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5-~ACETOXY-2-PYRROLIDINONE AS A PRECURSOR FOR N-ACYLIMMINIUM ION

*
Tatsuo Nagasaka , Masako Abe, Naganori Ozawa, Yoshiyuki Kosugi,
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Abstract --- Synthesis of 5-acetoxy-2-pyrrolidinone (3) and its reactions
via N-acylimminium ion (f) with nucleophiles are described, especially in

comparison with 5-alkoxy-2-pyrrolidinone (1) and 3-pyrrolin-2-one {(4).

In the previous paperl we have described that the reactions of 5-ethoxy-2-pyrroli-
dinone (1) with nucleophiles such as carbamates, amides, amines, indole, and
diethylaniline afford S-substituted 2-pyrrolidinones (7) in low to moderate yields
(7-52%) . These results demonstrate the additicnal examples of the reaction via
N-acylimminiuwm ion (8), which is known as a reactive intermediate formed from 5-
alkoxy- and 5-hydroxy-2-pyrrolidinones (], 2)2 and pyrrolin-2-ones (4, ;)3.

In this communication we wish to describe the synthesis and reactions of 5-aceto-

xy-2-pyrrolidinone (3) as a new type of precursors for §.

—— I
(o] N OEt o] OH

=

o]
=1

o]
2
o
Hed
0
O
D =+ tram
[z
c
o N
i ==
£
=

wnm

While 4-acetoxy-2-azetidinone performs a very important role in the chemistry of
ﬁ—lactam antibiotich, no experimental data for 5-acetoxy-2-pyrrolidinone (3) have
been reported up to date. 3 was easily prepared from ]l as follows: A solution of

=

1 (300 mg) in acetic acid (10 ml) was stirred at room temperature for 24 h to give
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an equilibrium mixture of 1 and 3 (the approximate ratio 1:9). Stirring was
continued under-slightly reduced pressure till the disappearance of 1 on TLC plate
and the successive careful evaporation of excess acetic acid under 40° afforded 3
guantitatively as an unstable oils. The reactions of 3} with several kinds of
nucleophiles were examined, especially in comparison with the reactions of 1 and 4.
Reaction conditions and results are summarized in Table I and spectral data of new

S5-substituted 2-pyrrolidinones (7) are listed in Table I .

Table I. Reactions of 3 with Nucleophiles*l
Run Nucleophiles Reac‘_cio-n " Products*3 Yields Yields (%)
Conditions J\_% (%) in Literature
R = g from 1 [ from 4
1 PhCHzogNHZ A; 90°C, 2h PhCH, OFNHR § 94 51%4
0
2 CH ,CONH,, A; 105°C, 1h CH,CONHR 9 47.6 524
HN FEN
Nz Nz#~yN *
3 /j[ S A; 125°C, 2.5h Al( 10 53.2 0.8"°
&y :> ! &y N> = ?
AcO| } Oill z-xc:o—|F 0 ;l
Ac Ac AcO OAc
¢ PhNEt, A; 110°C, 45min 72.2 7%4 | g3*6.#
\ R—@-NEtz 1
R *
s Q) mowoee, m QY 12 avane | 22| a5t
0 H
CH, CH,
6 . A; 120°C, 1l.5h 13 quant,
H R
7 m A; l40°C, 1h @;ﬂ:n 14
N CH3 ; R CH3 14 quant.
H H
R
8 @qﬂ A; 140°C, 2h Q[;I[ 15 58.9
CHy CH,
9 @m/\cozﬂ A:; 110°C, 1h @\—Nlﬂ%ﬂ;@ 69.1
H R
10 w A; 120°C, 1h @Ij]/\l 17 81.4
NH N NH
H Ac R Ac
Qw QR
NTN_ NH
H Rac
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Ren  Nucleophiles  Reaction Products vields | vYields (%)
- Conditions (%) in Literature
from 1 {from 4
| ; o
11 E::]:;ﬂ/ﬁ;H c; 110°c, 1h 17 64
H Ac 18 12.5 75”7
12 _ phsH a; 120°C, 3h PhSR 19 52.7
13 PhoH €; 110°C, 1h
| {;3f0R 20 37.4
. v
o 21 12.2 58
R ve
14  CH,(COOEt),  B; 120°C, 3h RCH(COOEt), 22 19.2 | 60.5
o ;
15 gt °>< A; 90°C, 2.5h RCH,COOH 23 49
Q

*1 In each run equimclecular quantities of nuclecphile and 3 were used.

