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Abstract: Condensation reactions between 4-X-benzaldehydes N)O,, H, OCH;) and 4-Y-anilines (X = N@ H, OCH)
catalyzed by new catalyste. Ce (l1l) supported on weakly acidic cation-exchanigsin of polyacrylate type and/or by proline
as organocatalyst giving 4N-[(E)-(4-X-phenyl)methylidene]anilines, were studietiwias found that the both of the used
catalystsj.e. metal and organocatalyst, shortened reaction tilmes contributing to higher yields of products.eTdynergism
between catalytic action of polymer supported @B éhd proline was found. It was observed thatudianeous application of
metal and organocatalyst led to shorter reactimedi On the other hand, it was found that the gymeifficiency of the both
applied catalysts depends on electron influendh@substituents X, Y present in 4-X-benzaldehyutt 4 Y-aniline, as well.
Imines were prepared under catalysis by Ce (Iiplipe or by simultaneous use of both catalystthi yields 97-99% and
identified. For comparison, the above mentioneddeosation reactions were carried out under cldssatalysis by mineral
acid with different, usually poor, results.
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1. Introduction

As in recent years industrial production consumes Imines and their derivatives have been used foryman
increasing amount of chemical raw materials, fonefi years as one of the starting materials in the ®githof
chemistry products especially, it is necessaryotikihg for  nitrogen heterocycles, which are used in pharneicy[4-6].
new synthetic procedures that correspond to theiples of Imine derivatives are very often used for the idmattion of
the Green Chemistry as one of the ways of the Badtlee  organic compounds as well [7].

Development of human population [1]. For this regagbere In last decade, lanthanide cations based Lewissaeigl
is an increasing interest for the use of metal andspecially cerium(lll) chloride in the heptahydrai@m,
organocatalysis. In particular, the solid-suppodtatysis attracted an attention in organic synthesis duethiir
displayed an extensive progress recently. Solidpeupd stability, ease of handling, low toxicity, air todece, high
catalysts combine namely the advantages of botteactivity and low cost [8-10]. Cerium(lll) chloed
heterogeneous and homogenous catalysts [2,3]. Theg heptahydrate or cerium(lll) nitrate is currentlyedsin
high activity, selectivity and stability, and theye easily reactions as a salt itself or supported on silieh gnd
separable and recyclable. Due to these propettieyp are eventually doped by sodium iodide — this type gfmarted
useful for reactions carried out according to thegiples of catalyst was developed by Bartoli and Marcantodi, 12].
Green Chemistry [1]. The disadvantage of using these catalysts in tira &f salts
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is their difficult separation for reuse in the dyesis, which is 2.2. General
also one of the goals of Green Chemistry. In ourkwa3]
we showed that cerium (lll) can be efficiently sapged on
weakly acidic cation-exchanger resin of polyace/laype
and as such easily separated and recycled for ieusther
syntheses.

Fortunately, proline, an inexpensive and readilgilable
biomimetic, has become a promising catalyst in man
reactions [14].

All of the reactions were monitored by TLC perfoxdnzan
precoated Silica gel 60°F plates (Merck). Dichloromethane
was used as an eluent, UV light (254 and 356 nmi)i@dine
vapours were used for spots detection.

'H NMR and**C NMR spectra were recorded on DRX
;00 Avance (Bruker Biospin) spectrometer usingatathyl
Silane as an internal standard.

Current procedures for the direct synthesis ofe titl Melyng points are uncorrected and were recorded on
4-Y-N-[(E)-(4-X-phenyl) methylidene] anilines were Kofler's  block  Boetius ~ Rapido f’HM!( 79/2106
published only foN-[(E)-(phenyl) methylidene] aniline and (Wagetechnik), a temperature gradient 4°C/min.
4-methoxyN-[(E)-(phenyl) ~ methylidene] aniline. Both ;g Catalyst Preparation
compounds can be generally prepared by the reactfon
benzaldehyde with the corresponding aniline in eals such The catalytic system containing Ce(lll) cations ponped
as toluene, chloroform, ethanetc. under reflux [15-17]; in on a weakly acidic macroporous cation exchanger
the presence of silica gel under ultrasound acti@j; by polyacrylate type was prepared according to paf2gi.
heating with anhydrous magnesium sulfate [19] ohégting Purolite C 104 Plus (75 g) was suspended in 206fmlater
with molecular sieve [20]. and a saturated aqueous potassium carbonate solutie

