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ABSTRACT

The reaction of primary aromatic amines with aryl aldehydes is found to be catalyzed by lemon juice as natural acid
under solvent-free conditions to give the corresponding Schiff bases in good yields. This eco-friendly reaction has
many advantages like economical, environmental, mild reaction conditions and simple work-up with high product
yield.
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INTRODUCTION

Development of non-hazardous synthetic methodosofpe organic synthesis is one of the latest chghs to
organic chemists. The growing concern for the emritent demands the development of eco-friendlyemothomic
processes wherein even less hazardous byprodectetdesirable. Organic reactions under solvezg-fonditions
have gained in popularity in recent years[1] sitie® majority of solvents are either toxic or flanbleaand add
considerably to the cost of an overall syntheslsesE solvent-free reactions usually need shortetiom times,
simpler reactors, resulting simpler and more effitiwork up procedures, more improved selectivitind easier
separations and purifications than conventionalesak[2,3].

The formation of carbon—nitrogen double bond playportant role in organic synthesis. This can bleieaed by
the reaction of aldehydes and amines in acidic umdihich leads to synthesis of Schiff bases (imin8shiff
bases have attracted considerable attention ofmmrgdnemists due to their significant biologicakigties like
anticancer[4], antitumor[5], anti-inflammatory ad¢§B], insecticidal[7], antibacterial[8], antitulmerosis[9],
antimicrobial[10], anticonvulsant[11] activity. Th&chiff bases are also used as versatile componients
nucleophilic addition with organometallic reageh®[and in cycloaddition reactions[13,14]

If we focus on the mechanism of transformationldéhydes and amines in to Schiff bases, two syictihetthods
are possible which are mechanized in Scheme-Iméthod |, there is nucleophilic attack of primarypiae on

carbonyl carbon affords hydroxyl compound whichd@mydration gives Schiff bases. The formation dfitbases
in the second step largely depends upon the ratenadval of water from reaction mixture. Originalthe classical
synthetic route for synthesis of Schiff bases wgsorted by Schiff[15] which involves condensatidnpamary

amines with carbonyl compounds under azeotropitilldi®n[16] with the simultaneous removal of watdhe

removal of water during this condensation also emtionally facilitated by using molecular sievesaoDean-Stark
apparatus[17]. In the literature, for removal oftevain situ dehydration method has been employedidigg

dehydrating solvents such as tetramethyl orth@d#{d 8] and trimethyl orthoformate[19].
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Scheme II: Mechanism for acid catalyzed Schiff basgynthesis
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To overcome the difficulties in the removal of watalternative method Il has been employed in whietvis acid
is used as catalyst which accelerates nucleophttiack of amines on carbonyl carbon as well asirsgras
dehydrating agent for removal of the water in teeanid step. Several modified methods for synthesSchiff
bases have been reported in the literature in whéstis acids were used as catalysts such as,20F| TiCl,[21],
aluminal22], BOs[23] and also by using materials like Hydrotalg24].

Environmental-friendly methods for the synthesisSahiff bases have been reported in the literatdossein et
al[25] have reported the solvent less synthesis of Sthaffe catalysed by,®s/Al,Os, resulting in quantitative
yields of the product. Varma et al[26]ve reported the solvent-free synthesis of Schiff baséer microwave
conditions using montmorillonite K-10 as a solidppart. The synthesis of imines catalyzed by CaOeund
microwave conditions has been also reported by {akpshnan et al[27]L. Ravishankara et al have reported
Cerium(lll) catalyzed synthesis of Schiff bases[ZB¢ndale et.al. have reported Schiff base syrghgsusing UV
chamber, sonicator and also by grinding method[29].

The methodologies reported above have some distab@ssuch as prolonged reaction time, the higbtiora
temperatures, an excess of costly dehydrating résigatalysts, moisture sensitive catalysts, aediapapparatus,
etc. Considering these facts, we have decided mbhegize Schiff bases of various substituted aldetyand
aromatic amines by employing Lemon juice as gredalyst for green approach.

