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The simple Hiickel molecular orbital method was applied to explain energy differences 
between isomers and conformers of a number of saturated hydrocarbons. First the energies 
of the various known forms of n-butane, cyclohexane and cyclopentane were matched by 
varying the Coulomb integral a according to the non-neighbor interactions by which a given 
carbon orbital is affected. The parameters obtained in this way were then applied to more 
complex saturated hydrocarbons. Good agreement with experiment was obtained whenever 
data were available. Extra  resonance integrals (fl) between non-neighbor atoms were not 
introduced. 

La simple m6thode des orbitMes mol6cu]aires de Hfickel a 6t6 utilis6e s interpr6ter les 
diff6rences d'6nergie entre les isom~res et les conform~res d 'un grand nombre d'hydrocarbures 
satur6s. Les param~tres n6cessaires ont 6t6 obtenus s partir des 6nergies eonlmes du butane 
normal, du eyclohexane et du eyelopentane en variant l'int6grale Coulombienne, a, selon les 
interactions entre atomes non-contigus qui affectent un carbone donn6. Les param~tres Mnsi 
obtenus ont 6t6 ensuite appliqu6s aux cas des hydrocarbures satur6s plus complexes. L'accord 
avec l'exp6rienee est tr~s satisfaisant dans tous les  cas off des donn6es exp6rimentales sont 
disponibles. On n 'a pas introduit d'int6grales de r6sonance (fl) entre atomes non-contigus. 

Die einfache Hfickelmethode wurde zur Berechnung yon Energiedifferenzen zwischen 
verschiedenen Konformationen bzw. Isomeren yon gesattigten Kohlenwasserstoffen beniitzt. 
Dabei warden zun~chst die Coulombintegrale der verschiedenen Formen yon n-Butan, 
Cyclohexan und Cyelopentan justiert. AnschlieBend wurden die so gewonnenen Parameter 
bei der Berechnung weiterer Verbindungen verwendet, wobei die ~)bereinstimmung mit 
experimentellen Daten, soweit diese vorlagen, als gut zu bezeichnen war. Eigene Resonanz- 
integrale fiir nicht benachbarte Atome wurden nicht eingefiihrt. 

Introduetion 

In a recent paper HOFFMA~ [9] made an attempt to correlate a great number 
of facts of organic stereochemistry by using the simple Hfiekel molecular orbital 
approximation. He used a very simple parametrization originally proposed by 
MULLIKEZ~ [19] taking the valence state ionization potential for a given atom as 
the Coulomb integral and the arithmetic mean of the Coulomb integrals of two 
atoms forming a bond multiplied by the overlap integral and an empirical constant 
as the resonance integral. He used the valence-state ionization potentials given 
by SKr~)z~R and PRI~C~Aa~) [25, 31]. 

This simple scheme has the great merit of being universally applicable to all 
types of molecules and it had a partial success in interpreting certain stereo- 
chemical facts thanks to a very rapid computer program making it possible to 
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carry out calculations for a great number of geometrical arrangements for each 
compound. 

Conformational problems are recognized to be those of non-neighbor or long 
distance interactions between non "chemically" bonded atoms so the heart  of the 
problem is how to represent best these interactions. Hoffmann's  method consists 
in doing this by  introducing resonance integrals between non-neighbors and this 
is indeed the most natural  approach. 

I t  occurred to us, however, tha t  it may  not be the best one. Since we wish to 
remain within the framework of the IIiickel method we have to ask what are the 
changes tha t  undergo the Coulomb integrals (c~) and the resonance integrals (/~) 
in going from one stereoisomer to the another or one conformation to the other. 
Now, if we think of the non-neighbor /? as quantities roughly proportional to 
overlap integrals they are seen to be very small and they may  not represent the 
greater part  of the interaction between non-neighbor atoms. On the other hand 
if we explicit the Hamiltonian we have for a Coulomb integral related to an 
atomic orbital p, with the usual notations 

cr = I Zv(u) He~ )/p(u) d~u 

= (T:pp)  + (p:pp) + ~ (q:pp) 
q r  

or, by the GO~PPERT-MAYEa and S~:LAR approximation [6] 

~p = W2p--  ~ [(PP[qq) + (q:PP)] 
q r  

where all monocentric terms are contained in W2p and all atomic orbitals are 
considered. Both the (pp I qq) and the (q:pp) are functions of distance, undergo 
appreciable changes when the distances are altered and the former remain im- 
por tant  at distances where the overlap integrals are negligible. I t  can be shown, 
on the other hand that,  in the Pariser and Parr  approximation [20] the resonance 
integrals m a y  be considered as properties of one given link only (see [10]). 