Further compounds from the set ofdded under stirring until a pH of the solution eémed at
4-Y-N-[(E)-(4-X-phenyl)  methylidene] were value of 12 for 10 min after the last addition. Aqus
prepared by other synthetic ways [21-28]. solution was then decanted. The resin beads wesbegad

The goal of our research work was to carry out rhoddimes by 200 ml of water. Cerium (lll) chloride hepydrate
condensation reactions between 4-X-benzaldehydes= (X (122.7 g, 33 mmol) was dissolved in 500 ml of waded
NO,, H, OCH) and 4-Y-anilines (Y = N@ H, OCH) resin beads were put into the solution which was
leading to 4-YN-[(E)-(4-X-phenyl) methylidene] anilines in subsequently stirred overnight. Then the aqueolistiso

of

studied
anilines

the presence of Ce(lll) cation supported on a weakidic

cation-exchanger resin of polyacrylate type andiader
action of proline as organocatalyst, and side loe $or a
comparison in the presence of catalytic hydrocblacid
(currently used catalytic method). Our elected sdt
substituents X, Y was chosen to include a methorygas a
strong electron donor group (EDG), hydrogen sulostit as
an electron-neutral and nitro group as a strongtrele

withdrawing group (EWG). Nitro group should thenefo
activate the formyl
nucleophilic attack by aniline nitrogen, on the estthand a
methoxy group should deactivate the formyl groufe T
reactivity of the amino group in the 4-Y-anilineosid be

influenced by both of the mentioned substituentsthe

reverse order.

2. Experimental
2.1. Chemicals

All reagents were purchased from commercial supplie

and used as received without further purificatibsproline
was used as proline catalyst. Purolite C 104 Fhusq]ite®

Worldwide), i.e. weakly acidic polyacrylic cation-exchanger

resin of macroporous type, ionic form*Htotal volume
capacity 4.5 mmol/ml, specific gravity 1.19 g/mlasvused
as a solid support.

group of 4-X-benzaldehyde for

was decanted again. The resin beads were then evéshe

times by 200 ml of water and 2 times by methandl famally
dried in vacuum to constant weight.

The catalyst prepared in this way has cerium cargtbaut
2.3 mmol of Ce (lll) per 1 g of catalytic systen®]2Catalyst
is available from TauChem Ltd., Bratislava, Sloegki
http://www.tau-chem.sk/en/About/Company
-description.ale;j.

2.4. General Procedure for Preparation of
4-Y-N-[(E)-(4-X-Phenyl) Methylidene] Anilines

In a typical experimental procedure,

mixture of

4-X-benzaldehyde (1 mmol), 4-Y-aniline (1 mmol) and

appropriate catalytic system (10 mol%) in 10 mletfianol
was stirred at a given temperature for a speciiied, see
Table 1, 2 below. After completion of the react{amonitored
by TLC) the mixture was concentrated on a rotagpevator
to 1/3 of a starting volume. The product precigithtoy
addition of water was filtered off and recrystadliz from
ethyl acetate.

Concentrated HCI (35%, 0.1 ml, 10 mol%) was the

catalytic system Al, concentrated HCI (35%, 0.558n01%)
was the catalytic system A2. Ce(lll) cations supgdron a
weakly acidic cation exchanger was the catalytisteay B
(0.042 g, 10 mol%). Proline was catalytic systefd®@12 g,
10 mol%). Ce(lll) cations supported on a weaklydaci
cation exchanger (0.042 g, 10 mol%) combined withlipe

(0.012 g, 10 mol%) was catalytic system D.
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2.5. Characteristics of Products Entry 5: (E)-N-(4-Methoxyphenyl)-1-(4-nitrophenyl)-

) o methanimine
Entry 1: (E)-N,1-Diphenylmethanimine

.y O,N

T, el
=

\©\ OCH,

H

C13H11N (mW 18124), mp 54_55 oC (ethanol, th [30] C14H12N2031(m.W. 25626), mp 131'132 OC (ethanol, L|t
54-55 °C).*H-NMR (¢ / ppm): (Acetone-g) § 8.37 (s, 1H, [34] 132 °C)."H-NMR (6 / ppm): (Acetone-g) ¢ 8.61 (s, 1H,
N=CH); 7.76 (m, 2H, Ar); 7.22-7.46 (m, 8H, Ar); &8s, 2H, N=CH); 8.29 (dJ =8.2 Hz, 2H, Ar); 8.07 (d] = 8.6 Hz, 2H,
Ar). “C-NMR (5 / ppm): (Acetone-g) ¢ 162.4; 139.1;135.7; AV); 7.32 (d.J = 8.6 Hz, 2H, Ar); 7.12 (d] = 8.2 Hz, 2H, Ar);
131.4; 128.8; 128.7; 128.5; 128.2; 127.2; 65.1. 3.91 (s, 3H, OCH)."C-NMR (5 / ppm): (Acetone-g) 5 159.2;

