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A general empirical formula for calculation of X*(R) substituent constants
of complex structural fragments has been derived using substituent constants of
single groups and Charton’s and Jaffé’s transmissive factors of fundamental
structural units. The same formula is equally well usable in the case of
calculation of Hammett o and Brown—Okamoto ¢* or ¢~ constants of
complex substituents. The Jaffé’s transmissive factor y for both the s-cis and
s-trans conformations of an E-isomeric CH=CH group and some new X*(R)
values of single substituents containing multiple bonds between carbon atoms
have been determined. Transmissive factors y and z’ of several bridge groups
were tabulated.

BhiBejicHa o6ugas aMnupudeckas opMysia JUis pacuycTa KOHCTAHT 3aMECTH-
Ttenet X*(R) CAOXHBIX CTPYKTYPHbIX (DPArMEHTOB € MOMOLLBIO KOHCTAHT
3aMECTUTENIEN MPOCTbIX FPYMN M TPAHCMHCCHMOHHLIX (PAaKTOPOB OCHOBHBIX
CTPYKTYpHBIX eauHuu no Yaptony u [Ixacdpe. Ta xe camas cdopmyna
paBHbIM 00pPa30M NPUMEHNMA K PAcYeTy O-KOHCTAHT CIOXHbIX 3aAMCCTHTENCH
no Iammery u o*- win o~-koHctauT mo Bpayn—Oxamoto. Onpenenex
TPaHCMUCCHOHHBIH y-akTop Ixxadde ang s-uuc u s-TpaHc KoOHGoOpMalui
E-uzomepnoit CH=CH rpynnsl u HekoTopble X*(R) BeqM4MHBI NpoCThIX
3amectuTened, cogepxaumx kpatHble CC cBs3u. TpaHCMHCCHOHHBIE Y- W
7'-(paKTOPBI HEKOTOPBIX MOCTHKOBBIX TPYMNI CBENEHBI B TaGmuLy.

The previous papers [1—5] were devoted to the application of extended and
improved Seth-Paul—Van Duyse equation [2]. In the case of cyclic 1,3-dicarbonyl
compounds [1, 5] we tried to express the electronic effects of some more complex
structural fragments using substituent constants and transmissive factors of single
groups. The proposed equations were satisfactory for calculation of substituent
constants of groups attached in the position 2 of cyclic 1,3-dicarbonyl systems,
however in the case of monocarbonyl compounds they appeared to be invalid.
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A. PERJESSY

Recently, several physical properties concerning the C=0 group have been
published for a great number of organic structures. Especially, infrared carbonyl
stretching frequencies of many organic compounds were measured under nearly
standard conditions, i.e. in dilute solutions of CCl,. Most of these compounds
contained complex substituents or structural fragments attached to the C=0
group.

In order to ecxamine the applicability of the improved Seth-Paul—Van Duyse
cquation to the C=0 stretching frequencies of further organic compounds, the
main goal of the present work was to derive an empirical equation for calculation of
substituent constants of complex structural fragments and determine or collect
several transmissive factors and substituent constants necessary for the above
calculations.

Results and discussion

Charton [6] compared the reaction constants (9) of Hammett type correlations
of compounds [ with those of substituted benzene derivatives IT

O

Q?

I n

where Y is a reaction (or other electron-active) site and defined the transmissive
factor y(Q') of structural group Q'

v(Q')=o(I)/o(II) (1)

The value of y(Q') expresses the relative change of electronic effect of substituent
Q’ connected to the Q' group in comparison with the effect of the same substituent
attached to the benzene ring.

According to this consideration the substituent constant C(Q°—Q') of the
substituted Q' group can be expressed by the subsequent equation

C(Q*—Q")=C'(Q"H +y(QHC(Q) (2)

where C’(Q') stands for the substituent constant of Q' group attached directly to
the electron-active site and C(Q?) is the substituent constant of Q° group attached
to the benzene ring.

