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Abstract —A convenient synthesis of 3,3,5-trimethoxy-2-nyrro-
lidinone (;AQ:E) by using a reaction of &-halo-B-formylacrylic
acid [3-halo-5-hydroxy-2(5H)-furancne] (3a-d} with alkoxide is
described, 2n investigation for synthesis of 2,3-pyrrolidine-

diones is also menticned.

In our previous report,l) we showed that 5-ethoxy-2-pyrrolidinone (1) was a useful
intermediate for the synthesis of 5-amino-2-pyrrolidinone derivatives, because the
ethoxy group at the 5-position was easily substituted by the reaction with nucleo-
philes via a highly reactive intermediate, iminium ion (2). This result suggested
that 5-alkoxy-2-pyrrelidinones were expected to be valuable reagents to modify
amino groups in biolocgical substances such as amino acids or nucleosides. In this
communication, we describe a new synthesis of more functionalized 2-pyrrolidincnes,
3,3,5-trimethoxy-2-pyrrolidinones (lla-¢) and its related compounds, by using a
convenient reaction of ®-halo-g-formylacrylic acid ([3-halo-5-hydroxy-2(5H)-furan-
one] (3a-d) with alkoxide followed by a reaction of pseudoesters of B-formyl-

propiconic acid with ammonia.
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Treatment of mucochloric acid (3a) with sodium methoxide {3 eg. mol) in methancl
[-10 — +5°C, 24 hr] followed by acidification with methanolic hydrogen chloride
afforded slightly yellow cil, which on preparative medium pressure liguid

chromatographyz) gave the methoxylactone (4a) as colorless crystals in 50% yield,
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Table 1. Reaction of #-halo-g-formylacrylic acids (3a-d) with sodium methoxide.

Starting Reaction Products (%) © Physical data of methoxylactones (4a-¢)
Materials Conditions 3 4 5 8 1 8 mp(°C) IR(cm_ ) NMR{4 ,CDC13) ~ JTigmg
~10~+5°C a _
;3 24hr - 50 B8 7 4 - 90 1795(C=0) 4.06(H4) 5.22(H5) 5Hz
=10=++5°C a _
;E 4hr 25 25 4 2 5 - 93 1795 (C=0) 4.13(H4) 5.37(H5) S5Hz
-10=++5°C
3c - 43 - - 21
= 4hx 557 1785(c=0) >*2>My) 5 4g(u,) "7
- o 4
14 10++5°C _ a1 s 2.68(H,") 5.5Hz
-~ 15hx (Tngns =13Hz)

a) Recrystallized from hexane. b) bp 109°C{(6mmHg).
[s}! Satlsfactory elemental analyses were obtained for 4 and 3. Physical data are
listed in the last section of this paper, except for 4.
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along with lesser amount of §§ (8%, Qé (7%), and 13 (4%). The structures of
these products were determined by spectral analyses and by chemical conversion
with 10% hydrochloric acid to the known mucoxychloric acid (§)3), respectively.

43 and 53 were briefly hydrolyzed with 1% hydrochloric acid to give the hydroxy-
lactone (7a), quantitatively. Treatment of 7a with methanol in the presence of
catalytic amount of hydrogen chleoride at room temperature regenerated a mixture of

29 and 5a (10:1), but when refluxed in methanol, 7a gave a mixture of ig and 9a

(1:1). Because 4a was always predominant in these reactions, the relative
configuration of 4a was recognized as trans and that of 5a as cis. A mechanism

for the formation of these compounds is assumed as shown in Scheme 1. Analogously,
the reactions of mucobromic acid (3b), 3-chloro-5-hydroxy-2(5H) -furanone (3¢}, and
3-bromo-5-hydroxy-2 (5H) -furanone (3d) with sodium methoxide were carried out to
give the corresponding methoxylactones (4b and 4¢) in moderate yields (see Table 1).
Because these lactones (4a-¢) were regarded as the pseudoesters of B-formylpropio-
nic acid, they were expected to underge ammonolysis to give hydroxylactams4)

Thus, 4a-¢ were treated with agueous ammonia under ice cooling to give the desired
hydroxylactams (l0a-c), respectively {see Table 2). The conversion of 103-¢c to
the corresponding methoxylactams (;£§:9) was performed by refluxing a methanol
solution contalning a catalytic amount of hydrogen chloride (see Table 3). A con-
siderable amount of cis-isomers was not detected.

