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ABSTRACT: The electronic structure and the energy of CH;sLi and its dimer have
been calculated using a CNDO/2-method. The geometry of a planar rhombus was
adopted for (Li(;Hs)z. Variation of the rhombus dimensions led to equilibrium distances
of Li—Li=1.65A and C—C=3.85 A. The dimerization energy was equal to 430kcal/
mol. Dimerization decreased the energy of all molecular orbitals including the frontier
ones, i.e., it increased the acidity. The calculations for the complexes of LiCH; with
formaldehyde and acrylonitrile were carried out for various relative positions of the
components. Sometimes the energy minimum was found when LiCH; was located out
of the plane of the Lewis base near to C atom which is adjacent to the heteroatom.
The complexation energies of LiCHs with acrolein, vinyl formate and methyl acrylate
were also calculated and found to be 120, 80 and 140 kcal/mol respectively. It corrobo-
rates the assumption that conjugated bases should form with organometallics complexes
of higher stability than the unconjugated ones (the complexation energy with formalde-
hyde was equal to 100 kcal/mol). The complexation energy with acrylonitrile was found
to be 180kcal/mol. This correlates with the higher activity of this monomer when
compared to methyl acrylate in anionic systems and correlates with the lower activity
of acrylonitrile compared to methyl acrylate if they are in the same system but in the
presence of a small amount of strong Lewis base competing for the complexing conter.
KEY WORDS  Methyllithium / Carbonyl Bases / Acrylonitrile /
Tonic Polymerization / Complex Geometry / Complexation Energy /
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As shown recently, the following calculated
values correlate with the activity of vinyl mono-
mers in the catiomic propagation reaction: the
total negative charge of the B-C atom, the z-
component of this charge, and the sum (also
negative) of the total charges of all atoms of
the CH, group.1 We failed to find a similar
correlation for the vinyl anionic polymerization,
i.e., the correlation of the positive charge char-
acteristics of the B-C atoms in the monomers
with the activity of the latter. We suggested
that the supposed correlation was perturbed by
the complexation of the monomer with the
positive counter ion of the growing chain, this
complexation preceding the inclusion of the
monomer in the C—metal bond.” This sugges-
tion was confirmed experimentally. The copoly-
merization of acrylonitrile (AN) with methyl

acrylate (MA), initiated by an organolithium com-
pound with a coordinatively saturated counter
ion, led to results which agree with the quantum-
chemical data for isolated monomers.**

One of the purposes of the present work was
to attempt to use the quantum-chemical data
relating to the complexes of AN and MA with
the simplest alkyl lithium CH,Li for evaluating
(a) changes in the monomer’s electronic structure
induced by complexation; (b) the possibility of
selective complexing of one of the monomers in
the system RLi—AN-—MA; (c) the influence of
complexing on the activity of the R—Li bond.

The second task is connected with radical
polymerization of vinyl monomers initiated by
R;Al—acyl peroxide systems. As shown by a
detailed kinetic investigation of these systems
carried out with methyl methacrylate (MMA),
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vinyl acetate (VA) and AN, the monomer takes
part in the formation of the initial free radi-
cals.® This stage includes a transition state in
which peroxide acts as a bidentate electron donor
and reacts with the complex R;Al-M, which acts
as a bidentate electron acceptor. The acceptor
positions are Al and the vinyl group of the
monomer in the complex. Hence, it seemed
again to be interesting to investigate the change
in electronic structure of the monomer induced
by its complexation with metal alkyl. Assuming
that the esters which were studied experimental-
ly® complex with the metal alkyls through the
ester carbonyl group,® we attempted to investigate
the dependence of the stability of these com-
plexes on the conjugation effects in the monomer
molecules. For this purpose the following com-
plexes were calculated: the complexes of CH,Li
with (1) formaldehyde (FA) as the simplest car-
bonyl-containing molecule; (2) acrolein (A) as
the simplest conjugated carbonyl compound; (3)
vinyl formate (VF) as the simplest unsaturated
unconjugated carbonyl compound; and 4) MA
(see above). Of course, the use of CH,Li instead
of R;Al hampers a comparison of the calculated
values with the experimental data because d-
orbitals are absent in Li and the steric structures
of Li- and Al-alkyls are different. However,
this replacement facilitates the calculation for
the complexes containing relatively large electron-
donor molecules, such as VF and MA.
Confining ourselves to the simplest metal alkyl,
LiCH,, we used it in the monomeric form al-
though in reality its molecules are associated.
We have done this because we are not interested
in the LiCHj; itself but primarily because it is
the simplest model of the active center for anionic
polymerization. The structure of the active
centers is not sufficiently well known to model
it with certainty. One cannot be sure that this
structure coincides in all details with the structure
of the corresponding free metal alkyl. In par-
ticular there is a difference in the degree of
association: LiCH, exists as a rule in a tetrameric
or hexameric form,” M,Li exists as active di-
meric macromolecules (where M, is a hydro-
carbon macromolecular chain),® and as has been
shown recently M, (AN),,Li where m=1, 2 exists
as chains which are not associated at all (in

