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Ab Initio/IGLO/NMR Investigation of nido-C4B,H1; Configurations: Structural Assignment
of the Three Known Isomers and Reconfirmation of Empirical Carbon Placement Patterns
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The ab initio/IGLO/NMR method has been successfully applied to establish the structures of the three known
isomers ofido-C4B;H11. The method confirms the previously proposed structuidg-7,8,9,10-GB-Hs4, 13, as

one of the three known isomers. Of four candidates considered for the second isomer, one of the previously
proposed structuregjdo-1,7,8,10-GB7H13, 2b, is selected. Of four candidates considered for the third isomer,
structurenido-2,7,9,10-GB-H14, 3b, which had not been previously proposed, is established. The relative order

of stability isla> 2b > 3b. A comparison of the relative energies of the nine cage structures considered in this
study shows that, in complete agreement with previous empirically determined patterns, the most stable structures
are those in which the carbons occupy low coordinate sites. This preference is more important than avoiding
carbon-carbon connections.

chemical shifts for the various candidate structures are compared
In this paper we demonstrate that the ab initio/IGLO/NMR with the experimentally observed NMR chemical shift values.

method can be used to correctly establish the structures of theldeal!y’ the calculated NMR Sh'fts. @ing and only ongof the
. . candidate structures correlate with the observed experimental
three knowmido-C4B7Hj; carboranes. Furthermore, the relative

. . data and it is thus determined to be the correct structure in
energies of these and other possible cage structures are compare . -
> i . ; Solution. The method has been successful in the structural
to predictions using empirical patterns governing carbon place-

ment. The nido 11-vertex cage is ideally suited for the testing elucidation of a number of boranes, carboranes, and related
of these empirical rules as it contains only three kinds of vertices,

and no complications are expected due to the lack of structural

vertex homogeneity.
In the early 1980s Kutzelnigg and Schindler developed an

systems.

Computational Section

The various candidate structures were fully optimized within the

ab initio based method for the calculation of NMR chemical specified symmetry constraints employing the GAUSSIAN92 program
shifts based upon the individual gauge for localized orbitals (using the standard Pople basis sets included) on either an IBM RS6000

(IGLO).r The Schleyer group recognized the potential of the
IGLO method to distinguish between structural alternatives for
a variety of polyboranes and carborapesvided that accurate
structures are employed as input for the IGLO calculatidns
They found that ab initio optimized geometries at a high level
of theory usually give better results than the best available
experimental structures. They called this technique the ab initio/
IGLO/NMR method.

The three-step ab initio/IGLO/NMR computational method
can be summarized as follows: (1) the ab initio geometries are
optimized for all candidate structures potentially compatible with
the experimental NMR data, (2) the NMR chemical shifts are
calculated using the IGLO method for each of the various ab
initio optimized geometries, and (3) the IGLO -calculated
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Model 580 workstation or a Silicon Graphics International IRIS 4D/ Proposed Structure  Proposed Structure
440VGX computer. A vibrational frequency analysis was also carried for Compound | for Compound Il
out on each optimized geometry to determine the nature of the stationary
point. A true minimum was found for all nine structures considered
(i.e. one that possesses no imaginary frequencies).

The input structure for a geometry optimization at the HF/STO-3G
level of theory was a monocapped pentagonal antiprism (an icosahedron
with one vertex removed) containing—8, B—C, and C-C bond Ma
lengths of 1.7 A and exo-polyhedrat-B{ and C-H bonds of 1.1 A: nido-7.8.9.10- nido-2.7.8.11-
For all but one isomer3@), an optimized geometry closely resembling C4B7H C4B7H1q
the input structure was found, and the optimized geometry served as
the input for higher level geometry optimizations. E&hsymmetry
isomer was optimized up to the HF/6-31G* level of theory, and each
Cs symmetry isomer was optimized up to the electron-correlated level
MP2(FULL)/6-31G*. For the relative energy determination, a single
point calculation at MP2(FULL)/6-31G* using the HF/6-31G* opti-
mized geometry was carried out for each structure. Cartesian coordi-
nates of the optimized geometries at the highest level of theory

