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Abstract: A clean and efficient synthesis of polysubstituted benzenes has been
developed via sequential vinylogous Michael addition and nucleophilic cycli-
zation reactions of arylethylidenemalonodinitriles with arylidenemal onodinit-
riles in the ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate
([bmim][PFg]) employing L-proline as a catalyst.

Keywords. polysubstituted benzenes; organocatalysis; ionic liquids; green che-
mistry.

INTRODUCTION

Polysubstituted benzenes are very useful compounds in organic synthetic
chemistry, natural product chemistry, medicinal chemistry and material science.l
Consequently, enormous numbers of procedures have been developed for their
synthesis. Electrophilic2 or nucleophilic substitutions,3 coupling reactions cata-
lyzed by transition metals?, and metalation functionalization reactions® are con-
sidered as traditional approaches. Later, benzannulation reactions including the
[3+2+1] Dotz Reaction, [4+2] cycloaddition,” [3+3] cyclocondensation,8 [5+1]
benzannulation of alkenoyl ketene-acetals and nitroalkane,® and [4+2] annulation
strategy from the Baylis-Hillman Reactionl0 have been developed in recent years.

Milart et al. described piperidine-catalyzed cyclocondensations of arylethyli-
dene and arylidenemalonodinitriles in acetonitrile.ll Recently, Xue et al.12 and
Su et al.13 reported base-catalyzed cyclocondensations of vinyl malononitriles
and nitro-olefins. Xin et al.14 prepared polysubstituted benzenes via sequential
Michael addition, Knoevenagel condensation and nucleophilic cyclization reac-
tions of chalcones with active methylene compounds in guanidinium ionic li-
quids. Very recently, Helmy et al.1> achieved the synthesis of polyfunctionally-
substituted benzenes by the reaction of the malononitrile dimer with enaminones
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and arylidenemalononitrile in acetic acid in the presence of ammonium acetate.
These approaches have received growing interest due to their short sequence and
regioselectivity, however; it is still of prime interest and great importance to ex-
plore efficient and clean synthetic approaches.

In recent years, ionic liquids, due to their unique properties such as good sol-
vating ability, high thermal stability, negligible vapour pressure, variable pola-
rity, non-flammability and recyclability, have been widely used as “green” sol-
vents for many organic reactions, including transition metal and bio-catalyzed re-
actions, 16 but they have not been frequently used as the media for organocatalyst
catalyzed reactions. Organic reactions catalyzed by small molecule organocatal-
ysts have become very attractive in recent years.17-20 Quinine, ephedrine, 2-(9-
-[(phenylamino)methyl]-4-(S)-hydroxypyrrolidine and 2-(S)-(diphenylhydroxy-
methyl)piperidine and its 1-t-butoxycarbonyl (1-Boc) derivatives have al been
previoudy used as the catalysts for Michael additions, but they gave been only
moderate enantiomeric excess (ee) values.21-25 Loh et al.26 described the excel-
lent results observed for L-proline-catalyzed aldol reactions in imidazolium-based
ionic liquids. Rasalkar very recently described the L-proline-catalyzed Michael
addition of ketones to nitrostyrene.2? In this study, several ionic liquids were
tested and 1-(methoxyethyl)-3-methylimidazolium methanesul phonate
(IMOEMIM]OMs) was found to be the best. In order to achieve good yields, it
was necessary to prolong the reaction time up to 60 h and the catalyst loading
had to be increased to 40 mol % to achieve 75 % ee. Hagiwara28 described orga-
nocatalyst-catalysed additions of aliphatic adehydes to methyl vinyl ketone in
the ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF6]).
2-(9-(Morpholinomethyl)pyrrolidine was found to be the best organocatalyst,
but the yields of the product were only average with 11-51 % ee. Kotrusz2®
found that L-proline in ionic liquidsis a very good catalyst for Michael addition
of aiphatic aldehydes and ketones to B-nitrostyrenes. They also described L-pro-
line-catalyzed Michael additions of thiophenols to a,-unsaturated compounds in
[bmim][PFg].30 Moreover, L-proline, a natural amino acid, is non-toxic, inexpen-
siveand is available in very pure form.

The main aim of the current work was to explore the use of L-proline as a
catalyst in ionic liquid media for Michael additions of arylethylidenemalonodi-
nitriles to arylidenemalonodinitriles that could provide a clean synthetic route to
polysubstituted benzenes.

