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Synthesis of Some 2,5-Disubstituted 5-Aryl-4-ox0-4,5-
dihydropyrrole Derivatives from 2,5-Disubstituted
3-Ethoxycarbonyl-S-hydroxy-4-oxo-4,5-dihydropyrroles

Suzanne GELIN*, Christian DESHAYES

Laboratoire de Chimie Organique, Institut National des Sciences Ap-
pliquées, F-69621 Villeurbanne Cedex, France

Although a variety of methods for the synthesis of 4-0x0-4,5-
dihydropyrroles is given in the literature'-*, the direct intro-
duction of an aryl group into the 4-0x0-4,5-dihydropyrrole
ring has not been reported. We now report that the 3-ethoxy-
carbonyl-5-hydroxy-4-0xo-4,5-dihydropyrroles 17** condense
with reactive aromatic compounds 2 such as resorcinol, phe-
nol, or anisole, to afford the novel corresponding S-aryl deri-
vatives 3. The use of acidic medium (15% concentrated sul-
furic acid in 85% phosphoric acid) as the solvent and catalyst
delivers 3 in a very clean and complete reaction.
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In the case of phenol or anisole, the isomer distribution ortho
to para appears to depend upon the nature of the R? substi-
tuent. The reaction yields largely the ortho-bonded products
when R’=H, whereas, it leads to the para-derivatives with
R®=alkyl (Table). The structural assignments of several pairs
of isomeric compounds (R*=H) are based upon their 'H-
N.M.R. spectra. The para-disubstituted compounds 3d, 3f, 3h,
3j are easy to recognize because of their symmetrical A,B,
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pattern. In the case of the N-substituted derivatives 31-n, the
R substitution could not be unequivocally assigned on the
basis of their spectral data. The para structure is supported by
the N- or O-methylation of 3h or 3m, respectively, to give a
product which is found spectroscopically identical to the com-
pound 3n prepared from 1 (R'=CH;, R’=CH.C.H.
R*=CH;) and anisole.

When the compounds 3 are heated at 120-130°C, in the same
acidic medium (H;PO,/H,S0O,), they rapidly decarboxylate
giving rise to the corresponding derivatives 4.

3-Ethoxycarbonyl-S-hydroxy-5-methyl-4-oxo-2-phenyl-4,5-dihydropyr-
role (1; R'=C,Hs, R*=CH;, R*<=H):

Prepared from 5-acetoxy-3-ethoxycarbonyl-5-methyl-4-oxo0-2-phenyl-
4,5-dihydrofuran and 28% aqueous ammonium hydroxide according
to Ref.”; yield: 65%; m.p. 196°C (CH,;CN).

CHisNO, calc. C64.36 HS579 NS5.36

(261.3) found 64.57 6.01 5.24
'"H-N.M.R. (DMSO-dy): =1.02 (t, 3H); 1.33 (s, 3H); 4.0 (g, 2H);
4.80 (s, 1H, exch. with D,0); 7.53 (s, 5H); 9.7 ppm (s, 1 H, exch.).

LR. (KBr): v=1700, 1635 cm~".

2,5-Disubstituted  5-Aryl-3-ethoxycarbonyl-4-oxo0-4,5-dihydropyrroles
(3): General Procedure:

A mixture of 1 (10 mmol) and 2 (20 mmol) in 85% phosphoric acid (10
g) and concentrated sulfuric acid (1.5 g) is stirred at room temperature
for 24 h. The reaction mixture is poured into crushed ice (100 g) with
stirring.

Work up procedure for 3a-f, k-m (R* or R®=OH): The solid that sepa-
rates is filtered and washed with 5% aqueous sodium hydrogen car-
bonate solution and then water. Trituration of the crude product with
1:5 ethanol/ether (50 ml) gives, after filtration and drying, an essen-
tially pure material which is recrystallized (3a-c, e, k-m). The isomer
mixture 3¢/3d or 3e/3f (0.5 g) is chromatographed through a column
(3 cmx 40 cm) of silica gel (80 g) using ethyl acetate as eluent. Com-
pound 3¢ (0.34 g, 57%) or 3e (0.38 g, 64%) is first eluted in the fraction
150 to 180 ml or 160 to 250 ml then the para isomer 3d (0.10 g, 16%) or
3f (0.08 g, 13%) is obtained from the 350 to 500 ml or 400 to 550 ml
fraction.

