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Synopsis. The dehydration of 2-(1-cvclohexenyl)cyclohexanol(8) gave cyclo-
hexylcyclohexenes, cyclohexylidenecyclohexane, cyclohexylidenecyclohexene, cyclo-
hexylcyclohexadienes, cyclohexenylcyclohexenes, phenylcyclohexane, and dodeca-
hydrodibenzofurans. The product distribution was quite sensitive to the solvents

and catalysts employed.

It is well known that the self-condensation of cyclohexanone(1) gives 2-(1-cyclo-
hexenyl)cyclohexanone(2), along with a small amount of 2-cyclohexylidenecyclo-
hexanone. A number of related papers have been reported.l-'» However, few
paper of the derivatives has been reported. We attempted the condensation of 1 and
found that the self-condensate is obtained by heating 1 in benzene in the presence
of p-toluenesulfonic acid and removing the resulting water in a good yield (90%).
The partial reduction of the condensate gave the corresponding unsaturated alcohol
(3). NMR analysis showed that both condensate(2) and the alcohol(8) include a
small amount of those of cyclohexylidene type. But GLC failed to show the pre-
sence of the minor component in the mixture of both condensate and the alcohol.
As part of studies on the derivatives of the condensate, we wish to describe the
dehydration of the alcohol(8) in the presence of acid catalyst.

2-(1-Cyclohexenyl)cyclohexanol (3) was treated with 40% aqueous sulfuric acid
at 100°C for 4 hr. The gas chromatogram of the reaction mixture is shown in Figure
1. The mixture was found to contain seventeen components including the unreacted
material (peak 15). Each product was isolated by the use of both fractional dis-
tillation under reduced pressure and preparative GLC.

Peaks 1, 2, and 3 were also obtained by the dehydration of 2-cyclohexylcyclo-
hexanol(15) under the same conditions. Peaks 4, 5, 6, and 7 were hydrogenated

at 83°C in the presence of Raney-Ni in ethanol under hydrogen pressure (20 kg/cm?
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Column : DEGSP/Chamelite CK, 3 mm¢ x 300 cm
Temperature : 145°C, carrier gas: Hj, 0.2 kg/cm?

Figure 1. Gas chromatogram of dehydration products of 2-(l.cyclohexenyl)-

cyclohexano!l (8) (409 aq. H,SOy4, 100°C, 4 hr)
initial pressure). Analysis of the reaction mixture by GLC showed the quantitative
formation of peak 3 as a main product and peak 1 as a minor product in a ratio
of 3 :2. Peaks 5, 6, and 10 added to maleic anhydride to form the crystalline
adducts. Although peak 4 had the absorption for conjugated diene in UV spectrum,
the compound did not react with maleic anhydride. The spectral data of peak 9
was consistent with those of the known compound, phenylcyclohexane.’?> The
reaction of peak 10 with maleic anhydride gave a white crystal and the melting
point coincided with that of bicyclohexenyl in literature.® On the basis of these
results and the comparison of spectral patterns for individual peak, the structure
of peaks 1—7, 9, and 10 were estimated ; peak 1: 3-cyclohexylcyclohexene(4),
peak 2: cyclohexylidenecyclohexane(5), peak 3: l-cyclohexylcyclohexene(6), peak
4 : 3-cyclohexylidenecyclohexene(7), peak 5: l-cyclohexyl-1, 3-cyclohexadiene(8),
peak 6 : 2-cyclohexyl-1, 3-cyclohexadiene(9), peak 7: 1-(2-cyclohexenyl)cyclohexene
(10), peak 9: phenylcyclohexane(11), and peak 10: 1-(l-cyclohexenyl)cyclohexene
(12).

Peaks 11 and 13 are an isomer having a molecular formula C,,H;,0 on the basis
of elemental analysis. Their spectra were quite different from those of the pro-
ducts mentioned above and showed the presence of an ether bond which was
suggested the structure of dodecahydrodibezofuran derivatives. The cis and trans
isomers of the compounds were assigned by the NMR spectrum, which indicated
the characteristic signal of two methine protons adjacent to the ether bond in both
isomers ; peak 11: trans-dodecahydrodibenzofuran(18) and peak 13: the cis isomer

(14). Peaks 8, 12, 14, 16, and 17 could not be isolated in the present work.
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Scheme 1.
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Products 4, 5, and 6 are assumed to be produced by the disproportionation
during the dehydration of alcohol 3, since the formation ratio of the products was
in fair agreement with that of phenyl compound(11). A similar disproportionation
would be expected to take place in the dehydration of 2-cyclohexylcyclohexanol
(15). But the reaction of 15 gave mainly 6, together with a small amount of 4

and 5, and the phenomenon was not observed.

Ho 40%aq. H.SO0 4
33— —> 4+ 5+6
OH

Scheme 2.

