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placement when 8 is treated with strong bases. Thus, methyl-
lithium and 8 gave bis(l-methylborabenzene)iron in 87% yield. 
Similarly, the reaction of 8 with LiAlH4 gave 85% of the de
sired 4. Bis(borabenzene)iron, obtained as red octahedral 
crystals which sublimed at 165 0 C, is readily characterized by 
its mass spectra m/e 210 (base peak, M+ for C10H121 'B25('Fe), 
11B NMR 5 13.6 (d, / B H = 129.4 Hz), and Ir (KBr) 2510 
c m - 1 (BH). The 1H N M R spectrum shows a very closely 
spaced pattern consisting of a six-proton multiplet centered 
at r> 4.87 (H3.5, H4) and a four-proton multiplet at 5 4.63 
(H2,(,)- The " B decoupled proton spectrum showed the B-H 
resonance also at 5 4.63. 

Crystals of 4 grown from toluene-heptane were subjected 
to a preliminary X-ray diffraction study. They belonged to the 
cubic crystal class, with a cell constant a = 9.799 A. The data 
were consistent with space group Pa3. Since the measured 
density of 1.47 g/cm3 (calcd 1.48 g/cm3) requires four mole
cules of CioH|2B2Fe in the unit cell, the molecules must lie at 
special positions on threefold axes of the crystal. As the overall 
point symmetry of bis(borabenzene)iron can be no higher than 
Cu,, the boron and carbon atoms were not differentiated. 
Further refinement seemed unwarranted.10 However, it is 
particularly interesting to note that bis(borabenzene)iron is 
isostructural with the isoelectronic bis(benzene)chro-
mium.1' 

Attempts to metalate bis(borabenzene)iron with butyl-
lithium (ferrocene metalation conditions) gave only hydride 
displacement to bis(l-butylborabenzene)iron. Although 4 is 
ultimately destroyed by treatment with trifluoroacetic acid-d, 
the reisolated bis(borabenzene)iron shows incorporation of up 
to four a-D atoms: mass spectral envelope m/e 214-210; ' H 
NMR diminished intensity at 8 4.63. Exchange at BH was 
small since there was no strong B-D IR absorption.12 Thus, 
bis(borabenzene)iron undergoes electrophilic aromatic sub
stitution primarily at carbon (a) and nucleophilic substitution 
at boron. 
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7-Phenoxy-3,4-benzotropone: 
Chemistry and Spectroscopy of an Isobenzotropone1 

Sir: 

Semiempirical molecular orbital calculations predict strong 
stabilization by 7r-electron derealization in 2,3-benzotropone 
(1, 20.6 kcal/mol) and 4,5-benzotropone (2, 18.7 kcal/mol).2 

In sharp contrast, these calculations predict that 3,4-benzo-
troponc (3) will be only weakly stabilized (3.4 kcal/mol) by 

7r-electron derealization.2 These calculations also suggest that 
the tropone moiety has a bond-alternate structure and con
tributes little to the 7r-electron stabilization.2 Examples of 1 
and 2 have been known for some time.3 Information on systems 
related to 3 is almost completely lacking. Bauld has provided 
chemical trapping evidence for ortho quinoidal dibenzotro-
poncs and has reported i>co values for these intriguing mole
cules,4 and Yoshioka et al.5 have suggested 2-hydroxy-3,4-
benzotropone as an intermediate in a reaction. We report the 
generation and chemical and spectroscopic characterization 
of 7-phenoxy-3,4-benzotropone, an isobenzotropone. 

We have shown previously that irradiation of 2-phenoxy-
4,5-benzotropone (4) gives three rearranged dimers (5-7).6 

Labeling studies with 18O labels in either the carbonyl group 
or the phenoxy group show that an oxygen to oxygen phenyl 
shift occurs in the formation of the dimers.7 Irradiation of 4 
in ethanol at —75 0C or at concentrations > 1 0 - 2 M in ethanol 
at room temperature gives a new dimer (8)8 in addition to 5 
and 6. 

