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Abstract

Direct iodination of Tyr residues of peptides anchored on solid supports was accomplished, for the first time, by
aromatic electrophilic attack of iodonium ions provided by the IPy,BF, reagent. Compatibility studies of the
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iodination with routine solid-phase synthesis protocols are reported. © 1998 Published by Elsevier Science Lid. All rights
reserved.
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Solid phase organic synthesis (SPOS), driven by the interest and the requirements of
ew synthetic trends m medicinal chemxstry, such as the ones related to combinatorial
ghcmistrv echniques,” is a major focus of ongoing research efforts.®> However, an
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inherent problem with the use of polymers in synthesis is their questionable compatibility

to many reagents and reaction conditions; extending organic transformations to

solid-phase variants is not always a trivial pursuit. The best example of the vast effort
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required to substantiate an original idea by provmmg a reliable solid phase methodology
is the Merrifield’s concept of peptide synthesis.* Herein, we describe for the first time
successful examples of direct aromatic iodination on the solid phase (Scheme 1).°

The procedure makes use of the bis(pyridine) iodonium (I) tetrafluoroborate
(IPy,BF,)® reagent which has not been previously applied to SPOS. The reaction proceeds
instantaneously and quantitatively at room temperature in open atmosphere on tyrosine
derivatives, and peptides containing them, without affecting oxidation sensitive functional
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t in the same molecule. Therefore, this is also the first example of
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First. we tested a sin
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the iodination. Preliminary studies in solution showed t
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could be prepared quantitatively by using a 2.2:1 molar ratio of IPy,BF, to peptide,
therefore, we selected this stoichiometry to prepare first the diiodinated species. A Rink
amide resin was chosen because of the simplicity of anchoring amino-acids to the resin
through an amide linkage. Then, the coupling of commercially available Tyr derivatives
containing different amino-protecting groups, such as 9-fluorenylmethoxycarbonyl
(Fmoc), benzyloxycabonyl (Z), N-Acetyl Tyrosine and tert-butoxycarbonyl (Boc) 1a-d

were mqaved nqmg standard mhd-nhme protocols.
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Scheme 1

TIodination’ occurred almost instantly as checked by withdrawing a resin aliquot
which was subsequently analysed by HPLC and MALDI-TOF-MS (matrix-assisted laser
desorption/ionization).® A single peak corresponding to the diiodinated Tyr derivative
2a-d with no traces of starting material was always observed. The nature of the amino
protecting group on the dll(.,h()red amino- dud dnd not afl'ecl the iodination v1eld all being
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presence of a free amino-gr ) on the .
deprotection with piperidine of the Fmoc-Tyr-Rink resin followed by iodination gave a
positive Kaiser test on the peptidyl resin 2e which quantitatively affor i
Tyr amide after cleavage.

A second set of iodination experiments was performed with a dipeptide model to
check the influence of both chain elongation and the nature of the linker. In this case a
pre-derivatized Wang resin for the immobilization of carboxylic acids was selected.
Thus, by coupling to an Fmoc-Leu-Wang resin different Tyr derivatives such as Fmoc-
Tyr-OH, Z-Tyr-OH, and Ac-Tyr-OH, the resin bound dipeptides Fmoc-Tyr-Leu-OH, Z-

vr-Leu-OH and Ac-Tyr-Leu-OH, 3a-¢ were obtained. After an iodination step,
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derivatives. Diiodination was also quantitative with the Fmoc-Tyr-Leu-Wang resin after
removal of the Fmoc group furnishing compound 4e. No influence of the linker natur
could be observed. We tested the compatibility of this method with the presence of
oxidation sensitive side chains such as Met and two types of experiments were
performed. Different peptidyl resins were prepared by coupling the commercially
available Fmoc-Met-OH, Fmoc-Met(O)-OH and Fmoc-Met(0,)-OH to a Rink amide
resin. Fmoc-Tyr-OH was coupled to each of the three peptidyl resins §-7 and iodination

was performed after removal of the Fmoc group to yield three different resin-bound



peptides: H,N-Tyr(i,I)-Met-NH, 8, H,N-Tyr(I,)-Met(O)-NH, 9 and H,N-Tyr(LI)-
Met(O,)- NH2 10. On the H,N-Tyr(LI)-Met-NH, sample no traces of the other two
oxidised reference peptides could be detected by RP-HPLC. Moreover, the stability of
the Fmoc-Met-Wang resin towards the iodination conditions was confirmed by RP-HPLC
and 'H-NMR analyses of the reaction product, after reductive cleavage, taking as
reference commercial samples of FmocMetOH, sulfoxide (FmocMet(O)OH) and sulfone

(FmocMet(O,)OH) derivatives. Finally, to prove the versatility of the proposed method,

h e D 5
the solid- nhHQP Q\/nthPQN and 1odination of two pain-related pentapentides. enkenhalin
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residues such as Phe, and oxidation sensitive amino acids such as Met, has been
undertaken.” After preparing the tetrapeptides, two different Tyr derivatives having
Fmoc and Z protecting groups (compounds series a and b, respectively) were coupled.
The Fmoc peptidyl resins were treated with piperidine to afford the final free amino
terminal resins (series e). Iodination on the solid-phase was applied to the six peptidyl
resins following identical experimental conditions (Scheme 2). The same iodination
pattern as in the case of amino acids or dipeptides was observed.

R- Tyr-Gly-Gly-Phe-AA-Wang resin
(11, 12)-Wang resin

2.2 eq. IPy;BF,
CH)Cly, 1t, 10 min
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i (13, 14)-Wang resin
R: Fmoc AA: Met X8 di-I-Met-Enk,13a
R Z AA: Met X:S di-l-Met-Enk,13b
R H AA:Met XS di-l-Met-Enk,13¢e
R: Fmoc AA:Leu  X: (CH3)CH dii-Leu-Enk,14a
R: Z AA; Leu  X: (CH3)CH dil-Leu-Enk,14b
R:H AA; Leu X (CH3)CH  di-i-Leu-Enk,14e

Scheme 2
As further evidence for the identification of the diiodinated pentapeptides 13 and 14,
the preparation of these diiodinated enkephalins was also performed using a diiodinated
Tyr building block such as FmocTyr(3’,5°-di-I)OH (commercially available). Solid-phase
stepwise synthesis of the diiodinated enkephalins yielded products with identical
chromatographic and spectroscopic data. This alternative synthesis also shows that
following the global and convergent iodination strategy proposed here, the target
pcptideq could be readily obtained with no need of using costly intermediates.
In summary, IPy,BF, reagent has been successfully used for first time in SPOS. In
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partlcular, the global solid-phase iodination strategy proposed here allows quantitative
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preparation of diiodinated Tyr containing peptides.’ ** The iodination is selective for T yr
residues vs Phe and gives no oxidation by-products of the Met residue. The very mild
reaction conditions and the stability of the reagent make the IPy,BF, a good candidate as
a reagent for automated synthesis. To the best of our knowledge this is the first time that
iodination on solid support by an electrophilic aromatic substitution reaction has been
described. Work is in progress in our labs to apply this method to the solid phase
synthesis of iodinated intermediates''
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that may be of interest for combinatorial chemistry
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