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The protected peptide segment@ corresponding to the sequences 35-43 and 
32-34 of toxin II of the scorpion Androctonua australia Hector have been aynthea- 
lzea on a e-alkoxybentyl eater reeln uelng the base-labile Pmoc o-amino 
protection and HP-labile aide chain protecting groups. Crude peptide obtained 
after trifluoroacetic acid cleavage have been purified by solvent extraction, 
dlmethylacetaalde-uater precipitation and semi-preparative reversed phase HPLC. 
Both synthetic and purification protocol8 have been OptiIDiZed for good yield8 and 

high purity. Fast atom bombardment mass apectrometry has proved to be a very 
useful technique to characterize protected peptiae segments. 

The preceeding paper of this series (1) has described the ayntheala of the 

44-52 DPOteCted segment of the toxin II of the north african scorpion Anaroctonua 

auatralla Hector, which had been synthesized by atepwlae elongation with TFA- 

-labile temporary a-amino protection. HF-labile aide chain protecting groups and a 

photolabile anchor of the peptlde to the resin. 

We had also explored an alternative way for the ayntheala of protected 

peptlae segments (2) with HP-labile aide chain protection that combines the use of 

base-labile Pmoc a-amino protection (3) and a TPA-labile p-alkoxybenzyl eater 

peptide-reeln linkage ( 4). 

This work deals with the synthesis of the 35-43 and 32-34 protected 

segments of the scorpion toxin: 

Fmoc-Glu(Bzl)-Ser(Bzl)-Gly-OH 

The amino acids, protected In their o-amino function with the 9-fluorenyl- 

methoxycarbonyl (Fmoc) group, have been assembled on a 4-hydroxymethylphenoxy- 

methyl resin. Except for cyatelne, which has been protected with the acetamldo- 

methyl (Acm) group, HP-labile groups have been used to protect the aide chains of 

trlfunctlonal amino acids: cyclohexyl (cHex) for tyroaine (1) and bentyl (Bzl) for 

aerine and glutamlc acid. The crude protected peptldea have been obtained after 

acldolytlc cleavage of the peptide-resin bond with trlfluoroacetlc acid (TPA), and 

purification condition8 have been OptiIBiZed t0 yield highly pure peptldea 

according to the basic requirement for a aucceaaful convergent peptlde ayntheala. 

RESULTS AND DISCUSSION. 

Syntheala of Pmoc-Tyr~cHex~-Cya~Acm~-Gln-Tr~-Ala-Ser(Bzl~-Pro-Tyr(cHex~-Gly-OH. 

P-HyOroxymethylphenoxymethylpolyatyrene was eyntheslxed by reaction of 

ch~oromethylpoly8tyrene with sodium methoxlde and Q-hyaroxybenxyl alcohol as 
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described by Wang (4). The polymer obtained was suhitted to different controle 

prior to its uee: I) gel-phase l3C-N?M (5). ii) quantltatlon of residual chlorine 

content after pyrldlne dieplacement and chloride titration by the modified 

Volhard procedure (6). and iii) coupling of an Pmoc-amino acid to determine both 

incorporation and TPA cleavage yielda. 

The p-alkoxybenxyl eater reein wae eeterified with 2.5 equivalents of the 

eymmetrlcal anhydride of Pmoc-glycine in the presence of 0.25 equivalents of 

4-dlmethylaminopyridine (DMAP) for one hr at roo(D temperature (631 yield). The 

amount of diglycine formed during thle procese use quantified after TPA treatment 

of an aliquot of Pmoc-Cly-reeln, l%oc cleavage of the filtrate with plperidlne and 

ion-exchange chromatography in an amino acid analyzer; 0.7% diglycine wae found. 

Remaining hydroxyl groupe were benxoylated. 

