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Summary: The novel 5-(4-hydroxymethyl-3,5-dimethoxyphenoxy)valeric acid (HAL) handle has been prepared
and applied to solid-phase peptide synthesis using 9-fluorenylmethyloxycarbonyl (Fmoc) for N%-amino protection
and rert-butyl ethers, esters, and urethanes for side-chain protection. Otherwise fully protected peptide acids,
which are needed for segment condensation studies, were obtained in excellent yields and purities by cleavage of
the resultant tris(alkoxy)benzyl ester anchoring linkage with appropriate cocktails containing 0.05 - 0.1% (v/v)
trifluoroacetic acid.

Partially protected peptide segments are required intermediates for the preparation of larger peptides or
small proteins by segment condensation approaches either in solution or on a polymeric support.3:4 Solid-phase
synthesis? is widely acknowledged to offer the best prospects for rapid and efficient assembly of peptide chains,
but until relatively recently, the needed levels of selectivity in conditions for N®-amino and side-chain
deprotection, and in procedures for detachment of peptides from the support, have not been available. Assuming
that a peptide can be cleaved successfully to furnish a free C%-carboxyl group with all other functional groups
remaining protected, the resultant intermediate can be purified before its further use in segment condensation.5

In recent years, a strategy employing the orthogonal® combination of base-labile
9-fluorenylmethyloxycarbonyl (Fmoc) for N®-amino protection and acid-labile ferz-butyl derivatives for side-chain
protection has gained considerable popularity,® 7 because it avoids the relatively harsh final cleavage conditions
of the more conventional strategy* based on the graduated lability to acid of zers-butyloxycarbonyl (Boc) for
N-amino protection and benzyl or cyclohexy! derivatives for side-chain protection. In the Fmoc/fBu strategy, a
third dimension of orthogonality can be provided by use of ortho-nitrobenzyl (photolabile),5f: 72 silicon-containing
(fluoride-labile),8 or allyl-derived [cleaved with Pd(0)]® anchorin g linkages. While highly elegant, the
aforementioned orthogonally cleavable anchors are prepared by multi-step routes, and in some cases, the
applications to solid-phase synthesis of protected peptide segments do not scale up well.

Consequently, it becomes attractive to pursue the alternative approach of using anchoring linkages
(Scheme 1) that are cleaved with extremely dilute acid. The latter strategy requires exquisite "fine-tuning" of the
anchor structure and the corresponding removal conditions. The (4-hydroxymethyl-3-methoxyphenoxy)acetic
acid handle of Atherton, Sheppard, and Williams,”2: 10 and the closely related 2-methoxy-4-alkoxybenzyl alcohol
(SASRIN) support of Mergler et. al.}1 lead to bis(alkoxy)benzyl ester anchoring linkages (1b and 2b) which
cleave with 1% (v/v) trifluoroacetic acid (TFA) in dichloromethane. The cleavage conditions promote premature
side~chain deprotection at Lys(Boc) and Tyr(:Bu).10 On the other hand, the trialkoxydiphenylmethyl ester resin of

1015



1016

Scheme 1. Anchoring Linkages Suitable for Release of Peptide Carboxyls with Dilute Acid*
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*Structures 2a, 3a, and 4a are derivatives of polystyrene-resins, and are further converted to the ester derivatives (series b). Structurcs
1a (ref. 10) and 5a (this work) are obtained by amide bond formation between the activated carboxyl function of an appropriate handle
and the amino group of a suitably functionalized support (see also ref. 1). Since amino groups can be introduced onto a wide range of
polymeric materials in addition to polystyrene, including polyamides, silica, and polyethylene glycol-polystyrene grafts, the handle
approach allows considerable versatility for the critical beginning step of solid-phase synthesis.

Rink12 or the ortho-chlorotrityl resin of Barlos ez al.13 lead to esters (3b and 4b) which cleave with 10% iv)
acetic acid in dichloromethane, but also cleave prematurely in the presence of a free C%-carboxyl group of an
incoming protected amino acid during each coupling step.

