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tive synthesis of lactams via
cascade reaction of a,b-unsaturated ketones,
ketoamides, and DBU as a catalyst†
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Herein, the aldol/Michael cascade reaction on the b,g-positions of a,b-unsaturated ketones with

ketoamides to construct bicyclic lactams via DBU catalysis has been developed. The substrates were

well-tolerated with high regio- and diastereoselectivities in moderate to good yields (32 examples). The

control experiments revealed that the hydrogen of the amide was the key factor.
Development of efficient synthetic strategies for constructing
structural motifs of natural products and bioactive molecules is
of great interest in organic synthesis.1 Cascade reactions are
among the most powerful means to generate molecular
complexity from relatively simple materials.2,3 These trans-
formations become even more attractive when multiple rings
are formed during the process. Additionally, cascade reactions
are atom-economical, environment-friendly and time efficient,
rendering it an ideal strategy to build important structural
motifs.4,5

Lactams and bicyclic lactams were privileged scaffolds pre-
sented in numerous natural products and pharmaceuticals.6 It
is signicant to develop new synthesis pathways to construct
Lactams and bicyclic lactams with high regioselectivity and
high atom-economical by cascade reaction. a,b-Unsaturated
ketone is one of most important potential synthons in natural
products synthesis7–11 and have multiple activation sites12–15 (a′,
a, b, g, g′ Fig. 1a). In recent years, some research progress have
been reported. The a′-position could activate as nucleophilic
sites in some addition reactions via aldol reaction16–18 and some
others.19 The direct a-functionalization via the Morita–Baylis–
Hillman (MBH) reaction with some reports.20–24 The b-position
could be attacked by nucleophiles with Michael reaction as
a classic synthesis strategy.25–30 Except for a′, a, b-positions with
good progress, the high regioselective of g-functionalization to
tune efficiently has been achieved.31–34 Since Melchiorre and
Bencivenni described the g-functionalization with vinylogous
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Michael addition of a,b-unsaturated ketone by amino-catalyzed
in 2010.35 Ye developed the direct g-functionalization via the
path of [4 + 2] cycloaddition/retro-Mannich reaction, while the
poor g′/g-regioselectivity remained to be solved by dienamine
activation.36 Subsequently, regioselective Michael addition
between b-substituted-cyclohexenones and nitroalkenes was
explored.32 In addition, some bifunctionalizations to obtain
cycloadducts were reported by Chen and Jørgensen et al. from
the a′,g-positions,37 a′,g′-positions,23 b,g-positions,38–43 g,g′-
positions44 and others45–47 in cascade reaction of a,b-unsatu-
rated ketones. In spite of many catalytic methodologies avail-
able for the functionalization of a,b-unsaturated ketones at
their a, a′, b, g, g′ positions and multiple reaction sites with
a variety of substrates. As a nucleophilic donor, the a′ and g

positions of a,b-unsaturated ketones could be well activated
under base conditions. It is challenging to activate a single site
of a′ or g positions (Fig. 1b).

Therefore, highly efficient synthetic strategy to access the
lactams and bicyclic lactams from the b and g sites of a,b-
unsaturated ketones unit are in great demand. To the best of
our knowledge, it's no progress so far has been achieved high
regioselectivity in the b and g-positions with ketoamides to
construct lactams and bicyclic lactams directly. Numerous
Fig. 1 Regioselectivity functionalization of a,b-unsaturated ketones.
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Table 1 Optimization of the reaction conditionsa

Entry Catalystk Solventl Time (h) Yieldb (%)

1 DABCO Toluene 12 NR
2 Pyrrolidine Toluene 12 Trace
3 NaOAc Toluene 12 NR
4 DMAP Toluene 12 NR
5 TMG Toluene 12 Trace
6 DBU Toluene 12 48
7 TBD Toluene 12 22
8 MTBD Toluene 12 18
9 DBN Toluene 12 28
10 DBU DCM 12 28
11 DBU EA 12 59
12 DBU MeOH 12 25
13 DBU MeCN 12 46
14 DBU THF 12 64
15 DBU 1,4-Dioxane 12 NR
16 DBU DMSO 12 20
17 DBU H2O 12 NR
18 DBU THF 24 82
19c DBU THF 24 80
20c,d DBU THF 24 79
21e DBU THF 24 77
22f DBU THF 24 59
23f,g DBU THF 12 82
24f,g,h DBU THF 12 84
25f,g,i DBU THF 12 55
26g,j DBU THF 24 24

