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Abstract New catalytic asymmetric Lewis acids have been developed for the aza-Diels-Alder
reaction of a methyl glyoxalate and p-anisidine derived imine with Danishefsky's diene. The
catalysts were developed using parallel combinatorial methods, with the highest e.e. being 97 %
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using (18, 25)-1,2-diphenylethylenediamine and magnesium iodide in acetonitrile.
© 1998 Elsevier Science Ltd. All rights reserved,

There are mvriad example
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s of catalytic
homochirai Lewis acid catalysts and olefinic dienophiles.! Similarly, hetero-Dieis-Alder reactions involving
aldehyde dienophiles have also succumbed to catalysis using homochiral Lewis acids,” however similar
asymmetric catalysis of imine dienophiles has remained elusive. Successful asymmetric induction in the aza-
Diels-Alder reaction has relied almost entirely upon auxiliary-based methodology,’ with the exception of
Yamamoto’s stoichiometric homochiral triarylborate Lewis acids.® Recent results from Kobayashi’s laboratory
has shown however that asymmetric induction is possible with an aza-diene using catalytic ytterbium-based

Lewis acids, which has been followed by imine cycloaddition using an asymmetric zirconium catalyst.” We are

therefore nromnted to rpnnrt our own work on the catalvtic asvmmetric induction in an aza-Diels-Alder
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reaction, using a homochiral Lewis acid catalyst and an imino dienophile.

Our approach to finding a solution to the probiem of asymmeiric induction in aza-Diels-Alder reaction of
imino dienophiies was to examine a range of likely candidate reactions which were susceptibie to achiral Lewis
catalysis. Of many reactions examined over several years, the reaction of N-aryl imines of type 1 appeared to be
an ideal candidate for the development of an asymmetric catalyst, since it was found that such imines do not
undergo thermal cycloaddition with Danishefsky’s diene.’

Equation 1.
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Thus formal cycloadduct 3 was isolated in 76 % yield after silica gel chromatography. These findings led us to
explore the potential of asymmetric Lewis acids for catalysing the reaction shown in Equation 1 using a
combinatorial approach to catalyst selection."
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Tabie 1.

Lewis acid [ Ligand | Addiave Solvgnt e.el% |
Yb(ﬁTf!}3 5 2,6-lutidine | MeCN 41
Yb(OTY), 6 2,6-lul:idine MeCN 77
Yo(OT11), 6 4AMS [ CHCL | 72
Ybh(OTY), 6 2,6-lntidine | CH.CL, g1

LYb(OTY), 6 4 AMS PhMe 64
[ Yb©OTDH, | 6 | 2.6-lutidinc | PhMe 87

Cu(OTY), 6 4 AMS MeCN 51
ra7as s y 4 Lo B G Ly fpvge XA PRT ZA
CUluUli), L1 ] 4, 0-1ULIU1NC IVICLU LN 04
Cu(OTY), 6 - MeCN 88
Cu(OTT 52 6 - CH,Cl, 72
Cu(OTh), 6 4 AMS _PhMe 60
Cu(OTY), 6 - PhMe 56

AT [ DLA A LA
VgL, J - Fnivié 04
Mgl, 6 4 AMS MeCN 79
Mgl, 6 2,6-lutidine | MeCN 97
Mgl 6 - MeCN | 83
Mgl, 6 4 AMS CH,Cl, 65
Iuglz [ 2,6-lutidine CH2C12 54
Mgl, 6 - CH,Cl, 94
Mgl, 6 4 AMS PhMe 9
Mgl, 6 2,6-lutidine | PhMe 91
FeCl, 4 - MeCN 57
juprall A rali irall 0Oy
e, 4 4 AMS Cri Ui, YL
FeCl, 4 2,6-lutidine | CH,CL, 70

* All e.e.’s unoptimised.

The approach adopted involved library generation using single ligand synthesis, i.e. discrete homochiral
Lewis acid complexes were generated individually, in solution, using multiple well plates. This parallel
screening approach for chiral catalyst discovery, involved initial examination of four different metal salts
[Yb(OTY),, Mgl,, Cu(OTY),, and FeCl,], three different homochiral ligands (4-6), three different solvents
(dichloromethane, toluene and acetonitrile), and two different additives (2,6-lutidine and 4 A molecular sieves)
with the total amount of Lewis-acid being calculated to be approximately 10 mol % relative to imine 1.
Enantiomeric excesses (e.e.’s) were measured using chiral h.p.l.c. with a Chiralcel OJ column and autosampler,
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combinations were subsequently identified using the positional ide
produced e.e.’s greater than 40 % are shown in Tabie i.

