378 Short Communications

Acknowledgements. The authors are indebted
to Prof. J. Porath in whose laboratory this work
was carried out. Financial support was provided
by Knut and Alice Wallenberg’s Foundation,
The Swedish Natural Science Research Council
and Helge Ax:son Johnson’s Foundation.

1. Merrifield, R. B. J. Amer. Chem. Soc. 85
(1963) 2149.

2. Gutte, B. and Merrifield, R. B. J. Biol. Chem.
246 (1971) 1922.

3. Weygand, F. and Ragnarsson, U. Z. Natur-
forsch. 21b (1966) 1141.

4. Wiinsch, E. and Drees, F. Chem. Ber. 99
(1966) 110.

5. a. Sakakibara, S., Kishida, Y., Kikuchi, Y.,
Sakai, R. and Kakiuchi, K. Bull. Chem.
Soc. Jap. 41 (1968) 1273; b. Omenn, G. S.
and Anfinsen, C. B. J. Amer. Chem. Soc. 90
(1968) 6571; c. Felix, A. M. and Merrifield,
R. B. J. Amer. Chem. Soc. 92 (1970) 1385;
d. Noda, K., Terada, S., Mitsuyasu, N.,
Waki, M., Kato, T. and Izumiya, N. Mem.
Fac. Se¢i. Kyushu Univ. Ser. C 7 (1970) 189;
e. Yajima, H., Kawatani, H. and Watanabe,
H. Chem. Pharm. Bull. 18 (1970) 1333; f.
Yajima, H. and Kawatani, H. Chem. Pharm.
Bull. 19 (1971) 1905; g. Barton, M. A.,
Lemieux, R. U. and Savoie, J. Y. J. Amer.
Chem. Soc. 95 (1973) 4501.

6. Esko, K., Karlsson, S. and Porath, J. Acta
Chem. Scand. 22 (1968) 3342.
7. Ragnarsson, U., Karlsson, S. and Lindeberg,
G. Acta Chem. Scand. 24 (1970) 2821.
8. Lenard, J. and Robinson, A. B. J. Amer.
Chem. Soc. 89 (1967) 181.
9. Manning, J. M. and Moore, S. J. Biol. Chem.
243 (1968) 5591.
10. Merrifield, R. B. Biochemistry 3 (1964) 1385.

Received February 15, 1974.

Correction to “Organic Hydroxylamine
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In Table 1 (p. 3254), column II, the pK, value
for compound IVe should read 8.4.
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Including 1,4,7-Trioxacyclononane
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Cyeclic homologues of ethylene oxide, —[—CH, —
CH,;— O—]—,,have attracted much attention due
to their remarkable complexing power for alkali
and other cations.!~® Laboratory methods for
the preparation of the higher members (n > 4)
have been described 2 which involve several
steps and use di-, tri-, or tetraethylene glycol as
starting materials; these methods fail to yield
the medium rings (n=3 and 4). Clearly, the
simplest conceivable way to prepare this class of
cyclic ethers is the direct oligomerization of
ethylene oxide. In fact, it has been reported ¢
that the cyclic tetramer (1,4,7,10-tetraoxacyclo-
dodecane) is obtained together with mainly
dioxan and polymer from ethylene oxide in the
presence of trialkylaluminium. On the other
hand, although BF, is reported ® to catalyse the
conversion of propylene oxide to isomeric cyclie
tetramers and pentamers, ethylene oxide under
the same conditions gave only dioxan and
polymers.

We can now report that a mixture of all the
possible cyeclic oligomers, including the hitherto
unknown trimer 1,4,7-trioxacyclononane, m.p.
0 °C, and unaccompanied by open-chain oligo-
mers and polymers, can be easily obtained from
ethylene oxide at room temperature and at-
mospheric pressure in the presence of BF; or
similar acidic fluorine compounds (PF;, SbFj).
The important point is to exclude any substance
capable of furnishing permanent end groups to
polymeric chains. Thus, the common practice
of using BF; as its etherate leads to a mixture
of the rings and open-chain compounds termi-
nated by ethoxy groups. Another common prac-
tice, to add water as a cocatalyst to speed up
thereaction,® leads to hydroxyl-terminated open-
chain compounds. Only dry HF gas proved
acceptable as a cocatalyst, in accordance with
the low nucleophilicity of fluoride ion. Likewise,
any solvent must be inert (benzene, saturated
hydrocarbons); even diethyl ether suppresses
totally the formation of macrocyeclic compounds,
while dioxan, being one of the products, is a
suitable solvent.

