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In order to examine differences in structure due to the electronic nature of the oxygen ligand, several organoboron
compounds bearing ester 8a8c and amide 13a and 13b ligands were prepared and crystallographically analyzed. In the
ester ligand systems, the pinacolato derivative 8a and catecholato derivative 8b took a pentacoordinate structure, while
fluorenyl derivative 8c took a tetracoordinate structure instead of pentacoordinate due to the strong electrophilic nature of
the boron atom. In contrast to the ester ligand systems, no pentacoordinate species were found in the amide ligand
systems. The pinacolato derivative 13a is tricoordinated, and catecholato derivative 13b is tetracoordinated. These results
could be due to the steric effect of the diisopropylamide ligand together with the electronic effects. The VT NMR study
and the DFT calculations reveal that the energy difference between the tetracoordinate and pentacoordinate structure in 8c
is very small, and indicated that the electronic nature and steric effects of the ligand greatly affect the coordination state of
the boron atom.

The SN2 reaction is a fundamental organic reaction. In the
transition state, the central carbon atom forms a three-center
four-electron bond, which is called a hypervalent bond. For the
main group elements below the third row in the periodic table,
such as silicon, phosphorus, sulfur, and iodine, hypervalent
compounds are quite familiar. In contrast, it was long believed
that second row elements, such as carbon and boron, were
unable to form stable hypervalent compounds.

Recently, we developed a sterically rigid anthracene-based
tridentate ligand and characterized the stable hypervalent
carbon compound 11 and boron compounds 21b,2 by X-ray
crystallographic analyses and density functional theory (DFT)
calculations (Figure 1). The CO and BO distances were
considerably shorter than the sum of the van der Waals radii.
In addition, we found bond paths between the CO and BO

bonds by Atoms-In-Molecules (AIM) analyses.3 These obser-
vations indicated that these compounds took a hypervalent state
although the attractive interactions are weak. We then prepared
hypervalent carbon species 34 and boron species 45 using a
flexible van Koten type tridentate ligand (Figure 1). Although
longer CO (or BO) distances were observed in 3 or 4
compared to those for the anthracene compound 1 or 2, the
X-ray electron-density analyses and DFT calculations support-
ed the fact that these compound 3 or 4 were also hypervalent
species.

During the course of our study, we found that some of the
carbon and boron compounds were not hypervalent com-
pounds, but instead had a preferred tetracoordinate structure in
which one of the two coordinating atoms interacts with the
central atom. The coordination state depends on the substitu-
ents on the central atom and the ligand itself. One such example
is shown in Figure 2. The results show that when the boron
atom becomes more electrophilic as in 2a, or the donor groups
become more nucleophilic as in 2c, the coordination state tends
to be tetracoordinate.2,6 These two cases prefer forming one
strong bond rather than two weak bonds.

In the flexible ligand series, the BO distances apparently
depend on the substituents on the central boron atom
(Figure 3). Especially 4a, which has the weakest electro-
philicity of the central boron atoms in this series, is concluded
to be a tricoordinate based on the long BO distances (3.024(3)
and 3.155(3)¡) in comparison to the other pentacoordinate
boron species.

In addition, the difference in BO distances between 2b
(Figure 2) and 4b (Figure 3) clearly shows that the steric
rigidity of the tridentate ligand plays an important role in the
strength of the hypervalent bonding interaction. Recently, we
reported that the sterically rigid acridinium tridentate ligand is
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Figure 1. Pentacoordinate carbon and boron compounds.
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effective for increasing the hypervalent interaction as in the
anthracene ligand (BO distances in the catechol substituent are
2.375(8) and 2.437(8)¡).7

On the other hand, it is expected that the donicity of the
ligand also affects the coordination state, but it is not totally
clarified. Because pentacoordinate boron compounds have been
characterized by X-ray analysis, only with a tridentate ligand
bearing two oxygen donor groups. In fact, all boron compounds
bearing two dialkylamino6,8 or alkylthio groups4,9 as the two
coordinating groups were found to have the unsymmetrical
tetracoordinate structure by X-ray analysis. To investigate the
influence of the coordination ability of the donor group, we
focused our attention on the carbonyl ligand as the oxygen
donor group.

The donicity of the carbonyl oxygen atom to the boron atom
is quite complicated in order to be significantly influenced by
steric factors, although it is expected that the BO interaction
should be more favorable for the carbonyl ligand than the ether
ligand.10 In the intramolecular system, however, the steric

factors influencing the coordination are simpler than those in
the intermolecular system. In addition, it is known that the
donicity of the ¡,¢-unsaturated carbonyl or amide group,
which includes a resonance effect, is stronger than that of the
ether group.11

We now report the preparation of organoboron compounds
bearing ester and amide tridentate ligands, which is expected to
strongly coordinate with the boron atom as compared to the
ether ligand. In this report, we discuss the electronic and steric
effects on the structures.

