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 Liquid-phase combinatorial synthesisHYUNSOO HAN, MARY M. WOLFE, SYDNEY BRENNER, AND KIM D. JANDA*Departments of Molecular Biology and Chemistry, The Scripps Research Institute, 10666 North Torrey Pines Road, La Jolla, CA 92037
 Communicated by Richard A. Lerner, The Scripps Research Institute, La Jolla, CA, March 21, 1995
 ABSTRACT A concept termed liquid-phase combinato-rial synthesis (LPCS) is described. The central feature of thismethodology is that it combines the advantages that classicorganic synthesis in solution offers with those that solid-phasesynthesis can provide, through the application of a linearhomogeneous polymer. To validate this concept two librarieswere prepared, one of peptide and the second of nonpeptideorigin. The peptide-based library was synthesized by a recur-sive deconvolution strategy [Erb, E., Janda, K. D. & Brenner,S. (1994) Proc. Natl. Acad. Sci. USA 91, 11422-11426] andseveral ligands were found within this library to bind amonoclonal antibody elicited against ,8-endorphin. The non-peptide molecules synthesized were arylsulfonamides, a classof compounds of known clinical bactericidal efficacy. Theresults indicate that the reaction scope of LPCS should begeneral, and its value to multiple, high-throughput screeningassays could be of particular merit, since multimilligramquantities of each library member can readily be attained.
 The typically long and arduous process of new drug discoveryand development has prompted a reorientation in thinking,along with an infusion of new technologies into the drugdiscovery process. A product of this renaissance has been theintroduction of automated high-throughput screening. How-ever, the overall impact that a robotic benchmark assay canimpart is in one sense directly related to the number of newchemical entities that can be created. Consequently, combi-natorial chemistry, a technology which allows the parallelsynthesis of diverse molecular structures, has been anointed asthe pharmaceutical chemical methodology of the future (1). Itis within this technology that traditional methods of serialchemistry are surpassed by combinatorial techniques, havingthe potential to create molecular diversity exponentially (2).A central tenet ingrained into all combinatorial chemistry is
 the availability of general reaction strategies and protocolswhich can lead to high-yield reaction products. As such,polymer-supported synthesis has emerged as one of the mostimportant tools in research efforts focused on the constructionof combinatorial libraries (3-6). Yet the "solid-phase" methodin a combinatorial format, as successful as it has been, still hascertain drawbacks. The most notable liability is the heteroge-neous reaction conditions, which can exhibit several of thefollowing problems: nonlinear kinetic behavior, unequal dis-tribution and/or access to the chemical reaction, solvationproblems, the use of insoluble reagents or catalysts, and puresynthetic problems associated with solid-phase synthesis. Be-cause of the limitations that solid-phase synthesis presents, wehave sought alternative methodologies for the generation ofcombinatorial libraries.
 In essence what we have done is apply "liquid-phase"synthesis (7) to the combinatorial process. By adopting such atack, the difficulties found in solid-phase combinatorial syn-thesis can be avoided, while its positive aspects are preserved.We have termed this strategy liquid-phase combinatorialsynthesis (LPCS).
 The publication costs of this article were defrayed in part by page chargepayment. This article must therefore be hereby marked "advertisement" inaccordance with 18 U.S.C. §1734 solely to indicate this fact.
