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most intense peaks which presumably arose from the
equatorial borons.

Although these results are of necessity more qualita-
tive than quantitative, several interesting trends are
apparent. All of the ten-membered cages give second-
order or intermediate spectra whereas all the twelve-
membered cages except one give first-order spectra.
The quadrupole coupling is not independent of the
cation present. The coupling constant is not there-
fore a reliable quantitative measure of the electron
distribution within the boron cage. The unsymmetric
cation (C.H;);:NH* produces a sufficiently large field
gradient at the boron of the twelve-membered cage to
give rise to a second-order spectrum. In the twelve-
membered cages with the small coupling constants the
introduction of a substituent (iodine) distorts the elec-
tron distribution sufficiently to produce a significant
increase in coupling. If, however, the symmetry is
maintained, as in B;xClip?™, a small coupling again re-
sults.

The most interesting of these observations is the
pronounced difference between the ten-membered and
twelve-membered cages. This difference is of the same
order as the difference between boron in a tetrahedral
environment (egQ ranges from ~0 in NaBH,* to 104
ke./sec. in NaBF,* and up to 570 kec./sec. for BO,™ in
some glasses®!%1%) and boron in a planar environment
(eqQ is 2.96 Mec./sec. in boron nitride* and 2.76 Mc./
sec. for BOj in glasses®!>1%).  These results are usually
discussed in terms of the occupancy of the boron 2p
orbitals. Thus, in a symmetric tetrahedral environ-
ment all three 2p orbitals are equally occupied, giving
rise to zero field gradient at the nucleus so that in the
absence of fields arising from external ions eqQ will be
zero. On the other hand, for a planar boron forming
three sp? bonds two of the p orbitals (p; and p,) are
occupied, but p, is empty. It may be readily shown

(12) P.J. Bray and J. G. O'Keefe, Phys, Chen. Glasses, 4, 37 (1963).
(18) P. J. Bray, M. Leventhal, and H. O. Hooper, ibid., 4, 47 (1963).
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that the quadrupole coupling constant expected for
this situation is just that of a free boron atom?®'* (5.39
Mec./sec.). The observation of lower values than this
(in boron nitride, for example) has been rationalized
in terms of donation of electrons into the p, orbital by =
bonding. Itis of interest therefore to see whether these
results for boron cage compounds can be similarly inter-
preted in terms of inequalities in the populations of the
boron 2p orbitals. With this in view, extended Hiickel
calculations similar to those reported by Hoffman and
Lipscomb?® on these cage compounds have been made.
These calculations indicate a difference of about 0.03
in the populations of the different p orbitals of the
twelve-membered cage borons and of about 0.17 for
the equatorial borons of the ten-membered cages. These
population differences would give quadrupole coupling
constants agreeing in order of magnitude with the
experimental results. There are several reasons why
this type of calculation cannot be regarded as being
particularly reliable. The most important of these are
the well-known inadequacy of the Hiickel type of ap-
proximation for predicting charge distributions and the
uncertainty regarding the directions of the principal
axes of the quadrupole coupling tensor. The results
may, however, be taken as providing at least a sugges-
tive indication of the nature of the differences in boron
bonding in the two types of cage compound.

Experimental

All spectra were obtained at 14.2 Mec./see. using a Varian
broad-line instrument. The samples were examined in the
form of compressed pellets. The preparation of these compounds
has been described previously.”?
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Stereochemistry of the Base Hydrolysis of

Cobalt(III) Complexes
Sty

There is now considerable evidence in support of
the conjugate base dissociation mechanism (SN1CB)
for the base hydrolysis of halogenoamminecobalt(II1)
complexes.!=® However, the most detailed attempt
to explain the stereochemistry of this reaction was done
on the basis of a bimolecular displacement (Sn2)
mechanism.* We wish to show that the available

(1) For discussion and references see F. Basolo and R. G. Pearson,
“Mecharnisms of Inorganic Reactions,”’” John Wiley and Sons, New York,
N. Y., 1958, p. 124; P, Basolo and R. G. Pearson, Advan. Inorg. Chem.
Radiochem., 8, 25 (1960).

