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ENANTIOSELECTIVE SYNTHESIS OF CYCLOHEXENE NITROALDEHYDES
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Summary. An enantioselective synthesis of cyclohexene nitroaldehydes 2e-5e
has been effected, via Diels-Alder reaction with sugar nitroolefins as chiral
dienophiles. Absolute configuration of products has been determined by X-ray
crystallographic analysis and chemical correlation.

Monosaccharides and their derivatives are versatile substrates for the
synthesis of optically active target molecules'. Among these, the chiral
cyclohexene derivatives are useful synthetic intermediates in the preparation
of a variety of structures of current interest®. Tn this communication, we
describe a simple route for the enantioselective synthesis of chiral cyclo-
hexene nitroaldehydes 2e-5e by Diels-Alder reactions between 2,3-dimethyl-
butadiene and carbohydrate~derived nitroalkenes.

The readily available p-manno-nitrocalkene 1a” reacts (toluene, 105 °c,

40 h) quantitatively with 2,3-dimethyl-1,3-butadiene to give a 65:35 mixture
of adducts 2a and 3a’’°. The relative configurations at C-4 and C-5 were
originally defined by a combination of melecular modelling and NMR studies,
absolute confiqgurations were later confirmed by X-ray analysis of compound 2a
as 4R,5R5 (figure 1); hence, we deduce that 3a must have the 45,55 configur-

ation.
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b)), R = D~manno-(CHOH)4—CH20H
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Deacetylation of 2a under basic conditions’ (potassium carbonate) gave a
68:32 mixture of C-4 epimeric compounds 2b and 4b; this was treated with so-
dium metaperiodate®, yielding the nitroaldehydes 2e and 4e as a mixture that
was not separated. However, deacetylation of 2a with 4 N hydrochloric acid®,
followed by sugar-chain degradation led to the pure ZeKn [a];s -59.4° (¢
1.25, chloroform).

The preponderance of product 2a in the cycloaddition agrees with a
statement!’ that predicts the 4R,5R isomer as the major product, taking into
account the configuration of the chiral center directly adjacent to the
dienophilic double bond. To check the potentiality of this assumption, the
reaction was repeated using the p~galacto-nitroalkene 1c'” (adjacent chiral
center opposite), and we obtained a 84:16 mixture of adducts 3¢ and 2cm, s0
supporting the validity of the statement.

Acid-catalyzed deacetylation’ of 3c, followed by periodate oxidation,
afforded (80% yield) nitroaldehyde 3e, [a]f +56.3° (¢ 0.72, chloroforn),
whose optical rotation is of nearly equal value but opposite sign that of 2e.
This result showed that the adduct 3c had the 45,55 configuration. Deacetyla-
tion of 3c with potassium carbonate’ led to a 64:36 mixture of 3d and 5d,
respectively, and the pure compound 5d (4R,5S) could be isolated. The latter,
when subjected to sugar-chain degradation, yielded 5e't,

In conclusion, an efficient synthetic route te the cyclohexene nitro-
aldehydes 2e-5e has been developed, using readily accesible sugar-nitroalke-
nes. Further studies dealing with the scope and limitations of the method,

and the utility of compounds 2e-5e are now under active investigation,
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After evaporation of the crude mixture, major isomer (2a) crystallizes
from ethanol. Minor isomer (3a) remain in the mother liguor and solidi-
fies after pouring on ice-water. Selected data: 2a; yield, 51%; m. p.
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with the Cambridge Crystallographic Data Center, University Chemical
Laboratory, Lensfield Road, Cambridge, CB2 1EW, U. XK. Please give a com-
plete literature citation when ordering.

To a solution of the adduct (1.0 g} in 90% methanol was added potassium
carbeonate (0.62 g), and the mixture was stirred at room temperature.
After 18 h, deacetylation was complete.
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To a solution of the deacetylated adduct (0.14 g) in 30% methanol (27 ml)
at 0° was added, dropwise, sodium metaperiodate (0.48 g). After 15 min,

the reaction was complete.

A solution of the adduct (3.0 g) in 6:1 methanol/4 N HCl was boiled for
3.5 h.

vield, 98%, oil; 'H-NMR (CDCl): & 9.68 (d, J__ =0.7, CHO), 4.89 (ddd,
J, =9.1, H=4), 3.37 (m, H-5); "C-NMR (CDCL)): & 199.9 (CHO), 80.2
(C-4), 48.8 (C-5).
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Major isomer (3c) was isolated by fractional crystailization from ethanol
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(CHC1,) ; 'H-NMR (cpel): & 4.91 (dd, J, .=1.5, J, =9.2, H-1'), 4.44
(td, JL5=6.7, H-4), 2.54 (m, H-5). Minor isomer (2c) was isolated by
preparative t.l.c. from the crude mixture (ether-light petroleum, 1:1);
m. p. 170-1°%; [m];9 -4.6° (c 0.59, CHCl ); 'H-NMR (CDC1): & 4.98 (dd,
7., =2:8, J,, =3.8, H-1’), 4.59 (ddd, J, =9.5, H-4), 2.66 (m, H-5);

3 e-NMR (cpcl): & 83.6 (C-4), 69.2 (C-1'), 38.4 (C-5).

Yield, 95%; oil; [a]]‘f +24.7° (¢ 0.75, CHC1): 'H-NMR (CDC1)): & 9.74

(s, CHO), 5.00 (td, J, =3.1, H-4), 3.05 (td, H-5): “c-NMR (CDC1): 8
200.0 (CHO), 79.9 (C-4), 47.4 (C~5).
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