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Absrract: When the Pd(O)-catalyzed hydrostannolysis of the N-allyloxycarbonyl group is carried out in the 
presence of an activated carbonyl compound, a coupling product is formed. This new method appears to be 
applicable to the synthesis of a wide range of amides and peptides. 

In recent years, we have investigated the Lewis acid-mediated reactions of a-methoxyglycine esters and 

amides with different types of x-nucleophiles. 1~2 When allylsilanes were used, these reactions led to N- 

protected y,&unsaturated a-amino esters (e.g. la-lc)la and amides (e.g. 2a-2c),2b respectively. For the 

subsequent deprotection step, at first the N-methoxycarbonyl (la, 2a) and the N-benzyloxycarbonyl group (lb, 

2b) were used. As these protective groups were, for various reasons, not able to serve our purposes completely, 

our attention turned to the use of the N-allyloxycarbonyl (Allot) group. It was previously reported that this group 

was stable under various conditions, and that it could be removed with high yield and specificity in a catalytic 

fashion, using Pd(O)-complexes as the catalysts.3‘5 

OMe 

la R=Me 2a R=Me 
lb R=Bn 2b R=Bn 
lc R = ally1 2c R = ally1 

While the deprotection of lc and 2c did not proceed successfully under various standard conditions, a 

free amine was indeed obtained in good yield when a modification of the method, as reported by GuibC and co- 

workers,5 was used to deprotect 2c to 3 (0.02 equiv Pd(PPh& 1.1 equiv Bu3SnH, CH2Cl2; then HCl(g); eq 

1)6. In this reaction, Bu3SnH transfers a hydride to the previously formed x-allylpalladium complex, leading to 

a tributyltin carbamate with concomitant evolution of propene; this intermediate tin carbamate is then cleaved by 

the proton donor to yield the free amine, carbon dioxide and Bu3SnCl. 

When it was discovered that the use of an activated electrophilic carbonyl moiety, instead of a proton donor, led 

to the formation of a new coupling product, our attention was focused on the use of this method for the synthesis 

of amides and peptides, analogous to 4 (eq 2). 
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1) Pd(PPh,), (0.02 quiv) 
BqSnH (1.1 equiv) 
CH@, tt, 15 mk 

Allot-All-NHOMe Zc 

Pd(PPh& (002 equiv) 
Bu$nH (1 .I equiv) 

RC(O)X 
CH2CIz, rt 

4 

(es 1) 

(es 7-j 

Besides the already mentioned Allot-All-OMe (lc) and Allot-All-NHOMe (2c), several other 

Allot precursors were prepared according to literature procedures.7>* These Allot compounds were 

reacted with activated carbonyl compounds, using the following general procedure: 1 equiv of the Allot 

compound and 1.05 equiv of the carbonyl compound were dissolved in dry CH2C12, under an atmosphere of 

dry nitrogen. Then Pd(PPhS)d (0.02 equiv) was added, and immediately after this BuSSnH9 (1.1 equiv) 

was added in one portion to the reaction mixture. The reaction was followed by TLC and in most cases 

shown to be completed within 5 min. The solvent was then evaporated, and the residue was chromato- 

graphed, using silica gel flash chromatography. 

To study the scope of the reaction, several types of carbonyl compounds were used. The products, 

resulting from coupling reactions with anhydrides, acid chlorides and carbonates, are collected in Table I. 

Table I. Pd(O)-catalyzed coupling reactions of Allot compounds 

precursor carbony compaund product (yield) 

Allot-All-NHOMe 2c 
II 

3 

2c 

2c 

$,KoKok $oq$o,e 7(92%) 
0 

O Of7 MeO&tr: 4 LOMe * (w2 

0 0 

4 -&,foMe K,, 
0 

‘c%f 0th 9 
N 

H t-l 0 

Allot-Ala-OMe 5 

a this case, equiv of was used. After treatment of crude with 



As shown in the Table, all of these types of carbonyl compounds gave rise to the introduction of a 

new acyl group; the (isolated) yields vary from good to excellent. The reactions in entries 1 and 2 could be 

called ‘transprotections’ and might prove to be very useful reactions in organic synthesis. lo Apparently, all 

classes of compounds used in this study show a high reactivity towards the supposed intermediate tin 

carbamate. 

