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Abstract: Fumaric acid bis ((S)-proline benzyl ester) amide reacts with cyclopentadiene in thermal and Lewis
acid catalyzed Diels-Alder reactions to give the cycloadducts with high yields and diastereomeric ratios up to
100:1.

The asymmetric Diels-Alder cycloaddition represents one of the most powerful tools available from modern
synthetic methodology.l} In this process exceptionally high stereoselectivities may be obtained if the
dienophiles used contain not only one but two chiral auxiliaries with synergistic stereodirecting influences.
This prediction by Tolbert and Ali® has been addressed and exploited® and the most impressive results were
obtained by Helmchen et al. by applying O-ethyl lactate as stereodifferentiating moiety.?® In the course of
investigations directed towards the use of the easily accessible amino acid esters as chiral auxiliaries in
asymmetric syntheses? we introduced (S)-proline benzyl ester as efficient auxiliary group for asymmetric
Diels-Alder reactions.4? For instance, it reacts with cyclopentadiene at 0°C and in the presence of 1 equiv.
TiCl, to give the cycloadducts 2 and 3 in a ratio of 96.5:3.5. Considering the above-mentioned prediction by
Tolbert and Ali, we investigated whether the proline ester might also display cooperative properties and, thus,
allow for a further enhancement of the stereoselectivity in analogous Diels-Alder reactions.

N-Acryloyl-(S)-proline benzyl ester reacts with cyclopentadiene in the absence of a Lewis acid to give the
bicyclo[2.2.1]heptenes 2 and 3 in a ratio of 19:81 (ca 1:4). However, if the fumaric acid bis-amide 4 is
employed under the same conditions as the dienophile, the observed diastereomeric ratio is 93.5:6.5 (ca. 16:1;
ratios of diastereomers were determined by HPLC-analysis of the crude reaction mixtures; diode array
detection). These values are in good agreement with Tolbert and Ali’s theory and indicate that the two chiral
auxiliaries in the fumaric acid derivative 4 are capable of cooperating in these cycloadditions. The
predominating (2R, 3R)-isomer 5 can easily be obtained in enantiomerically pure form by a single
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recrystallization from ether/petroleum ether in 80-85% yield. Its absolute configuration was unambiguously
determined by X-ray analysis (see Fig. 1.).9

In the analogous TiCly-mediated Diels-Alder reactions, the observed stereoselectivity depends on the amount
of Lewis acid added. Whereas at -40°C in the presence of 0.5-1 equiv. TiCl, the ratio of 5 to 6 reaches values
of up to 100:1, the sense of the asymmetric induction begins to reverse if more Lewis acid is added and with 2
equiv. TiCly the (25,3S)-isomer predominates with a ratio of 5:6 = 9:91 (see Fig. 2.). Thus the two possible
diastereomers can selectively be obtained by this process by simply varying the concentration of TiCl,.
Contrary to the behaviour of N-acryloyl-(S)-proline benzyl ester, however, here a change from TiCly to
EtAICl, (1 equiv.) does not induce a reversal in the sense of the diastereomer ratio.

Fig, 1.: X-ray structure of Fig. 2.: Dependence of the asymmetric induction on
the Diels-Alder adduct 5. the amount of Lewis acid added in the TiCl,-
catalyzed Diels- Alder reactions of the fumaric acid
bis amide 4 with cyclopentadiene.
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As a mechanistic rationale for this behaviour, which stands in contrast to the observations obtained for
fumaroyl(O-ethyl)lactate,3® we propose that the fumaric acid bis-amide in the absence of a Lewis acid
preferably adopts the C,-symmetric conformation 7 with both c,8-unsaturated amides syn-configured. This
assumption is supported by MMX-calculations which clearly favour this conformation.® In addition, a weak
NOE-effect between the a-CH of the proline residues and the olefinic protons of the fumaric acid part can be
observed and both, the 'H- and the 13C-spectra of 4, show only one set of signals for the prolines and the
fumaric acid part, respectively.”) The diene should preferably approach 7 from the less hindered Re-side and, as
is observed, the (2R,3R)-isomer 5 should predominate. In the presence of 1 equiv. of TiCly a monochelate 8
may be formed in which for steric reasons one syn- and one anti-configured o,B-unsaturated amide
conformation are preferred. With 2 equiv. TiCl, present, the bis-chelate 9, displaying again two
syn-conformations, should be predominating. Here, the attack on the double bond from the Si-side is favoured

and the (2S5,35)-isomer is formed in excess.
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For further synthetic exploitation of the cycloadducts 5 and 6, a chemical differentiation between the two
carboxylic acid derivatives during the removal of the chiral auxiliaries is desirable. This can easily be achieved
by an iodolactonization reaction and subsequent removal of the second proline by acidic hydrolysis. This
method also allows for an efficient cleavage of the amino acid ester from the acrylamide-derived
bicyclo[2.2.1]heptenes and complements the process which is based on the O-alkylation of the amide group
with oxonium salts.*) In addition, in 5§ the amides can be cleaved by hydrolysis after simultaneous
hydrogenolysis of the benzyl ester and the double bond.

COOBzl
0. _OH o N:j 1) Jp/H,O/DME (93%) 0 OH
1) Hy/Pd-C (100%) 2) Hy/P-C (95%) ﬁr
— s COOBA —_—
29N HCI 90°C z 3)9N *(*t%'{f)@“ 90°C 0 o
o” o 88%) N (

(022 y= -85" (= 2.1, B1OH), m.p. = 140°C
RefD: [0122py= -89" (c= 2.2, EIOH), m.p. = 142-143°C

I
(_:OOBZI I I&i
p-= \L-’l H > (o]
o Na dimethoxyethane (DMEYH,0 [o]
91%

5

[0%2p= -115° {c= 22, CgHg), mp. = T3°C
Ref3 : (0022 5= 116" (c= 2.0, CgHg), mp. = 71-72°C

In conclusion, the proline ester presented in this paper proves to be an efficient chiral auxiliary which displays
cooperative properties in Diels-Alder reactions in the sense of the prediction given by Tolbert and Ali. As this
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prediction may also be valid for other transformations, the auxiliary group should also be of great value in other
asymmetric processes.
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