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INTRODUCTION

After the pioneering work of Barton' conformational
analysis became one of the most developed branches of
theoretical chemistry. The notions. concepts, and ideas
of conformational analysis are deeply rooted in organic
chemistry and are widely used in the interpretation of
various phenomena, recaction mechanisms, chemical
transformations, etc. General adoption of conformational
analysis has been to a considerable degree conditioned
by the relative simplicity and universality of its basic
postulates, especially on the qualitative level. The main
tool is generally the conception of steric bulk or size. A
simple accounting of steric repulsion permits us to
predict correctly a large body of facts concerning the
relative stabilities of conformers, their reactivities, the
stereochemistry of products, etc. However, quite a large
number of cases have now accumulated in the literature
in which the stability of the conformations actually ob-
served cannot be explained solely by steric factors. In
most cases this is especially true for systems containing
heteroatoms, electron pairs, or polar bonds. These cases
are sometimes treated as  special  “conformational
cffects”. To date many conformational effects have been
proposed, all of which have had some kind of experi-
mental “verification”. Many of them have spectal names,
c.g. “gauche"** “rabbit-ears >’ “hockev-sticks” "
“anomeric”*""""7*  eflects.  Also  some  electronic
effects, eg. “through bond and through space’'**

“superjacent”.'*”* “bicycle”™® effects. have sometimes
been involved in the explanation of some conformational
phenomena.

Such development of conformational analysis has led
to a paradoxical situation: the abundance of “effects”
permits us to explain everything but to predict close to
nothing! Thus, it is of interest and importance to pose
fundamental questions: (1) What is the “conformational
effect”™” (2) When do we need 1o resort to the help of
“conformational effect” for the explanation?, (3) What is
the origin(s) of the “*conformational effects™? The goal of
this paper is to discuss the answers.

1. WHAT IS THE “CONFORMATIONAL EFFECT™
For this discussion we must define precisely what we
understand by the notion “‘conformational effect”. First
of all what does the word “effect” mean? We do not
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intend to go into an etymological discussion and for our
purposes shall restrict ourselves to two senses of this
word.

Firstly, one labels as “an effect”™ a certain
phenomenon, which is perfectly explainable by one
theory but is not by other theories. For ¢xample, the
term “quantum mechanical effect” is often used in that
sense. In this case, the notion “conformational effect”
has to reflect the origin of the phenomenon and, there-
fore. it has to be used in an etiological sense (vide infra).

Secondly, one labels as “an effect” the deviation of a
certain phenomenon from usually observed behaviour or
from usually expected dependence. Roughly speaking. if
one point falls out from a linear plot one may designate
its behaviour as “an effect”. In this case the notion
“conformational effect™ has a comparative sensc. be-
cause one needs to have the “standard™ or “reference”
compounds whose conformational behaviour is assumed
as a "normal” one. Thus the notion “conformational
effect” has in this case a purely phenomenological sense.
The following could serve as examples of typical
“reference’” behaviour (a) the relative stability of anti vs
gauche-conformations in  1,2-disubstituted  ethane
framework (classical example is n-butane), (b) the rela-
tive stability of equatorial vs axial conformations in
monosubstituted cvclohexanes (methylcyclohexane), (¢)
the relative stability of chair vs boat conformations in
6-membered rings and (d) low inversion barriers in R\N
and high ones in R,P. Effects of this type are often
regarded as specific for a certain structural unit, as
“built-in", as inherent in some structural framework.

2. PHENOMENOLOGICAL CONFORMATIONAL EFFECTS
At this stage of discussion it is well to list briefly some
of the well-known and most important phenomenological
conformational effects.

2.1 Effects of preference of gauche-conformations

{a) Gauche-effect.” ***" This effect has been postu-
lated to explain a tendency of the cthane fragment to
adopt the conformation which has a maximum number of
gauche-interactions between the adjacent electron pairs
and/or polar bonds. This effect has been usually ob-
served in the case of highly clectronegative substituents
such as F or OR (1). The preference of a gauche-form
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has also been observed for 1-halogenopropanes (e.g. 1b,
X=CH, Y=C)7*

{b) **Rabbit-ears™ effect>” At first this effect declared
the instability of planar zigzag conformations, 2, of the
acetal framework. Later it has been generalized to
include nitrogen containing heterocycles™ and applied to
the rationalization of the conformational behaviour and
reactivity of cyclic acetales.*

