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relative rates is meaningful only if it is absent. An unambiguous
test would require detailed isotope effect measurements as
outlined by Streitwieser.24 A simpler qualitative test used by
us in the study of sulfoxide exchanges?’ requires measurement
of the rates of dedeuteration in light methanol for comparison
with the deuteration rates. If internal return plays a significant
role, one would expect small primary isotope effects and pos-
sibly an unusual change in the relative rates of the diastereo-
topic protons. In fact, the backward exchange of Hy showed
isotope effects of the order expected for a rate-determining
proton abstraction accompanied by a solvent isotope effect of
~2.26 The reverse exchange of H, showed a smaller overall
decrease as has been observed in several exchanges of ketones.
Both Werstiuk2® and Lamaty's have confirmed the original
observations of Thomas et al.2? that the stercoselectivity is
much less in the reverse than forward (deuteration) exchange.
This effect has been attributed to reversibility during exchange
in the light solvent, a conclusion which appears qualitatively
correct.30 Thus, the relative rates of deuteration give no indi-
cation of the presence of internal return,

The only reasonable explanation for the observed 290:1 rate
ratio in the exchange of 2 is the effect of stereoelectronic
control. The stereoselectivity is in marked contrast to its vir-
tually negligible magnitude in the studies involving cyclo-
hexanones. The contrast arises not from a failure of the prin-
ciple of stereoelectronic control in the latter instance, but a
difference in the ability of the ketones to reveal its importance.
In any organic reaction involving a stereochemical effect, its
presence is usually revealed by those molecules having struc-
tural constraints which allow only certain specific conforma-
tions in the transition states. As both Valls and Tomaranoff3!
and House!© have pointed out, the reaction of a cyclohexanone
enolate can proceed by two transition states, both of which
involve perpendicular attack3? of the electrophile, and their
energy differences result from the differences in strain in the
chair and boat conformers produced therefrom. In the ex-
change of 2, the enolate involved is constrained in a twist-boat
conformation and its protonation from either side must lead
to the single product 2. This prescribed course of reaction will
require the transition states to contain some of the sp? character
of the two carbanions A and B.33 In A, maximum overlap of
the carbanion with the carbonyl occurs while, in B, overlap will
be much decreased by the near orthogonality of the sp? and =
orbitals. Thus, resonance stabilization of A will be much
greater than that of B as is reflected experimentally in the
stereoselectivity.

This effect has been predicted in a recent paper by Wolfe,
Schlegel, Csizmadia, and Bernardi.?* Using ab initio MO
calculations, they calculated A to be more stable than B by 18
kcal/mol.33 The qualitative agreement between experiment
and theory provides an indication of the real potential of
stereoelectronic control, Its influence on the rates of exchange
could, in principle, result in much larger stereoselectivities,
provided the ketone structure or its macroscopic environment36
produces the requisite geometry in Figure 1, as well as a greater
resistance to any change in geometry.
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Continuous Wave CO, Laser Induced Chemistry
of Diborane. A Thermal Reaction
Sir:
The idea of using lasers in chemical synthesis to open reac-

tion channels not accessible at thermal equilibrium is attrac-
tive. Bachmann, Noth, Rinck, and Kompa! generated con-
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Table I. Chopped and Unchopped CW-CO, Laser Irradiation of BoHe¢ Comparison at 410-Torr BaHe Initial Pressure

Chopper Intensity to sample BaHg
frequency, Laser Window  Power to sample during open time, W/  Totalrun Pentaborane BjoH;s consumed,

Run Hz power, W loss, W during open time, W cm?2 4 time,s?  yield, Torr vyield, mg® Torr
1 Open 8.6 0.6 8 12,6 660 40 7.5 178
2 Open 8.6 0.6 8 12.6 325 38 3.8 126
3 Open 8.6 0.6 8 12.6 313 38 3.9 126
4 25 8.6 0.6 8 12.6 685 11 None 22
5 38 8.6 0.6 8 12.6 660 9 None 16
6 1600 8.6 0.6 8 12.6 685 4 None 10
7 Open 4.3 0.4 3.9 6.0 660 7 None 20
8 45 12.6 0.9 11.7 18.4 685 22 0.4 64
9 4] 13.0 1.0 12.0 18.9 660 24 59
10 Open 6.6 0.5 6.1 9.6 660 28 1.2 80

a Based upon 0.9-cm beam diameter. ® When chopping, the effective irradiation time is run time multiplied by open fraction. < (BH), yields

were not determined. (BH),, was not visible when there was no BioH 4.

siderable attention in 1974 when they reported the use of a
tuned CW-COs laser to synthesize larger molecules, including
ByoH¢ (icosaborane), BjgH4 (decaborane), and BsHg
(pentaborane-9) from diborane. They reported that BagHjs,
essentially the sole reported product in 11 out of 14 experi-
ments, was produced in a chain process. Furthermore, BigH 4
and BsHy were said to have lower probability of production and
occurred in the product mixture in only 3 out of 14 experi-
ments. Since B4sH;¢ and BsH,,, normally found among the
products of B>Hg pyrolysis experiments,? were not detected
and the reaction vessel temperaturedid not increase, it was
concluded that the reactions were initiated by a controlled
vibrational excitation.