Proposed Structures
for Compound It

employed are available in the supplementary material. lla "
The NMR chemical shifts were calculated using the IGLO program nido-1,2,8,10- nido-1.7.8.10-
employing the DZ basis set contracted as follows: B and C 7s3p C4B7H C4B7Hy

{4111,23, H 3s{21}. For structure@a, 2b, and2d, basis setll (@S Figure 1. Four previously proposed structures for the three known
denoted by the Bochum grotipwas employed and is contracted as  isomers of thenido-C4B/Hi; carboranes:la, lla andlib, andllla .
follows: B and C 9s5p1¢51111,2111}1 d exponents 0.5 (B), 1.0  Borons are white and carbons are shaded circles; hydrogens have been
(C); H 5s1p{311,3, p exponent 0.65. B¢ is the primary reference omitted for clarity.

for the1'B NMR chemical shifts, and thé values were converted to

the experimental B#O(C;Hs), scale using the experimental value of R O. . _ A

0(B2He) = 16.6 ppm® Due to the lack of unambiguous 2BB-11B arachno-6,9-CHy5,6,9-GBH,, + NaH )

NMR spectra for compounds$ andll , the experimentat'B NMR nido-C,B,H,; (1)

data was assigned (with intensities correct) in order to obtain the best |

agreement with the calculated shifts. A comparison of the calculated

and available experiment#i NMR data for compounds II, andlll closo1,5-C,B,H
has not been included becaul¢ shifts are difficult to accurately ' s
calculate¥* Experimental 3C shifts have only been reported for
compoundl ; therefore, direct comparison with theory for compounds
I andlll is not possible. The IGLO calculatééC NMR data for all _ 120°C .

structures have been included in Supporting Table 1 although previous arachne4,5-GB;H,5 + HC=CH hexane nido-C,B;H,, (3)
studied® indicate the level of theory employed in this study may not I

be suitable for the accurate calculation of cage carbons in carbodranes.

400°C/0°C
_—

hot/cold
reactor

nido-C,B;H,, 2
I

Results and Discussion On the basis of skeletal electron counting rfes)l three
compounds were proposed to have an open-cage structure
Three compoundsl £ 11, and I1l 8) of molecular formula  consisting of a monocapped pentagonal antiprism. The three
nido-C4B7H11 have been synthesized by the following methods: injtially proposed structuresa, Ila, andlila for compounds
I, 1, andlll , respectively, are shown in Figure 1, along with a
(4) Gaussian 92: Frisch, M. J.; Trucks, G. W.; Head-Gordon, M.; Gill, recently proposéd alternative structure|b , for compoundl .

P. M. W.; Wong, M. W.; Foresman, J. B.; Johnson, B. G.; Schlegel,
H. B.: Robb, M. A.. Replogle, E. S.. Gomperts, R.. Andres, J. L. Isomer I. Compound was proposed to have the structure

Raghavachari, K.; Binkley, J. S.: Gonzalez, C.; Martin, R. L.; Fox, Nido-7,8,9,10-GBH1,, la (Figure 1), on the basis of 158
D. J.; Defrees, D. J.; Baker, J.; Stewart, J. J. P.; Pople, J. A. Gaussian,and 2D COSY!B-11B NMR experiments. Structuria is also

Inc., Pittsburgh, PA. i ; i
(5) Onak, T. P.; Landesman, H. L.; Williams, R. EPhys Chem 1959 that originally predicted by geometrical SyStemd‘ﬁem ha.ve
21 1533-1535. the most stable arrangement of carbons. Of the eighteen
(6) (a) Schleyer, P. v. R.; Gauss, JfBUM.; Greatrex, R.; Fox, M. A. arrangements of four carbons over the nido 11-vertex icosahedral
J. Chem Soc, Chem Commun 1993 1766-1768. (b) Binl, M.; fragment withCs symmetry, only six of these would give the

Gauss, J.; Hofmann, M.; Schleyer, P. v.RAm Chem Soc 1993

115, 12385-12390. 2:2:1:1:1 ratios of boron resonances experimentally observed.

