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Abstract- Highly diastereoselective aldol reactions of a cyclic tryptophan 

tautomer (1) are reported, together with stereochemical assignments of the 

products and a possible rationale for the selectivity. 

In this laboratory we have been interested in the chemiswy of cyclic tautomers of ayptophan and in particular 

in their use as precursors to diastereoisornerically and enantiomerically pure a- and p-substituted derivatives 

of trypt~phan'.~ of interest to the pharmaceutical industry due to restrictions on conformation that they impan 

to their derivatives.3 p-Alkylated derivatives of tryptophan have also found use as chiral ligands in 

asymmetric Lewis acid catalysed Diels-Alder reactions.4 In this letter we describe the extension of our 

methcdolgy to encompass the reaction of enolates of cyclic tryptophan tautomers with aldehydes resulting in 

highly diastereoselective aldol reactions. 

Treatment of the hexahydropyrroloindole (1) with lithium diisopropylamine (LDA) in THF at -78 OC 

followed reaction of the ensueing enolate with benzaldehyde and subsequent quenching with ammonium 

chloride, at that temperature, resulted in the isolation, in 89% yield, of a single crystalline aldol (2). The 

diastereoselectivity in this experiment was excellent with the crude reaction mixture only containing tmces of a 
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possible second diastereoisomer (Scheme 1). The configuration at C-2 was readily assigned on the basis of 

the upfield chemical shift (SH 3.21) of the methyl ester group, typical of its endo-location where it is shielded 

by the ring current of the aromatic system,lJ and indicated that attack had occurred as anticipated with high 

selectivity on the exo-face of the bicyclic system. The configuration at the adjacent and new stereogenic 

center was assigned on the basis of subsequent observations. Thus, similar reaction of 1 with LDA and then 

benzaldehyde in THF at -78 OC followed by warming to 0 OC before quenching gave not 2, but the 

tetracyclic species (3) resulting from displacement of methoxide from the carbarnate moiety by the lithium salt 

of the aldol. 
HO Ph 

I) LDA. M F ,  -78% 

i) PhCH0,-78°C 
a) NH& -78% H C02Me 
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111) -78-0% 

Scheme 1 

The oxazolidinone (3) was characterized by a strong ir carbonyl absorption at u 1777 cm-1 ( and 1739 for 

the ester) and by an exwmely shielded methyl ester group as evidenced by its chemical shift of 6~ 2.39. This 

latter observation prompted the hypothesis that the methyl ester group was sandwiched between the 

hexahydropyrroloindole and the newly introduced benzene ring and so shielded by both. This is not unlike 

the system (6) prepared by Zimmerman in which the ester has 6 1.71.6 Substantiation of this hypothesis was 

achieved by oxidation of 2 with Ley's7 teaapropylammonium permthenate (TPAP) N-methylmorpholine N- 

oxide (NMNO) system to the ketone (5) in quantitative yield followed by reduction with NaBH4 in methanol 

resulting in a 1.55:l mixture of 3 and its C-2' epimer (4) whose methyl ester group resonates at the typical SH 

3.10 for the 2-endo-carbomethoxyhexahydropyrroloindole system. Isolation and characterization of 4 



HETEROCYCLES, Vol. 38. No. 4.1994 721 

enabled its identification as a minor component (- 5%) in the m d e  reaction mixture resulting from the above 

aldol reaction with quenching at 0 OC enabling the de of the aldol reaction to be set at 90%. It appears evident 

that, as outlined in Scheme 1, aldol condensation occurs with high selectivity and chemical yield at -78 OC. 

Quenching at low temperature enables the isolation of the aldol in excellent yield whereas warming to 0 OC 

before quenching enables cyclization of the lithium salt of the aldol onto the carbarnate group. 

6 

The reaction is not limited to benzaldehyde. Treatment of the lithium enolate of 1 at -78 OC with n-hexanal 

enabled the isolation of the aldol (7) in 90% yield following the low temperature quench or the oxawlidinone 

(8) in 80% yield when the reaction was allowed to come to room temperature before quenching (Scheme 2). 

Use of cyclohexanone as electrophile and quenching at room temperature gave 9 in 72% isolated yield 

(Scheme 2). Each of these reactions were highly diastereoselective (2 955) and the configurations of the 

various stereogenic centers are assigned by analogy with the above benzaldehyde adducts. 

C02Me 1) LDA. THF, -7BPC 
C-- 

7.  90% 
i) LDA. THF. -78 'C 

Scheme 2 
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Brief treatment of each of the above adducts with aifluoroacetic acid at room temperature resulted in the 

isolation of the corresponding tryptophan derivatives (10 - 14) each in essentially quantitative yield. In 12 

the ester had SH 3.20 indicating shielding by a single aromatic group and confirming its cis-relationship to the 

phenyl group. 

We also note that the toluenesulfonamide group is readily removed from the ayptophan derivatives, after ring 

opening, by photolysis with anisole and ascorbic acid according to Yonemitsus and as previously employed 

by ourselvesl in our preparation of p-alkylated tryptopbans. The uansformation of 14 to 15 in 92% isolated 

yield in this manner is illustrative. 

It is interesting to compare the diastereoselectivities obtained in this study with those recorded by Seebach in 

conjunction with the exploitation of his self reproduction of chirality method. Thus fused systems, as for 

example the cysteine derivative (16). in which following deprotonation with LDA the enolate geometry is 

fixed give high diastereoselectivities on reaction with aldehydes which may be explained by chair l i e  

chelation controlled tansition states.9 On the other hand when the enolate double bond is exocyclic to the 

ring, as in the threonine derivative (17), aldol stereoselectivity at the newly introduced stereogenic center is 

negligable'O which might be taken to imply poor control of enolate geometry.ll Clearly, the results outlined 

above are in contrast to those predicted by simple analogy with the kinetic aldol reactions of 17. The 

observed results appear to be satisfactorily rationalized by a chair like transition state as depicted in 18. This 

then implies that a single enolate (19) is largely formed on deprotonation of 1 with LDA. The high 

preference for this enolate geometry is probably best explained in terms of minimization of dipole dipole 

repulsion between the enolate and the N- l  carbamate group as  indicated in 1 9 . 1 2  
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