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Abstract. Application of increments additivity allows to
attribute closed by value signals in the area of 28 ppmin
NMR 2C spectra of 1-pentanal (1) and its esters (l1, I11)
for C* and C® atoms during calculations of 6, and ¢,
chemical shifts. In case of pentylformate (11a) on the basis
of calculated data it has been suggested to interchange
attributions made by authors [2].
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1. Introduction

Alkylbenzoates and alkylbenzoylformates are by-
products [1] of phenylglyoxal acetals synthesis, which are
effective photoinitiators of radical processes. Studying their
spectral peculiarities we noticed the close values of basic
spectral parameters 6, for atoms C? (6°)) and C® (9<,)
(approximately 28 ppm) in NMR *3C spectra of 1-pentanol
(1) esters — pentylbenzoate (11d) and pentylbenzoylformate
(11€). Such peculiarity isalso typical of spectral parameters
of other 1-pentanol esters, derivatives of aliphatic acids
(Harllc), pentyltosylate (111), which is structurally close
to esters (I1), and partially of 1-pentanol by itself [2, 3].

R-O-C'H,-C*H-CH -C'H,-CH,
[ ~28 ppm
R'-C(0)-O-C'H,-CH_-C*H_-C*H_-C°H,
~28 ppm

1(a-€)

where R = H (1), p-CH,CH,SO, (Ill); R =H (a), CH,
(b), n-CH, (c), CH, (ql), CH.C=0 (e)_

It should be of interest to examine the reasons of
the observed closeness of ¢, and 6", values and find the
method of reliable attributions of corresponding signalsto
C? and C® atoms in NMR C spectra.

2. Experimental

In order to minimize inaccuracies connected with
different 6, basic parameters for nuclei of i- carbon atoms
in the same compound, it is desirable that all 5¢ values be
taken from one informational source in order that all the
data are in agreement. However, we had to use the data
from two sources, which are the most reliable ones, to
our mind. The main source is an internet site [2] and the
additional sourceisan atlas of NMR spectra, Aldrich firm*
[3]. Values o€ for the same compounds in [2] and [3]
have an accuracy of 0.01 ppm.

Some necessary data are absent in [3] but they are
presented in [2]; however the data from [3] supplement
the data from [2], confirming (or disproving) the
correctness of signal attribution made in [2]. We decided
to* combine” the data from both sources because o<, values
for the same compounds coincide with the accuracy of
0.1 ppm or differ by less than 0.2 ppm and only in rare
cases the difference is greater. Therefore, the difference
less than 0.1 ppm is considered as a very good one. The
good coincidence is achieved when the differenceis within
the interval from 0.1 to 0.2 ppm. If the differenceis higher
than 0.2 ppm, we consider the calculated value as

! The criterion of choosing “main” and “additional” sourcesis based on the fact that signals attribution in [2] was made by authors
and thisfact is absent in [3]. However, spectrain [3] were obtained from the instrument with working frequency 75 MHz, which isa great
advantage. The main part of the data in [2] were obtained from the device with the frequency 15, 22.5 and 25 MHz, hence they are less
accurate. Only smaller part of thedatain [2] were recorded at higher frequency — 50 or 100 MHz and arein better agreement with analogous

parameters from [3].
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unsatisfactory and special comments are necessary in such
case.

For al spectra in [2] the authors gave their own
signals attribution. We do not agree with them in some
cases. In those cases when authors from [2] consider
that attribution of existing signals to absorption of specific
nuclei of carbon atoms (C? and C®in our case) is
insufficiently well-reasoned, both numerals have supersc-
ript *. It means that authors allow to exchange attributions
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given by them (e.g. pentylbutyrate Ilc, pentylbenzoate 11d

and pentyltosylate I11).
Table 1 presents val ues of basic spectral parameters

(o) and (0<,) in compounds (1)—(111) with corresponding
references and calculated differential parameters Do,
which arethedifferences: Dé°, , = 6,- 9. Our preliminary
attributions of signalsnumerical valuesin NMR *C spectra
in [3] to C>-C® atoms absorption are given in parentheses
(by analogy with [2]).

