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Abstract. The concept of “compatible’ and “incom-
patible’” CMR spectra has been introduced. Application of
compatibility increments gIC) alows to calculate the
chemical shifts of C? and C* atoms of pentyloxy! fragment
in 1-pentylbenzoylformate with a sufficiently good
accuracy.
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1. Introduction

It has been shown [1] that using calculation
methods [2] developed by us, attribution of signals in
CMR spectrawhich are close by chemical shiftsto C? and
C® atoms of pentoxyl fragment of 1-pentanol esters, inclu-
ding 1-pentylbenzoate (1) at di~28 ppm [3, 4] may be
proved. We did not include the discusson of one more
spectrum — pentylbenzoylformate (I1) into [1] — because cal-
culated values differ from experimental ones by ~ 0.3 ppm
that is greater than admissible difference of 0.2 ppm'.
CMR spectrum of 1-pentylbenzoylformate (1) is givenin
[3] with the aim of the confirmation of one of by-products
structure extracted from reaction mixture at the synthesis
of phaotoinitiator — 2,2-dipentyloxy-1-phenylethanone. It is
also recorded in CDCl; but without accurate observance
of concentration and temperature conditions. Thereason is
the absence of necessity to obtain table data of the basic
spectral parameters d; for 1-pentylbenzoylformate (11).2

! The choice of maximum permissible value of the
difference between calculated and experimental valuesis arbitrary.
We consider that it depends upon “repeatability” of the same
spectra in various literature sources and should be equa to
maximum permissible values of the difference between basic
spectral parameters (d%) in spectra which are compatible (see
bel ow).

2 Such spectra are usually called “routing” spectra

1.1. Identification of “Spectra
Compatibility” Criteria

It is convenient to characterize the difference
between the values of the same basic [4] spectral
parameter d; for every i-type carbon nuclei in spectra A
(o) and B (d®) of the same substance by differential [4]
spectral parameters Dd;*® cal culated according to Eq. (1):

A6"% = 6% = 6% D

It concerns both calculated (65)c and expe-
rimental (6))eq. values.

The coincidence of the experimental values of dci
values in spectra of different compounds given in different
informational sources becomes possible only at high
degree of spectra repeatability (for instance spectra A and
B) of the same compound recorded by different authors
under same conditions. Such spectra as well as sources
where they are present we define as “compatible’. The
absolute values of | A8 | parameters for “ compatible’
CMR spectra should tend to zero. However, they usually
have values of 0.1-0.2 ppm. If such values considerably
exceed the value of 0.2 ppm, then we consider such
spectra as “incompatible’. The concept of “ compatibility”
can be also extended to the same fragments of various
substances spectra.

To our mind one of the possible reasons of such
exceeding of assumed value of 0.2 ppm by |A5"% |
parameter is the difference between recording conditions
of the same substance spectra. The large differences
usually occur in “incompatible’ spectra, taken from
“incompatibl€’ sources.

According to the above logic, the value of 0.2 ppm
is chosen as the maximum allowable absolute value of
differences between calculated and experimental basic
parameters 0% (denominated as| Ad*” | ). Thus the
condition of “compatibility” between calculated and
experimental values 6 is formulated using the inequality
| A0*” | cate < 0.2 ppm.
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2. Experimental

CMR spectra for dl I-VIII esters (except of 11 and
VII spectra) were taken from two sources which are the
most reliable to our mind — internet-site [5] and atlas of
NMR spectra, Aldrich firm[6]. The data were obtained in
deuterochloroform as a result of accurate physico-
chemical investigations (fixed temperature and
concentration). They usually are in good agreement with
each other, i.e. admitted by us as* compatible’.

This conclusion is usually impossible for “routine”
spectra (also obtained in CDCl3) which are given in the
articles concerning the synthesis of new substances, for
example, for the spectra of Il and VII compounds
described in [3]. It is a great probability that the basic
spectral parameters 65 present in them would be
“incompatible’ with 6% values from [5] and [6].

To study the effect of CMR spectrum recording
conditions on 6" parameters (for each of the i-type
carbon atoms in the compound N), we consider CMR
spectra of 1-octanol esters (octylformate (I11) taken from
[6], octylacetate (1V) [6], two spectra octylbutyrate (V) [5,
6], octylbenzoate (V1) and octylbenzoylformate (VI1I) [3])
as the most informative example. The spectral data of
related to esters octyltosylate (VIII) [5] are present for
comparison.

