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ABSTRACT

r-Acetoxynitroso compound 3 has been prepared as a new stable, isolable, and reactive dienophile in nitroso Diels−Alder reactions. The yield
of the [4 + 2] cycloaddition of r-acetoxynitroso dienophile with 1,3-dienes could be enhanced in the presence of 20 mol % Lewis acid. An
unexpected retro hetero-Michael reaction from 26 was observed, leading to the cleavage of the N−O bond of the cycloadduct. This tandem
nitroso Diels−Alder/retro hetero-Michael sequence has been used with cyclic and acyclic 1,3-dienes.

The hetero Diels-Alder reaction is a powerful transforma-
tion, allowing rapid and stereoselective access to complex
heterocyclic structures. This particular class of nitroso Diels-
Alder cycloadditions1 affords the corresponding 3,6-dihydro-
1,2-oxazine1, a valuable building block in the context of
total synthesis of natural or biologically active products. Until
very recently, this class of cycloadditions was resistant to
asymmetric catalysis despite an increasing number of reports
adressing this problem.2 In the case of acylnitroso dienophiles
2 (Scheme 1), these efforts have been hampered by the very
high reactivity of the nitroso moiety, as recently demonstrated
by time-resolved IR spectroscopy.3 Acylnitroso derivatives
2 are mostly obtained from hydroxamic acids by oxidation
with periodates,1j,4 Dess-Martin periodinane,5 or under

Swern conditions6 (Scheme 1, A). Ruthenium-,2e,g,hiridium-
,2f and copper-catalyzed2c hydrogen peroxide oxidations of
hydroxamic acids emerged recently as alternatives (Scheme
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1, B). In the presence of a conjugated diene, the intermediate
acylnitroso2 is efficiently trapped to afford the corresponding
hetero Diels-Alder adduct1. However, the use of enan-
tiopure metal complexes as oxidizing agents did not induce
asymmetry, which tends to indicate that dissociation of the
acylnitroso2 from the chiral metal complex occurs before
the [4 + 2] cycloaddition.2c,e

Less reactive nitroso dienophiles such as arylnitroso deri-
vatives could be better suited for a Lewis acid-mediated cata-
lysis in the nitroso Diels-Alder cycloaddition as pointed out
by Streith.1c Moreover, several complexes of arylnitroso with
metals have been reported in the literature.7 Disappointingly,
Lewis acids in general failed to affect the rate of the
arylnitroso cycloaddition with 1,3-cyclohexadiene, as el-
egantly demonstrated by Whiting.2c Very recently, Yamamoto2a

described the catalytic asymmetric nitroso Diels-Alder
reaction of 2-nitrosopyridine derivative in the presence of
10 mol % of a chiral copper(I) complex. Excellent yields
and enantioselectivities up to 92% ee were observed. These
results prompted us to report our own studies in this field.

We decided to address the catalytic version of the nitroso
Diels-Alder [4 + 2] cycloaddition usingR-acyloxynitroso
dienophiles8 (Scheme 2). The latter have elicited theoretical9

and pharmacological studies,10 but, to the best of our
knowledge, have never been used as dienophiles in [4+ 2]
cycloadditions. Conveniently,R-acyloxynitroso could be
synthesized by the reaction between hypervalent iodine
reagents and an oxime.11 Since a large variety of (diacy-

loxyiodo)benzenes are easily available,12 this procedure
constitutes an efficient synthesis of sterically and electroni-
cally tunableR-acyloxynitroso compounds.

For these preliminary studies, we focused our attention
on theR-acetoxynitroso dienophile3 (Scheme 2). Following
literature precedent,13 oxime 4 was prepared in three steps
from commercially available trishydroxy-methylnitromethane.
When treated with (diacetoxyiodo)-benzene in CH2Cl2 at 0
°C, oxime 4 was smoothly transformed into the desired
dienophile3 in 67% yield after chromatographic purifica-
tion.14

