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Bishomoaromatic 1,2,4-Triboracyclopentane
Dianions: Strong Three-Center, Two-Electron
Bonds between Three Boron Atoms**
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The three-center, two-electron (3c,2e) bonding of bisho-
moaromatic cations of type 114 are known to be weakened by
R = CH,? 3! and displaced by R=p-MeOCH, and R =
OH. Evidently, cations 1 are stabilized by the 3c,2e bonds,
whereas cations 2 are stabilized by donor substituents R.
According to computational estimates, 1u (R=H) is more
stable than 2u (R=H) by 15kcalmol "%l The energy
difference between the prototypes 3u and 4u, neither of
which is known experimentally, is only 10.1 kcalmol 1P

H
10.1 \ﬁ/(s
kcal mol* C—H
~

C

MP2/6-31G* |/

4u

We now report on bishomoaromatic dianions 5 of 1,2,4-
triboracyclopentanes that have skeletons isoelectronic to that
of 3u.[7 The 3c¢,2e bonds of dianions of type 5 remain intact
even in the presence of strong donor substituents like R =
NR,. Hence, the energy difference between 5 and 6 must be
larger than the 26 kcalmol! stabilization afforded to a
tricoordinate boron atom by a dialkylamino substituent.[®!
Calculations at the MP2/6-31+G* level® confirm this con-
clusion.

The dianions 5a—c (Dur=2,3,5,6-tetramethylphenyl) are
obtained by reduction of 7a—c¢ with lithium in diethyl ether.
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The reaction of 8 with phenyllithium and methyllithium yields
Sa and S5d, respectively. Compounds 7a—c¢ and 8 were
obtained from 7d, which can be synthesized from 1119 via
10, 9, and 7e. The structures of the new compounds are
deduced from their "B, 'H, and '3C NMR spectra (Tables 1
and 2). Similarities of the NMR data with those of the
known["! isomers with cis-trimethylsilyl substituents allows
identification of 7d, 7e, and 8. The crystal structures'? of 5a-
2Li-2Et,0 and 5b-2Li-3Et,0O are shown in Figure 1, their
relevant spectroscopic and physical data and that of Se¢-2Li-
2 Et,0 are included in Table 2.

Dianions 5a and 5b form contact triple ions with two
lithium cations, which, in addition, are coordinated to diethyl
ether molecules. Lil is 7?-coordinated to the B2—B3 ¢ bond
and to the ipso- and ortho-C atoms of the duryl substituents.[3]
Li2 in 5a exibits a remarkably short distance to B1 (211 pm)
as well as contacts to C1 and C2 (230 pm).

The five-membered rings of Sa-c feature distortions
characteristic of two-electron bishomoaromatics:P! short
transannular distances (e.g. between B1 and B2,3) as well as

Table 1. Selected physical and spectroscopic properties of 5a—c¢, 7a—e, and 8—10.

Sa: yellow solid, yield 98 %; '"H NMR (500 MHz, C¢Dg, 25°C): 6 =7.92 (d,
2H, Ph-o-H), 7.20 (m, 2H, Ph-m-H), 7.04 (1, 1 H, Ph-p-H), 6.71, 6.68 (each
s, each 1H, Dur-H), 2.93, 2.82, 2.45, 2.22, 2.18, 2.12, 2.08 (each s, total of
24 H, Dur-CHj), 2.64 (br., 8H, Et,0), 0.59 (br., 12 H, Et,0), 0.46, 0.15 (each
s, each 9H, SiMe;), 0.02, —0.43 (each s, each 1H, BCH); *C{!'B} NMR
(125 MHz, CDg, 25°C): 6 =156.2 (s, Ph-i-C), 152.2, 151.7 (each s, Dur-i-C),
139.5,138.6,138.2,137.1,133.8,133.7,133.5, 133.2 (each s, Dur-o- and m-C),
136.0 (d, Ph-0-C), 129.62, 129.57 (each d, Dur-p-C), 126.8 (d, Ph-m-C),
123.7 (d, Ph-p-C), 65.1 (t, Et,0), 22.4, 22.1, 21.3, 21.0, 20.9, 20.8 (each q,
Dur-CHj), 18.0 (d, J(C,H) =111 Hz, BCH), 14.0 (q, Et,0), 4.3, 3.8 (each q,
SiMe;); "B NMR (96 MHz, C,Dg, 25°C): see Table 2