Por the etepwiee elongation of the peptlde chain o-amino function8 were 

deprotected by treatment with 50% piperldine in dlchloromethane (DCX) during 30 

min. and the N-(9-fluorenylmethyl)piperldine (Pmp) formed rae quantified at each 

etep. Protected amino acid8 were coupled via their preformed eymmetrical 

anhydridee (1.5 fold excese) except in the cane of glutamlne which wae lncorpor- 

ated by a dicyclohexylcarbodiimlde (DCC)/l-hydroxybenzotriazole (HOBt)-mediated 

coupling (7 1. Completeness of couplings wae monitored by the nlnhydrin (8) and/or 

fluoreecamine (9) teete, and the chloranyl teat (10) wa8 ueed to control the 

coupling of eerine onto prollne in the nonapeptide. In order to prevent aiketo- 

piperaxlne formation, the Pmoc-dlpeptide-reein wae deprotected by a ehort treat- 

ment (5 nin) with 50s piperidine in dimethylformamlde (DMP) (111, and the third 

amino acid wae Incorporated with a greater exceee of eymmetrlcal anhydride (2.5 

fold exceee). After incorporation of Pmoc-proline, an acetylation with acetic 

anhydride and pyridine wae performed to block poeelble hydroxyl groupe on the 

reein after dlketopiperaxlne formation. If any, lees than 4% dlketoplperaxine wae 

formed. 

The quantitatlon of Pmp formed at each etep of the eyntheeie did not show 

any important loee of peptide chains along the eyntheeie apart from the 41 loee 

detected at the level of the third amino acid. The overall yield of the eyntheele 

wae 90%. which lmpliee an average coupling yield of 98.8S. 

Cleavage of the peptlde-reein bona wae carried out with 551 TPA in DC!4 in 

the preeence of 1% anieole (20 fold exceee with reepect to reactive eitee) a8 

ecavenger to capture benzyl catione formed on the reeln during the acidolyeie and 

2% II-m%VaptOethanOl to avoid tryptophan oxidation. The crude peptiae wae obtained 

after filtration and washing with DCH. In the event that the peptide were not 

eoluble in LXX, in a flret aeeay the reein wae aleo waehed with methanol and thie 

filtrate combined with the other filtratee and waehlnge before TPA wae COD- 

pletely eliminated. Under theee conditione, the target nonapeptide mae found to be 

accompanied by a certain amount of lte methyl eater. Waehing the reein with DC@l 

only allowed to obtain a purer peptide. 

Purification of Pnoc-Tyr(cHexl-Cye~Acm~-Cln-Trp-Ala-Ser~Bzl~-Pro-Tyr~cHex~-Cly~H. 

The purification of thie peptide wae planned as a tvo step proceee, with a 

flret rough eeparatlon and a eecond etep to accurately eliminate impuritiee. 

Por the flret part of the purification we compared the ylelde. analytical 

HPLC profilee and amino acid analyeee of the proaucte obtained after either 

Sephadex LH-60 (101 DUA in methanol), Sephadex LH-20 (eame eolvent eyetern) or 

eolvent extractions followed by dimethylacetamide/vater preclpltatlon. Although 

the three method@ gave similar reeulte we choee the third one because it yielded 

the peptide much more eaeily, in eocDewhat purer form and better yield. Thus, the 

crude peptide wae firet treated with anhydroue hexane and then with anhydroue 
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hexane extract contained the majority of anleole and o-mercaptoethanol 

remained after the TPA treatment, and both organic solutione contalned 

amount0 of peptlde material whoee amino acid compoeltion Old not 

to any defined deletion or truncated sequence (eee experimental part). 

The aolld reeldue vae dleeolved In Qlmethylacetamlde (DMAlu) and the peptide vaB 

vae precipitated by addition of vaber (781 yield). 

