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ORGANIC PREPARATIONS AND PROCEDURES INT. 11(6), 285-286 (1979)

AN IMPROVED METHOD
FOR THE PREPARATION OF 5-HYDROXY-2-PYRROLIDONE

Berkeley W. Cue, Jr.* and Nancy Chamberlain

Department of Agricultural Organic Chemistry
Pfizer Central Research, Groton, Connecticut 06340

In connection with another study, we needed an efficient method for preparing large quantities of
5-hydroxy-2-pyrrolidone (la), previously obtained by the photooxidation of a dilute (0.1%) aqueous
solution of pyrrole to produce a 32% vyield of 5-hydroxy-A*pyrrolin-2-one (M), * which was
hydrogenated to la.' Although the need to run the photooxidation step in dilute solution limits the
amount of la which could be prepared, a more severe problem is the formation of significant

amounts of 2-pyrrolidone as a side-product during the reduction of If to 1a.?
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We reasoned that succinimide might be a suitable precursor to la if one carbonyl group could be
selectively reduced. Recently, Speckamp and coworkers* demonstrated that N-substituted suc-
cinimides are reduced with sodium borohydride in ethanol to afford N-substituted-5-ethoxy-2-
pytrolidones or N-substituted-5-hydroxy-2-pyrrolidones, depending on the method of isolation. Fur-
thermore, they converted succinimide to 5-ethoxy-2-pyrrolidone (Ib) in high yield; however, only
polymeric material was obtained in an attempt to obtain la from succinimide by direct reduction.®

The reported procedure,* gave us a 90% yield of 5-ethoxy-2-pyrrolidone (Ib) from succinimide; an
aqueous solution of Ib in the presence of a drop of conc. HCl decomposed to a polymeric oil within
a few minutes. We found that refluxing an aqueous solution of Ib for 8 hrs: afforded la in 85% vield.
In addition to unreacted Ib, workup of a hydrolysis interrupted after 1 hr. gave a different product,
characterized as Il on the basis of its spectral properties. Several hours reflux of Iil in water

‘resulted in a quantitative conversion to la.
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CUE AND CHAMBERLAIN
EXPERIMENTAL

5-Hydroxy-2-pyrrolidone (1a) — A solution of 5-ethoxy-2-pyrrolidone* (2.05 g, 0.016 mol) in distilled
water (25 ml) was heated at reflux for 8 hr, cooled and evaporated in vacuo. The semisolid residue
was triturated with ethyl acetate, filtered and recrystallized from acetone to afford la(1.35 g, 85%),
mp. 98-101°, {it.' mp. 98-99°; 'H nmr {DMSO-d,): 8.13 (br s, TH, NH, exchanges with D,0), 5.67 (d, 1H,
OH, exchanges with D,0), 5.10 (m, 1H, H-5), and 2.30-1.50 (m, 4H, CH,CH,); *C nmr: (D,0) 181.3 ppm
(C =0), 79.8 ppm (CH-OH), 29.4 and 28.5 ppm (CH,CH,); mass spec (70 eV): m/e 101 (M+, base peak),
84 (M-OH), 83 (M-H,0); high resolution mass spec: mfe 101.0489; IR (KBr): 3.15, 6.05, 6.15, 6.80, 7.10,
7.60, 7.95, 8.65, 9.15, 9.40, 9.90 and 11.50 cm .

Anal. Caled for C,H,NO,: C, 47.52; H, 6.98; N, 13.86. Found: C, 47.38; H, 6.66; N, 13.51.

2,2-0x0-5,5-bispyrrolidiny! ether (11} — A solution of 5-ethoxy-2-pyrrolidone (5.0 g, 0.039 mol) in
water (200 ml) was refluxed for 1 hr, cooled and the solvent was removed in vacuo. The semisolid
residue was triturated with ethyl acetate and filtered to give 111 (2.1 g, 54%), mp. 154-156°C; IR (KBr):
3.00, 3.20, 5.95, 7.85, 9.65 and 10.15 cm '; 'H nmr (DMSO-d,): 6 8.55 (br s, TH, NH, exchanges with
D,0), 5.07 (m, 1H, H-5) and 1.70-2.40 (m, 4H, -CH,CH-); '*C nmr(D,0) 181.92 ppm (C = O), 85.07 ppm
(CHOR), 28.42 and 28.22 ppm (-CH,CH,-); mass spec (70 eV) m/e 101, 85, 84 and 83 no molecular ion
observed.

Anal. Calcd for C,H,;N,0,: C, 52.16; H, 6.57; N, 15.21. Found: C, 52.10; H, 6.54; N, 15.15.

Evaporation of the filtrate in vacuo afforded 5-ethoxy-2-pyrrolidone (2.0 g, 40%), mp. 48-52°, lit.*

mp. 48-52°, after recrystallization from ether.

Conversion of Il to la — A solution of 111(1.70 g, 0.009 mol) in water (100 ml) was heated at reflux for
12 hr, cooled, the solvent was removed in vacuo and the residue recrystallized from acetone to af-

ford pure Ia (1.60 g, 90%), mp. 98-101°, iit." mp. 98-99°,
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