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The influence of substituents and solvents on the wavenumbers and integra-
ted absorption intensities of the v(C=N) bands of substituted 5-phenyl-2-fu-
ronitriles has been investigated and their ultraviolet and Raman spectra are
interpreted.

UUccnenoBanocs BIUsSIHUE 3aMECTUTENIEH U PACTBOPHUTENIEN HA YacCTOThI Ba-
JIEHTHBIX KOJIEOAaHUHA M Ha MHTErpajbHble HHTEHCUBHOCTH IOJIOC MOTJIOLECHUS
v(C=N) 3ame1ueHHbIX S-(peHI-2-PYPOHUTPHUIOB H IaHA MHTEPIPETALMS UX
Y® crnekTpoB M CNEKTPOB KOMOMHALIMOHHOTO PacCesiHHS.

It is known that intensity and wavenumber of the v(C=N) bands of witriles
depends on the nature of the substituents attached to the C=N group [1, 2].
Electron-releasing substituents cause the shift of the v(C=N) bands to lower
wavenumbers whereas electron-withdrawing ones to higher wavenumbers. The
intensity of the v(C=N) bands of nitriles is changing from very strong to
undetectable. In this work we investigated the wavenumbers and integrated
absorption intensities of the v(C=N) bands and Raman and ultraviolet spectra of
5-phenyl-2-furonitriles. We focused our attention namely on evaluation of electri-
cal effects and their transmission through the arylfuran grouping.

Experimental

Substituted 5-phenyl-2-furonitriles were prepared from appropriate furaldehydes
through appropriate oximes [3—5].

Infrared spectra of compounds investigated were recorded with a Zeiss UR-20 instrument
in the region of 2000—2300 cm™' for chloroform and carbon tetrachloride solutions
(concentration 2.5 X 1072 M, cell thickness 0.562 mm) as well as for KBr discs (2 mg/1 g
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KBr). The calibration was checked against the spectrum of the polystyrene foil. The
accuracy of the wavenumber reading was around * 1 cm™. In the measurements, CHCl,,
anal. grade, and CCl,, spectral grade, were used. Chloroform was freed from moisture and
ethanol by passing it several times through a column of blue silica gel.

Raman speétra were recorded with a Spex Ramalog 4 instrument. A green line (A =
=519 nm) of a Spectra Physics 164 argon ion laser was used to excite the compounds. The
wavenumber calibration was checked against the spectrum of CCl,.

Ultraviolet spectra were recorded with a Zeiss UV VIS Specord instrument for dioxan
solutions (concentration 2.5 x 107° M, cell thickness 1 cm). The wavelength reading was
around *1 nm.

Results and discussion

Infrared and Raman spectral data of compounds studied are listed in Table 1. In
infrared spectra relatively intense bands are observed at ~1030 cm™', correspond-
ing to the bending vibrations of C—H bonds of the furan ring. In the Raman
spectra only weak bands are observed in this region. The v(C=C) bands of the
benzene ring are less marked in the infrared spectra of compounds investigated,
however, these bands are the most intense in the Raman spectra. In the Raman
spectra the v(C=N) bands are marked. These bands are observed in the infrared
spectra in the region of 2234-—2225 cm™'. Similarly, as with S-substituted furonit-
riles [1] the wavenumbers of the v(C=N) bands with substituted

Table 1

Infrared and Raman spectral data of substituted 5-phenyl-2-furonitriles

Infrared Raman
No. X
v(C=N) v(C=0) v(C=N) v(C=C)

I 4-CH;0 2225 1614 2226 1612
I 4-CH; 2227 1611 2228 1609
a1 H 2231 1628 2234 1604
v 4-Cl 2228 1606 2236 1604
\'% 4-Br 2234 1600 2235 1616
VI 2-NO, 2233 1619 2231 1620
\%14 3-NO; 2228 1623 2230 1612
VIII 4-NO, 2234 1606 2236 1600
IX 4-COOH 2233 1615 2236 1612
X 4-COOCH; 2228 1612 — 1612

v(NO,) and v,((NO,) : IR, VI 1349, 1532, VII 1355, 1524, VIII 1351 and 1516 cm™'; R, VI 1349, VII
1353, VIIT 1348 cm ™.
v{(CH3): IR, IT2917; R, IT 2917 cm™' (the most intense band in the spectrum).
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5-phenyl-2-furonitriles increase with electron-withdrawing substituents and de-
crease with electron-releasing substituents, which is in accord with papers [5—8].
The wavenumber of the v(C=N) of phenylfuronitrile (Table 1) was observed to be
lower than that of 2-furonitrile [1] and nearly consistent with the wavenumber of
benzonitrile [8].

