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Summary: 1,2-Dihydro-2-phenyl-1,2-oxaborine (1b) has been
prepared by the reaction of (2,3-dihydro-1,2-oxaborol-3-yl)-
potassium (8) with methylene chloride and KN(SiMe3)2. Struc-
tural characterization of the phenyl-Cr(CO)3 complex 9
suggests that the 1,2-dihydro-1,2-oxaborine ring has aπ-de-
localized structure.

The boron-oxygen heterocycle 1,2-dihydro-1,2-oxaborine (1)
is a potentially aromatic six-π-electron compound. Several

fused-ring derivatives of1, isoelectronic with naphthalene,1,2

e.g., 2, and phenanthrene,3-6 e.g., 3, have been prepared.
Structural data on2 and 3 show that there are no significant
differences between the B-O bond lengths which are exocyclic
and endocyclic to the ring.1,5,6 These B-O bond distances are
also not significantly different from those of PhB(OH)2.7 Thus,
the arylboronic acid derivatives2 and 3 seem to have little
π-delocalization over the heterocyclic rings. Unfortunately there
are no structural data for compound4, which is the only reported
non-fused-ring 1,2-dihydro-1,2-oxaborine.8 Recently ab initio
and DFT calculations on1a have suggested that 1,2-dihydro-
1,2-oxaborines have considerable aromatic stabilization.9 To
experimentally test this hypothesis, a good synthesis of mini-
mally substituted derivatives of1 would be highly desirable.
We report here on a synthesis of 1,2-dihydro-2-phenyl-1,2-

oxaborine (1b). The availability of1b has allowed us to prepare
its phenyl-Cr(CO)3 complex9, which has been structurally
characterized. These data clarify the potential aromaticity of
the 1,2-dihydro-1,2-oxaborine ring system.

Our synthesis of1b involves an extension of the carbenoid
ring-expansion route recently used to prepare the analogous
boron-nitrogen heterocycle5.10 The appropriate 1,2-oxaborolide
(8) needed for the ring expansion was prepared in two steps
from the readily available 2,2-dibutyl-2,5-dihydro-1,2-oxastan-
nole (6), as illustrated in Scheme 1.11 The reaction of8 with
excess methylene chloride and KN(SiMe3)2 gave a 35% yield
of 1b as an air-sensitive colorless liquid.12 When the reaction
was performed using methylene chloride-d2, the deuterium in
1b was exclusively at the 3-position. The reaction is consistent
with an in situ formation of chlorocarbene, followed by addition
of the carbene to the position adjacent to boron of8 and ulti-
mately by ring expansion and loss of chloride as illustrated.10,13

The 1H NMR spectrum of1b in THF-d8 shows a first-order
pattern, which is consistent with the assigned structure. The1H,
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(12) Experimental procedures and characterization of new compounds
are as follows.1b: THF (20 mL) at-78 °C was added slowly via a cannula
to a mixture of KN(SiMe3)2 (1.54 g, 7.70 mmol) and8 (1.33 g, 7.33 mmol)
with stirring. Methylene chloride (10 mL) was added slowly at-78 °C.
The mixture was stirred at-78 °C for 2 h and then warmed slowly to 25°C
for 10 h. The solvent was removed under reduced pressure, and the residue
was extracted with pentane (2× 25 mL). Removal of the solvent from the
extracts gave a dark red oil, which was distilled (32°C at 0.01 Torr) to
afford 1b as a colorless liquid (0.40 g, 35% yield). IR (film; cm-1): 3075,
3014, 1617, 1504, 1435, 1388, 1266, 740, 697, 678. UV (hexane;λmax,
nm): 288, 231, 198.1H NMR (500 MHz, THF-d8): δ 8.01 (dd,J ) 7.5,
1.4 Hz, 2H, Ar H), 7.69 (d,J ) 6.0 Hz, 1H, H(6)), 7.62 (dd,J ) 11.0, 6.0
Hz, 1H, H(4)), 7.39 (m, 3H, Ar H), 7.08 (d,J ) 11.0 Hz, 1H, H(3)), 6.35
(t, J ) 6.0 Hz, 1H, H(5)).11B NMR (160.4 MHz, CDCl3): δ 39.6. 13C
NMR (125.7 MHz, c-C6D12): δ 150.0 (C(6)), 147.7 (C(4)), 134.6 (Co),
131.6 (Cp), 128.8 (Cm), 125.8 (br, C(3)), 112.5 (C(5)). HRMS (EI;m/z):
calcd for C10H9

