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Abstract—The diastereoselective cycloadditions of enantiopure nitrilimines 4 with ethyl acrylate were exploited in dry toluene and in
aqueous sodium hydrogencarbonate as reaction media. Shorter reaction times and improved diastereoisomeric ratios of the resulting
5-ethoxycarbonyl-4,5-dihydropyrazoles 5 and 6 were observed in aqueous media.
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Nitrilimine cycloadditions to ethylenic dipolarophiles
represent the choice method in the synthesis of variously
substituted 4,5-dihydropyrazoles.! Due to the utility of
these compounds in enantiopure forms,? diastereo-
selective nitrilimine cycloadditions have been developed
in which the stereogenic centre(s) is placed on the
dipolarophilic® or the 1,3-dipolar* reactants. In the lat-
ter case, however, the reported stercoselectivities are
invariably low. To gain better insights about this
methodology, it was felt advisable to investigate the
behaviour of enantiopure nitrilimines 4 towards ethyl
acrylate as a function of the reaction media. First, the
enantiopure hydrazonoyl chlorides 3° were synthesised
through the reaction sequence outlined in the Scheme 1.°
Second, base treatment of 3 in the presence of ethyl
acrylate produced the diastereoisomeric cycloadducts 5
and 6. Two different reaction conditions and media were
exploited: (i) refluxing in dry toluene in the presence of a
large excess (5equiv) of triethylamine (homogeneous
conditions, method A);” and (ii) aqueous 0.1 M sodium
hydrogencarbonate at room temperature in the presence
of tetrahexylammonium chloride (THAC) as a catalyst
(heterogeneous conditions, method B).® Reaction times,
product yields and diastereoisomeric ratio data are
shown in Table 1. All reactions were completely regio-
selective giving only the 5-ethoxycarbonyl-4,5-dihydro-
pyrazoles 5 and 6, as expected from the electronic
demands of nitrilimine cycloadditions onto electron-
poor monosubstituted ethylenes.® Despite the separa-
tion of diastereoisomeric cycloadducts 5 and 6 not being
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feasible through standard chromatographic methods,
enantiopure 5 was obtained by crystallisation from the
reaction mixtures. Spectroscopic data of major 5'° are in
full agreement with those of similar 5-substituted-4,5-
dihydropyrazoles.'!

As can be inferred from Table 1, shorter reaction times
and improved diastercoisomeric ratios were experienced
in aqueous media in comparison to the classic'? trieth-
ylamine—toluene cycloaddition protocol. The observed
rate accelerations, which are abnormal for a typically
concerted cycloaddition, can be accounted for by means
of the high local concentration of the reactants pro-
moted by hydrophobic effects.!* Close association of
organic reactants may also be responsible for the
enhanced diastereoselectivity. To this point, chemical
correlation experiments allowed us to assign the (55)-
absolute configuration to all the major cycloadducts 5
(Scheme 2). Basic hydrolysis of 5a—¢ gave the known
3,5-dicarboxy-4,5-dihydropyrazole(S)-(+)-7, [o]5, = +5.8
(c 0.40, DMSO) {lit.* [oc]zD5 = +5.5 (¢ 0.40, DMSO)} while
acidic hydrolysis of 5d gave the 3-carboxy-5-ethoxycar-
bonyl-4,5-dihydropyrazole intermediate 8. The sub-
sequent basic hydrolysis of the latter also gave (S)-(+)-7.