The second etep of the purification vae a eeml-preparative revereed phaee 

chromatography on an Ultraephere Cl8 column (Beckman, 25x1 cm, 5 urn), eluting vlth 

a mlxture of acetonltrlle, water. DMP (to allov a higher loading of product, not 

eoluble In CH$N/H20) and 0.5% proplonlc acid. We carried out a first 

chromatography of thle peptlde at an analytical ecale to find leocratlc elutlon 

conditions, and then the purification vae attempted on the Ultraephere column 

elutlng with DMP/CH3CN/H20/proplonlc acid 30/52.5/17.5/0.5. The limited loading 

capacity of thle chromatographlc eyetem (injection of more than 4-5 mg gave a com- 

pletely dletorted elutlon profile) forced ue to conelder another elutlon eyetem 

with more DllP (DMP/CH3CN/H20/proplonIc acid 65/18/17/0.1). Though the addition of 

more DHF lncreaeed the solublllty of the peptlde In the eolvent eyetem. It 

provoked a change in the chromatographlc performance 80 that the product obtained 

vaa leee pure and with no elgniflcant lncreaee In the loading capacity. So the 

Initial chromatographlc condltlone (DMP/CH3CN/H2O/proplonlc acid 30/52.5/17.5/0.5. 

4 mL/mln) vere choeen (see figure l), leading to eatlefactory ylelde (50%). The 

peptlde vae totally etable to the 3011 DMP chroplatographlc condltlone and to the 

eubeequent proceee of eolvent removal. 
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ii!i%%+ HPLC profllee on revered phase Cl8 (Ultrasphere, 25x1 cm, 5 urn) 
3 /H20/proplonlc acid 30/52.5/17.5/0.5, 4 mL/ain. 1) Analytical HPLC of 

crude pept lde ; 2) semi-preparative chromatography; 3)analytlcal HPLC of purified 
nonapept Ide . 

The peptlde obtained after eeml-preparative HPLC vae homogeneoue by 

analytical HPLC (figure 1) and TLC, and gave the following amino acid analyele: 

Ser 0.92, Clu 0.99, Pro 0.97, Gly 1.01, Ala 1.03, Cye 0.58, Tyr 1.63. It vae aleo 

characterized by 1H-NI(R (200 MHz) and positive fast atom bombardment mace 
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epcctrometry. With thie technique, the following fragmentation pattern according 

to Norrle et al. (12) wan obtained: 

Syntheele and purification of Pmoc-Glu(Bzl)-Ser(Bzl)-Gly-OH. 

The eyntheele of this trlpeptlde wae carried out by the 8ane procedure 

deecrlbed for the eyntheele of the nonapeptlde. There were only small difference8 

in the eyntheele of the p-alkoxybenzyl eeter reeln, which uaa obtained by the 

method described by Lu et al. (13). and In the anchoring of Pmoc-glyclne to the 

resin. Thla eeterlflcatlon was performed with 2.5 equivalents of both the 

symmetrical anhydrlde of Pmoc-glyclne and DUAP for 30 min at room temperature, and 

although the amount of dlglyclne detected wae only 0.5%. the coupling yield (25%) 

was much lower than in the case of the nonapeptlde. 0.76 and 0.75 mmo: Pmp were 

guantitated after the deprotectlons of glyclne and eerine respectively, and the 

plperldlne treatment of an allquot of peptldc-realn at the end of the eyntheele 

and Pmp quantification did not show any lose of peptlae chains due to dlketoplper- 

azlne formation. Anleole wa8 the only ecavenger added in the TFA treament to 

cleave the peptlde-reeln bond. 

The purification of this peptlde was made in the same way as for the 

nonapept lde : the crude peptlde uaa flret treated wlth hexane and a mixture of 

hexane/ether l/4, and after solublllzatlon In DM it was precipitated by addition 

of water. It wae finally puriflrd by revereed phaee HPLC on the same Vltraephere 

column, elutlng with DMF/CH3CN/H20/proplonlc acid 24.5/45.5/30/0.1 at 3.5 mL/mln 

(see figure 2). The overall purification yield wae 75%. 