R-C(0)-O-C'H,-C?H,-C*H,-C*H,-C°Hs where R = Ph- (1), Ph-C(O)- (I1)
L

R-C(0)-0-C"Hp-C?Hy-C*Hy-C*Ha-C?Ho-CoHo- " VCTH-ICH;,
- Vi
where R = H- (111), Me- (IV), Pr'- (V), Ph- (V1), Ph-C(O)- (VI1)

P-CH3-CoHa-S(0)-O-C Hz-C*H2-CPHo-C*Ho-CoHo-CoH- PCH-ICH,
VI
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The values of basc and some differential (as
described below) spectral parametersaregivenin Tables 1
and 2.

3. Results and Discussion

As it has been shown in [2], in order to define a set
of increments necesgarcy for the calculation of the basic
spectral parameters (0 cac) we need the analysis of the
spectra of the same class substances with the most long
alkyl chains. For benzoate and benzoylformates classes
the esters of n-octyl alcohol are homologues, for which
reliable spectral data exist.

3.1. Analysis of 1-Octanol Esters CMR
Spectra

The most detailed analysis was made for three
spectra of most interesting to us substance — octylbenzoate
(VI). Two of them were obtained in deuterochloroform
and published in different sources[3, 5], and the third one
is the CMR spectrum, obtained in deutero-
metylenechloride as a solvent, and not published before.
Table 1 represents values of basic (dci) and differential
spectral parameters of CMR spectra (taken in parentheses)
for 13 types of octylbenzoate (V1) carbon atoms. Spectral
parameters [100006" ™™ ] were chosen as differential
ones. The basis for choice is given below.

3.1.1. Analysis of octylbenzoate (VI) CMR spectra

Fig. 1 shows listed in Table 1 differentia
parameters AS"™,, enlarged in 100 times (for the
convenience of working with the whole numbers) and
calculated for al i = 13 types of carbon atoms in the
molecule (V1) in all three spectra.
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Fig. 1. Differential spectral parameters (100:45" @1%) in CMR spectra of octylbenzoate (V1)
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One can see the broken lines obtained by
connection of plots representing Dd; parameters for
interconnected carbon atoms in the molecule (VI).
Leftmost poaint is the value Ad"'™, for para-carbon atom
of the phenyl fragment, and at the rightmost one — the
value A0V for methyl — w-carbon atom of octyloxyl
group (OC-8).

The figure is plotting in such a way that spectrum
(V1) taken from the most reliable source [5] is chosen asa
main one. For this spectrawe assumed all valuesof i = 13
types of As"'(%; parameters equal to zero, i.e. all 13 points
in Fig. 1 are connected by a straight line with the ordinate
equalling to zero.

The lower line represents the differential spectral
parameters A1 calculated by the same way from
spectrum (V1) recorded in CDCl; but published in
different works [3, 5]. For the spectrum of octylbenzoate
(V1) taken from [3] and shown at the lower broken line,
every i" differential parameter A5"1¥1%, s calculated
from Eq. (1), where parameter 8" is the minuend A and
parameter 517, is the subtrahend B.

Parameters A0™Y; = 6 — s, calculated from
spectrum (V1) and recorded in deuteromethylenechloride
and deuterochloroform [5] are represented at the upper
line. Parameter AS™", describes the difference between
analogous values d in spectra obtained in different
solvents. On the top line in Fig. 1 all 13 points of AG™";
parameters, calculated from Equ(Z) are connected:

AéSOIV'i =5 : _5Chi (2)

Parameter "%, is a minuend and was obtained for
the spectrum of benzoate (V1) in CD.Cl, (as described
above), and parameter 5 is a subtrahend as parameter
6" in the previous case, i.e. " = 6%, One can see
from the symbols, the parameter Ad™"; is to compare the
Spectra, recorded in different solvents:
deuteromethylenechloride (M X) and deuterochloroform.

One can see from Fig. 1 that for different types of
carbon atoms i values of A§* 2 i parameters are different.
Thus, values of Dd™"; parameters for all i atoms (except

oo parameter) are positive, i.e. all signals (except
D" c00) obtained in CD,Cl, spectrum are detected in a
lower field, compared with the same signals obtained in
CDCl; and given in [5]. Thus, the example of
octylbenzoate (VI) CMR spectrum confirms our
observations [7] concerning a lowfield shift (by ~0.2—
0.3 ppm) of the single-type signals which occurs when the
CDCl; solvent is changed for CD.Cl..

It should be noted that for octylbenzoate (V1), for the
majority of i = 13 types of carbon atoms parameter AS™";
exceeds the value of +0.2 ppm. In particular, for octyl oxyl
fragment (O—CgHi7) 6 medial parameters (A0™", — AG™")
are approximately equal to +0.3 ppm, and only the extreme
one hasless value (A5 = +0.1 pPm).