Citrus aurantium, Citrus indica, Citrus limonium are some important species of citrus family commdmown as
lemon. The lemon is indigenous to the north-wesfores of India. It is now widely grown in all trag@l and
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subtropical countries. In India it is also cultiwdtin home gardens. For the present work, we haed axtract of
Citrus limonium species of lemon as natural catalyst for syntheisiSchiff bases. The main ingredients of lemon
juice are moisture (85%), carbohydrates (11.2 Wjcacid (5-7%), protein (1%), vitamin-C (0.5 %at (0.9 %),
minerals (0.3 %), fibers (1.6 %) and some otheaoig acids. As lemon juice is acidic in nature (pR-3) and
percentage of citric acid (5-7%) is more than otim@ds, it works as acid catalyst for Schiff basemation.

RESULTS AND DISCUSSION

It is observed that the condensation between aoogtttompound and an amine leading to the formadischiff
bases should be a facile reaction due to the gdextrephilic and nucleophilic characteristic praojpes of the
carbonyl and amine groups respectively.

Logically, we focused our attention on protonatioh heteroatom in organic transformation by natuaeids.
Recently, we reported that Lemon Juice as Natuedblgst efficiently catalyzes the Knoevenagel andirilli
reactions [30,31]To our satisfaction we found that the use of stoictetric amount of Lemon Juice resulted in
guantitative yield of the corresponding Schiff baseéoom temperature within 15 min to 2 hrs (TableHowever,
no result was obtained when condensation is cawitdtbut employing catalyst, if one of the reactandeactivated
by electronic effect. The role of Lemon juice inatgzing the reaction was demonstrated by the tdc&chiff base
formation when the reaction is carried out in theemce of catalyst.

To establish the scope and limitations of Lemorceais a catalyst for Schiff base formation, stmadty diverse
carbonyl compounds were treated with variously sulled amines such as aniline, 4-methylaniline, 4-
methoxyaniline, 4-bromoaniline and 4-nitroanilineder the catalytic influence of lemon juice and tasults are
summarized in Table 1.

Table 1: Physical characterization of Schiff's base

Entry Product Time Yield m.p.°C Ref

R R, min % Found  Reported )
1 H H 60 89 65-67 66-68 31
2 H 4-OH 60 89 191-194 - -
3 H 2-OH 45 90 47-49 -- --
4 H 4-OCH 90 93 84-85 80-82 31
5 H 4-N(CH), 90 97 78-82 -- --
6 H 4- NQ 60 85 65-70
7 4-CH H 25 90 112-115
8 4-CH 4-OH 50 94 210-212
9 4-CH 2-OH 30 94 102-105
10 4-CH 4-OCH; 45 92 93-95
11 4-CH 4-N(CH), 30 84 92-95 -- --
12 4-CH 4- NG, 50 83 121-125 128-130 31
13 4-OCH H 20 96 154-157 - -
14 4-OCH 4-OH 42 93 215-220
15 4-OCH 2-OH 15 91 145-149
16 4-OCH 4-OCH 30 84 142-145
17 4-OCH  4-N(CHs), 55 93 132-135
18 4-OCH 4- NG 30 100 68-72
19 4-Br H 120 82 61-62 63-65 31
20 4-Br 4-OH 90 87 169-170 - -
21 4-Br 2-OH 65 88 175-177
22 4-Br 4-OCH 120  no reaction -
23 4-Br 4-N(CH), 145 78 189-192 - -
24 4-Br 4- NQ 110 80 172-175 176-178 31
25 4-NQ H 180 75 138-140  141-143 31
26 4-NQ 4-OH 85 42 158-161 -- --
27 4-NQ 2-OH 90 85 158-162
28 4-NQ 4-OCH; 300 noreaction -
29 4-NQ 4-N(CHs), 180 72 178-182
30 4-NGQ 4- NG, 150 81 110-117

