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Abstract—The improved Seth-Paul-Van Duyse equation (SPVDE) has been used to determine transmissive factors
of polar effects for the furan ring. The SPVDE was applied to the C=0 stretching frequencies of O-O-trans and
0-0-cis conformers of a series of substituted S5-phenyl-2-furancarbonyl compounds measured in carbon
tetrachloride. The transmissive factors for furan ring in both conformation O-O-trans and O-O-cis have been
calculated with a higher accuracy than found by using the methods described earlier. The applicability of the
improved SPVDE to the 96 C=0 stretching frequencies of various 5-phenyl-2-furancarbonyl compounds has been

proved.

It has been shown' that the use of the improved SPVDE?
provides a new statistically significant method for
determination of transmissive factors of substituent
effects for various bridge grous.

In the series of papers®” the transmission of substituent
effect by the furan and thiophene ring has been
investigated on the basis of simple Hammett correlations.
The number of compounds in the individual series used in
these correlations varied from 8 to 12 and the transmissive
factor for the furan ring (2,5-furylene bridge) of O-O-
trans conformers of S-phenyl-2-furancarbonyl com-
pounds (in CCL) was found to be in the region of
0-59-0-68 and was determined with an accuracy from 11
to 20%.

The aim of this work was a further application of the
improved SPVDE? in investigation of the transmission of
substituent effects and the determination of a more
accurate value of transmissive factor of polar effects for
furan ring than found by methods described earlier.>* For
this purpose we measured as well as took from literature®’
the C=0 stretching frequencies of a relatively large
number of S-phenyl-2-furancarbonyl compounds.
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The CO stretching frequencies of O-O-trans (I) and
0-0-cis (II) conformers of these compounds measured in
CCL together with corresponding 2X*(R') values are

listed in Table 1. The CO stretching frequencies were
assigned to the 0-O-trans and O-O-cis conformers
according to the analogy from literature.'"™ The 2 X*(R')
values are defined in the scale of X*(R) constants'*"
fitting the SPVDE, but neglecting the 2,5-furylene bridge
group:

DX R)=X"R)+X"(R). (M

As the X*(R) constant of the CH=CHPh group in s-cis
conformation with the respect of C=0 group is lacking in
the work,"*"® we determined it using the C=0 stretchin§
frequencies of a series of 1-aryl-3-phenylpropenones’
(i.e. substituted chalcones): X*(s-cis-CH=CHPh) = 1-323.
When correlate the CO stretching frequencies of O-O-
trans and O-O-cis conformers of S5-phenyl-2-
furancarbonyl compounds (series I and II respectively)
with corresponding £ X“(R’) constants (Table 1) we
obtained the following empirical relationships:

P(COYoo.1rans = 30-684 > X" (R') + 1595433 (2)
for 54 experimental points and
¥(COJoo.cis = 37-421 >, X (R} +1591-333  (3)

for 42 experimental points.

The result is shown in Fig. 1 and the statistical
treatment of correlations is listed in Table 2. It can be
noted that C=O stretching frequencies of O-O-trans
conformers of substituted S-phenyl-2-furancarboxylic
acids (compounds 9-22) do not obey the linear relation-
ships #(CO)oo-rrans V8 £ X (R") (€qn 2). The CO stretching
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Table 1. Carbonyl stretching frequencies and = X*(R’) and 2 X*(R) values for S-phenyl-2-furancarbonyl compounds

Application of the Seth-Paul-Van Duyse equation—III

(Yand I)
v(co)® x*(m
Conpound o & x* (8"
0-0-  0-0- 0-0- 0-0-
-trans -cis -trens -cis