On the contrary, all AS™| parameters (except
A 0) have negative values, i.e. the majority of
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spectra plots from [3] is located under the zero line
(spectrum plot in [5]). It means that in the spectrum given
in [3] signals are detected in the upper field (except the
signal of phenyl ring carbon ipso-atom) compared with
the same signals from the sPectrum given in [5] and the
only positive parameter A6 1%,o, = +0.04 ppm has a
small absolute value. Negative parameters AT, of
other three types of atoms (phenyl ring carbon atoms,
carboxyl group atoms and octyl group C'-C* atoms) have
also small values (~-0.1 ppm). And only for the last four
carbon atoms of octyl group (C>-C®) the absolute value of
AP negative parameters is essentially greater (0.16—
0.22 ppm). The values of the most Ad"'*®; parameters
depicted on the bottom line, on the contrary, are negative.
12 points of the spectral (V1) line from [3] (except the
point Ciney) ae below the zero line. Thus, 12 different
types of carbon atoms of the spectrum (V1) from [5]
absorb in the lower fidd compared with the analogous
atoms in the spectrum described in [3]. The majority of
A6V parameters [where i = para-, metha-, orto-
carbon atoms of phenyl ring, carbalkoxyl group and atoms
CLC* (i = 1, 2, 3, 4) of octyloxyl group) has a small
absolute value (~ 0.1 ppm) and is situated in the below
described “ corridor of uncertainty”. And only for the last
four carbon atoms of octyloxyl grou QCS-Cs) the absolute
value of negative parameters | A0 1%, | (i =5, 6,7, 8)
issignificantly higher (0.16-0.22 ppm).

3.1.2. Graphical analysis of esters (111-VIII) CMR
spectra

Table 2 and Fig. 2 show the differential parameters
ANV ASNVIBL - calculated from Eq. (1) for the
compounds (I11-V1T) (N = 1H-VIIT).

The difference between spectral fragments of C>-C?
and C-C* atoms of octyl roup in (V1) is especially
obvious in Fig. 2, where AS T~ ASP 3y parameters
are represented, as well as some other differential
parameters of Dd™® type from Eq. (1). In this figurein all
cases spectrum No2 (subtrahend in Eq. (1)) is
octylbenzoate (V1) spectrum recorded in CDCl; and given
in [5]. The minuends in Eg. (1) are basic spectral
parameters d° of octyl alcohol and organic acids esters:
octylformate (I11) [6], octylacetate (1V) [6], two spectra of
octylbutyrate (V) [5, 6] and octylbenzoylformate (VII)
[3]. Spectral data of octyltozylate (VIII) [5] are
represented for the comparison.

The nature of acyl radicals R has a greater influence
on the carbon atoms which are closer to the acyl fragment
(C-C% in esters (111-VI111), than on outlying atoms of the
chain (C5-C8). Asarule, the absolute values of parameters
| A™V'B | (i = 1-4) are higher than those of parameters
|AMVPL | (= 5-8). For this reason further
consideration does not include C" carbon atoms due to the
significant differences between 5¢ values in compounds
(HH-V111).
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Fig. 2. Differential spectral parameters (100:06"@1%) in CMR spectra
of esters (111-V11) and tosylate (V111) in CDCl

One can see from Fig. 2 that the absolute values of
20 differential  spectral  parameters | AV, | —
| A6 | | calculated for C*-C® atoms in the octyl esters
of aliphatic acids (111-V) (N = [1I-V) are less or equal to
0.1 ppm. Their spectra are taken from the “compatible’
sources [5, 6]. Plots corresponding to these parameters are
situated in the area hatched at angle of 45° which we
consider as a “corridor of uncertainty”. The width of this
corridor corresponds to the extreme error for “ compatible’
spectral parameters and equals to 0.2 ppm (by 0.1 ppm on
both sides of thezero line®).

The arrangement of (AS™'1®) parameter in the
“corridor of uncertainty” means that it is impossible to
determine its red difference from other analogous
parameter also situated in this corridor, i.e. both
parameters are indistinguishable within the measurement
error. The examples are AS1*9™¥, (i = 4-8) values of
both spectra of octylbutyrate (V) taken from * compatible’
sources [5] and [6]. Hence, we can conclude that basic
spectral  parameters (6N taken from [5] and [6]
practically coincide with any carbon atoms of the
fragment C*—C® in esters (111-V).