 The cornerstone of LPCS is a soluble, linear homopolymer[polyethylene glycol monomethyl ether (MeO-PEG)] whichalso serves as a terminal protecting group for the library ofcompounds synthesized. This monofunctional polymer wasselected as the homopolymer protecting group of choice,because of its successful application in peptide, oligonucleo-tide, and oligosaccharide synthesis (7-9). Two properties thatare inherent in this homopolymer's structural makeup providethe necessary elements for it to be attractive in a combinatorialformat. First, due to its helical structure MeO-PEG has astrong propensity to crystallize (10); thus as long as thepolymer remains unaltered during the construction of thelibrary, purification by cystallization can be accomplished ateach stage of the combinatorial process. Second, MeO-PEGhas remarkable solubilizing effects in a variety of aqueous andorganic solvents (11). This solublizing feature, found in theliquid-phase process, can be used to advantage if the ho-mopolymer is treated as a reagent and used in large excess.Another virtue of MeO-PEG's favorable solubility propertiesis that all manipulations in the LPCS method, including splitsynthesis, may be carried out under homogeneous conditions.Further, because LPCS is a solution-phase process, a recursivedeconvolution strategy can be used to create and screen thelibrary of interest (12). Lastly, yields from the individualcombinatorial reaction steps can be monitored by either '3C or'H NMR spectroscopy.To demonstrate the overall potential of LPCS, a two-
 pronged approach was undertaken. First, we validated LPCSby integrating the combinatorial recursive deconvolution strat-egy into the process. By this tactic we have synthesized a libraryof peptides and identified several ligands from within thislibrary that bind an acceptor molecule. This key molecule is amonoclonal antibody against 3-endorphin which binds thepeptide sequence Tyr-Gly-Gly-Phe-Leu (YGGFL) with greataffinity. Second, we have extended the types of chemistry andalso the classes of compounds that can be generated withinLPCS to a small set of bioavailable organic compounds(sulfonamides) which have known bactericidal efficacy.
 MATERIALS AND METHODSConstruction of the Pentapeptide Library. The pentapep-
 tide library was constructed manually on a MeO-PEG (Mr5000) polymer support with tert-butyloxycarbonyl (Boc)-protected amino acids by split synthesis (13) and Bayer andMutter's protocol (7) with the following modifications. Boc-L-Leu, Boc-Gly, Boc-L-Phe, and Boc-Tyr(2-BrCbz) (where2-BrCbz is 2-bromobenzyloxycarbonyl) were amino acid compo-nents for the library construction. The first amino acid residuewas anchored to MeO-PEG by the N,N'-dicyclohexylcarbodiim-ide/N,N-dimethylaminopyridine coupling method (14). The cou-pling efficiency was determined to be >99%, based on theabsorbance of a phenyl carbamate derivative (8236 = 17,500M-1-cm-1) which was quantitatively formed by the reactionbetween the unreacted hydroxyl groups of MeO-PEG and phenyl
 Abbreviations: Boc, tert-butyloxycarbonyl; BSA, bovine serum albu-min; LPCS, liquid-phase combinatorial synthesis.*To whom reprint requests should be addressed.
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 isocyanate in the presence of a catalytic amount of dibutyltin-laurate. The next amino acids were added sequentially with theaid of 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluroniumhexafluorophosphate and diisopropylethylamine (15). Each cou-pling reaction was run in a mixed solvent of methylene chlorideand dimethylformamide until the ninhydrin test of Kaiser et al.(16) was negative; acetic anhydride was used to cap any uncou-pled amino groups. After each coupling step, a portion of thepolymer was saved and labeled for future use according to therecursive deconvolution method of combinatorial chemical li-braries (12). The final removal ofN-Boc and 0-(2-BrCbz) groupsby iodotrimethylsilane (17) completed the construction of thepentapeptide library.
 Preparation of the [Leu5]Enkephalin-Bovine Serum Albu-min (BSA) Conjugate (BSA-1). [Leu5]Enkephalin was coupledto BSA, making BSA-1 (Fig. 1). Note that the coupling of 1 toBSA requires the reformulation of BSA to a sulfhydrylatedprotein by Traut's reagent (2-iminothiolane).
