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Bond length calculations with the extended Hiickel molecular orbital (EHMO) approximation can be improved by adding
a two-body repulsive energy term and a distance-dependent Wolfsberg—Helmholz constant K = k exp(~8R). As demonstrated
in the case of simple homonuclear two-level interactions, such a distance-dependent X leads to problems, however. This
drawback of the otherwise very useful improvement of the EHMO method can be overcome by applying K = 1 + « exp(—6(R
- dg)). dyis equal to the sum of the orbital radii of the two adjacent atoms, and « is calculated from the weighted
Wolfsberg—Helmholz formula. The new formula leads to good potential energy curves for diatomic and for polyatomic molecules.

1. Introduction

The extended Hiickel molecular orbital (EHMO) theory pro-
vides a good initial approximation to the electronic structure of
complex molecules. It is the simplest of the all valence one-electron
theories and is very useful for advancing our understanding of
molecules, complexes, semiconductors, and other systems. The
search for the stationary points of energy hypersurfaces, especially
for their local minima and saddle points, is of fundamental sig-
nificance for studies of chemical reactivity. The EHMO method
in its original form has been successfully applied to describe
pathways in important organic and inorganic reactions.'™
Problems arising from overestimating “counterintuitive orbital
mixing” have been discussed and solved by introducing the so-
called weighted Wolfsberg~Helmholz formula.” Despite this, the
EHMO method in its original form does not correctly include
electrostatic interaction and therefore fails in many cases to yield
good potential energy curves for stretching modes. Anderson and
Hoffmann® have shown how this deficiency can be overcome by
adding two-body electrostatic correction terms, applying the
Hellmann—Feynman theorem. To derive the two-body electrostatic
interaction energy, the exact electronic charge density p(R,,r) for
a diatomic molecule a~3 is written as

p(Rwr) = Pg(r) + pa(Ru—r) + pNPF(Rwr) (1)

where the origin of the coordinate system is on nucleus 8. pg(r)
and p,(R,-r) are atomic charge densities, centered on nucleus
8 and nucleus a. These densities are computed by using the same
Slater orbitals as those in the extended Hiickel calculation.
onpr(R,r) is the “non-perfectly-following” correction to the atomic
charge densities which makes eq 1 exact. The energy E(R) is
expressed as sum of the electrostatic two-body correction Es(R)
and the extended Hiickel binding energy AFgymo(R):

E(R) = E 4(R) + AEgymo(R) 2)

The extended Hiickel binding energy is calculated according to’
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AEgpmo(R) = Epumo(R) - Lb,E,° 3)

where 3_b,E,° is the sum of the atomic valence orbiial ionization
potentials, each of them times the orbital occupation number &,

In a short article,!® Anderson discussed the basis of the EHMO
method with corrections and tried to improve calculations of
dissociation energies by multiplying the Wolfsberg—Helmholz
constant with exp(—6R):

Hj;= KK (H; + Hp)S; (4a)
K = k exp(-8R); k =2.25,6=10.13 A" (4b)

In later applications of this approach, he obtained good results
on many different systems.!!"!*

2. Criticism

Despite these interesting results, formula 4b leads to problems,
because K becomes smaller than 1 for large bond distances. These
problems do not affect the results in the neighborhood of the
energy minimum, but they lead to wrong behavior at medium and
large bond distances. This is an unnecessary burden to the oth-
erwise useful method. We shall therefore show how formula 4b
can be corrected by fully maintaining the advantages of a dis-
tance-dependent K.

Let us first explain why the condition X > 1 for R < « should
always be fulfilled. H,* is the simplest one-electron system that
can be treated very accurately within the LCAO-MO approach.
The results are
Hpn ¥ Hpp

1
: =} =
(1sy ¥ 1sg); E; TS 7

Ed

1
T 21 = S

Hpp = Ey($) + <15A - ISA>; S = (1s4] 1sp)
1 ¢

Hap = Ex(D)S + { 1s4] - - Isg ); Eu($) = -3 3
A

¢ is used as a variational parameter which takes the values { =
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2atR=0,¢{=1228atR=R;,and { =1at R— ». Bond
length and bond energy calculated with this approach differ by
less than 1% from the experimental values.

