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Methoxypyrrole amino acids (MOPAS) have been prepared and were introduced into small peptides with hairpin structures. The intra- and
intermolecular binding properties of this heterocyclic amino acid mimicking a dipeptido #-strand was investigated by NMR titration and X-ray
crystal structure analysis. The data reveal a hydrogen bonding pattern that is complementary to a peptide #-sheet.
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Scheme 1. Synthesis of MOPAS and Its Active Ester.

Scheme 2. Synthesig3-Turn StructurelO.

DMF HvalOMe
NaOH,, Me  POCI EDC
, Me so, { CHCl, CI HOA
! \ RACSCE 9y DIEA 9y
N Te0% N = { B* NvlLOH _chdh [ 3* v[k
9
1 Boc O 81% Boc O
HCO,H 8 o
BocNH, 1. CH,Cl, / 30% TFA oY
TolSO,Na OEt NaBH, okt 2. BocMOPAS-OBt (7), Ny
THFIHO Boc™ _THF Boc” DIEA, CH,Cl, OMe
2% QUant 2% 7NN O:SH,,.<
3. CH,Cl, / 30% TFA ~\_o H-N
4.Ac,0, DIEA, CH,Cl, ~ MeO o 0
70% N
OMe  DCC MN
NaOH,, y HOBt Hoh
MeOH ‘Boc” / \_oH _DMF__ Boc
T . N 10
54% H o T7en

6

the synthesis. Gellmangturn fragmenb-Pro-Gly @)° was

carboxylic acid as a constrained surrogate of Gjta.” We  extended by Val and coupled with Boc-MOPAS-GBising
have now further elaborated the pyrrole amino acid building Standard peptide coupling conditions. Boc deprotection and
block and report the synthesis of methoxypyrrole amino acids acylation gavei0.
(MOPAS), their facile introduction into peptide structures, ~ The X-ray structure analysis (Figure 1) of the compound
and their intra- and intermolecular peptide binding properties hicely reveals the formation of the expected intramolecular
as determined by NMR and X-ray crystallography.

Oligoamides of pyrrole amino acids must adopt a linear || NGNS
conformation to be complementary to peptiflesheets in
their hydrogen bonding pattern. A methoxy substituent was “ y v
therefore introduced in the 3-position to allow the formation
of an intramolecular hydrogen bond. This should keep the
pyrrole rings of MOPAS oligoamides in one plane. This
strategy has been used previously by Nowick et al. in
oligomers of methoxy-substituted hydrazino benzoic acids.

Ethyl 3-hydroxy-4-methyl-pyrrole-2-carboxylatel)( as
starting material for the synthesis of MOPAS was prepared
according to a literature procedurdfter methylation of the i -] ﬁ
hydroxyl group, Vilsmeier Haack formylation gave pyrrole Q
aldehyde3. For compoundd—3, X-ray crystal structure \0 Q = @ v @
analyses have been performed (see Supporting Information). U
The reaction oB with t-butylcarbamate, sodiuip-toluene-
sulfinate, and formic acid gave sulforein good yield.
Quantitative reduction and ester hydrolysis completes the
synthesis of Boc-protected MOPAG The X-ray crystal
structure analysis of5 confirms the connectivity (see hydrogen bonds of the MOPAS structure to Val. NMR ROE
Supporting Information). The bond length and angles are contacts (CDG) suggest a similar structure in solution (see
typical. The OBt active estef of MOPAS 6 was prepared  Supporting Information for data).
using standard conditions. Compound fine white powder, A more extended peptide structut® was prepared to
which decomposes at temperatures exceeding *I58is show the complementary structure and binding ability of
stable at ambient temperature and can be stored for longemMOPAS oligomers to peptidg-sheet structures. The frag-
periods of time. ment HN-Phe-Ala-Val-Leu-OMe was coupled with Bae-

A shortS-turn fragment was prepared to show the ability Pro-Gly-OH to give hexapetid®4. The coupling of MOPAS
of MOPAS to be incorporated into peptide structures and

form intramolecular hydrogen bonds. Scheme 2 summarizes (9) Syud, F. A.; Stanger, H. E.; Gellman, S. HAm. Chem. So@001,
123, 8667-8677. Huck, B. R.; Fisk, J. D.; Gellman, SOMg. Lett.2000,

2, 2607—-2610. Fisk, J. D.; Powell D. R Gellman, S.HAm. Chem.
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Figure 1. Structure of10 in the crystal.

