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ABSTRACT
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Chlorophenylalanines n8-complexed to ruthenium undergo SyAr reactions with a variety of nucleophiles to form substituted phenylalanines
exemplified by 4b. Extension of these reactions to intramolecular ruthenium-activated SyAr cyclizations led to three novel cyclic tripeptide
systems (exemplified by 17 and 20).

Several peptide-derived natural products contain biaryl ethertions and additional simple nucleophiles in intermolecular
linkagest a functionality that may be important for restricting reactions.
conformational freedoriWhile many methods are available

to form biaryl ethers, the ruthenium-activated®® reaction OH
offers access to peptide-derived systems under mild condi- o] Qe
tions34 Previously, we showed that cyclic biaryl ether- ©
containing tripeptides K-131) and OF-4949-111 2) can be H o
synthesized using a ruthenium-activated intramolecular S achH~r N S O H o
Ar reaction for the macrocyclization stégdere we report 0 = 0o NH, '\':)((N OoH
the expansion of this methodology to nucleophiles in amino o ° co'rleg °
acids histidine, cysteine, and lysine in intramolecular reac- 1 2
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fluorophosphate was used as the model system. Displacemer | N NG

of chlorine by a variety of nucleophiles, followed by
photolytic removal of the ruthenium complex (Scheme 1),

Scheme 2
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piperidine on12 gave equal amounts of the 3- and 4-sub-
stituted aniline derivatives1@a + 13b). However, only
monosubstitution was observed, even with an excess of
piperidine.

led to the substituted phenylalanines shown in Table 1. In Displacement of both chlorines from2 could be ac-
this reaction the sodium anions of phenol, benzenethiol, .,y yjished with sodium benzenethiolate. Additionally, the
dimethyl malonate, methanol, and excess neutral p'pe”d'”ecyclopentadienyl ruthenium complexes of monochlt&a
readily displaced chloride in typical fashion. Additionally, 514 13p react with sodium benzenethiolate to give the
the sodium thiolate of Boc-Cys-OMe and weakly nucleo- higether and piperidine-substituted phenylalanine. Unfor-
philic sodium anions of succinimide and hydantoin displaced tunately, the present irradiation technique did not remove
chloride from3, although no attempts were made to optimize | thenium from the complex, a problem previously noted

(a) Nucleophile, NaH, THF (b) CH;CN, hv

these three reactions.

Table 1. Intermolecular §Ar Reactions
cmpd  nucleophile product % Xield %()geld
(A) )
4 Piperidine® ZO\ O 88 7
5 Methanol® ZO\OCH 97 70
3
6 Dimethyl o Q 88 55
malonate CHa
OCH3
7 Phenol ZOE O 81 63
8 Benzenethiol ‘LO\S’@ 95 62
9 Succinimide® i‘O\N 2 29
| ) (2 steps)
10 Hydantoin® O\ B'Y 16
% N7 NH 2 steps
O! / (2 steps)
45 33

11 Boc-Cys-OMe zO\S/,:rcoQMe

Bac-H

aFive equivalents, no NaH for step iComplete transesterification
observed® DMF as solvent for step 1.

Dichloroaromatic rings are known to undergo stepwise
displacement of halogeénHowever, displacement was not
regioselective with ruthenium complex 3,4-dichlorophenyl-
alaninel2 (Scheme 2). For example, nucleophilic attack by

1820

with highly heteroatom-substituted aromatic rirtgEurther
work on decomplexation is therefore required. The ease of
displacement of chlorine in both mono- and dichlorinated
phenylalanines and the compatibility of the protected amino
acid complex with a variety of nucleophiles indicates that
libraries of substituted peptides could be prepared by use of
combinatorial chemistry.

Our results with model intermolecular ruthenium-activated
SVAr reactions led us to see if an intramolecular version
could be used to synthesize novel cyclic systems. Previously,
only phenold* have been used as nucleophiles in the
ruthenium-activated intramoleculag/&r reaction. The nu-
cleophilic heteroatoms sulfur and nitrogen in cysteine,
histidine, and lysine containing tripeptides were chosen to
explore this area of chemistry and provide entry to 14-, 15-,
and 17- member ring systems, respectively.

Formation of the histidine-containing cyclic tripeptide
began with complexation of ruthenium to Boc-(4Cl)Phe’OH
(14) followed by peptide coupling with Leu-His-OMe to give
the ruthenium-containing linear tripeptidé (Scheme 3).
Cyclization under high dilution conditionsc (= 5 mM)
followed by photolytic decomplexation of ruthenidifed to
the novel heteroaryl cyclized tripeptide .

