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Abstract

This work is devoted for the calculation of C-13 chemical shifts for a number of methyl cyclohexanol
compounds. Five sets of additively parameters have been suggested for this purpose .These parameters are
based on two principles ; the electronic effect that a certain substituent experience on the carbon under
consideration and the steric effect resulted from spatial arrangement of the molecule . The former effect is
represented by various forms such as the number of carbon atoms at a,p,y and 6 position with respect to the
carbon consideration ,the number of primary , secondary ,tertiary and quaternary carbons at o -position and the
position of OH group with respect to a certain carbon .These parameters are then replaced by single parameter ,
the electronic charge ,which is calculated by the Austen (AM1) and Hartree Fock (HF) methods . The steric
factor is introduced in terms of proton interaction between the protons exist on the consider carbon and protons
on the other carbons (H..H) of the molecule which was presented by various forms. The presence of two lone
pairs of electrons on the OH group was the reason of adding another type of proton interactions namely the
proton — lone pair (H ..Lp) interactions .All the suggested sets of parameters predicted successfully the chemical
shifts of the studied compounds . Deviations are noticed only on carbon of those involved in large steric
interactions . The best results obtained were by using 5 set in which the p-character is described by Mulliken
charge calculated by HF method and the spatial interactions are represented proton (H..H and H..Lp) . In this set
the number of parameters is reduced from (15) (used in the first fourth sets) to (8) parameters . These parameters

have physical meaning consistent with the theory of C-13 nmr chemical shifts .

Introduction

Nuclear magnetic resonance (nmr) chemical shift is a
unique field - frequency relationship that makes the
application of nmr spectroscopy valuable for
structural  illucidation of organic compounds
Although identical nuclei have the same frequency
depending upon the magnetic field , a difference in
the chemical environment can modify the applied is
shielded by electrons surrounding the nucleus and the
extent of  shielding depends on the electronic
environment  of the nuclei under consideration
Experimentally®, it was observe that, the effect of
substituent's on the chemical shift of C-13 nuclei is
additive. Accordingly, several sets of additively
parameters have been suggested for the prediction of
many kinds of organic compounds. The additively
rules made the calculations of the chemical shifts of
these nuclei by semi empirical methods possible.
different attempts @® have been carried out for the
theoretical treatment of C-13 nmr chemical shifts
Although these treatments were not entirely
successful, they were able to provide a clear
understanding of the factors affecting the chemical
shifts of C-13 nuclei. In general, the magnitude of the
chemical shift in nmr is given in terms of screening
constant. The factors contribute to this screening
constant are; a diamagnetic term originating from the
circulation of the electrons around the nucleus, a
paramagnetic term arises as a result of the departure
of the electronic distribution around the nucleus from
the spherical symmetry and the contribution of other
neuclei or group to the magnetic field on the nucleus
under investigation. The paramagnetic term is found
to be the most important term affecting the chemical
shift of nuclei possessing p-and higher order
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electrons. It is the reason of the wide range of
chemical shifts for nuclei other than proton (10ppm)
such as C-13, N-15, Si-29 and others. Until the late
eighties, it was very difficult to calculate the
paramagnetic term and the term due to other nuclei or
groups accurately Therefore, there was no method
used satisfactorily for the theoretical prediction of C-
13 nmr chemical shift. The quantum mechanical
calculations at that time were just started to develop
and were far from predicting chemical shifts with
accuracy better that 1ppm “®. These calculation were
only able to provide general trends of the chemical
shifts at that time .It was thought that, the C-13
chemical shift is affected by two factors; the first is
electronic in nature and represents the p-characters,
that a certain substituent experience on the carbon
under study. The second factor is the steric effect,
which is a kind of attraction and /or repulsion forces
induced by the proton — proton (H..H) interactions
due to the spatial arrangement of the molecule
.Depending on these two factors outline above and
order to overcome the difficulties of predicting the
chemical shifts by the application of quantum
mechanical calculation, Grant and Paul® developed
semi-empirical additively parameters for the
prediction of C-13 chemical shifts The study
encouraged other worker in this filed ,and then , the
development of this kind of research has increased
rapidly. Numerous sets of additively parameters have
been suggested for the prediction of a large number
of substance classes®'?.Although the model applied
varied considerably, they were linear models and
similar to that proposed by Grant and Paul® which
can be presented by the following equation:
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The C-13 chemical shift of the Kith carbon atom is
equal to a constant (B) corresponding to the chemical
shift of a reference compound , plus additive
chemical shift coefficients (Ai) multiplied by the
number of carbon atoms in the position ( o,p,y and
....etc ) relative to K . The application of those
parameters for the calculation of C-13 chemical shifts
of a linear and branched alkanes exhibited large
deviation at carbon atoms those suffering steric
congestion. Lindeman and Adams © |, extended the
work of Grant and Paul by adding eight correction
factors represented by the type of carbon (K) as
primary , secondary, tertiary or quaternary aiming for
improving the standard deviation of the statistical
analysis . Those parameters have been developed and
refined by other research group®® | and have played
a major role in the assignment of C-13 nmr
absorptions in low molecular weight compounds
®and macromolecules . Additively parameters for
cycloalkanes have been reported ' . For such
compounds each ring skeleton required its own
additively parameters due to the variation bond
angles and bond lengths that arises from different
substitution . The effect of hetro atoms on the
chemical shift of o , f and & carbon by introducing
substituent's such a hydroxyl @ amines @ |
carboxylic acid and carboxylate anions“®, has been
also investigated .All the above mentioned sets of
additively parameters were merely empirical and no
attempt have been made to give them meaning in
term of the theory of C-13 nmr spectroscopy . Shahab
and Al-Wahab®, tried to introduce a theoretical
significance to the additively parameters those they
suggested for the calculation of C-13 chemical shifts
of paraffin's in which they related the p-character to
type of carbon in position o —(primary(a- pri ),
secondary (o- sec) , tertiary (a-ter) or quaternary (o-
quat) ) to the carbon under consideration . The proton
interactions were represented by the number of
protons in the o, B, y ...etc. positions . Later, Al-
Hyali ©® succeeded in developing the work of Shahab
and Al-Wahab by representing the steric factor in
terms of the actual number of interacting protons at o
, B, v ...etc, positions instead of the total number of
protons relying on the fact that , protons existing in
opposite planes do not interact with each other , and
such interactions depend on the distance and angle
between the interacting protons . The parameters
developed proved to be applicable for different type
of cycloalkanes .In recent study , Al-Hyali®?, thought
that , the p-character is representing some now the
through bond (electronic) effect of substituent's on a
specific carbon, so, the term was replaced by the
partial electronic charge on the test carbon calculated
by the extended Huckel method . To the best of our
knowledge , this was first attempt of employing the
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electronic charge (estimated by quantum mechanical
method) as representative of the p-character. more
recently “® | these parameters were applied
successfully for the prediction of N-15 chemical
shifts of mono and six member cycloalkanes.In this
study , the effect of hydroxyl group on the C-B
chemical shifts of cycle hydrocarbons has been
investigated . Development on both , the steric and
electronic parameters have been achieved . The
presence of two ione pairs of electrons on the OH
group was the reason for adding another parameters
representing the type of proton interactions , namely
the proton -ione pair (H..Ip) interaction . Three types
of electronic charges calculated by using semi
empirical an abinitio (quantum mechanical) methods ,
have been tested for representing the p-character
term. A number of methyl cyclohexanol derivatives
have been employed for the performance of this study
The importance of such investigations lies in the fact
that, they can provide a better understanding of the
factors affecting the chemical shifts of C-13 nuclei ,
they can be used for predicting unknown C-13
chemical shifts of various type of organic compounds
and the deviation between the empirical and
calculated chemical shifts may give an indication of
the geometry distortion that arise as a result of the
spatial interactions especially when the constructed
parameters used for regression analysis are derived
from compounds having definite conformations and
least strain . Only a few experimental techniques can
provide quantitative estimation for such distortion.
Experimental

