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Table I. G(H,S) in the y-Radiolysis of Dithiothreitol at pH 4 and
20 + 1 °C at Different Dose Rates?

1.9 X 107, 2.6 X 1072, 2.8 X 1073,
[DTT], M Gys™! Gy s} Gy s!
5% 10 12.2 31.6
1 X 1073 3.6 11.2 323
Ix 107 11.3 314
6 X 1073 11.6 32.3
8 x 1073 11.7 31.1
I X 102 10.8 31.0

9 At the highest dose rate the dose did not exceed 55 Gy, at the
lowest dose rate 10 Gy,

(2k;s = 1.7 x 10° M~ 57! at pH 4)% and the G values given above,
a rate constant of k(propagation) = 8.5 s™! can be calculated for
the rate-limiting step. The present results do not allow us to assign
this to one distinct elementary step: Eliimination of H,S or HS*
(reactions 10 or 11) must compete with the reverse of reaction
8 (reaction 9; kg = 10% s71).!* Thus the H,S (HS*) elimination
occurs from the quasi-equilibrium (8)/(9) which itself is connected
with another quasi-equilibrium (equilibrium (4)/(5)), the equi-
librium between the free thiyl radical 1 and its three-electron-
bonded ring-closed!$ isomer 2. In the equilibrium between the
free thiyl radical 1 and its three-electron-bonded ring-closed!'$
isomer 2 (equilibrium (14)/(15)),Y7 it is to be expected that it is
the free thiyl radical 1 rather than the ring-closed isomer 2 which
undergoes the intramolecular H-abstraction reaction.

(15) a-H{droxyalkyl radicals react with DTT in their bimolecular reaction
with k 2 10° M~!s7! and we estimate that the intramolecular rate constant
kg should not be lower than 108 57!,

(16) For three-electron bonded systems in sulfur free-radical chemistry see
ref 7 and: Asmus, K.-D. Acc. Chem. Res. 1979, 12, 436. In contrast to the
thiyl radical derived from 2-mercaptoethanol (HOCH,CH,S*) which does not
readily reduce tetranitromethane, the DTT radical at pH 4 is rapidly (k =
2.5 X 10® M~' 57') oxidized which is an indication that the reducing three-
electron-bonded species 2 must predominate.

(17) The rate constant k), has been measured by monitoring the buildup
of 2 (¢(380 nm) = 430 & 20) at relatively high DTT concentration (10~} M)
and at pH 4 and was found to be 1.5 X 10° s™!, Under these conditions
reaction 1 is much faster (k,[DTT] = 2 X 107 s7!), A value for ks is not yet
available, but it is reasonable to assume that it is much lower than k, (cf.
equilibria between disuiphides and thiyl radicals: Bonifacic, M.; Asmus, K.-D.
J. Phys. Chem. 1984, 88, 6286.) Radical 2 has been presented as a three-
electron-bonded species, but it cannot yet be excluded that the H atom resides
on one of the sulfur atoms.
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Strong distortions of the C==C double bond from planarity
should lead to olefins with unusual properties. Considerable
attention has been paid to twisting distortions® (e.g., adamantene?),
relatively less to pure pyramidalization.* Tricyclo[3.3.2.0%7]-
dec-3(7)-ene (1)° and its benzo derivative 2% have both been
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Figure 1. IR spectra of 1. (top) caiculated (MNDO, correction factor
0.915); (center and bottom) measured in argon matrix at 10 K (CO,
absorption crossed out). The center spectrum was obtained as a differ-
ence of spectra recorded before and after photodestruction of 1 at 248
nm. The bottom spectrum is a difference of spectra polarized parallel
(Ez) and perpendicular (Ey) to the electric vector direction of the po-
larized 248-nm laser light after partial photodestruction of 1 (see text).

generated pyrolytically and trapped chemically. The recent
preparation of 8-lactone 3 as a precursor for 1° has now permitted
the direct observation of this olefin.

Flow pyrolysis (450-650 °C) of 3, either neat or diluted with
excess argon, and deposition onto a 10 K window yielded CO,
and a material to which we assign structure 1. Also detected were

(1) (a) University of Utah. (b) University of Washington.

