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Abstract. The analysis of aromatic carbon nuclei chemical shifts in *C NMR
spectra of 26 series of disubstituted para-alkylaromatic compounds of the general
formula p-Y-CgsHs-(CH,),-CR'R?R® (where r=0 or r=1) was made. It is shown that
increase the number of methyl groups at a-carbon atom (o-effect) leads to a
downfield shift absorption of ipso-carbon (positive ipso-a-effect), and upfield shift
absorption of ortho-carbon (negative ortho-a-effect). When the introduction of
methyl groups takes place to the B-carbon atom there is observed ipso- and meta-
negative B-effects and positive ortho- p-effect. The values of “mean differential
parameters” A8 " were calculated.
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. Introduction

In the previous work [1] we studied the effect of branching in alkyl substituents in
para-alkylbenzenes of the general formula p-Y-CgH,-Alk on the value of chemical
shifts of nuclei of H-2 and H-3 atoms of phenyl ring in NMR 'H spectra. We
showed that chain branching at a-carbon atom leads to the positive ortho-o-effect
and meta-o-effect (shift of ortho- and meta-protons signals to the low field,
relatively). The branching of chain at B-carbon atoms leads to the negative ortho-
B-effect. At the same time meta-B-effect was too small by value (or it was absent at
all) due to the outlying position of investigated meta-proton from the branching
point of chain at 3-carbon atom.

It is of great interest to examine whether mentioned a- and pB-effects will appear in
NMR *C spectra of the same compounds p-Y-CgsH,-Alk. The subject of this report
is the study of influence of position and number of branching at o- and B-carbon
atoms of alkyl substituent on the values of basic (6;°) and differential (A&;°)
spectral parameters of nuclei of ipso- (C-1), ortho- (C-2 and C-6), meta- (C-3
and C-5) and para- (C-4) carbon atoms of phenyl ring. Some previous results of
the investigations have been published earlier [2].

Both Alk and Y substituents in 4-Y-CgsH,4-Alk compounds are situated on the same
straight line which passes through the molecule centre at the maximum distance
one from another. Therefore we may suppose that the influence of one substituent
on the investigated carbon atom of phenyl ring would be independent from the
influence of another; their summary effect would be additive. It means that at the
constant structure of the second substituent Y in the specially selected series (rows)
of compounds (see below) the observed changes in spectrum are caused by alkyl
substituent only, i.e. the substituent Y (which is constant) will not affect the value
of differential parameters A& inside the rows.

Let us divide the influence of both substituents on the carbon atoms of phenyl ring
into steric and electronic components. It is logically to assume that the main (and
may be the single) contribution to the steric component of alkyl substituent
(AIK) influence on the spectral parameters of carbon atoms will be done by its
volume in the definite point of the space out of phenyl ring [3-5]. The electronic
component of the mentioned influence may be accepted as constant value because
both constants of Hammet and Braun are slightly differed for alkyl substituents of
different structure.



I.1. Construction principles of comparable compounds rows

To compare the spectral parameters of different compounds we use previously
developed [1-4] approach based on virtual division of investigated molecule into
two fragments: “invariable” and “variable” ones. We investigated the changes of
differential spectral parameters taking place in that part of “invariable” fragment
we are interested in under the influence of structural change of “variable”
fragment. To our mind differential spectral parameters A8 are the best
quantitative measures of o- and B-effects in NMR *C spectra of alkylbenzenes.

By analogy with described earlier conception for monoalkylbenzene [3,4]
disubstituted compounds 4-Y-CgsH;-Alk are divided into two types depending
upon the place of branching of alkyl chain in the substituent Alk: compounds of
“A” type (branching occurs at a-carbon atom) and compound of “B” type
(branching occurs at p-carbon atom). The substituents Alk contain maximally
short alkyl chains: in the compounds of “A” type they contain 1 or 2 carbon atoms,
in the compounds of “B” type — 2 or 3 carbon atoms.

|.2. Compounds of “A” type

Every row of the compounds of “A” type containing the same substituent Y is
denoted by the general formula p-Y-CsH,-C*R'R?R®. The “invariable” fragment in
the compounds of “A” type is 4-Y-CgH,-C=. Three variable fragments R*, R?, R®
are attached to it and denoted by italic. The variable fragments are hydrogen atoms
or methyl groups. The number of methyl groups among variable substituents we
denote by “n” symbol; maximum value of ny, is equal to three (R'=R°=R*=Me; n,,
= 3). The number of terms M in complete [3,4] row is calculated by the formula: M
=N, + 1 =4, The complete row of alkyl substituents of “A” type consists of 4
terms denoted by symbol “j”: 1) Alk=Me, (n=0,and R* = R*=R*=H, j=a in
formulae 1-26), 2) Alk =Et (n=1,j=b), 3) Alk=Pr' (n=2, j=c) and 4) Alk =
Bu' (n = 3, j = d). The series containing two or three terms we call as incomplete
rows.

1.1.2. Selection criteria for rows of 4-Y-CsH,-C*R'R’R® compound of “A”
type

Among the variety of different functional groups which may be the substituents
“Y” in para-Y-C¢Hs-Alk compounds we selected 26 substituents (including
hydrogen atom) on account of reasons described in [1]. These substituents involve
all range of electronic properties: from the most electron-donor substituents (of
NR, and OR types) to the most electron-acceptor (NO, and SO,CI) ones. All 4-Y-
CeH4-Alk compounds we denote by symbol “Nj”. Number N (N = 1-26) is given



by bold and determines a row of compounds containing the same substituent
“Y”. Letter “” denotes the type of alkyl substituent Alk: j = a-d.

1-26

where Y = NMe; (1), NH; (2), OH (3), OMe (4), Me (5), Et (6), Pr' (7), Bu' (8),
Ph (9), H (10), Br (11), COOH (12), COOMe (13), Ac (14), CH=0 (15), NO, (16),
OAc (17), CH,CI (18), CH,Br (19), EtC=0 (20), SO,CI (21), F (22), Cl (23), |
(24), CN (25), COOEt (26).

Unfortunately, because of the insufficient amount of spectral data for the
compounds of “A” type in the informational sources (see about them below) we
were able to construct only 10 complete four-termed rows (Na-Nd) for compounds
4-Y-CgHy-AlKk. “Y” substituents in them are: NH, (compounds 2a-2d), OH (3a-
3d), OMe (4a-4d), Me (5a-5d), Ph (9a-9d), H (10a-10d), COOH (12a-12d),
CH=0 (15a-15d), NO, (16a-16d), OAc (17a-17d). For 16 substituents we
constructed incomplete rows, where Y: NMe, (1), Et (6), Pr' (7), Bu' (8), Br (11),
COOMe (13), Ac (14), CH,CI (18), CH,Br (19), EtC=0 (20), SO,CI (21), F (22),
Cl (23), 1 (24), CN (25), COOEt (26).

The compounds of “B” type are discussed below.

I1. Experimental data
11.1. Basic spectral parameters ;™

Introduced symbols and informational sources. Basic spectral parameters in
NMR *3C spectra of para-disubstituted benzenes are denoted generally by symbols
&N, The superscript means: a) spectrum type (“C” - carbon); b) number of
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compound (N); c) type of alkyl substituent “4”. In the subscript the symbol
denotes the position of investigated carbon atom in the phenyl ring (i= ipso-, o-, m-
or p-) or number f carbon atoms in phenyl ring. In some cases the superscript
contains number of literature source in square brackets and subscript contains the



type of compound: “a” for the compounds of A type and “B” — for the compounds

of “B” type, e.g. Sipso,aC‘Bd[G] or 84,QC’10°[7].

The selection of spectral data sources is based on the consideration of their
availability and compatibility, criteria of which were examined earlier in [5]. We
used 8™ values obtained in deuterochloroform as a solvent. They are given in
references [6, 7]. Using only CDClI; as the solvent is conditioned by the possible
dependence of 8¢ values upon the solvent nature [8]. Comparing the small changes
in the values of basic spectral parameters 5™ as a result of possible spatial
interaction between molecule fragments, it is actually impossible to take into
account greater changes of spectral parameter ASLSO.V,C’N", which may be caused by
different nature of the solvents. Therefore, in this paper we did not discussed
spectra obtained in other solvents (for example, DMSO-dg).

11.1.2. Signals attribution in NMR **C spectra

The chemical shifts values of singlet signals are given with the accuracy of 0.01
ppm for every type of carbon nuclei §“™ of phenyl ring. Spectra NMR *3C were
obtained using complete suppression method of spin-spin interaction {"H -**C} and
given in [6] and [7]. The average possible error for the determination of &
parameters is estimated as 0.10 ppm. The frequency of instruments by means of
which spectra were recorded is not such significant as for spectra NMR *H, thus
we do not discussed it here.

The author’s attribution of signals which is absent in [7] we fulfilled by ourselves.
One of two intensive peaks in the spectral region of 124-131 ppm we attribute to
the absorption of two carbon atoms of phenyl ring - atoms (C-2 and C-6), which
are located in ortho-position concerning the alkyl substituent AlK. The other
intensive peak is caused by the absorption of meta-carbon atoms C-3 and C-5 and
situated within wider region (112132 ppm). The same as in a case of NMR 'H
spectra, if values of 8™ and 8,"™ differ by the value less than 0.5 ppm, the
unambiguous attribution of both signals may be difficult'. In such a case they may
be exchange in accordance with [6].

Two less intensive signals remained in the region of 90-165 ppm are specified by
the absorption of nuclei of para-carbon atom C-4 (which substituent Y is attached
to) and ipso-carbon atom (which alkyl substituent Alk is attached to). Our
attribution of all 4 aryl signals in the spectra given in [7] we correlated with
author’s attribution of signals in spectra given in [6].