Table 1

Preliminary attributions between signals in NMR C spectra of (1) — (I11) compounds (given in [2, 3])
to C%-C? atoms

Spectral parametersin compounds, ppm I lla b llc ld Il
e 3253 [2] | 28.11[2] | 28.48[2] | 28517[2] | 28.58 [2] | 28.61 [2]
2 (32.48)[3] (28.44)[3] | (28.40)[3]
e 28.17[2] | 28.36[2] | 28.23[2] | 28.237[2] | 28.32 [2] | 27.53 [2]
3 (28.05)[3] (28.18)[3] | (28.13)[3]
A +4.36 -0.25 +0.25 +0.28 +0.26 +1.08
z3 (+4.43) (+0.26) (+0.27)

3. Results and Discussion

Using developed conception about additivity of
chemical shiftsincrementsduring cal culations of 6, values
inCH(CH,) X [4] wecal culated val ues of basic parameters
0°— 0, in NMR ®C spectra of pentoxyl fragment of
compounds (I-111). The comparison of calculated and
experimental data allows us to revise some attributions
from [2], including 6, and 6, parameters. For instance,
we consider it would be advisable to interchange

correlations for ¢''%, and ¢''%, parameters in a spectrum of
pentylformatellagivenin[2]. Theapplication of calculated
data allows al so the final well-reasoned signals correlation
[3] in spectra of compounds (1)—(111) (see Table 2).
Calculated values for every o¢, parameter are given
in the left column of the Table 2. Our correlations of
experimental values [2] for signals of compounds (1)—(111)
are given in the upper part of the right column in bold type.
Our final corrdations of these signals in the spectra [3] of
the mentioned compounds are written in bold itdic type.

Table 2
Final attributions of experimental [2, 3] and calculated signalsin NMR **C spectra
of compounds (1)—(111) to C2-C® atoms
¢ values (ppm) in 0% 0% % 0% 0%
compounds Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp. Calc. Exp.
62.68 32.53 28.17 22.66 14.09
I 62.95 62.79 32.55 3048 28.05 28.05 22.50 2558 14.05 14.07
lla 64.05 64.12 28.35 28.36 28.15 28.11 22.30 22.38 13.90 13.96
b 64.60 64.64 28.40 28.48 28.20 28.23 22.30 22.46 13.90 13.99
64.65 28.44 28.18 22.39 1391
llc 62.95 62.68 28.40 2851 28.20 28.23 22.30 2244 13.90 13.99
62.79 28.40 28.13 22.36 13.98
. . . . 13.94
ld 65.05 65.12 28.50 28.8 28.35 28.32 22.35 2241 13.90 39
: 61 53 : 13.7
Il 70.70 70.72 28.55 28.61 27.60 21.53 21.85 2203 13.70 375

Below are the arguments which were the bases for our final attributions represented in Table 2.
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3.1. Calculation of Basic Parameters o'
(including 4', and ¢')) and Differential
Parameter Dd', , in NMR *C Spectra
of 1-Pentanol (1)

Authors [4] present a concept of increments used
for the calculation of values of basic spectral parameters
0% in linear substituted aliphatic compounds by general
formula CH,(CH,) X. 1-Pentanal (I), as well as its esters
(11-111) isaparticular caseof the mentioned general formula
(wheren=4and X = OH or OR for esters). All increments
are divided into two groups depending upon their location
in the chain of carbon atoms which they refer to.
Increments of thefirst group (for alkyl end of the molecule)
are marked by symbols Do“ ; increments of the second
group are marked as Do,

Due to the rules of chemical nomenclature for
CH_(CH,) X compounds the numeration of carbon atoms
in the chain starts from the atom connected with the
subgtituent X (therefore carbon atom of methyl group is
marked as C"). The values of the first five differed from
zero increments Do° (r = 1-5) are the same for all classes
of alkyl compounds by general formula CH,(CH,) X and
equal to: Ao“, =-15.65 ppm, Ad“ , =—7.05 ppm, AJ€ , =
= +2.25 ppm, A¢€ , = -0.30 ppm, Ao , = -0.05 ppm.
The set of Do, increments is different for every substituent
and depends upon peculiarities of its chemical structure[4].

For alcohols the increments values Do°_ for
functionalized (hydroxyl) end of the molecule were taken
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from [4]. These values, as well as increments Do (s = 1-8)
rounded to the nearest value divisible by 0.05 ppm, for other
classes of compounds (I1)—(111) are given in Table 3.

Having values of increments Do (r = 1-5) and
Do®, (s = 1-8) we can calculate each of the five values
Do°, (v = 1-5) for 1-pentanol by formula (1) taken from
[4]:

0% =0, =0, + A + Ad, 1
where ¢¢ . is a chemical shift of carbon middle atoms in
long-chain alkanes. It is a constant value equal to 29.75
ppm [4]. To illustrate the calculations of the basic spectral
parameters ¢, for 1-pentanol by formula (1) all necessary
spectral parameters are listed in Table 4. For their
convenient comparison with the calcul ated data parameters
o¢ for 1-pentanol, taken from Table 2 are pr%nted in
bold type and the data attributed by us from [3] —in bold
italic type.

