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ticipate, in such a formulation, equivalent attack on the top and
the bottom olefin faces, leading to equal yields of the two in-
termediates. Completion of the sequence would thus lead to
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equal yields of the two products, with no apparent isotope effect
or enantiomeric excess.

Singlet oxygenation of the opposite geometrical isomer, 6,
of this olefin leads to interestingly different results. The methyl
group is now placed on the reactive disubstituted side3 of the
olefin  system and competes efficiently with the chiral center.
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In this case one now anticipates, and finds, an isotope dis-
crimination, Again, using the formalism of the perepoxide for
purposes of discussion, one sees that, in 7, the system has a
choice of abstracting D from the chiral center or reacting with
methyl C-H bonds and, in 8, a choice of -H or the methyl
C-H. We find an isotope effect of 1.2. This is exactly half the
effect (1.4) found for the system 9, which is ideally suited for
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cis competition on both top and bottom faces. Again, in this
case the enantiomeric ratio in the products (1.2) matches the
isotopic ratio.

In our earlier study# on 10, below, we reported completely
analogous results when this reaction was carried out in acetone;
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R/S and D/H ratios matched and were near unity for the al-
lylic alcohol products. We also reported a novel solvent effect
in which methanol was postulated to participate in the hy-
drogen abstraction step, while acetone did not. This provided
an explanation for the high isotope effects (~2), but low en-
antiomeric ratios in the products obtained in methanol. This
result can be duplicated in the present trisubstituted series if
galvinoxyl is omitted from the reaction medium. Thus we be-
lieve that these results can be attributed to radical-chain pro-
cesses (i.e., a hydrogen abstraction-allyl radical sequence) and
are unrelated to the singlet oxygen mechanism.

The present results confirm that the singlet oxygen-ene
reaction is a highly stereospecific suprafacial process. The
absence of an isotope effect of any significant magnitude makes
it difficult to argue for a traditional concerted transformation.
We use the perepoxide here for discussion purposes only. We
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will present a comprehensive mechanism shortly which we
believe is consistent with all recent data.
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2,4-Methano-2,4-dehydroadamantane.
A [3.1.1]Propellane!
Sir:

We report the first synthesis and characterization of 2,4-
methano-2,4-dehydroadamantane? (1), a derivative of
[3.1.1]propellane. This is the smallest carbocyclic propellane
system which has been prepared.

Small-ring propellanes possess three rings fused together
at the central bond containing two carbons with inverted tet-
rahedral geometry.? Decrease in ring sizes parallels increase
in p character of the central bond, which approximates a p-p
o bond in smallest ring propellanes.3-5 Carbocyclic propellanes
containing three, four, and five bridge carbons ([1.1.1], [2.1.1],
[3.1.1], and [2.2.1]}) have not been synthesized so far. Pro-
pellane systems containing six bridge carbons, ([4.1.1],%
[3.2.1],% and [2.2.2])7 have been prepared rather recently and
found to be very reactive. Large-ring propellanes, however,
contain no inverted carbon and behave chemically like ““nor-
mal” polycyclic hydrocarbons.®

2,4-Methano-2,4-dehydroadamantane (1) was prepared by
the intramolecular cycloaddition of 4-methylene-2-ada-
mantylidene (2) to the olefinic bond. Thus, treatment of 4-
hydroxy-2-adamantanone?® with methyl Grignard reagent,
followed by Jones oxidation and acid-catalyzed dehydratation,
afforded 48% 4-methylene-2-adamantanone!® (3). Pyrolysis
of the dry sodium salt of the tosylhydrazone derived from ke-
tone 3 (3a) at 180 °C and 0.02 mmHg produced 70% 1. The
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product sublimed into a trap cooled by liquid nitrogen and was
found to be more than 95% pure by '3C NMR.

