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Akin to carbonyl transition metal complexésorane carbonyl Table 1. 'Compute(ilNatural Boron Charges (X) Scaled Vibrational
compounds offer intriguing structural possibiliti¥he HB—CO Frequencies (v, cm™), and Bond Lengths (1, A)
adduct was discovered in 1937; some two dozen BCO complexes 0° veo®  veg®  Mag® fa—c® reo®
have been described subsequently. Recent highlights are tris(tri- (Bcoy* (5,Ds) —0.133 2176 1117 1.560 1.480 1.126
fluoromethyl)borane carbonyl, (§EBCC? and the two new borane (BCOW?™ (6, D2g) —0.090 2240 1170 1.597 1.527 1.117
carbonyls, B(CO), (1) and B(CO), (2) of Zhou et a#** Combined Eggg))z’( §7bD5)h) —8223 %ggé iégg igig ii?g 1122
o f ; ; , Den, —0. . . .
matrix |s<_3Iat|on mfrgred spectroscopy and_ quantum chemical (BCO)' (8, D) —0.200 2098 1002 1644 1508 1136
computations establishetito have a linear singlet ground state
with some boror-boron triple bond character. The related triplet 2 At B3LYP/6-31G*. > The scaled computed frequency of CO is 2138
state was very high in enerdyin contrast,2 is a new aromatic cm-1, ¢ At B3LYP/6-311+G*. 9 The 1,3-B-B distance is 2.079 A

o—m diradical which favors an open-shell singlet over a triplet state, coordinated to CO's. These systems, (BEO(E), (BCOY?* (6),

but only slightly. Zhou et al also investigated the triplet boron - N L i .
carbonyl (BBCOY (BCO)™ (7), and (BCO)* (8), mimic the monocyclic aromatic

co H ?o g B/Co
0C—B=B—CO | | R \&//
1 oc\Bés\B/co H\C¢C\C/H BQB /B---B\
| I | I oc” >co oc co
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00—3( :B—CO 0c” g7 i NNy o
B | | co 1
2 co co é OC\B/B\B/CO
3 4 oc\B/ \B/co / \
' ' ot \ / oc—B B—co
Interestingly,1 is formed from the dimerization of BCO, rather /B—B\ \B_B/
than from reaction of Bwith CO# This suggests that higher BCO oc co OC/ \co
oligomers also might be viable. The six-membered, fully CO P 8

coordinated B ring, (BCO) (3), is especially intriguing as a
benzene analogue. Its relationship to the boraberz€@ecomplex hydrocarbons. Whil&, 7, and8 have planar minima and thes,
4 (see below) is obvious. Wéave called attention to the isolobal  Ds,, and D7, symmetries of the isolobal cyclopropenyl cation
relationshig of a BCO fragment to a CH group. Thug, and (CsH3™), the cyclopentadienyl anion §8s~), and the tropylium
acetylene are isolobal as a8e4, and benzene. Each boron atom ion (C;H;"), 6 favors the same puckerddby structure as that of
in 3 has formal sphybridization involving a CB and two in-plane  the cyclobutadienyl dication (€,2").2° The computed natural
BB bonds, as well as one out-of-plane electron participating in the boron charges and bond lengths are summarized in Table 1.
six-electronz delocalization. At B3LYP/6-3114+G*,1t (BCO) (3) is an energy minimum in
In contrast, (BH¥~ is well-known to favor arOy closorather Den symmetry. The computed-BB bond length, 1.642 A, is longer
than a planabg, structure. Planar (BHJ~ (also (BF)}?") has only than the formal BB triple bond of (1.444 A) and the formal BB
two 7 electrons; computationally, it is a higher-order saddle point double bond (1.590 A) irtrans OCBH=BHCO (isolobal with
with three imaginary frequencies (NImag3). The planar neutral ethene), but is shorter than the BB length of 1.790 A (1.78 A

form, (BH)s, has NImag= 5, and (BF} has NImag= 3. Unlike 3, experimentaP) in C;, OCBH,—BH,CO (isolobal with ethane). The
these species have too few valence electrons to serve as benzendOMO—-LUMO gap of 3, 2.55 eV and its stable wave function
surrogates. While the parent borabenzengi8) is still elusive, indicate a closed shell singlet ground state. The two intense infrared
neutral Lewis base adducts @B—L) are well-known experi- active vibrational frequencies in the 1002200 cnt! range (Table
mentally® but the best information on & CO (@) is computational. 1)13 are 2039 cm! for CO stretching and 1089 crhfor in-plane

Our calculations o confirm a large (38.7 kcal/mol) CO binding BB stretching. The CO vibrational frequency b{2046 cn1?) is
energy to GHsB and a CO stretching frequency of 2080 ¢m nearly the same & but its infrared active BB mode (1050 ci)

In addition to3, we now describe a homologous set of new is 39 cnt! smaller thar3. Note that the computed CO frequency
aromatic monocyclic boron compounds where all the borons are of 2039 cnt! resembles those of neutral transition metal complexes,
e.g., cobalt tetracarbonyl (Co(CHR015, 2027, 2095 cm).13
T Shanxi Normal University. it i i i
* Leibniz-Institut fir Organische Katalyse an der UniveisiRostock e.V. “,1_ addlthn to the equal BB dISt,ance' the.aromatlcn.y (B.IS .
§ University of Georgia. verified by its energy and magnetic properties. The trimerization
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Table 2. GIAO-HF/6-31+G* and PW91/IGLOIIl Total NICS(1) and 2250
Dissected Values (ppm) of 3—8 (Related Aromatic Hydrocarbon 2200 o Yco
Data Are in Parentheses) 2150
NICS(0,7) NICS(1)2 NICS(1)® 2100
CsHsBCO (4, Cz) —18.3(-20.7) —9.1(-10.6) —10.2(-10.7) 2050
(BCOX" (5,D3)  —18.1(-26.0) —14.1(-15.0) —16.6(-16.0) 2000
(BCO)2" (6,Dz0) —14.0(17.4) —17.1(155) —19.0(16.5) 1950 : : : —B
(BCOk™ (7,Ds)  —15.9(-22.7) —52(-115) —6.6(~10.6) 03 025 02 015 01 005
(BCOY (3, D) —14.4(-20.7) —6.8(-10.6) —8.2(-11.5) - ' ) : : '
((BCO)™ (8,Dm) —12.6(-13.2) —4.1(-8.8) —6.5(-10.7) Figure 1. Correlation betweer(B) andv(CO).
2IGLO data.” GIAO data. (as in4). Experimentalists should take into consideration that CBO

isomers can be more stable than the BCO species, for example,

Scheme 1 & Molecular Orbitals (HOMO and HOMO-1) of 3 .
(CBO) is 213.6 kcal/mol more stable than (BGO)
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