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‘ Structure of 2-hydroxycyclohexanone in water and in dimethylsulfoxide was
* investigated by absorption spectroscopy. Inspection of IR and UV spectra led to a
“ conclusion that in water 2-hydroxycyclohexanone exists in the mononteric structure,
i while in dimethylsulfoxide it exists mainly in the dimeric or polymeric form contami=
nating with the monomeric one. The NMR spectra also supported these assignments.

| From the data of electric moment, Svirbely and Lander' suggested that 2-hydroxy- -
cyclohexanone existed in benzene mainly in the enolic form (Fig. 1b). Sheehan, O’Neill ]
and White?® claimed that 2-hydroxycyclohexanone existed as a dimer hemi-ketal form
(Fig. 1c) in solid state according to the IR spectrum and the molecular weigut deter-
mination. During the investigation of the catalytic hydrogenation of 5-ketd-p-gluconate®~* f
and 2-hydroxycyclohexanone, we were interested in the molecular form(s) of 2-hydro-
xycyclohexanone in water and in dimethylsulfoxide (DMSO). ‘

In the present paper, the molecular forms of 2-hydroxycyclohexanone in water and
in DMSO were investigated by IR, UV and NMR spectroscopy.
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Fig. 1. Structures of 2-hydroxycyclohexanone
(a) monomeric' structure.

| (b) enolic structure.

il (c) dimer hemi-ketal form.

|” (d) polymeric form.

I

| Results and Discussion

The IR spectra of 2-hydroxycyclohexanone in KBt disc and solutions together with "‘
the pure solvents are shown in Fig. 2. It should be noticed that the >C=O absorptioft =
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Fig. 2. IR spectra of 2-hydroxycyclohexanone.
(a) in KBr disc. :
-(b) solution in DMSO-d; and solvent DMSO-d;.
(c) solution ‘in deuterium- oxide.

near 1720 cm™! is negligible in both the KBr disc (Fig. 2a) and in DMSO-d, (Fig. 2b)
in comparison -with the C-H absorption at 2825 to 3000cm™, while the &C=0 absorption
is ‘appearent in denterium oxide solution (Fig. 2c). These results suggest that 2-
hydroxycyclohexanone exists mainly in dimeric (Fig. 1c) or polymeric' (Fig. 1d) .in
DMSO but a monomeric form (Fig. 1a) in water. ' A
The UV spectra of 2-hydroxycyclohexanone were also investigated in water -and in
DMSO solutions. Both solutions of the compound gave a maximum absorption around
275 mu. The molar absorption coefficient ¢ in water was found to be 23 in the concen=
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tration range from 107! to 10~*M. This result’ indicates that in this concentrétion range
the molecule has an isolated >~C=O group similar to the other well known carbonyl
compounds.” On the other 'hand, in DMSO solution its molar absorption coefficient
turned out to be only 3 at the concentration of 1072M. This result shows that the
>C=0 group almost vanishes in the DMSO solution and these observations of UV
spectra are consistent with the observed IR data. _
The NMR spéctra of 2-hydroxycyclohexanone in deuterium oxide and DMSO-d,
_are shown in Fig. 3. The former (Fig. 3a) is similar to 2-chlorocyclohexanone in
carbon tetrachloride.”> The spectrum of -2-hydroxycyclohexanone in deuterium oxide is
assigned as shown in Fig. 3a. This also éupports .that 2-hydroxycyclohexanone exists
in the monomeric form in water. But in. DMSO-d, (Fig. 3b), the signal of 8 protons at
2.2 to 2.4 ppm is rather small and the intensity of 7 protons at 1.4 to 2.0 ppm increases
as compared with Fig. 3a. The intensity ratio of a, B and r protons is approximately
1:2:6. These results indicate the amount of the monomeric form is smaller in DMSO
than in water and support the above interpretations of IR and UV spectra. Both in
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Fig. 3. NMR spectra of 2-hydroxycyclohexanone in

(a) deuterium oxide.

(b) DMSO-ds.
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deuterium oxide and in DMSO-d, one can not find the resonance peak of enolic proton
of 2-hydroxycyclohexancne in the low-field region.®>

Inspection of above spectra led to a conclusion that in water 2-hydroxycyclchexanone
exists in the monomeric structure as shown in Fig. 1a, while in DMSO it exists mainly
in the dimeric (Fig: 1c) or a polymeric form such as Fig. 1d contaminating with 10%
to 20% of the monomeric (Fig. 1a) one as estimated from the UV and NMR spectra.

Experimental

A sample of 2-hydroxycyclohexanone supplied by K & K Laboratories, was shown
to be pure by elementary analysis and gas chromatcgraphy.

The IR spectra were recorded with shimadzu IR-27G infrared spectrophotometer.
Sample was measured by mixing with deuterium oxide and with DMSO-d, as a thin
liquid film at room temperature.

The UV spectra were investigated by Shimadzu QV-50 ultraviolet spectrophotometer.
Sample solutions were prepared with water and DMSO.

The NMR spectra were recorded with a Varian T-60 high-resolution spectrometer.
Chemical shifts were measured using DSS as an internal reference. Sample solutions
were prepared with deuterium oxide and DMSO-d,. The measurement was undertaken
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