Let us examine the energy difference between the bonding and
the antibonding orbital:

2
E.-E = E‘Z(HAB‘HAAS) 6)

Since Haa and Hap are both negative and S is positive, the
condition H,g < HaaS must hold to avoid crossing of £, and E_.
In the case of H,* this is fulfilled.

More generally, a two-level interaction X-X with Hyp = Hpa
can be described as

Hpp—€¢  Hpg~ €S
HAB“ES HAA"é B

from which we get

_HamtHap  Haa-Ha
“TT0+s ST Ta-s
and therefore
Hpp — SHpp
Mrmetiu= Ty
H,s - SH
AE_=€__HM=_JH %)

Dividing AE, by AE_ leads to
AE, __1-5
AE_ 1+ S

<0, for0<S<I1

This means that in the interval 0 < § < 1 AE, and AE_ never
do change their sign. If X-X forms a chemical bond, e, describes
the bonding interaction and e. the antibonding interaction in the
neighborhood of the equilibrium bond distance. As a consequence,
€4 < e_and therefore AE, < AE_. From this follows that AE,
and AE_, and therefore ¢, and ¢, will never cross in such a
two-level interaction. In our opinion any semiempirical param-
etrization should take this aspect into account.

If we now approximate the off-diagonal elements H,5 by means
of eq 4a, we get

Hpp = KHAAS 3
Inserting (8) into (7) leads to

S
AE, = Hppa(K-1) AE.=-HpK-D7”5 O

S .
1+S
We conclude that AE, and AE_, and therefore ¢, and ¢_, do not
cross, as long as K is larger than 1. One of the basic rules of the
MO theory is the following:’

“Constructive interference of AOs leads to bonding MOs ex-
hibiting one-electron energies lowered relative to the weighted
average of the diagonal elements Hj; of the contributing AOs; while
destructive interference leads to antibonding MOs exhibiting
one-electron energies raised relative to the corresponding average
of H;’s.” If we allow K to become smaller than 1, this rule is
obviously violated.

We now estimate the dissociation energy D, of homonuclear
diatomic molecules that, to a first approximation, can be described
by 9,ie.,bya (nsog)2 electron configuration. Such molecules are
Hz, Liz, cany CS;, Cllz, Agz, Auz.

Within the extended Hiickel approach, D, should be approx-
imately equal to —2AE,;16718

S
D, =~ -2Hpp(K — 1)'1‘+—'S (10)
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Figure 1. Adiabatic ionization potentials of homonuclear dimers versus
ionization potentials of the (ns)! electron of the atoms: (top) Li, to Csy;
(bottom) H,, Li,, ..., Cs,, Cu,, and Ag,.

SCHEME I
elay)

elog)
hss

If X <1, D, would become negative which corresponds to a
nonphysical situation. Similar arguments hold for the energy of
the first electronic transition o, < o, and for the first adiabatic
ionization energy of these molecules.f%'18 It is interesting to note
that, from the expression for e, and eq 8, one would expect a linear
relationship to hold approximately because the {ns,|ns, ) overlap
integral in these homonuclears is very similar:

IP[X,(D)] = ay + a;IP[X}] (11

with a; = (1 + KS)/(1 + S) and with g, reflecting the elec-
tron—electron interaction, not included in the one-electron orbital
energy ;. This means that the ionization potential of the dimers
is proportional to the ionization potential of the atoms plus a
constant.

In Figure 1 we show that this prediction is correct for the
alkali-metal dimers and that it is also a good approximation for

(18) Mulliken, R. S. J. Chim. Phys. 1949, 46, 497.
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TABLE I: Comparison of Experimental and Calculated Data of Some
Diatomic and Polyatomic Molecules®

a. Diatomic Molecules

molecule e 1P, A+~ X AE Dy
H, 074 1543 IZtr<13% 1137 4.48
080 1537 o0, o: 1674 5.52
Li, 2.67 5.0 12— 13t 1.74 1.05
231 522 o0, + o) 2.88 2.18
Ag, 2.48 7.56 1130 2.85 1.66
2.81 782 0,0, o} 1.55 3.15
C, 124 1215 o'z}t 6.21
1.28 1211  miol <« =} 217 583
LiH 1.60 7.7 ISt 13+ 3.28 2.43
1.63 9.50 glgl « g2 3.17 2.66
CuH 1.46 I3+« 13* 2.91 2.7
138 1123 olo! «— o2 4.32 3.91
AgH 1.62 1z« 13* 3.71 2.28
1.71 11.26 glol «— g2 342 3.74
HCI 127 1275 e« 'z* 4.43
142 1286 wlol «— 2 10.98 4,07
Cco 113 1401 ¢« 13* 11.09
135 1335  olr' « o2 2.74 5.10
Cs 153 1133 ¢« !3* 7.35
1.59 1111 o'xl g2 2.65 5.36
Si0 1.51 1140 ¢+ 1zt 8.26
220 1110 oxl =7t 0.93 1.38

