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Abstrrct - A ne* JpproJch to the slultrneous chalc~l synthesis of lrrgc 
nukes of diffemnt pepti& sycrs is described. The prrticulrr 
feJtum.,of the rthod presented Jre: - cellulose paper discs servo Js 
solid supports for lndlvlduJl peptide seances, - the peptlde chrinr we 
llnkod to thr C011~l0S. ViJ J p-Jlkoxy4JMZyl l Ster JR&IO? CleJVJble by mild 
tmrtrnt with trlfluororcetic uld in dlchlorahthma, - the syntheses of 
peptldrs rn accoqlished uslq N-a-Fwc protected ulna Jclds, - ~11 reJc- 
tions J~J crrrl~d out in J stqlr ulti-calm cantinrrwr flow device with 
the cellulosr discs tightly strckd in colrrn rerctors, - JS uny JS 100 
discs cm be rercted siwltrnrwrly with thr some uino Jcld drrlvrtlve in 
one reJct1on colurr. 

Short synthrtlc peptides hrvr kccme rxtremely urrful tools for the 1OCJliZJtion urd 

deciphering of structurJ1 detrminrntr by rrhlch protainr lnterrct specificrlly with other 

1igJnds such JS porttrJnslJtlonJlly mdifying enryws, receptors, rnd Jntibodles. Further- 

r)re, peptides cm be used to elicit Jntibodles with su&aleculJr binding specificities to 

pre-selected sites on trrget proteins. In prrticulrr, tk systeutlc screening wltb series of 

overlJpping frJpwnts or substitution Jnrlogues meds short peptldes in lrrge nu&ers, 

Jlthough sull qurntlties (wch less thrn J rpol) of these J~J sufflclent.3~4 A rJtionJ1 wy 

to JdJpt synthesis crglcittes of the solid phrsr lbthodology to such drrsticrlly incrrJslrq 

dcund fra mleculJr biology rnd imnology is the siwltrneous multiplr synthesis following 

the ‘svntrl support J@prorch.5 The tam 'seglentrl support mfers to J whmicrlly end 

ChemicJlly strble, non-1ntrrchJngrJble entity of support uterirl. This type of support 

rllous one to collblne uny different groul~ oligomrs, uhich require the coupl11~~ of the 

slly Iy)noTr unit, tnto one c-n rerction cycle rnd to reprrrte them thererfter without 

contJ~lnJtlon. In this wry, the nukr of reJction cycles necessJry to Jsstdle J set of 

different sequences cm be reduced considerrbly coqrred to the nuber of indivldurl 

synthesis steps, when perfond SepJrJtely. The idvrntrge of this JpprOJCh hrs been first 

demonrtrrted uith the sinUltJneous wltlple synthesis of oligodeoxyribonucleotldesS using 

cellulose pJper discs JS solid supports. This 'flltrr rthod' is rpplied successfully 

followtng both thr phos@otriestrrb*7 rnd phocphorrlditr8~g mutes. Recently, R.A. Houghton3 

described J tikod to render conventionrl polystyrene rwln nowlnterchrngrrble by sealing it 

into pelyprvpy~ene bJgs Jnd uliq these JS Supports In J SiultJneous Syntbs1s of 247 

UtldeCJpeptl&S (ter-big mthod). 

This PJpW describe5 the rtrJightfor*Jrd rdJptJtM Of the filter-wthod t0 SiUltJneoUs 

wltlple peptide synthesis. Cellulose pJp4r hrs Jn excrllent resirtrwe twrrds mst 0n)Jnic 

solvents but rapidly derintegrrtet upon the Jctla! of strimg rcids. This rcld sensitivity 
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prohibits the use of an acid cleavable protection of the a-&no function such as tert- 

butoxycrrbonyl (tBoc) In peptlde synthests on this support. The 9-fluorenylmethoxycrrbonyl 

(fmoc) group, however, pamits a base catalyzed repetitive aN-deprotection and, hence, allows 

a mild-rctd labfle peptlde-resin ltnkage.IO This Is perfectly coaprtlble rlth thr cellulose 

support. Cellulose discs are mechanically quite stable to even harsh manipulations ml cm be 

easily marked'bj urltldg nubars or letteis with a pencil. Thr u'rktnp Is sufflc(ently stable 

to follw unublguously lndlvfdurl supports'thmtgh in extended serl4j oi reaction cycles.5-9 

The rigid structure and lw swelling properties of the cellulose paper allws the ultlple 

coupling reactions to be cart-led out under la pressure continuous flow conditions with the 

discs ttghtly fitted and stacked In colon reactors. 