155.6; 144.7; 142.2; 129.4; 123.9; 121.6; 114.6256

Entry 6: (E)-1-(4-Methoxyphenyl)-N-(4-nitrophenyl)-
methanimine

Entry 2: (E)-N-(4-Nitrophenyl)-1-phenylmethanimine
H
\©\¢N HsCO
QNOQ \©\4N\©\
NO

Ci3H1N20, (m.w. 226.23), m.p. 118-119 °C (ethanoal, Lit.
[31] 117-118 °C)*H-NMR (5 / ppm): (Acetone-g 6 8.42 (s, )
1H, N:CH), 8.26 (d,] =90 HZ, 2H, Ar), 7.94-7.86 (m, 2H, C14H12N203 (mYV 25626), mp 122-123 °C (ethanol, Lit.
Ar); 7.63-7.48 (m, 3H, Ar): 7.23 (d] = 9.0 Hz, 2H, Ar). [35] 123-124 °C). H-NMR (¢ / ppm): (Acetone-g ¢ 8.45 (s,
C-NMR (3 / ppm): (Acetone-d o 163.3; 154.1; 145.9; 1H, N=CH); 8.12(d)=8.2 Hz, 2H, Ar); 7.89 (d] = 8.6 Hz,

2

136.2; 132.8; 129.9; 129.6; 125.4; 121.6. 2H, Ar); 7.29 (dJ = 8.6 Hz, 2H, Ar); 6.97 (d) = 8.2 Hz, 2H,
Ar); 3.87 (s, 3H, OCH). **C-NMR (5 / ppm): (Acetone-§ ¢
Entry 3: (E)-1-(4-Nitrophenyl)-N-phenylmethanimine 161.4;154.2; 145.7; 130.1; 128.7; 125.6; 121.4;1155.2.
O,N Entry 7: (E)-1-(4-Methoxyphenyl)-N-phenylmethanimine
@vﬂ H;CO
H @V/N\@
Ci3H1gN,O, (m.w. 226,23), m.p. 88-89 °C (ethanol, Lit. H

[32] 89-90 °C).*H-NMR (5 / ppm): (Acetone-g)  8.24 (s,

1H, N=CH); 8.16 (d,) = 8.4 Hz, 2H, Ar); 8.01-7.56 (m, 3H,  CiaH1sNO (m.w. 211.26), m.p. 63-64 °C (ethanol, Lit. [39]
Ar): 7.42-7.37 (m, 2H, Ar): 7.21 (d] = 8.4 Hz, 2H, Ar). 63 °C). 'H-NMR (5 / ppm): (Acetone- J 8.30 (s, 1H,
¥C-NMR (5 / ppm): (Acetone-§ 6 157.2; 150.1; 149.3; N=CH); 7.81-7.76 (m, 2H, Ar); 7.42-7.32 (m, 3H, Ar)

140.8; 129.1; 128.7; 125.4; 123.7; 120.1. 7.18-6.96 (m, 2H, Ar); 6.87 (d,= 8.8 Hz, 2H, Ar); 3.87 (s, 3H,
_ _ o OCHs). ®*C-NMR (6 / ppm): (Acetone-g ¢ 162.1; 159.2;
Entry 4: (E)-N,1-bis(4-Nitrophenyl)methanimine 150.0; 130.8; 128.7; 125.1; 120.3; 114.1; 55.4.
O,N Entry 8: (E)-N-(4-Methoxyphenyl)-1-phenylmethanimine
\©\4N