2 

. . . . . . . . . . . . . - . . * 

0 m P 0 0 1 24 sa 0 a Y 

1) Analytical HPLC of crude peptlde; 2) eeml-preparative HPLC; 3) an- 
WHPLC of purified trlpeptlde. Ultraephere Cl8 (25x1 cm, 5 bm). 
CUF/CH3CN/H20/proplonlc acid 24.5/45.5/30/0.1, 3.5 mL/mln. 
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The purified peptlae (Ser 0.88. Glu 1.01, Gly 1.11) was homogeneous by HPLC 

(figure 2) and TLC, ana ita lH-NMR spectrum (200 WHt) and positive faet atom 

bombardment maea epectrum were recoraea. The fragmentation pattern obtained in the 

latter caee wae as folloue: 

Diecueelon. 

The comparison between the reeulte presented in thle paper and thoee 

previously reported for the eynthesle of two protected eegmente of the decapeptlde 

lullberln (2) make8 evident that there hae been an improvement in our eynthetlc 

methodology aa well a8 in our purification procedures of protected peptldea. 

In the firet place, we conelcler very important to control the quality of 

any batch of e-alkoxybenzyl eater resin prior to a ayntheels by all the thrtc 

methods deecribed above, though gel-phase l3C-NXR spectra are only valuable when 

compared between each other. Concerning the method to prepare 4-hyaroxymethyl- 

phenoxymethylpolyetyrene, the two procedure8 described in the literature (4, 13) 

give. in our hande, reelne of quite eimllar quality. We have found that the the 

resins obtained following the protocol of Lu et al. have lower percentage8 of 

hydroxymethylpolyatyrene (2-5X lnetead of 9%). but the reaction of 4-hydroxybenzyl 

alcohol with chloromethyl groupe is not always quantitative under theee conaltlone. 

The amount of dlpeptlde formecl during attachment of the C-terminal amino 

acid to the reeln hae almoet been suppreeeea (0.5-0.7%) In comparison with our 

prevloue reeulte (9%). Shortening the reaction time from one hour to 30 minutes 

hae lowered considerably the coupling yield (from 631 for the nonapeptlde to 25% 

for the trlpeptlae) in spite of the greater amount of DKAP present in the reaction 

medium. In other worcle, our best reaulte have been obtained in the eeterlflcatlon 

with 10% DXAP with reepect to the anhydride and one hour reaction tine. 

The synthetic protocol for the assembly of the other amino acid8 has been 

eeeentlally the same ae in our eyntheele of the lullberln protected eegmente (2): 

Pmoc-amino acids have been coupled a8 eyznmetrlcal anhydrlclee, and at each 

deprotection step the amount of Pmp formed hae been quantltatea, ae it le a 

ueeful way to monitor the progreee of the ayntheeie. The protocol for the lncor- 

poration of the third amino acid hae been aodified (rapid &protection and 

coupling with a greater exceee of eymmetrlcal anhydride) to mlnlmlte cliketoplper- 

atlne formation (11). The yields of the two eyntheeee have been very good, a6 well 

aa the quality of the peptldee obtained (eee the analytical HPLC profiles of the 

crude peptlaes in figure9 1 and 2). Theee reeulte are also related to the quality 

of the Pmoc-amino aclde employed, which haa been carefully controlled before their 

uee and purified (washed or recrystallized) when neceeeary. In any caee, the ue.e 

of highly pure Pmoc-mlno aciaa, free of alpeptlae contamination (14, 15) should 

be strongly recommended. 

Acldolyeis of the peptlde-reeln bond in the prerence of anleole as 

ecavenger hae taken place with good yielde (80-85%). much better than in our 

Previoue syntheeee. This improvement can be related to the use of reslne of better 

quality. 

Many problems had been found in the purification of protected peptldee wlth 

Preparative chromatography on elllca gel (2). The reeulte we report in thle paper 
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clearly ehow that the u8e of revereed ph88e HPLC (Cl8) allore to overcome those 

problems : once the elutlon system composition has been carefully adjusted, It Is 

poeelble to separate the target peptide in hlgh purity, as can be seen in the 

analytical HPLC profiles In flguree 1 and 2. Our confidence in thla 

chromatographlc system Is further supported by the fact that, under very cloee 

conditlone. ve vere able to eeparate the nonapeptlde (and the trlpeptide) from all 

their eynthetlc precureore (16). Since DMP le neceeeary to eolublllte the peptlde 

in the eolvent eystem, the preeence of an Pmoc-group at the N-terminus allowe to 

monitor HPLC purification at 301 rim and to use DUP gradient eyeteme without 

interference8 nor shift ln the baee line. 

