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The compounds 1,4-bis(dimesitylboryl)benzetke 4,4-bis(dimesitylboryl)biphenylZ), and dimesitylphenylborane

(3) were studied by UV/vis/near-IR spectroelectrochemistry. In contrast to the colorless precursor compounds,
all negatively charged speciés/2-, 22=/2= and3'~ exhibit intense long-wavelength absorption maxima in the
visible or near-infrared region, e.g., at 1305 nen= 31 200 M1 cm™%; 2*7) or at 736 nm = 67 700 M1

cm™%; 227). The absorption bands of the organoborane anion radicals and their appearance, including their
vibrational structuring, resemble those of corresponding amine radical cations such as Wurster's Blue. The
conformation of the dimesitylboryl substituent toward a phenyl ring was established using the crystal structure
results for3 (Cz4H27B, monoclinic, space group2/c, a = 13.324(3) Ab = 9.143(2) A,c = 16.303(3) AB =
98.93(3}, V= 1962.0(7) R, Z= 4, R=0.0493). Ab initio calculations (6-318) on the BH-substituted analogues

of 1—-3 and on3 proper confirmed the concept of an increasingly quinonoid distortion of the organoboron redox
systems on reduction and served in assigning the observed electronic transitions.33%2participation of the
borons centers at the lowest unoccupied MOs is in agreement with results from EPR/ENDOR measurements of
the radical intermediates, indicating sizable contributions from the diboratasemiquireinetioe extreme-from
delocalized B'/B" mixed-valent formulations in the bifunctional compourids and2*~.

Redox systems based on conjugated organonitrogen com-
; H P R Mes B BMes Mes,B BMes
pounds are well-established in many areas which require 2 2 2 2
reversible outer-sphere electron transfer reacti4tyAmong 1 )

the most familiar and frequently used examples are the 1,1
dialkyl-4,4-bipyridinium (“methylviologen”}-2 and theN,N,N',N'- H,C

3
tle)tiasalkylp-phenylened|am|ne or -benzidine systems (Scheme Me528—® Mes = ;:> cH,

Applying the concept of isoelectronic compounds and redox H.C
series} we have previously pointed out the existence of N
analogous redox systems (Scheme 2) based BR,/—BR*~/ ] )
—BR, instead of —NR.,/—NRs*/=NR,* as essential end Electrochemical studies of the redox systef¥s~2~ and
groups of conjugated: system& The corresponding redox 20+=12= have provided first indications for the validity of the
series then involve anionic charges instead of cationic onesN/B analogy (Schemes 1 and 2) by showing two well-separated
(Scheme 1) and the cationic quinonediiminium forms correspond ONe-electron reduction processes of the neutral precurJors.
to anionic diborataquinonoid systems with borataalkene (alky- Smaller system exhibits a higher stability range of the para-
lideneborate) structures.
To obtain persistent examples of organoboron redox systems (6) () Bartlett, R. A;; Power, P. ®rganometallics1986 5, 1916. (b) -
as in Scheme 2, we have cicumvented the problem of coordi- é‘r‘]‘:ﬂéiztl}a}"ghym?émﬁrdc%;: (Btan\ivrrlllr}xggy:&BDéi ('é‘;”,vféfz'zf"
native unsaturation at boron by using two mesityl substituents A.: Olmstead, M.: Power, P. B. Am. Chem. Sod.992 114, 2715.
(Scheme 2, R= Mes) in compoundsl and 2. Mesityl (d) Okada, K.; Sugawa, T.; Oda, M. Chem. Soc., Chem. Commun.