2.2 Effects of preference of axial conformations in 6-
membered rings

2.2.1. Monosubstituted compounds. The preference
for the equatonal (3b) vs axial (3a) substituents is one of
the basic conceptions of conformational analysis.
However, there is one exceplion even in a monosub-
stituted cyclohexane: the axial conformation is preferred
in cyclohexylmercuric chloride, 3 (X = HgCl, AG,, =

0.3kcal/mol).* For heterocyclic derivatives such
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“exceptional” behaviour has been observed quite often.
For example it is true for sulfoxides 4 (X = CH,, AG,, at
-90° equal 0.175 kcal/mol),’*** heterosulfoxides 4 (X =
0. AG_por = 0.68 kcal/mol)™ and 8a,*** sulfite 6.>*>* and
for a variety of P** derivatives 7 (X = OCH,, C1).”

This type of effect often appears in a 6-membered
ring after the insertion of heteroatom(s) which is not
bonded directly to a substituents. The most well known
of them is the “anomeric effect” which manifests the
preference of axial over equatorial C-1 electronegative
substituent in the tetrahydropyran ring system 8a. in-
cluding the pyranose sugars (from which it received its
name). This effect has been extensively studied and
reviewed.*'""'>% It should be noted that conformations
of cyclic acetals—2-alkoxytetrahydropyrans 8a—can be
generalized to the acyclic compounds (“generalized
anomeric effects”,* cf Section 2.1).
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The predominance of axial conformations has been
observed for the equilibrium of a number of S-sub-
stituted 1,3-dioxanes, 9 (e.g. X=F, NO,, SOCH,,
SO,CH,),** and 4-substituted pyridinium compounds 10
(X = Cl, OAc, 0B2).

2.2.2. Disubstituted compounds. (a) Conformational
effects in cyclohexanones. For a number of 2-halocy-
clohexanones and related structures the predominance of
axial conformations 11 has been observed.*> The mag-
nitude of this effect rises with the increasing of the
atomic number of halogen atoms (F<CI<Br). A
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formally analogous effect has been postulated for exo-
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olefin 12.** Certain substituents in the 3 position also
show a greater preference for the axial form, 13, than in
the parent cyclohexanes. When the substituent is alkyl
this phenomenon has been called the *‘3-alkylketone
effect”.*** An analogous effect has been observed for
the exo-methylenecyclohexane system 14.*

(b) Axial conformations of trans-1.2-disubstituted
cyclohexanes. These compounds often show a relatively
increased content of diaxial conformation 1Sa for a
variety of substituents in non-polar solvents.>*” This
effect is especially remarkable for the elements of low
periods (Br, SR).> Another interesting effect is the
increased content of diaxial form 15a for the compounds
containing the bulky CCl, group (X =CCly). In the
cyclohexane system this effect has been studied only for

X
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18 (X = CCl,, Y = Hal)*® but in cyclohexene system 15SA
it has been observed for a large number of second
substituents (X = NO,, CN, COOH, COCI.®

(c) Axial conformations of trans-14-disubstituted 6-
membered rings. This effect has been observed in trans-
1.4-dichloro, dibromo, and ditnfluoroacetoxy cyclohex-
anes, 16, and has not been studied in detail ***'
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However, there are some examples of this effect in
heterocyclic systems, for example 17°** and 18.>*
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2.3 Effects of the disappearance of effect

It is possible to find a rather strict dependence bet-
ween many phenomenological conformational effects
and structural features from purely experimental ob-
servations and consequently to determine their scope
and limitations. Hence one can meet another paradoxical
situation: the disappearance of a certain conformational
effect has to be accounted for in terms of the operation of
other new conformational effect(s).

Consider some examples. The axial conformation has
been observed in a variety of structures of type 8a'’ and
85" due to the anomeric effect. Thus, one may consider
this axial form as a “normal anomaly”. However, the
axial preference does not survive the introduction of a §
atom at 4 position; the equatorial conformation 19
became more stable than axial, 8¢, one,* and these
compounds show the “‘reference normal” behaviour.
Generalization of these facts permitted us to suggest that
the new effect of additional destabilization of gauche-
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conformations is sometimes included in 1,2-disubstituted
ethane moiety.*® This effect is the opposite of the
gauche-eflect and operates for elements of low periods
having lone pairs like Br, I, SR.
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This effect has been rationalized in terms of orbital
repulsion (vide infra) and taking into account the picture
of orbital overlag. 20, it was referred to as the “hockey-
sticks™ effect.*"* Consider other examples of the action
of the effect of additional gauche-repulsion. As it has
been shown above the sulfoxides 4 (X = 0) and S have
the axial conformation which is the “normal™ for 6-
membered sulfoxides (e.g. 4 (X = CH,)).""" However.
the axial preference of the sulfinyl oxygen is reversed in
1,3-dithianc-1-oxides and equatorial conformation 21
{X = CH,) became_more stable than axial conformation
§b. For the 1.3.5-trithiane-1-oxidc has been found that
only a single conformation 21 (X=35) is present.”
Analogously, for compounds 9 and 14 the magnitude of
- AGy is smaller than this value in cyclohexane in the
case of X = OCH, but larger if X =SCH,*"*

