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ABSTRACT

An efficient procedure for the Knoevenagel condensation of various aryl
aldehydeswith active methylene nitrile compounds using sodium ascorbate
as an efficient, green, inexpensive, and commercially available catalyst in
water is reported. The advantages of this work are clean, easy work-up,
high yields, and the use of water as environmentally benign solvent.
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INTRODUCTION

TheKnoevenagel condensation reactionisawell-
known reaction for carbon-carbon bond formation be-
tween an adehyde or ketone and a methylene com-
pound, activated by two e ectron-withdrawing groups
inorganic synthesig. Compoundsareformedinthis
reaction, avariety of applicationsincluding perfumery?,
pharmaceutical §3, cosmeticd¥, agrochemical s, bio-
logicaly active compounds®, and nonlinear optica ap-
plication™. Also, the Knoevenagel condensation reac-
tionscould be used to obtain finechemica §8, azo dye
derivatives®, coumaring, some photochromic com-
pounds, hetero Diels-Alder products'?, and mate-
rialsfor organic solar cellg*. Generally, these reac-
tionsare catalyzed by weak bases such asPrimary, sec-
ondary, and tertiary aminesand their saltsin organic
solvents®. Inrecent years, there have many methods
reported for the Knoevenagd condensationincluding
the use of other catalysts such as leucoemeraldine-
base™™l, ReBr(CO)'¥, guanidine, PEG400 and
K,CO,™, cobalt hydroxyapatite™™?, sodium silicate®,
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polystyrene-supported poly(amidoamine) (PAMAM)
dendrimerd?!, imidazolium-based phosphiniteioniclig-
uid®, 1-methyl-3(2-(sulfooxy)ethyl)-1H-imidazol -3-
ium chloridé?, diethyl aminefunctionaized polyethyl-
ene glycol™, choline chloride®!, prolinel2,
[bmim]BF,#1, 1,1,3,3-tetramethyl guanidium | actate™,
cellulose sulphuric acid?, lemon juice®, nickel
nanoparticles®, ZnO nanoparticle®, MgO=, ethyl
ammonium nitrate®, tetra-n-butylammonium hydrox-
ide (TBAH)®, melamine®*®, methane sulfonic acid
(MSA)/morpholine system®, sodium benzoate®,
cetyltrimethylammonium bromide (CTMAB),* basic
aumina*®, Na,SAl, 0“4, sodium carbonate!*d, and
ammonium sulphamate®. Each of thethese synthetic
methods hasitsown benefit, but suffer from drawbacks
such as prolonged reaction time, use of environmen-
tally hazardous catal ysts, organic solvents, energy ex-
penses, harsh reaction conditions, and tedious work-
up procedures. Also, some of the methods listed re-
quireto specific conditionssuch aslaboratory techniques
and inert atmospheres, microwaveor ultrasound irra-
diation. Thus, thedeve opment of dternative procedures,
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which arelacking some of mentioned drawbacksand
ecological green catalystsand sol vents, of interest to
thosewhoworkinthisfield.

It wasfound that Knoevenagel condensation could
be catalyzed in water®l, Water is one of the solvents
usedin organicreactionsisthehighly attention, dueto
having several advantagesincluding safe, non-toxic,
clean, green, non-flammable, low cost, readily avail-
able, environmentdly friendly properties®.

Organocatalystsare small organic moleculesthat
areableto accderatechemicd transformationsand have
attracted alot of consideration for applicationin or-
ganic synthesisowingto their efficiency and sdlectivity.
Compared withmetdlic catdysts, preparation and han-
dling most of the organocatal ysts are easier, cheaper,
and more stableand are environmental friendly“e!,

In consideration of green chemical methodol ogy,
we report use of sodium ascorbate as a safe, green,
and effective organocatal yst for Knoevenage conden-
sation of adehydes with active methylene nitrile
compoudsinwater.

Sodium ascorbatetogether with copper sdtsisused
to synthesisof triazolering by “click reaction” strat-
egy*?. Also sodium ascorbateand CuSO, pentahydrate
in a mixture of tert-butanol/water was applied for
preparation of substitutedisoxazolesvia 1,3- dipolar
cycloaddition(“® and three-component reaction(,

RESULTSAND DISCUSSION

Inthe present study, the Knoevenagel reactionsbe-
tween activemethylenenitrilecompounds[ ma ononitrile
(2a) and ethyl cyanoacetate (2b) witharyl ldehydesin
the presence of sodium ascorbate asan efficient, green,
and commercialy availablecatd yst under aqueouscon-
ditionswerereported (Scheme 1).

