N,
O Ph
20

The structure of the major product in eq 8, chiral) (trans,-
trans-20a determined by X-ray (Figure 2) displayed 2-fold sym-
metry and a striking molecular cleft, suggesting potential use as a
complexing agent. Such proximgtdactam groups are lacking in
previously reported examplég.he simple method of synthesis also
suggests that a variety of analogues with different substituents could
be prepared.

In summary, reaction of 1,2-bisketen@svith imines E)-2ab
forms aziridines?, providing a new method of aziridine synthesis,
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