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ABSTRACT

Ring-closing alkyne metathesis toward the synthesis of the alkyne-brigded A-, B-, C-, and (D)E-ring mimics of the peptide antibiotic nisin Z
is described. We have successfully synthesized alkyne-bridged cyclic peptides containing 4 —7 amino acid residues in yields ranging from 18
to 82%.

Replacement of natural conformational constraints such asjijj N

thioether (sulfide) or disulfide bridges by unnatural con-
straints is an attractive approach to obtain mimics with
increased metabolic stabilityMoreover, these constraints
might also lead to a better control of the three-dimensional
shape that is essential for biological activity. The antimi-
crobial peptide nisin Z poses a particular challenge as a target
for this aim since it contains five consecutive thioether
bridges (Figure 1) that play an important role in the dual
mode of action of nisin as a bactericitidlisin binds via its

Figure 1. Structure of the lantibiotic nisin Z.
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As aresult, the C-terminus, comprising the knotted DE-ring,
can form pores in the phospholipid membrane. This ulti- - scheme 1. Derivatization of (S)-2-Amino-4-hexynoic Acitl
mately leads to cell leakage and causes a collapse of the

vital ion gradients across the membraie.

Recently, we communicated the preorganization-induced ket i OMe
synthesis of a crossed alkene-bridged mimic of the knotted GERE T HELRENT T
DE-ring system by ring-closing metathesis (RCM)/e now 1 Fmoc-ONSu, 2 (quant)
wish to report our results on obtaining the even more rigid Boc,0. PatN, fe0: 1B
triple bond, containing alkyne mimics of the A-, B-, C-, and dioxane H0,

. . . . . NaOH
(D)E-thioether rings of nisin Z, by ring-closing alkyne OH
metathesis (RCAMS. Fmoc-NH

In the macrocyclic series, ring-closing metathesis (RCM) 4(;33%}
leads in most cases to a mixture of cis and trans double- Boc-NH i

o}

bond-containing alkene derivatives. However, after applica-
tion of ring-closing alkyne metathesis (RCANMJhe triple
bond can be selectively reduced to either the cis isomer via
Lindlar's catalyst or to the trans isomer by trans-selective
hydrosilylation followed by protodesilylatioh.

The synthesis of the require8){2-amino-4-hexynoic acid
(2-butyne-glycine: “Bug”, 1)X° for incorporation in the

DCB,
3 (95%) pyridine, DMF

Fmoc-NH O_O

5 (80%)

RCAM precursors was carried out according to the method

of Belokon;**2subjecting the Ni(ll) complex of the Schiff Linear RCAM-precursor peptid®, corresponding to the
base derived from glycine an&)-2-(N'-(N-benzylprolyl)-  sequence of the A-ring in nisin, was synthesized in solution
amino)benzophenone to alkylation with 1-bromo-2-butyne starting from este in seven steps with an overall yield of
in the presence of base. After column chromatography 73%. RCAM of6 (0.04 mM) was performed in the presence
separation of the addition products (95% yield, diastereo- of the tungsten—alkylidyne comples8O)W=C'Bu as a
metric ratio 96:4) and treatment with acid, (S)-2-amino-4- catalyst* in toluene at 80°C to give alkyne bridged cyclic

hexynoic acidl was obtained as its hydrochloride salt in peptide7 in a yield of 42% (Scheme 25.

80% yield with an enantiomeric excess »B8%. (deter-
mined by Chiral HPLC of}). Acid 1 was converted to the
required derivatives for solution- and solid-phase peptide
synthesis (Scheme 1). Thus, methyl e2gquantitative),
the N-o-Boc derivative3 (95%), and theN-o-Fmoc deriva-
tive 4 (88%) were prepared. The latter compound was
coupled to plain ArgoGel resin using Sieber conditiérie
give 5 (Scheme 1).
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of RCAM of a peptide without any preorganization of the
backbone, as was the case for proline fsturn motif- Scheme 4. Synthesis of Alkyne Mimic C13)
containing sequencé’¢

RCAM precursor 9) of the alkyne mimic of ring B was

x
. ) d . i Py q O nBu q (0]
synthesized in solution starting from Boc-protect&)-2 N /H(N\)J\ OMe
amino-4-hexynoic aci@ in an overall yield of 86% (Scheme Boc-NH N N
o} 0 o}
1

3). Treatment ofd with the tungstenalkylidyne catalyst

1.TFA, DCM
2. Boc-Bug-Gly-OH, EDCI, DIPEA HOBt, DCM

Scheme 3. Synthesis of Alkyne Mimic B 10)
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9 (86%) O/ o:g NH
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8 mol-% (‘BuQ);W=C'Bu O HN OMe
o Boc-NH—, A
oA+ —
N 13 (18%)
N =0
fo HN  OMe
Boc-NH—, =
— © the presence of second-generation Grubbs Ru cafdlyst.

10 (82%) Nevertheless, treatment &2 with the tungsterralkylidyne

catalyst resulted in cyclic heptapeptitigin only 18% yield.
The main product that was isolated consisted of insoluble
oligomers.