- Ar
0] . (CN Sodium ascorbate, 3 mol% XCN
Ar” H 7 H,O, r.t. z
Z=CN (2a) )
1(ak) = CO,Et (2b) 3@v)

Scheme1: TheKnoevenagel reaction catalyzed by sodium
ascorbate

At the beginning, to evaluation the effect of the
amountsof catalyst on Knoevenage condensation, we
investigated their effectivenessin themodel reaction
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between 4-(dimethylamino)benzaldehyde (1f) and
ma ononitrile(2b) in presenceof sodium ascorbaterang-
ing from 1- 10 mol% in water at room temperature.
Theresultsarelistedin TABLE 1.

TABLE 1: Effects of solventsand catalyst amount on the
K noevenage condensation of 4- (Dimethylamino) benzalde-
hyde (1f) and malononitrile(2a)?

CN Sodium HAC
HsC d” +(~ ascorbate s N
\N CN —M— d \ CN
| Solvent, r.t. Ha

NC

CHs ah (2a) (3
Entry Solvent Cata(l%ztl ﬁ/T)OU nt Yield(%)® ;rnlwrlT:S
1 H.0 1 85 10
2 H.0O 2 92 10
3 H.0 3 98 10
4 H.0 5 95 10
5 H.0 10 95 10
6 C;HsOH 3 90 240
7 THF 3 Trace 600
8  Acetone 3 Trace 600
9 14-Dioxane 3 Trace 600
10 CHsCN 3 30 600
11 H,OIC,HsOH (1:1) 3 90 60
12 Solvent free 3 94 60

a Reaction Conditions: 4-(Dimethylamino)benzaldehyde (1
mmol), Sodium ascor bate , and solvent (4 mL), ® Isolated yields

As illustrated in TABLE 1, the best yield was
achieved when thereaction was conducted inthe pres-
enceof 3mol% of sodium ascorbatein agqueous media
(TABLE 1, entry 3). Therewasho noticeablerisingin
theyield of product when further catalyst was added
(TABLE 1, entries4-5). Theoptima |oading of sodium
ascorbatewas 3 mol%inwhich case (1f) obtained 98%.
Therefore3mol % of catayst issufficient for increasing
theconversonrateandyield.

In order to examine effects of solvent on the con-
densation reaction, themodel reaction was performed
in different solvent such as EtOH, CH,CN, THF, ac-
etone, 1,4-dioxane, and mixed solvent of EtOH with
H,0 (1.1, V/V) inpresenceof 3mol%catayst (TABLE
1, entries6-11). Thereaction a so proceeded in EtOH
inlonger reactiontime. In the absence of asolvent the
product wasformedwith 94%yiedfor 60 min (TABLE
1, entry 12). The use of CH.CN furnished poor yield
(30%), (TABLE 1, entry 10). Theother solventssuch

Au Tudian Yournal



OCAIJ, 9(9) 2013

Hamzeh Kiyani and Fatemeh Ghorbani

369

as THF, acetoneand 1,4-dioxanewereineffectivefor
thisreaction. Hence, intermsof reactiontimeandyield
of the product, 3 mol% | oading sodium ascorbateand
water was considered to bethe most conditionsfor this
typereaction.

After optimizing thereaction conditions, aryl dde-
hydeswerereacted with various active methyleneni-
trile compounds such asmalononitrile (2a) and ethyl
cyanoacetate (2b) and theresultsare summarizedin
TABLE 2. Theresultsindicated that this sodium ascor-
bate-catal yzed condensation reaction worked well for
awiderange of aryl aldehydesbearing variousfunc-
tional groupsincluding e ectron-donating and e ectron-
withdrawing subgtituentson the phenyl ring thereection

—= Pyl Peper

proceeded smoothly in al cases. Therefore, the elec-
tronic nature of thefunctiona groupson phenyl ring has
no significant effect on theyield of products, however
reactiontimesare affected. Substrateswith el ectron-
withdrawing groups(TABLE 2, entries8-11 and 19-
22) reacted rapidly, whereas € ectron-donating groups
(TABLE 2, entries 2-4, 6-7, 13-15 and 17-18) de-
creased thereactivity, requiring longer reactiontime. In
addition tothearyl aldehydes, reaction with eectron-
rich aromatic heterocyclic d dehydes such asfuran-2-
carbal ddehyde was a so smoothly devel oped and high
yieldisachieved (TABLE 2, entries5 and 16). It could
befound that thisreactioninvolving lessreactive ethyl
cyanoacetate (TABLE 2, entries 12-22) gave corre-

TABLE 2: Knoevenagel condensation catalyzed by sodium ascor bate under aqgueous medium?

