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to the preparation of enantiomerically pure acyclic diol ketones
has been less successful. 18!
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(17) A remote sulfoxide group has been found to control the stereospecific
hydroxylation at an olefinic center by osmium tetroxide. Hauser, F. M.;
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The assignment of carbon-13 NMR spectra of polyols in general
and carbohydrates in particular is greatly facilitated by the
characteristic multiplets in the proton-decoupled spectra of Me,SO
solutions of materials with partially deuterated hydroxyls.I™*
These multiplets are due to upfield deuterium isotope effects on
the carbon-13 chemical shifts: 0.09-0.12 ppm for directly bonded
hydroxyls (8-effect, Az) and 0.07 ppm or less for hydroxyls on
vicinal carbons (y-effect, A,).'®  Thus, if only part of the
molecules are deuterated, the resonance of a hydroxylated carbon
will be split into a doublet with a spacing of Ag. In partially
deuterated vicinal diols, the 13°C NMR spectral line of each hy-
droxylated carbon appears as a quartet (with components cor-
responding to the HH, HD, DH, and DD species) with spacings
of Agand A,. Up to eight components (octet) can be observed
for a hydroxylated carbon flanked by two hydroxylated carbons.'*

This communication presents results on the dependence of the
y-effect in cyclic vicinal diol systems on the relative orientation,
cis or trans, of the hydroxyls. On the basis of this finding, one
can use the approach of isotopic multiplets for more detailed
structural interpretations as well as for spectral assignments.
Examples showing the effects of cis—trans isomerism on the
magnitude of the vy-effect, A,, are given in Table I. The data
show that in general

A, (trans) > A,(cis) 1)

Since the isotopic state (“light” or “heavy”) of a hydroxyl is
analogous to the spin state (+1/, or -1/,) of a spin !/, nucleus
in a magnetic field, there is a remarkable similarity between
isotopic multiplets and those due to spin—spin couplings.! Owing
to the cis—trans relationship of eq 1, this analogy can been carried
one step further: isotopic multiplets of vicinal hydroxylated
carbons have similar spacings. Thus, from the multiplicity and
spacings in the isotopic multiplets, one can trace the pairwise
connectivity of such atoms. Note, however, that, unlike spin—spin
interactions, the Ag and the A, values are not necessarily the same
for both carbons.

The isotopic multiplets in the '3C NMR spectra of a-L-
rhamnopyranose (1) and «-D-fucopyranose (2) with partially
deuterated hydroxyls are shown in Figure 1.7 These molecules
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Figure 1. Isotopic multiplets in the 90.55-MHz 3C NMR spectra
(resolution enhanced) of Me,SO solutions of a-L-rhamnopyranose (1)
(bottom) and a-D-fucopyranose (2) (top) with partially deuterated hy-
droxyls. The chemical shifts (in ppm from TSP) of the protio forms
(leftmost component of each multiplet): (1) 95.77, 74.15, 73.27, 72.16,
69.46, 19.79; (2) 94.26, 73.54, 71.23, 70.16, 66.84, 18.35.

form an interesting pair: the configuration of each vicinal diol
fragment, as well as the configuration at carbon 5, changes from
cis to trans in going from one molecule to the other. As a result,
the resonances of the carbon atoms involved show conspicuous
differences in the A, spacings in comparing the spectrum of one
with that of the other. For C-2 of a-rhamnose (1), the isotope
effect due to the trans hydroxyl on C-1 (34 ppb) is smaller than
that (40 ppb) in a a-fucose (2), where the configuration is cis.
This anomaly, which has also been observed by Pfeffer et al.,’
seems to occur only when the anomeric carbon is part of a diaxial
array. For diequatorial trans hydroxyls in similar positions, much
larger y-effects have been observed, e.g., 67 ppb for C-2 in 3-D-
glucopyranose.!

(7) The assignment of such spectra is a fairly simple matter.!* The
acronym SIMPLE, which stands for secondary isotope multiplets of partially
labeled entities, emphasizes this point.*
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Owing to the effects of cis—trans isomerism on the value of A,,
carbon atoms in hydroxylic environments of a given configuration
give rise to characteristic multiplet features. Thus, molecular
fragments along with their stereochemistry can be readily iden-
tified. In favorable cases, there may be only one possible way
to join these fragments into a complete molecular structure. In
more complex molecules, e.g., oligosaccharides, the presence of
a molecular fragment may reveal the identity of a whole mono-
saccharide residue. Furthermore, the absence of certain multiplet
features can serve to identify the substitution pattern of a mo-
nosaccharide residue within an oligosaccharide. Thus, isotopic
multiplets should be useful in the sequencing of oligosaccharides.
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Dioxiranes (1) are isomeric with the better known carbonyl
oxides (2) one of the peroxidic intermediates involved in the

o o 0—0
N l
N N
la, R=R'=H 2
b,R=R =CI,
¢,R=Cl,; R' = CI,Cl
d,R=R' =CH

w

ozonolysis process. Dioxirane (1a), produced via ozonolysis of
ethylene, has been characterized by both mass spectral and mi-
crowave methods.! In two cases, 1b and 1¢, it has been reported*
that dioxiranes have been isolated and characterized by physical
and chemical methods. In these cases the dioxiranes were syn-
thesized by oxidation of the corresponding dilithio alkoxides.

Dioxiranes have been postulated as intermediates in two cases
involving peracids. In one of these Edwards, Curci, and co-
workers® have provided kinetic, stereochemical, and *O-labeling
evidence that the peroxymonosulfate (caroate)—acetone system
generates dimethyldioxirane (1d) as a reactive intermediate. This
intermediate undergoes facile one oxygen atom transfer reactions
including one® that produces epoxides in a high yield, stereospecific
manner. A second possible source of 1d has been described!® by
us and uses peracetic acid and acetone to produce an epoxidizing
intermediate.

We now report that the caroate-acetone system can be used
to convert arenes to arene oxides. In many cases the yields ob-
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Table I. Reaction of Arenes with Caroate-Acetone
(Dimethyldioxirane)®

reac-
tion isolated
time, product yield,
arene 7,°C  min (‘4 conversion)? e
O oo ss .
1
0-5 1.5 45
2
CH’ 365 29.5¢
3
COCH,
25 8 8
4
Q‘ 25 6 e
5
6 951 0O
0-5 2 5
7
O 25 6  NRf
8

@ Reactions used excess acetone and potassium peroxymono-
sulfate (Du Pont oxone: 2KHSO,-KHSO,K,50,)in H,0 and
CH,Cl, with phosphate buffer and PTC (tetra-n-butylammonium
hydrogen sulfate). b Percent conversions are based on NMR inte-
gration data for the crude reaction mixtures. € Products isolated
using preparative TLC. d Product was 96% pure after three re-
crystallizations. € The arene oxide consistently rearranged during
workup. " NR = no reaction.

tained suggest that this procedure may be synthetically useful
(Table I). Observation of arene oxide formation under these
conditions is highly significant in view of the suggestion! that
gas-phase ozonolyses are likely dioxirane sources and the rela-
tionship of arene oxides to mutagenesis/carcinogenesis in polycyclic
aromatic hydrocarbons (PAH).11-14

In a typical reaction a mixture of acetone (250 mL), phosphate
buffer (50 mL), methylene chloride (100 mL), tetra-n-butyl-
ammonium hydrogen sulfate (200 mg), and phenanthrene (900
mg) was stirred vigorously at 0-10 °C while a solution of po-
tassium peroxymonosulfate (Oxone (Du Pont): 2KHSO;:
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