In general, the parameters used for the theoretical
treatment of C-13 chemical shifts are based on two
principles the average electronic effect induced by
substituent's attached to the carbon atom under
investigation which termed on the p-character , and
the steric effect representing the electronic attraction
and / or repulsion forces induced by H...H
interactions which results from the spatial
arrangement of the molecule. In this study, the two
factors outlined above are considered as the base for
constructing several sets of additively parameters for
the calculation of C-13 chemical shifts of a number of
methyl derivatives of cyclohexanol compounds These
sets of parameters could be illustrated as follow:
1-Set (1) :

In this set , the p-character is expressed by the
position of OH group (a, B, y and 6 ) to the carbon
under study and the number of carbon atoms o ,p, v
and to the considered atom . The steric factors is
given as the number of protons in the a, f, v and d
position to the carbon under investigation . Table (1)
representing the way of formulation the matrix of
parameters employed for the statistical analysis to
calculate the C-13 chemical shifts.

1y



Tikrit Journal of Pure Science 17 (2) 2012 ISSN: 1813 - 1662

Table (1) : Example of the matrix used for presenting the data for regression analysis according
to set (1).

Comford c Chemical | __No of (OH) No of Carbon No of Proton

omtor Vloshift | | BV |8 || BV s |alB|Y]| b

1] 693 [1]ofoJo[3]2]a1]o]7]4a]2]0

L2 40 Jo[aJofo2[3]1]o]2]7]2] 0

3] 231 Jofof1]of2]2]2]of4]2]5] 0

4] 263 Jofofofaf2f2]1]a]4a]4a]0] 3

5] 231 JoJoJ1]o]2]2]2]of4a2[5] 0

6] 40 Jofafofol2]3]1]of2]7]2] o0

7] 208 Jo1JoJolal2]2]1]o4[4a] 2
2-Set (2) group relative to the considered carbon ( as in set (1))
In this set , the p-character is introduced in terms of .Table (2) shows the way of presenting these
the number of - carbon of primary (o-pri) , parameters for statistical analyses 3 in order to

secondary (a-sec ), tertiary (o-ter ) and quaternary calculate the C-13 chemical shifts .
(a-quat ) types in addition to the position of OH
Table (2) :Example of the way of formulation the set (2) parameters for statistical analyses .

Chemicall Noof (OH) | No of Carbon o.| No of Proton
Comford Cho -

Shift |\ar |z | | & |Pri|Sec|Ter|qua|X | B |V | &

1| 693 [1|0]0]|0|1]|2[0]|0|7|4|2]0

2 40 |0]1j0jO0|Of1]0|1]2]|7]2]|0

31231 |[0/0f1]0]|0|2[0]|0|4|2]|5]0

4 | 263 |0|0|0[1]0]2|0|0]|4]4]0]3

5] 231 |0|0|1]{0]0]|2|0f0[4]2]|5]0

6 40 |0]1j0jO0fOf1]0|1]|2]|7]2]|0

71298 [0/1]0]0]|0|0[O0]|1|0|4|4]|2

3- Set (3) such as the cis methyl cyclohexanol derivatives ,

In this set , the p-character is represented by the same those exist in two inteconfertable conformation
parameters as those employed in set (1) .while the ~ (Figure (2-B) ) , of equal energy , the calculated
steric factor is introduced in terms of actual number protons interactions are weighed average for the two
of interacting protons ( instead of the total number of ~ conformations (comp. No. 3 and 4) during the
protons ) between those present on the considered calculation of their C-13 chemical shifts . While
carbon and the other carbons of the molecule at a, 3, compounds with two conformations of different
between the interacting protons (see Figure (1)) .The oH
first type is assigned as B* and refers to the
interactions between two protons located in the same é
plane of the molecule , either two axial or equatorial Hs
1
OH
of them in axial and the other in equatorial positions. OH
a e
\T{ / /_—’/—CH3 Z; I
3 (B)-Cis 4 CH,
Figure (2) : Conformation of trans and cis -2-
distribution law . In this study , the presence of two
Lone pair (Lp) of electrons on the OH group was the
reason of adding another type of proton interactions ,
interactions. Table (3) explains the way of the
parameter presentations of set (3) in the statistical
analysis

Y ... etc, positions the B- interactions are divided energies ,the chemical shifts of each carbon is
into two types depending on distance and angle  weighed
OH
A)-T
protons . The other is given the symbol B* and (A)-Trans 2
illustrates the interaction between two protons , one
methyl cyclohexanol
over the two conformations employing Boltzman
namely the (H,,Lp) interactions The (H---LP)
interactions are treated in similar manner as (H---H)

Figure (1); Explanation of H.....H interactions a =
axial e =equatorial
The number of interacting protons is calculated
manually by constructing a model compounds for the
studied molecule . If the compound has a definite
conformation (exist in one energically favored
conformation ) (Figure (2-A) ) , a single model is
used for calculation (compound No.2) . Compounds

¢
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Table (3) : Matrix of parameters of set (3) used in the regression analysis for the C-13 chemical
shifts calculation

Comford c Chemical No of (OH No of Carbon o Inter H-—H Inter H - lop
Moshift [ o By [ 8] al By 5] o[BulBe| d | a[Bua]|Beld
1 69.3 1/]0f0fO|3]2]1]0]|]OfjOfJOfJO]JO]JO]O]O
OH[ 2 40 0Ojt]ofo|2[3[1]o[3[3][2]0o]o|1][1t]0
5 Me | 231 0|0 |1|o]2]2]2]o]o[6]1|1]o]0]0]0
5 2| 4 26.3 ojojoj1r1j2f{2|1]J]1)]1]16]2]|]0f0|J0O0]J0O0]0O
3 5] 231 |o|o[1|o[2]2]2|0o[6]1[1]o]0]0]0
4 6 40 0Oj1j]0j0]2f3|1]0]3]2]1]0f0O0|2]2]0
7 29.8 oj1jojoj1rj{2|2]J1]J]0j]0]J0O0]2]0O0f1]1]0
4-Set (4) are similar to those of set (3) . Those parameters are

In this set of parameters , the p-character is
represented as those of set (2) , and the steric effect

listed in Table (4).

Table (4) : parameters of set (4) used for regression analysis .