Octyltozylate (VIII) is a sulfoacid ester but not an
ester. The arrangement of points on the octyltosylate
(VI line, presented in Fig. 2, is explained by more
significant influence of sulfonic group nature in tosylate
(V) on the value of the chemical shifts of akoxyl
fragment carbon atoms, compared with the influence of

3 Actually the value of 0.1 ppmisahaf of allowable error
aooeFted by us. It means that three parameters of four (A3,
A "and AGMEE) do not exceed the limits. Only the
parameter A0V'¥ 115 = 0.22 ppm exceeds the accepted admissible
value of spectral data“ compatibility”.

the ester group in esters (111-VI1). The absolute value of
ASMMEBL, _ AV harameters decreases as we move
towards the “methyl” end of the alkyl fragment, gradually
ap;\)/roaching to the “corridor of uncertainty”. And only
ASMMEBL and AsV! VI parameters which are the farest
from the tosyl group of C’ and C® atoms, are located in

this“corridor”.

3.1.3. Peculiarities of graphic images of esters
VI and VII CMR spectra, given in £3]

In Fig. 2 the points of AN parameters of
substances VI and VII are connected by thick lines.
Considering the line connecting ASV'EI T, (i = 2-8)
parameters of the octylbenzoate (V1) spectrum taken from
[3], the difference between points of C>-C® atoms
fragment and that of C>~C* atoms fragment, located near
the “corridor of uncertainty” is obvious. The similar
situation is observed for AS§VEIMEIASMIEVIE
parameters  of C-C® atoms fragment in the
octylbenzoylformiate (V1) spectrum.

In contrast to the esters (111-V), where amost all
values of | A™V' | parameters are in the “corridor of
uncertainty”, in the octylbenzoate (V1) spectrum [3] as we
move towards the “ methyl” end of the chain, the absolute
values of | A6V, | parameters increase, approaching
to the values of 0.16-0.27 ppm if i = 6-8*. And for the
octylbenzoylformiate (VII trum the whole line
connecting the points of A6”"¥™MI3 (i = 2-8), parameters

4 The most impressive difference between given in Fig. 2 lines
of ester (111-V) and VIII on the one hand, and esters (V1) [3] on the
other hand, is an asymptatic approximation of the first ones and
receding of the second ones from the zero line (i.e ASVP™MEL, para-
meters, see above) as we move to the “methyl” end of the dkyl chain.
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is located much farther (below) the “corridor of
uncertainty”.

3.1.4. The “compatibility” criteria of esters
(111-V1T) CMR spectra

Similarly to the introduction of the shaded at the
angle of 45° area near the zero line (the “corridor of
uncertainty”), let us hatch with perpendicular shading (at
the angle of 3150) the area in the lower right corner of the
fir%ure. We named it as “zone of incompatibility” of
ASTVBL (i = 5-8) spectral parameters for the C°—C8 atoms
fragment of the octyl chain. The arrangement of
mentioned parameters of octylbenzoate (V1) spectrum
given in [3] defines the “incompatibility” of involved
sources of information: [3] — on the one hand, and [5, 6] —
on the other hand.

As we move along the alkyl chain to its “ methyl”
end (i—), the arrangement of Ad™"'1%; parameter in the
“corridor of uncertainty” (or near it) is the main criterion
of spectra “compatibility”, to our mind, and hence,
sources “compatibility’”’ as well. On the contrary, the
receding from the mentioned “ corridor” and arrangement
in the“zone of incompatibility” (e.g., for octylbenzoate VI
spectrum [3]) indicates probable “incompatibility” both
spectra and sources of information. All mentioned above
argues the conclusion about the compatibility of CMR
spectra given in “compatible sources’ [5, 6], and their
“incompatibility” with “routing” spectra given in [3]. On
the other hand it is possible that spectra of all esters given
in [3] (including esters of 1-pentylbenzoate (1) and
pentylbenzoylformate (11)), which are*incompatible” with
the spectra from [5 and 6], may be “compatible’ between
each other.

3.2. Calculation of d©!; Basic Parameters
in 1-Pentylbenzoate (I) CMR Spectrum

Taking into consideration the *compatibility” of
informational source [3], it is advisable to calculate
(0") e parameters in CMR spectrum of pentylbenzoyl-
formate (II) on the example of its nearest analogue —
1-pentylbenzoate (1).

Volodymyr Mizyuk et al.

1-Pentylbenzoate (1) is a particular case of com-
pounds of the general formula CH3(CH2)X (n=4,
X = OBz). Thereisa calculation method [2] of d e basic
spectral parameters using formula (3) taken from[1]:
5Ci.calc. = 5Cmid + A5Cr + A5Cs 3)
The parameter 5% IS @ constant value equaed to
29.75 ppm. Parameters AJS, and A0S are the set of
increments necessary for calculation of dci values in
CH3(CH2)X compounds [2]. The increments for the
molecule alkyl end are designated as A6, and the
increments for functionalized end are designated as ASSs
The values of the first five increments from the set A5,
(r = 1-5) are the same for al classes of CH3(CH,)X
compounds and alkyl chains of different length. Th(Cey are
A, = -1565 ppm, A6<,1 = -7.00 ppm, A ,, =
= +2.25 ppm, AdS,.5 = -0.30 ppm, AS,.4 = -0.05 ppm,
correspondingly. The set of increments AJ is different
for every subdtituent X and depends upon peculiarities of
its chemical structure. The method isjustified in[2].

