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Abstrac; : Asymmetric 1.3-dipolar cycioad@ion of n&ones with ketenc acetals is strongly 
catalyzed by chiral oxazaborolidines d&ived from N-tosyl-L-a-amino acids. The 5,5- 
dialkoxyisoxuzolidines are obtained regioselectively in high yield wish high stereoselectivity and 
moderate enantioselectivity up to 62% ee. Mild hydrogenoiysis of the N-O bond yields 
quantitatively the corresponding &amino-ester. 

The asymmetric 1,3-dipolar cycloaddition of nitrones has received much attention in the last decade 

and plays an important role in natural product synthesisl. Most advances have been made with chiral nitrones 

or chiral dipolarophiles2. To the best of our knowledge, the effect of chiial catalysts (e.g. Lewis acids) has 

never been mported3. We rationalized that (chit-al) Lewis acid catalysts, which have found wide application in 

various organic reactions4. may activate the nitrone by comptexing the oxygen atom of the nitrone and 

lowering the LUMO energy. For this reason an electron-rich alkene (e.g. ketene O,~~~l aceta@ or enol 

ethersbf is expected to give a LUMO(nitrone) - HOMO{a&ene) controlled catalyzed 1.3-dipolar cycloaddition 

with enhanced reaction rate. Enantioface discrimination by chiral Lewis acid catalysts may eventually allow 

the smooth introduction of chirality in the cycloadduct. 

We decided to test chiral oxazaborolidines 36. derived in situ from cheap and easily available N-tosyi- 
La-amino acids. Our experiments were oriented on 13-dipolar cycloadditions of C-phenyl-N-phenyl nitrone 

1 (Scheme 1) and the more reactive and rigid 3,4-~hy~is~uinoline N-oxide 67 with ketene acetals 2s 

(Scheme 2). Without catalyst these reactions require high temperatures (> 100 Oc) to proceed quantitatively9. 

At room temperature the cycloadditions were very slow but indeed could be catalyzed by several non-chiral 

Lewis acids e.g. 20 rnol% EtAlC12, EtzAlCl. ZnCl2 and ZnI2, of which the latter gave regioselectively the 

corresponding 5.5dialkoxyisoxazolidine in quantitative yield after two days. A strong accelerating effect on 

the reaction rate was observed with 20 mol% of chiral oxaxaborolidines ;2(Q = H). The reaction was 

complete after 5-24 hours at -78 Oc. After aqueous workup the 5,5-di~koxyisox~olidines 4 or Z. were 

isolated as the only productt*. Enantioselectivities were determined by HPLC analysis using Daicel chiral 

columns OD and AD. In order to study systematically the factors determiuiig the enantioselectivity we varied 

the structure of the ketene acetal (Rt and R2). the side-chain substituent (R3) of the oxaxaborolidine and the 

substituent at the boron atom (Rq). One of our aims was to find out whether the position of a phenyl ring in 

the side-chain substituent Rg could determine the en~tio~l~tivity in a similar way as was found for the 

Diels-Alder reaction of acroleines with cyclo~n~diene6. The exigent results are summed in Table 1 

and Table 2. 
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Table 1. Catalytic asymmetric 1,3-dipolar cybaddition of C-phenyi-N-phenyl nitrone 1 

with ketene acetals 20 
entry Rl R2 R3 R4 8.8. (%)b 

1 H Et (4-@IO)-Ph)CH2 H 4 
2 H Et (4-(BzlO)-Ph)CH2 Rsu 74c 
3 H Et Ph 3,5-(CF&Ph 0 
4 H Et PhCH2 3.5-(CF&Ph 44 
5 H Et (4-(BzlO)-Ph)CH2 3,5-(CF3)2Ph 44 
6 Me Et Ph 20d 
7 Me Et PhCH2 L! 50 
8 Me Et PhCH2CH2 
9 1: : (4-(B&O)-Ph)CH2 
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Table 2. 