RESULTS AllD OlXUSSIoW 

A benzyl ester type llnkrge 1s most comonly used for anchoring the first amino rcld to a 

solid support. A lrqe variety of stlgle blfunctlonrl linkage reagents (handles) are 

described in the literature by uhtch peptlde-rRsln bonds can be fond of vrrylng strblllty 

and cleavage by a wide range of reagent types (for a revlaw see Ref. 11). On this brsls, the 

p-alkoxybenryl alcohol drrlvrtIvr (reagent 2. Scheme I) was conceived to release the benryl 

ester bound peptide qurntltrtively by trertaent with #x or less tr~fluomrcrtlc rcld tn 

CH2C12 (see Figure 2). 2 provides a Q-spacer am and a crrboxylIc acid function for direct 

esterlficrtlon of tbr cellulose hydroxyl groups. This reactton requtns the trtemedlate 

protection of the benzyl alcohol functton. The 4-rthoxytrltyl ether (Mlfr-0-) proved 

sultrble as It can be clervcd readily under very mild rcldic conditions rfth 3% dlchloro- 

acetic acid (OCA) fn CH2Cl2 at rooa temperature. In rddltlon, the yields of all reactions 

involving HeOTt-protected derivatives can be detemlned slqly by photaetric mersureaent of 

the orange IleOTr+ cation formed upon acid treatment. 

2 Is prepared by selective trftylrtton of 4-hydmxymethylphenol with 4aethoxytrityl 

chlortde and subsequent rerctlon of the phenollc hydroxyl with 6-broaohexrnoic acid (Scheae 

1). Overall yield is about WX. The capound is bbtrlned as an oil and stored dissolved in 

dry dioxrne rt -20°C. 

I 

WeOTr-Cl t WCM2@CM B MeOTr-0-CH2QB 

1 
. . 
11 

1 4 Br-(CH2)S-CCNW _ ReOlr-O-CH2-@O-(CH2)S-CW Et+' 

2 

III,IV,V 
2 t HO-(Cellulose)-C4i _ WCH2@0-(CH2)6-$-0-(Cellulose)-O-AC 

0 

-1: Introduction of knzyl alcohol functions onto cellulose. I) pyrldlne, RT; II) NrW 
In ethanol, 80°C; III) l sterlflcrtion of 2; IV) rcetylrtion; V) detr(tylrtlon. 

A schematic drrwlng of the manually operated devtce used to carry out all chaical 

reacttons on the paper discs Is sham In Figure I. It Is similar to that described by Oryland 

and Sheppard12 and 11 built fr# ~nexpenslve chrcaatography equipant. Flw of solvents and 

reagents (2 ml/m(n) Is drlvrn by I multi-channel perlstrlttc pup flttcd with resfstrnt 

Kalrer hose. Solvents froll stock bottles are selected by valve 1 en6 dtstrlbuted to the 

various reactor loops. Currently. I four-calm device 4s used. Ructiom other than ulna 

rcld couplings are crrrled out by connectIn the appmprlrte solvent bottles to valve I. 

Stock bottles are pressurized to 0.01 l4Pa with dry nitrogen to rvotd fotnatton of bubbles 
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stock bottles 
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reactor loop 

-1: Scheutic drrwlng of a unurl ly operated wlti-colon continuous flow synthesizer. 

caused by suction of the puap. The colm~s (1.5 cm + x IO cm glass tubes) have fixed upper 

om*w ocle 

mowoc.ltle: -14 i OunD : 

column : 
rooctor : 

WOIV. 11 
0 

1 
U 

.0-r 

and adjustable louer plungers to rccom4rte my nubcr of discs up to 200. The volw of the 

reactor loop including the colon without support is only I.3 ml. Activated amino acid 

derivatives or my other rerprnts we Introduced vie a reservoir, a disposable plastic 

filtration colum with a 20 /a polyethylene frit, connected to the reactor loop by a 3wry 

valve. The uxima volume (void value) which can be applied to displace the liquid between 

the reservoir and valve II by reagents is given in Table 1 JS a function of the nu&er of 

discs in the colum. By switching valves II, the reactor loops can be closed Individually and 

reagents are recirculated. The efflux of the colons is then collected by solvent distributor 

11 and passes either into the waste or through a UV-cell for monitoring (280 n) and 

sampling. This option allows the efficiency end coqleteness of cleavage reactions (Fmc. 

)(aOTr) and washing steps to be follow!. 

Table 1: Void volws of the reactor loop as a function of the nubcr of discs per column. 

nwber of discs void volumea) 

0 0.8 ml 

:: I.3 1.8 ml ml 

:: 2.3 2.8 ml l l 

1;: 
3.3 l l 
5.8 ml 

a) These volumes hold only for those discs specified belw. 

