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THE PROBLEM OF CONFOKMATIONAL EFFECTS 

After 1he pioneering work of Barton conformatlonal 

analysis became one of the mos1 developed branche\ of 
theoretical chemisIry. The notions. conceprs. and ideas 
Of Confl~rmaIional analySiS are deeply rOOted in OrgZIic 

chemistry and are widely used in the in1crprcIaIion of 

various phenomena. reaction mcchani\m\. chemical 

transformations. etc. General adop1ion of conformalional 

analysis has been IO a considerable degree conditioned 
by the relative simpliciIy and uniicrsality of II\ basic 

pos1ulaIes. especially on the qualitalrvc level ‘The main 
tool is generally Ihc conccprion of \Ieric bulk or silt. .A 
simple accounting of cIeric repulsion permilx us IO 

predict corrcc~ly a large hod) of facts concerning the 
rela1ive stabilities of conformers. Iheu reacIivitic\. the 

stereochemistry of products. erc. Howctcr. quire a large 

number of cases have now accumula1cd in the IiIeraIure 
in which the s1abiliI) of Ihe conforma1ions ;~~uall) oh- 
served canno be explained solely by steric fac1or\. In 
mos1 cases Ihis is especially 1rue for s)sIems containing 

heteroatoms, electron pairs. or polar bonds. Thc\e cases 
are sometimes Ireared a\ special “conformaIional 

cffectt”. To dare many conformarional cRecI\ have been 

proposed. all of which have had some kind of experi- 
mental “verification”. Many of Ihem habe special name\. 
e.g. “gouche”2~’ “rahhif-ears”.“- “hoc-Lea-sric~s”.“” 
“anome&.“~ 11.1L2u 

effect\. Alw \omc eleclronis 

efTcc1s. e.g. “through bond and fhmunh spot-u.“” ..‘I 
“superjacenl”.‘4~” *’ hicyc/e”‘b effecrx. have sometimes 
been involved in Ihe explanation of some conformaIional 
phenomena. 

Such development of conformaIional anal)sIs ha\ led 
lo a paradoxical situa1ion: Ihc abundance of “efTcc1,” 

permits us 10 explain evcrythinp bum IO predic1 clo\c IO 

nothing! Thus. i1 it of inIcre\I and imponancc IO po\e 
fundamenral quesIions: (I) WhaI i\ 1he “conformafmnal 

effccl”? (2) When do we need IO resor1 IO Ihe help of 
“conformarional effecr” for the explanation?. (3) WhaI is 

Ihe origin(s) of the “conforma1ional eliecrs”” The goal of 
Ihis paper is IO discuss the answers. 

I. WHAT fi nrE -c~~~~wAnosAi, ~xmcp 

For 1his discussion we must define precisely wha1 we 
understand by the nofion “conformaIional cffecr”. Firs1 
of all what does the word “effect” mean? We do not 

in1end IO go into an e1ymological discussion and for our 
purposes shall rcs1ricI ourselves IO IWO senses of Ihis 
word. 

Firs1lg. one labels as “an effecl” a cerlain 

phenomenon. which is perfectly explainable by one 
theory bu1 is no1 by oIher rheories. For example. 1hc 
Icrm “quantum mechanical effect” is ofIen used in Iha 

sense. In 1his case. the notion “conformational cffecr” 

has IO reflect the origin of the phenomenon and. Iherc- 

fore. i1 has IO be used in an rriolo~icol sen.re (ride infra). 
Secondly. one labels as “an effcc1” the devia1ion 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 designale 
iIs behaviour as “an efTec1”. In this case the nolion 

“conformaIional effect” has a compara1ive sense. be- 
cause one needs IO have the “standard” or “reference” 

compounds whose conformational behaviour is assumed 
as a “normal” one. Thus the nolion “conformational 

effect” has in this case a purely phenomenolo~ical sense. 
The following could serve as examples of rypical 

“reference” behaviour (a) the relaIive stabili1y of anfi v\ 
gauche-conformations in 1,24subsIiIu1ed ethane 
framework (classical example is n-butane). (b) the rcla- 

1ire sIabili1y of equatorial vs axial conforma1ions in 

monosubsriluted cyclohexanes lmethylcyclohexanel. (cl 
the rcla1ive s1abiliIy of chair vs boa1 conformations in 

b-membered rings and ldl 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. a\ 
“built-in”. as inherent in some structural framework. 

2. PH~N~MK~~IAM;ICM. c-*FUILWAnos,tL ~m7-s 

AI this stage of discussion it is sell IO Lisa briefly some 
of Ihc well-known and most importan phcnomenological 
conformalional effecls. 

