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Abstract. Copper (II) trifluoromethanesulfonate, its chiral bisoxazoline complex, and bismuth ()
chloride efficiently catalyze the intramolecular cycloaddition reactions of N-vinyloxypropyl-2-cyano-1-
azadienes 2. Both the scope of this process and the reaction conditions were studied.
© 1999 Published by Elsevier Science Ltd. Al rights reserved.

The hetero Diels-Alder reaction of azadienes represents both a direct and convergent strategy for the
construction of functionalized piperidines, integral components of a large number of alkaloids.! Devising
different means to activate the azadiene system with respect to the Diels-Alder reaction has been a crucial aspect
in the development of this approach as a general synthetic method. In this context, the introduction of electron-
donating (NMe2)22 or withdrawing ( N-Ac2ab, N-SO7R2d:) groups onto the azadiene nitrogen has proven to
be effective, as has the substitution of the C-2 position of 1-azadienes by a cyano group. Indeed, 2-cyano-1-
azadienes bearing either an N-acyl or N-phenyl substituent react under thermal conditions with both electron-
rich (LUMOazadiene-controlled) and electron-poor (HOMOazadiene-controlled) dienophiles.3

The development of Lewis acid catalyzed versions of the carbo-Diels-Alder reactions has clearly
demonstrated the advantages inherent to these processes in terms of reaction conditions (time and temperature),
as well as the control of regio and stereochemistry.4> Catalytic versions of certain hetero [4 + 2] cycloadditions
have also been documented which display these features. These include the cycloadditions of oxadienes with
vinyl ethers (Cat = TiCl4%2, SnCl462b, EtAICI262, ZnClp6c, ZnBro®d, Eu(fod)36€, Ti(IV) chiral complexesol.g,
MgClO48h, Cu(oxaz)2(OTf)26 and Y/Yb complexesS), imine (Zn(OTf)72, CuClO4 and Cu(OTf)2
complexes’?) and glyoxylate (Cu(oxaz)2(0Tf27¢, Yb(OT),74, BINOL-Ti’) cycloadditions and Diels-Alder
reactions of thiadienes (Cat = TiCl43?, Cu(OTf)28b, Mg(OTf)28b, Yb(OTf)38, AICI3/EtAICIp8d). Earlier
attempts to use Lewis acids in 2-azadiene cycloadditions (SnCl4 and EtAICI2%, TMSNTf2%%) have met with
intermittent success,?¢ and there are, as yet, no reports on the catalysis of 1-azadiene Diels-Alder reactions.

In a continuation of our work on the intramolecular Diels-Alder reaction of 1-azadienes!0 we have shown
that 2-cyano-1-azadienes such as 2a-d, containing an electron rich enol ether dienophile component, undergo
cycloaddition to give the oxazinopiperideines 3a-d in 59-80% yield (Scheme 1). However, under the thermal
conditions (toluene, 110-130°C for 24 h) employed to effect reaction of these fragile systems, partial
degradation of the cycloaddition products occured. This was particularily true for the transformation of 2d to
3d where up to 40% loss of material was observed. In light of these findings, it was appealing to use Lewis
acid catalysis to render these cycloaddition reactions possible at lower temperatures, and thereby to improve
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upon their selectivity. The results of a study of the Diels-Alder reactivity of azadienes 2a-d in the presence of
different Lewis acid catalysts are reported in this communication.
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Table 1. Intramolecular catalyzed hetero Diels Alder reactions of 2-cyano-1-azadienes.

entry azadiene catalyst? temp.b, °C time, h product yield,C % cis/transf
1 2a Cu(OTf)2 It 18 3a 19 -
2 2a Cu(OTf)2 + MS 3A it 20 3a 22 .
3 2b Cu(OTf)2 -20 38 3b 60 1:37
4 2b Cu(OTf)2 It 5 3b 53 1:36
5 2¢ Cu(OTf)2 -20 12 3¢ 71 1:64
6 2d Cu(OTf)2 -20 1 3d 31€ 1:16
7 2b BiCl3 + MS 3A 0 72 3b 69 1:48
8 2¢ BiCl3 1t 30 3¢ 82 1:83
9 2b AgSbFg or AgOTf  .20->20 48 0 -
10 2b TiClg -20 10 3b 32 (+1b) 1:47
11 2b Cu(oxaz)2(0Tf)2 t 18 3b 61(+101b) 1:36
12 6 Cu(OTf)2 0 0.3 7 14d.e -
a - All reactions were carried out in dry toluene, with 10 mol % of catalyst; b - Optimal temperature. At lower temperatures the
reaction doesn't work or is extremely slow and doesn't advance tilt completion;

¢- Isolated yield; d - Significant degradation; e - Cyano group partially hydrolyzed to amide; f - Calculated from NMR data.

