August, 1971]

2025

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, VOL. 44, 2025—2030 (1971)

A Theoretical Study of the Electronic Structures of Several Methyl
Compounds of Group I, II, and III Elements

Katsutoshi Oukuso, Hidetoshi SHiMapA, and Masahide Oxapa
Faculty of Engineering, Kumamoto University, Kurokami-machi, Kumamoto
(Received November 1, 1970)

The electronic states of the group I, II, and III methyl compounds were investigated using the extended

Hiickel method, with particular reference to the nature of the bond of metal-carbon.
group I methyl compounds indicated remarkable electron-localizations on the carbon atom in CH,.

First, the monomers of the
(CH,Li),

was found to be a possible tetramer, its total energy being lower by 0.34 eV per CH;Li unit than that of the CH,-

Li-monomer in spite of the unstability of (CHjLi),.
ca. 4.04 eV per (CHj;),Be unit.

by the fact that its 7-bond nature is so much in comparison with that of (CHj)sAl.

Second, (CH,),Be, was more stable than (CHj;),Be by
Third, the stability of (CH,),B in the form of a monomer was understood well

Finally, the reactivities in a

series of the groups were discussed briefly in connection with the electronic states.

The reactivities of organometallic compounds, in
particular those of compounds containing group I,
II, and III elements have hitherto attracted many
authors’ attention.!-1® An interesting proposal
suggested by Gilman! and Rocho?: the reacti-
vities have a direct relationship with the electroneg-
ativities of the metals. However, some obscurities
still remain as a result of the lack of information con-
cerning the molecular structures of the compounds.

Recently, the molecular structures of organome-

1) H. Gilman, ‘““Organic Chemistry,” 2nd ed., Vol. 1, John
Wiley & Sons, New York (1957), p. 520.

2) E.G.Rocho, D. T. Hurd, and R. N. Lewis, ‘““The Chemistry
of Organometallic Compounds,” John Wiley & Sons, New York
(1957).
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tallic compounds have been observed in connection
with the bridge - type polymerization of the com-
pounds.’19 Many X-ray and spectrophotometric
studies have been performed in making experimental
analyses of the dimer- or polymer-structures of C,H;-
Li1%19  2-C,HgLi,'9  (CHy),Be, 20 (C,H;), Mg,
(CH,;);A1,2522) and a characteristic monomer of (C-

9) M. S. Kharasch and O. Reinmuth, “Grignard Reactions of
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and the Mechanism of Its Reactions,” in Survey of Progress in
Chemistry, Vol. 1, ed. A. F. Scott, Academic Press, New York
(1963).

14) F. A. Cotton and G. Wilkinson, ‘“Advanced Inorganic
Chemistry,” 2nd. ed., Interscience Publishers, New York, Chaps.
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69 (1963).
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H,);B.23:2) These studies suggested the striking fea-
tures of the compounds mentioned above, namely,
the so-called “‘five-coordinate carbon” or “‘electron-de-
ficient bridged bond of such compounds as the methyl-
lithium tetramer,?® the dimethylberyllium polymer,?
and the trimethylaluminum dimer.?:22 More re-
cently, as to the molecular structures of the electron-
deficient compounds, some molecular orbital calcu-
lations26-29 have been performed with particular ref-
erence to the natures of the bond, such as the metal-
carbon and metal-metal bonds, in (CH,Li),,?® (C-
H,)B,,2® and (CHj)eAL.2% In regard to the con-
tributions of the m-type bonding (hyperconjugation)
of alkyls to the formation of the bridged bond men-
tioned above, these calculations have provided the
interesting information that the n-type bonding of the
above polymer appears to be approximately the same
as that of its monomer and less than 109, of the metal-
carbon ¢-bond in the compounds.