The prolongation of the substituent group by a further structural unit Q" requires
the introduction of Jaffé’s transmissive factors x'(Q') [7]. Comparing the reaction
constants of structure—reactivity correlations for the series III
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with those of II the transmissive factors 7'(Q') can be expressed as follows
7'(Q") = o(IT)/o(II) (3)

The value of x'(Q') characterizes the relative change of electronic effect of the
substituted benzene ring by insertion of a structural unit Q' between the clec-
tron-active site Y and this ring.

Applying the above definitions of both transmissive factors y(Q) and x'(Q) the
substituent constant C(Q'—Q’—Q') of a more complex structural fragment
Q'—Q’—Q'— can be given by the equation

C(Q—Q—Q)=C(Q)+¥(Q)C(Q)+7(@(QICQ) ()
where C(Q") stands for the substituent constant of group Q" attached to the
benzene ring and the remaining constants have an analogical meaning as in eqn (2).

A further prolongation of the complex substituent group requires the extension
of eqn (4) by additional terms creating a sequence. According to this the
substituent constant C(Q) of a complex structural fragment Q containing n of Q'
structural units

Q=—Q'-Q'—Q'— ... Q"
can be expressed by a general formula
C@=C'Q)+7(@)C@)+ 3 v@ @[] 7'(@Q@) ()

Employing eqn (5) to the calculation of X*(R) values of structural fragments in
conception of the improved Seth-Paul—Van Duyse equation [2]

C'(QY)=X"(Q"
and
C(Q*)=6%(Q%), C(QH=46"(QY, ... C(Q")=6"(Q")

The following two examples demonstrate the application of eqn (5) to the
calculation of X*(R) constants of complex structural fragments R, e.g. for
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X'(R)=X"'(2-Fu) + y(2-Fu)é ' (4-Ph) + n'(2.5-Fu)y(Ph)d ' (4-NO-)

and for

T

S Br

X'(R)=X'(CH=CH.)+ y(CH=CH)é '(4-(2-Thi)) +
+ n'(CH=CH)y(2-Thi)é ' (4-Ph) + n'(CH=CH)x'(2,5-Thi)y(Ph)d ' (3-Br)
The validity of the above derived eqn (5) in the calculation of X "(R) constants
of a great number of complex structural fragments containing conjugated multiple
bonds, aromatic and heteroaromatic rings has been proved and the calculated
2 X'(R) values were correlated with carbonyl stretching frequencies [8, 9].
Eqgn (5) can be employed successfully also to the calculation of 0., g or 0.!, 0., .

o' and o constants of complex substituents for Hammett and Brown equations,
respectively. In the case of 0., g.. or g., constants in eqn (5)

C'(Q"Y)Y=0.(Q"), a.:(Q") resp. 0..(Q")
C(Q)=0(Q). ¢'(Q')resp. o (Q)

for para or metha position of a Q' group attached to the benzene ring. By the
calculation of ¢, ¢’ or o values

C'(Q")=0.(Ph)=0
y(Q")=y(Ph)=1

and eqn (5) acquires (e.g. for Hammett ¢ constants) a more simple shape
a(Q)=0(Q)+ 3, ¥(Q')o(Q) [ (@) (6)

For example, according to eqn (6) the Hammett o constant of a complex

substituent
or -QpomerOpe

in the position 4 on the benzene ring can be given as follows
0(4-Q) = 0(4-Ph) + n'(Ph)o (4-CH=CH,) +
+ n"*(Ph)y(CH=CH)0o(4-Ph) + n’*(Ph)x’(CH=CH)0o(4-NO.)
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Table 1

Comparison of calculated Hammett o and Brown o* constants of some complex substituents Q with
experimental o and 0" values

Q Position Calculated” Experimental”

