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Absmct-The C=O stretching frequencies of substituted 2-(S-phenyl-2-furfuryliden+1,34ndand~ones in 
carbon tctrachlonde and chloroform were compared with those of substituted 2-bcnzylidcne-l.3-mdan- 
dioncs. The Hammett correlations between the symmetrical. asymmetrical. arithmetic means of sym- 
metrical and asymmetrical C=O stretching frequencies and u as well as u* substituent constants were 
statistically evaluated in both series. From the statistically most significant correlations. i.e. from the 
correlations between the arithmetic means of the symmetrical and asymmetrical C=O stretching fre- 
quenclcs and o ’ constants, the transmlsslve facton for furan rmg in carbon tctrachloridc and m chloro- 
form were calculated. A decrease m the value of the transmissive factor in chloroform is probably caused 
by hydrogen bonding between oxygen atom of the furan ring and chloroform molecules. The value of the 
Iransmlssivc factor for furan rmgdcterminatcd in chloroform IS m very good agreement with that calculated 
from the values of apparent transmissivc factors for individual hnk centers. The preparation ot eleven 
new 2-(S-phcnyl-2-furfuryhdenc)-I .3-indandiona is also described. 

LINENR CORRELATIONS between the C=O stretching frequencies and substifuent 
constants with compounds containing a bridge atom or group between a substituted 
benzene ring and carbonyl group can be used in quantitative study of the trans- 
mission of polar effects by the given bridge atom or group. 

In preceding work ’ 5 using this method we investigated the transmission of 
polar effects by simple groups and atoms. We have studied6 the IR spectra of sub- 
stituted 2-benzylidene-1,3-indandiones and found a linear correlation between the 
arithmetic means of symmetrical and asymmetrical C=O stretching frequencies and 
6+ substituent constants. Kaneti and Yuchnovski,’ have investigated for 2-benzy- 
lidene-1,3-indandiones Hammett correlations of the types v,(C=O) IS. CJ+ and 
v,,,(C=O) us. CT+ as well as the transmission of polar effects by the -CH=CH- 
grouping in a series of 2-cinnamylidene-1,34ndandiones. Although a number of 
papers have been published on transmission of polar effects, however, transmission 
by the furan ring has not yet been studied. 

Here we use Hammett correlations between the arithmetic means of symmetrical 
and asymmetrical C=O stretching frequencies and CT+ constants in series of sub- 
stituted 2-(5phenyl-2-furfurylidene)-1.3~indandiones (I) and 2-benzylidene-1,3-in- 
dandiones (II) for a quantitative study of the transmission of polar effects by the 
furan ring. 
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RESULTS AND DISCUSSION 

It is known that 1,3-indandione derivatives’ display doubled C=O stretching 
bands. The more intense lower frequency band was assigned to the asymmetrical 
and the less intense higher frequency band to the symmetrical stretching mode of the 
1,3-dicarbonyl grouping.‘* a 

The symmetrical (v,), and asymmetrical (v,) C=O stretching frequencies measured 
in Ccl, and CHCI,, as well as the arithmetic means of both frequencies (V) for substi- 
tuted 2-(5-phenyl-2-furfurylidene)-1,3-indandiones (I) are given in Table 1. The 

TALW I. THE C=D STRETCHING FREQUI2NCIES AND CORRESPONDING U AND (J* SULtSTlTU~W CONSTANTS K)ll 

SUBSTITUTED ~_(~-PHENYL-~-FURNRYL~D~)-~,~-INDANDIONB (I) 

CCI, CHCI, 

Compound --- ~- 

No. X “* V” c “s v,, v I7 a* 

1 4-NH, 

2 4-OMC 

3 4-MC 

4 H 

5 4-Br 

6 4x1 
7 3-F 

8 3x1 

9 3-Br 

IO 3-NOI 

II 4-NO, 

0 (I 

I728 1686 

1729 1688 

1729 1690 

1731 1690 

1731 1690 

1731 1690 

1732 1691 

1731 1691 

1733 1693 

1734 I694 

1707-O 

1708.5 

1709.5 

1710-S 

1710.5 

1710.5 

1711.5 

1711.0 

1713.0 

1714.0 

1722 1675 1698.5 -066 - I.30 

1724 1680 1702-o - 027 - @78 

1726 1681 1703.5 -@I7 -@3l 

1726 1682 1704.0 000 000 

I727 1683 1705.0 O-23 O-15 

1726 1682 I7040 0.23 0.11 

I728 I683 1705.5 0.34 0.35 
I728 1683 1705.5 0.37 040 
1728 1684 17060 O-39 040 

1729 1686 1707.5 0.71 0.67 

1729 1687 1708.0 O-78 0.79 

The frquencia are given in cm ‘. 

