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i) 1.5 M RSH in 2 M LiBr/THF O

The alkanesulfonamide “safety-catch” resin has proven useful for Fmoc-based synthesis of C-terminal peptide thioesters. We now report that
the yield of isolated thioester can increase significantly when the cleavage reaction is carried out in 2 M LiBr/THF rather than DMF or THF.
The largest effects are seen with problematic peptides that aggregate or form secondary structures on the resin.

ii) TFA, scavengers

The broad utility of C-terminal peptide thioesters in protein  Special linkers have also been implemented for SPPS of
chemistry has stimulated a search for improved methods of peptide thioesters® An increasingly popular approach
synthesis. Until recently, these derivatives were not accessibleinvolves the use of an acid- and base-stable alkanesulfon-
via standard 9-fluorenylmethoxycarbonyl (Fmoc)-based solid- amide “safety-catch” linker (Scheme lollowing normal
phase peptide synthesis (SPR&cause resin-bound thioesters Fmoc-SPPS, the sulfonamide is activated by alkylation with
are unstable to repeated exposure to piperidine. They argiodoacetonitrile or trimethylsilyldiazomethane (TMS-CEN
also subject to epimerization under basic conditions. allowing the fully protected peptide to be cleaved from the
Several strategies to address these problems have beesolid support with a thiol nucleophife This strategy has
reported. For example, thioester-compatible Fmoc cleavagebeen used to prepare thioesters of several pepiities,
cocktails have been developed and successfully applied. including a 24-residue glycopeptide.
Thioesters can also be obtained directly by cleaving protected  zthough the safety-catch resin is easy to implement and

peptides, prepared in standard ways, from commercially hosentially broadly useful, some peptide sequences fail to
available Wang or PAM resins with an excess of KM€

or MesAl in the presence of thidl.
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s Attempts to synthesize this fragment as an activated thioester

Scheme 1. Preparation of C-Terminal Peptide Thioesters on a Were carried out on a 4-sulfamylbutyryl aminomethyl

Safety-Catch Resin polystyrene (AM) resin (1) with standard Fmoc chemiégtry,

5 10 o and thiol cleavage was initially performed according to

g7 ublished protocols (see Scheme’ Bfter completion of
HZN,s\/\)LN p p ( B p

y the synthesis, the resin was activated with 1 M TMS-GHN
(100 equiv) in hexane/THF 1/1 (v/v) for 3 h. It was washed
a) attachment twice with THF, twice with DMF, and then suspended in a
of 1st aa 1.5 M solution of ethyl 3-mercaptopropionate (HSCHH,-
b) SPPS COsEt, 200 equiv) containing a catalytic amount of sodium
thiophenolate (NaSPh, 0.5 equiv) in DMF for 24 h. The resin
H 9o, 0 was filtered and washed, and the combined filtrates were
BocN\)LN'S\/\/ILN/\O collected and dried to give the crude peptide. The side-chain
H H protecting groups were removed by treating the dried residue
PG 2 with reagent B (88% TFA, 5% ¥, 5% phenol, 2%
triisopropylsilaney? for 2.5 h. After removal of TFA, ether
¢) alkylation precipitation, and drying, only 3 mg of crude product was
obtained from 177 mg of peptide-resta at a loading of
0.19 mmol/g. This material was analyzed by reversed-phase
i Qoue o HPLC (Figure 1A). The product mixture was extremely
BOC N\)J\ N'S\/\/!LN/\O complex. Characterization of the lyophilized sample by liquid
chromatographymass spectrometry (LC-MS) did not reveal
any peak with the expected mass for thioedter
Because of well-known synthetic difficulties associated
with B-sheet-forming peptidées, it seemed possible that
BPTI(16—37) might form secondary structures and/or ag-
e) deprotection gregate on the solid support. Peptide aggregation can have
deleterious effects on the coupling steps in SPFRScould
H also lower the efficiency of the cleavage process by hindering
N\)LSR access of the alkylating agent or the nucleophilic thiol to
their respective sites of reaction.
Seebach and co-workers have shown that addition of

2 Conditions: (a) Fmoc-Gly-OH (5 equiv), PyBOP (5 equiv), morgamc_salts can dramat_lcally increase the s_olub|I|ty of
DIEA (10 equiv) in CHCl,, 8 h from —20 °C to rt; (b) Fmoc- peptides in nonpolar organic solvetitas well as improve
AA-OH, HBTU/HOBU/DIEA; (c) 1 M TMS-CHN; (100 equiv) the efficiency of coupling reactions in soluti§rand on solid
hexane/THF 1/1 (v/v), 2 h; (d) NaSPh (0.5 equiv), 1 M supports® Lansbury has exploited this phenomenon to great

E‘S(g)?lgxfn%sée(\\z/gggeeius—i\g ti1” PDg'Ep gs;gﬂ‘:;%‘:éﬁgé!zgé;%e effect in peptide synthesi&demonstrating that the yield of
_ ARIIRYFYNAKAGLCQTEVYG (2a—4a): Ac-GLCQT’FVYG nucleophilic cleavage of protected and highly aggregating

(2b—4b); Ac—REDLIAYLKKATN (2c—4c); (Ac = acetyl). [-sheet-forming peptides from the Kaiser oxime ré&sgan
be substantially increased by carrying out the reaction in 2

M LiBr in anhydrous THF. This solvent system effectively

yield the desired produt or afford only low yields of  disrupts secondary structures, as was shown by FT4R,
thioeste”2We encountered such problems in the preparation Making the reaction site accessible to the incoming nucleo-
of a thioester corresponding to a 22-residue fragment of Phile.