 Partial Library Competition ELISA for Anti-.8-EndorphinMonoclonal Antibody. Each well of a Costar 96-well plate wasinitially coated with 25 ,lI of BSA-1 (5-20 mg/ml) in 60 mMsodium bicarbonate/30 mM sodium carbonate, pH 9.3, over-night. The wells were washed with deionized water andblocked with 100 Al of blotto (nonfat dry milk/antifoam Asolution with 1% thimerosal) to prevent nonspecific adsorp-tion. After incubation for 30 min at 37°C in a moist chamber,the blotto was shaken out, and 25 ,ul of blotto and 25 ,ul of thepartial library pool (competing antigen) were added to the firstwell and serially diluted across the plate; the same process wasthen continued in the first well of the second row. Well 12 wasused as the positive control (this serial dilution step was usedfor all competing partial library pools). The anti-f-endorphinantibody'Was added to each well (25 ,lI) and the plate wasincubated at 37°C for 2 hr. The plate was washed 20 times withdeionized water, and 25 Al of a 1:1000 dilution of goatanti-mouse IgG glucose oxidase conjugate (Cappel) was addedto each well and the plate was incubated at 37°C for 1 hr. Theplates were washed 20 times with deionized water, and boundantibody was detected by the addition of 50 ,ul of developingagent [0.6 ,ul of 20% glucose, 40 ,ul of 91 mM 2,2'-azinobis(3-ethylbenzthiazolinesulfonate), and 40 plI of 25 ,uM horseradishperoxidase in 5 ml of phosphate buffer, pH 6.0] to each well.Thirty minutes later the plates were read at 405 nm.
 N-Boc-Tyr(O-t-Bu)-Gly-Gly-Phe-Leu-CO- PEG-(
 I KCN, MeOH
 N-Boc-Tyr(O-t-Bu)-Gly-Gly-Phe-Leu-CO2Me
 I EthylenediamineNaCN, MeOH
 Construction of a Sulfonamide Library. The arylsulfon-amide library was constructed on the MeO-PEG support byparallel synthesis. MeO-PEG was incubated with 4-(chloro-sulfonyl)phenyl isocyanate in the presence of a catalyticamount of dibutyltinlaurate to give the N-[4-(chlorosulfonyl)-phenyl]carbamate of MeO-PEG, compound 6 (see Fig. 3). Thecompound 6 preparation was divided into six portions forreaction with six different amines in the presence of pyridineto generate sulfonamides 7. The basic hydrolysis of theseMeO-PEG sulfonamides completed the construction of anarylsulfonamide library consisting of six members (see Fig. 3).0-(MeO-PEG) N-[4-(chlorosulfonyl)phenyl]carbamate.
 4-(Chlorosulfonyl)phenyl isocyanate (0.653 g, 3 mmol) wasadded to MeO-PEG (5 g, 1 mmol) in methylene chloride (50ml) and two drops of dibutyltinlaurate were added (18). After5 hr of stirring at room temperature, diethyl ether was slowlyadded to the vigorously stirred reaction mixture. The precip-itate was collected on a glass filter and thoroughly washed withdiethyl ether. The precipitate was dried under vacuum to yieldthe desired product quantitatively.0-(MeO-PEG) N-[(4-alkylaminosulfonyl)phenylJcarbamate.
 The N-[4-(alkylaminosulfonyl)phenyl]carbamate of MeO-PEGwas prepared by continuously bubbling ammonia gas throughO-(MeO-PEG) N-[4-(chlorosulfonyl)phenyl]carbamate (0.5 g,95.8 pumol) in methylene chloride (5 ml) containing pyridine (20eq) for 24 hr at room temperature (method A), by stirringO-(MeO-PEG) N-[4-(chlorosulfonyl)phenyl]carbamate (0.5 g,95.8 ,umol) with an excess of amine (15 eq) in methylene chloride(5 mL) containing pyridine (20 eq) for 24 hr at room temperature(method B) (19), or by heating the reaction mixture in pyridinesolvent at 65°C for an hour (method C) (20). The MeO-PEGpolymer was precipitated from the homogeneous solution by theaddition of diethyl ether, washed with ethanol, and dried undervacuum to give the desired product quantitatively.
 Sulfonamide. O-(MeO-PEG) N-[4-(alkylaminosulfonyl)phe-nyl]carbamate (0.45 g) was dissolved in 0.5 M NaOH (10 ml)and heated at 90°C for 30 min (19, 20). The reaction mixturewas cooled to 4°C and neutralized to pH 6-8 with concen-trated HCI. The reaction mixture was extracted with ethylacetate three times, and the combined ethyl acetate layer waswashed with brine and dried over MgSO4. The removal ofsolvent gave an analytically pure product (as judged from theNMR spectrum). The reaction yield was typically 95-97%.