’ The values could not be measured owing to very low solublhty of the compound in Ccl,. 

differences between the symmetrical and asymmetrical frequencies (Av = v, - v,,) are 
in the range of 39 - 40 cm-‘, and are similar to those of other 1,3-indandione 
derivatives’ having a sp2-hybridized C2 atom. Passing from Ccl, to CHCI, we 
observe the increase of 3 - 5 cm -’ . III the symmetrical frequency and of 6 - 8 cm - ’ 
in the asymmetrical frequency, thereby showing a higher sensitivity of the latter to 
solvent effects. A similar observation was made with substituted 2-benzylidene-1,3- 
indandiones (II).‘j When comparing the frequencies of substituted 2-(5-phenyl-2- 
furfurylidenet1,3-indandiones (I) with those of the corresponding 2-benzylidene-1,3- 
indandiones (IIk6 we found that the furan ring in all cases causes a decrease in the 
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symmetrical as well as in the asymmetrical C=O frequency. This fact draws attention 
to prolongation of conjugation of C=O bonds in the system of 2-(5-phenyl-2- 
furfurylidene)-1,34ndandiones (I). 

As in the case of substituted 2-benzylidene-l,3-indandiones,6* ’ so also in the series 
of 2-(5-phenyl-2-furfurylidene)-l,3-indandiones (I) we expect the validity of linear 
correlations between the carbonyl frequencies and substituent constants. In Table 2 
the statistical parameters of Hammett correlations of types \I us. cr, V us. g+, v, us. o, 
v, vs. cr. v, us. o* and v, IS. u+ calculated from data measured in Ccl, and CHCI, 
are given for substituted 2-(5-phenyl-24nfurylidene)-1.3~indandiones (I). In Table 3, 
for comparison, the statistical parameters of the same correlations for 2-benzylidene- 
1.3~indandiones (II) are listed, calculated from results published in a preceding paper.6 
Comparing the data given in Table 2 and Table 3 we found in most cases that the 

TABU 3. SrAnsncu_ PARAMETERS OF HAMMETT CORRELATlOFlS FDR SUBSTITlJTED 2-BE?UYLIDENE-!.3- 

INDANDIONES (II) 

Solvent Correlation n r P % 4 .% s 

i-0 IO 0.962 13.23 I.33 1708.4 0.3 2.27 
G - 6’ IO 0.989 8.91 0.47 l71@8 0.2 I .23 

CHCI, v,, - Q IO 0.948 14.16 I 69 1686.9 0.4 2.87 

Y, - (I IO 0.968 12.10 I.16 17300 @3 I .97 

voI - n’ IO 0.980 9.59 0.69 1689.5 0.3 I.78 
Y, - (I* IO 0.986 847 0.51 1732.2 0.2 I.33 

c-0 

v - u* 
ccl, V.) - u 

v, - D 
. 

“a, - 0 
\‘, - 0’ 

9 0.955 9.51 I.12 

9 0.973 6.20 0.55 

9 0.921 9.35 I .50 

9 0.969 9.67 @94 

9 0.95 I 6.18 0.76 

9 0.974 6.21 0.55 

-- 

1713.9 

1715.5 

1693.1 

1734.8 

1694.7 

17364 

0.0 I.75 

0.4 I .36 

0.1 2.35 

0.0 I47 

0.5 I .86 

04 I.35 

For denotation of symbols see Table 2. 

linear correlations are statistically more significant, when Brown and Okamoto’s 0’ 
constants’ are used. This observation is also in agreement with results of preceding 
papers.6* ’ 

In Table 2 there are also given the transmissive factors of polar effects for the furan 
ring R’(Fu). calculated from equation : 

n’(Fu) = a&J,, (1) 

where CJ, and II,, are the slopes of the corresponding Hammett correlations for a series 
of compounds of type I and II respectively. 

From the comparison of values R’(Fu), determined from measurements in both 
solvents it can be concluded that polar effects are transmitted by furan rings in 
CHCI, solution less readily that in Ccl,. A probable explanation is that in CHCI, 
the molecules of compounds I and II are stabilized by hydrogen bonding between 
oxygen atoms and solvent molecules (Ill and IV). Whereas the transmission of 
polar effects in complexes III and IV is supported by polarization of the C==O 
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bonds, participation of the p-electrons of the furan ring oxygen atom in further 
hydrogen bonding in complex III makes the transmission of polar effects by the 
furan ring more difficult. On the other hand, Ccl, as an aprotic and non-polar 
solvent does not interact with the transmission center and therefore in this solvent 
the transmission may be considered, in first approximation to be uninfluenced by the 
medium. 

