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Wavenumbers of the C=0 stretching fundamental in the series of 145 conformers of aromatic
a,B-unsaturated carbony! and arylfurancarbonyl compounds were investigated in terms of Yuka-
wa-Tsuno structure-reactivity equation. The parameters of these correlations were compared
with the results obtained using Hammett or Brown equation. The separation and the transmission
of “normal” and resonance substituent effects have been discussed in the individual series.

Thus far only a litle attention has been given to the application of two-parameter structure-
-reactivity correlations in series of the C=0 stretching fundamental frequencies of a,B-unsaturated
carbonyl compounds. The influence of substituents on wavenumber of the C=O strefching vibra-
tion in series of substituted chalcones were investigated in terms of Taft-Ehrenson’ and Swain-
—Lupton equation2‘3. McDonald suggested® the application of the Yukawa-Tsuno equation
to the C=0 stretching fundamental of some o,B-unsaturated carbonyl compounds investigated
by us previously5 using Hammett or Brown equation. In the preceding work> we have employed
the Yukawa-Tsuno equation to investigate the substituent effect in series of aromatic aldehydes,
carboxylic acids, esters, and ketones, !

Continuing our previous research in structure-reactivity relationships and taking
into consideration McDonald’s proposal®, we have submitted the wavenumbers
of some available series of «,B-unsaturated carbonyl and arylfurancarbonyl com-
pounds to the correlation according to Yukawa-Tsuno equation®” (Eq. (1)).

v=1"+o(c" + r* Acy), (n
where
Aoy =gt — ",
A Part Il in the series Application of the Yukawa-Tsuno Equation to the Wavenumbers of the

C=0-Stretching Vibration; Part I: Acta Fac. Rerum Nat, Univ, Comenianae, in press.
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The following disubstituted propenones were investigated: l-aryl-3-phenyl (I),
1-phenyl-3-aryl (II), 1-phenyl-3-(S-aryl-2-furyl) (I1I), 1-phenyl-3-(S-aryl-2-thienyl)
(1v), 1-[5-(4-chlorophenyl)-2-furyl]-3-aryl (V), 1-[5-(4-nitrophenyl)-2-furyl]-3-aryl
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(vI), 1-aryl-3-ferrocenyl (VII), 1-ferrocenyl-3-aryl (VIII), and 5-aryl-2-furancarboxy-
lic acids (IX) and their methyl esters (X). Similarly to the previous investigation®
the parameters of Yukawa-Tsuno equation were compared with the corresponding
results using Hammett or Brown equation, Egs (2) or (3) resp.

v=1"" + g0, 2
v=1"+ g0t 3

EXPERIMENTAL

The Yukawa-Tsuno correlations were treated on a Siemens 4004/150 computer. The regression
parameters of Hammett and Brown equations were calculated on a Hewlet-Packard 910 B
calculator. The published substituent constants ¢", ¢, and ¢t were used® ~11,

RESULTS AND DISCUSSION

Wavenumbers of the C=O stretching vibration of s-cis and s-trans conformers
of aromatic o,B-unsaturated carbonyl compounds I—VIII and cis-O—O and
trans-O—O conformers of arylfurancarbonyl compounds IX, X measured in CCly
were taken from 3*27!% and are listed in Table I. The results of statistical treatment
of data according to Eqs (1) —(3)) are given in Table II.
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TasrLE 1

Wavenumbers of the Stretching Fundamental (v(C=0)) Measured in Tetrachloromethane for
Series of Compounds I—X (in cm™ ')

