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nm (acetonitrile) and was not further changed on recooling to 12
K. This is the first UV spectrum to be recorded for a two-co-
ordinate phosphoryl compound. INDO/S-CI computations'®
suggest that the transient bands are due to transitions of = — =*
nature; a more detailed analysis of the spectrum is in progress.

We have also observed the 3P NMR spectrum of phosphenite
3. This was accomplished by condensing the gases from the
pyrolysis of trimer 2 on a vacuum line (300-350 °C, 0.1 mm) into
an NMR tube sealed on the line and chilled by liquid nitrogen,
into which ethylene dichloride had been condensed to serve later
as the solvent. The sample was thawed (about -30 °C), and the
tube was rapidly inserted in the probe of a Varian 300 MHz NMR
spectrometer. The spectrum consisted mainly of signals for the
dimer (& 176.5) and trimer (6 120.0 (d, J = 10 Hz), 127.9 (t, J
= 10 Hz), whose parameters matched those reported.** However,
a small signal (about 4-5% of total intensities) was present at §
238. It disappeared after a few hours, behavior that suggested
it could arise from the monomeric phosphenite 3. Nearly the same
3P NMR spectrum, containing the weak transient signal at 4 238,
was obtained when phosphenite 3 was generated by a different
method, the thermal fragmentation (250 °C, 0.03 mm) of the
7-phosphanorbornene derivative 6.!! Since this is the first report
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of the 3'P NMR shift of any two-coordinate phosphoryl compound,
we felt it necessary to validate our assignment by computational
methods. The simpler model PhO—P=0 was held in fixed
rotational conformations for these calculations.’? Values (£30)
calculated for the fully coplanar conformations 7 (syn) and 8 (anti)
were 6 247.9 and 4 265.0, respectively. With phenyl perpendicular
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to the plane of the O—P==0 moiety, the anti conformer had &
280.2, the syn & 258.1. If an equal contribution from all con-
formers is arbitrarily assumed, an averaged shift for phenyl
phosphenite is § 263 £ 30. The experimental value of 4 238 is
within this range, and we believe the assignment of this shift to
the more highly substituted derivative 3 is supported by the
theoretical computations.
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The racemization of enantiomerically enriched trans-2,3-di-
tert-butylcyclopropanone 1a,b in various solvents at 80 °C, de-
scribed in a pioneering paper by Greene and co-workers,! is the
only prior case in which a thermal stereomutation experiment has
been used to estimate the energy separation between a cyclo-
propanone and its corresponding oxyallyl. The authors' postulated
a disrotatory? ring opening of the cyclopropanone to a planar
oxyallyl intermediate or transition state 2, in which one ferz-butyl
group would occupy a hindered position on the allylic moiety
(Scheme I).

To evaluate the stereomutation barrier in a less hindered case
and thereby provide a bridge to the simple cyclopropanones
amenable to computational study,* we have investigated the
diastereomeric spirocyclopropanones 3 and 4. Because of the
decreased hindrance in the cognate oxyallyls § and 6 (Scheme
IT) relative to that in 2, we expected AG* values for 3 and 4 to
be much lower than those for 1a,b.

Compounds 3a and 4a were obtained® in a 1.65:1 ratio from
the addition of diazomethane to the corresponding ketene, 2-
(oxomethylene)bicyclo[2.2.1]heptane. Aliquots of diethyl ether
solutions of this mixture of 3a and 4a were stored for a series of
times at several temperatures over the range 235-256 K. As
monitored by direct capillary gas chromatography, quenching with
methanol—ether gave two hemiketal products from each cyclo-
propanone, in addition to negligible amounts of Favorski esters.
The hemiketal ratio changed with time, and at 283.5 K, for
example, reached an equilibrium 3a:4a value (1/K,;) of 0.82. By
this technique (GC method), the rate constant k. for approach
to the equilibrium composition could be obtained. It corresponds
to the sum of the forward and reverse rate constants, k; and k,

(eq 1).
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The reaction also could be monitored (229-247 K) by direct
2H NMR observation (Figure 1) of 3b and 4b in a high-field
spectrometer (11.74 T, rf 500 MHz for protons), which for each
diastereomer showed only the two CD, signals. The isotopically
labeled compounds were synthesized from 2-(oxomethylene)bi-
cyclo[2.2.1]heptane and dry® diazomethane-d,.”¥ Rate and
equilibrium constants determined by the GC and NMR methods
were in agreement to within 20% and 5%, respectively.