Consider another example. Compound 22 should adopt
the diaxial conformation 22a due both to the anomeric
effect of the OMe group and the axial preference of the

HoCl
o 22 b 23

HgCl group (see Section 2.2.1). However, the experi-
mental data showed an appreciable content of the
diequatorial conformation 22b and hence indicated the
specj?c interaction of the substituents (23, see Seclion
43).

In conclusion we would like to emphasize that the
authors of some of the above-mentioned conformational
cffects treated them not as purely phenomenological
ones, but they tried to ascribe to them some physical
sense, to include some sort of rationalization. For ex-
ample, the “rabbit-cars” effect (2) was connected with
electrostatic interaction of “ears™ and the “hockey-
sticks™ effect was discussed in terms of orbital repul-
sion."”

There are also many other conformational “effects”
and “anomalies™; however, the discussion of them is
beyond the scope of this paper.

3. GENERAL METHODOLOGIKCAL REMARKS

The basic theoretical problem of the matter discussed
could be formulated as a question: What are the ongins
of the conformational effects? However, before an-
swering this question one first has to recognize that the
answer depends upon the terminology and the concep-
tual content of the theory one has chosen to apply in
answering the question. One may receive a number of
answers, each of which is correct from the point of view
of onc theory yet which has no sense from the point of
view of the other theories. As always, the depth of ones
penetration into any problem will never exceed the limits
of the theory used.
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Organic chemistry is now using the ideas, conceptions,
and principles which have resulted from two basic
theories which have dealt with molecular structure: (1)
classical structural theory supplemented with electronic
effects and conceptions and (2) quantum chemistry.
These theories operate with different logics and concep-
tual apparatuses. To avoid useless “'theoretical™ discus-
sions (which are, in fact, all too frequent) one must
precisely relate every particular conception to one of the
two basic theories. Conformational analysis, which is a
part of theoretical organic chemistry, likewise. did not
escapc this dualism and uses the notions of both
theories. Therefore, it is expedient to summarize bricfly
the theoretical principles of conformational analysis and
to discuss the problem of conformational effects from
the standpoints of these fundamental theories.

4 CLASSICAL APPROACH
4.1. Steric interactions

The fundamental notion of the classical theory is the
bond between a pair of atoms which is marked by a
valent hine. Thus all interactions in a molecule are
divided into (i) interactions of bonded atoms and (i1)
interactions of non-bonded atoms (“mutual influence™).
Following this logic conformational analysis must take
into account additively the both properties inherent in
some particular type of bond (magnitude and order of a
barrier) and the ones depending on non-bonded interac-
tions. Hence there results the familiar scheme of ac-
counting for steric interactions (actually repulsions)
which permits us to make explanations on a qualitative
level. The classical examples are the consideration of
gauche-repulsions in 1,2-substituted cthane framework
and 1,3 H..R or R..R repulsive interactions in axial
conformations of substituted cyclohexanes.

This approach can be developed to a quantitative level.
In this case conformational analysis is based on ex-
amination of the energy contributions made by changes
in bond lengths, E,, and angles. E,. torsional strain, E,.
and by interaction between non-bonded atoms. E,, ,, (eqn
1). One may designate this sum as an energy of “steric
interactions”, E,.,.

Ewe =E +E,+E,+E, .. n

The determination of stable conformation(s) is achieved
by minimizing E,., as a function of the coordinates of
atoms. Since the classical works of Hill and Westheimer,
this logic has been the basis of a great number of
conformational calculations. To date these computational
schemes have been developed to near perfection and in
many cases yield reasonable correlation with ex-
perimental data.**""’