Comford Cu Chemical No of (OH) No of Carbono.| InterH-—H Inter H - lop
| Shift o | B |y |8 |Pri|Sec|Ter|qua| o |Ba|Ba| & | o |Baa|Bae| &
1 69.3 1 |1]0|]0f0]1]|2(0|0|0O|0O]JO|O|0O0]O[O]|O
OH 2 40 0O J]1j0|0fO]1]JO|1|3|3|2]|0]J0OJ1|1]0O
6 IMe[ 3 23.1 0 [0]J1]0f0O0)J2]|0fj0O]J0O|6|1]1]0]JO]O]O
5 2 4 26.3 0 |]0OJO|1f0]2]0|J0O|1|6|2]|0]JOJ0Of0O]0O
3 5 23.1 0 J|J]oj1|(0f0]2]0|JO|O|6|2]|1]O|J0Of0O]O
4 6 40 0 J]1j0f0fjO]1]OJ1|3|2|1]|]0]J0J2|2]0
7 29.8 0 J]1j0|l0fJO]O]JOJ1|O]J0O]|O]2]0|1|1]0O

5-Set (5)

In this set , the electronic effect (p-character) is
represented by the partial electronic charge (EG) that
exist on the tested carbon and the long range (steric)
effect is expressed in terms of (H---H) and (H---LP)
interactions as presented in sets (3and4). In this set of
parameters , three kind of EG are tested as a
representative of p-character the first one is
calculated by Austen model (AM1) as a semi-
empirical method and the other two are Lowding and
Mulliken charges estimated by Hartree Fock method
as an abinitio methods .

Quantum mechanical calculation

Hartree Fock (HF) and semi-empirical calculations
were performed to study the  geometries and
electronic properties of the studied compounds
.Model structures of the cyclohexanol and its methyl
derivatives for certain investigation were first drawn
by the Chem. Bio Draw Ultra 11.0 program. All the
presented calculations were performed using the
Chem..Bio3 D Ultra 11 program package version
11.0,2008 . Each of the structures was used as starting
point for energy minimization .The energy
minimization was performed until the gradient was
below ( minimum RMS Gradient 0.1 ). Initial
geometry optimization of each molecule of the
cyclohexanol compounds was carried out emplo?/ing
molecular mechanics by the MMZ Force field®®
Using the minimized geometry of the MMZ
calculation the lowest energy conformers were
optimized without constrains by means of semi-
empirical (AM1) model®. Further optimization of
the geometry was undertaken by employing the
abinitio (HF) method at the (6-311G) base set level of
the theory in order to minimize and the structure and
to find an appropriate geometry and the required
electronic properties .

Statistical analysis ™
Multiple regression analysis is used for the
determination of the coefficients of the parameters
suggested in this study by employing the well-known
statistical package of social sciences(SPSS) version
11 . The value and sign of the coefficients refer to the
weight and type of influence (shielding or
deshielding) of the parameter respectively. The
matrix used for the representation of the molecule is
generated on the basis of a linear model according to
the following equation ;
B+aX;+aX,+........... +aXn.oeoonnn.
According to this equation , the observed chemical
shifts (6C-13 obs ) are considered as the depended
variable (Y) and the parameters representing the p-
character and proton interaction (Tables 1-3) as
independent variables (X1,X,....Xn) . the coefficients
of the parameters (a;,a,,....a,) and the constant (B)
are obtained as a result of the regression analysis the
success of the selected parameters is estimated in
terms of the correlation coefficient (R ), standard
deviation (SD) and their physical meaning and
consistency with the theory of C.3 nmr chemical shift
.Results and discussion
The oxygenated derivatives as a part of the family of
substituted cyclo hexane compounds have received
most of the attention with the major efforts directed
towered the cyclo hexanols ©.System considered in
this study is methyl derivatives of cyclohexanol . The
importance of studying such types of compounds lies
in that , their derivatives are extensively treated in the
chemical literature . they are similar in structure to
the most commonly encountered backbone of natural
products of steroid type .Various sets of additively
parameters are found in the literature for describing
different classes of organic compounds . Each family
required its own additively parameters , since they are
varied in their structures and spatial distribution that
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arises from changes in bond angle and bond length
due to various substitutions. Accordingly , we think
that , a systematic study employing structural
parameters , which could be evaluated quantitatively ,
can provide a general set of parameters representative
of all forms of organic compounds with certain
substituent's . The availability of advanced programs
those capable of achieving quantum mechanical
calculations facilitated such studies .For this reason ,
Cis and trans conformations of the cyclohexanol
derivatives were used for the performance of this
study . The presence of two types of interactions
between the Lone pair and anti per planar C-C or C-
H orbital's ,those resulted from the axial — equatorial
lone pairs (exit on the O atom of OH group)
orientation have a great effect on the value of
chemical shifts and may cause discrepancies between
the calculated and experimental values of chemical
shifts ,due to distortion of the normal tetrahedral
geometry of the considered atom “%¥) unless the
parameters employed are aquarately estimated
depending on the optimal geometrical structure of the
concerned molecules. Despite the great -efforts
undertaken to data , all the reported studies regarding
the effect of hydroxyl group on the C-13 chemical
shifts of cyclohexanol derivatives were merely
empirical and bear no significance to theory of C-13
nmr spectroscopy . No attempt were made to treat
the effect of OH group on the C-13 chemical shifts
of these compounds theoretically. Only simple
comparisons between the shielding of these alcohols
with similar alkanes in which a methyl group is
replaced the hydroxyl has been reported“?). Therefore
, there appear to be lack as information regarding this
field of investigation and more research is required
in order to provide a clear picture of the causative
factors controlling the effect of hydroxyl substitution
on C-13 chemical shifts of  ring carbon of
cyclohexane compounds . The effect of axial -

11
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equatorial hydroxyl inversion which creates various
conformations affect the C-13 chemical shifts of the
studied compounds are obtained under the same
medium conditions and measured in an inert solvent
(CS,) in order to reduce or eliminate the solvent
effect and so that the suggested parameters could be
applied without any restriction and used for structural
correlation .Five sets of additive parameters are
suggested for the prediction of the C-13 chemical
shifts of the tested compounds. Basically, these
parameters are depending on two principles;
electronic and steric effects .These effects are
represented by various parameters as mentioned in
the experimental part . The results of the application
of these parameters on the system selected for this
study are presented in the following discussion .
1-Setl

The parameters of this set is similar to that
introduced by Grant® for the calculation of C-13
chemical shifts of cyclohexane. Additional
parameters are added representing the influence of
OH substitution on ring carbon in positions a , B, ,8
and,e to the considered atom . These parameters are
indicative of the polarizability effect of the hydroxyl
group on the a-carbon , i,e , it’s the shifts on a certain
carbon due to attachment are investigated by
performing the regression analysis with hydroxyl
group The geometrical effect of this set of parameters
and the others (Set 2-5) are investigated by
performing the regression analysis for the cis and
trans cyclohexanols collected together and then
treating them separately .The parameters of set (1) for
the cis and trans cyclohexanols are show in Table (5)
. Results of the regression analysis expressed in
terms of the coefficient of the parameters (a; ,a,
,....an ( Equation 2)), standard deviation (SD) , and
correlation coefficient (R) are listed in Table (6).
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Table (5) : parameters of set (1) employed in the regression analysis.