I 

2 2 --- 8 OR2 

Catalytic asymmetric 1,3-d&&v cyloaddition of 3,4-dihydro~oquin+ne 
N-oxide 4 with ketene acetals p 

em 
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12 
13 
14 
15 
16 
17 
18 
19 
20 

R3 R.4 

Ph rrBu 
PhCH2 I&l 
(4-(BziO)-Ph)CH2 n-Bu 

H 
::CH2 mBu 
(4-(MeO)-Ph)CH2 MU 
(4-@IO)-Ph)CH2 H”B 
~l-(E&lO)-Ph)CH2 

(4.(BZfO)-Ptl)Ci+ 
n-Bu 
mBu 

8.8. (%)b 

12d@ 
12 
6 
12 
24 
36 
44 
12 
20 
22 

*all reactions were pe&mmd in diiblorotnetbane (IQ 44) or in pmpioniirib (& =n-Bu, 3.5-(CP$#b) at -78 Oc for CP 5-24 hours 

mill quantitative coovasion of nitrone: absolute c~nfiiumtioo of products ie arbitrarily chore0 ; b determined with cbiral HPLC 
(Chinlal OD aad Chirdpak AD), n-hexsae/i-PrOtI 98~:c ca. 10% ckmiial yield at mom tan- in propionitrile; d reaction 
in telrahydrofursa; %versal of enantioselectivity. 

Borane-derived OXaZ&OrOlidine8 (R,.t = H) gave quantitative conversion of both &ones at -78 Oc, whereas 

the less acidic n-butyl-boron substituted oxazaborolidines gave low conversion of nitrone 1 but were still 

strong enough to catalyze 1.3-dipolar cycloadditions of the more reactive cyclic n&one 4 at -78 W. 

Quantitative conversion of nitrone 1 was observed at -78 OC with 3,5-bis(trifluoromethyl)phenylboronic 

acidtt derived oxazaborolidines. Table 1 shows that for nitrone 1 the enantioselectivity depends on the 

position of a phenyl ring in the side-chain substituent (R3) of the chiral oxaxaborolidine. Best results were 
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found for R3=PhCHg (entry 4 and 7). Further optimization is achieved with tyrosine-(OBzl)-derived 

oxazaborolidines (R3=(4-BzlO-Ph)CH2, entry 5 and 9). However, these results are also dependent on 

substituents Rl and R2 of the ketene acetal and R4 of the boron catalyst_ For n&one 6 (Table 2) the substituent 

effects are less pronounced. Again, best enantioselectivities were obtained with tyrosine-(OBzl)-derived 

oxazaborolidines (entry 17 and 20). dependent on substituents Rl, Rz and %. From our results we have 

deduced a “working model” A which can be used for further optimization of the catalyst. Enantioface 

discrimination of the n&one can be explained by possible “attractive x-x interactions” between the electron- 

rich phenylring in the side-chain substituent R3 and the C-phenyl part of the nitrone which becomes electron- 

poor by complexing the Lewis acid to the nitrone oxygen atom. The effects of the substituents Rl, R2 and Rq 

on the stereo- and enantioselectivity can only be understood further when the mechanism of the cycloaddition 

(concerted or via a dipolar intermediate) is known. The selective formation of the cis-5,5dialkoxy4methyl- 

3-phenyl-isoxazolidines is in accordance with a dipolar transition state B. arising from the most favourable 

transoid approach of the ketene acetal to the E-n&one moiety, as described analogously for the polar [2+2]- 

cycloaddition of ketene acetals to carbonyl compounds or electron-poor iminesl2. 
RZO + OR, 

“working model” 
H 

Si-face shielding of E-nitrone n1 & 

Ph 

H 
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This fiit example of catalytic asymmetric 13-dipolar cycloadditions of nitrones with ketene acetals 

provides a simple route for the asymmetric synthesis of ~amino esters. Mild hydrogenolysis of the N-O bond 

of cis-5,5-dimethoxyisoxazolidine 9 (Rl=R2=Me; m.p. 112 Oc) with 1 atm. H@d(C) for 30 min. at room 
temperature yielded the known syn-&amino ester 5 (JJ-Q_H~ = 5.0 Hz, m.p. 98 DC, lit.13 98-99 Oc). In a similar 

manner 5.5-diethoxyisoxazoIidine 2 (Rl=H, Rz=Et) was converted into tetrahydroisoquinoline ethyl ester & a 

versatile intermediate in the synthesis of various biologically active compouudst4. 