Plnally, fast atom bombardment mass epectrometry has proved to be an 

excellent technique to characterize protected peptlde eegmente, elnce in both 

caeee the molecular Ion peak hae been detected and almost ail peptide bonds have 

been cleaved to give either an acyllum or an ammonium ion. or both. 

Our concluelon le that the improved methodology here described makes 

possible to eyntheelze and purify protected peptlde segment8 in good ylelde and 

high purity, which are neceeeary requirement8 for a SuCCeESful convergent peptide 

syntheele. 

EXPERIMENTAL PART 

Dlchloromethane was dried over anhydroue K2CO3 and dletllied over it 
Immediately b fore uee. 
etored over 4 1 

DMP use vacuum dlstllled over P2O5 and nlnhydrln under N2, 

1-fluoro-2.4- 
molecular slevee and freed of amlnee by N2 bubbling until negative 

f 
lnltrobenzene teat (6). DMA use vacuum dletlllea over CaH2 and 

etored over 4 molecular elevee. The amine content was aleo checked by the 
I-fluoro-2,4-dlnltrobenzene teet. PIperIdIne was dletllled under N2 from NaOH 
pellete and redistilled under N2. 2-propanol wae dried over CaCl2 and BaOH prior 
to dletlllatlon. TPA use dietilled before use. Peroxide-free dloxane wae used. 
Sephadex LH-60 and LH-20 were purchaeed from Pharmacla Pine Chemicals. All other 
solvent8 and chemical8 were reagent grade. 

Amino acid analyees were run either on Beckman 120C or Blotronlk model 6000 
autoanalytere. Hydrolysatee from peptlde eampies vere prepared by treatment with 
6N HCl or 12N HCi/phenol/acetIc acid (2/1/l) for 20 hr at llO°C in vacuum degaeeed 
eealed tubee. Thin layer chromatography was carried out on precoated elllca gel 60 
(P-254) plate8 (Merck) with the eolvent system Indicated at every case. HPLC wae 
performed in a Water8 Associates apparatue with two solvent delivery eysteme 
(models 6000 A and M-45), a U6K injector, a model 660 eolvent programmer and a 
model 450 variable wavelength UV detector. All ChrOmatOgraphIC profiles were 
recording abeorbance at 301 nm. 

Protected amino aclde were purchased either from Bachem or UCB, except 
F’moc-Cye(Acm)-OH and Pmoc-Tyr(cHex)-OH which were eyntheeized in our laboratory. 
H-Tyr(cHex)-OH wae obtained according to the procedure of Engelhard and Werrlfleld 
( 17 1 with minor nodlf lcatlons, and the Fmoc group wae Introduced as previously 
described (18). Pmoc-Cye(Acm)-OH uas obtained by reaction of commercial 
H-Cye(Acm)-OH and Pmoc-N-j (19). 

Chioromethyipoiyetyrene. 

6.0 g of polystyrene uere euepended In 70 mL of anhydroue CHCl3 and stirred 
for 1 hr at 25oC, then cooled in an ice bath. A mixture of SnC14 (0.5 mmol/g resin) 
and ClCH2OCH (25 mmol/g reeln) wae added dropwise, the euepenalon wae stirred for 
30 mln at Oo s and Immediately filtered and vaehed (6). The polymer obtained by 
thle procedure had a chlorine content of about 0.5-0.6 mmol/g (reeulte from dlf- 
ferent aesaye vere not always very reproducible) as determined by the modlfled 
Volhard procedure, and no hydroxymethyl groups were detected by gel-phase i3C-NMR. 

