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This work was carried out with the object of synthesizing tertiary acetylenic alcohols of types A and B for use
by us in the future as starting compounds for the preparation of cycloaliphatic polyenic ketones and polyenic esters.
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In spite of the fact that there is an extensive literature on tertiary acetylenic alcohols 1], alcohols of these
types have scarcely been investigated at all. Only two alcohols of type B have been described, (XXXVI) and
(XXXVII), in connection with the study of their soporific action[2] and their isomerization into aldehydes [3].

The ketones (X)-(XVIII), from which the alcohols (XIX)-(XXVII) of type A were synthesized, were prepared
either by the diene condensation of 3-buten-2-one with butadiene, piperylene, or isoprene {4, 9] or by the chromic
acid oxidation of the secondary alcohols (IV)~(IX), which were prepared in their turn by the Grignard reaction from
the 3-cyclohexene-1-carboxaldehydes (I)-(111) [ 5].
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*This article is published in accordance with a resolution of the Conference of Chief Editors of Journals of the Acad-
emy of Sciences of the USSR of July 12, 1962, as a dissertation paper by D. A. Kazlauskas.
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It was of interest to compare the reactivities of the ketones (X)-(X1I) and the aldehydes (1)-(III) of the 3-
cyclohexene series in the ethynylation reaction, for we have shown previously that the carbonyl group of 3~cyclohex-
ene-1-carboxaldehydes is of low reactivity in a number of reactions [6]. It was found that under comparable condi-
tions (sodium acetylide in liquid ammonia) the ketones (X)~(X1II) condense somewhat more readily with acetylene
than the corresponding aldehydes with formation of the acetylenic alcohols (XIX)«(XXI) in 63-76% yield, whereas
acetylenic alcohols were obtained from the corresponding aldehydes in 35-55% yield [7}. However, when the conden-
sation was with lithium acetylide in liquid ammonia the yields of the same alcohols (XIX)~(XX1) attained 76-86%
and approached the yields of the alcohols (XXXVI)«(XXXIX) of type B, which were prepared from the cyclohexyl ke~
tones (XXXII) -(XXXV).
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(X), (XXXII), (XXXVI)—Ry, Ry = H; Rg = CHj, (X), (XXXIII), (XXXVII)—Ry = H: Ry, Rg = CHg; (XXX), (XXXIV),
(XXXVIII) =Ry, Ry = H; Rg = phenyl; {(XXX1I), (XXXV), (XXXIX)—Ry = H; Ry = CHy, Ry = phenyl.

The high reactivity of lithium acetylide, as compared with sodium acetylide, is confirmed by the fact that the
condensation of the o,B-unsaturated ketone (XL)[8] with lithium acetylide goes with formation of the alcohol (XLI)
in 80% yield, whereas the use of calcium or sodium acetylide in the condensation reduces the yield to 62 or 34% re-
spectively.
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Hence, when lithium acetylide is used the reactivities of cyclohexyl, and also 1-cyclohexen-i-yl and 3-cyclo-
hexen-1-yl, ketones are leveled out.

The yields of the acetylenic alcohols (XIX)}-(XXI) depend somewhat on the position of the methyl group in the
cyclohexene ring, as was observed earlier in the condensation of 3-cyclohexene -1-carboxaldehydes with acetylene
[7]. A higher yield of alcohol was obtained from the ketone (XII) with the methyl group in the 4-position, and the
lowest yield was obtained from the ketone (XI) with the methyl group in the 2-position.

The acetylenic alcohols (XXI) and (XXII) are selectively hydrogenated in presence of a Lindlar catalyst with
formation of the dienic alcohols (XXVIII) and (XXIX).

To confirm the structures of the alcohols synthesized, their infrared absorption spectra were studied in the range
650-4000 cm ! (Fig. 1). The absorption band at 1650-1656 cm 1 corresponds to the stretching vibrationsofthe C=C
bond in the ring, and the absorption band at 2100 em™ corresponds to a monosubstituted acetylene. In the region of
=C—H vibrations there is an absorption band at 3300 cm ™}, characterizing the presence of an acetylenic hydrogen.
The fact that the acetylenic alcohols (XXI) and (XXII) are selectively hydrogenated to the dienic alcohols (XXVIII)
and (XXIX) is confirmed by the disappearance of the bands due to the stretching vibrations of C=C and =C—H with
the simultaneous appearance of a new band at about 1625 cm™. The absorption band at 3500 cm ! confirms the
presence of a hydroxy group in all the compounds synthesized.
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Fig. 1. Infrared absorption spectra: 1) a-ethynyl-o,4-dimethyl-3-cyclohexene-1-methanol (XXI); 2) o~ethyl-o-
ethynyl-2-methyl-3-cyclohexene-1-methanol (XXII); 3) a¢~ethynyl-4-methyl-a-isopropyl-3-cyclohexene-1-metha-
nol (XXV); 4) a-ethynyl-aq-phenyl-3-cyclohexene-1-methanol (XXVI); 5) a-ethynyl-4-methyl-o-phenylcyclohex -
anemethanol (XXXIX); ) c-ethynyl-c-methyl-1-cyclohexene-1-methanol (XL1); T) o, 4-dimethyl-g-vinyl-3-cyclo-
hexene-1-methanol (XXVIII); 8) a-ethyl-2-methyl-a-vinyl-3-cyclohexene-1-methanol (XXIX).
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EXPERIMENTAL

The infrared spectra of (XXI), (XXII}, (XXVI), (XXVIII), and (XXXIX) were run on a UR-10 double-beam spec-
trophotometer (Zeiss) in a thin layer (0.05-0.02 mm) with NaCl and LiF prisms, and (XXV), (XXIX), and (XLI) were
examined on an SP-100 spectrophotometer (Unicam).