(2) Greenberg, A.; Liebman, J. F. Strained Organic Molecules; Academic
Press: New York, 1978.

(3) Conlin, R. T.; Miller, R. D.; Michl, J. J. Am. Chem. Soc. 1979, 101,
7637.
(4) Szeimies, G. In Reactive Intermediates; Abramovitch, R. A., Ed.
Plenum Press: New York, 1983; Vol. 3, p 299. Watson, W. H.; Galloy, J.;
Bartlett, P. D.; Roof, A. A. M. J. Am. Chem. Soc. 1981, 103, 2022. See also:
Bohm, M. C,; Carr, R. V. C,; Gleiter, R.; Paquette, L. A. J. Am. Chem. Soc.
1980, 102, 7218.

(5) Renzoni, G. E.; Yin, T.-K.; Miyake, F.; Borden, W. T. Tetrahedron
1986, 42, 1581.

(6) Greenhouse, R.; Borden, W. T.; Hirotsu, K.; Clardy, J. J. Am. Chem.
Soc. 1977, 99, 1664.
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Table . Vibrations of 1 and Their IR Polarizations?

vy, cm~}
Raman IR K boc’
619 619 0.17 0°
640 0.36 90°
889 0.19 0°
1004 0.27 39 &£ 7°
1161 0.27 39 £ 7°
1184 0.38 90°
1265 1264 0.39 90°
1274 0.38 90°
1358 1359 0.36 90°
1446 0.24 31 £ 6°
1557¢ 1557 0.37 90°
2856 0.29 44 £ 7°
2904 0.36 90°
2953 0.31 49 = 7°

2 Argon matrix, 12 K. ° Absolute value of the angle between the IR
transition moment and the w=* polarization direction. °Assigned as
the C==C stretch. Calculated frequency, 1546 cm™ (MNDO X
0.915), calculated ¢c—c = 90°.

unreacted 3 and, particularly at the higher temperatures, a stable
product to which we assign the structure 4.7 The evidence for
structure 1 is (i) a 1557-cm™ band in the C==C stretching region,
relatively weak in the IR (Figure 1), but the strongest of all the
Raman bands. The shift relative to § (1685 cm™) is compatible
with strong double pyramidalization of 1. (ii) A broad UV band
peaking at 245 £ 15 nm, compatible with the expected lowering
of the =w* excitation energy. Irradiation at 248 nm bleaches both
the UV and the IR bands associated with 1 and increases the IR
peaks of 4; no additional products are detected. (iii) Above ~165
K in the neat sample, which is quite rigid, and already above ~40
K in the much less viscous argon-matrix-isolated sample, the IR
bands of 1 gradually disappear and those of the known® 2 + 2
dimer of 1 grow; a GC comparison with an authentic sample
(SE-30 column) confirms that the dimer is the chief product
formed on warm-up.

A partially aligned sample of matrix-isolated 1 resulted by
photoselection upon irradiation with linearly polarized 248-nm
light (KrF laser) in ~70% conversion to 4. The IR dichroic ratios,
d;, were converted to the orientation factors [K; = {(cos? i} = d,/(d;
+ 2), i is the angle between the ith transition moment direction
and the laboratory axis Z defined by the electric vector direction
of the 248 nm light; the angular brackets indicate averaging over
the molecular assembly].2? The K; values fall into three cate-
gories, separated by margins far in excess of the experimental error
(about £0.03): (i) XK = 0.17-0.19, (ii) K = 0.36-0.39, (iii) 0.24
< K <0.31 (Table I). Assuming the 248-nm absorption to be
polarized along the C=C axis x, we must have K, < K, = X,.
Since 3 K, = 1, groups i and ii belong to mutually perpendicular
transitions and are within experimental error, K, = 0.20, K, =
K, = 0.40.

