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In recent years, maas spcctrome~y has gained a widespread application to the systematic 
characterization of synthetic peptides and of their accompanying by-pmductsl. Although most of the classii 

sidereacti~arenowwelldocumenoednewsiderurcrioasareoftendetecrcdassoonsslessclaMical~~ 

strategies are used. As an example, we report here an unexpected side reaction which was obsetval when a 

coupling step was performed on di-NH~-pmt%ted cystine. Such an eloagation procedure is not usual as, in 

general, peptide chemists tend to use S-pmtecRd cyst& derivatives for chain assmbly and form the disulf& 

byo7Cidationattheendoftbesyndlesis. 
In this case, we followed a proccdm showo in scheme 1 previously described by Fairlax& to prepare 

N,~-bis(benzyloxyc~nyl)-L~ysteinyl~ycyl-3~~y~no~yl~& disulfiie (1). an altunative 

substrate of trypanotbione xeductase. an enzyme specific for aypanosomatidae and a rational target for 

antiparasitic drug design. The last step of this synthesis involves coupling of N,N’-his (bentylox~yl)-L- 

cystine (di-Zcyslillc) (2) with two equivalents of gQcille-3dialethyl anriwpropylamide diMuonXcetate (3) 

using two equivalents of dicyclohexyl- @cc) and of l-hydroxybenmiamle hydrate CHOBt) in 

the pmence of ten equivalents of NmNaled~ylamine @IEA). 
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Scheme 1. 
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Several syntheses of 1 were performed in high yield according to the described pmtocol, however. in 
each case, we detected the presence, in limited quantities of a by-product which eked later than 1 in reversed 

phase HPLC (HPLC of the mixture : fig. la). Analysis of the crude product by Plasma Desorption Mass 

Spectrometty showed the presence, besides the expeoted Mass fa 1 (M+H+=792) of a peak (M+H+=824) 

corresponding to an excess of 32 maas units (fig. lb). 

b) 

~igttre 1: analytical characterization of 1 obtained accordhg to scheme 1. (a) HPLC trace using a Nucleosil 
Cl 8 reversed-phase column and eluting with a Linear gradient front 0 to 100% of B in A where A is 
H2ODOS% TFA and B is 50% MeCN/H20 49.95%ED.O59bTFA at a flow rate of 0.5 ml mitt-l Detection at 
215nmbyWabsarbanoe.b)pDMs/ToFspectnunoftheaudeploduct. 

In order to get more information on the shucture of this by-product, it was isolated by preparative 

HPLC and submitted to several analytical methods. One possibility to account for a 32 mass units excess, (not 

in agreement with increased retention tim in reversed phase HPLC) is an oxidation of the disulfide, resulting in 

the incorporation of two oxygen atoms. Fast Atom B mt (FAB) spectrum of the by-product (fig. 2) 
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Figure 2 : FAB mass spectrum of the by-product. 

did not support the hypothesis of a symme~ical S,s’dioxide (--SUO-) as no fragment ~sponding to 

a cleavage between the two sulfur atoms (M +=[(791/‘2)+16]) could be detected. By contrary, strong peaks 

corresponding to the half of 1 with a 32 mass units excess (M “+=[(791/2)+32]) or without mass excess 

(M+H+=[(791/2)+1]) were observed. 
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On the contrary, both lH ad 13C NMR spectra3 did not support the hypothesis of an 11112ymmeaical 

s,s-dionidef--ss~)asnosplittiasoftbe~wru~ ~~~~~~~~ 

of lbcinga0.1 ppmupAeMshiftoftheBQiiZ~~oaeyabeinintbeIHspcmmm.Tbisledustos~~ 

that the 32 mass unit excess couId cormspond to an additional sulfur atom incorpomted by fmtion of the 
symmetrical uisulfkle derivative 4. this hypoth&s being consistent with the kagmenmtion pattern obsuved in 

mass spectromctry, with the symmeulcal nature of the NMR spectrum and with the incrcaS in hydmphobicity 
inHpLc.Inordatoc~drish~s,stvtralanempgwenmadetosynthesizc4.Amongthe~~t 

possibilities”~. a mod@icatlon of the method described by Fletche#j. which offen the advantage of being 
compatible with peptide structures was developed. It consists in reacting 1 at pH 10 with a solution of 
elemental sulfur (10 equivalents) in CS2 at room kqcmhm~ (scheme 2). Afkr 2 hours of vigourous mixing, 
several products, eluting a&r 1 in reversed phase HPLC were isolated (fig. 3). 
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Reaction cortd&bts : (i) E~~~~~OH (4WZi2) (v/v) Cr) AcOH pH=2 

Scheme 2. Preparation of polysulfide derlvatlvcs. 

