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Abstract

An improved and simple reagent system was developed to facilitate solution-phase deprotection of
Fmoc-protected amines. Catalytic DBU in the presence of an aliphatic or polymer-supported thiol rapidly
removed the Fmoc group to provide the amine free base in excellent yields and purity on multi-gram scale.
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Despite the multitude of primary and secondary amine protecting groups published in the lit-
erature,1 the preferential use of Fmoc,2 Boc,3 and CBZ4 moieties appears well entrenched. The
popularity of these carbamates is not surprising since they are easily removed (using base, acid,
and hydrogenolysis respectively), provide good orthogonality, are inexpensive, and many amines
are sold commercially so protected. Unlike the catalytic methods available for unmasking the Boc
and CBZ groups, however, the classical means of Fmoc deprotection employs a large excess of a
secondary amine such as piperidine in DMF.2d,e Piperidine functions both as a base to fragment
the Fmoc group and as a scavenger to trap the liberated dibenzofulvene (DBF) via a Michael-
type addition thereby outcompeting reaction with the product amine (Scheme 1). Use of piper-
idine/DMF is better suited to Fmoc deprotections on solid-phase than those in solution due to
the low volatility of these solvents, the solvent-dependent reversible scavenging of dibenzofulvene
by piperidine, and DBF polymerization at higher concentrations.2c

Our research required the preparation of ¯uorescent 7-amino-4-methylcoumarin (AMC) amino
acid derivatives for use as protease substrates.5 These compounds are typically di�cult to make
without using special Na-amino-protecting groups because of the acidic and hydrogenolytic labi-
lity of the coumarin or protected peptidal side chainÐprecluding the use of CBZ due to a viola-
tion of orthogonality.6 Rather than investigate more esoteric or expensive amine-protecting
groups, we sought to develop improved conditions for Fmoc removal in solution.
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We reasoned that dissociating the base and scavenger functions of piperidine into separate
reagents in a volatile solvent might facilitate the isolation of the deprotected amine product.
Thus, use of a non-nucleophilic, stronger base than piperidine should allow the stoichiometry to
be reduced to catalytic quantities and use of a better Michael donor than either piperidine or the
product amine should lead to a concomitant reduction in scavenger stoichiometry.
A variety of soluble and polymer-supported bases were studied to assess their ability to deprotect

Fmoc-Phe-OMe at catalytic levels (Fig. 1). DBU emerged as the best catalyst since 25 mol% in
THF gave rapid deprotection to H-Phe-OMe and DBF within 1 h in the absence of scavengerÐ
consistent with earlier reports describing its use in excess.7 Unfortunately, we had less success
using polystyrene-supportedDBUor TBD,8 even when using stoichiometrically, due to unfavorable
kinetics resulting from the high dilution required to swell the resin.

We next turned to thiol-based Michael donors that might replace piperidine as superior DBF
scavengers capable of outcompeting the product amine nucleophile. Ueki and co-workers showed
octanethiol to be an e�cient DBF scavenger9 and we expanded the list to include several soluble
and solid supported thiols (Fig. 2).
The DBF scavenging e�ciency of the soluble thiols in Fig. 210 was assessed in two ways. First,

the deprotection of Fmoc-Phe-AMC using DBU and 10 equivalents of either thiophenol, DTT,

Figure 1. Amine catalysts used to deprotect the Fmoc group

Scheme 1. Deprotection of Fmoc by piperidine
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and octanethiol was monitored for unreacted DBF by HPLC. Second, ¯uorenylmethyl octyl-
thioether and ¯uorenylmethyl phenylthioether were independently synthesized and treated with
25 mol% DBU in THF to determine which adduct was more prone to the formation of DBF and
thiol under equilibrating conditions. In both experiments, octanethiol was a faster and less
reversible DBF scavenger than thiophenol and its derivatives which also tended to slow the Fmoc
cleavage by quenching the catalytic DBU due to their increased acidity. Because the Michael
addition to form the thioether is a reversible process, 10 equivalents of 1-octanethiol were
required to give >99% DBF scavenging.
Using a catalytic DBU/octanethiol cocktail in THF proved to be the optimal reagent system

for preparing the representative set of compounds listed in Table 1.11 No reaction occurred
without added DBU and the reaction times could be dramatically reduced using additional DBU
catalyst. Since octanethiol, DBU, and ¯uorenylmethyl octylthioether (3) are all diethylether miscible,
the product amine is easily isolated by trituration, recrystallization, column chromatography, or
extraction.

Figure 2. Thiols used to scavenge dibenzofulvene

Table 1
Deprotection of Fmoc by DBU/1-octanethiol
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Also successful was the use ofN-(2-mercaptoethyl)aminomethyl polystyrene as a solid-supported
scavenger12 for DBF that could be removed by ®ltration.13 This ®nding is signi®cant since use of
solid-supported piperidine derivatives proved unsuccessful in our hands and are known to give
inconsistent results and incomplete scavenging.14 The resin can also be recycled by treating it with
25% piperidine in DMF.15

In conclusion, the catalytic DBU/octanethiol reagent system proved to be generally useful for
small to large-scale deprotections of the Fmoc group in solution. Use of N-(2-mercaptoethyl)-
aminomethyl polystyrene resin as the dibenzofulvene scavenger provided a convenient means of
deblocking the Fmoc group by simple ®ltration and evaporation to the free base. These methods
are an improvement over conventional methods and should ®nd a broad utility for deblocking
Fmoc-protected amines.
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