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Figure 1. Conformation, interatomic distances (±0.017 A), and valency 
angles (±1.0°), averaged according to C, symmetry, in the asymmetric 
crystal unit of MesNBt̂ CC^H; valency angles around nitrogen do not 
deviate significantly from tetrahedral. Small circles denote calculated 
hydrogen atom positions. 

CAD 3 automated diffractometer using Ni-filtered Cu Ka 
radiation (X 1.5418 A) and the 0-20 scanning procedure as 
described previously.11 The structure was solved by direct 
methods using the MULTAN program package.12 Refinement 
of atomic positional and thermal parameters (anisotropic B, 
C, N, O; fixed H contributions) converged at R = 0.109 over 
625 statistically significant [/ > 2.0<r(/)] reflections. The 
conformation and mean dimensions of the asymmetric crystal 
unit which comprises a hydrogen-bonded dimer with approx­
imate Cih symmetry are shown in Figure 1. Although the 
crystal structure of the corresponding carboxylic acid, 3,3-
dimethylbutanoic acid, which lacks the "B-N + dipole and 
consequently has a much lower melting point of 6-7 0C, has 
not been studied the dimensions of 4 may be compared with 
those of other carboxylic acids. The bond length and valency 
angle pattern at the carboxyl group in 4 are similar to that in 
simple carboxylic acids,13 but the 0 -H--0 hydrogen bonded 
distance at 2.714 A in the dimer is slightly longer than the 
corresponding distance of ca. 2.64 A in that same class of 
compounds. The remaining dimensions and molecular con­
formation reveal no unusual features. 

Preliminary in vivo antitumor screens14 in mice have dem­
onstrated significant antitumor activity for 3 and 4 in the 
Ehrlich Ascites screen and for 3 in the P388 Lymphocytic 
Leukemia screen. In the Ehrlich screen, dosages of 33.3 mg/kg 
per day into CF1 male mice resulted in inhibition of tumor 
growth15 of 82.4% for 4 and 69.4% for 3. In the P388 screen, 
using standard NCI protocols,16 compound 3 at a dosage of 
50 mg/kg per day into.DBA/2 male mice exhibited a T/C of 
132 compared to the control 5-fluorouracil of 126. Although 
no specific toxic dose studies have been completed, there have 
been no signs of toxicity exhibited in the tests at these dosage 
levels. 

Betaine and choline have been implicated as cofactors in the 
liver for synthesis of cholesterol. Examinations of the serum 
blood cholesterol levels14 of male mice after dosing with 4 for 
1 week at 1 mg/day resulted in a lowering of serum cholesterol 
by 29%,17 considered to be a significant reduction in the 
mouse. 

The synthesis of other boron analogues of amino acids and 
biological activity studies are in progress. 
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9,10-Dehydroanthracene. A Derivative of 
1,4-Dehy drobenzene 

Sir: 

Dehydrobenzenes have fascinated chemists since the 
suggestion of 1,2-dehydrobenzene (benzyne) as a reaction 
intermediate.1 Benzyne is now a well-characterized molecule2'3 

with a clearly defined triple bond4 and a singlet ground state.5 

The isomeric 1,4-dehydrobenzene which has been reported as 
a transient in time-of-flight mass spectrometry6 poses a par­
ticularly intriguing theoretical problem in that diradical 
(singlet or triplet) and bicyclic structures are possible.7-13 It 

has, in fact, been suggested that the diradical structure for 
1,4-dehydrobenzene and the butalene structure may each 
represent minima on the C6F^ energy surface.13 Chemical 
trapping evidence has been obtained for a 1,4-dehydrobenzene 
with a diradical structure (benzene-1,4-diyl)14 and for a 
1,4-dehydrobenzene with the butalene structure.15-16 We wish 
to describe the synthesis, spectroscopic observation, and 
chemical characterization of 9,10-dehydroanthracene, a de­
rivative of 1,4-dehydrobenzene. 
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Figure 1. Ultraviolet spectra in a 3-methylpentane glass at 77 K of 5 (•••), 5 after 60 min irradiation through quartz (—), 6 (—), 6 after warming (—•), 
and authentic anthracene ( ). 

Several structures can be considered for 9,10-dehydroan-
thracene (1-4). Singlet and triplet diradicals (1), dibenzobu-
talenes (2,3), and a quintet state (4) are possible. It is an open 

question whether structures 2 and 3 represent resonance forms 
of the same structure or tautomeric structures with different 
equilibrium geometries. We wish to describe the synthesis of 
9,10-dehydroanthracene, under conditions which permit 
spectroscopic observation and chemical characterization. 

