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The synthesis and properties gflactams maintain a rarefied  Table 1. Enantioselective, NHC-Catalyzed f-Lactam Formation
a
place in the history of organic reactions, structure, and therapeutic With 3-Alkyl Enals (see eq 1 for reaction scheme)

applicationg. It is therefore no surprise that chemical methods entry R'=  Ar'=  Ar'= product % yield® % ee®
leading to the direct and facile synthesissefactams, particularly, O SOAr
catalytic enantioselective methods, remain among the most prized H Ph
targets for reaction developmehito this end, important advances ! Me  Ph Ph Me% o4 99
have emerged from DoyRe,Lectka3® Fu3cd and otherg. h
We have recently pioneered N-heterocyclic carbene (NHC)- Oy SOA
promoted annulations of enals via the catalytic generation of reactive 5 aPr Ph Ph /\%pn s 99
species:® As part of these studies, we demonstrated that NHC- Me
catalyzed reactions of enals and certaiff-unsaturated ketones Ph
afford enantioenriched cyclopentenes via a cascade process featuring Oy SO
a crossed-benzoin/oxy-Cope rearrangeniénthe mechanistic 3 H Ph Ph H Ph 45 99
postulate intrinsic to these annulations anticipates a method that
could lead to the formation of a stabj@lactone org-lactam o Sounr
annulation product. We now document a successful, highly enantio- y E on
and diastereoselective synthesis of enantiomerically pure bicyclic 4 d Ph Ph Me 50 87
f-lactams via a remarkable annulation process of 3-alkyl or 3-aryl Mé
enals and chalcone-derived imif€sq 1). o SO
% o oo 5yt Ph o Ph v \H o 76¢ (;’:91)/
SOZAr .5’ N o} N,SOzAr o PhS o
,\)J\ /\)J\ 1o£o|°/: H A ey o
R Woroar 15 mol% DBU R! >10:1 6 pr PP L BrcH 5 prrciy 77 99
1.4 equiv 1.0 equiv 0.1 M EtOAc, t » up to 99% ee n CeH, V4 64 e
15 hr pBr by
o} ,SOAr
We initially dismissed enantioselectiy®lactam formation as " N on
unviable due to the high probability of competing enal dimerization 7  nPr p'glao_ Ph 63 99
or aza-Diels-Alder reaction, as we have previously reported highly o Me
enantioselective triazolium-catalyzed annulations between unsatur- e o
atedN-sulfonyl aldiminesandelectron-deficienenals? Our studies, N on
however, noted that the reaction outcomes of similar or even 8 Me ”C'B};‘ Ph } 7599
identical substrate pairs can be modulated by judicious choices of o Me

precatalyst (triazolium vs imidazoliul)amine base (DBU vs pBrCelte

NEt),1° and substrates (electron-deficient versus 3-alkyl or 3-aryl 2 Ar = 4-MeOGH,. All reactions were performed at 0.1 M for 15 h.

enals). Our initial forays identified a new reactiontiezins-2-butenal EXC‘St!Ot in (_enttry 5'5 Ionllytadsm'gllg dlf?Stefomert was OrlgngEEd in Ug%Uflfled
) o reaction mixtures? Isolated yield after chromatographyDetermined by

and theN par_a—methoxybenzene_ Su”O”Yl Iml_ne of chalcoe, HPLC or SFC 4 With 3-methyl-2-butenal® Under the conditions employed

DBU, and chiralN-mesityl-substituted triazolium precatalyst in Table 2: 78% yield, 99% ee, 5:1 dDiastereomeric ratio.

