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The First Example of a Transoid Amide (Imide) in an Eight-membered Lactam
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The Claisen rearrangement of the ketene aminal derived by selenoxide elimination of the seleno-aminal 1 in
refluxing toluene in the presence of dihydropyran yields the expected unsaturated eight-membered lactam
derivative 3, as well as two unexpected products 7a and 7b; the major product 7a (resulting from a selenium
re-addition reaction) was shown by X-ray crystallography to be a highly distorted transoid amide (imide) with the
largest p-orbital distortion {t = 50.6°) recorded for a cyclic amide.

The correlation of amide activation with reactivity can provide
substantial insight into the design of transition state analogues
for amide cleavage in biological systems. Highly strained
lactams are of considerable interest as models for the study of
amide cis-trans isomerisation. Lactams therefore provide
excellent model systems for the study of the amide group in a
constrained environment. The distortion can result from either
pyramidalisation at nitrogen or p-orbital torsion.!-? Large ring
lactams prefer the planar trans-conformation, the crosssover
point to cis being for the nine-membered lactami as observed
by Huisgen3 using an analysis of the IR stretching frequency of
the lactam carbonyl group.* Numerous other studies have also
been conducted, with a notable contribution by Williamson and
Roberts, on the use of 13C NMR spectra in the conformational
analysis of these systems.

Until the present work crystal structures of lactams of ring
size =8 have always indicated an exclusive preference for the
cis planar conformation.* We report the use of a novel Claisen
rearrangement to prepare the highly strained N-benzyloxycar-
bonyl substituted lactam 7a which has the largest p-orbital
distortion ever reported in a lactam, resulting in a ‘transoid’
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Scheme 1 Reagents and conditions: (i) NalO4, NaHCO3, MeOH-H,O0, ca.
20°C, 1 h (>95%); (ii) 1,8-diazabicyclo[5.4.0]Jundecene (DBU) (3 equiv.),
toluene, heat 16 h to give 3 (58%) and Sa, b (22%); (iii) Dihydropyran
(DHP), toluene, heat 16 h to give 3 (17%), 7a (46%) and 7b (5%); (iv)
TBDMSOC(OMe)=CH, (20 equiv.), DBU (3 equiv.), toluene, heat 16 h to
give 3 (80%) and PhSeCH,COOMe (76%)

nonplanar amide (imide) in an eight-membered ring (Scheme
1).

Our approach to monocyclic medium ring lactams? was via a
Claisen rearrangement® of the ketene aminal 2 which was
generated by in situ elimination of the selenoxide derived from
1. A major side reaction in selenoxide eliminations is the
readdition of a selenium electrophile, generated by dispropor-
tionation of PhSeOH. This is usually minimised by carrying out
the elimination in the presence of the base 1,8-diazabicy-
clo[5.4.0Jundecene (DBU).” When the selenoxide derived from
the racemic anti-diastereoisomer 1 was heated in refluxing
toluene in the presence of DBU (Scheme 1, reagent ii), a modest
yield of the expected racemic N-benzyloxycarbonyl lactam 3
was obtained. The main byproducts were the imide 5a and the
ester Sb which were derived from the formal addition of
PhSeOH to the ketene aminal 2, followed by ring opening of the
resulting ortho-ester. Evidently the high nucleophilicity of 2
promoted the selenium re-addition. Reasoning that the selenium
elimination products could be intercepted with an excess of an
electron rich alkene we carried out the elimination—Claisen
rearrangement in the presence of dihydropyran (DHP) (25
equiv.) (Scheme 1, reagent iii).§ This afforded a small amount
of the lactam 3 (17% yield) and the novel seleno-substituted N-
benzyloxycarbonyl lactams 7a and 7b in 46% and 5% yields
respectively. The formation of the last two products may be
rationalised as follows. Ketene aminal 2 can either undergo
[3.3] sigmatropic rearrangement (path A) to afford the lactam 3,
or readdition of a selenium electrophile via the episelenonium
ion 4. In the presence of DBU (reagent ii) capture by hydroxide
and ortho-ester collapse afforded 5a, b (path B). In dihy-
dropyran in the absence of DBU (path C, reagent iii) proton loss
led to the vinyl selenides 6a and 6b. The (Z)-intermediate 6a is
presumably preferred because unfavourable A!-3-interactions
with the N-benzyloxycarbony!l group are avoided. The selenides
6a and 6b both undergo stereospecific Claisen rearrangement to
form a 9:1 mixture of the seleno-substituted lactams 7a and
7b.