Results and Discussion

Preparation of Ester Ligand and of the Corresponding
Organoboron Derivatives. The ester ligand precursor 7 was
prepared by the oxidation12 of commercially available 2-
bromo-m-xylene (5), followed by esterification with isobutyl-
ene prepared in situ with t-BuOH in the presence of H2SO4

adsorbed on MgSO4
13 (Scheme 1). The t-butyl ester was used

as an ester ligand to avoid nucleophilic attack of the organo-
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Figure 2. The boron compounds bearing an anthracene-
based tridentate ligand.
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Figure 3. The boron compounds bearing a 2,6-bis(p-
tolyloxymethyl)benzene ligand. For 4b and 4c, the BO
distances for the two independent molecules are shown.
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Scheme 1. Preparation of boron compounds using 2,6-bis(t-butoxycarbonyl)phenyl ligand.
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metal reagent on the ester groups in the next step. Fortunately,
halogenmetal exchange using n-BuLi was successful, fol-
lowed by treatment with the corresponding boron reagent to
give the pinacolato derivative 8a, catecholato derivative 8b,
and fluorenyl derivative 8c (Scheme 1).

All the derivatives of 8 are stable and can be handled in air.
The 1H and 13CNMR spectra (CDCl3) for compounds 8a8c
showed a symmetric pattern for the tridentate ligands. For
example, one sharp singlet signal for the t-Bu group (18H, ¤
1.40) in the 1HNMR and one carbonyl carbon signal (¤ 166.4)
in the 13CNMR were observed in 8b. In contrast, the 11BNMR
spectra of 8 showed different behavior between 8a, 8b, and 8c.
The 11BNMR chemical shifts of 8a (¤ 31) and 8b (¤ 31) were
similar to the chemical shifts of the corresponding tricoordinate
borane derivatives (phenylpinacolborane: ¤ 26.7 in CDCl3,14

phenylcatecholborane: ¤ 32.1 in THF15). On the other hand, the
11BNMR chemical shift of 8c (¤ 13) showed clearly a high-
field shift compared to 9-phenyl-9-borafluorene (¤ 64.5 in
C6D6),16 suggesting that the coordination form of 8c might be
different from those of 8a and 8b in solution.

X-ray Crystallographic Analyses of Organoboron Deriv-
ative Bearing Ester Ligand. The single crystals of 8b, 8c
and co-crystal of 8a and 2-hydroxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane suitable for X-ray analysis were obtained
by recrystallization from a CH2Cl2/n-hexane solution. The
ORTEP drawings of 8a8c are shown in Figure 4, and the
structural parameters summarized in Table 1. The molecules
of 2-hydroxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane that co-
crystallized with 8a are not shown because the hydroxyborane
has little influence on the structure of 8a (B1O5: 1.359(2)¡,
B1O6: 1.372(2)¡), although a hydrogen bond between the
hydroxy group of the hydroxyborane and O6 atom of 8a exists.

The structures of 8a and 8b are almost symmetric, and
the sum of the bond angles around the boron atom is almost
360°. The B1O1 and B1O2 distances of 8a (2.524(2) and
2.570(2)¡) and 8b (2.458(3) and 2.560(4)¡) are shorter than
the sum of the van der Waals radii (3.48¡),17 which can be
regarded as a pentacoordinated. The BO distance average of
8b (av. 2.51¡) is shorter than that of 8a (av. 2.55¡), indicating
that the degree of the BO interactions of 8b is stronger than
that of 8a if the BO interactions exist. This could be due to the
difference in the electronic nature on the central boron atom,
i.e., the pinacolato group of 8a is less electron-withdrawing

than the catecholato group of 8b, and the electrophilicity of the
central boron atom of 8a is reduced relative to that of 8b.

In contrast to the other two compounds, the fluorenyl
derivative 8c clearly has an asymmetric structure in the crystal
state, and only one of the carbonyl oxygen atoms is coordinated
with the central boron atom. In addition, the other t-butyl ester
group turns round, and the CH³ interactions between the t-
butyl group and the fluorenyl ring are found based on the AIM
analysis.3 The shorter BO distance is 1.634(2)¡ and the
longer distance is 3.105(2)¡. The C7O1 length (1.259(2)¡)
is longer than the C8O2 length (1.206(2)¡) and C=O lengths
of 8a (1.206(2) and 1.209(2)¡) and 8b (1.211(2) and
1.211(2)¡). This could be due to the effect of the resonance
structure B¹OC+. These results clearly indicate that the
boron atom of 8c is tetracoordinated, and explains the higher-
field shifted 11BNMR chemical shift in solution. This could be
due to the strong electrophilicity of the boron atom of the
fluorenyl derivative, and is consistent with the previous trend2,6

that the strongly electrophilic central atom tends to take a
tetracoordinate structure instead of pentacoordinate.

