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A mild and high-yielding procedure for the solid-phase synthesis of 2-oxazolines from amino acids is described. The two-step protocol is
based on the iodination of serine containing peptides, followed by in situ nucleophilic attack of the carbonyl oxygen from the next amino acid.
Phosphinylation of the terminal amino group cleanly furnishes a resin-bound phosphine —oxazoline ligand, which upon palladium complexation
was applied as catalyst in asymmetric allylic substitution.

The oxazoline ring is a biologically relevant heterocycle interest in the research for useful ligands in asymmetric
widely spread in natuteand found in a variety of metal  synthesis due to the availability and structural diversity of
chelators? cytotoxic peptided¢ or antimitotic and neuropro-  their building blocks. A variety of methods have been applied
tective agentd? Furthermore, oxazolines have found ap- to directly convert serine/threonine-containing peptides into
plications in organic chemistry as synthetic intermediates, 2-oxazolines, including Mitsunobu conditidnand other
protecting group8,and more recently as chiral auxiliaries phosphorus reagent8urgess reagedtDAST, and Deoxo-

for homogeneous asymmetric synthésis. —
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fluor.? But none of them seem to be applicable in a solid- basic conditions needed for cleavage of, e.g., the HMBA
phase combinatorial approach due to the concomitantlinker.
formation of byproducts (i.e., elimination product, aziridine),  After studying different reported iodination conditions, the
reactivity depending on particular substrate, moisture sen-best results were obtained using the reagent system tri-
sitivity, or inconvenient reaction temperatures. phenylphosphineiodine—imidazole reported by Garegg and
Although good 2-oxazoline-based ligands have been Samuelson for the iodination of carbohydrat€§he use of
reported for different transition metal catalyzed procedes, a 10-fold excess of reagents in dichloromethane turned out
these approaches suffer from the tedious solution-phaseto be necessary in order to achieve complete iodination, as
synthesis and characterization of individual putative ligands. can be seen from the HPLC traces of cleaved model substrate

To the best of our knowledge, a solid-phase strategy for the
preparation of such ligands, also suitable for combinatorial
synthesis of ligand libraries for latter high-throughput screen-
ing, has not yet been reportéd.

In this paper, a simple procedure for the solid-phase syn-
thesis of 2-oxazolines starting from the chiral pool of natural
amino acids is reported. Attachment of a phosphine moiety
in the last synthetic step furnishes a type of P—N ligéhd,

which has already been synthesized in solution and is known™—

to achieve remarkable enantioselectivity in different reac-
tions!3

The strategy is based on the introduction of a soft iodide
leaving group, to be displaced by a properly located carbonyl
group under mild conditions.

Although a variety of peptide-coupling reagents can be
used for incorporation gf-iodo alanine building blocké

synthesized in solution, this approach was abandoned due

to the low stability of the iodide moiety under conventional
Fmoc-deprotection conditiort8.For this reason, a high-

yielding procedure for on-bead iodination of serine-contain-
ing peptidesla—e has been developed (Scheme 1). The

Scheme 1. Solid-Phase Synthesis of Peptide-Derived
2-Oxazolines
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tripeptidesla—e were synthesized using standard solid-phase
peptide synthesis. The acid-labile Rifknker was used in

order to facilitate HPLC analysis of the iodinated peptides
2a—e, since iodinated adducts undergo elimination under the

(9) Phillips, A. J.; Uto, Y.; Wipf, P.; Reno, M. J.; Williams, D. Rirg.
Lett. 2000,2, 1165—1168.
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Figure 1. Analytical RP-HPLC of cleaved compounds: (A) serine-
containing tripeptidela, (B) iodinated intermediat2a, and (C)
peptido-oxazolinea.

respectively). This is probably due to the nature of the poly-
(ethylene glycol)-based support (PEGA resthpaving a
considerable moisture retention capability. Surprisingly, even
using these virtually neutral conditions and short reaction
times (less than 15 min), a significant amount of the oxa-
zoline 3awas formed (Figure 1B), preventing isolation and
characterization of the iodinated add@et Furthermore, after
washing out the excess reagents, treatment of the solid-sup-
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ported iodide2a with DMF overnight completed the cy- the adjacent amide proton, and by the downfield shifting of
clization to afford the corresponding 2-oxazolida in the sering3-protons upon oxazoline formation.
excellent yield and purity (Figure 1C).