In order to obtain bicyclohexenyl(12) in a good yield, the dehydration of 3
was attempted in several reaction conditions. The results are given in Table 1.
Optimum vyield was obtained when the alcohol was heated in a 40 % aqueous
sulfuric acid solution. However, sulfuric acid in nonpolar solvents was markedly
proceeded the polymerization of material. It is particularly interesting in this ex-
amination that the reaction in toluene in the presence of p-toluenesulfonic acid gave

mainly 6, but no bicyclohexenyl(12).
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Experimental

IR spectra were recorded with a JASCO Model IR-2 spectrometer, and UV
spectra with a Shimazu Model UV-200 spectrometer in ethanol. NMR spectra were
taken with a JEOL Model MH-60-1I spectrometer in carbon tetrachloride containing
TMS as an internal reference. Chemical shifts were recorded in ¢ unit, IR frequ-
encies in cm™!, and UV wavelengths in nm.

Sel f-condensation of Cyclohexanone(1). A mixture of 19.6 g (0.20 mol) of 1,
20 ml of redistilled benzene and 0.76 g (4.0 mmol) of p-toluenesulfonic acid mono-
hydrate was heated under reflux for 15 hr. The produced water was removed as
an azeotrope with benzene. The reaction mixture was poured into 20 ml of water,
neutralized with 5 % sodium carbonate and then extracted with two 50 ml portions
of benzene. The benzene extracts were washed with water, dried over sodium
sulfate and the benzene was evaporated. The residual oil was distilled to give 16.0
g (90 %) of 2-(1-cyclohexenyl)cyclohexanone(2) containing a small amount of 2-
cyclohexylidenecyclohexanone : bp 110—112 °C/2 mmHg, d# 1.0063, n¥ 1.5049. The
mixture showed a single, symmetrical peak in GLC and was not able to be isolated.

Preparation of 2-(1-Cyclohexenyl)cyclohexanol(8). To 17.8 g (0.10 mol) of 2
in 30 ml of ethanol was added 5.1 g (0.22 gramatom) of metallic sodium over a
period of 3 hr. The temperature was maintained at 80—85°C during the addition,
and the refluxing was continued for a further 1 hr period. The solvent was eva-
porated and was treated as usual. Distillation gave a colorless oil (13.0 g, 72 %);
bp 128 °C/8 mmHg, d2® 1.0020, n?® 1.5061.

Dehydration of 2-(1-Cyclohexenyl)cyclohexanol(3). A mixture of 50 g of 8 and
150 ml of 40 % aqueous sulfuric acid was heated at 100 °C under stirring for 4 hr.
The reaction mixture was treated as usual. The fractional distillation gave 33.5 g
(67 %) of a colorless liquid. GLC showed the distillate to contain seventeen com-
ponents including unreacted alcohol, as shown in Figure 1. Each component was
isolated by preparative GLC using a DEGSP column at 130 and 150 °C.

3-Cyclohexylcyclohexene(4) : d% 0.8819, nf 1.4849 (lit.,'® n{ 1.4941). MR : 53.29.
Caled for CioHap: 52.75. IR : 3037 (m), 1639 (w), 716 (w). NMR: 0.45--2.86 (m, 18
H), 5.07 (m, 2H).

Cyclohexylidenecyclohexane(5) : d3® 0.8924, nf? 1.4852. MR : 52.68. Calcd for
CioHap : 52.75. IR : 3040(w), 1622 (w). NMR : 0.80—1.69 (m, 12H), 1.88 (br.s, 8 H).

1-Cyclohexylcyclohexene (6) : d% 0.9025, n¥ 1.4928 (lit,'*> n}’ 1.4945). MR:
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52.79. Calcd for Ci2Ha, : 52.75. IR : 3038 (m), 1653 (w), 798 (m). NMR: 0.78—2.71
(m, 19 H), 5.17 (br. s, 1 H).

3-Cyclohexylidenecyclohexene (7) : d5? 0.9080, n?® 1.4922. MR : 51.69. Calcd for
CizHis 1 52.28. IR : 3005 (m), 1644 (w), 717 (m). NMR: 0.74—2.32 (m, 16 H), 5.47
(m, 2H). UV : Anax 259 (Emax 8560).

1-Cyclohexyl-1, 3-cyclohexadiene(8) : d2® 0.9129, n? 1.5069. MR : 52.80. Calcd
for CioHis: 52.28. IR : 3016 (m), 1644 (w), 806 (m), 720 (m). NMR: 0.72—1.92 (m,
11 H), 2.01 (br.s, 4 H), 5.20 (m, 1 H), 5.37 (m, 1 H), 5.58 (br.s, 1H). UV : .« 245
(€max 8700).

2-Cyclohexyl-1, 3-cyclohexadiene(9) : d? 0.9210, n? 1.5105. MR: 52.65. Calcd
for CioHig: 52.28. IR : 3028 (m), 1644 (w), 688 (m). NMR : 0.88—1.94 (m, 11 H), 2.02
(br.s, 4 H), 5.12—5.82 (m, 3H). UV : Znux 257 (Emux 7680).