(7) Although IGLO basis set Il (or 1) has been shown to accurately ~On the basis of this fact combined with the 2D NMR spectra,
calculate*’8 NMR chemical shift;3 this level of theory has notbeen  the method of synthesis, and the geometrical preferences of
extensively applied té3C NMR shifts in carboranes due to the lack carbon, the proposed structute, appeared secure.
of experimental*C data. In the limited comparisons that have been . o
made, it appears that IGL&C chemical shifts are too far upfield Structure la was _SUbJe(_:te‘_d to the ab 'n't_|°/|GLO/NMR
compared to the experimental ddtaHowever, the GIAG-MP2 method. The ab initio optimized geometry foido-7,8,9,10-
method has been shown to give very good correlation of the calculated ¢,B,H; 4, 14, is given in Figure 2 along with the calculat&
1°C data with experiment for these limited caSesor example, in NMR chemical shifts which are compared with the experimental
nido-1,2-GBgH7 the IGLO method (I/MP2/6-31G*) predicts the two p p
carbons too far upfield by 9.3 and 13.3 ppm from the experimental values for|. The agreement between the calculated and
Va"é‘?st' V\{Riletthe GIQGMF’?ﬂ?ﬁetzhod (M'°f2t/€-3lG*//MP2/t6-|31§*) experimental values is excellent, thus the proposed isdimer,
predicts the two carbons within 2 ppm of the experimental vlues. : e
Hence, Schleyer et al. concluded that for carboranes “the inclusion of is reconfirmed as correct by the ab initio/IGLO/NMR method.
electron correlation influences tHéC chemical shifts significantly
and improves the agreement with experiment...this behavior is likely (10) (a) Williams, R. Elnorg. Chem 1971, 10, 210-214. (b) Wade, K.
to be general... Application of the GIAC-MP2 method to Adv. Inorg. Chem Radiochem1976 18, 1-66. (c) Williams, R. E.
gmlecu(ljes as large as4BrHi; is currently too computationally Adv. Inor% Chem Radiochem1976 1(8,)67]142. (d) Rud(l)lph, R.
demanding. W. Acc ChemRes 1976 9, 446-452. (e) Williams, R. E. IrElectron
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Polyhedron198§ 8, 669-670. Williams, R. E., Eds.; Wiley: New York, 1991; pp #B3. (f)

(9) Astheimer, R. J.; Sneddon, L. Giorg. Chem 1983 22, 1928-1934. Williams, R. E.Chem Rev. 1992 92, 177-207.



nido-C4B7H1; Configurations

'8 NMR data

Expt(} 1GLO
Bl -463 -47.7
B4 .235 -26.6
B26-153 -153
B3,5-145 -159
B11 -140 -151

optimized geometry for
nido-7,8,8,10-C,B;Hy4

Figure 2. Ab initio optimized geometry and IGLO calculaté® NMR
chemical shifts fomido-7,8,9,10-GB7H14, 1a

optimized geometry for
originally proposed
nido-1,2,8,10-C,B;H,,

optimized geometry for
subsequently proposed
nido-1,7,8,10-C,B;H4

"B NMR data

IGLO Exp't (1) 1GLO

(B4,5) 25.0 -23.7 247 (B2,4)
(B7,11)-2256 -16.6 -16.6 (B5.,6)
(B9} -100 -15.6 -15.2 (B3)
(B3,6) -15.0 -14.1 -16.0 (B9,11)

Figure 3. Ab initio optimized geometries and IGLO calculat&f
NMR chemical shifts for the proposetdo-1,2,8,10-GB7H11, 2a, and
the alternative isomemido-1,7,8,10-GB7H,, 2b.