3.2.1. Calculation of Ad<s increments for benzoate
class using octylbenzoate (VI) CMR spectra
taken from different sources

Every s increment from the ASSs set for benzoate
classis calculated using formula (4) derived from formula
(3 and rounded to the nearest value divisible by

0.05 ppm:
A5 5= 05— mia — A 4

In order to increase the calculations accuracy we
use spectral data of akylbenzoates with the longest alkyl
chains. Octylbenzoate (V1) is such a compound in both [3]
and [5]. Values of the Ao~ s increments set for the benzoate
class based on spectral data of the compound (V1) givenin
[5] are given in [1]. Taking mentioned facts into account
this set is admitted as a “ compatible’ one and marked by
theitalictypein Table 3.

All necessary spectral parameters are given in Table
3 for theillustration of calculation of “non-compatible’ set
of A6 increments using CMR spectrum of octylbenzoate
(VI) given in [3]. The AAJS differentia parameters, i.e.
(A0 Ycomp.~ (A Ynonc.. are also given there.

Table3

Spectral parameter s necessary for calculation of Aésincrementsby formula (4) for benzoates classusing CMR
spectrum of octylbenzoate (V1) givenin [3]

Calculation for atom C C* C’ c C C° C’ C°
Parameter §° iq 2975 | 29.75 | 29.75 | 29.75 | 29.75 | 29.75 | 29.75 | 29.75
Parameter A5, 0.00 000 | 000 |-005 |-030 | +2.25 | -7.00 | -15.65
Basic spectral parameter 55 from [3] 65.03 | 28.72 | 25.99 | 29.14 | 29.14 | 31.70 | 2252 | 13.88
Rounded calculated parameter A5 from “non-

compatible’ set s +3530 | -1.05 | -3.75 | -055 | -0.30 | -0.30 | -0.25 | -0.20
Rounded cal culated parameter Ad“s givenin i i | i i .

[1], 1.6 “compatible” set s +3535| -095 | -365 | -040 | -0.15 | -0.15 | -0.05 | 0.00
Difference AAS"s of Ad“s valuesfrom

“compatible’ ané “ non—éompa[i ble’ sts +0.05 | +0.10 | +0.10 | +0.15| +0.15 | +0.15 | +0.20 | +0.20
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3.2.2. Comparison of A6€s increments for
benzoates class calculated from spectral data
of octylbenzoate (VI) taken from [3] and [5]

One can see from Table 3 that values of all 8
increments A5 from © non-compatible’ set are less than
corresponding values from the “compatible’ set. At the
same time the difference between them (i.e. AAJSY)
increases as moving toward the “ methyl end” of the chain
(i—w). As it was mentioned above, for the calculation of
every set of ASSs Cparameters the formula (4) was used.
Two (5Cmid and Ad™,) from three parameters do not depend
upon the source of the compound (VI) spectrum. And
only one item is variable It is d° basic parameter of
octylbenzoate taken from [3] or [5]. Thus, values of every
8 parameters AASS given in Table 3 are equal per se to
difference parameters A6"'®13, given in Figs. 1 and 2
and rounded to the nearest value divisible by 0.05 ppm.
These values are reciprocal to the mentioned above
AP parameters,

It should also be noted that moving toward the
“methyl end” of the chain from C° toward C® atom, the
absolute values of AASS parameters increase for these
spectra achieving 0.16-0.27 ppm, and the line connecting
them moves off the “corridor of uncertainty” of
“compatible’ set of AS“s parameters. To our mind the
most simple and logical method of “compatible’ and
“non-compatible’ sets unification is the introduction of
additional “compatible’ increment (Cl) for C>-C? atoms
(i = 58) into “non-compatible’ set. Such parameter
should take into consideration the removal of two hatched
area in Fig. 2, typica for C—C® atoms: (i) zone of
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with the opposite slope. It is advisable to admit at first
approximation the identical averaged values of AASS
parameters equal to +0.20 ppm as the Cl for all four atoms
of the chain “methyl end” (C*, C**, €% and C”®). This
set is called as the “ constant” one. For other carbon atoms
of the alkyl chain (C'~C”) the Cl is equal to zero.