Cellulose paper Is readily rvrllrble In a leqe vrrirty of quality, thickness and shape. 

Throughout the described exparlunts. 1.55 cm 4 discs cut out from Uhrtmn 3M paper sheets 

(average weight 33 q) were used. Mild rcld trertrnt affords a liaited and irreversible 

welling of the cellulose utrlx. By using 10% or less TFA in CH2Cl2. the swelling process Is 

slw enough to become controllable. In this ray, paper cm be pre-treated to achieve a 

maximal accessible surface area tiile ulntrinlng the necessary mchrnicrl strbillty. 

Table 2 sumwires the results fra several experiments to evaluate proper reaction 

conditions for l high degree of benryl alcohol functionrlizrtion of the cellulose. Paper 

discs were pm-swllen for various tir intervrlr in 10% TFA in u(pC12 ad them reacted rith 

reagent 2. ktivrtion of the carboxyl group of 2 UJS carried out either with rsitylene 

sulfonyl nitmtrirrolide (M5Hl) in pyrldlne5, dicyclohexyl crtbodiimide (DCC)/diwthyluino- 

pyridine (IMP) In CH2Cl2. or diisopropyl cwbodiimida (OIC)/W in dirthylfomaalde. 

Consistently, the highest yields were obtained by the N!ST rctivrtion. Ito further increase of 

yields is obtained by prolonged pre-swelling of the paper. here upon the 'mechanical 
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Wt: FunctlonJllzJtion of cellulose discs rith rergcnt ZJ) 

Pre-swellin A(ItWl/pyridine) WCCrnPN+l2) C(DICmWaw) 

WI (ploVdisc1 ball bl/d~~cl [ml/91 [pal/dlscl Ipal/ 

0 1.0 30 0.1 3 0.9 27 

10 2.9 07 0.4 12 1.3 39 

20 3.0 90 0.4 12 1.5 45 

30 2.9 07 0.4 12 1.5 45 

4s 2.7 81 0.4 12 1.6 48 

60 2.9 07 0.4 12 1.5 45 

J) reJctlon conditions Jrc given In the Expcrlantrl section 

rtrbillty grrdurlly decreJscr. 20 l in In TF~CJi2Cl2 (l/9) is sufficient rnd stlbility remJlns 

JhOSf unchrnged. @tiRiZJd ConditiOM for ~JQJ SCJh pIVpJrJtiO@I Of fUIKtiOnJlizd discs 

include J double coupling of 2 (0.5 ml/100 discs) rith 2.5 sol M l twJ 2.5 mol N- 

rthylimidJrole6~7 crch 1JStiIbg 2 h. This procedum consistently yields 2-3 ml/disc in thJ 

first couplirq end up to 6 ml/disc in the second. Thus, J functionrllrrtion of Jlmst 0.2 

ml/g is prJcticJlly fersible with this trps of pJpr wterirl mnd rerction conditions. 

Residual Jccrsrlble hydroyl groups on the cellulose J~J blocked by Jcetylrtlon rnd the 

benzyl Jlcohol function Is llberrted by J 10 Bin wrsh with 3% DCA in CH2Cl2. 

Attrchment of the first Fmc-ulno Jclds Is crrrld out JS dercrlbad for other knryl 

Jlcohol substituted supports using J S-fold excess over benryl-@I of prerctivrted uino Jcid 

derivrtives crtrlyzed by DRAP13 rnd following the steps listed in TJble 3 (larding cycle). 

Resldurl hydroxyl functions ore JgJln blocked by Jcetylrtion Jnd the Fax-protection is 

clerved with 20% plpcridlne in WF. Lorded discs uy be prepared In lrge qurntltles rnd 

stored over J lam) period. 

-3: klrm Jcid coupliq cycle 

step tim rergent 

1 wash 10 mfn 

2 recycle 60 n in 

or 120 l in 

2J (Jf 2) 

3 wrsh 10 8in 

4 recycle 10 mln 

5 rrsh 10 min 

6 ursh 10 n ln 

? UJsh 10 l In 

WF (until ~11 Jir bubbles ktwen discs hrve dirrpperred) 

5 eq. sym. rnhydrlde In CNFJ (no-1 cycle) 

5 eq. HOBt ester In MFJ (norm1 cycle) 

l 5 eq. CMP (loidin9 cycle) 

OMF 

10 eq. Ac20, 5 aq. DIPS in DnFJ~b 

LW 

20X plperldlne in IMF 

MS 

J) volumr J~J trken froa TJbl8 1 
b) JlUJyS freshly preplrrd 
After str 7, the cotms JR disJssJ&led; thJ discs rn pressed out into J krker, rrrhed 
with CH2C P 2, Jnd drid in VJCUO. 