Isomer Il. Compoundll was first proposetto be nido-
1,2,8,10-GB;H44, lla, and late¥! to have the structuraido-
1,7,8,10-GB7H13, lIb (Figure 1). There are 12 arrangements
of four carbons over the 11-vertex icosahedral fragment with
Cs symmetry that would be compatible with the multiplicities
observed in the''lB NMR spectrum (2:2:2:1 ratios). Both
proposed structuredld andllb) contain a mirror plane and
were initially selected on the basis of two conflicting empirical
viewpoints. Structurdla was originally proposedprimarily
on empirical line-width patterns in its 1BB NMR spectrum,
the 1D3C NMR spectrum (2:1:1 ratios), and the absence of a
boron atom in the “apex” position. Additional support came
from the fact that this structure maximizes borararbon

interactions in the cage, but it was acknowledged at the time

that alternative structures such as the 1,7,8,10 isoltieer ¢ould
not be ruled out. Subsequently it was propdsetat Ilb

structures.

In order to conclusively assign the structure of compound
I, both candidate structuresido-1,2,8,10-GB-H14, lla, and
nido-1,7,8,10-GB+H4, llb, (Figure 1) were subjected to the
ab initio/IGLO/NMR method. The ab initio optimized struc-
tures,2a and2b, and the calculate!B NMR chemical shifts
together with the experimental data for compoutid are

included in Figure 3. The correlation between the experimental

data for compoundl and the calculated!B NMR chemical
shifts for structure2b is significantly better than witRa. For
example, the calculated shift (in ppm) for the unique boron

(11) (a) Reference 9f. (b) Williams, R. E. Advances in Organometallic
Chemistry Stone, F. G. A., West, R., Eds.; Academic Press: New
York, 1994; Vol. 36, pp +55.
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Table 1. Absolute -au) and Relative (kcal/mol) Energies of
nido-C4B7H1; Structures

6-31G*// MP2/6-31G*//

isomer structure 6-31G* ZPP Eef 6-31G* E.ed

7,8,9,10 la 330.67890 99.32 0.8 331.92467 0.0
1,7,8,10 2b 330.67927 98.75 0.0 331.91905 3.0
2,7,9,10 3b 330.66312 98.65 10.0 331.90826 9.7
2,7,8,10 3c 330.66339 98.53 9.7 331.90432 12.0
2,8,9,10 2c 330.65407 98.75 15.8 331.90117 14.2
1,7,8,9 2d 330.64183 98.62 23.4 331.88766 22.5
2,7,8,9 3d 330.62898 98.52 31.3 331.87933 27.7
1,2,8,10 2a 330.62927 97.70 30.3 331.86574 35.4
2,7,8,11 3a 330.59742 97.61 50.2 331.84489 48.4

a Absolute (-au) energies o€s symmetry structures optimized at
MP2(FULL)/6-31G* are the following: 331.926494), 331.87126%a),
331.92092 2Zb), 331.90520 Zc), and 331.88966 2(d). ® Zero point
energy at the HF/6-31G* levet.Relative energy at the 6-31G*//6-
31G* + ZPE (6-31G*) level; the zero point energies have been scaled
by 0.89 as recommendéd? Relative energy at the MP2/6-31G*//6-
31G* + ZPE (6-31G*) level; the zero point energies have been scaled
by 0.89 as recommendéd.

optimized geometry for
nido-2,8,9,10-C,8;H;,

optimized geometry for
nido-1,7,8,9-C,B,Hy4

"B NMR data

1GLO Expt (Il) IGLO
(B4,5) -27.5 237 -24.0 (B3,4)
(87,11)-21.1 -16.6 -19.3(B10,11)
(B1) -50.7 -15.6 -10.8 (B6)
(B3,6) -19.2 -14.1 -17.0 (B2,5)

Figure 4. Ab initio optimized geometries and IGLO calculat&
NMR chemical shifts fonido-2,8,9,10-GB7H14, 2c, andnido-1,7,8,9-
C4B7Hy4, 2d.

in structure 2b (B3, —15.2) agrees quite well with the
experimental value<{15.6), while the calculated value for the
unique boron in structur2a (B9, —10.0) is at over 5 ppm lower
field from the experimental value<15.6). Thus, the IGLO
1B NMR chemical shift calculations favdb over 2a for the
structure of compound ; the relative energies also favab
by a substantial 32.4 kcal/mol (see Table 1).

