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o-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 a-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-  Swern conditions(Scheme 1, A). Rutheniumeg"iridium-

tion, allowing rapid and stereoselective access to complex,?” and copper-catalyzédhydrogen peroxide oxidations of
heterocyclic structures. This particular class of nitroso Biels hydroxamic acids emerged recently as alternatives (Scheme
Alder cycloadditionaffords the corresponding 3,6-dihydro-

1,2-oxazinel, a valuable building block in the context of (2) (@) Yamamoto, Y.; Yamamoto, H. Am. Chem. So2004, 126,
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Scheme 1. Literature Precedent Addressing the (Asymmetric)
Catalytic Nitroso Diels—Alder [4+ 2] Cycloadditiofa—ch

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

R
o} A: Periodate, Swern, 0 ( j (/A; AcO.__NO 1. ML, (20% mol.) OH
P Dess-Martin Py X - LA toluene, 0 °C, 4h
R” "NHOH RPN | T ﬂ\ 0 o, o F o e
B: (Ru(lll), Ir()l) or Cu(lly i N, =< 2, HCI N N, :
catalytic R Me  Me Boc N
H>0; or TBHP, Ligand 2 1, racemic 3. NaOH, Boc,0 NHBoc
3 5 6
. . . . entry Lewis acid 5/62 yield (three steps, %)P
1, B). In the presence of a conjugated diene, the intermediate
acylnitroso2 is efficiently trapped to afford the corresponding 1 none 2/98 14
hetero Diels—Alder adduct. However, the use of enan- 2 Mg(OTH), 2/98 41
tiopure metal complexes as oxidizing agents did not induce 3 crcls 2198 41
P P gag Cu(0ThH, 2/98 41

asymmetry, which tends to indicate that dissociation of the
acylnitroso2 from the chiral metal complex occurs before
the [4 + 2] cycloaddition?®®

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 Streithic Moreover, several complexes of arylnitroso with
metals have been reported in the literatUBésappointingly,
Lewis acids in general failed to affect the rate of the
arylnitroso cycloaddition with 1,3-cyclohexadiene, as el-
egantly demonstrated by WhitidgVery recently, Yamamofd
described the catalytic asymmetric nitroso Diels—Alder
reaction of 2-nitrosopyridine derivative in the presence of
10 mol % of a chiral copper(l) complex. Excellent yields
and enantioselectivities up to 9
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 usingx-acyloxynitroso
dienophile& (Scheme 2). The latter have elicited theorefical

Scheme 2. Synthesis of thex-Acetoxynitroso Dienophil&
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and pharmacological studiés,but, to the best of our
knowledge, have never been used as dienophiles i 24
cycloadditions. Convenientlyg-acyloxynitroso could be
synthesized by the reaction between hypervalent iodine
reagents and an oxinié.Since a large variety of (diacy-

(7) Lee, J.; Chen, L.; West, A. H.; Richter-Addo, G.Ghem. Re. 2002
102, 1019—1065. Cameron, M.; Gowenlock, B.@Gem. Soc. Red990,

19, 355—379.

(8) Iffland, D. C.; Criner, G. X.Chem. Ind.1956, 176—177.

(9) Kresze, G.; Mayer, N. M.; Winkler, Liebigs Ann. Chem1971,
747, 172—190. Caragheorgheopol, A.; Caldararu, H.; Constantinescu, T.;
Em Sahini, V.J. Am. Chem. S0d971,93, 6766—6769. Just, G.; Dahl, K.
Tetrahedron1968,24, 5251—5269.

(10) Rehse, K.; Herpel, MArch. Pharm. Pharm. Med. Chert998 331,
104-110.

(11) This synthesis ofx-acetoxynitroso derivatives capitalizes on a
fortuitous observation reported by Moriarty: Moriarty, R. M.; Prakash, O.;
Vavilikolanu, P. R.Synth. Commuril986,16, 1247—1254.
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aRatio determined by integration of the crul¢ NMR spectra and/or
by GC calibrated toward an internal standard (butylphthalatsplated
yield.

loxyiodo)benzenes are easily availablethis procedure
constitutes an efficient synthesis of sterically and electroni-
cally tunablea-acyloxynitroso compounds.

