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Arg-Gly-Asp sequence 

A convenient system for the synthesis of cyclic peptides has been recently reported by Cjsapay et nl.’ It 

utilizes the lability of the ester linkage on the Kaiser’s oxime resin2 to the nuclcophilic attack. We have also 

independently found out the high utility in the solid-phase-synthesis and cyclization-clcavagc (SPS-CC) method 

by the same principle and applied for the synthcscs of some cyclic peptldcs which include a gramicidin S 

analog-?, aminosuberic acid-containing cyclic portions of deaminodicarba-oxytocin and elcatonin”, and iturin A 

analogs 5 

After an appropriate peptidc sequence is assembled by SPS on the resin, the deprotectcd amino group 

can react mildly with its anchoring active ester linkage to close the loop. These continuous prtxedures allow us 

to omit the activation of the N-protected linear peptide as an active cstcr (for instance, No hydroxysuccinimide 

ester) and high dilution condition to avoid the polymerization Accordingly, for the rurlher demonstration of the 

great advantages ol the SIT-CC method in practical preparation of cyclic pcptidcs, we chose c-y&u{-Arg-Gly- 

Asp-Phg-) (Phg, phenylglycinc), a possible inhibitor toward cell adhesion, which was synthesized by the 

conventional method with 10% yield in the cyclization step h The cyclizatlon of such a short peptide usually 

faces the steric problem and often results in low yield. During the optimization of the condition in SPS-CC for 

cyclic tctrapcptides containmg Arg-Cily-Asp sequence, we expericnccd significant difference in yield depending 

on the sequence 

1479 



1480 

axime resin 

TFA 
P TFA H-A.&-AA3-AA&A,-O- N 

Et3N, AcOH 
c c~c/G(-A&-AA:+A+A,-) 

+ 

0xime resin 

A& AA3 AA2 AA, 

Arg(Tos) Gly Asp(OcHex) Fhg 1 

Phg Arg(Tos) Gly Asp(OcHcx) 2 

Asp(O~+lex) Fhg Arg(Tos) Gly 3 

Cily Asp(OrHcx) Phg Arg(Tos) 4 

I-Ig. 1. Solid-phase-syntheses and cycli7atioH-cleavage for eycln(=Arg(Tos)~C;I)~Asp(C)rHex)-Phg-). 

AA, amino acid; cHex, cyclohexyl; Phg, phenylglycine; Tos, p-toluenesulfonyl 

Thercforc, to investigate systematically the sequence 

dependence in cycliration which is not described in the 

literatures,’ four different tetrapeptidcs [Fig. 1) were 

separately assembled by the SFS on p-nitrobenzophenonc 

oxime resin with the I(bcnzotria~ol-l-yi)(~~yl~ 

tris(dimethylamino)phosphonium hexafluorophosphate 

(BOP) reagent.7.8 The Kaiser test9 for each coupling step 

indicated that the reaction proceeded quantitatively. After 

the N-terminal BOG groups were removed with 25% 

tnfluoroacetic acid (TFA) in dichloromethane @CM), Et$I 

and AcOH (2.0 cquiv. each) were added to the suspension 

of the peptide resin in dimethylformamide (DMF) The 

reactlon mixtures were shaken at room temparature and 

periodically analyzed by reversed-phase (RF)-HPLC to 

monitor the progress of the cleavage reaction. 

0 IO 20 30 

Time (h) 

Fig. 2 Time course of the cyclization-cleavage 
for the protected cyclic tctra- ( l ) and octa- 
peptides ( 0 1. 

The typical progress curves for the CC for cyc/o(-Arg(Tos)-Cly-Asp(Oc,Hex)-Fhg-) and concurrent 

appearance of the cyclic dimer. cpclo(~Arg(Tos)-Giy-Asp(~~Hex)-Phg-)2. from the scqucncc 1 were given in 

Fig. 2.to After 24 h, the products wcrc isolated by the removal of the solvent and precipitation with water, and 

analyzed for purity. The total yields and contents of the monomer and the dimer were summarized in Table 1. 