We attribute calculated parameter o, (32.55 ppm)
to absorption of C? atom, because it is practically equal to
parameter ¢*, (32.53 ppm) given in [2] and signal value
(32.48 ppm) available in spectrum | [3]. Such relation
between calculated and experimental data is observed
between calculated parameter ¢, (28.05 ppm) and
attributions ¢*, (28.17 ppm) taken from [2]. The signal
value available in spectrum [3] accurately coincides with
the calculated value ¢*, (28.05 ppm). The calculated value
of differential parameter Ad*, .= 4.50 ppm is greater than
that cal culated from experimental data but it coincideswell
with the value calculated by the data from [2] (4.36 ppm)

Table 3
Increments 40°_ (s = 1-8) for alcohols and their esters
Cail cul ated_ increments for cl 2 c3 c s o c7 c®
C atomsin compounds
Alcohols +33.25 +3.10 -3.95 -0.25 -0.05 0 0 0
Formates +34.35 -1.15 -3.85 -0.45 -0.20 -0.15 -0.05 0.00
Acetates +34.90 -1.05 -3.80 -0.45 -0.20 0 0 0
Butyrates +34.65 -1.05 -3.80 -0.45 -0.20 -0.15 -0.10 -0.05
Benzoates +35.35 -0.95 -3.65 -0.40 -0.20 -0.15 -0.05 0.00
Tosylates +40.95 -0.90 -4.40 -0.90 -0.40 -0.30 -0.15 -0.05
Table 4
Data for calculation by formula (1) of o€, parameter for 1-pentanol (1)
Cdculation for C' atom ct Cc? c? c’ c
5 mia parameter 20.75 | 29.75 | 29.75 | 29.75 | 29.75
A6, parameter -0.05 | -0.30 | +225 | -7.00 | -15.65
A6 parameter +3325 | +3.10 | -395 | -0.25 | -0.05
5C calculated parameter (equals to 6%,) in formula (1) 62.95 | 3255 | 28.05 | 2250 | 14.05
0%, experimental parameter taken from [2] 62.68 | 32.53 | 28.17 | 22.66 | 14.09
5Ci experimental parameter taken from spectrum in [3] 62.79 | 32.48 | 28.05 | 2258 | 14.07
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and very well — with the values calculated by the data
from [3] (4.43 ppm).

Calculated values of other basic spectral parameters
of 1-pentanol (&', ', and d',in less degreeZ) also coincide
well with correspondl ng attri butlons givenin[2] andsignals
discovered in the 1-pentanol spectrum [3]. Hence we may
conclude that the used calculation method is an effective
instrument which helps to attribute signals in NMR *C
spectra of aliphatic compounds, e.g. in 1-pentanol

spectrum given in [3].

3.2. Calculation of Basic Parameters o'
(including ¢", and ¢",) and Differential
Parameter Dd", , in MMR*®C Spectra
of 1-Pentanol Esters (lla-11d)

The basic parameters ¢'', and 0", in spectra of 1-
pentanol esters (I1) were calculated in a similar way.
Calculations of all five parameters ¢, as well as revision
correlations [2] and peaks [3], are presented in Table 2.

3.2.1. Pentylacetate (l11b)

Using values of increments Do, (s = 1-5) for
acetates (CH,(CH,) X, whereX =OAC) from[4] andTable
3, we calculated values o''"® for pentylacetate (I1b) by
formula (1), by analogy with the values o', for 1-pentanol
(). The results are presented in Table 2.

Calculated values of parameters ¢'"°, = 28.40 ppm
and 0", = 28.20 ppm are close to the experimental values
given in [2] (9", = 28.48 ppmand §'"°, = 28.23 ppm) and
peak values in spec(rum b in 3] (5'”? = 28.44 ppm and
0", = 28.18 ppm). The same as in case of 1- pentanol, the
val ue of differential parameter Do'®, . obtained from
calculated parameters (28.40 — 28.20 = +0.20 ppm) agrees
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with the value Do''", , calculated using the data [2]
(28.48 — 28.23 = +0. 25 ppm) and the data [3] (28.44 —
—28.18 = +0.26 ppm), although they are somewhat more.