1 4-BrPn Me 1683 1700  2.920  2.659  3.066
2 4-HO,Pn Me 1688 1703 3.072 2,781  3.214
3 4-NO,Fn Bt 1687 1701 3.023  2.741  3.161
4 4-ClPm Me 1683 1698  2.910  2.651  3.056
5  4-BrPn Pr 1682 1698  2.864  2.614  3.011
6  4=ClPn Bt 1682 1699  2.861  2.611  3.008
1 4-ClPn Pr 1682 1698 2,854 2,606  3.001
8  4-BrPn Bt 168) 1698  2.871  2.619  3.018
9 2-NO,Pn OF  1742° 1757 4.570 4.681
10 2-Breh o 1738 1751 4.420 4.534
11 2-Cln o 1739% 1751 4.335 4.451
12 2-OMePh O 1729° 1741 3.980 4.103
13 3-NO,, 4-CLPn  OH  1733° 1748 4.369 4.484
14 3-CFy, 4=CLPh  OH  1740° 1756  4.33¢ 40450
15 3,4-C1,Pn OB 1739% 1755  4.305 4.422
16 3,5-C1,Pn OB 1739° 1755 4.3T4 4.489
17 3-CRPn OF  1738° 1754  4.3M 4.418
18 3-Brfn OB  1738° 1755  4.272 4.389
13 3-ClPh OF 1738 175¢  4.272 4.389
20 3~-PPh O  1738° 1753 4.260 4.378
21 P O  1736° 17152 4.170 4.289
22 3-OMePh O  1736° 1752  4.189 4.308
23 4-BrPn CMe 1717 1739 3.883  3.432  4.008
24 4-C1Ph OMe 1718 1739 3.873  3.424  3.999
25 4=MePn OMe 1712 1733 3.713 3344 3.901
26 4-OMePh OMe 1710 1732 3.661  3.254¢  3.191
21 2-W,mn OMe 1722 1741  4.240  3.719  4.358
28 2-Brfh CMs  1T19 1739  4.090  3.598  4.21%
29  2-BrPh OMe 1719 1739 4,005  3.530  4.128
30  J-BrPh OMe 1718 1740  3.942  3.4T9  4.066
31 2-OMePh OMe 1713 1732 3.650  3.245  3.780
32 2-NH,Pn OMe 1711 1730  3.660  3.253 3,790
33 3-N0,, 4=C1Ph  OMe 1721 1743 4.039  3.557  4.161
3% 3,4-Cl,M OMe 1720 1740  3.975  3.506  4.099
35 3,5<Cl,Fh OMe 1721 1742 4.044  3.561 4166
36 3-HO,Ph OMe 1721 1740  4.006  3.531  4.129
31 3-CPyPn OMe 1720 1740  3.971  3.503  4.095
38 3-Clmn OMe  1TI8 1738 3.942  3.479  4.066
39 J-FPn OMe 1719 1741 3.930  3.470  4.054
40 m OMe 1715 1736  3.840  3.398  3.966
41 3-HE,Pn OMe 1715 1737 3.809  3.313  3.936
2 3-Cry, 401 oMe  1726° 1743 4.004 4.127
4 4-CMePn H 1685 3.021  2.740

44 4-MePn B 1687 3.133  2.830

45 " 1689 3.200  2.884

46 4-BrPh H 1690 3.243 2.918
41 s-Cmn H 1690 3.233  2.910
48 J-FPn : 1692 3.290  2.956
49 3-C1mn H 1692 3.302  2.966
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Table 1 - Continued
50  3-BrPh H 1693 3.302 2,966
51 3-N0,Ph H 1694 3.366  3.017
52 4-NO Ph H 1695 3.395  3.040
53  4-OMePh  s-cis-CHsCHFh 1666 2,123 2,019
54  4-MePh s-cis-CHsCHPR 1668 2.235  2.109
55 Ph o~cie-CH=CHPh 1669 2.302  2.163
56  4-ClPn s-cis~CHSCHPh 1669 2,335  2.189
51  4-Brkh s-cis~CHsCHPh 1669 2,345 2,197
s8  3-Clpn s-cis-CH=CHPh 1670 2,404 2.244
59  3-BrPh e-cis-CH=CHPh 1670 2,404 2.244
60  3-NO,Ph  o-ois~CH=CHPh 1671 2.468 2,296
61 4-FO,Fh  e-cis-CH=CHPh 1672 2,497  2.319
62  4-OMeFh o-trens-CH=CHPh 1643 1.454  1.482
63  4-MePh  s-trans-CH=CHPh 1645 1.566  1.5T1
64 Pn e-trans-CH=CHPh 1646 1.63)  1.625
65  4=ClPh  s-trens~CR=CHFh 1647 1.666  1.652
66  4=BrPh  s-trens-CEaCHFh 1647 1.676  1.660
67  3=ClPh  s-trens-CHsCHPh 1647 1.735  1.707
68  3-BrPh  e~trans-CH=CHPh 1648 1.735  1.701
69  3-NO,Ph  s-trens-CHeCHPh 1650 1.799  1.759
8 ibbrevations: Ph - phenyl, Me - methyl, Xt - ethyl, Pr -
= propyl
® Measured in CC1, by the technique reported in Ref 7 and gi-
ven in u"'; values for compounds 43-52 taken from Ref 5;
values for compounds 53-69 taken from Ref 7. The preparation
and purification of compounds 1-42, used in measurements were
described in Refs 9, 11-1),
® Not included into correlations.
P bridge) in both O-O-trans a O-O-cis conformations as
1760 | () follows:
° 2 #(FU)o0-trans = il = 0-803 £ 0-026 @
TS 2o and
5 #(Fu)o_oct = pulpu = 0-979+0-032 5
< ies0} where pi, pu and py; are the slopes of the corresponding
linear correlations in series I, II and III respectively.
It follows from the eqns (4) and (5), that the
a0l transmjssive factors_ for the furan ring in O—Q-trms and
. , N 0-0-cis conformations were determined with an accu-
2 3 4 racy of 3-2 and 3-3% respectively. The results show that
IX*(R") the use of this method in determination of transmissive