Now we can define the group of conformational effects
which are steric in their nature. Indeed, if a certain
phenomenological  conformational effect can  be
reasonably rationalized in terms of eqn (1), one may
refer this effect to the category of steric conformational
effects. For example, bicyclo(3.3,1]nonane exists in dou-
ble-chair conformation 24:** the difference between
the energies of conformations 24 and 2% (X = H) was
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estimated to be 2.7-3.7kcalimol.****' This is sig-
nificantly lower than the AH value, 5-6kcal/mol, as-
sociated with the chairboat conversion in cyclohexane.
The difference results from a strong destabilization of 24
due to a repulsion of 3- and 7-carbons and endo-
hydrogens. An introduction of 3-endo-substituent X (28),
which is bulkier than hydrogen has to lead 10 the
increasing of repulsion in double-chair conformation 25a.
These repulsion interactions can be severe enough to
change the relative stability of the conformations 25 and
25b. Indeed. the preference for boat-chair conformation
has been observed in a variety of compounds of type 28
(X = OH. Br, COOR).*™** Other cxamples of steric con-
formational effect are the preference for twist-boat con-
formations in t-butyl substituted cyclohexanes (e.g.
26)** or the operation of attractive steric effect in 1,3,5-
trinecopentylbenzene, which leads to the predominance of
a rotamer with all three neopentyls on the same side of
the benzene ring.*™

It is worthy to note here that an order or a magnitude
of a “'size™ of substituents depends on their position with
respect to the rest of the molecular framework. For
example, the OH, Br and COOMe groups have effec-
tively small steric requirements in ordinary cyclohexane
systems, but one has to regard them as “large” groups in
the 3-endo position of bicyclo[3.3.1]nonanes.**

X
1CHy),C C(CH’), E =
" %] X
26
27

Analogously, the low correlation has been observed
between the values AE,, for the equilibnum 27 and
corresponding A-values in monosubstituted cyclohex-
anes™ (Discussion of “anisotropy of the van der Waals
radius™ see Ref. 65).

The concept of steric conformational effects can be
applied to the other types of conformational intercon-
versions, for example to pyramidal inversion processes.
Indeed. the dramatical increasing of the inversion bar-
riers in N-substituted aziridines as compare with R\N
and ammonia® has been reasonably rationalised by using
the simple steric arguments: a destabilisation of a planar
transition state due to insertion of a pyramidal atom in a
3-membered ring is much greater than that of a pyrami-
dal ground state (MO theory of pyramidal inversion see
Ref. 66a).

4.2. Electrostatic interactions
Following the logic of the classical approach, every
additional interaction of non-bonded atoms in the mole-
cule has to lead to a “"non-steric conformational effect™,
which is regarded as the additional term in egn (1). The
origins of these effects can be essentially different. It is
expedient to discuss separately non-specific interactions
(electrostatic ones) and additional specific interactions
(the conformational effect proper which is specific for a
certain structural unit) of non-bonded atoms and groups.
It is evident that interactions of dipoles or charges are
an important factor in conformational control of the
compounds containing polar bonds and/or charged atoms
and groups. This electrostatic interaction must be ac-
counted for as a new additive term, E_. in eqn (2).
E=E,.*E (2]

"
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E = E-lu + F'.. A Eeaocr ‘3)

We have to stress that up to date the eqn (2) serves as
a methodological basis of a consideration of confor-
mational problems on a qualitative level.

There exists a number of quantitative schemes for the
calculation of electrostatic interactions in terms of either
dipole-dipole or charge-charge approximations. There-
fore, we can clear-cut define the notion “electrostatic
conformational effect™ if the conformational behaviour
can be reasonably rationalized in terms of eqn (2). Many
workers have applied this conception in explaining some
of the effects already discussed, e¢.g. anomeric
effect,*”'>'* preference for axial conformations in 1,2-*
and 1.4-disubstituted cyclohexanes*?***' S-substituted
1.3-dioxanes 9 (X =SO,R, NH,").*" quaternary am-
monium ions of type 10,*** etc.

However the calculations of electrostatic interactions
are far from perfect, and what is more, they include
crude simplifications, uncertain (and strictly speaking
indeterminable) parameters and arbitrary assumptions.
Hence the predictive power of these calculations is
sometimes negligible, and this is the greatest and essen-
tial difficulty in the classical approach to conformational
problems.

4.3. Specific interactions of non-bonded substituents

If a pair of substituents is characterized by some
additional specific interaction, the calculation of the
relative stability of the conformations must include it as
an additional corrective term in eqn (2) which gives eqn
(3). These new terms can be referred to as confor-
mational effects specific to certain structural fragments.
This is a purely phenomenological treatment which does
not depend on the knowledge of the origin of a “specific
conformational effect”. In this section we restrict our-
selves to a discussion of two types of such effects and
the methodological problem of correct introducing of
new conformational effects.