H\©V
NO, /N\Q\
OCH,

C13HgN3O4 (m.w. 271.23), m.p. 197-198 °C (ethanol, Lit.
[33] 198-199 °C)'H-NMR (6 / ppm): (Acetone) §8.29 (S,  C,,H,.NO (m.w. 211.26), m.p. 70-71 °C (ethanol, Lit. [40]
1H, N=CH); 8.17 (dJ = 8.4 Hz, 2H, Ar); 8.04-7.48 (m, 4H, 70.4-70.8 °C)*H-NMR (5 / ppm): (Acetone-g ¢ 8.41 (s, 1H,
Ar); 7.28 (d,J = 8.4 Hz, 2H, A)."C-NMR (5 / ppm):  N=CH); 7.87-7.79 (m, 2H, Ar); 7.45-7.42 (m, 3H, AT)28 (d,
(Acetone-@) 6 159.4; 154.1; 148.7; 145.6; 142.2; 129.4; 124.8,- g g Hz, 2H, Ar); 6.89 (d] = 8.8 Hz, 2H, Ar); 3.82 (s, 3H,
123.7;121.6. OCH,). ®C-NMR (5 / ppm): (Acetone-g & 158.6; 158.1;
144.2; 135.3; 131.4; 129.1; 121.4; 114.6; 56.3.
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Entry 9: (E)-N,1-bis(4-Methoxyphenyl)methanimine condensation water was taken out by different midthBoth
sets of reagents represent relative well reactindecules,
H;CO because carbonyl carbon of benzaldehyde is eittterated
\©\4N or deactivated by corresponding substituent X, fan dther
@\ hand amino group of 4-methoxyaniline is activatgdthe
OCH, presence of methoxy substituent. However, our sdts
reagents, 4-X-benzaldehydes (X = NOH, OCH) and
~4-Y-anilines (Y = NQ, H, OCH) leading to
CisH1sNO; (m.vlv. 241,29), m.p. 147-148 °C (ethanol, Lit. 4y N[(E)-(4-X-phenyl) methylidene] anilines, contain
[41] 147-148 °C).H-NMR (4 / ppm): (Acetone-) 6 8.31 (S, combination of reagents which are not favorable dasy
1H, N=CH); 7.82 (dJ=8.6 Hz, 2H, Ar); 7.24 (A =9.0Hz, coyse  of  condensation  reaction, such  as
2H, Ar); 6-912'6-83 (m, 4H, Ar); 3.91 (s, 3H, OQH3.82 (S,  4-methoxy-benzaldehyde and/or 4-nitro-aniline. Rieas of
3H, OCH,). “C-NMR (5 / ppm): (Acetone-¢) 6 162.3; 158.6; pajrs of such poorly reacting substrates have regnb

142.3;130.1; 129.2; 121.8; 114.5; 114.3; 56.3955. described in the literature yet and that is why twed to
] ) force them to react under the "classical" catalgtiaditions,
3. Results and Discussion under catalysis by supported cerium cations, csiglpy

_ ) ) proline or catalysis by combination of proline asupported
As it was reported in the Introduction part, onlysarium cation.

N-[(E)-(phenyl) methylidene] aniline and 4-methoMyi(E)- All of the syntheses were carried out accordingttte

(phenyl)methylidene]aniline were prepared by direcé;eneral procedure given in Section 2.4.
condensation of benzaldehyde with aniline an

4-methoxyaniline, respectively. Condensation reactivas
carried out under mineral acid catalysis and formed

CHO  H,N
catalyst(s) A-D N@Y
+ x—@—(
X Y H

Entry la - 9d

X=NO_.H, oCH
2 3

Y =NO . H, OCH
2 3
Scheme 1. General scheme for synthesis of 4-Y-N-[ (E)-(4-X-phenyl)methylidene] anilines

First set of reactions was carried out at room &napre reaction of benzaldehyde with 4-methoxyaniline. fTha
in order that we were able to monitor the progre$s corresponds with the results obtained from theditee, as
reactions (TLC) carefully throughout their duratiand to demonstrated above [15-28]. Other entries wereilflyrc
determine the most accurate total time of reactidmst terminated after the referred time because onbeteamounts
shortening of reaction time eventually beside effeyields of the product were found (TLC) in the reaction taie after
indicated efficiency of applied catalytic system. that time. Table 1 also shows that the greatesiytat effect

As noted in section 2.4, concentrated HCI in algita of the catalytic system B was achieved in reactiwiiih
amount was the catalytic system Al, 50 mol% ofi-nitrobenzaldehyde containing EWG. This fact magy b
concentrated HCI was the catalytic system A2. A® (I explained by the interaction of proline with
cations supported on a weakly acidic cation exceamgere 4-X-benzaldehyde in the reaction course. The atitiga
used as a catalytic system B, and catalytic systemas action of nitro group to the aldehydic formyl grougd
represented by proline. Catalytic system D was &ty a benzaldehyde facilitates nucleophilic attack of liaai
combination of proline and Ce (lll) cations suppdrion a nitrogen. On the other hand, the coordination of
weakly acidic cation exchanger. 4-methoxybenzaldehyde to Ce(lll) ions contained tlie

Table 1 shows that the catalytic system Al hasqude catalytic systems B and D proved to be catalytjcatiore
be inefficient. Acceptable results with this typé the efficient than in the case of 4-nitrobenzaldehyéeduse of
catalytic system were achieved only for entries ame eight, higher electron density on formyl oxygen in the ecad
i.e. for the reaction of benzaldehyde with aniline dmdthe 4-methoxybenzaldehyde.
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Table 1. Reaction of 4-X-benzal dehyde and 4-Y-aniline at room temperature.

