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extended conjugation of the a,8-unsaturated ketone on
dehydration to a A*5-7-one.

At that point structures I and II appeared to be the
most plausible ones which accommodate all the facts
discussed above (the methyl group positions and the
stereochemistry being based on biogenetic analogies).
The facile rearrangement leading to the formation of
fragment a would be sterically possible in the case of
structure II since it could take place after opening of
the lactone ring. The abundant C;Hy;;0; ion (m/e 127)
in the tetrahydro derivative favored II because in this

HO 0 HO
I I

case cleavage of the C-22,C-23 bond produces a
positive charge next to oxygen rather than an unstabil-
ized primary carbonium ion.

CO.CH;

HO 0]
I

As a mass spectrometric model the ester III was
prepared,® and the spectrum was found to correspond
surprisingly close to that of antheridiol in the region
below m/e 400, in terms of both abundance and ele-
mental composition of the ions. The region between
mass 300 and 400 reflected the presence of an additional
CH,O (COOCH; vs. CHO) in III as compared with
fragment a. The few abundant low-mass ions present
in the spectrum of antheridiol and absent in III are
due to fragments (b and b — CH;) derived from the
side chain, i.e., mf/e 126 (C;H;00;) and 111 (CsH;Oy).
The close similarity of the mass spectrum of antheridiol
and compound III confirms the identity of the kind and
position of substituents in the steroid nucleus of both
compounds.

The nmr spectrum of antheridiol, determined (4 mg in
CDCl,-CD;0D, 4:1) when more and purer material
had become available, confirmed the choice of II for the
structure of this compound. This spectrum shows two
olefinic protons (at 5.69 and 5.77 ppm), the C-18 and
C-19 methyl groups at 0.70 and 1.20 ppm, and C-26
and C-27 methyl groups (or vice versa) as doublets
centered at 1.17 and 1.22 (spacing of 7 Hz). The C-21
methyl group is hidden under the complex multiplet
caused by the C-19, C-26, and C-27 methyl groups. In
addition the single proton on C-22 is a broad doublet
at 3.60 ppm (specing of 8 Hz) coupled with the single
proton on C-23 at 4.94 ppm (confirmed by spin-
decoupling experiments).

(5) Prepared by CrOs—~HOACc oxidation at 60° of the methyl ester of
33-acetoxybisnor-5-cholenic acid, followed by EtOH-K2CO3s hydrolysis;
mp 184-186°, Apmax 237 mu (e 1.33 X 104), and vmax 3570, 1724, and 1672
cm~L

In recent years, the isolation of a small number of
hormones controlling sexual reproduction in fungi has
been reported® and the characterization of one, sirenin,
has just been accomplished.” Antheridiol is of partic-
ular interest since, if the proposed structure is correct, it
is the first steroidal sex hormone to be recognized in the
plant kingdom. It differs from mammalian sex hor-
mones particularly in that it has a much longer side
chain attached at C-17.

The proposed structure II for antheridiol must be
considered as tentative until availability of this com-
pound permits accumulation of further experimental
evidence. The synthesis of structure II would be the
most direct way to prove the structure of antheridiol
since the isolation of this hormone in any quantity is
difficult to achieve,
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Gas-Phase Acidities of Carbon Acids
Sir:

Extensive studies of acidities of carbon acids have
been reported for a number of solvent systems.! The
problem of solvent medium effects makes interpretation
difficult in some cases, so that it is desirable to under-
take gas-phase studies not only to obtain intrinsic
acidities but also to analyze solvent and counterion
phenomena.? We wish to report some preliminary
studies of gas-phase proton-transfer reactions of carbon
acids and carbanionic bases, work which allows us to
obtain relative gas-phase acidities. Making use of ion
cyclotron resonance (ICR) spectroscopy, we have
found the acidities: acetylacetone > acetyl cyanide >
hydrogen cyanide. This work constitutes the first
direct measurement of relative acidities of neutral com-
pounds in the gas phase, and the technique is clearly
applicable to studying a wide range of compounds.

The utility of ICR for studying ion-molecule reac-
tions has been shown previously.® The detection of
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ions is based on the resonance principle that an ion
orbiting in a magnetic field at a frequency characteristic
of its mass:charge ratio can absorb energy from an
alternating electric field Ei(f) if the frequency of Ei(r)
equals the cyclotron frequency of the ion. By operat-
ing at a fixed observing frequency for Ey(#), a mass
spectrum is obtained by sweeping the magnetic field.
A highly specific double-resonance technique provides
a means of determining whether two ions of different
mass, even in a complex mixture of ions and neutrals,
are coupled chemically, Experimentally this is
achieved by observing changes in the signal intensity of
a product ion upon irradiation of a reactant ion with a
second radiofrequency electric field, Ex(#), applied at
the cyclotron frequency of the reactant ion. The re-
sulting increase in kinetic energy of the reactant ion,
in turn, changes the rate constants for reactions which
it is undergoing, thus accounting for changes in product
ion intensity.