Preparation of Amide Ligand and the Corresponding
Organoboron Derivatives. The amide ligand precursors were
prepared as shown in Scheme 2. 2-Bromoisophthaloyl dichlo-
ride (9)18 was treated with dimethylamine or diisopropylamine

8a 8b 8c

Figure 4. ORTEP drawings of 8a, 8b, and 8c (50% thermal ellipsoid; all hydrogen atoms and 2-hydroxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane for 8a are omitted for clarity).

Table 1. Selected Structural Parameters for 8a, 8b, and 8c

8a 8b 8c

Bond distance/¡

B1O1 2.524(2) 2.458(3) 1.634(2)
B1O2 2.570(2) 2.560(4) 4.449(2)
B1O4 ® ® 3.105(2)
C7O1 1.209(2) 1.211(2) 1.259(2)
C8O2 1.206(2) 1.211(2) 1.206(2)

Bond angle/°

O1B1O2 163.5(1) 165.2(1) 140.1(1)
O1B1O4 ® ® 163.9(1)
C1C2C7 116.8(1) 116.6(1) 108.0(1)
C1C6C8 117.3(1) 118.0(1) 123.3(1)
C2C7O1 121.5(1) 121.4(1) 115.2(1)
C6C8O2 120.6(2) 122.7(1) 122.0(1)
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to give the amide ligand precursors 10a and 10b, respectively.
Although the lithiation of 10 was accomplished by treatment
with n-BuLi in THF, the lithiated compound of 10a did not
react with any boron reagent due to its low solubility. In
contrast, the lithiated compound of 10b was soluble and
produced boronic acid 12 after treatment with B(OMe)3, then
10% HCl aqueous solution. The boronic acid 12 was
condensed with catechol or pinacol in the presence of MgSO4

to give the pinacolato derivative 13a and catecholato derivative
13b, respectively (Scheme 2). We also attempted to introduce a
boron atom into 10a by coupling reaction,13 but it was not
successful. Although all the derivatives of 13 are stable in air,
the pinacolato derivative 13a is slightly sensitive to water and
is slowly hydrolyzed in solvent.

The 1H and 13CNMR spectra (CDCl3) for compounds 13
also showed a symmetric pattern for the tridentate ligands

which is similar to those of the corresponding ester derivatives
8. In contrast, the 11BNMR spectra of 13 showed different
behavior between 13a and 13b. The 11BNMR chemical shift
of 13a (¤ 31) was similar to the chemical shift of the
corresponding tricoordinate borane derivative (phenylpinacol-
borane: ¤ 26.7 in CDCl3). On the other hand, the 11BNMR
chemical shift of 13b (¤ 14) clearly shows a high-field shift
compared to the phenylcatecholborane (¤ 32.1 in THF) and
ester derivative 8b (¤ 31).

X-ray Crystallographic Analyses of Organoboron Deriv-
ative Bearing Amide Ligand. The single crystals of 13a and
13b suitable for X-ray analysis were obtained by recrystalliza-
tion from a CH2Cl2/n-hexane solution. The ORTEP drawings
of 13a and 13b are shown in Figure 5, and the structural
parameters summarized in Table 2. The molecules of water that
co-crystallized with 13b are not shown.
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Scheme 2. Preparation of boron compounds using 2,6-bis(N,N-diisopropylaminocarbonyl)phenyl ligand.
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In contrast to the ester ligand cases, no pentacoordinate
species were found in the amide series. Although the pinacolato
derivative 13a is almost a symmetric structure like the ester
ligand 8a, both carbonyl oxygen atoms do not coordinate
with the central boron atom (3.421(4) and 3.477(4)¡). This
indicates that the boron atom of the pinacolato derivative 13a is
in a tricoordinated state like 4a, which bears a flexible ether
ligand (BO bond length: 3.024(3) and 3.155(3)¡). On the
other hand, the catecholato derivative 13b, unlike the ester
ligand 8b, has an asymmetric structure and only one of the
carbonyl oxygen atoms is coordinated with the central boron
atom, in which the shorter BO length is 1.561(4)¡ and the
longer length is 3.770(5)¡. This is consistent with the high-
field shift of the 11BNMR chemical shift of 13b and clearly
indicates that the boron atom of 13b is in the tetracoordinated
state.

