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ABSTRACT

Nearly all known sulfatases share a common active site modification that is required for their activity: conversion of cysteine to

We report the synthesis of an

a-formylglycine.

a-formylglycine building block suitable for Fmoc-based solid-phase peptide synthesis. The building block was

sulfatase.

incorporated into a synthetic peptide derived from the active site of a Mycobacterium tuberculosis

Sulfation of biomolecules is a common modification that is geminal diol (2) acts as a nucleophile to produce a sulfated
involved in both normal and pathological processéar enzyme intermediate8] (Figure 1). This intermediate then

example, sulfated oligosaccharides play important roles in collapses, expelling inorganic sulfate and regenerating FGly.
inflammation? tyrosine sulfation is linked to the recognition
of target cells by HIV-2 and an abundance of sulfated

glycolipids is correlated witiMycobacterium tuberculosis
strain virulence.

catalyze the formation of sulfate estérghile sulfatases

Two classes of enzymes control sulfation. Sulfotransferases
r T 2%

catalyze their hydrolysi& Sulfatases utilize a uniqgue mech-
anism that is facilitated by an unusual residue in the active

site, a-formylglycine (FGly) @) (Figure 1). In the proposed
mechanism, FGly is hydrated in the active &itnd the
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Figure 1. Catalytic cycle of sulfatases.

FGly is installed in the sulfatase active site via a post-
translational modification prior to foldin§ A genetically
encoded cysteine residue is oxidized to form FGly by a
recently characterized enzyme termed the formylglycine
generating enzyme, or FGH-GE recognizes a consensus
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Scheme 1. Synthesis of Fmoc-FGly Building-Bloc&
MeO.__OMe
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sequence around the target cysteine that is highly conservedeductant in this sequence, as other conditions (i.e., DIBAL-
across all species and is found in all sulfatédeserestingly, H, NaBH, in protic media, or LiAlH,) partially cleaved the
some bacterial sulfatases employ a serine residue in placegsmoc group. Simultaneous protection of the aldehyde and
of cysteine while retaining the overall consensus sequence.ring opening were effected in refluxing EtOH with catalytic
These sulfatases are modified by a distinct mechaifism.  CSA to furnish amino alcohdl. Finally, TEMPO-mediated
Biochemical studies of sulfatases and FGEs could benefit oxidatiort® of the primary alcohol provided the desired SPPS
tremendously from the availability of synthetic peptides building block 8 in high yield. Notably, all intermediates
bearing the central FGly residue. Currently, one scalemic were either taken on crude or purified via recrystallization.
synthesis of FGly has been reported, which utilizes the highly  with building block 8 (Fmoc-FGly(OEt)-OH) in hand,
versatile Williams’ glycine templaté. However, an Fmoc-  we sought to determine its enantiomeric purity and coupling
protected variant has not been reported and FGly analoguesfficiency for incorporation into peptides. Thus, the FGly
have not been incorporated into synthetic peptides. Here wepuilding block was coupled to both chiral and racemic
report an efficient synthesis of a Fmoc-protected FGly a-methylbenzylamine with use of EDC/HOBtFollowing
building block and its incorporation into a synthetic peptide extractive workup!H NMR analysis of the products formed
derived from aMycobacterium tuberculosisulfatase. The  from the chiral amine indicated that a single sterecisomer
procedure requires no chromatography and produces Fmocwas formed. Analysis of the reaction containing racemic
FGly in 6 steps in>70% overall yield. amine indicated two diasteriomers were formed in approxi-
In designing a FGly analogue suitable for solid-phase mately equal amount8 These results suggest that the coupling
peptide synthesis (SPPS), we chose to protect the aldehydeeaction proceeds without racemization atdéhearbon, and
functionality as an acetal that could be removed alongside that the starting material was95% enantiomerically pure.
other side chain protecting groups during the acidic cleavage  wyith the coupling reaction characterized, we synthesized
step of Fmoc-based SPPS. The diethyl variant was utilizedthe consensus sequence derived fronMgcobacterium
as both literature precedéhtand our own experience  typerculosisulfatase, tetradecapept@é. FGlyTPSRGSLFT-
indicated that the d|methy| acetal was too resistant to acidic GRK) Given the Sensitive nature Of the aidehyde functionai-
cleavage. The synthesis began with protection of com-jty we expected that standard peptide cleavage cocktails
mercially availablep-Ser-OMe-HCI, using Fmoc-OSu to  ¢ontaining silanes or thiols would not be compatible. Indeed,
provide Fmoc-protected amino acid es#?**in nearly  exposure of resin-bound model peptides to cleavage cocktails
quantitative yield (Scheme 1). Exposure to catalyticzBF  containing silanes (i.e., TIS or TES) resulted in reduction of
EtO and 2,2-dimethoxypropane afforded oxazolidhe FGly to serine, while addition of ethanedithiol resulted in
excellent yield:> Sequential reduction and TEMPO-mediated quantitative formation of the dithioacetal. Fortunately, thio-
oxidatiort® yielded an Fmoc variant of Garner's aldehyde gpjsole and anisole were found to be satisfactory alternative
(6) in 92% yield over two steps. LiBfY is the optimal  scavengers. In addition to these anticipated issues, an
unexpected problem arose when the full-length peptide was
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cleaved, namely observation of an abundant byproduct | [ |l R GGG