The single-resonance negative ion spectrum® of
acetyl cyanide obtained with an ionizing electron energy
of 2.2 eV (uncor) and at a low pressure (<10~¢ torr),
where essentially no ion-neutral collisions occur, con-
tains only one peak at mje 26 (CN-). For this low
electron energy, the production of CN— is probably the
dissociative resonance capture process,” eq 1. As the
pressure is increased, an M — 1 peak appears at m/e 68

(¢}

o
\ I
CHaéCN + e~ —> CH;C- + CN- 6))

("CH;COCN) and increases relative to the mfe 26
peak until its intensity is greater than that of the m/e 26
peak. When a pulsed double-resonance® experiment
is carried out at a pressure where the signal intensities
of the m/e 26 and 68 peaks are comparable, irradiation
of the mfe 26 peak (radiofrequency amplitude 0.044
V)*® results in a decrease in the m/e 68 ion intensity.
This decrease is consistent with an exothermic ion-
molecule reaction whose specific rate constant de-
creases with increasing reactant kinetic energy, typical
of exothermic ion-molecule reactions observed thus
far” The relative intensity behavior of the mje 26
and 68 peaks with changes in pressure and the double-
resonance result give direct evidence for the proton-
transfer reaction, eq 2.

o)
I l
CH,CCN + CN- —> ‘CHZECN + HCN 2

A 1:1 mixture of acetyl cyanide and hydrogen cyanide
under similar conditions gives identical results. Inaddi-
tion, no proton transfer can be observed from HCN to

(4) (a) Spectra were obtained using a Varian V-5900 ICR spectrom-
eter which has been described along with modifications for double
resonance. See ref 3b-d. (b) Peak-to-peak voltage was measured ex-
ternally at the input to the reaction cell.

(5) C. E. Melton in “Mass Spectrometry of Organic Ions,” F. W.
McLafferty, Ed., Academic Press, New York, N. Y., 1963, p 163.
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—~CH.COCN, which suggests that this reverse reaction
is endothermic.® Thus, CN— has a greater proton
affinity than —~CH.COCN; i.e., acetyl cyanide is a
stronger acid than HCN in the gas phase.

The single-resonance spectrum of a 1:1 mixture of
acetyl cyanide and acetylacetone (2.2 eV, uncor) con-
tains only the peak for CN— at low pressure. At higher
pressures, an M — 1 peak for acetylacetone (Ac,CH™)
at mfe 99 appears, as well as "CH,COCN at m/fe 68.
Irradiation of ~CN and ~CH,COCN results in a de-
crease in the intensity of Ac,CH-, but irradiation of
Ac;CH- produces no change in the intensity of ~CH,-
COCN. From these results the order of gas-phase
acidity, Ac;CH, > AcCN > HCN, is obtained.

The proton transfer observed from acetylacetone
probably involves the enol, since in the gas phase >90%;
acetylacetone exists in this form.? Since the enol is
thermodynamically more stable, it must be less acidic
than the ketone; thus the order of the carbon acidities
is maintained irrespective of whether the enol or keto
tautomer of acetylacetone is transferring a proton.

The pK, of acetylacetone is 9.0 and that of hydrogen
cyanide!! is 9.2 in aqueous medium. Thus, the gas-
phase and solution acidities of Ac;CH, and HCN fall in
the same order, although a priori one could not have
predicted this result.

Similar experiments show that toluene is a stronger
acid than water and that both of these are weaker than
HCN. Thus, we should eventually be able to generate
a scale of relative gas-phase acidities. These studies
are nOw in progress.
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Backside Attack on ‘“Bent’’ ¢ Bonds
Sir:

Recently, we conclusively demonstrated that the
addition of electron-deficient olefins and acetylenes to

bicyclo[2.1.0]pentane occurred via the formation of a
diradical intermediate.! It was suggested that this
(1) P. G. Gassman, K. T. Mansfield, and T. J. Murphy, J. Am. Chem.

Soc., 90, 4746 (1968); see also W, R. Roth and M. Martin, Tetrahedron
Letters, 4695 (1967).
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