In the present paper, an extended Hiickel molecular
orbital calculation will be carried out for the methyl
compounds of group I (Li, Na, K, Rb), group II (Be,
Mg, Ca), and group III elements (B, Al). The main
purpose of this study is to make an extensive consider-
ation of the electronic states of the compounds in con-
nection with their reactivities.12

Method of Calculations

The extended Hiickel method proposed by Hofl-
mann3” was used to make calculations for several
methyl compounds of group I, II, and III elements:
CH,Li, (CH,Li),, (CH4Li),, CH3Na, CH;K, CH Rb,
(CHy),Be, (CHs),Be,, (CH;),Mg, (CHy),Ca, (CHy);B,
(CH,);Al, and (CHj)eAl,. The values of the orbital
exponents of the elements were taken from those evalu-
ated by Clementi,?) while the following valence-state
ionization potentials (vsip)32:3%) were employed for the
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21) P.H. Lewis and R. E. Rundle, J. Chem. Phys., 21, 986 (1953).
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diagonal H-matrix elements: H,;(eV)=—13.6 (H
Is), —5.39 (Li 2s), —3.54 (Li 2p), —5.14 (Na 3s),
—3.04 (Na 3p), —4.34 (K 4s), —2.17 (K 4p), —4.18
(Rb 5s), —2.60 (Rb 5p), —9.92 (Be 2s5), —5.96 (Be
2p), —8.95 (Mg 3s), —4.52 (Mg 3p), —7.09 (Ca 4s),
—3.96 (Ca 4p), —14.91 (B 25), —8.42 (B 2p), —12.27
(Al 3s), —6.47 (Al 3p), —21.01 (C 2s), and —11.27
(G 2p). The Wolfsberg-Helmholtz approximation3¥
was employed for the off-diagonal matrix elements
(H;;) as:
H;; = K(Hy; + Hj;)S84;/2

where the value of the parameter, K, was taken to be
1.75.30  The bond lengths of the group I methyl
compounds were taken to be Li~-C=2.19 A,3% Na-C-
2.70A, K-C=3.10A, and Rb-C=3.29A. The
atomic coordinates of (CHLi), and (CH,Li), were
calculated from the pertinent bond distances and bond
angles.1¥ The bond angles of carbon-metal-carbon
for the group II methyl compounds were taken to be
linear, assuming the Dewn-structures, and the following
bond lengths were used: Be-C=1.98A, Mg-C=
2.45A, and Ca—C=2.82A. The molecular struc-
tures of the group IIT methyl compounds were assumed
to be D,,,%% and the bond lengths of B-C and Al-C
were set as 1.80 A3?) and 2.28 A3%) respectively. For
the calculations of the dimer structures of (CH,),Be,
and (CH,)eAl,, the bond lengths of Be-C,3% Al-Cy,40)
and Al-C) were taken to be 1.93A,%) 2.24 A19
and 2.00 A% respectively. In all the calculations,
the bond distance of C-H was taken to be 1.09 A for
the sake of simplicity.

Results and Discussion

The Electronic States of the Group I Methyl Com-
pounds. Among organometallic compounds of
group I elements, lithium compounds can be distin-
guised by their associations? in such organic solvents
as ether and tetrahydrofuran. From their experi-
mental works, Brown et al%® and others?3-45) em-
phasized the hexamer structures of alkyllithiums, while

34) M. Wolfsberg and L. Helmbholtz, J. Chem. Phys., 20, 837
(1952).

35) This length was derived from that of (CHjLi), reported
in Ref. 14.

36) The angle of CBC in (CHj;);B was reported as 119.4°4
0.3° by Ref. 23.

37) In Ref. 23, the mean bond length of B-C was reported to
be 1.578340.0011 A. We modified this value slightly.

38) The bond lengths of Al-C in (CH;)¢Al, were determined
to be 2.24 A2V (2.1410.01 A2®) for the bridged distance and
1.99 A2v (1.97+0.01 A”’) for the exterior distance. We used
approximate values as estimated from Ref. 21.

39) The same interatomic distance of Be-C was applied to those
of the Be-terminal C and the Be- bridged C.

40) The Cp and C; notations denote a bridged carbon and a
terminal one respectively.

41) This length was an assumed one (see Ref. 14).

42) T. L. Brawn, D. W. Dickerhood, and D. A. Bafus, J. Amer.
Chem. Soc., 84, 1371 (1962).