Entry -X -Y Catalytic system Time (h) Yield (%) Yield (g)
1 a -H -H Al 336 62 0.117
b B 210 98 0.177
c © 252 98 0.176
d D 168 98 0.177
2 a -H -NO, Al 384 10 0.022
b B 358 97 0.219
c © 312 98 0.221
d D 264 97 0.220
3 a -NO, -H Al 120 5 0.013
b B 106 98 0.221
© C 72 98 0.222
d D 52 98 0.222
4 a -NO, -NO, Al 648 3 0.008
b B 612 97 0.263
c © 564 98 0.266
d D 504 97 0.264
5 a -NO, -OCH;, Al 168 15 0.038
b B 94 98 0.251
c © 125 99 0.254
d D 22 99 0.253
6 a -OCHs -NO, Al 940 5 0.013
b B 764 98 0.251
© C 868 98 0.251
d D 670 99 0.253
7 a -OCHs -H Al 264 3 0.006
b B 186 98 0.207
c © 232 98 0.207
d D 140 99 0.209
8 a -H -OCH;, Al 288 58 0.122
b B 220 97 0.205
c © 262 98 0.207
d D 184 98 0.209
9 a -OCHs -OCHs Al 312 4 0.009
b B 232 98 0.236
© C 278 99 0.238
d D 194 99 0.238

Used catalytic systems: Al - Concentrated HCI (b6). A2 - Concentrated HCI (50 mol%). B - Ce(khtions supported on a weakly acidic cation excaang
(10 mol%). C — Proline (10 mol%). D - Ce(lll) cat®supported on a weakly acidic cation exchand®mni@l%) combined with proline (10 mol%).

Table 2. Reaction of 4-X-benzal dehyde and 4-Y-aniline under reflux.

Entry -X -Y Catalytic system Time (h) Yield (%) Yield (9)
1 e -H -H A2 23 87 0.157
f D 12 99 0.179
2 e -H -NO; A2 43 3 0.007
f D 21 98 0.221
3 e -NO; -H A2 14 4 0.009
f D 6 97 0.219
4 e -NO; -NO, A2 98 2 0.005
f D 46 97 0.263
5 e -NO; -OCHs A2 9 3 0.007
f D 2 98 0.251
6 e -OCHs -NO, A2 116 4 0.010
f D 59 99 0.253
7 e -OCHs -H A2 28 4 0.008
f D 15 99 0.208
8 e -H -OCHs A2 37 83 0.175
f D 17 89 0.188
9 e -OCHs -OCHs A2 41 5 0.012
f D 19 97 0.234

Used catalytic systems: Al - Concentrated HCI (b®f). A2 - Concentrated HCI (50 mol%). B - Ce(kBtions supported on a weakly acidic cation exchang
(10 mol%). C — Proline (10 mol%). D - Ce(lll) cat®supported on a weakly acidic cation exchanden(@l%) combined with proline (10 mol%).



6 Eva Havrankovat al.:

Synergism of Metal and Organocatalysis in Condeéms Reactions of Aromatic Aldehydes with

Anilines Affording Imines: Effect of Catalysts onetiBase of a Supported Cerium (lll) and Proline

Furthermore, during this series of experiments the We assume (Scheme 2) that betaine form of prokmebe

synergistic effect of the catalytic system of pmeliand Ce
(Il cations supported on a weakly acidic catiocheanger
(catalytic system D; see Table 1) was clearly destrated.
The proposal of a probable reaction pathway for ubed
combined catalytic system D is shown in Scheme Hchv
demonstrates interaction of Ce (lll) cations andlipe with
the reagents. Scheme 2 states the intermediary lereyp
with the most important effect on the course ottiea.

e )
N
O Ht—n

5 Hs"

X

NHz  Cele—0-
S CANN o'

X
-

e

coordinated with Ce (lll) by via carboxylate oxygem
reaction solution. This interaction then evokes thigher
acidity on ammonium group of proline and two prelin
molecules form acid-base equilibrium system under
formation of two intermediates,e. protonated proline and
with Ce(lll) ions coordinated by deprotonated preli We
suppose this assumption to be the primary explamati the
catalytic synergism of proline and Ce (lll).