Two other candidate configurations witls symmetry @c
and2d in Figure 4) that are predicted to be energetically less

. f ble thar2b, but f ble tha?a based b
should, in fact, be the favored geometry, based upon carbon’s avorabe e W aaore favorable ased Lpon carbon

preference for occupying low coordination sites in carborane

location preference’¥2 were also subjected to the ab initio/
IGLO/NMR method. The 2,8,9,10 isomegc, gives good
agreement of the calculated shifts with the experimental data
for three of thel'B resonances, but the calculated shift for B1
(—50.7) is at over 36 ppm lower field than the experimental
value (—15.6). Thus,2c is ruled out as the structure for
compoundll. The 1,7,8,9 isomer2d, gives fairly good
correlation of the IGLO calculate¥B NMR chemical shifts
with the experimental data for compourid, with only B6
(—10.8) differing appreciably from the experimental value
(—15.6). However, the agreement between the calculated and
experimental’B NMR data for 2b is better than2d. In
addition, isomePb is calculated to be 19.5 kcal/mol more stable
than2d (see Table 1).

The IGLO calculated®C NMR data for2a, 2b, 2¢, and2d
are given in Supporting Table 1. As mentioned eatrlier, the
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optimized geometry for

optimized geometry for
unanticipated structure

subsequently proposed

2,7.8,11-C487Hy4 nido-2,7,9,10-C4B7Hyq
1GLO Exp't (1) jicike)
(B4) -29.7 517 -51.7 (B1)
(B1) -28.2 256 -28.6 (B6)
(B6) -23.6 25.0 -25.3 (B4)
(B5) 26 -18.0 -17.0 (B8)
(B3) 43 175 -14.4 (B11)
(810) 9.2 -15.7 -13.8 (B3)
(B9) 28.0 -13.6 -12.0 (B5)

Figure 5. Ab initio optimized geometries and IGLO calculat&
NMR chemical shifts for the proposetdo-2,7,8,11-GB7H14, 3a and
the favored alternative isomeido-2,7,9,10-GB7H14, 3b.

levels of theory employed in this study may not be suitable for
the accurate calculation of cage carbon chemical shifts in
carboranes, and neith2a, 2b, 2c, nor2d IGLO calculated-3C
shifts agree satisfactorily with the experimental data. However,
the IGLO'3C data for2b, the structure favored by tHéB NMR
chemical shift calculations, is shifted upfield by-124 ppm

for all three carbons-{19.2 (C1), 14.0 (C10), 17.2 (C7,8)]
compared to the experimental values4(7, 28.6, and 29.5
ppm)? Schleyer et al. found that IGL&C shifts in carboranes
are usually too far upfield from the experimental valées.

Isomer lll. Compoundll , with C; symmetry, was originally
assigned the 2,7,8,11-structuléa (Figure 1), on the basis of
1D 1B and 2D COSY!B-1B NMR studies® A number of
the resonances in tAéB spectrum are closely spaced, however,
making an unambiguous assignment difficult. Empirical carbon-
location preferencé%do not favor the 2,7,8,11 isomdit|a ,
as it contains far too many adjacent carbaarbon connections,

optimized geometry for
nido-2,7,8,10-C4B7H 4

'B NMR data

optimized geometry for
nido-2,7,8,9-C4B7H44

1GLO Exp't (1) 1GLO
(B1) -486 51.7 -50.7 (B1)
(B4) -235 256 -24.0 (B5)
(B5) -18.1 -25.0 23.8 (B3)
(B6) -14.1 -18.0 20.5 (B4)
(B11)-10.8 4175 -15.5 (B10)
(83)" -10.7 5.7 -15.3 (B11)
(B9) 38 136 5.7 (B6)

Figure 6. Ab initio optimized geometries and IGLO calculat&®
NMR chemical shifts fonido-2,7,8,10-GB-H11, 3¢, andnido-2,7,8,9-
C4B7Hy4, 3d.

appears most logical based upon the synthesis from two “carbons
adjacent” precursorsarachne4,5-GB;Hiz and acetylene. The
calculated'’B NMR chemical shifts of8b correlate well with

the experimental data for compouhtl (Figure 5); thusnido-
2,7,9,10-GB+H;4, 3b, is favored as the revised structure for
compoundlll .