 N-Boc-Tyr(O-t-Bu)-Gly-Gly-Phe-Leu-CO-NH-(CH2)2-NH2
 SPDP
 (Et)3N, MeOHN-Boc-Tyr(O-t-Bu)-Gly-Gly-Phe-Leu-CO-NH-(CH2)2- NH-CO-(CH2)f SS-2-pyridine
 } CF3COOH
 (CF3COO)2NH34-Tyr-Gly-Gly-Phe-Leu-CO-NH-(CH2)2-NH-CO-(CH2)2-SS-2-pyridinium, 1
 I BSA-SH
 CF3COO-NH3+-Tlr-Gly-Gly-Phe-Leu-CO-NH-(CH2)2-NH-CO-(CH2)2-SS-BSA, BSA-1
 FIG. 1. Preparation of [Leu5]enkephalin-BSA conjugate. SPDP, N-succinimidyl 3-(2-pyridyldithio)propionate; BSA-SH, BSA after introductionof sulfhydryl by reaction with Traut's reagent (2-iminothiolane).
 6420 Chemistry: Han et aL
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 RESULTS AND DISCUSSION
 Synthesis of the MeO-PEG-Naa[l]-Naa[21-Naa[3]-Naa[41-Naa15] Peptide Library. Validation of the LPCS method wasachieved by synthesis of a peptide library using the recursivedeconvolution methodology. The essence of recursive decon-volution is to build and hold a set of partially synthesizedcombinatorial libraries (12). The first LPCS library containedfour components (Tyr, Gly, Phe, and Leu) and five partialsublibraries, to give a total library size of 1024. Because therewere four components, four channels of synthesis were used,each involving the addition of a single component at any time.
 Initiating the process required the splitting of MeO-PEGinto four equal pools, in which Tyr, Gly, Phe, or Leu was
 coupled to the homopolymer. After the coupling reactions,MeO-PEG-Naa (where Naa is Tyr, Gly, Phe, or Leu) was
 precipitated by the addition of diethyl ether. This allowed theremoval of excess coupling reagents by filtration of the MeO-PEG-Naa. The more polar contaminants were removed bysimple recrystallization of the MeO-PEG-coupled product.The importance of this step is that crystallization avoids thepossibility of inclusions, which may occur with gelatinousprecipitates. Additionally, the excess of protected amino acidscan be removed quantitatively. Portions of each of thesesublibraries were set aside and catalogued as partial librariesp(l). The remaining MeO-PEG-Naa was combined, solubi-lized, and separated into four portions; Tyr, Gly, Phe, or Leuwas attached as before; and polymer sublibraries were precip-itated and crystallized. Again, an aliquot of each sublibrary wasset aside as a partial library p(2), which consisted of four poolsmade up of MeO-PEG-Naa[l]-Tyr, MeO-PEG-Naa[l]-Gly,MeO-PEG-Naa[il-Phe, or MeO-PEG-Naa[l]-Leu (subscriptnumbers in brackets indicate positions, not multiples; note thatNaa[l] is the C-terminal residue). The remainder was againpooled and split, and the entire process was repeated for theassembly of sublibraries p(3) and p(4) and a final sublibrary,p(S) (MeO-PEG-Naa[lJ-Naa[2]-Naa[3]-Naa[4]-Tyr, MeO-PEG-Naa[l]-Naa[2]-Naa[31-Naa[4]-Gly, MeO-PEG-Naa[1]-Naa[21-Naa[31-Naa[4]-Phe, or MeO-PEG-Naa[l]-Naa[2]-Naa[3]-Naa[4]-Leu).