A product with an excess of 32 mass units which cocluted with 4 and had identical NMR and mass 

spectra was isolated. In addition, derivatives corresponding to the incorporation of 2 and 

also detected in the slower eluting fractions* Initially, 

we suspected that the tris~ derivative could be an 

impurity contained in di-Z-cystine (2) as the pxesence 

of bis-(2 amino-2-carboxyethyl) uisulfide (cystine 

trisulfide) has been reported as a cohort of 

cystine in wooE hydrolysate&. Following the 

previously described protocol, di-Zcystine trisulfide 

was prepared from di-Z-cystine. Using HPLC 

conditions suitable to separate these two derivatives, 

~~~~*~~~~~~~~~~ 

the different commercial (Bachem) batches of di-Z 

cystine which were examined, indicating that the 

formation of the trisulfide occured during the 

synthesis of the peptide. This led us to examine the 

coupling reaction. When achieved in standard 

conditions and monitomd by reversed phase HPLCT, 

5% of 4 could be detected after 4 hours of coupling 

and 10% after 24 hours indicating that the trisulfide 

is formed during the coupling reaction. 

.3sulfbratomswere 
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Figure 3 : HPIA! trace of the mixture of 
~olysulfiis obtained acanding to scheme 2. n 
mdicatcs the number of sulfur atoms. The pmduct 
corresponding to ~3 was isolated and proved to 
be identical to 4. Conditions as for figule la. 
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Lntheaima,~~thertheformatianoftheaitulfideiscauscdbythenrctioa~~(~lv~*t 

or ailralinc 8oMon) or requires the plesencc of coupling reagent& we have mixed di-zcystine (2) with 3 in 

DMP with ten equivalents of DIEA without adding the coupling agents. In these con&ions, even afta 20 h, no 

conversionof2totheMsulfMewasobsen&usingHPLCormass specaameay.Aftt!rthistim&thecoupli.ng 

agentsw~addedand,4hlaterd#pnseaceof4(5%)wesobwrvod,demonrtntiaOthatdditionofcoupling 

agents is necessary for the formation of ttisuEde derivatives. In order to get more information about the 

innuenaoftheco~~gaeentt,tlaenamiaawar~uJingonlyDccandD~(2~lOeq.ofDIEA) 

and other reagents such as Benzotriazol-I-yloxytris(dimethylunino)ph~~ hexafluorophosphate 

(BOP)/HOBt or [2-(1H-ben~~l-l-yl)-1.1.3,3~3~~~yl~~ hexafluorophospate] @IBTU)/HOBt). 

The results were similar but, in the last two cases mentioned above, 4 was fotmed in larger quantities (15-20 

%) after 24 h of coupling. As Hirstg has shown that addition of hydroquinone inhibits the photochemical 

degradation of cystine which pmduces cystine trisulfide axumg difkent pxducts ; the coupiing reaction was 

perfonnedinpresenceofthisradicalqueecherandnotraceof4was&~Bycontrary,theformationof4 

Wasnot~n~whenthecouplingreactMns~performsdintbedark. 

To the best of our knowledge, this is the first time that a uisulfii derivative of cyst&n has been 

observed in a synthetic peptide. While this work was in progress, the presence of cystine OisulWe has been 

dcmonstrataj ia a by-product isolated from mt human growth hormone pmduczd in Escherichiu CC@. 

As these compounds appear to be fairly stable in aqueous solution EU well as in more drastic conditions such as 

tritluomacctic acidaatmcnt, theirpresenceshouldbcmmcarefulystaEceadincystineoantainingpeptides. 
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