On the other hand, using this procedure for solution-phase OYO O\/O Ve. o
synthesis of 8a analogue (see the Supporting Information) NN NN ’}‘/\g
resulted in a disappointingly low overall yield due to the  pn-™pn prPpn PP pn
tedious purification of its corresponding iodinated intermedi- 4a 4b 4c
ate, pointing to the suitability of the solid-phase approach

for the synthesis of such compounds. The solution-phase Gjlbertson and co-worke¥&thave carried out the solu-
assay also showed the pure iodinated adduct to be reIativertion_phase synthesis of a range of phosphine-oxazoline
stable in DMF solution and the need of at least 1 equiv of |igands, includingda—c, and achieved excellent selectivity
weak base to promote the intramolecular nucleophilic attack. jn palladium catalyzed asymmetric allylic substitution reac-
On PEGA resin the resin itself may buffer the hydroiodic tions. Enantiose|ectivity in the range of 494% ee was
acid generated upon cyclization, thus driving the reaction to pptained. However, the solution-phase synthesis of the
completion. ligands reported by Gilbertson and later in an almost similar
Submitting substrateda—e possessing different side manner by Blanc et df¢ is very laborious. Thus using
chains to these conditions furnished the desired productscompound3b as easily synthesized starting material, resin
3a—ein good yields after purification by preparative RP- bound ligandéb, similar in structure ta@la,b, was prepared
HPLC (Table 1). Only minor amounts of side products were for comparison (Scheme 2). This new methodology not only

Table 1. Solid-Phase Synthesis of Peptido-2-oxazolines Scheme 2. Synthesis of a Phosphine-2-oxazoline Ligand
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reduces the number of synthetic steps needed for the syn-

thesis of such ligands but also immobilizes the ligand and
the derived catalyst on solid support, thereby gaining the
possibility to generate ligand libraries using standard solid-

observed, and although not identified, they were probably Phase combinatorial techniqués. _

elimination adducts already detected in substantial amounts VVhereas the Rink linker was well suited for the cleavage
during solution-phase synthesis. It is noteworthy that the Of the iodinated intermediate#a—e, it was not compatible
addition of bases (i.e., NEM or DIPEA) @a—e, although with the synthesis and characterization of ligedig since
accelerating the reaction, also significantly increases thethe P—N bond is cleaved under acidic conditiéh3here-

formation of side products, probably due to less selective fore, the base-labile HMBA linker was selected for the
proton abstraction. synthesis of a batch of peptido-2-oxazoliBie.*°

Standard Fmoc-deprotection of HMBA-linke8b and
subsequent treatment of the terminal secondary amine with

aCleaved from the Rink linke? Overall yield calculated from the initial
resin loading after preparative RP-HPLC.

The isolated Fmoc-protected peptido-2-oxazolines cleaved
3a—e were characterized by NMR and HR-MS. THhd
NMR studies confirmed the Oxazome structure by the (19) Although more stable, the-fN bond of 7b is also cleaved under
absence of the resonances for the serine hydroxyl group andhe acidic conditions needed to cleave the Rink linker.
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diphenylphosphine chloride furnished the desired ligabd || A

(Scheme 2). However, ligangb could not be cleaved and Scheme 3. Palladium-Catalyzed Asymmetric Allylic
characterized without concomitant oxidation of the phosphine Substitution
moiety. Thus a sample o8b was treated with a dilute Me0,C._ CO;Me
aqueous solution of hydrogen peroxide to furnish clean and /\/\
complete oxidation to the corresponding phosphine oXhle 55‘(\5 A o e (Ggoj’hee)
prior to cleavage and characterization. /\)O\Ac COMe  THF, rt, 3h .
. + —_—
Analytical RP-HPLC chromatograms of cleaved crude  Ph N"ph CO,Me 91% yield
. . . MeO,C.__COMe

samples of the Fmoc-deprotected proline-oxazoline inter- 9 10 /\I
mediate5b and the oxidized ligandb, respectively, show PR X" ph
the clean solid-phase phosphinylation i (Figure 2). S-11

69% in favor of R-11. This is a promising result for the
synthesis and screening of solid-supported peptido-phos-
phine—oxazoline libraries and comparable with the ee values
obtained using ligandéa—cin solution®

In conclusion, an efficient strategy for the modular syn-
thesis of solid-supported enantiopure peptido-2-oxazolines
has been reported, using the readily available chiral pool of
amino acids as starting materials. The utility of this meth-
odology is demonstrated, by the efficient solid-phase syn-
thesis of a phosphine-oxazoline ligand. The ligand was used

. determined byH NMR, using a chiral shift reageft,to be
A
B

B S L S R SRR for palladium catalyzed asymmetric allylic substitution,
Figure 2. Analytical RP-HPLC of cleaved compounds: (A) .ShOWIng good Se.leCtIVIty' T.hls approach ConStIFUteS .an
deprotected peptido-oxazoliréh and (B) oxidized phosphine mteresyng en_try into the high-throughput combln{;\tonal
oxazoline ligandrb. screening of ligands for metal catalyzed asymmetric syn-

thesis. Current investigations are being directed toward the
optimization of the catalytic activity by the design of focused
Cleaved7b was also purified by preparative RP-HPLC and libraries of solid-supported phosphinexazoline ligands for
characterized by NMR and HR-MS. on-bead screening.
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