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Abstmet: Three q+ic din&h werejmnedjknn linear analogs qf cakitonin. qdhrmalgrowthfoctor (EGF), and 

a froslncnr &he DNA-~ Cro pm& m a’kw reagent: cpogen iodi& (ICN). lbch p@i& con&d& two 

S-protected cysteine deridws [Cys(Acm)] which we &protected w&h comxwent dim&& bondfomdon. A 

wmpatison with 12. a cowmm reagent for this reaction. is incMd. 

Disulfkle bonds bctwccn cystcine residues are one of the most important means for stabiking proteiu 

and pcptide confcnmatiiollg* Many peptide bmmones contain disulfides; disulfii-liaked, cyclic peptide aualogs 

with a w&defined, comparatively rigid conformation have been used for studying structure-activity 

relationships and conformational pmperdes of peptides.2 Due to the complex functionality and reactivity of the 

individual amino acid sidechains it is hnportant to have a range of reagents available for disulfii bond 

formation. Despite their importance, synthetic methods for disulfkie bond formation in peptides are still very 

limited? 

In this paper we report a new reagent, ICN. for forming intramolecular disulfide bonds in three peptide 

analogs based on calcitonin (1). EGF (2). and a 6ngment of the DNA-binding Cro protein (3) in which each 

peptide contained two S-acetamidomethyl protected cysteine derivatives [Cys(Acm)]. These peptides wcrc used 

to study the ease of formation of macmcyclic disulfides of various sizes. Additionally peptide 1 was used to test 
if ICN would react with the methionine sidechain and cause chain cleavage as is observed with cyanogen 

bromide.4 ICN is highly soluble in a mixed aqueous-organic solvent system and as such is a convenient source 

of I+ in solution. 

AcNH-Asn-Cys(Acm)-V~-V~~ly-Tyr-ne-Gly~lu-~g-~~A~)- 

Gln-Tyr-ArgAsp-Leu-NH2 (2) 
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The Cys-pmected peptide analogs were prepared by solid phase methods on the p-alkoxybenzylalcohol 

resin (for the free carboxy terminus>s or the Rink nsin (for a primary amide on the ca&oxy terminus)6 using a 

conventional Pmoc-based strategy.’ Removal of the Acm protecting groups and oxidation to the disulfiie was 

accomplished in one step (Pigure l).k 

NH,-Ala-Cys(Acm)-Gly-Asn-Leu-Ser-Thr-Cys(Acm)-Met-Ala-OH 

1. 

2. quench with Na&Q 

3. d~H~ttrlfkation by 

ICN. MeOH& (1:l) 
lmM, 24 hr 

S S 

NH,-Ala-C&s-Gly-Asn-Leu-Ser-Thr-C&-Met-Ala-OH 

Figure 1. Deprotection and D&sulfide Bond Formation with Calcitonin Analog 1 

Peptides 1.2 and 3 were Tt8cted with 12 and ICN under a variety of conditions at high dilution, and 

intramolecular disulfide bond fomation was monitored by HPLC (Table 1). All reported yields are isolated 

yields after preparative HPLC.* 
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Fti concentration of peptides. 
1: 1 mixhue of organic solvent in H20. 
Isolated yields of peptides after preparative HPLC. 

In a typical ICN reaction the peptide (2.5 mmol) was dissolved in a 1: 1 mixture of MeOH& (2.5 ml 

for the 1 mM reaction conditions). The reaction vessel was coveted with aluminum foil and ICN (0.124 mmol) 

was added to thii solution as a solid.9 The reaction was monitored by analytical HPLC until complete and was 

quenched with a 0.1 M solution of sodium thiosulfate. The reaction mixture was purified directly by preparative 
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HPLC.8JO With peptides 1 and 2 the nactionswitbI2andIcNwcrcbothcumpletcaftcr24hrs. Iftbc 

rcactionswcrcalhnvedtoprogrcssto48hrsthaewasrslightincrease inthccyclicdisulfidcyicldswithIcN. 

wbaeasyieldswithhdropped-yFtgure2). 

Figure 2. Time course of the reaction of calcitonin analog 1 with a) 12 and b) ICN 

as monitored by HPLC! The product disulfide b marked with an asterisk. 

AIthougb the isolated yields of the cyclic products was very sequence dependent, alI of the peptides 

studiea~equivalentcasditiw~vehighayietdsofcyclicdisulfideswithIcNthanI~. Thcrcacdonswith 

ICNwmalsolcss~wonctoproductdcuxqoGtionwithcxtcndcdFcactiontimcs. Nodeavageofpcptidc1at 

mcthionine was detected under any rcacdon conditions with ICN. With peptide 3 a very dilute solution was 

usedduetothetendencyofdrispcptide~~~~otconceneations~aterthan50~. Inthiscasconlya 

co&lcx mixture of unidentifiable pcuduas was ohtaincd witb 12 which contained none of the de&d cyclic 

disuEdc,whcqasICNgaveavcrymodcstyieldofthedesinxlma&rial. ICNisalsomcueconvcnicnttousein 

a variety of solvent systems as it is v&y soluble in MeOH, ‘FE and mixed aqua3us4~rganic systems, wherea& 12 

is cmly sparingly soluble in ‘I-FE and the mixed solvent systems 

In all ICN is a better reagent for intramolecular disulfide bond formation in peptides than 12 due to its 

higher yields, much slower product deuqosition, and high solubility in a variety of solvents, and as such it is 

animpatantadditiontotheranged~~‘svailablefordisulMebardfamratiar.11 
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Abbrevicltiona: Aim = acemidomethyl, AC = ace@, EGF = epidennail @ fd, TFA = trifl-dc 

a&TFE=mlwmedmol 
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f-Ix25cm,preparative122x25ctn)wi mobilephaseA(1 
: All reactions wae monitored anQputificd 

lz 
HPLC using Vydac- 

o&% 
reverse phase 
CH3CNjQ.196 

TFA) and mobile phase B (100% Hzo/o. 1% TFA) with linear gradients (S-60% A for peptide 1.570% 
A for peptide 2 and 1540% A for peptide 3) of 3Q min (analytical) or 60 min @reparative). 

. . . 
m a)ReactioasinTFE-peptidesweredissdvedin1:1TFE/wzopndI~wos 
ad&d via a 1M stwk solution in MeGH. b) Reactions in,M@H - equal volums of a 16 mM 12 solution 
in MeGH and a’2 mM peptide solution in Hfl were added together. 

All HPIX purified products were identified by mass spectmcopy (PAB. glycerol matrix). 

ICN mimred the reactivity of 12 with respect to the removal of sul&ydryl pmtecting gmups and 
disulfde fomation with a series of c 
benzyl, t-butyl and methoxybenzyl I 

mine derivatives. Acm and trityl wen the most mctive, and 
owed low reactivity. 
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