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rn the synthesis of peptides by the solid phase procedure as dewrib& by Mifiald,' the 
first step involves aea&wnt of an N-protected Bninoacidtoachl -tW~~l~tyrene-co 
divinylbenzene resinto formabsnzylester. several camrm H&PC& of esterifioation involve 

1) the use of triethylmumiwn salts of amino acid derivatives in refluxing ethanol,2 2) the 
miified bffett prccedum involving xwaotionofthetetramethylammnimsaltindimethyl- 
fomnmideatroantmpersture,3 and 3) themethod 0fGisinutilizinglAe cesiumsalts of Boc 
amino acids in IXIF at 50°C.4 Cunplete reaction of chlomnethyl groups (quantitative esterifi- 
catim) is usually desirable in order to avoid side reaotions of reagents4 or amino acid side 
ohains5withmyzVr&ing -thy1 groups; l-cwever only the oesim salt method results 
in a nearly quantitative esterifi~ticm. 

The ability of ampounds lmmnas orwh etkrstobindoations ismll docunsnted by sev- 
eralreoentmwiews. 6 Thisabilitytobindcatianswilloftenallawthemrr5e~ anionic 
cunpmentto funotionasan @rovednucleophile. Notable in regard to eSterific&km is the 
report by L&otta et al.7 that the oaplex of 18-cmwn- 6 -- andpatassiun acetatewillrewt quan- 

titatively with bmzyl bmnide in aoetonitrile at 25OC to form benzyl acetate, whereas little 
ornoreaotionooomxdintheabsenceof orwhether. 

Although Gisin found that cesim salts of Bee amko acids arenme reaotivewitha ohloro- 
methylresinthanam the 0theralJcalimetal salts,8 *~eusedthepotassimsaltsbeoausethey 
havehigherassooiationoonstantswiththe cz-cunethezx thataremadilyavailable.g 

Wernmreporttheuseof18_crawn- StocatdLysethe quantitativedisp3aoem.n tofohloride 
frunaohlomm?thyl resin by thepotassiwnadltsof Bocamino acids in DMF at 5PC and at rcun 
tempemtum. 

&lir&mry EStitS using 1.0 equivaJ.ents each of 18-a~sm-6, the potassim salt of Boc 
LeLl,lO and the ohlommthyl resin at 100°C few 18 tiU resulted in virtually cxmplete esteri- 
fioation in several solvent systms; aoetonitrile (96%), ethyl acetate (91%), and dimethyl- 
f&de (lOO%).l* Lmering the temperature to 50°C gave the following msults: ethanol 
(541, dimthylsulfoxide (7%), ohlomform U%), dioxane (20%), benzene (23%), aoetonitrile 
(27%), ethyl acetate (32%), tetrahydrofuran (35%), acetone (56%), ethylene ohloride (92%), 
and dimethylfommide (96%). Althoughinitial1yprwnising,thehighin cmpmationvalUes de- 
termined for CH2C12 wzx later found to be XI artifacrt gauged by reaction of & hu C- with 
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CH2C12 in the presence of 18-~rc~n-6. (See Table I.) The product of the reaction is presum- 

ably the chlorunethyl ester of Boc ku, but we made no attempt to establish this. 

Table I. Chloride liberation during reaction in CH2C12 at 50' for 18 hours. 

Reagents (moles) cl- liberated 

Boc LeuOK 18-cmwn-6 Resin CH*Cl (nmAes)a 

0.192 0.195 0.161 0.165 

_- 0.197 0.168 0.008 
0.203 -- 0.203 0.012 
0.202 0.199 -_ 0.160 
-_ -_ _- 0.008b 

a The amxmt of Cl- liberated at 35O and at roan temperature was 50% and 28%, respectively, 
of that liberated at 50*. 

b FYWII titration of CH2C12 and washings. 

Since DMFwas thebestsolvent for the reaction, studies varying thetempzrature, time and 
molar ratios of reactants were mdertaken inlXFwiththep&assiumsaltof lkc Leu inorder 

to detemirle themkimm requkemnts for quantitative esterification. It was found that at 
- temperature (18 hr) J3m Leu OK could displace all of the chloride if 2.0 equivalents of 
boththe salt and-the crownether (relative to the chloxwne thy1 resin) were used. (See Table 
II.) When l_l other Boc ami.noacidpotassiwnsaltswere subjectedtothe samereaction condi- 
tions, four (pLT3, Phe, Val, and Sar) gave quantitative esterification. However, all of the 
EW amino acids tested could cunpletely displace the chloride frcan the chlomnethyl resin in 
LplF at 5O*C by using 1.2 or, in scm cases, 1.5 equivalents of both the potassium salt and the 
cmmether. (See Table III.) 

Table II. Reactionof E3oc kupotassiumsaltwith chkmmethyl polystyrene inlXFat- 

temperature. 

equivalents of % reaction equivaknts of % reaction 
CzuNn salt m salt 

0 2.0 33 1.0 1.5 85 
0 3.0 37 1.0 2.0 91 

0.1 1.0 65 1.2 1.0 79 
0.25 1.0 72 1.2 1.2 90 
0.5 1.0 80 1.5 1.5 92 
0.5 2.0 81 1.75 1.75 97 
1.0 1.0 83 2.0 1.0 77 
1.0 1.2 88 2.0 2.0 101 
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Table III. Percent~tionofBocamiraacidsintoacNorcmethyl~sininIMFwith 
varyingequivahntsofthKsaltandcmwn ether. 

Boc AA OK Rmntemperature,18hr, 509, 16 &,13 50°, 18 hr, 50°, 18 hr, 

2.0 ea. 1.0 eq. 1.2 eq. 1.5 ecj. 

PCC-Leu 101 96 101 
Boc-PW 99 96 96 

Boc-Phe 97 96 99 
Boc-vdl 96 93 96 

BCC-Sar 96 89 97 

Eke-Ile 85 93 93 97 

Bee-E-z-Lys 85 95 99 

Bx-rul.a 84 88 92 97 
E!oc-Nm-Tos-His 79 84 100 

Boc-GlY 76 91 96 

Bee-Ser (OBzl) 71 89 92 95 
Eoc-Tyr (OBzl) 67 85 69 99 

Boc = t-butyloxyca&myl; Tos - ~toluenesulfonyl; Z = bmzyloxyca&myl; Bzl = benzyl 

In solid phase synthesis, sometimes it is deshable to ensmeampletereactionofa6oc 
&acid (e.g. if itisisotopi&llylabeled) ~therthancunpletermctionofallchlom- 
methyl groups. Inthepresentwork,thls~a~~shedatrrrmtempe~turebyusing~ 
equivalent of the patassim salt of Boo Glyor Eoc Leu, oneequivalentof18_cmwn-6 anda 
S-fold excess of chlomnethylresinincMFfor18hmrs. 

Finally, a cunparison of the relative reactivities of the Cs, Rb, and K salts of E$oc Im 
withan equivalentofl8-crmn- 6 gave the fo&ming results at mun tempemture, IMP, 18 b: 
Cs-75%, Rb-75%, and K-83%; and at 50°C, LMF, 18 hr: Cs-87%, Rb-89%, and K-96%, thus cmfh- 

ingthe rationale forusedKmtherthanCs or Rb salts. 
In conclusion it has beendmm~tratedthat18-cram-6 will functionas acatalyst in the 

quantitative esterification of a chlmthyl resin by the potassium salt of a Boc amino acid 
undermild reaction conditions. The catalysis, though useful, is less dmmatic h we antic- 
ipated, prchblybecause the reactiontakes place too close to the backbone oftipolysm 
to allaw unhindered appmach of the crcwnether. 
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