2. I Eflecrs O! preference a/ pauche-con/ormafions 
(a) Gauche-eflecr.’ ‘.‘J’ This effccr has been pos~u- 

IaIcd IO explain a tendency of the cIhanc fragment IO 
adopt 1hc conformation which has a maximum number of 
gauche-inlcraclions belween the adjacen1 electron pairs 

and/or polar bonds. This effect has been usually ob- 
\erved in 1hc case of highly clectronegarive substitucnls 

such a\ F or OR (Il. The preference of a gauche-form 
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has also been observed for I-halogenopropanes (e.g. lb. 
X = C’H,. Y = Cl).n.*” 

(b) “R&if-ears” eflecf.“.’ 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 heterocyck? and applied IO 
the rationalization of the conformational behaviour and 

reactivity of cyclic acelaksy) 

2.2 Eflecfs of prejerence of axial conjormofioru in b 
membered rings 

2.2. I. hfonosubstirufed compounds. The preference 
for the equatorial (3h) vs axial (3a) substituents is one of 
the basic conceptions of conformational analysis. 
However. there is one exception even in a monosub 

srituted cyclohexane: the axial conformation is preferred 

in cyclohexylmercuric chloride, 3 (X = HgCI, AG, = 
0.3 kcallmol).” For heterocyclic derivatives such 

B 0 Y.CH> 
b Y-0 
c r.s 

“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. AC_, = 0.68 kcal/mol)Y and Sa.“-n sulfite 6.“-y and 

for a variety of P” derivatives 7 (X = OCH,, Cl).” 

This type of effect often appears in a bmembered 
ring after the insertion of heteroatom(s) which is not 

bonded directly IO a substituents. The most well known 
of them is the “anomeric efecf” which manifests the 

preference of axial over equatorial C-l eleclronegalive 
substituent in the tetrahydropyran ring system &. in- 

cluding the pyranose sugars (from which it received its 
name). This effect has been extensively studied and 
reviewed.‘-“.‘L’o 11 should be noted that conformations 

of cyclic acetals-2-alkoxytetrahydropyrans &an be 
generalized IO the acyclic compounds (“generalized 
anomeric effects”,” cf Section 2.1). 

The predominance of axial conformations has been 
observed for the equilibrium of a number of S-sub 

stituted l.)_dioxanes. 9 (e.g. X = F, NO,. SOCH,. 
SO,CH,),” and Csubstitutcd pytidinium compounds 10 
(X = Cl. OAc. 09~): 

2.2.2. Dsubstifvted compounds. (a) Conjormafional 
eflecrs 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< Cl < Br). A 

formally analogous effect has been postulated for exe- 

x tn, 
II 12 13 14 

olehn 12.U 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 rr.“.e An analogous effect has been observed for 
the exo-methyknecyclohexane system 14.” 

(b) Axial conjonnations oj trans- I ,2-disubsfifufed 
cyclohexanes. These compounds often show a relatively 

increased content of diaxial conformation 15~ for a 

variety of substituents in non-polar solvents.‘.“ This 
effect is especially remarkable for the elements of low 

periods (Br. SR).* Anolhcr interesting effect is the 

increased content of diaxial form 1% for Ihe compounds 

containing the hulky Ccl, group (X = Ccl,). In the 
cyclohexane system this effect has been studied only for 

15 (X = Ccl,. Y = Hal)- but in cyclohexene system 1SA 
it has been observed for a large number of second 

subsfitucnts (X = NO*, CN. COOH, COCI).* 
(c) Axial conjonations of trans-l,ddisubstituted b 

membered rings. This effect has been observed in rrans- 
I .4dichloro, dibromo. and dittifluoroacetoxy cyclohex- 
anes, 16. and has not been studied in detail.)O-” 

0 16 

However, there are some examples of this effect in 

heterocyclic systems, for example lfm and 18.y 

2.3 Efects of de disappearance of decf 
It is possible IO find a rather strict dependence bet- 

ween many phenomenological conformational effects 

and structural features from purely experimental ob- 
servations and consequently IO determine their scope 
and limitations. Hence one can meet another paradoxical 
situation: fhe disappearance oj a cenain conformational 
effect has to be accounted for in ferms of the operation of 
orher new conjormafional eflecf(s). 