Comp. C Ch(_emical No. of OH grou No. carbon atom | No. of proton

No. Shift (5 ) o[BIyl ]elalBlylo]a]lB][y][5s

1 69.8 1/o0{ofloflof2]2|1|o0falal2]0

6 _5—0OH 2 35.8 ol1]lofo]ol2]2]1]0o]3[a]2]0
43%27 3 24.7 olo|l1]o]ol2]2]1]0o]4a[3]2]0
Cyclohexanol 4 26.2 oloflo|1]ol2]2]1]ofala]1]o0
(CH) 5 24.7 olo|l1]o]o]l2]2]1]o]4a[3]2]0

6 35.8 ol1|lo]o]ol2]2]1]0o]3[a]2]0

s . o 1 71.4 1/loflofloflol2]3|1]lof3]7]2]0
2 36.1 ol1|lo]o]o]|3]2]1]o]6lal2]0

4%7 3 29.6 olo|l1]o]o|2]3]1]0o]3][6]2]0
o, 4 245 ololo|1]ol2]2]2]0ol4a[3]4a]o0

7 5 21.8 olol1]ofo|2]2]1]1]4[3]1]3
Cis-2-methyl 6 32.1 ol1]olo]lol2]2|2]0(3[3]5]o0
(C2MCH) 7 16.5 olofl1]ofo|2]2]2]1]1][3]4]2

: 1 76.9 1/o0loflofof2]3|1]o0f3|7]2]0

A6 OH 2 40.0 o|1]o]o|o|3]2]1]|0]6la]2]o0
% 3 343 olo|1]o|lo]|2]3][1]0]3]6]2]0
4 3 y gHs 4 26.1 ojlo|o|1]|0|2|2|2|01]4[3|4]0
5 25.7 olo|l1|of|lo|2]2]1]1]a[3]1]3

TraT”ZS'CZI\'A”(‘:e;hy' 6 354 o|l1]o]o]lo|2]2]2]0]3[3]5]o0

( ) 7 19.1 olo|l1]ofo|2]2]2]1]1][3]4]2

1 70.8 1/olofloflol2]2]2]olal3|s5]o0

A oH 2 44.3 ol1|lof]ofo]2]3]1]o]2[7]2]0
4M 3 32.0 olo|1]o]o|3]2]1]0o]7][3]2]0
SHa 4 35.1 olo|lo|1]lo]|2]3]1]o0o]3][7]1]0
Cis-3-methyl 5 24.7 olo|1]o]o|2]2]2]ofa]2]5]0
(C3MCH) 6 34.7 ol1|lo|lo|lo|2]2]1]1]|3]4a]1]3

7 22.8 oloflo|1]o|2]2]2]1]2]a]3]2

1 66.8 1/olofloflol2]2]2]olal3|s5]o0

. o, 1 2 41.5 ol1|lof]ofof2]3]1]o]2[7]2]0
WOH 3 26.9 olo|1]o]o|3]2]1]0o]7][3]2]0
YA g 4 34.7 olo|lo|1]lo]|2]3]1]o0o]3][7]1]0
Trans-3-methyl 5 20.5 olo|1]o]o|2]2]2]ofa]2]5]0
(T3MCH) 6 33.1 0 1 0|00 2 2 1 11(3/4|1 3

7 20.5 ololo|1]o|2]2]2]21]2]a]3]2

. - 1 66.2 1/oflofloflol2]2|12]1alal1]s3

e OH 2 31.7 ol1|lof]ofo|2]2]2]0]3[3]5]o0
“M 3 29.0 olo|1]o]o]|2]3]1]0o]3][6]2]0
CHs 4 30.9 olo|lo|1]lo|3]2]1]o]7]4a]1]0
7 Cis-4-methy| 5 29.0 olo|1]o]o]|2]3]1]0o]3]6]2]0
(CAMCH) 6 31.7 ol1|lo|lo]|o|2]2]2]0]3[3]|5]0

7 21.2 ololofo|r|2]2]2]1]1]a]a]1

Table (6) : Results of the regression analysis used set (1) for calculating of C-13 chemical shifts of cis and
trans compound

Parameter Trans and Cis Trans Cis
Coefficient Coefficient | Coefficient
a-OH 32.712 YE,YA) YE,YAN
y-OH -11.016 1,084 1,089
5-OH -8.569 T,ATY- T ATY-
¢-OH -7.288 Y, - Yo E-
B-C 7.605 LR ST
y-C -1.996 Y, YYA- Y,YYA-
5-C -2.659 4,0V 4,0V
a-H 1.063 Y,IvY Y,rY
y-H 0.025 Y, Vev Y,)ov
5-H 0.509 Y,EYY Y,EYV
Constant (B) 18.660 15.525 15.525
SD 2.00231 1.70153 1.70153
R 0.993 0.996 0.996
No.of observation 55 34 34

v
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The results of the regression analysis of table (6) can
be formulated as in equation (3) .

[ =18.660+32.712a0H —11.016;/OH —8.569§OH —7.2886‘OH

1996y, ~2.6595 +1.063a, +0.0257, +0.5095), .....(3)
Equation (3) is used for the calculation of C-13
chemical shifts of  cyclohexanols. Comparison
between the experimental and predicted values are
listed in Table (7) . The cyclohexanonl compounds of
Table (5) are separated according to the similarity in
their structures in to groups ; trans compounds of
dominant single conformation (T,MCH ,C3MCH ,and
T4,MCH), and cis compounds of two interconvertable
conformations with approximately equal energies
(Co,MCH | T;MCH and C4MCH ). The (CH) and
(MCH) compounds are added to both of the two
groups during the statistical analysis in order to
increase the degree of freedom and the statistical
results .The regression analysis results obtained from
treating the trans and cis cyclohexanols individually
are given in Table (6). Comparison between the
experimental and calculated chemical shifts obtained
by using set (1) for trans and cis compounds are
shown in Tables(13-15) . A close inspection of these
results indicating the following :

1- Improvement of the regression analysis are noticed
when the cyclohexanol compounds in Table (6) (R
=0.993 ,SD = 2.002 ) are separated into trans (R
=0.996 ,SD =1.701) and cis (R= 0.998 ,SD=1.130)
compounds

2- The coefficient values of the parameters
representing the effect (32-34 ppm) which is
consistent with the experimental value (32-37 ) seen
in the literature®*?

3- Good agreement between the observed and
calculated chemical shifts is obtained . Deviations
are observed only on carbons involved in large steric
interactions .Such interaction influence the chemical
shifts of the carbons through distortion of their
tetrahedral symmetry .An interesting point come up is
that , the deviation is seen only the ring carbons and
not on those of the methyl substituent's .This may be
attributed to the fact that ,the methyl substituent's
have more room to rotate and reduce the strain
arising from great proton interactions , restoring their
tetrahedral symmetry as a result .The deviations are
then transferred to the carbons attached to them .This
observation is consistent with other study® .