The TFA promted clervrge of the knzyl ester bond forrd batueea peptide Jd linkrge 

rergent 2 UJS exuined uslq uino Jcid lorded discs. As shown In Fipum 2 l ve11 less thrn 10% 

TFA is sufficient to re\eJre the ulno Jcid qurntitrtlvely within J mrsombly short time. 
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figure 2: Kinetics of the nlerse of mlno icld from the cellulose support by TfA in 
dichlorooethrne cootrln log 5% Jnlsole. 0 5% TFA; 010% TFA; 120% TFA; 050% TFA. The discs 
hrvc been laded with vJllne. Experlnntrl conditions Jre described in the Experlnntrl 
section. 

All curves nJch the s~ae level which corresponds to looX of the wunt of benryl-Oil 

introduced with rergeot 2. This proves thrt ~11 linker functions Jre Jccesslble for the 

1oJding Jnd clervrge nrctlons mnd thrt both rerctions Jre quJntltJtive. however. even Jfter 

prolooged Jcid treJtment up to 10% of totrl ulna Jcld 1OJding uy remrln bound to the 

cellulose rnd cm be clerved off only by JlkJline hydrolysis with Jqueous trlethylulne. 

Obviously, this represents ulno Jcld coupled directly to the cellulose by Jn Jcid stJb)e 

Jlkyl ester band. Oesplte the crreful JcetylJtlon of the cellulose Jfter functlonJllrJtion 

with linker rergent 2, son new rerctlve sites ust hrve becotu JcceSSible, probrbly due to 

further swelllmg during the Jcid detrltylrtlon. This rerctlon is enhlnced by the CHAP 

cJtJlyst Jnd UJS not observed under usual coupling conditions (less thrn 10 nol/dlsc in the 

norm1 cycle). As the rlkyl ester is not cleJved with TFA, Jny subsequent minor coupling to 

the cellulose utrlx will not lord to contulnJtlon of the product with frllure sequences. 

The method is extqllflod by the synthesis of 13 heptJpeptides listed in figure 3. These 

peptldes Jre vrrlrnts of the sequence H2N-Thr-lys-Ile-Tyr-Asn-Pro-VJl-C00)1 Jnd represent the 

rcttve sites of J corresponding series of genetlcrlly engineered proterse lnhlbltors.14 The 

cmuter printout is J protocol form to support the multiple peptlde synthesis. It is 

generrted by the progru SYNPEP rhlch is pJrt of the menu-driven PJCkJge GEmOn, designed to 

work with protein rnd nucleic Jcid squences.15 SYNPLP Jccepts sequences from J GEM ulno 

Jcid sequence file, from Jn ASCI file, or directly from the keyboJrd. Optlonrlly, the lorded 

sequence cm be trJnsforrd into series of overlJpplng frJgments with my offset. SYNPEP then 

crlculrtes Jn optlalred scheme for the distribution of discs resulting in J l lnlw nubcr of 

successive coupling cycles required for J given set of peptlde sequences. It includes the 

two options of choosing Jny nudar of pJrJlle1 operrted coluRi reactors Jnd of setting J 

threshhold for the uxlul nukr of discs to be lncludhd in one calm. In this prrtlculrr 

exrqle using J one-colon mcde, only 16 cycles Jre rqulred. comprred to 78 (13x6) for their 

lndlvldurl syntheses. This is Jiwst Jn (wx s~vlng of coupling rerctlons. 

four discs corresponding to 10 -1 of vrllne lo~dlng per peptlde sequence were unu- 

blguously urked with J pencil us!ng the nukrs of figure 3. Single ulna wld rddltlons 

were crrrled out JS descried in TJble 3 (norul cycle) using the s)latrlcJl Jahydrldes 

rssentlrlly JS described by Drylrnd mnd Shepprrd. l2 The CJppimJ Steps (steps 4 Jod 5 in 7Jb)e 

3) *cre omitted. Only f-c-Asn YJS coupled JS H08t ester lncludlq the cJpplng steps. After 
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SJ: The SYWPEP protocol form for the slultrneous wltlplc peptlde synthesis. a) 
rlphrbetlcel llstlq of project neaes under uhlch peptlde sewences hrve been defined and 
are to be Included; b) peptide nukrs end seqwlces together ulth son useful detr; c) su 
of all Indlvldurl coupllq rerctlons; d) scheme for the sortlq of Indlvldurlly nubared 
supports lnto the multiple coupllq reactions (0)~ colon mode), cycle 0 - lordlng cycle, In 
breckets - nt&er of supports per nrction / nuber of underlined supports for which the 
respective cycle Is the lest one, - - n&err of discs which are not included in the 
respective cycle. 

