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sUmmary: An efficient, general, and racemization free method of covalently attaching 
No-F'KKXZ protected amino acids to solid supports for peptide synthesis is described. The 
process involves the preparation of 2,4-dichlorophenyl-Na-Fmoc-aminoaql-4-oxyn~sthyl- 
phenoxy acetates which can be used to directly and efficiently acylate am&e furrc- 
tionalized polymers. 

The process bywhichNa-protected aminoacids are anchored to solid supports and the 

mature of the anchoring linkage ultimately contribute to the yield and purity of the 

final products produced by solid phase peptide synthesis. When the Ncc-9-fluorenylmsthyl- 

oxycarbonyl (Fmc) protectinggmupstratqyisused forpeptide synthesis, the 

C-terminal amino acid is generally attached by activation of the carboxyl group and its 

subsequent esterification to 4-alkoxybenzyl alcohol fmctionalized polymer~l-~. In 

order to obtain useful levels of polymer functionalization by such a process, it is 

necessary to utilize a catalyst such as 4-dimethylaininopyridi (DMAP) for acylation of 

thepolymerbotihydroxylgr&. Suchmethods suffer froma nwS3erofdisadvantages 

cxAng to the ability of W to promote racemization1f4 andproduce anchoreddipeptide 

byprcducts5r6. Furthermre, someNa-~-amino acid symstrical anhydrides have poor 

solubility properties which give rise to inefficient esterification. Although alternate 

methcds have been investigated to overcom these drawback&-*, none is completely 

satisfactory for industrial scale prcduction because of any combination of a variety of 

factors: commercial unavailability, instability, or expense of starting reagents, 

requirements for lorq reaction tines, inefficient esterification, or lack of demonstrated 

generality. The need for i.mproved methodology has led to the developments reported here. 

An attractive method for attachment of the C-lxminal Na-~-amino acid to resins 

functionalized with the acid labile 4-oxymsthylphenoxacetyl lihkageg utilizes me1 

2,4_dichlorophenyl-N a-FTmc-amincacyl-4-oxymsthylphenoxy acetates 2, prepared by Scheme 

1, to directly acylate an&m-Worq&ed polymers. The preparation of 2 was 

straightforward: 4-n&hylphenoxyacetic acid was brcaninated by the action of 

N-bromosucxinimide and 2,2'-azobisisobutyronitrile in refluxing chloroform1o to give 

4-bromoaWhylphenoxyac.etic acid in 36-55% yield as a wfiite crystalline corqmti 
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Preliminary experiments showed that all derivatives 2 were readily coupled to 

ethylene&amine-functionalized (0.24 mnole NH2/g) Pepsyn KTM (polyamide-kieselguhr) 

resin17 using 2.0-3.0 equivalents of 2 in the presence of 0.7 equivalents DiW+P'* in 

dimethylfo rmamide (2-3 hr reaction at room temp.). Representative results from these 

experiments are summarized in Table 2. More recent experiments have shown that 

Table 2 

Pepsyn KTM resin Produd Substitution Level16 
Derivative (mole Fmoc/g) 

Ala 0.187 
Phe 0.196 

Pro 0.213 

Ieu 0.195 

Tyr(tBu)a 0.190 

Lys (Boc)~ 0.191 

Trp 0.175 

Val 0.184 

aAbbreviations: See Table 1. 

comparable, and in some cases better, results were obtained when 3.0 equivalents of 2 

were used and 3.0 equivalents of pyridine were substituted for DMAP. For exa@e, 

coupling of Fmoc-Cys(Trt) derivative 2 under the former conditions yielded resin with a 

substitution of 0.15 mnole EMoc/g whereas under the latter conditions a substitution of 

0.19 mmole Fmoc/g was obtained. Aminomethyl and p-methylbenzhydrylamine functionalized 

polystyrene resins as well as amine-functionalized polymeric membranes (Millipore Corp., 

Bedford, MA) useful for peptide synthesis" have also been efficiently coupled to 

derivatives 2 by this procedure. 

In order to ascertain the extent of amino acid racemization induced by this process, 

amino acids were isolated from resins derived from 2 and reacted with GITC, a reagent 

that produces HPLC resolvable diastereomers from D,L-amino acid mixtures20. In all 

cases thus far examined, no racemization (<O.l% D-isomer) was observed for the products 

derived from 2. In contrast, this analytical procedure detected 2% D-Phe from a resin 

produced by sym-anhydride/DW coupling of Fmoc-L-Phe-CH to a 4-alkoxybenzyl alcohol 

supper-t, a result consistent with the literature'. 

In addition to eliminating the problem of racemization, the process described here 

eliminates the pcssibility of obtaining resin bound dipeptide side products 5,6 and 

thereby would be expected to ultimately provide purer synthetic target peptides. 
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Furthermore, the process is straightforward, convenient, as well as attractive and 

practical from the standpoint of utilizing readily available, inexpensive starting 

materials for the synthesis of 1. 

Results obtained using intermediates 2 for the synthesis of a variety of peptides 

have been detailed elsewherel'. 
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