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Abstract. Aluminum  sulfate  octadecahydrate
(Alx(S04)3-18H,0) as an efficient, mild and eco-safe
catalyst for one-pot four-component synthesis of
polysubstituted  dihydropyrrol-2-ones  from  reaction
between dialkyl acetylenedicarboxylate, formaldehyde
and amines (aromatic and aliphatic) under ambient
temperature with good to high yields and short reaction
times is reported. The most benefits of this synthetic
method are efficiency, environmentally benign nature,
inexpensive and non-toxic catalyst, operational simplicity,
clean reaction profile and ease of product isolation with no
necessity of chromatographic purification steps. Products
have been characterized by melting points and *H NMR
spectroscopy.

Keywords: polysubstituted dihydropyrrol-2-ones, alumi-
num sulfate octadecahydrate, eco-safe and efficient cata
lyst, one-pot and facile procedure, multi-component
reaction.

1. Introduction

Recently, the study of the synthesis of nitrogen-
containing heterocyclic compounds, such as pyrrolerings,
has attracted considerabl e interest among organic chemists
because of their special biological and pharmaceutical
activities[1-9]. In the past decades, considerable attention
has been paid to the design of efficient and environmental
friendly synthetic route by using of multi-component
reactions (MCRs) [10-17] due to a wide range of points,
such as atom-economy, simple work-up, mildness and
environmental friendliness, one pot, and low cost. Due to
the importance of polysubstituted dihydropyrrol-2-ones,
various methodologies for the preparation of these
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compounds have been developed, such as Cu(OAC),-H0O
[18], InCl3 [19], I, [20], AcOH [21], [n-BuyN][HSO,]
[22], Al(H.PO4)s [23], oxalic acid [24], ZrCl, [25],
[Hpyro][HSO,4] [26], and p-TSOH-H,O [27] can be used
as catalysts for this transformation. Some of these
methodol ogies have limitations such as long reaction time,
low yields, toxic and expensive catalysts, complex work-
up, and use of strongly acidic conditions. Thus, there is
still a need to develop a highly efficient and convenient
method for the synthesis of these biologically active
heterocyclic compounds.

During the past decades, the use of alum com-
pounds as environmental safe catalysts in organic
synthesis [28, 29] have attracted a great interest due to
their notable advantages such as non-toxicity, environ-
mental friendliness, ease to handle, high efficiency and
low cost. Furthermore, one of the sources of environ-
mental pollutions is the usage of organic solvents under
reflux conditions and the need for column chromato-
graphy to purify the products. In this work, the products
were obtained through simple filtering with no need of
column chromatographic separation.

Based on the above considerations and our interest
in the design of efficient and environmentally benign
methodologies, attempts were directed to synthesize
polysubstituted dihydropyrrol-2-ones by using a non-
toxic, eco-safeand mild catalyst.

Therefore, we reported an efficient and capable
protocol for the preparation of polysubstituted
dihydropyrrol-2-ones in the presence of aluminum sulfate
octadecahydrate (Alx(S04)3-18H,0) as an environmental
friendly, inexpensive and efficient catalyst by reaction of
dialkyl acetylenedicarboxylate, formaldehyde and amines
(aromatic and aliphatic) under ambient temperature. High
effectiveness, environmentally benign nature, ready-to-
use, low-cost and non-toxic catalyst, good to high yields,
short reaction times, and economy is what makes our
protocol an alternative to some of the earlier reported
methods.
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2. Experimental

2.4. Determination of Total Fluorine

Melting points of al compounds were determined
using an Electro thermal 9100 apparatus. Also, nuclear
magnetic resonance, '"H NMR spectra were recorded on a
Bruker DRX-400 Avance instruments with CDCl; as
solvent. All reagents and solvents were purchased from
Merck, Huka and Acros chemical companies and used
without further purification.

General procedure for preparation of poly-
subgtituted dihydropyrrol-2-ones (5a-t)

A mixture of amine 1 (1.0mmol) and diakyl
acetylenedicarboxylate 2 (1.0 mmol) was stirred in MeOH
(3ml) for 15min. Next, amine 3 (1.0 mmol), formal-
dehyde 4 (1.5mmol) and Aly(S04)318H,0 (15 mal %)
were added and the reaction was stirred for appropriate
time. After completion of the reaction (by thin layer
chromatography TLC), the mixture was separated with
filtration and the solid was washed with ethanol (3x2 ml)
with no column chromatographic separation to give pure
compounds (5a-t). The catalyst is soluble in ethanol and
was removed from the reaction mixture. Products were
characterized by comparison of spectroscopic data
(*H NMR).

