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Abstract: 7.5Fused bicyclic iactams of type 1 were synthesised by a route involving the radical 
cyclization of the intermediate 2. High level of stereoselection was obtained in this reaction. 

The development of new therapeutic agents against neurodegenerative processes is an area of 

increasing interest for the research community and pharmaceutical companies.3 In fact, the dramatic 

increase of life expectancy is likely to increase the incidence of cognitive disfunctions in the population. As 

a part of our efforts to design and prepare new compounds showing cognition-activating properties 

(nootropics), we focused our attention on conformationally restricted proline-containing dipeptide. Fused 

bicyclic lactams la-d have identified as compounds in recent QSAR of ten 

reversal compounds.4 disclosure of results on synthesis of la-d was prompted also by the 

appearance of a very recent report centered on the generation of the same 7,5-fused bicyclic lactams by a 

route involving an N-acyliminium ion cyclization.5 

la X = Ot-Bu 
cox lb X=OH 

lc X=OMe 
Id X=H 

We devised a completely different synthetic approach based on the radical cyclization of a preformed 

pyrrolidinyl nucleus in which the nitrogen atom is engaged in an amide bond with the carboxyl function of 

the 2-acetoamidoacrylic acid as depicted in the following scheme. 
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In principle, two regioisomeric products could be produced in the cyclization according to Baldwin 

rules, as 7-Endo-Trig and 6-Exo-Trig paths are both favored processes.6 Although simple 6-heptenyl 

radicals have been reported to cyclize preferentially in 6-~5x0 mode.7 we were confident that the stabilization 

exerted through the capto-dative effect 8 by the amide carbonyl and the N-ace@ groups on the radical 3 

might force the reaction to follow a 7-Endo pathway. In fact, the only presence of an N-formyl group in a 5 

aza-6-heptenyl radical has been shown to enable complete ‘l-End0 regiocontrol to be achieved in the 

assembly of the azepine ring by attack of aryl radicals onto enamide functions.9 

The real concern was about the stereochemical outcome of the cyclization, as the new stereocentre is 

generated in the step involving hydrogen transfer from n-Bu3SnH to the likely planar radical intermediate 3. 

However, it has been reported that good 1,4-asymmetric induction could be achieved in the radical hydrogen 

abstraction by C2-symmetrical a&amide-derived radicals. lo The stereochemical control of this process has 

been explained by a reaction of the preferred conformation 5, anti to the shielding 5-membered ring. MM2* 

calculations1 1 on radical 3 showed that two main conformational arrangements 3a and 3b can be accessible 

in a 3 Kcal/mol range, differing from the magnitude and sign of the torsion angle which defines the relative 

orientation of the -NAc and carbonyl groups (Figure 1). Hydrogen attack anti to the pyrrolidine moiety onto 

either conformer should lead to diastereomeric products. Conformer 3a should enjoy more stabilization by 

electronic factors as the singly occupied radical orbital is twisted with a smaller out of plane angle. This will 

result in a better orbital overlap and consequently in an enhanced resonance stabilization. Our hypothesis 

was eventually confirmed by experiments which demonstrated that the radical cyclization of 3 led 

stereoselectively to isomer 4a. 

Figure 1 

The synthesis of the radical precursor 2 started from the known proline derivative 6, 12 easily 

obtainable in a highly stereoselective way from the inexpensive L-glutamic acid in five steps. Minor 

modifications of the published procedure allowed the rapid preparation of 65 grams of diester 6 in a single 

run with only one chromatographic purification. 

P LiBH4 

c 
C02t-Bu - HO 

THF 
MeO& CH2Ph (87%) 

6 

I. Ha, Pd(OH)z 
HO CO$Bu - 

2. 8, DCC 
ftH2Ph DMAP, THF 

(75%) 9 &+ 0 
7 NHAc 

I 
I MsCI, CH2CI 2 

(73%) Et 3N 
2. NaI, acetone 

2 



4033 

Chemoselective reduction13 of the methyl ester with LiBH4 at room temperature cleanly afforded the 

corresponding alcohol 7. Hydrogenolysis of the amine protecting group was particularly efficient in terms of 

yield and reaction rate when carried out in the presence of palladium hydroxide (Pearlman’s catalyst). 

Condensation of the resulting secondary amine with 2-acetoamido acrylic acid 8 was mediated by the use of 

1,3-dicyclohexylcarbodiimide (DCC) and catalytic 4dimethylaminopyridine. The outcome of this reaction 

proved to be dramatically dependent on the addition order of the reagents. Good yields could be obtained 

only when a tetrahydrofuran solution of the acid was added dropwise to a solution mixture of the pyrrolidine 

and DCC. Treatment of the 2-acetoamidoacrylic acid with DCC followed by addition of the amine led to the 

formation of an intractable mixture. Conversion of the hydroxy compound 9 into the primary iodide 2 was 

best accomplished by a standard procedure involving the intermediate preparation of a mesylate followed by 

displacement with sodium iodide in refluxing acetone. The mesylation reaction afforded variable amounts of 

the corresponding chloride, but the two component mixture was altogether converted into the same final 

product 2. Thus the precursor of the radical cyclization 2 was obtained from 6 in 49% overall yield and 

> 90% purity with no need of any chromatographic purification. 

The final radical cyclization was performed using the tin method by slow addition (syringe pump, 6-8 

hrs) of O.Ol-0.02M benzene solutions of n-BusSnH and catalytic AIBN (IO-20%) to a O.lM solution of 

iodide 2 in the same solvent. Careful analysis of the reaction mixture showed the exclusive presence of the 

7-Endo isomer along with only trace amounts (2-3%) of the product deriving from iodide reduction. 

Adjustments of the experimental conditions resulted in an optimized 4i% yield and 88% diastereomeric 

excess. Substantial increase in stereoselection up to 99% was counterbalanced by a net drop of the chemical 

yield (2530%). 

The use of (Me$i)$iH14 as a radical initiator had a detrimental effect on yields under slow addition 

conditions. However, acceptable yield (42%) and very high diastereoselection (~95% d.e.) were achieved 

when (MesSihSiH and AIBN were added in one portion. On the other hand, addition of 1 equivalent of 

BugSnH and 10% AIBN in one portion produced an almost equimolar mixture of the cyclized and reduced 

products. This finding could suggest that the rate constant of the cyclization reaction is similar to the rate 

coefficient of the hydrogen transfer from Bu3SnH to the primary alkyl radical derived from iodide 2 

(typically 105-106 M-Is-*).15 Taking into account that the rate constant measured for 7-Endo closure in the 

simple heptenyl radical is cu. 7 x lo* s-l,7 it is safe to conclude that the capto-dative substituent effect is 

likely to be responsible for the great acceleration of the endo pathway. 

The stereochemistry of the newly formed stereocentre was determined by single X-ray analysis of the 

methyl ester lc, obtained by esterification with diazomethane of the acid lb resulting from the acidic 

hydrolysis (trifluoroacetic acid) of la. As anticipated, the absolute configuration was shown to be S. 

Finally, DIBAH reduction of la in toluene at -78*C afforded in acceptable yield (50-60%, not 

optimized) the aldehyde Id. 

Compounds la-d will be tested to evaluate their pharmacological activity. We are currently studying 

by ab initio methods the conformational behaviour of the radical 3 and the transition state of the hydrogen 

abstraction reaction,16 in order to gain deeper insights into the factors responsible for such a high selectivity. 
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