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ABSTRACT

Anovel cascade cyclization of ethyl glyoxalate and amines proceeds in the presence of Pd(TFA)2 (5mol%) to give the cyclic dehydro-R-amino acid
derivatives. This method provides a fast and simple access to highly substituted dihydro-pyrrol-2-ones in good yields.

Dihydro-pyrrol-2-one (DPO) derivatives are widely uti-
lized as key building blocks for the construction of various
biologically active natural products and pharmaceutical
molecules,1 and their importance has already triggered
many efficient synthetic strategies to access such a lactam
family.2 Among these versatile synthetic methods, transi-
tion-metal catalyzed multicomponent reactions (MCRs)
involved in aldehydes and amines have attracted particular
attention, as they can provide expedient synthesis of multi-
substituted pyrrol-2-one compounds.2g�i In all of these
transformations, imines derived fromaldehydes and amines

were proposed as intermediates which then further reacted
with the third reactive partner such as an alkene, alkyne,
etc. to furnish the target DPO analogs (Scheme 1a).2g�i

However, despite much progress in this field, studies on
transition-metal catalyzed rapid assembly of DPO mole-
cules only from an aldehyde and an amine were unprece-
dented. Nevertheless, given that ethyl glyoxalate (1a) and
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amines (2) were often employed in most MCRs to con-
struct multifunctionalized heterocycles,3 we envisioned

that the oxidative addition of aldehyde Csp2�H to transi-

tionmetal salts (M) couldprovide theM�HspeciesA4 and

the subsequent imine (B) insertion to A,5 reductive elim-

ination, carbonyl reduction and dehydration would possi-

bly lead to the formation of enamine E, which could be

further cross-coupled or cyclized with R-imino ester B to

furnish DPO derivatives 3 (Scheme 1b). To test this

hypothesis, herein we describe a convenient synthesis of

highly substituted 1,5-dihydro-2H-pyrrol-2-ones through

Pd(II)-catalyzed cascade cyclization of ethyl glyoxalate

and amine.

At the outset of our study, we conducted the Pd(II)-
catalyzed tandem assembly of 1, 5-dihydro-2H-pyrrol-2-

one using ethyl glyoxalate (1a) and p-anisidine (2a) as

model substrates to screen the reaction conditions for the

optimization of the catalyst, solvent, and temperature under

an Ar atmosphere. First, ethyl glyoxalate 1a (0.30 mmol)

was treated with Pd(OAc)2 (5 mol %) and p-anisidine 2a

(0.30 mmol) in toluene (2.0 mL) at 25 �C for 24 h. As

expected, we obtained a 10% yield of pyrrol-2-one 3a

(Table 1, entry 1), and this positive result encouraged us

to further screen various palladium salts such as PdCl2,

PdCl2(PhCN)2, etc. to achieve satisfying yields (entries

1�7). To our delight, Pd(TFA)2 gave a 37% yield of

target compound 3a (entry 7). It is noteworthy that no 3a

formation was observed in the absence of palladium salts

(entry 8). We then switched to using 2.0 equiv of 2a to

increase the yield of this trasnformation. Again, no reac-

tionwas noted (entry 9). Subsequently, the increased yield

(68%) was obtained by using 2.0 equiv of 1a at 70 �C for

48 h (compare entries 10�11 with 16). A further increase

in reaction temperature (90 �C) or use of other polar

solvents such as ethyl acetate, acetonitrile, etc. resulted in

poorer yields (entries 12�15) (see Supporting Informa-

tion (SI) for more details).

Having established an efficient reaction protocol that
enables the rapid assembly of DPO, we next applied this
method to the synthesis of a focused DPO library. As
shown in Table 2, common functional groups on the
benzene rings attached to the amine nitrogen, including
alkoxyl (entries 1 and 5), alkyl (entries 2�4 and 8), amide
(entry 7), halogen (entries 9�13), ester (entries 15 and 16),
and ketone (entry 17), were all compatible with this
cascade cyclization and gave moderate-to-good yields of
DPO derivatives. Meso-substituted arylamines led to a
substantial decrease in product yield presumably due to the
increased steric hindrance around the amine nitrogen
(compare entries 2, 3, and 8; 9 and 10; 12 and 13).
Unfortunately, no reaction occurred for the 4-nitrobenze-
namine, possibly due to the strong electron-withdrawing
inductive effect from the nitro group (entry 18). Alkyl
amines such as benzylamine, cyclopropylamine, and cy-
clobutylamine underwent slightly worse conversion and
provided a lower yield of target products (34�56%, entries
14, 19�20). The structure of 3a was unambiguously as-
signed by its single crystal X-ray analysis (see Figure 1 and
SI for more details).
Finally, we also ran the Pd(II)-catalyzed cascade cross-

cyclization of 1a (3.0 equiv) with 2a (1.0 equiv) and
4-chloroaniline (2i) (1.0 equiv) under standard conditions.
As expected,weobtained the corresponding cross-cyclization