3.2.2. Pentylbutyrate (llc)

For butyrates, aswell as for other esters— formates
and benzoates — increments Do°_ are absent in [4], hence
it was necessary to calculate them Every Do increment
iscalculated by formula(2) whichis deduced fromformula
(1), and the obtained val ueis rounded to the nearest number
divisible by 0.05 ppm:

AJ =0, =0 — A, 2

For calculations of Do increments We use spectral
data of alkyl butyrates with the longest alkyl chains.
Undecylbutyrate is such a compound in [2] and
decylbutyrate—in[3]. By analogy with Table4 all necessary
spectral parameters from undecylbutyrate spectrum are
tabulated in Table 5 for theillustration of the cal culation of
Do¢ increments. Since the value of parameter 6 is missed
in undecyl butyrate spectrum [2], we put in parentheses
the value 6%, = ¢¢, , = 31.98 ppm, typical of analogous
basic parameters 0% for other long-chain esters. As it was
mentioned above values 6% which may be exchanged are
markedwith* in spectral correlationsgivenin[2]. However
it will be shown further that in the given spectrum such
exchange is not necessary.

To confirm the calculated values of J¢, parameters
weduplicated their calculation by formula(2) using signals
in decylbutyrate spectrumtaken from[3]. Their correlation
has been done by us by analogy with that in undecyl butyrate
spectrumin[2]. Thefollowing dataarelisted bel ow: number
of carbon atom of decylbutyrate alkoxyl group, value of
0%, (v =1-10) from[3], value of Do“_ increment calcul ated
by formula (2). Values of the same parameters calculated

Table 5
Data for calculation of ¢¢_ increments for butyrates by formula (2) using NMR **C spectrum of
undecylbutyrate given in [2]
Calculation for ct 2 3 4 s c® 7 8 o cw ch
aom
0% mia. parameter 290.75 | 29.75| 29.75| 29.75 | 2975 | 29.75 | 2975 | 29.75 | 29.75 | 29.75| 29.75
A, parameter 0.00 | 000 | 000 | 0.00 0.00 0.00 -005 | -0.30 | +225 | -7.00 | -15.65
55 parameter [2] | 64.41 | 28.71| 25.97 29.28" | 29.54* | 29.62* | 29.59* | 29.35* (31.98) | 2270 | 14.11
Ads rounded
calculated +34.65| -1.05| -380| -045 | -020 | -015 | -0.10 | -0.10 | (0.00?) | -0.05| 0.00
parameter

2Theincrement for C' atom (Ad“, = +33.25 ppm) given in Table 3 for alcoholsis athe result of acompromise. If we use 6, values
taken from spectra of long-chain acohols [3] (as well as ¢, values from “high-frequency spectra’ [2]), then exactly the value
A6€, = +33.25 ppm is the most suitable. If we use spectra from [2] obtained using low-frequency instruments, then the value
A€, = +33.15 ppm is more founded. Since we assumed above that data which were obtained using high-frequency devices are more
reliable, we choose Ad“, = +33.25 ppm as a tabulated value. Apropos, if we use value AJ¢, = +33.15 ppm, then calculated value
0¢, = +62.85 ppm agrees better with experimental value J¢, = +62.68 ppm in 1-pentanol spectrum taken from [2] and the best — with the
signal of 62.79 ppm presented in spectrum (1) taken from [3]. However for calculations of 0, parameters for other alcohols the tabulated
value Ad¢, = +33.25 ppm is the best. Therefore we assume that value 5, = +62.68 ppm for 1-pentanol [2] is understated by some reasons.
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for undecylbutyrate (the data from Table 5) are in
parentheses: C?, 64.38, +34.65 (+34.65); C?, 28.69, -1.05
(-1.05); C?3, 25.96, -3.80 (-3.80); C*, 29.29, -0.45 (-0.45);
5, 29.56, -0.20 (-0.20); C°¢, 29.57,-0.15(-0.15); C7, 29.34,
-0.10 (-0.10); €&, 31.93, -0.05 (-0.10); C°, 22.66, -0.10
(0.00); C™, 14.12, 0.00 (0.00).

The comparison of both sets of increments
0%, (s = 1-10) for butyrates shows full data coincidence
for the first seven carbon atoms of decyloxyl fragment.
The value D¢, = 0.05 ppm® was chosen between two
different increments for C® atom and given in Table 3.

Using calculated set of increments Do, (s = 1-8)
for (CH,(CH,) X, where X = OCOPr) values ¢'"° for
pentylbutyrate (lic) are calculated by formula (1) and
represented in Table 2.