Two other possible candidate configurations w@h sym-
metry (3¢ and3d in Figure 6) ofnido-C4B7H1; that would be
predicted by empirical carbon location prefererteso be
energetically less favorable thaf, but more favorable than
3a, were also subjected to the ab initio/IGLO/NMR method.
The 2,7,8,10 isomeBc, gives poor correlation of the calculated
1B NMR chemical shifts with the experimental data for
compoundll . For example, the calculated chemical shifts (in
ppm) for B11 (10.8) and B5{18.1) are at over 7 ppm lower
field from the experimental values-7.5 and—25.0, respec-
tively).

The 2,7,8,9 isomeRd, gives fairly good correlation between

an unprecedented arrangement, and would not be expected tqne calculated’B NMR chemical shifts and the experimental

be stable. There are a number of alternat@esymmetry
isomers possible for compount ; thus, the ab initio/IGLO/
NMR method appeared ideally suited for solving this structural
dilemma.

An effort to determine the ab initio optimized geometry for
the proposed 2,7,8,11 isomer ofBZHs3, Illa (Figure 1) gave
an unexpected structuBa (Figure 5). Structur@ais unusual
in that it contains a 4-membered square face{CZ—C11-

B6) in addition to the anticipated 5-membered open face, with
several bond distances not within normatB and B-C bond
ranges. Apparently incorporating a triangular face of carbon
atoms is disfavored, as carbon-preference systematics prégicts.
The calculated'B NMR chemical shifts of3a are shown in
Figure 5 and there is poor correlation with the experimental
data. Thus, the proposed structuliea may be ruled out as
the structure of compounidi .

An alternative structurenido-2,7,9,10-GB7H11, appeared to
be the most logical candidate for compouldand the ab initio
optimized geometry3b, is given in Figure 5. Carbon-location
preference¥? predict configuratiorBb to be the most stable
C; symmetrynido-C4B7H;; structure. Structur@b contains
three of the four carbon atoms on the open face in an

values for lll, but the 2,7,9,10 isomer3b, gives better
correlation. In particular, the calculated shift (in ppm) for B6
(—5.7) in 3d is located about 8 ppm lower field than the
experimental value<13.6). Thus the ab initio/IGLO/NMR
method select8b in favor of 3c or 3d as the correct structure
for the asymmetrical §B;H;; carborane. There is also a
substantial difference in the relative energieSloind3d, with
3b 18.0 kcal/mol more stable th&d (see Table 1). Note also
that the 2D'B NMR spectrum obtained for compoufit could
be compatible with the 2,7,9,10 isom@&h, due to the closely
spaced resonances.

General Comments about Cage Carbon Site Preferences.
The relative energies of all tmedo-C4B7H11 isomers considered
in this study were determined at MP2/6-31G*//6-316*ZPE
(6-31G*) and are included in Table 1. It is satisfying to find
that the three isomer&, 2b, 3b) favored by the NMR chemical
shift calculations are also the three most stable of those
examined computationally. These results completely agree with
the previously existing empirical carbon location preferefées.
It is also satisfying to find that the 2,7,8,11 isom&g, is
calculated to be much higher in energy than all of the other
isomers calculated in this study, in agreement with the prediction

“as-nonadjacent-as-possible” configuration to enhance chargefrom carbon-location preferences that indicates any proposed

smoothing. There are only two other locations available for
the fourth carbon, and the 2,7,9,10 configurati@b, also

structure [lla, Figure 1) containing a triangular face of three
carbons should be energetically disfavored. The fact that the
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Table 1), incorporatethree C—C carbons-adjacent situations
(which is associated with instability) while structu2b incor-
porates onlyone C—C carbons-adjacent situation but does
containsone carbon in a higher coordinated location (also
indicative of instability). Apparently, as previously proposed
based upon empirical observations, the occupation of one

b) additional low coordinated site (a positive effect) more than
offsets the destabilizing effects of adding two additional carbons-
adjacent situations.

