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Abstract

A novel base-promoted domino Michael/O-alkylation reaction of maleimides with y-halogenated-B-ketoesters
is described. A variety of new succinimide-substituted 3(2H)-furanones were obtained in excellent yields (up
to 96%) under simple and mild conditions. The structure of the new compound 3a was determined by single-
crystal X-ray analysis and a reaction pathway is proposed.
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Introduction

3(2H)-Furanones are core structural motifs that are widely present in many natural products and
pharmaceutically important compounds. Substituted 3(2H)-furanones show a wide range of biological
activities such as anti-inflammatory, antiallergic, antitumor and anti-ulcer activities (examples in Figure 1).**
The significance of these molecules has led to a variety of approaches for the synthesis of substituted 3(2H)-
furanones, including acid-catalyzed cyclization-dehydration,>® transformations from furans,”?® alkynes®'> and
allenes.’® However, most of these routes require the use of specific substrates and reaction conditions are
often harsh. Domino reactions are one of the most efficient strategies for the synthesis of complex molecular
structures from simple materials in a single step.’?° Recently, y-halogenated-B-ketoesters, which are
commercially available, were used to construct substituted 3(2H)-furanones via domino reactions with
activated alkenes?:?3 and imines.?*?® This synthetic strategy is efficient and mild. However the activated
alkenes were limited only to chain structures such as chain nitroalkenes??> and chain a,B-unsaturated
esters.?® Thus it was important to discover whether other diverse activated alkenes, such as cyclic alkenes,

would react with y-halogenated-B-ketoesters to construct diverse substituted 3(2H)-furanones.
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Figure 1. Bioactive products with a 3(2H)-furanone subunit.

Maleimides are an important class of activated cyclic alkenes. They have been extensively applied in
organic synthesis to construct substituted succinimides and functionalized pyrrolidines, which are core
structural units found in natural products and clinical drug candidates.?’*! To date, there has been no report
of the reaction of y-halogenated-B-ketoesters with maleimides, which could afford a new class of products
combining a biologically significant succinimide with a 3(2H)-furanone. These fused products might show
higher or new biological activities. As a part of our continuing interest in the construction of complex and
novel drug candidates,3?-3¢ herein, we report the first domino Michael/O-alkylation reaction of y-halogenated-
B-ketoesters with maleimides to access a new range of succinimide-substituted 3(2H)-furanones. According to
the literature, y-halogenated-B-ketoesters react with a,B-unsaturated aldehydes to afford cyclopentanone

products via Michael/a-alkylation.3” These reports show variable chemical reactivities of y-halogenated-pB-
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ketoesters with activated alkenes. Our preliminary studies involved maleimide 1a and ethyl 4-chloro-
acetoacetate 2a as substrates, these were allowed to react in dichloromethane at room temperature in the
presence of 100 mol% Et3N. The reaction worked well and gave succinimide-substituted 3(2H)-furanone 3a via
a domino Michael/O-alkylation process — not a Michael/a-alkylation process (Scheme 1).
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Scheme 1. Domino Michael/O-alkylation reaction of 1a and 2a.

Results and Discussion

To evaluate the role of the base in this system, the reaction of N-phenylmaleimide 1a with ethyl 4-chloro-
acetoacetate 2a was used as a model reaction, and a series of bases were investigated in dichloromethane at
room temperature, and the results were shown in Table 1. Weak bases such as Na;CO3 and NaHCOs decreased
the reaction rate and afforded poor yields after reaction for 24 h (Table 1, entries 2 and 3). Strong base DABCO
also afforded a poor yield because impurities were produced (Table 1, entry 5). EtsN gave the highest yield and
was chosen as the most suitable base (92% vyield, Table 1, entry 1). Next, the reaction was conducted in
various solvents (Table 1, entries 7-14). Among them, MeOH afforded a poor yield because impurities were
produced (Table 1, entry 13), n-hexane afforded only a trace of product because of poor solubility (Table 1,
entry 14). Other solvents afforded 3a in moderate to good yields (80-90% vyield, Table 1, entries 7-12).
Dichloromethane gave the highest yield and was selected as the most suitable reaction media for further
optimization (Table 1, entry 1).

