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The aesthetically pleasing structures of polyhedral boraiass,  Table 1. NUTber of |rr;1aginary Frelf)luengies (Nimag), Smallest
; ; ; it .| in Frequencies (in Parentheses, cm~t), and HOMO—LUMO Gaps
well a§ their nonglassma! bqndlng chgracterllstltl:s and .potfentlal in (Gap, in eV) at B3LYP/6-31G*, Actual Skeletal Electron Counts
material and medical applications, continue to intrigue scientists. The (Sec), Numbers of Faces Larger than a Triangle (m), and
Wadé—Mingos® electron count rules for stabile borane have led to Numbers of Triangular Faces (n) in the Corresponding

the successful preparation of new borahdemmis and Balakrish- ~ Polyhedranes

narajaf recently proposed a more genenahorule, which can be Pg Nimag gap Seca m n
applied widely, for example, to condensed boranes and metal- C;BsHo'~ (1BY) Dy 0(279) 6.6 22 3 2
locenes. We here report our computational prediétioina new CeBgHis” (2B*) O,  0(311) 6.4 36 6 0
; : C7BioHi74 (3B1) Dsn  0(176) 6.6 42 7 0
family of related boranes and carboranes, which follow another elec-

. . CgB12H20 (4B) Den 8(373) 5.0 48 8 0

tron counting rule, 61+ 2n. The globular shapes and protruding hy-  ¢,B,,H,, (58) Cs 0(288) 6.1 30 4 3
drogens, especially of the larger members of this family, remind C8512|';20((68g ) D2q 0§1953 6.9 48 8 0
i BaoHa® (7B°~ In 0(164 33 72 12 0
one of sea urchins. . CgB24H32 (7B") Da  0(228) 5.2 72 12 0
The design of these new compounds starts from organic poly- p,,H,2- (7872 I 5(3966) 1.0 68 12 0
hedranes such as thd][prismanesi = 3, 4, 5, and 6) and £gH.” BagHag® (8B%) Dsg 2(90) 2.7 84 14 0
All of the carbons in these (Cpages are first replaced concep- gBBﬁoH(gSB) ?2 ggﬂg 2-8 2‘2‘ 12 2

. . 161116 d .
tu_aIIy by borons. These resulting open polyhedral (Bt#iges with CeBioHig?" (LOB?Y) Cs  0(237) 6.2 40 6 2
triangular, rectangular, pentagonal, and hexagonal faces do not have C,B14H;s (10B) Cs 0(224) 5.4 40 6 2
sufficient bonding electrons to sustain the polyhedral framework 89‘3&4""_731;((11125812) g% 82%% g-g gg 1% 8
H HS 10016126 4y .
and usually are not minima. If only two addlthnal electrons are CoBagHas (12B) Cu  0(152) 56 60 0 0
added, collapse to more compact forms, that is, the well-known Bg,He®~ (13B87)° In 0(147) 9.1 192 32 0
BpHp2~ boranes, would occur. To preserve the open polyhedral CeBsdHo (13B)° Dz 0(150) 87 192 32 0
; BooHg2 (13B'27)° I 3(844) 20 188 32 0
(BH), framework, more electrons are needed. This can be accom-

plished by adding BH and CH “caps” on all faces larger than tri- a All Secs are equal to the numbers predicted by thet62n rule except
angular and adding electrons. Tha 6 2n rule governs the number ~ for 78" # and138"2". ®The @n + 2n value is 72 Computed at HF/
STO-3G.9The ém + 2n value is 192.

of BH versus CH caps chosen and the overall charge. Furthermore,
all degenerate sets of MOs must be fully occupied, and the resulting faces larger than triangles andriangles, the open polyhedral (B{)
compounds should have appreciable HOMQIMO gaps. cages, generated by replacing carbons in (CHges by borons, can

Applying this strategy to theN] prismanes = 3 (1C), 4 (2C), be stabilized by using CH and BH groups to cap all faces larger than
5 (3C), and 6 ¢C)) (all molecules with suffixC are shown in the triangles. The total skeletal electrons required for stabilization are
Supporting Information, SI.1) results in the polyhedral cages &M+ 2n.
(1B'~—4B) with prismatic (BH), substructures. Compound8-,
2B?~, and3B~ are minima; the lowest frequencies are appreciable
(Table 1). Although the relatively large HOM@.UMO gap
indicates4B to be favorable electronically (as at8-, 2B, and
3B~ in this regard), it has eight small imaginary frequencies. A
CH cap is too small (i.e., the orbital radial extensions are
insufficient) to fit a six-membered ring. This geometric mismatch
distorts4B away fromDg, Symmetry slightly.

The skeletal electron counts (excluding the BH and CH e’s) of
2B? (36€),3B™ (42€), and4B (48e) correspond tors, wheremis
the number of faces (larger than triangular) in the original
prismanes, that i2C, 3C, and4C, 6, 7, and 8, respectively. The
6m value of 1B~ (and 1C) is 18, but 22 skeletal electrons are
required to assign two pairs to the two uncapped BBB triangular
faces and provide stabilizing 3@e bonding. Unlike2B?-, 3B,
and 4B, with borons linked to three CH caps, the boronslBr
are connected to two CH caps. Because of theZxbonding, the
equatorial B-B bond lengths (1.764 A) iniB~ are shorter than
the equatorial B-B bonds ¢2.0 A) in 2B2-, 3B~, and4B.