These considerations lead us to make an a t tempt  to assess eonforma~ional 
problems by  a method based on the variation of ~ without introducing extra fi 
for representing non-neighbor interactions. 

Outline of the method 

The simple Hfickel method was applied to the case of saturated hydrocarbons 
[29, 30] in two different approximations. 

The cruder one, labelled "C" approximation disregarded not only the hydrogen 
is  orbitals but  also those carbon sp 3 hybrides which are bonded to a hydrogen 
atom. Thus the molecular orbital is simply a linear combination of those carbon 
sp 3 orbitals which establish the carbon - -  carbon bonds (Fig. t ;  ref. 5). The 
calculation process is, of course, the same as what is currently used in ze electronic 
systems. 

In  the other approximation, called the "H" approximation all carbon sp 3 
orbitals and hydrogen Is orbitals were introduced. 

FUKUI, ]4~ATO and YONEZAWA [5] and KLOP~AN [13, 14, 15] have later shown 
tha t  these simple methods have a surprising success in computing heats of 
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format ion  and  ionizat ion poten t ia l s  of s a tu ra t ed  hydrocarbons .  Na tu ra l ly ,  agree- 
men t  with exper iment  depends  on the  choice of the  pa rame te r s  enter ing the  
re la ted  secular  equat ions.  

I n  the  "C" app rox ima t ion  there  is only  one p a r a m e t e r  whose de t e rmina t ion  
is causing problems.  This is the  choice of  the  resonance in tegra l  fi' = mfl for the  
in te rac t ion  be tween two hybr ids  belonging to  the  same carbon atom. (fl is the  
resonance in tegra l  be tween two h y b r i d  orbi ta ls  d i rec t ly  bonded  together . )  Y o s m -  
z v ~ I  [33] de te rmined  m from the  exper imenta l  values  of  the  dipole mome n t s  of  
halogen subs t i tu t ed  paraffins and  ob ta ined  t h a t  m 2 = 0.12. 

FuKvI ,  KATO and  YoNEzAw~ took  the  posi t ive  square root ,  + 0.34 bu t  la te r  
KLOPMA~ has shown t h a t  a be t t e r  and  a lmost  perfect  agreement  is reached wi th  
the  exper imenta l  ioniza t ion  poten t ia l s  and  heats  of  fo rmat ion  s imul taneous ly ,  
for normal ,  b ranched  and  cyclic paraffins i f  m is given the  negat ive  sign. KLOPMA~ 
was able to  show too t h a t  in t roducing  a p a r a m e t e r  for represent ing  this  2 -  3 
in te rac t ion  is ac tua l ly  equiva len t  to  in t roducing  the  i -  4 in te rac t ion  ins tead ,  
the  respect ive  secular  de t e rminan t s  being ident ica l  [14, 15] (Fig. 1). 

H H / /  

I /  M _ J  " ~ V 5/ 

/7 // /r 

Fig. 1. Carbon s p  a hybridized orbitMs in n-butane 

I n  the  "H" app rox ima t ion  several  pa rame te r s  are needed.  I-Iere too we 
prefer red  using KLOP~A~'s pa rame te r s  r a the r  t h a n  SANDO~F~'s [29] and  F [ r K v f s  
[5] ear l ier  values for reasons s imilar  to  those ment ioned  above.  The pa rame te r s  
needed are for 1,4 in terac t ions  of  C - -  C - -  C, C - -  C - -  t I  and  I-I - -  C - -  H types  

equal  to  raft, dfl and  pfl respect ive ly ;  f i c -~  = tfl and  c~i~ = ~c + nil. 

Their  numer ica l  values given b y  KLOPMAN are : 

m = --  0.3305 t = 1.2375 
d = - 0.~10~ n = 0.4049 
p = - 0.0806 

~u adop t ed  these values  in our  calculat ions using the  "H" a pp rox ima t ion  
and we took  m = - -  0.35 when using the  "C" approx imat ion .  Our/7 was f ic -c  = 
39.036 Kcal /mole  in bo th  approx imat ions ,  essent ia l ly  the  same as KLOP~AN'S, 
ob ta ined  from the  exper imenta l  hea t s  of  fo rmat ion  of  me thane  and  e thane  [14]. 