b. Polyatomic Molecules

molecule re &, IP HOMO LUMO

H,0 0.96 105.2  12.61

1.15 111.5 1281 nb, o*b,
H,S 1.33 92.2 1047

1.39 103.0 11.46 nb, a*b,
CO, 1.16 d 13.77

1.40 d 13.74 T T*m,
CH,0 1.21,1.10 121.1 10.88

143,118 1240 11.88 nb, T™*b,
CH, 1.09 e 12.99

1.15 e 13.74 oty O’*tz
SiH, 1.48 e 12.82

1.58 e 14.10 at, a*ty

4 For each molecule, the upper and lower numbers represent experi-
mental and calculated data, respectively, Distances are in angstroms
and energies in electronvolts. 1 + « = 1.75, § = 0.13. ®Dg(caled) =
Dy(caled) - 1/2w,.  °Not directly comparable symmetry states.
4Linear. ¢Tetrahedral.

the series H, to Ag;. From this data we extrapolate IP[Au,] =
9.18 eV which has not yet been measured, as far as we know. The
experimental values have been taken from ref 19-21.

Equation 11 supports the general validity of Scheme 1 for the
description of the (nso,nsc,) levels and of the BIZ,* < X!Z,*
transitions of H, to Au,.'s1® b is the atomic valence orbital
ionization potential, and &, is the valence orbital ionization po-
tential after the atoms have approached bond distance.

The aim of this section is to emphasize that the above given
interference rule should not be violated in a one-electron scheme
for the description of chemical bonds, unless very special conditions
apply as discussed in ref 7. Consequently, K > 1 must be fulfilled
for finite bond distances.

3. Correction

We now give a correction that maintains all the advantages of
a distance-dependent X but circumvents the mentioned problems
of eq 4b. We propose the following equation:

K =1+ «kexp[-6(R - dy)] (12a)

« and 6 are positive empirical parameters while d, is equal to the

(19) Kappes, M. M.; Schir, M.; Schumacher, E. J. Phys. Chem. 1985, 89,
1499,

(20) Morse, M. D. Chem. Rev. 1986, 86, 1049.
(21) CRC Handbook of Chemistry and Physics, 55th ed.; CRC Press:
Bota Raton, FL, 1974.
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TABLE II: Comparison of Experimental and Calculated Data for
Molecules with C~-O Multiple Bonds®

molecule r. 1P A+—X AFE D¢
CcO 1.13 14.01 ¢+ 1z* 11.09
1.15 13.18 clrl g 475 9.43
Sio 1.51 1143 ¢« 12 8.26
1.55 1173 ool « o’ 37 8.20
molecule e &, IP HOMO LUMO
CO, 1.16 d 14.01
1.20 d 13.66 ™ w*m,
CH,0 1.21,1.10 121.1 12.18
1.23,1.08 1190 11.88 nb, n*b,

4For each molecule, the upper and lower numbers represent experi-
mental and calculated data, respectively. Distances are in angstroms
and energies in electronvolts. 1 + x = 2.00, 6 = 0.35,and 1 + x = 2.25
for Si0. ®Dy(calcd) = D,(caled) — 1/2w,. °Not directly comparable
symmetry states. “Linear.

sum of the orbital radii r,(A) + r,(B) which are defined by the
following equation:

1
L famramr e

For Slater-type orbitals this leads to (14a) and in case of double-{
functions to (14b):

r

(13)

= (n/Dag (142)

n

Iy =

22n(§—1 (2)"'”/200 (14b)

(5 + H)*»
a, is the Bohr radius, and dj corresponds approximately to observed
bond distances. This means that in the neighborhood of the
equilibrium bond distance, eq 12a takes the simple form
K(R=dy) =1+« (12b)

Instead of introducing a new parameter «, this aliows to calculate
« by means of the weighted Wolfsberg~Helmholz formula’ at R
= do.

e+ et +

H; = yzKSij[Hir + Hj
K=(1+0)+A- A 1+x=175
Hy - Hy

A= ——n
Hy+ Hy

(15)

Applying (15), eq 12a can be written as follows:
K =1+ (x+ A% - A%) exp[-0(R - dy)] (12¢)

6 is positive. As a consequence, K increases with decreasing
interatomic distances, as it should be.