nonpolar media).” Hence, we preferred to use
our computational possibilities for considering
monomers of various types and for varying the
geometry of the compounds used.

For such large systems as CH,Li-MA (which
includes 41 atomic orbitals (AO) in the valence
shells) quantum-chemical calculations using
middle-size computers can only be carried out
by semiempirical methods. We have used the
CNDO/2 method.™® As shown recently, this
relatively simple method describes the geometry
as well as more detailed semiempirical and non-
empirical methods.'*** On the other hand, this
method seems to underestimate electronic re-
pulsions and, hence, to overestimate the ad-
vantages of the multibonded conformations.'

SOME FEATURES OF METHYLLITHIUM
AGGREGATES

We began with CH,Li. According to Sutton
we assumed all angles in CH; to be tetrahedral
and the r(C—H) distances to be equal to 1.09 A.*®
Varying only the r(C—Li) distance we obtained
the equilibrium value 7,(C—Li)=1.89 A (the
experimental value is equal to 2.10 A'®) and the
charge distribution shown in Figure 1.* The
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Figure 1. Charge distribution (x10%) in CH;Li
and in (CHsLi); in configurations corresponding
to the total energy minimum. Arrows indicate
the values (in kcal/mol) of contributions E;; from
the atom pairs to the Ejot.

great number of vacant AO’s on the Li atom
near the alkyl group (a potential electron donor)
causes the well-known phenomenon of strong
aggregation of the RLi molecules (see, e.g., ref
7). Proceeding from the geometry of the dimer

* The symbols C and H are omitted in all
figures.
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(CH,Li), shown in Figure 1 and varying only
the distances r(Li—Li) and r(C—C), the mini-
mum of JE=FE,.[(CH;Li,)]—2E,,[CH;Li] was
found (E,.; is the total enmergy of the system).
This minimum, corresponding to the distances
ry(Li—Li)=1.65 A and r,(C—C)=3.85A, was
found to be equal to —431kcal/mol. The path
of this search (shown partially in Figure 2) gives
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Figure 2. The path of the search for the stable
configuration of the dimer (CHsLi).. The values
of 4E (see the text) are shown at the points in
kcal/mol.

an idea of the potential surface of the aggre-
gation process. It is interesting to note the low
value of ry(Li—Li),* the high value of |4E| and
the remarkable electron density on the Li atom.
We shall compare the electron characteristics of
Li in CH,Li and in its dimer. In the first case
0.555 of the electron is concentrated in the o-
orbitals (with respect to the Li—C bond) of the
Li atom and 0.106 of the electron is placed in
each of the 2p-orbitals perpendicular to the Li—
C bond. In the dimer 0.575 of the electron is
placed in the g-orbitals (here with respect to the
Li—Li bond), 0.184 is placed in the AO perpen-
dicular to this ¢ bond and to the dimer’s plane
and 0.392 is placed in the AO perpendicular to
the Li—Li bond but lying in the dimer’s plane.
This suggests that the energy consumption for
the promotion of the electrons from the C atoms
and from the C—Li and C—H bonds to the

* The distance ro in Li; is equal to 2.672 A2.21;
twice the Lit radius in the LiF crystal is equal to
1.82 Az; according to Pauling, twice the Li*-ionic
radius is equal to 1.20 A=,
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highly energetic Li AO is more than compensated
for by the decrease in energy caused by the
formation of the Li—Li bond. Apart from the
o-component the latter contains two r-com-
ponents: one of them is perpendicular to the
dimer’s plane (its bond order P is equal to 0.184)
and the other one is in this plane (P=0.300).
The ‘‘triple’’ character of the Li—Li bond may
explain its contraction and high complexing
energy.”™* :