With a suitable preparation of3 in hand, we next examined
the cycloaddition reaction of this dienophile with 1,3-
cyclohexadiene. The background reaction was investigated
first, in the absence of any Lewis acid promoter (Table 1,
entry 1). The crude reaction mixture was very clean,
consisting of only two products, the expected bicyclic
oxazine 52j and the hydroxycarbamate6,15 after acidic
hydrolysis, neutralization, and treatment with Boc2O. To our
surprise,5 was only a minor component of the crude reaction
mixture (5/6> 2:98). This uncatalyzed reaction proved to
be unreproducible, as6 was isolated in 0-19% yields in
five different runs. Screening of various achiral Lewis acids
revealed that Mg(OTf)2, Cu(OTf)2, and CrCl3 were able to
increase the yield of this sequence, allowing access to6 in
41% isolated yield over three steps (74% average per step,
Table 1, entries 2-4).16,17

The unexpected N-O bond cleavage leading to the
hydroxycarbamate6 is very interesting from a synthetic point
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Scheme 1. Literature Precedent Addressing the (Asymmetric)
Catalytic Nitroso Diels-Alder [4+ 2] Cycloaddition2a-c,h

Scheme 2. Synthesis of theR-Acetoxynitroso Dienophile3

Table 1. [4 + 2] Cycloaddition of Heterodienophile3 with
1,3-Cyclohexadiene in the Presence of Various Lewis Acids

entry Lewis acid 5/6a yield (three steps, %)b

1 none 2/98 14
2 Mg(OTf)2 2/98 41
3 CrCl3 2/98 41
4 Cu(OTf)2 2/98 41

a Ratio determined by integration of the crude1H NMR spectra and/or
by GC calibrated toward an internal standard (butylphthalate).b Isolated
yield.
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of view since it avoids the use of toxic and expensive
reagents such as Mo(CO)6

18 or Na(Hg) amalgam,19 which
are tradionally used to achieve the N-O bond scission of
the cycloadducts. The formation of6 could be tentatively
explained (Scheme 3). Compounds7 and8 arise from the
[4 + 2] cycloaddition of R-acetoxynitroso3 and 1,3-
cyclohexadiene and are thought to be in equilibrium. Acidic
hydrolysis of the acetonide moiety could lead to the 1,3-
diol 9, which could equilibrate to the corresponding enaminol
10. Retro hetero-Michael reaction of10 followed by hy-
drolysis of the resulting imine and protection of the amino
moiety as atert-butylcarbamate could then lead to the
observed product6. Support for this mechanism comes from
the isolation of traces of compound12, a byproduct of the
reaction. The stereochemistry of12 has been determined by
extensive multinuclear two-dimensional NMR experiments.20

Furthermore, when the hydrolysis of the reaction mixture
(7/8) was conducted with 20% aqueous NaOH solution,
hydroxycarbamate6 was isolated in less than 3% yield,
which supported the fact that the N-O bond cleavage is
initiated by deprotection of the acetonide moiety of7/8.

This nitroso Diels-Alder/retro hetero-Michael sequence
has been applied to cyclic and acyclic 1,3-dienes (13, 15,
17, and19, Scheme 4). Clean conversion to the correspond-
ing hydroxycarbamates (14, 16, 18, and20) was observed
in moderate yield over three steps.

R-Acetoxynitroso is expected to be less reactive than
acylnitroso2.1 On the basis of the coordination chemistry
of C-nitroso compounds,7 we anticipate that the presence of

a Lewis acid would lead to the more common N-binding
mode. Moreover, the presence of an ester moiety in the
R-position should favor the formation of a six-membered
chelate21 (Scheme 5). Studies to clarifiy the role of the

Lewis acid in this nitroso Diels-Alder/retro hetero-Michael
sequence are in progress.

In conclusion, we have disclosed the use ofR-acetoxyni-
troso as a new class of heterodienophile for the nitroso
Diels-Alder reaction. The yield of this [4+ 2] cycloaddition
with electron-rich 1,3-dienes could be enhanced in the
presence of a catalytic amount of Lewis acid. An unexpected
N-O bond cleveage was observed during this study, leading
to synthetically useful amino alcohol derivatives. Extension
of this preliminary work to an asymmetric catalytic version
of the nitroso Diels-Alder is in progress in our laboratory.
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Scheme 3. Postulated Mechanism for the Formation of
Compound6

Scheme 4. Cycloaddition of3 with Cyclic and Acyclic Dienes

a (E,E)/(E,Z)) 65:35.bIsolated as a 60:40 mixture.

Scheme 5. Postulated Lewis Acid Activation of
R-Acetoxynitroso Dienophile3 in [4 + 2] Cycloaddition

Org. Lett., Vol. 6, No. 14, 2004 2451