Considering the high level of interest for peptide coupling,” we also studied the possibility of 

synthesizing peptides by this method, starting from Allot-or-amino acid derivatives and activated o-amino 

esters. The results of this series of reactions are collected in Table II. The coupling reactions were 

performed in the same fashion as earlier described (vide infru); the products were usually purified by flash 

chromatography, although crystallization was in some cases possible. 12 

Table II. Pd(O)-catalyzed synthesis of dipeptides 

entry precursor active a-amino ester product (yield) 

1 Allot-All-OMe lc Fmoc-Gly-OPFP 10 Fmoc-Gly-All-OMe 16 (94%) 

2 1C Fmoc-Ala-OPFP 11 Fmoc-Ala-All-OMe 17 (100%) 

3 lc t BOC-Leu-OSu 12 ‘BOC-Leu-All-OMe 18 (93%) 

4 Allot-All-NHOMe 2c Fmoc-Ala-OPFP 11 Fmoc-Ala-All-NHOMe 19 (64%) 

5 2c t BOC-Leu-OSu 12 tBOC-Leu-All-NHOMe 20 (80%) 

6 2c t BOC-Phe-OSu 13 ‘BOC-Phe-All-NHOMe 21 (80%) 

1 Allot-L-Ala-OMe 5 tBtX-L-Ala-OPFP 14 ‘BOC-L-Ala-L-Ala-OMe 22 (90%) 

[a]27D= -57 . 7 (c=l. I MeOH) 

lit.13 [a]20D= -57.8 (c=l; MeOH) 

8 5 tBOC-L-Ala-OH/ 15 

DCC/HOBT 

‘BOC-L-Ala-L-Ala-OMe 22 (96%) 

[a]27D= -53.3 (c=l: MeOH) 

In these reactions, the reactivity of the carbonyl moiety rests upon the use of activated esters, such 

as pentafluorophenyl (PFP) or N-hydroxysuccinimide (Su) esters, or upon in situ activation of the acid by 

using the DCC/HOBT method.7 In the latter case, the amino acid was previously mixed with 1 equiv of 

HOBT and 1 equiv of DCC in CH2Cl2; the mixture was stirred at room temperature for 30 min, then 

transferred to the reaction flask and the coupling reaction was performed. 

The use of all these different activating groups resulted in high yield-product formation. Even simple 

activation with DCC/HOBT led to a dipeptide in excellent yield under these catalytic conditions. Moreover, 

the reactions appeared to proceed without any notable racemization, as was shown by comparison of the 

la12’D values of ‘BOC-Ala-Ala-OMe (22) with that reported in the literature. l3 This result is in 

accordance with the racemization-free Pd(O)-catalyzed deprotection of Allot compounds, as reported by 

GuibC and co-workers.5 

As an explanation for these results we suggest that the presence of the tin significantly enhances 
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the nucleophilicity of the nitrogen in the intermediate tin carbamate. With the rapid evolution of carbon 

dioxide as the driving force, this intermediate then can react via a 6-membered transition state with an 

activated carbonyl compound, leading to a new coupling product. 
0 

In conclusion, we have described a new and mild method for synthesizing amides and peptides. 

This is based upon reaction of Allot-protected amines with activated carbonyl compounds, using catalytic 

conditions. The reactions proceed very rapidly and in high yields. In this fashion, dipeptides are synthesi- 

zed in a one-pot procedure with no evident racemization. To the best of our knowledge, the first Pd(O)- 

catalyzed synthesis of peptides is herewith described. 
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