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We wish to report the initial development of an ion exchange procedure 

which provides a potential solution to the failure sequence problem' in the 

expedited synthesis of peptides. Notwithstanding the continuing refinement of 

the solid phase method and variants thereof,2 all such approaches that depend 

on an attached "handle" for rapid isolation are incapable of discriminating 

between desired product and untransformed starting material. Thus, the appli- 

cabillty of handle strategies in stepwise synthesis ultimately must be limited 

by the accumulation of impurities in successive reactions. To overcome this 

limitation our method is, instead, based on isolation operations which dzs- 

tinguish the products of repetitive coupling and deprotection reactions from 

the precursors by virtue of their neutrality and basicity, 3 respectively. 

For the coupling step work up the doubly protected product is passed 

selectively, as the only neutral non-volatile component of the reaction mix- 

ture, through a mixed bed column of ion exchange resins in the Et3NH+ and 

OAc- forms,7 and evaporation of solvent and discharged Et3NH+,0Ac- leaves the 

desired product. Although our initial study has been restricted primarily to 

mixed anhydrides (decomposing excess acylating agent to carboxylic acids), 

this general procedure should prove useful with a variety of available coupling 

reagents for which excess reagents, co-products, and by-products are acidic, 

basic, ionic, or volatile. In a series of test couplings, the hydrochloride 

of the amine component (or free PhCH2NH2) and Et3N was added to a 5 0.1 M DMF 

solution of a 2-fold excess of the mixed anhydride (formed at 40") of 

Me3CC02H and the N-protected amino acid. After the reaction mixture had 
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warmed, water was added (cloud point or 25-75%), and the Solution waS heated 

(steam bath) and passed down a column of 10-15 equiv. each of Bio-Rad Ag-l-X2 

(as OAc-) and AG-58W-X2 (as Et3NH+) resins with more DMF'water (same ComPosi- 

tion). 12 In all cases evaporation of the combined eluent and COlUINI rinse 

left > 90% of the crystalline product. ZGly-NHCH2Ph (yield 96%, mp 117-118', 

rcrd mp 120-1210), ZGly-GlyOEt (90%, 79-80'9 El-83*), ZGly-GlygOEt (loo%, 161- 

16S", 165-167O), ZGly-AlaOEt (91%, 63-65O, 65-66O), ZPhe-NHCH2Ph (95%, 147- 

1540, 161-1630), ZPhe-AlaOEt (93%, 116-120°, 123-124O), BOCLeu-LeuOMe (98%, 

131-1340, 138-139O), and BOCLeu-GlyOEt (95%, 79-80°, EO-82O). 

The deprotection product, after N-BOC removal by stirring in TFA and 

evaporation with MeCN, is selectively retained on a cation resin, 13 as the 

only non-volatile cationic component of the reaction mixture. Capture on a 

Et3NHt resin was examined first, with elution by Et3NHt, OAc- and evaporation 

to give the product acetate salt (or the chloride by addition of 1 equiv. of 

Et3NHt,C1- prior to evaporation or by passage of the acetate through a Cl- 

column). while this technique warrants further evaluation, in some cases 

inefficient evaporative removal of Et3N led to decomposition of base-sensitive 

dipeptides. To provide an isolation suitable for even such sensitive cases, 

retention of the ester from a solution of the TFA salt in an appropriate sol- 

vent (1:l acetone/water in the tests below) with a column of 6-10 equiv. of 

Bio Rad AG-SOW-X2 (as Nat) and elutlon with excess aqueous Na+,OAc -12 was 

substituted for use of Et3NH+,0Ac-. In this modification, employed throughout 

the tests below, the product acetate salt is selectively dissolved from the 

eluent evaporation residue with DMF and converted to the chloride by passage 

through a Cl- exchange column prior to the next coupling. 

To illustrate the utility of the techniques in combination, a series of 

small peptides were synthesized in stepwise fashion with no intermediate work 

up other than by the above ion exchange methods. In all cases crystalline 

final products were obtained directly, and overall crude yields correspond to 

average conversions of about 90% per reaction 15 ZGly30Et (76%, 142-14S", 

157-1620), ZGlyLeu20Me (59%, 123-126O, 133-134O), ZGly40Et (53%, 197-202O, 
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213-214O), Z(GlyLeu)20Me (SS%, 80-83O, 91-92O), Z(GlyLeuGly120Me (40%, 

Xl-16S", 188-189O). 

Despite the preliminary nature of the results, advantages are demon- 

strated in general for strategies that do not depend on a handle for expedited 

isolation. First, the use of different isolation operations in alternation 

after successive reactions can serve as an effective barrier to the carry-over 

of other impurities besides untransformed starting materials. For example, 

the incorrect mode of acylatlon with the present coupling agent would form 

neutral, non-volatile pivalamides that would survive coupling isolation. How- 

ever, traces of these impurities, detectable by nmr, are uniformly removed in 

the following deprotection step. The more serious anticipated hazard would 

be impurities that remain indistinguishable from the growing peptide chain in 

succeeding reactions and, therefore, never are removed. Side reactions that 

convert the acylating agents to neutral derivatives of the N-protected amino 

acid constitute a problem of this type. In the present work in DMF, acylation 

of dimethylamlne forms traces of dimethylamides as one such impurity. Never- 

theless, the population of error sequences resulting from participation of 

these accumulating Impurities in later reactions is akin to the situation 

with truncated error sequences and should be much less serious than the fail- 

ure sequence problem. Moreover, most impurities in this category would be 

easily removed from the ultimate desired product by simple procedures. As an 

illustration, the crude protected hexapeptide above was freed of contaminating 

amides by selective basic hydrolysis of the ester group, retention of the free 

acid on an OAc- ion exchange column, elution with excess aqueous HOAc, and 

evaporation - leaving material In a good state of purity (lo mp depression). 

Finally, our initial tests suggest the ion exchange procedure may prove 

a particularly useful non-handle approach. The basic method lends itself to 

extension to other coupling agents and less water-rich media. Other good 

features are that reactions are carried out in solution, assay and/or aux- 

iliary purification of intermediates is convenient, the ion exchange columns 

are regenerable appliances, and recovery of excess amino acids is possible. 
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