43) D. Margerison and J. P. Newport, Trans. Faraday Soc., 59,
2058 (1963).

44) T. L. Brawn, R. L. Gerteis, D. A. Bafus, and J. A. Ladt,
J. Amer. Chem. Soc., 86, 2135 (1964).

45) A. G. Evans and D. B. Geoge, J. Chem. Soc., 1961, 4653,
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TasLE 1. ELECTRONIC STATES OF GROUP I METHYL COMPOUNDS
Bond® PM-C)® Energy (eV)
Compound  length — s(M)-s(G) s(M)-p(C) NM-C)> M(M-C)D
(A) SM-C)» P(M-C)® HO#® Lvw» Total

CH,Li 2.19 0.191 0.232 —0.190 0.384 0.064 —0.152 —11.90 —4.77 —133.98
LiCI» 3.31 0.278 0.086 —0.034 0.140 0.032 —13.39 —5.09 —128.41
CH,;Na 2.70 0.121 0.294 —0.140 0.416 0.0424 —0.122 —11.66 —4.70 —133.11
NaCIP 3.65 0.160 0.052 —0.018 0.082 0.008 —13.39 —5.02 —128.39
CH;K 3.10 0.057 0.142 —0.146 0.272 0.0248 —0.190 —11.60 —4.07 —132.37
KCI 4.05 0.113 0.022 —0.008 0.034 0.002 —13.39 —4.27 —128.38
CH; ;Rb 3.29 0.026 0.096 —0.094 0.224 0.0154 —0.054 —11.61 —3.84 —132.20
RbCIV 4.25 0.056 0.014 —0.004 0.018 0.0006 —13.39 —4.16 —128.38

a) Atomic distance of metal—carbon or metal—chlorine.

b) Total orbital overlap between metal (M) and carbon (C).

c) Bond order density tetween M and C. . i .

d) Bond order density of M-C. s(M)-s(C) and s(M)-p(C) mean the bcnd order density between s-M orbital and s-C one

and that between s-M orbital and p-C one in spo-bond of M-C, ‘respectlvely.

e) AO bond population between the orbitals of M and C presented in d).

f) Total bond population between M and C. . . L.

g) This HO level is depended on the p-C orbital presended in d), while for the chlorides, it is depended on the p-lone

pair orbital of Cl.
h) This level indicates the energy of the lowest vacant s-M orbital,
i) They are listed for the comparison’s sake.

Weiner and his co-workers?®) supported the tetramer
structures. The association of the lithium compounds
may be attributed to very small contributions of orbital
overlaps (including ““‘hyperconjugation”) between the
lithium atom and carbon to the formation of their
stable molecules. As to the other metal compounds,
however, there is little information about their elec-
tronic states except that there is a tendency*”*®) for
their slight covalent natures to increase with a de-
crease in their atomic numbers. These characteristics
should be reflected in the total orbital overlap (S-
(M-QC)) defined by the sum of orbital overlaps, the
bond order density (P(M-C)), and the total bond
population (M (M-C)). These values and, in addition,
the energy levels (HO and LV) are shown in Table 1,
while the atomic- and bond-populations are given in
Fig. 1. As may be seen in Table 1, §(M-C) supports
the previous idea as to the tendency?”’:%8) of the bond
nature; moreover, P(M-C) suggests that the ¢-bond
of M-C is formed by the bonding orbital of s(M)-—
p(C) and the anti-bonding orbital of s(M)-s(C). The
electrons of the M—C bond localize remarkably on
the carbon atom, which is over the unit charge (see
Fig. 1). In this case, the contribution of “Aypercon-
Jugation” can hardly be expected because of the negative
nw-bond character of the compounds. It is of interest
here to pay attention to the bond nature of the metal
halides for the sake of comparison. Notwithstanding
the fact that the interatomic distances of M-Cl are
larger than those of M—C, the halides indicate a more
covalent nature of the bond than do the methyl deri-
vatives. This reflects a negative contribution of the
hyperconjugation of CH; group such as has been de-

46) M. Weiner, G. Vogel, and R. West, Inorg. Chem., 1, 654
(1962).

