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ABSTRACT

4-Halo-5-hydroxypyrrol-2(5H)-ones were synthesized from the efficient sequential halolactamization−hydroxylation reaction of 4-monosubstituted
2,3-allenamides with CuX2 (X ) Br, Cl) in high yields. Halolactamization of fully substituted 2,3-dienamide (1f) afforded 4-halo-pyrrol-2(5H)-
ones.

5-Hydroxypyrrol-2(5H)-onesA exhibit a wide range of
interesting biological activities.1,2 For example, compound
A1 has been evaluated for antineoplastic activity in tumor
cells of white mice,3 and compoundA2 (jatropham), isolated
from tatropha macrorhiza, shows antitumor activity (Scheme
1).4 Although 5-hydroxypyrrol-2(5H)-ones derivatives have

been prepared by the oxidative bromination reaction of
nicotine,5 amination of corresponding lactones,6 metal-

catalyzed condensation-cyclization reaction of acyl cyanides
with 3-oxoamides,7 and Ni-catalyzed cyanation ofR-keto-
alkynes in H2O,8 development of a highly efficient meth-

† China patent pending (00125758.7).

(1) Wooldridge, T. A.; Lightner, D. A.J. Heterocycl. Chem.1977,14,
1283.

(2) Vitillo, B.; Buniva, G.; Bernareggi, A.; Assandri, A.; Perazzi, A.;
Fuccella, L. M.; Palumbo, R.Int. J. Clin. Pharmacol. Ther. Toxicol.1984,
22, 273.
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odology for the synthesis of 5-hydroxypyrrol-2(5H)-ones
with diversity is still of high interest.

Recently, during the course of our study on the chemistry
of functionalized allenes,9 we have developed efficient
methodologies for the synthesis of butenolides,10 furans,11

and vinylic oxiranes.12 With the notion that theγ-hydroxy-
lation can be accomplished via the treatment of pyrrol-2(5H)-
ones with bubbling oxygen,13 we envisioned that 5-hydrox-
ypyrrol-2(5H)-ones may be synthesized by a sequential
lactamization-hydroxylation process of 2,3-dienamides
(Scheme 2). The substituent-loading capability of 2,3-

dienamides (R1, R3, and R4) will provide the diversity. In
this communication, we wish to report our recent observation
on the CuX2-mediated halolactamization reaction of 2,3-
allenamides, which was unexpectedly followed by facile
oxidation to afford 4-halo-5-hydroxypyrrol-2(5H)-ones.

We initiated this study with the reaction ofN-benzyl
2-methyl-2,3-decadienamide with CuBr2 (eq 1). The corre-

sponding results under different conditions were summarized
in Table 1. From the results in Table 1, it should be noted

that (1) instead of the normal bromolactamization product
3a, the reaction unexpectedly afforded the bromolactamiza-
tion-hydroxylation product2a in just “one-shot”.14 The
reaction in pure water is slow (entry 1, Table 1). The reaction
went smoothly in DMF, acetone/H2O, and THF/H2O to
afford2a in 60-72% yield (entries 4-7, Table 1). However,
it is interesting to observe that the reaction was inhibited by
the presence of a base (entries 2 and 3, Table 1).

The results for the halolactamization-hydroxylation reac-
tion of differently substituted 2,3-dienamides with CuX2 in
THF/H2O (1:1) are summarized in Table 2. From Table 2,

it can be concluded that this halolactamization-hydroxyla-
tion reaction can be realized with both CuCl2 and CuBr2.
The reaction is pretty general: R1 can be H, alkyl, or phenyl;
R2 can be H or alkyl; and R3 can be H, alkyl, or benzyl. The
yields range from 57% to 94%.
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(14) The structure of the halolactamization-hydoxylation product2 was
identified with IR,1H NMR, and13C NMR spectra and elemental analysis.
The structure was further confirmed by the X-ray diffraction study of2c.

Table 1. Bromolactamization-Hydroxylation Reaction of
N-Benzyl 2-Methyl-2,3-decadienamide with CuBr2

entry solvent time (h) yield of 2a (%)

1 H2O 22 10a

2b THF-H2O (1:1) 22 38c

3d THF-H2O (1:1) 17.5 e
4 DMF 19 60
5 acetone-H2O (3:2) 19 70
6f THF-H2O (1:1) 16 65
7 THF-H2O (1:1) 18.5 72

a 68% of1a was recovered.b Et3N (1 equiv) was used.c 43% of1a was
recovered.d K2CO3 (1 equiv) was used.e No reaction.f Two equivalents
of CuBr2 was used.

Scheme 2

Table 2. Halolactamization-Hydroxylation Reaction of
2,3-Allenamides with CuX2

1

entry R1 R2 R3
CuX2

X (equiv)
temp
(°C)

time
(h)

yield of
2 (%)

1 n-C6H13 Me Bn (1a) Br (1.1) 50 18.5 72 (2a)
2 n-C6H13 Me Bn (1a) Cl (1.1) reflux 21 57 (2b)
3a H Me Bn (1b) Br (2) 50 19 78 (2c)
4a H Me Bn (1b) Cl (2) 50 22 60 (2d)
5 Ph Me n-C4H9 (1c) Br (2) reflux 24 94 (2e)
6 Ph Me n-C4H9 (1c) Cl (4) reflux 5 d 71 (2f)
7 n-C7H15 H H (1d) Br (1.1) 50 22 69 (2g)
8 n-C7H15 H Bn (1e) Br (1.1) 50 32 78 (2h)
9 n-C7H15 H Bn (1e) Cl (2) 50 3 d 78 (2i)

a Solvent was EtOH-H2O 3:2; when solvent was THF-H2O 1:1 and
1.1 equiv of CuBr2 was used, yield of2c was 48%.
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With only one substituent at the 4-position of 2,3-
allenamides being H, 4-halo-5-hydroxypyrrol-2(5H)-ones2
are always the products, which may be formed by the Cu2+-
mediated oxidation of 4-halopyrrol-2(5H)-ones3.13 When
fully substituted 2,3-allenamide1f was reacted with CuX2,
the normal halolactamization products, i.e., 4-halopyrrol-
2(5H)-ones3b,c, were obtained in high yields (eq 2).

In conclusion, we have observed an interesting sequential
halolactamization-hydroxylation reaction. As a result of the
easily availablity of starting materials,15 simple procedure,
and high efficiency, this methodology will show utility in
organic synthesis. Further study on the scope, mechanism,

and synthetic application of this methodology is being carried
out in our laboratory.
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