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STUDY OF THE CONDENSATION OF 5-ARYLTHIO-2-FURALDEHYDES
WITH COMPOUNDS WITH ACTIVE METHYLENE GROUP

R.Kabpa, V.KNoprPovA and J.KovAC

Department of Organic Chemistry,
Slovak Institute of Technology, 880 37 Bratislava

Received June 12th, 1974

On reaction of 5-(4-X-phenylthio)-2-furaldehydes with malonic acid dinitrile, methyl cyanoaceta-
te, benzyl cyanide, and 4-nitrobenzyl cyanide in methanol and in the presence of basic catalysts
the corresponding a-substituted 5-(4-X-phenylthio)-2-furylacrylonitriles were prepared. In ad-
dition to the synthesis their UV spectra as well as kinetic measurements of the condensation
reaction course are also described. The effect of substituents bound to the arylthio group on the
condensation rate is also discussed.

In connection with the study of the synthesis, physico-chemical and biological pro-
perties of sulfur derivatives of furan we described in our preceding paper! the pre-
paration of 5-(4-X-phenylthio)-2-furaldehydes where X represents the electron
acceptor or electron donor substituents, respectively. In this paper we investigate
the condensation of these aldehydes with compounds containing an active methylene
group of the type Y—CH,—CN, where Y = CN, COOCH,, C;H; and 4-NO,—
—C¢H,, not yet described in literature. The course of this condensation reaction
was followed kinetically with the aim of judging the influence of the reaction rate
both by the methylene component and from the point of view of the reactivity of the
corresponding aldehydes.

The synthetized 2-Y-substituted 5-(3-X-phenylthio)-2-furylacrylonitriles were ob-
tained from corresponding 5-(4-X-phenylthio)-2-furaldehydes and malonic acid
dinitrile, or methyl cyanoacetate, benzyl cyanide and 4-nitrobenzyl cyanide under
the conditions of Knoevenagel condensation — on reaction in ethanol under catalysis
with basic catalysts (method A). Piperidine and sodium ethoxide were used as cata-
lysts with advantage. In all instances corresponding condensation products were
obtained in high yields (70 —90%). All compounds are yellow and strongly fluoresce
in solutions. «-Cyano-5-(4-X-phenylthio)-2-furylacrylonitriles and methyl a-cyano-
-5-(4-X-phenylthio)-2-furylacrylates were also prepared on reaction of a~-cyano-(5-bro-
mo-2-furyl)acrylonitrile or methyl a—cyano-(5-br0mo-2-fury1)acrylate with the sodium
salt of the corresponding thiol in ethanol in 40 —50% yields (Method B), see Table I.

. Part LVIII in the series Furan Derivatives; Part LVI: This Journal 40, 1557 (1975).
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In the UV spectra of the condensation products of 5-(4-X-phenylthio)-2-furalde-
hydes with malonic acid dinitrile, methyl cyanoacetate) 4-nitrobenzyl cyanide and
benzyl cyanide a strongly bathochromically shifted K-band appeared in consequence
of the extention of the conjugated system, in contrast to the original aldehydes.
The position of this band is affected by substituents in the position 4 of the benzene
nucleus. From comparison with analogous condensation products of 5-(4—X-phenyl)—
-2-furaldehydes? it follows that the K-band corresponding to the delocalisation
of the electrons over the whole system of the molecule is considerably shifted batho-
chromically in molecules without a sulfide bridge, and it appears in the visible part
of the spectrum, see Table 1.