5b: orange-red solid, yield 97 %; 'H NMR (500 MHz, C,Dg, 25°C): 6 =
6.70, 6.65 (each s, each 1 H, Dur-H), 3.95 (q, 2H, OEt), 2.79, 2.68, 2.64, 2.21,
2.15 (each s, total of 24H, Dur-CHj,), 2.70 (br., 8H, Et,0), 1.22 (t, 3H,
OEt), 0.64 (br., 12H, Et,0), 0.45, 0.14 (each s, each 9H, SiMe;), —0.07,
—0.98 (each s, each 1H, BCH); BC{""B} NMR (125 MHz, CDy, 25°C): 6 =
155.1, 152.6 (each s, i-C), 139.2, 136.9, 136.2, 133.5, 132.8, 132.4 (each s, o-
and m-C), 128.9, 128.8 (each d, p-C), 65.5 (t, Et,0), 61.4 (t, OEt), 24.0,21.3,
21.1,20.9, 20.5 (each q, Dur-CHj,), 18.7 (g, OEt), 18.0 (d, 'J(C,H) = 107 Hz,
BCH), 14.2 (q, Et,0), 12.1 (d, 'J(C,H) =113 Hz, BCH), 3.8, 3.7 (each q,
SiMe;); "B NMR (160 MHz, C¢Dy, 25°C): see Table 2

5c: orange-red solid, yield 95%; '"H NMR (500 MHz, [D,(]Et,O, —30°C):
0 =16.65 (s, 2H, Dur-H), 3.38 (q, Et,0), 2.68, 2.54, 2.50, 2.49, 2.12, 2.11, 2.09
(each s, total of 24H, Dur-CHj), 1.13 (t, Et,0), 0.14, —0.31 (each s, each
9H, SiMe;), BCH and NEt, not observed; *C{"'B} NMR (125 MHz, [D,]-
Et,0, —30°C): 6 =153.0,152.2 (eachss, i-C), 140.5, 137.3, 136.8, 134.8, 133.6,
133.5, 133.1 (each s, o- and m-C), 129.14, 129.10 (each d, p-C), 66.2 (t,
Et,0),51.5,49.0 (t, NEt,), 23.1, 22.4,21.3,21.2,21.1, 20.9, 20.7, 20.0 (each q,
Dur-CHj), 18.2,17.2 (q, NEt,), 15.6 (q, Et,0), 4.3,3.7 (each q, SiMe;), BCH
not observed; "B NMR (160 MHz, C¢Dy, 25 °C): see Table 2

7a: yellow solid, m.p. 98 °C, yield 99 %; 'H NMR (300 MHz, CDCl;, 25°C):
0=17.76 (m, 2H, Ph-H), 7.53 (m, 3H, Ph-H), 6.98 (s, 2H, Dur-H), 3.98 (s,
2H, BCH), 2.25 (s, 12H, Dur-CHj;), 2.1 (br. s, 12H, Dur-CHj3), —0.08 (s,
18H, SiMe;); BC NMR (75 MHz, CDCl;, 25°C): d = 149.5 (br. s, Dur-i-C),
146.2 (br. s, Ph-i-C), 133.0, 132.5 (each s, Dur-o- and m-C), 131.7 (d, Ph-m-
C), 130.7 (d, Dur-p-C), 129.9 (d, Ph-p-C), 127.5 (d, Ph-0-C), 65.0 (d,
1J(C,H) =108 Hz, BCH), 20.9, 19.6 (each q, Dur-CHj;), 3.0 (q, SiMe;); "B
NMR (96 MHz, CDCl;, 25°C): 6 =101, 82 (2:1)

