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Scheme I
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converted by one-electron redoxants such as the iron hexa-
cyanides. The oxidation of the alcohol by the enzymic
Cu(IIT) presumably occurs by a mechanism similar to the
oxidation of alcohols by Cr(VI)214 and Cr(V).14

The ease by which the Cu(III) form of galactose oxidase
is formed suggests that Cu(III) may well be an intermedi-
ate in other cuproenzymic reactions also. This seems espe-
cially likely in the case of tyrosinase; recent work with a ty-
rosinase containing only one atom of Cu per molecule! in-
dicates that it exists in two redox states (differing by two
electrons), neither of which is EPR active. Very possibly
these are the Cu(I) and Cu(III) forms as in the case of ga-
lactose oxidase.
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Benzof1,2:3,4]dicyclobutene
Sir:

We wish to report the synthesis of benzo[1,2:3,4]dicyclo-
butene (1), a benzene molecule upon which two cyclobutene
rings are fused meta to one another. The isomeric benzo[1,2:
4,5]dicyclobutene (2) has been reported by Cava and co-

workers who prepared this system by the thermal extrusion
of two molecules of sulfur dioxide from the corresponding

disulfone.!

1 2

Lawrence and MacDonald have determined the x-ray
structure of 2.2 They found little variation in the bond
lengths of the six-membered ring The two bridging bonds
measured 1.35 A while the remaining bonds in the benzene
ring were found to be 1.38 A. The interior benzene bond an-
gles were substantially distorted from the normal 120°,
measuring 108° at the four bridgehead carbons and 126° at
the two remaining positions. A theoretical consideration of
the hybridization of 2 utilizing the maximum overlap meth-
od has lent further support to the highly strained nature of
2.3 The potential for similar comparisons between 1 and 2
prompted us to synthesize the meta-fused isomer.

The key reaction employed in the synthesis of 1 is the
Diels-Alder addition of 1-vinylcyclobutene (4) to dimethyl
cyclobutene-1,2-dicarboxylate (5). The preparation of diene
4 is as yet unreported but could be accomplished in a
straightforward manner. The addition of vinyl magnesium
bromide to cyclobutanone provided 1-vinylcyclobutanol in
66% yield. When this alcohol was heated in the presence of
a small amount of iodine crystals, dehydration occurred and
1-vinylcyclobutene was distilled from the mixture in 72%
yield, bp 82° (760 mm). The NMR spectrum of 4 showed
an ABX pattern at § 6.5-4.9 for the three vinyl protons, an
olefinic resonance at é 5.83, and the allylic ring protons as a
multiplet at § 2.5.

1. CH,= CH-MgBr /J
03t a —

4

The2 + 4 cycloaddition of 4 and 5 provided 1,8-dicarbo-
methoxytricyclo[6.2.0.0%5]dec-5-ene (6) which showed two
overlapping peaks at long VPC retention time. This product
mixture could be explained by competing exo and endo
modes of Diels-Alder addition which should provide a mol-
ecule which is epimeric at the tertiary carbon, C-2. An
NMR spectrum of the mixture exhibited three groups of
signals in the ratio of 1:6:11, lending support to the gross
overall structure of 6. Hydrolysis of 6 with potassium hy-
droxide in refluxing aqueous methanol provided the corre-
sponding diacid 7 whose NMR spectrum showed a two pro-
ton signal at § 9.8 as well as the disappearance of the meth-
yl ester singlets.
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Table I. Melting Point (°C) and Ultraviolet (nm) Absorption Data

Compound  mp Amayx? S PEtOH (¢)
1 36 266 (1360) 269 (1370) 275 (1540)
8 -6 267 (301) 272 (244) 276 (235)
2! 101 276 (4570) 280 (5125) 286 (3890)
.9 79 268 (712) 273 (654) 278 (727)
CO,CH,
CO,CH;
D( +4—
CO.CH,
CO,CH,

5

COCH 6
COOH
7

Utilizing 2 equiv of lead tetraacetate in a manner pre-
viously described,? the bis decarboxylation of 1.11 g of 7
and subsequent aromatization were achieved in a single re-
action. Chromatography of the crude product on silica gel,
eluting with 20% ether-hexane, provided 70 mg of material
which was 50% of a single component by VPC. A pure sam-
ple of 1, mp 36°,5 was obtained by preparative gas chroma-
tography on a Carbowax 20M column.