All data of NMR *3C spectra are represented in Tables 1-5. The tables’ structure
and symbols are the same those given in [1] for NMR 'H spectra. Every cell of the



tables where values of basic spectral parameter & are present, contain two digits
in column. The upper part of column contain parameter &N taken from [7] and
typed by usual; the bottom part contain the same parameter & taken from [6]
and typed by bold. If the parameter is absent, we put dash.

For tert-butyl compounds (Y-CgH,-Bu') with numbers Nd we used additional
spectral data &N taken from [9]. In the original paper [9] values &N are
given with the accuracy of 0.1 ppm. Almost all parameters & are in a
agreement [5] with the same values &M and §“N®. However, we consider
parameter &N as least reliable among all 3 data of &

Table 1 represents the basic spectral parameters &< only for para-

methylsubstituted benzenes 4-Y-CsH,-Me (1a-26a). For other types of substituents
(1j-26j, where: j = b,c,d) the differential parameters A§“" are given in
corresponding cells instead of basic spectral parameters &,

11.2. Differential spectral parameters A$°™
The differential spectral parameters A8:SN were calculated using formula (1),
the same as in [1]:

ASCN = 5,CNIM) _ 5 CNa©) (1)

where 5°M® (j = b,c,d) is a basic spectral parameter in those para-disubstituted

benzenes, in which substituent “Alk™ is not a methyl group (n # 0, Alk # Me), i.e.
§,CNI () 4 §.CNa(O)

Structure of Table 1. The first of four columns contains the values of basic
spectral parameter (5;°N*®). Next three columns contain calculated differential
spectral parameters A8“N for compounds 1j-26j. The sign of differential
parameter (“+” or “-*) is obligatory, including positive values. The values of basic
spectral parameters & for compounds 1j-26j (where j = b,c,d) are absent in
Table 1. They may be calculated by adding of corresponding differential parameter
with basic spectral parameter &\,

Every cell of differential spectral parameters A§™ (the same as for basic
parameter &™) contain column consisting of two or three (for parameters
A8 N values. The upper value is calculated by formula (1): A& N = § NI
5N using only basic parameters &' taken from [7]. The bottom value (in
cases When j#d) is the same calculated parameter A8 "™, using only parameters
&N taken from [6]. The upper digit is usual, the bottom one is bold; both digits
are without brackets. Such parameters we call “non-crossed” (see below).



In those cases when the value of basic spectral parameter &, is absent in Refs. [6]
or [7], it is impossible to calculate the value of corresponding ‘“non-crossed”
differential parameter. To increase the statistic amount of data we calculated so
called “crossed” differential parameter instead of mentioned one. The ‘“‘crossed”
parameter is calculated with simultaneous use of data given in Refs. [6] and [7] and
placed in the cell instead of absent “non-crossed” value. “Crossed” differential
parameters are marked by bold in parentheses. For example, “crossed’ parameter
may be calculated by formula: (A8,"") = §,°MI _ § Nl or on the contrary:
(A60C,Nj) - 60c,Nj[s] B 6()C,Na[7].

For some tert-butyl compounds (Y-CgH,-Bu®) Nd (in those cases when values of
basic spectral parameters &M are present in [9]) the value of “crossed”
differential parameter A8“™! js given as third value in the column of
corresponding cells. The values are typed by bold in parentheses. Usually they are
calculated by formula; A§ENI = NI §ENIT (i those cases when we have
&;“N value). For the compounds 3 and 25 the value &N is absent. That is why
we calculated “crossed” parameter as: ASiC‘Nd[Q] = SiC’Nd[Q]- SiC’Na[G].

Table 1

Values of basic (&™) and differential (A8;°") spectral parameters of

compounds 1-26 (atoms C-2 and C-3).

Parameters of nuclei of ortho-carbon Parameters of nuclei of meta-
Numbe | Substi- atoms carbon atoms
rofrow | tuentY 5,0M | Ag,CN | Ag,eNe | agoNd | g0 A6b3“'\' ASE,L’N AS);L’
129.53 -3.75 |113.14 -0.58
1 NMe, | 129.57 - - -3.78 | 113.20 - - -0.55
- (-3.73) - (-0.34)
129.68 | -1.15 -2.63 -3.72 |115.18 | +0.05 | -0.05 | -0.35
2 NH; 129.76 | -1.19 -2.65 -3.77 |115.28 | +0.03 | -0.07 | -0.37
- - - (-3.78) - - - (-0.28)
- (-1.27) | (-2.73) | (-3.76) - (-0.15) | (-0.25) | (-0.59)
3 OH 130.17 | -1.19 -2.65 -3.70 |115.35| +0.04 | -0.04 | -0.39
- - - (-3.67) - - - (-0.35)
129.84 | (-1.09) | (-2.59) | (-3.71) | 113.69 |(+0.14) |(+0.21) | (-0.32)
4 OMe 129.94 | -1.19 -2.69 -3.81 |113.81| +0.02 | +0.09 | -0.44
- - - (-3.64) - - - (-0.31)
12890 | -1.18 -2.65 -3.80 |128.90 | +0.08 | +0.05 | -0.20
5 Me 128.97 | -1.19 -2.66 -3.84 | 12897 | +0.08 | +0.08 | -0.21
- - - (-3.80) - - - (-0.10)
6 Et 128.98| -1.21 ) i 127.72 | +0.05 i i
129.05| -1.21 127.72 | +0.12
7 Py 128.95 i -2.69 i 126.25 ] +0.01 i
129.05 -2.71 126.34 +0.03




128.70 -3.86 | 125.10 -0.26

8 Bu' 128.76 - - -3.88 | 125.13 - - -0.25
- (-3.90) - (-0.30)

12943 -121 | -265 | (-3.74) | 126.93| +0.01 | +0.03 | (-0.15)

9 Ph 129.45| -1.19 | -2.67 -3.76 |126.92 | +0.06 | +0.03 | -0.14
- - - (-3.73) - - - | (+0.07)

129.01] -1.18 | -2.63 -3.83 |128.22| +0.06 | +0.05 | -0.21

10 H 129.09| -120 | -2.67 -3.93 |128.28 | +0.07 | +0.06 | -0.26
- - - (-3.81) - - - (-0.12)

130.76 | -1.18 -3.64 | 131.21] +0.07 -0.22

11 Br 130.78| -1.17 - -3.65 |131.23| +0.10 - -0.24
- - (-3.66) - - (-0.30)

129.19 - -2.60 - 130.24| - +0.15 -

12 COOH - (-1.15) | (-2.54) | (-3.73) - |(+0.16) [(+0.26) | (-0.06)
- - - (-3.69) - - - (-0.04)

129.04 -3.76 | 129.58 -0.18

13 COOMe | 99,09 i i -3.77 | 129.62 i i -0.17
129.21] -1.18 - +0.01 -

14 Ac | 12923| -116 | - |2 w006 |- :
- - (-3.71) ' - (-0.13)

15 CH=o | 12868| -117 | -259 | (:3.72) [ 129.79| +0.13 | +0.16 |(-0.12)
129.70| -1.16 | -2.58 -3.74 |129.76 | +0.19 | +0.21 | -0.09

129.79] -117 | -252 - 123.46| +0.13 | +0.18 -

16 NO, | 129.82| -1.10 | -2.52 - 12351 | +0.10 | +0.16 -
- - - (-3.49) - - - (-0.16)

ococH | 12987| (-1.14) | (-259) | (-3.60) | 121.20 | (+0.09) |(+0.07) | (-0.33)

17 129.91| -1.18 | -2.63 -3.64 |121.27 | +0.02 | 0.00 | -0.40
3 - - - (-3.57) - - - (-1.20)

129.37 -3.74 | 128.53 -0.23

18 CHCI 129.40 i i -3.71 | 128.56 i i -0.22
129.43 -3.75 | 128.92 -0.22

191 CHBr | o943 - - 379 |12804| " | 024
129.19 - - 128.06| - -

20 | ECO © 1y | T a7 | - |eo1e) | T |(-0.09)
130.23| (-1.05) 355 | 126.99| (+.15) -0.15

21| SOLl | 93028] 110 : 358 |127.02| +012 | | -0.10
130.29 - 114.92 -

22 F 130.39 - - - 114.99 - - -
- (-3.49) - (-0.22)

130.32 - 128.24 -

23 Cl - - - - - - - -
- (-3.52) - (-0.04)

131.13 - 137.20 -

24 | 131.11 - - - 137.14 - - -
- (-3.63) - (-0.10)

25 CN 129.92 - - -3.76 | 131.99 - - -0.02
- (-3.71) - (+0.01)

129.00 - 129.53 -

26 CO,Et | 129.04 - - - 129.63 - - -
- (-3.70) - (-0.03)




Compounds 1-26 (atoms C-1 and C-4)