For these preliminary studies, we focused our attention
on thea-acetoxynitroso dienophil@ (Scheme 2). Following
literature precederif oxime 4 was prepared in three steps
from commercially available trishydroxy-methylnitromethane.
When treated with (diacetoxyiodo)-benzene in CH at 0
°C, oxime 4 was smoothly transformed into the desired

20% ee were observed. TheséjienophileB in 67% vyield after chromatographic purifica-

ion.14

With a suitable preparation &fin 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 53 and the hydroxycarbamat6,'®> after acidic
hydrolysis, neutralization, and treatment with BOcTo our
surprise 5 was only a minor component of the crude reaction
mixture (5/6 > 2:98). This uncatalyzed reaction proved to
be unreproducible, aé was isolated in 0—19% yields in
five different runs. Screening of various achiral Lewis acids
revealed that Mg(OT$) Cu(OTf), and CrC} were able to
increase the yield of this sequence, allowing accessito
41% isolated yield over three steps (74% average per step,
Table 1, entries 2—4%:17

The unexpected N—O bond cleavage leading to the
hydroxycarbamaté is very interesting from a synthetic point

t

(12) Merkushev, E. B.; Novikov, A. N.; Makarchenko, S. S.; Moskal'chuk,
A. S.; Glushkova, V. V.; Kogai, T. |.; Polyakova, L. Buss. J. Org. Chem.
1975,40, 6-1249.

(13) Majewski, M.; Gleave, D. M.; Nowak, Zan. J. Chem1995,73,
1616—1626.

(14) This bright blue compound is stable at room temperature and can
be stored for several months without dimerization to the corresponding
colorless azodioxide derivative.

(15) Hall, A.; Bailey, P. D.; Rees, D. C.; Rosair, G. M.; Whightman, R.
H. J. Chem. Soc., Perkin Trans.2D00, 329—343.

(16) Other Lewis acids screened are TiCIi(Oi-Pr)s, FeCh, AgBF,,
AgOAc, LiBr, BF;:OEb, MgCly, ZnFk, ZnBr,, ZrCls, SnChk, Sn(OTf),
PdCb, Sc(OTf, CeCk, Yb(OTf)s, and Zn(OTf). All proved to be inferior
to the Lewis acids listed in Table 1: see Supporting Information.
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Scheme 3. Postulated Mechanism for the Formation of
Compound6

Scheme 4. Cycloaddition of3 with Cyclic and Acyclic Dienes
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12 6 a Lewis acid would lead to the more common N-binding

mode. Moreover, the presence of an ester moiety in the
o-position should favor the formation of a six-membered
of view since it avoids the use of toxic and expensive chelate2l (Scheme 5). Studies to clarifiy the role of the
reagents such as Mo(C&) or Na(Hg) amalgar? which

are tradionally used to achieve the-l® bond scission of _

the cycloadducts. The formation 6fcould be tentatively Scheme 5. Postulated Lewis Acid Activation of
explained (Scheme 3). Compoundigind8 arise from the o-Acetoxynitroso Dienophil& in [4 + 2] Cycloaddition
[4 + 2] cycloaddition of a-acetoxynitroso3 and 1,3-

cyclohexadiene and are thought to be in equilibrium. Acidic AcO_ _NO Me\(/o"\,"Ln
hydrolysis of the acetonide moiety could lead to the 1,3- % M | O N0
diol 9, which could equilibrate to the corresponding enaminol 0,0

10. Retro hetero-Michael reaction @D followed by hy- Me™ e szﬁe

drolysis of the resulting imine and protection of the amino

moiety as atert-butylcarbamate could then lead to the 3 21
observed produd. Support for this mechanism comes from
the isolation of traces of compouri®, a byproduct of the
reaction. The stereochemistry & has been determined by sequence are in progress.

extensive multinuclear two-dimensional NMR experiméfits. In conclusion, we have disclosed the useedicetoxyni-

Furthermore, when the hydrolysis of the reaction mixture tos0 as a new class of heterodienophile for the nitroso
(7/8) was conducted with 20% aqueous NaOH solution, pje|s—Alder reaction. The yield of this [4- 2] cycloaddition
hydroxycarbamatés was isolated in less than 3% yield, \jth electron-rich 1,3-dienes could be enhanced in the
which supported the fact that the-\0 bond cleavage is  presence of a catalytic amount of Lewis acid. An unexpected
initiated by deprotection of the acetonide moiety7d8. N—O bond cleveage was observed during this study, leading
This nitroso Diels-Alder/retro hetero-Michael sequence g synthetically useful amino alcohol derivatives. Extension
has been applied to cyclic and acyclic 1,3-dient3, (5, of this preliminary work to an asymmetric catalytic version
17, and19, Scheme 4). Clean conversion to the correspond- of the nitroso Diels-Alder is in progress in our laboratory.
ing hydroxycarbamatedl 4, 16, 18, and20) was observed
in moderate yield over three steps. Acknowledgment. We thank the Ministere de la Recher-
a-Acetoxynitroso is expected to be less reactive than che et de I'Education for a grant (G.C.), the CNRS (UMR
acylnitroso2.! On the basis of the coordination chemistry 8615), and the Université Paris-Sud for financial support.
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Lewis acid in this nitroso DielsAlder/retro hetero-Michael
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CH,Cl,. DMF led only to decomposition products.
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