completion of the 16 cycles llstrd ln flgure 3, the pcptldes were clerved from the cellulose 

discs seprrrtely rlth TFA/rnlsole/dlchlorooethme (55/S/40 by voluc - Ml/disc) for 2.5h et 

RT. This trertnnt rlso removes ~11 tert-butyl side chrln protecting groups. To clerve the 

Htr-group, eqlnine contrinlq peptldes were further treeted with lFA/sX phenol et RT 
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ovemlght. After ether extrrctloo end lyophlllzrtlon, 8 to 10 q of crude products were 

obtrlned. Sooe HPLC profiles of these we sham In Flgurr 4. The 16wtltlor of the peptides 

from the a&jor HPLC parks were coaflrad by ulno rcld u~lyslr end FA8-R (Figure 5). 

LI kptldm a 

s s b 

999Clb , 

. 

+-i 

0 a a 

Uaure 4: HPLC profiles of soac crude peptides. Peptlde numbers correspond to Flgure 3. 

3 
N-trmfnrl urtes C-tomIn srrlrs 

Y I 

020 
719 702 J iii: 
330 313 
21s II 
118 101 

flaure $: Posltlve Ion FA9 BUS spectrum of peptlde 2 rlth e noaln4l mess of 819 (N-H* - 
920). Peaks urked rlth 4 dot we fra t$ glycerol utrlx, those urked with 1 cross we 
sequence specific fragment ions (see teble) . 

The crude peptlder were pure enough for direct use 4s mtlgens ln the production of 

monoclonrl rntlbodlcs. Severe1 stable lines of hybrldcme clones were obtrlnad thrt produce 

mtlbodies tilch speclflcrlly bind to the correrpoedlng vwlrnt of the proterse Inhlbltor.17 

To drte severe1 humdml such peptldes up to 12 resldaes In length hove been synthesized on 

cellulose discs ulth equrl success. Hence, the method described represents a rrtloml. 

ecooomlc and flexlble rpproech for the preprrrtlon of lrqe nukrs of different peptIde 

sequences: cellulose peper Is an lnexpeoslve rnd eesy to hrodle mterlrl; p-r dlrcs are 

sultrble smtel supports to crrry out the rlulteneous ultlple peptlde synthesis under 

very efflc'lent continuous flow condltlons; the ryntheslr scrle for Indlvldurl peptldes can be 

easily rdrpted to specific deeends by vrrlrtlon of disc size, n&w rod lordlq; without 

technical problas syntheses can be cerrled out even on e very smell scrle (e.g. cl-l). 

Investlgetloas dtmcted towrrds the synthesis of loqer peptlder by stepwise- or frrgment- 

coupllq strrtegles we in progress. 



EXPERMENTAL 

and s 
Reagents and solvents were of highest avallrble purity and purchased frocl various c-r- 

cial suppliers. Triple-distilled pyrldtnc and NaDTr-Cl were from Cruachem, Scotland, U4F 
(p.r.) from Flukr. Ptperldtne and dfoxane were dtsttlled from KW under N2.$etroleu ether 
of boiling range 60-8ooC was used throughout. MSNT WJS prepared as descrtbed and routinely 
checked by melting point (136-137OC) prior to use as It decomposes slowly even if stored at- 
ZOOC. 6-Browhexanolc acid was recrystallized from petroleu ether (w 35OC). Paper discs 
(1.55 CD 4. average uelght 33 mg) were cut out indlvldually frm Yhatman 3W paper sheets 
with a punch. Polypropylene filtration columos with 20 lp polyethylene frlts were from J.T. 
Baker Chenlcals B.V. (Holland), and 2.2 ml polypropylene tubes from Eppendorf (Haduq,FRG). 

Fw-protected amino acid derlvatlves ware from Novablochem. Swltrerland. Side chain 
protection was tBut and tBoc, for aqlnlne Mr. Activated Intendlates of these were always 
freshly prepared and used directly. - Sylctrtcal anhydrides: Fmoc-utno acid was dissolved 
In the ntnimua volume of CH2Cl2 ulth the aid of a drop of OnF and 0.5 eq. DCC (0.33 H 
solution in CH2Cl2) was added; after 10 n ln the solution was evaporated and the residue 
dissolved In the appropriate voluma (Table 1) of IMF and transferred to the reservoir of the 
synthesizer; precipitated dfcyclohexylurea was flltered off by the polyethylene frlt In the 
reservoir. - IiDBt esters: Fmoc-amino acid and 1.5 eq HD8t were dissolved in the appropriate 
volume (Table 1) of CUF and 1.2 ea. DlC was added: after 1 h at RT the solution was trrns- 
ferred to the reservoir of the synthesizer. MAP catalyst (loading cycle), 1 H solution in 
CM, *as added only to the actlvrted amino acid In the reservoir just prior to transport onto 
the reaction colum. 

