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Abstract: R&W, hbh ylehi aoybtbn of tbbl-bs~ ant&s by one equhaht d thioaM may be canted 
outattmMhthepvmnc6+of~excessesofotherpnknery~. Sihferkn,knomtoadivate 
thbm&?towani ~~,~~~servesasa~sRelodeliveradhkl-telhered 

-- mwc of yWds and sehddty on [AQ+] was found, as well as a sbnifimnt 
effect of chlott&. 

Chemicd8eldvityandratcaaelaatkm8sretbehallmnrlcadqlymatiCcataly8i8.1 Empaticmte 
accelemions msult both km pmximity of groups “e&ctive moh~Ses”,~ and the chemical catalysis by pendant 
acid,base,aothqxosthuicgroups. Wewishtomportanexttemelysimpleomdelwhichmdiatesa 
bimolecularamdamdon using both of &se maynmlike kamres. 

ourgoalisto- shnultaneous binding and activation of a subsaate to ftitate a bimlemlar 
xeaction. Wehavechosentofacilitamthemctionb#w&nthio&mxylicacidsandaminesbecausemcmssful 
development of a highly sektive aad effkknt pmcess would be very useful for peptide &agment condensations. 
ManyrecentappoPoheototheproblanofpeptidefnypnentcoupling,stiUgenaallyunsolve&attest~oe 
deskibilityofsuchapmcess. Tbemaindifficultyisthelow~~~ofnaaivegroupsthat~strapidly 
couple with one another, without side mctions charam&& of highly &ve qladng agents. Kemp% 
elegant solution? involves rapid tmpping by disuEde exdmge, tollowed by inmmo&xular acyl transfer of a 
-y active ester. III cumin fzase& pmeolytic eazyme@n6 may be induced to mediate such couplings. 
Otherapproachesfocusonreedy~~d~~nndfinetuningofstandardapproachestotheir 
coupling’. A pa&uUy useful atbihute would be the ability to seleaively couple without inter&mm by 
unpnXectedamiaeoracidgroup& 

We~a~schaneiawhichathiocarboaylateionligaasamtal~ohanluaineistether#l. 
Ligation chemically activates the &carboxylate toti nucleophilk attack only when it is in the presena of the 
aminetethexMtothemetalannplex. Thus,bindiaganda&ationarethesamprocess. Ourinitialefforts*to 
nalizethisschaaeusiagaryl~~Bugseseedtheschemtwasplausible,batinstabilityand 
insolubility of the aryl me8ctny kmplate led us to inv&gate other metals. 

Scheme 1. Gemal scheme for metal-activated inttaconqlex acyl transfez 

“Otis paper is dedicated to Prokssor Ronald Breslow on the occasion of his 60th binhday 
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Silver ion has been shown to activate thiocarboxylate ions, themselves poor electmphiles, toward attack by 
amines to form amides. C-teunimd peptidal thiocarboxylates can acylate peptidal amitux9 Mcmases in 
efficiency and selectivity woukl be par&t&ly useful. We masoned that an amine bearing a thiol substituent 
mightbcanchoredtothc~~~~~aodthyshe~y&~~to~nactivesite. Inthecase 
of an N-terminal cysteine peptide. this would constitute a u&l pmcedum? and if sufficiently selective for the 
aminothio& would allow coupling ofpepddes bearing unpmmcted amino substituents. 

We studied the tea&m of.pxassium thiobetu~&~ with cysteine ethyl ester to produce N-benzoyl 
cysteine ethyl ester. Alanine benzyl ester, used as a compedng nucleophile to detamine the selectivity for 
cysteine, was pmsent in a ten-fold excess over cysteine. Thiobenzoate e@iciently acylates the cysteine even in 
the presence of large excesses ofalanine. 