4-hydroxymethyiphenoxymethyipoiyetyrene. 

4-hydroxymethyiphenoxymethyipoiyetyrene wae obtained from chloromethyl- 
polystyrene by reaction with 4-hydroxybenxyl alcohol and sodium methoxlde 
followlna the two oroceduree deecrlbed in the literature (4. 13). 

According to the flret procedure (4). 5.1 g of chio&ethyipoiyetyrene (3.1 
mm011 vere euopended in 150 mL of DNA and 0.74 g of 4-hydroxybenzyl alcohol (5.9 
mmol) and a methanollc eolutlon of NaOCH (6.1 mm011 were added. The suepenelon 
wae stirred for 24 hr at 800~ and then f ltered and waehed (jxDMP, 3xdloxane, 2 
3xDCg and Sxmethanol). The reeln obtained had a subetltutlon degree of 0.61 
mmol/g. 

According to the eecond procedure (13). 9.1 g of chioromethylpolyetyrene 



(4.2 mmol) and 1.56 R of 4-hytiourbenzyl alcohol (12.6 -01) were suspended in DMA 
and a aethanollc bol;tion o?~NaOCil (12.6 mm011 was added. The euspenbion vae 
etlrrea for 8 hr at 500C and then ;1 ilterea and vaehed (4xaioxane, 6xaloxane/HpO 
l/l, 4xdioxane and 4xmethanol). A aubstltution degree of 0.40 =01/g vaa obtained. 

~oc-Tyr~cHex~-Cye~Acm~-Gln-Trp-Ala-Ser~Bzl~-Pro-Tyr~cHex~-C1y-OH. 

Syntheeie. 

The eymmetrical anhydride of Fmoc-glycine va8 prepared from 5.2 g of Rnoc- 
Cly-OH (17.5 mmol) and 1.99 g of DCC (9.6 mm011 In CCWDWP 4/l. After 30 min 
stirring at O°C , the mixture vae filtered and the filtrate was added to 5.74 g of 
HO-CH2-C6H4-0-CH2-polyetyrene (3.5 mmol, synthesized by the method of Wang (4) ) 
together with 107 ag of DMAP (0.88 mm011 dleaolved in the name eolvent (the total 
volume of eolvent added vu 100 mL). The euepenslon was etlrrea for 1 hr at roOlD 
temperature and then filtered and vaehea 3 times vlth each DCM, DMP, 2-propanol, 
DCn, DMP, 2-propanol and methanol. 

An aliquot of Fmoc-Cly-resin was treated with piperiaine, and the quantlt- 
atlon of Pmp formed corresponded to a eubetltution degree of 0.33 mmol/g Fmoc-Cly- 
-resin. 

Unreacted hyaroxymethyl eltee were blocked by two eucceeeive reaction6 with 
benroyl chloride and pyrldlne (30 and 33 equivalents exceee with reepect to free 
hyclroxymethyl groupa) 30 oin at OoC and 30 min at room temperature. 

The eynthesle vaa continued with 5.8 g of Fmoc-Cly-resin. The general 
protocol for each eynthetic cycle was as prevlouely described (2). with the excep- 
tion of the second eynthetic cycle and the coupllnn of nlutamlne. Fmoc-Tyr(cHex)- 
Cly-realn vae aeprot&tea ar fbllove: 1) 3xCCM; 2)-lxDHF, 3) 1x1 min 50% piperid- 
ine/DUP, 4 1 1x4 mln 50% plperialne/CMP. 5) ZxDUP, 6) 4xDCN. to prevent alketo- 
piperarine formation. The &eat of the vashinge were a8 ueual. Cbupling of Fmoc- 
Pro-OH vaa carried out with 2.5 fold exceee of anhydrlae In the preeence of 1 eq 
of ethyldiieopropylamine. Poeeible free hyclroxyl group8 vere blocked by reaction 
with acetic anhydride and pyridlne. The active HOBt eater of Pmoc-glutamine vae 
prepared ae follow: protected amino acid (3 ep) ana an egulnolar amount of HOBt 
diesolved in DRIP were etlrred for 10 min at OoC. After addition of a eolution of 
DCC (3 eq) in DMP, the mixture vae stirred for 10 oln at OoC and then poured onto 
the resin. Coupling vae performed for 2 hr. 