RESULTS AND DISCUSION

When the reactions of arylethylidenemalonodinitriles 1 and arylidenemal o-
nodinitrile 2 were performed in the presence of 10 mol % L-proline in [bmim][PFg]
at 60 °C, the polysubstituted benzene derivatives 3 were obtained in high yields.
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In an initia study, the reaction of 2-(1-phenylethylidene)malononitrile (1a)
and 2-(4-nitrobenzylidene)malononitrile (2a) was used as a model reaction to op-
timize the reaction conditions. The reaction was first performed in [bmim][PFg]
in the absence of L-proline. No reaction occurred at room temperature or at 60
°C. Similar reactions were then attempted in the presence of 5, 10 and 20 mol %
of L-proline. The results from Table I (entries 4, 7 and 9) showed that 10 mol %
L-proline at 60 °C in [bmim][PFg] was sufficient to push the reaction forward.
Higher loadings of the catalyst did not improve the reaction conditions greatly.
To find the optimum reaction temperature, the reaction was first performed with
10 mol % L-proline at room temperature, which yielded only traces of the pro-
duct, and then at 40, 60 and 80 °C, which resulted in the isolation of 3ain 64, 76
and 72 % yields (Table I, entries 5-8), respectively. Thus, 10 mol % L-proline
and areaction temperature at 60 °C were the optimal conditions. Furthermore, to
determine the most suitable media for the reaction, the model reaction was per-
formed in various ionic liquids as well as in the conventional organic solvent
ethanol (Table I, entries 10-14). The best results in terms of reaction time and
yield were obtained in [bmim][PFg].

TABLE 1. L-Proline-catalyzed synthesis of 3a under different reaction conditions; r.t. — room
temperature; [bmim][PFg] — 1-butyl-3-methylimidazolium hexafluorophosphate; [bmim]Br —
1-butyl-3-methylimidazolium bromide; [hmim][PFg] — 1-Hexyl-3-methylimidazolium hexa
fluorophosphate; [omim][BF,] — 1-Octyl-3-methylimidazolium hexafluoroborate

Entry Solvent Amount of catalyst, mol % T/°C  Time h Yied, %
1 [bmim][PFg] 0 r.t. 10 0

2 [bmim][PFg] 0 60 10 0

3 [bmim][PFg] 5 r.t. 10 Trace
4 [bmim][PFg] 5 60 10 43
5 [bmim][PFg] 10 r.t. 10 Trace
6 [bmim][PFg] 10 40 10 64
7 [bmim][PFg] 10 60 4 76
8 [bmim][PFg] 10 80 4 72

9 [bmim][PFg] 20 60 4 78
10 [bmim][PFg] 10 60 4 75
11 [bmim]Br 10 60 6 58
12 [hmim][PFg] 10 60 6 61
13 [omim][BF,4] 10 60 4 72
14 EtOH 10 80 8 54

Having established the optimal conditions for the reaction, various kinds of
arylethylidenemal onodinitriles 1 and arylidenemal onodinitriles 2 were reacted to
give the corresponding polyfunctionalyzed benzene derivatives 3, and representa-
tive examples are shown in Table I1. All of compounds 1 and 2 gave the expected
products in good to high yields under same reaction conditions, regardless of
whether they bore electron-withdrawing groups or electron-donating groups.
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Thus, it was found that the same product could be synthesized from different
arylethylidene- and arylidenemalonodinitriles with no substantial difference in
yields under the given reaction conditions (TableII, entries 1 and 2).

TABLE I1. L-Proline-catalyzed synthesis of polysubstituted benzenes 3 in [bmim][ PFg]

Entry Ar Ar’ Product Time h Yield,%  M.p. (Lit), °C
1 CeHs 4-NO,CgH4 3a 35 76 242 (244-246)11
2 4-NO,CgH4 CeHs 3a 35 65 244 (244-246)11
3 4-NO,C¢Hs  4-NO,CgHy 3b 4 54 350 (352-353)11
4 CeHs 2-CH30CgH,4 3c 3 85 166 (168-169)14
5 CeHs / \ \ 3d 35 82 > 350
(0]
6 4-O,NCgH,4 / \ 3e 3 85 277-278
(0]
7 4-O,NCgH4 / \ 3f 3 79 272-273
S
8 / \ / \ 39 3 84 318
(] (0]
9 / \ . 3h 4 72 329
N
H
10 ‘\\/ 3i 4 79 315
(T
/

Furthermore, some heteroarylidenemal ononitriles were reacted with aryl- or
heteroarylethylidenemal ononitriles under the same reaction conditions. Surpri-
singly, these reactions afforded the corresponding benzene derivatives containing
heteroaromatic substituents in good yields (Table II, entries 5-10).

The success of the above reactions prompted an investigation of the recyc-
lability of catalyst and ionic liquid. This study was realized using the reaction of
la and 2a in [bmim][PFg] as a model system. After completion of the reaction,
the product was extracted with diethyl ether. The recovered ionic liquid contain-
ing L-proline was then used for the next reaction run. Again, the product 3a was
obtained in better yield. Following four consecutive reaction cycles there was a
slight decrease in the yield (Table III).
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TABLE III. Recycling of the catalyst and ionic liquid in the synthesis of 3a

Run 1 2 3 4
Yield, % 86 84 82 78

Although the detailed mechanism of the above reaction has not yet been cla-
rified, the formation of polysubstituted benzene derivatives 3 could be tentatively
explained by the pathway presented in Scheme 1.

N
7 CN
NC CN CN NC t
. < Base | CN
Ar'
Ar CN Ar Ar'
1 2 A
NH, NH
NC CN NC CN
N - CN
Ar Ar' Ar Ar'
H
B
-HCN | Base
NH,
NC CN
Ar Ar'
3

Scheme 1. Tentative pathway for the formation of the polysubstituted benzene derivatives 3.