This preliminary screening process rapidly showed that all four metal salts chosen were capable of
catalysing the aza-Diels-Alder reaction giving products in >80 % e.e. with certain ligand, additive and solvent
combinations (see Table 1). In fact, 70 % of the combinations tried showed some level of asymmetric
induction and catalysis. Additionally, and by coincidence, the sense of asymmetric induction produced for all
the combinations shown in Table 1 are the same (vide infra)! Hence, under the different reaction conditions
chosen, all three ligands 4, §, and 6 produce the same enantiomer in excess when combined with any of the

four metal salts used for the small scale screens.
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The most promising leads from each of the metal salts tested were then selected for reinvestigation on a
preparative scale (1 mmol), using 10 mol % of Lewis acid, in order io determine accuraie yields and e.e.’s for
the isolated product 3 (after silica gel chromatography) (Table 2). In all cases, the small scale reactions (5 mg
scale) were all completely reproducible in terms of e.e. and produced yields which clearly exceeded the amount
of catalyst added, confirming true catalytic activity of the Lewis acid complexes generated in each case.

Table 2.
Lewis acid | Ligand | Addiive | Solvent | Yield% | €-€/% |
Mzl 6 | 2.6luudine | MeCN 64 o7
Yb(OTY), 6 2,6-lutidine | PhMe 60 87
Cu(OTi), 6 none MeCN 58 86
FeCl, 4 4 AM.S. CH,Cl, 67 92

aan

All yields unoptimised, after silica gel chromatography. "For
nrocedure and characterisation, see reference 12.
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Clearly, the fact that the three homochiral ligands chosen for the study produce the same sense of

absolute stereochemical control has mechanistic implications for the entire asymmetric induction process and
A
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the power o ds for the discovery o
asymmetric, catalytic processes. Further studies to prove the absolute stereochemistry of the adducts, and mode

of action and structure of the active catalysts are underway.
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(29 mg, 0.10 mmol) and (1R, 2R)-diphenylethylene diamine 6 (24 mg, 0.11 mmol) in acetonitrile (5
ml) was added 2,6-lutidine (0.01 ml, 0.11 mmol). After 30 mins, imine 1 (200 mg, 1.04 mmol) was
added in ury acetonitriie (10 mi), foliowed by diene Z (0.25 mi, i.29 mmoi) after a further 30 mins. The

reaction mixture wag stirred for 18 h mixed with silica gel {’) a\ and the solvent evangrated. The
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resulting solid was loaded onto a silica gel column and eluted with petroleum ether : ethyl acetate (1 : 2)
to give enone 3 as a yellow solid (174 mg, 64 %); [at],> -2.9° (c. 0.1 CHCL,); v, (film, inter alia)
1740 (ester CO) and 1650 (ketone CO) cm™; A, (EtOH) 203 (g 12,000), 239 (¢ 7,520) and 341 (&

15,100) nm; & ("H, CDCl,, 400 MHz) 2.97 (1H, ddd, J 17, 2 and 1 Hz, CHH), 3.11 (1H, dd, J 17 and
7.5 Hz, CHH), 379and884(each3H s, 2 x OCH,), 4.72 (1H, ddd, J 7.5, 2 and 1 Hz,
N.CH.CH,), 5.24 (1H, dd, J 17.5 and 1 Hz, N.CH:CH), 6.93 and 7.12 (each 2H, d, J 8 Hz, 2 x

ArCH), 7. 43 (lH dd, J 17.5 and 1 Hz, N.CH:CH); § (°C, CDCl,, 100.7 MHz) 38.8 (CH,), 53.4

£ A WOLT ({CO.0CH). 6§1.7 (NCH). 102.3 (ArCH), 115.2 (ArCH), 1223 (NCHE:CH). 1385
AU I1,), 56.0 (LuuLn,), 017 UNLCIL), 1UL.0 (AL, 110.2 (ATLIL), 122,05 UNUTLIL), 150.0

(ArC.N), 150.5 (NCHCH) 170.8 (CO.OCH,), 189.5 (CO.CH,); m/z (c.i., NH,) 262.3 (M+H", base

372

peak), Anal. CNHUNO,, requm:sC 64.1; H, 5.8; H, 5.3; found C, 64.2; H, 5.7; N, 5.6 %.
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