The treatment of aniline with 4-dimethylaminobeniedlyde and 4-nitrobenzaldehyde afforded the cooredipg
Schiff bases in 97% and 85% vyields in 1.5 hr, respely (entries 5, 6), and a quantitative yieldswabtained
during the reaction of 4-methoxyaniline with 4-plienzaldehyde in 0.5h (entry 18) at room tempegaitu the
presence of the catalyst.
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The presence of the methoxy group in 4-methoxyldehsde reduces the electrophilicity of the carbararbon
through resonance, and the strong electron withdgawroperty of the nitro group in 4-nitroanilineateases the
nucleophilicity of the amine group. The less noplailic amines such as 4-nitroaniline and less tedebilic
aldehydes such as 4-methoxybenzaldehyde, p-bromalishyde, 4-hydroxybenzaldehyde, and 2-
hydroxybenzaldehyde were employed. Good resultslaianed in the later two cases (entry 26, 27)emi@actions
were not forwarded in case of 4-methoxybenzaldelaydE p-nitroaniline (entry 28) and p-bromoanilieatty 22)
even at improved reaction condition. It was alssarbed that if one of the reactant is deactivatetsbsubstituent,
comparatively more reaction time is required to ptete (TLC) the reaction.

MATERIALS AND METHODS

All aldehydes and anilines were obtained from commiaé source and used without purification. Meltipgints
were measured on open capillary method and on DBi§fammable melting point apparatus. IR spectraewer
obtained in potassium bromide wafers Bruker ALPHA FT-IR Spectrometer'H NMR spectra were measured
with a Avance-30(NMR spectrophotometer using CQ}CGIs solvent and TMS as internal standard. Pufithe
products was checked by TLC.

General Procedure for Extraction of Lemon Juice:

Fresh lemon was cut by using knife and then pieee pressed manually using domestic presser taajtiice.
Then juice was then filtered through cotton/muslisth and then through filter paper to remove satiaterial and
to get clear juice which was used as a catalyst.

Synthesis of 4-methyl-N-[(2-hydoxyphenyl)methylidea]aniline 9:

The synthesis @ is described as a representative example: A mxafi2-hydoxybenzaldehyde (1.22 g, 10 mmol)
and p-toluidine (1.08 g, 10 mmol) and 1/2 ml lenjoite was stirred at room temperature for 30 misuidth
monitoring by TLC. Then the reaction mixture wasefied and the pure yellow crystalline product rewed by
recrystallization with ethanol. Its identity wasnéomed by IR, NMR spectrum and its melting poiMield 94%;
mp 102C; IR (KBr): 3320 (-OH), 1642 (C=N) c *H NMR (CDCk): 2.4 (s, 3H, -CH), 6.9 (m, 1H, Ar-H), 7.0 (d,
1H, Ar-H),7.2 (m, 4H, Ar-H), 7.4(m, 2H, Ar-H), 8@, 1H, =CH), 13.4 (s, 1H, -OH).

The experimental procedure is followed for apprajgritime to synthesize all the products listedabl€ 1. Spectral
characterization data for selected Schiff baseg waported in Table 2.

Table 2. Selected characterization data for some Biff's bases

Compound *H NMR chemical IR
shift =C-H (ppm) _ Stretch of C=N (cr)
1 8.4 1625
2 8.6 1640
6 84 1650
9 8.6 1642
14 8.5 1634
20 8.6 1645
25 8.5 1640
27 8.5 1645
30 8.4 1640
CONCLUSION

In this article, we are reporting a new eco-frignaiute with good yield for the synthesis of Scliéfses by using
Lemon Juice, and the products can be purified loyystallization using appropriate solvents. Thisvent-free
approach is nonpolluting and does not employ amyctmaterials, quantifying it as a green approach the
synthesis of Schiff bases. In addition to this, paned to traditional methods, this new method ésuckr, safer and
more eco-friendly, involving mild reaction conditi® and simple workup. The reaction conditions sagheaction
time, use of hazardous solvents can be reducedaimtaming good yield of product.
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