Further examination of the structures in Figure 7b confirms
1a < 2b < 3b these trends. Decreasing stability results as the single carbon
(0.0) (3.0) (9.7) not on the open face i2b moves adjacent to the lone peripheral

carbon in3b, then adjacent to one of the pair of peripheral

carbons in3c. An analogous trend is found upon examining

structure¢, 2d, 3d, and3a, each having three adjacent carbons
2d on the open face. As the lone carbon not on the open face in

dgc < 2¢ < 2c migrates closer to the open face carbon2dnand 3d, the

result is decreased stability. When this carbon makes contact
with two peripheral carbons, a highly unstable situation occurs
and the cage instead adopts the arachno georatry
It was originally notefl (1983) that compound , shown in
2a

this study to be structur@b, undergoes isomerization via
(27.7) (48.4) (35.4) thermolysis at 330C to give an unisolated material wiffB
Figure 7. (a) Graphic to illustrate two views of a nido 11-vertex NMR resonances 0f-13.0, —14.0, —22.9, and—45.5 ppm.
cluster: “side” view and “top” view. (b) Stability order among the  These chemical shifts are similar to those reported for compound
nido-C,B7H1; isomers (viewed from top of 5-membered open face as | (isolated in 1988), shown in this study to be structiaeand
diagrammed in part a, with dark circles representing carbons and open inati fth, iginal (19838 NMR ¢ fth
circles representing borons). reexamination of the origina ( ).  spectrum of the
material from the isomerization confirms this assignment. This
isomerization is consistent with the relative energietaénd

timized 1 Fi 5 tai f
optimized geometry (Figure 5) contains a square open ace2b with 2b being only 3 kcal/mol higher in energy (see Table

supports this propositiof. 1
A comparison of the relative energies of thiglo-C4B;H11 )-
carboranes calculated in this study also enables us to address &onclusion

residual question concerning the relative importance of the The ab initio/IGLO/NMR method has been successfully
previously mentioned carbon-location prefereAr () low applied to establish the structures of the three isomensdof

coo.rldltr)llateo_lnslltefs vts (b) nqnadjacergﬂlo%eltéo?_is whe? both areC4B7H11. The method confirms compoundo benido-7,8,9,-
g}lgls?'m:ted r:IaltrSe Ss'te;/s'rll'tlsgerpseerds ocr: e4:n7'r'1ézallm e?)rnTeStr'caI 10-GiBrHy, 13, and compound to benido-1,7,8,10-GB7Ha,,
: v iy up pirical g Ical op (rather than structure®a, 2c, or 2d), and determines

systematics, are the first seven structures illustrated in Figure : )
7b, drawn in a fashion (as illustrated in Figure 7a) to facilitate gzma%%u;d?“ to benido-2,7,9,10-GB7Huy, 3b (rather tharga,

easy determination of vertex connectivity (the vertices on the
open face are 4-coordinate and the rest are 5-coordinate) an%l
number of carborrcarbon contacts. The order chosen assumes
that the preference for carbons to occupy low coordination sites
is significantly more important than the preference for carbons
to occupy non-adjacent locations. The ab initio determined
relative energies (from Table 1) are given in parentheses. That
the top seven configurations displayed in Figure 7b match the
top entries in Table 1 confirms this assumption. Prior to this
study some residual uncertainty remained regarding low coor-
dination versus adjacent carbon preferences. For example,
structurela, which is 3.0 kcal/mol more stable th&b (see

The relative eneriges obtained from the ab initio optimized
eometries indicate the thermodynamically most stable arrange-
ment of carbon atoms in these 11-vertex nido clusters has all
four carbon atoms in adjacent, low coordinate positions about
the open face, structude. Thus, in complete agreement with
the empirically determined trends, carbon occupation of low
coordinated sites appears to be a more important factor than
avoiding carborcarbon connections in the cage. However,
moving adjacent carbons from the open face to nonadjacent
higher coordination vertices remains of secondary importance.
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