Work up procedure for 3g-j, n (R* or R*=0CH;): The reaction mix-
ture is extracted with chloroform (3 x 50 ml). The extracts are dried
with sodium sulfate. The chloroform is evaporated and the residue tri-
turated with ether (50 ml) to give a crystalline solid. Two fractional re-
crystallizations afford 3h (acetonitrile; yield: 10%) or 3j (methanol;
yield: 5%). Pure ortho compound 3g or 3i is obtained from the 3g/3h
or 3i/3j mixture (0.5 g) by chromatography through a column (3
cm x 40 cm) of silica gel (80 g) using ether as eluent: 3g (0.12 g, 19%)
or 3i (0.28 g, 44%) in the fraction 800 to 1000 ml or 1000 to 1300 ml
and then an isomeric mixture of 3g+3h or ei+3j.

Methylation of 3h or 3m:

To a stirred sotution of 3h or 3m (0.73 g, 2 mmol) in absolute ethanol
(20 ml) containing sodium ethoxide (from 0.012 g of sodium) is added
dropwise, dimethyl sulfate (0.30 g, 2.4 mmol). The mixture is then
heated under reflux for 1 h, poured into water (50 mi), and extracted
with chloroform. The extracts are dried and evaporated under reduced
pressure. The residue is triturated with ether to give 3n; yield: 0.46 g
(61" from 3h) or 0.53 g (70% from 3m), which may be further recrys-
tallized from acetonitrile.

2,5-Disubstituted 5-Aryl-4-0x0-4,5-dihydropyrroles (4); General Proce-
dure:

A solution of 3 (5 mmol) in 85% phosphorus acid (5 g) and concen-
trated sulfuric acid (0.75 g) is heated with stirring in an oil bath at
120-130°C for 10 min. The mixture is poured into crushed ice (100 g).
The resulting precipitate is filtered, washed with 5% aqueous sodium
hydrogen carbonate solution and then water. Crystallization from ace-
tonitrile affords the pure compounds 4.
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Table. 4-Oxo-4,5-dihydropyrroles 3 and 4

SYNTHESIS

Com- R' R? R? R*
pound

Yield
[%)

Molecular
Formula®

m.p. {°C}]
{Solvent)

'H-N.M.R. (DMSO-d,/TMS)
& [ppm]

3a CH; CH,CHs; H OH

3b CH; CH; H OH

3c CH; CH,CHs H OH

3d CH; CH,CéHs H H

3e CHs; CH; H OH

3f CsH: CH, H H

3g CH; CH,CHs H OCH;

3h CH, CH,CHs H H

3i CH: CH; H OCH;

3 CeHs; CHy H H

OoH

OH

OH

OH

’

OCH; J

OCH;4

84

34°

85*

30"

30°

CyHz NOs
(367.4)

CapH1oNOs
(353.3)

C, H,NO,
(3514)

C2oH19NO4
(337.4)

C5.Ha:NO,
(365.4)

C;H;NO,

(351.4)

202°
(CH,CN)

260°

(CHLCN)

224°
(CH,;0H)

260°¢

230°
(CH,0H)

224°

192°¢

195°
(CH;CN)

184°°¢

205°
(CH;CN)

114 (t, 3H, J=7 Hz); 2.29 (s,
3H); 3.35 and 3.41 (2d, 2H, AB
system, Jauw=13 Hz); 4.03 (q.
2H, J=7 Hz); 6.25 (g, 1 H, J =2
Hz, J=8.5 Hz): 6.41 (d, IH,
J=2 Hz): 7.10 (d, 1H, J=8.5
Hz); 7.18 (s, 5H); 9.36 (br, 1H,
exchangeable with D,0): 9.96
(br, TH exch.); 10.63 (br, 1H
exch.)