References and Notes 

1. 

2. 

3. 

a) TufarielIo, J.J. In X,3-Dip&r Cycl~additicms Chemistry. Padwa. A., Ed.; Wiley, New York, 1984, vol. 

2, pp. 83-168; b) Confalone, P.N.: Huie, E.M. Org. React. 1988.36, I-173; c) Balasubramanian. N. Org. 

Prep. Proc. Int. 1985. 25: d) Black, D.S.; Crozier. R.F.; Davis, V.C. Synthesis, 1975. 205221: e) 

Annunziata, R.; Cinquini, M.; Cozzi, F.; Raimondi, L. Gazz. Chim ItaL 1989,119.253-269; f) Mulzer. J. 

Nachr. Chem. Tech. Lab. 1984,32,882-887. 

a) Murahashi, S.-I.; Imada. Y.; Kohno, M.; Kawakami, T. Synleti, 1993, 395-396 (ref. 2 and 3 cited 

therein); b) Mukai, C.; Kim, I.J.; Cho, W.J.; Kido, M.; Hanaoka, M. J. Chem Sm. Perkin Ttrans. 11993, 

2495-2503; c) Murahashi, S.-i.; Sun, J.; Tsuda, T. Tetrahedron L&t. 1993,34, 2645-2648; d) Goti, A.; 

Cicchi, S.; Brandi, A.; Pietrusiewitz. K.M. Tetrahedron : Asymmetry 1991.2, 1371-1378; e) T&ah&i, 
T.; Fujii, A.; Sugita, J.; Hagi, T.; Kitano, K.; Arai, Y.; Koizumi. T.; Shire. M. Tetruhedrun : Asymmetry 

1991.2.1379-1390. 

The use of non-chiral Lewis acid catalysts (e.g. ZnI2) in the 1.3~dipolar cycloaddition of nitrones with 



4422 

electron-poor (chiral) dipolarophiles has been reported recently : ref. 2a; Kanemasa. S.; Tsuruoka, T.; 

Wada, E. Tetrahedron Left. 1993, 34, 87-90; Kanemasa, S.; Uemura, T.; Wada. E. Tetrahedron Lett. 

1992.33.7889-7892. 

4. a) Narasaka, K. Synthesis 1991, l-l 1; b) Kagan, H.B.; Riant. 0. Chem Rev. 1992, 1007-1019: c) Lohray, 

B.B.; Bhushan. V. Angew. Chem. 1992,104, 740-741; d) Wallbaum, S.; Martens, J. Tetrahedron : 

Asymmetry 1992.3, 1475 1504; e) Deloux, L.; Smbnik. M. Chem Rev. 1993.93.763-784. 

5. a) Silyl ketene acetals are known to give silyl group-transfer 1,3-addition reactions with nitrones instead 

of ordinary 1.3~dipolar cycloadditions: Tomoda. S.; Takeuchi. Y.; Nomura, Y. Chcm Lett. 1982, 1787- 

1790; Kita. Y.: Itoh, F.: Tamura. 0.: Ke. Y-Y.; Tamura, Y. Tetruhedron Left. 1987.28.1431-1434; Kita, 

Y.; Tamura. 0.; Itoh, F.; Kishino, H.; Miki, T.; Kohno, M.; Tamura, Y. J. Chem. Sot., Chem. Cornmun. 