*2 A; in no solvent, B; in the presence of NaH{equi. mole) in benzene,
C; in acetic acid.

*3 Products were purified by column chromatography (silica gel) followed by
recrystallization or distillation. BAll products gave satisfactory analytical
results.

*4 Reference 1.

*5" Unpublished data in cur lakoratory.

*6 Reference 3a. #; Yield by the reaction of 4 with N,N-dimethylaniline.

*7 Reference 3b.

*8 Reference 7. Yield by the reaction of 4 with dimethyl malonate.

The significant superiority of 3 to )l was observed in the reactions of carbamate
(Run 1) and strongly nucleophilic aromatic compounds (Run 4,5). Similarly the

e&ﬁected-products (13, 14, 15) were obtained in good vields from 3-methyl-, 2-

methyl-, and l-methvlindoles {Run 6,7,8). 1In the case of adenosine-2',3',5'-tri-

acetates (Run 3), 3 was not superior to 1, presumably j3 would gradually decompose
at the elevated temperature, which was essential because of the low nucleophili-
city of adenosine. Although the reactivity of 3 to dialkylaminobenzene and'indole

(Run 4,5) seemed to be similar to that of 4 (and 5)3a, the interesting difference

hetween 3 and 4 was found in Run 6, 9, 10, 11, and 13. CH

Boccﬁiiet al. have reported that the reactions of 4 3 -
{and 5) with 3-substituted indoles (skatole and N - A N0
acetyltryptamine) P in acetic acid afford exclusively

the compounds (24, mp 210°C, 82% and 18, mp 223°C, 24

75%) substituted at the 2-position of the indole

nucleus and that the reaction of 4 with phenol3a

affords only 5-{o-hydroxyphenyl)-
2-pyrrolidincne (21, mp 203°C, 58%). However we obtained the compounds (13, 16,