Consider some examples. The axial conformation has 
heen observed in a variety of structures of type Sa” and 
8b’* due IO 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 S 
atom at 4 position; the equatorial conformation 19 
became more stable than axial, 8e. one.” and these 
compounds show the “reference normal” behaviour. 
Generalization of these facts permitted us IO suggcs~ that 
de new efiecf oj addifional desfabilizafion of gauche- 
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confonorions is sometimes included in I,!-disubstituted 

ethane moiety.‘.9 This effect is the opposite of the 

gauchee!Tcct and operates for elements of low periods 

having lone pairs like Br. 1. SR. 
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This effect has been rationalized in terms of orbital 

repulsion (tide infra) and taking into account the picture 

of orbital overla 
sticks” efiect.b’ 

P* 
20. it was referred to as the “hockey- 

Consider other examples of the action 

Organic chemistry is now using the ideas, conceptions, 

and principles which have resulted from two basic 

theories which have dealt with molecular structure: (I) 
classical structural theory suppkmented with electronic 

effects and conceptions and (2) quantum chemistry. 

These theories operate with different logics and concep- 
dual apparatuses. To avoid useless “theoretical” discus- 

sions (which are, in fact, ah too frequent) one must 
precisely relate every particular conception IO one of the 
IWO basic theories. Conformational analysis. which is a 

part of theoretical organic chemistry, likewise. did not 

of the effect of additional gauche-repulsion. As it has 

been shown above the sulfoxides 4 tX = 0) and Sa have 
the axial conformation which is the “normal” for 6- 

membered sulfoxides (e.g. 4 (X = CH,)).‘*-” However. 

the axial preference of the sultinyl oxygen is reversed in 
I.)-dithianc-l-oxides and equatorial conformatton 21 

(X = CH,) became more stable than axial conformation 

Sb. For the 1.3.5~trithiane-I-oxide has been found that 

only a single conformation 21 (X = S) is present.” 
Analogously, for compounds 9 and I4 the magnitude of 
-JGx 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 221 due both IO the anomeric 

effect of the OMe group and the axial preference of the 

0 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 
specific interaction of the substitucnts (2.3. see Section 
4.3).” 

In conclusion we would like IO emphasize that the 

authors of some of the above-mentioned conformational 

effects treated them not as purely phenomenological 
ones. but they tried IO ascribe IO them some physical 
sense, to include some sort of rationalization. For cx- 

ample. the “rabbitcars” effect (2) was connected with 

electrostatic interaction of “ears’* and the “hockcy- 
sticks” effect was discussed in terms of orbttal rcpul- 
sion.8.9 

There are also many other conformational “effects” 
and “anomalies”; however. the discuccion of them is 

beyond the scope of this paper. 

The basic theoretical problem of the matter discussed 
could be formulated as a question: What are the origins 
of the conformational effects? However. before an- 
swering this question one first has IO recopni/e that the 
answer depends upon the terminology and the concep- 
tual content of the theory one has chosen IO apply in 
answering Ihe question. One may receive a number of 
answers. each of which is correct from the point of view 
of one 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 cxcced the limits 
of the theory used. 

escape this dualism and uses rhe notions of both 

theories. Therefore, it is expedient IO summarize briefly 

the theoretical principles of conformational analysis and 

IO discuss the problem of conformational effects from 

the standpoints of these fundamental theories. 

4. CLAsslCN. APrROACH 

4. I. Sfetic interactions 
The fundamental notion of the classical theory is the 

bond between a pair of atoms which is marked by a 

valent line. Thus all interactions in a molecule arc 
divided into (i) interactions of bonded atoms and (ii) 

interactions of non-bonded atoms (“mutual influence”). 
Following this logic conformational analysis must take 

into account additively the both properties inherent in 

come 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- 

counling for slcric interactions (actually repulsions) 
which permits us IO make explanations on a qualitative 

level The classical examples arc the consideration of 

gauche-repulsions in I.!-substttuted cthane framework 
and 1.3 H...R or R...R repulsive interactions in axial 

conformations of substituted cyclohexanes. 

This approach can be developed IO a quantitative level. 
In this case conformational analysis is based on cx- 

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. h (eqn 

I). One may designate this sum as an energy of “steric 

inleractions”. E.,,. 

F _,,m = E, + E, + F, + E, ,,. 

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 IO 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 
phenomcnological conformational effect can be 

reasonably rationalized in terms of eqn (I). one may 
refer this effect IO the category of steric conformational 
eflecfs. For example. bicyclo(3.3,l)nonane exists in dou- 
ble-chair conformation U;‘“.“ the difference between 
the energies of conformations 24 and 25b (X = Ht was 

24 Q 25 b 
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estimated IO be 2.7-3.7 kcal/mol.“.~a.b’ This is sig- 
nificantly lower than the AH value, 56 kcallmol. as- 

sociated with the chairboat conversion in cyclohexane. 
The difference results from a strong destabilization of 24 
due IO a repulsion of 3- and 7-carbons and cndo- 

hydrogens. An introduction of 3-tndo-substituent X (25). 

which is bulkier than hydrogen has to lead IO the 
increasing of repulsion in double-chair conformation 251. 