; in i ; 1992 74. (e) Pestanan, D. C.; Power, P.®rganometallics1992
substituents as in dimesitylboryl grodp$or other compounds 11,98, (f) Moezzi, A Olmstead. M. M. Bartett, R. A Power, P. P,

llw

are well-suited to protect axial positions against attack3at'p Organometallics1992 11, 2383. (g) Olmstead, M. M.; Power, P. P.
or dz2 orbitals8 J. Am. Chem. S0d.986 108 4235. (h) Okada, K.; Kawata, T.; Oda,
M. J. Chem. Soc., Chem. Comml@®85 233. (i) Okada, K.; Suzuki,
® Abstract published ifAdvance ACS Abstract#pril 15, 1996. R.; Oda, M.J. Chem. Soc., Chem. Commu®895 2069.
(1) Deuchert, K.; Haig, S.Angew. Cheml978 90, 927;Angew. Chem. (7) Glogowski, M. E.; Grisdale, P. J.; Williams, J. L. R.; Reagan, T. H.
Int. Ed. Engl.1978 17, 875. J. Organomet. Chemi973 54, 51. (b) Glogowski, M. E.; Williams,
(2) (a) Hinig, S.; Berneth, HTop. Curr. Chem198Q 92, 1. (b) Bird, C. J. L. R.J. Organomet Chenl98Q 195 123. (c) Glogowski, M. E.;
L.; Kuhn, A. T. Chem. Soc. Re 1981, 10, 49. Williams, J. L. R.J. Organomet. Cheni981, 216, 1. (d) Glogowski,
(3) Michaelis, L.Chem. Ber1935 16, 243. M. E.; Zumbulyadis, N.; Williams, J. L. Rl. Organomet. Cheni98],
(4) Kaim, W.Angew. Cheml98Q 92, 940;Angew. ChemInt. Ed. Engl. 231, 97. (e) Pelter A.; Singaram, B.; Williams, L.; Wilson, J. W.
198Q 19, 911. Tetrahedron Lett1983 623. (f) Pelter, A.; Singaram, S.; Brown, H.
(5) (a) Kaim, W.; Schulz, AAngew. Cheml984 96, 611;Angew. Chem. C. Tetrahedron Lett1983 1433. (g) Pelter, A.; Buss, D.; Colclough,
Int. Ed. Engl.1984 23, 615. (b) Schulz, A.; Kaim WChem. Ber. E.J. Chem. Soc., Chem. Comm887 297. (h) Cardin C. J.; Parge,
1989 122 1863. H. E.; Wilson J. W.J. Chem. Res. (9)983 93.
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Scheme 1 perspective by comparing them with those of corresponding

nitrogen derivatives, i.e., the radical cati®&sof N,N,N',N’'-
) RZNNRZ tetramethylp-phenylenediamined{", Wurster’s Blue) and -ben-

zidine &) (cf. Scheme 1, R= CH3) and of closely related

R,N

2 NR

J

e | e < |t boron—nitrogen 6, 7)!2 or all-carbon systems such as Thiele’s
radical cation radical cation (8) and Chichibabin’s hydrocarbon9)(3
e | e e | f e
o T N T @ S
4 S
Scheme 2 /—\ — —
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\—/ — —
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it e wite — = /=
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radical anion radical anion 27 N/ 2 2 _ _ 2
et e 8 ]
O el OO — -
To support the interpretation of spectroelectrochemical results,
we have determined the molecular structure of PhBNfethe
Scheme 3 crystal. The angles between the aryl groups and the central
\ / BC; plane are particularly interesting since the aryldimesitylbo-
gl n'— By rane entity is common to all systeris3. Ab initio calculations
/ \ were performed foB and for BH-substituted model compounds
l (11-13) (Scheme 2: R= H) in order to estimate the
\ / e\ participation of the boront centers at the relevant frontier
BIII_ 0__ BIII BIII_ ()_oBII . . L. . . .
[/ n \ ] —_ [/ n \ ] orbitals and to aid in the assignment of electronic transitions.
‘ Experimental Section
\ Materials and Instrumentation. The syntheses of the compounds

| jIe
[/B"_ = B\ 1 1,4-bis(dimesitylboryl)benzend), 4,4-bis(dimesitylboryl)biphenylZ),
and dimesitylphenylboran&) were described earliér.
UV/vis/near-IR absorption spectra were recorded on a Bruins
= ‘@' or Instruments Omega 10 spectrophotometer. Spectroelectrochemical
measurements were performed in THF/0.1 M4 BBR (THF =