Parameters of nuclei of ipso-carbon

Parameters of nuclei of para-

Numbe | Substi- atoms carbon atoms
rofrow | tuentyY §,CNa Aﬁblc’N ASENE | A5 CNO | g, ASSC’N ASélc’N AS(?C’N
1275-9 +13.33 1‘:38'7 0.28
1 NMe, ; i +13.37 i - | 026
125.96 (+1353) | 14883 (:0.34)
1207-6 +672 | +11.41 :_’113?% 1413'8 +0.26 | +0.29 gfg
2 NH; 127 61 +6_.75 +11_.43 (+13.60) | 143.98 +0:17 +0_.25 (-0.28)
T [(+6.48) | (+11.10) | (+13.38) | - | (+0.19) | (+0.27) | (-0.02)
3 OH |13017 | +6.59 | +11.24 | +1351 |152.92 | +0.13 | +0.13 | -0.18
- - - |(+1853) | - - -1 (039
129.76 |(+6.62) | (+11.35) | (+13.46) | 15750 | (+0.32) | (+0.40) | (-0.17)
4 OMe |1290.94 | +6.44 | +11.17 | +13.28 |157.65 | +017 | +0.25 | -0.32
) . . |(+1353) | - i - | (031
13462 | +656 | +11.23 | +13.46 1324'6 4031 | +047 | +0.12
5 Me |134.66 | +6.56 | +1123 | +1345 | .2 | +0.30 | +045 | +0.07
. : - | (+1358) | B4 i - | (-0.10)
A o |134.93 | +6.49 _ o N e | _
134.96 | +6.49 Lt | 1023
, o 13500 | | wwoa| | YRSL a0 |
135.11 +11.08 e g +0.30
134.74 +13.20 1‘28'0 0.14
8 Bu' |134.73 - - +13.27 - - -0.11
i (+13.06) | 14811 (-0.30)
1383
136.92 | +6.37 | +10.98 | (+13.30) | “° | +0.24 | 4037 | (0.00)
9 Ph |136.86 | +6.48 | +10.99 | +13.36 | .o | +0.22 | +0.35 | -0.02
; : - | (+1338) | 1% ) 5 | +007)
137.81 | +6.39 | +11.00 | +13.22 | 12529 | +0.28 | +0.44 | +0.08
10 H 113783 | +6.41 | +11.00 | +13.16 | 12538 | +0.27 | +0.41 | -0.01
] : . | 1319) | - i © | 012)
119.0
136.70 | +6.37 +1334 | D0 021 +0.13
11 Br  |136.70 | +6.39 i #1331 |, | 4021 | - | +009
; : (+13.30) | 1% i (-0.30)
4462 | - | +1071 112680 | - | +003 | -
12 | COOH | - |(+6.19) |(+10.80) |(+12.96) | - |(+0.10) |(+0.14) | (-0.10)
] : - |(+12.98) | - i - | (0.00)
1274
14351 +12.95 -0.08
13 | COOMe ] i 3 i i
14351 +H303 | o, 012




134.7

143.76 | +6.20 - o +0.21 -

14 Ac |143.74 | +6.21 - - Laa79 | 030 - -
i - (+13.04) | =™ - (+0.11)

15 Choo | 14545 | +6.17 | +1070 [(+12.94) [134.29 | +0.09 | +0.22 | (:0.11)
14543 | +6.21 | +10.72 | +12.96 |134.29 | +0.22 | +0.33 | -0.11

145.96 |(+6.23) | +10.61 ; 146.13 | (+0.16) | +0.18 ;

16 NO, (14595 | +6.24 | +10.66 - 146.31 | -0.02 | +0.16 -
i ) ] (+12.94) | - - - (-0.03)

ococh | 13535 [(+635) [ (+10.93) [ (+13.18) [148.47 [ (+0.18) | (+0.40) | (-0.09)

17 135.36 | +6.34 | +10.92 | +13.17 |148.61 | +0.04 | +0.26 | -0.23
3 i ; ] (+13.25) | - - - (-0.22)

138.23 +13.22 | 134.56 -0.06

18 CHCI 13824 i ) +13.26 | 134.61 i i -0.07
138.30 +13.18 | 134.82 -0.10

19 CHBr 13824 | - - +13.11 |13485| ) -0.16
14352 | - +12.98 | 134.43| - +0.07

20 BCO 1770 | (46.24) ] - _(+028) | i
’1 so,cl | 14684 [(+6.13) ] +12.81 | 141.60 | (+.22) ] 012
146.93 | +6.04 +12.74 | 141.70 | +0.12 -0.07

133.35 ; 161.13 ]

22 F |133.42 - 161.24 -
] (+13.38) | - (-0.24)

136.18 ; 131.07 ;

23 Cl - - - -
] (+13.42) | - (-0.04)

137.29 _ 90.20 ;

24 | 137.36 - 90.14 -
i (+1351) | - (+0.40)

25 CN 14375 +12.95 | 109.41 -0.05
i (+12.90) | - (+0.09)

143,51 - 127.99 ;

26 CO,Et |143.35 - 127.99 -
i (+12.89) | - (-0.09)

11.3. Compounds of “B” type

The compounds of “B” type are denoted by the general formula Y-CgH,-C*Z'Z%-
CPR'R?R®, where symbol “Z” denotes hydrogen atom or methyl group or one more
-C’R'R?R® group. The fragment Y-CgH,-C(Z'Z%)-CP= is invariable and three
variable fragments R', R?, R® are attached to p-carbon atom. The compounds 1-26
of “B” type have three" variants of values Z* and Z% a) Z'=7?=H; b) Z'=H, Z* =
Me: ¢) Z' = Z* =Me. The complete row of four compounds may be constructed for
every of them (M=4).

In the first case (when Z* = Z* = H) the complete row includes following alkyl
groups presented in Table 2: ethyl (Et, n=0, denoted by symbol “b” taken from




Table 1); n-propyl (Pr, n=1, denoted by symbol “e”, differential parameter is
determined by the difference e-b); isobutyl (Bu', n=2, «f», «f-b»); neopentyl
(AM™° n=3, «g», «g-b»).

In the second case, when Z* =H, Z? = Me, the following alkyl groups are examined
in Table 2: isopropyl (Pr', n=0, «c») and secondary-butyl (Bu®, n=1, «h», «h-c»). In
[6, 7] spectral data are absent for the compounds with alkyl substituents containing
two methyl groups (R' = R* = CHs, R® = H, n=2), i.e. for the third term, or three
methyl groups, i.e. for the fourth term of complete row.

The same situation takes place in the third case (Z* = Z? = Me), where only for tert-
butyl (Bu', n=0, «d») and tert-amyl (Am', n=1, «k», «k-d») alkyl groups the
spectral data were found. Therefore, in Table 2 we are forced to give incomplete
rows in most of the cases. Moreover, often they consist of only two first terms of
the row.

11.3.1. Structure of Tables 2-5

Tables 2-5 represent values of differential spectral parameters (A5;°™) calculated
by formula (2) similar to the formula (1):

A8IC,NJ - 8iC,Njn_ 8|C,le
(2)
The minuend (where: j, = e ~ k, see above) is a basic parameter of the
corresponding “non-first” compound of the row denoted as “j,”. The subtrahend is

a basic spectral 5™ (where: j; = b, ¢, d), which is the first in the investigated
row.

C.Nj
§CNn

The structure of Table 2 is similar to that of Table 2 in [1]. The values of basic
(8,°™M") and calculated differential (A8,°™) parameters for ortho-carbon atoms of
phenyl ring are represented for the compounds 2-17 of “B” type with alkyl groups
e,f,g,h and k. The symbols, cells structure and font type are the same as in Table 1.
The first three columns contain values of corresponding basic parameters and five
next columns — calculated values of differential parameters: e (e-b), f (f-b), g (g-b),
h (h-c) and k (k-d). The structure of Tables 3-5 (for meta-, para- and ipso-carbon
atoms of phenyl ring) is the same.

Table 2

Values of basic (5,-"") and differential (A8,~") spectral parameters of ortho-
carbon atoms in the compounds 2-17 of “B” type (Alk = -C*Z'Z*-C*R'R’R?)



Basic spectral parameters
of carbon atoms of the

Differential spectral parameters of carbon

Numbe | Substi- first term of the row atoms of the second-fourth terms of the row
rof row tuent Y C,Nb C,Nc C,Nd AE‘)oC’Ne A8OC’N A8oCJ\lg A8oCJ\lh ASOC’Nk
S0 S0 o (e-b) f (f-b) (g-b) (h-c) (k-d)
128.53 | 127.05 +0.67 +0.67
2 NH, i i i i
128.47 | 127.11 +0.57 (+0.61)
3 OH 128.90 | 127.44 | 126.41 | +0.60 i i (+0.69) | +0.69
128.98 | 127.52 | 126.47 | +0.61 +0.61 +0.66
4 OMe " |12725| - - +0.63 -
127.72 (+0.66) | -
5 Me 11o778| - © | 40,60 ] - -
0 L | 127.83[12638 [12518 | +062 | (+L30) | +259 | +0.64 | (+0.74)
127.89 | 126.42 | 125.16 | +0.62 +1.24 +2.56 +0.65 +0.76
I ar | 12958 | 058 | ] ] ]
129.61 +0.58
i ] BEEIE ] ] ]
12 COOH 128.04 +0.57
12803 | [ (+064) | (+1.25) | ] .
14 AC 119807 +0.60 | +1.21
. |12851] ] (+1.23)| - ] -
15| CH=0 1954 © | 4120
127.27 - T [ (+059)
16 NO, © 12730 - +0.56 ]
17 OAc 12728 | - - ~ | 4059
Table 3

Values of basic (5,""") and differential (A8,~"V) spectral parameters of meta-
carbon atoms in the compounds 2-17 of “B” type (Alk = -C*Z'Z*-C’R'R’R?)