4- In case of the existence of large steric
interferences, the deviation may transfer into the
neighboring carbons .This can be attributed to the
ring flattening which arises from great proton
interactions# |

2- Set 2

The parameters of set(2) are same as those of set (1) ,
except that , the number of carbon atom at o, f ,
y...etc position are replaced by the number of -
carbon of primary , secondary tertiary and quaternary
types as used by Shahab and Al-Wahab®, for treating
the C-13 chemical shifts of normal and branched

+7.6054 -

A
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alkanes .The regression analysis of applying set (1)
parameters on cycohexanols is carried out in similar
way as that followed when applying set(1) . The
results of treating trans and cis cyclohexanol together
are presented in Table (7) . They were then treated
separately .The results obtained from applying this set
on trans compounds and those form cis compounds
are given in Table (7) .

Table (7) : Regression analysis results of applying set (2)

on trans and cis compounds .

Trans and .
Parameter Cis Trans Cis
Coefficient | Coefficient | Coefficient
a-OH 40.464 a7 £, Y1y
B-OH 10.167 q,£vYv Yo, ATY
6-OH -0.276 1,081 aveQ.
&-OH -0.844 -Y,AA OAAQ,
Pr-C 3.181 £,y y,0V¢
Se-C 3.324 Y,00 ¥,1va
Qu-C 4371 _1,AYY Y, Vi
B-H 3.347 ¢, 09 Y,eYY
y-H 0.469 1,0V \VE-0,
6-H -0.227 YVveQ, Ao -0,
Constant (B) 7.407 4.060 12.452
SD 2.00735 1.50635 1.14137
R 0.993 0.997 0.998
No.of observation 55 34 34

Although high correlation coefficients and low
standard deviation values are obtained from the
application of this set of parameters, the coefficients
of the parameters representing the p-character
resulted from the statistical analysis are not consistent
with the theory of C-13 nmr . The influences of the a
—pri, a-sec , a-ter and a-quat carbons should decrease
in the order : a-quat > a-ter > a-sec > o —pri

due to the increase in weight of p-character in the
total bonding electrons of carbon (sp® hybrid)which
shifts the absorption into lower field®? . The results
of Table (7) showed opposite direction of variation
.This concludes that , this type of parameters do not
apply for the calculation of C-13 chemical shifts of
the studied system .

Table (8) : Regression analysis results of applying set (3)

on trans and cis compounds

Parameter Trans a_nq Cis Tre}n_s C!s_
Coefficient | Coefficient | Coefficient
o-OH 30.453 41.417 14.915
B -OH y-OH -6.301 -3.721 5.617
5-OH -4.415 -3.039 3.452
&-OH -5.761 -3.839 4.152
a-C 5.344 5.969 11.682
B-C 3.928 2.650 2.624
v-C -0.987 507-0. 1.501
5-C -1.438 069-0. -2.405
a-H-H -0.860 438-0. -4.498
pa-H-H 1.481 4.871 4414
Bae-H-H -0.275 -2.034 -6.451
y-H-H -0.268 3.174

o-H-LP 5.460 -1.219 16.271
Bae-H-LP 1.020 2.409 -1.860
v-H-LP -2.055 181-0. -2.585
Constant (B) 15.946 5.183 12.591
SD 1.42685 0.85012 .96886

R 997+ 999 .999

No.of observation 55 34 34




Tikrit Journal of Pure Science 17 (2) 2012

The weakness of this set is that ,the number of
parameters employed in the regression analysis is
increased giving results of weak consistency in terms
of the theory of C-13 nmr chemical shifts
.Comparison between the experimental and predicted
chemical shifts obtained from applying this set of
parameters is indicated in Table (7-9) .
4- Set 41In this set, the number of carbon atom at o,
B, y...etc position to the considered carbon ,those
representing the p-character in set (3) ,is replaced by
the number of o —pri , a-sec , a-ter and a-quat carbons
Regression analysis is carried out in a similar way
followed by applying the previous sets . The results
obtained from treating cis and trans cyclohexanol
together ,then treating trans and cis compounds
separately are introduced in Table (9) .
Table (9) : Regression analysis results of applying
set (4) on cyclohexanol

Parameter

Trans and Cis

Trans

Cis

Coefficient

Coefficient

Coefficient

a-OH

59.823

oY.-0.

y-OH

-1.594

oY+ 0.

3-OH

YAYQ.

YAYO.

&-OH

V0.

W0,

Pr-C

1,404

1,474

Se-C

Y1,0vY

Y1,0YY

Te-C

TYLAVY

T,AVY

Qu-C

¥e,49¢

¥¢,44¢

a-H-H

VAT

VAT

Ba-H-H

-£,9¢¢

YT

Pae-H-H

Y100,

Y1o0.

y-H-H

KD

N,

o-H-LP

Y¥,a4.

YV,34.

Bae-H-LP

-£,9€Y

-£,38Y

y-H-LP

RA%E

VYR

Constant (B)

23.226

23.226

SD

0.727816

.727816

R

0.999

0.999

No.of observation

34

34
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The difference between the observed and estimated
values of chemical shifts are shown in Table (13-15)
.The shortness of the results obtained from using this
set of parameters is same as that exhibited by set (3) .
In spite of the success of the previously discussed
four sets of parameters for predicting the C-13
chemical shifts of the selected compounds ,they were
weakly consistent and exhibited no physical meaning
in terms of the theory of C-13 nmr ©®. In addition ,
they used large numbers of variables reaching to (15)
parameters in a single set most of them used for
describing the p- character such as position of OH
group , number of carbon at o, , y ...etc position
and number of a-carbon of pri, sec,..etc type .The use
of large number of parameters is not desirable |,
complicating the interpretation of the results and
weaken their scientific meaning in terms of the
theory of C-13 nmr principles .Therefore , depending
on a previous study carried out in our laboratories
% and since the p-character is a representative of the
net inductive effect of the neighboring substituent's
on the carbon atom under consideration , we think
that ,the p-character could be better described by the
electronic charges. The most popular charges
employed for calculation of wvarious physical
properties are ; Mullikan and Lowding charges®” .In
this study , quantum mechanical methods are
employed for the calculation of the atomic charge ,
AML is used to calculate the Mullikan charge as a
semi-empirical model and HF method is used for the
determination of Mullikan and Lowding charges as
an abinitio method . Values of the atomic charges of
the studied cyclohexanols are given in Table (10) ,

14
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Table (10) : Mullikan and Lowding charges calculated by AM1 and HF methods .