47) L. Pauling, “The Nature of the Chemical Bond,” Cornell
Univ. Press, Chap. 3 (1960).

48) F. A. Cotton and G. Wilkinson, ‘“Advanced Inorganic
Chemistry,” 2nd. ed., Interscience Publishers, New York, Chap.
16 (1966).

Atomic population On electron atomic population

of HO (and LV)

0.921 0.0079(0.0)
H\ 535 -0.107 H\0.922(0.006)
H\ —_—074—2—4.5 H—\SC—O—O—S—Z-——-U 0.055(0.695)
H” 0806 H bog 0-012)
{0-0)
0917 0.007(0.0)
H s -0100 H 0:944(0.008)
e HS 0008 | 0.036(0.838)
~0.122 / 0.064
H” o862 H hoqs 0020
(0:0)
0-902 0.007(0-0)
“\5.359 -0.065 H\0-953(0.002)
e K B .011(0.
HAC—WO H—C————K 0.011(0.820)
H 1720 HO010 (=0-042)
(0.0)
0.889 0.007(0-0)
H\s352 -0.018 H\0-955(0.003)
A SN e e 0.011(0.861
K ~0.054 /\ 0.080
. (~0.048)
H1.e80 Ho.o10
(0.0)

Fig. 1. Atomic population of the group I methyl compounds.
(Values in parentheses are those of S-M orbitals.)

scribed above; a striking covalency of the lithium com-
pounds is also seen, a covalency which may be attrib-
uted to the small radius of the Li ion and the larger
effective nuclear charge of Li caused by the scanty
shielding effect of the electrons on Li.

In regard to the associated polymer of alkyllithium,
the present calculations give the interesting information
that (CHgLi), is less stable than CH,Li by ca. 0.25 eV
per CH,Li unit, while (CHgLi), is more stable by 0.34
eV per CH;Li unit, neglecting core repulsions and
electron-electron interactions (see Table 2). From
this point of view, from their detailed calculations of
the total energy, Cowley and White?® have demon-
strated the stability of (CH,Li), in comparison with
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TABLE 2. ATOMIC AND OVERLAP POPULATIONS FOR THE METHYLLITHIUM MONOMER,
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DIMER, AND TETRAMER

Total energy (eV)

Compound Atom EHMO Bond EHMO
EHMO SCF2
Li —0.107 Li-C —0.152
CH,Li C 5.345 C-H 0.896 —133.98 —282.32
H 0.921
Li —0.156 Li-Li 0.122
(CH,Li), c 5.330 Li-C ~0.128 —267.45 —
H 0.942 Li-C’ —0.102
C-H 0.902
Li —0.282 Li-Li —0.092
(CH,Li), 6! 5.388 Li-C —0.092 —537.26 —1241.75
H 0.996 Li-C' —0.054
C-H 0.964
a) These data were cited from Ref. 29 for comparison.
TaBLE 3. OVERLAP POPULATIONS AND ENERGY STATES OF GROUP Il METHYL COMPOUNDS
Energy (eV)
Compound Bond MX-Y)»
HO» Lve Total
(CH,),Be B o o0 —11.83 —4.3 —266.88
Be-Cy, 0.282
Be-C, 0.346
(CH,) Be, Be-Be 0.274 —12.31 ~11.25 —541.84
Cy-H 0.718
Ci-H 0.728
(CH,),Mg {Me_C 0-ald ~11.80 —4.49 —266.30
Mg-C 0.308
CH,MgBr® Mg-Br 0.118 —12.22 —6.78 —256.17
C-H 0.820
(CH,),Ca Gl 0 doe —11.68 —5.19 —264.61

a) Total bond population of X-Y.

b) HO-orbital except that of Be-derivative is mainly depended on p-C orbital in spo-bond

of M-C.

c¢) LV-level indicates that of the lowest vacant s-M orbital except Be-derivatives.
d) This was listed for the comparison’s sake (Geometry is shown in Fig. 2).

that of CH;Li (28.12 eV per CH,Li unit). On the
other hand, the electron population on the lowest
vacant s-metal orbital*®) and that on the bond of metal-
carbon at the highest occupied level®® (see Fig. 1)
may support a trend of the reactivities!'?) such as
RLi<RNa<RK<RRb<RCs for the addition reac-
tions with carbonyl groups, because the larger value of
the former may reflect the reactivity of the metal cation
to the nucleophiles, while that of the latter may sug-
gest a measure of the resistance to the cleavage of the
M-C bond.

