Asymmetric tandem reactions based on nitroalkenes: a one-pot construction of
functionalized chiral bicycles by a three-component reaction

Martin Avalos* T Reyes Babiano, Pedro Cintas, José L. Jiménez, Juan C. Palacios and Maria A. Silva

Departamento de Quimica Orgéanica, Facultad de Ciencias, Universidad de Extremadura, E-06071 Badajoz, Spain

Asymmetric tandem cycloaddition of a chiral carbohydrate
nitroalkene with ethyl vinyl ether in the presence of electron-
withdrawing alkenes produces a facile assembly of bicyclic
systems, which can further be selectively cleaved to give
homologated carbohydrates.

The construction of complex organic molecules by sequential
transformations is one of the most important and efficient
synthetic strategies. The advantages of these so-called tandem
or domino reactions are many and have been thoroughly
discussed.! Sequential [4 + 2]/[3 + 2] cycloadditions relying on
nitroalkenes have been developed by Denmark and his group
over thelast decade, exploiting the use of ahomochiral auxiliary
on the dienophile and demonstrating the versdtility of this
methodology in akaloid synthesis.2

Recently we have also demonstrated the efficiency of the
tandem nitroalkene cycloaddition as a viable approach to
densely functionalized molecules, but the heterodiene now
imparts chirality by using a readily available carbohydrate-
appended nitroalkene (Scheme 1).3 These processes occur
through the intermediacy of nitronate species such as 2.

Given the distinctive electronic character of nitroalkenes and
nitronates, it would be possible to perform a multicomponent
reaction combining electron-rich and electron-withdrawing
alkeneswithout them interfering with each other. Thuswhen the
heterodiene 1 was reacted with excesses of ethyl vinyl ether
(EVE) and an electron-withdrawing alkene such as methyl vinyl
ketone (MVK), methyl acrylate (MA), acrylonitrile (AN) and
dimethyl maleate (DMM) in ethanolic solution at room
temperature for 5-7 days, the corresponding nitrosoacetals 4-7
were obtained as crystalline solids (Scheme 2 and Table 1).t
The initial inverse electronic demand [4 + 2] cycloaddition
occurs with ethyl vinyl ether, whereas the resulting nitronate
will react exclusively in a[3 + 2] fashion with the electron-
deficient alkene.

Analyses of crude samples by 1H NMR spectroscopy
(CDCl3, 400 MHz) reveal that the reactions are regiospecific
and exhibit a pronounced facial diastereoselectivity. Only two
diasterecisomers were detected, one of which was always
prevalent. Remarkably, the mixtures could be purified by flash
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chromatography (ethyl acetate-hexane eluent system) and the
major isomers were obtained as diasterecisomerically pure
samples by crystallization from EtOH. In the cases of the MA
and AN reactions, the minor isomers could also be obtained in
crystalline form in 4 and 10% yields, respectively.

We have confirmed by X-ray diffractometry that theinitial [4
+ 2] cycloaddition occurswith acomplete endo selectivity to the
re face of the heterodiene, whereas the [3 + 2] cyclization
followsin the exo sense, which is sterically more favorable than
the competitive endo approach.3 This type of exo—endo facial
selectivity has been observed before with related 5,5-fused
systems.4 Based on such results and with the information
provided by proton coupling constants, suggesting that both
substituents of five- and six-membered fused rings are located
a «-equatorial positions, we have tentatively assigned the
absolute stereochemistry of the major isomers 4—7. Because
similar coupling constants have also been found for the i solated
minor isomers, their formation must have taken place with the
opposite endo orientation in the [3 + 2] cyclization.

The usefulness of these functionalized polyhydroxyalkyl
heterocycles was further illustrated through their selective six-
membered ring opening under mild conditions. Cleavage of
nitrosoacetals may be induced by acidic treatment with dilute
AcOH in ethanolic solution, but reaction mixtureswere difficult
to purify owing to the presence of unidentified side products.
However, when cycloadducts were heated at reflux ina 1:1
EtOH—H,O mixture, homologated sugar adehydes>6 such as
10 and 11 were cleanly obtained in quantitative yield (Scheme
3).F These substances were further characterized by preparing
their hydrazone derivatives 12 and 13, respectively. Com-
pounds 10-13 also bear an attractiveisoxazoline ring that could
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Table 1 Reaction of 1 with EVE and €electron deficient alkenes

Product (% yield?)

