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Abstract: Diels-Alder cycloaddition of N-benzyl inune of (1R)-8-phenylmenthyl glyox~'late to 
cyclopentadiene gave the mixture of adducts 3a-d Major diastereoisomer, the (IS.exo)-adduct (3a), 
was isolated in 57% yield and transformed in 74% overall yield into (+)-(1A)-N-benzoyl-2-azabicyclo- 
[2.2. l]heptan-3-one (8), which was compared ,~ith an authentic sample of its enantiomer. In the course 
of this transformation sequence, the chiral auxiliary. (IR)-8-phenylmenthol was recovered in 90% yield. 
© 1998 Elsevier Science Ltd. All rights reserved. 

3-Functionalized 2-azabicyclo[2.2.1]hept-5-enes ( la)  are useful as synthetic intermediates in the 

preparation of diverse compounds of pharmaceutical and/or biological interest. For example, lactam l b  (or in 

some cases its enantiomer) has been used in the preparation of herbicides, t cyclic analogues of GABA, 2 the 

antibiotic amidomycin, 3 and several anti-viral agents, including the anti-HIV agent (-)-carbovir. 4 
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Currently, the most efficient route to (_+)-lb is addition of a sulfonyl cyanide to cyclopentadiene (CPD), 

followed by hydrolysis. 5 Hitherto, attempts at developing enantioselective variants of this approach have 

afforded only modest enantiomeric excesses. 6 This is attributable to the C~ local symmetry of the cyanide 

group, which makes its approach to the diene less susceptible to the asymmetric effects of the rest of  the 

azadienophile molecule. We reasoned that planar azadienophiles would have more demanding stereoelectronic 

requirements and would thus be more susceptible to the asymmetric effects of a chiral auxiliary. From among 

the various azadienophiles known to react well with CPD, 7 we chose iminium ions derived from glyoxylates 

because they are easily prepared and undergo cycloaddition to dienes under mild conditions. 8 This type of 

approach has previously been proposed to prepare compounds of type 1, using the iminium ion generated from 

(+)- or (-)-(z-phenylethylamine as active substrate. 8" However, the drawback of this approach is that subsequent 

transformation into the above mentioned synthetic targets would require the destruction of  the chirai auxiliary. 
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In the approach described here, the iminium ion is generated by reaction of an achiral amine with the 

glyoxylate of  a chiral alcohol, and the latter chiral auxiliary is recovered in the course of  subsequent synthetic 

manipulation of  the adduct. Briefly, the iminium salt (generated m sJtu from equimolar amounts of  benzylamine, 

(1R)-8-phenylmenthyl glyoxylate (2), 9 trifluoroacetic acid and boron trifluoride etherate in dichloromethane) 

was reacted at -78°C with an excess of  cyclopentadiene. The resulting mixture of  at least three of  the four 

possible stereoisomeric adducts 3a-d solidified on standing (89% yield). 10 

0 0 Ph Ph 

3a (1S, 3exo) 3b (1R, 3exo) 3c (1S, 3endo) 3d (1R, 3endo) 

Fractional crystallization from hexane of  the mixture of  adducts allowed isolation of  the most abundant 

diastereoisomer, 3a, ll in 57% overall yield. X-ray diffraction analysis of  crystalline 2a confirmed its structure to 

be that shown in Figure 1. 

Figure 1. Molecular structure of  3a 

To confirm that preparation of target compounds as those mentioned above from 3a would allow 

recovery of  the chiral auxiliary, 3a was transformed into (1S)-N-benzoyl-2-azabicyclo[2.2.1]heptan-3-one (8) 

using a reaction sequence based on the Barbier-Wieland degradation (Scheme I). Firstly, to prevent 

rearrangement of the norbornene-type structure of  3a, it was catalytically hydrogenated to 4. ~2 Then, treatment 

of  3 with an excess of  phenyimagnesium bromide, 13 followed by hydrolysis and chromatography (silica gel; 

eluant, 9:1 hexane/EtOAc) of  the crude product, gave tertiary amino alcohol 5, TM and the recovered chiral 
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auxiliary (90%). Amino alcohol 5 was easily dehydrated by heating it with HMPA, ~ to give enamine 6; 16 and 

Cu(I)-catalysed oxidation of 6 with molecular oxygen t7 gave a mixture of products from which benzophenone 

and lactam 7,18 were easily separated by chromatography (silica gel; eluent, 2:1 hexane/EtOAc). Finally, 

oxidation of 7 with potassium permanganate gave imide 8 (74% overall yield from 3a). 19 
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Reagents and conditions: a) H2, 10% Pd/C, 99:1 EtOAC/AcOH, 40 psi, rt, 3 h, 96% b) PhMgBr (10 
equiv), THF, 55°C, 12 h, 91%. c) HMPA (2 equiv), 210°C, 2 h, 95%. d) 02 (air stream), Cu2CI2 (cat.), 
CHCIa, 0°C, 6 h, 93%. e) KMnO4 (4 equiv), 18-crown-6 (cat.), 85:15 Me2CO/AcOH, 60°C, 15 h, 96%. 

Scheme 1 

Imide 8 had identical melting point and spectroscopic properties (except that its [Ot.]D 22 w a s  positive) to a 

sample ofent-8, 2° prepared from authentic (1R)-2-azabicyclo[2.2 1]hept-5-en-3-one (lb) 2~ by hydrogenation to 

9, 22 followed by benzoylation (Scheme 2). 
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Reagents andcondJtwns: a) H2, 10% Pd/C, EtOAc, 40 psi, It, 1.5 h, 98%. b) 1) Nail, Et20; 2) BzC, Et20, 14 h, 85%. 

Scheme 2 
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