Photoswitching of the Lewis Acidity of a
Catecholborane Bearing an Azo Group
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—B dative bond caused photoswitching of the coordination

number of boron between 3 and 4. The Lewis acidity of the catecholborane was switched by photoirradiation, and the complexation ability of
the (E)- and the ( 2)-isomers of the catecholborane with pyridine differs by more than a factor of 300.

Tricoordinate organoboron compounds are known to be species do not have Lewis acidity, most of them are in

useful Lewis acids in organic synthesigheir Lewis acidity

equilibrium with the tricoordinate species that are not

is attributable to the existence of the vacant 2p orbital of coordinated with the heteroatom, which show high Lewis
boron. In several organoboron compounds bearing a hetero-acid characteristics. Usually, the coordination number of

atom tether in the vicinity of the boron atom, the 2p orbital
is filled by coordination with the lone pair of a heteroatom
such as nitrogen or oxygérAlthough these tetracoordinate
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boron is switched by the addition of external reagents or
solvents with high Lewis basicity. There have been several
reports on the switching of some functions of organoboron
compounds by taking advantage of the change in coordina-
tion number of boron caused by the addition of external
reagents. If the coordination number of boron could be
changed by external stimuli such as light and magnetism,
the structure, reactivities, and Lewis acidity of the organo-
boron compounds could be controlled without addition of
any external reagent. However, there has been no report on
such control of the coordination number of boron by
photoirradiation.

Azobenzene moieties, which have been widely utilized as
switches as a result of their geometrical change caused by
photoirradiatiorf,are expected to coordinate to a boron center
and work as a photoswitching unit of the coordination
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number of the central boron atdriVe report here the change

the bond angles [94.1(3)118.3(4)°] around the B1 atom

of the Lewis acidity of a catecholborane bearing an azo group and the sum of bond angles of ©B1—-02, 01-B1-C1,
based on the change in coordination number of the boronand O2—B1—C1 (343°), (E)-4presented a distorted tetra-

atom induced by photoirradiation.
(E)-2-lodoazobenzeneH]-1) in ether was allowed to react
successively witm-BuLi (1.10 equiv), trimethyl borate (1.1
equiv) at—112°C, and diluted sulfuric acid at TC to give
boronic acid (E)-2(70%) (Scheme 1). The dehydration
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reaction of (E)-2and catechol8a—c (1.0 equiv) at 100C
in toluene afforded catecholboran&3-éa—c in good yields.
In the'B NMR spectra, all of the catecholboran&s-éa—
showed a broad peak at higher field){4a, dg 21.8; (E)-
4b, 6 18.6; (E)-4c s 23.6] than phenylcatecholborangs[d

32.0] in GDe. They are considered to have tetrahedral
structures around the boron atom in the solution state. The

structure of E)-4b was finally determined by X-ray crystal-
lographic analysi8.Figure 1 shows the ORTEP drawing of

Figure 1. ORTEP drawing of )-4b with thermal ellipsoid plot
(50% probability). One of two independent molecules in the cell

was omitted. Selected bond lengths (A) and bond angles (deg):

B1-01, 1.459(6); B+02, 1.445(6); B1—C1, 1.570(6); BIN2,
1.721(6); N1-N2, 1.280(5); 01-B1-02, 107.0(4); 01-B1—C1,
117.7(4); O+ B1-N2, 108.4(3); 02-B1—C1, 118.3(4); 02B1—
N2, 110.3(4); C1-B1—-N2, 94.1(3).

one of the two independent molecules Bj4b in the unit

hedral structure around the tetracoordinate boron atom with
the N2—B1 dative bond. The NAN2 bond length [1.280-
(5) A (1.264(5) A)] exhibited only slight elongation
compared to the mean value (1.2584)f the previously
reported (E)-azobenzenes, suggesting no formation of a
zwitterionic inner borate-amido complex, but rather retention
of the double-bond character of the-INl bond despite the
formation of the N-B dative bond. This is the first example
of organoboron compounds with the coordination of an azo
group to the boron atom.