Irradiation (<400 nm) of 4 in dilute ethanol solution at —78 
0 C produces a photostationary state involving 4 and a new 
product identified as 7-phenoxy-3,4-benzotropone (9), by the 
observations which follow. Irradiation (>400 nm) of the new 
product regenerates 4. The ultraviolet spectrum of 9 shows 
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Figure 1. UV-visiblc absorption spectrum from photoconversion of 3,41 
X IO-6 M 2-phenoxy-4,5-benzotropone (4) to 7-phenoxy-3,4-benzotropone 
(9) in cthanol under argon at - 78 0 C : (1) prior to irradiation, (2) irra
diation for 6 s through a Corning CS7-54 band-pass filter (228-420 nm), 
(3) irradiation for 6 s more. 
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Figure 2. Uncorrected fluorescence emission (- - -), excitation (—), and 
absorption (• • •) spectra of 7-phenoxy-3,4-benzotropone (9) in 2-meth-
ylletrahydrofuran at 77 K. 

maxima at 251, 268 (sh), 276, 301, 314 (sh), 378, 401, 435, 
458, and 483 nm and several isosbestic points (Figure 1). The 
molar extinction coefficient at 458 nm is ~5000.10 Compound 
9 shows strong, structured fluorescence in the visible region 
Amax (2-MeTHF) 520, 560, and 603 nm. The emission spec
trum is independent of excitation wavelength, and the exci
tation spectrum is independent of the monitoring wavelength. 
The onset of the absorption and emission spectra overlap 
(Figure 2). The fluorescence lifetime in ethanol at 77 K is 19.8 
ns.1' The emission intensity depends strongly on temperature 
and solvent. The relative intensities at 273, 200, and 77 K are 
1:102:104. The intensity in 25% methanol-water is~102 times 
that in ethanol or 2-methyltetrahydrofuran. The absorption 
and emission spectra of 9 are quite similar to those of o-xy-
lylene,12 substituted o-xylyienes,13 and heteronuclear bicyclic 
o-xylylenes.14 

Irradiation (<400 nm) of 4 matrix isolated in argon at 26 
K also generates 9 which has infrared bands at 1615-1625, 
1575, 1650, 1470, 1250, and 1180 cm"1. Irradiation (>400 
nm) of 9 in argon regenerates 4 at a rate far slower than that 
observed at —78 0C. Prolonged irradiation (<400 nm) destroys 
both 4 and 9 giving carbon monoxide (2110 cm-1). The other 
major product from the reaction was identified after isolation 
as /3-phenoxynaphthalene (10) (LC retention time and UV 
spectrum). The loss of carbon monoxide probably proceeds via 
the cyclopropanone derivative 11. A similar loss of carbon 
monoxide is observed in the mass spectrum of 4'5 

When ethanol solutions of 9 are warmed to room tempera
ture, the product is dimer 5. The disappearance of 9 monitored 
at 458 nm follows second-order kinetics. Rate constants for the 
disappearance of 9 in ethanol at 297.3, 283.2, 272.2, and 255.4 
K arc 7.54, 3.99, 2.63, and 1.08 M~' s~\ respectively. Below 

W A V E L E N G T H lnm) 

Figure 3. U V-visible spectrum from photoconversion of 8.00 X 10 -6 M 
S to 7-phcnoxy-3,4-benzotropone (9) and 9 to 4 in ethanol at -78 0C: (1) 
prior to irradiation, (2) irradiation for 18 s through a Corning CS7-54 
band-pass filter (288-420 nm), (3) irradiation for 12 s more, (4) irradiation 
for 30 s more. (5) irradiation for 90 s more, (6) irradiation for 5 min with 
A >4I8 nm. 

— 50 0C, 9 is stable indefinitely. The activation parameters at 
298.15 K are AH* = 5.9 kcal/mol and AS* = -31.7 cal 
mol-1 deg-1. The large negative entropy of activation strongly 
suggests that the dimerization process is the thermally allowed 
[X8S 4- ̂ 10s] cycloaddition. 

Trapping of 7-phenoxy-3,4-benzotropone has been achieved 
in the isolation of a crystalline minor product (12). The process 
in which 12 is formed involves photocycloaddition of 4 to the 