The difference in the coordination state between the ester
ligand and the amide series could be explained by the
electronic and steric effects of the diisopropylamide ligand.
That is, if the carbonyl oxygen atom is coordinated to the boron
atom, steric repulsion occurs between the isopropyl group
and aromatic proton (Figure 6) in the amide series. Thus, the
less electrophilic pinacolato derivative 13a when compared to
catecholato group of 13b prefers the tricoordinated state
without coordination toward the central boron. However, the
catecholato group is more electrophilic, giving rise to coordi-
nation of one of the carbonyl oxygen atoms to the central boron
atom. The crystal structure of the catechol ester of the 2-
(diisopropylaminocarbonyl)phenylboronic acid shows an inter-
nal coordination bond between the carbonyl oxygen atom and
the boron atom19 unlike the pinacol ester which shows the

carbonyl oxygen atom far away from the boron atom.20

However, the sum of the stabilizing energy by the formation
of one strong BO bond (covalent bond) and destabilizing
energy by steric repulsion between the isopropyl group and
aromatic proton overrides the sum of the stabilizing energy by
the formation of two weak BO bonds (hypervalent bond) and
destabilizing energy by two steric repulsions between the
isopropyl group and aromatic proton, resulting in the boron
atom being in a tetracoordinated state.

Observation of BO Bond Switching. As already
described above, the X-ray crystal structure showed that
the boron atoms of 8c and 13b are in a tetracoordinated
state even though the 1H and 13CNMR spectra (CDCl3)
showed a symmetric pattern for the tridentate ligands. There-
fore, 1HNMR spectra of the tetracoordinate organoboron
compounds 8c and 13b were measured at various temperatures
for observation of the dynamic behavior in solutions.

In 8c, the two t-Bu groups were magnetically equivalent
even though the temperature was decreased to ¹80 °C in
CD2Cl2. It was similar to the behavior of the NB bond
switching observed in 2a6 and 14 (Figure 7),8 and this indicates
that rapid BO bond-switching take place, i.e., the difference in
energies between the pentacoordinate state and tetracoordinate
state is very small (Figure 8).

In contrast to 8c, although two CH3 signals and two CH
signals (s-cis- and s-trans-isopropyl group) were observed at
room temperature in 13b, these signals in 13b decoalesced as
the temperature was lowered and finally separated into four
CH3 signals and four CH signals at ¹70 °C in CD2Cl2
(Figure 9). The energy barrier to the BO bond-switching is
estimated to be ca. 9.0 kcalmol¹1. In general, such B-donor

Table 2. Selected Structural Parameters for 13a and 13b

13a 13b

Bond distance/¡

B1O1 (¡) 3.421(4) 1.561(4)
B1O2 (¡) 3.477(4) 3.770(5)

Bond angle/°

O1B1O2 (°) 134.8(1) ®
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bond-switching was observed only in 1521 which has a strongly
Lewis acidic central boron atom and more donative ligand.
However, despite the fact that the electronic contribution of
the boron atom and ligand is small, bond switching was
observed in 13b. This could be also due to steric repulsion
between the diisopropylamide ligand and aromatic proton.
As you can see in the X-ray crystal structure of 13b, the
noncoordinated carbonyl plane is perpendicular to the
central benzene ring plane in order to avoid steric repulsion.
If bond-switching takes place, the noncoordinated carbonyl
group and the central benzene ring must lie in the same plane.
Thus, the pentacoordinate state is destabilized, and the energy
barrier to the BO bond-switching is increased enough to
measure.

Structural Optimization and Electron-Density Distribu-
tion Study in Ester Ligand Systems by Density Functional
Calculation. In order to study the nature of the interaction
between the central boron atom and the two carbonyl oxygen
atoms, the structures of 8a8c were optimized by the hybrid
density functional theory (DFT) at the B3PW91/6-31G(d)
level22 using the Gaussian 03 program23 (Figure 10).

In the ester systems, the optimized geometry of 8a and 8b
are symmetric and similar to the experimental structure
although the two BO bond lengths are slightly longer than

the experimental data (8a: calculated distance: 2.603¡, average
of experimental data: 2.55¡, 8b: calculated distance: 2.524¡,
average of experimental data: 2.51¡). It should be noted that
bond paths are found between the central boron atom and the
two carbonyl oxygen atoms in both cases.5 These results
indicate that attractive BO interactions are present in 8a
and 8b. In 8b, the small electron density (µ(r), 0.021 e/a03)
and the small positive Laplacian (r2µ(r), 0.050 e/a05) value
at the bond critical point indicate that the bond is weak and
ionic. These values are similar to the values for the BO bond
in the anthracene skeleton system of 2b (µ(r), 0.022 e/a03;
r2µ(r), 0.058 e/a05) although the Laplacian value is slightly
low. In 8a, although the electron density and Laplacian value at
the bond critical points show the same tendency for 8b, both
values are smaller than those of 8b (µ(r), 0.017 e/a03; r2µ(r),
0.046 e/a05).