Finally, the synthesis of 2,3-pyrrolidinediones was attempted. Hydrolysis of 10c

or llc with 10% hydrochloric acid [room temp., 10 min] followed by careful evapo-
ration of water gave the unstable ketolactam (L%)S)ln 55% yield. The structure of
12 was confirmed as keto-form by its NMR spectrum {(in DMSO) which showed typical
signals of ABX system. In contrast with above result, it was found that 12 exist-
ed 1in DZO as the equilibrium mixture (l:1) of the keto-form {12} and the gem-diol-

form (£§}6).

However, neither the enol tautomer nor open-chain isomer were
detected. On the other hand, deketalization of lla and 1llb, having halogen atom
at the 4-position, was not established even under a drastic condition [reflux, 10%
HC1l]. This result suggests that the stability of a ketal function at the 3-
position increased by the electron withdrawing effect of an adjacent halogen atom.

In conclusion, the reaction described abhove provides a convenient method for the

synthesis of 3,3,5-trialkoxy-2-pyrrolidinones. Further investigation to introduce
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Table 2, Synthesis of 5-hydroxy-2-pyrrolidinones (1l0a-g)

P

Starting Reaction Product Physical data of %gg—g
}

Materials Conditions (%) mp(°C) IR{cm~ NMR(d, Acetone-dg)
4a 0°C, Smin 75 163 1715(C=0) 1702{C=0} 4.08(H4) 5.07(H5)
4b g°C, 30min 85 158 171i5(C=0) 1703{(C=0} 4.22(H4) 5.22(H5)

. . . N 2.12(H,)
dc, 0°C, 5Smin 76 cil 1710 {C=0) 2.53(82’) 5.27(H5)

Table 3. Synthesis of 5-methoxy-2-pyrrolidinones (lla-g)

VLY
Starting Reaction Product Physical data of lla-g¢
Materials Conditions (%) mp(°C) IR({em~ 13 NMR(F, CDC1l3) Tnatd  THeHs
¥95 reflux, lhr 99 137a 1728{C=0) 4.12(H4) 4.78(H5) 2Hz
10b reflux, lhr 91 144° 1725(C=0) 4.15(H,) 4.95(H) 2Hz
a _ 2.15(H,) 3Hz
10¢ reflux, lhr 71 B6 1720(C=0) 2‘45(Hi') 4.83(H5) 14Hz 61z

a) Recrystallized from hexane.

nitrogen functions at the 5-position by the reaction of the methoxylactams (lla-c)

with nucleophiles such as nucleosides is now undertaken.
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J=4Hz, H4). 5.40(1H, d, J=4Hz, HS)- 6a, mp 35°C; IR(KBr)cm_l: 1780 (C=0), 1l68C
3), 5.67(1H, s, H5). b, mp 54°C;

TR(KBr)cm T: 1780(C=0), 1665 (C=C) ; NMR(CDCla)J: 3.53 and 4.17(3HX2, s, CH

(C=C) ; NMR(CDcl3)J: 3.52 and 4.15{3Hx3, s, CE
3),
5.65(1H, s, HJ). 9a, oil; NMR(cnc13)§: 3.38, 3.42, 3,50, and 3.80(3HX5, s,
CHg), 4.33(1H, 4, J=5Hz, Hg), 4.57(1H, d, J=5Hz, Hy}. 9g, oil; NMR(CDC13)J:
2.25(24, 4, J=5Hz, Hg), 3.33(12H, s, CH,x4}, 3.80(3H, s, CHy), 4.45(1H, t, J=
5Hz, HT)'
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