(7) Chakraborty, T. K.; Mohan, B. K.; Kumar, K. S.; Kunwar, A. C.
Tetrahedron Lett2003,44, 471—473. Chakraborty, T. K.; Mohan, B. K.;

Kumar, S. K.; Kunwar, A. CTetrahedron Lett2002,43, 2589—2592.
(8) Chong, R.; Clezy, P. SAust. J. Chem1967,20, 935—950.
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to the N-terminal Pro residue proceeded in good yield using

the active ester. A second MOPAS unit was introduced to
give compoundl6. The structure ofl6 in solution was

Scheme 3. Synthesis3-Turn 16
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investigated by NMR. Analysis of the observed intramo-
lecular ROE contacts in deuterated chloroform clearly
support ap-turn structure as depicted in Figure 2 (see
Supporting Information for NMR data). The ROE contacts
between the N-terminal MOPAS unit and the C-terminal

Figure 2. ROE analysis of compounti6.

of all components was measured in dilution experiments and
considered in the applied binding model. Chemical-induced
shifts (CIS) of several protons of both binding partners were
used for determination of the binding constants. CIS of the
pyrrole N—Hs are shown as examples in Figure 3. The
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Figure 3. NMR titration of tetrapeptide.3 with compound18.

binding of 5 to Ac-Val-Val-OMe (17) is, with aKy; = 21
L/mol, significant, but weak. The self-associationsdias a
Ks= 2 L/mol. Binding constants and self-association increase
with extension of the binding motif. The binding constant
of 18to 13 was determined al€;; = 100 L/mol, with self-
association constants &f = 135 L/mol for18 andKs = 6
L/mol for 13. Although the binding affinities are still rather

amino acids show that the interaction of heterocycles and weak and restricted to nonpolar organic solvents, the results

peptide chain propagates from the turn.

To explore intermolecular MOPASpeptide-sheet in-
teractions, NMR titrations were performed in CR@inding
constants of MOPAS5 to Ac-Val-Val-OMe (17) and
MOPAS dimerl8to peptidel3 were determined. Compound
18 was prepared from compounfisand?7. Self-association

Org. Lett., Vol. 6, No. 9, 2004

show similar properties for MOPAS and peptides with a
tendency to fornp-sheet aggregates. The MOPAS hetero-
cycles resemble the geometry and the binding properties of
a dipetideS-sheet unit. In summary, we have reported the
synthesis of MOPAS6, a heterocycle that structurally
resembles a dipeptide jfrstrand conformation. The stable
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complementary to peptigesheet structures. NMR titrations

Scheme 4. Synthesis of MOPAS Dimets8. reveal intermolecular binding properties. Availability, facile
OMe 1. CH,CL, / 30% TFA modification, and direct application in standard peptide coup-
Nl om 2. Boc-MOPAS-OB (7), ling procedures, including automated solid-phase protocols,
Boc N DIEA. CH,Cl, make MOPAS heterocycles useful molecules for studies of

H O 89 % peptidomimetics and peptide recognition.
° OMe OMe
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Supporting Information Available: Synthesis proce-
dures and characterization for all compounds, NMR data for
g Structure determination, and details of NMR titrations. This
material is available free of charge via the Internet at
http://pubs.acs.org.

Boc-protected active estérallows the facile introduction

of the compound into peptide structures using standar
peptide coupling conditions. X-ray structure and NMR
analyses of MOPAS-containing hairpin peptides show the
ability of the heterocycle to form hydrogen bonds that are OL049855X
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