. . . . . tetrahydrofuran) solutions using an optically transparent thin-layer
magnetic intermediate and a less negative potential for the first ;. ..0qe (OTTLE) celt¢ path length 0.15 mm, Pt minigrid working

reduction, thus indicating a very strong substituent effeéts electrode, Pt grid auxiliary electrode, Ag wire reference electrode. THF
supporting evidence, EPR/ENDOR studiesvealed lowr spin was freshly distilled from potassium, all manipulations were performed
populations at the CHr centers and correspondingly larger under argon using Schlenk or syringe techniques.

amounts otr spin population at the boron atoms which led to  X-ray Structure Determination. Single crystals of compound
possible resonance formulations of the reduced forms involving were obtained by cooling a saturated solutiomihexane to-20 °C.

a delocalized B/B" mixed-valent situation (Scheme %). The crystal used for diffraction was a colorless plate of dimensions
The conspicuous intense colors observed for the reduced®-8 MMx 0.3 mmx 0.1 mm, which was taken from the mother liquor,
species in the redox series from Scheme 2<(Rvies) have _s;eparated under r_1u10|, and sealed in a glass capillary. . The 2355

. . . independent reflections (2984 measured reflectiBass= 0.0668; 5.08
prompted us now to investigate these diborane systems and the. 20 < 56.0:h= —1t0+17:k= —1 to+12:| = —21 to+21) were
5b,6h i ol ' '
monoborane PhBMeg3)>>°"by UV/vis/near-IR spectroelec- i eaqured at 188 K on a Siemens-P4 diffractometer using monochro-
trochemistry. Absorption spectra of radical i&nd reveal much matized Mo Ku radiation (Table 1). There was no absorption correction
additional information on their electronic structure, in particular, due to the absence of heavy atoms. The structure was solved in the
when supported by gquantum-chemical calculatitn€n the space groupC2/c by direct methods using the SHELXTL-PLUS
basis of data from experiments and calculations, we shall packagée® the refinement was carried out with SHELXL-93,
propose assignments of transitions and assess the contributiongmploying full-matrix least-squares methods. Anisotropic thermal

from resonance structures. These results will be put into Parameters were refined for all non-hydrogen atoms. TheHC
aromatic hydrogen atoms were located; methyl hydrogen atoms were

placed in their ideal positions and allowed to ride on the corresponding

(8) (a) Kaim W.; Klein, A.Organometallics1995 14, 1176. (b) Klein,
A.; Kaim, W.; Waldhwo, E.; Hausen, H.-DJ. Chem. Soc., Perkin

Trans. 21995 2121. (12) (a) Lichtblau, A.; Hausen, H.-D.; Schwarz, W.; Kaim, Worg. Chem.
(9) Shida, T.Electronic Absorption Spectra of Radical Igriisevier: 1993 32, 73. (b) Lichtblau, A.; Kaim, W.; Schulz, A.; Stahl, T.
Amsterdam, 1988; (a) p 211; (b) p 220; (c) p 223. Chem. Soc., Perkin Trans.1092 1497.
(10) (a) Sakata, T.; Nagakura, Bull. Chem. Soc. Jprl97Q 43, 2414. (13) Montgomery, L. K.; Huffman, J. C.; Jurczak, E. A.; Grendze, M. P.
(b) Takemoto, K.; Matsusaka, H.; Nakayama, S.; Suzuki, K.; Ooshika, J. Am. Chem. S0d.986 108 6004.
Y. Bull. Chem. Soc. Jprl968§ 41, 764. (14) (a) Krejcik, M.; Vicek, A. A.J. Electroanal. Chem. Interfacial
(11) (a) Braterman, P. S.; Sony, J.-l.; Kohlmann, S.; Vogler, C.; Kaim, W. Electrochem1991, 313 243. (b) Krejcik, M.; Danek M.; Hartl, FJ.
J. Organomet. Chenil 991, 411, 207. (b) Krejcik, M.; Zalis, S.; Electroanal Chem. Interfacial Electrochert991, 317, 179.
Ladwig, M.; Matheis, W.; Kaim, WJ. Chem. Soc., Perkin Trans. 2  (15) (a) Sheldrick, G. M.SHELXTL-PLUS: An Integrated System for
1992 2007. (c) Hilgers, F.; Kaim, W.; Schulz, A.; Zalis, $.Chem. Sobing, Refining and Displaying Crystal Structures from Diffraction
Soc., Perkin Trans. 2994 135. (d) Matheis, W.; Poppe, J.; Kaim Data; Siemens Analytical X-Ray Instruments Inc.: Madison, WI, 1989.
W.; Zalis, SJ. Chem. Soc., Perkin Trans1994 1923. (e) Braterman, (b) Sheldrick, G. M.SHELXL-93, Program for Crystal Structure