Increasing or decreasing the amount of EtsN gave a lower yield (Table 2, entries 2-4 vs. 1) so having
identified 100 mol% EtsN as the optimal loading for the reaction, we next examined the effect of the reaction
temperature (Table 2, entries 5 and 6). A screening of different reaction temperatures showed that the
reaction gave the best results at room temperature (Table 2, entry 1). Decreasing reaction temperature
slowed down the reaction rate thus decreased the yield (Table 2, entry 5). Increasing the reaction temperature
also decreased the yield because impurities were produced (Table 2, entry 6). Finally, the substrate
concentration was examined (Table 2, entries 7 and 8). It was found that increasing the substrate
concentration slightly decreased the yield (Table 2, entry 7), lowering the substrate concentration decreased
the reaction rate and gave lower yield (82% vyield, Table 2, entry 8), 0.2 M was the optimal substrate
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concentration. Consequently, the following reaction conditions are recommended: 100 mol% EtsN with 0.2 M
substrate in CH,Cl; at room temperature (Table 2, entry 1).

Table 1. Optimization of reaction conditions?

@)
i o 0O base (100 mol%) = 7
ase mol%

[ N=Ph CIMO/ = solvent, rt - EO N=Ph

O O

1a 2a 3a

Entry Solvent Base Time/h Yield®/%

1 CH,Cl, EtsN 2 92
2 CHxCl, NaHCO3 24 trace
3 CHCl, Na>CO3 24 56
4 CHxCl; NaOH 2 88
5 CH,Cl, DABCO 2 21
6 CH.Cl> DBU 2 90
7 Et,0 EtsN 2 80
8 THF EtsN 2 85
9 toluene EtsN 2 82
10 EtOAC EtsN 2 80
11 CH3CN EtsN 2 90
12 DMF EtsN 2 87
13 MeOH EtsN 2 18
14 n-hexane EtsN 2 trace

9Unless otherwise noted, reactions were conducted with 0.2 mmol 1a, 0.2 mmol 2a, 100 mol % base, in 1.0 mL
solvent at room temperature. Isolated yields.
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Table 2. Optimization of reaction conditions?

@]
7 O O © — 7
EtzN (x mol%)
| N-Ph 4 C'\)K/Mo/ Et CH,Cl, 2h . EO N—Ph
@] O
1a 2a 3a
Entry X T/ °C Yield?/%
1 100 25 92
2 200 25 92
3 300 25 90
4 50 25 69
5 100 0 70
6 100 40 91
7€ 100 25 89
84 100 25 82

9Unless otherwise noted, reactions were conducted with 0.2 mmol 1a, 0.2 mmol 2a, x mol% base, in 1.0 mL
CH2Cl,. Isolated yields. €0.5 mL CH,Cl, was used. 92.0 mL CH»Cl, was used.