2.2. Physical and Spectral Data for
Selected Products:

Methyl4-(4-methyl phenylamino)-1-(4-methyl-
phenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5¢):

White solid; Yidd: 89%; M.p. 449-451K;
'H NMR (400 MHz, CDCls): 2.36 (6H, s, 2CH3), 3.77 (3H,
s, OCH3), 452( 2H, s, CHN), 7.06 (2H, d, J=8.4Hz,
ArH), 7.14 (2H, d, 3=8.4 Hz, ArH), 7.21(2H, d, J=8.4 Hz,
ArH), 7.68 (2H, d, J=8.8 Hz, ArH), 8.03 (1H, s, NH).

Ethyl4-(4-methyl phenylamino)- 1-(4-methylphenyl)-
2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5d):

White sdlid; Yidd: 87%; M.p. 402-404K;
'HNMR (400MHz, CDCly): 125 (3H, t, J=7.2Hz
CH,CH3), 2.37 (6H, s, 2CHg), 423 (2H, q, J=7.2Hz,
2CH,CH3), 453 (2H, s, CH>N),7.06 (2H, d, J=84 Hz,
ArH), 7.14 (2H, d, J=8.4 Hz, ArH), 7.21 (2H, d, J=8.4 Hz,
ArH), 7.69 (2H, d, J=8.4 Hz, ArH), 8.01 (1H, s, NH).

Methyl4-(4-fluor oyphenylamino)-1-(4-fluoro-
phenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5€):

White Solid; Yied: 93%; M.p. 437-439K;
'HNMR (400 MHz, CDCl3): 3.79 (3H, s, OCH,), 4.52
(2H, s, CH>N), 7.04 (2H, t, 3=8.4 Hz, ArH), 7.08-7.16 (4H,
m, ArH), 7.73-7.76 (2H, m, ArH), 8.05 (1H, s, NH).

Methyl4-(4-methoxyphenylamino)- 1-(4-methoxy-
phenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (59):

White solid; Yield: 88 %; M.p. 447-448K; 'H NMR
(400 MHz, CDCly): 3.77 (3H, s, CHg), 3.83 (6H, s, 20CH3),
450 (2H, s, CH-N), 6.89 (4H, d, J=17.6 Hz, ArH), 7.13
(1H, s, ArH) ,7.68 (1H, s, ArH), 8.03 (1H, s, NH).

Ethyl4-(4-methoxyphenylamino)-1-(4-methoxy-
phenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5h):

White sdlid; Yidd: 85%; M.p. 427429K;
'HNMR (400MHz, CDCly): 126 (3H, t, J=7.2Hz,
CH,CH3), 3.83 (6H, s, 20CH3), 4.23 (2H, g, J=7.2Hz,
CH,CH3), 450 (2H, s, CH»N), 6.87 (2H, d, J=8.8Hz,
ArH), 6.93 (2H, d, J=8.8 Hz, ArH), 7.12 (2H, d, J=8.8 Hz,
ArH), 7.69 (2H, d, J=8.8 Hz, ArH), 8.02 (1H, s, NH).