Basic spectral parameters
of carbon atoms of the

Differential spectral parameters of carbon

Nl;mbe SubstiY_ first term of the row atoms of the second-fourth terms of the row
rofrow ) tuent C,Nb C,Nc C,Nd Asmc’N ABmC’ ASmC’N ASmC’N ASmC’N
Om” Om~ Om~ e (e-b) NF (f-b) g (g-b) h (h-c) k (k-d)
5 NH 115.23 | 115.13 ) -0.10 ) ) +0.04 )
2 1115.31 | 115.21 -0.05 (-0.04)
3 OH 115.20 | 115.10 | 114.76 | -0.11 ) ) (+0.19) | +0.03
115.39 | 115.31 | 114.96 | -0.10 -0.02 -0.03
4 ) OMe | - 4390 | - J ) 10.10 )
128.98 (-0.03) -
S Me | 19905 | - "~ | 010 - ) )
10 H 128.28 | 128.27 | 128.01 | -0.09 | (-0.18) | -0.70 -0.07 | (-0.02)
128.35 | 128.34 | 128.02 | -0.09 -0.25 -0.77 -0.06 -0.03




R R R I e R
12 | COOH | 13549 | - ] (:8:3)2) ] ] ] ]
14 | A | oees| - | - | Yoar | | - |
- R
6 | No | - | - - TSR]
17 | OAc | | 17| - ] ] | 005 |

Table 4

Values of basic (5;°™) and differential (A5,“"V) spectral parameters of ipso-carbon

atoms in the compounds 2-17 of “B” type (Alk = -C*Z'Z%-C*R'RR?)

Basic spectral
parameters of carbon Differential spectral parameters of carbon
Numbe | Substi- | atoms of the first term of | atoms of the second-fourth terms of the row
rofrow | tuentY the row
C.Nb C.Nc ond | AdLEN A SN A 5N | A G ON | A 5Nk
01 1 o1 (eb) (f-b) (gb) (h-0) (k-d)
134.32 | 139.01 -1.57 -1.18
2 NHz | 13436 13004| =~ | -159 | ° © oy |
3 OH 136.65 | 141.27 | 14355 | -1.60 i i -1.09 -1.68
136.76 | 141.41 | 143.68 | -1.60 (-1.23) -1.73
4 OMe T |1a111] ] ] -1.27 ]
141.18 (-158) | -
> Me 1 a100] - © | 162 ) ] ]
10 y | 14420|14881[151.03| -155 | (-256)| -453 | -118 | (-1.62)
144,24 | 148.83 | 150.99 | -1.57 -2.60 -4.54 -1.18 -1.58
143.07 -1.57
11 Bl |14300| - "~ | -158 ] ] ] ]
- ] sy [ ] ] ]
12 COOH 150.81 -1.51
149.96 | (15 [(247)| ] -
14 AC | 149.95 150 | -2.46
. |15162 | ] —[(238) - ] -
15 | CH=0 | 15164 2.40
18657 ] . - @) |
16 NO 156.61 1.07
17| OAc 14628 | ] ] "~ | 16




Table 5

Values of basic (5,°™) and differential (A5,“"V) spectral parameters of para-carbon
atoms in the compounds 2-17 of “B” type (Alk = -C*Z'Z%-C*R'RR?)

Basic spectral
parameters of carbon Differential spectral parameters of carbon
Numbe | Substi- | atoms of the first term of atoms of the second-fourth terms of the row
rof row | tuent Y the row
C.Nb C.Ne C.Nd A 64C,Ne A 64C,Nf A 64C,Ng A 84C,Nh A 84C,Nk
04 04 ds (e-b) (F-b) (g-b) (h-o) (k-d)
9 NH 144.07 | 144.10 ) -0.02 i i +0.04 i
2 |144.15 | 144.23 +0.08 (-0.09)
3 on | 153.11]153.19 15290 [ +0.04 ] ] +0.04 | -0.03
153.05 | 153.05 | 152.74 | +0.04 (+0.18) | +0.03
4 OMe " |15700| - - 0.00 -
13493 | [ #002) [ - ] ] ]
5 Me 113406 -0.01
10 | 12557 1257315103 | +0.01 [ (+0.10) | +0.09 | 0.00 | (-0.04)
125.65 | 125.79 | 150.99 | +0.02 +0.02 +0.06 +0.03 -0.04
1 g | 11924 | +0.02 ] ] ] ]
119.29 +0.05
- i i (-0.07); i i i i
121 COOH | 15690 +0.14
135.00 ] ] (+0.08) | (+0.07) ) ) -
14 AC 113509 001 | -0.02
_~ | 13438 ] 009 [ - ] -
15 1 CH=O | 13451 -0.04
14624 ] - - | (+0.14) ]
16 NO. 146.36 +0.02
17 OAC 14887| - - T 1007

I11. Results and Discussion

According to the reasons stated in [1] we consider parameters &M the most
reliable. Therefore, while comparing differential parameters A8;“™ and discussing
the results we prefer “non-crossed” parameters A8,V not A5,“N®I We reckon
that accuracy and reliability of both “non-crossed” differential parameters A5~ 1
and AN gre higher than accuracy of ‘“crossed” parameters (AﬁiH’Nj). To our
mind, the valuable of “crossed” parameters is lower compared with “non-crossed”
ones, especially of A" parameters. The main task of “crossed” parameter is to
confirm the value of existed “non-crossed” AS; ™I or ASTNEI in other case the
values of “crossed” differential parameters are not taken into consideration. By



above-mentioned reasons the the “crossed” parameters A& " are the least
reliable.

I11.1. Averaged (“mean”) values of differential parameters

For the analysis of dependence (see Tables 1-5) of differential parameters Ag; ,“™
and ASi”ﬁC'Nj upon the position and numbers of branching in alkyl substituent Alk it
Is advisable to use arithmetic mean value of every differential parameter. We
call such parameters as “mean parameters”.

Symbols. Mean differential parameters in general we denote as “Ad;”. The
superscript of mean parameters does not contain spectrum type compared with
individual parameters of particular compound (A8“™, i.e. in our case “C” —
carbon) and number of compounds (N). We denote only type of alkyl group “j”.
After superscript letter there may be a digit which designates value n — number of
methyl groups for substituents R', R?, R®. The subscript contain the symbol
designating the position of carbon atoms in phenyl ring. A type of compound also

may be Shown (“a” or “B”), eg Aéz‘ac(z) il ASM’BG(]-).

Mean differential parameters calculated for the compounds 1-26 of “A” type we
denote as “a-type parameters” (i.e. A;./); the parameters 2-17 of “B” type — “B-
type parameter” (ASLB"). Moreover, all mean differential parameters may be divided
into another four types depending upon the position of investigated carbon atom in
phenyl ring. They may be united by general title “ipso-parameters”, “ortho-
parameters”, “meta-parameters” or “para-parameters”. Then, for example, above-
mentioned parameter AS,,°® belongs to the “ortho-a-type” and parameter A8y, ;"
— to the parameters of “meta-p-type”.

I11.  1.1. The value of mean parameters Ad;

The value of every mean parameter A8/ is statistic by definition. To calculate mean
parameters from the data of Tables 1-5 we used unequal amount of compounds,
which is called as “number of examples”. The number of examples is given in the
last column of Tables 6-9 (see below) in parentheses after mean value of
corresponding parameter. For every compound we may calculate two individual
parameters (and third individual parameter A8;“N™ in the case of some
compounds Nd). Therefore the number of summands for calculations of
arithmetic average may be two or three times more than the number of examples.
Maximum number of summands (51, see below) was used to calculate mean value
of A8," parameter.



Obviously, the higher numbers of examples is used for the calculations, the more
reliable its “statistic validation”. The greatest amount of spectral data AS"® is for
the compounds of “A” type, therefore we used the greatest number of examples
(from 11 to 24) to calculate the mean parameters AS;) and Ad,.. For the
calculation of ASi,B’j mean parameters the maximum number of available examples
are significantly less (7).

Arbitrarily we admitted so minimum number of examples (5) which allows us to
consider the calculated mean parameter as “statistically valid”. Based on this
criterion we consider all 12 a-parameters A§;,; for the compounds of “A” type as
“statistically valid”. At the same time we found only 8 “statistically valid”
parameters for the compounds of “B” type: A8y’ u ASLB“ (7 and 6 examples,
relatively).

The rest 12 B-parameters are not “statistically valid”. By the above-mentioned
definition 4 parameters ASLB‘C (by 3 examples) and ASi,Bk (by 2 examples) are
“statistically insufficiently valid”. Anyway we consider them as well, taking into
account this drawback. Four parameters ASLBQ cannot be considered as “mean
parameters” because for their calculation it was possible to use spectral data of
only one compound — 10g. However, for the sake of uniformity we’ll examine this
parameter as “mean” ones and consider them as “statistically insufficiently valid”.

Let us divide mean parameters into two groups by their absolute values. The first
group contains parameters with “insignificant” absolute value and the second one
— with “considerable” absolute value. The conditional boundary between them is
determined by absolute values of mean parameters given in Tables 6-9. It is equal
to five-fold accuracy (error of measurements), i.e. 0.50 ppm.

Structure of Tables 6-9. The results of calculations of mean differential
parameters (A&;') are given in the last column of every Table by bold and larger
type with the accuracy of 0.01 ppm. The sign is obligatory (“+” or “-*). After the
digit there are a number of examples used for the calculation of mean value in
parentheses (as it was said above).