Under the optimal reaction conditions, the generality of this protocol was studied (Table 3). Firstly, a wide
range of maleimides 1a-n was studied (Table 3, entries 1-14). The maleimides included those bearing electron-
withdrawing and electron-donating substituents on the aryl ring, as well as N-alkyl maleimides. All gave good
yields (85-96%). The electronic properties and position of the substituents on the N-aryl maleimides phenyl
ring affected the yield slightly (Table 3, entries 1-9). The N-aryl maleimide with a strong electron-withdrawing
nitro group, 1g, gave a slightly lower yield (Table 3, entry 7). Maleimide 1m also gave a slightly lower yield due
to the larger steric hindrance (Table 3, entry 13). In addition, methyl 4-chloroacetoacetate 2b and ethyl 4-
bromoacetoacetate 2c were also tested, both provided excellent yields (Table 3, entries 15 and 16). The
structure of 3a was determined by an X-ray analysis of a single crystal (Figure 2).38
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Table 3. Scope of substrates®
. . o 0 . EtaN (100 moi%) °
[ NR R\)J\)J\O’R CHClytt, 20 RO N-RE
2a-c
Entry 1/R? 2/R2 R3 3 Yield®/%
1 1a/CeHs 2a/Cl Et 3a 92
2 1b/4-CH3Cg¢H4 2a/Cl Et 3b 95
3 1c/4-CH30CgH4 2a/Cl Et 3c 93
4 1d/4-FCeHa 2a/Cl Et 3d 95
5 1le/4-ClCeHs 2a/Cl Et 3e 93
6 1f/4-BrCgH4 2a/Cl Et 3f 92
7 1g/3-NO2CsHs 2a/Cl Et 3g 85
8 1h/3-FCeH4 2a/Cl Et 3h 87
9 1i/2-MeCgH4 2a/Cl Et 3i 91
10 1j/CHs 2a/Cl Et 3 96
11 1k/cyclohexyl 2a/Cl Et 3k 92
12 11/Bn 2a/Cl Et 3l 90
13 1m/CHPh, 2a/Cl Et 3m 88
14 1n/1-naphthyl 2a/Cl Et 3n 92
15 1a/CeHs 2b/Cl Me 30 94
16 1a/CeHs 2¢/Br Et 3a 96

9Unless otherwise noted, reactions were conducted with 0.2 mmol 1, 0.2 mmol 2, 100 mol % Et3N, in 1.0 mL
CH,Cl; at room temperature. ®Isolated yield.
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Figure 2. ORTEP representation of the X-ray crystal structure of product 3a (thermal ellipsoids set to 30%
probability level).

Based on the experimental results and the observed structure of 3a, a proposed reaction pathway for the
base-promoted domino Michael/O-alkylation reaction of maleimides 1 and y-halogenated-B-ketoesters 2 is
shown in Scheme 2.23 First, the base deprotonates the B-ketoester to form an enolate, then nucleophilic
conjugate addition to the maleimides by the enolate generates an intermediate Michael adduct A. Next, in the

presence of base, adduct A forms an enolate which undergoes an intramolecular O-alkylation process to form
the product 3.
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Scheme 2. Proposed pathway for the base-promoted domino Michael/O-alkylation reaction.

Conclusions

We have demonstrated a facile base-promoted domino Michael/O-alkylation reaction of maleimides and y-
halogenated-B-ketoesters. The reaction conditions are simple and mild. With this protocol, a wide range of
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new succinimide-substituted 3(2H)-furanones were smoothly obtained in good yields (up to 96%). Further,
expansion of these new succinimide-substituted 3(2H)-furanones to access products with known biological
activities or new biologically significant molecules and testing their pharmacological activities are ongoing in
our laboratory.

Experimental Section

General. N-Substituted maleimides 1 were prepared according to the literature method or similarly.3® y-
Halogenated-[B-ketoesters 2 were purchased from commercial suppliers and used without further purification.
Commercial grade solvents were dried and purified by standard procedures as specified in Purification of
Laboratory Chemicals, 4th Ed (Armarego, W. L. F.; Perrin, D. D. Butterworth Heinemann: 1997). All melting
points were measured on a SGWX-4 micro melting point apparatus. *H NMR spectra were recorded at 600 MHz.
Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (CDCls, 6 = 7.26). Spectra are reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet), coupling constants (Hz), integration, and assignment. 3C NMR
spectra were collected at 150 MHz with complete proton decoupling. Chemical shifts are reported in ppm from
the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6 = 77.0). Mass spectra were
recorded on Bruker micrOTOF-QII mass spectrometer. Reactions were monitored by TLC and visualized with
ultraviolet light.