Since in group iii we observe five lines with K; values very
different from both 0.20 and 0.40, these are not polarized along
x, y, or z. The absolute values of the angles ¢-— between the
x axis (C=C) and the IR transition moment directions were
obtained from the IR dichroic ratios and the above K, and X,
values by standard procedures®'° (Table I). Both the experimental
and the calculated polarization of the C==C stretching vibration
are perpendicular to the C=C bond, as expected for a doubly
pyramidal olefin. Molecular symmetry must be lower than C,,,
and C, is the most likely candidate that still preserves orthogonality

(7) A full characterization of this isolated product by ‘H and '*C NMR
will be reported later.

(8) Thulstrup, E. W.; Michl, J. J. Am. Chem. Soc. 1982, 104, 5594 and
references therein. Radziszewski, J. G.; Michl, J. J. Am. Chem. Soc. 1986,
108, 3289.

(9) Michl, J.; Thulstrup, E. W. Spectroscopy with Polarized Light. Solute
Alignment by Photoselection, in Liquid Crystals, Polymers, and Membranes;
VCH Publishers: Deerfield Beach, FL, 1986.

(10) Raabe, G.; Vangik, H.; West, R.; Michi, J. J. Am. Chem. Soc. 1986,
108, 671.
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among many of the transition moments. This is also the symmetry
that was obtained from calculations. The calculated pyrami-
dalization angle at the doubly bonded carbons was 47.8° (MM2),
43.5° (MNDO), and 40.6° (STO-3G), close to the tetrahedral
value of 54.7°.

After scaling, the MNDO calculation reproduced very well the
1557-cm™ frequency of the C==C stretch in 1. A value of 1546
cm! was obtained with a multiplicative correction factor of 0.915,
which fits the MNDO calculated frequencies for ethylene and
tetramethylethylene to experiment. The MNDO heat of hydro-
genation is 47 kcal/mol more negative than the MNDO value
for 5, suggestive of a very highly strained C==C bond.

In conclusion, the first highly reactive representative of a class
of doubly pyramidalized olefins has now been directly observed.
It has an unusually low-frequency C=C stretching vibration and
a low-energy wr* excited state.
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Transition-metal oxide compounds catalyze or perform a
number of reactions of olefins, including oxidation, polymerization,
and metathesis.2 The active sites for most of these processes are
thought to contain terminal oxo ligands. Olefin binding to the
metal center has often been suggested as an important step in these
reactions but has not as yet been directly observed.> For ex-
ample, olefin complexes have been proposed in osmium tetraoxide
oxidations,? in epoxidations by cytochrome P-450 enzymes,* and
in tungsten-catalyzed metathesis reactions.®* We wish to report
the first examples of metal complexes containing both simple olefin
and terminal oxo ligands. The only previous example of an
oxo—olefin compound is an adduct of a very unusual olefin, tet-
racyanoethylene: Mo(O)[C,(CN),J(S,CNR,),.5 We have also
isolated the first carbonyl-terminal oxo complex.” The properties
of these novel compounds indicate that «-back-bonding can be

(1) (a) University of Washington. (b) University of Delaware.

(2) Sheldon, R. A.; Kochi, J. K. Metal-Catalyzed Oxidations of Organic
Compounds; Academic Press: New York, 1981. Cullis, C. F.; Hucknall, D.
J. Catalysis (London) 1982, 5, 273-307. Banks, R. L. Ibid. 1981, 4, 100-129.
Clark, A. Catal. Rev. 1969, 3, 145-173.

(3) Sharpless, K. B.; Teranishi, A. Y.; Backvall, J.-E. J. Am. Chem. Soc.
1977, 99, 3120-3128. Hentges, S. G.; Sharpless, K. B. Ibid. 1980, 102,
4263-4265. Nugent, W. A. J. Org. Chem. 1980, 45, 4533-4534. See also:
Rappé, A. K.; Goddard, W. A, III Ibid. 1982, 104, 448-456.

(4) Coliman, J. P.; Brauman, J. I; Kodadek, T.; Raybock, S. A.; Etal. J.
Am. Chem. Soc. 1985, 107, 2000-2005, 43434345, and references therein.
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J. J. Mol, Catal. 1980, 8, 73-83. See also: Lee, J. B.; Ott, K. C.; Grubbs,
R. H. J. Am. Chem. Soc. 1982, 104, 7491-7496.
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