Calculated parameters ¢'"°, = 28.40 ppm and
0'°, = 28.20 ppm are close to experimental values from
[2] (¢"°, = 28.51 ppm and ¢'"°, = 28.23 ppm). In the
spectrum of llc [3] thereisasignal at 28.13 ppm close to
calculated parameter. We attributeit to C* atom absorption.
The other signal of Ilc spectrum [3] exactly coincides
with calculated value of parameter ¢''°, = 28.40 ppm. The
same as in case with acetate |1b, differential parameter
Do''°, , obtained from calculated values (28.40 — 28.20 =
= +0.20 ppm) coincideswith both values Dd'*°, , calculated
from experimental data: (28.51 — 28.23 = +0.28 ppm) [2]
and (28.40 — 28.13 = +0.26 ppm) [3]. It should be noted
that this value is less than both analogous parameters
Do''e, , calculated from experimental values 6%, the same
as in case with acetate l1b.

3.2.3. Pentylformate (l1a)

The set of increments Do necessary for the
calculation of ¢ values in pentylformate (11a) is absent in
[4]. Therefore, by analogy with the above-mentioned
calculation for butyrates, values of increments for formates
are calculated by formula (2) and tabulated in Table 3. For
this purpose octylformate spectrum has been used because
this compound is a formate with the longest alkyl chain
among all given in [3] (in [2] octylformate spectrum is
absent). By analogy with attributions of spectral data 6%
for octylbutyrate and octylbenzoate made by the authors
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in [2] we assumed the following signal attributions in
octylformate spectrum in [3]: C'= 64.10; C? = 28.61,
C3=25.91, C*=29.23, C°=29.23, C*=31.85, C"=22.71,
C® = 14.10.

Using the set of increments Do, calculated for
formates (see Table 3) we calculated values of all five
parameters ¢'"“. by formula (1). One can see from Table 2
that calculated parameter ¢''*, = 28.35 ppm for C* atom
considerably differs from value 6", = 28.11 ppm givenin
[2] but practically coincides with parameter ¢, = 28.36
ppm also given in [2]. On the contrary, the calculated
parameter o''“, = 28.15 ppm is considerably close to
parameter ¢''*, = 28.11 ppm given in [2] but differs
considerably from the signal at 28.36 ppm which was
attributed by the authors [2] to C? atom adsorption.

The difference between 6", and ¢', signals
attributions (assigned in [2] to C? and C® atoms in
pentylformate (11a) spectrum) and analogous correlations
in other esters of 1-pentanol is greater for differential
parameter Do'"?, .. If we calculate it using attributions of
basic parameters 9", and ¢''“, givenin[2], we will receive
the negative value; 28.11 — 28.36 = —0.25 ppm. If we use
calculated values of basic parameters ¢''“, and J"“, (see
Table 2), we will obtain practically the same value but
with the opposite sign: 28.35 — 28.15 = +0.20 ppm. It
should be noted that all Dd", , parameters for other esters
of 1-pentanol — Ilb, llc and Ild (see below) have
commensurable values (from +0.15 to +0.20 ppm) with
obligatory positive sign.

All the mentioned above facts allow to assume that
authors in [2] incorrectly attributed signals ¢, = 28.11
and ¢'"“, =28.36 ppm (see Table 1). To our mind it is
necessary to interchange the mentioned signals, as it has
been done in Table 2.

3.2.4. Pentylbenzoate (I1d)

The same as in case with pentylformate (11a) we
calculated Do incrementsfirst. Their values are presented
in Table 3 and calculated from spectral data ¢"° of
octylbenzoate given in [2]: C'= 65.11; C*> = 28.82, C* =
=26.11, C*=29.32", C5=29.26", C°=31.86, C" = 22.70,
C® = 14.10 ppmt. Values of all five parameters o'"¢ of

¥ In order to calculate basic spectral parameters 0% of pentoxyl fragment it is enough to know increments for the first five carbon
atomsin every set AJ¢, or Ad,. By the mentioned below reasons values of Ad“ for eight carbon atomsin akyl chain and for 10 and even
11 carbon atoms for butyrates are presented in Table 3. One can see from Table 3 that as far as we move to the middle of the chain an
increment absolute value decreases and starting from C® (in some cases from C7 or C?) tends to zero. Taking into account the approximate
character of the whole conception about increment additivity, as well as stipulated accuracy of measurements, al increment values close
to zero (till £0.10 ppm) should be considered as insufficiently reliable, especially if they are calculated from the spectrum of only one
instance. By analogy with corresponding increments of acohols and acetates it is possible that increment values for C®~C® atoms are a'so
insufficiently reliable. For C° and higher atoms increments Ad“, are probably equal to zero.