In the fourth (from the end) column there are intervals of values corresponding to
the “non-crossed” differential parameters ASND taken from Tables 1-5 and used
for the calculation of mean parameter A8 Minimum and maximum values of
ASjN(i) are called “boundary parameters” because they designate (bound) the
interval. These digits are of regular font in Tables 6-9 regardless of font type used
in Tables 1-5. After them the digit of compounds which determine the “boundary
parameter” is given in parentheses by bold. We accepted that “crossed” parameters



cannot be the “boundary parameters” because of their less reliability. Therefore if
we calculate the mean parameter (for example AS®) the value of “crossed”
parameter cannot be a summand (in the mentioned case it is A8;"*" ! = -1.20
ppm). This value is lower than value of the least “non-crossed” parameter
(AS;"%1" = .0.58 ppm) which bounds the interval from the side of minimum
values. The same situation is with the parameters from the side of maximum
values. Therefore while calculations of some mean o-parameters the number of
examples given in Tables 6-9 is less than number of compounds for which
corresponding differential parameters (including “crossed” ones) were calculated.

The following two columns contain data concerning the interval width denoted by
the symbol “AA&”. The first column contains absolute values of interval width in
ppm. We denote them as AASi,abs_j. The second column has relative values of
interval width in percents for only “considerable” by absolute value mean
parameters (with some exception). We denote them as AASi,reL". Parameter
AASW_" is calculated as quotient of interval width division by absolute value of
“considerable” mean parameter, i.c. AAﬁi,reLj = AASi,abS,j/ | Aﬁi,j | . We symbolically
divide the relative width of intervals by three types. The width of “narrow”
interval does not exceed arbitrarily selected value of 20%. The “middle” interval
has ratio: 20% < AASi,re.,j < 100%. The width of “wide” intervals iS more than

100%.

The considerable number of intervals of “insignificant” mean parameters would be
“wide” because of the small value of divisor comparable with dividend value.
Therefore for some “insignificant” parameters the column “Relative width of
interval” has dash in Tables 6-9.

Table 6

Mean values of calculated differential parameters A8, for nuclei of ortho-carbon
atoms in compounds 1-26

Mean parameter A, ppm
Interval of
Alkyl Minuend individual Average
group .
Compound (its Value of and Cc;g?ﬁ:{;?: Absolute |Relative|  value
OPe | jettering| " | subtrahend igympol off PEERIESS | width of | width of | (number of
(number of | ™, = parameter |in fJQrmujla. mean | .\ lation of | Nterval | interval | examples in
Table) | 1opies A%z =02 ~|parameter| 0T | (AASy, ws), | (AAS,w | Tables 1 or 2
1-5 % ppm ), % for
parameter .
(number of calculations)
substituent Y)




from (-1.10)

) b | (16,21) to 1,17
A (1) Et (b) 1 b-a Ady 191 0.11 |9 (nar.) (15)
(6, 9, 10)
_ from -2.52 262
A@) |Pr(c) 2 c-a ASyS | (21)t0o-2.71| 0.19 |7 (nar.) '
0 ()
from -3.55
A() |Bu(d)| 3 da | A% | (@)t0-393| o038 | 20 PN
(10) (nar.) (21)
from
BQ) |Pre)| 1 eb | Ay | 40570 | 010 | LT | YOO
+0.67(2) (nar.) (7)
_ from +1.20 4124
B () |Bu' (f) 2 f-b Ad2p (15) to 0.10 |8 (nar.) (:'3)
+1.30(10)
neo from +2.56
B |AM 3 gb | A% | (10)to 003 |1(nar)| *%58
9) P 1)
+2.59(10)
from +0.56
B2 |Bwe()| 1 hc | AS" | (16)to 011 | 18 +0662
+0.67(2) (nar.) (6)
from +0.66
Am' K 14 +0.71
B(2 3 k-d AS 3)t0+0.76 | 0.10
@ (k) 25| ) (10) (nar.) )
Table 7

Mean values of calculated differential parameters AS5 for nuclei of meta-carbon
atoms in compounds 1-26

Mean parameter A8y, ppm

Alkd Interval of
group Minuend compounds Average
Compound| =" | Valueof | and P ‘ Absolute | Relative|  value
YPe  |yottering| M| subtrahend \gympo) of parargi ®1S 1 width of | width of | (number of
(number of | ™" == parameter | in formula: |~ mean IUST for ¢| interval | interval | examples in
Table) | +.pjes A3 =(0)53J ~ | parameter | 3! ation o (AASs, abs)), (AAS3e)) Tables 1 or 2
15 33 mean ppm % for
parameter calculations)
(number of
substituent Y)
A(1) | Et(b) 1 b-a Ads” from 0.18 - +0.09
(+0.01) (9, (14)
14) to
+0.19 (15)
A(l) |Pr (c) 2 c-a Ad3,° | from-0.07 0.28 - +0.07
(2) to +0.21 (11)
(15)
A (1) |BuU'(d) 3 d-a A8, | from -0.58 0.48 192 -0.25
(1) to -0.10 (wide) (19)




(21)

B(2) | Pr(e) 1 e-b A83° from 0.06 67 -0.09
-0.11(3, 14) (mid.) 7)
to -0.05(2)

B(2) |BuU (f 2 f-b Ad35 | from-0.30 0.09 36 -0.25
(14) to (mid.) (3)
-0.21(15)

B(2) | Am™ 3 g-b A836° | from-0.77 0.07 |9 (nar) -0.74

(9 (10) to 1)
-0.70(10)

B(2) |Bu’(h) 1 h-c ASzg" | from -0.10 0.14 - -0.04
(4) to (6)
+0.04(2)

B2 | Am' 3 k-d A83¢ | from -0.03 0.06 - -0.01

(k) (3, 10) to (2)
+0.03 (3)
Table 8

Mean values of calculated differential parameters A8 for nuclei of ipso-carbon

atoms in compounds 1-26

Mean parameter A8, ppm

Interval of
Arlokgl Minuend individual
Compound g(itsp Value of and compoutnds Absolute | Relative Averagbe Va|]tle
oy arameters : . number o
b lettering . _subtrahenq Symbol IOused for width of -\ width of éxam les in
(number of in | Parameter in formula:| of mean eulation of interval | interval Tab) pl )
Table) | Taples ABY = 57— parameter| “1° 78 0N O (AASy ), (AASL)| T
1-5 % ppm % -
parameter calculations)
(number of
substituent Y)
from (+6.04)
A() |Et() | 1 ba | ASLY |@L)to+675| o071 | +0.38
@) (nar.) (15)
from +10.61
A() |PF(] 2 ca | ASLS | (16)to 082 |7 (nar) +%11i())1
+11.43 (2)
from +12.74
A |Bu@| 3 da | a8 | @Dt 0.96 | 7 (nar) +%234§4
+13.70 (2)
from -1.62(5)
B (2) Pr (e) 1 e-b Ady to -1.50(14) 0.12 8 (nar.) |-1.56 (7)
_ from -2.60
B(2) |[BU (f) 2 f-b Ad1p (10) to 0.20 8 (nar.) | -250 (3)
-2.40(15)
Am™ from -4.54
B(2) @ 3 g-b A8y (10) to 0.01 1(nar) | -454 (1)

-4.53(10)




from -1.27 17
B(2) |Bu (h) 1 h-c Adyp (7) to 0.20 (nar) -1.17  (6)
-1.07(16) '
Amt ) from -1.73
B (2) ) 3 k-d Ad1p (3) to -1.58 0,15 9 (nar.) | -1.65 (2)
(10)
Table 9

Mean values of calculated differential parameters A, for nuclei of para-carbon
atoms in compounds 1-26

Mean parameter A8, ppm

Alkyl ) Interval of
c group Minuend individual _ Average
ompound (its Val“i of and compounds | Absolute | Relative value
Y€ |lettering| N |subtrahend | symhol | parameters used| width of | width of | (number of
(number of| ™, | parameter |in f?rmujla: of mean | for calculation | interval | interval | examples in
Table) |+ piae Adq =(0§34 ~|parameter|  of mean (AAS4, abs)), | (AAS4 1Y), | Tables 1 or 2
1-5 S parameter ppm % for
(number of calculations)
substituent Y)
i b |from -0.02 (16) 174 +0.19
A(l) | Et(b) 1 ba | A8 TS )| 938 | ide) 15)
: ¢ from +0.03 (12) 151 +0.29
A(l) |Pr (c) 2 c-a Ad4 4 to +0.47 (5) 0.44 (wide) (11)
t i ¢ |from-0.32 (4) ] -0.09
A() |Bu@]| 3 d-a Ms’ | ot013 (11) | 048 23)
B(2) | Pr(e) 1 e-b A8 Non-calc. - - -
B(2) |BuU (f 2 f-b Adsg" | Non-calc. - - -
neo
B (2) A(rg) 3 g-b A84° Non-calc. - - -
B(2) |Bu(h) 1 h-c Ads5" | Non-calc. - - -
T
B (2) A(\I?)] 3 k-d Ad35¢ | Non-calc. - - -

As we can see from Table 5 absolute values of all “non-crossed” differential
parameters A8, used as addends while calculating mean values of parameters
Ad,;¢ do not exceed 0.10 ppm (i.e. value of experimental error). This value is
five-times less than the value of conditional boundary between “insignificant” and
“considerable” parameters. Therefore all five mean parameters of para-type A64,Bj
we did not calculate and did not present them in Table 9. Their further examination
IS to no purpose.




I11.2. Ratio between mean parameters by value and sign

All given in Tables 6-9 mean differential parameters AS; we rounded to the values
divisible by 0.05 ppm and represented as diagrams in Fig. 1-3.
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The values of mean differential parameters Ad;°?

111.2.1. Three-termed rows of mean parameters

Having enough experimental data we would be able to construct all 4 possible
three-termed “differential rows” of mean parameters of a-type. Every of the
“differential rows” has the following view: A8; """ — A8;,°® — A8; 2@, where i
= 1-4. All 4 rows of a-type parameters are “statistically valid” because every
parameter in them is calculated using a great number of examples (no less than 11).

