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A highly efficient coupling of protected

R3

P-substituted aminoethane sulfonyl azides with thio acids is reported. In the case of peptide thio
acids, this method encompasses a new chemoselective ligation method. Furthermore, the resulting

a-amino acyl sulfonamides can be alkylated

with suitable electrophiles to obtain densely functionalized sulfonamide scaffolds.

Today, there is tremendous interest in the development of The reaction of an azide with a thio acid has been
new chemoselective (bio)conjugation or ligation reactions described in the literatufeRecently, the reaction between
for coupling of large and complex molecufedmong these  a thio acid and a sulfonyl azide has been reinvestigated by
are the reaction of an aldehyde/ketone with a hydrazide to Williams et al? It was found that thio acids react chemo-
yield a hydrazoné,an aldehyde/ketone with an amino-oxy selectively with azides to.-amino acyl sulfonamides via a

moiety to yield an oximé,a (peptide) thio ester with a
cysteine to yield a native amide bofd,triphenylphosphine
(thio) ester with an azide to yield an amide bdnahd the

reaction between an acetylene with organic azides to yield

concerted [2+ 3] cycloaddition and formation of a thia-
triazoline intermediate.
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reaction is also known from click chemistry, as was recently

independently developed by Meléand Sharpless.
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The application of peptide-based thio acids and amino ||| NN

acid-derived sulfonyl azides in this chemoselective coupling 1 pje 1. Synthesis of N-B-Protected Acyl Sulfonamides
reaction would provide an entry toward large peptide mimic
systems with a high degree of chemical diversity because
of the presence #-substituted aminoethane sulfonamide Ermoc

entry Prot R! R? sulfonamide®® solvent

: ) : _ _ H Me 1(90%)  CHCl,
residue in the ligated product (Figure 1). We have previously
2 Fmoc H Ph 2 (quant) CHCly
L [ e H e -
4 Cbz H Ph 4 (quant.) CHCI;
Figure 1. General structure of the-amino acyl/peptidyl sulfon- 5 Fmoc T Me 5(91%)  DMF
amides. @\
6 Fmoc ™ Ph 6(87%) DMF
reported the synthesis of N-protecjgé@minoethane sulfonyl @\
chloridest® Recently, we also found that the conversion of N
the chlorides into the corresponding azides proceeded with 7 Chz " Me 7(95%) DMF
good to excellent yields.
F|r§t, the coupling of glther sz— or Fmoc—prqtected 8 Cbz ~“ pp 8(96%) DMF
f-aminoethane sulfonyl azides was investigated, which were
derived from the amino acids glycine (entries4);phenyl- c \mfN/ y (5%  DME
alanine (entries 5—8), valine (entries 9 and 10), and moee ' © (95%)
(protected) serine (entries 11 and 12) (Scheme 1, Talfe 1). ~7
10 Frmoc N Ph 10 (96%) DMF
— @ O] 1 F tBUODW M 11(93%) DMF
Scheme 1. Synthesis of N-S-Protected Acyl Sulfonamides mee ‘BUO ' © (83%)
ol N
1 1 12 Fmoc ™~ Ph 12 (94%) DMF
Rog, wow X4
Prot-NH “N3  2.6-lutidine  Prot-NH N7 TR? a L . . . .
Solvent H Reagents and conditions: 1 equiv of sulfonyl azide, 1.3 equiv of thio

acid, 1.3 equiv of 2,6-lutidine, solvent, rt, 15 mhYield of isolated product.

These sulfonyl azides reacted smoothly with thioacetic acid |, .4 ;sed (Scheme 2). Boc-Leu-SEB[ was synthesized

or thiobenzoic acid at room temperature: the reaction was ¢ poc-protected leucine hydroxysuccinimide ester (Boc-
complete in 15 min, and the resulting acyl sulfonamides (| o, oNSU) by treatment with sodium hydrogensulfide
12) could be isolated in good to excellent yields (Table 1). (\aHs) as was essentially described by Goldstein and Gelb.

As a solvent, CHGlwas used in entries-4, but because |, o hands, the reaction workup and purificatiorL8fwas
of the low solubility of the other sulfonyl azides, DMF was

a gOOd alternative for reactions in entries 5—12. _
Then, as a first step toward chemical ligation of amino

acids and peptides, the thio acid derived from Boc-leucine Scheme 2. Synthesis of ¢-Amino) Acyl Sulfonamidel4*

N

(10) Brouwer, A. J.; Monnee, M. C. F.; Liskamp, R. M. Synthesis Fmoc-NH/\/S\Ng
2000, 1579.