These repulsion interactions can be severe enough to 

change the relative stability of the conformations 2% and 

2!%. Indeed. the preference for boat-chair conformation 
has heen observed in a variety of compounds of type 25 

IX = OH. Br. COOR).“~“’ Other examples of steric con- 
formational effect are the preference for twist-boat con- 

formaIions in t-butyl substituted cyclohexanes (e.g. 

26)“‘” or the operation of attractive steric effect in 1.3.5 
trineopentylbenzene. which leads to the predominance of 

a rotamer with all three neopentyls on the same side of 
Ihe benzene ring.@‘lb 

II is worthy to note here that an order or a magnitude 
of a “size” of substituents depends on their position with 

respecI to the rest of the molecular framework. For 

example. the OH. Br and COOMe groups have elfec- 
lively small sIeric requirements in ordinary cyclohexane 

sycIems, but one has IO regard them as “large” groups in 

the 3-endo position of bicyclo(3.3.llnonanes.” 

27 

Analogously, the low correlation has been observed 
between the values AE,, for the equilibrium 27 and 

corresponding A-values in monosubstituted cyclohex- 
anesH (Discussion of “anisotropy of the van der Waals 

radius” see Ref. 65). 

The concept of steric conformational effects can be 

applied IO the other types of conformational inlercon- 
versions, for example IO 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 rdlionalised 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 thaI of a pyrami- 
dal ground state (MO Iheory of pyramidal inversion see 
Ref. 66~). 

4.2. Eltcrmsfafic inltraclions 
Following the logic of the classical approach, every 

additional inIeracIion of non-bonded atoms in the mole- 
cule has IO lead IO a “non-sIeric conformational effect”. 
which is regarded as the additional term in eqn (I). The 
origins of these effects can be essenlially different. II is 
expedient lo discuss Sepamtely non-specific inleraclions 

(electrostaIic ones) and addirional specific inleractions 
(the conformational effect proper which is specific for a 
certain structural unit) of non-bonded atoms and groups. 

II is evidenI that interactions of dipoles or charges are 
an important factor in conformational conIrol of the 
compounds containing polar bonds and/or charged atoms 
and groups. This electrostatic interaclion must be ac- 
counIed for as a new addiIive term. E,. in eqn (21. 

E = E.,, + E, t E,,, +_,. (3) 

We have to stress that up IO dare fht eqn (2) strws as 
a methodological basis of a consideration of confor- 

marional problems on a yualifarite Ievtl. 
There exists a number of quantitative schemes for the 

calculation of electrostatic interactions in Ierms of eirher 
dipole-dipole or charge-charge approximations. There- 

fore. we can clear-cut define the norion “elccrmsratic 

confonafional tfecf" 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 
effeCI,L.7.11.11 preference for axial conformalions in I ,2-“’ 
and l&disubstiIuted cyclohexanes”.~-” 5-subsIiIuted 

1,3dioxanes 9 IX = S02R, KH,‘).” quaternary am- 

monium ions of type lo.“.” elc. 
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 greatesI and essen- 
tial difficulty in the classical approach IO conformational 

problems. 

4.3. Specific interactions of non-bonded substitutnrs 

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 Ierm in eqn (2) which gives eqn 
(3). These new terms can be referred IO as confor- 
malional effects specific to certain slruclural fragmenls. 
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 IO a discussion of two types of such effects and 

the methodological problem of correcI introducing of 

new conformalional effects. 
Hydrogen bond. An intramolecular H-bond can have 

energy significantly in excess of the usually observed 

energy differences beIween the conformations. There- 
fore a H-bond often operates as a dominant faclor. 

controlling conformational equilibrium. These examples 

are numerous and well studied. 
Coordinational stabilization tfltcf of unstable con- 

formafions. An intramolecular coordination (donor- 
acceptor) bond is well known in organomeIallic che- 
mistry.@ The conformaIional effect discussed is the 

stereochemical consequence of the existence of this 
bond. For example, diequatorial conformation 22b can be 
explained in terms of coordmational inleraction between 

gauche Me0 and HgCl groups, 2.3.“” The confor- 
mational approach permits us IO evaluaIe the magniIude 

of this effect (0.7-0.9 kcahmol”). 
Now let us return IO the problem of introducing 

specific conformational effecrs. As has been sIaIed 
above. they are inlroduced as effecIs additional IO the 
steric and electrostatic ones. In other words, if the 
molecular mechanics calculations using eqn (21 explain 
the conformalional equilibria observed. there is no need 
IO postulate a more complicated explanation via the 
introduction of new effects (Ihe principle of “Ockham’s 
razor”“‘). We shall illustrate this statement with IWO 
examples. The molecular mechanics calculation of 3.7- 

diIhiabicyclo[3.3.l]nonane. 28 (X = CII,). predicts that a 
double-chair conformation. 2& (X = CH,). has IO be 
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more srahlr than Ulb.” However the X-ray” and P%4K- 

29 

daIa” for a related compound 28 CX = 0) csidence a 
preference for a hoar-chair conformufion 28b (X -. 0). 

