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Natural polyether ionophores display a broad range of (1.5 equiv), cat. RuGi3H,0, CHCN/H,0.

important biological activitieswith the high level of oxygen-
containing functionality conferring unique ionophoric prop- range of cyclic sulfates are readily prepared from a broad
erties, which are believed to be involved in their mode of range of corresponding diols, both cyclic and acyclic in
action2 Members of this family, such as Monengihave nature. They thus offer a monomer set with a huge potential
already found important commercial applications in the for library construction/multiple parallel synthesis. A range
veterinary field as anticoccidial feed additives and growth of cyclic sulfates (la—e) were therefore conveniently
promoters. prepared in high yield by the Sharpless proceth(®&cheme
The framework of the polyethers is often dominated by 1).
the presence of 2,5 disubstituted tetrahydrofurans, substituted Since the polyethers we intended to synthesize would
tetrahydropyrans, and spiroketals. This complexity makes contain no chromophores, reaction monitoring by HPLC
synthetic access to large numbers of the natural polyethersanalysis would be problematic, and therefore we utilized 1,4-
difficult; thus although a number of very elegant total benzenedimethanoR) as a starter residue to aid reaction
syntheseshave been achieved and an abundant literature analysis. Initially, the 2-chloro-trityl linkéf was used based
deals with stereocontrolled routes to key structural frag- on solution studies which showed that the sulfate protecting
ments> polyether ionophores are still obtained predominantly group could be rapidly and selectively removed in the
from natural sources, by fermentation, and via semi-synthetic presence of a trityl ether. However, on the solid phase this
approaches. proved not to be the case, and the more acid stable Wang
Given this situation and the current excitement in the linker'” had to be used in its place. Thus the Wang linker-
solid-phase area with regards to non-peptide oligorhfas, resin @) was activated to the trichloracetimid&tand loaded
example, the recent reports of vinylogous sulfonyl peptfdes, with diol (2) (Scheme 2) to give4) with a loading of 85%
iterative Diels-Alder cycloadditions,oligoureast? peptide as determined by cleavage and HPLC analysis.
mimics* and peptoids$? polyethers appear as ideal targets  To optimize solid-phase ether formation, a number of
for solid-phase synthesis. In this communication we report different parameters were investigated, including solvent,
a solid-phase iterative approach to the construction of phase, reaction time, resin type, etc. Although a wide range
polyethers. The synthetic strategy adopted was to allow theof bases was utilized, NaH in DMF or DMSO was surpris-
incorporation of maximum structural diversity in a minimum |ng|y the most successful, even when Competing against
of chemical steps, utilizing readily available building blocks soluble bases such as LHDMS &uOK which would
via a coupling and deprotection strategy akin to peptide certainly appear to be more compatible with solid-phase
synthesis allowing capitalization of the repetitive nature of synthesis. The addition of 15-crown-5 led to improved yields.
the polyether structures. A 2% cross-linked polystyrene resin was used with very
Cyclic sulfates are powerful alkylating agents toward a |imited success. Changing to a 1% cross-linked polystyrene
range of nucleophiles and have often been exploited asresin significantly improved yields, which we believe is due
epoxide equivalents. They are, however, more reactive and  to the removal of possibile chargeharge interactions, due
show complementary regioselectivity. Upon nucleophilic to the nature of the sulfate esters. The best results, however,
reaction, cyclic sulfates open with inversion to give the \ere obtained with TentaGel resin.

corresponding sulfate ester which acts as an effective Most importantly, the coupling step could be repeated due
protecting group for the alcohol. Sulfate ester hydrolysis can 4 the presence of the “protecting” sulfate ester, akin to
be readily achieved using ca.\talytlc amounts of acid in moist peptide synthesis, leading to improved coupling yields. Two
solvents such as ether or diox&hto generate the alcohol  (jeayage strategies were investigated. TFA based cleavages
functionality which can then undergo further iterations. Thus ere initially problematic due to extensive trifluoroacetyl
the use of cyclic sulfates allows activation and protection of octer formation. However, short reaction times and careful
the hydroxy function while at the same time avoiding the ¢onro] of temperatures solved these problems and allowed
need to synthesize monoprotected diols. Importantly, a wide jsg|ation of the sulfate esteré M HCI in dioxane was also

~To whom corresnondence should be addressed successful; this latter method proved slower than the TFA

t U?ﬂ\v,\;rgity%? Sejlﬁﬁanfptf,i, ! ' proceedure and also resulted in the hydrolysis of the sulfate

* Pfizer Central Research. esters.
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aReagents and conditions: (i) {TICN (20 equiv), DBU (1 equiv), DCM, OC, 2 h; (ii) 1,4-benzenedimethand®)((5 equiv), BROEL (0.5 equiv),
THF/DCM (1:1), 4 h; (iii) NaH (5 equiv), 15-crown-5, DMF, 2 h; then cyclic sulfalexte) (5 equiv), DMF; (iv) 0.01 M HCI in 1% HO/dioxane, 12 h;
(v) 50% TFA/DCM, (30 min); (vi) repeat iii— iv.
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Figure 1. HPLC trace for the synthesis of tetramEk

Table 1. Polyether Synthesis: Cyclic Sulfate Synthesis and oisomers for the tetramer. However HPLC analysis clearly

Coupling Efficiency showed the distinction between the various dimers, trimers,
cyclic sulfate 8 conversion, % 8isolated and tetramers (Figure 1).

(yield, %) (HPLC) yield, % The characterization and monitoring of the polyethers
la(81) 74 66 being synthesized by ES-MS was initially only possible in
1b (73) 63 56 the negative ion mode when the compounds were at the
1c(70) 62 o7 sulfate ester stage. However, the longer polyethers (trimers
1d (83) 70 44 hel h ing thei
1e(82) 53 41 and tetramers) chelated Nahereby enabling their ES-MS

(positive ion mode) analysis and showing that, like their

Having optimized the chemistry was treated with the ~ counterparts in nature, they too coordinate metal ions.
cyclic sulfatesla—e to give 5a—e which were cleaved from We have demonstrated a successful iterative synthesis
the resin with TFA to giveba—e. The sulfate esterSa—e toward a class of polyethers, using cyclic sulfates as the
were quantitatively cleaved (0.01 M HCl/water/dioxane) to monomer units for both activation and protection of the
furnish resin bound ethefda—e which were cleaved from  hydroxyl functionalities. The synthesis of trimer and tetramer
the resin to giveBa—e (Table 1). polyethers was clearly practical, and due to the accessibility

The methodology was extended to the synthesis of trimers.of cyclic sulfates, a wide range of polyethers are now
Thus7a and7b were alkylated withla or 1b to give resin  synthetically accessible via solid-phase synthesis.
bound ether®i—iv which upon cleavage provided a series
of trimers10i—iv (in isolated, purified yields of 28%, 29%, Acknowledgment. We thank the Royal Society for a
28%, and 19%, respectively). The sequence was finally University Research Fellowship (M.B.) and Pfizer Central
extended to yield tetramdrl in 13% purified yield starting Research for generous financial support (N.B.).
from the initial resin. Analytical complications arose in the
synthesis of the trimer0 and the tetrametl due to the Supporting Information Available. Experimental data.
mesecyclic sulfates used, thus giving rise to two pairs of This material is available free of charge via the Internet at
diastereoisomers for the trimers and four pairs of diastere- http://pubs.acs.org.
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