(11) General Procedure for the Synthesis of N3-Protected Acyl o
Sulfonamides.To a mixture of Fmoc-Ph&8[CH,S0;]-N3 (248 mg, 0.54
mmol) and 2,6-lutidine (8L, 0.70 mmol, 1.3 equiv) in DMF (2.5 mL) 2.6-lutidine BOC'HN\.)J\SH
was added dropwise thiobenzoic acid (82 0.70 mmol, 1.3 equiv). After DMF :z
the addition of each drop, the evolution of Bould be observed and the
color of the reaction mixture turned to pale yellow. After completion of 13
the addition, the reaction mixture was allowed to react for 15 min at room
temperature. Then, the reaction mixture was evaporated to dryness, and Q\ ,,O %
the residue was crystallized from EtOAc/hexane. Compd@unes obtained F NH/\/S\NJ\/NH-BOC
as a white solid in 87% yieldR = 0.61 (EtOAc/hexane, 4:1 V/v). Mp: moc- N
234°C (dec). )23 —21.8 (c0.1 DMF).H NMR (300 MHz, DMSO#): 14 (81%)
0 12.18 (1H, broad s), 7.91 (4H, m), 7:58.19 (15H, broad m), 4.19— \(
4.03 (4H, m), 3.82 (1H, m), 3.63 (1H, m), 2.85 (2H, MIC NMR (75
'1/'2'3%6"32"2%(_37{"6%'23_5?287"?51'26_1;4%’;31}'23_35'16'51_:73‘3?6_123’24%3";’22'77‘ o *Reagents and conditions: 1 equiv of sulfonyl azide, 1.3 equiv
ESMS: calcd for GiH2sN,OsS 540.17, found 541.55 [M- H]*, 563.30 of_ dlpc_aptlde thio a(_:ld, 1.3 equiv of 2,6-lutidine, DMF, rt, 15 min.
[M + NaJ*, 539.45 [M— H]~. Anal. Calcd for GiH2gN20sS: C, 68.87; Yield is based on isolated product.
H, 5.22; N, 5.18. Found: C, 68.97; H, 5.16; N, 5.06.
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very troublesome, and it was decided to use the crude Boc-jj

Leu-SH. Nevertheless, its coupling to sulfonyl azide Fmoc-
Gly-W[CH,SO;]-N3 proceeded very well, ang-(amino) acyl
sulfonamidel4 was obtained in 81% yield.

Next, we attempted the reaction of a dipeptide thio acid
152 with Chz-Phe®[CH,S(O,]-N3 to obtain tripeptide mimic

16 (Scheme 3). Under identical conditions, the azide reacted

Scheme 3. Synthesis of Peptidyl Sulfonamides?
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Cbz-NH N \[ﬁNH-Boc

16 (99%) H o

aReagents and conditions: 1 equiv of sulfonyl azide, 1.3 equiv
of dipeptide thio acid, 1.3 equiv of 2,6-lutidine, DMF, rt, 15 min.
Yield is based on isolated product.

smoothly with the dipeptide thio acid to give the orthogonally
protected tripeptide mimid6 containing a sulfonamide in

99% yield. Both amino groups can be selectively deprotected,

thereby allowing also a selective elongation of the peptide
chain in either direction.

Furthermore, to investigate the potential of this reaction
as a novel chemoselective (bio)conjugation or chemical
ligation reaction, the reaction of entry 2 (Table 1) was also
carried out in a more aqueous system, that is, THB/R:1
v/v. Successfully, acyl sulfonamid2 was obtained in a
guantitative yield. Moreover, neither Cbhz-GlyW[G$D,)-
NH; nor Cbz-GIW[CH,S(;)-N3 reacted (after 3 days of
stirring) with thioacetic acid and acetic acid, respectively,
to give acyl sulfonamid8. These experiments underline the
chemoselective character of the sulfonyl azide/thio acid
reaction pair.

We took advantage of the increased acidity of the
sulfonamide NHEin a chemoselective N-alkylation reaction
(Scheme 43* First, alkylation of 3 was attempted with
allyloromide in the presence of 1 equiv 06®0; in DMF.