1.03 (t, 3H, J=7 Hz); 1.55 (s,
3H): 399 (q, 2H, J=7 Hz);
6.21-6.44 (m, 2H); 7.11-7.33 (m,
[H); 7.63 (s, 5H); 9.35 (br, 1H
exch.); 9.76 (br, 1 H exch.); 9.84
(br, 1H exch.)

I.16 (t, 3H, J=7 Hz); 2.33 (s.
3H); 3.39 (s, 2H); 4.06 (q, 2H,
J=7 Hz); 6.64-7.08 (m, 2H);
7.06-7.48 (m, 7H, with a singlet
at 7.24); 10.11 (br, 1H exch.);
10.68 (br, 1H exch.)

1.13 (t, 3H, J=7 Hz); 234 (s,
3H); 3.10 and 3.31(2d, 2H, AB
system, Jap=13 Hz); 401 (q,
2H,J=7 Hz); 6.81 and 735 (2 d,
4H, A,B, system, Jopg=9 Hz);
7.21 (s, SH): 9.48 (br, I H exch.);
10.05 (br, 1H exch.)

1.04 (t, 3H, J=7 Hz); 165 (s,
3H); 400 (q, 2H, J=7 Hz);
6.76-7.04 (m, 2H); 7.24-7.54 (m,
2H); 7.61 (s, 5H); 9.83 (br, 1H
exch.); 10.01 (br, 1H exch.)

1.03 (t, 3H, J=7 Hz); 1.61 (s,
3H); 3.98 (g, 2H, J=7 Hz); 6.86
and 7.26 (2 d, 4H, A;B; system,
Jaa=9 Hz); 7.48-7.90 (m, SH);
9.4 (br, 1H exch.); 10.14 (br,
1H exch.)

1.33 (t, 3H, J=T7 Hz); 2.34 (s,
3H); 3.30 and 341 (2 d, 2H, AB
system, Jap=13 Hz); 391 (s,
3H); 429 (q, 2H, J=7 Hz):
6.92-7.56 (m, 8 H, with a singlet
at 7.26); 7.71 (br, 1H exch.);
7.93-8.15 (m, 1H)*

1.21 (t, 3H, J=7 Hz): 249 (s,
3H); 3.36 (s, 2H); 3.76 (5, 3H);
4.13 (q, 2H, J=7 Hz): 6.84 and
7.50 (2 d, 4H, A,B; system,
J\s=9 Hz); 7.16 (s, SH); 8.31
(br, 1H exch.)?

1.24 (t, 3H, J=7 Hz); 1.79 (s,
3H); 3.98 (s, 3H): 4.26 (q, 2H,
J=17 Hz); 6.95-7.23 (m, 2H);
7.31-801 (m, 8H with 1H
exch.)*

1.13 (, 3H, J=7 Hz); 1.68 (s.
3H}; 3.79 (s, 3H); 4.08 (g, 2H.
J=17Hz); 6.86 and 7.36 (2d, 4 H.
A,B, system, Jan=9 Tz), 7.19-
7.86 (m, 6 H with 1 H exch.)
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Com- R!
pound

RZ

R3

R4

R’ Yield
[%]

Molecutar
Formula®

m.p. {°C]
{Solvent)

'H-N.M.R. (DMSO-d,/TMS)
& [ppm]

3k CH;

3l CH,

3m CH,

3n CH,

CH,CH;

CH,C¢Hs

CH,CeH;

CH2C6H5

CH,CcHs OH

CH,CsHs H

CH;,

CH;

OH 90

OH 60

OH 55

OCH; 74

C3Hz,NOs-C,H;OH
(503.6)

CaH2yNO,4
(367.4)

Cy;HNO,
(365.4)

Ca3HsNO, - H,0
(379.4)

196-198°
(C,H;OH)

223°
(CH;CN)

201°
(CH;CN)

160°
(CH;CN)

1.11 (t, 3H, J=7 Hz); 2.03 (s,
3H); 2.96 and 3.13 (2 lines, 1H,
part of an AB system, Jag=13
Hz); 3.65-4.18 (m, 3 H); 478 and
486 (2d, 2H, AB system,
Jap=17 Hz); 6.11 (d, 1H, J=2
Hz); 625 (g, 1H, J=2 Hz,
J=8.5 Hz); 7.16 (s, 10H); 7.38
(d, 1H, J=8.5 H2): 9.28 (br, | H
exch.); 9.56 (br, 1 H exch.)