Our first approach to synthesize the crossed DE-ring
system (Scheme 5) was based on the preorganization-induced
_ . ) synthesis of both ring systems in a single RCM reaction step
alkyne nng-clos_ure leading t0 was also faster (45 min) o5 \yaq recently reported for the synthesis of bisalkene DE-
than that affording? (2 h). _ ring mimic 185 Therefore, the RCAM precursor with the

Starting from pentapeptide methylestdr we synthesized  amino acid sequence comprising the DE-ring with four
the RCAM-precursod 2 for the alkyne mimic of fragment  5jkyne moieties was synthesized on the solid-phase starting
C by fragment coupling of BoeBug—Gly—OH, in an  fom solid-phase resin derivativé and using 2-butyne
overall yield of 63% (Scheme 4). The isolated yield was gjycine derivatives3 and 4. After treatment with KCN in
somewhat lower than that 8fand6, mainly due to the low  \eoH, protected hexapeptide methyl estémas obtained.
solubility of 12:and its precursors. On the basis of previous ynfortunately, upon RCAM, no monocyclic intermediates
experience, we decided to replace the central leucine with agy picyclic 15 were formed. After 24 h, the formation of

p-leucine residue, to favor a turn-like conformation, since it olymeric material was observed; the conversion was still
was known that the sequence with athmino acid residues  jncomplete, and starting material was recovered.

did not cyclize under ring-closing metathesis conditions in

resulted in cyclic tetrapeptid&0 in a yield of 82%. This
increased yield, as compared to that7gfcan be explained
by a certain degree of preorganization induced by the proline
residue, in agreement with literature d&ta&Moreover, the

Therefore, we changed our strategy by synthesizing peptide

e | e : " - " 16 containing two allylglycine residues and two 2-butyne-
15)General Procedure for Ring-Closing Alkyne Metathesis.Al ; ; ; ; ;
RCAM reactions were carried out under Ar in flame-dried glassware using glycine residues. Since the ruthenium alkene metathesis

Schlenk techniques. Precursor pept&igt6 mg, 70umol) was dissolved catalyst and the tungsten alkyne metathesis catalyst can

in dry toluene (200 mL), and the tungstealkylidyne catalyst'BuOxW= operate orthogonally to each other, it was envisioned to first
C'Bu (4 mg, 9umol) was added. The obtained reaction mixture was heated

to 80°C and stirred for 2 h. The reaction was monitored by TLC until no  tréat 16 with the tungsterralkylidyne catalyst in order to
changes in product distribution could be observed. The® @ mL) was synthesize the monocyclic alkyne-bridged peptlde This

added to quench the catalyst, and the solvent was removed by evaporation, .. : : : :
The residue was purified by column chromatography with DCM/MeOH mlght be 'mmedlately followed by a RCM reaction in the

97.5:2.5 viv as the eluent. Cyclic pentapeptitliwas obtained as an of--  presence of second-generation Grubbs cafdlgsta RCM
white powder in 42% yield (18 mgR = 0.56 (DCM/MeOH 9:1 v/v). i ; i i -
ESMS calcd for GoNeOs 594.4. found 504.7 [Mr H]-. 538.6 [(M reaction after first reducing the triple bond to the corre
C4Hs) + H]+, 4945 [(M— C2H502) + H]Jr HRMS calcd for QgH47N508-
Na 616.33218, found 616.33223. NMR assignments: see Supporting (16) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Brg. Lett.1999,1,
Information. 953.
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Scheme 5. Approach to the Synthesis of the Crossed Alkyne DE-Mimic

1. SPPS (& cycles)
2. KCN, MeOH

& Z
H Q H Q
s Boc-NH N\;)kN 3 N\:)kN
o6 ¢ H & : H

CONH-Trt

H o}

N_8
%OMe
O z
/

14 (93%)

0.4 mM in toluene

27mor% (BuQ);W=C'Bu

= o]
N
HN O HN OMe
fo HN ):o
Boc-NH—/ ) H_/
oc PEE N "fl
_ o
15 CONH-Trt
1. 8PPS (5 cycles)
2. KCN, MeOH
5 Boc-NH

0 _ o
e
HN OMe

N
o}

>
Ho© o9 Ho @
JH N\;)J\N NEQJ\OMe

H

o - o]
16 (33%) | /

CONH-Trt

0.4 mM in toluene

27mok% ('BuO);W=C'Bu

HN 0
fo HN ):o
Boc-NH—/ H/‘\H

~ N d /l
K ) . CONH-Trt

2
+ 1. semi reduction

17 (18%) !
i 2. Ru(ll), DCM

HN
; J:o HN
R - Boc-NH— R

Q — 0
N
O HN OMe
e
H_/
S N
ne—— 5 |
CONH-Trt

18 {reference 5)

sponding double bond. These procedures would then leadfrom 18 to 82%. These cyclic peptides are rigid mimics of

to a DE mimic with the double bond originating from the
triple bond with a defined (cis or trans) geometry.

After RCAM of precursor peptidé6 under high dilution
(250 uM) conditions for 90 min, the reaction mixture was
quenched by the addition of ,B. HPLC analysis showed
that two products were formed in a ratio of 3:2, which could

the thioether rings of nisin. The resulting mimics will be

used to assemble AB- and ABC-alkyne mimics of nisin Z.
These fragments will be tested for their potency to bind to
lipid Il as possible antibiotics. Furthermore, stereoselective
reduction of the triple bonds may lead to derivatives of which
the influence of the geometry of the resulting double bonds

be separated by preparative HPLC. According to NMR and on the affinity toward lipid Il can be evaluated.

LC-MS/MS, 17 was the major product and was obtained in

18% isolated yield (5 mg). As a side product, a dimer
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(connected through Bug3 and Bugb6 residues) was identified o | c_.ms/Ms spectra.

by LC-MS/MS. Unfortunately, due to the extremely low
solubility of 17, the reduction of the triple bond and the

Supporting Information Available: Experimental pro-

3lrjllgzig;l§2ftu|alkene fing-closing metathesis reaction Werecedures,lHll?’C NMR data, mass analyses, and HPLC data
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In conclusion, we have successfully applied ring-closing iiable f fch 2 the Int t at htto://oub
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