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ELECTRONEGATIVITY TO SMALL RING SYSTEMS

Maria Dotores GuiLLent and Jomany GASTRIGER®
Orgamsch-Chemisches Institut, Technische Universitat Munchen, D-8046 Garching. West Germany

{Recened in Germany 22 June 1982)

Abstract— By using a imited set of hybndization states the method of iterative partal equahzaton of
orbital elecironcgativity has been extended to molecules contmining three- and four-membered nngs The
values of charges thus calculated have been successfuily correlated with 'C 'H coupling constants, as well
as with aaidity constants, 4nd can be used for the calkculation of dipole moments

Physical and chemical properties ol systems with
three- and four-membered nngs are profoundly
different from those of acychic analogues ' The rea-
sons bie in the unusual types of bonding in these
molecules Two different models for the bonding in
cyclopropanc have been developed’* and 1t has been
stated that these models can be transformed snto each
other * However, this s true only f antibonding
orhitals are taken into axcount. too ™

We have devcloped the iterative partial equal-
wation of orttal electronegativity (PEQE) method
for calculatng atomic partial charges®® in this
method  atomic  orbitals  are  charactenzed by
cocfficients giving the charge dependence of theu
clectroncgativities, and allowance 1s made for inter-
actions of atomic orbitals by working through the
network of bonds The wish 10 extend the method to
small-membered nings necessitated a consideration of
their special bonding. On the basis of the PEOE
algonthm already implemented the valence bond
model* of bonding seemed more appropnate for our
purpose In this model the (bent) bonds of three- and
four-membered nng systems are considered as ansing
from orbitals with varying amounts of s and p
character The amount of hybndization depends on
the type and number of nngs nvolved and on
whether exo- or endocyche bonds are considered

For the determination of hybndization states we
were 1n the fortunate position of having developed an
algonithm for the perception of the smailest set of
smallest nings {SSSR) * Therefore, information con-
cerming the individual nngs which build up a2 nng
systen, and whether 3 bond participates in, or poinis
out of. 3 nng. was directly available With this
nformation a bst of hybndizatuon states taken from
the hierature (Table 1) and contained within the
program can he accessed

An effort was made to hmut the number of different
hybnidization states stored in the program wth the
result that no dependence of hybndization states on
substitution patterns was considered although this
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would probably give more realistic pictures
Values for the orbutal electronegativities of C. N, and
O and the cocfhicients of their charge dependence for
the different hybnidization states have been calculated
by interpolation from the values of the electro-
negativities of sp’. sp’. sp and p states ™ With these
addiuonal parameters calculations of atomic charges
by the ierative partial oqualization of orbital
electronegativiies’ were performed  As input this
program only requires hsts of atoms and bonds in a
molecule

RESULTS

In order to demonstrate the significance of values
obtained for atomic charges, correlations with phys-
wcal or chemical data have to be denved A physical
conslant reflecting rather obviously the pecuhar bond-
ing situations 1n systems with three- and four-
membered nngs s the "C-'H coupling constant. Quite
carly on, an empinical correlation between '), and
the amount of s- character 1n that bond was discov-
ered ' This relationship has been extended by several
groups (e.g) ' Being interested in estabhishing the
relevance of the computed charge values, we fitted the
experimental data of Table 2 10 the product of the
charges on carbon, g,. and hydrogen. q,, The results
thus obtained are gaven by eqn | (n = 21. 1 = 0994,
s = 1 X} and histed in column 3 of Table 2

Yo .= 11474 - 881 10" 4 qu h

At first, in the hight of correlations of 'J,, | with
the amount of s<character.' '* 1t might not seem too
surprising that a good correlation was obtained, as
some of the parameters were deduced from 'S,
data However, several points need to be stressed