111 (¢, 3H, J=7 Hz): 2.09 (s,
3H); 3.03 and 3.19 (2 lines 1H,
part of an AB system, Jau=13
Hz); 3.75-4.18 (m, 3 H); 4.78 and
495 (2 d, 2H, AB system,
Jas=17 Hz); 6.50-733 (m,
13H); 7.49-7.73 (m, 1H); 9.78
(br, 1H exch.)

1.10 {t, 3H, J=7 Hz); 2.19 (s.
3H); 2.96 (s, 3H); 3.38 and 3.50
(2 d, 2H, AB system, Jag=13
Hz);3.99 (q, 2H, J=7 Hz); 6.71-
7.44 (m, 8H with a singlet at
7.20); 7.44-7.71 (m, 1H); 9.06-
10.16 (br, 1 H exch.)

1.29 (t, 3H, J=7 Hz); 2.26 (s.
3H); 2.93 (5, 3H); 3.41 and 3.64
(2 d, 2H, AB system, J 5=13
Hz); 3.66 (s, 3H); 4.01-4.45 (m,
2H); 6.85~7.56 (m, 8H with a
singlet at 7.24); 7.56-7.75 (m,
1H)¢

4a CH;

4c CH3

4e CsHs

4k CH;

41 CH;

CH,C,H-

CH,CHs

CH;

CH2C6H5

CH,C4H;

OH

OH

OH

CH,CsHs OH

CH,C¢Hs H

OH 60

OH 60

CisH7NO;-C,H;OH
(341.4)

CsH;7NO,
(279.3)

C7HsNO,

(265.3)

C;sHy;3NO;3-H,O

(403.5)

CasH23NO,-H,0
(387.5)

255°
(C:H,OH)

255°
(CH;CN)

192°

(CH;CN)

210°

(CH,;CN)

204°
(C;H:OH)

2.03 (s, 3H); 3.20 and 3.33 (2 d,
2H, AB system, J p=13 Hz);
4.63 (s, 1H); 6.18 (q. 1H, J=2
Hz and 9 Hz); 6.31 (g, 1 H, J=2
Hz); 6.99 (d, 1H, J=9 Hz): 7.18
(s, SH); 9.24 (br., 2H, exch.);
11.95 (br, 1 H, exch.)

2.05 (s, 3H); 3.21 and 341 (2 d,
2H, AB system, J g=13 Hz):
4.68 (s, 1H);: 6.61-7.03 (m, 2H):
7.03-7.29 (m, 7H with a singlet
at 7.18); 9.38 (br, 1H exch.);
12.13 (br, 1 H exch.)

1.71 (s, 3H); 5.65 (s, 1 H); 6.70-
6.98 (m, 2H); 7.05-7.79 (m, 5 H);
7.94-8.18 (m, 2H); 9.33 (br, 1H
exch.); 11.28 (br, 1H exch.)

1.65 (s, 3H); 2.99 and 3.75 (2 d,
2H, AB system, Joz=13 Hz);
4.48 (s, 1H); 4.71 (s, 2H): 6.16-
6.29 (m, 2H); 6.49-7.36 (m,
1TH); 9.19 (br, 1H exch.): 9.36
(br, 1H exch.)

1.70 (s, 3H); 3.09 and 3.85 (2 d,
2H, AB system, J =13 Hz);
4.55 (s, 1H); 4.76 (s, 2H); 6.60-
7.36 (m, 13H); 7.44-7.65 (m,
1'H); 9.63 (br, 1 H exch.)

* The microanalyses were in satisfactor

b

N.M.R)).

d

-

Isolated by column chromatography.
In CDCI,. LR. (KBr): Voo o= 1620-1670 ¢cm ! (f-amino-enone).

y agreement with the calculated values: C, +0.32: H, £0.41; N, £0.38.
(estimated by column chromatography); 3g/3h: 62 :38, 3i/3j: 78:22 (determined by 'H-

Ortho/ para mixture: 3¢/3d: 78:22, 3e/3f: 82:18
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