7b: yellow oil, yield 99 %; 'H NMR (300 MHz, CDCl;, 25°C): 6 =6.86 (s,
2H, Dur-H), 4.20 (m, 2H, OEt), 2.80 (s, 2H, BCH), 2.25, 2.20 (each s, each
12H, Dur-CH,), 143 (t, 3H, OEt), 0.12 (s, 18H, SiMe,); “C NMR
(75 MHz, CDCl;,25°C): 0 =149.5 (br. s, i-C), 132.8,131.1 (each br. s, 0- and
m-C), 130.2 (d, p-C), 62.9 (t, OEt), 53.3 (d, 'J(C,H) =101 Hz, BCH), 20.4,

19.7, 19.0 (each br. q, Dur-CHj), 17.6 (q, OEt), 2.7 (q, SiMe;); 'B NMR
(96 MHz, CDCl;, 25°C): 6 =96, 53 (2:1).

7c¢: yellow solid, m.p. 128°C, yield 98%; 'H NMR (300 MHz, CDCl,,
25°C): 0=6.91 (s, 2H, Dur-H), 3.51, 3.01 (each g, each 2H, NEt,), 3.01 (s,
2H, BCH), ca. 2.2 (br. s, 24H, Dur-CHj), 1.19 (t, 6 H, NE,), 0.02 (s, 18H,
SiMe;); ®C NMR (75 MHz, CDCl;, 25°C): 6 =149.8 (br. s, i-C), 133.3,
133.1 (each s, 0- and m-C), 130.9 (d, p-C), 52.5 (d, 'J(C,H) =107 Hz, BCH),
42.9 (t, NEt,), 21.6, 19.8 (each q, Dur-CHj), 15.8 (q, NEt,), 3.5 (q, SiMe;);
"B NMR (96 MHz, CDCl;, 25°C): 6 =97, 49 (2:1)

7d: yellow solid, m.p. 133°C, yield 75%; 'H NMR (300 MHz, CDCl;,
25°C): 0 =6.85 (s, 2H, Dur-H), 3.37 (s, 2H, BCH), 2.12 (s, 12H, Dur-CH;),
ca. 1.9 (br. s, 12H, Dur-CHj,), 0.13 (s, 18H, SiMe;); *C NMR (75 MHz,
CDCl;, 25°C): 0 =148.4 (br.s, i-C), 133.1, 131.8 (each s, o- and m-C), 130.8
(d, p-C), 63.8 (d, 'J(C,H) =111 Hz, BCH), 20.6, 19.4 (each q, Dur-CHj), 2.6
(g, SiMe;); "B NMR (96 MHz, CDCl;, 25°C): 6 =97, 74 (2:1)

7e: yellow oil, yield 99 %; '"H NMR (300 MHz, CDCl;, 25°C): 6 =6.82 (s,
2H, Dur-H), 3.89 (s, 3H, OMe), 2.82 (s, 2H, BCH), 2.16 to 1.58 (br.s, total
of 24 H, Dur-CH,), 0.01 (s, 18 H, SiMe;); *C NMR (75 MHz, CDCl;, 25°C):
0=149.5 (br. s, i-C), 132.8, 131.3 (each s, o- and m-C), 130.2 (d, p-C), 54.7
(q, OMe), 53.2 (d, J(C,H) =104 Hz, BCH), 20.3, 19.2 (each g, Dur-CHj),
2.6 (g, SiMe;); "B NMR (96 MHz, CDCl;, 25°C): 6 =97, 53 (2:1)