Comp. c Chgmical charge
No. | Shift(3)
AM1  |FH (Lowding)| HF (Mulliken)
) 19,A 0.1522 - EERNA YeYA e
Y Yo,A 0.1578 - Y1014.-Q, Yavve.-Q.
(CH) ¥ Ye,v -0.1560 Y1E4¥4-Q, £Y4£££-0,
£ Y1,¥ -0.1534 Yoavyi-Q, ¥499Y1-0.
° Ye,v 0.0300 YIYTAA-Q. ARERE)
1 Yo,A -0.1909 YAYOAYQ. £YAT£Y-Q,
) VY, ¢ YTV, RN \YYoveQ,
Y ¥ RS 4¥YATe-Q, Ya¢ova-Q,
¥ Y4,1 yory., YoV« 1. YACALT-Q,
(C2MCH) 3 Y¢,o yeoy.-, YedaAY .-, £4YVY -0,
° YY,A Yoye., YoaATe(, £0 YV,
1 Y, YAAA-. YAVY €40, £YE.0Y-0,
v V1,0 YOV Yoy . ¥Y-Q, °0Y V-0,
) v1,4 WYY, YLYYLYQ, YY£4A£0,
Y £on CAAT, CAEYAEQ, Y41041-0,
¥ Ye,v yooo., YOAEV.-Q, YAYAY-0.
(T2MCH) ¢ Y1, YoV, Yoq£¥)-Q, £.Y£1Y-0,
° Yo,v Yoy ., YIVATE-Q, £YYoY-0.
1 Yo,t YAy .., YASTEY-(Q, £Y4T) .0,
v 14,3 Yot Y£9114-0, °£V0£1.Q,
1 70.8 0321. 1006180. 0899470.
2 44.3 1476-. 162542-0. 371489-0.
3 32.0 1002-. 084559-0. 294008-0.
(C3MCH) 4 35.1 1525-. 155066-0. 372877-0.
5 24.7 1517-. 161204-0. 411545-0.
6 34.7 1884-. 186570-0. 428447-0.
7 22.8 2071-. 253263-0. 550641-0.
1 66.8 0314. 099417.0 0840790.
2 41.5 1474-. 162073-0. 369235-0.
3 26.9 1039-. 086325-0. 296163-0.
(T3MCH) 4 34.7 1522-. 154965-0. 373646-0.
5 20.5 1516-. 161456-0. 411026-0.
6 33.1 1884-. 186177-0. 427886-0.
7 20.5 2080-. 252297-0. 551447-0.
1 66.2 0315. 100598.0 0935660.
2 31.7 1502-. 166671-0. 403351-0.
3 29.0 1513-. 157359-0. 383465-0.
(C4MCH) 4 30.9 1039-. 084404-0. 286884-0.
5 29.0 1483-. 156702-0. 378053-0.
6 31.7 1884-. 187363-0. 434256-0.
7 21.2 2076-. 251658-0. 550137-0.
1 70.0 0302. 099488.0 1055080.
2 334 1535-. 165284-0. 401794-0.
3 35.1 1526-. 159428-0. 388513-0.
(TAMCH) 4 31.7 1076-. 085644-0. 284739-0.
5 35.1 1492-. 157948-0. 383813-0.
6 334 1907-. 187007-0. 433286-0.
7 22.0 2080-. 249085-0. 545495-0.
1 69.3 0791. 1459780. 1970910.
2 40.0 1436-. 157381-0. 364198-0.
3 23.1 1546-. 161690-0. -0.41426
(IMCH) 4 26.3 1551-. 158636-0. 400632-0.
5 23.1 1517-. 160925-0. 408583-0.
6 40.0 1809-. 177767-0. 397595-0.
7 29.8 2394-. 339805-0. 635767-0.

As a primary test , simple correlation analysis is for choosing the best one as a representative of the p-
achieved in order to find out the relation between the character The results obtained from this investigation
C-13 chemical shifts of the cyclohexanol compounds are given in Table (11).

and these kinds of charges , which hoped to enable us
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Table (11) : Simple regression analysis results o the C-13 chemical shifts versus atomic charge .

calculated Parameter |Constant
Comp. methods Parameter Coefficient | )(B) b R
Trans and Cis AM1 charge 154.585 | 56.140 |10.18862| 7620.
Trans AM1 charge 137.753 | 55.031 |11.64484| 6880.
Cis AM1 charge 132.626 52.296 (11.60632| 6750.
Trans and Cis HF (Lowding) | charge 63.816 45.069 |12.23113| 6290.
Cis HF (Lowding) | charge 38.362 40.631 |14.04419| 4510.
Trans HF (Lowding) | charge 125.301 | 53.250 |7.43541 | 8860.
Trans and Cis | HF (Mulliken) | charge 72.094 59.911 |5.78044 | 9300.
Trans HF (Mulliken) | charge 70.895 60.542 |5.98022 | 9280.
Cis HF (Mulliken) | charge 69.468 58.164 | 6.16438 | 9200.

The results of Table (11) indicated that , the
Mullikan charges calculated by the HF method is
found to be the best linearity correlated to the C-13
chemical shifts of the studied compounds .They are
therefore, used for expressing the p-character in the
next set .

5- Set5

In this set of parameters , the inductive effect is
represented by the Mullikan charge calculated by HF
method , and the steric effect is introduced in terms of
the (H..H)and (H..Lp) interactions as employed in
sets (3 and4) . Regression analysis is performed as in
the procedure used for treating the parameters of sets
(1-to - 4) .The results of the statistical analysis when
collecting the trans and cis compounds together (R =
0.991 ,SD = 2.199) are improved when separating the
trans (R = 0.993 , SD =1.973 ) from the cis
compounds ( R =0.994 , SD =2.094 ) . These results
are illustrated in Table (12) .

Table (12) : Regression analysis results of applying
set (5) on the cyclohexanol compounds .

Trans and .
Parameter Cis Trans Cis
Coefficient] Coefficient | Coefficient
charge 66.373 1,1 00,041
a-H-H -1.341 YV,VYY- Y, Y-
Ba-H-H 2.377 £,Y1y ayeQ.
Bae-H-H -.089 ),vat- 44V0.
y-H-H 1.076 £, ¥YY V,Ve-
a-H-LP 6.980 1,em 4,ATY
Bae-H-LP 4.120 v,vay v,eo¢
v-H-LP -3.931 SYaeAE oY 4.
Constant (B) 55.264 53.730 58.074
SD 2.19929 1.97368 2.09498
R 0.991 0.994 0.993
No.of observation o0 v v

Comparison between the observed and calculated
chemical shifts of the studied compounds by
applying these parameters are shown in Tables (13 -
15)

\A
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Table (13): Comparison between the observed and calculated chemical shifts obtained from applying
different sets of parameters on trans and cis compounds.