(2) M. Green and H. Taube, Inorg. Chemn., 2, 948 (1963).
(3) R. B. Jordan and A. M. Sargeson, ibid., 4, 433 (1965).

stereochemical data can be better explained on the
basis of a dissociation process and to propose two stereo-
chemical rules that must be obeyed if the mechanism
postulated is correct.

Since a tetragonal pyramidal structure with water
entering at the position vacated by the leaving group
can only result in retention of configuration, the initial
assumption is that the five-coordinated intermediate
has a trigonal-bipyramidal structure. This is in ac-
cord with the hypothesis that this structure is stabilized
by the 7 bonding of the electron pair on the amido nitro-
gen, which must be in the same trigonal plane as the
vacant d,., orbital on Co(I1I).* Assuming that a

(4) C. K. Ingold, R. 8. Nyholm, and M. L. Tobe, Nature, 194, 344
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(3) R. G. Pearson and F. Basolo, J. Am. Chem. Soc., T8, 4878 (1956).
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Figure 1.—Mechanism of reaction proposed for the base hydrolysis of [Co(en),LX]"+,
minimum of atomic motion takes place in the forma- TaBLE I
tion of an intermediate, then it follows that frams- StERIC COURSE OF BasE HYDROLYSIS OF
: CoBALT(III) COMPLEXES
[Co(en):LC1}"* can readily form only structure A Sfim M 5, _
shown in Figure 1. This same structure and also [Co(en)LX]"+ + OH~ — [Co(en)LOH]"* + );
structure B can be formed by the cis isomer. The ad- sis
T4l - : : 1 ——= % cis product® — prod-
dition of water in P:che }tlngonal Plfagel: of Cﬁl .rtr'lay r(;.sulttm pisn x ok u 2 Rel manel x  od Ret.
'rearrangement. urthermore, if the addition of water OH o 61 8 b OH O 94 b
is fast compared to proton transfer, then B is asym- OH  Br 06° b OH Br 90 b
metrical and can give rise to a net retention or inversion Cl cr 21 6 b Cl . 5 b
of configuration. If proton transfer is faster than the C1 Br 30° b Cl Br 5 b
addition of water, then racemic c¢is product must form Br cl 40 b Br S
from B. In any event, B can only form the cis isomer N 1 51° ¢ N 13 4
rom . any ) B € Yy 1011 ’ NCS Cl 56 24 d NCS Cl 76 e
whereas A can yield both cis and frans isomers. NH, Cl 60 °4 f NH, C 76
Since the common intermediate A is the only one NG, Ci 46 20 g NO, Cl 6 g

for the trams isomer, this permits the statement of the
first rule, which is that for base hydrolysis the cis isomer
must never give less cis product than does the trans form.
An examination of the data in Table I shows that this
rule is obeyed.

On the basis that the proposed mechanism is followed,
it is also possible to calculate what fraction of A and
what fraction of B are formed in the base hydrolysis of
cts-[Co(en):LX]*+. Thus, irans-[Co(en).Cl;]* gives
95%, trans-[Co(en);CIOH]*+ and 5%, czs, which tells us
the behavior of intermediate A. The 379, of cis-
[Co(en),CIOH]* formed from cis-[Co(en),Cl]* must
then come from the formation of 33.69; of B, which
gives all ¢is product, and 66.49, of A, which gives (0.05)-
(0.664) or 3.39, additional c¢is product. Table II
shows the calculated fractions of trigonal bipyramids
A and B formed from the other examples in Table I.

Also included in Table 1T are the modes of reaction
of intermediate B when optically active cis isomers are
used. For example, the data in Table I show that the

¢ For A-cis-L the total % cis = % A + 9 A, whereas optically
inactive trans-L yields racemic-cis. For both %, trans product =
100 — % ¢is. ® 8. C. Chan and M. L. Tobe, J. Chem. Soc., 4531
(1962). ° The starting material was racemic-cis-L. ¢ P. J.
Staples and M. L. Tobe, tbid., 4803 (1960). ¢ C. K. Ingold, R. S.
Nyholm, and M. L. Tobe, ébid., 1691 (1956). ’ R. S. Nyholm
and M. L. Tobe, 1bid., 1707 (1956). ¢ S. Asperger and C. K.
Ingold, ibid., 2862 (1956).