General procedure for the domino Michael/O-alkylation reaction. A solution of maleimide 1 (0.20 mmol, 1
equiv), y-halogenated-B-ketoester 2 (0.20 mmol, 1 equiv) in CHxCl; (1.0 mL) was stirred at rt and EtsN (0.20
mmol, 100 mol %) was added at the same temperature. The reaction mixture was stirred at rt for 2 h and
concentrated in vacuo. The crude product was purified by column chromatography on silica gel (eluent
PE:EtOAc = 2:1) to afford pure products 3.
3-(2-Ethoxy-4-ox0-4,5-dihydrofuran-3-yl)-1-phenylpyrrolidine-2,5-dione (3a). White solid; 92% vyield; mp
112.5-113.5 °C. 'H NMR (CDCls, 600 MHz) & 1.32 (t, J 7.14 Hz, 3H), 2.82 (dd, J 5.58, 18.18 Hz, 1H), 3.01 (dd, J
9.84, 18.18 Hz, 1H), 3.74-3.77 (m, 1H), 4.37-4.40 (m, 2H), 4.53 (s, 2H), 7.23 (d, J 7.50 Hz, 2H), 7.30 (t, J 7.50 Hz,
1H), 7.38 (t, J 7.80 Hz, 2H); '3C NMR (CDCls, 150 MHz) 6 14.6, 33.2, 34.4, 66.4, 75.2, 90.8, 126.6, 128.5, 129.0,
132.3,175.3,176.3, 181.1, 194.1; HRMS (ESI) Calcd. for C16H1sNNaOs [M+Na]*: 324.0848; Found: 324.0842. 38.
See supporting information file 2 for crystallographic data; the CCDC number is 1476572.
3-(2-Ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)-1-(p-tolyl)pyrrolidine-2,5-dione (3b). White solid; 95% vyield; mp
161.2-162.2 °C. 'H NMR (CDCls, 600 MHz) 6 1.31 (t, J 7.14 Hz, 3H), 2.28 (s, 3H), 2.80 (dd, J 5.52, 18.12 Hz, 1H),
2.99 (dd, J 9.84, 18.12Hz, 1H), 3.72-3.75 (m, 1H), 4.35-4.39 (m, 2H), 4.52 (s, 2H), 7.10 (d, J 8.28 Hz, 2H), 7.17 (d,
J 8.16 Hz, 2H); 3C NMR (CDCls, 150 MHz) § 14.6, 21.2, 33.2, 34.4, 66.8, 75.2, 90.9, 126.4, 129.6, 129.9, 138.5,
175.4,176.4, 181.1, 194.0; HRMS (ESI) Calcd. for C17H17NNaOs [M+Na]*: 338.1004; Found: 338.0999.
3-(2-Ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)-1-(4-methoxyphenyl)pyrrolidine-2,5-dione (3c). White solid; 93%
yield; mp 161.5-162.8 °C. *H NMR (CDCls, 600 MHz) & 1.32 (t, J 7.08 Hz, 3H), 2.78 (dd, J 5.46, 18.12 Hz, 1H),
2.98 (dd, J 9.84, 18.18 Hz, 1H), 3.71 (m, 4H), 4.36-4.40 (m, 2H), 4.52 (s, 2H), 6.88 (d, J 8.76 Hz, 2H), 7.13 (d, J
8.76 Hz, 2H); 3C NMR (CDCls, 150 MHz) § 13.6, 32.1, 33.3, 54.4, 65.8, 74.2, 89.9, 113.3, 123.8, 126.6, 126.8,
158.4,174.5, 180.1, 193.1; HRMS (ESI) Calcd. for C17H17NNaOs [M+Na]*: 354.0954; Found: 354.0948.
