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It was suggested in 1933 that suitably o-substituted diaryl ethers might be capabie of
resolution into enantiomers]. Since then, several studies have been made on crowded aryl ether
conformations using ir, uv and dipole moment techniquesz; unsuccessful attempts to separate
ether diastereomers have also been madea. Miller pointed out4 that for acyclic, divalent oxy-
gen, rotation and inversion processes lead to identical conformations and that no knowledge
exists concerning the involvment of inversion. This "two-dimensional” inversion process (as

5’6; it is opera-

contrasted to that for amines) would have ideally, a linear transition state
tionally related to the in-plane inversion mechanism for syn-anti isomerism in imines and
related nitrogen compounds7.

In an initial attempt to gauge the possibility of stereoelectronic inversion at ether
oxygen, we have examined the highly rigid ethers I and II. Compounds I (3,16-oxido[2.2] meta-
cyc]ophane)g and II (9,'I7-0)(1'do-?.-t'nia[3.2]me|‘.acyc10phane)]0 are constrained into cis (butter-
fly) conformations, unlike the trans (ladder) geometry of ordinary metacyc]ophanes]1, but Tike
that of an 8,]6-methano[2.2]metacyc1ophane]2. The nmr spectrum of II in chlorobenzene at r.t.
(varian A-60, internal TMS; sealed under N;) shows an AB quartet (H-1 and ii-3; bvpg=48.4 hz,
J=14.5) and an AA'BB’ multiplet (H-10 and H-11; centered at v ~ 170 hz). Both absorptions
represent an average for two conformations of the sulfur bridge (III&2 IV or Y& VI). Sulfur
heterocycles have already been shown to have low energy barriers to ring 1nversion]3’14.

Above 80° the spectrum gradually changes until both the AB and AA'BB' portions coalesce at

130°; at 175° the entire benzyl proton region consists of two sharp singlets (1/2 width 1.5 hz)

in the ratio 1/1 {H-1 and H-3, & 3.93; H-10 and }i-11, & 3.03). This behaviour is completely

reproducible over several temperature cycles and II was recovered unchanged (glc, tlc, ir).
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To insure that bond breaking formation of short 1ived radicals is not involved, a sample of II

was heated in chlorobenzene at 200° {sealed tube; N2) for an hour in the presence of excess

1

2,4,6-tri-t-butyiphenol; no change was detected. From the approximation formula 6, kc=133 secT}

whereby AGz =20.0 k.cal./mole. In contrast to II, compound I displayed virtually no change in

the AA'BB' spectrum up to ~190°; the difference in behaviour is undoubtedly due to the more

17

restrictive [2.2] bridges and to the actual spdce limitations for oxygen movement'’, as deter-

mined from X-ray data‘s. 111 v
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The restraining bridges in I and II clearly'brohibit normal rotation about the D-pheny)
_carbon bonds. The nmr observations are thus consistent with both (or a combination of) an
‘{nversion process for oxygen and an unusual libration involving ring inversion, presumably

within the 8-ring containing sulfur (III T V and IV I VI). The mechanism is clearly different

1

from restricted rotations observed with acyclic diaryl ethers ? and crowded benzyl phenyl

ethers (VII)IO’ 17; for these systems, Tc values are less than ~50° and AGI values are gener-

ally <<18 k.cal./mo1e]9. Studies are fn progress to make a finer distinction between a pure

inversion and alternative mechanismszo.
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