P. S.; Song, J.-J. Org. Chem1991, 56, 4678. Determination Universitd Gottingen: Giatingen, Germany, 1993.
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Table 1. Crystallographic Data for PhBMes

empirical formula  GH»/B 4 4
fw, g/mol 326.27 T, °C —85
space group C2/c[No.15] 4, A 0.71073 A
a, 13.324(3) peaics g CMT3  1.105
b, 9.143(2) 1, oL 0.610
¢ A 16.303(3) Rl > 20()]  0.0496
B, deg 98.93(3) Ru? 0.1432
V, A 1962.0(7) GOF 0.864
2R = (T||Fol — [Fell)Z|Fol. "Ry = {Z[W(|Fol> — [Fc)?/

S[w(FH]}Y2 ¢ GOF = {Zw(|Fol? — |Fc|?)%(n — m)}Y2 n = no. of
reflections;m = no. of parameters.

Figure 1. Molecular structure of PhBMegg3) in the crystal. Selected
bond lengths (A) and angles (deg):—B1, 1.579(2); B-C7, 1.569-
(3); C1-B—C7, 118.6(1); C+B—Cla, 122.8(2). For dihedral angles
see text.

carbon atoms. Final refinement convergedRat 0.0496 ( > 20(l))
and atR, = 0.1432 (for all data).

Calculations. Ab initio calculations using the 6-31Gbasigé* 18
were performed with the GAUSSIAN92 program packa¥ethe

restricted HF approach was applied for calculating the open-shell

systems. Geometry optimization of the model compouritisnd122-

in general G symmetry yielded planar geometries as energy minima.
Deviation of the H-B—H planes from the phenyl planes did not
qualitatively alter the electronic structure. For the Bidibstituted
model redox system41%-—/2-, 120~/2- and 13*~~2~ we therefore
assumed planar configurations with the symmetry constrainéhito
(11, 12 or Cy, (13). Ab initio and AM1¢¢ calculations of3 and 13
confirmed the relatively small perturbation caused by replacing Mes
through H.

Results

Structure. To establish the conformational preference in the

systems investigated, we determined the crystal structure of

compound3 (Table 1) which represents the simplest common
motif phenyl-BMes for all three compound$—3. No signifi-
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Figure 2. Spectroelectrochemical change for the transitibn> 1~
in THF/0.1 M BuNPFs.
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Figure 3. Spectroelectrochemical change for the transifion— 22~
in THF/0.1 M BuNPFs.