This basic pa rame t r i za t ion  does not  enable us to  differeneiate among different  
conformat ions  of  the  same compound  since this  requires  t ak ing  into  account  
in terac t ions  more  d i s t an t  t h a n  1 - -  4 (see Fig. I).  We  achieved this  b y  va ry ing  c~ 
as descr ibed in the  following section. 
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n -Butane  and eyelohexane 

We first t r i ed  to m a t c h  the  exper imen ta l  t o t a l  energies and barr iers  to  in te rna l  
ro ta t ion  in  the  case of n -bu tane  since this  molecule is t a k e n  as a reference com- 
pound  in m a n y  conformat ionM problems  and  the  m e t h o d  of  solving molecules 
in to  n -bu tane  systems,  or ig ina ted  b y  TuI~Nn~ [32] has been followed b y  m a n y  
au thors  [4, 7]. 

The expe r imen ta l  po ten t i a l  curve is shown in Fig.  2 t a k e n  f rom MIST,OW 
(ref. [18] p. 37) as a funct ion of  the  tors ional  angle, wi th  the  energy of the  t r ans  
conformat ion  t a k e n  as zero*. 

The energy of  the  gauche form is expe r imen ta l ly  known to be 0.8 - -  0.9 keal/  
mole  higher  t h a n  t h a t  of  the  t rans  and the  energy of  the  ecl ipsed form b y  4.4 - -  6.1 
kcal /mole  (see refs. [11, 22]). Now using the  "C" a pp rox ima t ion  i t  was easy  to  
follow this  po ten t i a l  curve in va ry ing  only  the  Coulomb integral ,  ~, of the  two 
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J0~ig. 2. Torsional strain (I/9) as ~ function of angular displacement (Ag) in molecules of type A--CX~--CX~--B 

end sp a orbi ta ls  (1 and  6) wi thou t  in t roduc ing  ex t r a  fls. The C - -  C pa r t  of the  
hea t  of  fo rmat ion  of  t r ans -n -bn tane  is, sub t rac t ing  the  energies of the  t en  C - -  H 
bonds  (this q u a n t i t y  being considered as a constan~ for all molecules) 10. ( - -  98.2t4 
kcal/mole) ,  N c - c  = - -  239.29 kcal /mole = 6.t299 ft. 

I n  order  to  lower th is  value  b y  0.9 kcal /mole = 0.0231 fl we needed a supple- 
men t  equal  to  c~ I = - -  0.0116 fl to  the  Coulomb integrals  re la ted  to  orbi ta ls  l and  
6. A t  c( = - -  0.0456 fl we ob ta ined  the  height  of  the  bar r ie r  for in te rna l  ro t a t i on  
t rans  - ,  gauche (3.5 kcal/mole),  and  a t  ~ '  = --  0.0573 f i - -  ( - -  0.0797 fi) the  energy 
of  the  eclipsed form ( 4 . 4 -  6.1 keal/mole).  

So i t  is seen t h a t  b y  a va r i a t ion  of c~ we can m a t c h  the  po ten t i a l  curve of  
n-butane .  One m a y  ask i f  we are not  to  mod i fy  as well the  ~ in  2 and 5 since these 
two mus t  v a r y  at  the  same t ime  as I and  6. However ,  since these modif icat ions 
concern the  d iagonal  t e rms  in the  secular  de t e rminan t  i t  does make  no difference 

* We are very indebted ~o Professor K. MISLOW and ~o W. A. BE~JAMIX, Inc. for the per- 
mission of reproducing l~igs. 2 and 3. 
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if we give one extra cd to a given term or cd/2 to two terms. I t  is hoped that the 
empirical adjustment of c~ will allow for the small 1 -  5 type interactions too 
and that  it will cover the changes in the mutual repulsion of the nuclei as well. 

The same calculation was made with the "H"  approximation. The same cd as 
were used with the "C" approximation are again able to match the maxima and 
the minima of the potential curve. Alternatively we may give an ~ = - -  0.0033 fi 
to the hydrogen Is orbitals obtaining the same results. 