* At calculation of Ad“_ increments for benzoates using the data for octylbenzoate [2] parameters marked with * were exchanged.
If they were not exchanged, neither the increment values Ad, (-0.45 ppm instead of —0.40 ppm) and Ad, (-0.15 ppm instead of —0.20 ppm)
nor basic spectral parameters 4", (22.35 ppm instead of 22.30 ppm) and 4", (13.90 ppm instead of 13.95 ppm) would change. The
mentioned exchange does not affect the basic spectral parameters 4", and 5",
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pentylbenzoate (11d) were calculated by formula (1) asin
the previous cases. Cal culated values 9", =28.50 ppm and
0'"°, = 28.35 ppm are close to experimental values givenin
[2] (0'"°,= 28.58 ppm and ¢''"°, = 28.32 ppm); in [3]
pentylbenzoate (11d) spectra are absent. Differential
parameter Do'"?, _ obtained from calculated parameters 0",
and 0", (28.50 — 28.15 = +0.15 ppm) well coincides with
Do"¢, . value calculated from [2] (28.58 — 28.32 =
=+0.26 ppm), the same as for aliphatic esters (lla-l1c) of
1-pentanal . It should be notedthat in case of pentylbenzoate
(I1d), calculated parameter is less than that obtained from
experimental data [2]. The same regularity exists for all
esters of aliphatic acids but not for 1-pentanal.

Spectral parameters 6", ¢'°, and Dd'', , for
pentylbenzoylformate (l1€) will be discussed elsewhere.

3.3. Pentyltosylate (111)

Pentyltosylate (111) may be examined as ester of
1-pentanol (1) and para-toluene sulfonic acid. For tosylates
thereis a great amount of spectral datain [2] but they are
absent in [3]. Using the above-mentioned procedures we
calculated increments for tosylates based on the spectrum
of octyltosylate — ester with the longest alkyl chain. The
following 0", valueswereused [2]: C'=70.72; C*= 28.86,
C® = 25.36, C* = 28.86", C°> = 29.06", C® = 31.72, C" =
=22.61, C® = 14.06 ppm. Parameters marked with * were
not exchanged, the results of calculations are represented
inTable3. InTable 2 there are values of all five parameters
o' for pentyltosylate (111) calculated by formula (1).

Calculated parameters of pentyltosylate (111) 0!, =
=28.55 ppmand "', = 27.60 ppmare cl ose to experimental
vauesgivenin[2]: 0", =28.61 ppmand 5", = 27.53 ppm.
Thevalue of differential parameter Dd'"', , (28.55—27.60=
= +0.95 ppm) satisfactory coincides with the value Do, _,
calculated using datafrom[2] (28.61—27.53 = +1.08 ppm).
The same as for all esters (lla-11d) but on the contrary to
alcohol 1-pentanal (1), calculated parameter Do, , is less
than the experimental one (0.95 < 1.08 ppm).

3.4. Factors Affecting 6", and o,
Parameters in Compounds (I)—(I11)

It is known from [4] that the main factor affecting
o value for every carbon atom in the linear chain of
CH,(CH,) X molecules is the sum of increments r+s of
the atom because the third summand in the formula (1) —
parameter 6¢ . — is constant (29.75 ppm). Just the ratio
between Dé¢, and Do, increments for every C? and C*
atoms in compounds (I)—(I11) determines the value of
calculated basic spectral parameters ¢, and 6°,.

For C? atom increment Ad¢, = A6, , = —0.30 ppm
in all compounds (1)—(I11) is the same. Increments Do
for C? atom considerably depend upon the structure of
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substituent X (see Table 3). Increment Do', for alcohols
(X = OH) has a positive value (+3.10 ppm), whereas it is
negative for all examined esters including tosylates. Its
value changes from — 0.90 ppm for tosylates (Ad'",)) to —
1.15 ppm for formates (Ad''?).

Calculated sum of A¢® and A¢°_ increments for C
atom in all alcohols including 1-pentanal is positive and
equal to: +3.10 — 0.30 = +2.80 ppm. Therefore, calculated
values of parameters 6°,= 29.75 + 2.80 = 32.55 ppm are
the same for all alcohols. For esters this sum is negative
and ranged from —1.20 ppm for tosylates to —1.40 ppm
for formates and acetates. Hence calculated parameters
0¢, for esters is less than 6¢ . (29.75 ppm) by
1.2-1.4 ppm, i.e. their values are within an approximate
interval of 28.35-28.55 ppm.