a Unless otherwise noted, the reaction was carried out with 1a (0.1
mmol), 2a (0.3 mmol), catalyst (20 mol%), solvent (1.0 mL) at 60 °C.
b Isolated yields, dr > 20 : 1, dr values were measured by crude HNMR.
c 2a (0.5 mmol). d 40 °C. e Additive: 4 Å molecular sieve. f Catalyst
(10 mol%). g Solvent (0.5 mL). h 2a (0.15 mmol). i 2a (0.1 mmol).
j Catalyst (5 mol%). k DABCO = 1,4-diazabicyclo[2.2.2]octane, DMAP =
4-dimethylamino-pyridine, TMG = 1,1,3,3-tetramethylguanidine, TBD
= 1,5,7-triaza-bicyclo[4.4.0]dec-5-ene, MTBD = 7-methyl-1,5,7-triazabi-
cyclo[4.4.]dec-5-ene, DBN = 1,5-diazabicyclo[4.3.0]non-5-ene, DBU =
1,8-diazabicyclo-[5.4.0]undec-7-ene. l DCM = dichloromethane, EA =
ethyl acetate, THF = tetrahydrofuran, DMSO = dimethyl sulfoxide.
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natural products and pharmacologically active compounds
contain the structure of the bicyclic lactams with cyclo-
pentanone scaffold, showing the importance of this structural
motif in synthetic organic chemistry.6 Based on our previous
research on ketoamides,48,49 herein, we presented a novel high
region-, diastereoselective and atom economical to synthesis of
bicyclic lactams via the cascade reaction of aldol–Michael
addition on the b and g-positions of cyclopentenone with
ketoamides by DBU catalyzed (Scheme 1).

At the onset of this study, exploratory investigations towards
our envisioned the aldol–Michael cascade reaction of b,g-posi-
tions of cyclopentenone 2a with ketoamide 1a as the model
reaction to optimize reaction conditions (Table 1). Firstly,
a variety of common bases as catalysts was investigated in
toluene at 60 °C for 12 hours. In the presence of 20 mol% of
DABCO, pyrrolidine, NaOAc, DMAP and TMG were unable to
promote the reaction (entries 1–5). It was interesting to note
that when DBU as the catalyst, the desired product of aldol–
Michael [3 + 2]-adduct on the b,g-positions of 3a was observed
with high regioselective, high diastereoselective (dr > 20 : 1) and
moderate yield (entry 6, 48%). Subsequently, TBD, MTBD and
DBN as catalyst, the desired product was observed with lower
yield (entries 7–9). Encouraged by these promising results, with
DBU as catalyst in hand, a series of solvents were screened to
further improved the yield. Among these investigations, tetra-
hydrofuran (THF) as solvent better than other solvents obvi-
ously could increase the yield up to 64% (entry 14). But the
remarkable thing was that this reaction didn't occur in 1,4-
dioxane (entry 15). Subsequently, equivalent ratio, temperature,
additives, catalyst loading, solvent volume and reaction time
were screening to further improve the yield (entries 18–26).
Finally, the yield creased up to 84% under the reaction of entry
24. Therefore, the screening studies clearly demonstrated that
the reaction conditions shown in entry 24 were chosen as the
optimized one.

With the optimal reaction conditions had been determined,
we next evaluated the scope of the aldol/Michael cascade reac-
tion of b,g-positions of cyclopentenone 2a to ketoamide deriv-
atives 1. With respect to the ketoamides in this cascade
reaction, the effect of different substituent groups and positions
on the phenyl of 2-oxo-N,2-diphenylacetamide 1a were rstly
investigated (Scheme 2). Regardless of their electronic proper-
ties and positions, including halides (F, Cl, Br), alkyl (Me) and
alkoxy groups (–OMe) were well tolerated, and the desired
products were obtained in moderate to good yields (3a–3l, 62–
84%) with great regioselectivities and diastereoselectivities. Due
to the steric effect, however, the ortho-substituted had
Scheme 1 High regioselective of b,g-positions of cyclopentenone
with ketoamides to construct bicyclic lactams.

