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Abatmct-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=O stretching frequencies of O-O-tmns and 
O-O-& conformers of a series of substituted S-phenyl-2-furancarbonyl compounds measured in carbon 
tetrachloride. The transmissive factors for furan ring in both conformation O-O-rmns and GO-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=O 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- 
rrans conformers of S-phenyl-2-furancarbonyl com- 
pounds (in CCL) was found to be in the region of 
0.59-068 and was determined with an accuracy from 1 I 
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& stretching frequencies of a relatively 
number of S-phenyl-2-furancarbonyl compounds. 
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The CO stretching frequencies of O-O-frans (I) and 
O-O-cis (II) conformers of these compounds measured in 
CCL together with corresponding PX’(R’) values are 

listed in Table 1. The CO stretching frequencies were 
assigned to the O-O-rrans and O-O-cis couformers 
according to the analogy from literature.‘c’* The Z X’(R’) 
values are defined in the scale of X’(R) constants’“‘o 
fitting the SPVDE, but neglecting the 2.5-furylene bridge 
group: 

c X+(R) = X+(R,) + X+(Rz). (1) 

As the X’(R) constant of the CH=CHPh group in s-cis 
conformation with the respect of C=O group is lacking in 
the work,““’ we determined it using the C=O stretching 
frequencies of a series of I-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 0-0-cis conformers of S-phenyl-2- 
furancarbonyl compounds (series I and II respectively) 
with corresponding Z X’(R) constants (Table 1) we 
obtained the following empirical relationships: 

v(CO)Od.rran, = 30684 c X’(K) + 1595.433 

for 54 experimental points and 

(2) 

v(CO)o-o,,, = 37.421 c X+(R’)+ 1591.333 

for 42 experimental points. 

(3) 

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-tram 
conformers of substituted S-phenyl-2-furancarboxylic 
acids (compounds F22) do not obey the linear relation- 
ships v(COb,,, vs Z X’(R’) (eqn 2). The CO stretching 
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Table 1. Carbonyl stretching frequencies and P X’(R’) and E X+(R) values for S-phenyl-2-furancarbonyl compounds 
(I and II) 
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50 3-BrPh H 1693 3.302 2.966 

51 3-lfo2m ll 1694 3.366 3.011 

52 4-lIo2Ph H 1695 3.395 3.040 

53 I-cWPb e4h4li-cllm 1666 2.123 2.019 

54 I-Mom O-Oh-Cll-CHFb 1668 2.235 2.109 

55 m roio-cH=cHPh 1669 2.302 2.163 

56 l-elm l -Ch-CH=C~ 1669 2.335 2.169 

57 4-Brm s-cio-oE=cHm 1669 2.345 2.197 

58 3-ClR a-aio-cE=Cllm 1670 2.404 2.244 

59 3-&m a-oio-clim 1670 2.404 2.244 

60 3-no2m bcircE-cHm 1671 2.468 2.296 

61 4-so2m s-cio-Cli-CIw 1672 2.497 2.319 

62 4-ahm bt-=clrm 1643 1.454 1.482 

63 4-Y.m 0-m 1645 1.566 1.571 

64 m O-traru-CX=CHRI 1646 1.633 1.625 

65 4-mm ctmno-cR=cxFll 1647 1.666 1.652 

66 4-Brm o-m- 1647 1.676 1.660 

67 3-cim 0-tran0-cE-cHm 1647 1.735 1.707 

68 3-Brm btranccE=cHm 1646 1.735 1.707 

69 3-wo2m e-t- 1650 1.799 1.759 

' Abbnrationsr Pb - phw1, Ma - notI@, Zt - rtbl, Pr - 

- PNpYl 

b Y.amllvd in ccl4 by th. tWhniqu* rep0rt.d in hi 7 and gi- 

rm in aa -‘; vdnre for compounds 43-52 Won from Ref 5; 

vdlu~ for coapouuda 53-69 talru~ from Raf 7. The pnpantion 

ti purification of compounds l-42, usd in mwNrm,nta ION 

d*aoribti in IhfB 9, 11-13. 

O llot in0lna.d into corr*htionh 

Fig. 1. Plot of the C=O stretching frequencies vs 1 X’(R’) values 
for 5-phenyL2-furancarhonyl compounds: a, O-O-cis conformers 

(II); b, O-O-rrans 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 bc explained probably as an in- 
tramolecular H-bonding between the H atom of OH group 
and the 0 atom of furan ring. 

Using the improved SPVDE’ (valid for R,CORt 
compounds, series III) we can determine the transmissive 
factors for the furan ring (more exactly, for 2,Sfurylene 

bridge) in both O-O-trans a O-O-& conformations as 
follows: 

and 

?i(Fuk~.,, = &,,, = O+JO3 -c 0.026 (4) 

?i(Fu)o_o,, = p,,/p,,, = 0979 2 0.032 (5) 

where PI, pll and pill 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 
transmissive factors for the furan ring in O-O-tram and 
O-O& conformations were determined with an accu- 
racy of 3.2 and 3.3% respectively. The results show that 
the use of this method in determination of transmissive 
factors for the furan ring lead to a more accurate values, 
that the earlier described determinations” (+(Fu) was 
determined with an accuracy of ll-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 0-04s and O-O-tram 
conformations: Namely, in the case of O-O& 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 0 atom of the furan ring 
and the CO group. 
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Table 2. Statistical treatment of linear correlations 

2939 

II %- 0 -CO-p o-o-ci* P(W) V* xX+(R') 42 0.986 31.421 1591.333 0.989 24.101 3.204 

0 

III v-R2 LYCO) ~8 xX+(R) 439 0.995 38.219 1583.426 0.185 12.694 2.998 

Iv 96 0.¶96 58.229 1383.391 0.361 11.666 2.980 

Comparing the SPVDE’ with eqns (2) and (3) respec- 
tively, it is possible to calculate the original Z X’(R) 
values of O-O-trams and O-O-cis conformers of S- 
phenyl-2-furancarbonyl compounds according to the 
relation: 

2 X+(R) = ?i(Fu) c X+(R’) + z 

where ?i(Fu) is O+lO3 and 0979 and z is 0,314 and O-207 
for CM-tr~s and O-O-cis conformers respectively. The 
XX’(R) values calculated for all 96 O-O-trans and 
O-O-cis conformers of S-phenyl-2-furancarbonyl com- 
pounds are listed in Table I. The statistical treatment of 
linear correlation of corresponding C=O stretching fre- 
quencies with these calculated Z 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 
RKH=CHCORI compounds investigated before,’ also 
here in the case of Sphenyl-2-furancarbonyl compounds 
the C=O stretching frequencies of both conformers fit the 
improved SPVDE well. 
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