R EWG Major Minor
H COMe 4 (70) —b
H COMe 5 (75) 8 (4)
H CN 6 (60) 9 (10)
CO,Me CO,Me 7 (50) —b

a|solated yields after crystallization. P Not isolated.
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Scheme 3 Reagents and conditions: i, EtOH-H,0, reflux, 12 h, 100%; ii,
2,4-(O2N),CeHaNHNH2, MeOH, room temp., 12 h

be further manipulated to afford vicinal amino alcohols and
crossed adol products.”:8

In conclusion, we have successfully explored a tandem
cycloaddition which involves in situ formation of a chiral
nitronate having a sugar moiety and its subsequent diastereo-
facia selective dipolar cycloaddition with a series of electron-
deficient alkenes. Variations in the system undergoing cycliza-
tion alows subsets of richly functionalized nitrogen-containing
polycycles to be produced from an acyclic precursor. The
formation of homologated carbohydrates in a few stepsis aso
notable. With the understanding of transition state preferences,
this methodology will become a useful element in synthetic
design and further investigations are currently under way in our
laboratories.
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¥ Satisfactory spectroscopic (IR, 1H, 13C, 1H-COSY, and 1H-13C-HETCOR
NMR) and analytical data were obtained for all new compounds. Selected
data for 3: (the numbering system used for NMR assignments is in
agreement with the literature data, seeref. 9): mp 188 °C (EtOH); [o]p +7.5
(c 1, CHCl3); Vmax (KBr)/cm—1 2970, 1730, 1360, 1225, 1100, 1050, 1020;
8 (CDCl3, 400 MHz) 5.32 (dd, 1/ > 1.2, 2 9.9, 1 H, H-2'), 5.27-5.21 (m,
2H,H-1,H-4),5.18(dd, J» 3 = 9.9,J3 4 = 1.8,1H,H-3),4.90(dd, J> 32
9.8, 323, = 4.6, 1H, H-2), 4.75 (t, Jsa7 Jon.7 7.0, 1 H, H-7), 4.32 (dd, Iz 5o
45, Jsy sy = 11.8, 1 H, H-5&), 3.95 (m, 1 H, CH3CH,O-C-7), 3.78 (dd,
Jy s 7.6, Jsz sy 11.8, 1 H, H-50’), 3.51 (m, 1 H, CH3CH,0-C-7), 3.30 (m,
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1H, H-4),2.32 (m, 1 H, H-3a), 2.26-2.16 (m, 2 H, H-3b, H-64a), 2.21 (s, 3
H, CH3CO-C-2), 2.14 (s, 3H, OAc), 2.12 (s, 3H, OAc), 2.11 (s, 3H, OAc),
2.09 (s, 3H, OAc), 2.02 (s, 3H, OAc), 1.83-1.70 (m, 2 H, H-5, H-6b), 1.27
(t, 3H, CH3CH,O-C-7); éc (CDCl3, 100 MHz) 206.2 (CH3CO), 170.5 (2C,
OAc), 170.3 (OAc), 170.1 (OAc), 169.9 (OAc), 99.7 (C-7), 87.9(C-2), 71.8
(C-4),69.7 (C-4), 67.7,67.6,67.5 (3C, C-1", C-2, C-3), 63.6 (CH3CH,O—
C-7), 62.4 (C-5), 38.7 (C-5), 34.3 (C-3), 28.0 (C-6), 26.7 (CH3CO), 20.7
(OAc), 20.7 (OAc), 20.6 (3C, OAc), 15.0 (CH3CH,0O-C-7). Calc. for
CasH3/NOy4: C, 52.17; H, 6.48; N, 2.43. Found: C, 52.02; H, 6.51; N,
2.43%). For 8 (note that the longest sugar chainis cited first with the lowest
number to the aldehyde group; primed numbers are located on the
hererocycle): & (CDCl3, 400 MHz) 9.65 (s, 1 H, CHO), 5.37 (dd, Ja5 1.4,
Js611.0, 1 H, H-5), 5.25-5.19 (m, 3 H, H-4, H-6, H-7), 4.79 (dd, J5/,4« 5.6,
Js 4y 11.5, 1 H, H-5), 4.28 (dd, Jga7 4.7, Jgasp 11.7, 1 H, H-84), 3.78 (dd,
Jgn7 7.5, Jgagp 11.7, 1 H, H-8b) 3.29-3.18 (m, 2 H, H-3, H- 4&), 3.12 (dd,
iy 5 5.6, Jaz 4y 17.4, 1H, H-4b’), 2.96 (dd, J243 5.0, J2a 2 18.3, 1 H, H-2a),
2.82 (dd, J2p32.3, Joa26 18.3, 1 H, H-2b), 2.27 (s, 3H, CH3;CO-C-5'), 2.10
(s, 9 H, 30AC), 2.07 (s, 3 H, OAc), 2.02 (s, 3 H, OAc); 6c(CDCl3, 100
MHz) 207.8 (CH3CO), 198.1 (CHO), 170.5 (OAc), 170.3 (2C, OAc), 170.0
(OAc), 169.8 (OAC), 158.1 (C-3), 83,5 (C-5), 69.7 (C-5), 67.9, 67.7, 67.4
(C-4, C-6, C-7), 62.2 (C-8), 43.3 (C-2), 384 (C-4), 335 (C-3), 26.4
(CH3CO), 20.7 (OAc), 20.6 (4C, OAc).
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