Hydrogen bond. An intramolecular H-bond can have
energy significantly in excess of the usually observed
energy diflerences between the conformations. There-
fore a H-bond often operates as a dominant factor,
controlling conformational equilibrium. These examples
are numerous and well studied.

Coordinational stabilization effect of unstable con-
formations. An intramolecular coordination (donor-
acceptor) bond is well known in organometallic che-
mistry.*® The conformational effect discussed is the
stereochemical consequence of the existence of this
bond. For example, diequatorial conformation 22b can be
explained in terms of coordinational interaction between
gauche MeO and HgCl groups. 23.*' The confor-
mational approach permits us to evaluate the magnitude
of this effect (0.7-0.9 kcal/mol™’).

Now let us return to the problem of introducing
specific conformational effects. As has been stated
above, they are introduced as cffects additional to the
steric and electrostatic ones. In other words, if the
molecular mechanics calculations using eqn (2) explain
the conformational equilibria observed, there is no need
to postulate a more complicaled explanation via the
introduction of new effects (the principle of “Ockham's
razor'™®). We shall illustrate this statement with two
examples. The molecular mechanics calculation of 3.7-
dithiabicyclo[3.3.1Jnonane, 28 (X = CH,). predicts that a
double-chair conformation, 28a (X = CH,). has to be
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more stable than 28b.** However the X-ray™ and PMR-

data™ for a related compound 28 (X = O) evidence a
preference for a boat-chair conformation 28b (X -~ 0).
The double-chair gecometry of compound 297" also per-
mits us clearly to climinate the explanation based on the
steric arguments: the S,..S, distance for 28a (X - O)
could be cvaluated as 4.05A (Scheme 29). which is
larger than the sum of van der Waals radii of two sulfur
atoms (364 A**™). Hence we need 1o postulate a new
conformational effect but we have to find the origin of
this effect outside the limits of the classical approach.*

The second example concerns the equilibrium of trans-
1.2-disubstituted cyclohexanes 15.° The experimental
AG,, values have been divided in accordance with ad-
ditive scheme:

AG., - AGyy + AGy + AGy

where AGy and AGy are the free energies of con-
formational equilibria of corresponding monosubstituted
cyclohexanes, and term AGy,y reflects the gauche-in-
teraction of the substituents in the diequatorial con-
formation 15b. The values AGy,y have been correlated
with E,., and E_ (eqn 2) as the plot in coordinates
AGyy - Ewee vs E,. If the value AGyx.y fall on the
“borderline” AGy,y - Eue, = E. that means that con-
formational behaviour of this particular compound can
be adequately interpreted in terms of steric and elec-
trostatic interactions of substituents. This was precisely
observed for the O/Cl, O/Br and O/l fragments.
However. the points of O/O and F/l fragments were
distinctly in the field of additional attraction and points
belonging to S/CL. S/S. S/Br and Br/Br fragments were
distinctly in the field of additional repulsion. In summary,
it has been concluded that conformational behaviour of
some compounds 18 investigated can be rationalized only
by involving the additional effects, namely (a) additional
gauche-attraction for the strong electronegative frag-
ments (O/O. F/1) and (b) additional gauche-repulsion for
the elements of low periods.”

Now two concluding remarks are in order. First al-
though the logic of the classical approach is satisfactory
in gencral, the concrete practical calculation of steric and
especially electrostatic terms is accomphshed with con-

tProfessor R Glenter and this writer are currently investigating
this problem by photoclectron spectroscopy.

tOf course it is possible to introduce some criteria of bonding
between a chosen pair of atoms; however, strictly speaking. this
operation 1s nccessary only o relate the quantum chemical
conclusions to conclusions obtained from the classical theory.

§Dewar has written: ™ .. _any attempts 1o draw general
conclusions from the results of such calculations fall in the same
category as altempls to draw empirical conclusions from ex-
penmentul data”™

'Roughly speaking. the theory of organic chemistry in general
{al least which concerns an unreacting molecule) is the quali-
tative verification of the quantitative quantum mechanical data
using the chemical language.
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siderable difficulties. Hence 1t is often impossible to give
indubitable answers: does one or does one not need to
introduce the new specific conformational effect (see for
example the discussion concerning 1,2-difluorocthane™ ™
or anomeric effect™ ™. Secondly. the identification of
the specific effect is only one aspect. A chemist needs to
explain the nature of the specific effects. However, the
classical theory cannot answer this question because the
notion “specific conformational effect™ is treated as a
phenomenological one. Hence. we need to apply quan-
tum mechanical theory in analyzing this problem.

