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suspected that they serve as charge storage areas for O, reduction.
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The synthesis of polyether antibiotics is currently receiving
considerable attention.! A particularly challenging aspect of this
work is the stereocontrolled construction of the substituted tet-
rahydrofuran units found in many of these natural products,
particularly those units in which there is a cis relationship between
substituents at the 2 and § positions. An attractive method for
the formation of substituted tetrahydrofurans is electrophilic
cyclization of v,d-unsaturated alcohols, but the limited information
available confirms the expectation that trans isomers are favored.?
We reasoned that the desired cis-1,3 stereorelationship could be
induced via two transient trans-1,2 relationships, by cyclizing
olefinic ethers (as depicted in Scheme I). This proposal was
supported by the observation of Allred and Winstein that the
stereoisomers of 5-methoxy-2-hexyl brosylate solvolyze at different
rates (Koo = 2.4kerynro) Via analogous oxonium ion intermediates.
In fact, the cyclization of olefinic benzyl ethers with iodine does
provide a general, highly stereoselective method for the synthesis
ot; cis-2,5-disubstituted tetrahydrofurans, as indicated in Table
L

We have gained a qualitative understanding of the factors
involved in these cyclizations by studying a variety of derivatives
of 5-hexen-2-ol (examples 1-7 in Table I). Loss of the alkyl group
R from the oxonium ion intermediates 1 and 2 must be slow in
comparison to reversal of their formation so that 2 will be favored
thermodynamically and not just kinetically: the benzyl ether for
example leads to only a 2:1 preference for cis (example 3). On
the other hand, if loss of the alkyl substituent is too slow, side
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on more subtle interactions than those depicted in Scheme I, since the oxonium
ion is only slightly pyramidal. A Kos and P. v. R. Schleyer, for example, have
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example R! R? R? R*  ratio® %
1 H CH, H H 0.5 66
2 CH, CH, H H 0.5 15
3 CH,Ph CH, H H 2 60
4 SiMe,-t-Bu CH, H H 3 43
5  Si+BuPh, CH, H H 8 30
6 BBP CH, H H 3.7 74
7  DCBP CH, H H 21 63
8 H (CH,),CH H H 0.25 88
9 DCB (CH,),CH H H 20 95¢
10 H CH, CH, H 0.5 99
11 DCB CH, CH, H 25 75
12 H CH, H CH, 04 81
13 DCB CH, H CH, 12 47
14 CH,Ph  CH, CO,CH, H 6 55
15 DCB CH, CO,CH, H 50 60
16 BB CH, CO,CH, CH, 10 44

@ Reaction conditions: I,, CH,CN, 0 °C; with the following
exceptions: NaHCO, included for alcohol substrates (examples
1, 8, 10, and 12); cyclizations %erformed at 21 °C for ester
substrates (examples 14~16). BB = 4-bromobenzyl; DCB =
2,6-dichlorobenzyl. € Ratio determined by '*C or 'H NMR
spectroscopy. d Isolated yield of purified product after
chromatography or bulb-to-bulb distillation, unless otherwise
indicated. ¢ Yield based on 'H NMR spectroscopy.

reactions such as cleavage of the other carbon—oxygen bond may
ensue, which explains the poor yield which is obtained with the
methyl ether (example 2).* The alkyl substituent must be bulky
enough to exert a significant steric effect, but not so large as to
prevent cyclization altogether; the silyl ethers cyclize with moderate
selectivity but in poor yield (examples 4 and 5).° In the 2,6-
dichlorobenzyl group is found the appropriate balance of electronic
and steric properties for the 5-hexen-2-yl substrate (example 7).
As a class, the substituted benzyl groups have the advantage that
they can be tailored to fit the electronic needs of a variety of
systems, as demonstrated by the other examples in Table I.
The stereochemistry of the 2-iodomethyl-5-methyltetrahydro-
furan isomers was assigned by deiodination (LiA1H,) to give the
2,5-dimethyl derivatives, whose 'H NMR spectra have been re-
ported.5 The stereochemical assignments of the other 2,5-di-
substituted tetrahydrofurans rest on analogy with this one and

(5) Addition of iodine itself to the double bond competes with cyclization
of these silyl ethers; hence the reaction cannot be driven to completion by the
addition of more reagent or by prolonged reaction times.

(6) Gagnaire, D.; Monzeglio, P. Bull. Soc. Chim. Fr. 1965, 474-480.
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on the internal consistency of obtaining the opposite stereochemical
preference on cyclizing alcohols and benzyl ethers. On cyclization
of the disubstituted olefins (examples 10-13), we saw no evidence
of tetrahydropyran products, although they would be easily dis-
tinguishable by 'H or '*C NMR spectroscopy.” The fact that
cyclization is successful even when the double bond is deactivated
by conjugation with an ester group further establishes the ver-
satility of the approach (examples 14-16).

Our success with the synthesis of cis-2,5-disubstituted tetra-
hydrofurans prompted us to attempt the stereoselective formation
of 2,2,5-trisubstituted analogues, which also appear as subunits
of many of the polyether ionophores. As initial targets in this
regard, we chose the linalyl oxides, since both isomers are known
and well characterized.®  Previous syntheses have involved
nonstereoselective epoxidation and cyclization of linalool or
geraniol.®®  As illustrated in Scheme II, iodocyclization of the
diol 3'° and elimination of HI leads to the trans isomer in 70%
overall yield. 'H NMR (250 MHz) spectroscopy showed a
trans/cis ratio of 20:1 and gave no indication of tetrahydropyran
formation from attack by the tertiary hydroxyl. Most importantly,
the cis isomer is produced with a selectivity of 13:1 on cyclization
of the benzyl ether acetate 4,'! followed by elimination and ester
hydrolysis (70% overall yield). In comparison to the formation
of disubstituted tetrahydrofurans, in this case the initial cyclization
step reverses more rapidly, and even the unsubstituted benzyl group
allows sufficient equilibration between the isomeric oxonium ions
before it is lost.

Further studies on the generality of this approach and its ap-
plication to more complex polyethers are currently being pursued.
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(11) Prepared from i by benzylation, hydrolysis, methyllithium addition,
and acetylation.*
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With the heightened interest in stereochemistry that today
pervades most branches of chemistry, biochemistry, and phar-
macology, the need for better methods of ascertaining enantiomeric
purities and absolute configurations is obvious to many. An almost
ideal solution to such problems would be the direct HPLC sep-
aration of the enantiomers of interest upon a column packed with
a suitable chiral stationary phase (CSP). While no CSP will ever
separate all enantiomers, considerable progress has been made
in our laboratories in devising relatively “broad spectrum” CSP’s
for HPLC applications.»?  Although our initial fluoroalcohol
CSP’s are not yet widely available, we can now describe an ion-
ically bonded CSP that shows even greater generality than does
the fluoroalcohol CSP’s and is extremely simple to prepare. Owing
to its availability, its scope, and its myriad potential applications,
this CSP should find wide and immediate acceptance. This
preliminary paper is intended solely to document the widespread
utility of this ionically bonded CSP. Later papers will describe
the effects of structural variations within each solute category,
relationships between absolute configuration and elution order,
and relevant chiral recognition rationales.
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