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N-Acylsulfonamide safety-catch linkers are versatile tools in solid-phase organic synthesis because of their stability. This stability necessitates

linker activation prior to compound cleavage. Here, we demonstrate that the N-acylsulfonamide group can react with a  a-allyl palladium
complex and that these mild and neutral conditions can be exploited for linker activation. The advantages of this process are illustrated by

its use in the efficient synthesis of thioesters. We anticipate that this activation method will extend the utility of the N-acylsulfonamide group.

A key component in solid-phase synthesis is the linker, which react to afford carboxylic acids and their derivatives, such
serves as the anchor between the product and the solidas amides, esters, hydrazides, and thioesters.

supportt The utility of a linker depends on the range of The N-acylsulfonamide safety catch resin is especially
conditions it can tolerate. One strategy to achieve high linker valuable for the synthesis of peptide thioesfersThese
stability is to employ a “safety-catch” linké&e With a safety- species are critical components in the assembly of natural
catch linker, the release of a compound from the support and nonnatural proteins using native-chemical ligation,

must be facilitated by linker activation.

expressed protein ligation, and Staudinger ligafi®eptide

Kenner and co-workers introduced the first safety-catch thioesters have been synthesized from the methylated alkyl-

linker24 Composed of arN-acylsulfonamide group, it is

sulfonamide linkeP. To obtain high yields of the desired

stable under either strongly basic or acidic conditions. This thioester products, sodium benzenethiolate is needed. The

stability stems from the low pK(ca. 2.5) of theN-

(5) Ingenito, R.; Bianchi, E.; Fattori, D.; Pessi, A. Am. Chem. Soc.

acylsulfonamide moiety. Linker activation is accomplished 1999 121, 11369—11374.

via alkylation. When N-alkylated, the acylsulfonamide group
becomes susceptible to nucleophilic attack; therefore, it can
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initial cleavage product is presumably a thiophenyl ester, N-acylsulfonamide linkers derived from arylsulfonamigle
which then undergoes transthioesterification to afford the (Table 1). Arylsulfonamides tend to be better leaving groups
target thioester. Although the addition of thiophenol improves
yields, its inclusion in the cleavage reaction has drawbacks.
It is difficult to remove from the thioester products, and its
presence can result in mixed disulfide side products.

To avoid these drawbacks, tiNeacylsulfonamide linker
can be converted into a more activated spetiEfman and w Solid-phase Linker

Table 1. Activation of the Arylsulfonamide Linker and
Cleavage witth-Propylaminé&®

co-workers demonstrated that the cyanomethylated linker is TN, ME)’@/ "e"""“' HBoc SN,
10 . :

more electrophlhé. Aceord.mgly, whe|_1 cyanomethylenon 4 poptide - ASHLFKGIG

is used for linker activation, no thiophenol additive is 5 peptide = FASHLFKGIG

required; the th|oester. is generated d|re¢t1_|§he dlsadva_n— QP 9 T o

tege of cyenomethylatlon is that the conditions are ba_S|c and S‘vlu-uuaoc DMF Pray i

side reactions can occtit! Moreover, N-acylsulfonamide R A 2.95% TFA H

cyanomethylation typically proceeds in lower yield than 4a,5a R =—CH,CH=CH, 4d peptide = ASHLFKGIG

methylation. Thus, there remains a need for alternative 050 Ao GHoN peplde = FASHLRKG!

methods foN-acylsulfonamide linker activation.

We anticipated that mild and neutral activation conditions o N 4d: % yield® 5d: % yield®
could be developed by exploiting the “softness” of the __activation conditions (% purity) (% purity)
delocalized\-acylsulfonamide aniott.We further postulated 1% Pd(OAc)z? 13 (75) 11 (75)
that az-allyl Pd complex might serve as an appropriate 5% Pd(OAc)s 46 (84) 36 (80)
electrophile’3-1° This metal-catalyzed functionalization reac- 10% Pd(OAc)zz 54 (85) 40 (78)
tion would allowN-acylsulfonamide activation under neutral 20% Pd(OAc); 62 (80) 38 (78)
conditions TMSCHN,¢ 90 (75) 78 (83)

y o o ICH,CNe 29 (74 16 (79

To test the feasibility of the proposed activation method, ? T 79

we first examined the propensity of tosylsulfonam'ﬂjdzo aYields are crude and calculated using the experimentally determined

d d | d allviati If id h b amino acid loadings; the % purities are calculated from the LC traces. The
undergo Pd-catalyzed allylation. Sulfonamides have beenyiangle in compoundg and5 denotes that the immobilized peptides are

shown to undergo Pd-catalyzed allylation reactiht)e plrlotlecztgg using ﬂfle ”grloutaslemptl)oyetti inszt;ndarg:?g% Sl/ntﬁﬁisl-
reactivity of acylsulfonamides, however, had not been 2036’equive(%“?MongyN’eTHyF'Ccaé i”gﬁ;CN’%gf equiv of ChiNy, &
explored. On the basis of their acidity and delocalization, equiv of DIPEA, NMP.
we anticipated that they would be excellent substrates.
Indeed, wherl was treated with allyl ethyl carbonate in the
presence of a catalytic amount of palladium tetrakistriph- than alkylsulfonamides, but their use is limited by difficulties
enylphosphine (Pd(PR)), it underwent allylation in high  in alkylating the acylsulfonamide produéts.Thus, we
yield (95%, Figure 1). reasoned that derivatives 8fwould serve as challenging
substrates for activation via allylation.