For the parameters of B-type it would be possible to construct 12 “differential
rows”. However data given in Tables 2-5 allow to construct only 3 differential
rows (not even 4): A" — A8 @ — A8z, where i = 1-3. Moreover, all
parameters of these differential rows cannot be “statistically valid”. Thus, the mean
parameters ASi,Bf are calculated using only 3 examples (instead of necessary 5
ones). The last in the rows parameters Ag; " are accepted using data of only one
compound — 10g. The insufficient “statistic validation” makes the discussion
results less valuable.

Only six three-termed differential rows (but not possible 8 rows because of the
small values of A3, ') of mean parameters of B-type (Ad; ) are limited by their



first terms (AS; 5" or AS;5“®). Therefore they cannot be considered as rows by the
definition.

Thus we compare only seven rows instead of possible 16 three-termed rows of
both types. Four rows of a-type parameters are “statistically valid” and three rows
of B-type parameters — “statistically insufficient valid”. Moreover, we’ll discuss
mean parameters of first terms (A8, 5"®, A8, 5", Ad35"™, AS fU 1 A8, 5V ASs, V)
of six non-existent three-termed rows.

111.2.2. Differential rows of a-type

111.2.2.1. Differential rows of mean parameters of ipso-a-type:
A8, " = +6.40 ppm — A8, P = +11.00 ppm — A&, ,*® = +13.25 ppm

1. From the spectral data for C-1 atom one can see that all three mean
parameters of the row have positive value (sign “+”) and their absolute value
increases in the row. The absolute value of all three terms in the row is determined
(see above) as ‘“‘considerable”. Moreover, all three parameters A81,aj have
maximum absolute values among examined differential parameters AS.

Let us note that the first transfer (A8;,"® — A8,,°®) is more abrupt than the
second one and its value (4.60 ppm) is comparable with the value of the first mean
parameter (A8;,” = 6.40 ppm) taking part in this transfer. The second (and the
last) step (i.e. transfer Ad;,“®— A8, ,°®) is more smooth, i.e. the less change of
chemical shift value (2.25 ppm) is observed, what is more than twice less than the

first step (4.6 ppm).

2. Absolute width of intervals of all three parameters is relatively constant within
the range of 0.7-0.95 ppm. By their relative widths (7-11 %) they are “narrow”.
They may be considered even as “very narrow”, i.e. (AAdie’ < 10%). The
“narrowing” of intervals takes place due to the increase of divisor at the constant
dividend in above-mentioned equation. The especial attention is paid to the low
value of relative width (7%) of the last two mean parameters A8, “® u A, " in
the row. The narrowness of these intervals allows to suppose that the effect of “Y”
substituent nature in the compounds 1-26 is not a defining factor for the formation
of chemical shift of absorption of ipso-carbon atoms (parameters &;,°® and
81.°®). The same assumption is logical with respect to the parameter A8, ., with
wider interval. Obviously, the main factor for the formation of basic spectral
parameter &) — chemical shift of carbon atoms in ipso-position in para-
alkylsubstituted derivatives of benzene — is not nature of “Y” substituent but
degree of alkyl chain branching at a-carbon atom. We propose to examine the



influence of substituent “Y” nature on the values of differential parameters A§; .~
and ASL,BC’NJ in special paper.

111.2.2.2. Differential rows of mean parameters of ortho-a-type:
Ady V= -1.15 ppm — AS,,*? = -2.60 ppm — A, ,*¥ = -3.75 ppm

1. From the spectral data for C-2 and C-6 atoms one can see that in contrast to
the parameters of ipso-a-row (Ad; ) all three parameters of the ortho-a- row,
have negative values (sign “-””). Their absolute value is monotone increasing, the
same as that for the parameters Aﬁl,a",. For all three terms of the row the absolute
value is considered as ‘“considerable” one. Let us note that the first transfer
(A8,,,"® — AS,,°®) is more abrupt than the second one (A8, *— A8, ,"®). The
values of both transfers (1.45 and 1.15 ppm) are comparable with the absolute
value of the first mean parameter (Ad,,>" = -1.15 ppm) in the row.

2. The absolute width of all three parameters in the investigated row consecutively
increases from 0.10 to 0.40 ppm. Both values may be considered as relatively low
compared with the assumed value of accuracy (0.10 ppm). By the relative width
(7-10%) all three intervals may be considered as “very narrow”, the same as for
mean parameters of ipso-o-type. The low value of relative width (7%) of the mean
parameter ASZ,J(Z) should be stressed. The narrowness of three intervals allows to
suppose that the effect of “Y” substituent nature in the compounds 1-26 is not a
defining factor for the formation of chemical shift of absorption of ortho-carbon
atoms (parameter Aéz,aj(”)), the same as for carbon atoms in ipso-position.
Obviously, the main factor for the formation of basic spectral parameter &, is not
substituent “Y”” nature, but a degree of alkyl chain branching at a-carbon atom (i.e.
the volume of space occupied by alkyl group atoms in the definite place of the
molecule).

111.2.2.3. Differential rows of mean parameters of meta-a-type:
Ad3,”Y=+0.10 ppm — A3, =+0.05 ppm — AS;,*P=  -0.25 ppm

1. From the spectral data for C-3 and C-5 atoms one can see that first two
parameters of investigated row of meta-o-parameters have the positive value
(sign “+”) and the last parameter in the row has negative value (sign “-“). It
means the sign inversion in the row. Let us note the tendency: the positive value of
parameter decreases in every of two steps, i.e. negative values of mean parameters
in the row are monotone increasing.

The absolute values of all three parameters in the row are considered as
“insignificant”. Even the highest one (A8;,'®) is twice less than the “boundary”



value (0.50 ppm) between “insignificant” and “considerable” values of the mean
parameter. Values of two first terms in the row given in Table 8 are even less than
assumed experimental error (0.10 ppm). The first step in the row is “little” (0.05
ppm). The second step (compared with the first one) is a “sharp jump” (0.30 ppm).
Its absolute value is even higher than that of the third parameter (0.25 ppm). The
total “two-step” decrease of the positive chemical shift in the row is equal to 0.35
ppm and caused mainly by the “second step”.

2. The absolute width of all 3 parameters in the row exceeds their average values.
It means that all 3 intervals are “wide” and even “very wide”. The relative width of
two first intervals was not calculated because of the insufficient absolute value of
the mean parameters; but it is calculated for the third parameter as an exceptional
case.

We suppose that the branching of alkyl chain at a-carbon atom is not the main
factor affecting the value of chemical shift of meta-carbon atoms of phenyl
ring, in contrast to the above-mentioned rows of ipso-and ortho-carbon atoms.
Probably the reason is the considerable distance between meta-carbon atoms and
branching point. The effect of branching decreases. The small absolute values of
all three terms in the row reveal about this fact. At the same time the relative
influence of the substituent “Y” nature on meta-carbon atoms of phenyl ring
increases and becomes comparable with the investigated influence of degree of
branching at a-carbon atom of alkyl chain. The confirmation is the increase of
relative width of every three intervals of mean parameters Ads ...

111.2.2.4. Differential rows of mean parameters of para-o-type:
A" =+0.20 ppm — Ad,,"? =+0.30 ppm — AS,,*®¥ = -0.10 ppm

1. From the spectral data for C-4 atom one can see that first two parameters of
investigated row of para-a-parameters have the positive value (sign “+”) and the
last parameter in the row has negative value (sign “-*). It means the sign
inversion in the row. It is the same as for the row of meta-a-parameters described
above. The above-mentioned tendency is not preserved. The positive value of the
parameter increases in the first step and decreases in the second one, i.e. it is for
the first time when monotone direction of the broken line which is connected
three points of the row is distorted.

The absolute values of all three parameters in the row are considered as
“insignificant”, the same as above. Even the highest one (Ad4,"®=0.30 ppm) is
almost twice less than the “boundary” value (0.50 ppm) between “insignificant”
and “considerable” values of the mean parameter. The absolute value of the third



term in the row given in Table 9 is less than assumed experimental error (0.10
ppm). The analogies described above for the row of meta-a-parameters are the
same here. The first step in the row is “little” (0.10 ppm). The second step is a
“sharp jump” (0.40 ppm). The total “two-step” decrease of the positive chemical
shift in the row is equal to 0.30 ppm and caused only by the “second step”. It is the
general effect that the ratio between mean parameters is the same in both compared
rows (i.e. the row Ad3 " — A83,°® — A85,%® and the row A8, ,"® — A8, 7@ —
A84,"®). The exclusion is first two terms of the row, where reverse order of
parameter values is observed. In the row of para-a-parameters the values A8, are
shifted on average by+0.15 =+ +0.20 ppm compared with corresponding values
A3, in the meta-oi-row.

2. The absolute width of all 3 parameters in the row (approximately 0.40 ppm)
exceeds their average values. It means that all 3 intervals are “wide”. The relative
width of two first intervals was calculated as an exceptional case. The width of the
third interval was not calculated because of the insufficient absolute value of A84,ad
parameter.

We suppose that the branching of alkyl chain at a-carbon atom is not the main
factor affecting the value of chemical shift of para-carbon atoms of phenyl ring,
in contrast to the above-mentioned rows of ipso-and ortho-carbon atoms but the
same as for meta-o-parameters. Probably due to the longest distance from
branching point the effect of branching decreases even greater. The small absolute
values of all three terms in the row reveal about this fact. At the same time the
relative influence of the substituent “Y” nature on para-carbon atoms of phenyl
ring increases and becomes comparable with the investigated influence of degree
of branching at a-carbon atom of alkyl chain. The confirmation is the increase of
relative width of every three intervals of mean parameters Ad, ..