From above mentioned, it appears that in consequence of the —M effect of the
C=N group the electron density on the C=N bond is decreased and therefore also
a decrease of the wavenumbers of this bond is observed. Since the wavenumbers
are lower with arylfuronitriles than those with corresponding furonitrile derivati-
ves, orie can assume that the electron-withdrawing power of the arylfuryl group is
weaker than that of the furyl group and approximately equal to that of the phenyl
group. Molar absorption coefficients and integrated absorption intensities decrease
with electron-withdrawing substituents and increase with electron-releasing substi-
tuents and they are more influenced by the nature of the substituents as well as by
the polarity of the solvents than the wavenumbers of the v(C=N) bands of
compounds studied (Table 2). -

Integrated absorption intensities of the v(C=N) bands with phenylfuronitriles
are observed to be higher in all cases compared with appropriate furonitriles and
approximately equal to those of appropriate benzonitriles.

A linear dependence of the v(C=N) bands with 5-phenyl-2-furonitriles on &
constants has been found (Table 2; Fig. 1), o = —0.1902, r = —0.9453 (in CCL,);
o= —0.1472, r = —0.9603 (in CHCL,). '

Table 2

Infrared spectral data of the v(C=N) bands of substituted 5-phenyl-2-furonitriles

CCl, CHCL
No X o
v AVip € A v Avip g A
I 4-CH;0 2229 9 208 0.66 2227 12 238 1.02 -0.27
I 4-CH; 2230 9 180 0.57 2228 13 216 1.00 -0.07
I H 2230 9 170 0.54 2231 12 201 08 0
v 4-Cl 2232 9 165 0.52 2229 12 204 0.87 0.238
\%4 4-Br 2232 9 160 0.51 2234 13 203 0.84  0.265
VI 2-NO, 2235 9 110 035 2234 11 150 0.59 ——
vil 3-NO, — — — — 2232 12 168 0.72 0.71
\Z114 4-NO, — = = — 2232 12 170 0.72 (.78
IX 4-COOH 2230° — —_ — — — s — —

X 4-COOCH; 2228° — — — — . — — —

a) Recorded for KBr discs.
v and Avy are in cm™', £ in Imol™ cm™, A =2.303 Avi ¢ K in 107* 1 mol™"' cm™
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Table 3

Ultraviolet spectral data of substituted 5-phenyl-2-furonitriles

Amax Amax

No. nif log ¢ Fi log €
I 214 4.49 304 4.58

Ir 214 4.52 296 4.55
a1 214 4.10 294 4.47
v 215 4.21 300 4.56
\% 214 4.19 294 4.59
VI 214 4.54 266 4.31
vir 214 4.19 290 4.52
viil 212 4.09 327 4.40
IX <214 4.44 307 4.61

ginlmol™' cm™.

2-Furonitrile (XI) Apax =242 nm (log € = 4.06); 5-bromo-2-furonitrile (XII) Amax = 257 nm
(log € = 4.26) ; 5-nitro-2-furonitrile (XIII) Anax = 291 nm (log € = 4.33), Apax = 215 nm (log € = 4.43).
Ultraviolet spectral data of compounds XI, XII, and XIII are included for comparison.
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Fig. 1. Linear dependence of log A of the Fig. 2. Ultraviolet spectra of substituted 5-phe-
v(C=N) bands on o constants with substituted nyl-2-furonitriles.
5-phenyl-2-furonitriles. —————  5-(2-Nitrophenyl)furonitrile ;
® CHC,;occ,,. 00 === == 5-(3-nitrophenyl)-2-furonitrile ;

—+—+—-—-+  5-(4-nitrophenyl)furonitrile.
Solvent: dioxan,c =2.5x10°M,d =1 cm.

On passing from CCl, to CHCl,, integrated absorption intensities are significant-
ly increased, which is connected with a change of the dipole moment during the
vibration of the C=N bond after being influenced by the interaction with CHCl,.
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Absorption maximum (Table 3) in the region of 290—330 nm (with the
exception of 5-(2-nitrophenyl)-2-furonitrile) can be assigned to the whole conjuga-
ted system of the molecule. In the spectrum of 2-furonitrile an absorption
maximum at 242 nm is observed. On substituting the hydrogen atom by the phenyl
rest in position 5, a significant bathochromic shift (by 52 nm) is observed, which
can be assigned to the prolongation of the conjugated system of the molecule. On
replacing the phenyl group with 5-phenylfuronitrile by the 4-tolyl and 4-anizyl
groups, respectively, a bathochromic shift of the absorption maximum is also
observed (Table 3). Similarly, also with other derivatives a bathochromic shift of
the dbsorption band in the region of 290—330 nm is observed. The absorption
maximum in the uw.v. spectrum of VI is significantly shifted to the shorter
wavelengths compared with other derivatives thus indicating the shortened conju-
gated system. This can be only explained by the fact that in the case of 2-substituted
arylfuran grouping in consequence of steric hindrances the benzene ring is twisted
out of the plane of the furan ring (Fig. 2). These conclusions are in accord with
previous papers [9—12].
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