Hammett ¢ constants

4-NO.Ph 4 0.19 0.23
3-NO-.Ph 4 0.16 0.17
3-CIPh 4 0.09 0.09
3-BrPh 4 0.09 0.08
4-CIPh 4 0.05 0.05
4-MePh 4 -0.05 -0.05
4-OMePh 4 —-0.08 -0.09
4-NH.Ph 4 -0.18 -0.21
3-BrPh 3 0.09 0.08
E-PhCH=CH 4 -0.03" ~0.05
E-NO,CH=CH 4 0.38" 0.26
E-CHOCH=CH 4 0.19" 0.13
E-CO.HCH=CH 4 0.27¢ 0.23
E-PhCOCH=CH 3 0.26" 0.18
E-MeCOCH=CH 4 0.07¢ -0.01
PhC=C 4 0.22 0.19¢
MeC=C 4 0.18 0.09
CF.C=C 4 0.50 0.51
CF.C=C 3 0.48 0.41
PhCO 4 0.41 0.40
5-NO.(2-Fu) 4 0.29 0.20
5-Br(2-Fu) 4 0.09 0.00
5-Me(2-Fu) 4 -0.05 -0.17
5-Br(2-Fu) 3 0.17 0.15
Brown o constants

4-NO-Ph 4 0.03 0.03
3-CIPh 4 —-0.08 -0.15
4-BrPh 4 -0.14 -0.18
4-NO.Ph 3 0.21 0.18
MeCO 4 0.46 0.52¢
PhCO 4 0.57 0.51

a) Abbreviations: Ph — phenyl, Me — methyl, Fu — furyl, E — E-isomers regarding the plane of
C=C bond.

b) o Constants calculated according to eqn (6).

¢) Determined from kinetic data and taken from [10].

d) Calculated for s-trans conformation of C=C bond in respect to the reaction site.

¢) Taken from [11].

f) Taken from [12].
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In Table 1 are listed some o and o' constants of complex substituents
Q calculated by eqn (6) and compared with those determined experimentally from
reaction kinetic data. The calculated values are in a very good agreement with the
experimental ones, which is a good criterion of the applicability of the above-de-
scribed approach to the Hammett and Brown equations.

In a number of complex substituents the CH=CH group exists as a structural
unit. If this group is attached directly to the C=0 group, which is the electron-ac-
tive site of the molecule, the occurrence of two nearly planar conformations s-cis
and s-trans (Scheme 1) can be expected.

CH—C CH—C

CH
s-cis s-trans

Scheme 1

As the transmissive factors y(CH=CH) for s-cis and s-trans conformations of
a vinylene group have not been published yet, we determined them using available
carbonyl stretching frequencies of E-isomers of substituted propenones I'V (mea-
sured in dilute solutions of CCL,).

o
X— CH==CH— C —CH,

v

The data and o, substituent constants of groups X are given in Table 2. Correlating
the v(C=0) values of series IV with o, constants the following results were
obtained

v(C=0)....nn=22.7380, (X)) + 1681.7 (7)
r=0954, s=+1.7cm™'
v(C=0)...=27.3050;(X)+1703.9 (8)

r=0.974, s=+1.6cm™'

r and s are the correlation coefficient and standard deviation, respectively.

From the comparison of the slopes of above linear relationships (eqns (7) and
(8)) with that of an analogical correlation (eqn (9)) for 66 derivatives of
acetophenone (V) [17]

v(C=0)=11.4670"(X)+1691.3 9)
r=0.992, s=+02cm™'
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Table 2

Carbonyl stretching frequencies measured in CCl, and o, substituent constants of E-isomers of
substituted propenones IV

v(C=0)/cm™'
X Ref. a,(X)"
s-trans s-cis

H 1684 1706 [13] 0
Me 1676 1697 [13] -0.31.
Ph 1676.4 1697.7° [14] -0.18
Fc 1665 1684 [15] -0.71
2-Thi 1674.7 1695.3 [16] -0.38
Me. — 1686 [13] -0.62
4-PhPh 1674 1696.9 [13, 14] -0.24
4-CIPh 1677.2 1699.2 [14] -0.19
4-BrPh 1678.3 1699.3 [14] -0.18
4-NO.Ph 1680.8 1702 [14] 0.03

a) Abbreviations: Fc — ferrocenyl, Thi — thienyl.
b) Taken from [2, 10].
¢) Calculated as 20, (Me).

we can determine the transmissive factors y for both the s-trans and s-cis
conformations of the CH=CH group as follows

y(CH=CH)....on = 0(IV)..oon/0(V) = 1.988
y(CH=CH)....= o(IV).../o(V)=2.381

The value of y(CH=CH)..... is in a reasonable good agreement with that deter-
mined previously by Charton [6] (y(CH=CH) = 2.23) using correlations between
ionization constants of carboxylic acids and substituent constants. The transmissive
factors y(Q) and 7'(Q) of some fundamental structural units Q recommended in
the application of eqn (5) are collected in Table 3.