3. Results and Discussion

To optimize the reaction conditions, reaction
between aniline, dimethyl  acetylenedicarboxylate
(DMAD), and formaldehyde was used as model reaction.
The initially catalytic activity of Alx(S04)3-18H,0 was
tested in a model system using four-component reaction
of aniline (2mmal), dimethyl acetylenedicarboxylate
(DMAD) (1 mmoal) and formaldehyde (1.5 mmoal). In the
absence of a catalyst, only atrace of product was obtained
at rt for areaction time of about 10 h (Table 1, entry 1),
which indicated that the catalysts should be necessary for
this transformation. The optimized conditions were
determined by the number of the equivalents of catalyst
and varying the solvents. Various loadings of catalysts,
including 5, 10, 15, and 20 mol % were screened in our
model reaction. By lowering the catalyst loading to
5 mol %, the corresponding product was obtained with
lower yield (Table 1, entry 2). By increasing the amount
of catalyst from 5 to 10 and 15 mol %, the reactiontimeis
reduced and the yield of the product increases (Table 1,
entry 2-4). 15 mal % of Alx(S04)3-18H,0 was proven to
be the most efficient catalyst for this reaction (Table 1,
entry 4). The larger amount of the catalyst did not
improve the yields (Table 1, entry 12). The reaction was
also investigated in the absence of solvent, in the presence
of 15 mal % of the catalyst and at rt, which resulted in the
production of a reaction product with low yield and longer
reaction time, indicating that the solvent plays an effective
role in the development of this reaction (Table 1, entry
11). The results indicated that a low yield of the desired
product was obtained when EtOH, H,O, CHCl3, CH.Cl,,
DMF and CH3;CN were used as solvents. The best yield
was obtained when the reaction was performed in MeOH
and it accel erated the reaction compared with other solvents
and solvent-free condition (Table 1, entry 4). Therefore, we
employed the optimized conditions 15mol % of
Al(S04)3-18H,0 as an efficient catalyst in MeOH at rt for
the condensation reaction of amine 1, 3 (2.0 mmol) and
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diakyl acetylenedicarboxylate 2 (1.0 mmol) and formal-
dehyde 4 (1.5 mmoal) into the corresponding polysubstituted
dihydropyrrol-2-one derivatives (Scheme 1 and Table 2).
Aromatic or diphatic amines with €ectron donating groups
such as Me and OMe, as well as dectron withdrawing
groups including F, Cl, and Br were converted into the
corresponding products with good to high yields and short
reaction times. We also applied dimethyl/ethyl acetyle-
nedicarboxylate. The results are summarized in Table 2. In
genera, a the beginning of reactions, the reagents were
completely soluble in reaction medium to form a mixture.
However, at the end of the reactions, the product 5 was
precipitated and separated by smple filtration. No column
chromatography technique was used for products purifi-
cation. This avoids the use of large amounts of volatile
organic solvents, as the solvent is generally the main source
of waste and environmental pollution. The structure of the
products was characterized by their meting points and
nuclear magnetic resonance (*H NMR) spectral data. For
example, the structure of known product 5g was deduced on
the basis of '"H NMR spectroscopy and its structural assig-
nment is described below. The *H NMR spectrum of com-
pound 5g in CDCl; exhibits two singlets at 3.77 and
3.83ppm for methyl and methoxy groups. A singlet at
4.50 ppm appeared for methylene protons of dihydropyrrol-
2-onering. TheNH proton exhibited as a broad singlet at

8.03 ppm and 6 aromatic protons which appeared as a doub-
let a 689 and two singlets a 7.13 and 7.68 ppm,
respectively.

Proposed mechanism for the synthesis of polysub-
stituted dihydropyrrol-2-ones derivatives in the presence
of Alx(S04)318H,0 are shown in Scheme 2. Firstly, the
reaction of amine 1 with dialkyl acetylenedicarboxylate 2
leads to intermediate A. Secondly, condensation between
amine 3 and formaldehyde 4 in the presence of
Alx(S0,)318H,0 produces imine B. Intermediate A
possesses an enamine character and, thus, can readily
react with imine B in the presence of Aly(S0,4)3-18H,0 to
generate intermediate C. Cyclization reaction of inter-
mediate C leads to intermediate D, which in the final step
tautomerizes to the corresponding polysubstituted
dihydropyrrol-2-ones 5.

Comparison of catalytic ability of some of catalysts
reported in the literature for the synthesis of polysubstituted
dihydropyrrol-2-ones are shown in Table 3. This study
reveals that Aly(S0,)3.18H,0 has shown its extraordinary
potential to be an alternative, inexpensive, of environmen-
tally benign nature, and efficient catalyst for the one-pot
synthesis of these bidlogicaly active heterocyclic com-
pounds. Additionally, good to high yields and short reaction
times are the notabl e advantages of this methodol ogy.

CO,R?
H @)
RM—NH, + | RN
1 CO,R? | N-Ar
A|2(SO4)318H20 (15 mol 0/0) 2
> R 02C S
2 MeOH, r.t. H
@) Sat
Ar=NH — + )LH
3 4

Rl = C6H5, 4-Me'C6H4, 4-F—C6H4, 4-OM e'C6H4, 4-Br-C6H4, PhCHz, n—C4Hg.

R2 = CH3, C2H5.

Ar = CgHs, 4-Me-CgHy, 4-F-CgH,, 4-OMe-CgHy, 4-Br-CgHy, 4-Cl-CgHy, 3, 4-Cl,-CgH.