Other Lewis acids are either ineffective as
catalysts (AlCl;, FeCl,) or give waxy polymers
(SnCl,, SbCl,), while oxygen acids (HCIO,, p-
toluene sulfonic acid) are rapidly transformed to
half-esters of ethylene glycol.

Surprisingly, the product composition is little
dependent on the concentration of monomer,
so that similar products are obtained from
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undiluted liquid ethylene oxide as from 5 9,
solutions. The most convenient procedure is to
add cooled liquid ethylene oxide gradually to a
small volume of dioxan containing initially
about 19, BF,/HF (1:1). The catalyst is
destroyed with NHj, gas.

A typical product distribution as determined
by distillation and gas chromatography is:

n: 2 34 567891011 higher
%:40115543221 1 25

With PF,; and SbF, the distribution of ring sizes
is similar, except that relatively more trimer and
pentamer are formed.

The composition of the mixture does not
change with reaction time, although for entropy
reasons the smallest unstrained ring, dioxan,
corresponding to the largest number of mole-
cules, must be the thermodynamically stable
end product. Since furthermore the isolated
products are stable in the presence of the
catalyst, one might be led to the conclusion
that the reaction 1s kinetically controlled. In the
presence of ethylene oxide and catalyst, however,
the larger rings are degraded to dioxan. The
product composition seems therefore to be deter-
mined by the balancing rates of oligomerization
and of degradation of the products to dioxan,
both dependent on ethylene oxide concentra-
tion. This is in accord with observations ® on
the degradation of the polymer.

Ethylene oxide may in part be dehydrated
by BF; in the gas phase, in non-basic solvents
(hexane), and generally at higher temperatures.
Dark-coloured tars are then formed and the
resulting hydrated catalyst gives rise also to
open-chain polyethers.

Only very little of cyclic acetals are observed.
2-Methyl-1,3-dioxolan is present in the dioxan
fraction only when the reaction is carried out at
higher temperatures. 2-Methyl-1,3,6-trioxacyc-
looctane occurs as impurity in the cyclic trimer
fraction and must be removed by mild hydrol-
ysis.

Experimental. Example of oligomerization pro-
cedure. A stock solution of catalyst is prepared
by absorbing first gaseous BF; (7 g), thereafter
gaseous HF (2 g), in dioxan (50 ml). This solu-
tion does not attack glass and is stable for
months at room temperature. A portion of this
solution (2 ml) was diluted with dioxan (40 ml)
and cooled liquid ethylene oxide (250 g) added,
with vigorous stirring, at a rate slow enough
to prevent the temperature to rise above 30 °C.
After 18 h, the solution was neutralized with
gaseous NH; and fractionally distilled. Un-
reacted ethylene oxide (20—40 %) and dioxan
distilled at atmospheric pressure, the trimer and
most of the tetramer at 10 mmHg, and the
remaining tetramer and the higher fractions
including the octamer at 0.1 mmHg; in the last
fractions at 200 °C rings up to the undecamer
were identified.
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Purification of 1,4,7-trioxacyclononane. The
trimer fraction (100 mg), b.p. 110°C/10 mmHg,
was dissolved in ether (10 ml) containing water
(0.1 ml) and a trace of p-toluenesulfonic acid,
and the solution refluxed for one hour. After -
evaporation of the ether, the residue was taken
up in pentane, stirred with basic alumina and
filtered. The filtrate was concentrated and
distilled to give pure 1,4,7-trioxacyclononane,
b.p. 168—172 °C/760 mmHg, m.p. 0 °C. The
NMR-spectrum in CDCl,; showed a single line at
J 3.77 at room temperature, showed themolecular
ion in MS, and had the following main infrared
bands in the liquid: 2910, 2890, 2840, 1385,
1370, 1305, 1285, 1275, 1260, 1155, 1145, 1135,
1120, 1065, 1005, 910, 885, 835, 525 and
505 cm1.
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