Compound X s-cis  s-trans | Compound X s-cis  s-trans
Series 1 | Series IV
1 4-NO, 16755 16600 32 4-NO, 16680 16495
2 3-NO, 16775 16590 ‘ 33 3-Cl 16675 16480
3 3-Br 16740 16560 34 4-Br 16670 16475
4 3.Cl 16740 16560 35 4-Cl 1666:5 16470
S 4Br 16720 16535 3 H 16660 16470
6 4-Cl 16720 16535 37 3-CH, 16660 16470
7 3-OCH, 16710 16550 | 38 4-CH; 16650 16460
8 4-F 16730 16540 | 39 4-OCH, 1664:5 16450
9 H 16715 16515 |
10 4-CH, 16690 16500  Series V
11 4-OCH;, 16670 1649-0 2NO 1 662:0 -
12 4-N(CH,), 1661-5 1642:0 M 4-NO§ 1662:0 _
42 2-Br 1 659-0 —
Series 11 43 3-OCH; 1659-0 —
s sno,  1emo 1ewo| 4 28 tewo
14 4-CN 1676:0 16580 46 H 16580 .
15 3-Cl 1676:0 16570 0 2.F 1659-0 __
16 4-Cl 16750 16535 48 4-F 16590 _
17 4-F 16740 16535 49 4.CH, 16570 _
18 H 1671-5 16535 | 50 2-0CH, 1 656-0 _
19 4-CH, 16705 16505 51 4-0CH, 16550 R
20 4-OCH, 1668:5 16485 52 4-N(CH,), 1647-0 .
21 4-NH, 16670 16450
22 4-N(CHy), 16630 16415 | g oc py
. 53 4-NO, 16640 16430
Seties 111 s4  3-NO, 16630 16430
23 4-NO, 16715 — 55 2-Br 1660-0 1641-0
24 3-NO, 1670-5 16490 56 2-Cl 16620 16420
25 3-Br 1670-0 1648:0 57 4-Cl 1662:0 16410
26 3-Cl 1669-5 1647-0 58 H 16590 16410
27 4-Br 16690 16470 59 3-CH; 16600 1641-0
28 4-Cl 16685 16460 60 2-F 16600 16410
29 H 16685 16455 61 4-F 16600 16410
30 4-CH, 16675 16445 62 4-CH, 16580 16400
31 4-OCH, 16660 1642-0 63 4-OCH, 16570 16400
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TaBLe I
(Continued)
Compound X s-cis  s-trans | Compound X s-cis  s-irans
Series VII Series VIII
64 4-NO, 16656 16460 75 4-NO, 16625 —
65 3-NO, 1666:0 16450 76 3-NO, 1662'5 —
66 4-CN 1666'5 16450 77 4-CN 1662-0 —
67 4-Br 16650 16430 78 3-Cl 1662:0 —
68 3-Cl 16645 1643-0 79 4-Cl 1 661-0 —
69 4-Br 1663-0 16430 80 4-F 1 660-5 —
70 4-Cl 16635 1642:0 81 H 1 660-0 —
) 3-OCH, 1662:0 16390 82 4-CH, 16585 —
72 4-CH, 1662:5 16380 83 4-OCH,4 16580 —
73 4-OCH, 1660-5 1637-0 84 4-NH, 16575 —
74 4-N(CH,), 16570 16330 85 4-N(CH3), 16560 —
Compound X ¢is-0-0 trans-0-0| Compound X cis-0-0 trans-0-O
Series 1.X Series X
86 3,5-Cl, 1755:0 17390 101 3,5-(NO,), 1742:0 17210
87 2-NO, 17570 17420 102 3-CF,, 4-Cl 17430 17260
88 3-CF, 17540 17380 103 3-NO, 1740-0 17210
89 3-CF3, 4-Cl 1756:0 1740-0 104 3,4-Cl, 1-740:0 1 720-0
90 3-Cl 17540 17380 105 3-CF, 17400 17200
91 4-Br 17550 17380 106 3-Br 17400 17180
92 3,4-Cl, 17550 17390 107 3-Cl 17380 17180
93 3-F 17530 17380 108 3-F 17480 17190
94 3-OCH, 1752:0 17360 109 4-Br 17390 1717-0
95 H 1752:0 17360 110 2-Br 17390 17190
96 2-Cl 1751-0 17390 111 4-Cl 17390 17180
97 2-Br 17510 17380 112 H 17360 17150
98 2-OCH,4 1741:0 17290 113 3-NH, 17370 17150
114 4-CH; 17330 17120
Series X' 115 2-OCH,3 1732:0 1713-0
s sNo,eal  1mso impo| S 0T 1780 47l00
100 2-NO, 1741:0 17220 2
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TasLe IT