A high resolution mass spectrum of the purified product
showed a parent peak at 130.0782 (caled for CioHjo
130.0783) as well as significant peaks at m/e 115 (rel inten-
sity 90, loss of -CH3) and m/e 102 (rel intensity 12, loss of
CH,;=CH)). In the infrared spectrum, the only noteworthy
absorption below 1200 cm™! was a sharp, strong band at
821 cm™! which corresponds to the characteristic out-of-
plane bending for a 1,2,3,4-substituted benzene.® The 100-
MHz NMR spectrum of 1 showed a two proton singlet at &
6.74 and an eight proton singlet at 5 3.08, again indicating a
tetrasubstituted benzene ring. The uv data recorded in
Table I further support the existence of a benzene nucleus
and differentiate clearly between structures 1 and 2. The
only structure for 1 which is completely consistent with all
the above spectroscopic evidence is benzo[1,2:3,4]dicyclo-
butene.

CH,
CH, CH3:©iCH3
CH3 CH;; CH:{
CH,
8 9

The upfield singlet in the NMR spectrum of 1 must be
explained by the two nonequivalent benzylic methylenes
having coincidental chemical shifts.” In the open-chain ana-
logue, 8, the nonequivalent methyl groups exhibit a 5 Hz
difference in chemical shifts. Even more surprising is the
aromatic signal whose chemical shift is identical with that
of prehnitene. By comparison, the ortho ring protons of ben-
zocyclobutene show a chemical shift of § 6.91% which is 0.19
ppm upfield from the value reported for o-xylene.’

An examination of the uv data recorded in Table I re-
veals an interesting difference between isomers 1 and 2.
Cava points out that the distortion due to the strain caused
by two fused four-membered rings gives rise to a substantial
bathochromic shift on going from durene, 9, to 2.1 When
the two rings are fused meta, however, a slight hypsochrom-
ic shift is observed by comparison of 1 with prehnitene, 8. A
comparable increase in the intensity of absorption is ob-
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served for both strained systems. Since the strain inherent
in 1 and 2 should be nearly equal, the position at which the
second four-membered ring is fused to the benzene nucleus
must be of importance in determining the electronic charac-
teristics of the molecule. Investigations into the properties
of meta and para bis-annelated benzene systems are cur-
rently being carried out.
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59Co Nuclear Quadrupole Resonance Spectra and Low
Temperature 13C Magnetic Resonance Spectra of
X1SnCo(CO)4 Compounds!

Sir:

As the initial stage in an investigation of intramolecular
rearrangements in five-coordinate molecules using !*C and
31P magnetic resonance, we have studied the *C NMR
spectra of several compounds of the form X3SnCo(CO)s.
All these compounds possess idealized trigonal symmetry at
cobalt, with two distinct chemical environments for the CO
groups, axial and radial, in the ratio 1:3.

Observation of the 1C NMR spectra associated with the
CO groups in metal carbonyl compounds of manganese and
cobalt often proves to be rather difficult. The !13C NMR ab-
sorptions may be very broad at room temperature because
of relaxation of the 13C spin system due to scalar relaxation
of the second kind.2? The salutary effect of lower tempera-
tures on the relaxation behavior of spin ' systems scalar-
coupled to spin systems with I > % has been noted for 'H in
boranes and carboranes,* and for carbonyl compounds of
Co, Mn, and Re.’

Tribenzyltintetracarbonylcobalt (I) exhibits solid-state
nuclear quadrupole transitions (27 °C) at 21,51 and 14.24
MHz. By analogy with other similar compounds®’ these are
assigned to »3 and v, respectively, corresponding to a qua-
drupole coupling constant of 100.4 MHz, and an asymme-
try parameter n of 0.15. These may be compared with
values of 96.8 MHz and n = 0.03 for trimethyltintetracar-
bonylcobalt, and 104.1 MHz and n = 0.05 for triphenyltin-
tetracarbonylcobalt.’

The 3C NMR spectrum of I at room temperature con-
sists of a single very broad line centered at about 198.6 ppm
relative to MesSi.8 As the temperature is lowered this line
sharpens, and appears as a single line of about 10 Hz half-
width at —60 °C.
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