The Electronic States of Group II Methyl Compounds.
Before speaking about the electronic states of the com-
pounds, it may be mentioned that beryllium com-
pounds usually have striking covalent natures which
can be attributed to the small size of the metal (its
metallic radius, 0.89 A, is much smaller than Li’s
1.22 A), and have a far less electropositive character
than Li in all aspects of their chemical behavior, while
compounds of Ca, Ba, Sr, and Ra are all essentially

49) The value of this population indicates the electron-vacancy
of the orbitals.

50) The highest occupied orbital is the 2p-carbon one used for
the formation of the g¢-bond of M-C,

ionic, though some Mg compounds show a covalent
nature. Generally, the polymer structures of beryl-
lium compounds such as the bridged (BeCl,), are well
accepted; Mg compounds also have a polymer chain
similar to that of Be compounds.?®) However, it can
hardly be expected that a polymer chain exists in other
group II metal compounds because of the striking ionic
nature of the compounds. The energetic states and the
overlap population (M (X-Y)) of the group II methyl
compounds are summarized in Table 3. As Table
3 shows, M(X-Y) does not indicate reliable infor-
mation about the polymeric character of Be and Mg
derivatives. However, the characteristic covalency
of Be compounds is reflected in the relatively large
S(Be-C) value of 0.254 as compared with those of
S$(Mg-C) and $(Ca—C) (0.030 and 0.034 respectively),
considering that S(Be-C) relates directly to (Be-C),
which is immediately influenced by the selected ioni-
zation potentials (vsip) of Be and C. On the other
hand, the total energies of (CHj),Be and (CH,),Be,
suggest, interestingly, that (CHj;),Be, is more stable
than (CH;),Be; the stabilized energy is about 4.04
eV per (CHj;),Be unit. Moreover, the AO populations
of the p,-Be orbitals of both (CHj),Be and (CH,),-
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TaBLE 4. ELEcTRONIC STATES OF GRoUP III METHYL COMPOUNDS

Energy (eV)

Compound  Bond  M(M-C)» Ny(S)» Ny(X)® Ny(Y)?  Ny(Z)P
HO LVo Total
CHL).B {B—C 0.5%  0.710  0.241 0.241 0.209 —11.99 —4.62  —404.33
(CHy), C-H 0.828  (0.812)  (0.522)  (0.522)  (0.410)  (—12.30) (—6.23)
CHLVAL {AI—C 0.402  0.819  0.239  0.239  0.018 —12.01 —5.89  —402.16
(CHy)a C-H 0.83¢  (0.603)  (0.165)  (0.165)  (0.052)  (—12.14)  (—5.01)
Al-C, 0.322
(0.313)
Al-C, 0.246
(0.704)
(CH,)4Al, Al-Al 0.422  0.813  0.680  0.500  0.735 —11.82  —11.17  —799.81
(0.468)
Cy-H 0.728
(0.790)
C.-H 0.740
(0.800)

a) Overlap population of metal-carbon.
b) AO population of the metal.

D,-ligand plane of the compound is on X-Y cross section, and the notations, X, Y, and

Z, denote the p., py, and p.-orbitals of metal, respectively.

c) This level corresponds to that of p,-metal orbital.
Data in parentheses are those in Refs.

respectively.
H 0.906 H 0.900
H\o<eee om J/ o 3&"___ /H
H——C—Be——C—H —Mg
/5 182 0.106 \H 5123 ¢ 171. H
H H H
/ H 0.967
N 203 /2 o757
Be—-C—-H
/ 0. S‘E\c/\ 282 AN
\ ) SR
0728 H H
0.978
H o.p36 H 0.885 o 305
\< % L Mg—Br 7.902
H—/— ;{;L 5,25%\H ;Z 0. "3
H 0. azo
:/M\erae X
216 A‘H 124°
H—C

Fig. 2. Atomic populations of group II methyl compounds.