ethanol adduct 13 of 9. Structure 12 was established by X-ray 
crystallography, with a clear crystal, ~0.4 X 0.4 X 0.3 mm, 
grown from a mixture of chloroform and hexane. Data were 
collected at 23 0C on a Syntex Pl automated diffractometer 
with monochromatized Mo Ka radiation (0.7107 A). The 
space group was P2\/n, with cell dimensions a = 15.937 (4), 
b = 11.875 (3), c = 17.169 (3) A and /3 = 96.39 (2)°. The 
density calculated for Z = 4, including one molecule of CHCIj 
in the asymmetric unit, is 1.364 g mL-1; the density measured 
by flotation is 1.342 g mL"', corresponding to an occupancy 
of 0.92 for the CHCl3. Out of 6069 unique reflections with 2(1 
< 51°, 3861 with / > 1.5<r(/) were used in the structure de
termination and refinement. The structure was readily solved 
with MULTAN,16 36 of the 41 C and O atoms of the molecule 
and the three Cl atoms being found at once, and the six re
maining C and O atoms appearing in a difference map. Re
finement by full-matrix least squares with anisotropic vibration 
parameters and a subsequent difference map that revealed all 
31 H atoms in the asymmetric unit led eventually to R = 0.076 
(/?» = 0.074); the average esd of a C-C bond length is -0.007 
A. The structural details will be published elsewhere. 
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Irradiation (<400 nm) of dimer 8 also gives 9. This sur
prising transformation uses only one quantum of light and does 
not involve intermediates, lsosbestic points at 324 and 363 nm 
are clearly observed (Figure 3). 

The thermal chemistry of 7-phenoxy-3,4-benzotropone (9) 
clarifies the formation of dimer 5. Dimer 6 appears to be a 
primary product under certain conditions17 but can also be 
formed from the triplet state of dimer 5. Energy transfer from 
triplet 2-phenoxy-4,5-benzotropone to 5 has been shown to 
produce 6. Oxygen quenches the formation of 6 and 8. Dimer 
7 is formed on direct irradiation of 6 and is clearly not a pri
mary product.6 
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Investigation of the System CO2-HCO3- in the 
Presence of Copper(II) Bovine Carbonic Anhydrase B 

Sir: 

The hydration of CO2 and dehydration of HCO3
- are cat

alyzed by carbonic anhydrase isoenzymes and by the cobalt-
substituted derivatives at a rate which can be very high.1-6 One 
of the major problems in understanding the catalytic mecha
nism is to identify the binding sites of both HCO3

- and CO2 
within the active site cavity.2-7,8 13C NMR studies on the native 
enzyme-substrate and cobalt derivative-substrate systems 
have been performed. The high activity forms (bovine and 
human C) are capable of causing coalescence of the two signals 
of the CO2 and HCO3

- species.9 If added in limited amounts 
the enzyme causes line broadening of the two signals, whose 
analysis may provide useful kinetic information.10,1' In the case 
of the cobalt-substituted low-activity human carbonic anhy
drase B the CO2 ^ HCO3

- interconversion frequency is lower 
than the difference in chemical shift, whereas it is higher than 
the experimental Ti - 1 values.12 Therefore two separate signals 
were observed for CO2 and HCO3

-, but the 7"i-1 values were 
the same for the two signals. The Ti - 1 values, however, were 
substantially independent of pH, thus indicating that the av
erage C-Co distance is constant, and typical of short-range 
interactions. Therefore the possibility that CO2 is directly 
bound at the metal was taken into consideration.'2 On the other 
hand coordination of CO2 to metals in inorganic models is quite 
rare. So far, CO2 as such has been found to bind transition 
metals only through carbon,13 or through both carbon and 
oxygen.14 To better characterize the type of interactions be
tween the two interconverting species, CO2 and HCO3

-, with 
metals in carbonic anhydrase derivatives, the copper-substi
tuted bovine carbonic anhydrase B (CuBCAB) has been in
vestigated. The choice of this metal ion is based on its high 
relaxing capability compared to cobalt15-17 and on the very low 
catalytic activity of its enzyme derivative.18 The latter property 
allows longer independent life of the two substrate species, 
whereas, owing to shorter 13C relaxation times, a shorter 
lifetime is enough to provide information on the interaction of 
a single substrate species with the surroundings. Therefore the 
NMR parameters of the 13C nuclei will result from indepen
dent interaction of each single species with the paramagnetic 
center rather than by the average due to the interconversion. 
Furthermore copper(II) has a large affinity for ligands19 and, 
indeed, copper carbonic anhydrase shows a larger affinity for 
inhibitors than any other metallo-substituted carbonic anhy
drase.20 

Bovine carbonic anhydrase B obtained through chroma
tography21 of the commercial enzyme (Sigma) was carefully 
demetallized6 to a zinc content of <5% as monitored by es
terase activity22 and then reacted with copper sulfate.16 Since 
relatively low concentrations of native enzyme could consid
erably shorten the lifetimes of the CO2 and HCO3

- species, 
thus averaging their relaxation rates, 10% of acetazolamide 
with respect to the total amount of enzyme was always added 
to the copper carbonic anhydrase solutions. The affinity con
stant of the above inhibitor for the zinc enzyme (~107 M -1) 
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