8: yellowish solid, yield 59 %; '"H NMR (500 MHz, [Dg]THF, —80°C): 6 =
6.34 (s, 2H, Dur-H), 3.35 (Et,0), 2.10, 1.80, 1.63 (each s, total of 24 H,Dur-
CHs;), 1.11 (Et,0), 0.05 (s, 2H, BCH), —0.28 (s, 18 H, SiMe;); *C NMR
(125 MHz, [Dg]THF, —80°C): 0 =153.6 (br.s, i-C), 132.8, 135.0, 134.5,
130.6, 130.1 (each s, o- and m-C), 126.9 (d, p-C), 66.8 (Et,0), 21.4, 20.2
(each q, Dur-CH,), 2.9 (d, J(C,H) =129 Hz, BCH), 2.2 (q, SiMe;); ''B
NMR (96 MHz, Et,0, 25°C): =24, 20 (2:1)

9: colorless solid, m.p. 118°C, yield 85 %; 'H NMR (300 MHz, C,Dy, 25°C):
0=06.67 (s, 2H, Dur-H), 3.25 (q, 8H, Et,0), 3.24 (s, 2H, BCH), 2.23, 2.16
(each s, each 12H, Dur-CH3), 1.01 (t, 12H, Et,0), 0.08 (s, 18 H, SiMes);
13C NMR (75 MHz, C¢Dy, 25°C): 6 =155.7 (br.s, i-C), 132.2, 131.4 (each s,
o- and m-C), 128.0 (d, p-C), 83.7 (d, 'J(C,H) =90 Hz, BCH), 66.1 (t, Et,0),
22.2, 20.6 (each q, Dur-CHj), 3.2 (g, SiMes); "B NMR (96 MHz, C;Dq,
25°C): =51

10: greenish, fluorescent solid, m.p. 134 °C, yield 98 %; 'H NMR (300 MHz,
CDCl;, 25°C): 6 =6.80 (s, 2H, Dur-H), 2.16, 1.90 (each s, each 12H, Dur-
CH,), 1.79 (s, 4H, BCH,), 0.06 (s, 18 H, SiMe;); 3*C NMR (75 MHz, CDCl;,
25°C): 6 =149.6 (br. s, i-C), 133.0, 129.5 (each s, 0- and m-C), 129.3 (d, p-C),
28.6 (t, J(C,H)=113 Hz, BCH,), 20.3, 19.3 (each g, Dur-CH;), 1.7 (q,
SiMe;); "B NMR (96 MHz, CDCl;, 25°C): 6 =97
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Table 2. Selected distances [pm] and interplanar angles [°] of Sa-2Li-2Et,0, 5b-2Li-3Et,0, and S¢-2Li-2Et,0 (crystal structures) as well as of model
compounds 5u-R (R=H, Me, Ph, OH, NH,) (/MP2/6-31 + G*); "B NMR chemical shifts [ppm] are also given.

Bl---B2 B1---B3 B2-B3 C1-B2-B3-C2/ 5(B1) 5(B2), 8(B3)
C1-B1-C2t

5a-2Li-2Et,0 185.7(6) 184.1(6) 163.7(6) 80.0(4) —20 15,18
Su-Phl 1858 185.8 166.4 82.4 —35.6 20.8
5b-2Li-3E1,0 186.5(4) 187.8(4) 163.0(4) 82.7(3) -2 13,15
5u-OH" 184.7 184.7 165.3 81.8 -71 205
5¢-2Li-2E,0 192.7(6) 190.8(5) 165.0(6) 85.1(4) —4 7,21
Su-NH, 183.6 183.6 165.5 80.2 —172 21.6,19.7
5d —21 13, 16
Su-Mel! 184.6 184.6 165.4 81.4 —285 20.0
Su-Hb 184.8 184.8 165.5 81.7 —478 9.2

[a] Interplanar angle. [b] NMR chemical shifts were computed at GIAO-SCF/6-311+G**//MP2(fc)/6-31+G*.