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3-(2-Ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)-1-(4-fluorophenyl)pyrrolidine-2,5-dione (3d). White solid; 95% yield;
mp 192.0-193.0°C. *H NMR (CDCls, 600 MHz) & 1.32 (t, J 7.14 Hz, 3H), 2.80 (dd, J 5.34, 18.18 Hz, 1H), 2.99 (dd, J
9.78, 18.18 Hz, 1H), 3.72-3.74(m, 1H), 4.37-4.41(m, 2H), 4.53 (s, 2H), 7.06 (t, J 8.40 Hz, 2H), 7.21-7.23 (m, 2H);
13C NMR (CDCls, 150 MHz) 6 14.6, 33.2, 34.4, 66.9, 75.2, 90.8, 115.9, 116.1, 128.1, 128.5, 161.3, 175.2, 181.2,
194.1; HRMS (ESI) Calcd. for C16H14aFNNaOs [M+Na]*: 342.0754; Found: 342.0748.
1-(4-Chlorophenyl)-3-(2-ethoxy-4-oxo-4,5-dihydrofuran-3-yl)pyrrolidine-2,5-dione (3e). White solid; 93%
yield; mp 171.2-172.5 °C. H NMR (CDCls, 600 MHz) & 1.33 (t, J 7.08 Hz, 3H), 2.82 (dd, J 5.46, 18.18 Hz, 1H),
3.01 (dd, J9.78, 18.12 Hz, 1H), 3.72-3.75 (m, 1H), 4.37-4.41 (m, 2H), 4.54 (s, 2H), 7.20 (d, J 8.52 Hz, 2H), 7.34 (d,
J 8.58 Hz, 2H); 3C NMR (CDCls, 150 MHz) 6 14.6, 33.3, 34.4, 66.9, 75.2, 90.7, 127.9, 129.2, 130.7, 134.3, 174.9,
176.1, 181.2, 194.0; HRMS (ESI) Calcd. for C1sH1aNNaOs [M+Na]*: 358.0458; Found: 358.0453.
1-(4-Bromophenyl)-3-(2-ethoxy-4-oxo-4,5-dihydrofuran-3-yl)pyrrolidine-2,5-dione (3f). White solid; 92% vyield;
mp 172.5-173.5 °C. 'H NMR (CDCls, 600 MHz) & 1.35 (t, J 7.14 Hz, 3H), 2.85 (dd, J 5.52, 18.18 Hz, 1H), 3.01 (dd,
19.84, 18.18 Hz, 1H), 3.74 (dd, J 5.52, 9.78 Hz, 1H), 4.40-4.43 (m, 2H), 4.55 (s, 2H), 7.15 (d, J 8.58 Hz, 2H), 7.51
(d, J 8.64 Hz, 2H); 3C NMR (CDCls, 150 MHz) & 14.0, 32.7, 33.7, 66.3, 74.6, 90.0, 121.7, 127.5, 130.5, 131.6,
174.2, 175.3, 180.5, 193.4; HRMS (ESI) Calcd. for C16H14aNNaOs [M+Na]*: 401.9953; Found: 401.9948.
3-(2-Ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (3g). White solid; 85% vyield;
mp 168.2-169.5 °C. 'H NMR (CDCls, 600 MHz) 6 1.39 (t, J 7.14 Hz, 3H), 2.92 (dd, J 5.46, 18.24 Hz, 1H), 3.09 (dd,
19.78, 18.24 Hz, 1H), 3.79-3.82 (m, 1H), 4.44-4.48 (m, 2H), 4.59 (s, 2H), 7.59 (t, J 8.16 Hz, 1H), 7.68-7.69 (m,
1H), 8.18-8.21 (m, 2H); *3C NMR (CDCls, 150 MHz) 6§ 13.9, 32.6, 33.6, 66.3, 74.5, 89.7, 121.1, 122.4, 129.1,
131.8, 132.4, 147.6, 173.6, 174.9, 180.4, 193.2; HRMS (ESI) Calcd. for C16H1aN2NaO7 [M+Na]*: 369.0699; Found:
369.0694.

