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Diastereofacial Selectivity in Intermolecular
Nitrone Cycloadditions to Chiral Allyl Ethers.
Application to Chiral Synthesis of Coniine

Masayuki Ito, Masae Maeda, and Chihiro Kibayashi*

Tokyo College of Pharmacy, Horinouchi, Hachioji, Tokyo 192-03, Japan

Abstract: The intermolecular cycloadditions of a cyclic nitrone to chisal allyl ethers take place with erythro
selectivity, where the degree of selectivity achieved is dependent upon the size of the alkyl substituent attached to
the allylic chiral center, and these reactions are applied to the synthesis of optically active alkaloid coniine.

Asymmetric nitrone 1,3-dipolar cycloadditions involving the use of chiral nitrones bearing chiral
substituents either at carbon or at nitrogen have been extensively explored.! In contrast, the use of chiral
dipolarophiles, however, has received only limited study.2 In this regard, we recently reported? the
diastereofacial cycloaddition of a prochiral nitrone to a chiral allyl ether as a dipolarophile. Similar
cycloaddition of a non-stereogenic nitrone to some terminal alkenes possessing a heterosubstituted allylic
stereocenter has also been reported by Cinquini and Cozzi,4 and Townsend.5 The level of diastereoselectivity
in these cases is, however, low to modest. The stereochemical outcome of these cycloadditions was
rationalized by an “inside alkoxy” transition state model, which has been advanced by Houk through studies on
nitrile oxide cycloadditions to allyl compounds.6 On the basis of model calculations, this model is
characterized by the alkoxy group preference for the inside conformation and the alkyl group preference for
anti. In the latter case, the magnitude of facial selectivity is influenced by the size of the alkyl group. Here we
disclose the results of our study on the steric influence of the alkyl group attached to the allylic chiral center on
the n-facial selectivity in nitrone cycloaddition to chiral allyl ethers and application of this reaction to the
synthesis of a naturally occurring alkaloid coniine.

Despite the synthetic and mechanistic importance of chiral allyl ethers, there are relatively few methods
for their preparation. We thus initially elaborated a variety of the enantiomerically pure allyl ethers by utilizing
ethyl L-lactate, L-valine, L-tartaric acid, and (R)-pantolactone as commercially available chiral precursors (see
Table 1). Construction of the terminal = system (as in 1) adjacent to the allylic chiral center was achieved under
non-basic conditions without epimerization” by two different routes involving methylenation of the aldehyde 2
with the Zn-CH,Br,~TiCl, reagent? and elimination of the dimethylaminodioxolanes 39 (eq 1).
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A variety of allyl ethers so prepared underwent cycloadditions when heated with 2-5 equiv of 2,3,4,5-
tetrahydropyridine 1-oxide (4)10 in toluene for 12~24 h, affording chromatographically separable two C-2, C-
3a-trans-cycloadducts (for rationale of the trans preference, see below), i.e., the erythro- and threo-isomers
(with respect to C-2-O and C-1'-O) 5a and 5b. As can be seen from Table 1, erythro selectivities were
observed in all of the examples. Evidently, the size of the alkyl group on the allylic stereocenter has a major
effect on the level of diastereoselectivity: the erythro selectivities increased as the size of the alkyl group
increased with the selectivity order Me < Bu < i-Pr < ¢-Bu, and the highest erythro selectivity 95 : 5 was
obtained with the fert-butyl group (entry 9). However, the substituent bearing the allylic oxygen, i.e. benzyl or
trialkylsilyl groups, had less influence on the selectivities.
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R2 toluene
+
g/_ * \im reflux * Rl
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4 Sa erythro 5b threo
Table 1. Nitrone Cycloaddition to Allyl Ethers
Entry  Allyl Ether Product erythro . threo  Yield? %
Rz
dn1
Rl R2
1 6b Me Bn 15a/15b 67 :332 68
2 7b Me SiPhyt-Bu 16a/16b 60 : 408 86
3 8¢ i-Pr Bn 17a/17b - 01:94 79
4 9c i-Pr SiPhyt-Bu 18a / 18b 93:78 85
5 104 Bu Bn 19a/19b 79 : 214 66
6 11e Bu SiMe,s-Bu 20a /20b 71294 67
7 12¢ Bu SiPhyt-Bu 21a/21b 75:258 80
8 13¢ 22a /22b 80 : 204 74
"N
QBn

9 14/ MF 23a/23b 95 : 5k 75

4 Isolated yield. b Prepared from ethyl L-lactate. ¢ Prepared from L-valine. 4 Ref. 3b. ¢ Prepared
from L-tartaric acid. /Prepared from (R)-pantolactone. £ Determined by HPLC. * Determined
by 400 MHz 'H NMR. | Based on isolated yield.

The stereochemistry of all of the major erythro-cycloadducts 15a-23a was confirmed by their 'H
NMR spectra and their transformation into the aldehydes 25 as outlined in Scheme 1. Thus, the series of
cycloadducts 15a—22a (entries 1-8) with the § configuration at C-3a were converted to the aldehyde (S)-285,
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[2}2%p —40.9° (¢ 0.59, CHCl3) via a sequence involving reductive N-O bond cleavage followed by glycol
cleavage. With this aldehyde (S)-25 in hand, elaboration to (-)-coniine HCI salt, mp 217-220 °C (lit.!! mp
220-221 °C); [a}®p -5.6° (c 0.88, EtOH) [lit.!2 [a]p —5.80° (EtOH)], was achicved by a two-step procedure
involving Wittig condensation and hydrogenation. Following the same sequence, 23a (entry 9) was converted
to (+)-coniine via (R)-25, [@]?'p +39.6° (¢ 1.03, CHCl3). These results established the C-2 absolute
configuration of (5)-25 and (R)-25 and thus that for the corresponding cycloadducts as 2R,3aS for 15a—-22a
and 25,3aR for 23a, respectively. Similarly, the transformation of the minor adducts 15b and 16b (entries 1
and 2) into the (R)-aldehyde (R)-25 led to establishment of the absolute stereochemistry as 25,3aR and thus
the threo configuration of these adducts.