_ Fragments of the peptide antibiotic Magainin (compounds

4 and5, Table 1) were synthesized to address the utility of

N L ocos N the activation strategy. Prior to peptide synthesis, we
/O/ N e N NHBoc optimized the loading conditions for the arylsulfonamide
1 THF 2 N7 % resin3. Specifically, we employe®-(7-azabenzotriazol-1-

Figure 1. Pd-catalyzed allylation of tosylsulfonamidevith allyl yI)-N,N,N,N'-tetremethyluronium _ he?(afluorophos'phate
ethyl carbonate. (HATU)® to obtain excellent loading yields. Immobilized

peptidest and5 were then assembled by automated peptide
o _ synthesis using Fmoc-protected amino acids.
The.eﬁ|C|ency of the Pq-catallyzed_allyle_non of toeyleul- We tested whether the compoundsand 5 could be
fonamidel prompted us to investigate its utility for activating  gctivated for cleavage using a Pd-catalyzed allylation reac-
— tion. We employed an alternative to the air-sensitive Pd-
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s pionate to effect the release of peptides anchored through

Table 2. Synthesis of Peptide Thioestessand 7 from methylateq or allylated linkers (Table 2). Wg _obtained
Activated N-Acylsulfonamide Linkergta and4b (Table 1} peptl_de th|oeSter§.9r 7 from 4aor 5a, and no addlthe__WaS
required. The addition of the nonnucleophilic base diisopro-
4 . 0 lethylamine further improved the reaction efficiency; the

N NHBoc  HSCH,CH,CO,Et pyletny p Y,

& T — \LSNHQ highest thioester yields and purities were obtained when one

2. 85% TFA

oo e o
W 1. 50 equiv FI0,C.

4252 Fi=-CHHeCH, 8 pepie = ASHLIIS equivalent_ of this volatile amine was added. In contrast_, none
4c, 5¢ R=—-CH,CN of the desired product was obtained from methylated linkers
4b and5b under these conditions. These data suggest that

da(ally)  b5a(allyD  4b(~CHs) the allylated linker is more reactive than its methylated

6: %yield 7. %yield 6: % yield

counterparf® These advantageous reactivity differences
peptide/additive (% purity) (% purity) (% purity) P g y

facilitate thioester synthesis.

none 21(57) 12 (nd)® <1 In conclusion, new conditions foN-acylsulfonamide
0.5 equivof DIPEA 44 (54) 38 (56) <1 safety-catch linker activation have been developed that rely
1.0 equiv of DIPEA 52 (76) 41 (67) <1

on Pd-catalyzed allylation. Our findings should expedite the
“2Methylated sulfonamidéb did not produce any detectable level of  synthesis of thioester building blocks for protein assembly.
thioester7 (<1%)." Not determined. Moreover, these mild and neutral activation conditions
provide an alternative to methylation; our data suggest that
the resulting allylated linker is more reactive. Thus, our
results should broaden the substrate compatibility of the
versatile N-acylsulfonamide linker in solid-phase organic
synthesis. We anticipate that our findings may provide new
avenues for the synthesis and release of libraries of small,
nonpeptidic molecules in solid-phase organic synthesis.

and triphenylphosphine would be more useful in solid-phase
synthesis. The utility of the activation conditions was
evaluated by treatment with excesgpropylamine; amines
will cleave only theN-alkyl acylsulfonamide linker. For
evaluation of the activation efficiency, we removed the
peptide protecting groups and analyzed the products using
liquid chromatography—mass spectrometry (LCMS) (Table Acknowledgment. This research was supported by the
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These results indicate that the Pd-catalyzed allylation is
efficient. From a comparison of the results obtained using to
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subsequent allylation experiments using 10% Pd(QAc)
because these conditions afforded the products in good yield
and with high purities. A comparison of our optimized ©OL0604280
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. . . Fmoc-Ser(tBu)-OH.
be used in thioester synthesis in the absence of any (20)The reactivity difference may result from differences in electrone-

thiophenol additive. gativity of the allyl and methyl groups. pkKalues of allylammonium and

. P P . methylammonium are 9.47 and 10.67, respectively, from: Hall, HJ.K.
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synthesis, we compared the ability of ethyl 3-mercaptopro- may also contribute to the observed reactivity differences.
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