 Recursive Deconvolution of the MeO-PEG-Naa[lJ-Naa[2J-Naa[3J-Naa[4J-Naa[51 Peptide Library: Screening for Anti-.3-Endorphin Ligands. A competition ELISA method was de-vised which, when integrated into the recursive deconvolutionstrategy, allowed us to define the optimum ligands that inhib-ited the binding of [Leu5]enkephalin (Tyr-Gly-Gly-Phe-Leu-OH) to anti-f3-endorphin monoclonal antibody 3E7 (21). Thisantibody binds to its natural epitope with high affinity (Kd =
 7.1 nM) (22).To set up the competition ELISA, attachment of the true
 ligand onto a protein of sufficient hydrophobicity had to beaccomplished. We chemically synthesized the C-terminal pyri-dinium disulfide derivative 1 (Fig. 1). This activated pentapep-tide was swiftly and cleanly coupled to bovine serum albumin(BSA) which had been modified with Traut's reagent. ThisBSA-1 conjugate thus provided a way to display the pentapep-tide ligand on an ELISA plate. This strategy also allowed thecoupling process to be monitored, since thiopyridine absorbsat 343 nm. This BSA-Tyr-Gly-Gly-Phe-Leu unit affixed to anELISA plate allowed quantitation of Tyr-Gly-Gly-Phe-Leu orits analogs in solution by competition for binding of anti-f3-endorphin to the immobilized Tyr-Gly-Gly-Phe-Leu. Theamount of bound anti-,t3-endorphin could then be quantified byELISA.The diverse solubilizing power of MeO-PEG provided a
 direct way to screen the saved and catalogued MeO-PEGsublibraries in a homogeneous competition ELISA assay forbinding to the ,B-endorphin antibody (Table 1). However, itshould be noted that the library could be "deprotected" andthe MeO-PEG removed to provide just the library of ligands.
 These sublibrary mixtures could also be searched in an anal-ogous manner for prospective binding ligands, and the bindingaffinities detected were quite similar (Table 1).The deconvolution sequence could be monitored by exam-
 ining the IC50 values determined for each p(n) sublibrary inTable 1. Thus, starting with the four pools of the pentapeptidesublibrary p(5), where only the N-terminal amino acid isdefined, the MeO-PEG-Naa[l]-Naa[2]-Naa[3]-Naa[4]-Tyr poolgave the only detectable binding, IC50 = 51 AM. Based on therecursive strategy, Tyr was coupled to the four saved andcatalogued p(4) sublibraries, giving MeO-PEG-Naa[l]-Naa[2]-Naa[31-Gly-Tyr, MeO-PEG-Naa[l]-Naa[2]-Naa[3]-Phe-Tyr,MeO-PEG-Naa[l]-Naa[2]-Naa[3]-Leu-Tyr, and MeO-PEG-Naa[j]-Naa[2]-Naa[3]-Tyr-Tyr. Assay of these four new poolsprovided an enrichment step and, more importantly, decon-voluted the next residue, glycine (MeO-PEG-Naa[l]-Naa[2]-Naa[3]-Gly-Tyr, IC50 = 7.7 ,uM). These results allowed for alogical procession to the next saved sublibrary, p(3), whereinboth tyrosine and glycine were coupled to the four p(3) pooledsequences. Solving for the third amino acid did not give aunique result but MeO-PEG-Naa[l]-Naa[2]-Gly-Gly-Tyr, thesequence corresponding to that of the native epitope, was thestrongest binder, with IC50 = 1.1 ,M. The p(2) sublibrary wassolved in a similar manner (see below), but now two pools-one containing the predicted sequence, MeO-PEG-Naa[l]-Phe-Gly-Gly-Tyr (ICso = 0.18 ,M), and one containing thesequence MeO-PEG-Naa[l]-Leu-Gly-Gly-Tyr (IC50 = 4.0,M)-were uncovered. At this point, deduction of alternativeactive members could have been accomplished by tracing insuccession both sequences, Tyr-Gly-Gly-Phe and Tyr-Gly-Gly-Leu. However, because this same pentapeptide library hadalready been examined by a solid-phase recursive deconvolu-tion strategy (12), we decided to follow only the most activecomponent (Tyr-Gly-Gly-Phe) through the iterative process.The final p(1) sublibrary provided us with the native epitopeand several other potent binders (Table 1).