We have no information about the experi-
mental dimensions of CH,Li aggregates in the
gas phase. As the CNDO/,2-method usually
leads to rp-values differing from the experimental
ones only by a few percent,”® we suggest that
our value 1.65 A is close to reality. The value
for r,(Li—Li) found in crystaline C,H;Li (2.32—
2.63 A)*" may be ascribed to packing peculiarities.
Recently the analogy between alkaly metals and
hydrogen was mentioned and the existence of
lithium bonds linking two strong electron donors
was predicted.” As follows from the data in
Figure 1, a large number of extensive vacant
AO’s (although of a higher energy than the
single valence AO of the H atom) permits lithi-
um also to form bridge bonds between atoms of
lower negativity than N, O and halogens, i.e.,
bonds similar to the multicentered ones in
boranes.”® Indeed, the value of r,(C—C)=3.85
A excludes the overlapping of the AO’s of the
two C atoms; the latter are bound only through
the Li atoms.

It is necessary to emphasize that our results
agree with the assumption formulated by Seitz
and Brown with regard to the conformation of
(RLi), with alkyl groups outside the aggregate®
and confirmed by McKeever, et al.,** and di-
sagree with the opposite conclusion made by
Brown, et al.** Finally, a relatively small elon-
gation of 7,(C—Li) up to 2.10 A and a decrease
in the energy of the molecular orbitals (MO)
owing to aggregation must be noted. In par-
ticular, the energy of the highest occupied MO
(HOMO) decreases from —288 to —319 kcal/mol

** Peyton and Glaze obtained a similar value of
AE=—398kcal/mol using also the CNDO/2-method.?
These authors have not mentioned whether the
dimer’s geometry was varied. The CNDO/l-method
was used by Cowley and White for (CHsLi)4.
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and that of the lowest vacant one (LVMO)
decreases from --19.5 to —36.5kcal/mol. The
“rigidity”” of the Li—C bond in LiCH; may be
explained qualitatively by the shape of its frontier
MO’s both of which are of the g-type:
HOMO=[0.312 (25)—0.226 (2p,)]u:
+1[0.176 (25)+0.852 (2p,)]c
—3[0.178 (18)]x
LVMO=[0.813 (25)+0.564 (2p,)]r:
+[—0.075 (25)+0.118 (2p,)]c
—3[0.022 (15)]n
(the axis z is directed from C to Li). This
structure of the frontier MO’s means that 9895
of the electron accepted by the LiCH; molecule
is placed in the nonbonding Li orbital and 869
of the electron donated by this molecule is placed
on the C—H bonds. Hence, none of the charge
displacements in LiCH,; which assompany its
complexation should strongly affect the Li—C
bond. Since the energy of the HOMO is ap-
proximately equal to —7I, where 7 is the ioni-
zation potential of the molecule (see ref 33), and
the energy of the LVMO is a qualitative char-
acteristic of the electron affinity,* the decrease
in both of these MO energies means that the
dimerization does not decrease the acidic pro-
perties of the lithium alkyls. In contrast to this,
on dimerization the changes in electronic struc-
ture increase the acidic properties, and one may
suppose that this surprising phenomenon might
be expected in other cases of aggregation of
metal alkyls. This effect is caused by the ap-
pearance of many new bonds in the aggregate;
for example in (LiCHj;), there are five bonds
between heavy atoms compared with two such
bonds in 2LiCH,. These appearance of bonds
leads to the stabilization of both occupied and
vacant MO’s -and consequently to an increase
in electron deficiency. However, the real acidity
of a molecule is determined not only by its
electronic structure but also by the steric ac-
cessibility of the acidic sites in it. The true
aggregated form of CH,Li is known to be a
tetramer and not a dimer.” According to Seitz
and Brown® and to McKeever, e al.,** the acidic
* As the LVMO in the dimer is localized on the
Li atoms (just as in CHsLi, although to a lesser

extent) one can suggest the same phenomenon oc-
curs. in the case of the tetramer.

4

Li atoms* in the tetramer are screened by alkyl
groups; hence, the ‘‘real acidity”” of (CH,Li), is
much lower than the theoretical one.

