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Abstract: A polyethyleneglycol-linked version of Burgess reagent was developed and applied toward
the cyclodehydration of B-hydroxy amides and thioamides. The desired oxazolines and thiazolines were
obtained in high yields and excellent purities. The major advantages of the polymer bound reagent are its
improved ease of handling and greatly increased yields in the synthesis of labile oxazolines.
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The cyclodehydration of N-(hydroxyethyl)amides and -thioamides is an important method for
the preparation of oxazolines and thiazolines as well as oxazoles and thiazoles (Scheme 1). These
five-membered heterocycles are found in many biologically active synthetic and natural products
and are useful auxiliaries in stereocontrolled synthesis.? Even with configurationally labile and
highly functionalized substrates, cyclodehydration with Burgess reagent2 (methyl N-
(triethylammonium-sulfonyl)carbamate, 7) provides oxazolines 2 and thiazolines 5 of high
stereochemical purity.3 Accordingly, this protocol has successfully been applied to natural products
total synthesis.4
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The commercially available Burgess reagent 7 is oxidation and moisture sensitive, needs to
be stored at low temperature, and has nonetheless a limited shelf-life. Cyclodehydration yields are
highest with freshly prepared reagent and tend to be batch-dependent. In the course of investigating
modifications of 7 with more desirable physical properties, we systematically varied amine and
ester components and achieved significant relative increases in reactivity but no major
improvements in stability. Attachment of Burgess reagent to modified Merrifield resin was
unsuccessful, but condensation with polyethyleneglycol (PEG) and related polyethers led to useful
new reagents with markedly different reactivity profiles. Coupling of chlorosulfonyl isocyanate to dry
My 750 PEG monomethylether, for example, followed by treatment with 2.2 equiv of EtgN, led to the
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polymer-linked Burgess variant 8 that, compared to 7, gave superior yields of oxazolines and
thiazolines and maintained considerable reactivity even after extended storage at or below room
temperature (Scheme 2, Table 1).5
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Cyclodehydration of serine as well as threonine derived peptides with polymer-supported 8
in hot dioxane/THF (1:1) occurred cleanly and provided oxazolines 10 in ca. 10-20% higher yields
than standard Burgess reagent (Table 1). After completion of the reaction, the polymer was readily
removed. In most cases, filtration through a short plug of silica gel with hexanes/EtOAc (1:1 to 1:8)
led directly to pure product, since most minor side products and the remainder of the reagent
remained absorbed in the polyethyleneglycol matrix and the silica gel. Due to the neutral reaction
conditions, <2% epimerization at a- or B-carbons or elimination to dehydroamino acids® were
detected by NMR spectroscopy. The reaction is stereospecific, e.g. an allo-threonine derivative was
converted to the trans-oxazoline (entry 5) whereas cyclodehydration of a threonine residue, which
occurs via SN2-displacement of the side-chain hydroxyl group,3P provided cis-oxazolines (entries
2-5). Double cyclodehydration in the presence of 3 equiv of 8 gave bisoxazoline in excellent yield
(entry 6). Thiazoline formation from thicamides3d was similarly successful under standard
conditions (entry 7). A particularly impressive example for the use of polymer-supported Burgess
reagent is shown in Scheme 3. Hydroxyamide 11 was converted in 88% vyield to the sensitive
oxazoline 12 using M,y 2000 PEG-linked 8, whereas the maximum yield that was obtained with
reagent 7 was 32%.6 Therefore, the use of polyetheylene glycol modified cyclodehydrating agent
led to a nearly three-fold improvement in the efficiency of this reaction.
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Table 1. Cyclodehydration of hydroxy amides and thioamides with polymeric 8 (Scheme 2).

Entry Hydroxy amide 9 Azole 10 Yield
[%]
Ph
1 Cbz-Phe-Ser-OMe CszNJ;/,N H 88
0/ “COMe

2 Cbz-Val-Thr-OMe CszNj:’N H 90

3 Cbz-Pro-Thr-OMe (Nj\//N r 85
Cbz o
¥
% /N H
4 Cbz-Aib-Thr-OMe CDZHNAOZ/V 88
H ”

5 Cbz-Val-aThr-OMe CszNj;//N H 76
H ".__— H ‘-,'_
Ph N%(NYPh Ph. NWNxPh
o o X« R,o O H 80
HO OH

o

Ph
7 Cbz-Phe-y(CSNH)Ser-OMe CszN%N H 98
\)l'"cone

In summary, the use of the new polymeric PEG-linked Burgess reagent 8 offers considerable
advantages for azole synthesis: First and foremost, the polymeric reagent is highly reactive for
hydroxyl group activation and yet provides fewer side-products of reagent-induced oxazoline
decompositions. With standard Burgess reagent, degradation of acid-sensitive oxazolines under the
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reaction conditions can considerably reduce the yield. The polymeric reagent is easily prepared on
large scale and provides superior reproducibility. It is added as a concentrated solution in THF or
benzene to the hydroxy amide or thicamide dissolved in dry dioxane or THF. Cyclodehydration
occurs exceptionally cleanly and with <2% epimerization, and most minor side-products are readily
removed with the polymer by filtration through silica gel.
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