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A B S T R A C T :  p-Tolylmagnesium bromide added with high enantioselectivity to a 

cyclic enoylsultam (4), but the diastereofacial selectivity (determined by X-ray 

crystallography of the product) was opposite that reported for acyclic enoylsultams. 

The reaction was used in an enantioselective synthesis of antispermatogenic 

hexahydroindenopyridines and allowed the absolute configuration of the active 
enantiomer (1) to be determined. © 1997 Elsevier Science Ltd. 

The (4aRS,5SR,9bRS) hexahydroindeno[1,2-c]pyridines l a  (Sandoz 20,4382), l b  (RTI 4587-054) and le  

(RTI 4587-056) 3 are potent, orally active antispermatogenic compounds. The activity resides essentially in 

one enantiomer. 3 In carrying out an enantioselective synthesis of these compounds and the determination of 

their absolute configuration, we have found that the Oppolzer reaction (asymmetric 1 A-addition of a Grignard 

reagent to an N-enoylsultam) 4 with the N-camphorsultam derivative of N-ethyl-l,2,5,6-tetrahydropyridine-4- 

carboxylic acid (4) gave an opposite configuration to that predicted from results 4 with acyclic unsaturated 

acids. 

a ~ga~'-~" 'N"Et ,  ~ v  _v p-Tolylmagnesium bromide was added to the chiral 
4e HCI enoylsultam 4 derived from 1S(-)-2,10-camphorsultam to yield 

Me la, R = Me 5 (Scheme 1). 5 The crude product was hydrolyzed, converted 
lb, R = GOOH 
lc, R=COOMe to the acid chloride and cyclized under Friedel-Crafts 

conditions to the ketone 6. Compound 6 was obtained in 92% 

R overall enantiomeric excess, as shown by HPLC [chiral 

Sumitomo OA-4900 column eluted with hexane, 

dichloroethane, ethanol, trifluoroacetic acid (44.0:53.7:2.2:0.1, v:v) at 1.9 mlJmin and analyzed by absorbance 

at 254 nm]. 
Recrystallization of crude 5 from ether:hexane gave the pure sultam enantiomer 5 in 66% yield (52% 

overall from 2), which was converted to ketone 6. 6 The latter was shown by HPLC to be a single enantiomer. 

Thus, as expected, no racemization occurred during the steps leading from 5 to 6. Recrystallization of 5 from 

ether gave crystals suitable for X-ray analysis. 7 The absolute configuration is shown in Figure 1 and 

demonstrates that the aryl residue is cis to the acylsultam group and that the 1S-enoylsultam 4 resulted in the 

R-configuration at C-3 of conjugate addition product 5. 
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Scheme I 
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a) HCI/H20 h) AICI 3 
b) SOCI 2 i) p-bromobenzoic acid, n-BuLl 
c) S(-)-2,10-camphorsultam, n-BuLi j) HCI/H20 
d) 2 mols p-tolylmagnesium bromide k) H2/catalyst 
e) aq, NH4CI I) KOH, n-BuOH, reflux 
f) LiOH m) MeOH, SOCI 2 
g) SOCI2 

The configuration of 5 at the carbon bearing the aryl substituent is the opposite of that normally 
associated with the reaction of analogous acyclic ~l]-disubstituted enoylsultams with Grignard reagents. 4 
This could be due to the presence of the basic nitrogen in the tetrahydropyridine ring, which by coordination 
with a molecule of Grignard reagent could influence the direction of delivery of the aryl group, or to a change 
in the favored stereochemistry of the transition state when the double bond is part of a 6-membered ring. 8 
Present data do not allow a choice between these two possibilities. 
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Figure 1: ORTEP Diagram of Compound 5 

Me 
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Ketone 6 was con- 
verted to the hexahydro- 
indenopyridine lb  by 
treatment with the aryl 
lithium reagent derived 
from p-bromobenzoic 

acid, dehydration to the 
olefin 7, catalytic reduc- 
tion and base-catalyzed 
epimerization at C-5 as 
previously described. 3 

Esterification led to the 
methyl ester lc. Partial 

racemization occurred 

during the catalytic reduc- 
tion, probably due to 
double bond migration to 
the 4a,9-position. The 

degree of racemization 
was dependent on tem- 
perature and catalyst. It 
ranged from complete 
racemization with PdC12/ 

NaBI-Id3 atm H2 at 55 ° to 
73% ee at 23°; but with 

Pt/C/H 2 the ee at 60 ° was 
comparable to that at 23 ° 
(67% and 70%, respec- 

tively). Comparison by chiral HPLC with the enantiomers of lc obtained previously by resolution 3 showed 

that the enoylsultam 4 from 1S(-)-2,10 camphorsultam led to the inactive enantiomer of lc having a positive 
rotation at the sodium D line in chloroform. 

Since C-3 of conjugate addition product 5 becomes the 9b-carbon of the indenopyridines 1 and the 
relative position of the hydrogens has been established, 3 this establishes the absolute configuration of the 
inactive enantiomer of lc as 4aR,5S,9bR. The antispermatogenic enantiomers of lb  and c therefore have the 
4aS,5R,9bS configuration shown in structure 1. 
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constrained to be syn by chelation with magnesium, a cisoid transition state would require that the aryl 
moiety be delivered from the top face of the molecule, probably by coordination of a second molecule of 
aryl Grignard with the amine nitrogen. A transoid transition state would allow the mechanism of 

Oppolzer (reference 4) to apply. 
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