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Diphenyl Phosphorazidate (DPPA) and Diethyl 
Phosphorocyanidate (DEPC). Two New Reagents for 
Solid-Phase Peptide Synthesis and Their Application 
to the Synthesis of Porcine Motilin 

Sir: 
Solid-phase peptide synthesis ingeniously launched by 

Merrifield' has received great attention since it has now 

Table I. Comparisons of the Reactivities of DCCD, DPPA, and 
DEPC in DMF and Methylene Chloride 

coupling 
agent 

DCCD 
DPPA* 
DEPC* 

5 min 

12(95) 
40(3) 
98 (55) 

Rate of coupling, %a 

30 min 

20 (98.5) 
72 (12) 
98 (70.5) 

60 min 

32 (99) 
80 (21) 
99(82) 

"Rates of coupling of Boc-Ile'V2H2O (1.5 equiv) and Gly-resin 
with 1.5 equiv of each coupling agent in dimethylformamide. Num
bers in parentheses represent rates of coupling in methylene chlo
ride. bTogether with triethylamine (1.5 equiv). 

been automated and makes possible the very rapid prepara
tion of peptides. Although many reagents for peptide bond 
formation are known,2 /V./V'-dicyclohexylcarbodiimide 
(DCCD) is the sole coupling reagent widely used for solid-
phase synthesis. 

We have previously disclosed that two O.C-dtsubstituted 
phosphoropseudohalidates, diphenyl phosphorazidate 
(N3PO(OPh)2, DPPA)3 and diethyl phosphorocyanidate 
(NCPO(OEt)2, DEPC),4 in combination with triethyl
amine are very efficient coupling reagents for racemization-
free conventional (solution) peptide synthesis. We here re
port that these two reagents may also be useful for solid-
phase peptide synthesis in both the stepwise and fragment 
condensation approaches and were successfully applied to 
the synthesis of porcine motilin, a gastrointestinal hormone 
exhibiting gastric motor stimulating activity.5 

First, comparisons of DCCD with DPPA and DEPC 
were conducted by the coupling of Boc-Ile6 with Gly-poly-
styrene-resin according to the general procedure described 
by Stewart and Young.7 When DPPA and DEPC were the 
coupling reagents, they were added after the addition of 
Boc-Ile-'/2H20, followed by the addition of triethylamine. 
The reaction was followed by determining the unreacted 
amino group of the Gly-resin according to the Porath meth
od.8 When methylene chloride was used as the solvent, the 
reactivity of DCCD was higher than that of DPPA or 
DEPC. However, with dimethylformamide DPPA and 
DEPC were much more reactive than DCCD as shown in 
Table I. 

The DPPA and DEPC methods were applied to the syn
thesis of Boc-Pro-Leu-Gly-NH2, the amino acid sequence 
of which corresponds to the melanocyte release inhibiting 
hormone.9 The synthesis10 started from Boc-Gly-resin (1 
equiv). Stepwise attachment of Boc-Leu (3 equiv) and Boc-
Pro (3 equiv) using either DPPA or DEPC (3 equiv) in the 
presence of triethylamine (3 equiv) in dimethylformamide 
(each coupling reaction time was 2 hr, room temperature) 
gave Boc-Pro-Leu-Gly-resin. Treatment of the resin with 
ammonia in methanol afforded Boc-Pro-Leu-Gly-NH2 in a 
70% (DPPA) or a 76% (DEPC) yield. The sample of Boc-
Pr0-LeU-GIy-NH2-V2H2O, mp 136-138°, [<*]25_p -72° (c 
= 1.64, MeOH)" was identical with that similarly pre
pared from GIy-OMe by the solution method using DEPC. 

To check racemization during fragment coupling on a 
solid support we adopted the Izumiya test12 involving con
densation of Boc-Gly-Ala with Leu-resin. Three equivalents 
of Boc-Gly-Ala and DPPA or DEPC were used together 
with triethylamine (3 X 0.95 equiv) in dimethylformamide. 
After the coupling reaction, the resin was treated with hy
drogen bromide in trifluoroacetic acid to give Gly-Ala-Leu. 
The extent of racemization was determined with an amino 
acid analyzer. The coupling reaction proceeded almost 
quantitatively during 2 hr with little racemization: the ex
tent of racemization = [D,L/(D,L + L1L)] X 100%; DPPA 
2.5% at 20°, 2% at 0°; DEPC 1% at 20°, <0.5% at 0°. 
These values are considerably lower in the solid-phase 
method than are those for other coupling reagents.13 Thus, 
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both DPPA and DEPC were proved useful for both the 
stepwise and fragment condensation approaches on a solid 
support. 