THE GEOMETRY OF FORMALDEHYDE—
METHYLLITHIUM COMPLEX

The smallest of the complexing molecules we
have considered, formaldehyde (FA), was used
in searching for the mutual orientation of CH,Li
and the carbonyl base (CB) which would cor-
respond to the maximum absolute value of the
complexation energy A4E=EFE,[CB+CH,Li]—
Eo[CB]—E,,,[CH;Li]. The geometry of both
complex components was assumed to be invari-
able; only their mutual disposition was varied.
According to our results we assumed that.7,(Li—C)
was 1.9 A for LiCH,; for FA we used the re-
sults obtained from microwave spectr‘,oscopy:35
ry(C=0)=1.208 A, r,(C—H)=1.116 A, /7 HCH=
116230’. The path of this search and its results
are shown in Figure 3. -The charge distributions
for different steps of this investigation are given

in Table I. It follows from Figure 3 that the
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Figure 3. The dependence of the complexation
energy on the CHsLi and HCHO mutual orienta-
tion. The values of 4E are shown in kcal/mol
at the Li atom. Position numbers are shown in
circles. The equilibrium distances were foundoz
ro(Li—C)=2.4 A in position 2 and ro(Li—C)=2.3 A
in position 8.

results obtained are in contradiction with the
usual ideas which are illustrated by positions
1—2. The most advantageous approach is that
of the Li atom to the CH, group rather than
to the O atom. As this result is unexpected
and the argumentation based on the semiem-

Polymer J., Vol. 5, No. 1, 1973
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Table I. Charges on the atoms of the
components of the complex

CH,Li-HCHO
(3]
g5 5 CH;Li HCHO
=iy
2 & :
g2 L ¢ H o0 C H
1 +0.233 —0.318 +0.028 —0.183 +0.222 —0.019
2 +0.101 —0.305 +0.023 —0.132 +0.258 +0.006
+0.008
3 +0.080 —0.301 +0.021 —0.122 +0.255 = o
+0.015
4 +0.011 —0.295 +0.021 —0.106 +0.263 T 043
5 -0.083 —0.303 +0.023 —0.125 +0.258 +0.010
6  +0.021 —0.297 +0.023 —0.104 +0.258 -+0.025
7 —0.037 —0.290 +0.023 —0.090 +0.248 +0.049
8  —0.104 —0.285 +0.025 —0.114 +0.266 +0.080

pirical methods of the type suggested by Pople,
et al.,’*™** is not sufficient, we shall attempt to
explain it qualitatively. First of all it should
be noted that the usual idea is based on the
idea that the main role is that of Coulomb in-
teraction of the polar complexing agents. Accord-
ing to the valence-bond theory (see, e.g., ref
23) this idea also takes into account the fact
that the unshaired electron pairs of the O atom
are placed on the hybrid orbitals directed from
the CH, group. Hence, one can assume that
just these electrons are transferred to the vacant
AO’s of the Li atom in the course of complex
formation. However, the Coulomb energy is
low: Figure 3 and Table I show that its value
is equal to several kcal/mol (this is a typical
value, see, e.g., ref 36). Usually Coulomb energy
never exceeds 10—20% of 4E. The assumption
that the electron transfer proceeds to lithium
just from oxygen is not completely confirmed
either. While the LVMO in CH,Li is actually
almost entirely localized on the Li atom (see
above), only 589 of the electron donated by
FA is transferred from the O atom and the rest
is transferred from the CH, group:

HOMO=0.761 (2p,)o—0.302 (2p,)c
+0.406 (15)n,—0.406 (15)g,

(the axis x connects the H atoms). Consequently,

one may assume that when the complexing agents

approach each other and their electron shells
overlap, i.e., when a possibility exists for: (a)
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electrons transferring from one molecule to the
other and (b) electrons concentrating in the inter-
molecular space then, the stability of the com-
plex is determined just by the intensity of this
overlapping. On the other hand, the overlapping
of the electron shells of any pair of atoms is
greater the smaller the difference in the size of
these shells. Since the inverse Slater exponents
for the Li, C and O atoms are equal to 0.82,
0.32 and 0.23 A, respectively (see, e.g., ref 37),
it follows that at equal distances between the
atoms the overlapping integrals for AO’s of the
C and Li atoms are 1.2—1.6 times greater than
the integrals for AO’s of the O and Li atoms.
However, intensive repulsion between any two
atoms begins at the distance at which the core
of one of them penetrates the electron shell of
the other and the repulsion of the cores is no
longer compensated for by the attraction of ‘the
cores to the electron shells. Hence, these dis-
tances must be determined first of all by the
size of the larger reacting atom and must be
similar to each other in both these cases.