Similarly, for C® carbon atoms in alkyl chains of
compounds CH,(CH,) X constant increment A¢¢ =
= Ao ,=+2.25 ppmisapositive value. For acohols and
esters changeable increment Ad_ is a negative value
(approximately —4 ppm). It should be noted that absolute
value of Ad°_ increment is greater than AJ° increment,
therefore thelr summary value is negative (approximately
—1.75 ppm). And since the interval where AJ“_ increments
canvary isrelatively narrow (from—3.65 ppmfor benzoates
to —4.40 for tosylates), the sum of both increments AJ©,
and Ag“, also varies in relatively narrow interval (from
—1.40 ppm for benzoates to —2.15 ppm for tosylates).
Calculated basic spectral parameters 6¢, have approximate
values of 28 ppm (from 27.60 ppm for tosylates to
28.35 ppm for benzoates).

It should be noted also that both calculated
parameters 6, and 6, are almost the same for esters (11)
though o<, is less than ¢, by 0.2 ppm on average. For
tosylates the difference between calcul ated parameters 6¢,
and o<, is greater and equal to 0.95 ppm. We can explain
this fact in the following way. As it was mentioned above,
AJ'"_increments forming this difference are boundary
valuesin both intervals: absolute value of Ad"', increment
is a minimum and that of Ad"', increment is a maximum.
Therefore their difference has the greatest value.

Thus, due to the random coincidence of the
increments sum for C? atom (from —1.2 to —1.4 ppm) in
pentoxyl derivatives (1)—(111) and for C* atoms (from—-1.4
to—2.15 ppm) in esters (I1)—(I11), values of their calculated
basic spectral parameters 6, and ¢, are very close and
equal to approximately 28 ppm. But in all cases the
calculated adsorption of C? atoms takes place in lower
field than for C3 atoms.

Deviation of the cal culated data 5, and 6, from
the experimental ones [2, 3] for all examined
compounds (excluding pentylformate Ila) does not
exceed 0.1 ppm.
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4. Conclusions

The application of concept of increments additivity
at calculation of o< signal chemical shifts in NMR *C
spectra of compounds (I)—(111) allows to attribute every

signal even in those cases when they differ by value more
than 0.05 ppm. Using calculated parameters 6, and 6,
for C? and C* atoms of 1-pentanol (1) and its esters (I1)—
(1) it is possible to attribute signals close by their values
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in the area of 28 ppm in NMR 3C spectra of such
compounds. In case of pentylformate (11a) on the basis of
thecalculated data it is suggested to interchange attributions
made by authors [2].

The good accordance between given in
“ Appendix” calculated basic spectral parameters 6, for
butanol, hexanol and heptanol as well as for their esters
(formates, acetates, butyrates, benzoates and tosylates)

Table 1

Attributions of experimental [2, 3] and calculated signalsin NMR *C spectra of
butanol and butyl estersto C*-C* atoms

6% values (ppm) in 5% 6% 6% 5%
compounds Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp.
62.30 34.85 19.09 13.92
Butanol 62.70 6245 35.10 387 18.75 18.99 13.85 1389
63.94 30.72 19.18 13.66
Butylformate 63.80 30.85 18.85 13.65

63.83 30.64 19.10 13.62
Butylacetate 64.35 64.38 30.95 30.85 18.90 19.26 13.65 1875
64.34 30.76 19.20 13.70

A1 . 19.2 13.7
Butylbutyrate 64.10 64 30.95 30.90 18.90 929 13.65 3.73
64.11 30.81 19.22 13.71

. . 19. 13.7
Butylbenzoate 64.80 64.80 31.05 3088 19.05 934 13.70 378
64.80 30.83 19.31 13.75