In order to calculate the X*(R) values of complex substituents, it was also
necessary to determine the X*(R) constants of some further structural fragments
lacking in the present literature.

In the case of aromatic or heteroaromatic groups R attached directly to
a carbonyl group and possessing an electron-donating effect eqn (10) derived
previously [2] can be used.

X*(R)=0.2380"*(R) + 1.077 (10)

However, this equation for nonaromatic groups in the role of substituents appeared
to be invalid.

Chem. zvesti 37 (3) 357—368 (1983) 363



A. PERJESSY

Table 3

Transmissive factors y(Q) and n'(Q) of some fundamental structural units

Q y(Q) Ref. 7'(Q) Ref.
Benzene 1 a 0.26 [18]
1,4-Naphthalene 1 [5] 0.26 [5]
1,1’-Ferrocene 0.93 [5] 0.25 [19]
1,3-Ferrocene 1.41 [5] 0.38 [19]
2,5-Furan 1.40 [20, 21] 0.80", 0.98' [4]
2,5-Thiophene 1.09 [20,21] 0.44 [22]
E-s-trans-CH=CH 1.99 d 0.85 [3]
E-s-cis-CH=CH 2.38 d 0.77 [3]
c=C 1.89 [6] 0.33 (18]
C=0 3.34 [23] 0.43 [18]
trans-1,2,-Cyclopropane 1.97 [23] 0.37 [18, 24, 25]
1,1-Cyclopropane 5.36 23] — —
C=CH, 4.25 [23] — —
C=NOH 2.37 [23] — —
2.5-Selenophene 1.23 [21] — —
2,5-Pyrrole 1.65 [21] — —
2,5-Tellurophene 1.20 [21] — —
3,5-Pyridine 0.95 [26, 27] — —
2,5-Pyridine 1.04 e — —
2,5-Thiazole 1.10 e — —
2,6-Benzothiazole 0.35 [47] — —
2,9-Fluorene 0.69 [29] — —

a) From definition of y(Q) by eqn (1).

b) For O—O—trans conformation.

¢) For O—O—cis conformation.

d) This paper.

e) Calculated using the results of paper [28].

Therefore, we employed for the determination of X*(R) constants of structural
fragments CH = CH, and C=CH eqn (6) and the improved Seth-Paul—Van Duyse
equation (eqn (11)) [2]

v(C=0)=38.219 Z X*(R) +1583.426 (11)

Thus, the X" (CH=CH.) constants for s-trans and s-cis conformations can be
determined according to the following expression (eqn (12)) using ¥ X*(R) values
calculated from eqn (11) for fundamental structural types of compounds VI.
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X'(CH=CH.)= £ X*(R)— X"(Y) - y(CH=CH)$"(4-Q)

Y—C —CH===CH—Q

(o]

vI

(12)

The X'(R) constants of a vinylene group can be given by arithmetic means of
values listed in Table 4

Determination of X ' (CH=CH.) constants according to eqns (11) and (12)"