11BO, 156.0746 (M+); found, 156.0753. Anal. Calcd for
C10H9BO: C, 77.00; H, 5.82. Found: C, 76.97; H, 5.96.1b-d: When the
above reaction was performed using methylene chloride-d2, the isolated
product had a deuterium atom at C(3), as shown by the1H NMR: no signal
at δ 7.08 (H(3)),δ 7.62 signal now d (J ) 6.0 Hz, H(4)), the rest of the
spectrum unchanged.9: A THF (3 mL) solution of1b (62.6 mg, 0.40 mmol)
was added to Cr(CO)3(CH3CN)3 (104 mg, 0.40 mmol). The resulting red
solution was heated to 70°C for 12 h. After removal of the solvent the
crude product was extracted with hexanes to give a bright yellow solution.
The solvent was removed, leaving a crystalline product (117 mg). The
product was recrystallized from ether/hexanes to give yellow crystals. Mp:
116 °C. IR (hexane, film; cm-1): 1981, 1916.1H NMR (400 MHz,
CDCl3): δ 7.68 (dd,J ) 11.2, 6.2 Hz, 1H, H(4)), 7.62 (d,J ) 4.4 Hz, 1H,
H(6)), 6.82 (d,J ) 11.2 Hz, 1H, H(3)),6.40 (dd,J ) 6.2, 4.4 Hz, 1H,
H(5)), 5.96 (d,J ) 6.4 Hz, 2H, Ph H), 5.61 (t,J ) 6.4 Hz, 1H, Ph H), 5.30
(t, J ) 6.4 Hz, 2H, Ph H).13C NMR (100.6 MHz, CDCl3): δ 233.0, 148.9,
147.8, 124 (br), 112.2, 99.3, 95.6, 91.4.11B NMR (160.4 MHz, CDCl3): δ
46.5. HRMS (EI;m/z): calcd for C13H9

11BCrO4 (M+), 291.9987; found,
291.9999. Anal. Calcd for C13H9BCrO4: C, 53.47; H, 3.11. Found: C, 53.37;
H, 3.03.

(13) For a similar mechanistic proposal see: Nakadaira, Y.; Sato, R.;
Sakurai, H.Organometallics1991, 10, 435.
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11B, and13C NMR chemical shift values of1b are very similar
to those of5b,14 as illustrated in Figure 1. There are only small
differences in chemical shift values of the atoms near oxygen/
nitrogen, which are consistent with the different electronega-
tivities of those atoms. Overall the similarity of the spectra is
consistent with a similarity in electronic structure of the two com-
pounds. In this context it is important to emphasize that 1,2-
dihydro-1,2-azaborine (5a) has classical aromatic properties.15

The reaction of1b with Cr(CO)3(CH3CN)3 in THF at 70°C
gave yellow crystals of9 (Scheme 2). The molecular structure
of 9,16 illustrated in Figure 2, resembles that of11, the phenyl-
Cr(CO)3 complex of 5b.17 Apparently the 1,2-dihydro-1,2-
oxaborine ring is a poorer ligand than phenyl. Interestingly, the
corresponding reaction of5b with Cr(CO)3(CH3CN)3 initially
forms 10. Compound10 is only converted to the phenyl-
coordinated11on subsequent heating.17 The uncoordinated 1,2-
oxaborine ring of9 is completely planar ((0.004 Å) and is
canted by 5.7° relative to the phenyl ring. The intra-ring bond
distances of the oxaborine ring are close to those calculated by
DFT for 1a (average difference, 0.02 Å). It is particularly
noteworthy that the endocyclic B-C bond (1.481(8) Å) is

significantly shorter than the exocyclic B-C bond (1.567(7)
Å). Thus, the structural data for9 are consistent with a
delocalizedπ-bonding in the 1,2-dihydro-1,2-oxaborine ring.

In order to explore possible electrophilic hydrogen/deuterium
exchange,1b was treated with CD3CO2D/CF3CO2D at 25°C.
This reaction led only to the formation of phenylboronic anhy-
dride12and other unidentified products. Under identical condi-
tions treatment of5a with CF3CO2D led to H/D exchange. The
reaction of1b with dimethyl acetylenedicarboxylate (DMAD)
in benzene at 90°C gave12and dimethyl phthalate (15). These
products are probably formed via a Diels-Alder reaction to
give13,18 followed by an Alder-Rickert cleavage, as illustrated
in Scheme 3. Phenyloxyborane (14) may be the precursor of
12.19 Under identical conditions5 and DMAD do not react.

In summary, we have developed a new synthesis which allows
the preparation of a minimally substituted 1,2-dihydro-1,2-
oxaborine. Preliminary investigation of the chemistry of1b
reveals that the 1,2-dihydro-1,2-oxaborine ring is readily cleaved
under mild conditions. However, the molecular structure of9
suggests that the 1,2-dihydro-1,2-oxaborine ring is aromatic, as
had been predicted by DFT calculations.
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Figure 1. Comparison of the1H NMR, 13C NMR (in parentheses),
and11B NMR (arrows) chemical shift values of1b and5b in THF-
d8.

Scheme 1

Scheme 2

Figure 2. Solid-state structure of9 (ORTEP). Thermal ellipsoids
are set at the 50% probability level. Hydrogen atoms have been
omitted for clarity. Selected distances (Å): B(1)-C(5), 1.567(7);
B(1)-C(4), 1.481(8); C(4)-C(3), 1.391(8); C(3)-C(2), 1.433(9);
C(2)-C(1), 1.308(9); C(1)-O(1), 1.359(7); O(1)-B(1), 1.384(6).

Scheme 3
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