3-(2-Ethoxy-4-oxo-4,5-dihydrofuran-3-yl)-1-(3-fluorophenyl)pyrrolidine-2,5-dione (3h). White solid; 87% yield;
mp 192.2-193.5 °C. 'H NMR (CDCls, 600 MHz) 6 1.34 (t, J 7.08 Hz, 3H), 2.83 (dd, J 5.52, 18.18 Hz, 1H), 3.01 (dd,
19.78, 18.12 Hz, 1H), 3.74-3.76 (m, 1H), 4.39-4.42 (m, 2H), 4.55 (s, 2H), 7.02 (t, J 8.40 Hz, 2H), 7.07 (d, J 8.04 Hz,
1H), 7.33-7.37 (m, 1H); 13C NMR (CDCls, 150 MHz) & 14.6, 33.3, 34.3, 66.6, 74.9, 90.3, 114.0, 114.1, 115.1,
121.9, 129.8, 133.4, 163.2, 174.7, 181.2, 193.7;, HRMS (ESI) Calcd. for CisH12aNNaOs [M+Na]*: 342.0754; Found:
342.0748.

3-(2-Ethoxy-4-oxo-4,5-dihydrofuran-3-yl)-1-(o-tolyl)pyrrolidine-2,5-dione (3i). White solid; 91% vyield; mp
141.0-142.5 °C. *H NMR (CDCls, 600 MHz) & 1.33 (t, J 7.08 Hz, 3H), 2.17 (s, 3H), 2.91(dd, J 6.30, 18.06 Hz, 1H),
3.06 (dd, J 9.84, 18.18 Hz, 1H), 3.77-3.81 (m, 1H), 4.37-4.41 (m, 2H), 4.53 (s, 2H), 6.98 (d, J 7.68 Hz, 1H), 7.17-
7.24 (m, 3H); 3C NMR (CDCls, 150 MHz) & 14.7, 17.6, 33.4, 34.1, 66.8, 75.2, 90.3, 126.7, 127.9, 129.4, 131.1,
131.3, 136.4, 175.2, 176.2, 181.2, 194.1; HRMS (ESI) Calcd. for Ci7H17NNaOs [M+Na]*: 338.1004; Found:
338.0999.

3-(2-Ethoxy-4-ox0-4,5-dihydrofuran-3-yl)-1-methylpyrrolidine-2,5-dione (3j). White solid; 96% vyield; mp
103.5-104.5 °C. 'H NMR (CDCl;, 600 MHz) 6 1.35 (t, J 7.14 Hz, 3H), 2.71(dd, J 5.64, 17.94 Hz, 1H), 2.83 (dd, J
9.54, 17.94 Hz, 1H), 2.96 (s, 3H), 3.61 (dd, J 5.64, 9.48 Hz, 1H), 4.39-4.43 (m, 2H), 4.54 (s, 2H); 3C NMR (CDCls,
150 MHz) 6 14.6, 25.0, 33.1, 34.0, 66.8, 75.0, 90.4, 176.1, 177.3, 181.2, 194.0; HRMS (ESI) Calcd. for
C11H13NNaOs [M+Na]*: 262.0691; Found: 262.0686.
1-Cyclohexyl-3-(2-ethoxy-4-oxo-4,5-dihydrofuran-3-yl)pyrrolidine-2,5-dione (3k). White solid; 92% vyield; mp
115.2-116.5 °C. 'H NMR (CDCls, 600 MHz) & 1.13-1.27 (m, 4H), 1.34 (t, J 7.08 Hz, 3H), 1.55-1.59 (m, 2H), 1.75 (d,
J12.72 Hz, 2H), 2.06-2.12 (m, 2H), 2.60 (dd, J 5.58, 18.00 Hz, 1H), 2.81 (dd, J 9.72, 17.94 Hz, 1H), 3.52-3.54(m,
1H), 3.93 (t, J 12.30 Hz, 1H), 4.38-4.42(m, 2H), 4.53 (s, 2H); 13C NMR (CDCls, 150 MHz) & 14.6, 25.0, 25.8, 28.6,

Page 244 ©ARKAT USA, Inc



Arkivoc 2017, part iv, 236-248 Wang, W. et al.

32.6, 34.1, 52.0, 66.7, 75.1, 91.0, 176.3, 177.2, 181.1, 194.1; HRMS (ESI) Calcd. for CisH2:1NNaOs [M+Na]*:
330.1317; Found: 330.1312.