X*(CH=CH:)\ rans = 0-785
X'(CH=CH.)....=1.338

Table 4

v(C=0) (CCl,)/cm ' X*(CH=CH.,)
Y o
s-trans Ref. s-Cis Ref. s-trans s-Cis
Me H - 1684 [13] 1706 [13] - 0.825 1.400
Me Me 1676 [13] 1697 [13] 0.682 1.325
Ph Ph 1653 [30] 1672 [30] 0.822 1.334
Me Ph 1676.4 [14] 1697.7 [14] 0.698 1.269
Bu Ph 1675 [31] 1695 [31] 0.718 1.255
Et Ph 1674.6 [32] 1697.2 [32] 0.700 1.305
i-Pr Ph 1671 [13] 1694 [13] 0.655 1.271
Me Et 1682 [13] 1701 [13] 0.899 1.421
Me Pr 1681 [13] 1702 [13] 0.865 1.438
Me i-Pr 1683 [13] 1702 [13] 0.917 1.438
Pr Ph 1672.5 [32] 1695.4 [32] 0.652 1.265
Pe Ph 1673 [32] 1694 [32] 0.666 1.229
i-Bu Ph 1669.3 [32] 1693.7 [32] 0.575 1.227
t-Bu H 1684 [13] 1696 [13] 0.974 1.287
i-Pr H 1682 [13] 1702 [13] 0.871 1.394
Pr H 1686 [13] 1705 [13] 0.933 1.430
Me 2-Thi 1674.7 [16] 1695.3 [16] 0.746 1.318
Me Fc 1665 [15] 1684 [15] 0.649 1.211
Ph H 1661 [13] 1677 [13] 0.960 1.378
Et H 1690 [13] 1707 [13] 1.004 1.475
Ph Fc 1640 [33] 1665.5 [33] 0.500 1.463
Ph 2-Fu 1643 [17] 1669 [34] 0.688 1.407
Ph 2-Thi 1641 [17] 1663 [35] 0.601 1.210
H Ph 1689 [13] — — 0.711 —
H H 1704 [13] — — 0.999 —
H 2-Thi 1688 [16] — — 0.771 —
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Table 4 (Continued)

v(C=0) (CCL)/cm ' X*(CH=CH.)
Y’ Q"
s-trans Ref. s-cis Ref. s-trans s-cis

H 2-Fu 1688 [36] — — 0.805 —
H Me 1699 [13] — — 1.027 —
NMe. Ph — — 1658.1 [37] — 1.478
OEt Ph — — 1717 [38] — 1.011
t-Bu Ph — — 1688.7 [39] — 1.182
t-Bu 2-Thi — — 1684.5 [16] — 1.185
t-Bu 2-Fu — — 1684 [36] — 1.212
2-Thi Ph — — 1656 [39] — 1.303
2-Thi 2-Thi — — 1648 [34] — 1.206
Fc Ph — — 1660 [33] — 1.334
2-Fu Ph — — 1667 [34] — 1.420
Fc Fc — — 1658 [3] — 1.581
2-Fu Fc — — 1661.5 [17] — 1.463
2-Thi Fc — — 1656 [17] — 1.603
2-Fu 2-Fu — — 1667 [34] — 1.572
OH Ph — — 1733 [40] — 0.900
OMe Ph — — 1727 [41] — 1.073.
NMe. Me — — 1665 [42] — 1.732
2-Sel Ph — — 1661 [43] — 1.344

Mean values: 0.785 1.338

a) The X*(Y) and §*(4-Q) values were taken from [2, 3] except for X“(2-Sel) = 0.772 and X *(Fc)
= 0.756, which have been determined by eqn (10) using 0:(2-Sel) = —1.28 [44] and o.(Fc)
= —1.35 [45], respectively.

b) Abbreviations: Bu — butyl, Et — ethyl, i-Pr — isopropyl, Pr — propyl, Pe — pentyl, i-Bu
— isobutyl, t-Bu — tert-butyl, Sel — selenienyl.

In a similar manner we determined the X*(R) constant of the C=CH structural
fragment using carbonyl stretching frequencies of a series of phenylben-
zoylacetylenes [46]

X*(C=CH)=0.726

The applicability of above reported new X*(R) constants has been proved in
correlations between the carbonyl stretching frequencies and X X (R) values of
a number of compounds containing multiple bonds between carbon atoms [8, 9].

Acknowledgements. The help of Z. Sustekovd in the technical operation is gratefully
acknowledged.
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