S. QUANTUM CHEMICAL APPROACH

The logic of quantum chemistry is absolutely different.
First every molecule is considered as a whole, namely as
a set of a certain number of nucler and electrons. Hence
there emerges no notion of 4 bond between pairs of
atoms in quantum chemistry! and roughly speaking,
every atom is bonded with every other. Secondly there
emerges no set of transferable properties associated with
the notion of a functional group.” Therefore. quantum
chemistry 1s not well sutted by 1ts nature to operate with
additive schemes.

The solution of conformational problems by quantum
chemical methods in principle comes to following: one
has to solve the Schrodinger equation for a certain
system of nuclel and electrons in order to obtain the
dependence of energy on gcometry 1n the system under
consideration. In other words the problem consists in
calculating the energy surface as a function of the nuclei
coordinates: the minima on this surface will correspond
1o stable conformations and the “saddle™ points to
conformational barriers. At this stage of the discussion
one important point has to be emphasized: m this fun-
damental approach the notion “conformational cffect”
does not emerge at all' A calculation of every particular
molecule can be performed. and if it is correct, one has
to get the description of the conformational behaviour
which automatically conforms to the experimental data.
Hence it has to be clearly understood that a particular
calculation describes a particular conformational event
but contnibutes hittle to the solving of conformational
problems in general.§ The most important question here
is to extract the chemically useful picture, to make the
conceptual generalization. Such “conceptualization™
extracted from quantum chemical description and ex-
pressed in terms of theoretical organic chemistry has to
represent the theoretical content of conformational
analvsis.) A chemist needs chemically sound models,
needs an “understanding” of the calculation which
means that he may predict on a qualitative level on the
basis of chemical conceptions the computation data.”
The emphasis, therefore, of this section will not be on
particular calculations but on their conceptual content.

Two approaches could be outlined here. The first one
1s connected with the problem of the partitioning of total
energy into its component parts. This energy-component
descrniption can permit us to analyze their relative im-
portance for conformational barriers and stability of
conformations ctc. This approach is especially useful if it
1s possible to ascribe 1o these energy components some
really sound sense in terms of theoretical organic
chemistry.

Secondly the compromise, “semilocalized™ approach
is widely used.”' The MO-cquivalent of the classical
notion of the bond is the notion of localized orbital. The
compromise consists in using a set of localized orbitals
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and accounting for the delocalization of only a part of
them. Thus one considers only “lakes™ of delocalization
on “a continent” of localization.t The basis of this
approach is usually the perturbation method which has
gradually become the general language of modern
theoretical organic chemistry.?'***7-™ Hence one can
evaluate the quantum mechanical interaction for a cer-
tain fragment and account for it as an additional term in
a classical picture (e.g. using eqn 3).

5.1. Energy component (E,,, and E,,,) analysis

The total energy, E, of a system can be partitioned into
four components: the nuclear repulsion potential, V.
the electron-electron repulsion, V. the kinetic energy of
electrons, T, and the attraction of electrons for the
nuclei. V,,..*>*? The first three terms represent the re-
pulsive term, E,.,: the last one is the attractive term, E,,,
(eqn 4). In conformational transition between two con-
formations, the energy change, AE, can be expressed by
eqn (). If we accept the approximation that the virial

E=(van+v«+T)+vm= Ernp+E-|| 4)
AE = AE,., + AE., 5)
AE =(AV, +AV, .. +AV N2 (6)

theorem, AE = — AT, holds, eqn (5) is transformed into a
three component eqn (6).* Therefore, the energy
diffcrence between the two conformations (between two
minima or between minimum and maximum = barrier)
depends on a delicate balance between the attractive and
repulsive forces. If AV + AV, >|AV..| the steric bulk
approach is satisfied and gives the correct predictions of
the stability of conformations. If JAV,.|>AV,.+AV,..
the steric approach fails.

This energy-component approach has been applied to
the problems of gauche-eflect.’’ rotation in n-butane
and ring reversal in cyclohexane* pyramidal in-
version,“**' It gives the physical picture of confor-
mational processes (see, e.g. the conception of “at-
tractive and repulsive barriers™'). Most importantly. it
offers an explanation for the occurrence of an attractive
steric interaction which cannot be satisfactorily handled
in other ways. However, it is sometimes difficult (i) “to
translate” this approach into usual chemical language
and (11) to predict the energy-<omponent balance based
on chemical conceptions, and this approach has still to
“be considered as interpretive rather than a predictive

to0l".*

$.2. Fourier-type expansion of the potential function

The total potential curve of internal rotation around
X-Y bond can be written, in general. as the Fourier
expansion (eqn 7):'*"7*