On the other hand, 8c displayed a tetracoordinate structure
that was found to be a global minimum, and had a
pentacoordinate structure like TS. The tetracoordinate struc-
ture was only 3.5 kcalmol¹1 more stable at the B3PW91/
6-31G(d) levels including the zero-point energy (scaling
factor = 0.978)24 than the pentacoordinated one, and this
corresponds with the VT NMR study. In the TS structure of
8c, the two BO bond lengths are nearly identical (2.380 and
2.381¡) and shorter than in 8a and 8b. In addition, the electron
density and Laplacian value at the bond critical points (µ(r),
0.025 e/a03; r2µ(r), 0.057 e/a05) are greater than those of 8a
and 8b. It is indicated that the more electrophilic boron
atom prefers the stronger BO interactions. However, when the
donicity of the oxygen atoms and electrophilicity of the boron
atom are too strong, the boron atom prefers the tetracoordinated
state over the pentacoordinated state.

Comparison of the Nature of Hypervalent Bond Differ-
ence in a Ligand. The structural parameters of the
pentacoordinate boron compound bearing a catecholato group
on the central boron atom, which is described in this paper and
already been synthesized, are summarized in Figure 11.

The coordination state and the degree of BO interaction
depend on not only the substituents on the central boron
atom, but also on the donicity of the ligand as indicated by the
BO bond length that is clearly shorter in the ester ligand
system 8b than in the ether ligand system 4b. However, the
sterically rigid ether ligand system 2b has even shorter BO
distances than 8b, which suggests that the steric rigidity of the
tridentate ligand plays an important role in the hypervalent
bond interaction.

Conclusion

In conclusion, organoboron compounds bearing ester 8a
8c and amide 13a and 13b tridentate ligands were prepared
and characterized by X-ray analysis. In these series, the
coordination state and the degree of BO interaction depend on
the substituents on the central boron atom and the ligands. On
the other hand, the VT NMR study and the DFT calculations
reveal that the energy difference between the tetracoordinate
and pentacoordinate structure is small. The carbonyl donating
tridentate ligands prepared lead to formation of more strongly
coordinating pentacoordinate boron in comparison with the
corresponding ether ligand.
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Figure 9. Variable-temperature 1HNMR (CD2Cl2) spectra
of 13b.
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Experimental

General. The melting points were measured using a
Yanaco micro melting point apparatus. The 1HNMR
(400MHz), 11BNMR (127MHz), and 13CNMR (100MHz)
were recorded using a JEOL EX-400 or a JEOL AL-400

spectrometer. The 1HNMR chemical shifts (¤) are given in
ppm downfield from Me4Si, determined by residual chloroform
(¤ 7.26). The 11BNMR chemical shifts (¤) are given in ppm
downfield from external BF3¢OEt2. The 13CNMR chemical
shifts (¤) are given in ppm downfield from Me4Si, determined
by CDCl3 (¤ 77.0). The elemental analyses were performed
using a Perkin-Elmer 2400 CHN elemental analyzer. Tetra-
hydrofuran (THF) and benzene were freshly distilled from
Nabenzophenone, and CH2Cl2 was distilled from CaH2.
2-Bromoisophthalic acid (6),12 9-chloro-9-borafluorene,25 and
2-bromoisophthaloyl dichloride (9)18 were prepared by litera-
ture methods.

Synthesis of Di-t-butyl 2-Bromoisophthalate (7). To a
suspension of anhydrous MgSO4 (9.62 g, 80mmol) in 80mL of
CH2Cl2, concd H2SO4 (1.1mL, 20mmol) was added under Ar.
After the mixture was stirred for 15min, 2-bromoisophthalic
acid (6) (2.45 g, 10.0mmol) and t-BuOH (10mL, 102mmol)
were then added. The bottle containing the mixture was tightly
sealed and stirred for 24 h at room temperature. The reaction
mixture was then quenched with sat. NaHCO3 aq. and extracted
with CH2Cl2. The organic layer was washed with brine, and
dried over MgSO4. After solvent removal by evaporation,
7 (3.18 g, 8.91mmol, y. 89%) was obtained as a colorless
oil; 1HNMR (CDCl3, 400MHz): ¤ 1.61 (s, 18H), 7.36 (t, 1H,
J = 7.6Hz), 7.56 (d, 2H, J = 7.6Hz); 13CNMR (CDCl3,
100MHz): ¤ 28.2, 83.0, 117.6, 126.8, 130.8, 136.9, 165.8.