We went on applying our scheme of ~ variation to cyclohexane. For cyclohexane 
there are the following conformations: "chair", "boat" and "twist" or "skew 
boat". The energy differences are, if the energy of the chair form is taken for zero, 
5.5 kcal/mole (twist) (Fig. 3) [12] and the energy of the boat form has been 
calculated as 1.6 kcal/mole more than the energy of the twist form [8]. Using the 

kcal/mole ~5 kca//m01e 

Reac//on coordzna/e 

Fig. 3. Torsional isomerism in eyelohexane 

"C" approximation we matched the 7.1 kcal/mole of the boat form in using 
c~' = - -  0.046 8- As to the skew boat form we have to change all the ~ since in this 
form all relations between diagonally placed carbons are the same, and different 
from those in the chair form. - -  0.0117 ~ was needed for obtaining 5.5 keal/mole 
(Fig. 3. Ref. [18], p. 77). 

A similar treatment may be carried through with the " I t "  approximation. 
For the more complex molecules we only used the "C" approximation. I t  is seen 
that, other things being equal, the total energies vary in a near linear way with 
the value of ~. We used these empirical c~ values in our calculations related to 
more complex molecules. 

Application to other Saturated Hydrocarbons 
Using the parameters obtained from the treatment of n-butane and cyclohexane 

we treated a number of other conformational problems. 
Methylcyclohexane is known to have two conformations, equatorial and axial, 

while the cyelohexane ring itself has the chair form in both cases. In  the axial 
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conformat ion the me thy l  group is in such a posi t ion t ha t  the  Cmethyl - -  Cring bond 
axis makes  a d ihedra l  angle of  60 ~ with  the  two C -  C bonds  whieh are i ts  
second neighbors.  This s i tua t ion  is analogous to  the  one present  in the  gauche 
form of n -bu tane  and  therefore  we appl ied  the  c~ I = - -  0.0116 fi correct ion to  the  
app rop r i a t e  orbi ta ls  in order  to  represent  t - -  6 t ype  in te rac t ions  (see the  figures 
in the  Appendix)  (c*;4 = 2 " ( - -  0.0116 fi); c~ 4 = c~; = - -  0.116 fi since C14 is impl ied  
in two 1 - -  6 t ype  interact ions) .  

I n  the  equa tor ia l  form we have t rans  re la t ionships  ins tead  of  the  gauche ones, 
and  no ex t r a  pa rame te r s  were applied.  

I n  this  manne r  we ob ta ined  a lmos t  exac t ly  the  exper imenta l  energy difference 
be tween the axial  and  equa tor ia l  forms, 1.8 keal/mole,  the  l a t t e r  being more  
stable.  

Similar  success has been achieved wi th  the  d imethylcye lohexanes .  The resul ts  
are shown in the  tab le .  

F o r  one isomer,  the  eis-l,3 (axial,  axiM) d imethy leye lohexane ,  we needed a 
new p a r a m e t e r  to  represent  the  ex t ranue lea r  in te rac t ion  be tween  the  two m e t h y l  
groups which are on the  same side of the  ring. A va lue  of c~ I = - -  0.0486 fi was 
needed to  m a t c h  the  exper imen ta l  energy difference - -  5.1 kcal /mole be tween the  
eis- l ,3 (axial,  axial)  and  eis- i ,3  (equatorial ,  equator ia l )  forms and we used this  
p a r a m e t e r  in o ther  eases where s imilar  in terac t ions  occur. (Uis-syn-cis perhy-  
d rophenan th rene  and cia-syn-cis perhydroan thraeene) .  

W e  appl ied  the  same technique  to  deealines, pe rhyd rophenan th renes  and 
pe rhydroan th raeenes .  I n  each ease i f  an  orb i ta l  is engaged in n (t  - -  6) t y p e  inter-  
act ions i t  was given a p a r a m e t e r  ~ '  = n ( - -  0 .01t6 fl). Al l  these are compi led  in 
Tab.  t and  compared  with  exper imen ta l  resul ts  when avai lable .  

The exper imen ta l  d a t a  were t a k e n  from l%ossI~I'S et  al. compi la t ion  [26] 
for oyelohexane and  eye lopentane  der iva t ives  and f rom ELIEL and  al. [g] for 
deeal ine (p. 231), pe rhyd roan th raeene  and  pe rhyd rophe na n th r e ne  der iva t ives  
(p. 233 to  236). F o r  the  l a t t e r  two categories  of  molecules the  expe r imen ta l ly  
de t e rmined  order  of  s tabi l i t ies  is the  same as wha t  we ob ta ined  in our calculations.  

I n  order  to  ca r ry  out  s imilar  calculat ions on eyc lopentane  der iva t ives  and  
steroids we need pa rame te r s  for the  eye lopentane  ring. 