Thr double,chair gcomeIry of compound 29” also per- 

mlIs us clearly IO climinalc the explanation based on the 

sIerIc arguments: the S,...S- disIancc for 2& (X - 01 

could he cvaluared as 4.05 A (.Schcmc 29). which is 
larger Ihan the sum of van dcr Waals radii of IWO sulfur 
aloms (3 64 ,i"." ). Hence we need 10 posrulare u nen 

c.onjormurionol effecr hut we htxe IO find the origin of 

rhis eflec-r our.\ide rhe limits of Ilte c-lussit~~l uppooch.? 
‘The second example concern\ Ihe equilihrium of Irans- 

I.!&uhsIiruIed cyclohcxancs 15.’ The experimenral 

&,, values have been divided in accordance with ad- 
drrii e scheme: 

u here Xi, and Xi, are the free encrpics of con- 
formational equilibria of corresponding monosuhstiruted 

cyclohexanc\. and term JG*.,v reflects Ihe yuuc-he-in- 
IeracIion of the subsIiIuenls in Ihc dicquarorial con- 
formaIIon 15b. The salues Ux,,. have heen correlated 

with E,,,, and E, (eqn 2) as Ihe plot in coordinates 

A(;,,, - E,,,, vs 15,. If the value JGx,, fall on the 
“borderline” MiN,u E.,,, = E, thaI means rhar con- 
formarional bchaviour of this parricular compound can 

he adequarely mIerpreIed in Icrmh of cleric and elec- 
IrosIaIic inIeracIions of suhsIiIuents. This was prcciccl) 

oh\crtcd for Ihe O/Cl. OIBr and O/I fragmcnls. 

However. Ihe poinIs of 010 and F/I fragmenrs were 
dislincrly in rhc field of addirional artraction and points 

belonging IO SK’I. S/S, SlRr and BriBr fragmenrs were 
disrincrly in the field of addiIional repulsion. In summary. 

iI has hecn concluded IhaI c-onjormofionul behucitw oj 
some compounds IS inces/inured c-an be rarionaked onl~ 
by inwking fhu addifional e&Is, namcl! (a) additional 
ptlut.ht,-allraSllun for the srrong elecIronegaIi\c frag- 

menrs 1010. F/I) and (h) additional Rnuc-lte-repulsion for 
the elemcnrs of low perrods.’ 

Now IUO concluding remarks arc m order. Firsr al- 
rhough rhe logic of the classical approach is saIisfacIory 
in general. Ihe concrcIe practical calculation of stcric and 
especially elesIrosIaIic Ierms is accomplished with con- 

siderable difficulrics. Hence II is often impossible IO give 

induhirahle answers: does one or does one nor need IO 

inlroduce the new specific conformational etTecI (see for 
example Ihe discussion concerning I.?diAuoroeIhane”~“’ 

or anomeric cffec1” ‘* 1. Secondly. the identification of 

the specific effect is only one aspect. A chemist needs IO 
explain rhe nature of the specific effects. However, the 
classical theory cannor answer Ihis question hecause Ihe 
notion “specific conformaIional cffec~” is Ireated as a 

phenomcnoloplcal one. Hence. we need IO apply quan- 

IIII~ mechanical Ihcory in anal>rmg Ihis problem. 

The logic of quantum chemistry is ahsnlutely different. 
Firs1 every molecule is considered as a whole. namely as 

a set of a certain number of nuclei and clcctrons. Hence 
Iherc emerges no n&n of a hmd heIween pairs of 

aIom\ in quamu! chemisIr)f and roughly speaking. 
ever) aIom is hondcd wiIh ever) orher. Secondly Ihcre 

emerges no set of Iransferahlc properries associaIed wirh 
Ihe noIion of a functional group.“ ‘Therefore. quanIum 

chemistr) I\ noI well suited h) IIS nature IO operate wIIh 
addiIlvc \chemc\. 