The major lactam 7a formed crystals suitable for X-ray
crystallographic analysis.§ The molecular structure of 7a (Fig.
1) confirmed the cis-relative stereochemistry of the side chains

Fig. 1 The molecular structure of the lactam 7a as determined by X-ray
crystallography
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and the distorted geometry of the (Z)-alkene. The most
intriguing feature was the highly strained ‘transoid’ ring N-
benzyloxycarbonyl amide. This is clearly illustrated by a
projection of the amide along the C(O)-N bond (Fig. 2).

A good measure of p-distortion is the twist angle || of the
C(O)-N bond,!:2? which is 50.6°. By comparison some
representative twist angles for cyclic amides 810 and 95 and
analogous acyclic derivatives 101! and 1112 are illustrated in
Fig. 3. Thus the eight-membered lactam 7a has the most twisted
(N-acyl) amide linkage reported for a monocyclic system,
although the exocyclic N-acyl substituted thiazolidinone 10 is a
slightly more distorted acyclic amide.!!

The distortion in 7a is the result of both steric and electronic
factors. Cyclo-di-f-alanyl 12 is chair-shaped, but the lactam
linkages are cis-planar.!3 The lactam 7a is formally related to 12
by replacement of one amide linkage in the latter with a (Z)-
alkene. It also assumes a chair conformation; the substituents at
positions 3 and 8 (2 and 7 in the numbering used in Fig. 1) are
pseudo-equatorial, but the amide is distorted. This severe
distortion, in which the ring carbonyl is directed back over the
ring, presumably arises to avoid the allylic strain which would
result from having both the ring amide and the urethane C(O)-N
linkages coplanar. The nitrogen lone pair electrons are evidently
satisfied by conjugation solely with the exocyclic benzyl-
oxycarbonyl group. The activation of amide carbonyl groups to
nucleophilic attack by conversion into N-tert-butyloxycarbonyl
imides has been exploited as a method for amide cleavage. 1415
Carbamate-protected lactams related to 7 show enhanced
susceptibility to nucleophilic attack. This is in accord with the
hypothesis that p-distortion effects as well as pyramidalisation
of amide nitrogen atoms (as observed in bridgehead lactams)
can be significant in enhancing nucleophilic cleavage of amide
bonds.16

Finally, we note that selenium readdition to the intermediate
ketene aminal 2 can essentially be completely suppressed by
carrying out the Claisen rearrangement in the presence of excess
of the tert-butyldimethylsilyl ketene acetal derived from the O-
silylation of the enolate of methyl acetate, to afford the eight-
membered lactam 3 in excellent yield with the selenium
elimination product being trapped as methyl phenyl-
selenoacetate (Scheme 1, reagent iv). We believe that the ketene
acetal will have general synthetic utility as a nucleophilic
trapping reagent in selenoxide eliminations where unwanted
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Fig. 2 Projection along the C(O)-N lactam bond in 7a
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Fig. 3 Some twist angles T of representative amides 8-12
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side reactions of the selenium elimination product are prob-
lematic.®
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Footnotes

1 Present address: Department of Chemistry and Biochemistry, University
of Delaware, Newark DE 19716, USA (P. A. E.), Merck Sharp & Dohme,
Terlings Park, Harlow, UK CM20 2QR (L. C.), Zeneca Pharmaceuticals,
1800 Concord Pike, Wilmington DE 19897, USA (K. R.).

$ The nine-membered lactam (caprylolactam) was reported as trans in the
crystalline state, but exists as a (4 : 1) cis : trans equilibrium mixture in dilute
chloroform solution, with the cis-conformer predominating.? Caprylo-
lactam hydrochloride has a near planar cis-configuration.>

§ We thank Dr W. Watkins for this suggestion.

| Atomic coordinates, bond lengths and angles, and thermal parameters
have been deposited at the Cambridge Crystallographic Data Centre. See
Information for Authors, Issue No. 1.

|| The twist angle T is calculated according to the method of Winkler and
Dunitz:® T = 1/2(w; + w3) where @, and w3 are the respective torsion angles
C,—C—-N-Cy and O,—~C,—N-C; (Fig. 2).
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