On the other hand, it should be noted that the influence of branching in alkyl
substituent on the most outlying para-carbon atom (C-4) may be even greater than
the same influence on meta-carbon atoms (C-3 and C-5). To our mind, it follows
from the comparison of parameters which are maximal by their absolute value in
both rows. Thus, the parameter | A3, ,® |= 0.30 ppm in para-a-row is greater
than the parameter | A8; ,*® | = 0.25 ppm in meta-o-row. The same situation was
observed by us earlier [10] while studying the effect of carbon chain branching in
alkyl part of alkylbenzoates on the basic spectral parameters — chemical shifts — of
phenyl fragment carbon atoms. Possibly, both phenomena have the same or similar
nature.



111.2.3. Differential rows of B-type

111.2.3.1. Differential rows of mean parameters of ipso-B-type:
AS; 52 = -1.55 ppm — A8, ;@ = -2.50 ppm — AS; ;*P = -4.55 ppm

1. For C-1 carbon atom all three parameters of ipso-B-row, in contrast to the
row of ipso-a-parameters, have negative value (sign “-). But the absolute value
of the parameters monotonically increases. All three terms in the row are
considered as “considerable” ones. The total “two-step” increase of absolute value
of chemical shift is 3.00 ppm, what is twice greater than the absolute value of the
first term | Aél,[f(l) | = 1,55 ppm in the row. The first step is smooth (1 ppm) and
the second one is more abrupt (=2 ppm). It should be noted that the value of first
(“little”) step in the row of ipso-B-parameters is twice less than that of the second
step (it is the same, as in the row of meta-a-parameters, but differ from ipso-a- and
ortho-o-parameters). The values of both “steps” and two first parameters of the
rows are comparable between each other (from 1.0 to 2.5 ppm), but all of them are
less than the value of third parameter in the row | A8;,*® | = 4.55 ppm.

It should be noted the pairwise similarity of absolute values of terms in ortho-a-
row (1.15—52.60—3.75) and ipso-B-row (1.55—2.50—4.55) excluding the
negative sign for all terms of the latter row. At the same time the absolute values
of parameters of both mentioned rows are considerably less (in 3-5 times) than
those of ipso-a-row (6.40—11.00—13.25). The possible reason of observed
similarity of corresponding parameters of ortho-o- and ipso-B-row is the
comparable distance between investigated carbon atom and branching point in
the chain of alkyl substituent. In contrast to these rows the distance between ipso-
carbon atom and branching point in the “nearer” ipso-a-row is shorter by one C-C
bond.

2. It is advisable to consider the absolute width of intervals only in the case of
the first parameter because this parameter is “statistically valid”. We consider this
interval as “very narrow” (relative width AAJ; " IS 8%) because of its little
absolute width (AAS; 4" = 0.12 ppm) at “considerable” absolute value of mean
parameter A3, 5" (1.55 ppm). Its absolute width is the least among all analogous
values given in Tables 6-9. This width is few times less than values calculated for
all 4 a-rows (from 0.15 to 0.95 ppm, excluding width of the interval AAS 45" =
0.11 ppm) and approximately equal to the accuracy of measurements (0.10 ppm).
We observed the narrowness of mean parameter A8, the relative width
(AAS1 ") of which is 8%. However, this mean parameter is “statistically
insufficient valid”.



111.2.3.2. Differential rows of mean parameters of ortho-B-type:
A8, 52 = +0.60 ppm — A, @ =+1.25 ppm — A8,,*¥ = +2.60 ppm

1.For C-2 and C-6 carbon atoms all three parameters of ortho-B-row, in contrast
to the row of ipso-B-parameters, have positive value (sign “+“). The absolute
value of the parameters monotonically increases. All three terms in the row are
considered as “considerable” ones.

The total “two-step” increase of absolute value of chemical shift is 2.00 ppm, what
is in three times greater than the absolute value of the first term | AS,4°® | = 0,60
ppm in the row. The same as for ipso-p-parameters, the first step is smooth (0.65
ppm) and the second one is more abrupt (1.35 ppm), i.e. the value of first (“little”)
step in the row of ipso-B-parameters is twice less than that of the second step. The
values of both “steps” and two first parameters of the rows are pairwise equal to
each other (approximately by 0.6 and 1.3 ppm), but they are less than the value of
third parameter in the row | A3, | = 2.60 ppm.

It is interesting that similarity of absolute values of “equidistant” rows of meta-o.-
parameters (+0.10—+0.05—-0.25) and ortho-B-parameters
(+0.60—+1.25—2.60) is absent because every absolute values of the latter row is
greater of the corresponding parameter of the first row by order. On the other
hand, the absolute values of every term of ortho-p-row are twice less than those of
corresponding parameters of ipso-B-row which is situated nearer to the branching
point of alkyl chain (cf. in pairs: 1.55 and 0.60; 2.50 and 1.25; 4.55 and 2.60).
However such changes (decrease) of compared parameters are less by value than
above-mentioned decrease between parameters of ipso-pB-row and ipso-a-row (cf.
~2 against 3-5). The same decrease of compared parameters by value (~ 3-5) is
also noticed between parameters of ortho-o-row and ipso-o.-row.

2. It is advisable to consider the absolute width of intervals only for the first term
AAJ; 455 In the row because this parameter is “statistically valid”. We consider this
interval as “narrow” (relative width AAd, . ° IS 17%) because of its little absolute
width (AA8, ans° = 0.10 ppm) at “considerable” absolute value of mean parameter
A8, (0.60 ppm). Its absolute width is the least among all analogous values
given in Tables 6-9 and approximately equal to the accuracy of measurements
(0.10 ppm). We observed the narrowness of “statistically insufficient valid” mean
parameter A3, the relative width (AAS,..") of which is 8%, the same as for
above-mentioned interval AAS, .



111.2.3.3. Differential rows of mean parameters of meta-B-type:
Ad35° = -0.10 ppm — A8; ;@ = -0.25 ppm — AS3,*¥ = -0.75 ppm

1. For C-3 and C-5 carbon atoms all three parameters of meta-B-row have
negative value (sign “-), the same as for ipso-B-parameters but in contrast to the
row of ortho-B-parameters. The absolute value of the parameters monotonically
increases. Two first terms in the row are considered as “insignificant” ones and
only third term is “considerable” one. The first step is smooth (0.15 ppm) and the
second one has “sharp jump” (0.50 ppm). The total “two-step” increase of absolute
value of chemical shift is 0.65 ppm, what is in 6.5 times greater than the absolute
value of the first term | A3, |= 0,10 ppm in the row. It is almost fully
determined by the “second step”.

It is interesting that similarity of absolute values of “equidistant” rows of para-a-
parameters  (+0.20—+0.30—-0.10) and  meta-B-parameters (-
0.10—-+0.25—0.75) is absent. At the same it should be noted that absolute values
of every term of meta-B-row are 3-6 times less than those of corresponding
parameters of ortho-p-row which is situated nearer to the branching point of alkyl
chain (cf. in pairs: 0.60 and 0.10; 1.25 and 0.25; 2.60 and 0.75). Such decrease of
compared parameters is almost equal by value to the above-mentioned decrease
between parameters of ipso-f-row and ipso-a-row (approximately in 3-5 times).

2. It is inexpediently to consider the absolute width of intervals for the first term
AAS&abs," in the investigated row because of too small value of mean parameter
(A83,Be(l) = -0.10 ppm) which is the same as experimental error. Other mean
parameters of the second and third terms of the row are “statistically insufficient
valid”, therefore the discussion of their intervals width is also inexpediently.

3. In contrast to the other types of carbon atoms of phenyl ring (ipso-, ortho- and
para-) we received unexpected results compared maximal by absolute values
parameters in meta-rows (i.e. meta-a- and meta-B-rows). The value of meta-a-
parameter | A8;,°® | = 0.25 ppm (maximum in meta-o-row) is in three times less
than the value of meta-B-parameter | AS3,™® | = 0.75ppm (maximum in meta-B-
row)!

As it was mentioned above, the absolute values of para-p-parameters are close to
zero, therefore the fourth possible row of para-parameters Ad,5""— A4, @ —
AS4,% will not be discussed.



111.2.4. Mean parameters of the first terms of four possible, but non-formed
differential rows:
A", A8y ", AS; Y m AGy

The same as for para-pB-parameters, the absolute values of meta-B-parameters
AS35"™, AS 35V are close to zero, therefore they are not discussed here.

From the spectral data for C-1 atoms represented in Table 6 one can see that both
investigated ipso-B-parameters A8, 5" = -1.15 ppm and Ad; 5" = -1.65 ppm
have negative value (sign “-“) (the same as other three ipso-pB-parameters united
in ipso-B-row, see above). Their absolute values are approximately equal to the
first parameter of above-mentioned row Aﬁl,pe(” = -1.55 ppm. We may suggest that
exchanging of one hydrogen atom for methyl group in the first variable fragment
R' (i.e. while transfer from R' = H to R* = CHs) in the compounds of general
formula Y-CgH,-C*Z'Z*-C"R'R?R® leads to the almost equal changes of mean
parameters ASLB" (~1.5 ppm). These changes are independent from nature of two
fragments (Z' and Z°), attached to C“-carbon atom: Z* = Z* = H (parameter Ad,°),
Z'=H, Z° = CHs (parameter Ad,"), or Z' = Z*= CHjs (parameter A, 4).