‘I’hc sol&n of conformafional problems by quantum 
chemical method\ In principle comes IO following: one 

has IO \olsc Ihe Schriidingcr cquaIion for a terrain 
sysIem of mlclci and elecrrons in order IO ohrain Ihc 

dependence of energy on geometry In the s)-sIem under 
consideraIion. In orher words the problem consisIs in 

calcularing the energy surface as a fun&n of the nuclei 

coordinares: rhe minima on thus surface will correspond 
IO stahlc conformarions and the “saddle” points IO 
conformational barriers. AI IhIs stage of Ihc dIscussion 

one importanr poinr has IO he emphasircd: in this fun- 
damcnIal approach Ihe norron “conformational cffcct” 

does nor cmcrgc aI all! A calculaIion of every parlicular 
molecule can be performed. and if iI i\ correcI. one has 
IO per Ihe descripIion of the conformaIIonal behaslour 

which auromaricall) conforms to Ihe cxpcrimcnIal data. 

Hence it has IO be clearly undcrsttxxl IhaI a particular 

calculation describes a parIicular conformarional event 

bum conIrihuIe\ IiIIle IO the solvmg of conformational 
problems in penera1.P ‘The mosI ImporIanI quesrion here 

is IO exIract the chemicalI) useful pIclurc. IO make the 
conceplual gcneralitalion Such “conceplualizalion” 

erlracled from quanlum chemical descripllon and ex- 
pressed in Ierms of Ihcorcrical organic chemi\Iry has IO 

represenl Ihc IheoreIical conIenI of conformational 

analksi\.’ A chemisI needs chemicalI) sound models. 
need\ an “understanding” of [he calculation which 

means IhaI he may predict on a qualitarive level on the 
basis of chemical conccprions the compuIaIion daIa.” 
The emphasis, therefore. of this scctlon will not he on 

particular calcularions hug on Ihcir conceplual conIenI. 
Two approaches could hc outlined here. The firsI one 

i\ connccrcd wIIh the prohlem of Ihe parIiIloning of lotal 
energy inIo iIs componenI parIs. ‘This energy-component 
descrlpIlon can permir us IO ;tnal)re Ihcu relatisc im- 
porIance for conformarional barriers and sIahility of 
conformatans e~c. This approach is especially useful if it 
is possible IO ascribe IO Ihesc energy componenIs some 
really sound sense in Ierms of IheoreIical organic 
chemistry. 

Secondly the compromise. “semilocalired” approach 
is widely used.” The MO-equivalent of Ihe classical 
noIIon of the bond IS the noIion of localized orbital. The 
compromise consisIs in using a seI of localized orhitals 



and accounting for the delocalization of only a pan of 
them. Thus one considers only “lakes” of dclocalization 
on “a continent” of localizationt The basis of this 

approach is usually the perturbation method which has 
gradually become the general language of modern 

theoretical organic chemistry.“J’.za.n-7P Hence one can 
evaluate the quantum mechanical interaction for a ccr- 

lain fragmenl and account for it as an additional term in 

a classical picture (e.g. using eqn 3). 

5.1. Eneyy componenr (E,,, and E,.& analysis 
The toral energy, E. of a system can bc partitioned into 

four components: the nuclear repulsion potential, V,,: 
the electrontlectron repulsion. V,,; the kinetic energy of 

electrons, T. and the atu-acrion of electrons for the 
nuclei. V,.“” The first three terms represent the rc- 
pulsive term, E,,; the last one is the attractive term, E.,, 
(cqn 4). In conformational transition between two con- 

formations. the energy change, AE, can be expressed by 
eqn (5). If WC accept the approximation that the virial 

E = (V,, + V, + T) + V, = E,,, + E.,, (4) 

AE = AE, + AE.,, (5) 

AE = (AV, t AI’,, + AVJ2 (6) 

theorem. AE = -AT. holds, eqn (5) is transformed into a 

three component eqn (6)” Therefore. the energy 
difference between the two conformations (between IWO 

minima or between minimum and maximum = barrier) 
depends on a delicate balance between the attractive and 

repulsive forces. If AV, + AV,, > IAV,I the steric bulk 
approach is satisfied and gives the correct predictions of 

the stability of conformarions. If IAV,l > AV,, 7 AV,. 

the steric approach fails. 
This energy-componem approach has been applied IO 

the problems of gauche-effect.‘.’ rotation in n-butane 
and ring reversal in cyclohexaneSM pyramidal in- 

version,6Md’ II gives the physical picture of confor- 
mational processes (sec. e.g. the conception of “at- 

tractive and repulsive barriers’“‘). Yost impoflantly. it 
offers an explanation for the occurrence of an atuactive 

stcric interaction which cannot be satisfactorily handled 
in other ways. However. it is sometimes difficult (i) “IO 

translate” this approach inlo usual chemical language 

and (ii) IO predict the energy-componcnr balance based 
on chemical conceptions. and this approach has still IO 
“be considered as interpretive rather than a predictive 

l~l”.” 