The present paper reports that a novel tris(alkoxy)benzyl ester (HAL)!4 anchor (5b) has the
optimal balance of acid-lability properties. The key handle intermediate for this work,
2,4,5-trichlorophenyl 5-(4-hydroxymethyl-3,5-dimethoxyphenoxy)valerate (6) was obtained in 59% yield by a
three-step one-pot procedure (Scheme 2) starting from intermediate 7 already available in our laboratory from
studies on a related handle.14. 15b Handle 6 (2 equiv.) was attached quantitatively via its pre-activated carboxyl
group to amino-functionalized supports (1 equiv.) by 2 h couplings at 25 °C in the presence of
1-hydroxybenzotriazole (HOBt; 2 equiv.), using N,N-dimethylformamide (DMF) as solvent. Next, the
C-terminal protected Fmoc-amino acid derivative (3 equiv.) could be anchored to the nucleophilic hydroxymethyl
group of the resin-bound handle, in 85-95% yield, by N,N-diisopropylcarbodiimide (DIPCDI; 5 equiv.)-mediated
coupling, catalyzed by 4-dimethylaminopyridine (DMAP; 0.5 equiv.), 1 h, 25 °C, with DMF as solvent.16
Stepwise deprotection/coupling cycles to incorporate subsequent amino acid residues proceeded well by standard
Fmoc protocols used in our laboratory.15
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CH;0
(o] 0
Il élj
H—C O(CH,),C—0—C,H;
7
CH,0
1. 1N NaOH-MeOH (1:1)
2. NaBH ,*
3. CéH,CLOH, DCC
CH;0 1
Il
HO—CHy O(CH,),L—O Cl
CH,0 6 cl

*The resultant benzyl alcohol with a valeric acid side-chain was unstable; consequently it was extracted into ethyl acetate and carried
forward directly through the 2.4,5-trichlorophenol esterification step.

The HAL linkage (5b) proved to be stable (>95% retention of chains from
Fmoc—Gly-Val-Ala—O—HAL—® after 24 h, 25 °C) to HOBt (0.1 M)-DMF and Boc-amino acids (0.1 M)~-DMF.
However, HAL was labile to 10% (v/v) acetic acid in dichloromethane (78% cleaved in 24 h; compare to reported
properties of linkages 3b and 4b, which are more sensitive to acid). For convenient cleavage of HAL, very dilute
solutions of trifluoroacetic acid (TFA) in dichloromethane were used. The model tripeptide linked to HAL was
cleaved completely after 5 min with 0.1% (v/v) TFA or after 45 min with 0.05% (v/v) TFA, whereas 0.01% (v/v)
TFA gave 80% cleavage in 3 h.

Demonstrations of the usefulness of HAL anchoring were provided by the syntheses of several
protected segments!? with sequences related to human gastrin-L Fmoc-[Glu(OtBu)]5-Ala-OH,
Fmoc-[Tyr(Bu)]s-Ala-OH, and Fmoc-[Lys(Boc)]s-Ala-OH were each obtained in >97% purity (HPLC) after
essentially quantitative cleavage with 0.1% (v/v) TFA in CH3Clsy, for 1 h at 25 °C. The pure
tryptophan-containing peptide!8 pGlu-Gly-Pro-Trp-Leu-OH was obtained in 70-76% (v/v) yield, upon cleavage
with 0.05% (v/v) TFA in CH2Clp—B-mercaptoethanol—anisole (97:2:1) or 0.05% (v/v) TFA in
CH»Cla~thioanisole~1,2—ethanedithiol-anisole (90:5:3:2), 25 °C, 1 h. Omission of scavengers approximately
halved the yield, indicating tryptophan alkylation/back-addition to support. Alternatively, an increased
concentration of TFA did not improve the cleavage yield, either with or without scavengers.

In conclusion, the new handle 6 is conveniently made (Scheme 2) and can be used with any
amino-functionalized support. A tris(alkoxybenzyl) ester Sb anchor is obtained that has acid sensitivity/stability
intermediate to anchors 1b - 4b described by others (Scheme 1). Consequently, the anchor remains entirely intact
throughout the assembly of peptide chains by Fmoc chemistry, but final cleavage with cocktails containing very
dilute TFA provides in high yields and purities protected peptide acids, without premature removal of
tert-butyl-based side-chain protecting groups.19
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