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Abstract: Sigmatropic rearrangement of trichloracetimidates derived from s yn  
monoproteeted allylic diols 3 resulting from the condensation of vinylalanes or 
euprates with a-alkoxyaldehydes afforded diastereomerieally pure allylic amines 6. 
The oxidative cleavage of these amines allowed the access to ct,a-disubstituted a- 
aminoaeids in high enantiomeric purity. Copyright © 1996 Published by Elsevier Science Ltd 

Owing to their biological properties, ~,c~-disubstituted-a-aminoacids constitute an important class of 

non-proteinogenic aminoacids. Incorporation of these compounds into peptides results in conformational 

restrictions and increased rigidity leading to enhanced resistance towards protease enzymes 1, and to the 

favoring of particular secondary structures 2. Because of this range of biological activities, a wide variety of 

synthetic approaches to these compounds have been developed 3. 

We wish to report here a new approach based on the [3,3] sigmatropic rearrangement of 

trichloracetimidates derived of trisubstituted monoprotected allylic diols A which allows the access to ¢t,ct- 

dialkylated a-aminoacids in high enantiomeric purity. 

The thermal or Pd (II) catalyzed rearrangement of allylic trichloracetimidates into N-trichloroacetyl 

allylic amines was reported some years ago by Overman 4. This rearrangement was shown to proceed by a 

six center cyclic transition state. Moreover, when applied to trichloracetimidates derived from secondary 

optically active allylic alcohols, it was shown to lead to products of (E) configuration exclusively with a high 

level of transfer of chirality5. An interesting application of this reaction was found in the oxidative cleavage 

of the double bond of the resulting allylic amines which allows the access to cz-aminoacids6. 
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We thought that the rearrangement of trisubstituted unsaturated alcohols such as A (available by 

condensation of a vinylic organometallic compound on an a-alkoxyaldehyde) would furnish an attractive 

route towards ct-alkylated aminoacids. The stereochemistry of the products obtained from such a rearran- 

gement being highly dependent on the stereochemistry of the double bond of the starting compound, we 

decided in a first attempt to study the condensation of vinylalanes on the aldehydes 17. In order to obtain the 

required trisubstituted vinylic compounds, we used the Zr catalysed addition of trimethylaluminium on an 
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alkyne developed by Negishi8. The reaction of O-protected aldehydes 1 with the alanates 2b obtained by 

addition of an organolithium compound9 on vinyl alanes 2a afforded the allylic alcohols 3 in satisfactory 
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Scheme 1: a) Me3AI, cat. Cp2ZrCI2; 

b) R3MgX, CuI then I2; c) nBuLi then 1/2 CuBr-Me2S. 

yields 10 (Table). However, It must be outlined that the vinylalanes prepared in the presence of a small 

amount of waterl I do react with the aldehydes 1 and give the corresponding alcohols in very good yields. In 

most cases, the syn monoprotected diols 3 were obtained in high distereoselectivity, the best results being 

observed with the aldehyde derived from mandelic acid (entries 4 and 8). 

Due to the fact that this reaction allows the obtention of methyl substituted vinylic compounds only, in 

a second approach we studied the condensation of vinyl cuprates 2c which were easily prepared by lithiation 

with n-butyllithiuml2 of the trisubstituted vinylic iodides 413 followed by reaction with a cuprous salt. The 

syn diastereomers were again obtained in a syn/anti ratio better than 94/6. 

The trichioracetimidates 5 derived from the pure syn alcohols isolated after flash-chromatographyl4 

were then obtained in nearly quantitative yields by reaction with trichloracetonitrile in the presence of a 

basel5. 

The imidates derived from lactaldehyde (R1 = Me) were rather unstable and could not be submitted to 

Table Reaction of aldehydes 1 with trisubstituted vinylic organometallic compounds 2 

Aldehyde 1 Organometallic compound 2 Diol 3 

RI R2 R3 M Yield% s~n/anti 

1 CH~ n-C4H 9 CH 3 AIMe~-Li + 65 92/8 

2 i-C~H 7 n-C4H9 CH~ AIMe2 a 92 96/4 

3 i°C4H9 n-C4H9 CH3 AIMe3-Li + 62 92/8 

4 C6H5 n-C4H9 CH3 AIMe3-Li + 55 100/0 

5 i-C3H7 C6H5 CH3 AIMe2 a 93 80/20 

6 i-C3H7 CH3 C2H5 1/2CuLi 78 96/4 

7 i-C~H7 CH~ n-C4H 9 1/2CuLi 75 94/6 

8 CfH~ CH~ n-C4H 9 Cub 63 98/2 

a. The carboalumination was achieved in the presence of 1.5 eq of water before adding the aldehyde. 

b. 1 equivalent of ZnBr2 was added before the condensation. 



2575 

rearrangement. However, with a more hindered R t group, the stability of these imidates was greatly 

enhanced and thermal rearrangements were then achieved in satisfactory yieldsl6. 
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d R 1= iProp, R2= Ph, R 3= Me 
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Scheme 2: a) DBU,CH2CI2, -78°C, 1 hour; b) Xylene, 140°C, 4 hours; 
c) 03, Me2S, 12 hours; d) Jones reagent, 20 mn. 

A single diastereoisomer (as indicated by the NMR data) was isolated even when the two R2 and R3 

substituents were very similar (methyl and ethyl for instance in 5c) 17. Furthermore, the inversion of R2 and 

R3 groups in the trichloracetimidates 5 afforded a similar inversion for 6. 

We attempted also to achieve these rearrangements by using a catalytic amount of Pd (II) or Hg (II) 

salts. In contrast with the trichloracetimidates derived from allylic alcohols with a disubstituted double bond 

which are easily rearranged in the presence of a catalytic amount of palladium acetateSc,6b,18, we only 

isolated a mixture of dienes resulting from the elimination of trichloracetamide. 

The configuration of the new chiral center was determined by comparison of the rotatory power of the 

aminoaeid obtained after oxidative cleavage of 6b and deprotection with the value previously reported. 

In a first experiment, the oxidative cleavage was achieved by using RuC14-NaIO4; however, the result 

was rather disappointing. Better results were obtained with ozone, the use of which allowed to isolate the 

aldehydes 7 in excellent yieldsl9. Simultaneously, the aldehydes 1 could be regenerated. The protected ct- 

aminoacids 8 were then obtained in nearly quantitative yields by Jones oxidation20 and could be isolated in 

free form by basic hydrolysis (KOH 1M, 50°C) followed by chromatography of the hydrochlorides on an 

exchange-ion resin (Dowex 50X8)21. A high enantiomeric purity was observed for all these compounds22. 

Thus, these results were consistent with a concerted rearrangement proceeding via a six-center chairlike 

transition- state. 

In summary, the thermal rearrangement of the imidates derived from the stereochemically pure 

monoprotected allylic diols 3 easily prepared from ct-alkoxyaldehydes allowed the synthesis of dialkylated or 

aryl substituted aminoacids in high enantiomerical purities. 
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