The second possible variant of calculations is the
usage of difference parameters As”1¥19, (i = 5-8) as the
Cl. They are given in Fig. 1 and rounded to the nearest
value divisible by 0.05 ppm. Such set of increments is
called asa“variable’ one and equals to: 1Ccs = 0.15 ppm,
[Ccs = 0,15 ppm, ICc7 = 0,2 ppm, |Ccg =0 2 ppm.

3.2.3. Calculation of d'j c4c. Values and their
comparison with experimental data [5]
of 1-pentylbenzoate (I) CMR spectrum

We calculated three variants of 0"; parameters for
pentylbenzoate (1) using “non-compatible’ set of A5
parameters. At the first variant (without taking into
consideration the Cl) d values are calculated by the
formula (3); at the second and third variants (taking into
consideration nonzero Cl for ¢, ¢, ¢* and 3
atoms) — by the formula (5):

5Ci,calc. = 5Cmid + A5Cr + Aécs— Cl (5)

To illustrate the calculations of 6} parameters for
pentylbenzoate (I) using formula (5) al necessary
parameters and obtained calculated values are given in
Table 4, as well as other sets of 5Ci,cajc, parameters for
pentylbenzoate (1), including calculated parameters from

incompatibility” from “non-compatible’ set and (ii) [l given by theitalic type. Experimental results from [3]
“corridor of uncertainty” from*“compatible’ set, hatched aegiveninbold letters.
Table 4
Experimental (6| e) and calculated (6'; cac) parameters
for pentylbenzoate (1) using formulas (3) and (5)
Calculation for atom Cct C° C® Cc* C°
Experimental parameter 6 o ([5]) 6512 | 2858 | 2832 | 2241 | 1394
Calculated values 65 e,
Parameter 6 ia 2975 | 2975 | 2975 | 2975 | 29.75
Parameter A0, -0.05 -0.30 +2.25 -7.00 -15.65
Parameter 46 from “compatible’ set +35.35 -1.95 -3.65 -0.40 -0.15
Parameter 85 ¢, calculated from “compatible’ set [1] 65.05 28.50 28.35 22.35 13.95
Calculated values 6 e,
Parameter 45 from “non-compatible’ set +35.30 | -1.05 -3.75 -055 | -0.30
Parameter 6 e, calc. by formula (3), i.e. without IC 65.00 28.40 28.25 2220 | 13.80
Calculated values 65 e,
“congtant” IC 0.00 +0.20 | +0.20 +0.20 | +0.20
Parameter 6 e, calc. by formula (5), i.e. with constant IC 65.00 28.60 28.45 2240 | 14.00
Calculated values 65 e,
“variable’ IC 0.00 +0.15 +0.15 +0.20 | +0.20
Parameter 0 e, calc. by formula (5), i.e. with variable IC 65.00 28.55 28.40 2240 | 14.00
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Table5
The differ ences between calculated and experimental 6'; valuesfor pentylbenzoate (1)

: -
;gﬁngag?ces between calc. and exp. parameters-; for ct c? c? ct cs 1005 | AS |
The differences 49 e e, bEWeEN 6 cac [1] and 6% o, -0.07 | -0.08 | +0.03 | -0.06 | +0.01 25(5.0)

| . (/
;?ggclffermcesz!é.,map between o7 cae. (by formula(3)) | 595 | 918 | -007 | -021 | -014 | 72(14.4)

i,exp.

| . (/
Jv?ti‘ﬂ;;e;e‘cﬁ?;‘gﬁwp- between o e, (By formuia®) | g1 | 4002 | +013 | -001 | +0.06 | 34(68)

. i exp.

| . (/

mmgerg‘)ﬁé'gﬁwp between o e, (By formula®). | 515 | .003 | +0.08 | -001 | +0.06 | 30(6.0)
. i,exp.

All 5 values of basic spectral parameters 6" cac.
for pentylbenzoate (1) calculated by both variants of the
formula (5) using “non-compatible’ set of A&
increments and taking into consideration both types of the
Cl satisfactorily agree with experimental values 6" ; ..
Table 5 shows the difference between the experimental
(0%ew) and calculated (6% ,ac) values obtained using
different variants of calculation, as wel as tota
differences, which are described below.

Two parameters were chosen as the criteria for
calculation method suitability: (i) the absolute value of the
maximum difference between cal culated and experimental
parameters | Adiac-ep.| = dicalc. - dien. (the value of
parameter | max. di caic-ep. | Must Not exceed the assumed
value of the experimental error equal to 0.2 ppm); and (ii)
the sum of all absolute differences Adiic-ep. fOr five
carbon atoms of pentyloxyl fragment multiplied by 100
and denoted as 100% | Ad|. The average values (in
parentheses) for a single atom are given in Table 5.
Obvioudly, the average value should not exceed 20
(corresponding to the value 6 cac-ep. = 0.2 ppm). The
value islower, the calculation method is more suitable.

