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THE FIRST EXAMPLE OF A LARIAT ETHER THAT FORMS A PSEUDO-SANDWICH COMPLEX
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Abstract. A lariat ether having a five-oxygen sidearm, forms a mono-potassium com-
plex that appears to be more closely related to a bis(crown), sandwich complex
than to a lariat ether.

The Interesting recent report of Matsuda and coworkers' In which the question is raised of
whether a bis(azacrown ether) behaves as a bis(crown ether) or as a lariat ether prompts us to
report the most appropriate complement or counter-example yet known, This example is especially
important because the precise role of very long lariat ether sidearms in cation complexation has
been in question for some time.? Matsuda found that 1,5-bis(N-aza-15-crown-5)-3-oxapentane (1)
formed a complex with KSCN of the type 1 (KSCN), Although any such interpretation is neces-
sarily subjective, Matsuda concluded that the complex had distinct lariat ether properties. Of
course, the second ring theoretically permits a second cation to be complexed and this has
never, to our knowledge, been observed in any lariat ether system.® Previous reports from our
group‘ and from other groups® have shown that the sidearm may play a major role in complexa-
tion. Indeed, even though aza-12-crown-4° and other 12-crown-4 compounds’ usually form
sandwich complexes, when a CHa(OCHZCHz)3 sidearm is attached to the macroring nitrogen atom
of aza-12-crown-4, a 1l:1 complex forms between the ligand and large potassium cation. We now
report that an analog of 1, N-(3,6,9,12,15-pentaoxahexadecyl)-aza-15-crown-5, 2, forms a potas-
sium iodide complex of the form 2'KI which more closely resembles a sandwich complex than a
lariat ether® and that the sidearm is fully involved In complexation of a single cation.

Compound 2 was prepared by reaction of CHso(CH2CH20)5Ts with the anion of aza-15-crown-5
(Na,CO,, DMF)." The product was purified by chromatography over alumina, distilled (Kugelrohr,
bp 180 °C/0.05 Torr), and obtained in 26% yleld as slightly yellow but nearly colorless oil.™* Crys-
tals of the complex were deposited from an anhydrous tetrahydrofuran solution containing an
equimolar mixture of KI and 2. The complex was obtained in 40% yield as a white solid having
mp 77-80 °C,
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c. Framework plot

b. Top view

aza~15-crown-5 complexing
a. Side view

Solid State Structure of
N-(3,6,9,12,15-pentaoxahexadecy-

)]
potassium cation,
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An ORTEP plot of the observed structure is shown on the opposite page along with the
computer-drawn, framework molecular diagram indicating the donor groups and connectivitles. In
the Matsuda structure, K-O bond distances for what might be called the macroring portion of the
"lariat ether," range from 2.731 to 2.967A. The second macroring, which appears to act as a
sidearm, shows similar bond distances. Indeed, these distances are typical of lariat ethers and
are similar to those observed for the complex of 2. The latter bond distances are shown in the
Table.

Table. Selected bond lengths for 2KI

K N 3.02(2) K 01 2,76(2)
K 02 2.93(2) K 03 2.95(2)
K 04 3.14(2) K 05 2.81(2)
K 06 3.08(3) K (03] 2.83(3)
K o7 2.87(2) K 08 2.97(2)
K o9 3.05(2)

The ligands differ in two important respects. The most obvious is that there Is a single macror-
ing in the present case. Since there is no second pivot point required, there is also one less
nitrogen atom. The second difference is an obvious consequence of the first, namely that a
single potassium cation is present in the lariat ether structure reported here. The key difference
between the bis(crown) ethers and the lariat ethers is thus that the higher level of organization
(higher rigidity, lower flexibility} in 1 permits the complexation of two cations. In lariat ether
2, the sidearm is flexible enough to further envelop the ring-bound cation but lacks sufficient
pre-organization to occlude a second cation. Some uncertainty remains in this interpretation be-
cause the macrorings in 1 are separated by a CH,CH,OCH,CH, unit. Had the spacing been a
single ethylene, sandwich complexation might have occurred.

We conclude from the information here that the lariat ethers, unlike other macroring systems,
optimize the ring-sidearm cooperativity so that maximum cation solvation is achieved. If the
sidearm is too long for a linear arrangement to be utilized, a coil is formed that optimizes cat-
ion solvation.
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Crystal data: C,H NO,/KI, FW = 607.6, space group PnZa, a = 18.036(4), b = 11.712(3), ¢
= 13.514(3) A z = 4, d, = 1.44 g-cm?, MoKalpha (mu = 13.25 cm) R = 0.076 for 1484
unique reflections with I > 2sigma(l) (of 2590 unique data) measured by an Enraf-Nonius
CAD4 X-ray spectrometer by omega-20 scans, 2° ¢ O ¢ 4°
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