(12) For the synthesis of peptide thio acids: (a) Goldstein, A. S.; Gelb,
M. S. Tetrahedron Lett2000,41, 2797. (b) Yamashiro, D.; Li, C.-Hnt.

J. Pept. Protein Resl988,31, 322.

(13) Increased acidity of the acyl sulfon amide functionality make it
useful as a carboxylic acid bioisostere: (a) Patani, G. A.; LaVoie, E. J.
Chem. Rev1996,96, 3147. (b) Johansson, A.; Poliakov, A.; Akerblom,
E.; Wiklund, K.; Lindeberg, G.; Winiwarter, S.; Danielson, U. H.;
Samuelsson, B.; Hallberg, Bioorg. Med. Chem2003,11, 2551.

(14) Modification of the acylsulfon amide is based on Kenner's safety-
catch linker ((a) Kenner, G. W.; McDermott, J. R.; Sheppard, R..Chem.
Soc., Chem. Commut971, 636) as modified by: (b) Backes, B. J.; Virgilio,
A. A,; Ellman, J. A.J. Am. Chem. S0d.996,118, 3055. (c) Backes, B. J,;
Ellman, J. A.J. Org. Chem1999,64, 2322.
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Scheme 4. N-Alkylation of Acyl Sulfonamide3?
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RBr
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NS Q NS Q
Cbz-NH/\/S\NJ\ Cbz-NH/\/S\NJ\

o)

17 (75%) | 18 (94%)  ©

a Reagents and conditions: 1 equivfl1.05 equiv of bromide,
2 equiv of DIPEA, DMF, rt, 16 h. Yields are based on isolated
product.

However, the yield ofl7 was only 17%. Increasing the
amount of KCOs; to 3 equiv, in the presence of 2 equiv of
allyloromide, also resulted in alkylation of the urethane NH,
and the dialkylated product was isolated in 15% yield. These
conditions clearly eradicated any chemoselectivity. Fortu-
nately, when DIPEA (2 equiv) was used, the chemoselective
alkylation productl7 was obtained in 75% yield. Employing
this chemoselective alkylation protocol, we employed-
butyl bromoacetate as an electrophile, and alkylation product
18 was obtained in 94% yield (Scheme 4).

Finally, when we tried to alkylate tripeptide minii6 with
allyl chloroacetate, thus introducing a third orthogonality in
a protecting group strategy (Scheme 5), alkylation product

Scheme 5. N-Alkylation of Tripeptide Mimic16?

~"
Cbz-NH N \HANH-Boc
16 0
allyl chloroacetate/Kl
DIPEA
DMF

~.
OO
Cbz-NH N N[ NH-Boc
/\/o o
19 (35%)
aReagents and conditions: 1 equiv 6, 2 equiv of allyl

chloroacetate, 1 equiv of Kl, 4 equiv of DIPEA, DMF, 4Q, 16
h. Yield is based on isolated product.

19 could only be isolated in a very small amount. However,

the addition of Kl (1 equiv) and increasing the amount of

electrophile (2 equiv) and base (4 equiv) at a reaction
temperature of 40C allowed the alkylation product9

to be isolated in 35% yield. Mass spectrometric analysis
showed that only monoalkylated product was present, and

1127



NMR analysis (500 MHz,'*H, COSY, TOCSY, HSQC, The chemical ligation of larger peptide thio acids and
and HMBC) verified the correct position of thid-alkyl peptido-peptidosulfonamide azides is currently under inves-
group. tigation.

In conclusion, we have developed a high-yielding synthesis
of (a-amino) acyl sulfonamides and peptidyl sulfonamides ~ Acknowledgment. We thank Dr. Johan Kemmink for
featuring the use of N-protecteframinoethane sulfonyl ~ measuring the 500 MHz NMR spectra and Hans Jacobs for
azides and (amino) thio acids or peptide thio acids. The high assistance with the HPLC analyses.
yields, also in aqueous solvents, points to the possibility of
using this reaction in bioconjugation and chemical ligation
protocols. Furthermore, the efficient chemoselective N-
alkylation procedure may provide an entry into attachment
of an additional peptide chain and thereby knotted peptide
systems. 0OL0501119
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