Figure 1. Structures of 5a-2Li-2Et,O (top) and 5b-2Li,-3Et,0 (bot-
tom) in the crystal, the methyl substituents at Sil and Si2 as well as most of
the H atoms are omitted for clarity. Selected bond lengths (in addition to
those in Table 2) [pm] and bond angles [°]. 5a: B1-C1 165.1(5), B1-C2
163.6(5), C1-B3 162.3(5), C2-B2 163.3(5); C1-B1-C2 110.1(3), B1-C2-B2
69.2(2), C2-B2-B3 108.9(3), B2-B3-C1 109.0(3), B3-C1-B1 68.4(2); 5b: B1-
C1 161.4(4), B1-C2 162.7(4), C1-B3 164.1(4), C2-B2 164.4(4); C1-B1-C2
113.7(2), B1-C2-B2 69.5(2), C2-B2-B3 109.3(2), B2-B3-C1 109.1(2), B3-Cl-
B1 70.5(2).

small interplanar angles (here between the C1-B3-B2-C2 and
C1-B1-C2 planes). The experimental data are compared to
values computed for the model compounds 5u-R (R =H, Me,
Ph, OH, NH,) in Table 2.

The strong donors OEt, OH, NEt,, and NH, distort
bishomoaromatics of type 5 to a small extent (Table 2). For

1274 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

the bishomoaromatic cations of type 1, even the relatively
weak phenyl donor substituent at C7 leads to a considerable
elongation of the transannular C—C distance from 172.1 pm[*4
in 1Tu (R=H) to 190.1 pm in 1a (R = C¢H;). The interplanar
angle also is increased (from 81.3 to 93.6°, //MP2(fc)/6-
31G*).P" Similar geometries are found in the X-ray structures
of 1'aP! and 1a-Me, .

The monocyclic cation 3u-Me (with a transannular distance
of 182.1 pm) is only 2.1 kcalmol~" higher in energy than the
classical 4-methyl-4-cyclopentenyl cation, 4u-Me, and no
local minima of the 3u type could be localized when effective
ni- or n-donors like phenyl or OH and NH, were present.
These structures must be much less stable than the corre-
sponding classical cations 4u-Ph, 4u-OH, and 4u-NH,.[""!

Likewise, strong donors influence the NMR chemical shifts
of the pentacoordinate boron atoms of dianions 5 (Table 2) to
a lesser extent than the shifts of the pentacoordinate C atoms
of 1. Replacing R =Me in the nonclassical 1 by OH gives the
classical 2b (R = OH), as indicated by the deshielding of C7
by 153 ppm (03C=72—225). An analogous exchange of
substituents in the dianions 5 (5d—5b) leads to a !'B
deshielding of only 19 ppm.[6 17]

The ineffectiveness of the donor substituents is expressed
most impressively in the geometries characterizing the 3c,2e
bonds of the bishomoaromatics Sa—c: these parameters, like
those in 5u-Ph, 5u-OH, and 5u-NH,, are almost identical
(Table 2).

Hence, the 3c,2e bonding in bishomoaromatic dianions 5 is
much stronger than those of the isoelectronic cations of type 1.
A quantitative measure for the 3c,2e bond strengths is given
by the computed energy differences between bishomoaro-
matic 5u-R and classic 6u-R. At the MP2/6-31+G* +0.89
ZPE(HF/6-31G*) level 5u-H is more stable than 6u-H by
39.0 kcalmol~!; this is about 30 kcalmol~! greater than the
difference between the isoelectronic 3u and 4u . The differ-
ence between nonclassical and classical forms is only about
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COMMUNICATIONS

R

H : 101
Me : 241
Ph :-14.901%
OH 1247013
NHy :—47.31]
keal mol™!

R

H :39.0
Me : 35.9
Ph : 50.7
OH : 193
NH, : 16.8
kcal mol™

10 kcalmol~! smaller (29.6 kcalmol!) for the monoanionic
prototypes which result from protonating the B—B bond in
dianions of type 5.1!8]

In conclusion, both the statement, based on results for
homoaromatic cations and neutral compounds, that “the very

existence of homoaromaticity is

a matter of a few

kcal mol~"['% as well as the one that anionic homoaromaticity
is “either quite insignificant or nonexistent altogether”? are
not valid any longer.
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