After introducing the corrected distance-dependent Woifs-
berg~Helmholz formula, we now briefly discuss the electrostatic
two-body interaction E,g(R). In his original paper, Anderson
introduced the electrostatic energy to describe the interaction
E4(R,) of nucleus o with the neutral atom § in a nonsymmetrical
way using the electron density of the more electronegative atom
only. This deficiency can easily be corrected by taking the ar-
ithmetic mean:!6-2223

E(R) = JAE(R) + E4(R)] (16)

Equation 16 can be written as follows:

ZiZs s Pa
= - — _— -+
E4(R) R 2[Z‘,,‘I"R_rl dr ZﬂflR_rl dr

(17)

(22) Beran, S.; Slanina, Z.; Zidarov, D. C. Int. J. Quantum Chem. 1978,
13, 227.

(23) Carbd, R.; Fornos, J. M.; Hernéndez, J. A.; Sanz, F. Int. J. Quantum
Chem. 1977, 11, 271.



Molecular Geometries by the EHMO Method

10
H2
s
B
? 0
S
_5'
-101 —m—— T —
0.3 0.5 0.7 0.9 117 1.3
r(H-H) [A}
5-
LiH
31"
2 T
& -17
\_/;4
=31 "
-
//
/'/
_5.'1"I'I'T'l'r'
1.0 1.2 1.4 16 1.8 20 22 24
r(Li-H) [A)
201
co
101
Y
=
3 of T
[
(=4
w /,_-—
/
/
-101 /
e
/
7
_20. v L] T L} Ll v
0.9 1.1 1.3 1.5 1.7
r{C-0) A}

The Journal of Physical Chemistry, Vol. 93, No. 14, 1989 5369

151

c2

Energy [ev]
o

-5

-101 s

=151
08 1.0 1.2 14 1.6 1.8 2.0
r(c-C) A1

1.0 1.5 20 2.5
r(Ag—H) [A)

15

Energy [eVv]

L R ——

1.0 1.2 1.4 1.8 1.8

r(c-0) (Al

Figure 2. Theoretical results for some diatomic molecules and for the linear CO,: (-) two-body interaction Ea,(R); (---) AEgmo(R); (—) AEpymo(R)

+ EL(R).

Z, and Z; are the core charges of the centers « and 8. In the
Appendix we show that the integrals for STO-type atomic wave
functions can be expressed as follows:

Pg
f R-A Y~
exp(-2{uR) 2 p

I .
Egbﬂ[l— T L ORS) Pm_p),](ls)

nl stands for the principal and the azimuthal quantum numbers,
¢ is the Slater exponent, and b, is the occupation number.

4. Comparison with Experimental Results

Let us compare some of the theoretical results with experimental
data to get an impression of the results that can be obtained by

applying eq 12a for the off-diagonal elements and eq 17 for the
two-body electrostatic interactions. Charge iteration was carried
out at each point to generate the presented data, applying the
parameters from ref 24 and for Ag the ones from ref 25. Slater
exponents have been taken from Burns? and for Ag from Basch
and Gray.”” Mulliken population analysis was applied.?® The
experimental data reported in Tables I and II originate from ref
19-21 and 29, 30. -

(24) Basch, H.; Viste, A.; Gray, H. B. J. Chem. Phys. 1966, 44, 10.

(25) Baranovskii, V. L; Nikol'skii, A. B. Theor. Eksp. Khim. 1967, 3, 527.

(26) Burns, G. J. Chem. Phys. 1964, 41, 1521.

(27) Basch, H.; Gray, H. B. Theor. Chim. Acta 1966, 4, 367, Basch, H,;
Viste, A.; Gray, H. B. Theor. Chim. Acta 1968, 3, 458.

(28) Mulliken, R. S. J. Chem. Phys. 1955, 23, 1833.