Ill IV 

For the determination of statistically more significant values of transmissive 
factors n’(Fu) in both solvents Hammett correlations of type V us. cr+ for a series of 
compounds of types I and II were chosen (Fig. 1). This selection was carried out on 

Fr, I. Plot of the arithmew means of the symmetncai and asymmetrical C=O stretching 

frequencies vs. (J * substitucnt constants for 245-phcnyl-2-furfurylidene~l.3-mdandiona (I): 

m-in carbon tctrachloride 

0 -in chloroform 

for 2-bcnzylidene-1.3~indandioncs (II): 

0 -in carbon tetrachloride 

0 -in chloroform 
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the basis of the highest value of arithmetic means of correlation coefficients ? = 
(r, + r&2 for the corresponding correlation in a series of compounds of types I 
and II (Table 1). This approach leads to the value of the transmissive factor of polar 
effects for furan rings (more exactly for the 2,5-furylene bridge) R’(Fu) = 0.68 + 0.12 in 
Ccl, and n’(Fu) = 046 f 0.05 in CHCl,. When comparing the transmissive factor 
for the furan ring with that for the benzene ring’0-‘2 (1,4-phenylene bridge) we 
observe that the polar effects are transmitted by the furan ring approximately twice 
as readily as by the benzene ring. 

It was shown’3-‘6 that it is possible to approximate the transmissive factor for 
some bridge group as an exponential function of the transmissive factors c calculated 
for individual link centers of the given bridge group. Accordingly the transmissive 
factor for the furan ring can be expressed by: 

lr’(Fu) = c4(c,p’) + EZK,,&(0) (2) 

where rdC,,,?) and c(O) are apparent transmissive factors calculated for the sp’- 
hybridized carbon atom and for the oxygen atom respectively. 

If we use in Eq. 2 the values of c determined by Bowden,” we obtain for the trans- 
missive factors for the furan ring the value n’(Fu) = 0.47. It is evident that this calcu- 
lated value is in very good agreement with that n’(Fu) = 046 k 0.05 determined from 
the experimental measurements in CHCl, and that it is lower than the experimental 
value determined in Ccl,. The apparent transmissive factors c for individual link 
centers have been calculated by Bowen” in most cases from measurements in media 
with hydrogen bonding ability. Comparing the experimental values of transmissive 
factors for groups containing an oxygen atom with those calculated from E values, it 
was found that the experimental values were always higher than calculated, when they 
were determined in solvents without hydrogen bonding ability. For example, the 
transmissive factor for -0-C6H,- group determined from the data measured in 
benzene” is approximately twice that calculated. On the other hand, the experi- 
mental value of the transmissive factor for the -O-CH,- group determined from 
measurements in aqueous or ethanolic media” is in very good agreement with [IX 
calculated value. Thus it can be concluded that the transmissive factors of groups 
containing atoms which are able to interact with solvents will be dependent on the 
nature of the solvent. 

EXPERIMENTAL 

The 2-(S-phenyl-2-furfurylidcne~l,3-mdandiona (I) with the exception of 2-[5-(4-ammophenyl)-2- 

furfurylidcne]-l.3-iadandionc were prepared analogously to 2-benzylidcne-I.3-indandioncs”’ i.e. by 

condensation of 1,3-indandione with the correspondmg substituted S-phenyl-2-furaldchydcs in 90% 

ethanolic medium pipcridinc as catalyst. 2-(S-(4-Aminophenyl~2-furfurylidenc]-l.3-~ndandionc was 

obtained from 2-[S+t-nitrophenyl)-2-furfurylidene]-l.3-indandione by reduction of the mtro group with 

SnCI, in AcOH according to the method described. ” AU compounds were purified by repeated crystal- 

lization from solvents listed in Table 4. As 245-phcnyl-2-furfurylidene~1.3-indandioncs (I) studied have not 

been described previously, we give m.ps and analytical data in Table 4. 

The IR spectra were recorded on Zeiss UR20 spectrophotomctcr in the 1800 - 1600 cm-’ region. The 

instrument was calibrated by the standard sptrum of the mixture of indeoe. camphor and cyclohcxa- 

none.” The accuracy of the frequencies registered was f 1 cm-‘. Ccl, and CHCI,. both of analytical 

purity were purified and dried in the usual manner. NaCl cells with path lengths Ct.5 cm and 61 cm were 

used. Conantrations of solutions were chosen to give absorption between 70-75’4. 
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In spectral data correlations u substttuent constants reported by McDaniel and Brown” and u* 

constants published by Brown and Okamoto’ were used. The parameters of lmear correlations were 
computed on a Rcgnerentralen Gter digital computer usmg non-approximated stattsttcal relations.‘3 
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