(Table 1, entry 1}2 The relative and absolute stereochemistry was

established by X-ray analyses as a bicyclo[3.2.0]lactam wherein Scheme 1. Effect of Catalytic Base on Lactam Stereochemistry

all of the substituent groups are situated on the same face. Optimi- SoAr ,SO,Ar ,SOAr
zation of the conditions selected, for 3-alkyl enals, EtOAc as the 0 N _fomol%d ph
preferred solvent. Notably, prior studies had shown that 3-alkyl ph/\)\u * ph/\)\p 01:3%17 Base o

enals were either poor substrates or inert to NHC-catalyze@ C 1.1 equiv 1.0 equiv °

boqd-forming reactions .ur?der. m.ilq condit?ons. Even acrolein Was page: DBU NEt, Pr,NEt  TMEDA (_)_Spaﬁeme DMAP
a viable substrate, albeit in diminished yield due to a competing 4. 264 331 4.0:1 3.5:1 3.9:1 91

Diels—Alder reaction (entry 3).

Cinnamaldehyde derivatives were also viable substrates undereffect of the catalytic base on the diastereoselectivity. When the
the conditions shown in Table 1 but led to the lactam products as reactions were performed in GEN using DMAP as the catalytic
mixtures of diastereomers (Scheme 1). We discovered a pronouncedase!? a slower but cleaner reaction resulted, leading to formation
of the desired product in 9:1 dr. A slight modification of these
T Present address: Department of Chemistry, University of Pennsylvania. conditions improved the dr and was directly applicable to both
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Table 2. Enantioselective, NHC-Catalyzed g-Lactam Formation
with 3-Aryl Enals (see eq 1 and Scheme 1 for conditions)?

1 - _ % % ee’
entry R'= Ar Ar product yield” (dr)?
0L _,SOAr
N
H Ph 99
1 Ph Ph Ph 80
Ph (10:1)
Ph
o SOAr
N
-Cl- H p-ClCeH, >99
2 Ph Ph p 2
CeH, Phﬁk 2 20
Ph
O ,SOnAr
N
p-Br-  p-Br- H p-BrCeHs 99
S0P CHo CH e o
p-Br-CgHy
o ,SOAr
N
p-MeO- H Ph >99
4 Ph Ph 62
C5H4 p-OMe~C5H$ (101)
Ph
o ,SOnAr
N
p-CF;- H Ph 88
5 Ph Ph 72
CeHs ;»ca-cm% (>20:1)
Ph
O ,SOnAr
N
6 lfuyl Ph Ph T o (8
fury N (>20:1)
\
O  pn

aAr = 4-MeOGH4. All reactions were performed at 0.1 M with 1.4
equiv of enal, 1.0 equiv of imine, 10 mol % &f and 30 mol % of DMAP
for 24—36 h.? Isolated yield after chromatograpryDetermined by HPLC
or SFC analysisd The ratio of diastereomers was determinedfyNMR
analyses of unpurified reaction mixtures.

Scheme 2. Postulated Catalytic Cycle (ent-1 is shown as the
NHC)
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electron-deficient and electron-rich cinnamaldehyde and chalcone
imine derivatives (Table 2
The stereochemical outcome provides further support for a

tandem, or possibly concerted, crossed-benzoin/oxy-Cope reaction

as the key bond-forming step (Scheme®ZJhe cis-relative

configuration of the cyclopentane substituents would arise from a (13)

boat oxy-Cope transition state that maximizes secondary orbital
overlap between the Breslow intermediate and the unsaturated
imine. The remaining stereocenter is established by a reversible
intramolecular Mannich reaction, wherein only one stereochemical

outcome allows subsequent lactamization to formiectam and
release the catalyst. Theansisomer from cinnamaldehyde sub-
strates may be produced via an alternative mechanism featuring
conjugate additions of catalytically generated homoenolates, which
Nair demonstrated to prefer thiens products in a cyclopentene-
forming annulatior’. The high preference for this process, rather
than NHC-catalyzed DietsAlder reaction, arises from the use of
nonactivated enals which are slow to undergo protonation at the
B-position1®

In summary, we have documented a highly enantio- and
diastereoselective direct annulation of enals, including 3-alkyl enals,
and chalcone-derived imines that takes advantage of a powerful
benzoin/oxy-Cope strategy. This process allows direct access to
cyclopentyl-fusegB-lactams in an operationally simple process that
establishes four contiguous stereocenters.
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