Scheme 1. Synthesis of polysubstituted dihydropyrrol-2-ones
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Table 1
Optimization of thereaction condition in the presence of different amounts of Al,(SO,)3-18H,0
and different solventsfor the synthesis of 5a
CO.,Me H o
o) _N
Ph—NH,  + I‘| N Ph—-NH,  + HJLH P ji/iN—Ph
CoMe MeO,C~ 3
H H
Entry Al(S0,);-18H,0, mol % Solvent Time, h Isolated yield, %
1 Catalyst free MeOH 10 trace
2 5 MeOH 6 45
3 10 MeOH 4 73
4 15 MeOH 3 91
5 15 H,O 10 31
6 15 CH<CN 6 43
7 15 EtOH 4 65
8 15 DMF 10 37
9 15 CHCI; 12 16
10 15 CH.Cl, 12 14
11 15 Solvent free 6 42
12 20 MeOH 3 92

Note: aniline (2.0 mmol), dimethyl acetylenedicarboxylate (1.0 mmol) and formaldehyde (1.5 mmol) and catalyst in various
solvents at room temperature.

Table 2
Synthesis of polysubstituted dihydropyrrol-2-ones
CO,R?
RNH, | anji{:
CO,R? | N-Ar
Aly(S0)318H,0 (15mol %)  _, _
RIO,C™ 3
MeOH, 1 t. H H
o
ANH J N
Entry R R Ar Product | Time h | Isolatedyidd, % M.p., K Lit. M.p., K
1 Ph Me Ph 5a 3 91 426428 | 428-429[19]
2 Ph Et Ph 5b 3 88 412414 | 411-413[20]
3 4-Me-CgH, Me 4-Me-CgH, 5c 3 89 449451 | 450-451[19]
4 4-Me-CgH, Et 4-Me-CgH, 5d 3 87 402404 | 404-405[20]
5 4-F-CgH,4 Me 4-F-CgH,4 5e 25 93 437439 | 436-438[23]
6 4-F-CgH,4 Et 4-F-CgH,4 5f 3 92 444446 | 445447 [21]
7 4-OMeC¢H, | Me | 4-OMe-CgH, 59 4 88 447448 | 445448 [21]
8 4-OMe-CgH, Et 4-OMe-CgH, 5h 4 85 427429 | 425427 [22]
9 4-Br-CgH,4 Me 4-Br-CgH,4 5i 5 83 446448 | 448-450([21]
10 4-Br-CgH,4 Et 4-Br-CgH,4 5 55 80 444446 | 442444120
11 PhCH, Me Ph Bk 4 84 412414 | 413-414120]
12 PhCH, Et Ph 5l 4 82 405407 | 403-405[20]
13 PhCH, Me 4-Cl-CgH,4 5m 45 78 417419 | 417-420[26]
14 PhCH, Me 4-F-CgH,4 5n 35 89 440442 | 439-441[22]
15 PhCH, Me 4-Br-CgH,4 50 4 81 394-396 | 396-398 [26]
16 n-C4Hq Me Ph 5p 4 82 312-314 313[19]

