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potential of acetic acid is located more positively than the valence
band edge of CdS. The situation in the case of lactic acid looks
similar to the case of acetic acid. Because the valence band of
TiO, is located deeply enough to oxidize carboxylate, decarbox-
ylation could occur for TiO,. On the other hand, the valence band
of CdS is located less deeply than that of TiO,. Therefore CdS
photocatalyst could oxidize only the OH group of lactic acid. At
the present stage of research this is an assumption, but it seems
reasonable. In addition to the above reason, the difference in the
adsorption properties of lactic acid to the surface of TiO, and CdS
would also be important. Anyway, the above results suggest the
possibility of controlling photocatalytic reactions by selecting a
semiconductor with a suitable oxidizing power and adsorption
property.

It is known that CdS suffers corrosion under irradiation.” In
order to determine the amount of CdS dissolved during the
photocatalytic reaction, cadmium was analyzed by atomic ab-
sorption spectroscopy. In the sample before irradiation, 0.1 mmol
of Cd was detected. This quantity was not changed even after
130 h of irradiation. Since 28.3 mmol of hydrogen was produced
during the reaction, more than 99.6% of the photogenerated holes
were consumed for the photocatalytic reaction even if all of 0.1
mmol of Cd was assumed to have been produced from the pho-
tocorrosion.® In the analysis by polarography, the amount of Cd?*
was smaller than 3.6 umol. These results indicate that the pho-
tocorrosion of CdS is negligibly small in the present reaction,
suggesting a very rapid and efficient oxidation of lactic acid.
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We report herein the direct observation of 2,4-dimethylene-
1,3-cyclobutadiyl (1, alternatively 1,3-dimethylenecyclobutadiene)
by ESR spectroscopy.
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Biradical 1 is a non-Kekulg? C¢Hg alternant hydrocarbon, which
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has been predicted by both simple?® and sophisticated* theoretical
models to possess a triplet ground state. Its covalent isomer, 2,

AN\

2

is highly strained, and thus a significant barrier to ring closure
could exist for both triplet and singlet 1. This, in turn, could allow
thorough spectroscopic and chemical characterization of this novel
species.’

Diazene 3 is a logical precursor to 1,5 and its synthesis is shown
in Scheme I. The key step in this sequence is the stereospecific
photochemical addition” of N-methyltriazolinedione (MTAD)
across the strained central bond of bicyclobutane derivative 4.2
Thus, the photochemical attack of MTAD occurs from the ste-
rically congested endo face, as is the case for the thermal addition
to the parent bicyclobutane.’ Apparently, photochemical exci-
tation enhances the reactivity of MTAD, since 4 is completely
inert toward thermal addition. Subsequent removal of the pro-
tecting groups!® and o-nitrophenyl selenoxide elimination'! effi-
ciently afforded diene 5.2 Although standard hydrolysis/oxi-
dation procedures were unsuccessful, diazene 3 could be prepared
by a novel two-step sequence involving first a partial hydrolysis
of 5 to the semicarbazide.!* Treatment of this compound with
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Figure 1. ESR spectrum of 1 observed after sensitized photolysis (A
315-415 nm) of 3 in MTHF containing 0.27 M Ph,CO at 10 K. The
weak central line near 3270 G is assigned to a double-quantum transition
based on its microwave power dependence.!® Inset: hyperfine structure
of the Am, = 2 transition (1637 G).
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nickel peroxide!# at =78 °C in CH,Cl, afforded 3 as an unstable
white solid.!’

The 'H NMR (CD,Cl,) spectrum of 3 at =75 °C exhibited
singlets at  5.48 and 4.75 in a 1:2 ratio. These decreased with
a 1 h half-life at —60 °C, with an accompanying increase in
numerous signals associated with as yet uncharacterized products.!
The 3C NMR (CD,Cl,, -75 °C) signals of 3 at § 157.7, 97.0,
and 82.9 and the UV transition at 334 nm (MTHF) were also
found to decay in this temperature range.

When a frozen solution of diazene 3 in 2-methyltetrahydrofuran
(MTHF) is irradiated (A 315-415 nm)"? in the presence or absence
of benzophenone at 10 or 77 K, the ESR spectrum of Figure 1
is obtained. The spectrum displays zero-field splitting parameters
[D/(he)| = 0.0205 cm™ and |E/(kc)| = 0.0028 cm™. This D value
is completely consistent with structure 1 on the basis of the spectra
of a variety of other delocalized biradicals?® and a calculated value
[D/(kc)| = 0.026 cm™, obtained by using a previously described
semiempirical method.?® The half-field transition (1637 G, Figure
1) shows a seven-line hyperfine splitting of 6-7 G,!° indicating
that the two sets of nonequivalent protons in 1 have similar hy-
perfine coupling constants. Although triplet 1 decomposes slowly
at temperatures near 77 K, a preliminary Curie plot was linear,
consistent with a triplet ground state.

Sensitized photolysis (A 315-415 nm) of 3in MTHF at 77 K
produces a faint orange color. In addition, irradiation of triplet
1 (10K) at A 500 £ 15 nm causes irreversible destruction of the
ESR signal within seconds, indicating that triplet 1 has a strong
electronic transition in this region.
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Identification of the thermal and photochemical products from
3 and trapping and spectroscopic studies of 1 are in progress.
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The 13Cd nucleus has received increasing attention as a spin
1/, NMR probe for the study of the structural and/or functional
role of metal(s) in metalloproteins.*® This is so in spite of the
difficulties of low sensitivity, 1/100 that of protons when fully
enriched, and comparatively long Ty’s, due to the absence of
directly bonded protons, which limit the rate of data accumulation.
Furthermore, in certain motional regimes the negative gyro-
magnetic ratio of *Cd can also lead to nulling of signals under
conditions of partial NOE. If spin coupling exists to a proton,
then magnetization transfer experiments, such as INEPT or
DEPT, where the shorter 7, of the coupled proton determines
acquisition rate, theoretically offer enhancements of (yy/vycq) over
direct Cd detection.”® If, however, several protons are coupled
to the nucleus one wishes to observe with comparable coupling
constants, or if these protons are coupled to other protons, this
enhancement is significantly reduced.’

Recently it has been shown that through proton indirect de-
tection of N via heteronuclear multiquantum coherences
(HMQC’s), enhancements on the order of (yy/v~)?, 10°-fold,
can be achieved as theoretically predicted.!® This approach has
been applied to the enhancement of rare and low v nuclei using
direct one-bond 'H-'SN (or *C) couplings (30 Hz or greater).!>1
It can, in principle, be used with longer range couplings. This
is of importance where no directly bonded proton is present, which
is generally the situation for metal nuclei in organometallic
complexes and metalloproteins. A pulse scheme related to that
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