Scheme 1. Synthetic Strategies of the Pyrrol-2-ones Derivatives

Table 1. Optimization Results for the Palladium-Catalyzed
Cascade Cyclization of Ethyl Glyoxalate with p-Anisidinea

entry catalyst

1a/2a

(equiv)

temp

(�C) solvent

yield

(%)b

1 Pd(OAc)2 1/1 25 toluene 10

2 PdCl2(CH3CN)2 1/1 25 toluene 18

3 PdCl2 1/1 25 toluene 15

4 PdCl2(Ph2PCH2)2 1/1 25 toluene 8

5 PdCl2(PhCN)2 1/1 25 toluene trace

6 PdCl2(PPh3)2 1/1 25 toluene 10

7 Pd(TFA)2 1/1 25 toluene 37

8 � 1/1 25 toluene 0

9 Pd(TFA)2 1/2 25 toluene trace

10 Pd(TFA)2 2/1 25 toluene 61

11 Pd(TFA)2 2/1 70 toluene 63

12 Pd(TFA)2 2/1 90 toluene 42

13 Pd(TFA)2 2/1 70 CH2Cl2 42

14 Pd(TFA)2 2/1 70 EtOAc 43

15 Pd(TFA)2 2/1 70 CH3CN 11

16 Pd(TFA)2 2/1 70 toluene 68c

aReactions were run with 1a (0.15�0.60 mmol), 2a (0.30 mmol),
Pd(II) salt (5 mol%), and solvent (2.0 mL) under Ar in a sealed pressure
tube at the given temperature for 24 h unless otherwise noted. b Isolated
yield. cReaction time: 48 h.
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products 3u (22% yield) and 3v (18% yield) besides 3a

(9% yield) and 3i (16% yield) (see Scheme 2).6

To further probe the reactionmechanism, we conducted
the Pd(II)-catalyzed cascade cyclization of ethyl glyoxalate
(1a) and p-anisidine (2a) and monitored the reaction
progress using GC-MS spectra to detect some possible

byproducts and intermediates.7 After the reaction was
carried out for 24 h, we could observe the formation of
2-(4-methoxy-phenylamino)-3-oxo-succinic acid diethyl
ester (D-a)8 (<5% isolated yield) and N-(4-methoxy-
phenyl)-oxalamic acid ethyl ester (I-a)8 (<10% isolated

Table 2. Pd(II)-Catalyzed Cascade Cyclization of Ethyl Glyoxalate with Amines to 2,5-Dihydropyrro-2-one Derivativesa

aReactions were run with ethyl glyoxalate 1a (0.60 mmol), aimines 2 (0.30 mmol), Pd(TFA)2 (5 mol %), and toluene (2.0 mL) under Ar in a sealed
pressure tube at 70 �C for the given time unless otherwise noted. b Isolated yield. cUsing ethyl acetate as solvent.

(6) We also ran the cascade cross-cyclization of p-anisidine (0.6
mmol, 2.0 equiv) with ethyl glyoxalate (0.3 mmol, 1.0 equiv) and
benzaldehyde (0.3 mmol, 1.0 equiv) under standard conditions; unfor-
tunately, only a 25% yield of 3a was obtained, and no other cross-
cyclization produts were observed.

(7) See SI for the detailed GC-MS spectra.
(8) We have already separated and characterized the byproduct D-a

and I-a by 1H NMR, 13C NMR, and HR-MS spectra (see SI for more
detail).

(9) Palacious, F.; Vicario, J.; Aparicio, D. Eur. J. Org. Chem. 2006,
2843.
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yield) which have already been identified by 1HNMR, 13C
NMR, and MS spectra. The byproduct I-a was possibly
derived from a cross-coupling reaction of ethyl glyoxalate
and p-anisidine via a nucleophilic reaction and subsequent
β-hydride elimination (Scheme 3).

On the basis of the above-mentioned experimental
results, a possible mechanism for this reaction is outlined

in Figure 2. For the first step, Pd(TFA)2 activated the
aldehyde carbonyl group of 1a and facilitated the addition
of amines. After β-hydride elimination, I was formed with
the formation of the Pd(0) species, the subsequent oxida-
tive addition of Pd(0) to the aldehyde Csp2�H bond of 1a
afforded the hydrogen�palladium species H�Pd(II)-
�COCO2Et (A),4 and then the following iminoester B

insertion intoA5 and reductive elimination provided inter-
mediateD8 which could be reduced to alcohol E byH�Pd
species A. On the other hand, species A also could lead to
the formation of byproduct I8 via ligand exchange with
amines 2 and reductive elimination. Further dehydration
of E gave enamine F, and the subsequent cross-coupling
and cyclization of F with iminoester B produced the cyclic
dehydro-R-amino acid derivatives 3.2g,9

In summary, we have developed a novel method of
synthesizing highly substituted 1,5-dihydro-2H-pyrrol-2-
one derivatives from the palladium-catalyzed cascade
cyclization of ethyl glyoxalate and amines. Further inves-
tigations of their possible biological activities will make
these compounds even more valuable and are also cur-
rently underway in our laboratory.
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Figure 1. Single crystal structure of pyrrol 2-one 3a.

Scheme 2. Pd(II)-Catalyzed Cascade Cross-Cyclization of Ethyl
Glyoxalate (1a) with p-Anisidine (2a) and 4-Chloroaniline (2i)

Scheme 3. Byproducts from the Pd(II)-Catalyzed Cascade Re-
action of Ethyl Glyoxalate (1a) and p-Anisidine (2a)

Figure 2. Proposed the possible reaction mechanism.
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