Observation of the course of the condensation reactions in time was carried out
spectrophotometrically making use of the fact that in the K-band region of the con-
densation product formed (~400 nm) the absorption band was not present either
in the case of the aldehyde or of the methylene component. Kinetic measurements
were carried out in methanolic solution of piperidine under the conditions of pseudo-
monomolecular reaction, when an excess of the methylene component was taken.
From comparison of the rate constants of the reaction with single compounds con-
taining active methylene group (Table II) it is evident that the rate of this condensa-
tion reaction affects both the reactivity of the carbanion formed and also the deficit
of the charge on the carbonyl group carbon of the substituted 2-furaldehyde. From
the point of view of the methylene component the highest rate constants were obtained
in the reaction of aldehydes with malonic acid dinitrile, lower values were observed
with methyl cyanoacetate, and the lowest with 4-nitrobenzyl cyanide. From the
comparison of the results obtained it is evident that the rate of condensation reac-
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tion is in agreement with the pK, values of the hydrogens of the methylene component
(pK, of malonic acid dinitrile is 11-16, of methyl cyanoacetate 11-50, and of 4-nitro-
benzyl cyanide 13-4) and simultaneously with the sterical requirements of the car-
banion formed. The corresponding condensation reaction with benzyl cyanide under
the conditions used was extramely slow. When the temperature was increased to 55°C
the rate was measurable, but only in the case of aldehydes with electron accepting
substituents, for example in the case of 5-(4-nitrophenylthio)-Z-furaldehyde the rate
constant is 0-26 . 10~# s~ 1, which is substantially lower in comparison with the reac-
tion of the last reactive 4-nitrobenzyl cyanide with the same aldehyde.

When the effect was observed of the substituent in the position 4 of the phenyl-
thio residue on the electron density of the carbonyl carbon of 2-furaldehyde via the
sulfur atom, and thus on the condensation reaction rate, it was found that it is only
roughly true that the electron donating substituents decrease, and the electron ac-
cepting substituents increase the condensation rate. In agreement with these conclus-
ions the correlation of the logarithm of rate constants with Hammett’s ¢, constants

TasLE II
Rate Constants k' (s~ 1) and Half-Times ¢, ,, (s) of the Condensation Reaction of 5-(4-X-Phenyl-
thio)-2-furaldehydes with Compounds of Type Y-—CH,—CN

Y =CN Y = COOCH, Y = 4-NO,—C4H,
No X k. 10* t)a K. 10% 2 k. 10% 2
1 NO, 5208 4 0020 133 16102 4 0002 430 890 + 0-005 770
2 a 150-17 + 0-005 46:1  62:90 = 0-005 1101  4-60 - 0-001 1 506
3 Br 1980 £ 0-001 350  49:50 4 0-004 1402  5:36 & 0-002 1292
4 CH,CONH 855+ 0003 81-0 4698+ 0002 147-5 431 0005 1607
5 H 93-67 + 0004 740  41-28 & 0-0003 167-8  4-83 & 0-005 1434
6 CH, 86:00 & 0-0025 80-6  31-33 4 0-001 2211 442+ 0-002 1568
7 CH,0 7300+ 0001 949  21-50 + 0002 3223 392 4+ 0-001 1 768
TasLE III

Kinetic Values of the Reaction of 5-Phenylseleno-2-furaldehyde with Y—CH,—CN

Y CN COOCH;  4-NO,—C¢H,

k.10 ™Y 3933 4+ 005 3517 4 0-001 447 4 0-001
1,2 (s) 176-2 197-0 1550-3
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Eondensation of 5-Arylthio-2-furaldehydes 1569

of substituents® is also good. The correlation values of the reaction of 5-(4-X-phenyl-
thio)-2-furaldehydes with malonic acid dinitrile is r = 0-98 and ¢ = 0-85, with methyl
cyanoacetate r = 0-98 and ¢ = 0-77, and with 4-nitrobenzyl cyanide r = 0-95 and
o = 0:33. At a chosen level of significance p = 0-01, when in all three instances
r > ro.o1, We consider the existence of the investigated dependence as conclusive.
In all three correlations the number of derivatives was 7. The low value of ¢ in the
case of the reaction with 4-nitrobenzyl cyanide may be explained on the basis of the
larger volume of the carbanion formed, as well as on the basis of the possibility
of a larger delocalization of the negative charge in the system formed in contrast
to the further two mentioned carbanions.