In conclusion, this first case of a diastereoselective nit-
rilimine cycloaddition in an aqueous media, displays
some valuable features with respect to the usual homo-
geneous conditions: (i) rate acceleration and better dia-
stereoselectivity were experienced; (ii) reaction work-up
was greatly simplified by simple filtration of the crude
mixture; and (iii) an environmentally friendly 1,3-dipo-
lar cycloadditive protocol can be successfully elaborated
upon.
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Table 1. Cycloadditions between enantiopure nitrilimines 4 and ethyl Acknowledgements

acrylate

Nitrilimine Method Time (h) 5 and 6* 5:6"

4a A 9 80 60:40

4a B 2.5 73 68:32

4b A 8 81 65:35

4b B 3 74 68:32

4c A 14 43¢ 57:43

4c B 2 70 60:40

4d A 8 40° 65:35

4d B 1.5 75 72:28
#Tsolated yields.
®Determined from '"H NMR analysis of reaction crudes.
©Some amount of tarry material was formed.
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powder, while the remaining solution contained diaste-
reoisomeric 6.
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(a) Houk, K. N.; Sims, J.; Duke, R. E.; Strozier, R. W_;
George, J. K. J. Am. Chem. Soc. 1973, 95, 7287; (b) Houk,
K. N.; Sims, J.; Watts, C. R.; Luskus, L. J. J. Am. Chem.
Soc. 1973, 95, 7301; (c) Caramella, P.; Houk, K. N. J. Am.
Chem. Soc. 1976, 98, 6397.

Selected spectral data for 5-ethoxycarbonyl-4,5-dihydro-
pyrazoles 5a—d. 5a: IR (Nujol) 1740, 1730cm~!; '"H NMR

11.

12.

13.

1079

(CDCl3) 6 0.82(3H,d,J 7.2),0.93 (6H, d, J 7.0), 1.22 (3H,
t,J 6.8), 1.5-2.1 (9H, m), 2.32 (3H, s), 3.28 (1H, dd, J 17.7,
7.6), 3.52 (1H, dd, J 17.7, 11.9), 4.20 (2H, q, J 6.8), 4.80—
494 (2H, m), 7.0-7.3 (4H, m). 5b: IR (Nujol) 1735,
1730cm~'; '"H NMR (CDCl3) 6 0.96 (3H, t, J 6.8), 0.98
(3H,d,J 7.1), 1.18 (3H, t, J 7.4), 1.30-1.85 (5SH, m), 2.30
(3H, s), 3.30 (1H, dd, J 17.9, 7.6), 3.51 (1H, dd, J 17.9,
12.0),4.18 (2H, q, J 6.8), 4.87 (1H, dd, J 12.0, 7.6), 6.9-7.2
(4H, m). 5¢: IR (Nujol) 1745, 1730cm™'; 'H NMR
(CDCl;3) 6 1.22 (3H, t, J 6.8), 1.38 (3H, t, J 6.7), 1.56
(3H, d, J 6.8), 2.28 (3H, s), 3.31 (1H, dd, J 17.8, 7.3), 3.57
(1H, dd, J 17.8, 12.2), 422 (2H, q, J 6.7), 4.28 (2H, q,
J 6.8),4.93 (1H, dd, J 12.2, 7.3), 5.21 (1H, q, J 6.8), 6.9
7.2 (4H, m). 5d: IR (Nujol) 3180, 1740, 1730, 1665cm™';
'"HNMR (CDCl3) 6 1.32 (3H, t, J 6.9), 1.62 (3H, d, J 7.4),
2.28 (3H, s), 3.40 (1H, dd, J 18.1, 8.4), 3.51 (1H, dd,
J 18.1,12.1),4.23 (2H, q, J 6.9), 4.84 (1H, dd, J 12.1, 8.4),
5.22(1H, q,J 7.4), 6.88 (1H, br d, J 7.0), 7.0-7.4 (9H, m).
Shimizu, T.; Hayashi, Y.; Nishio, T.; Teramura, K. Bull.
Chem. Soc. Jpn. 1984, 57, 787.

Huisgen, R.; Seidel, M.; Wallbillich, G.; Knupfer, H.
Tetrahedron 1962, 17, 3.

(a) Molteni, G.; Ponti, A.; Orlandi, M. New J. Chem. 2002,
26, 1340; (b) Molteni, G.; Ponti, A. New J. Chem. 2002,
26, 1346.



	The first case of diastereoselective cycloadditions of enantiopure nitrilimines in aqueous media
	Acknowledgements
	References