Statistical Treatment of Linear Correlations between the Wavenumbers of the C—=O Stretching
Vibration and Substituent Constants

Series Conf. Eq. n* P ¢ 0d AL R
s-cis 1 12 0981 088 1671-3 6:86 105 076 026
s-cis 2 12 0-968 109 16703 900 074 — —

1 s-cis 3 12 0980 087 1671'6 600 039 — —
s-trans 1 12 0983 096 16527 889 114 057 020
s-trans 2 12 0984 089 16519 1061 060 — .
s-trans 3 12 0978 106 16535 694 047 — —
s-cis 1 10 0977 1113 16726 728 156 060 032
s-Cis 2 10 0972 14119 16718 867 075 — —

n S=cis 3 10 0976 1-110 16732 564 045 — —
s-trans 1 10 0992 085 16524 992 1117 047 016
s-trans 2 10 0986 105 1651'9 1090 066 — —
s-trans 3 10 0995 063 16536 712 026 — —
s-cis 1 9 0990 027 16684 348 035 087 026
s-cis 2 9 0962 048 16679 438 047 — —

i s-cis 3 9 0989 026 16685 332 019 — —
s-trans 1 8 0987 039 16457 503 066 071 027
s-trans 2 8 0964 059 16451 616 069 — —
s-trans 3 8 0984 040 16459 443 033 — —
s-cis 1 8 0973 033 16661 271 042 076 036
s-cis 2 8 0957 038 16658 347 043 — —

w s-cis 3 8 0965 034 16622 248 028 — —
s-trans 1 8 0989 023 16470 2:96 030 087 024
s-trans 2 8 0973 033 16465 393 038 — —
s-trans 3 8 0989 021 16475 284 017 — —
scis I 13 0969 105 16593 411 158 173 095

14 s-cis 2 13 0927 1’51 16583 838 1:02 — —
s-cis 3 13 0-968 0-56 16588 420 035 ~ —
s-cis 1 12 0-961 142 16606 503 159 171 085
s-cis 2 12 0905 2:07 16585 984 146 — —

141 s-cis 3 12 0-954 1446 16590 682 068 — —
s-trans 1 12 0952 0-87 16415 2:39 097 212 126
s-trans 2 12 0886 125 16400 535 089 — —
s-trans 3 12 0939 092 16409 373 943 — —
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TasLE 11
(Continued)

Series Conf. Eq nt I s© 04 0¢ sd rte er"
s-cis 1 11 0974 069 16628 412 084 073 035
s-cls 2 11 0959 0-78 16620 519 0-51 — —

vil s-cis 3 11 0973 063 16630 342 027 —_ _
s-trans 1 13 0-987 0-67 16398 8-:04 072 030 012
s-trans 2 13 0986 065 16396 815 042 — —
s-trans 3 13 0963 104 16410 528 045 — —
s-cis 1 11 0984 045 16600 3-66 0-53 048 023

12471 s-cis 2 11 0979 0-50 16598 416 029 — —
s-cis 3 11 0977 0-51 16605 2:72 020 — —
¢is-0—O0 1 13 0969 1-08 17512 699 117 193 0-61
cis-0—O 2 13 0-871 2:05 17487 11-56 196 — —

1X cis-0—O 3 13 0-952 128 17500 913 089 — —
trans-O—0 1 13 0918 1°32 17358 643 1143 1112 063
1rans-O—0O 2 13 0-875 154 17346 8-81 147 — —
trans-O—0 3 13 0918 126 17357 668 087 — —
cis-0—0O 1 19 0956 121 17368 693 091 073 029
¢is-0—O 2 19 0934 1-42 17359 837 076 — —