70.4 . 18. 13.
Butyltosylate 70.40 046 31.10 30.84 18.30 863 13.20 338

Table 2
Attributions of experimental [2, 3] and calculated signalsin NMR **C spectra
of hexanol and hexyl estersto C!-C® atoms
% values 0% 0% 0% 3%, % 3%
(ppm) in
compounds Cdc. | Exp. | Cac. | Exp. | Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp.
62.80 32.79 25.59 31.80 22.75| 14.10 | 14.07
Hexanol 63.00 62.86 32.80 277 25.50 5 52 3175 3174 22.65 55 69 1404
1395 | 14.01
Hexylformate | 64.10 64.13 28.55 2861 25.60 25.59 31.35 31.49 22.50 22,61
64.10 28.60 2557 3144 22.56 13.94
1410 | 14.03
Hexylacetate | 64.65 64.67 28.65 28.76 25.65 25.75 31.55 31.60 22.50 22.65
64.64 28.66 25.64 31.49 22.58 13.98
64.39 28.79 25.73 3157 22.64 | 13.95 | 14.00
Hexylbutyrate | 64.40 28.65 25.65 31.55 22.50
64.38 28.66 25.64 31.48 22.58 14.01
. 28.7 25.74 1. 22. 1395 | 13.98
Hexylbenzoate | 65.10 65.04 28.75 8.5 25.80 5 31.60 31.50 22.50 8 -
70.74 28.82 25.03 3111 2243 | 13.80 | 1391
Hexyltosylate | 70.70 28.80 25.05 31.10 22.30
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Table 3

Attributions of experimental [2, 3] and calculated signalsin NMR 3C spectra of heptanol
and heptyl esters to C*-C” atoms

5Ci vaues 501 502 503

0% 3% 3% 0%

(ppm) in

Cdc.
compounds

Cdc. | Exp. | Cdc. | Exp. Exp.

Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp. | Cdc. | Exp.

62.67 32.84 25.93

2931 3201|2270 | 22.75 | 1410 | 14.11

Heptanol 63.00 32.85 25.75

62.94 32.80 25.77

29.20 31.95

29.15 31.86 22.65 14.09

22.55 - 14.05 -

Heptylformate | 64.10 28.60 25.85

64.12 28.57 25.82

29.00 31.80

28.89 31.74 22.60 14.06

64.64 28.81 26.04

Heptylacetate | 64.65 28.70 2595

29.06 31.89 | 22.70 | 22.69 | 14.10 | 14.07

29.00 31.80

22.55 - 14.00 -

Heptylbutyrate| 64.40 28.70 25.90

64.38 28.71 25.98

29.00 31.80

28.95 31.77 22.61 14.07

65.13 25.82 26.09

Heptylbenzoate| 65.10 28.80 26.05

29.02 31.81 | 22.55 | 22.66 | 14.05 | 14.07

29.05 31.80

70.72 28.87" 25.31

Heptyltosylate| 70.70 28.85 25.30

2858 2240 | 22.49 | 13.95 | 14.00

31.58

28.55 31.60

and experimental data [2, 3] is an indirect evidence of the

true attributions of ¢¢ signals in NMR **C spectra of
compounds (I)—(111).

References

[1] Shybanov V., Mizyuk V. and Kabryn L.: Voprosy Khim. i
Khim. Techn., 2005, 5, 51.

[2] http://www.aist.go.jp.

[3] Aldrich/ACD Library of FT NMR Spectra (Pro) Data Base
Window.

[4] Mizyuk V., Marshalok |. and Shybanov V.: XI conference
“Lviv Chemistry readings’, Lviv 2009, O24.

PO3PAXYHOK CIIEKTPIB SIMP C 1-IEHTAHOJIA
TA MIOr'0 ECTEPIB —ITPUKJIAJl EPEKTUBHOT'O
BUKOPUCTAHHS [TPUHLIAITY AJJUTUBHOCTI
IHKPEMEHTIB XIMIYHHUX 3CYBIB 1151
BUIHOILIEHHSI CHTHAJIIB B CIIEKTPAX
AJTIOATHYHUX CITOJTYK

Anomauyin. 3acmocy8anus npuHyuny aoumuHocmi
IHKpeMenmie npu po3paxyHKax XiMiuHUux 3cy6i6 5(‘2 ma 5(‘3 onsa amomie
C?i C® 1-nenmanony (I) ma iiozo ecmepis (II, Ill) 0ano moscnugicmo
00TPYHMOBAHO GiOHeCMU OU3LKI 34 6ETUHUHOIO CUSHAIU 8 00acmi
28 m.u. 6 cnexkmpax IMP *C yux cnonyx. Y eunaoky nenmungpopmiamy
(Ila) Ha ocHo6I pO3PAXYHKOBUX OAHUX 3ANPONOHOBAHO NOMIHAMU
Micysamu sionecennst, 3pobneni asmopamu [2] .

Kniouoei cnosa: cnexmpu SIMP ©BC, 6azo6i ma ougpepenyitini
napamempu, l-nenmarnon ma tio2o ecmepu, XiMiuHi 3¢y6u.





