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One-pot Synthesis of Symmetrical 1,4-Disubstituted Piperazine-2,5-diones
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The piperazine-2,5-dione moiety occurs in a variety of 
drugs and natural products which span a wide spectrum of 
biological activities, e.g., roquefortine,1,2 bicyclomycin,3 
dipodazine,4 neihumicin,5 phomamide,6 and dihydrodys- 
amide C.7 Additionally, this heterocyclic system has found 
unique applications as an acceptor for organic anions or 
metal cations8 and in material sciences.9 While numerous 
approaches10-14 to piperazine-2,5-diones have been reported, 
there is still considerable demand for more economic and 
versatile syntheses. Herein, we report a convenient, one-pot 
synthesis of 1,4-disubstituted piperazine-2,5-diones (2) 
based on the mild homoannulation of N-substituted 2- 
chloroamides (1, eq. 1).

(1)

The key precursor 1 was readily prepared in excellent 
yield by addition of the appropriate amine to 2-chloroacetyl 
chloride in CHzCb (Table 1).15 Homoannulation, i.e., 
cyclization between two molecules of 1, in the presence of 
strong base such as NaOH (or KOH, NaH, and t-BuOK) in 
CH3CN (or DMF) gave the corresponding piperazine-2,5- 
diones 2 in good yield. In contrast, K2CO3 failed to give any 
2 even at reflux temperature overnight.

The influence of the nitrogen substituent on the yield of 
piperazine-2,5-dione 2 was also systematically investigated. 
The results are summarized in Table 1. Acetamides 1 
bearing simple alkyl (Entry 1), cycloalkyl (Entries 2, 3), and 
heterocyclic (Entry 4) groups reacted smoothly. Cyclizations 
with benzylic (Entries 5, 6), phenethyl (Entries 7, 8), 
indolylene (Entry 9) moieties also gave good yields. Aryl 
(Entry 10) functionality, even sterically hindered examples 
(Entry 11) as well as those with alkyl (Entry 12) and halogen 
substituents (Entry 13), were well tolerated. However, strong

Table 1. Synthesis of chloroacetamides 1 and piperazines 2
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electron withdrawing substituents on the aromatic ring 
(Entries 14 and 15) proved unsatisfactory.

In conclusion, we describe a mild, convenient and simple 
methodology for the synthesis of 1,4-disubstituted piper- 
azine-2,5-diones. This strategy will be useful for preparing 
the building blocks in complex natural product synthesis and 
combinatorial applications.

Representative Procedures

2-Chloro-Mphenethylacetamide (Entry 7): 2-Chloro- 
acetyl chloride (6.26 g, 55.5 mmol) was added over 30 min 
at room temperature to a mixture of phenethylamine (6.11 g, 
50.4 mmol) and powdered K2CO3 (8.0 g, 58.0 mmol) in 
dichloromethane (100 mL). After 30 min, the mixture was 
refluxed for 4 h and then stirred for an additional 30 min at 
room temperature. The reaction mixture was poured into 
cold water (200 mL) and extracted with dichloromethane (2 
x 100 mL). The combined organic extracts were washed 
with water and dried over MgSO4. The solution was 
concentrated under reduced pressure and the residue was 
purified by column chromatography on silica gel using n- 
hexane:ethyl acetate (1/1, v/v) as eluent affording 2-chloro- 
N-phenethylacetamide (9.37 g, 94% yield) as a white solid, 
mp 64-65 °C (lit.16 mp 67 °C) ; IR (KBr) 3327, 3026, 2940, 
1654, 1551, 1293, 752 cm-1; 1H NMR (300 MHz, CDCh) 8 
2.85 (t, 2H), 3.56 (q, 2H), 4.01 (s, 2H), 6.64 (bs, NH, D2O 
exch.), 7.19-7.35 (m, 5H); 13C NMR (300 MHz, CDCl3) 8 
35.52, 41.05, 42.69, 126.72, 128.76, 138.77, 169.92; MS 
(m/z) 197.66.

1,4-Phenethylpiperazine-2,5-dione: A solution of 2- 
chloro-N-phenethylacetamide (3 g, 15.2 mmol) and NaOH 
(1.3 g, 33.4 mmol) in CH3CN (60 mL) was refluxed for 6 h, 
then stirred at 20 °C for 30 min. The resulting mixture was 
filtered, concentrated in vacuo, and diluted with CHzCb (100 
mL). The solution was washed three times with water (100 
mL), dried over anhydrous MgSO4, and concentrated. The 
residue was purified by chromatography on silica gel using 
ethyl acetate as eluent affording piperazine-2,5-dione as a 

white solid (4.16 g, 85% yield), mp 204-206 °C (Et2O); IR 
(KBr) 2934, 3024, 1654, 1492, 1341 cm-1; 1H NMR (300 
MHz, CDCl3) d 7.19-7.38 (m, 5H), 3.79 (s, 2H), 3.57-3.62 
(t, 2H, J = 7.5 Hz), 2.85-2.90 (t, 2H, J = 7.5 Hz); 13C NMR 
(300 MHz, CDCl3) 8 163.02, 137.67, 133.17, 128.38, 
128.34, 126.43, 50.28, 47.51, 32.77; MS (m/z) 322.40.
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