The general B + 2n electron counting rule follows from this
discussion ofLB-—4B: Starting from polyhedranes (Ci#yvith m 78" (Don)
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The magic numbers 6 and 2 in thim6+ 2n rule are offshoots of
the 6 interstitial electron rufefor compounds such as pyramidal
C4 (CH)st and the 3e-2e delocalized electrons for deltahedra
structures such asz and (CH}". These compounds combine
aromatic pyramidal and triangular units: each pyramidal unit in
1B~—4B and the BBB triangles iiB~ have large negative NICS
valued (see structures). The small negative NICS values at the
centers of2B>~—4B are quite different from the large negative

NICS values at the centers of closo-boranes and carboranes, which

are true three-dimensional aromatiésThus, our new set of

compounds only has the local aromaticity associated with the faces.

The large negative NICS at the centerd®™ is due to its proximity
to the aromatic deltahedral faces.

The 61+ 2n rule can be extended to construct many new boranes
and carboranes. Thes, polyhedrane Hjo (5C) has three pent-
agons, one hexagom(= 4), and three trianglesi(= 3). The re-
quired 30 skeletal electron count is met by the 12 BH and the 2 C
groups in5B. The skeletal electron count BB also obeys Wade’s
rule for a 14 vertex borane. Hence, the 6 2n rule sometimes
overlaps with Wade’s rule. Thg,y C1,H12 (6C) has four rectangles
and four pentagonsr( = 8); therefore, 48 skeletal electrons are
predicted. These are offered by the 8 CH and 12 BH cay@Bin

Lipscomb and co-workets proposed B,Hz*~ as the second
icosahedral borane followinlg B;,H;2~. Although Bs;,H3,*~ obeys
Wade’s rule with 33 electron pairs, it has five very large degenerate
imaginary frequencies (3964t B3LYP/6-31G*). On the basis of
our strategy, the same 32 vertex borane cage can be builtlfrom
CooH20 (7C). With m= 12 andn = 0, the 6n+ 2n rule requires 72
skeletal electrons for stabilization. The octaaniopHg*~ (7B%"), is
more promising than the4gHs*~ dianion. Indeed, BHs.®~ is an
icosahedral minimum. The HOMEGLUMO gap of BsoHz ™ is 3
times larger than that of 8Hz,*~ and is larger than the g gap,

2.8 eV (Table 1). The neutralgB,4Hsz, (7B") minimum (smallest
frequency 228 cmt and a 5.2 eV gap) is even better. The optimal
use of bonding orbitals in the octaanion is beneficial energetically.
Our recent computational studies show that large closo-borane
dianions are much less stable than their “conjunto” isoPfiehse

to increasing strain in the larger closo-cagfed/hile closo-GB3oH3,

(G) is 238 kcal/mol less stable the conjuncto4EB,—B;.Hg—
CBgH;2 (Cy,), closo-GB,4Hs, is only 14 kca/mol less stable than
conjuncto-GB7H;,—C;B1gHs—C3B7H12 (Cy,). Hence, our new, large

H

closo-cages may be easier to achieve than large closo-borane

dianions.

Ded CogHoa (8C), withm= 14 andn=0, points toDgqg B33H3387
(8B) and to neutral gB,gHsg (8B') which meet the B+ 2n rule.
The latter is a minimum with a smallest frequency of 211°&m
and a 5.0 eV HOMG-LUMO gap. The geometries &iB—12B,
minima obeying the @ + 2n rule, are given in the Supporting
Information (SI.2). All of these compounds are minima obeying
the 6n + 2n rule.

. E.
We also can build boranes and carboranes from carbon cluster (10y sch

cages (without hydrogens) like the fullerenes. After replacing the
carbons by BH groups, then6+ 2n rule guides the capping of
polygon faces with CH and BH groups. For example, starting from
Cso, We first replace the carbons by BH'’s. The 12 pentagons and
20 hexagons require 192 skeletal electrons. If only BH caps are
used, the sea-urchin-likesHo,8~ (13B8") is predicted. It is an ico-
sahedral minimum at the HF/STO-3G level. The eight charges may
be neutralized as iD,, CgBgsHop(13B'), which is a minimum at
HF/STO-3G. In contrast, 8Ho*~, which obeys Wade’s rule, is not

a minimum at this level. Furthermore, the HOMQUMO gaps

of 13B*~ and13B, which follow the 6n+ 2nrule, are much larger
than that of13B"'2".

The recently synthesized cubic carbaaléanalogous t@B°~,
obeys the 6 + 2n rule. Other carbaalane cages can be predicted.
Investigations of endohedral derivatives of these new compounds,
similar electron counting rules for nido- and arachno- forms, and
transition metal applications are underway.

sea urchin
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