The sequence 1 with Phg at the C-temlinal gate the best result among the four cases with abundance in 

monomer (75%) and with little dimer (20%) in the good total yield (65%) The cyclization from the sequence 2 

was less successful. The sequence 3 gave increased amount of the dime, with the decrease in the yield of the 

monomer. The sequence 4 produced only trace amount of cyclic pcptidcs The majority of the product was 

elutcd much faster than the cyclic peptides in RF-HPLC 
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Table 1. Yields and Contents of the Cyclic Tetrapeptide 

Synthesized from Four Different Sequences by the SPS-CC 

Content mE)a 
Sequence Yield (%,) 

1 I 

monomer dimcr 

1 65 75 

2 65 50 

3 70 40 

4 53 10 

a Determined by RF-HPI_C b Not dctcctcd. 

20 

25 

40 

NDb 

The varying proportions of the 

contents of cyclic monomer and dimer in 

Table 1 suggest that the dimerization on the 

resin happened when the particular 

tetrapeptide sequence resists the 

intramolecular cyclization probably due to 

the steric problem. Iiowever, the result of 

the last case seemed to bc causcci by other 

reason. Accordingly. the behaviour of the 

Arg(Tos) moiety tcthcred to the oxime 

resin was studied further. When Boc 

Arg(Tos)-oximc resin was treated in the 

same condition of the CC, the Boc- 

Arg(Tos) lactam was likratcd as fast as 

that of the cleavage of cychc peptides (The half time of the formatron was 15 h.). Thus, it should be 

recommended that Arg is not chosen as the C-terminal amino acid on the oxime resin, because the elimmation of 

the peptide scgmcnt during the coupling reaction is so much probable. 

To elucidate the sequence dependence of the CC. tH-NMR study of cvclo(-Arg(Tor)-Gly-Asp(O~Hcx)- 

Phg-) was further carried out The chemical shifts and the temperature dependence of the amide protons of the 

cyclic tetrapeptide in (C&)$0 were given in Table 2. There observed two groups of amide protons in A&/AT 

values The amide protons of Asp(OrHcx) and Phg strongly suggest to be engaged in hydrogen bonds. This 

fact leads us to the illustration in Fig. 3. in which there are two @urns with hydrogen bonds between Phg CO 

and Asp(OcHcx) NH. and Arg(Tos) CO and Phg NH Therefore, the latter p-turn similarly formed in the linear 

sequence 1 would allow the easy access of the amino group of Arg(Tos) to the carbonyl carbrm of Phg. Things 

are same in the sequence 2, but the reactivity of the amino group may be hindered by the side chain phenyl 

group, However, when the GIy is tcthcrcd to the oximc resin, no hydrogen bond stabi1iz.e.s the p-turn structure, 

but the stranded conformation may be preferable for the sequence 3 to dimerizc wrth each other in ncighborhoc-d 

in the significant occurrence. The Phg-Asp(OcHex) sequence in 4 seems to be more rigidly stretched, which is 

even worse for cychzation This may lx also the reason why the tctra- and octapeptides scarcely cyclized from 

the sequence 4. 

Table 2. Chcmtcal Shafts and Temperature Dependcncc 
R 

of Amide Protons in ‘H-NMR Spectrum.a 

A8iAT x10? (ppm/“C) 
k 

;“4C&O 

0 I 
NH 6 (ppm) z 1,s H-N 

Arg(Tos) 8.55 -4.60 

HN+ 

tily 8.20 -4 48 

Asp(CkHcx) 8 04 -2.25 2- 

‘; 

N--C 
)_ D 

II 

Phg 8.49 -2.70 Q 0 

u Assignment of chemical shifts was carried out hy the 2D C‘OSY 
Fig. 3. Illustration of two possible hydrogen 
bonds. R, Arg(Tos); G, Gly; D, Asp(OcHex); 

meth~xl on a JKlL JNhf GX# spectromeler 
Q, Phg. 

On the other hand. the extent of dimerizatron can be reduced by employing the resin with low content of 

the t’irst amino acid*. However, the diluted condition on the resin sacrifices the advantages of the SPS-CC 

method, the efficiency and the applicability to the large scale synthesis, For general application, we recommend 
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to use the regularly functionalired resin (about 0.5 mm01 of the anchoring moiety/g resin) with full incorporation 

of Ihc First amino acid and to examine the seque.nces of linear peptide precursors to find out the best condition 

for desired cyclic pcptidcs 

Finally, the mixture of the cyclic tetra- and octapeptides w= deprotectcd with anhydrous HF,ll then two 

pcplidcs wcrc purified by RP-HPLCC, and identified by FAB-MS analysis. 12 Both peptides showed the same 

inhibitory activity toward the ccl1 altichmcnt onto fibronectin-coated wellsl” with ICI value of 10 PM. 
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