As the data in Table 1 indicates, in contrast to the purely thermal conversion of compounds 2 to
tetrahydropyridine derivatives 3, the Diels-Alder reaction of 2a-d in the presence of 10 mol % of Lewis acid
proceeded smoothly at -20°C or room temperature. For example, the intramolecular cycloaddition of azadiene
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2b catalyzed by copper (II) trifluoromethanesulfonate (toluene, -20°C, 38 h - entry 3) afforded cycloadduct 3b
in 60% yield.

Of the Lewis acids tested as catalysts for this aza Diels-Alder reaction, the best results were obtained with
Cu(OTf)2 (entries 3-6) and BiCl3 (entries 7,8). Silver salts (AgOTf and AgSbPFg) were totally inactive,!!
while addition of TiCl4 caused partial degradation, probably dtie to the presence of traces of HCL. In contrast to
the results obtained by Evans et al. for cyclopentadiene-N-acylacryloylamide cycloadditions,!2 Cu(OTf)2 itself
was shown to be a more active catalyst for azadiene reactions than the chiral bisoxazoline complexes 8a and 8b.

Unlike the cycloadditions of oxadienes,5&] the azadiene catalyzed reactions turned out to be extremely
sensitive to the solvent employed. Thus, whereas the expected cycloaddition products were obtained in good
yields using benzene or toluene as the reaction medium, rapid decomposition of the starting material was
observed for the more polar solvents (CH2ClI2 and THF).

Important also was the finding that, despite the possible double bond (imine to enamine) isomerization
upon coordination of the azadiene nitrogen in 2b with the catalyst [Cu(OTf)2 (entries 3,4) or BiCl3 (entry 7)],
no trace of the isomerized compound 4, or the corresponding cyclic enamine 5 observed under thermal
conditions,'0 was detected. (entry 7). However, extended reaction times were required for complete
transformation.!3 This led in some cases to the loss of catalytic activity due to slow catalyst hydrolysis.
Nevertheless, this could be avoided by addition of powdered molecular sieves 3 A (entries 2, 7).14

Interestingly, the presence of a substituent on C-4 appears to be important for the catalytic reaction to be
efficient. Indeed, all attempts to catalyze the cycloaddition of acryloyl derivatives 2a and 6 resulted in low
product yields, prolonged reaction times and significant degradation. An attempt was made to rationalize this
result in terms of the differences in the electron density on nitrogen. However, MOPAC calculations of charge
distribution (AM1 level) show that although there is some increase of partial charge on N-1 (from -0.17 for 2a
to -0.20 for 2d), it is too small to explain the difference in reactivities of 2a/6 and 2b-d. This leads us to
suggest that the variation in the catalysis efficiency observed in these reactions may be a function of the
stabilization of the azadiene-copper complex and of the products formed that results when the 4-substituent is
present.

The very low asymmetric induction observed in the reaction of 2b with 8a (op = +0.4 (c=1.0 CH2Clp),
ee 8%)13 suggests that the cyano-group is not coordinated to the copper cation, and that the reaction proceeds
via a one-point diene-catalyst complex 10, which is less highly organized than the two-point complex 9
(Scheme 2).16.12 Following from this argument, improved enantioselectivity may be observed in the Diels-
Alder reactions of N-acyl—l-azadienes, which can, in principle, form complexes of type 11.
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The search of other nitrogen-coordinating catalysts compatible with the acid sensitive nature of 1-
azadienes, as well as work toward the development of asymmetric aza Diels-Alder reactions are ongoing.



7218

References and Notes

1.

n

10.
11

12,

13

14,

15.

For a general discussion on the Diels-Alder reactions of 1-azadienes; see: Boger, D.L.; Weinreb, S.M. Hetero
Diels-Alder Methodology in Organic Synthesis, 1987, Academic Press; San Diego, Chapter 9.

(a) Serckx-Poncin, B.; Hesbain-Frisque, A.-M.; Ghosez, L. Tetrahedron Lett., 1982, 23, 3261. (b) Cheng, T.-S.;
Lupo, A.T.; Fowler, EW. J. Am. Chem. Soc. 1983, 105, 7696; (c) Huang, Y.C.; Fowler, FW. J, Org. Chem.
1985, 50, 2719. (d) Boger, D.L.; Kasper, AM. J. Am. Chem. Soc. 1989, 111, 1517; (e) Boger, D. L.; Corbett,
W.L.J. Org. Chem., 1993, 58, 2068, and references therein.

(a) Teng, M.; Fowler, FW. J. Org. Chem. 1990, 55, 5646. (b) Sisti, N.J.; Fowler, F.W.; Grierson, D.S. Synlett
1991, 816. (c) Trione, C.; Toledo, LM.; Kuduk, S.; Fowler, EW.; Grierson, D.S. J. Org. Chem. 1993, 58,
2075; (d) Sisti, N.J.; Motorina, .A.; Tran Huu Dau, M.-E.; Claude, R.; Fowler, F.W.; Grierson, D.S. J. Org.
Chem. 1996, 61, 3715.