In the UV—vis spectrum in cyclohexanek)-4a showed
its absorption maximum at 339 nm, assignable torther*
transition of the azo group. Irradiatiod & 360 nm) of
(E)-4ain CgDg for 2 h caused its photoisomerization to give
(2)-4ain 35% yield (Scheme 2). Irradiation oE)-4a in
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cyclohexane gave a better yield df){4a (51%)? Upon
irradiation of a cyclohexane solution dE)-4a, a decrease
in the absorption maximum at 339 nm and a corresponding
increase in a new maximum at 460 nm were observed. The
absorption maximum at 460 nm is assigned to therh
transition of the azo group ofZj-4a. Irradiation { = 431
nm) of (Z)-4acaused recovery of (E)-dia 98% yield.

In the''B NMR spectra of (¥-4a, the signal was observed
at og 30.8 in GDs, which is almost the same value as that
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of phenylcatecholboranedd 32.0). The downfield shift
indicates the tricoordination state of (Z)-#athe solution
state. The coordination number of the boron atom in
catecholboranda is switched between 3 in th&)-isomer
and 4 in the E)-isomer by photoirradiation, because the
azobenzene moiety isomerizes reversibly between the
(E)- and @)-isomers. CatecholboranE){4c similarly isomer-
ized to give Z)-4c(dg 30.8) in 31% yield in GDg, whereas
(E)-4b did not isomerize under similar conditiofs.

The change in coordination number induced by photoir-
radiation resulted in a change in the Lewis acidity of
catecholboranda. Reactions of theH)- and g)-isomers of
4awith pyridine were examined to estimate the Lewis acidity
of these two isomers ofla. CatecholboraneE}-4a was
treated with 1 equiv of pyridine in D¢, and the chemical
shift (dg 21.8) in the!'B NMR spectrum showed no change
from that in the absence of pyridine. Irradiatioh € 360
nm) of a mixed solution of&)-4a and pyridine (1 equiv)
for 2 h caused a large upfield shifdg 13.8) at''B NMR
spectrum. This chemical shift is at higher field than those
of (E)-4aand @)-4a. These results show that the equilibrium
in eq 1 favors E)-4a rather than its pyridine complex
(E)-4a-py, in which pyridine coordinates to the boron atom

instead of the nitrogen atom of the azobenzene moiety, as

shown in Scheme 2. In contrast, the upfield shift after
irradiation indicates thatZ)-4a generated by photoisomer-
ization and pyridine form the complex)-4a-py, and that
the equilibrium in eq 2 lies to the right:

(E)-4a+ py = (E)-4a-py
(2)-4a+ py = (2)-4a-py

1)
)

Changes of thé'B NMR chemical shifts upon addition
of 1—10 equiv of pyridine to a solution oE(-4aare shown
in Figure 2, in whichll and<> denote the values with and
without irradiation, respectively. The signal of (E)-d&as
gradually shifted upfield with an increase in the ratio of
pyridine to (E)-4aand reachedg 18.0, which is far from
that (& 11.7) in pyridine. By contrast, the signal d){4a
formed under irradiation showed a large upfield shift by
addition of 1 equiv of pyridine frondg 30.8 to 13.8, which
is almost the same as thalig(11.2) of (Z)-4ain pyridine.

The equilibrium constants of egs 1 and2,andK,, were
calculated by curve fitting to be (1.4% 0.08) x 10 and
(5.34+0.9) x 13 M1, respectively (Figure 2). These values
show that irradiation of catecholborafi@changed its Lewis
acidity by a factor of 300. Furthermore, irradiatioh= 431
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Figure 2. Changes of thé'B NMR chemical shifts upon addition
of pyridine to a solution of £)- and (Z)-4a.

nm) of the mixture ofZ)-4aand 1 equiv of pyridine in €Ds
changed thé'B chemical shift fromdg 13.8 to 21.4, which

is the same as that of the mixture @&){4a and pyridine,
indicating the complete photoisomerization tQ-%a. These
results demonstrate that the complexation ability of a
catecholborane with pyridine can be reversibly changed by
photoirradiation.

In summary, we have succeeded in photoswitching the
coordination number of boron in a catecholborane and
changing the Lewis acidity toward pyridine induced by
irradiation. This concept of switching the Lewis acidity based
on the photoinduced change in coordination number will
enable photocontrol in the future of some reaction processes
catalyzed by a Lewis acid.
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