Spectroelectrochemistry. According to eqs +3, com-
pounds 1-3 undergo cyclovoltammetrically reversible one-
electron reduction processes at a 100 mV/s scarprate.

fe _ +e. 2—
1 == T e 1 @
—-1.39V —2.08 Vvs SCE in
DMF/0.1 M By,NCIO,
+e- _ +e- o
2 =& 2 e 2 @
=147V —1.72V vs SCE in
DMF/0.1 M By,NCIO,
+e- _
3 — 3 ©)

—e

—1.85V vs SCE in
DMF/0.1 M Bu,NCIO,

To relate the UV/vis/near-IR spectroelectrochemical results

cant intermolecular interacf[ion could be f0L_md in the crystal of i previous EPR/ENDOR measuremehtee performed these
3; a structural representation and the main bond lengths andexperiments in THF/0.1 M BINPF;. Under those conditions

angles are given in Figure 1. A 2-fold symmetry axis runs
through boron and thpara carbon center of the phenyl ring; a
similar situation was found for BMe$?2 In relation to the plane
B1,C1,C1a,C7 around trigonal boron, the phenyl ring exhibits
a dihedral angle of; = 21.6(1} and the mesityl rings ofw,)|
=60.57(5). The dihedral angle between the phenyl and mesityl
rings is 71.93(5).

(16) (a) Frisch, M. J.; Pople, J. A.; Binkley, J. S.;Chem. Phys1984
80, 3265. (b) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P.
M. W.; Johnson, B.G.; Wong, M. W.; Foresman, J. B.; Robb, M. A.;
Head-Gordon, M.; Replogle, E. S.; Gomperts, R.; Andres, J. L.;
Raghavachari, K.; Binkley, J. S.; Gonzalez, C.; Martin, R. L.; Fox,
D. J.; Defrees, D. J.; Baker, J.; Stewart, J. J. P.; Pople, Galissian
92/DFT, Revision G.3; Gaussian, Inc.: Pittsburgh, PA, 1993. (c)
Dewar, M. J. S.; Zoebisch, E. G.; Healy, E.F.; Stewart, J. J. Rm.
Chem. Soc1985 107, 3902.

(17) Bertho, D.; Jouanin, CSynth. Met1988 24, 179.

(18) Olmstead, M. M.; Power, P. P.; Weese, K. J.; Doedens, B. Am.
Chem. Soc1987, 109, 2541.

the reversibility of the reduction &and of the second reduction

of 1 was not 100% complete within the typical time scale of 5
min, the extinction coefficients at the absorption maxima of the
corresponding products could thus not be determined with the
usual accuracy ot2%. Figures 2 and 3 show representative
spectral changes for the diboranes; Table 2 lists the absorption
data.

All three aromatic boranes are colorless in the neutral state.
On reduction, the monoboraBelevelops a moderately intense
and very broad band with an absorption maximum at 692 nm;
Amax = 600 nm was reported fdr~ formed by reduction with
Na/K alloy in THFS" Diboranesl and 2 develop intense
absorptions in the visible and near-infrared on reduction.
Whereag*~ shows an unusually intense and distinctly split band
system in the near-infrared region (Figure 2), the smaller
p-phenylenediborane derivatide exhibits a broad maximum

at 872 nm, accompanied by a high-energy shoulder. On
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Table 2. Absorption Maximaimax (M) and Extinction Coefficients
€ (M7t cm1) of Boron Compoundsand Nitrogen Analogués

compound Amax(€)

1 337 (22 500)

1~ 872 (13 300), 791(sh); 424 (13 800), 415(sh), 403(sh);
340 (6000)

4eto 637,578

12 665 (=11 700¥%

2 342 (48 000)

e 1305 (31 200),1127(sh), 996(sh); 522 (23 400), 511(sh),

481 (21 400); 346 (11 000)

5 b 1075, 925, 820; 468, 453, 435

22 736 (67 700), 685(sh), 624(sh)

3 320 (12 800), 307(sh)

3 692 (+1900)¢ 355(sh); 3195100y
[NPhg**b 650, 562; 358

a From spectroelectrochemistry in THF/0.1 M BLPF; at ambient
temperature? From irradiation in BuCl matri. ¢ Approximatee values
(+£10%) due to slow decomposition.

