tion leading to the rapid CO; exchange (eq 1). If this is in-
deed the case!! the facile reversible formation and cleavage
of M-N, M-0, and C-N bonds in eq 1 is truly remarkable
and has an obvious parallel in the facile reversible forma-
tion and rupture of M-H, M-C, and C-H bonds which
forms the basis for most catalytic processes involving transi-
tion metals and hydrocarbons.!?

The generality of CO; exchange reactions involving
M(O2CNMe,),, where M = an early transition metal, has
now been established,? and kinetic studies of these reactions
are currently in progress.
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(6

Electron Affinities of Alkoxy Radicals and the Bond
Dissociation Energies in Aliphatic Alcohols

Sir:

One of the fundamental properties of a gas phase radical
is its adiabatic electron affinity. EA values are important
because of their utility in structure-stability correlations,!-3
and their knowledge is required!® for thermodynamic cy-
cles, e.g.

ROH — RO- + H*
AH° = DH°(RO-H) — EA(RO") + IP(H) (1)
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Figure 1. Relative photodetachment cross section for rert-butoxide
anjon in the energy range 1.82-3.0 eV. An average of three indepen-
dently normalized runs is shown, resolution 23.8 nm (full width half
maximum), maximum fractional signal decrease of 8% at 400 nm. The
arrow indicates the threshold required to yield a hydroxyl bond
strength for tert-butyl alcohol of 104 keal/mol.

Recently, photodetachment experiments on small poly-
atomic anions have been shown to provide reliable limiting
EA estimates3-5 through the determination of the thresh-
olds for

A+ hw— A + e

In this communication, we present results of photode-
tachment experiments for RO~ (R = CHj, 1-C4Hy, neo-
CsHi1). These results are particularly important in that
they establish the applicability of the technique to larger
and more complex ions. We draw attention here to the im-
plications of these data to O-H bond energies in aliphatic
alcohols. This is accomplished by utilizing the ionic equilib-
ria measurements of Mclver and Miller,® eq 2 (AH =HF,
R’OH, RC=CH).

ROH + A- == RO~ + AH
AH? = DH°(RO-H) + EA(A:) — DH°(AH) — EA(A:) (2)

Application of such cycles would provide an important al-
ternative to other methods, particularly thermochemical ki-
netics.’-!1

Alkoxide anions were generated in a Varian V-5900 ICR
spectrometer by 1 eV electron impact on dimethyl (and di-
methyl-ds) peroxide; 8 or 12 eV electron impact on tert-
butyl alcohol and its deuterated analog. Neopentoxide an-
ions were produced via proton transfer from the alcohol to
fluoride ion (from NFj3). Ion ejection and kinetic experi-
ments showed that this reaction is practically encounter
controlled and thus cannot be appreciably endothermic (k
= (2.2 £ 0.4) X 10719 ¢cm3 molecule~! sec™!); the corre-
sponding reaction of tert-butyl alcohol + F~ (k = (0.9 £
0.2) X 10-1° ¢m3? molecule=?! sec™!) could be driven by
reactant irradiation to produce additional tert-butoxide
anion. This independently establishes the relative acidity
order, neopenty! alcohol 2 HF > rert-butyl alcohol, ob-
served by Mclver.® This order is critical to the discussion
that follows.

Relative photodetachment cross sections and threshold
energies were determined by methods previously de-
scribed.#5 Extrapolation of the linearly rising portion of
the curve to zero cross section {Figure 1) gives!? EA(CHj;-
O < 36.7 + 09, EA(:-C4HsO) < 43,1 + 1.0, and
EA(neo-CsH;;0+) < 44.5 + 1.4 kcal/mol (thresholds at
779.6, 663.0, and 640.5 nm). Alternative onset values ob-
tained by subtracting the band width (23.8 nm) from the
apparent threshold gave 776.2, 657.0, and 637.0 nm respec-
tively, indicating that the data are adequately represented
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by a straight line convoluted by a triangular slit function.*
An error estimate of £20 nm is based on uncertainties in
threshold location, monochromator calibration, and convo-
lution. For reasons similar to those outlined previously,3-3
we think these thresholds correspond to good upper limit es-
timates of EA’s.

Using Mclver’s DH® — EA values and our EA’s, we cal-
culate the RO-H bond energies for methanol, terz-butyl al-
cohol, and neopentyl alcohol as 101.2 £ 1.2, 102.2 £ 1.2,
and 102.3 £ 1.5 kcal/mol, respectively. These numbers are
within experimental error of the “best” gas kinetic values,!!
although they are systematically lower by about 2 kcal/
mol.