1-Benzyl-3-(2-ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)pyrrolidine-2,5-dione (3l). White solid; 90% vyield; mp
118.0-119.5 °C. 'H NMR (CDCls, 600 MHz) & 1.20 (t, J 7.14 Hz, 3H), 2.68 (dd, J 5.70, 18.06 Hz, 1H), 2.85 (dd, J
9.66, 18.06 Hz, 1H), 3.61-3.63 (m, 1H), 4.27-4.29 (m, 2H), 4.52 (s, 2H), 4.58-4.64 (m, 2H), 7.17 (t, J 7.38 Hz, 1H),
7.22 (t, J 7.62 Hz, 2H), 7.31 (d, J 7.32 Hz, 2H); 3C NMR (CDCls, 150 MHz) 6 13.7, 32.1, 33.3, 41.7, 65.9, 74.4,
89.6, 126.8, 127.6, 127.7, 134.9, 174.9, 176.0, 180.2, 193.1; HRMS (ESI) Calcd. for Ci7H17NNaOs [M+Na]*:
338.1004; Found: 338.0999.

1-Benzhydryl-3-(2-ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)pyrrolidine-2,5-dione (3m). White solid; 88% yield; mp
120.5-121.5 °C. 'H NMR (CDCl3, 600 MHz) & 1.23 (t, J 7.08 Hz, 3H), 2.74 (dd, J 6.00, 18.12 Hz, 1H), 2.84 (dd, J
9.78, 18.12 Hz, 1H), 3.58-3.61 (m, 1H), 4.28-4.32 (m, 2H), 4.51 (s, 2H), 6.51 (s, 1H), 7.18-7.19 (m, 2H), 7.20-7.25
(m, 5H), 7.28 (t, J 7.74 Hz, 3H); 13C NMR (CDCls, 150 MHz) 6 14.6, 32.9, 34.0, 58.6, 66.8, 75.2, 90.6, 127.6, 128.3,
128.7, 137.7, 175.6, 176.8, 181.2, 194.1; HRMS (ESI) Calcd. for Cz3H21NNaOs [M+Na]*: 414.1317; Found:
414.1312.

3-(2-Ethoxy-4-oxo0-4,5-dihydrofuran-3-yl)-1-(naphthalen-1-yl)pyrrolidine-2,5-dione (3n). White solid; 92%
yield; mp 122.5-123.5 °C. *H NMR (CDClz, 600 MHz) & 1.26 (t, J 7.08 Hz, 3H), 2.91 (dd, J 5.40, 18.24 Hz, 1H),
3.17 (dd, J 9.9, 18.24 Hz, 1H), 3.82-3.83 (m, 1H), 4.29-4.32 (m, 2H), 4.52 (s, 2H), 7.21 (d, J 7.20 Hz, 1H), 7.37-
7.48 (m, 3H), 7.79-7.83 (m, 2H), 7.90 (d, J 8.40 Hz, 1H); 13C NMR (CDCls, 150 MHz) & 14.6, 33.7, 34.5, 66.7, 75.2,
90.6,122.0, 122.9, 125.2, 126.1, 126.6, 127.2, 128.3, 129.5, 129.9, 134.3, 175.7, 176.8, 181.3, 194.4; HRMS (ESI)
Calcd. for CooH17NNaOs [M+Na]*: 374.1004; Found: 374.0999.
3-(2-Methoxy-4-oxo-4,5-dihydrofuran-3-yl)-1-phenylpyrrolidine-2,5-dione (30). White solid; 94% vyield; mp
88.7-89.8 °C. 'H NMR (CDCls, 600 MHz) & 2.85 (dd, J 5.64, 18.12 Hz, 1H), 3.01 (dd, J 9.84, 18.12 Hz, 1H), 3.73-
3.76 (m, 1H), 4.01 (s, 3H), 4.56 (s, 2H), 7.24 (d, J 7.62 Hz, 2H), 7.31 (t, J 7.44 Hz, 1H), 7.39 (t, J 7.80 Hz, 2H); 13C
NMR (CDCls, 150 MHz) & 32.5, 33.5, 56.0, 74.5, 90.0, 125.8, 127.8, 128.3, 131.4, 174.4, 175.4, 180.6, 193.3;
HRMS (ESI) Calcd. for CisH13NNaOs [M+Na]*: 310.0691; Found: 310.0686.
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