X cis-O—0 3 19 0-953 120 17372 621 048 — —
trans-O—O 1 19 0-926 166 17154 861 125 030 026
trans-O—0O 2 19 0910 176 17153 874 096-~.. — —
trans-O—0 3 19 0903 083 17167 630 073 — —

9 Number of experimental points used in correlation. b Correlation coefficient. ¢ Standard devia-
tion. ¢ Intercept. © Slope. 7 Standard deviation of ¢. ¢ Yukawa-Tsuno coefficient. * Standard
deviation of r*. ‘

Similarly to the case of aromatic carbonyl compounds® the series of aromatic
o,B-unsaturated and arylfurancarbonyl compounds I — X exhibit statistically signifi-
cant results when Yukawa-Tsuno equation is used in correlations between the C=0
stretching fundamental and the substituent effects. The values of Yukawa-Tsuno
coefficients r* for series of chalcones and their analogues were determined mostly
in the region of 0-30—0-87 and indicate a significant portion of mesomeric effects
in total substituent influence. The extremely high value of #* (1-71—2:39) in the case
of series ¥ and VI is caused by an electronowithdrawing effect of (4-nitrophenyl)-
-2-furyl and (4-chlorophenyl)-2-furyl groups, resp.
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Treatment of infrared data from conformation isomers of chalcones, related
series of substituted methyl styryl ketone and butyl styryl ketones by the Swain-Lup~
ton?-3 approach showed little difference in the values of the correlation coefficients
or in the contribution of the resonance parameter (%R) to the correlations®. Thus
analysis of the C=O stretching frequency by both the Yukawa-Tsuno and Swain-
-Lupton approach leads to the conclusion that differences, if any, between the trans-
mission of resonance effects in the s-cis and s-trans conformers of «,B-unsaturated
ketones are not detectable by these methods.

To investigate the transmission of substituent effects and the influence of con-

formation on substituent effects, it is convenient to use Yukawa-Tsuno equation
in from of Eq. (4)

vy =% + 0% + g,. Acgs , )

where ¢" is identical with ¢ in Eq. (/) and expresses the sensitivity of C=0O group
to the “normal” substituent effects (i.e., to the inductive and field effects); ,. = r*o"
is a measure of sensitivity of carbonyl group to the resonance substituent effects.
The values of g,. obtained by correlations according to the Eq. (4) are listed in Table
111. It is clear from the table that in series of chalcones and their analogues (I~ VIII)
the sensitivity of C=O group to the resonance effects is practically not affected
by conformation. The series of compounds VI is, however, an exception since the
C=0 group is more sensitive to the resonance effects in s-cis as in s-trans con-
formation. It was already mentioned that in this series the portion of resonance
effects in total substituent influence is extremely high. The C=O group of com-
pounds I~ VIII except the series VI is more sensitive to the “normal” substituent
effects in s-trans conformation as in s-cis conformation. The cause is probably
a field effect operating between the C=0 and CH=CH groups’®-!” which might
reduce the transmission ability of the whole system.

In series IX and X a high value of the coefficient r* can be observed, which is due
to a strong resonance interaction between the substituents and C=0O group. The
resonance effects in both cases affect more efficiently the c¢is-O—O conformation
than the trans-O—O conformation.

" The appliéation of Yukawa-Tsuno equation in the shape of Eq. (4) allows a separate

investigation of the transmission of both resonance and “normal” substituent
effects. Comparing the data obtained for the series III, IV, IX, and X with that
of 1-phenyl-3-arylpropenones (II), substituted benzenecarboxylic acids (XI) (cf.5)
and their methyl esters (XII) (cf.9) the transmissive factors of resonance effects
(n;,,,) and “normal” effects (7:,',) for the furan and thiophene rings can be calculated
as follows:

r(FU) = 0 (H1)oro (1) = s (IX)]ers(X1) = 0+ (X)fers(XIT)  (5a)
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TasLe 111
Statistical Values ¢ for the Series I—X