8370 The Journal of Physical Chemistry, Vol. 93, No. 14, 1989

H20 symmetric stretch

Energy [eV]
o

0.6 0.8 1.0 1.2 14
r(o-H) A

H20 asymmetric stretch

471
2‘ . -
— 01
:
&-2
H
5
—4\_/
_5-
-81 T T T T T T
-06 ~04 -02 00 02 04 08
ri{rt=r2) LA]
H20 bend
2
04
3 -2
B
®
& -41
~ ]
~
-8

60 80 100 120 140 160
phi (H~0~H) [A]
Figure 3. Theoretical results for the three normal modes of H,O: (-+)
two-body interaction E,5(R); (---) AEgumo(R); (—) AEpumo(R) +
E4(R).

In Table I, we report calculated data on diverse diatomic
molecules, applying 1 + x = 1.75 and 8 = 0.13.3! Since it is not
possible to use charge iteration on homonuclear diatomic mole-
cules, we have corrected for electron correlation according to
Scheme I by adding 1.5 eV to H. Bond lengths and first ioni-
zation potentials are reasonably well represented by these cal-

(29) Huber, K. P.; Herzberg, G. Constants of Diatomic Molecules, Van
Nostrand Reinhold: London, 1979. Herzberg, G. Electronic Spectra of
Polyatomic Molecules, Van Nostrand Reinhold: New York, 1966. Turner,
D. W.; Baker, C.; Baker, A. D.; Brundle, C. R. Molecular Photoelectron
Spectra;, Wiley-Interscience: London, 1970. Potts, A. W.; Price, W. C. Proc.
R. Soc. London, A 1972, 326, 165.

(30) Pacansky, J.; Hermann, K. J. Chem. Phys. 1978, 69, 963. Colbourn,
E. A.; Dyke, J. M,; Lee, E. P. F,; Morris, A.; Trickle, I. R. Mol. Phys. 1978,
33, 873.

(31) Modified version of the program 1coNs (QCPE No. 344) is available
on request.
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Figure 4. Theoretical results for the symmetric stretching mode of CHy:

(+++) two-body interaction E4(R); (---) AEenmo(R); (—) AEenmo(R)
+ E4(R).

Energy [ eV1
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T
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Figure 5. Comparison of the CuH Morse potential with the calculated
potential energy curve: (--) Morse potential; (—) optimized parameters
(1 +«=1.57 and é6 = 0.1).

culations. The HOMO and the LUMO lead to the correct ground
states and to the correct first electronically excited singlet states.
This means that they represent a good basis for perturbation
theory. Dissociation energy and bond length of CO and SiO are
badly represented, and the calculated D, of Li, and Ag, is twice
too large.

In the case of the polyatomic molecules in Table Ib, the
equilibrium geometry was obtained by independently optimizing
bond lengths and valence angles with respect to the energy min-
imum, thus representing the true minimum on the energy hy-
persurface. It is well-known that bond angles and first ionization
potentials are well-represented by EHMO calculations. Inclusion
of the two-body interaction E,4(R) also leads to good bond lengths.

In Table II, we present results calculated with 1 + « = 2.0 and
§ = 0.35. The obtained improvement suggests that, for any given
class of compounds, a set of «,§ parameters can be found to
describe them with good accuracy.

It is worthwhile to study the energy components AEgumo(R),
E,4(R), and their sum E(R) as a function of bond distances and
bond angles; see Figures 2-4. The five diatomics H,, C,, LiH,
AgH, and CO demonstrate that a reasonable potential energy
curve cannot be obtained without inclusion of the electrostatic
two-body interaction. Similar results have already been reported
by Anderson®!%13 although our curves are more satisfactory. The
symmetric stretching modes of CO,, H,0, and CH, demonstrate
the great improvement obtained by our approach, while the
bending modes, only shown for H,O in Figure 3, are not markedly
influenced by E 4(R).

The quality of the calculated potential energy curves can be
tested by comparing them with Morse potentials derived from
experimental parameters. Such a comparison is made in Figure
5 for CuH. The result is typical for closed-shell configurations
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of molecules. It demonstrates that Morse potentials can be
reasonably well simulated if the parameters are optimized. Al-
kali-metal dimers show a less satisfactory agreement while in many
other cases it is even better. This is very interesting because it
shows that the general behavior of the EHMO approach, including
a two-body repulsive energy term, is correct.
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Appendix

To derive eq 17, let us start with E4(R). With Z, and Zj for
the core charges, we can write

ER) = 2} 22 "o
R = Zo| B - L R=-A7

Integrals of this kind can be written as follows:3?