Scheme 1
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(a) Hz (5 atm), PdCl, MeOH. (b) PhCH,OCOC], ag. NazCO;, CH,Cl,. (c) HIOs, THE-H,0. (d)
BuyNF, THE. (e) conc. HCI-MeOH. (f) t-BuPh;SiCl, imidazole, DMF. (g) H,, Pd(OH); (5 atm),
MeOH. (h) PhsPMeBr, BuLi, THF, then H,, Pd-C, MeOH.

The cycloadditions involving the nitrone 4 with nonconjugated monosubstituted olefins have been
shown!3 to proceed exclusively by way of exo oriented transition states, affording trans-adducts. In reactions
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with cyclic nitrones, endo transition states are disfavored by steric interaction between the methylene group of
the ring and substituent on the olefins.! Due to the exo preference and the Houk's steric and stereoelectronic
rationale,S the overall erythro selection of the cycloaddition and enhancement of the selectivity with increase of
the size of the alkyl substituent can be interpreted by considering a transition state model A. In electrophilic
attack upon an allylic ether, the x bond becomes electron deficient. Electoron-donor substituents on the alkene
stabilize the transition state, while electoron-withdrawing substituents destabilize the transition state. In the
nitrone cycloaddition, the best o-donor for stabilizing transition state would be the alkyl group (R!) placed in
the position anti to the approaching nitrone. The electronegative group, OR2, prefers the inside to the outside
position in order to minimize electron withdrawal from the x system via o*c_o overlap and avoid the repulsive
interaction between the allylic oxygen and the nitrone oxygen. When R1 is large, the preference for A would
increase over an outside alkoxy transition state B, which would lead to threo selectivity. In this case the
dihedral angle between C-R! and C=C becomes large and, hence, B would suffer destabilization owing to
increase of the unfavorable polar repulsion in the outside position. Further applications of these nitrone
cycloadditions to enantioselective chiral synthesis of natural products are in progress.

R?

REFERENCES AND NOTES

1. For an excellent review: Tafariello, J. J. in 1,3-Dipolar Cycloaddition Chemistry; Padwa, A. Ed.;
Wiley-Interscience: New York, 1984; Vol. 2; Chapter 9; pp. 83-168. ;

2. (a) Koizumi, T.; Hirai, H; Yoshii, E. J. Org. Chem. 1982, 47, 4004. (hr)/ Mzengeza, S.; Yang, C. M,;
Whitney, R. A. J. Am. Chem. Soc. 1987, 109, 276. Mzengeza, S.; Whitney, R. A. J. Org. Chem.
1988, 53, 4074. (c) Wityak, J.; Gould, S. J.; Hein, S. I.; Keszler, D. A. ibid. 1987, 52, 2179. (d)
Brandi, A.; Cicchi, S.; Goti, A.; Pietrusiewicz, K. M.; Zablocka, M.; Wisniewski, W. ibid. 1991, 56,
4383. (e) Carruthers, W.; Coggins, P.; Weston, J. B. J. Chem. Soc. Chem. Commun. 1991, 117.

3. (a) Ito, M.; Kibayashi, C. Tetrahedron Lett. 1990, 31, 5065. (b) Ito, M.; Kibayashi, C. Tetrahedron
1991, 47, 9329

4. Annunziata, R.; Cinquini, M.; Cozzi, F.; Giaroni, P.; Raimondi, L. Tetrahedron Lett. 1991, 32, 1659.

5. Krol, W. J.; Mao, S.; Steele, D. L.; Townsend, C. A. J. Org. Chem. 1991, 56, 728.

6. (a) Houk, K. N.; Moses, S. R.; Wu, Y.-D,; Rondan, N. G.; Jiger, V.; Schohe, R.; Fronczek, F. R. J.
Am. Chem. Soc. 1984, 106, 3880. (b) Houk, K. N.; Duh, H.-Y.; Wu, Y.-D.; Moses, S. R. ibid.
1986, 108, 2754.

7. Sowerby, R. L.; Coates, R. M. J. Am. Chem. Soc. 1972, 94, 4758 and references therein.

8. Takai, K.; Hotta, Y.; Oshima, K.; Nozaki, H. Tetrahedron Lett. 1978, 2417.

9. Eastwood, F. W.; Harrington, K. J.; Josan, J. S.; Pura, J. L. Tetrahedron Lett. 1970, 5223.

10. Prepared according to: Murahashi, S.; Shiota, T. Tetrahedron Leit. 1987, 28, 5223.

11 Kiguchi, T.; Nakazono, Y.; Kotera, S.; Ninomiya, L.; Naito, T. Heterocycles 1990, 31, 1525.
12. Guerrier, L.; Royer, J.; Grierson, D. S.; Husson, H.-P. J. Am. Chem. Soc. 1983, 105, 7754.
13. Tafariello, J. J.; Ali, Sk. A. Tetrahedron Lett. 1978, 4647.

(Received in Japan 24 February 1992)