O —»Ce*

o _ly

NH,* H
QYO + ,>—< :)—Y
x—{ >—N
o

Scheme 2. Probable mechanism of synthesis of 4-Y-N-[ (E)-(4-X-phenyl)methylidene] anilines with indicated synergism of Ce(I11) cation and proline.

The coordinated proline anion is able to attackftrenyl
carbon of aldehyde via nitrogen. The formyl carbiuas
higher partial positive charge because of coordinatith
Ce(lll). The nucleophilic attack of the coordinatgaline to
the coordinated aldehydic formyl
elimination of water molecule and intermediary prel
betaine is formed. Its higher stability (low enérgis
determined by two factorsi.e. the positive charge on
nitrogen is compensated by the presence of carbtexyl
group and, further, the negative charge of carkairygroup
is enfeebled by the coordination of Ce(lll). Thesuiéing
intermediate is attacked by the aniline nitrogerthe next
step and proline as a good leaving group goes aderu
imine formation and the catalytic cycle can conginu

The best resultsj.e. namely reaction times for the
syntheses carried out at room temperature, were\ah
with a catalytic system D, while the worst resultere
observed in reactions using the catalytic system Hie
100% conversion of both of the starting compountlsCy)
was observed for all applied catalytic systemsuadiolg Al.

Furthermore, we wanted to develop the optimal stith
procedure for the title imines. Because synthesabzed at

room temperature proceeded with too long timesdeaded
to carry out the same experiments once again ureflerx
temperature with combined catalytic system D. Thdtesis
under reflux was realized with hydrochloric acid cadalyst

is accompanied byA2 system) for comparison as well. In the cas@Dbystem

application the reaction times were not satisfactmd the
amount of catalyst was increased (catalytic sysé&n As

we expected, the observed reaction times were then
shortened compared to syntheses carried out at room
temperature. The results of this study are dematestrin
Table 2.

Trends concerning relationship among the structdirine
used 4-X-aldehydes, 4-Y-anilines, applied catalgtistem on
the one hand, and reaction time and yield on therdtand,
were the same as for the reactions carried outoainr
temperature (discussed above).

In the case of a reaction mixture containing caialy
system A2, about seven times higher acceleratiorthef
reaction (based on the reaction time of entries am the
eight) was observed. Yields of the reactions in ¢hee of
entries one and eight were comparable with thedgiel
obtained from reactions effected at room tempeeat&ior
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other entries, the products were again obtainedrace [7]
amounts only, despite the fact that 100% conversibthe
substrate was achieved as it was in case of thetiora
carried out at room temperature. This was causedhby
formation of large amounts of side products durihg
reactions.

For reaction mixtures containing the catalytic eystD,

about 9-12 times higher acceleration of the reactimas

(8]

9]

. A . 10
observed in comparison to the reactions performedeu [10]
room temperature. The conversion of substrates thed
yields were comparable to the results of reactiamied out [11]
at room temperature as well.
4. Conclusion [12]

Condensation reactions between 4-X-benzaldehydesN&,
H, OCH) and 4-Y-anilines (X = N@ H, OCH,) catalyzed by Ce
(1) supported on a weakly acidic cation-exchangesin of
polyacrylate type and/or by proline as organocsatayiving [13]
4-Y-N-[(E)- (4-X-phenyl) methylidene] anilines were studied.
Optimal reaction conditions for effective realipati of the
condensation reaction between 4-X-benzaldehyde
4-Y-aniline were found. Furthermore, it was fouhdttall of the
processes can be successfully catalyzed by bothodap
cerium cations and proline. The shortening of ieadimes was
the most significant indicator for the efficiencgsassment of the [15]
used catalytic systems. It was shown that theiefiiy of the
used catalytic system depends on the characthe alubstituent
X present in the starting 4-X-benzaldehyde, nan®&nergism
in catalytic activity of Ce (Ill) cations and pnodi was found

and

[14]

16
experimentally. Finally, the obtained results afdgt might be el
applied to similar syntheses involving the reactiércarbonyl
compounds with (aza)-nucleophiles such as Manmidrsamilar [17]
reactions for their “greening”.
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