C 13 8 ¢ons
Comp. No. 8 ¢ obs Set(1) res Set(3) res Set(4) res Set(5) res
1 68.89 68.89 910. 69.80 0 68.91 890. 65.48
2 35.11 35.11 690. 35.06 740. 34.41 1.39 38.92 3.12-
(CH) 3 25.16 25.16 46-0. 25.00 0.3 24.33 370. 27.03 2.33-
4 27.58 27.58 1.38- 26.89 69-0. 25.89 310. 27.12 92-0.
5 25.16 25.16 46-0. 25.00 3-0. 24.33 370. 33.51 8.81-
6 35.11 35.11 690. 35.25 550. 34.39 1.41 33.26 2.54
1 75.43 75.43 4.03- 73.72 2.32- 73.76 2.36- 71.95 55-0.
2 38.30 38.30 2.20- 35.56 540. 35.31 790. 33.45 2.65
3 31.70 31.70 2.10- 31.00 1.40- 30.98 1.38- 28.60 1.00
(C2MCH)| 4 25.66 25.66 1.16- 24.15 350. 23.91 590. 20.64 3.86
5 24.00 24.00 2.20- 23.56 1.76- 24.33 2.53- 27.19 5.39-
6 33.19 33.19 1.09- 32.51 41-0. 33.63 1.53- 26.91 5.19
7 18.38 18.38 1.88- 16.33 170. 16.63 13-0. 15.27 1.23
1 75.43 75.43 1.47 75.79 1.11 75.56 1.34 73.40 3.50
2 38.30 38.30 1.70 40.25 25-0. 40.54 54-0. 43.94 3.94-
3 31.70 31.70 2.60 33.06 1.24 32.78 1.52 29.97 4.33
(T2MCH)| 4 25.66 25.66 440. 25.90 0.2 25.89 210. 26.98 88-0.
5 24.00 24.00 1.70 23.56 2.14 24.33 1.37 27.17 1.47-
6 33.19 33.19 2.21 34.26 1.14 34.39 1.01 33.25 2.15
7 18.38 18.38 720. 19.27 17-0. 18.97 130. 20.33 1.23-
1 66.96 66.96 3.84 68.81 1.99 68.91 1.89 71.90 1.10-
2 41.65 41.65 2.65 43.12 1.18 42.86 1.44 42.20 2.10
3 28.35 28.35 3.65 32.07 07-0. 32.27 27-0. 37.91 5.91-
(C3MCH)| 4 34.12 34.12 980. 34.95 150. 34.34 760. 30.08 5.02
5 23.23 23.23 1.47 24.01 690. 24.33 370. 27.18 2.48-
6 33.96 33.96 740. 33.81 890. 34.39 310. 33.34 1.36
7 22.80 22.80 0 24.42 1.62- 25.11 2.31- 29.39 6.59-
1 66.96 66.96 16-0. 67.06 260. 66.93 13-0. 65.45 1.35
2 41.65 41.65 15-0. 41.06 440. 41.06 440. 40.75 750.
3 28.35 28.35 1.45- 27.38 48-0. 27.04 14-0. 27.14 24-0.
(T3MCH)| 4 34.12 34.12 580. 32.88 1.82 32.55 2.15 28.63 6.07
5 23.23 23.23 2.73- 22.00 1.50- 22.35 1.85- 20.76 26-0.
6 33.96 33.96 86-0. 33.81 71-0. 34.39 1.29- 33.34 24-0.
7 20.80 20.80 3-0. 20.94 44-0. 22.77 2.27- 24.23 3.73-
1 67.73 67.73 1.53- 68.36 2.16- 68.91 2.71 71.88 5.68-
2 33.19 33.19 1.49- 32.33 63-0. 32.43 73-0. 32.76 1.06-
3 31.70 31.70 2.70- 31.00 2.00- 30.98 1.98- 28.66 340.
(C4AMCH)| 4 30.77 30.77 130. 29.27 1.63 28.61 2.29 27.14 3.76
5 31.70 31.70 2.70- 31.00 2.00- 30.98 1.98- 28.76 240.
6 33.19 33.19 1.49- 32.51 81-0. 32.41 71-0. 26.92 4.78
7 68.89 21.60 -04 20.13 1.07 20.43 770. 24.24 3.04-
1 35.11 67.73 2.27 68.36 1.64 68.91 1.09 71.83 1.83-
2 25.16 33.19 210. 34.08 68-0. 34.41 1.01- 39.07 5.67-
(TAMCH) 3 27.58 31.70 3.40 33.06 2.04 32.78 2.32 30.08 5.02
4 25.16 30.77 930. 33.95 2.25- 33.84 2.14- 37.65 5.95-
5 35.11 31.70 3.40 33.06 2.04 32.78 2.32 30.19 491
6 75.43 33.19 210. 34.26 86-0. 34.39 99-0. 33.26 140.
1 31.70 21.60 0.4 23.07 1.07- 22.77 77-0. 29.36 7.36-
2 25.66 72.07 2.77- 69.30 0 69.30 0 60.30 9.00
(IMCH) 3 24.00 41.65 1.65- 41.06 1.06- 41.53 1.53- 40.88 88-0.
4 33.19 23.23 13-0. 22.27 830. 22.35 750. 20.66 2.44
5 18.38 26.42 12-0. 25.45 850. 25.89 410. 27.06 76-0.
6 75.43 23.23 13-0. 22.27 830. 22.35 750. 20.76 2.34

vy
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Table (14): Comparison between the observed and calculated chemical shifts of trans compounds
determined from different sets of parameters.

Comp. C 5 C13 d Cl3obs

No. obs Set(1) res Set(2) res Set(4) res Set(5) res
1 69.8 69.13 0.67 68.97 830. 70.54 74-0. 67.04 2.76
2 35.8 34.85 0.95 35.34 460. 34.72 1.08 36.28 48-0.
(CH) 3 24.7 25.67 97-0. 25.31 61-0. 25.30 60-0. 25.99 1.29-
4 26.2 26.83 63-0. 26.74 54-0. 25.99 210. 26.07 130.
5 24.7 25.67 97-0. 25.31 61-0. 25.30 60-0. 31.58 6.88-
6 35.8 34.85 950. 35.34 460. 35.15 650. 32.89 291
1 76.9 77.03 13-0. 77.64 74-0. 76.46 440. 75.38 1.52
2 40.0 38.98 1.02 39.51 490. 38.72 1.28 44.71 4.71-
3 34.3 33.57 730. 33.98 320. 34.50 20-0. 31.56 2.74
(T2MCH) 4 26.1 25.89 210. 25.78 320. 25.48 620. 25.95 150.
5 25.7 25.72 02-0. 25.39 310. 25.23 470. 26.11 41-0.
6 354 33.91 1.49 34.39 1.01 34.64 760. 32.89 2.51

7 19.1 19.86 76-0. 21.12 2.02- 19.10 0 19.10 0
1 70.8 68.19 2.61 68.01 2.79 70.03 770. 72.57 1.77-
2 44.3 42.75 1.55 44.02 280. 43.92 380. 42.14 2.16
3 32.0 29.80 2.20 29.47 2.53 32.15 15-0. 39.49 7.49-
(C3MCH) 4 35.1 34.73 370. 35.41 31-0. 35.19 09-0. 31.65 3.45
5 24.7 24.73 03-0. 24.35 350. 24.80 10-0. 26.12 1.42-
6 34.7 34.90 20-0. 35.43 73-0. 35.08 38-0. 32.97 1.73
7 22.8 22.80 0 22.55 250. 22.80 0 27.06 4.26-
1 70.0 69.19 810. 69.05 950. 70.47 47-0. 72.51 2.51-
2 334 33.91 51-0. 34.39 99-0. 34.21 81-0. 36.41 3.01-
3 35.1 33.57 1.53 33.98 1.12 34.50 600. 31.64 3.46
(T4MCH) 4 31.7 30.96 740. 30.90 800. 32.83 1.13- 39.27 7.57-
5 35.1 33.57 1.53 33.98 1.12 34.50 600. 31.75 3.35
6 334 33.91 51-0. 34.39 99-0. 34.64 1.24- 32.89 510.
7 22.0 22.00 0 22.00 0 22.00 0 27.03 5.03-
1 69.3 73.26 3.96- 73.13 3.83- 69.30 0 60.02 9.28
2 40.0 42.75 2.75- 40.89 89-0. 40.65 65-0. 39.48 520.
3 23.1 24.73 1.63- 24.35 1.25- 23.10 0 17.66 5.44
(IMCH) 4 26.3 26.89 59-0. 26.82 52-0. 25.92 380. 26.02 280.
5 23.1 24.73 1.63- 24.35 1.25- 23.10 0 17.75 5.35
6 40.0 42.75 2.75- 40.89 89-0. 41.07 1.07- 35.96 4.04
7 29.8 29.04 760. 28.03 1.77 29.80 0 35.19 5.39-

