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The ether exchange reaction between boron fluoride ethyl
ether complex and cyclic ether seems to be related to the
initiation step in cationic polymerization of cyclic ether
with boron fluoride ethyl ether complex as catalyst. Hence,
it appears significant to measure the equilibrium constant
of the exchange reaction, Recently, some groups of workers
(1), (2), (3) have reported the equilibrium constants of the

following displacement equilibrium,

BFB-EtZO + R20'*—"——*'BF3-R20 + Bt,0

However, there have been very few data on the equilibrium
constants involving cyclic ethers (3)e This short communi~
cation describes the results of measurement of the equili-
brium constants between boron fluoride ethyl ether complex
and some cyclic ethers by means of nucleir magnetic resonance,
Nuclear magnetic resonance spectra of a.ﬁixture of cyclie

"ether and boron fluoride ethyl ether complex with varying

molar ratios were run without solvent at 20°C. using Japan
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Electron Optics JNM C-60 type (60 Mc.) spectrometer with
tetramethyl silane as an internal reference. Chemical shifts
were determined by the side-~band method. The equilibrium
constants in Table 1 were calculated from the preliminary
deterrined linear relationship between the chemical shift
of methylene protons and the molar fraction of ethyl ether
in the mixture of ethyl ether and boron fluoride ethyl ether
complex. Gore and Danyluk (4) stated that in dichloromethane
solution there occurs to some extent the dissociation of
boron fluoride ether complexes. In our calculation of equili-
brium constants, however, we neglected the dissociation of
boron fluoride ether complexes as was suggested by Craig and
Richards (1).

TABLE 1
The equilibrium constants of the displacement equilibrium

between cyclic ether and boron fluoride ethyl ether complex.

cyclic ether K at-20°c. No. of runs pr*
2-methyl tetrahydrofuran 13¢5 I 4,56
tetrahydrofuran 32+ 9 4 5.00
2-chloromethyl 0.58 & 0.11 3 5.10
tetrahydrofuran
tetrahydropyran 12 + © 2 5.42
1,4-dioxane 1.5 + 0.6 2 5.71
2-methyl-1l,3-dioxolane 0.56 £ 0,10 2 7.21
4untethyl-1,3-dioxolane 0.34 £ 0.10 2 7.62
4-chlcromethyl (4.1 ¢ 1.3)x10"3 4 9.05
1,3-dioxolane

* See the text,
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As is shown in Fig. 1, a good correlation was found to
exist, between logarithm of equilibrium constant and pX, value
of each cyclic ether which was determined by us (5) from the
shift value of 0-D band of methanol-D in infrared spectrum
of ether solution according to Gordy's method {6). This
relationship implies that cyclic ether of higher basicity
generally shows a larger affinity towards boron fluoride
molecule than that of lower basicity. 1In some cases, however,
steric requirement of cyclic ethers also may be an important
factor in determining the equilibrium position, e.g., 2-chloro-

methyl tetrahydrofuran.
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Fig. 1

Plots of logarithm of equilibrium constant vs. basicity (pKy)
of cyclic ether.

1: 2-methyl tetrahydrofuran, 2: tetrahydrofuran, 3: 2-chloro-
methyl tetrahydrofuran, &#: tetrahydropyran, 5: 1l,h-dioxane

6: 2-methyl-l,3-dioxolane, 7: L-methyl-l,3~dioxolane

8: L-chloromethyl-1l,3-dioxolane
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Although it was impossible to measure equilibrium
constants of the exchange reactions between boron fluoride
ethyl etner complex and easily polymerizable three- or four-
membered cyclic ethers, such as propylene oxide, epichloro-
hydrin or trimethylene oxide, we can estimate their equili-
brium constants from the relationship in Fig. 1 using the
corresponding pr values of these cyclic ethers,

Fur<her details of this work will be published else-

where in the near future,

REFERENCES
1) R. A, Craig, and R. E, Richards, Trans. Faraday Soc., gg,
1962 (1963)
2) A, C. Rutenberg, A. A, Palko, and J, S. Drury, J, Amer,
Chem, Soc., 83, 2702 {1963 )
3) H., E. Wirth, and P. I. Slick, J, Phys. Chem., §6, 2277
(1962
4) E. Gore, and 5. S. Danyluk, J. Phys, Chem., 69, 89 (1965)
5) S. Iwstsuki, N. Takikawa, M. Okada, Y, Yamashita, and
Y, Iskii, Polymer Letters, 2, 549 (1964); J, Chem, Soc.

Japan (Indust, Chem, Section), 67, 1236 (1964 )
W. Gordy, and S. C. Stanford, J, Chem, Phys., Z, 93 (1939);

8, 170 (1940); 10, 204, 215 (1941)

6

~—