Provided the anion is in its ground vibronic state, the
photodetachment threshold represents an upper limit to the
EA3-5 and correspondingly an upper limit to DH®. How-
ever, vibrationally excited anions which photodetach with
Av < 0 would result in an apparent EA which was low. A
number of factors suggest this is not happening in our ex-
periments. First, the ions were formed by processes which
are only slightly exothermic. In addition, hot bands have
not previously been observed in ICR photodetachment ex-
periments, presumably due to the long (=1 sec) trapping
times which allow radiative relaxation and thermalizing
collisions to occur. Furthermore, although formed by differ-
ent processes, each of the three anions studied has this same
2 kecal/mol discrepancy, and thus vibrational excitation
would have to have been present to the same extent in each
anion. Finally, Franck-Condon factors estimated from cal-
culated geometries!® suggest that diagonal transitions
should be much stronger than nondiagonal transitions.
Thus, even if the v = 1 state is appreciably populated, the 1
— 0 transition would be weak. Consistent with a 0 — 0
threshold we observe no shift for CD;0~.

Bond energies for aliphatic alcohols have been deter-
mined via pyrolyses of alkyl peroxides, nitrites, and ni-
trates,’-!! with the usual assumption of zero barrier for rad-
ical recombination.!* These results are internally consistent
and have no obvious source of error. The systematic dis-
crepancy (Figure 1) of 2 kcal/mol appears to be well out-
side of our experimental uncertainty and suggests that one
of the more fundamental quantities used in the analyses
may be in error.

In summary, we believe that the determination of DH® in
complex molecules via these cycles is a viable alternative to
other methods.!S The apparent small discrepancy is more
likely to be a result of errors in other basic data than a re-
sult of direct experimental error or unwarranted assump-
tions.
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Enantioselective Oxirane Synthesis by Means of
Dimethylsulfonium Methylide and Chiral
Phase-Transfer Catalysts

Sir:

We wish to report a novel type of asymmetric synthesis!
of 2-phenyloxirane from benzaldehyde and the achiral Co-
rey’s ylide in the presence of an optically active, §-oxido
quarternary ammonium zwitterion, V, as a catalyst.23

In a standard experiment benzaldehyde (283 mg, 2.68
mmol) dissolved in dichloromethane (1.5 ml) was added
dropwise with stirring to a mixture of trimethylsulfonium
iodide (612 mg, 3.00 mmol), 50% aqueous sodium hydrox-
ide (1.8 g of NaOH in 1.8 ml of water) and (—)-N,N-di-
methylephedrinium bromide (Ia)* (41.1 mg, 0.15 mmol) at
38° under nitrogen atmosphere. After 48 hr at this temper-
ature’ work-up and preparative TLC (silica gel, n-hexane:
ether 10:1, R; 0.5) gave a single product, 2-phenyloxirane
(240 mg, 77%), [«]?°D +4.36° (c 5.28, acetone),® 67% en-
antiomeric excess (R predominating).t® Use of the higher
homologous R groups in I resulted in a slight increase of the
chemical yield and a less effective asymmetric induction
(the added quaternary ammonium salt,” chemical yield (%),
[@]®D (c), enantiomeric excess (%)): Ib, 81, +4.15° (10.1),
52;52 Ic, 66, +4.87° (8.21), 61;%2 Id, 83, +3.91° (3.86),
47.6° In the presence of the (—) quaternary ammonium
salts of y-ephedrine®® (II) the opposite direction of the
asymmetric induction (S predominating) has been observed
(ammonium salt, chemical yield (%), [«])?*°D (c), enantiom-
eric excess (%)): Ila, 71, —2.64° (3.63), 40:%® IIb, 65,
—1.64° (3.29), 25.° Thus the configuration of the carbon
atom bearing the ammonium group is apparently responsi-
ble for the direction. The role of the hydroxyl group in I and
II, however, cannot be overlooked, as the following experi-
ments show. The catalysis of the chiral ammonium salts, IT]
and IV 10 gave 2-phenyloxirane in 67 and 72% yields, re-
spectively, without any trace of optical rotation.

I\I’Ie I\I/Ie Me
L+ + L+
HeC-aNMe,R RMe,Nw=—(C —a}{ H wC-aNMe,Et
H>Q<OH H>(IZ<OH H>Q<Y
Ph  Br Ph B Ph  Br
Ia, R=Me IIa, R =Me IILY=H
b, R=Et b, R=Et IV, Y = OMe
¢, R=n-"Pr
d. R=n-Bu

These observations suggest that zwitterionic species such
as V and VI in the organic phase should account for the in-
duction, which originates from the dipole-dipole interaction
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