n

\'
Vig)= E —22(1 - €OSs ng). )

n~1

Usually only the first three terms of the expansion are
considered. This separation of V(g) into three com-
ponents permits us to analyse the conformational pro-
blems because it is possible to ascribe to these terms a
definite chemical sense. Usually the one-fold potential is

tIn fact this approach is very familiar to organic-chemists. For
example the typical model of uasaturated compounds includes
the localized o-framework and the delocalization of p-orbitals.
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related to dipole-dipole interaction and the three-fold
potential is considered as the intrinsic one.'”*** The two
fold potential is attributed to clectron delocalization
involving o-electron withdrawal and n-electron donation
(hyperconjugation). Formulas 30A represent this effect in
terms of “no-bond” resonance (MQ-description see
Section 5.3):

F ’ F ’
U k)
\,C—N' -— ,c_r:'/ CH0 —CM, X
I' ’
O 4 % o xe00H,
30A b XCi

Therefore such decomposition permits us to discuss
conformational phenomena in terms of theoretical or-
ganic chemistry. As an example consider the CNDOJ2
calculations of dimethoxymethane (DMM. 30a) and
chlorine methoxymethane (CMM, 30b) chosen as model
compounds for the investigation of ‘‘generalized
anomeric effect”.'” The values of V, coefficients are
negative for both molecules. The term of dipole-dipole
interaction, V,, has the substantially lower value in
CMM. The term V, which characterized the electron
delocalization, has a small positive value in the case of
DMM and negative value in the case of CMM. Hence.
the anomeric effect can be interpreted in terms of a
balance of dipole-dipole and hyperconjugation interac-
tions: the former prevails in DMM and the latter in
CMM. Thus, these results suggest the different nature of
anomeric effect for oxygen and chlorine substituents.

S.3. The compromise *semilocalized™ approach’'

In this case a molecule is considered as a classical
system with localized bonds using eqn (2). However, for
a certain group or fragment the orbital interaction
(“delocalization™) has to be accounted for. This interac-
tion is treated as a “"quantum chemical conformational
effect™ and is considered as an additional term in egn (3).
Therefore, this effect is not treated as a purely corrective
term in eqn (3). but as one having some physical reason,
some quantum chemical nature.

Let us begin with the simplest case of interaction of
two orbitals (Fig. 1), which results in bonding and an-
tibonding combinations. In this case the upper level is
destabilized more than the lower one is stabilized and
[E]>!E,.”* If these orbitals are occupied by four
electrons, the interaction results in destabilization. This
repulsive interaction 20 was picturesquely referred to as

Fig. 1. First-order interaction of two orhitals with overlap included.
A--four electrons case: B—two clectrons casc.
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the “‘hockey-sticks” effect®® and considered as the
origin of an additional repulsion of gauche-substituents
(see Section 2.3).° An analogous concept has been stated
by Hoffmann®' (“through space™ effect) and by Miller."

R. Hoffmann has developed a more general approach
concerning the ftwo types of electronic interactions,
“through space™ and “through bond" effects.’'~**. Con-
sider briefly this approach. The four electrons “through
space” interaction results in destabilization, as it is il-
lustrated in Fig. 1. However, the interaction of two
orbitals with a total occupancy by two electrons results
in stabilization. Thus, the interaction of antibonding,
@, - ¢ combination (Fig. 1) with some other empty
orbital would be stabilizing. In the case of fragment 20
the bonding, ¢,+ ¢.. and antibonding, ¢,- ¢, com-
binations (Fig. 1) can then interact with orbitals of o-
bond (Fig. 2). There are two types of this “through
bond™ interactions: destabilizing interaction A (Fig. 2) of
doubly occupied orbitals and stabilizing interaction, B.
The latter interaction can be stronger than the former
and the net result of the two interactions can be that the
lone pair interaction is attractive. Hence, the fact of
interaction of orbitals as in 20 does not permit a prioni
conclusion concerning the relative stability of confor-
mers, because “through space™ and ‘‘through bond™
effects can change a relative stability of the conformers
in opposite directions. The concept of non-bonded at-
traction has been developed by Hoffmann,''? Epio-
is™* and Salem'**" who showed its important
stereochemical implications. In particular, the “through-
bond" interaction in the fragment 20 (Fig. 2) has been
suggested as the origin of the general phenomenological

W T

Sy

.

@ 4
7<Q>r

Fig. 2. “Through-bond" interaction.