Taking into consideration these criteria, we
estimate the calculation methods as follows. The method
using “non-compatible’ set of 6 parameters taken from
[3] and calculated by the formula (3), i.e. without ClI, is
the worst. The value of parameter | max.di ic-ep. | = 0.21
dightly exceeds the assumed value of 0.20 ppm. The
second criterion is worse (100X | Ad | = 72, the average
valueis14.4).

As it was expected, the best was the method using
the “compatible’ set of 0 parameters taken from [5]. The
paramete | mexAdigicer | = 008; 100X | AJ| = 25, the
average vdue is of 5.0. The results using calculated by the
formula (5) using “non-compatible’ st of 6 parameterstaken
from [3] are dose far bath versions of Cl. The parameter
| MEX.AS gaic.e | 1N both cases does not exceed 0.13 ppm.
Using CI constant val ues the parameter 1002 | Ad | isequal
to 34 (on the average by less than 0.07 ppm for each carbon
atoms of pentyloxyl fragment), and using the variable set of
Cl —30 (on the average of 0.06 ppm).

Hence we may conclude that in spite of the
approximation of Cl values, the calculation method, using
“non-compatible’ set of 6 parameters (both versions of
the formula (5)) is much better correlated with
experimental data than that by formula (3), i.e. without CI.
The calculation by the formula (5) may effectively help to
attribute signalsin * non-compatible” CMR spectra.

3.3. Calculation of d©!!; Values of
1-Pentylbenzoylformate (I11) CMR Spectrum
and Comparison of Calculated and
Experimental Parameters Taken from [3]

Spectral parameters d°'; of pentylbenzoylformate
(I1) were taken from “routing” spectrum [3] which do not
agree with spectra taken from [5, 6]. Therefore, it should
be advisable to use for calculations the variant with the
“non-compatible’ set of A8 increments and the formula
(5) with both types of Cl.

3.3.1. Calculation of ' non-compatible* set
of A6€s increments for benzoylformates from
octylbenzoylformate (VII) CMR spectra [3]

“Nonrcompatible’ set of ASSs increments for
benzoylformates is calculated from available spectrum of
the most long-chain ester of this class -
octylbenzoylformate (V11). The values d”'; (i = 2-8) are
given in Table 2, value 6", = 66.20 ppm is taken from
[3]. Using these data we receive the “ non-compatible’ set
by the formula (4), which includes rounded values of A0
increments: Ad“1= +36.45, A0, = -1.30, A63 = -4.05,
A6, = -0.70, A0%s = -0.45, Ao = -0.40, A5, = -0.30,
A6 =-0.25 ppm.

The closeness of A6 increments for benzoates and
benzoylformates C°~C? atoms (s = 6-8) should be noted.
Since, as it was mentioned above, for the calculation of
A parameters formula (4) was used, where the variable
itemis only the spectra data d; of octylbenzoate (V1) and
octylbenzoylformate (V11), the difference between themis
equal to the distance between corresponding plots on thick
lines represented in Fig. 2. These difference parametersin
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both cases are rounded to the nearest value divisible by
0.05 ppm and selected asa “variable’ set of Cl.

3.3.2. Calculation of d%!!; Values and Comparison
with Experimental Data [3] of 1-
Pentylbenzoylformate (11) CMR Spectrum

The d"; values for 1-pentylbenzoylformate (V1)
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rameters from the “variable’ set for C'-C° atoms should
be selected as following: 1C¢; = 0.00, ICc, =-0.15, ICc3 =
-0.10, ICc4 = -0.05 and IC¢s = -0.05 ppm. The values of
Cl constant parameters for C>~C> atoms are selected as
equal to their average values, i.e. -0.10 ppm. Table 6
represents 0", experimental  parameters  for
pentylbenzoylformate (11) taken from [3] (bold type) and
Adicaic-ep. Parameters characterizing the _difference

are calculated by formulas (3) and (5), the same asit isfor : cll
1-pentylbenzoate (1). Asit was mentioned above, Cl pa- E:gj?;]ed g;l gﬂ%eg]t r;a]r;jho(;e;( perimental 0™ values
Table 6

Calculated and experimental "', valuesfor 1-pentylbenzoylformate(I1)

Calculated values 6" . ct C? [ c? [ 100z [ AS |

Experimental parameter 6°" oo ([3]) 66.13 | 27.90 | 27.65 | 22.00 | 13.66 25 (5.0)