Be, (0.043 and 0.047 respectively) also predict the
stability of the dimer, because the electrons on the
p,-orbital contribute to the stabilization of the dimer
through the z-bond of Be-C. Under these circum-
stances, the relatively strong bond of Be-Be is enough
to compensate for the weak bond of Be-Cy (see Fig.
2). However, the zm-bond of Be-Be contributes little
to this bond formation (less than 1.09,51) of the total
overlap). - The above considerations may be under-
stood from the data listed in Table 5. Furthermore,
another striking feature of the dimer is also reflected
in the atomic charge of the metal; that is, the bridged
Be-atom (+40.24) is less positive than the Be in the
monomer (+0.83). The charges of the metals (Be=
+0.83, Mg=+40.63, and Ca=-40.82, as estimated
from the atomic populations in Fig. 2) are, however,

26 and 29 for dimethyl-boron or aluminum and dimethyl aluminum dimer,

not in good agreement with such a trend of the reac-
tivities’»® as RBe<RMg<RCa in the carbonyl
group-addition reaction, probably because the be-
havior of RM (M=metal) in the reaction system can
hardly be evidenced only from the electronic states of
RM-monomers; that is, the interaction between the
carbonyl groups and the monomer or dimer of RM
was not taken into consideration at the molecular
level. In connection with the stabilized dimer of
(CHj;)4Be,, the energy state of the dimeric methyl
beryllium is illustrated in Fig. 3.

Electronic States of the Group III Methyl Compounds.
The most characteristic feature of the compounds of
this series is the dimerization of the lower trialkyls of
Al in spite of the stable monomers of trialkyls of B, Ga,
In, and Tl in vapor and in solution.5?) Therefore,
it is of interest to investigate the difference in the
electronic states between trialkyl boron and trialkyl
aluminum. The data as to these compounds are
listed in Table 4. The smaller metal-carbon overlap
population of (CH,);Al than that of (CH,),B first
indicates less stability in (CHj);Al. The most re-
markable feature of (CHj);Al appears in the small
AO population of the p,-Al orbital (used for the z-
bond of Al-C) as compared with (CH,)3B. This indi-
cates the weak =-bond of Al-C. Considering the
large contribution of the z-bond to the stabilization of
the molecule, the remarkably small z-bond nature of
Al-C (see Table 5) suggests the improbable existence
of the trialkyl aluminum monomer. These circum-
stances are reflected in the slight different atomic popu-
lations of (CH;)sB and (CH,),Al, as is indicated in
Fig. 4. However, the total energy of (CHj)sAl,
failed to suggest its stability, as is indicated in Table 4.
It is plausible here to focus on the lowest vacant p,-

51) The n-bond character formed by the p,-orbitals of the two
Be atoms was 0.239, of the total overlap, neglecting the contribution
of p,-orbitals.