Cyelopentane  is known to have  two conformat ions ,  the  "enve lope"  form, in 
which one carbon a tom projects  out  of  the  plane of  the  o ther  four;  the  "half. 
cha i r"  form, in which th ree  neighbor ing carbon a toms  lie in one plane,  while the  
o ther  two are twis ted  in such a way, t h a t  one lies above  and the o ther  below the  
plane (these carbons are equ id i s t an t  from this  plane.  See figures in the  table) .  I n  
the  "enve lope"  form there  are five 1 - - 6  t ype  in terac t ions  one of which corre- 
sponds  to an ecl ipsed s i tua t ion ,  two to a nea r ly  gauche s i tua t ion  and two to an 
in te rmedia te  s i tuat ion.  The pa rame te r s  used to  m a t c h  the  exper imen ta l  hea t  of 
fo rmat ion  were, in the  same order, 

~ = - -  0.046 fi, 0 and  - -  0 .0i28 f i .  

The "half.chair" form is in the  presen t  ease considered as approching  the  
ideal  equa l ly  s taggered form, and  all the  1 - -  6 in te rac t ions  are t a k e n  as approxi -  
m a t e l y  equal.  The p a r a m e t e r  needed would then  be c~ ~ = - -  0.0143 ft. 
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U'yclokexsmes 

thoU:' //~ "~ 166/, z/3 

S~evi-boa/ ~ 1655.95 

b~ot ~ 1651.31 

Pletkyj cyctokex~nes 
E talc. 

eq~/orla/ ~ lgqO.g3 

c:xi~/ ~ 1938.81 

Zgk~?e//:f/ ojc/o]Texane~ 

1,i 

1,2 e,e 

1,2 e,a 

1,3 e,a 

1,3 8,e 

1,3 ~,a 

~ e,e 

/// a~a 

Table 

Decsh'nes 
E calc. AEc~Ic. Eexp. AEexp. Ecalc. AEculc. AEexp. 

"/68/.19 troths ~ 261Z09 

5~B 55 0i$ ~ 267938 2.7I ;2.7 

1.83 ~8 
troins 2 95zl.�E 
9-rag~by~ 

AEcalo. Eexp. AEexp. ~ ' ~  
I941.Y1 CT_m~thy I ~ 295~.01 0.93 ~5 

1..79 ~8 

_Cvc/oneztazes 
s AEcz/c. Eexp. AEexp. / ~  Ec~/c, Eexp. 
2220.05 2219.Q7 envelope 1378.8D 1378.83 

Z218.96 W219.95 puc/(ereg ~ 1378.85 1378.83 

221Z17 221Z99 

zzm.z7 IV/ethyl - cmd 2ikoetkyj:_Ayclonen/unes 
[ culc. E exp. 

22m.o5 a~sg.m 1 ~ , / -~ / j~  1858.m m59.~o 

2219.85 2221.08 i: 1 1932z19 "19J8.10 

22z~9~ 55 5~ 5z e,e Z ~  s93z33 193zao 

, . i ' ~  --- 22Y9.85 2221.03 1,2 ~,e / ~  q93~51 qJm~oz 

~ 221,~.05 2219.12 S,3 e,e / ~ /  193Z3i193Z60 

~ 22,6.25 f,3 8,~' / ~  ,93~6,193ZOC 

All energy values are given in kcal/mole. ~(E - E ~) is the difference between a given 
energy value and the one immediately following it in the table except in the case of perhydro 
phenanthrenes and perhydroanthracenes where it means the difference between the given 
energy value and the energy of trans-anti-trans perhydrophenanthrene and trans-syn.trans 
perhydroanthr~cene respectively. 

I n  methy l  and dimethylcyclopentanes [1, 2] and in steroids [3] the eyclopen- 
tune ring is present in the envelope form. Two types  of bonds can be recognized 
in this form. They  are classical axial and equatorial  bonds, a and e as found in 
eyclohexane, and the so-called bisectional bonds, which both  form an angle of  
54~ with the p]ane. I f  the i-posit ion is taken as the tip of the envelope, then 
the i , i - ,  1,2- and 2,5- (that is i ,3-)-dimethylcyclopentanes will present the 
same types  of interactions as 1,i-, i,2-, and L3-dimethylcyelohexanes,  as we 
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Table (continued) 

/~erkv~opkenaolkrenes Perkjroun/kraoeoes. 
~ Ecalc. ~ E calc, 

I 3658.16 f. 3659.0q 

/Pans-an/i x/Pans /ranm-syn-/rans 

Perhydpoan/kracenes 
Pe@drop&zantkrenes 

~ Ec~lc. ~lEcalc. ~z @ 
~ a 365s 2.66 

cls-an//-/rans 
ch - syn -/runs 

Perhydrop_kenantbrezes 
Ecalc. 

