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One of the most intensely studied areas in chemical synthesis atScheme 1
present is the development of new catalytic and highly enantio- [4+2]-Cycloaddition (Hetero Diels-Alder Reaction)
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recently succeeded in developing a catalytic enantioselective nitroso g-N *
Diels—Alder reaction using a copper catalyst (e¢f e describe

herein a sharply contrasting transformation: a tandmitroso Stepwise O-Nitroso Aldol / Michael Reaction
aldol/Michael reaction that is synthetically an even more useful 0

process to produce nitroso Dieldlder adducts and that can R. R
completely control both regio- and stereochemistry. H .
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Table 1. Reaction Scope in Amine-Catalyzed Reaction?@
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The present study sprang from our earlier finding involving the EH E
nitroso aldol reaction, which produces either an O-adduct or an  © .0 H ﬁ R_/H
N-adduct with the choice of catalyst and/or nucleophilEhe (20 mol9%) 0 )\o
enantioselective version of each reaction was then first realized by ) + ‘ N MoCN N
using a silver-BINAP catalyst (eq 25. 7R X 40°C, 15 h 7
R
n=1,2 2a: R=H 2b: R'=4-Me =
1 2c: R'=3,5-Me, 2d: R'=4-Br 3
PP P P--AgX p i _ i
* Ag’ N ,< CAgX *< *( _ PPh, entry enone R,R ArN=0 yield, % ce, %
P P p’ P--AgX P B PPhs 1 o la: Me,Me 2a 64 99
X OO 2 1b: HH 2a 34 99
A B c 3 1c: Ph, Ph 2a 56 99
o 4 1d:-(OCH,CH,0)- 2a 61 98
Catalyst B Jlx*(o Ph 5 R R 1la 2b 47 98
R! N7 6 1la 2¢ 52 98
QSnfs R? RH 7 Ia 2d 50 99
R I [0} .
1 + 2 8 le: HH 2a 14 99
RUS Ph” O OH (eq2)
R? Catalyst C N , )
Fﬂ& “Ph 9 le: HH 2a 51 99
R? R®

a8 Reaction was conducted with 20 mol % of catalysis, 1 equiv of enone
Furthermore, amine catalysts such as proline or pyrrolidine basedand 2 equiv of nitrosobenzene undes tomsphere at 40C for 15 h.

tetrazoles also gave remarkably excellent enantioselectivity for the © !Solated yield< ee value was determined by HPLC (Supporting Informa-
O-nitroso aldol process (eq 8). tion). 9 L.-Proline was used as catalyst.
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We started our investigation using nitrosobenzene, 4,4-dimethyl-
2-cyclohen-1-one as the diene precursor and pyrrolidine-based
tetrazole as the catalyst due to the high catalytic turnover for the

N
0 o (2F!1o m(;'o/) o] O-nitroso aldol reaction of ketonésThe reaction proceeded
WJK' + N — RJK'(O\N/P" (€q3) smoothly at 40C in MeCN as the solvent and afforded the Diels
R2 Ph gz H Alder adduct in 99% ee (Table 1, entry 1). Reactions with various

enones were surveyed and are summarized in Table 1. All reactions
gave the cyclized adducts cleanly. Enantioselectivity was uniformly
high, ranging above 98%, and good yields were obsetved.
Furthermore, this system was applicable for various aromatic nitroso
compounds, for example, 4-methyl-, 3,5-dimethyl-, and 4-bromo-
nitrosobenzene (Table 1, entriesB). In the case of cyclohep-
tenone, the tetrazole catalyst could not furnish good yields, but
fortunately, an acceptable yield of this reaction was achieved using

Assuming that the same mode ©fnitroso aldol synthesis would
proceed in the reaction af,f-unsaturated carbonyls, it appears
possible to synthesize a nitroso Dielslder adduct via af©-nitroso
aldol reaction, followed by a Michael reaction (Schemé ) this
case, it is noteworthy to point out that the regiochemistry of the
product should be the opposite of that of the normal nitroso Biels
Alder reaction.
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Scheme 2
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the proline catalyst (Table 1, entries 8 and 9). The X-ray structure
of the product provided by the reactionwbromonitrosobenzene
and 4,4-dimethyl-2-cyclohen-1-one revealed the expected regio-
chemical structure with thR configuration®1 The oxygen atom
was close to the carbonyl group, which indicates the reaction
proceeds via an O-selective stepwise pathway.

Turning now to the silverBINAP catalyst system, the O-
selective stepwise process was initially evaluated by a Ag@J
BINAP (1:1) complex, which was a promising catalyst for the
O-nitroso aldol reaction. The reaction of the trimethyl stanyloxy
diene of 4,4-dimethyl cyclohexenone with nitrosobenzene produced
the O-nitroso aldol adduct exclusively (91% yield, 93% ee), without
affording any of the cyclized product (Scheme 2). On the other
hand, the analogous reaction carried out with AGQR)FBINAP
(2:1) complex afforded th&\-nitroso aldol adduct in 98% vyield
and >99% ee, again without any trace of Dielalder adducts.
The attempt to cyclize thes®- and N-nitroso aldol products,

however, was conducted with several kinds of base or acid such as

potassiuntert-butoxide, potassium bis(trimethylsilylyamide, DBU,
p-TsOHH,0, and trifluoroacetic acid without any success.

The above results of these two catalyst systems have provided
insight into the mechanism of this transformation. As illustrated in
Figure 1, addition of nitrosobenzene from the same side of the
tetrazole moiety toanti-dienylamine affords the iminium salt
existing in boat form, and the aminooxy group should be positioned
in the axial site, which is favorable for cyclization. Since iminium
salts are known to be significantly more reactive than the corre-
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Figure 1. Possible reaction pathway.

spondingo,-unsaturated keonésthe counterion, aminooxy anion,
can cyclize smoothly to generate the bicyclic product. Such a
counterion effect and/or favorable contribution of the boat form
are not present for the silver-ion-catalyzed nitroso aldol synthesis.

In summary, a highly enantioselective approach for the synthesis
of the nitroso Diels-Alder adduct was realized using a simple amine
catalyst. The results disclosed herein considerably extend the control
of regio- and stereochemistry for the synthesis of the nitroso Biels
Alder adduct. Further applications of the nitroso electrophiles to
other synthetically useful transformations are underway.
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