The structure proof for 1 is based on the mass spectrum!!a
(mfe 146 (M1)), the IR spectrum!!'? (v 3040 cm™!), the 'H
NMR spectrum ((CgDg) 9 2.36-1.06 (multiplet and two dis-
tinctive doublets at 6 2.12 and 1.08, J = 4 Hz!!?)), and the !3C
NMR spectrum ((CgDg) 6 64.4 (d,J = 166 Hz, 1 C; C-5), 50.1
(t,J =129 Hz,1C; C-100r C-6),40.9 (dd, J = 151 and 169
Hz, 1 C;C-3),44.0(d,J = 138 Hz,2 C; C-1,C-9), 34.2 (t,J
=128 Hz,2 C; C-8, C-11),30.8 (t, / = 129 Hz, | C; C-6 or
C-10),26.6 (d,J = 133 Hz, 1 C; C-7),and 24.2 (5,2 C; C-2,
C-4)). The C-H coupling constants of the 13C NMR dd signal
at 6 40.9 are typical of the methylene carbon in the bicyclo-
butane system.!? [n the 13C NMR spectrum of 2,4-methano-
3,3-d»-2,4-dehydroadamantane (1a)!2 this signal is absent,
which strongly supports the structure proof for 1.

The chemistry of 1is in accord with the structure of small-
ring propellanes. At room temperature 1 decomposed slowly
even in benzene solution under a nitrogen atmosphere. It
reacted rapidly with oxygen and instantly with moisture,
methanol, and bromine to give complex mixtures of products.!*
With carbon tetrachloride 1 reacted instantaneously at room
temperature yielding 100% single product (=98% pure by
GLCQ), the spectral data's of which indicated that it was 2-
chloro-4-trichloromethyl-2,4-methanoadamantane  (4).
Compound 4 was thermally stable [bp 110 °C (0.0l mm)] and
inert to bromine (at 20 °C for 24 h). Hydrogenolysis of 1 with
Pd/C in benzene solution at 20 °C and | atm produced 2-
methyladamantane (5) as the major product (=90%).!7 In-
terestingly, the central bond in 1 appears not to be cleaved in
the first step, since this would lead to the stable 2,4-metha-
noadamantane.'®
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The carbene center in 4-methylene-2-adamantylidene (2)
is not “ideally” situated'® for the intramolecular cycloaddition
to the olefinic bond. The angle between the axes of the carbene
center p orbital and the olefinic bond p orbitals is ~60°. The
arrangements of the carbene center and the v-CH bonds in 2
and 2-adamantylidene are essentially equal, and the latter
inserts readily into the y-CH bonds.2? Nevertheless, 2 yields
exclusively the intramolecular cycloaddition product, 1.
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Primary Quantum Yields of Ketyl Radicals in
Photoreduction by Amines. Abstraction of H from N
Sir:

We report here laser flash photolysis studies which show that
the primary reaction of benzophenone triplet with common
aliphatic amines in benzene solution gives benzophenone ketyl
radical with quantum yield ¢ = 0.9-1.0. Thus, significant
quenching and return to ground-state ketone do not occur in
an initially formed exciplex, and a modification of the proposed
mechanism for photoreduction by amines is required.!

Ketone-amine solutions in benzene in 1 X | ¢cm Pyrex cells
were degassed by freeze-thaw cycles, placed under 1 atm of
argon, and subjected to pulsed-laser photolysis at 347 nm.
Flash apparatus and procedures were as described.? Transient
spectra over the range of 360-700 nm and decay kinetics with
time resolution ~50 ns identified the initial and final flash
intermediates as benzophenone triplet and ketyl radical, re-
spectively.> Triplet and radical decay were followed at 530
nm, where the short-lived triplet absorbs more strongly than
the long-lived radical (Figure 1). The time resolution of the
measurement permits use of such high concentrations of amine
that over 90% of the triplet, calculated from triplet lifetimes
in absence and presence of donor, decayed via reaction with
the amine.’ The resulting pseudo-first-order rate constant, kg,
was linear in concentration of donor, and the primary reaction
rate constant, ki, was obtained from the slope (eq 1).

kg = kd® + kj;[amine] (1)

The yield of radical from triplet is proportional to the ratio,
r = ADr®/AD1°, where AD+? is the initial increment in ab-
sorbance immediately following the flash and ADgr™ is the
change in absorbance corresponding to total formation of
radical after decay of triplet is complete (Figure 1). Since the
lifetime of the neutral radical is very much greater than that
of the triplet, ADR > is obtained by a short extrapolation of the
initial portion of the radical decay curve back to zero time,?
and the ratio » may be measured with good precision. To
convert values of 7 into quantum yields, we take ¢kety1 = 2 for
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