vy
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Table (15): Comparison between the observed and calculated chemical shifts of cis compounds

determined from different sets of parameters.
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13
Comp. C 8 506 8¢ "o

No. Set(1) res Set(2) res | Set(4) res | Set(5) res
) 14,A A | [ Ay [y | AAY [y, A | A Ye |y, 0
Y Yo,A vo,tv | 0.33 | Yo,r1 | £:0. | ve,Af | a0, | ¥a,¥V | YoV
v Y,V Ye,OA | 002 | ve,ve | vec0 | YR,oA [ VY [ oYv,ey | oY, VYo
(CH) ] Y1,Y YA [ Y, - | YALYA [ Y, oA YA [ ve0. | YV, |y, You
° Y,V Ye,UA | 002 | ve,ve | ve0 | YR,oA [ VY [ Ya,YE | 0,08
1 Yo,A vo,ev | 0.33 | Yo,rn | £¢0. | ve, v | v,ey | ve,x¥. | 0,00
) VY, € YY,Yo | Y, Aec | ve Y [y, vy [ vy, VA | YA0. | VYL Y YYD,
Y 1) YV,o1 | 2096 | ¥,av [ AY-0. | ¥e,vY | ¥YAQ. | ¥V, A | 2AQ.
¥ Y4, va,sv | 047 | Ya,ve | yn0. | va,vv [ ywv-0. | YAAA | VYO,
(T2MCH) ] Ye,o0 Yo,Yo | -0.75 | Yo,¥y¥ | Av-0. | Y&,an | 0. | Va,A8 | £,
° YV, A YY,¥Y | 052 | YY,¥Y [ ovo0. | Y¥,oA [ V,YA- | Yv,ed | o,14c
1 Y, Y, o) | 2041 | YY,&) [ vv0. | YY) . Y1,vo | o,vo

v \1,0 Yv,e4 | -0.99 | YV, ve [ AsQ. | V1,00 . y1,0. .
) 1,A 10,06 | V,Y1 | e,oA [ V,YY | WA [ AYQ. | av,e0 | ¥, Y0
Y £1,0 £o,¥Y [,y [ ova,an | v,ee | ey, | evp, | £4,90 | 0.
v Y1,4 YULYY | 063 | YULYY | oAQ. | YV,ev [ o¥Q. | ¥.,9% | £, 60
(C3MCH) £ (TR YAV [Ny [ YL AA [ LAY [orvea |y | YAaAe | e
° Y.,0 YOLYY [ yyo [oya,va [oyyyac | oyy,e [ y,ves [ va,an | v,
1 Y, YY) | 2001 | ¥Y.AA [ Y0, | ve,va [y, vas | ove vy |y, vve
v Y.,0 YV, | 052 | Yo.AY [ ¥y | Y., . Ye,ev | ¥,Ave
) 11,y DAY | 007 | vYe | veq. | ALY [ v,avo | vy ,ye | g,
Y Y,V YY,o) | -0.81 | ¥V,&Y [ vy-0. | ¥Y,a. [,y [ ¥y,ae | Y.,
¥ Ya,. Ya,¢¥ | 043 | Ya,¥¢ | veo0. | Ya,vv [ vvo0. [ YA, .40,
(TAMCH) < Y.,4 Y4,A | Y0 | Ya,Ae [ y,ve | Yo, ve [ Ve, | Y8t | veoQ,
° Ya,. Ya,¢¥ | 043 | Ya,¥¢ [ veo0. | Ya,vv [ vvo0. | YA Qe | LoQ.
1 R YY,o) | -0.81 | ¥Y,&) [ vy, | ¥Y,e¢ [ ve | Yi,ve | £,40
v Y,¥ Y,Y. 0 Y,V . YY,Y. . YE,6A | Y,VA-
) 14,¥ Yeo,oh | 2078 | Yooy [ A, | e,y . E,Ye | o,
Y £a,0 £,YY | 2023 | 40 [0 |y [ Yyoo | oy, [y,
Y YY) YOLYY [ rA [y, va gy | ovy,ne [ y,en | va,ae ¥, Yo
(IMCH) £ Y1,¥ Yo,Ao | 0.45 | Yo,a. | ¢.0. | YV, a4 [ Vo0, | YV,e¥ | )Y
° YY) YOLYY [ rA vy, va gy | ovy,ne [y, et | ve,a |y,
1 fe,0 oYY | 2023 | 4,70 [ Ve-0. | Ya,vY | YO, | Ye,AV | Y
v Ya,A YALYA | Y,e | YA,eq [y, Yy | Ya,A. . Yo, A | o,YA-

The advantages of set (5) over the previous sets can
be concluded as follow :

1- The number of variables used for describing the
studied system is reduced from (15) to (8)
parameters , which is favored from the statistical
point of view .

2-The employed parameters are more reliable and
with beter physical meaning in terms of the theory of
C-13 nmr chemical shifts , i.e., the use of various
expressions for describing the p-character which
represent an indication of the inductive effect or the
electronic contribution of atoms or groups
surrounding the specific atom under consideration is
replaced by a single parameter namely the atomic
charge which is proved to be a valuable mean for the
estimation of various physical properties of organic
compounds .The atomic charge represents a
parameter of good physical meaning and refers to the
net electronic effect of the donor and with drawl
substituent's surrounding the tested carbon atom .In
addition , it is calculated by reliable theoretical

\&

(quantum mechanical )method ,.While, the steric
effect parameters are introduced in terms of the actual
number of proton interactions( not the total number of
protons ) . These parameters are calculated by
constructing structural models depending on the most
stable conformations those determined by energy
minimization by employing reliable theoretical
programs . The suggested parameters of this study are
conformation dependent of the the can be used as a
measure for the estimation of the effect of structural
variation on C-13 nmr chemical shifts .The
importance of treating the C-13 nmr chemical shifts
by the statistical method lies in its ability in
predicting the geometrical distortion resulting from
spatial congestion quantitively .Such evaluation is
hardly achieved by other methods and routine work .
Finally , the suggested parameters can be applied on
other classes of organic compounds if knowledge
about conformations and their weight ratios are
available .
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