base hydrolysis of A-cis-[Co(en),NH;C1]2+ gives 609
A-cis- and 249, A-cis-[Co(en),NH;OH]**. To ex-
plain this we note from Table II that intermediate A
is formed 679, of the time and B is formed 339, of the
time. Also A forms ¢is product 767, of the time and
trans product 249, of the time. From the A-¢is sub-
strate the c¢is product via A must have the retained A
configuration. This gives (0.67)(0.76) or 519, of A-
cts product and the remaining 99% of this product must
come vi¢ intermediate B. Therefore, B must add
water with retention of configuration 279, of the time,
(0.27)(0.33) giving 9%. In this way the results listed
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TaBLE II
CALCULATED STEREOCHEMICAL RESULTS IN THE BASE
Hyprorysis OF cis-[Co(en),LX]" T ASSUMING THE
MECHANISM SHOWN IN FIGURE 1

)
retention
L X % B for B®
OH Cl 50 26
OH Br 60 ..
Cl Cl 34 53
Cl Br 26
Br Cl 40
N3 Cl 44 ..
NCS Cl 16 ~0
NH; Cl 33 27
NO; Cl 64 69
® G inversion is 100% — 9 retention. If B became sym-

metric, each of these figures would be 507%.

in Table II for 9, retention by B were accumulated.
A second rule that must be obeyed for base hydrolysis
reactions through structures A and B is that the 9
retention of configuration by a cis substrate must be greater
than or equal to the G of intermediate A times the fraction
of cis product from A.5 This rule is followed except for
[Co(en),NCSCI1]+, where changes of only 29, in the
various products, which is within the limit of experi-
mental error, would also bring this system into accord
with the rule.

Finally, it should be noted that because B may not
be symmetrical, it can provide a path for the reaction
of an optically active ¢is substrate to give an optically
active product with the inverted configuration. Only
two examples of inversion are known,” but if conditions
can be found to minimize the reaction of an optically
active c¢is isomer via intermediate A and/or maximize
the desired stereospecific attack on B, then inversion
should occur.?
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An Empirical Molecular Orbital Treatment of
Tetragonal Ammine Complexes of Cobalt(III)

Sir:

A theoretical treatment of the crystal field model and
experimental evidence indicates that the splitting of the
Ty state for the monoacidopentaammine, CoA;X, to a
good approximation, may be written?

(1) R. A. D. Wentworth and T. 8. Piper, I'norg. Chem., 4, 709 (1865).
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E('E®) E('A;) = 5/5(Dg™ — Dg*)
— 1/4(AX _ AA>
= 1/46A

This simple result suggests that it should be obtainable
from a molecular orbital method, and when expressed
in these terms could be considerably more useful.

We have found that the similar empirical molecular
orbital treatments of Yamatera? and McClure® can
indeed be recast to obtain this result. McClure’s
model in its original form focuses attention on the split-
ting of the one-electron energy levels of CoA;X. We
prefer to refer the splittings to the parent compounds
CoAg and CoX; since chemists commonly think of the
ligand field strength as characteristic of a given metal-
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Figure 1.—A qualitative comparison of the splitting of the
one-electron d levels for CoAs and CoX; where ligand X is a
stronger o and 7 bonder than ligand A. Note that §A = §o — dn.

ligand interaction in a symmetric octahedral arrange-
ment. Furthermore, this technique provides hope that
not only splittings, but also band shifts, can be inter-
preted.

The method of calculation follows closely to that of
Yamatera. The results can be expressed in terms of
three parameters

8A = A — A* = 60 — o7

80 = E(ey CoXg) — El(es, CoAg)

or = E(th, COXG) - E(th, COAG)
whose significance is illustrated in Figure 1.* Clearly,
one of these is redundant. Therefore, we have chosen
to express our results in terms of §A and 8 since the
former is readily available® and the latter should be the
smaller effect. The energies of the singlet states are
then

E(E®) — E('A1) = E('Ty, CoAs) + /.04

E(*A;) — E(PAy) = E(Ty, CoAy)

E(lEb) - E(1A1) = E(sz, COAG) + 1/125A - 1/5671'

E('Bs) — E(1A;) = E('Ty, CoAg) -+ 1/:04 4+ /567
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