 Table 1. Recursive deconvolution of peptide library containingthe antigenic determinant Tyr-Gly-Gly-Phe-Leu recognized bymonoclonal antibody 3E7
 Library mixture IC50, ,uM
 p(5)Naa[1]-Naa[2]-Naa[3]-Naa[4]-TyrMeO-PEG-Naa[l]-Naa[21-Naa[3]-Naa[4]-TyrMeO-PEG-Naa[1j-Naa[2]-Naa[31-Naa[4]-LeuMeO-PEG-Naa[1l-Naa[21-Naa[3]-Naa[41-GlyMeO-PEG-Naa[1]-Naa[2]-Naa[31-Naa[4]-Phe
 p(4)MeO-PEG-Naa[l]-Naa[2]-Naa[31-Gly-TyrMeO-PEG-Naa[l]-Naa[2]-Naa[3]-Leu-TyrMeO-PEG-Naa[l]-Naa[2]-Naa[3]-Phe-TyrMeO-PEG-Naa[l]-Naa[2]-Naa[3]-Tyr-Tyr
 p(3)MeO-PEG-Naa[1-Naa[2]-Gly-Gly-TyrMeO-PEG-Naa[l]-Naa[2]-Leu-Gly-TyrMeO-PEG-Naa[(l-Naa[21-Phe-Gly-TyrMeO-PEG-Naa[1]-Naa[21-Tyr-Gly-Tyr
 p(2)MeO-PEG-Naa[1]-Phe-Gly-Gly-TyrMeO-PEG-Naa[1l-Leu-Gly-Gly-TyrMeO-PEG-Naa[l]-Gly-Gly-Gly-TyrMeO-PEG-Naa[p1-Tyr-Gly-Gly-Tyr
 p(l)MeO-PEG-Leu-Phe-Gly-Gly-TyrMeO-PEG-Phe-Phe-Gly-Gly-TyrMeO-PEG-Tyr-Phe-Gly-Gly-TyrMeO-PEG-Gly-Phe-Gly-Gly-Tyr
 4651
 >1000>1000>1000
 7.3>250>250>250
 1.1325443
 0.184.01932
 0.0340.0490.0910.21
 Note that Naa[l] is the C-terminal residue.
 Chemistry: Han et aL
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 MeAN -Cl - MeNN-S-NHR'
 2 3 /=\ 1lN02S-Cl > N02S-NHR' / NH2
 N02-()--~Ci 0 S<)--~NHR'00 0s
 FIG. 2. Two classic arylsulfonamide preparation methods.
 Liquid-Phase Synthesis and Characterization of Nonpep-tide, Nonoligomeric Molecules: Sulfonamides. The LPCS pro-cess should allow for the synthesis of any class of molecularentity as long as the chemistry employed does not interact withor adversely affect the polymer's properties. As a starting pointfor the examination of the MeO-PEG support under condi-tions other than peptide linking and deprotection reactions, weinvestigated the polymer's potential in the context of synthe-sizing a class of compounds known as sulfonamides. Sulfon-amides, because of their low cost and undeniable efficacy insusceptible infections, have for years spurred the preparationof numerous analogs (23). However, because of bacterialresistance, a relatively narrow antibacterial spectrum, andunacceptable side effects in some patients, the antibacterialsulfonamides no longer enjoy the clinical vogue they once had.Interestingly, because of these extensive clinical studies severalpleasant surprises came out of this work-namely, a number ofthe arylsulfonamides which showed poor antibacterial potencynow provided leads to new classes of drugs (24). These includenew classes of endothelin antagonists (25) and antitumoragents (26) and/or possess antiarrhythmic activity (27). Thearylsulfonamide nucleus thus appears to be a significantpharmacophore on which to build a combinatorial library.
