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Dimethylphosphinothioyl(Mpt) mixed anhydrides of N-protected 

amino acids were found to be isolatably stable and useful for the 

synthesis of hydroxyamino acid containing peptides without protect-

ing the side-chain hydroxyl functions. They were applied for the 

solid phase synthesis of an enkephalin analog extended at C-terminal. 

The mixed anhydride method is one of the most useful methods of peptide bond 

formation. l) In order to achieve the selective acylation by this method, selection 

of a proper second acid component is very important. Carbonic monoesters are most 

widely used, but the use of phosphoric acid derivatives is not a few. 2) Recently

it was reported that mixed anhydrides obtained by the reaction of protected amino 

acids with diphenylphosphinyl chloride(Dpp-Cl) were extremely useful for peptide 

synthesis because they were highly stable and showed very little tendency to dis-

proportionate. 3,4) We also studied the use of diphenylphosphinothioyl chloride 

(Ppt-C1) since this chloride was much more stable to hydrolysis than Dpp-Cl.5) 

But, the activity of Ppt-Cl was not sufficiently high for some amino acids with 

less hydrophobic side-chains. In this work this restriction was overcome by the 

use of dimethylphosphinothioyl chloride(Mpt-Cl) and further, synthesis of peptides 

containing hydroxyamino acids by the mixed anhydride method without protecting the 

side-chain hydroxyl functions was made possible. 

The stability of the Dpp mixed anhydrides in solution has already been shown 

by means of NMR.4) In the case of the Mpt mixed anhydrides their stability was 

clearly shown in the success of isolation of the pure compounds. For example, 

Mpt-C1 was added to a cooled solution of N-Mpt-L-tryptophan(Mpt-L-Trp-OH) and
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triethylamine(TEA) in chloroform and the reaction mixture was stirred for 15 min at 

room temperature. The mixed anhydride(Mpt-L-Trp-OMpt)(1) was obtained by means of 

column chromatography as a chromatographically homogeneous viscous oily material in 

a 98% yield. To determine the selectivity in acylation, the mixed anhydride 1 was 

allowed to react with L-tryptophan methyl ester(H-L-Trp-OMe) in the presence of an 

equimolar amount of TEA to yield the desired compound, Mpt-L-Trp-L-Trp-OMe, in a 92 

% yield. The yield of the undesirable side product, Mpt-L-Trp-OMe, was determined 

spectrophotometrically as 0.06%.

An extreme advantage of the Mpt mixed anhydride method exists in the ability 

of activation of hydroxyamino acids without protecting the side-chain hydroxyl 

functions. When benzyloxycarbonyl-L-serine(Z-L-Ser-OH) was treated with the Mpt-Cl 

in the presence of TEA, the corresponding Mpt mixed anhydride(Z-L-Ser-OMpt)(2) was 

obtained in a 17% yield according to the similar isolating procedures as those de-

scribed above. The structure of 2 was ascertained by 1H NMR(CDC13) ƒÂ=2.06(6H, d, 

.7=14Hz, P-CH3) and IR(neat, vC _O1763 cm-1) measurements. This mixed anhydride was 

considerably stable at room temperature in the absence of a base and acylated se-

lectively the amino function of glycine ethyl ester, for example, to give Z-L-Ser-

Gly-OEt(3) in a 53% yield calculated from the mixed anhydride. When a base was 

added, 2 was rapidly converted to the lactone 4.6) Isolation of the corresponding 

Dpp mixed anhydride was not successful. When the reaction was carried out without 

the isolation of the mixed anhydride 2, the peptide 3 was obtained in a 78% yield.

Next, the possibility of the o-acylation of side-chain hydroxyl functions in 

the amino component during the mixed anhydride coupling was examined. Usually all 

the hydroxyl functions in the side-chain should be protected in the peptide syn-
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thesis by the mixed anhydride method. The active ester method has claimed to be 

allowed to couple with hydroxyamino acids without protection of the hydroxyl func-

tions, 7) but recently Bodanszky revealed that the o-acylation could be a severe 

side reaction in the peptide synthesis by the active ester method. 8) It was also 

reported that complex product mixture was obtained in the synthesis of t-butoxy-

carbonyl-L-tryptophyl-L-serine methyl ester by the hydroxysuccinimide ester meth-

od. 9) When the Mpt mixed anhydride method was applied for the synthesis of such 

model compounds, high yields of the desired selectively N-acylated products were 

obtained as shown in Table 1. 

Table 1. Peptides Synthesized by The Mpt Mixed Anhydride Method

As an application of the Mpt mixed anhydride method, solid phase synthesis of 

an enkephalin analog extended at C-terminal(H-L-Tyr-D-Ser-Gly-L-Phe-L-Leu-L-Thr-

OH)12) was attempted. The Mpt-L-threonine resin(2 g, polystyrene-1%-divinylbenzene 

copolymer, Thr content; 0.12 meq./g), synthesized by the Gisin's method, 13) was 

placed in a reaction vessel of a Beckman Model 990 peptide synthesizer. The Mpt 

group was removed by 0.2 M HC1(0.2 M triphenylphosphine) in CH 2C12. After neutral-

ization by 10% TEA in CHC13, 2 eq. of the mixed anhydride solution prepared just 

before use by the reaction of dicyclohexylamine salt of an Mpt-amino acid with Mpt-

Cl in CHC13 was added and mixing was performed for 30 min in the presence of an 

equimolar amount of TEA. The coupling was repeated. After the final removal of 

the N-terminal Mpt group, the hexapeptide hydrochloride resin was thoroughly washed 

and dried in vacuo. The crude peptide was cleaved from the resin support by means 

of HBr in trifluoroacetic acid in the presence of anisole. Purification by pre-

parative silica-gel thin-layer chromatography, successive gel chromatography on 

Sephadex LH-20(methanol) and droplet counter current distribution gave chromato-

graphically homogeneous white solid, 91.7 mg(55% yield calculated from the Mpt-L-

threonine resin). Amino acid ratios in hydrolyzate obtained by the use of 6 M HC1 

at 110•Ž for 24 h: Tyr0
.98' Ser0.82, G1y1.02' Phe0.98, Leu1.03' Thr0.86. Biologi-
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cal activity of this peptide was identical with the reported value. 12) 

Further applications of the Mpt mixed anhydride method for peptide synthesis 

are now in progress. 
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