bovine pancreatic trypsin inhibitor (BPTI), presumably ~ The swelling properties of derivatized resinin the
because of the peptide’s tendency to aggregate. We nowPresence and absence of lithium salts support the notion that
report that significant improvements in yield can be achieved
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d) thioesterification
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Figure 1. Analytical HPLC traces of the crude reaction products obtained upon cleavage of BRBLBom the safety-catch resin. The
sulfonamide linker was first activated with 1 M TMS-CHRLOO equiv) in hexane/THF 1/1 (v/v) for 3 h and then cleaved with either a 1.5
M solution of HSCHCH,CO,Et in DMF (A) or 2 M LiBr/THF (B). Protecting groups were removed using reageft IB.both cases, the
same batch of peptide-resta (177 mg) was used. The total yield of crude product in (A) was 3 mg; the peak with a retention time of 31
min in (B) was isolated by preparative HPLC to give 11.5 mg of pure thiodstét1% yield). The peak with retention time of 18 min in
(B) is a volatile low molecular weight impurity. For experimental details see Supporting Information.

BPTI(16—37) adopts higher-order structures on the solid of 2760.3 Da is in excellent agreement with the expected
support. As shown in Table 1, resin loaded with this peptide mass of4a (as a mixed disulfide between Cys30 and ethyl

Table 1. Swelling of Peptide-Resins

volume ratio®

resind DMF THF 2 M LiBr/THF
Fmoc-Gly 4.0 2.9 35
2a¢ 25 2.2 45

aFor both samples, 4-sulfamylbutyryl AM resit) (was used® Volume
ratio = swollen resin/dry resirf. Resin-bound BPTI(1637) was fully
protected in these experiments.

(2a) swelled significantly in 2 M LiBr/THF, with the increase
in volume roughly twice that in DMF or THF alone. In

3-mercaptopropionate, 2760.3 Da calculated fesAdior-
N3103,S3). Comparison of Figure 1A and 1B dramatically
illustrates the benefit of using LiBr/THF in the substitution
step. In the absence of LiBr, the full-length peptidie is
largely uncleaved from the resin and only contaminating side
products of the reaction are observed. Upon addition of the
structure-breaking agent, the desired thioeétdas released
cleanly from the solid support.

The generality of this approach was examined using
two other peptide sequences. The BPTI fragment Ac-
GLCQTFVYGG [BPTI(28-37)], which was expected to be
less problematic than BPTI(3@7) because of its shorter
length, was synthesized on the same 4-sulfamylbutyryl AM
resin, and the efficiency of thiol cleavage under standard

contrast, the same resin derivatized with Fmoc-Gly, swelled conditions in DMF and in 2 M LiBr/THF was assessed. The

the most in DMF, followed by 2 M LiBr/THF and THF

crude C-terminal thioestetb was obtained with compar-

alone. These results suggest that 2 M LiBr/THF substantially able purity in both cases, although the yield of isolated

aids solubilization of resin-bound BPTI(#87) and thus
might have a positive effect on the cleavage reaction.
Indeed, addition of LiBr greatly enhanced the efficiency

of thiol cleavage. Activation of the peptide-re@aas before
with 1 M TMS-CHN, (100 equiv) in hexane/THF 1/1 (v/v),
followed by 24 h reaction with 200 equiv of HSGEH,-
CO,Et in 2 M LiBr/THF instead of DMF, gave the desired
thioesterdain high purity. Analysis of the crude product by

product was higher for the reaction carried out in the pres-
ence of LiBr (in DMF, 17%; in LiBr/THF, 25%). An
unrelated 14-residue peptide taken from cytochrome C (Ac-
REDLIAYLKKATNG), which has been reported as being
difficult to synthesize as a result of secondary structure
formation on the resif® was also investigated. In this case,
the yield of the corresponding thioestdr)was 4-fold higher
when the cleavage reaction was carried out in 2 M LiBr/

HPLC (Figure 1B) showed predominantly a single peak with. THF rather than DMF (in DMF, 4%; in LiBr/THF, 17%).

a retention time &) of 31 min. This material was isolated

(11.5 mg, 11% vyield) and characterized by electrospray-

(19) Atherton, E.; Woolley, V.; Sheppard, R. @.Chem. Soc., Chem.

ionization mass spectrometry (ESI-MS). The measured massCommun1980, 970—971.
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The beneficial effect of LiBr is associated primarily with  the safety-catch approach for the preparation of many other
nucleophilic cleavage of the peptide from the resin to give C-terminal thioester peptides.
the thioester. When both alkylation of the sulfonamide and
the thiol cleavage steps were carried out wah in the Acknowledgment. We are grateful to Prof. Pier Luigi
presence of LiBr, no additional benefit was observed. In fact, Luisi for generously providing access to the LC-MS device.
the reaction occurred cleanly as before, but the yields of This work was supported by the ETH-Zurich and Novartis
isolated peptide were about 4-fold lower. Apparently, LiBr/ Pharma AG.
THF adversely affects alkylation of the linker with TMS-
CHNS. Supporting Information Available: Experimental pro-
All three peptides examined here demonstrate the positivecdures for compound&—c. This material is available free
influence of LiBI/THF on the yield of C-terminal peptide ©f charge via the Internet at http://pubs.acs.org.
thioesters. We anticipate that this solvent system could
significantly widen the scope and general applicability of 0OL016492H
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