Previous studies? in our laboratory have revealed no evidence
for the production of ByoH 6 under similar conditions. A yellow
white solid was produced that has characteristics similar to
ByoH 6 (except for melting point and color). The melting point
of the hygroscopic solid was determined in a drybox in total.
It did not melt below 250 °C, whereas BsgH ¢ melts at 199 °C.
The infrared analysis of the solid was performed upon deposits
on the window after removing H», BsHg, BsH;,, BoHg, and
BioH 4. It was not required to open the cell for the analysis.
The spectrum was found to be identical with that reported by
Rinck® and is characteristic of a B-H stretch. This substance
was characterized as (BH), polymer.® It was further deter-
mined that a large number of photons were required to produce
the product molecules, especially BigH 4 (~102-104). These
large photon requirements suggested a complex and/or ther-
mal mechanism.

The present work was carried out to determine if vibra-
tionally excited molecules produced by multiple photon ab-
sorption were involved directly or if a thermal process was
taking place subsequent to vibration-translational energy
transfer from the laser excited BsHg. To make this distinction
the laser beam was chopped with a slotted wheel (2.54-cm slots,
2.85-cm teeth, 47.1% open) driven by a variable dc motor. The
procedure for preparation and analysis of samples in the cells
has been described previously.? The laser was tuned to the
(R(16), 00°1-10°0) line at 973 cm™1.

Table I compares the chopped and unchopped results at
410-Torr initial pressure. Comparing the first six listings one
notes that chopping inhibits reaction substantially under our
experimental conditions. However, the most important result
is the fact that, when the same number of photons was passed
through the system at the same power and intensity for un-
chopped (open) and chopped runs, the same result was not
produced (runs 2 and 3 vs. runs 4 and 5). This is inconsistent
with predominantly vibrationally controlled chemical pro-
cesses. The results can be interpreted in terms of a thermally
derived process in which the reaction rate is dependent upon
the temperature within the beam envelope. Using the formu-

lation of Steverding et al.” a photoabsorption cross section for
B>Hg of 3 X 10720 ¢m? derived from its infrared spectrum, and
a calculated diffusion coefficient of 1 X 1074 m2/s, we estimate
the temperature in the beam envelope to be 500 K. This esti-
mated temperature is consistent with thermally derived pro-
cesses involving diborane to produce the products found.
Comparisons of chopped runs 4-6 with unchopped ryns 7 and,
chopped runs 8 and 9 with unchopped run 10 indicates that
average intensity (or average temperature) appears to govern
the product yield.

As additional evidence we have carried out sensitized ex-
periments involving the laser irradition of SF¢ and B;Hg
mixtures. SFg (11 Torr) was added to B,Hg (400 Torr) and the
laser output was made resonant with the »3 (933 cm™!) fun-
damental of SF4 by tuning to the (P(32), 00°1-10°0) line.®
Power and intensity to the sample were maintained at 8 W and
12.6 W /cm?, respectively. The same products were found as
occurred when ByHg was illuminated directly with the R-16
(973 cm™1) line.> However, the production of (BH), was
visibly greater than in the neat ByH¢ experiments. Upon
opening the beam stop, (BH), polymer could be initially
generated in a (visibly) faster reaction than those leading to
other products. This faster reaction ceased quickly although
the beam was on. Interrupting the beam for a short time and
opening the beam stop again could generate another flurry of
polymer. No reaction was found when 400 Torr of neat B,Hg
was irradiated under these conditions. It would seem to follow
that these reactions must be thermal because a V- T transfer
is required for the energy to reach the ByHg.

The faster reaction producing (BH), under sensitized
conditions is interesting especially at these high pressures. The
same results were found at 25 Torr of ByHg with 5 Torr of SFg
using the P-20 (944.2 cm™!) line with 6.1-W power and
15.9-W /cm? intensity. The absorption cross section of SF is
several orders of magnitude greater than B,Hg and results in
total energy deposition within a few millimeters path length.
Even though it would seem a V-T transfer is required to pro-
duce this faster reaction leading to (BH),,, the nature of this
process is open to question and requires future study. High
intensity pulsed CO; laser irradiations of 50-400 Torr of neat
B,H¢ with the R-16 line have also been reported to result
predominantly in formation of the yellow white polymeric
solids in a faster reaction.?
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', Ph.D Dissertation,

Prostaglandin Endoperoxides. 6.
A Polar Transition State in the Thermal
Rearrangement of 2,3-Dioxabicyclo[2.2.1]heptane!