The same situation is observed comparing two ortho-parameters (Ad,,"" = +0.60
ppm and Ad,,“Y = +0.70 ppm, see Table 7) with other three ortho-B-parameters
united into ortho-B-row, except of their sign. All five parameters have positive
value (sign “+”). Their absolute values are practically equal to the first parameter
of row (Ae—Af—Ag), i.e. Ad,™ = +0.60 ppm. The same, as in the case of ipso-
B-parameters Ad; 5" u Ad; 5", we may suppose that exchanging of one or two
hydrogen atoms for methyl group in fragments Z* and Z* attached to C"-carbon
atom leads to the equal changes of mean parameters ASZ,Bj (~0.65 ppm, j = h,k).
These changes are independent from the nature of two fragments Z* and Z%
hydrogen atoms or methyl groups.

111.3. 3-Phenylpentane is an example of type “B” compounds
of the general formula Y-CgH,-C*Z}(CPR'R*R?),.

In the Ref. [6] and [7] we found only one example of the compounds of “B” type.
of the general formula Y-CsH,-C*Z}(CPR'R’R®),. It is 3-phenylpentane (101). It
contains two groups (C°R'R°R®, where R'=Me, and R’= R® = H). Therefore it
would be logically to compare compound 10l with secondary butylbenzene 10h
containing the same group C’R'R°R® (where R'=Me, and R’*= R® = H). Fragments
CPR'R?R® are doubled in 101, hence we expected that effect of 3-pentyl group
would be approximately equal to the double B-effect A5; "™ (i.e. approximately 2
x A8;g"™). Let us remind that above-mentioned parameter Ag; "™ is typical for the



first step in possible, but non-formed differential row, i.e. transfer from iso-
propylbenzene 10c (containing only one fragment C’R'R?R® where R' = R>=R®=
H) to secondary butylbenzene 10h with the same fragment C’R'R’R® (but R'=Me;
R’=R*=H).

We introduced additional symbols taking into account the presence of two
fragments (C’R'R’R®, where R'=Me, and R’= R®= H) in the molecule of 101. As
far as the parameter characterizing the transfer from cumene 10c to secondary
butylbenzene 10h is denoted as ASi,,;h(l), we marked the parameter characterizing
the first step of two-step transfer 10c—10l, (i.e. transfer 10n —10l) as Ag;z®.
Then, the parameter characterizing both steps of transfer 10c—10I is denoted as
A6i,B|(1)+I(1)-

Absorption signals in the aromatic region of the spectrum of 101 compound are
represented in [6]. The following attributions are given: &, = 145.80 ppm,
5, U = 127.84 ppm, 5“1 = 128.16 ppm, 5, = 125.80 ppm. Let us
calculate parameters Ad;;® for the compound 10l (relatively to secondary
butylbenzene 10h) by the formula : A8;s® = §'* - 5™ for i = 1-4. Parameter
A8, = 145,80 -147.65 = -1.85ppm; analogously A8, = +0.77ppm;
A5 M1 = -0.12 ppm; A8, 5™ = -0.02ppm. Let us compare in pairs AS; ;"
and A&; 3™ for the various values of i: -1.85 and -1.18 ppm for i = 1; +0.77 and
+0.65 ppm for i = 2; -0.12 and -0.06 ppm for i = 3; -0.02 and +0.03 ppm for i = 4.
In the first three pairs the mentioned parameters are comparable between each
other and have the same signs. But in every pair the absolute value of parameter
A8 ™ is greater than that of parameter Ad;g"". The fourth pair of parameters
(Ad45™ and Ad, 5"™) we do not consider because of their small absolute values.

Let us calculate the “two-step” parameters ASLB'(”H(”. Thus, the parameter

A8y g MO s equal to: 145.80 -148.83 = -3.03ppm; analogously Ad, ™M =
+1.42 ppm; Ads5 MO = 0,18 ppm; A,V = +0,01 ppm.

If we compare the obtained values of “two-step” parameters (Ad;g>"") with
doubled values of parameters A;,"" we’ll receive: for C-1 atom -3.03 ppm
against 2 x (-1.18) = -2.36 ppm; for C-2 atom +1.42 ppm against 2 x (+0.65) =
+1.30 ppm; for C-3 attom -0.18 ppm against 2 x (-0.06) = -0.12 ppm; for C-4
atom +0.01ppm against 2 x (+0.03) = +0.06 ppm. We see the approximate
equality by both absolute value and sign in all three pairs (excluding
abovementioned pair Ad,5™ "™ and 2 x AS,4"™). But in every pair the absolute
value of “two-step” parameter ASLB'(I)H(D is something higher than the doubled
value of parameter AS; 3",



On the other hand if we compare again the values of “two-step” parameters
(A8 D) with doubled values of parameters A&; 5" we’ll receive: for C-1
atom -3.03 ppm against 2 x (-1.85) = -3.70 ppm; for C-2 atom +1.42 ppm
against 2 x (+0.77) = +1.54 ppm; for C-3 attom -0.18 ppm against 2 x (-0.12) = -
0.24 ppm. We see again the approximate equality by both absolute value and sign
in all three pairs. But in every pair the absolute value of “two-step” parameter
AS; '™ s something lower than the doubled value of parameter Ad; 5.

So we can make such conclusion: the absolute value of every “two-step”
parameters Ad;5"'® is approximately equal to doubled value every of two
abovementioned “one-step” parameters. But it is something higher than the
doubled value of parameter Ad;;"" and something lower than the doubled value of
parameter A&; 5.

IVV. Conclusions

1. Considering NMR **C spectra of great amount of rows of disubstituted para-
alkylaromatic compounds of the general formula 4-Y-CgH,-Alk we confirm and
“statistically validate” the conclusions made earlier in [2, 3].

2. The chain branching at a-carbon atom in alkyl substituent Alk leads to the
positive ipso-a-effect and negative ortho-a-effect. At the same time if the
branching takes place at B-carbon atom, it leads to the negative ipso-B- and
meta-B-effects and positive ortho-B-effect. For both ipso-carbon atom (C-1) and
ortho-carbon atoms (C-2 and C-6) the signs of a- and B-effects are opposite. For
both a- and B-effects we observed the alternation of signs as they move away
from branching point: for a-effect it involves first two atoms of phenyl ring (C-1
and C-2 (C-6)); for p-effect — first three atoms of phenyl ring (C-1, C-2 (C-6)
and C-3 (C-5)).

3. The absolute values of mean differential parameters (Ad{) calculated for
ipso- (C-1), ortho- (C-2 and C-6) and meta- (C-3 and C-5) carbon atoms of
phenyl ring and influenced by a- and pB-effects naturally decrease as they move
away from branching point of alkyl chain in the substituent Alk.

Thus, for a-effect the absolute values of differential mean parameters Ag;,”° (i.c.
transfer from methyl to ethyl group) are equal to: |6.40| (i =1) — |1.15]| (i =2)
— |0.10 | (i =3) ; values of differential mean parameters Ag;,° (transfer from
Alk = Me to Alk = Pr') are equal to: |11.00| (i=1) — |2.60 | (i =2) — | 0.05] (i
=3) and values of differential mean parameters Ad; . (transfer from Alk = Me to
Alk = Bu') are equal to: |13.25| (i=1)— [3.75|({=2) — | 0.25] (i =3).



For p-effect the absolute values of the same differential mean parameters are:
|1.55| (i=1) — |0.60| (G =2) — |0.10] (i =3) for parameters Ad;;°; |2.50| (i
=1) — | 1.55| (i =2) — |0.25| (i =3) for parameters A% and |4.55| (i=1) —
| 2.60 | i=2) — [0.75 | (i =3) for parameters AJ; °.

4. The absolute values of all 6 mean differential mean parameters A&J) (where i
= 3 or 4) calculated for para- (C-4) and meta- (C-3 and C-5) carbon atoms of
phenyl ring and influenced by a-effect have the “insignificant™ absolute value (to
0.30 ppm). Three mean differential parameters (A{) (i = 4) calculated for para-
carbon atoms (C-4) and influenced by B-effect have even less values (to 0.10

ppm).

5. We suppose that the value of B-effect of carbon atom of phenyl ring (e.g. C-1) is
equal and opposite by sign to a-effect of carbon atom which is next in the ring
(e.g. C-2). The similar relation is observed between values of B-effect of C-2 atom
and a-effect of C-3 atom. It means that quantitative characteristics of these
effects may be determined by the number of carbon-carbonic bonds between
the investigated carbon atom of phenyl ring and branching point of alkyl chain.
At the same time ipso-a-effect is maximal for C-1 atom because the number of
abovementioned bonds C-C in it is minimum and equal to one.

6. Para-B-effect is found to be negligible by value (to 0.10 ppm or it is absent at

all) because investigated C-4 atom is too far from the branching point at 3-carbon
atom of alkyl substitutent.

7. In a case of meta-carbon atoms C-3 and C-5 B-effect is greater than a-effect
by absolute value, i.e. (| Adzg | )> (| A8 |)-

8. The absolute values of mean differential parameters A; '™, where j = e,h,k
for first transfer is approximately equal between each other for all three types of
atoms in phenyl ring (i = 1-3), including the parameter of “one-step” ASM;'(D but
they are twice less than parameters ASi,pj(z), characterizing the “two-step” transfer,
as well as “two-step” parameters ASLB'(”HQ), calculated for 10I.

" We represent basis spectral data of isobutylbenzene 10f as an example [6]: 5,° = 129.10 ppm
and 83° = 129.13 ppm or vice versa.

" The other meanings of symbol “Z” (Z = -C’R'R?R®) are possible. One of them (compound 101)
is represented in the end of present paper.
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