The first attempts to synthesize the analogous cysteine and
lysine cyclic peptides were disappointing due to low yields
obtained in the cyclization step. Our first attempt, outlined
for cysteine (Scheme 4), began with peptide coupling=f
to the free amine derived from Fmoc-Leu-Cys(Mmt)-OMe
(18) to give ruthenium-containing linear tripeptid®. Highly
acid-labile protecting groups [4-methyoxytrityl (Mmt) for
cysteine and 4-methyltrityl (Mtt) for lysine] were chosen for
side-chain protection. The trityl group was selectively

(6) Pearson, A. J.; Park, J. G.; Zhu, P.JY Org. Chem1992,57, 3583.
(7) Pearson, A. J.; Park, J. G. Org. Chem1992,57, 1744.
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to the S-Teoc group iB2 by use of the hindered guanidinium
Scheme 3 base 1,3,4,6,7,8-hexahydro-1-methid-gyrimido[1,2-a]-py-
rimidine (MTBD) (Scheme 5). Selectivey® ruthenium
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(a) RuCp(CH;CN);PFg, DCE, A, 95% (b) Leu-His-OMe, EDCI, HOBt, DMF. 82% ¢
(¢) i. K O'Bu, -78°C, THF, DMF, 3 days. ii. CH3CN, hv. 24%. COMe 20

removed in the presence of the Boc group by use of 94/5/1 (a) MTBD, Teoc-p-nitrophenyl, 5/1 CHyCN/DMF, -20°C, 59%
CH,CI/TES/TFA at 0°C for 30 min8 After deprotection of (b RuCp(CHLCN),PFg, DCE. A, 95% T
the thiol group, intramolecular\@&r cyclization was ac- (¢) ) TBAF, THF, DM, -78°C, ii) CH:CN. hv, 52%
complished by use of 40% KF on &)s in the presence of
18-crown-6. Photolytic decomplexation afforded cyclized
tripeptide20. When the same strategy and conditions were complexation provided linear tripepti@3in excellent yield.
repeated with lysine, a very disappointing yield of 2% was The one-pot deprotection/cyclization was found to occur
obtained for the deprotection/cyclization/decomplexation using a variety of fluoride sources, with TBAF giving the
sequence. highest yields. Photolytic decomplexation provid2@ in
52% yield for the final deprotection/cyclization/decomplex-
ation sequence.
Scheme 4 The same protocol applied to the lysine analod4e
(Scheme 6) also afforded the cyclic peptide. Reaction of the

CpRu* a
PFy’ \\ S-Mimt
e L
FrnocHN a I
moc \)I\N coMe ——
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NH-Teoc
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(a) RuCp(CH;CN)3PF,, DCE, A, 99%,

. L . . (b} 1) TASF, THF, DMF, -78°C, ii) CH;CN, hv, 20%
(a) i) 50% piperidine/DMF, ii) EDCI, HOBt, DMF, 75%. (b) 94/5/1 CHyCL,/TES/TFA, 0°C. 56%

(¢)i) 40% KF on ALOj, 18-C-6, THF/DMF, ii) CH;CN, hv, 18%

aromatic peptid®4 with cyclopentadienyltris(acetonitrile)-
Greater success in the cyclization step for both cysteine rythenium(ll) hexafluorophosphate gave theruthenium
and lysine analogues was achieved by changing the sidecomplex cleanly. Subsequent deprotection and cyclization
chain protecting group from an acid-labile trityl group to wjth an alternate fluoride source, tris(dimethylamino)sulfur
the fluoride-labile 2-(trimethylsilyl)ethoxycarbonyl (Teoc) (trimethylsilyl) difluoride (TASF), followed by photolytic
group. The new protecting group strategy allowed two decomplexation gave the cyclic tripepti@é.
improvements: (i) selectivgs-complexation of ruthenium The overall conformation of compound§, 20, and25
to the linear tripeptide, and (ii) one-pot deprotection/ appears by molecular modeling to Bestrand in nature with
cyclization conditions. differing degrees of conformational flexibility depending on
Application of the new strategy began with a protecting ring size. The actual crystal structures for these molecules
group switch from S-fluorenylmethyl (Fm) in tripepticd have not yet been obtained. However, several cyclic biaryl
. — ether tripeptides previously synthesized have been shown by
(8) Barlos, K.; Gatos, D.; Chatzi, O.; Koutsogianni, S.; Schafer, W. In

. 110 i S
Peptides 1992, Proc. 22nd European Peptide SymposBahnneider, C. th!S Ia.b; almd_ by Still® to be f3-strand mlmetlcs.. These.
H., Eberle, A. N., Eds.; ESCOM: Leiden, 1993; p 283. mimetics inhibit metalloproteases and upon derivatization
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with a hydroxyethylamine isostere inhibit HIV-protedsthe a mild and general method for the formation of substituted
B-strand conformation is thought to play an important role peptide-derived phenylalanine derivatives containing a wide
in the activity of these compounds. The ability to alter the range of functionality and the conformationally restricted

conformational flexibility of the tripeptide and thus its tripeptide units may find use in biological studies.
f-strand conformation via side-chain constraint would be an

effective experiment in determining the extent to which the
overall shape influences binding.

The use of the ruthenium-activated//8 reaction has
provided ready access to several new substituted phenyl-
alanine derivatives and three novel cyclic tripeptide systems . . . .
under conditions that do not appear to affect amide bonds, SUPPOrting Information Available: Experimental pro-
esters, and epimerizahiecenters. These procedures provide ¢€dures and full characterization for compouBdéb, Sb,
6b, 7b, 8b, 17, 20, 23, and25. This material is available

(9) Janetka, J. W.; Raman, P.; Satyshur, K.; Rich, DJHAm. Chem. free of charge via the Internet at http://pubs.acs.org.
S0c.1997,119, 441.

(10) Hobbs, D. W.; Still, W. CTetrahedron Lett1989,30, 5405. OL991084N

Acknowledgment. This work was supported by a re-
search grant from the National Institutes of Health (GM
50113).

1822 Org. Lett., Vol. 1, No. 11, 1999