In the first step, adduct A is obtained according to the vinylogous Michael
addition of 1 to arylidenemalononitrile. The addition is followed by the Thorpe

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS

@0

56

PG MO
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cyclization of the Michael product A to the cyclohexadiene system B.11 The de-
protonation of B with N-methylimidazole, already contained in imidazolium-based
ionic liquids,3! followed by the elimination of CN which may occur in the last
step afforded the final product 3. The HCN formed in the reaction is neutralized
with the reaction medium that is basic in nature.32 The neutralization of HCN
with the reaction media causes a continuous decrease in the yields while
recycling the catalyst contained in the ionic liquid.

The synthesis of 3a was taken as a representative example to show the ad-
vantage of the method employed in this study over previously reported proce-
dures. As shown in Table 1V, the reaction catalyzed by L-proline in the ionic li-
quid [bmim][PFg] gave a comparable yield and took a shorter time than the other
method.

TABLE IV. Comparison of the present method with other reported protocols for the synthesis
of 3a

Entry Catalyst Conditions Time, h Yield, %
1 L-Proline [bmim][PF¢], 60 °C 35 762
2 Piperidine CH4CN, reflux 3 7711
3 - Guanidinium ionic liquid, 60 °C 5 3214
#This work

CONCLUSIONS

In summary, a new efficient and clean method for the synthesis of polyfunc-
tionalized benzenes has been established via sequential Michael addition and
cyclocondensation of arylethylidenemalononitriles with arylidenemal ononitriles
using L-proline as a catalyst in an ionic liquid, [bmim][PFg]. According to this
methodology, a series of complex aryl compounds such as m-terphenyls and ben-
zenes linked to heteroaromatics could be obtained in satisfactory yields. The sim-
plicity, high yields, mild reaction conditions, easy work-up and reusable solvent
and catalyst make it a preferred procedure for the preparation of polysubstituted
benzenes.

EXPERIMENTAL
General

Chemicals were purchased from Merck and Sigma-Aldrich as “synthesis grade” and
were used without further purification. Melting points were determined in open glass capil-
laries and are uncorrected. The IR spectra were recorded on a Perkin-Elmer-1430 spectro-
photometer using KBr pellets. The 1H- and 13C-NMR spectra were obtained at 400 MHz and
100 MHz, respectively, on a Bruker Avance WM-400 spectrometer using DM SO-dg as the
solvent and TMS as an internal standard. The MS spectra were recorded on a Micromass
ZMD ESI (70 eV) system. Elemental analysis was performed using a Carlo Erba-1108
analyzer.
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Synthesis of the starting ylidenemalonodinitriles

The required arylidene- and arylethylidenemal onodinitriles were obtained via the Knoe-
venagel reaction of the corresponding aldehyde or ketone with malononitrile, as reported in
the literature.33

General procedure for the synthesis of polysubstituted benzenes 3

To aglass via charged with L-proline (10 mol %) were added [bmim][PFg] (5 ml), aryl-
ethylidenemalononitrile 1 (1 mmol) and arylidenemalononitrile 2 (1 mmol). The reaction mix-
ture was stirred at 60 °C for 34 h. After completion of the reaction (as monitored by TLC),
the product was extracted with diethyl ether (4x15 mL) to give the ionic liquid containing
L-proline. The recovered ionic liquid containing L-proline was then used for the next reaction
run. The combined ether extracts were concentrated and chromatographed on a SiO, column
using 8:2 hexane/ethyl acetate in all cases. The products were isolated as pure materias. The
structures of the already known products were confirmed by their melting point and 1H-NMR
spectraand new compounds were fully characterized.

SUPPLEMENTARY MATERIAL

Analytic and spectral data of the synthesized compounds are available electronically
from http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

Acknowledgment. We thank the Director, SAIF, Punjab University, Chandigarh, for the
NMR and MS spectral data.

H3BOJ

E®UKACHA CUHTE3A ITOJTUCYIICTUTYUCAHUX NEPVBATA BEH3EHA,
KATAJIU30BAHA L-ITPOJIMHOM, ¥ JOHCKOJ TEHHOCTH [bmim][PFg]

SHUBHA JAIN, BALWANT S. KESHWAL u DEEPIKA RAJGURU
'School of Studies in Chemistry, Vikram University, Ujjain, Madhya Pradesh-456010, India

Pa3ByjeHa je edykacHa CHHTe3a NOMHUCYICTUTYHCAHUX JlepUBaTa OeH3eHa MOCTYIKOM BH-
HWIHe MajkioBe afgulidje U peakuuje HykIeodUIHe LUKIU3aldje apul-eTWINIEHMaI0HOIU-
HUTpWIA W apWIMIEHMAIOHOOUHUTPWIA, KaTalM30BaHE L-IPOJIMHOM, Y jOHCKOj TE€YHOCTH
[bmim][PFg].

(ITpummbeno 11. nenemdpa 2011, pesunupano 20. jyna 2012)
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