Short column chromatography was carried out as descrlbedlg on stllca gel 6OH (E. Merck) 
and TLC on St-60 f254 0.2 I coated glass plates (E. Merck). Products were 
absorption and by spraylngtheatlng with anlsaldehyde/sulfurtc acid reagent. 21 _ 

Isurllzed by UV 
All parts to 

build the manual synthesis device were frca Dmlftt. Cambrldae UK. exceot for the I-channel 
peristaltic pump (f&dos, 8ovenden FRC) fitted wlth~speclal,- solvent resistant Kalrez hoses 
(Phamrcla, Sweden) and the UV-monitor (lsco, USA).The PTFE frlts in the plungers of the 
original Dmlflt columr were replaced by perforated PTFE plates. Solvent lines ware made of 
0.4 xxx i.d. PTFE tubing. Gas-tight glass syringes were from Hamilton. - HPLC-separations were 
carried out on an analytical reversed-phase slllca gel colon (Nucleosll 300-7C18.4~250 II, 
Hacherey-Nagel, OUren,-fRC) with gradients of acet~ltrll~O.1X~TFA in rater/O.lI TFA; flow 
was 0.5 nl/mln. - Proton-IWR spectra were recorded at room tnporature on a Bruker W-400 MfR 
spectrometer locked at the deuterlura resonance of the solvent. Chemical shifts are nsoorted 
relative to internal tetrawthylsllane (THS) and coupltng constants in Hr. - kss spectra 
were recorded on a Kratos IIS 50Rf with a high field l aqnet (mass ranqe ca. 10.000 at 8 kV) 
and a Kratos FA8 source using a beu of neutral xenon at&s at 8-9 kV and glycerol as matrix: 
Perk fractions from HPLC separrtlons contalnlng 5 to 10 H peptide were evaporated to 
dryness, dissolved in 10 Al water and allquots thereof were injected into the glycerol 
matrix. - Amino acid analyses ware carrted out on a Blotronlk LC2DO. - Coquter programs run 
as VAX/W- or Iffl-PC/DOS versions. - UV/VlS extinction cacfflclents were nrsured utth a 
Zeiss PWll spectrophotowter. HeDTr* was detemlned In 3% DCA In dlchlorowthane ((4 -57.0- 
00). Solutions containing the dlbenrofulvene-plperldtne adduct In 20x plperldlne In ti F were 
evaporated to dryness and the resldue dissolved in dlchloroeethane (c267'18.980; ~301-8.550). 

des~!:b$a~F 
itrtlve nlnhydrln assay was crrrled out In 2.2 al plastic tubes essentially as 
The assay does not give satisfactory results with amino acids ltnked to the 

cellulose support. Therefore, discs or part of them were treated etther with acid (A) or base 
(6) and amlno actd detetmlned in solution. 
(A) TFA/anlsol/dlchloromethane (55/S/40 by volw -1 al/disc) at RT for 2.5 h. 
(8) 1 H aqueous trfethylulne (lal/dlsc) at 50°C overnight. 
For A as well as 8. the llould was then removed and filtered throuah a plastic filtration 
colurn. The disc and the cdlum uere mashed twice ulth 1 ml 2-propanol- and the coclblned 
eluates evaporated to dryness. The residue was dissolved in 0.1 to 1 ml ethanol/water (l/l by 
voluw!) and allquots thereof subjected to the nlnhydrln reactton. 

of I-mtrltvl-614'-(p acid Utnher rem 
4-Hydroxymethyl phenol (50 mol. 6.21 g) nas drted by coevaporatlon twice rlth 2 ml 

pyrldlne and the residue was dissolved In 10 ml pyrldine. IW)Tr-Cl (55 -1, 21.8 g) uas 
added and the solution stirred at rw~ tvrature. After 10 min. TLC (CHCl3/W - 95/S by 
volume) lndlcated coqletlon of the reactton and water (2 al) was added. The l txture was 
diluted wfth 0.4 1 CH Cl and extracted three times with 0.15 1 rater. The ccmbtned aqueous 
layers were reextracte a 4 u th 0.1 1 CH2C12. The cooblned organic phases were dried with sodium 
sulfate and evaporated. The product was purlfled in two parts by short column chromatography 
on 300 g silica gel using CH2Cl2/petrolew ether (8/Z) as starting solvent. The product was 
eluted wtth CH2Cl2 contrlnlng Increasing concentrations of methanol to 5% Product contain1 
fractions, "3 ldenttfled by TLC (CHCl3/MeW - 95/S by voluaa). were pooled, a faw drops o 
trlethylamlne were added, and evaporated. The oily residue was dissolved in 50 ml dloxrne and 
stored at -2OOC. The yield was detemlned by photometric measurmnt of the MeDTr+ absorption 
of a 10 bl altquot and was 35 to 40 mol. 70 to 80%. 

