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Since the pioneering work of Pederson on the preparation and properties of macrocylic
polyethers ("crown" ethers)z, there have been numerous reports of syntheses of a wide variety
of oxygen, sulfur, and nitrogen containing crowns3. As a result of the work performed in our
laboratories concerning the synthesis and purification of 1B—crown—64, its ability to effective-
1y complex potassium ions and solubilize potassium salts in non-polar and polar aprotic solventss,
its utility as a phase transfer catalyst in synthesis ("naked" anions)s, and its ability to form
solid complexes with a variety of dipolar molecules (e.g. nitriles)G, interest has developed in
the utility of the lower crown homologues, 1l2-crown-4 and 15-crown-5. Based upon work reported
for substituted derivatives, 12-crown-4 appears to be a good complexing agent for lithium ionm,
while 15-crown-5 appears to be a good complexing agent for sodium and potassium ions.zc’7’8

While several syntheses of substituted derivatives of 12~crown-4 and 15—crown—52'c’8 have
been reported, few syntheses of unsubstituted crowns have appeared. Dale and Kristiansen pre-
pared 1l5-crown-5 in 20% isolated yield via a modified Williamson synthesis with triethylene glycol,
diethylene glycol ditosylate and potassium t-butoxide in anhydrous benzene at reflux tempera-

3b,c

tures This synthesis suffers from the commercial unavailibility of the ditosylate, the

necessity for dry conditions, unsuccessful attempts to liberate the crown from the potassium to-

sylate complex by simple heating, and the necessity of using column chromatography for isolation
of the free product. The unsubstituted 12-crown-4 has been synthesized by several workersg-lz,
all using acid-catalyzed cyclic tetramerization of ethylene oxide. Dale and Kristiansen pro-
duced 12-crown~4 in this mannerlla, and found it to form a 1:1 complex with lithium cation.llb
Stewart, Waddan and Borrows have published the only detailed isolation procedure to date for 12~
c;own—A, the product being obtained in low yieldgi. Dale and Kristiansen also attempted (un-

successfully) to synthesize 12-crown-4 by the modified Williamson procedure mentioned above, iso-

lating instead 24—crownu83b’°_ We now wish to report facile modified Williamson syntheses of 12-

crown—4 and 15-crown-5 not requiring anhydrous conditions and with commercially available start-—

ing materials.
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Preparation of 12—Crown—41a (Scheme I). Into a 250 ml, 3-neck, round bottom flask equipped with
an internal thermometer, reflux condenser and magnetic stirring bar was added 70 ml of DMSO and
9.25 g. (0.23 mole) of NaOH (98% pellets). After stirring for 5 minutes, 24.58 g. (0.23 mole) of
anhydrous lithium perchlorate (City Chem. Corp.) was added in one portion.13a The mixture at-
tained a milky appearance and warmed to ca 60°C while being stirred for 10 minutes. A solution
of 6.21 g. (0.10 mole) of ethylene glycol (Fisher) in 15 ml of DMSO was added to the flask and
the resulting mixture was stirred at ambient temperature for 15 minutes. A solution of 18.73 g.
(0.10 mole) of 1,8-dichloro-3,6-dioxaoctane (Eastman) in 15 ml of DMSO was then added in a thin
stream from a dropping funnel. The system was heated at 110°C15 for 22 hours with stirring. The
solution was cooled, filtered, and the filtrate was added to 500 ml of distilled water. The
water solution was extracted with four-200 ml aliquots of chloroform, the combined extracts dried
over anhydrous magnesium sulfate, the salt filtered, and the CHCl3 removed by rotary evaporation
(aspirator pressure). Distillation under vacuum gave 2.33 g. (13.2%) of hygroscopic 12-crown-
4:16’17 b.p. 67-70°C at 0.5 mm Hg (Lit.9 b.p. 118-119°C at 15 mm Hg); ir (neat, NaCl plates)
2925, 1465, 1365, 1280, 1250, 1130, 1100, 1095, 920 cm—l.17 lH—nmr (CDCl3, external TMS/CDC13)
3.65 ppm (sharp singlet) 13C—nmr (CDCl3, internal TMS, proton decoupled) 70.621 ppm; mass

spectra m/e (relative %): 176 (magnified, Pe), 133 (30%), 89 (94%), 87 (56%), 73 (70%), 59(57%),
45 (100%); elemental analysis, calculated for CSH1604: %ZC = 54.53, ZH = 9.15; found: %C =

54.31, ZH = 9.15.
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Preparation of 15-Crown-5 (Scheme II). Into a 3-liter, 3-neck flask, equipped with a mechanical
stirrer and reflux condenser, was added 500 ml of 1,4—dioxanelgﬁd 79.5 g. (0.75 mole) of diethy-
lene glycol (Aldrich). A solution of 60 g. (1.50 mole) of NaOH (98% pellets) was added to the

flask while stirring. Immediately a heavy, white precipitate formed and the flask warmed slightly.
The mixture was allowed to stir at ambient temperature for ca. 20 minutes. A solution of 140 g.
(0.75 mole) of 1,8-dichloro-3,6-dioxaoctane (Eastman) in 100 ml of dioxane was added to the flask,
and the mixture refluxed for 24 hours. The solution was cooled, filtered and the bulk of the sol-
vent was removed by rotary evaboration (aspirator pressure). The residue was again filtered, and
the filtrate was dissolved in 500 ml of methylene chloride. The solution was dried over anhydrous
MgSO4, filtered, and the CH2C12 removed by rotary evaporation (aspirator pressure). The residue
was distilled under vacuum to give 23.4 g. (14.22)18a of 15—crown—517 b.p. range collected18b
100°~135°C at 0.2 mm Hg; irl7 (CCla, 0.1 mm NaCl cell) 2875, 1445, 1350, 1280, 1250, 1185, 975,

925 cm-l; lH—nmr (CCl4 internal TMS standard) 3.58 ppm (sharp singlet); 13C—mnr (CDCl3 internal TMS,
proton decoupled) 70.621 ppm; mass spectra m/e (relative %): 220 (magnified, PQ), 133 (74%), 89
(100%), 87 (66%), 73(75%), 59 (60%), 45 (78%); elemental analysis, calculated for ClOHZOOS: %C =
54,52, ZH = 9.17: found: %C = 54.39, 7ZH = 9.18.
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