17 n-C4Hq Me 4-Cl-CH,4 5q 5 79 366-368 | 365-367[26]
18 n-C4Hq Me | 3,4-Cl-CgHs 5r 55 76 368-370 | 370-372[22]
19 n-C4Hq Me 4-F-CgH,4 5s 4 84 353-355 | 354-356 [25]
20 n-C4Hq Et 4-Br-CgH,4 5t 55 75 369-371 | 367-369[22]
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1
CO,R? Michael o R\NjH _
addition .
R-NH, + OR? 1
L |‘| RO 2 Q IR;\|N
! 2
2 CO,R? AN\O rR20-C Cor
- 40N
® H NSNS
OII OH,18.(0,9)sAl, o H H A Al,(SO,)3.18H,0
N=
. wH Al(S0,)5 18H,0 Ny ] c
- Hzo
3 4 B
1 1
RO _AI,(S0,).18H,0 o
H )
o "\~ / _C
> G RPO™ N=
C R“O ] ]
"R20OH H'/~N Tautomeri zation H' /~N
H O
D 5
Scheme 2. Proposed mechanistic route for the synthesis of polysubstituted dihydropyrrol-2-ones
Table 3
Comparison of catalytic ability of some of catalystsreported in theliterature for the synthesis
of polysubstituted dihydropyrrol-2-ones
Entry Compound Catayst Conditions Time, h/Yidd, % References
1 5a Cu(OAC),.H,0 MeOH, r.t. 6/91 [17]
2 5a InCl, MeOH, r.t. 3/85 [18]
3 5a I, MeOH, r.t. 1/82 [19]
4 5a [n-BuN][HSO,] MeOH, r.t. 4/88 [21]
5 5a Al(H,PO,); MeOH, r.t. 5/81 [22]
6 5a ZrCl, MeOH, r.t. 4/84 [24]
7 5a [Hpyro][HSO,] MeOH, r.t. 6/82 [25]
8 5a p-TSOH-H,O MeOH, r.t. 3/84 [26]
9 5a Aly(S0,)3.18H,0 MeOH, r.t. 391 Thiswork
10 5b Cu(OAC),.H,0 MeOH, r.t. 5/85 [17]
11 5b InCl; MeOH, r.t. 3/85 [18]
12 5b I, MeOH, r.t. 1/81 [19]
13 5b [n-BuN][HSO] MeOH, r.t. 4/86 [21]
14 5b Al(H,PO,); MeOH, rt. 5/80 [22]
15 5b ZrCl, MeOH, r.t. 3.5/83 [24]
16 5b [Hpyro][HSO,] MeOH, r.t. 6/80 [25]
17 5b p-TSOH-H,O MeOH, r.t. 4/84 [26]
18 5b Aly(S0,)3.18H,0 MeOH, r.t. 3/88 Thiswork

4, Conclusions

A clean and mild protocol for the one-pot
preparation of polysubstituted dihydropyrrol-2-ones via a
one-pot four-condensation of dialkyl acetylene-
dicarboxylate, formaldehyde and amines (aromatic and
aliphatic) at room temperature conditions using aluminum
sulfate octadecahydrate (Al(S04)3-18H,0) as the catalyst

with short reaction times is studied. The present procedure
provides economic, mild and convenient methodol ogy for
the synthesis of target compounds. The notable
advantages of the present methodology are environ-
mentally benign nature, inexpensiveness, non-toxicity,
easy to handle and versatile catalyst, good to high yields,
one-pot, high efficiency, and simplicity of operation with
no necessity of chromatographic purification steps.
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Alx(S0,)3-18H,0 SIK EKO-BE3IEYHUI
KATAJIIBATOP JIJISI CAHTE3Y IOJIIBAMIIIEHUX
JIUT'IPOIIPOJI-2-OHIB

Anomauin. [locniodceno oxmaoexkaziopam amoMiniio cyib-
pamy (Alx(S04)s-18H,0) s egpexmusnuti ma exonoziuno 6Ges-
neuHutl  Kamauizamop Ol OOHOCMAOIUHO20 — YOMUPUKOMNO-
HEHMHO20 cunmesy 6a2amo3amiyeHux Ouioponipon-2-omie 3a
peakyicio diankunayemuneHoukapbokcuiany, gopmanvoecioy ma
aminie (apomamuunux ma anipamuunux) 3a memnepamypu Hd-
BKOMUWHBO2O cepedosuwjd. Bcmanoseneno, wo 6 npucymuocmi
MaKo2o Kamanizamopa 8uxoou npoOYKmie € GUCOKUMU, a Ydc
peaxyii manuil. Tlokazano, wo HauOBUWUMU NEPeBazamu Mako2o
cuHmesy € eghexmusHicmo, eKON02IYHICMb, Hedopo2a 8apmicmes ma
HEeMOKCUYHICMb Kamanizamopa, npocmoma excniyamayii, Yimkuil
nepebiz peaxyii ma jeskicmo 6UOiLeHHs NPOOykmy 6e3 HeoOXio-
Hocmi Xpomamozpadiunozo ouuwenHa. Busnaveno memnepamypu
monnennsi npodykmis ma nposedeno H AMP-cnexmpockoniuni
O0CTIONHCEHHSL.

Knrouosi cnosa. 6Oazamosameweni oucioponipoin-2-onu,
oxkmaoeziopam auoMiHilo cynbgamy, exonociuHo 6e3neynull ma
epexmusnuil  kamanizamop, 00HOCMAOitHULL cunmes, 6azamo-
KOMROHEHMHA PeaKyisi.