Fig. 1. Plot of the C=0 stretching frequencies vs £ X*(R’) values
for S-phenyl-2-furancarbonyl compounds: a, 0-0O-cis conformers
(ID; b, 0-O-trans conformers (I).

frequencies of these compounds are in all cases signifi-
cantly higher than expected according to the eqn (2). The
cause of this may be explained probably as an in-
tramolecular H-bonding between the H atom of OH group
and the O atom of furan ring.

Using the improved SPVDE’ (valid for R,COR;
compounds, series III) we can determine the transmissive
factors for the furan ring (more exactly, for 2,5-furylene

factors for the furan ring lead to a more accurate values,
that the earlier described determinations®® {#(Fu) was
determined with an accuracy of 11-20%). It can be also
confirmed that the transmissive ability of the furan ring
determined in O-O-cis conformation is anomalously
higher than in the O-O-trans conformation. We believe
that it may be caused by different mechanism of
transmission of polar effects in O-O-cis and O-O-trans
conformations: Namely, in the case of 0-O-cis confor-
mers (II) the substituent effects are transmitted probably
not only by the bonding system, but also directly by the
field, which operate between the O atom of the furan ring
and the CO group.
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Table 2. Statistical treatment of linear correlations

Series Compounds Conformation  Correlation PN & ¢ o) oJf of
1 n,-é ﬁ-oo-n2 0=O-trens  P(CO) ve T X*(R’) 54 0.994 30.684 1595.433 0.480 10.T46 2.855
0
1 n,-é §-<>o-n2 0-0-cis  V(CO) v8 TX*(R) 42 0.986 37.421 1591.333 0.989 24.701 3.204
o
1T B,~CO-R, MCo) va TXT(R) 439 0.995 38.219 1583.426 0.185 12,694 2.998
v n,-l ﬁ-oo-n2 aloisans | V(CO) va TX*(R) 96 0.996 38.229 1583.391 0.361 11,668 2.980
o
% Number of points used in correlation.
® correlation coefficient.
calopo.
2 Intercept.
® Standard deviation ofgp .
¥ Stangard deviation of q.
8 Standard deviation.
Comparing the SPVDE? with eqns (2) and (3) respec- REFERENCES

tively, it is possible to calculate the original = X*(R)
values of O-O-trans and O-O-cis conformers of -
phenyl-2-furancarbonyl compounds according to the
relation:

DX R)=#(Fu) X X'R)+z (6)
where #(Fu) is 0-803 and 0-979 and z is 0-314 and 0-207
for 0-O-trans and O-O-cis conformers respectively. The
2 X*(R) values calculated for all 96 O-O-trans and
0-O-cis conformers of 5-phenyl-2-furancarbony! com-
pounds are listed in Table 1. The statistical treatment of
linear correlation of corresponding C=0 stretching fre-
quencies with these calculated = X*(R) values (series IV)
is given in Table 2. The comparison of data in this table
shows that the regression parameters of correlations in
series III and IV are practically not different. Thus, it can
be concluded that similarly as in the case of
R/\CH=CHCOR; compounds investigated before,' also
here in the case of 5-phenyl-2-furancarbonyl compounds
the C=0 stretching frequencies of both conformers fit the
improved SPVDE well.
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