We should emphasize that all these expla-
nations are qualitative. 'We must also remember
that our calculations were based on the CNDO/
2-approach in which the advantage of compact
conformations is sometimes overestimated. Never-
theless our results cast doubt on the traditional
ideas about the geometry of the donor—acceptor
complexes. At any rate this conclusion concerns
the cases characterized by comparatively high
energy for the complexes which greatly exceeds
the van der Waals interaction energy.

THE COMPLEXATION OF
METHYLLITHIUM WITH
SOME MONOMERS

The position of CH,Li in relation to the other
CB’s was not varied. Taking into account the
results for FA we placed CH;Li on the normal
to the CB plane passing through the C atom of
the C=O0 group at a distance of 2.3 A between
the Li atom and the CB plane. The geometry
of A and MA was taken from the experimental
work of Wagner, er al.,” and Ukaji* respectively,
but both molecules were assumed to be planar.
For VF the ‘‘standard geometry’’ of Pople—
Gordon* was used.
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Figure 4. Results of calculation of A(I), VF(II),
MA(II) and their complexes with CHsLi. Atom
charges (x10%) are shown near the atoms and in
the square brackets are shown their z-components.
4E is the complexation energy (in kcal/mol), 4q
is the value of the charge (x10%) displaced to the
methyl lithium.

The results are given in Figure 4. The dif-
ference between the charge distribution in the
isolated MA molecule obtained by us and by
Geller, et al.,* (see also ref 42) is caused by
different conformations. Considering the system

CH,Li—AN,* we have again moved the first

* The geometry of AN was taken from?, all
angles at the §-C atom were assumed equal to 120°
and all C—H distances equal to 1.086 A.
component with respect to the second one. The
sequence of the search of the E;,; minimum
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Figure 5. Results of calculation of AN (in the
lower right corner) and its complex with CH3Li.
Designations coincide with those in Figure 4.
Charge distribution in complex corresponds to the
position 3.

(similar to that given in Figure 3) is shown in
Figure 5. In all cases the equilibrium distance
between Li and N in position 1 and between
Li and the AN plane during the displacement
from 2 to 3 were found equal to 2.1A. A
comparison of Figure 4 and 5 shows that the
‘“‘anionic character’’ of MA and AN as poly-
merizable subztances (as estimated by the charge
on the -C atom of the vinyl group’) increases
almost to the same extent as a result of com-
plexation with Lewis acids. Complexation en-
hances other monomer characteristics (see Table
II) which may be associated with the ability of
the monomer to take part in the anionic propa-
gation reaction.**

The figures reported enable us to conclude with
certainty that complexation with a strong Lewis

Table II. Some characteristics of MA and AN
and their complexes with CHsLi

Characte- Vinyl bond mel

ristic E, 7-Order contribu- bond
lfc?i(/o of the tion Eix elonga-
mol vinyl to the tion in
Com- bond Ejos, kcal/ com-,
pound mol  plex,“ A
MA 58 0.950 —1020
CHsLi-MA 23 0.918 —990 0.01
AN 78 0.960 —1030
CH;Li-AN 23 0.917 —975 0.02

** A detailed comparison with the experiment
was not carried out.

Polymer J., Vol. 5, No. 1, 1973
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acid sharply enhances the ‘‘anionic character”
of MA and AN as polymerizable compounds.
However, according to all parameters the un-
complexed MA exhibits a higher anionic activity
than the uncomplexed AN; complexation does
not change the order of the relative activity of
these monomers. On the other hand, the data
in Figures 4 and 5 show that AN forms a
more stable complex with CH,Li than MA as
the 4E-values are approximately equal to —180
and —140 kcal/mol respectively. Hence, one may
suggest that the higher relative activity of AN
in the copolymerization of the system AN—MA-
coordinatively unsuturated anionic initiator (see
ref 3, 4) is caused by the selection of a mono-
mer of higher basicity. The higher calculated
complexing strength of AN with organometallics
correlates with the greater complexing abtlity of
AN as compared to MMA with respect to i-
Bu,AL*  Althoung i-Bu;Al and CH,Li are very
different Lewis acids, one may suppose that
the order of activities of two bases (in our
case—of AN and of MA) is retained for a rather
large group of acids. The basic properties of
MA and MMA are probably also similar. The
higher basicity of AN agrees also with the in-
terpretation of the kinetic results concerning the
initiation system Rj;Al—peroxide.**