Chart 1

BH,

Table 3. Calculated Bond Lengthsd (A) for Model Compounds
11-12 and Their Anionic States

d
molecule a b c d e

11 1.557 1.399 1.381

11— 1.502 1.432 1.360

112~ 1.459 1.475 1.342

12 1.548 1.398 1.380 1.398 1.499
12~ 1.504 1.421 1.362 1.430 1.433
122- 1.467 1.453 1.344 1.471 1.370
13 1.549 1.400 1.383 1.387

13~ 1.534 1.425 1.377 1.394

13 1.463 1.493 1.357 1.429

a Optimized geometries using the 6-31G** basis, restricted HF
method for open-shell systenfsFor identification of bonds see Chart
1; dgy = 1.20+ 0.01 A,

reduction to the dianions, the similarly structured long-
wavelength absorptions are shifted to higher energiles
typical behavior of conjugated redox systehdg?!

Calculations. Ab initio calculations with a 6-31G basis
were used for geometry optimization of the Bblibstituted
model redox system$1%-—/2= 120+=/2= and 13%~/2= and for
the fully substituted molecule PhBMe$3). The calculated

Fiedler et al.

decrease of the BC(Mes) bonds (1.555> 1.537 A) but a large
reduction of the B-C(Ph) bond length: 1.55% 1.480 A.

Whereas the LUMO energy af3is relatively high with 1.97
eV, the two diborane model specit%(0.998 eV) and.2 (1.028
eV) do not differ much in that respect. The “redox orbital”
which is occupied during stepwise reduction is af(B, 13;
Cy,) or by, symmetry (L1, 12 D). The contribution from the
boron s centers to that MO amounts to 32.71, 23.5 (12),
and 35.2% 13). While the second unoccupied MOs,¢bof
the diboraned1and12 also have significant contribution from
boron, the highest occupied molecular orbitals armMOs of
the aromatic rings.

Discussion

Experimental and Calculated Structures. The bond lengths
and angles ir8 are very similar to those of other molecules
with dimesitylboryl substituent&-9.7h.11a Despite the heavier
substitution of benzene in structurally characterized 1,3,5-tris-
(dimesitylboryl)benzenelQ),% the tilting of the mesityl rings
with respect to the phenyl plane is not very different here (71.9
in 3; average of 70 in 10°%. Assuming the usual cés
dependence for the overlap betweeporbitals, the interaction
is clearly stronger in the borerphenyl moiety {; = 21.5,
co$ w; = 0.87) than between the mesityl rings anéccepting
boron (w;| = 60.6°, cog w, = 0.24). As the crystallographi-
cally determined small structural changes between BMed
[BMesg]*~ have indicated?the conformation in such systems
is largely determined by steric repulsion and the bond lengths
are little affected due tor delocalization of the added
electron®62

In agreement with this notion, tha&b initio-calculated Ph/
Mes dihedral angle (63°% and the B-C(Ph) (1.593 A) or
B—C(Mes) distances (1.612 A) are not very much different from
the experimentally determined values (Figure 1). The different
response of B.C(Ph) and B-C(Mes) bond lengths on reduction
of 3 (AM1 calculations) confirm the primary localization of
the added electrons inz&phenyl)-p4B) based MO.

The calculations for the model redox systerhd—/2-,
120+=2= and 13%*~/2- support the formulations in Scheme 2.
For the diboranes there is a clear trend on successive one-
electron reduction to quinonoid structures with localized single
and double bonds, including the formation of borataalkene bonds
with their typical® bond lengths of about 1.45 A. Similarly
alternant single/double bonds were observed in the structure of
the dimesitylboryl-substituted 1,4,4-tetrahydrobipyridylidene
(7);12a more balanced situation regarding bond lengths has been
found in the all-carbon analogug (Chichibabin’s hydrocar-
bon)13

Spectroelectrochemistry. The near-UV absorption features
between 300 and 350 nm of neutral completes3 can be
assigned to HOM©LUMO transitions between filledr mo-
lecular orbitals based on the aromatic rings and empty MOs
with considerable boron participation.

