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Letters
Ring opening of 2,3-epoxy phenyl ketones upon reaction
with nitric oxide
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Abstract—Epoxide rings of 2,3-epoxy phenyl ketones were cleaved by nitric oxide, affording regioselectively the C-3 ring-opened
products, erythro-a-hydroxyl nitrates (2), in a highly syn-selective manner (isolated yield of the erythro products up to 91%).
Products were identified by NMR, MS, and X-ray crystallography. The reaction is assumed to be initiated by NO2, unlike a
nucleophilic attack.
� 2003 Elsevier Ltd. All rights reserved.
The biological actions of nitric oxide (NO)1 have led to
large quantities of review papers on its important roles
in biology.2 Yet, its chemistry researches began just
recently. It has been known that NO is able to react with
various organic compounds such as olefins,3 imines,4

amines,5 amides,6 oximes,7 arylhydrazines,8 etc. How-
ever, to the best of our knowledge, no papers have been
reported for the reaction of NO with epoxides.

Epoxides (oxiranes), due to their ease of formation and
ready reactivity toward nucleophiles, are important
starting materials and intermediates in organic synthe-
sis.9 Among the reports of epoxides, many of those are
involved in the ring opening reactions.10 Most of the
nucleophilic ring opening reactions proceed via an SN2-
like mechanism and afford the corresponding trans-a-
Nu alcohols. The reactivity of the three-membered ring
lets us believe that the epoxide cleavage may take place
by attack of a reagent such as NO other than powerful
nucleophiles such as water, hydroxide, HX, etc. Our
great interest in NO stimulated us to the investigation of
epoxide ring openings upon reaction with it.

We led NO gas to react directly with 2,3-epoxy phenyl
ketones (1) at ambient temperature in CH2Cl2. In a
typical procedure, 1a (1mmol, 276mg) was dissolved in
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15ML of dry CH2Cl2. NO was carried by argon and
purified by passing it through a series of scrubbing flasks
containing 4M NaOH, distilled water, and CaCl2 in this
order. The purified NO was then bubbled through the
stock solution, stirred at room temperature for ca. 15 h.
After completion of the reaction, as observed by TLC,
the mixture was concentrated in vacuo and purified by
column chromatography on silica gel (200–300 mesh,
ethyl acetate–petroleum ether), recrystallized from ethyl
acetate, yielding the colorless crystal 2a (306mg, 91%).
It was identified by 1H and 13C NMR, MS, HRMS, IR,
and X-ray crystallography diffraction.11 Its X-ray crys-
tallographic structure is shown in Figure 1 (the deposi-
tion number: CCDC-220320). It is clearly shown that 2a
is a C-3 ring-opened product and an erythro-a-hydroxyl
nitrate (Scheme 1). The specific rotation of 2a was
detected to be zero, which indicated that 2a was a 1:1
Figure 1. Molecular structure of 2a.
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Table 1. Ring opening of 2,3-epoxy phenyl ketones by NO in CH2Cl2

Entry R1 R2 T a (h) Yieldb (%)

1a p-Cl–Ph p-F–Ph 15 91

1b Ph Ph 14 85

1c p-Cl–Ph Ph 13 86

1d Ph p-F–Ph 14 84

1e p-Me–Ph Ph 13 88

1f Ph p-MeO–Ph 12 84

1g m-NO2–Ph Ph 19 68

aThe reaction time.
b Isolated yields of the erythro products after column chromatography.

1566 Z. Liu et al. / Tetrahedron Letters 45 (2004) 1565–1566
racemic mixture of two enantiomers: (2S,3R)- and
(2R,3S)-2a. We would like to claim that we did not
isolate the threo products because of their rare yield. All
other erythro-a-hydroxyl nitrates (2) were also obtained
in good yield (Table 1). Two important issues on the
regiochemistry could be approached from product
structures: (1) the two newly produced functions (OH
and ONO2) lie in the cis rather than the normal trans; (2)
there was a high selectivity for C-3 opening.

No reaction occurred when the system was absolutely
protected from air. As known, traces of oxygen oxidizes
NO to nitrogen dioxide (NO2).

12;13 It leads us to assume
that the ring opening reactions under consideration are
initiated most likely by NO2, unlike the common
nucleophilc ring openings, because NO is not an effec-
tive nucleophile from its canonical forms:

N O N O N O N O....+ +
_ _

Now we try our best to research the mechanism of this
novel reaction. To explore the reaction nature, we are
presently studying the NO assisted openings of the 2,3-
epoxy phenyl ketones in which the substituents on the
2,3-epoxy phenyl ketone moiety are various alkyl
groups.
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