We shall compare the data on various CB’s.
The greatest complex stability was observed if
CH,Li was placed in the direction of the maxi-
mum z-electron density (see Figure 3). This
means that the rz-conjugation in the CB may
influence the ability of the CB to form a com-
plex with metal alkyls. Data in Figures 3 and
4 confirm this suggestion. Compound A, which
in contrast to FA contains a conjugation chain,
forms a more stable complex than the latter.
The conjugation chain in VF is interrupted by
the ether oxygen and the complex is actually
weaker than that formed by A. The ether oxygen
in MA does not interrupt the conjugation chain.
On the contrary, in MA the O atom enriches
the conjugation by complementary electrons and
the MA-complex is found to be the most stable
of all the above-mentioned CB-complexes. Con-

* The ideas formulated in ref 46 were revised in
ref 5 on the basis of the NMR-data obtained for
the complexes of i-BusAl with monomeres®.
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sidering the complexation induced changes in
the reactivities of these monomeric CB’s, one
must bear in mind that in a sense the CB’s
under consideration belong to different types.
According to their electronic structure, the sub-
stances A and MA are typical monomers for
anionic polymerization. They are distinguished
by CH,-groups positive charges which are enhanc-
ed by complexation. The LVMO’s of both
CB’s have a z-symmetry and loose their vinyl
bonds as it could be expected for anionic mono-
mers. These orbitals remain over 90% localized
on the monomer when a complex is formed with
CH,Li and their energy decreases (for A from
48 to 9kcal/mol, for MA-—see Table II). In
the course of complexation the vinyl group be-
comes weaker. In A its order decreases from
0.926 to 0.893 and E;;, increases from —1010 to
—980 kcal/mol: the data for MA were reported
above. The LVMO in VF, as well as MA, A
and AN, has a z-symmetry and looses the vinyl
bond. However, the charge characteristics of
the CH, group in this monomer are negative and
remain negative in its complex. In the vinyl
bond of VF the weakening induced by com-
plexation with CH,Li is small. The bond order
changes from 0.966 to 0.962 and E;, changes
from —1045 to —1040 kcal/mol. This cor-
responds to a bond elongation of only 0.001 A. It
is noteworthy that cationic characteristics of VF
were found to be as indistinct as anionic ones.*
Comparing these results with the experimental
data we can note that complexation increases
the positive charge of the vinyl bond in all
cases considered. These charges for the com-
pounds under consideration are as follows:

A VF MA AN

Monomer 0.040 0.108 0.037 0.064
Its complex with CH,Li 0.187 0.173 0.173 0.333

This means that the ability of the vinyl group
to coordinate with an electron-donor center in-
creases when a complex is formed with a Lewis
acid. This conclusion agrees with the ideas
formulated in ref 5, 47. In contrast to propa-
gation reaction which occurs only if the ultimate
link of the growing chain approaches the -C atom
of the monomer vinyl group, the total charge