The bisketene (5) prepared by Blomquist and Meinwald17 

was irradiated (A >200 nm) in a 3-methylpentane glass at 77 
K. The progress of the reaction was monitored by ultraviolet 
spectroscopy (Figure 1). A new species was produced which 
gave anthracene on warming.18 Similar photolysis in a 3-
methylpentane glass containing 5% carbon tetrachloride gave 
the same reactive intermediate which on warming gave an­
thracene and 9,10-dichloroanthracene (identified by ultraviolet 
spectrum and thin layer chromatographic behavior).19 Irra­
diation (X >200 nm) of 5 matrix-isolated in argon at 8 K gave 
carbon monoxide (2139 cm-1) and a new species with intense 
bands at 710, 760 cm"1. When this matrix was warmed to 
room temperature, the product isolated from the cesium iodide 

window was anthracene (identified by comparison of the ul­
traviolet spectrum, mass spectrum, and thin layer chromato­
graphic behavior) and an intractable polymer. These experi­
ments are sensibly interpreted in terms of 9,10-dehydroan­
thracene as the intermediate. The structure of 9,10-dehydro­

anthracene is of considerable interest. We have been unable 
to observe a triplet ESR signal from 9,10-dehydroanthracene 
(matrix isolated in argon at 10 K)20 and tentatively conclude 
that it has a singlet ground state. The choice is then between 
a singlet diradical structure (6) and a dibenzobutalene struc­
ture (2, 3). The radical-like abstraction reactions of 9,10-
dehydroanthracene suggest that it reacts as the diradical.21 

This could, however, be due to ring opening of a dibenzobu­
talene structure during the warming process. The general 
similarity of the ultraviolet spectrum of 9,10-dehydroanthra-
cene (Xmax

3-MeC5H" 256, 276, 320, 345, 363, 378, 397, and 449 
nm) to that of anthracene strongly suggests that the singlet 

Journal of the American Chemical Society / 98:18 / September 1, 1976 



5705 

diradical 6 is, in fact, the species we have observed. It remains 
an open question whether or not dibenzobutalene also repre­
sents a potential minimum on this energy surface. The char­
acterization of 6 strongly supports Bergman's evidence14 on 
the existence of 1,4-dehydrobenzene. The chemistry of 
9,10-dehydroanthracene suggests that it may be an interme­
diate in the conversion of l,5-didehydro-3,4-benz[10]annulene 
to anthracene.22 

A final point of interest deserves comment. The isosbestic 
points (280, 320 nm) observed in the ultraviolet spectra during 
photolysis of 5 and the absence of carbene intermediates 
(which should have been detected in the ultraviolet and ESR 
experiments)23 suggests either that the loss of both molecules 
of carbon monoxide is operationally concerted or that the in­
termediate ketene-carbene is destroyed photochemically at 
a much faster rate than the bisketene. 
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A Novel Heterometallic Molecule Consisting of a New 
Triangular Tungsten Cluster Bridged by Oxochromium 
and Alkoxy Ligands 

Sir: 

Species resulting from the reactions of W(CO)6 with car-
boxylic acids have escaped definitive characterization even 
though such reactions have been examined in several labora­
tories1-3 as possible routes to the unknown dimers W2(02CR)4, 
isostructural with the well-known quadruply bonded dimers 
Mo2(02CR)4.4 We report here the characterization of a new 
tungsten cluster compound which resulted from efforts to 
prepare the heteronuclear dimetal carboxylate derivatives 
WCr(O2CR^. Recent successes in preparation of the related 
heteronuclear analogues, MoW(02CC(CH3)3)45 and Mo-
Cr(02CCH3)4,6 provided impetus to attain this goal. However, 
as shown below, the presence of chromium in the reactions 
instead served to trap the trinuclear tungsten carboxylate, 
resulting from reaction of W(CO)6 with carboxylic acids, in 
a readily isolated crystalline compound of fascinating archi­
tecture. 

The reaction was performed by refluxing a solution of 
W(CO)6, Cr(CO)6, and pivalic acid, in the mole ratio 1:1:2, 
in o-dichlorobenzene until CO evolution ceased. Removal of 
solvent from the green-black solution by very slow vacuum 
distillation at 25 0C provided well-formed crystals of the dark 
green product. The mass spectrum showed a set of lines for the 
molecular ion centered around 2055 amu, having relative in­
tensities in good agreement with those calculated for the 
composition \V3Cr3O28C65H119. Subsequent x-ray diffraction 
structure determination7 showed the compound is best for­
mulated as W3(OCH2C(CH3)3)03Cr3(02CC(CH3)3)12-
2C6H4CI2. Both the analytical data and structure determi­
nation indicated, however, that full occupancy of the two sites 
for the solvent molecules is not achieved, resulting in the in­
clusion of about 1.5 mol of solvent per mole of compound.8 The 
molecular structure of W3(OCH2C(CH3)3)03Cr3(02-
CC(CH3)3)i2 is depicted in Figure 1. At the center of this 
beautifully interwoven, multiply connected molecule is the 
important new triangular tungsten cluster with bridging "oxo" 
oxygen atoms over the edges and the "alkoxo" oxygen of 
OCH2C(CH3)3 triply bridging over the opposite face as shown 
in Figure 2. In addition to the bridging oxo and alkoxo O atoms 
each tungsten is bound to three carboxylate O atoms, one from 
each of three different carboxylate groups. As shown in Figure 
2, the Cr atoms are bound to the bridging oxo O atoms to form 
W2CrO triangular arrays reminiscent of the Cr3O units found 
previously in Cr30(02CCH3)6(H20)3+.9 

The coordination sphere about both W and Cr includes six 
O atoms in deformed octahedral arrangement. Each W atom 
also is bonded to the two adjacent W atoms to form the equi­
lateral triangle, rf(W-W) = 2.608 (1), 2.608 (1), 2.614 (I)A. 
The nearest neighbor W-Cr distances, average 3.528 (4) A, 
attest to the absence of W-Cr bonding. There are no important 
differences in the bonding about the individual metal atoms 
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