~r b 3 6E5. 49 

ch-anh'-/eaas 

Perkydropbenantkrenes 
Ecalo. 
3653.68 

ch-un//-.ch 

AEca/c, 
2.87 

zl E c a /c. 
g.g7 

Perhjdrognfkraceoes 

c/s-an/i-c/s 

F ca/c. 
3 65-6. 35 

aEcalc. 
2.69 

Perhydroanfhracenes 
Ecalc. 

.IV 3653.57 

irons-an/i:/Pans 

Ecu/c. 

3653.6t/ 
A E ca/c. 

5. zlO 

Perkydrocm/kracenes 

cis- | 

AEcalo AEezp. 
s 5.39 

Per];ydropkeoanthreaes 
F calo AEca lo  2 1 } o / s s / o n ~  

1V 3650. 87 Z29 

sis - syn  - c h  5 ~  

s AEca/c. 
3 E6• 72 7.31 

~-Ca/C, 
77gS.23 

Perkvdrop&nao/krenes Cko/eshms 
~ )  Eca/o dEca/c. 

38~8.~q 9.7~ 5t? 

/runs-sin-/ram 

Ecu/o AEca/c 
7Yg0.32 ag/  

are in presence of the same types of bonds, that  is essentially equatorial and axial 
bonds. 

We applied the method described above to 5 or and 5/7-cholestane. 
The side chain was taken to be trans ([4] p. 261). 

The agreement with experimental data in the case of methyl and dimethyl- 
cyelopentane is good. The results are summarized in the table. 

The secular determinants for a few typical molecules are given in the Appendix. 
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Discussion 
The method we used in the calculations reported in this paper is, naturally, a 

crude and wholly empirical one. I t  has, however, surprising success in correlating 
a very great number of experimental data related to isomers and conformers in 
paraffinic hydrocarbons. 

I f  we look for the reasons that a parametrization based only on experimental 
heats of formation of the different forms of n-butane, eyclohexane and cyclopen- 
tane is able to account for similar properties of so many of their derivatives we 
have to conclude that  these basic units are only slightly perturbed when they 
form part of more complex hydrocarbons. 

Another point that  energes is the possibility of representing several interac- 
tions by only one empirically chosen parameter in the simple tIiickel molecular 
orbital method. I t  is useful to remember, in this connection, the observation made 
by KLOPMAN [14] that  introducing a parameter in order to represent 2 -  3 
interactions in the approximation we used is tantamount of representing i - -  
interactions. Our method was based on the inclusion of parameters representing 
1 - -  6 type interactions and - -  until only the total energy of the ground state is 
sought - -  this seems to represent adequately the whole set of i - -  6, 2 - -  5, t - -  5 
and more distant interactions. Also interactions between CH 2 or CH 3 groups may 
be represented by a parameter given to the carbon only. 

The choice of the Coulomb integral, ~, as a quantity to vary according to non- 
neighbor interactions rather than introducing "long distance" /3s seems to be 
qualitatively justified by the presence of two-center integrals between non- 
neighbors in the theoretical expression of ~. 

PITZ]~a and CAT~J~A~O [23] made an attempt to explain non-neighbor inter- 
actions as being principally an electron correlation effect, using dispersion force 
formulation. (For further developments see references [16, 17, 21, 23, 27, 28, 36]) 
More recently PoPLE and SAshaY [24] - -  in a perturbation treatment of the 
factors causing delocalization in saturated hydrocarbons - -  gave reasons to 
believe that dispersion forces may account for only a part of the non-neighbor 
interaction energy. We believe that  a variation of c~ may, at least partly cover 
dispersion force effects since we may regard c~ dependant on the mutual polarisa- 
bilities of the atoms in a given molecule. 

In our opinion, although the procedure we used is lacking deeper justification 
at this stage, in view of its success in treating many conformational problems it 
may be considered as a useful empirical tool. I t  may represent, for example, a 
possible way to obtaining the electronic densities at different points of a given 
molecule. 

We acknowledge financial help from the National Research Council of Canada. We are 
indebted to the Centre de Caleul de l'Universit~ de Montrgal and in particular to Mr. G. 
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