Sir:
Prostaglandin (PG) endoperoxides? (e.g., 1) are a branch
point in the oxidative transformation of polyunsaturated fatty

acids into a vast array of physiologically active metabolites
such as thromboxane A; (2),* PGD; (3), and PGE;_ (4).23 We
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recently reported the first nonenzymatic synthesis of bona fide,
fullycharacterized derivatives of the 2,3-dioxabicyclo[2.2.1]-
heptane heterobicyclic ring system,! and a synthesis of the
parent compound 5.'¢ A thorough examination of the chem-
istry of § was initiated to provide a basis for interpreting the
complex biochemistry of PG endoperoxides. We now report
that (a) the model endoperoxide 5 rearranges thermally to
afford 6-9; (b) the relative yields of these products are strongly

ch- =
e &

9

solvent dependent; and (¢) the rate of decomposition increases
with solvent polarity and is exceptionally rapid in protic sol-
vents. Solvent effects on the thermal reactions of 5 result pri-
marily from an extraordinary dependence of the rate of rear-
rangement to levulinaldehyde (7) on solvent polarity.
Extraordinary reactivity was postulated for PG endo-
peroxides owing to the strained bicyclic structure of their
peroxide nucleus 5. Instability at room temperature was pre-
dicted.> More recently, PG endoperoxides, prepared enzy-
matically, were isolated.? As expected, these endoperoxides
are thermally labile. In nonpolar organic solution (1:1 light
petroleum-ether), 9a,11a-epidioxy-15(S)-hydroxy-13-
trans-prostenoic acid decomposes with a half-life of 2.7 h at
20 °C. In aqueous medium, at pH 4-8, the half-life is only 30

o R R min at 20 °C.3® PG-endoperoxide-like derivatives of 5 were
\ R _a, (') also obtained nonenzymatically, by autoxidation of methyl
0 7 ¢ R linolenate, and were observed to decompose thermally with a
R? 0" "R half-life of 3.3 h at 80 °C.6
1 Thermal decomposition of § was monitored by 'H NMR
¢ 3 and GLC.” Products 7, 8, and 9 were identified by spectral and
Rt = CH==CHCH(OH)C;H.3; GLC comparison with authentic samples, prepared by reported
R:= CHQCHéCH(CHz)chOH 0 procedures.® The identity of the epoxy aldehyde (6), a new
2
+ b\ 0
R! AcOOH 1.0,/MeDH
} e _—
HO 2, Me,8 O/
4 10 6
Table I. Thermal Decomposition of 54
Reaction Reaction 12.¢ Products, mol %4

Entry solvent D? temp °C h 6 7 ) 9

A Cyclohexane 1.94 73 5.7 97 2 | 0

B CCly 2.13 73 4.1 87 10 3 0

C Benzene-dg 2.18 73 2.9 86 11 3 0

D Chlorobenzene 4.85 73 24 85 15 0 0

X CD;COOD 6.63 73 0.22 0 100 0 0

E CICD,CD,ClI 7.94 73 2.1 54 42 4 0

F 2-Butanone 14.35 73 1.5 63 35 2 0

G CD;CN 28 73 1.3 40 59 1 0

Y D,O 74 40 0.12 0 72 0 28

@ The concentration of 5 was ~0.5 M for each experiment. For entry F one run was conducted under air, another under oxygen, and a third
deoxygenated by three freeze-pump-thaw cycles. The same rate of decomposition of 5 was observed for each run. Therefore, all other experiments
were conducted under air. For entries A, X, and Y, solvents were freed of most catalytic impurities, especially metal ions, by stirring with
Na,EDTA for | week followed by a low temperature molecular distillation. Furthermore, all glassware, including I'H NMR tubes and the
receivers into which 5 was sublimed prior to use, were scrupulously cleaned with Na,Cr2O7-H2SO4 followed by NH4,OH (1 day) and Na,EDTA
(1 day), rinsed with distilled water, and dried. Omission of the Na;EDTA for solvent purification and washing of glassware did nor change
the rate observed for decomposition of 5. & Corrected for temperature. ¢ Half-life calculated from the corresponding first-order rate constants
(see Table IT). 4 Near-quantitative overall yields determined by GLC analysis with n-undecane or diglyme as internal standard.
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