5.2. Fourier-type expansion of the porenrial /unction 

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

V(q)=$!$(I-cosnc). (7) 
n-l 

Usually only the first three terms of the expansion are 
considered. This separation of V(e) into three com- 
poncrus permits us 10 analyse the conformational pro- 
blems because it is possible IO ascribe to the\e terms a 

definite chemical sense. Usually the one-fold potential is 

+In facr this approach IS very famtliar IO orpanicAcmt\r\. For 

example the ryp~cal model of un\aruratcd compound\ include- 
the locallzcd a-framework and the dclocabtion of p-orhtlals. 

related IO dipole-dipole interaclion and the three-fold 
polcnlial is considered as the intrinsic one.‘7.“e The IWO 

fold potential is attributed IO electron delocalization 
involving o-electron withdrawal and n-electron donation 
(hypcrconjugation). Formulas 3OA represent this effect in 
terms of “no-bond” resonance (MO-description see 
Section 5.3): 

CM,0 -_;H2X 

30 0 XCCH, 

b X-Cl 

Therefore such decomposition permits us IO discuss 

conformational phenomena in terms of theoretical or- 
ganic chemistry. As an example consider the CNIW? 
calculations of dimethoxymethane (DMM. 3Oa) and 

chlorine methoxymerhane (CMM, sob) 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 V2 which characterized the electron 

delocahzarion. has a small positive value in the case of 
DMM and negative value in the case of CMM. Hence, 

the anomcric effect can be inrerpreted in terms of a 

balance of dipole-dipole and hypcrconjugation imerac- 
lions: the former prevails in DMM and the latter in 
CMM. Thus, these results suggest the differem nature of 

anomeric effect for oxygen and chlorine substinrenrs. 

5.3. The compromise “semilocalized” approach” 
In this case a molecule is considered as a classical 

system with localized bonds using cqn (2). However. for 

a cerlain group or fragment the orbital interaction 
(“delocalization”) has IO be accounted for. This imerac- 

tion is treated as a “quanlum chemical conformational 

effect” and is considered as an additional term in cqn 13). 
Therefore. this effect is not treated as a purely conccrive 
term in cqn (3). but as one having some physical reason. 

some quamum chemical nature. 
Leet us begin with rhc simplest case of interaction of 

IWO orhitals (Fig. I). which results in bonding and an- 
tibonding combinations. In this case the upper level is 

destabilized more than the lower one is stabilized and 

IE,I > :EJnb4 If these orbitals are occupied by four 
electrons. the imeraction results in destabilization. This 

repulsive interaction 20 wa\ picturesquely referred to as 

7; . . f 
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Fig. I. Ftrsr.ordcr interactton of IWO orblralc u-llh obcrlap mcludcd. 
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the “hockey-sticks” effec~‘~~ and considered as the 

origin of an additional repulsion of go&e-substituents 

(see Section ?.3).’ An analogous concept has been stated 
by Hoffmann” (“through space” effect) and by Muller.” 

R. Hoffmann has developed a more general approach 
concerning the far) types of electronic interactions. 
“through space” and “through bond” effects.“-“4. Con- 
sider briefly this approach. The four electrons “through 
space” interaction results in destabilization, as it is il- 
lustrated in Fig. I. However. the interaction of two 

orhitals with a total occupancy by two dccfronr results 
in stabilization. Thus, the interaction of antibonding, 
cp, - el. combination (Fig. I) with some other empty 

orbital would be stabilizing. In the case of fragment 20 

the bonding, e, 4 e2. and antibonding. ct, -e,, com- 
hinations (Fig. I) 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 orhitals and stabilizing interaction. B. 

The latter interaction can h stronger than the former 
and fhe net resulr of the IWO interactions con be fhof fhe 

lone pair interaction is orrrucrice. Hence, the fact of 
interaction of orbitals as in 2# does not permit a priori 

conclusion concerning the relative stability of confor- 

mers, because “through space” and “through bond” 
cflccts can change a relative stability of the conformers 

in opposite directions. The concept of non-bonded at- 

traction has been developed by Hoffmann,“~‘z Epio- 
tism.” and Salem”.” who showed its important 

stereochemical implications. In particular. the “through- 
bond” interaction in the fragment 20 (Fig. 2) has heen 

suggested as the origin of the general phenomcnological 
gauche-cffect.~ 

This conclusion concerning the origin of anomcric 

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 CI-hetcroatom 

bond, which has been actually found for some cascs.lb 
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- 