(~50% by HPLC peak integration) with a mass 172 Da

greater than the desired product. The side reaction occurred 12.00 7737
independently of the cleavage cocktail and the abundance i 5009 (M+2HY)
of the byproduct increased as a function of time. Screening (M+H,0+3H")

of model tripeptides indicated that the reaction was associated
with the Fmoc-Arg(Pbf)-OH building block. Purification of
the byproduct formed from a model tripeptide (Ac-Arg-FGly-
Ala-OH) allowed its structure to be assignedlds(Figure

2) by HRMS and 2D NMR?
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Figure 4. HPLC and mass spectrometry analysisQof

of amino acid side chains. These are avoided by the inclusion
of nucleophilic scavengers in the cleavage reaction (i.e.,
silanes, EDT, or anisole). However, the electrophilic nature
of the FGly side chain produces a novel situation in which
the scavengers have either no effect or, worse, react with
the FGly residue. We attempted to avoid the side reaction
during peptide cleavage using (1) various nucleophilic
scavengers, (2) altered cleavage temperatures, or (3) electro-

This unique structure likely results from a Fried€rafts- philic scavengers (i.e., aromatic aldehydes or 1,3-dicarbonyl-
type reaction between the cleaved 2,2,4,6,7-pentamethyldiny-containing compounds). None of these conditions suppressed
drobenzofuran-5-sulfonyl (Pbf) protecting group and FGly formation of the byproduct. We therefore conclude that the
(Figure 3). The initial attack of the electron-rich aromatic Pbf protecting group is incompatible with FGly.

Figure 2. Modified tripeptidel0.
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Figure 3. Proposed mechanism for the formation of byproduct. m/z=526.3 \f
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ring (11) on the FGIy aldehyde could occur either before or
after desulfonation to form transient intermedidf Loss 15
of either a proton or S9would providel3, an adduct we i i o il

detected by LCMS analysis. Subsequent dehydration then

results in the proposed modified peptitié. Figure 5. Mass spectrometry analysis of pept@and its oxime
This was an interesting development as most side reactions;qquyct15.

during peptide cleavage result from the nucleophilic nature

Org. Lett, Vol. 8, No. 1, 2006 133



Accordingly, an alternative arginine building block was peptides or in conjugating unnatural epitopes to peptides for
employed. With use of commercially available Fmoc-Arg- biological studies.
(Boc)-OH, the synthesis and cleavage of tetradecapeptide
9 was accomplished without incident (Figure 4). Exposure  Acknowledgment. We thank Fiona Lin for NMR as-
of purified peptide to MeONHafforded complete conversion ~ Sistance. This work was supported by a grant to C.R.B. from
of the aldehyde to oxim&5 (Figure 5), confirming that the ~ the National Institutes of Health (AI51622).
aldehyde retains normal reactivity. ) ) i )
In summary, the Fmoc-FGly building block and SPPS Supporting Information Avgllable: Experimental pro-
methods for its use that we report here should facilitate c€dures, spectral and analytical data, and 2D-NMR spectra
studies of sulfatases and FGES that activate them. In addition " 10- This material is available free of charge via the
the ability to synthesize peptides with internal electrophilic '"t€rnet at http://pubs.acs.org.
groups such as the aldehyde may find use in generating cyclicOL052623T
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