For example, (a) Crosignani, S.; Desimoni, G.; Faita, G.; Righetti, P. Tetrahedron, 1998, 15721. (b)
Selectivities in Lewis Acid Promoted Reactions, Schinzer, D. Ed.; Kluwer Academic Publishers, Dordrecht,
1989.

. Kagan, H.B.; Riant, O. Chem. Rev., 1992, 92, 1007.

(a) Tietze, L.F.; Schneider, C. Synlext, 1992, 755. (b) Sera, A.; Ueda, N.; Itoh, K.; Yamada, H. Heterocycles,
1996, 43, 2205. (c) Wada, E.; Kanemasa, S.; Tsuge, O. Chem. Lett., 1989, 675. (d) Tietze, L.F.; Pfeiffer, T.;
Schuffenhauver, A. Eur. J. Org. Chem., 1998, 2733. () Wada, E.; Yasuoka, H.; Kanemasa, S. Chem. Lert.,, 1994,
145. (f) Tietze, L.F.; Saling, P. Synletr, 1994, 281. (g) Wada, E.; Yasuoka, H.; Kanemasa, S. Chem. Lert., 1994,
1637. (h) Desimoni, G.; Faita, G.; Righetti, P.P.; Sardone, N. Tetrahedron, 1996, 52, 12009 and 12019, (i)
Thorhauge, J.; Johanssen, M.; Jgrgensen, K.A. Angew. Chem. Int. Ed. Engl., 1998, 37, 2404, () Evans, D.A ;
Johnson, 1.8. J. Am. Chem. Soc., 1998, 120, 4895. (k) Spino, C.; Clouston, L.L.; Berg, D.J. Can. J. Chem.,
1997, 75, 1047.

(a) Huang, P.; Isayan, K.; Sarkissian, A.; Oh, T. J. Org. Chem. 1998, 63, 4500. (b) Yao, S.; Johannsen, M.;
Hazell, R.G.; Jorgensen, K.A. Angew. Chem. Int. Ed. Engl, 1998, 37, 3121. (¢) Johanssen, M.; Jorgensen, K.A.
J. Org. Chem., 1995, 60, 5757. (d) Mikami, K.; Kotera, O.; Motoyama, Y.; Sakaguchi, H. Synletr, 1995, 975. (e)
Motoyama, Y.; Terada, M.; Mikami, K. Synlett, 1995, 967.

. (a) Saito, T.; Suda, H.; Kawamura, M.; Nishimura, J.; Yamaya, A. Tetrahedron Len., 1997, 38, 6035. (b) Saito,

T.; Takekawa, K.; Nishimura, J.; Kawamura, M. J. Chem. Soc., Perkin Trans.I, 1997, 2957. (c¢) Saito, T.;
Kawamura, M.; Nishimura, J. Tetrahedron Len., 1997, 38, 3231. (d) Saito, T.; Fujii, H.; Hayashibe, S.;
Matsushita, T.; Kato, H.; Kobayashi, K. J. Chem. Soc., Perkin Trans.1, 1996, 1897,

(@) Linkert, F.; Laschat, S. Synlett, 1994, 125. (b) Mathieu, B.; Ghosez, L. Tetrahedron Lett., 1997, 38, 5497. (c)
Tietze, L.F.; Schuffenhauer, A. Eur. J. Org. Chem., 1998, 1629.

Motorina, L.A.; Grierson, D.S. Tetrahedron Lett., 1999 (see preceding paper).

It has been shown earlier that copper cations (Cu(OTf)3) coordinate preferentially nitrogen atom, while titan,
for example, has preponderance for oxygen. (Ferraris, D.; Drury III, W.J.; Cox, C.; Lectka, T. J. Org. Chem.,
1998, 63, 4568). The choice of Lewis acid catalyst for hetero Diels-Alder reactions stays at the present time
arbitrary, though it is clear that such factors as the ease of cation coordination with the heteroatom (close MO
levels) and the facility of salt dissociation (usually better in polar solvents) play the determining role in catalytic
activity.

Evans, D.A; Miller, S.J.; Lectka, T. J. Am. Chem. Soc., 1993, 115, 6460.

. Two major factors which may contribute to the relatively low reaction rates of catalyzed Diels-Alder reaction

of 1-azadienes are the heterogeneity of the reaction medium, and the increase of the steric hindrance on
nitrogen upon complexation.

Evans, D.A.; Peterson, G.S.; Johnson, 1.S.; Barnes, D.M.; Campos, K.R.; Woerpel, K.A. J. Org. Chem., 1998, 63,
4541.

Determined by HPLC analysis using CHIRALCEL OD column; elution with hexane-i-PrOH-H20, 99:1:0.1,
0.5 ml/min.

16, Evans, D.A.; Murry, J.A.; von Matt, P.; Norcross, R.D.: Miller, S.J. Angew. Chem. Ins. Ed. Engl, 1995, 34, 798.