52) N. Muller and A. L, Otermat, Inorg. Chem., 4, 296 (1965).
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(CH,).Be (CH,)Be,
6.306 eV 0.84(Xge; —Xpeo,) +0.64(Xe,, — Xgy0)®
0.652 1.00(Zg,,—Z
1.228g,,—0.40(Y¢, —Yq,) —0.37(S¢, + Scs) —0.015 _T1.068 O.GSES:::—S;T))
1.04X g0, —0.34(Xg, + Xoy) —4.493 —4.253 —0.58(Sge;+ Sge;) +0.35(Y¢, —Ye,)
1.04Z5,,—0.34(Z¢,+ Z¢s) —4.621 —0.63(Zge,+ Zgo,) +0.37(Zo,+ Zg,)
—10.807 0.44(Xc,+Xe,) +0.41 (Y, + Yo,)
+0.33(Y¢,,+ Yo,)
—11.085 0.51(Y¢,;, +Ye,5) +0.37(Xe, +Xe,)
—11.253 —0.49(Y¢,, —Yo,5) —0.35(X0, — Xo,)
0.64(Yc,+Yg,) —0.20Ype,+0.11(Sg, +Se;) —11.834 —12.315 0.37(Y¢,,—Yo,;5)+0.37(Xg, — Xog,)
+0'33(Y03_YC4)
—12.850 0.34(Yge;+ Yge,) +0.30(Ye,, + Yo,5)
HZ Bey Bez C11 Cis
eshee o, +0.24(Soy; —Sos.)
H . C\,H —12.983 0.54(Y 5o, — Yze,)
“, 14 ,4-1- ~H6 —
1934 a) The notations, Xpe, and Xpe, denote the the p,-Be
13 q Bé /Be———CH3 orbitals of Be, and Bc,, respectively, and so on. Small
/,2 H3 1.93 A coefficients below 10-! and the values of H were
neglected for the sake of simplicity.
Fig. 3 Energy diagrams of (CHjy),Be and (CH,),Be,.
0.872 TABLE 5. OVERLAP POPULATIONS OF ¢- AND 7I-BONDS
H CH
S -—0.828 3 N(M—C) 2
/1. ‘919 B\—0.53s Compound S — Total
H CHj, ’ il
CH,Li —0.136 —0.016 —0.152
0.882 CH,;Na —0.112 —0.010 —0.122
—0.834 CHj CH;K —0.038 —0.004 —0.042
H— Al1.315 CH,;Rb
/ 4915 ———0.402 (CHj;),Be 0.070 0.036 0.106
H CH; (CH3;)4Be, —D 0.012% 0.282(Be-Cy,)
—b 0.018% 0.346(Be-C;)
—b 0.0006° 0.274(Be~Be)
CHj
0935 H \2 7V \“/ (CH,),;Mg 0.176 —0.002 0.174
\f\°2‘%” (CH,;),Ca 0.106 —0.002 0.104
/<C302 v fSoms (CH,);B 0.482 0.054 0.536
0-740 H 0'370 (CH;);Al 0.398 0.006 0.402

CH /C
32 OOA 3 221o A
CH, C 3 CH3

Fig. 4. Atomic and bond populations of (CHj),B, (CHj);Al
and (CHj)Al,.

metal orbital in connection with the reactivity of the
compounds, because the electron-vacancy of the boron-
or aluminum-orbital (Myz(LV) or M,, (LV) respec-
tively) may play an important role in the reaction with
nucleophiles. Mg(LV) and M,;(LV) are 0.880 and
0.991 respectively. Therefore, the appreciable vacan-
cies of the orbitals on both metals may suggest the
effectiveness of the orbitals for the attack of nucleo-
philes. In this point of view, Gilman!) has reported
the order of the reactivity for the attack of nucleophiles
as RB<RAIL Finally, the n- and o¢-overlap popu-
lation of M-C in a series of the group I, II, and III
methyl compounds are recorded in Table 5 for the
sake of comparison.

The results obtained from the present study may
be summarized as follows:

a) Total bond population of metal-carbon.

b) Separation of the bond character into ¢ and = is not
possible.

¢) 7m-Bond overlap of p.-orbitals on M and C (see Fig. 3).

a) The striking nature of the covalency of lithium
compounds appeared in the large total orbital-overlap.
In all Group I methyl compounds, the electron-locali-
zation occurred on the C-atom in CHj over the C-unit
charge. As to the stabilization of the alkyllithium
polymer, (CHgLi), was more stable than CH,Li in
the order of ca. 0.34 eV per unit, although (CH,Li),
was less stable than CHLi (ca. 0.25eV per CH,Li
unit).

b) The dimer structure of (CHj),Be, was stabilized
in the energy of 4.04 eV per (CH;);Be unit, and the
contribution of the g-type Be-Be bond to the stabili-
zation was relatively large, while that of the a-type
bond was very small.

c) The zm-bond character of the monomer of (C-
H,);Al was about 1/9 that of (CH,),B; this would well
explain the stability of trialkyl boron monomers.

The present calculations were carried out on the
FACOM 230.60 computer at the Computer Center
of the University of Kyushu.





