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Abstract: Tk absence of a coupling reaction between a phosphinic acid and an am& ester during activalion 

with tk reagents BOP or PyBOP allowed tk synthesis of phosphinq&i&s from phospho-analogues of 

dipepddes. &protected on tk phosphinic acid. 

Phosphopeptides have been described as protease inhibitors’ and haptens for the preparation of abzymes 

possessing esterase activity2. The phosphorus moiety, i.e. phosphonamidic. phosphonic or phosphinic, 

mimics the transition state of the hydrolysis. 
Peptide elongation involves formation of amide bonds at the C-terminus and N-terminus for type 1 

compounds. Coupling reactions in solution have been successfully performed using a mixed anhydride, DCC, 

DCC/HOBtla-d or BOP3 on type la or lb compounds possessing an ester-protected phosphorus acidic 
function, which requires subsequent deprotection of the phosphorus acid Coupling in solution with type lc 
compounds (unprotected phosphinic acid) leads to high yields of the desired pseudopeptide when using 

carbonyldiimidazole4, but only moderate to low yields when using DCC/HOBt even with very long reaction 

timesle. Moreover. DPPA activation can produce rearrangement teactions5. 

RI 

A 
la : X = (CH& , CHs-CH@) , CH(R) ; R2 = al@1 

X 
HsN P’ ‘CqH lb : X = OCH2 , OCH(R) ; Rs =aUryl 

/ ‘OR 2 lC : x = (C&I,, , CH2-CH(R) , OCH(R) ; R2 = H 

Coupling with type lc phosphinic acids is clearly of interest. Tbis is a means to avoid protection and 
deprotection steps and simplify analysis of the pseudopeptides formed, since ester-protection introduces a 
chiral centre on the phosphorus atom, thus increasing the number of diastereoisomers. 

In the present paper, we describe the conditions for the synthesis of pseudopeptides using the 

phosphinic moiety lc (R1 = qPh, X = (CH&, R2 =H) with BOPtS or PyBOf17 as coupling reagents, and 

their application to the first phosphmopeptide solid phase synthesis. 
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Compounds 2a and 2b* were obtained from the corresponding amino-phosphonous acid9 by reaction 

with Z-Cl or Boc20. Optically pure compound 2~” was obtained in the same way following resolution of the 

amino-phosphonous acid, as described by Baylisp. Successive reaction with hexamethyldisilaxane (HMDS) 

and methyl acrylate, as described by Boyd”, allowed formation of compounds 3, which were then saponified 
into diacids 4. 

I P #O 1) HDMS 
Y-NH ,P, Y-NH 

C@Me 
C02H 

HO H 
c L Y-NH 

2) fiCO$4e 
HO-/H20 d’ ‘OH 

ta:Y=Z:Raccmic 3a (92%) 4a 

2b:Y=Boc;Racemic 

2c:Y=Boc:OpticAlypu1e 

3b (95%) 4b 

3c (52%) 4c 

Coupling of diacid 4a in solution (DMP) with Val-Val-OMe using BOP/DlEA gave compound 5a and 

no phosphinamide bond was fcmned despite the use of two equivalents of coupling reagent. The difficulty in 
forming a P-N linkage was confirmed by the fact that compound Sa did not react with Ala-OMe in the 
presence of BOP/DIEA although the phosphinic acid was activated since the same compound gave 

phosphinate 6 by reaction with BOP/DlEA and methanol12. These results are in acconlance with the reactivity 

of mixed carboxylic-phosphinic anhydrides which react with amines solely at the cat-bony1 gro~p.~~ and with 

the low yields obtained when coupling phosphinic acids and aminoesters using BOP. l4 

=. 
N P PA val-val-oue 

vat-Val-oMe k of ‘OMe 
4a -2. 

BOP/ 30 mu 
val-valxwe 6 (82%) 

5s (85%) 

We were thus able to chemoselectively obtain amide bonds at the C-terminus in type lc compounds. 
Peptide elongation can also be performed at the N-terminus, without formation of a P-N linkage, and 
compounds 3b (or 3~). after TPA-deprotection and BOP-mediated coupling with Boc-Leu. gave 

pseudopeptides 7b (or 7~9~. 
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1) TFA 

3b (3~) 

2)BaPLcu/BoP/lb 

To elongate type 7 compounds on the N-terminal side, we studied the hehaviour of this compound 
following BOP-activation since Bardet$ has observed rearrangement during activation of type 8 compounds 
with diphenylphosphoryl ax& (DPPA). The first step of this activation involves phosphaoxaxolone 9. In 
reference to the main epimuixation mechanism of peptide synthesis involving oxaxolone fcamation, passing 
through the phosphaoxaxolone could also lead to cpimerixation of the a-carbon. We observed that the 
diastereoisomerically pure compound 7@ was unchanged after 48h BOP-activation, proving that no 
rearrangement or epimekadon occurs with this coupling reagent. 

0 

8 9 

Taking into account these results we used solid phase to synthesixe some phosphinic peptides. Prom 3b 
or 3c, we obtained peptides 1Oa (diastucoisomeric mixture) or lob (pure compound) by SPPS on Merrifield 
resin, according to a standatd Boc,QPA technique with PyBOP@ as coupling reagent 16. 

This demonstrates that peptide synthesis can he achieved with a phosphorus-unprotected phosphinic acid 
through linkage at the C- and N-mrminal ends, without formation of P-N linked compounds or epimcrixation. 
We are presently using this method for the synthesis of other phosphinic and phosphonic peptides. 
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