1988.76 l-763; b) preliminary results on the 1 .fdipolar cycloaddition of several nitrones with enol ethers 

show that this reaction is strongly catalyzed by chiral oxazaborolidines at room temperature yielding 5 

allcoxy-isoxazolidines in high yield (to be published). 

6. Seerden, J.-P.G.; Scheeren, J.W. Tetrahedron L&t. 1993,34,2669-2672. 

7. Murahashi. S-I.; Shiota. T.; Imada. Y. Org. Synth.Vol. 70. 1992.265-271. 

8. Scheeren, J.W.; Aben, R.W.M.; Ooms, H.J.; Nivard, R.J.F. J. Org. Chem. 1977.42, 3128-3132; J.W. 

Scheeren, “Keten-O.O-acetale” in: Houben-Weyl, ‘Methoden der Qrganischen Chemie’, H. Kropf, E. 

Schaumann (Eds.), Georg Thieme Verlag, Stuttgart, 1993, Band E15, 1674-1736. 

9. Scarpati, R.; Sica, D.; Santacroce, C. Gazz. Chim. Ital. 1966.96, 375-386; Huisgen. R.; Grashey. R.; 

Seidl, H.; Hauck, H. Chem. Ber. 1968, ZOI, 2559-2563. 

IO. v The chiral oxazaborolidines (0.2 mmol) were prepared in situ from N-tosyl-L-a- 

amino acid& at room temperature under inert nitrogen atmosphere by addition of equimolar amounts of 

BH3.THF, or n-BuB(OH)z or 3,5-(CF3)2PhB(OH)2 in the presence of powdered 4A molecular sieves, in 

dry solvent (4 ml). Nitrone (1.0 mmol) was added at room temperature, the mixture cooled to -78 Oc and 

the ketene acetal(2-3 eq.) was added. After 5-24 hours the reaction mixture was quenched with saturated 

aqueous bicarbonate, extracted with dichloromethane and diethyl ether, dried with sodium sulphate and 

concentrated under vacuum. The crude isoxazolidine was isolated and purified by flash chromatography 

on silica gel or alumina using ether:n-hexane (1: l-4) as eluens (containing 1% Et3N). Yields: ca. 80-9995. 

11. This ligand has been succesfully applied in catalytic asymmetric allylation reactions: Ishihara. K.; Mouri, 

M.; Gao, Q.; Maruyama. T.; Furuta, K.; Yamamoto, H. J. Am Chem. Sot. 1993, 125. 11490-11495. 

12. Scheemn. J.W. Reel. Trav. Chim. Pays-Bar 1986,105,71-84.; Aben, R.W.M.; Smit, R.; Scheeren, J.W. J. 

Org. Chem., 1987,52,365-370. 

13. Luche, J.L., Kagan. H.B. Bull. Sot. Chim. France 1%9,3500-3505; Barluenga, J.; Fananas, F.J.; YUS, M. 

J. Org. Chem. 1979.44.4798-480 1. 

14. Brossi, A.; Lindlar, H.; Walter, M.; Schnider, 0. Helv. Chim. Acta 1958,4i, 119-139; Meyers, AI.; 

Munoz, G.G.; Sobotka, W.; Baburao, K. Tetrahedron L&t. 1965,4, 255-260; Pecherer, B.; Stumpf, J.; 

Brossi, A. Helv. Chim. Acta 1970,53, 763-770; Crabb. T.A.; Mitchell, J.S.; Newton, R.F. J. Chem. 

Comm. Perkin II, 1977.370-378; Koizumi. T.; Yanagawa, Y.; Yoshii. E.; Yamazaki, T. Chem Pharm. 

Bull. 1978, 26, 1308-1311. 

15. Financial support by the Innovation Oriented Research Program (IOP) on Catalysis (no.90034) of the 

Netherlands Ministry of Economic Affairs is gratefully acknowledged. 

(Received in UK 17 March 1994; accepted 22 April 1994) 