S-K+ Cl-+)5N 
OEt 

SttmdatdCClltplktg~ L cysteine ethyl ester hydm&ri&” (11.1 mg, 0.060 mmol) and 
alanineben7ylestertoaylate(21.1 ~,0.600.nnwl)wcredissohndinfreshlydisdllea~~(58mL). 
silvernitrate(o.88OmLof191 mMinacetoni~0.168mmol)was~followedbydhsopmpy~ne 
@lEA,1sOnncK&u%O.g64mtDol) Afsera mxessaq 15 minute stkred incubation, 0.054 mol of potassium 
thiobenzoate was added as a 0.0555 M sdution in CH3CN. After sdrring under nitrogen for 135 minuteq the 
reactionwasquenchedwith2OmLofpH70.1M mrapoaoaatecontaining0.3Mglycineand0.1 M 
phosphate. Aftastirring30miauteftthevdumewasraducedto20mLbyroaryevaporat~clad~~ The 
filmueandsolidswereextuuxed3xwithe&hylacemte. 7ItecomKned~wesuwashed2xwith 
mercaptoacetatesdution.3xwith0.1Msodiumbisalfue,2xwithO.~MpH7~~krffa,~lx 
with 50% sammted sodium chloride solution. The ethyl acetate solution was dried over sodium sulfebe. filtered 
and the solvent mtmwed by totary evaporadot~ After drying under vacuum, 1.3.5 uhmuhoxybenzene was 
addedasanintegrationsmndardfor~HNMRanalysisoftheproductmixture. 

Asexpeaedforastoichiomeaic~theyieldof~~product~~withincrecadngsilvet 
ion concemmdcm. The selecdvity for benr0ylation of cysmine ethyl ester in competition with ahmine benzyl ester 
is also dependent on silver ion concentration. As shown by the open symbols in Figure 1, in the absence of 
chloride,t 1 &teasing [A&] causes incmasing acylation yield, but decmasing selectivity for cysteine. A 
maximum benzoylated cysteine yield occurs at a silver ion concemration of 1.8 mM, which cormsponds to 1.8 
equivalents as [CysOEt] = 1.0 t&l. The yield is low (21% based on thfobenzaste) and the selectivity is only 40 
to 1. Surprisingly, though the selectivity ratio is better at lower [Ag+], and at?er the coupling the silver is 
probably inaccesible as AgS. syringe pump addition of the silver ion does not improve the ratio. 
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Figutel. Plotofbenqlak&cysteineaalankpxduct yieklsvs.[Ag+]. Rdonswerenm135min.in 
CH3CNwitha1:10:0.9Cys:Ala:Thi~~ratio~14.4mMDIEA. [Cys]=l.OmM. 

. 

B-N-l 
Nucleoohile - 
CysteincOEt.HCl 40.0 CO.3 
S-McCysteilK.HC!l CO.3 4.3 
SelilleOEt.HCl CO.3 5.0 
Ethyl ZMacaptoacaate 0.4 CO.3 

Reactions were mn 135 min. in CH3CN with 4.8 mM DIEA. Cys: Ala: Thiobenzoate: Ag+ ratio is 1: 1: 0.9: 
2.8; with [cys] = 1.0 mM. 

Having observed the pmposed sektivity, we needed to verify its origin. We did this by shxiying related 
competitiveacylationsasshowninTable1. ThepKaofqsteineislowerthanthatofalaaineunderacidic 
conditions cysteine might be expecxed to be mofe readily acylated. While OUT conditians am not acidkl* we 
nonetheless studied the acylation of S-methyl cysteine ethyl es&x which lacks the thiol. but stains the pKa of 
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cysteine. -Illis compound was much less emcdmtly acylated than was cysteine ester, and afm prolonged 
reaaiontims,wasseultomactlessrapidlyeventhanalanhu= This ~thlktthepKaoftheamine 
nuckaphileisnottheuu5alvaMde.. lnitialacyktionatthe~~~byS-N~“wlrsalsoraledout 
asthereMaIlfarthetbiolnq uirementbynotingthatasimpletitiolisnotsig&kantlyacyladunderour 
conditions,aadthatthesidechainalcoholofsaiaeisnote&ctivefarapidecyletion. 

wehave~yincorporaaedbothenymatic9mtegies:aaivationbyproximity,andbyc~ 
reactivityenhancanart,inavetysimplesc~. Bindingadxtivationeventsenoneandthesameas 
~VationdtherscylEaltesPlaceoalYinthe~Ofthial-boundrunine. 

Outrerrctionconstinnesamthodfor~activatioaofaspccificaminefoaacylation,incontrasta,the 
virtdyunivaxalstrategyofpmtdngothernucla@ilicgroups. 

Thenactionwarksrapidly,inhighyieldatlaw~~~dytheattributes~foraneffactive 
peptidefragmentux&n&on. Sevaalotbureqllkmus mustbemet?however~befaethisredonmaybe 
consideted a solution to the long-stading pmbhm of hgment coupling. 

Whileitappeararthat~~~reactionwidrina~~thidetJchloridecluaa’4Ealresplaoe,wedonot 
yet know the compodh of the active clustcx, ar wider ather ligads may substitute far cblcde, or other 
metals for silver. Expedmats to probe these questions ale planned. 
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