© 2023 The Author(s). Published by the Royal Society of Chemistry
noticeable effects with lower yield (3b, 62%) was observed even
with longer reaction time, compared with meta and para
substituted (3b vs. 3c and 3h). Next, the substrates' scope of N-
substituted was investigated. Bearing electron-withdrawing
groups (halogen, CF3) and electron-donating groups (–OMe) at
the para ormeta position of the phenyl ring were examined. The
corresponding aldol/Michael cascade reaction of b,g-positions
adducts were observed with good yields (3n–3aa, 76–85%). In
addition, the results indicate the same trend that ortho-
substituted with lower yield obvious than meta or para
substituted (3m 53% vs. 3t 77% and 3aa 79%). Moreover, except
for substituents on the benzene ring, substrates with other
substituents (for example, 2-naphthyl and 3-pyridyl) on the N of
amide were also tested, and the substrates gave the corre-
sponding products smoothly with moderate to good yields (3ab
RSC Adv., 2023, 13, 4782–4786 | 4783
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Scheme 2 Aldol/Michael cascade reaction of b,g-positions of cyclo-
pentenones 2 to ketoamide derivatives 1. Reaction conditions: 1 (0.1
mmol), 2 (0.15 mmol), DBU (0.01 mmol, 10 mol%) in THF (0.5 mL) at
60 °C. Yield of the isolated product. Unless otherwise noted, dr > 20 : 1.
The dr values were measured by crude HNMR.

Scheme 3 Gram-scale experiment and control experiment.

Scheme 4 Proposed reaction mechanism of the cascade reaction.
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75%, 3ac 57%). Furthermore, various alkyl substituents of R1

and R2 for 1 are well tolerated with 72–75% yields (3ad, 3ae).
To investigate the substrate scope further, b-methyl

substituted in 3-methylcyclopent-2-en-1-one was used in the
reaction, and the aldol/Michael cascade reaction of b,g-posi-
tions proceeded smoothly with moderate yield (3af 52%).
Moreover, in order to synthesize N–H free bicyclic lactam, 2-oxo-
2-phenylacetamide and 2-oxopro-panamide were tested.
Unfortunately, the substrates didn't afford the target products.
4784 | RSC Adv., 2023, 13, 4782–4786
Finally, the conguration of 3a was assigned by X-ray crystal-
lographic analysis (CCDC: 2153642†).50

To further demonstrate the synthetic potential of the aldol/
Michael cascade reaction of b,g-positions of cyclopentenone
with ketoamide to construct the bicyclic lactam, a gram-scale
experiment was performed (Scheme 3a). With regarding to
afford the corresponding product 3a with good result (82%).
Control experiments were performed to provide mechanistic
insight (Scheme 3b). Our initial attempts to treat N-methyl-2-
oxo-N,2-diphenylacetamide 4 with cyclopentenone 2a did not
work under standard conditions. The results potentially sup-
porting the hydrogen on the amide of 1 were the key factor for
this cascade reaction.

On the basis of our experimental results, a possible reaction
mechanism involving a stepwise aldol/Michael cascade pathway
was proposed as showed in Scheme 4. First, the reaction was
initiated by deprotonation on the g-site of cyclopentenone 2a to
provide 2a′, then attacked the carbonyl of ketoamide 1 to form
aldol adduct intermediate I. Subsequently, two possible
processes occurred: The path I, intramolecular proton transfer
through the ve-membered ring transition state II in the amide
bearing a-oxygen anion intermediate form the nitrogen anion
intermediate IV. The path II, intermediate I was protonation to
formed intermediate III rstly, and then deprotonation to
formed IV. We couldn't track the intermediate II and III to verify
the processes, however, both processes are possible could not
be excluded. Subsequently, intramolecular aza-Michael addi-
tion IV on the b-site of cyclopentenone and then protonation to
obtain cycloaddition product 3. Perhaps due to steric hindrance
and thermodynamic inuences, the ring a,b-unsaturated
© 2023 The Author(s). Published by the Royal Society of Chemistry
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ketones provide the corresponding cascade products with good
diastereoselectivities.
Conclusions

In summary, we have established a novel high region- and
diastereoselective aldol/Michael cascade reaction on the b,g-
positions of a,b-unsaturated ketones with ketoamides to
construct the bicyclic lactams with moderate to good yields
under mild reaction conditions. Notably, this study presents the
hydrogen of amide in ketoamide as a key role in this cascade
reaction to the synthesis of lactams and bicyclic lactams con-
taining quaternary carbon. Studies on extending the reaction
type and enantioselectivity of this reaction are currently
ongoing in our laboratory.
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