Synthesis of Di-t-butyl 2-(4,4,5,5-Tetramethyl-1,3,2-di-
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Figure 11. Comparison of pentacoordinate boron com-
pounds bearing a catecholato group on the central boron
atom.
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oxaborolan-2-yl)isophthalate (8a). To a THF (1mL) solution
of 7 (71mg, 0.20mmol), n-BuLi (0.14mL, 1.58M in hexane,
0.22mmol) was dropwise added at ¹78 °C under Ar, and the
mixture was stirred for 1 h. To the reaction mixture, THF
(3mL) solution of 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane (0.10mL, 0.50mmol) was dropwise added at
¹78 °C. The mixture was then slowly warmed to room tem-
perature within 15 h. The mixture was extracted with CH2Cl2,
and the organic layer was dried over Na2SO4. After removal of
the solvents by evaporation, co-crystals of 8a and 2-hydroxy-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane suitable for X-ray
analysis (100mg, 91%) were obtained by recrystallization
from n-hexane/CH2Cl2. The co-crystals were dissolved in
CH2Cl2 and washed with H2O several times, then dried over
Na2SO4. After removal of the solvents by evaporation, analyti-
cally pure 8a¢0.5H2O was obtained; mp 82.584.0 °C (dec);
1HNMR (CDCl3, 400MHz): ¤ 1.48 (s, 12H), 1.57 (s, 18H),
7.37 (t, 1H, J = 7.6Hz), 7.99 (d, 2H, J = 7.6Hz); 11BNMR
(CDCl3, 127MHz): ¤ 30.5; 13CNMR (CDCl3, 100MHz): ¤
25.7, 28.1, 81.2, 83.7, 128.1, 132.0, 136.7, 166.1, the ipso-
carbon bonded to the central boron atom was not observed;
Anal. Calcd for C22H33BO6 + 0.5H2O: C, 63.93; H, 8.29%.
Found: C, 64.14; H, 8.04%.

Synthesis of Di-t-butyl 2-(Benzo-1,3,2-dioxaborolan-2-
yl)isophthalate (8b). To a THF (1mL) solution of 7
(71mg, 0.20mmol), n-BuLi (0.14mL, 1.58M in hexane,
0.22mmol) was dropwise added at ¹78 °C under Ar, and the
mixture was stirred for 1 h. To the reaction mixture, THF
(3mL) solution of chlorocatecholborane (31mg, 0.20mmol)
was dropwise added at ¹78 °C. The mixture was then warmed
to 0 °C and stirred for 4 h. The mixture was extracted with
Et2O, and the organic layer was washed with brine and dried
over Na2SO4. After removal of the solvents by evaporation,
compound 8b was obtained as a white solid (68mg, 0.15mmol,
77%). Colorless crystals of 8b suitable for X-ray analysis were
obtained by recrystallization from n-hexane/CH2Cl2; mp
158.0159.0 °C (dec); 1HNMR (CDCl3, 400MHz): ¤ 1.40 (s,
18H), 7.077.09 (m, 2H), 7.217.24 (m, 2H), 7.59 (t, 1H, J =
8.0Hz), 8.19 (d, 2H, J =8.0Hz); 11BNMR (CDCl3, 127MHz):
¤ 31.4; 13CNMR (CDCl3, 100MHz): ¤ 28.0, 82.9, 112.0,
121.6, 129.5, 132.7, 136.6, 149.2, 166.4, the ipso-carbon
bonded to the central boron atom was not observed; Anal.
Calcd for C22H25BO6: C, 66.69; H, 6.36%. Found: C, 66.66; H,
6.56%.

Synthesis of Di-t-butyl 2-(5H-Dibenzoborol-5-yl)iso-
phthalate (8c). To a THF (3mL) solution of 7 (350mg,
1.00mmol), n-BuLi (0.63mL, 1.58M in hexane, 1.00mmol)
was dropwise added at ¹78 °C under Ar, and the mixture was
stirred for 1 h. To the reaction mixture, a THF (10mL) solution
of 9-chloro-9-borafluorene (198mg, 1.00mmol) was dropwise
added at ¹78 °C. The mixture was then slowly warmed to room
temperature within 15 h. The mixture was extracted with Et2O,
and the organic layer was washed with brine and dried over
Na2SO4. After removal of the solvents by evaporation, the
crude product was purified by column chromatography
(CH2Cl2n-hexane =1:1) to give compound 8c as a white
solid (194mg, 0.440mmol, 44%). Colorless crystals of 8c
suitable for X-ray analysis were obtained by recrystallization
from n-hexane/CH2Cl2; mp >300 °C; 1HNMR (CDCl3,

400MHz): ¤ 1.26 (s, 18H), 6.92 (d, 2H, J =7.2Hz), 7.00 (t,
2H, J =7.2Hz), 7.23 (t, 2H, J =7.2Hz), 7.51 (t, 1H, J =
8.0Hz), 7.64 (d, 2H, J =7.2Hz), 8.08 (d, 2H, J =8.0Hz);
11BNMR (CDCl3, 127MHz): ¤ 13.1; 13CNMR (CDCl3,
100MHz): ¤ 27.7, 86.4, 119.1, 126.3, 127.0, 127.4, 129.4,
132.1, 134.0, 151.0, 173.2, the two ipso-carbons bonded to the
central boron atom were not observed; Anal. Calcd for
C28H29BO4: C, 76.37; H, 6.64%. Found: C, 76.25; H, 6.37%.

