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We report a method (low-temperature fast atom bombard-
ment mass spectrometry, LT-FAB/MS) that greatly aids in
characterizing intermediate 2-methyl-2-pentene episulfox-
ides (1A and 1B, Scheme 1) that are too unstable to isolate.
We have had the long-term goal of studying intermediates
in the 1O2-ene reaction.1,2 Compounds 1A and 1B have
structures analogous to the hypothetical perepoxide (2).3 The
stabilities of episulfoxides vary widely;4 for example, isobutene
episulfoxide (3) decomposes exothermically at room temper-
ature,5 while under similar conditions adamantylideneada-
mantane episulfoxide (4) is stable for several days (Scheme
1).6 This difference probably arises from the position and
availability of the “allylic” H’s. Since 3 contains â-hydrogens
syn to the S-O bond, the ene reaction (intramolecular
H-abstraction) is facile. Since the â-hydrogens in 4 are not
available for abstraction (Bredt’s rule),7 the ene reaction does
not occur; instead, dissociation of SO occurs at elevated
temperatures.8

In the present work, we focus on the isomeric episulfoxides
1A and 1B. Both are unstable above -50 °C but could be
characterized using low-temperature (LT) FAB/MS and 13C
NMR. LT-FAB/MS has been reported only twice previously
for the identification of unstable intermediates in organic
chemistry: in 1993, an endoperoxide derived from reaction
of a guanosine derivative with 1O2 was detected at -78 °C,9a

and in 1998, an oxaphosphetane from a Wittig reaction was
detected at ca. -40 °C.9b Similar low-temperature methods
have been used by Kosevich,10a Field,10b and Falick11 to study
questions related to mass spectrometry but not to detect
unstable intermediates in organic chemistry.

2-Methyl-2-pentene episulfide (5), synthesized in 60%
yield by the Takido method,12 reacted with equimolar
concentrations of dimethyldioxirane (DMD, 0.05 M) in
acetone/CD2Cl2 at -78 °C to give a mixture of 1A and 1B.
This mixture was characterized by LT-FAB/MS and 13C
NMR spectroscopy. Approximately 4 µL of glycerol matrix
was placed on the tip of the stainless steel FAB probe. The
probe tip was immersed in dry ice/acetone (-78 °C) for 2-3
min, and then 3 µL of the cold DMD-5 reaction mixture was
placed on the frozen matrix/probe and the unit was im-
mediately loaded into the source chamber and bombarded
with xenon atoms or cesium ions.13 The low-resolution mass
spectrum (R ) 500, mass error ) +0.11 amu) revealed peaks
corresponding to the matrix (glycerolnH+, m/z observed 93.16
(n ) 1), calcd 93.055; m/z obsd 185.21 (n ) 2), calcd185.1025)
and 1A,B (m/z observed 133.00 [M + H]+, calcd 133.0687)
(Figure 1A). The high-resolution measurement (R ) 3000,
mass error ) 3.7 ppm) was conducted with m-nitrobenzyl
alcohol as the matrix, cesium as the bombarding ion, and
leucine and glutamine as calibrants, with experimental
conditions otherwise identical to those above. The spectrum
revealed well-separated peaks corresponding to leucine
(calcd [M + H]+ 132.1025), cesium (m/z obsd 132.9039, calcd
132.9054), 1A,B (m/z obsd 133.0692 [M + H]+, calcd
133.0687), and glutamine (calcd [M + H]+ 147.0770) (Figure
1B). This technique provides mass identification for 1A,B
but gives no information about structure or stereochemistry.

The following NMR experiments establish the structure
and stereochemical assignments for 1A,B and verify the
FAB/MS results. In previous studies, 1H NMR spectroscopy
has been used to make stereochemical assignments for
episulfoxides.14 For example, for the oxidation of trans-
butene episulfide to episulfoxide, methyl H’s are assigned
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as anti and syn to the S-O shift upfield (0.17 ppm) and
downfield (0.20 ppm), respectively, relative to the episul-
fide.14,15 A better way to establish the stereochemical as-
signments compares experimental (-78 °C) and computed
13C NMR values. The experimental 13C spectrum shows that
the peak sizes of the isomers are different; thus, the anti-
and syn-stereochemical assignments for 1A and 1B (7:3) are
readily made by correlation with the computed gas phase
13C NMR values using density function methods. Calcula-
tions performed at the GIAO-B3LYP/6-31+G* level16 on
B3LYP/6-31G*17,18 optimized geometries of 1A,B give rela-
tive δ13C values in excellent agreement with the experimen-
tal values (Table 1).19 The root mean square error between

experiment and theory is less than 2.6 ppm. Minima were
located for “in” and “out” rotamers of 1A and 1B representing

rotational conformers around the C-C bond of -CH2CH3;
however, calculated relative energies indicate that the out
rotamers are more stable (by 0.4 kcal/mol for 1A and 0.9
kcal/mol for 1B).20 Separate resonances for the rotamers are
not observed in the -78 °C 13C spectra, and the δ13Ccalc
values are weighted averages of the theoretical contributions
of the two conformations.

The experimental and theoretical 13C shift data are fully
consistent with the structures of 1A,B and confirm the LT-
FAB/MS results. In summary, LT-FAB mass spectrometry
is practical for the detection of 1A,B despite their instability
above -50 °C. We believe that the LT-FAB technique has
promise as a general method for determining masses of
unstable intermediates.
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Table 1. Experimental and GIAO-B3LYP Theoretical Isotropic 13C Chemical Shifts

Figure 1. (A) Positive-ion LT-FAB (low-resolution) mass spec-
trum. (B) Positive-ion LT-FAB (high-resolution) mass spectrum.
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