A solution of I-BeDTr-(4'-oxywthyl)phenol (40 lol) in dloxane was evaporated and the 
residue dissolved in 120 ml ethanol contatnlng NaOti (128 nol. 5.12 g). 6-8romohexanotc acid 
(60 mol, 11.8 g) and KJ (40 mg) were added and the l txture was refluxed overnight. After 
cooling, the solution was added to water (0.5 1) and CH7C17 (0.2 1) in a separation funnel 
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and neutralized with citric acid. The organic layer was separated and the aqueous layer 
extracted again wtth 0.2 1 M Cl2. 

f 
The c&ned organic phases mewe reextracted twice u!th 2M 

TEAB buffer (0.1 1). dried w th sodium sulfate, and evaporated. The product was purified by 
short colurl chroutapraphy on 300 g sil+cr gel using 0.5s trlsthylwlm In CH Cl2 as 
starting solvent and containing incnaslq concentrations of metban to 5%. a oduct 
containtng fractlms, Identified by TLC (CHCl3/llrOH/Et3N - 95/S/0.5 by wluc), were pooled 
and rvrpotrted. Attrpts to crystallize, lyophiiirc. or recipitrte the pmduct failed. 
Therefore. a stock solution in dloxane was stored at -2 &. The yield was datemined as 
descrlkd above rad uas 50 to 60%. 

4-Hethoxytrityl-(4'-ox)lrthyl)phenol: IH y(R (CWiO-d ) 6 - 9.371 (bs, 4-W], 7.44-7.22 [a. 
Ph x 2, H-2', H-6'], 7.126 ['d'. H-2, H-6, J(t-3)+J(2-!!) 8.41, 6.924 ['d', H-3'. H-5'. J(3'- 
2')+J(3'-6') 8.91, 6.741 ['d', H-3, H-51, 3.926 [I, 

I-Hethoxytrityl-6[4'-(oxynethyl)phenoxy]hexanoic 
Ph], 7.390 ('d'. H-2', H-6', J(2'-3')tJ(2'-5') 8.8). 
6.862 ['d', H-3'. H-5'. J(J'-2')+5(3'-6') 8.61. 6.841 ['d', H-3', 
3.958 [t. H-6, J(6-5) 6.41, 3.791 (s, OCHJ], 2.386 [t, H-2, 
[pentetx3, H-3, H-4, H-S]. 

Jest remions dascrlkd in Table 2 
Paper discs were treated with TFA/CH Cl (l/9 by volume, about 1 nl/dlsc) for various tine 

intervals as Indicated. They were f ncat 1a ely washed with WF and CH2Cl2 and dried In vacua 
overniqht.luo discs from each group uere marked rith a pencil and reacted together with 0.1 
rnol r&gent 2 overnight under ihe ‘follw(ng condltlons (reaction volume 2 al)- 
A: 1 wl HSNT in pyrtdine 
8: 0.12 wl DCC. 0.1 lo1 OMP in CH Cl2 
C: 0.12 lo1 DIG, 0.1 lo1 DKAP in On ? 

Reactions were carried out in 3 ml flat bottm septum-stoppered glass vials. All solvents 
and reagents wn transfer& by gas tight syringes. After washing out excess reagents ulth 
the corresponding solvent, 2-propanol and CH2C12, the discs were dried In vacua. The discs 
fra all reactions were then reacted together for 6 h rlth an excess of acetlc anhydrlde in 
pyridtne (2/S by volume) followed by washing rtth pyrldtne and CH2Cl 

t 
and drytng in vacua. 