Synthesis of N,N,N¤,N¤-Tetraisopropyl-2-bromoisophthal-
amide (10b). To a CH2Cl2 (5mL) solution of 2-bromoisoph-
thaloyl dichloride (9) (253mg, 1.00mmol), diisopropylamine
(0.60mL, 4.0mmol) was slowly added at 0 °C. The mixture
was stirred overnight at room temperature. The mixture was
then extracted with CH2Cl2, and the organic layer was washed
with brine and dried over MgSO4. After removal of the
solvents by evaporation, the crude product was purified by
column chromatography (AcOEtMeOH = 20:1) to give com-
pound 10b as a white solid (378mg, 0.919mmol, 92%); mp
220.5221.0 °C; 1HNMR (CDCl3, 400MHz): ¤ 1.03 (d, 12H,
J =6.8Hz), 1.22 (d, 12H, J =6.8Hz), 3.53 (sep, 2H, J =6.8
Hz), 3.62 (sep, 2H, J =6.8Hz), 7.13 (d, 2H, J =7.6Hz), 7.35
(t, 1H, J =7.6Hz); 13CNMR (CDCl3, 100MHz): ¤ 20.0, 20.6,
46.0, 51.2, 115.2, 126.0, 128.1, 141.1, 167.8; Anal. Calcd for
C20H31BrN2O2: C, 58.39; H, 7.60; N, 6.81%. Found: C, 58.72;
H, 7.88; N, 6.74%.

Synthesis of N,N,N¤,N¤-Tetraisopropyl-2-(dihydroxybo-
ryl)isophthalamide (12). To a THF (15mL) solution of
10b (206mg, 0.50mmol), n-BuLi (0.32mL, 1.58M in hexane,
0.50mmol) was dropwise added at ¹78 °C under Ar, and the
mixture was stirred for 1 h. To the reaction mixture, trimethyl
borate (0.10mL, 0.90mmol) was dropwise added at ¹78 °C
and stirred for 3 h at the same temperature. The mixture was
slowly warmed to room temperature within 15 h. To the
reaction mixture, 10% HCl aq. was added and the mixture was
stirred for 1 h. The mixture was extracted with CH2Cl2, and the
organic layer was washed with brine and dried over Na2SO4.
After removal of the solvents by evaporation, compound 12
was obtained as a white solid (179mg, 0.476mmol, 95%). The
crude product of 12 was used without further purification.

Synthesis of N,N,N¤,N¤-Tetraisopropyl-2-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborol-2-yl)isophthalamide (13a). A
mixture of 12 (92mg, 0.24mmol), pinacol (29mg, 0.25mmol),
and anhydrous MgSO4 (100mg) in THF (6mL) was refluxed
for 15 h under N2. After the mixture was filtered to remove the
solid materials, the solvents were removed by evaporation. The
crude product was recrystallized from dry n-hexane/CH2Cl2
to afford compound 13a as colorless crystals suitable for
X-ray analysis (71mg, 0.156mmol, 65%); mp 223.0234.0 °C;
1HNMR (CDCl3, 400MHz): ¤ 1.12 (d, 12H, J =6.8Hz), 1.27
(s, 12H), 1.54 (d, 12H, J =6.8Hz), 3.48 (sep, 2H, J =6.8Hz),
3.78 (sep, 2H, J =6.8Hz), 7.08 (d, 2H, J =7.6Hz), 7.31 (t, 1H,
J =7.6Hz); 11BNMR (CDCl3, 127MHz): ¤ 30.7; 13CNMR
(CDCl3, 100MHz): ¤ 20.2, 20.4, 24.6, 45.6, 51.1, 84.2, 124.0,
129.1, 145.7, 171.4, the ipso-carbon bonded to the central
boron atom was not observed; Anal. Calcd for C26H43BN2O4:
C, 68.12; H, 9.45; N, 6.11%. Found: C, 68.31; H, 9.27; N,
5.98%.

Synthesis of N,N,N¤,N¤-Tetraisopropyl-2-(benzo-1,3,2-
dioxaborolan-2-yl)isophthalamide (13b). A mixture of 12
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(75mg, 0.20mmol), catechol (23mg, 0.21mmol), and anhy-
drous MgSO4 (100mg) in THF (6mL) was refluxed for 15 h
under N2. After the mixture was filtered to remove the solid
materials, the solvents were removed by evaporation. The crude
product was dissolved in CH2Cl2, washed with water, and dried
over anhydrous MgSO4. After removal of the solvents by
evaporation, the crude product was recrystallized from n-
hexane/CH2Cl2 to afford compound 13b as colorless crystals
suitable for X-ray analysis (53mg, 0.12mmol, 59%); mp
118.0119.5 °C (dec); 1HNMR (CDCl3, 400MHz): ¤ 1.28 (d,
12H, J =6.8Hz), 1.30 (d, 12H, J =6.8Hz), 3.55 (sep, 2H, J =
6.8Hz), 4.39 (sep, 2H, J =6.8Hz), 6.666.69 (m, 2H), 6.78
6.80 (m, 2H), 7.42 (t, 1H, J =7.6Hz), 7.53 (d, 2H, J =7.6Hz);
11BNMR (CDCl3, 127MHz): ¤ 13.8; 13CNMR (CDCl3, 100
MHz): ¤ 20.1, 20.3, 48.2, 51.2, 109.7, 118.5, 127.4, 128.8,
138.3, 151.9, 170.5, the ipso-carbon bonded to boron was not
observed; Anal. Calcd for C26H35BN2O4 + 1H2O: C, 66.67; H,
7.96; N, 5.98%. Found: C, 66.59; H, 7.93; N, 5.76%.

