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A fast, flexible, and efficient approach for the stereocontrolled synthesis of enamides has been developed starting from lactams and amides
through the use of imides. This new approach provides access to enamide systems not easily or currently accessible through other approaches.

Enamides are very important subunits in various biologically [ | Q| RN

active natural products and pharmaceutical drug lead com-
pounds such as the antibiotic CJ-15,8D1crocacin A2, vy 9 0

the lituarines3, and the anti-insecticidal agef{Figure 1) A)LN/\AOH
OH OH o

Synthetically, enamides are highly reactive, which has made
them key intermediates in the synthesis of a variety of
heterocyclic compounds.

The importance and relevance of enamides both as
building blocks and target units has been reflected in the
number of different approaches reported for their syntlesis.

The synthetic methods developed for the synthesis of
enamide systems thus far enjoy varying degrees of success,
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products and pharmaceutically relevant heterocyclic systems.assigned on the basis of the alkene coupling consfant (
We now report a novel and flexible approach that delivers 14.4 Hz), on two-dimensional NOE experiments, and finally
enamides in good yields and with high selectivity. through X-ray crystallography (Figure 2).

In our approach, we envisioned the enamide unit as
originating from the unprecedented Wittig olefination of || NENRNRNIGNTNNENENEEEEEEE
the imide precurso8. The desired imide intermediate could
in turn be obtained from the parent lactam unitScheme
1).

Scheme 1. Proposed Synthesis of Enamides from Imides &
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5 Figure 2. Crystal structure of valerolactam-derived enamide

Our newly developed conditions were then applied to a
number of lactam analogues of various ring sizes to assess
the reproducibility of this transformation. Treatment of
2-azetidinone8a, 2-pyrrolidinone8b, e-caprolactam8c,
1-aza-2-cyclooctanongd, and 2-azonanonge with acetic
formic anhydride successfully generated the desiked
formylimides @a—e) in good yield after minimal purification.
The lower yield observed for the generation fformy-
lazetidinone9a compared to the other imides can possibly
be explained through its lower boiling point and partial loss
during solvent removal under vacuum (Scheme 3).

Our decision to focus on the imide functionality emanated
from considering the formyl unit as potentially behaving as
a pseudoaldehyde unit due to the original lactam carbonyl.
It was reasoned that the nitrogen lone pair would be
effectively delocalized into the lactam carbonyl, thus render-
ing the formyl group more reactive than a typical formamide.
This approach would have the benefit of being able to take
advantage of the myriad of aldehyde olefination conditions
to stereoselectively generate polyfunctionalised enantides.

Our initial formylation—olefination sequence studies began
with lactam8, which upon formylation under nonstandard
conditions using acetic formic anhydride generated the

corresponding imid® in excellent yield (Scheme 2). _
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Olefination of the stable imide intermediat€a(e) under
Treatment of imide® with ethyl triphenylphosphonoacetate Wittig conditions similar_ to those gsed befor_e proceeded to
in benzene proceeded cleanly to generate the des&ired provide cleanly the desired enamidé@¢—e) in moderate

enamide estet0 in good yield and more importantly as a t© 900d yield and as a single- double bond isomer in all

single isomer (Scheme 2). The double bond geometry was®aS€s: 3
Having demonstrated the ability of our procedure to

generate lactam enamides efficiently and stereoselectively,
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we decided to test the flexibility of our conditions on acyclic

amide-based systems. Scheme 5

Unfortunately, treatment of a sample of acyclic amides E:Z
(11a—c) with acetic formic anhydride failed to generate the o © 0
corresponding imides in greater than 20% conversion despite NJLH @NNCOZEt 51: 49
prolonged and more strenuous reaction conditions. H 12a 87% H 13a

However, treatment of the amidekl@—c) with N-formyl- o o o
benzotriazole andn-butyllithium proceeded cleanly to e S COE 31
generate the expected imide unii24—c) in good yields @)Lﬁ H - | N
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In conclusion, we have demonstrated tNeformylimides
are a viable starting point for the efficient, flexible, and
Rewardingly, subjecting the newly generated acyclic Sstereocontrolled synthesis of both simple and substituted
imides to the previously used olefination conditions afforded enamide systems.
the desired enamide$3a—) in excellent yields. In all cases,

the E-enamide is the preferred isomer although various_

amounts of th&-isomer are formed in these cases (Scheme Scheme 6
5). 0 0

The highly successful olefination of imided3a—c) n-CHO Ph.PCH,Br, KHMDS, NEa Ll
encouraged us to apply this approach to the synthesis of THF, -78 °C.
2-methyl-substituted enamides. 2-Substituted enamides have 8 25% 15

proven to be remarkably difficult to access through traditional
approaches with any degree of stereocontrol. ) ) o
Hence, we are pleased to report that treatment of imides W€ are currently working on the expansion and optimiza-
(12a—c) with the corresponding methyl-substituted phos- tion of this method for the synthesis of more complicated
phorus ylide proceeded to generate the desired 2-methyl-enam'd? and (_1|en_am|de systems, their synthetic (_jerlvauves,
substituted enamides (14a—c) in good yields and with high a&nd their applications to natural product synthesis.
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