The broad 692 nm absorption band following one-electron
reduction of monoboran® compares well with the long-
wavelength absorption at 650 nm for the related, i.e., isoelec-

bond parameters (Chart 1) for the three redox systems aretronic, triphenylaminium radical catiofi. It is assigned to an

summarized in Table 3.
A comparison of theab initio calculation results foB and

electronic transition from the singly occupied molecular orbital
(SOMO) b to the next completely empty MOyawhich has

13 showed that the replacement of H by Mes does not affect only a little contribution from boron. The HOMESOMO

the qualitative sequence of the relevant MOs.
significant structural change involves the-B(Ph) bond which
increases to 1.593 A for the bulkier molec@le The calculated
dihedral angle between Ph and Mes rings is 63.%he study
of 3 and3%~ by the semiempirical AM1 method revealed a small

The only transition remains in the near-UV region.

The absorption spectrum of tipephenylenediborane radical
anion1*~ (Figure 2) shows some resemblance to that reported
for Wurster’s Blue4+*.91%a |ntermolecular charge transfer
transitions have frequently been discussed for Wurster’s Blue
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; from previous EPR/ENDOR studfeallows us to regard these
RN )= 9%, redox systems ag ligand-bridged diborane species. Assuming
a B"'/B" resonance structure (Scheme 3), the weaker coupling
between the heteroelement centers across the larger biphenyl
system in2°~ causes a long-wavelength shift for the transition
between the symmetric 4f) and the antisymmetric £b
R =(-em combinatio® of boron p orl_)itals. Sincg the intervening
? : systems act as donors relative to the bridged heteroelement
centers inl*~ or 2*~, the situation does not resemble that of the
Creutz-Taube ioA% but that of dianion-bridged dimetallic
compounds with their typical extended conjugatior?® In
contrast to such dimetallasystems, the paramagnetic diborane
40000 30000 30600 10000 intermediates provide pnstead of d orbitals for conjugation.
Viem ] In agreement with typical organic redox systéfnesnd the
Figure 4. Absorption spectra 05 (in BuCl matrixc and 2~ (in polaron/bipolaron conceptthe doubly reduced speci&%™ and
THF/0.1 M BuNPF). Note the wavenumber scale. 22- exhibit similarly structured, more intense, and hypsochro-
mically shifted long-wavelength transitiong,b~ byg (HOMO—
and related radical ion; however, there can be no close LUMO) in relation to the radical ion intermediates. Due to the
intermolecularz—s stacking in the borane species discussed complete filling of the kb, “redox orbital” there are no more
here due to the steric bulk of the mesityl substituents. The long- transitions possible to this MO. Nevertheless, the diborata-
wavelength band, accompanied by a shoulder, is attributed tocontaining specie®?- exhibits again a significantly higher

absorbance

an allowed SOMG-LUMO transition y, — byg (in spectro- absorption wavelength (736 nm) than the related quinonoid
scopically effectiveD,, symmetry of the chromophore), both  molecules? (473 nm§?2or 9 (574 nm)13
of theser™ MOs being stabilized by the-acceptor effect from Summarizing, we have demonstrated and supportedafith

two conjugated B centers in thmara position. The remaining  initio calculations that boron-based redox systems (Scheme 2)
benzener” MO, a,, remains unaffected (and hence unstabilized) can be constructed as true “mirror imagésf the widely used
due to the nodal plane in the 1,4-positiSnThe second intense  organonitrogen analogues (Scheme 1). The effective shielding

band system of*~ at 424 nm is ascribed to a HOME&OMO required for the boron atoms may render these systems suitable
transition g — ba,. for outer-sphere electron transfer applications at negative
The “mirror image” relatioP? between amine and borane potentials (cf. eqs 43). In addition, the intense absorption
redox systems is most evident when comparrig with the features detected at very long wavelengths for the radical ion
tetramethylbenzidinium radical cati@n™ (Figure 4)21% There species could make these or similar systems interesting as near-

is a remarkable resemblance of band positions and bandIR dyes?? and the meta-substituted isomer18f was recently
structures, extending even to small details of the well-visible characterized as a spin-unpaired triplet species with boron-
vibrational structuring (Figure 4). Differences concern only the centered sping
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