Fig. !. “Throughhend” 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 stabilixing interaction of oxygen 
p-orbital and o’-orbital of C-X bond. A magnitude of 

such attractive interaction depends on the overlap of 

orhitals interacting which in turn depends on the con- 
formation. Scheme 31 evidences that the overlap in an 
axial conformation 31r is better than in an equatorial 31b 
one. 

b 
32 

mation, which can be explained analogously tin terms of 

resonance theory as 32b. MO representation 32cLF” 

On the basis of the “semilocalized” approach another 
explanation for the gowhe-effect can be suggested. In 

general. if the golrchcconformer is more stabilized than 
the anti-conformer, the first may be stabilircd. as it has 

been assumed above. or rhe second may be destabilized. 
This latter conclusion has been derived from the simple 

perturbation treatment taking into account the charge 
densities in an ethane fragment 33.“bm Two frontier 
orbitals of ethane are shown in Scheme 34.“-W 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. 

Hence. the most electronegative ligand of CI will tend 

to escape the anti-position and to be gauche to the ligand 
X. Generalization of this simple “rule of onri-destahil- 
ization” permits us to rationalize many conformational 

phenomena.nbu Analogous argument has been applied 
to the problem of electronic “long-range” and con- 
formational effects in &membered rings.” The concept 
of anti-destabilization has been also achieved from the 

poim of view of electron delocalization in an ethanc 
fragment which is greater for elongated. onri-confor- 
mation than for bent. govcht-conformation.* 

As an example consider the preference for axial 
fluorine in S-fluoro-2-isopropyl-l,3-dioxancs, 9 (X = F).” 
This fact can be explained either by attractive intcrac- 
lions O...F in conformation 9a due to the “through bond” 
effect or by “onri-destabilization” SC-C-F in cqua- 

torial conformation 9b. Now let us compare the ring 
inversion barrier in I.3dioxanc. 3%. with the one in 
5.5.difluoro-I.3dioxanc. 3%. 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- 
wecn the energy of the ground states. In the former case 



XI 0 X-*, 

b x.F 

the aIIractive interacrions have IO stabilire the ground 

slareof9aascomparcdwith9bandthegroundsraieof3Sbas 
compared wiIh 35s which has IO lead IO the 
increasing of the barrier for 3s. In Ihc second case the 

energy of the ground shoe of 9b has IO be raised and 
analogously the inversion barrier in 3Sb has IO be /ower 

Ihan in 3% which is consisted with the experimental 
observalion.” 

Two concluding remarks are in order. Firsrly. this 

approach is flexible enough IO toter many confor- 

malional problems even for complex slrucIurcs. Sec- 

ondly. and Ihe most imporlant. it permits us IO discuss 
the origin of rejerence confwm~~ronal relufionships. f.c. 

staggered vs eclipsed in cIhaneR.* or rotamcric con- 
formalions abour C,,K.,: and C+-C,,: bonds.yI.9‘ 

which are considered purely phenomenologically as 
inherent in torsional potcnrials in the classical approach 

A simple orbiIal approach is now widely and succe\cfull) 
uwd for the inlerpretation of conformational (and clcc- 
Ironic) cffecls. 

C(hXI.4sM~Y 

In this Report we have dixussed Ihc problem of 
conformarional effect\ including the methodological 

aspect WC have altempted IO \how Ih;lt Ihr> problem i\ 

treated in different way\ by using different theories. Th-e 
conformational behaviour of many compounds can be 

explained or rationalixd by Ihe classical approach 

However some quanIum mechanical conformational 
effccI\ may be useful in discussing this problem and 

quanIum chemical approach permiI\ ux IO rationalize the 
basic conformarional relarionshipx Of cour\e UC are still 

far from Ihe quantiralivc and cken qualitative prediction 
of conformaIional equilibria, buI our theoretical knou- 

ledge permit\ us IO formulate the search jar new con- 
fmwfiono/ 4fem as ry~hefical goal. II stems clear 

that IhI\ i\ a promi\inp field of acIivity for both 9ynIhcIic 

chcmi\Is and quanrum chemI+,. More uork is required 

IO approach the \oluIion of one of Ihe fundamenral 

problems of conformational analysis. namely prediction 
and explanation of Ihc relarive stabilities of confor- 
malions. 

ArfnorlrdRlmmr~-‘l‘hc auIhor IS exlrcmcl) grr~cful for Ihc 
tuggcrIhm% of many colle~pws who cncouragcd hrm IO pursue 

and IO publish thr\ re\carch. .Author 15 al\o prarcful IO Sheila 
McCarl) for rmpro\mg and cxIraordinary help in tran\laIion of 
Ihi\ mrnu\cripI. 
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