First, eqn (1) extends over the enuire range of
available data. demonstrating that the charges on
hydrogen and carbon are well balanced for both
saturated and unsaturated compounds. as well as for
the vanous small nng systems of quite different
structure. Furthermore, the nature of our procedure.!
that 1s. merely working through the constitution of a
molecule as given by the network of bonds, seems
also to be ablke to reproduce small trends 1n the
couphing constants For example, the change in ‘J,k “
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Table | Hybndizauon parameters used in the cakculatons. For unsaturated and polycyclic compounds

only those parameters different (rom those of the parent monocyclc structure are gven, ¢ g. for bond

orbital 2- 3 1n sprropentanc sp’ hybndizauon 1s assumed. Note also, that bond orbital hybndization 1s

directional whereas for bond orbital |-2 1n sprropentane sp’ hybndization 1s taken. for bond orbital 2-1
a value of sp’ 1s again used

bonds ref.
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Table 2 LExpenmental and calculated (eqn 1) values of ""C-'H coupling constants, expenmental and
calculated (eyn 2) aadity constants Values in parentheses are predicied data

1
J L] pK
Beow [ '] ]
exp. calc. exp. calc.
CHq 125 128 0 4 493
‘“3"‘3 125 128.4 48 4.0
4
CNJCHZCMJ 9 @)
C((nl)‘ 126 121 2

[:::> 128 1271 @ a8
<::::> 126 1271 PEETR

123 1271
162 1647 “ a9
160 156 .1
2-) 1% 150 9 (39.9)
1-) 28 207.6 (373
134 130.7 O %0
) 128 1223 (47 0)
1-) 146 146.0 (M 1)
6-) 200 204 0 (37 1)

$-) 208 204 ]

w
"

206 202.%

10-) 162 156 3

O a0 XM

o) 13 1300
"?(.CHZ 156 164 0 [ ¥ 420
H( RCH 249 46 9 2% %9
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in  the series tncyclo{3.1.1 0"} heptane. t-
cyclo{1.1 O]butane, spiropentane, cyclopropane (146,
156. 160, 162 respectively) 1s reflected by the
calculated values (146.0, 1509, 156.1, 164.7 re-
spectively), although for each of the carbon atoms
considered a hybndization of sp’ for bonds wathin the
three-membered nngs and sp’ for the two bonds
exocyche to the three-membered nngs was taken.
Table 2 also gives expenmental pK, values and
data calculated by eqn (2)
pK, = 54.3 - 231 4q,, (2)
Unfortunately, some interesting pK, values have not
yet been determined experimentally, and so we were
unable to test this sumple relationship to ts full
extent. Nevertheless, we could not resist the tempta-
tion 1o use eqn 2 for the prediction of some unknown
pK, values (Table 2, column §, values in parentheses)
The dipole moment 1s a physical property rather
obwiously related 1o the charge distnbution in a
molecule However, in molecules with free electron
pairs the center of electron distnbution around an
atom might not coincide with the nuclear center
Therefore, 1n calculating dipole moments by eqn (3).

n=3qr 3)

the distances 1, to these electronk centers should be
used Unfortunately, there 1s no sumple way of est-
mating them We therefore used the experimental
bond distances, as approximations for r, 1n eqn (3),
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knowing that for molecules with free electron pairs
dipole moments which are too small might be caku-
lated Using atomic charges obtained by iterauve
partial equahizaton of orbital electronegativity this
was confirmed for a senes of simple unstrained
molecules '’ The calculated dipole moments were in
good agreement with expectation demonstrating that
not only trends 1n, but also the magnitudes of the
atomic charges are sigmficant. In this context 1t 1s of
particular importance that in the parametnzation of
our method dipole moments were not used for cah-
bration. n contrast to other empincal or semi-
empincal approaches to estimating dipole mo-
ments.'® ** Applying eqn (3) to the small nng
compounds reported here gave the results collected 1n
Table 3. Keeptng 1n mind the approximation inherent
in using bond distances 1in eqn (3) the calculated
values are in quite good agreement with ¢xpectation
Only the values for the fluorosubstituted compounds,
for oxiranes, and for cyclopropanone are shghtly
higher than expected This has already been observed
in a similar fashion wath fluorosubstituted methanes
and dimethyl ether.’”

With this imitation the values of Table 3 show that
the atomic charges of small nng compounds are of
the correct magnitude This gives further sigmficance
1o the extension of the method of partial equalization
of orbital electronegativity to small nng compounds.
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Tabk 3 Dipole moments in D) calculated with eqn 3 by using bond distances Expenmental values (in
pucﬂlhescs) from Refl 1R

VX ¥
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(0.14) (0.14) {0.45)
F ¥ 9] (A
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; ] L]
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