® Pa(’) “pg(r)
d
o IR- r| f pe(r) dr + L

Pﬁ(r) = z’:bann1247rr2
ni

dr=A+ B

b,; is the occupation number of the atomic orbitals of the principal
quantum number 7 and the azimuthal quantum number /. x,,

(32) Kauzmann, W. Quantum Chemistry; Academic Press: New York,
1957; p 286.

denotes the Slater-type atomic orbitals.

nl 282
Xni = ! —§‘,,1r; =TT,
(4m)'2 ((2mN172
(2{711)2'”.1
PR am—— o Y P T
Xnl' = e
— _1_ R 2 2 _ l M R n,=2¢ur
A sz"’j; Xntdwr? dr R%b"l ! J; rre2wr dr
Qi)™ pe
A 42 4y = -1 ,~20nr
B =Tb, f 47 dr = Thy =5 o o ‘j; Pl dr
1 Q¢u)*™! R
+ 7 ,=2{ni
A+ B= }:b,,,[R ! j; rig 2w dr +
(2™ L
=1 o=28nir
) f PPl s dr
Applying
m m! x™P
xMe® dx = e} (-1)p ——————
f p2=:o( ) (m - p)lar*!

leads to

e—zr.,R 2n R2n—p
R p=o(2n - p)!

e—2§‘,,;R 2n R2n—p

1
!’ = _ 2n-p + —
A 2> + &

= 2n-p -
B’ = R Lo = i 2 2n = p)
, , 1 ~2{uR 2n ) p
A+B==- np—
=R R ,E(ZRf"’) (2n - p)!

Therefore we have

= pg(r) 1
R=7 r= %bn,[ﬁ_

~2{uR 2n

P
R pgx(er"’)z p(2n -p)! ]

Molecular Inversion Dynamics of Bis(cyclopentadienyl)beryllium Inferred from Partially
Relaxed Spin-Spin Coupling between Carbon-13 and Beryllium-9

Kerry W. Nugent, James K. Beattie,* and Leslie D. Field
School of Chemistry, The University of Sydney, Sydney, N.S.W. 2006, Australia (Received: June 3, 1988;

In Final Form: January 23, 1989)

Introduction

The rate of molecular inversion of bis(cyclopentadienyl)beryllium is estimated to be 10'%*! s~ in diethyl ether or cyclohexane
solutions at room temperature. Inversion occurs by the interchange of the central (»ns) and peripheral (5,) bonding roles
of the two cyclopentadienyl rings and causes the hydrogen and the carbon atoms each to be dynamically averaged in their
respective NMR spectra. The '*C spectra display fine structure, however, which arises from incomplete decoupling from
the quadrupolar °Be nucleus (I = 3/;). The 'H-decoupled !*C spectrum is a narrow doublet which collapses to a singlet
as the temperature is lowered, with an apparent activation energy of 5.2 kJ mol™. The line shape is independent of the magnetic
field strength between 2.1 and 9.4 T and does not change significantly between the two solvents. These observations lead
to the conclusion that the relaxation of the *Be nucleus is predominantly caused by the molecular inversion and not by molecular
tumbling. A precise value for the inversion rate cannot be calculated in the absence of the nuclear quadrupole coupling
constant.

ferrocene structure (Figure 1a) and implies that the equivalence

The 'H NMR spectrum of bis(cyclopentadienyl)beryllium
(BeCp,) in solution is a singlet, even at =135 °C.1-*  Yet the
molecule is polar in solution.® This excludes the symmetrical

(1) Morgan, G. L.; McVicker, G. B. J. Am. Chem. Soc. 1968, 90, 2789.

(2) Wong, C.; Lee, T. Y.; Lee, T. J.; Chang, T. W.; Liu, C. S. Inorg. Nucl.
Chem. Lett. 1973, 9, 667.

(3) Wong, C.; Wang, S. Inorg. Nucl. Chem. Lett. 1975, 11, 677.
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of all of the protons in the NMR spectrum is the consequence
of some dynamical averaging process. The °Be NMR spectrum
is also a singlet at room temperature,! as would be expected for
any of the structures which have been proposed for the molecule
(Figure 1).

(4) Fischer, E. O.; Schreiner, S. Chem. Ber. 1959, 92, 938.
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