17} substituted at the l-position of the indole ring in high yields by the
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Table I . Melting Points and Spectral Data of 5-Substituted 2-Pyrrolidinones (7)
m.p. [b.p.] IR PMR
Compound sQ) ¥ max (cm 1) $ (ppm)
Ms(M_,m/e) ]
10 100 (KBr} 3370, 3250 (NH), (CDCly) 8.28 (1H, d, Ar-H), 7.87 (
(4761 1750, 1700 (c=0) 1H, s: Ar-H), 7.2 (IH, br, NH),
6.82 (1H, br-d, NH), 6.2 ue, @,
5.86 (1H, t), 5.8 (1H, m, C.-H),
516 (1H, m), 4,33 (2n. 5], 3.8.i.8
(4H, m, CH,CH:), 2.10 (3H, s, CH
2.06 (3H, 8, EH 3, 2.03(3H, s, CH)
12 177-179 (KBr) 3230 (NH), (éDCL,) 8.5.8.T3(1H, br, NH), 7.7=0
(2001 1645 (C=0) 7.1 (3H, m, Ar-H), 6.0 {1H, br, NH),
5.1 (1H, m, Cg-H), 2.6-2.1 (4H, m,
CH )
13 232-235 (KBr) 3400 (NH), Ret2) 7.7-7.0 (58, m, Ar-H, NH),
(214] 1700 (C=0) 6.92 lH, s, indole ¢, ,-H), 5.85
(1H m, Coo), 2.6-1. 8 (4H, m, CH,-
CH 38 O, s, CH.)
14 235 (KBr) 3200 (NH), (‘ﬁ b0 7 5-6.9 {4H, B, Ar-H), 5.05
g 1675 (C=0) (lH m Co-i), 2.73-2.06 (4, 'm,
CH,), %5 k0 (3H, s,
15 170 (KBr) 3150 (NH), (TBea2) 726290 (4H, m, RI-H), 6.95
(2141 1690 (C=0) (1H, é indole C,,-H), 5.0 (lH, m,
C.-H), 3.6 (3H, 8, cuy, 2.6-2.0
(1H, m, CH,CH
16 164 (KBr) 3200 (NH), (CDC1,) 8.2 (ia COoH) , 7.6-7.0_ (6,
(258] 1700 (C=0) m, Ar3H, NHx2), 6.05 (1H, m, C.-H),
3.67 (ZH, 5, CH,COOH), 2.85-2. K (4H,
_ m, CHCH
17 110-11i4 (KBx) 3250 (NH), i, “ohee} 8.5 (14, s, NH), 7.9 (1H,
(2851 - 1590, 1656 (c=0) a8 n), 7.7-6.9 (5K, m, Ar-), §.20
(8, &, CooR),3.5-3.2 (25, m, WECH,
RPN (2H, m, NHCH,CH.), 2.6-
2 0 (4H, m, CH,CH. ), 2. i T%H, s,
NHCOCH
18 202-203 (KBr} 3250 (NH), (co3on? 7.6-6.9 (45, m, Ar-@), 5.2-
(285] 1680 (C=0) 5.03(1H, m, C.-H), 3.5-2.9 (4H, m,
Hnine), 3.7o3.1" (4B, m, CH,CH,))
2.8 T3H, s, COCH,)
13 81-82 (KBr) 3400 (NH), (CDC1,) 7.6-7.2 16H, m, Ao, NH),
(193] 1660 (C=0) 5.0 (18, d-d, J=3Hz, 7.5Hz, C.-H),
2.7-1.9" (48, m, CH,CH,)
20 110-114 (KBr) 3520 (NH), (cDC1,) 7.4 (1H, WA),27.4-6.8 (5H,
(1771 1700 (c=0) m, Ar3E), 5.66 (1H, m, Cg-H), 2.76~
1.83 (4H, m, CH,CH,)
21 202-203 (KBr) 3150 (NH, OH),  (d.-DMSO) 9.5 (fH, br, OH), 7.9 (lH,
(1771 1670 (C=0) niif, 7.3-6.7 (4H, m, Ar-H), 4.9 (1H,
d-d, J=4.5Hz, 1.6Hz, Co-H), 2.5-1.5
{4H, m, CH CH,)}
22 48-50 (lig. £ilm 3200 (w0, (CDCLy) 6.4 TiH, W), 4.27 (4, g,
(223 [180(2 mmig)] 1730, 1700 -{C=0) CH,CHS}, 3.4 (1H, m, C.-H), 2.5-1.6
(Eﬁ S CH,CH,, ca(cooﬁt)z), 1.3
(6H, t, cnzcﬁ )
23 123 (KBr) 3220 (NH), . (coé1} 20%2" Tin, s, coom, 7.8 (1,
(143] 1725, 1655 (C=o)y wu), 2.03 (lH, m, C.-H), 2.6~1.5

(6H, m, CH CH2, CH EOOH)
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reactions of 3 with 3-substituted indoles (Run 6,9,10)6. No 2-substituted indoles
were detected in Run 6 and 9. In Run 10, Bocchi's product (18) was obtained in
4.2% yield and the yield of 18 improwved to 12.5% in Run 1l (acetic acid condition)
though 17 was a major product in both caseg., The reaction of 3 with phenol in
neat afforded no product because of the polymerization of 3 in this condition.

By the Bocchi's condition (Run 13), 5-phenoxy-2-pyrrolidinone (20) was cbtained as
a major product accompanying with 21 (Bocchi's product). Transformation of 20 to
21 in acetic acid was attempted but failed. From thiophenol, S5-phenylthio-2-
pyrrolidinone (19) was obtained exclusively (Run 12).

From these limited examples we have not been able to realize the reasons why 3 and
4 afforded different products. It should be presumed as cne of factors that the
characters of nucleophiles such as skatole and phenol are delicately different
depending on the reaction conditions.

Active methylene compounds (e, g. diethyl malonate} reacted with 3 in the presence
of base (NaH, NaOEt, n-BuLi) (Run 14), but this method was inferior to the method
using aluminum chloride7. Isopropylidene malonate, a more acidic compound,
however, reacted easily with 3 without base to afford 2-pyrrolidinon-5-ylacetic
acid {23) directly in the moderate yield (Run 15).

In conclusion 5-acetoxy-2-pyrrolidinone (3) has proved to be easily prepared as

mentioned above and to be useful for the synthesis of pyrrolidine derivatives.
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their PMR spectra , namely by the chemical shifts at low fields (5.8-6.2 ppm)
of the Cs-protons of 2-pyrrolidinones with the presence of the Cz.—protons of
indole nuclei.
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