o CN i op AT
N ’ . (Z Sodium as'j:(;l’):t:, 3 mol% />'CN
1(a-k) z z g(’\;z(éta 22b) 3@v)
Entry Ar z Product Time (min) Yield (%) mp (°C)
Found Reported
1 GCgHsla CN 3a 8 95 83-84 80-834
2 4-CH30CgH, 1b CN 3b 10 9 110-114 1142
3 4-CH3CgH, 1c CN 3c 20 93 128-129  129-1301*3
4 4-OH-3-CH;OCgH; 1d CN 3d 15 97 135136  133-1351%%
5  2-Furyl 1e CN 3e 14 95 66-67 66-671%
6  4-(NMe),CeH, 1f CN 3f 10 98,94, 90,89, 85° 179-180 180-1821%*
7  4-OHGCgH,4 1g CN 3g 10 98 188-189 187144
8  2-CIC¢H, 1h CN 3h 10 94 94-96 91-921%
9  4-CICeH, 1i CN 3i 8 97 163-164  162-163*
10  4-NO,CgH, 1 CN K] 7 97 158-159  159-1601*
11 3-NO,CgH. 1k CN 3k 8 96 103-104  102-103"*
12  CgHs la CO,Et 3l 15 90 50-51 52142
13 4-CH3OCgH4 1b CO,Et 3m 20 92 82-83 80-821¢
14  4-CHyCgH, 1c CO,Et 3n 30 89 90-91 90-91*
15  4-OH-3-CH;O0C¢H; 1d CO,Et 30 22 93 99-101 1001
16 2-Furyl le CO,Et 3p 18 90 95-96 95143
17 4-(NMe),CeH, 1f CO,Et 3q 15 93 120-122  119-120°¢
18  4-OHCgH,4 1g CO,Et 3r 15 90 169-170  164-167°%
19 2-CIC¢H, 1h CO,Et 3s 13 89 52-53 53-55!%1
20 4-CICqH, 1i CO,Et 3t 12 90 91-92 92-93*
21 4-NO,CgHy 1 CO,Et 3u 11 92 130-131  131-1328¢
22 3-NO,CgH, 1k CO,Et 3v 13 90 166-167 166-168°¢

@ Conditions: aryl aldehyde 1 (1 mmol), malononitrile (2a) or ethyl cyanoacetate (2b) (1 mmol), sodium ascorbate (3 mol%),
H,O (4 mL), r.t.. All the products are known compounds and were identified by comparison of their melting points and spectral
data with those reported.® Isolated yields. ¢ Catalyst was reused five times
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sponding productsin small lower yield and required
longer reaction timethan malononitrile, which may be
attributed to the competency of thecyanidegroupin
stabilizing thereactionintermediatescompared to the
ester group.

Therecoverability and reusability of thecadys have
alsobeen explored, and it could berecycled fivetimes
(TABLE 2, entry 6). The catalyst was recovered by
evaporation of solvent from filtrated sol ution after each
run.

EXPERIMENTAL

Mélting pointsweremeasured onaBuchi 510 melt-
ing point apparatus and are uncorrected. *H NMR and
13C NMR spectrawererecorded at ambient tempera-
tureonaBRUKER AVANCE DRX-400 MHz using
CDCI, assolvent. FT-IR spectrawererecorded on a
PerkinElmer RX1 spectrometer. Chemicalswere ob-
tained from Merck, FlukaandAlfa-Aesar. Thedeve -
opment of reactions was monitored by thin layer
chromatography (TLC) on Merck pre-coated silicagel
60 F,., duminum sheets, visudized by UV light.

General procedurefor thesynthesisof arylidene
nitrilecompounds (K noevenagel condensation)

A mixtureof maononitrile (2a) (1 mmol) or ethyl
cyanoacetate (2b) (1 mmoal), aryl ddehyde (1) (1 mmol)
and sodium ascorbate (3 mol%) in4 mL of distilled
water wasstirred a room temperaturefor approperiate
time(TABLE 2). When the reaction was completed as
indicated by TLC, the precipitate wasfiltered off, and
washed with cold distilled water and driedinair to af -
fordthetitle pure compounds (3a-v). After removal of
thewater from thefiltered solution, the catalyst isre-
covered and used for the subsequent reaction.

CONCLUSION

Insummary, anefficient, safe, and environmentaly
benign gpproach for Knoevenagel condensation of aryl
adehydeswith activemethylenenitrile compoundsus-
ing sodium ascorbate asarecyclable, inexpensive, and
commercially available cata yst has been devel oped.
Another advantage of thisprocedure can be pointed to
thehighyields, mild reaction conditions, smplicity, and

using of water.
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