Series ~ Conformation o+ Sop+”
1 s-cis 518 1-00
I s-trans 507 1:09
I s-cis 437 1-42
u s-trans 4-68 1-07
uar s-cis 3-02 0-59
I s-trans 3-55 0-89
v s-cis 2:07 065
v s-trans 2:58 0-46
Vv $-Cis 712 1-18
vI s-cis 8-59 1-57
vI s-trans 5-06 096
Vi s-cis 2:99 0-85
vir s-trans 2:45 074
viI s-cis 1-77 0-54
Ix ¢is-0—O0 13-47 1-99
Ix trans-O—O 719 2:43
X cis-0—0 5-06 1-34
X trans-O—O 2:56 1-84

4 Standard deviation of ¢, +.

TasLe IV

Transmissive factors of Resonance and ‘“Normal” Substituent Effects for 2,5-Furylene and
2,5-Thienylene Bridging Groups

Bridging group Series Conformation Ty Ty
/_\ IX, XI cis-0—O0 1-61 + 041 0-59 4 0-14
S trans-O— O 0-86 + 0-38 0-54 £+ 0-16

o X, XII cis-0—0 051+ 018  0-80 + 0-20
trans-0—0O 0-26 £ 0-21 1-00 + 0-22

A\ ur I s-cis 0-69 + 0-36 048 4 0-15

'< >— s-trans 0-70 4 0-36 0-51 4+ 013
S w,u s-cis 0474030 030+ 014
s-trans 055 4 022 0-57 & 0-07
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7 (Fu) = o (D)e,(I1) = o,(IX)fen(X]) = 0u(X)e.(XII) (5b)
T(Thi) = o,+(IV)]e,+(II) (5¢)
7(Thi) = 0, (IV)/e.(II) . (5d)

The values of transmissive factors determined in this manner are given in Table IV.
It is clear from the table that the value of transmissive factor of resonance effects
for series of cis-O—O conformers of arylfurancarboxylic acids (IX) is anomalously
high, i.e., 1-61. Such a type of transmission when (n' > 1) can be regarded!®-*®
as a positive bridge effect and may be accounted for an increase in coplanarity
of C=0 group and furan ring caused by an intramolecular hydrogen bonding between
the OH and furylene group'?. A relatively high value of m, observed in the case
of methyl esters of arylfuranocarboxylic acids (X) points out the significant role
of n-electrons in transmission of inductive effects. An extension of structure of s-cis and
and s-trans conformers of 1-phenyl-3-arylpropenones by 2,5-furylene or 2,5-thieny-
lene group (series I1I and IV) causes a decrease in the transmission of both the reso-
nance and “normal” substituent effects approximately in the same measure. The
comparison of transmissive factors in Table IV shows that 2,5-furylene group trans-
mits the resonance as well as the “normal” effects more efficiently as 2,5-thienylene
group. This is in a good accordance with the results of our previous investigations
of transmission of polar substituent effects by furan and thiophene rings using
Hammett and Brown correlations®*2®~24. The efficiency of transmission of both the
resonance and “normal” effects observed with series I1I and IV is always somewhat
higher in the case of s-trans conformation than in s-cis conformation. As it was
already mentioned*®, this effect can be explained by a better coplanarity of the double
bonds in s-trans conformation compared with s-cis conformers.

Finally, it can be concluded that the application of Yukawa-Tsuno equation
(in spite of larger statistical errors appearing by determination of correlation para-
meters6'9) provides some useful information about transmission of substituent
effects by various systems in side-chains of substituted aromatic compounds.

We are indebted to Mrs Z. Sustekovd, Institute of Chemistry, Comenius University, Bratislava,
for technical cooperation. We also thank Dr P. Zahradnik, Department of Organic Chemistry,
Comenius University, Bratislava, for the program used in calculation of two-parameter correlations.
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