In epite of a negative nlnhydrin or chloranyl test, an acetylation (acetic 
anhydricle/ethylalleopropylamine) vae performed after the flret coupling of 
tyroeine and eerine. Por the other reelcluerr, a negative teat vaa obtained after a 
eecona coupling with 1 eq of acylating reagent. 

Deprotection of an aliquot of Pmoc-nonapeptide-reein gave a substitution 
degree of 0.24 nmol/n Pmoc-nonapept lde-resin. 

The acidolysii of the peptide-reeln bond was carriecl out with emall batches 
(500 mg) of hoc-peptide-reein. by treatment with 25 mL of 55% TPA/DCU. 0.25 mL of 
anieol; and 0.5 mi bf &mercaptoethanol. 543 q g of crude peptlde (72.2 .rrnol of 
peptlde material) were obtained by evaporation of filtrate8 and vaehlngs with DCX. 
The cleavage yield va8 801, aa detemlned by comparison between the mm01 of Pmp 
quantltated in the last deprotection etep of the eyntheela and the amount of Pmp 
found in the deprotection of an aliguot of reeln after the TFA treatment. 

Purification. 

543 ma of crude peptide were treated with 20 mL of anhydroue hexane and 
aonicated for 1 min. Airter sedimentation of the insoluble prohuct the eolvent van 
removed by auction. filtered through a Millipore PH filter (0.5 “a). WaDOrated 
and analyzed. The peptlde solid residue vae further eonicatea with 20 &of 
anhydrous ether for 90 a, and the organic eolution vae treated ae before. The 
ether-ineoluble solid reeiaue use aiseolvea in 4 aL of DXA and the peptiae vaa 
precipitated by the addition of 12 mL of water. After 3-4 hr at 4oC the preclplt- 
atea peptiae (78% yield) was filtered (Mlllipore CSUP, 0.22 em) and washed with 
water. The D!JA/vater eolution vae. lyophilyeed and analyzed. Amino acid analyeee of 
the different fraction8 aa well ae their weight and peptide content are ehovn in 
table 1. 

Table 1. Amino acid analyeee at different etagee of the 
purification of nonapeptide. 

Hexane Ether DMA/H20 
Crude eolut ion solut Ion eolut ion Precipitate 

Ser 0.90 1 .lO 0.91 0.89 0.97 
Glu 0.97 0.83 0.24 1.02 1 .Ol 
Pro 1.14 1.09 
C1Y 1.05 

;:A; 
1.37 1:63 :z 

Ala 0.98 
CY8 0.13 3157 

0.94 1107 
0.40 0.82 0.47 

Tyr 1.06 
;59 

0.05 1.70 
Weight (rag) 543 50 ‘i!e” 

Peptiae content (rmol) 72.2 0.04 0.15 56.3 

The white solid reeidue obtained after precipitation vaa alseolvea in 2.9 
mL of DMA and purified on an Ultrasphere C18 column (Beckman, 25x1 cm, 5 urn) eluting 
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with the mixture MP/CH3CN/H O/proplonlc 
fraction8 (3.5 mg, 1.67 umol 5 

acid 30/52.5/17.5/0.5 at 4 nL/mln. 90 rL 
were injected at each run. 36 urn01 of 

were obtained (50% overall purification yield), [o)o--38.6t2.4 (c g 
ure peptide 

Rf-0.39 (CHC13/CH OH/acetic 
0.5 OnA) and 

lH-NHB epectrum o ? 
acid 73/25/2). The most elgniflcant-slgnais In the 

the peptlde (DMSO-d6, 200 MHz) were: b8.6, t, NH Acm; 8.1, t, 
NH Cly; 7.3, 8. Ar Bzl; 4.5, 6, CH2 Erl; 1.8, 8, CH3 Acm; 1.2, d, CH3 Ala. 