7
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of the vinyl group is of importance in the case
considered in the ref 5, 47 where the reaction
of complexation of CB’s with the metal alkyls
was studied. The calculated weakening of the
vinyl bond in MA and the absence of this
calculated weakening in VF also agree with the
experimental data since the effect of the vinyl
bond elongation in MMA and its absence in
VA were observed spectroscopically.” As re-
gards the monomer calculations, these differences
can be explained by the different symmetries of
the HOMO’s.  This orbital has a z-symmetry in
MA and a ¢g-symmetry in VF with the HOMO
in VF localized on the O atom of the C=0
group. One may suggest that the electronic
structure of the monomers studied spectroscopi-
cally is similar to the calculated structures be-
cause of the similarity of the conjugation types.
The calculated sequence of stabilities for the
complexes is not in accordance with the experi-
mental results. As shown by Vinogradova, et
al.,** with i-Bu;Al VA forms a more stable
complex than MMA but VA hardly differs from
AN in its complexing ability. Hence, one may
suppose that due to steric considerations CH,Li
has a much higher acceptor capacity than
(CH,Li), or R;AL* One can assume for bases
and relatively weak acids which yield complexes
whose energy is close to van der Waals interac-
tion energy that the mutual arrangement may
differ from the arrangement in Figures 3—S5.
In these cases the geometry may correspond to
the traditional ideas. In these circumstances the
conjugation in the molecule of base leads to a
weakening of the complex. It is known that in
contrast to the behavior of aliphatic esters aro-
matic esters do not form complexes with weak
acids such as Sn- and Ti-halogenides.** On the
other hand, both ester types form complexes of
comparable stability with relatively stronger
acids such as Al- and Ga-halogenides. Hence,
it is possible that the existing in reality strong
acid occupies an intermediate position between
a weak acid and the unrealizably strong mono-
meric CH;Li. The contributions of the resonance

* It is also possible that, using the CNDO/2-
method which may underestimate the repulsions,
we find stronger activity of both complexing agents
and in particular stronger acidity of the acid than
is actually found experimentally.
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and the van der Waals energies to the total
energy of the formation of the complex with a
strong acid are comparable. This means that
the statistic weights of both conformations (the
traditicnal one and that given in Figure 4) be-
come close to each other. In the traditional
conformation the complexes of conjugated bases
are less stable than the complexes of unconjugated
ones but in the conformation shown in Figure
4 the complexes with conjugated bases are more
stable,

Consider now the Li—C bond in CH;Li and
in its complexes. The ‘‘rigidity’” of this bond
and its cause were mentioned above, Proceed-
ing from the linearity of the relationship between
the bond length r and the corresponding con-
tribution of E;; to the energy of the system and
having found from Figure 1 r(Li—C)—1.89=
0.21 (Ey;—¢+425)/135, we come to the following
values for the CH,;Li-M complexes:

FA A VF MA AN

E;y, kcal/mol  —414 —408 —410 —403 —404
Elongation of

rLi_C), A OOl 002 0.02, 0.03, 0.03;

The Li—C bond in these complexes remaines
practically undeformed.

DISCUSSION

In conclusion we shall summarize the restric-
tions associated with the inadequacy of the
model used. First of all the acidity of the
Lewis acid selected is too high to be probable.
Actually the molecules of these strong acids in-
evitably aggregate and this leads to a screening
of their acid positions. The use of a tetramer
instead of a single CH,Li molecule is restricted
by the capabilities of the computer. On the
other hand, the use of an acid of the highest
acidity has its advantages. All effects found
by the calculation become very pronounced, free
from secondary phenomena and, hence, are clear
for discussion. Furthermore, it is clear that
our calculations may be directly compared only
with gas phase reactions since the presence of
solvent molecules was not taken into account.
Complexation in nonpolar solvents and in the
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gas phase proceeds in a similar manner.”, How-
ever, considering complex formation in polar
solvents, one should calculate the solvation ener-
gy and its change in the course of the com-
plexation and take into account specific interac-
tions between the solvent molecules and the
participants of the complexation. At present
these calculations can hardly be made with
satisfactory accuracy. Nevertheless one may
tentatively suggest that solvation, being a second-
ary phenomenon, does not invert the primary
phenomena: the charge distribution in the com-
plex components and its change induced by
complexation. However, this means again that
in our results only the trends are entirely cor-
rect. Concerning the variation procedure, we
should bear in mind that only the position of
CH;Li with respect to FA or AN was varied.
The following operations must be included in
this procedure: (a) variation of the CH,Li posi-
tion with respect to other CB; (b) rotation of
CH,Li; (c) variation of the bond lengths and
valence angles of all components during the
complexation. The last but not the least factor
which could influence our calculated data is the
accuracy of the calculation method.””™™ The
control of our results ab initio would be desira-
ble but this control can hardly be made in the
near future. As for the semiempirical calcu-
lation methods which can reproduce the pro-
perties of chemical compounds with satisfactory
accuracy for a chemist,” so far these methods
are known only for hydrocarbons.”’*" Expect-
ing the development of methods which will be
applicable to molecules containing heteroatoms,
we intend to control our results by some other
semiempirical methods of quantum chemistry
(see, for instance, ref 32).
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