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THE STRUCTURE OF CYCLOHEXANONE OXIME HYDROCHLORIDES
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Cyclohexanone oxime (I) forms two kinds of salts with hydrogen
chloride; one is monohydrochloride (II)*, a colorless powder and the
other is dihydrochloride (III)**, a brown oily matter, The latter is
unstable and easily releases one mole of hydrogen chloride at room
temperature, while the former is very stable.

In this report we present the molecular structure of these hydro-
chlorides studied by infrared, ultraviolet and NMR spectroscopy.

Cyclohexanone oxime monohydrochloride was prepared by intro-
ducing hydrogen chloride to carbon tetrachloride solution of cyclohexanone
oxime and drying the precipitate thus obtained under dry nitrogen atmos-
phere.

The oily dihydrochloride was prepared by introducing hydrogen

chloride to dried monohydrochloride.

* Anal Found: C, 48.00; H, 8.05; N, 9.33; Cl, 24.11.
Calc : for CgH|NO-HC1 C, 48.18; H, 8.03; N, 9.37; Ci, 23.72.

**  Actually 1.9 mole of hydrogen chloride is found to add to 1 mole of I
by titration.
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Infrared spectra were taken with a Perkin-Elmer 125 spectrometer.
The specira of hydrochlorides were analysed by reffering to the assign-
ment of cyclohexanone oxime, cyclohexanone oxime-d(1), and quatenary
ammonium chloride (2, 3), and by comparison with the spectra of cyclo-
hexanone oxime-d deuterochloride (V). The results are listed in Table I.

New bands appear at 2645 and 2680 em™Lin II and III, and at 2000 cm_1
in V and they are assigned to the N*-HandNt- D stretching, respectively.
The C = N stretching bands are shifted to higher frequency in these com-
pounds and they are assigned to the c=N* stretching (3). From these
observations it is concluded that hydrogen chloride in II, III and V is not
added to C = N double bond but proton attacks nitrogen atom to form a
dative bord, The N*- O stretching is also shifted to higher frequency
as compared with N - O stretching.

In 11, the O - H stretching frequency is shifted to higher and the
O - H in-plane and out-of-plane bending frequencies are shifted to lower
regions ir. comparison with those of I. This shows that hydrogen bond is
weakened in monohydrochloride. This is because in II no lone pair
electrons exist and the formation of hydrogen bond of the type C=N.... HO
is prohibited, The same tendency is observed for O - D vibrations in V,
The structure of monohydrochloride is concluded to be the one illustrated
in Fig. 1. H

+0-H
c1”

FIG. 1
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In the case of the dihydrochloride, there is no remarkable difference
from the monohydrochloride except the following points. First, the OH
stretching is shifted to lower frequency and it suggests the presence of
O*- H bond on the analogy with the. relation between N - H and Nt -H
stretching frequencies, Second, the O - H out-of-plane bending is shifted
to lower frequency than that of monohydrochloride probably because the
formation of OH**** O hydrogen bond is prohibited. The structure of the

dihydrochloride proposed is illustrated in Fig. 2.

FIG. 2

Ultraviolet spectrum of I in iso8ctane solution gives absorptions at
192 my ( € =6,900) and 310 mu ( € =15), The former is assigned to

%* L * . *

& — T transition and the latter to n - 7 transition. Asn — =x
transition of II and III in methylene dichloride solution disappears, it is
concluded that protonation to lone pair electrons both or either of the

. %*1
nitrogen and oxygen atoms occurs .

The NMR spectra of I, II and III are shown in Figs. 3, 4 and 5,
respectively, The «a-methylene proton signal of I appears as doublet.
It was confirmed from the measurements at both 60 and 100 MC that this
is due to chemical shift. In II and III these two peaks coalesce into a

single peak, the chemical shift from TMS of which being at lower field

*
*1 The 7t~ 7 transition cannot be observed due to absorption by
solvent itself.
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FIG. 3 NMR spectrum of cyclohexanone oxime (CCl, solution/100MC)
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FIG. 4 NMR spectrum of cyclohexanone oxime monohydrochloride
(CHCl3 solution/100 MC)
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FIG. 5 NMR spectrum of cyclohexanone oxime dihydrochloride
(pure/100 MC)
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than those of I. From the theoretical considerations, it is concluded
that the difference of chemical shifts between two & -methylene groups
in I is due to the magnetic anisotoropy effect of lone pair electrons in
nitrogen atom on anti- and syn- methylene protons. InlIl and III, those
lone pair electrons disappear and accordingly magnetic anisotropy effect
is eliminated to give an unsplitted peak. Detailed discussions will be

reported elsewhere.
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