Pmoc-Glu(Brl)-Ser(Brl)-Cly-OH. 

Syntheeie. 

This tripeptide wan obtained by the came eynthetlc prOtoco18 used for the 
nonapeptlde. Only difference0 between each other are reported here. 

4-hydroxymethylphenoxymethylpolystyrene (7.64 g, 3.06 mmol). syntheelzed as 
described by Lu et al. (13). wae eeterlfied with 7.64 mm01 of the symmetrical 
anhydrtde of Pmoc-glyclne (4.54 g of Pmoc-Oly-OH and 1.73 g of DCC) and an egulm- 
olar amount of DMP (932 mg) for 30 mln at room temperature. A substitution degree 
of 0.11 mmol/g Pmoc-Gly-resin was determined after deprotectlon of an aliguot of 
Pmoc-glyclne-resin and epectrophotometrlc quantitatlon of Pmp. 

A elngle coupling with 1.5 eg of the symmetrical anhydrlde of hoc-Ser- 
(BzlI-OH afforded a negative nlnhydrln teet. After deprotactlon with 50% piper- 
idlne/DBP, 2.5 eg of symmetrical anhydride of Pmoc-Glu(Bzl)-OH were ueed for the 
flret coupling, but a eecond coupling with 0.75 eg of eyrnmetrical anhydride was 
necessary to obtaln a negative nlnhydrln test. 

Deprotectlon of an allquot of Pmoc-trlpeptlde-resin gave a eubetitutlon 
degree of 0.10 mmol/a Pmoc-vept lde-reeln. 

Batchte of 1.5 g of Pm&c-peptlde-resin were treated with 29 mL of 551 
TFA/DCU in the preeence of 0.28 mL of anleole for 1 hr at room temperature. After 
evaporation of flltratee and waehlnge with DCX 111 mg of crude peptlde were 
obtained (86% yield). 

Purlflcatlon. 

111 mg of crude peptlde (85.8 rmol) were flret extracted with 20 mL of 
anhydrous hexane for 40 8 and then with 15 mL of hexane/ether l/4 for 40 a. The 
eolld residue wae dleeolved in 4 mL of DXA and 20 mL of water were added to 
precipitate the peptlde. which wae filtered and washed after one day at 4oC (80% 
yield). Amino acid coopoeltlon of the different fractions, together with their 
weight and peptlde content, are ehown in table 2. 

Table 2. Amino acid analyeee at different etagee of the 
puriflcatlon of trlpeptlde. 

Hexane Ether DBA/H20 
Crude solut lon solution eolut Ion Precipitate 

Ser 0.93 0.53 0.74 0.85 0.86 
Glu 1.03 0.85 1.02 0.47 1.03 
GUY 1.16 1.62 1.23 1.68 1.11 

Weight (mg) 111 
Peptlde content (~mol) 85.8 0.705 

11 63 
2.7 351 69 

The precipitated peptlde was dleeolved In 2 mL of DMA, and 100 UL fractlone 
(3.2 mg, 3.1 umol) were injected on an Ultrasphere column and eluted with 
DHP/CH3CN/H20/proplonlc acid 24.5/45.5/30/0.1 at 3.5 mL/mln. 64.1 urn01 of pure 
peptlde were obtalned (75% overall purification yleld).loln-2.6tO.3 (c 0.89. DBAA) 
and Bf-0.60 (CHCl 
1H-NNB epectrum o ? 

/CH3OH/acetlc acid 73/25/2). The meet -ei”nlflcant eTgnale.ln the 
the peptlde (DHSO-d6, 200 BHz) were: bf .3, t, HH Gly; 8.1, d, 

NH Ser; 7.4, e, Ar Bzl; 5.1, 8, CH2 Btl Glu; 4.5, e, CB2 Bzl Ser; 3.6, d. C@H2 
Ser; 3.7, d, CH2 Gly. 
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