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Abstract: Pentafluorophenyl diphenylphosphinate was found to 
be a new efficient coupling reagent for the racemization-free 
synthesis of peptides. It has been applied in both the solu- 
tion and the solid phase peptide synthesis. 

Diphenylphosphinic mixed anhydrides have been used in the peptide 
1 chemistry . Pentafluorophenyl ester has also been used in both the solu- 

tion2 3 and the solid phase peptide synthesis . However, the preactivati.on 

of amino acids or preparation of active esters was necessary. We have 

synthesized a new reagent, pentafluorophenyl diphenylphosphinate (FDPP), 

which is prepared from diphenylphosphinic chloride and pentafluorophenol, 

and found that it can directly be used as an efficient coupling reagent 

for peptide synthesis without racemization. 

FDPP can conveniently be prepared by mixing equimolar amounts of 

diphenylphosphinic chloride, pentafluorophenol and imidazole in CH2Cl2 at 

room temperature 4 . It can be kept for several months upon storage in a 

refrigerator. 
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Using FDPP as a coupling reagent, peptides can easily be prepared in 

good yields by simply mixing carboxyl component(l), amine component(2), 

tertiary amine and FDPP. 

R2 R3 R2 R3 

Rl-NH~HCOOH + NH~&COOR~ t FDPP t-amine + R1-NHAH-CONH-;HCOOR4 

(1) (2) (3) 

t: 
+ C6F50H + Ph2P-OH.t-amine 

Of several solvents examined, DMF was found to be the best.Moni- 
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toring by HPLC, the reactions were shown to be completed (yield795%) 

within 0.5 h. Many peptides were synthesized with excellent yields as 

shown in Table 1. 

Table 1. Preparation of Peptides with FDPP in DMFa 

peptioe yield(%jb mp (OC) [dlD(C,solvent,°C)C 
-~-_".-.-__.-- 

Boc-Cys(Bzl)-Trp-3Me 98 160-162 -12.6(l,MeOH,25) 

Boc-Trp-Trp-OMe 96 180-182 -15.3(1,MeOH,25) 

Boc-Phe-Phe-GMe 99 118-120 -13.1(1,MeOH,25) 

Boc-Leu-Trp-OMe 91 86-88 -14.4(1,MeOH,25) 

Z-Gly-PheiVal-OMe d 86 94-96 -16,9(1,EtOH,25) 

Boc-Tyr(Bzl)-Gly-OEt 94 126-128 -1.4(1,MeOH,l5) 

Boc-Phe-Leu-OMe 94 102-103 -24.9(1,MeOH,l5) 

Boc-Phe-Met-OMe 81 86-88 -20.4(1,MeOH,18) 

Boc-Tyr(Bzl)-Gly+Gly-OEtd 83 101-103 +lO.Y(1,MeOH,15) 

Boc-Tyr(Bzl)-Gly-GlyiPhe-Met-OMed 91 153-154 -7,5(1,MeOH,15) 
~~~-~_~~.~~~~~___~~~ _ 

a. The reactions were performed with equimolar amounts of a car-boxy1 
component, an amino component hydrochloride and 3 equiv. diisopropyl- 
ethylamine (DIEA) using 1.2 equiv. of reagent FDPP in DMF at room 
temperature for 1.5 h. b. The yields refer to isolated products. 
c. Melting points and [dl,, values are in accord with reported values 
and all the products are confirmed by elemental analysis. d. The 
arrow indicates a coupling site. 

Although many conventional reagents, such as, DCCI, BOP5 and HBTU6 

etc., have successfully been used for peptide synthesis, the racemiza- 

tion occurs to large extents if no additives are used. Using HPLC7 

(the coupling of Z-Gly-Phe-OH and Val-OMe.HCl) and Young test' (the 

coupling of Bz-Leu-OH and Gly-OEt.HCl), extent of racemization was 

examined with our reagent. Almost no racemization was observed in both 

methods. Comparing with other methods, including our previous reagent, 

pentafluorophenyl diphenylphosphate (FDP)', the racemization in FDPP 

method was the lowest as shown in Table 2. 

In order to evaluate the application of the FDPP reagent in peptide 

chemistry, Leu-enkephalin was synthesized in solution. Each coupling was 

carried with FDPP and the yield of each coupling product was over 90%. 

The HPLC profile showed that the product is identical with the authentic 

sample. 

For a solid phase synthesis, we also set Leu-enkephalin as a target 

molecule. The chloromethyl resin was used as the support. The reaction 



6713 

Was carried out for 2 h. with 3 equiv. Boc-amino acid, FDFP and 9 equiv. 

diisopropylethylamine. The FDPP method is superior to DCCI method also 

in solid phase synthesis since there is no problem of insouble by-product 

such as DCU in the washing step. The coupling yield was over 98.5% 

estimated by quantitative ninhydrin method '*(Table 3). The product showed 

the same retention time in HPLC as the authentic sample and the product 

synthesized in solution. 

Table 2. Comparison of racemizations of different methodsa 

I---. --- ---- 
Reagent FDPP 

FDP ~1’. &” ~---~-~op-‘&I 

HPLC DL% 0.0 5.4 9.0 9.gb 18.8 

[dl, -34.0 -27.0 -25.4 j -20.5 -9.0 

Young test 

DL% 0.0 20.6 25.4' 39.gd 73.6 

a. All the reaction conditions were the same as in Table 1, 
except that one equiv. DIEA was used in DCCI method. b. Lit. 11; 
DL%=11.4%, BOP/HOBt: DL%=3.4%. c. Lit.12: [dl =-25.6(3.1,EtOH), 
DL%=24.8%. d. Lit. 6: [d]D=-13.5(EtOH), DL%=68%. 

Table 3. Coupling efficiency in the solid phase synthesis of 

Leu-enkephalin using FDPP 

Step Boc-Phe 

coupling yield 99.4% 

B;;!j"",'::""' 

Thus FDPP reagent was proved to be an efficient reagent for peptide 

synthesisparticuarly because of the following facts: (1) very low or no 

racemization; (2) no problem of insouble by-product such as DCU; (3) 

excellent synthetic yield and high coupling speed: (4) simplicity of the 

coupling procedure. FDPP can directly be used in coupling reaction 

without the preactivation in the mixed anhydride method or the prepara- 

tion of pentafluorophenyl active esters in the ester method; (5) simple 

preparation of the reagent. 
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