Scheme II illustrates a hypothetical mechanism for stereo-
mutation via oxyallyls § and 6. The phenomenological rate
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Figure 1. *H NMR spectra showing the equilibration of 3b (outer pair
of peaks) and 4b (inner pair). Each spectrum spans the range 1.8-0.9
ppm.
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constant for the forward reaction 3 — 4 can be defined in terms
of the forward rate constants for the two component pathways
as k; = ks + k¢ Although the present experiments do not permit
a separation of ks and kg, the minimum value for the faster of
the two is k;/2. Whether the oxyallyls § and 6 are assumed to
be transition states or metastable intermediates,” the maximum
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value of the free energy separation at 246.6 K between the reactant
cyclopropanone 3 and the oxyallyl on the favored pathway for its
stereomutation is AG* = -RT[In (k;/2) - In (RT/Nh)] < 19.1
kcal/mol in diethyl ether (NMR method). The present finding
that cyclopropanone—oxyallyl interconversion can occur at low
temperature carries mechanistic implications for the nature of the
intermediates in the Favorski rearrangement.'®

We have found a strong solvent dependence of the rate of
stereomutation. Anticipating the completion of a detailed study,
we offer here comparative half-lives for the k.4 process of about
80 min at 244 K in diethyl ether and at 195 K in dichloromethane.

Arrhenius activation parameters (values by GC and NMR
methods) for the equation log k; = log 4 - (E,/2.3RT) in diethyl
ether were E, = 16.3 = 1.3 and 15.3 £ 1.4 kcal/mol and log A4
=104+ 1.4and 9.6 £ 1.4 (4ins™). The origin of the low 4
value is under study.

At 353 K, AG* for the stereomutation of trans-2,3-di-tert-
butylcyclopropanone, 27.4-29.2 kcal/mol in five solvents,'!! is
7-9 kcal/mol greater than that for 3. Differences in the structure
and position of the substituents may contribute electronic and/or
bond angle strain components to this increment, but it seems likely
that the dominant factor is steric strain in the transition state.
The putatively disrotatory thermal ring opening creates a large
1,3-allylic interaction in the oxyallyl of the di-tert-butyl system.

The present experiments thus suggest that the barrier for
opening of a relatively unhindered dialkylcyclopropanone is re-
markably low. Its magnitude provides a calibration point for
future theoretical studies.
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MacFormula, Version 3.11. JED Software: 3857 MacGregor Common,
Livermore, California 94550. List Price: $29.00 plus $3.00 shipping in
US, $5.00 foreign. (Upgrade from prior versions available by returning
disk with $3.00 for shipping and handling.)

MacFormula is a very simple program for the Macintosh for calcu-
lating molecular weights, stoichiometry, and elemental analysis data.

Once one gets past the title screen, the main window is shown. It has
exactly two boxes to enter data. The first is for any molecular formula.
The box is highlighted with the message “Enter Formula Here” at the
start. One types any formula, using element symbols and numbers
(which are not subscripted). Then clicking in the second box (or using
the tab key, a useful feature for mouse phobes) lets one enter a number
of milligrams. The average mass, the exact mass, and the number of
millimoles are displayed, as well as percentage composition of each ele-

ment present. If one clicks on the word “milligrams” it toggles to mil-
limoles. One has to click on the “calculate” button or hit “Enter” to get
the new calculation.

Data for the entire periodic table are programmed in, and one can
enter some user-chosen values (i.e. for isotopes). Extra molecular frag-
ments (such as waters of hydration) and fractional molecular formulas
can also be accommodated and common abbreviations for molecular
fragments, such as Ph = phenyl, can be used. The entire dictionary of
elements and fragments that are recognized can be printed to a printer
(it would be useful to be able to print them on screen also).

MacFormula runs on any Macintosh and can be run in the back-
ground with system 7. It is a simple but very useful program, especially
to have on a computer in the lab.

John N. Marx, Texas Tech University