The Qferences ddicac.ep between 0 Geac (by formula 3) | 605 | 1025 | +030 | +005 | -001 | 63(126)

and 0%, o ) ) ) ) ) :

The differences 4; cac-ep. beteen. 65 (by formula (5), ] ]

with congt, G and o +0.02 | +0.15 | +0.20 | -0.05 | -0.11 53(10.6)

The differences 46 aic.eq. beetw. 0% cac. (by formula (5), with +002 | +010 | +020 | 000 | -0.06 38(7.6)

var. Cl) and 0 oo, : ) ) ) ) :

One can see from Table 6 that parameters 6"
calculated by the formula (5) for the compound (I1) arein
better agreement with experimental parameters 0" op;
than 0" ¢ values calculated by the formula (3).

The value of parameter | max.Ad cic-em. | = 0.30
calculated by the formula (3) substantially exceeds the
permissible value of 0.20 ppm. Correspondence by the
second criterion is bad too: 100% | Ad | = 63, average va-
lue is 12.6. The better results were received using the for-
mula (5). The value of the parameter | max.Adi caic-ex. | =
= 0.20 in both cases is equa to the permissible one;
100 | As| = 53, the average value is 10.6 when using
constant Cl and 38 (on average by less than 0.08 ppm), if
we use the variable set of Cl.

The same as in the case with pentylbenzoate (1),
calculations by the formula (5) using the “ variable’ set of Cl
gives better results than the version with the* constant” set.

In the best calculation method the values of
calculated parameters for C* (Adzcac.exp. = 0.15 ppm) and
C® (Adscaiceq = 0.20 ppm) aoms do not exceed the
maximum permissible value [max.Ad; caic-exp] = 0.20 ppm.
Therefore, by analogy with conclusions presented in [1] it
is more logical to attribute signals at 27.90 ppm and
27.65 ppm in the compound (Il) spectrum to the
adsorption of C? (8" = 28.00 ppm) and C? (65 cac. =
=27.85 ppm) atoms correspondingly. The value of
Ad",.5 differential parameter obtained from the mentioned
calculated parameters (28.00 — 27.85 = +0.15 ppm)
satisfactorily corresponds to A" .5 value calculated using
experimental data [3] (27.90 — 27.65 = +0.25 ppm) which
isgeneral for all estersof 1-pentanol [1].

The opposite attribution of experimental signals at
27.90 and 27.65 ppm to C* and C? atoms correspondingly
worsens the accordance of the latter signal (27.65 ppm) to
the calculated value (', cac. = 28.00 ppm). At the same
time the differential parameter (Adzcac-ep. = +0.35 ppm)
exceeds the maximum permissible value of 0.20 ppm.
Although such attribution of signals for C* atom leads to
the good agreement between calculated (0'scuc =
= 27.85 ppm) and experimental ("2, = 27.90 ppm) data
the calculated differential parameter Ad'.5 changes its
sign: (27.85—28.00 = -0.15 ppm). And on the basis of the
changing sign it was recommended inJl] to change the
author's signal attribution to C? and C* atoms [5] in the
pentylformate CMR spectrum.

Thus, an improved calculation method of
pentylbenzoylformate (1) CMR spectrum using the
additivity principle of chemical shifts increments reduces
a permissible level of differences between calculated and
experimental d% parameters and reasonably allows to
attribute both signals in the area of 27-28 ppm presented
in the spectrum [3] to the adsorption of C* and C* atoms

of the pentyloxyl group.

4. Conclusions

The improvement of the described earlier [1]
calculation method of CMR spectra via introduction of
additional “compatible’ increment (Cl) alows to use
“non-compatible’ spectra to calculate sets of A&
increments. At the same time the difference between
calculated and experimental parameters does not exceed
maximum permissible values accepted by us.
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BIIJIUB YMOB 3AIIUCY CIIEKTPIB HA IIPUKJIAJI
PO3PAXYHKY XIMIYHHX 3CYBIB B CIIEKTPAX
SIMP °C 1-TIEHTUJIBEH301JI®GOPMIATY

Anomauin. Beeoeno nonsmms “ cymicnux” i * necymicnux”
AMP cnexmpis. 3acmocyeants “ inkpemenmie y32000icentsi” 0ano
MOodCIUBICMb 3 OOCMAMHBLOI0 MOYHICHIO PO3PAXYEAMU  XIMIYHI
scyeu  amomie  C° i NEeHMUIOKCUIbHO20 — (pazmennmy 6
1-nenmunbenzoinghopmiami.

Knrouosi cnosa: IMPC cnexmpu, 6ensoam, benzoingopmi-
am, 6a306i i Oupepenyitini cnekmpaibHi napamempis, XiMIYHI 3CY6u.