1-(2-Cyclohexenyl)cyclohexene (10) : IR : 3010 (m), 1678 (w), 1635 (w), 864 (m),
845 (m), 720 (m). NMR : 0.93—1.82 (m, 8 H), 1.82—2.88 (m, 7 H), 4.85—5.97 (m, 3H).

Phenylcyclohexane(11) :  d3® 0.9408, n% 1.5297 (lit.,» n2® 1.5258). MR : 52.51.
Caled for Ci2Hyg: 51.82. IR : 3054 (m), 3019 (m), 1600 (m), 1488 (m), 745 (s), 692
(s). NMR: 1.08—2.68 (m, 11 H), 6.96 (s, 5H). UV : Znax 247 (Epux 42800).

1-(1-Cyclohexenyl)cyclohexene(12) : dZ° 0.9605, n3? 1.5330. MR : 52.34. Calcd for
Ci2Hig: 52.28. IR: 3043 (m), 1620 (w), 710 (m). NMR: 1.67 (m, 8 H), 2.15 (br. s.
8H), 5.75 (br.s, 2H). UV ! Anax 238 (Enuy 10500).

Found: C, 89.09; H, 11.18 %.
Calcd for CoH,s: C, 88.82; H, 11.18 %.

trans-Dodecahydrodibenzo furan(18) : d3® 1.0016, n? 1.4941. MR : 52.32. Calcd
for Ci2Hz0 : 52.66. IR : 1165(m), 1110 (m), 995 (s), 984 (s). NMR : 0.86—2.68 (m,
18H), 4.18 (m, 2H).

Found: C, 80.15; H, 11.23 %.
Calcd for Ci2H»0: C, 79.94; H, 11.18 %.

cis-Dodecahydrodibenzo furan(14) : d2 1.0115, n? 1.4943. MR : 51.83. Calcd for
Ci2H20 1 52.66. IR : 1170 (s), 1150 (s). 955 (s). NMR: 0.80—2.45 (m, 18H), 3.50
(m, 1 H), 4.05 (m, 1 H).

Found: C, 80.17; H, 11.02 %
Calcd for CioH,,O: C, 79.94; H, 11.18 %.

Reaction of the Dechydrates of 8 with Maleic Anhydride. The mixture of the
dehydrates (1.0 g) with maleic anhydride (0.5 g) was heated at 100 °C for 4 hr

with stirring. GLC analysis of the reaction mixture indicated the disappearance of
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peak 5, 6, and 10 in Figure 1. The resulting crystal was recrystallized from benzene-
cyclohexane (1 : 1) to obtain the adduct of diene 12. Mp 122.0—1225 °C (lit.,}®
122.5—123.5 °C). IR (in Nujol) : 1850 (m), 1770 (s), 1220 (s), 1014 (m), 931 (s),
909 (s). NMR: 1.10—2.18 (m, 12 H), 2.18-2.90 (m, 6 H), 3.20 (m, 2 H).

Hydrogenation of the Dehydrates containing 7, 8, 9, 10, 11, and 12. In a 100
ml autoclave were placed 10 g of the dehydrates, 1.0 g of Raney-Ni, and 40 ml of
ethanol. Hydrogen (20 kg/cm?) was changed after purging air twice with hydrogen
and the mixture was stirred at 83°C for 10 hr. GLC analysis of the reaction mix-
ture showed the formation of monoenes 4 and 6 in a ratio of 2 : 3 at 98 &5 conver-
sion. Ethanol was removed by evaporation and the residue was distilled in vacuo
to give 7.7 g of a mixture of 4 and 6, bp 100—105 °C/30 mmHg.

Preparation of 2-Cyclohexylcyclohexanol(15).  2-(1-Cyclohexenyl)cyclohexanone
(2) was hydrogenated over a Nickel catalyst (1.0 g) in n-hexane (50 ml) under
hydrogen pressure (35 kg/cm?) at 150—160 °C for 8 hr. After the uptake of hydro-
gen ceased, the solution was filtered and the solvent was evaporated. The residue
thus obtained was distilled under reduced pressure; 15 (394 g, 77 %) was thus
obtained as a colorless oil. Bp 130—131 °C/8 mmHg, d2° 0.9769, n?% 1.4968.

Dehydration of 2-Cyclohexylcyclohexanol (15). By a similar way to the de-
hydration of 8,15 (5.0 g) was treated to give mainly 1l-cyclohexylcyclohexene(6),
along with a small amount of 3-cyclohexvlcyclohexene(4) and cyclohexylidenecyclo-
hexane(5) (4.2 g, 84 %).

The authors wish to thank Professor S. Wakabayashi for many helpful discus-

sions and suggestions during this work.
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