 Before a library of any magnitude can be secured, a generalsynthetic scheme with reliable protocols for a variety ofchemistries must be investigated. Past syntheses of arylsulfon-amides that have led to drugs have been achieved by one of twofairly straightforward routes (Fig. 2) (27). In the first route,chlorosulfonation of acetanilide gives the corresponding sul-fonyl chloride 2, and reaction with the appropriate amine givesthe intermediate 3. Hydrolysis in either acid or base leads tothe sulfanilamide 4. In an alternative approach, the amideformation is performed onp-nitrobenzenesulfonyl chloride, 5.Reduction by either chemical or catalytic methods directlyaffords the desired product. We envisioned an arylsulfonylchloride like 2 (Fig. 2) to be the key intermediate in ourMeO-PEG synthesis, and while both routes provide such an
 MeO-PEG-OH
 +1~cat. Dibutyltinlaurate ,
 CHrrL
 O=C=NtS-ClO
 0
 0NH2 S-NHR O*5N NaOH
 08
 intermediate, neither presents a convenient handle for theattachment of the arylsulfonyl chloride appendage.A new route (Fig. 3) was devised which provides the
 flexibility for added diversity and embraces in a simple mannerthe desired arylsulfonyl chloride. By starting with 4-(chloro-sulfonyl)phenyl isocyanate the MeO-PEG support is function-alized and the desired sulfonyl chloride intermediate 6 isobtained in a single step. Most impressive is that there is nocompeting nucleophilic process at the chlorosulfonic acidmoiety during this coupling reaction. Equally important is thatthis linkage allows the reaction to be followed by 'H NMR(Table 2) and is compatible with a variety of sulfonyl chloridenucleophilic addition reactions; yet at the end of the synthesisthe carbamate which links the arylsulfonamide to the MeO-PEG is readily cleaved (with NaOH) and the product can beisolated from the homogeneous support. Employing the reac-tion scheme shown in Fig. 3 we have synthesized the structur-ally diverse arylsulfonamides 8 in multimilligram quantities(Fig. 3 and Table 2). While the key intermediate is sulfonylchloride 6, the overall success of the arylsulfonamides synthe-sized, as shown in Table 2, is highly dependent on the pKa Ofthe nucleophile. Therefore very poor nucleophiles such as 7eand 7f require longer reaction times and more stringenttemperatures (Table 2).
 Concluding Remarks. Peptide libraries secured on solidsupports were the first chemically synthesized combinatoriallibraries (28-31). As important as this work was, the need forgreater chemical diversity was quickly recognized and anexplosion of nonoligomeric heterocyclic libraries has begun todominate the combinatorial scene (32-35). An outgrowth ofthese classes of libraries is the fervent pace to try and adaptsolid-phase synthesis to multistep organic reaction sequences.We have proposed and implemented a technology termedLPCS to simplify and thus further accelerate this process. Thismethodology combines the advantages that classic organicsynthesis offers in solution with those that solid-phase synthe-sis can provide.
 MeO-PEG-O' N< -CH a0
 6
 NH2-R, pyridineCH2Cl2
 MeO-PEG-O' N j-S-NHRH a1
 FIG. 3. Construction of an arylsulfonamide library. R = hydrogen, benzyl, isobutyl, phenyl, 2-pyridyl, or 2-(4,6-dimethyl)pyrimidyl.
 6422 Chemistry: Han et al.
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 Table 2. Arylsulfonamide derivatives 7
 Derivative R pKa Method
 7a Hydrogen 9.2 A7b Isobutyl 10.75 B7c Benzyl 9.3 B7d 2-Pyridyl 6.82 B7e 2-(4,6-Dimethyl)pyridyl 4.8 C7f Phenyl 4.63 C
 All compounds were characterized by 'H NMR. In the NMRspectrum, the integration of R protons versus carbamate protons(-CH20-) at 4.35 ppm was used to determine the extent of thedisplacement reaction of sulfonyl chloride with amine. For furtherdetails, see Materials and Methods and specifically methods A, B, andC.
 The results reported in this article indicate that the reactionscope of LPCS should be general. Its value to multiple,high-throughput screening assays could be of particular merit,since multimilligram quantities of each library member can beattained. The principles and methods outlined for LPCSshould be applicable to the synthesis of complex chemicalstructure libraries as well as to other processes that fall underthe heading of chemical diversity.
 This work was supported in part by the Alfred P. Sloan Foundation.
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