As another example we shall discuss the application
of this concept to the anomeric effect (see Section 2.2.1).
On the basis of this approach, the conformational
preference is due to the stabilizing interaction of oxygen
p-orbital and a*-orbital of C-X bond. A magnitude of
such attractive interaction depends on the overlap of
orbitals interacting which in turn depends on the con-
formation. Scheme 31 evidences that the overlap in an
axial conformation 31a is better than in an equatorial 31b
one.

[} ]
omigl C-X 3 equotoridl C-X

39y

This conclusion concerning the origin of anomeric
effect leads to some consequences which can be ex-
perimentally proved. In particular, this charge-transfer
from p to o*-orbital has to result in the lengthening of
the C-X bond and the shortening of the C,-heteroatom
bond. which has been actually found for some cases.'
This simple MO representation can be used as a guiding
force for the search of new model compounds having the
same conformational behaviour. For example, the
compound 32a exists preferentially in axial confor-

7D

9 Y OR

32

mation, which can be explained analogously (in terms of
resonance theory as 32b, MO representation 32¢).”*

On the basis of the “'semilocalized™ approach another
explanation for the gauche-effect can be suggested. In
general, If the gauche-conformer is more stabilized than
the anti-conformer, the first may be stabilized, as it has
been assumed above, or the second may be destabilized.
This latter conclusion has been derived from the simple
perturbation treatment taking into account the charge
densities in an cthane fragment 33.7*** Two frontier
orbitals of ethane are shown in Scheme 34."%° If we
begin to increase the electronegativity of X this pertur-
bation will lead to the mixing of the orbitals accounted
and will result in a lowering of the electron density at H,
(34).

“ X ..
K \\\C:—Cu/
SO o
33
o o®

o -

Hence, the most electronegative ligand of C, will tend
to escape the anti-position and to be gauche to the ligand
X. Generalization of this simple “rule of anti-destabil-
ization” permits us to rationalize many conformational
phenomena.”*** Analogous argument has been applied
to the problem of electronic “long-range” and con-
formational effects in 6-membered rings.>' The concept
of anti-destabilization has been also achieved from the
point of view of electron delocalization in an ethane
fragment which is greater for elongated. anti-confor-
mation than for bent, gauche-conformation.”

As an ecxample consider the preference for axial
fluorine in S-fluoro-2-isopropyl-1.3-dioxanes, 9 (X = F).*'
This fact can be explained either by attractive interac-
tions O...F in conformation 9a due to the “through bond™
cffect or by “anti-destabilization” O-C-C-F in equa-
tonial conformation 9b. Now let us compare the ring
inversion barrier in 1.3-dioxanc, 38a, with the onc in
5.5-difluoro-1.3-dioxane, 38b. Because the both alter-
native types of interactions discussed have to be dim-
inished in the transition state, the difference between
these barriers must depend only on the difference bet-
ween the energy of the ground states. In the former case
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the attractive interactions have to stabilize the ground
state of 9aas compared with9band the ground state of 3Sbas
compared with 3%a which has to lead to the
increasing of the barrier for 3%. In the second case the
encrgy of the ground state of 9b has to be raised and
analogously the inversion barrier in 35b has 1o be lower
than in 35a which is consisted with the experimental
observation.”’

Two concluding remarks are in order. Firstly. this
approach is flexible enough to cover many confor-
mational problems even for complex structures. Sec-
ondly, and the most important, it permits us fo discuss
the origin of reference conformational relationships. f.¢.
staggered vs eclipsed in ethane™™ or rotameric con-
formations about C,C.: and C,~C,.: bonds*™
which are considered purely phenomenologically as
inherent in torsional potentials in the classical approach.
A simple orbital approach is now widely and successfully
used for the interpretation of conformational (and clec-
tronic) effects.

CONCLUSION

In this Report we have discussed the problem of
conformational effects including the methodological
aspect. We have attempted to show that this probiem is
treated in different ways by using different theories. The
conformational behaviour of many compounds can be
explained or rationalized by the classical approach.
However some quantum mechanical conformational
effccts may be useful in discussing this problem and
quantum chemical approach permits us to rationalize the
basic conformational relationships. Of course we are still
far from the quantitative and even qualitative prediction
of conformational equilibria, but our theoretical know-
ledge permits us to formulate the search for new con-
formational effects as svnthetical goal. 1t scems clear
that this is a promising field of activity for both synthetic
chemists and quantum chemists. More work is required
to approach the solution of one of the fundamental
problems of conformational analysis. namely prediction
and explanation of the relative stabilities of confor-
mations.
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