Based on these satisfactory, preliminary experiments, we 
applied the method to the synthesis of porcine motilin, Phe-
Val-Pro-Ile-Phe-Thr-Tyr-Gly-Glu-Leu-Gln-Arg-Met-Gln-
Glu-Lys-Glu-Arg-Asn-Lys-Gly-Gln, which was recently 
synthesized by Yajima and his co-workers, using the con
ventional method.1415 As a strategy for the synthesis of mo
tilin, its molecule was architecturally segmented into four 
subunits (see dotted lines in the above formula). Synthesis 
was carried out by a combination of the solution and solid-
phase methods. The time for the coupling reactions on a 
solid support varied from 2 to 48 hr depending on the reac-
tants. Z-Phe-Val-Pro (V2C6H6 solvate), mp 99-102°, 
[a]20D -49° (c = 0.74, DMF), was prepared from Pro-
OMe by the stepwise addition of Z-VaI and Z-Phe using ei
ther DPPA or DEPC, followed by alkaline treatment. This 
tripeptide derivative was condensed with Ile-Phe-Thr(Bzl)-
Tyr(Bzl)-Gly-resin which had been prepared by the sequen
tial incorporation of Boc-Tyr(Bzl), Boc-Thr(Bzl), Boc-Phe, 
and Boc-Ile into Gly-resin. The resultant resin was treated 
with methanol in the presence of triethylamine to give Z-
Phe-Val-Pro-Ile-Phe-Thr(Bzl)-Tyr(Bzl)-Gly-OMe (mono-
hydrate), mp 206-210°, [a]20D -34.8° (c = 0.5, CHCl3), 
in 48 and 68% yields using DPPA and DEPC, respectively, 
based on Boc-Gly-resin. Saponification of the methyl ester 
afforded Z-Phe-Val-Pro-Ile-Phe-Thr(Bzl)-Tyr(Bzl)-Gly-
(hemihydrate), mp 198-201°, [a]20D -23° {c = 0.6, 
CHCl3). Boc-Leu-Gln-Arg(N02)-Met(monohydrate), 
[a]20D -33° (c = 0.6, MeOH), was prepared from Met-
OMe analogous to the preparation of Z-Phe-Val-Pro using 
DPPA or DEPC. The C-terminal nonapeptide resin, GIn-
Glu(Bzl)-Lys(2-Cl-Z)-Glu(Bzl)-Arg(N02)-Asn-Lys(2-
Cl-Z)-Gly-Gln-resin, prepared stepwise from Gln-resin, 
was successively condensed with Boc-Leu-Gln-Arg(N02)-
Met, Boc-Glu(Bzl), and Z-Phe-Val-Pro-Ile-Phe-Thr(Bzl)-
Tyr(Bzl)-Gly using DEPC in the presence of triethylamine 
in dimethylformamide to give the docosapeptide resin. 

The resin was treated with hydrogen fluoride in the pres
ence of anisole at —20° for 40 min, then at 0° for 40 min, 
followed by the usual treatment on a Dowex 1-X4 column 
(acetate form).16 The deblocked peptide obtained was suc
cessively purified by column chromatography on SP-Sepha-
dex C-25 (gradient elution with ammonium formate buff
er), Sephadex G-25 (0.1 N acetic acid), QAE-Sephadex 
A-25 (gradient elution with ammonium formate buffer), 
and Biogel P4-P6 (4:1) (0.1 N acetic acid). This purified 
synthetic motilin appeared homogeneous in a variety of 
chromatographic systems17 and gave excellent amino acid 
analyses,18 after both acid hydrolysis and enzymic digestion 
(AP-M), the latter procedure showing the absence of race-
mization during synthesis. 

The activity of synthetic motilin was determined using 
rabbit duodenum, jejunum, and colon contractile activity in 
vitro.19 Synthetic motilin showed a potency similar to the 
natural one and the same biological activity pattern with 
other smooth muscle preparations of the alimentary tracts 
(rat, guinea pig, and rabbit). 

The synthesis of motilin, as well as preliminary experi
ments including the Izumiya test, indicate that both DPPA 
and DEPC may be very efficient reagents for solid-phase 
peptide synthesis as well as for conventional synthesis. 
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The Nuclear Overhauser Effect in 31P Nuclear 
Magnetic Resonance 

Sir: 

The nuclear Overhauser effect (NOE) is the change in 
the NMR intensity of a nuclear spin upon saturation of a 
second spin interacting by a dipolar mechanism with the ob
served spin. The NOE is commonly observed in 13C NMR, 
where carbons directly bound to hydrogens may display up 
to three times greater intensity due to dipolar interactions 
between the two nuclei. In this paper we report observation 
of a 31Pj1H) NOE in a variety of phosphorus containing 
compounds. In our case saturation of all the protons in the 
sample can produce, under extreme narrowing conditions, a 
maximum increase in the intensity of the phosphorus reso
nance, or a nuclear Overhauser effect enhancement 
(NOEE), of 124%.' Failure to achieve the full enhancement 
may be due to competing relaxation mechanisms (other 
than the proton-31P dipolar mechanism upon which the 
NOE depends) or to motions which are slower than re
quired for the extreme narrowing limit. Quantitatively, the 
NOE enhancement in the 31P, 1H case in the extreme nar
rowing limit may be expressed as 
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