The ytelds of linker attachment were determined (ndlv(dually for each lsc by placing lt into 
2 ml of 3% DCA in CH2Cl2 and masuring the trltyl color after 5 min. 

nQf fj 
100 paper discs were added to 30 ~1 of TFA/CH Cl (l/9 by volume) in a stoppered glass 

filter funnel. After 20 l in the acid solution was 11 $i ered off and excess Onf was added. The 
discs were then washed twice u(th 2-propanol and CH2Cl2 and dried In vacua. The discs were 
carefully pressed successively into the reaction colun and connected to the synthesizer. The 
column was flushed rtth pyridtna until all air bubbles had disappeared. HSNT (2.5 -1, 0.74 
g) was dissolved In 4 ml pyridlne and transferred rlth a gas-tight glass syringe to a flask 
containing the linker reagent 2 (0.5 rrol, dried by trlce coevaporation with 10 ml pyrtdlne). 
N-rthyllmldrrole (2.5 uol. 0.2 al) was added and the solution was transferred to the 
reaction coluu~ . The l txture was recirculrtcd for 2 h followed by flushing the column w(th 
pyrldine (10 l in). If required, this treatment may be repeated. Then 10 ml acetylrtion 
mixture (10% acetic anhydride. 15% collldtne, 5% OIUP in rcetonitrile. by voltne) were 
injected and recirculated for 30 min. After rashlng the column with pyrldine (10 l In) and 
CH Cl2 
(16 

(10 l in) 3X, KA in CH2Cl 
min) follti by flushtng 3 

was passed through until the oraTe colour was washed out 
or 15 n fn with CH2Cl 

Y 
The IteOTr contalnlng efflux was 

collected and used to determine the yield of linker a tachment as described under general 
pethods. The colrrm was then disconnected froll the synthesizer. The discs were dried in the 
column by passing a stream of N2 and then stored at -2OOC. 

See below under ‘Pepttde Synthesis'. 

aae reactions from FIayteZ 
Per reactton. one dtsc (functionallzed to 4.06 ~1 with linker reagent 2 and loaded with 

4.5 vllol vallne as detemtned bv fat-cleavrae) uas olrced Into a 10 ml flat botton seQtum- 
stopbered glass vial. 2.5 ml CHiCl2 contalniig'5X anisole and the indicated concentrattbn of 
TFA was added and the vial was gently shaken. 0.1 ml aliauots were removed after the ttme 
intervals indicated and subjected to ihe ninhydrln assays .described under general methods. 
finally, the disc was rcsloved from the solution, washed with 2-ptOpafIQ1 (10 ml) and CH Cl 
(10 ~1) and dried in vacua. Residual amino acid on the disc was then cleaved wlth 1 m f ii 1 
aqueous triethylamlne and again detemlned with the ninhydrln assay. This yielded 0.4 ml. 

52 paper discs (functionallred with about 2 lpol benryl-OH) were subjected to a complete 
amfno acid loadltq cyle (Table 3) wlth Fmoc-vallne which yielded an average loading of 2.5 
ml/disc. This was detemined from the elurte of the FmQc-cleavage step a% descrlbad under 
general methods. 4 discs per heptrpeptlde sequence uen marked ulth a soft pcncll using the 
corresponding nu&ers of Figure 4 and then subjected to the series of coupltng cycles (single 
amino acid additions) ltsted In the protocol fom. The appropriate amount of fmQc-wno acids 
was calculated from S-times the average lordlng and the n&w of dlscs/reactiQn (trlce this 
amount Is needed to prepare the smtricrl anhydrides). It was then activatd as described 
under general methods. All amino l ctds were coupled as syxm. anhydrides for 1 h except fmoc- 
Asn as HOBt-ester for 3 h. Only the Asn couplfng cycle included a capping step (acetylation 
steps 4 and 5, Table 3). 
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After the f!nJl coupling cycle the discs uem dlrtrlbuted for eJch indlvtdurl squence 
into 10 ml flJt-bottom, stoooerod glrrs v(rlr Jnd Tf&/Jn~solo/CH~Cl~ (55/S/40 by volu - 1 
l l/dlrc) UJS added. The vlii$ rrk gently shaken for .2.5 h Jt &-t+erJtun. Th liquids 
were then mvd end f 'Otrmd through plrrtlc flltrrtloa color (nto perr shrpad flrsks, 
follarcd bv rrshlna the discs thm tirr rlternrtrly with l Jch 2 ml 101 rqueour TFA Jnd 2- 
propwl. -Thr cdhd filtrJtJ5 uwa wrporrted to dryness. For C~JJVJ~~ of the Ntr- 
protecting 

f 
reoups, rrglnlne containing peptides nn furthw treated rlth TfAJphrnol (95/S by 

rolu, 5 l /roution) Jt ma trpemtum overnight Jltd qrln OVJporJtcd. The rerldual nm 
erch dissolved In 5 ~1 0.11 r-us TFA, rxtrrcted three tlrs rlth 5 ~1 dlethyl ethrr, Jnd 
lyophilfzd. 8 to 10 w of crude peptldrs nre obtrlned. 
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