X-ray Analysis. The X-ray data for 8a, 8b, and 13b were
collected on a Mac Science DIP2030 imaging plate diffrac-
tometer and irradiated with graphite monochromated MoK¡
radiation ( =0.71073¡) and processed using DENZO26

and SCALEPACK. The X-ray data for 8c and 13a were
collected on a Bruker SMART APEXII CCD diffractometer
and irradiated with graphite monochromated MoK¡ radiation
( =0.71073¡) and processed using APEX program suite.
The structure was solved by a direct method using the
SIR-97 program.27 Refinement on F2 was carried out using
the full-matrix least-squares by the SHELXL-97 program.28 All
non-hydrogen atoms were refined using anisotropic thermal

Table 3. Crystallographic Data for 8a, 8b, and 8c

8a 8b 8c

Formula C28H46B2O9 C22H25BO6 C28H29BO4

Molecular weight 548.27 396.23 440.32
Crystal system monoclinic monoclinic triclinic
Space group P21/a P21/c P�1
Color colorless colorless colorless
Habit plate plate plate
Crystal dimensions/mm3 0.20 © 0.10 © 0.10 0.30 © 0.20 © 0.10 0.20 © 0.18 © 0.05
a/¡ 11.353(2) 11.651(2) 9.155(1)
b/¡ 19.817(4) 16.803(3) 9.256(2)
c/¡ 14.906(4) 12.096(3) 14.137(2)
¡/° 90 90 94.788(2)
¢/° 109.09(1) 116.893(1) 97.861(2)
£/° 90 90 91.648(2)
V/¡3 3169.16(12) 2111.96(7) 1181.6(3)
Z 4 4 2
Dcalcd/g cm¹3 1.149 1.246 1.238
Abs coeff/mm¹1 0.083 0.089 0.081
F(000) 1184 840 468
Radiation; /¡ MoK¡, 0.71073 MoK¡, 0.71073 MoK¡, 0.71073
Temp/K 173 298 173
Data collected +h, «k, «l +h, «k, «l +h, «k, «l
Data/restraints/param 7418/0/367 5068/0/268 4964/0/304
R1 [I > 2·(I)] 0.0559 0.0544 0.0468
wR2 (all data) 0.1804 0.1722 0.1348
GOF 1.124 1.152 1.044
Solv for crystallization n-hexane/CH2Cl2 n-hexane/CH2Cl2 n-hexane/CH2Cl2

Table 4. Crystallographic Data for 13a and 13b

13a 13b

Formula C26H43BN2O4 C26H37BN2O5

Molecular weight 458.43 468.39
Crystal system monoclinic monoclinic
Space group P21/c P21
Color colorless colorless
Habit plate plate
Crystal dimensions/mm3 0.20 © 0.10 © 0.05 0.50 © 0.20 © 0.10
a/¡ 7.410(2) 13.607(5)
b/¡ 21.658(5) 7.338(2)
c/¡ 17.179(4) 13.590(6)
¡/° 90 90
¢/° 101.730(3) 103.495(1)
£/° 90 90
V, ¡3 2699.4(10) 1319.47(8)
Z 4 2
Dcalcd/g cm¹3 1.128 1.179
Abs coeff/mm¹1 0.074 0.080
F(000) 1000 504
Radiation; /¡ MoK¡, 0.71073 MoK¡, 0.71073
Temp/K 173 173
Data collected +h, «k, «l +h, «k, «l
Data/restraints/param 6113/0/310 3347/1/316
R1 [I > 2·(I)] 0.0736 0.0578
wR2 (all data) 0.2282 0.1757
GOF 1.045 1.204
Solv for crystallization n-hexane/CH2Cl2 n-hexane/CH2Cl2
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parameters. In compound 13b, the O5 atom of water is
disordered and the hydrogen atoms are not found. The
crystallographic data are summarized in Tables 3 and 4.
Crystallographic data have been deposited with Cambridge
Crystallographic Data Centre: Deposition number CCDC-
759739, CCDC-759740, CCDC-759741, CCDC-759742, and
CCDC-759743 for 8a, 8b, 8c, 13a, and 13b, respectively.
Copies of the data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge, CB2 1EZ, U.K.; Fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).
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