For the sake of comparison the rate of the condensation reaction of 5-phenylseleno-
-2-furaldehyde with the above mentioned methylene components was also followed.
From the results of kinetic measurements (Table III) it follows that in all instances
the rate constants of the selenium derivative are lower; this is probably due to the
lower reactivity of the carbonyl group of 5-phenylseleno-2-furaldehyde, caused
by a better interaction of free electron pairs of selenium with the n-electron system
of the furan nucleus. ‘

EXPERIMENTAL

The 5-(4-X-phenylthio)-2-furaldehydes used were prepared by reaction of the corresponding
sodium salt of 4-X-substituted thiophenol with S5-bromo or 5-iodo-2-furaldehyde in ethanoll.
As a model substance for kinetic measurements 5-phenylseleno-2-furaldehyde was prepared
from selenophenol and 5-bromo-2-furaldehyde in acetone in the presence of anhydrous potas-
sium carbonate!. The necessary selenophenol was prepared from phenylmagnesium bromide
and metallic selenium®.

The infrared spectra were measured on a two-beam UR 20 spectrophotometer (Zeiss) in so-
dium chloride cells of 1-04 mm thickness and at 0-025M concentration in chloroform. The calibra-
tion of the apparatus was carried out using a polystyrene foil. The accuracy of the reading of fre-

quencies was +1 em ™ L.

a-Y-Substituted 5-(4-X-Phenylthio)-2-furylacrylonitriles

A: A 0-01m solution of malonic acid dinitrile, or methyl cyanoacetate, benzyl cyanide or 4-nitro-
benzyl cyanide in 10 ml of ethanol was added to a 0-01m solution of the corresponding 5-(4-X-phe-
nylthio)-2-furaldehyde in 15—20 ml of ethanol and a drop of piperidine or sodium ethoxide
was added under stirring and the mixture then stirred at room temperature for 2—3 hours.
The precipitated material was filtered off, washed with cold ethanol and crystallized from a sui-
table solvent.

B: 0-01 mol of sodium 4-X-substituted thiophenolate was added under stirring to 0-01 mol
of a-cyano-5-bromo, or 5-iodo-2-furylacrylonitrile or methyl acrylate dissolved in the necessary
amount of ethanol and the mixture was stirred at room temperature for 3—4 hours. After dilu-
tion with cold water the precipitate was crystallized from a suitable solvent. The synthetized
derivatives and their physico-chemical data are given in Table 1.

Collection Czechoslov. Chem. Commun. [Vol. 40] [1975]
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Kinetic Measurements

The measurements of the UR spectra of the prepared substances, as well as kinetic measurements
were carried out on a recording spectrophotometer Specord UV VIS, Zeiss, in the 200— 800 nm
region. During the measurements of the UV spectra the concentration of substances in methanol
was 2— 5 . 10~ 5m. Kinetic measurements were carried out at 25 -+ 0-2°C or 55 4 0-2°C in the
case of the reaction with benzyl cyanide in 1 cm thermostated cells at the wavelength of the ab-
sorption maximum of the condensation product. The reaction kinetics was followed in the fol-
lowing mixture: 2 ml of the condensing agent (malonic acid dinitrile or methyl cyanoacetate,
benzyl cyanide or 4-nitrobenzyl cyanide, resulting concentration in the mixture was 2. 10~ 3u),
5 ml of 0-05M piperidine in methanol (resulting concentration in the mixture 2-5. 10_2M), and
0-2—03- ml of a methanolic solution of aldehyde (resulting concentration 2—3 . 10~ M), and 2-6
or 2:7 m] of methanol. The measurements were carried out in comparison with the same mixture
without the aldehyde. The rate constants were calculated on the basis of a first order equation.
The values of the rate constants and the half-times are given in Table II.
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