Preparation of Alkyl- and Phenyl-3-cyclohexane-1-methanols (IV)«IX). One mole of the aldehyde (I}, (I1),
or (III) in 250 ml of dry ether was added with stirring to a solution of an organomagnesium compound prepared from
1 g-atom of magnesium turnings and 1 mole of ethyl iodide, isopropyl iodide, or bromobenzene in 500 ml of dry
ether. The reaction mixture was then poured into a flask containing ammonium chloride solution and pieces of ice.
The ether layer was washed with water and dried with magnesium sulfate. After the removal of solvent the residue
was vacuum-distilled. The constants of the alcohols are given in Table 1.

Preparation of the o~Phenylcyclohexanemethanols (XXX) and (XXXI). The alcohol (XXX) was prepared from
chlorocyclohexane and benzaldehyde [10]. The alcohol (XXXI) was prepared analogously to the alcohols (IV)-(IX)
from 4-methylcyclohexanecarboxaldehyde [5] and bromobenzene. Their constants are given in Table 1.

Preparation of Alkyl 3-Cyclohexen-1-yl Ketones (XIII)<(XVI). Chromic mixture prepared from 80 gofsodium
dichromate, 330 m! of water, and 60 ml of sulfuric acid was added dropwise with stirring to 0.6 mole of the alcohol
(Iv), (V), (VI), or (VII) mixed with 1560 ml of water. The rate of addition of the chromic mixture was such that the
temperature of the oxidation was kept in the range 40-60°. The reaction mixture was then diluted with water and
extracted with a 5: 1 mixture of diethyl ether and petroleum ether. The ether extract was washed with sodium car-
bonate solution and water and was dried with magnesium sulfate. Solvent was driven off, and the residue wasvacuum-
distilled. The constants of the ketones and their crystalline derivatives are given in Table 2.

Preparation of the Cyclohexenyl and Cyclohexyl Phenyl Ketones (XVII), (XVIII), (XXXIV), and (XXXV). Chro-
mic mixture prepared from 100 g of sodium dichromate dissolved in 350 ml of acetic acid was added dropwise to
0.5 mole of the alcohol (VII), (IX), (XXX), or (XXX1I) dissolved in 100 ml of acetic acid. Thereaction temperature
was maintained in the range 40-60° by the rate of the addition of the oxidant. The reaction mixture was treated as
in the previous experiment. The constants of the ketones and their crystalline derivatives are given in Table 2.

Preparation of the Acetylenic Alcohols (XIX)~(XXVIL), (XXXVI)«(XXXIX), and (XLI). Acetylene was passed
into a solution of 1.2 g-atom of sodium or lithium in 1500 ml of liquid ammonia with stirring at between — 65 and
—170° until the blue color of the solution disappeared. At the same temperature with continuing passage of acetylene
and stirring a solution of 1 mole of the ketone in 250 ml of methylal was added dropwise in the course of 30 min.
Stirring and passage of acetylene were continued further for 3 h. Most of the ammonia was evaporated off, and
the reaction mixture was decomposed with ammonium chloride and extracted with ether. The ether extract was
washed with water and dried with magnesium sulfate, solvent was removed, and the residue was vacuum -distilled.
The constants of the alcohols are given in Table 3.

Selective Hydrogenation of the Alcohols (XXI) and (XXII). 18 g of the acetylenic alcohol (XXI) was hydro-
genated in absolute methanol in presence of Lindlar catalyst. 2.7 liters of hydrogen was absorbed. Catalyst was fil-
tered off, solvent was driven off, and the hydrogenation product was vacuum-distilled. We obtained 16,7 g (94%) of
the alcohol o, 4-dimethyl-g-vinyl-3-cyclohexene-1-methanol (XXVIII); b.p. 70-71° (3 mm); d® 0.9512; np20
1.4960. Found: C 79,34 H 10.96%; MR 51.06. Cy3Hyg0. Calcunlated: C 79.46; H 10.92%; MR 51.39.

Similarly, from -+.4 g of the alcohol (XXII) we obtained 4 g (90%) of o.-ethyl-2-methyl-o-vinyl-3-cyciohex-
ene~1-methanol (XXIX); b.p. 76-76° (1 mm); d 2 0.9441; np2 1.4967. Found: C 79,90, 79.76; H 11.38, 11.24%;
MR 55,83, Cy,Hp0. Calculated: C 79.96; H 11.18%; MR 56.00,

The authors thank L. B. Senyavina for determining the infrared spectra.

SUMMARY

1. The ethynylation of cycloaliphatic ketones was studied. With sodium acetylide,3-cyclohexen-1-ylketones
condense rather worse than the corresponding cyclohexyl ketones do.

2. In their condensation with lithium acetylide cyclohexyl, 3~cyclohexen-1-yl, and 1-cyclohexen-1-yl ke-
tones form tertiary acetylenic alcohols with equal ease in yields of 70-80%.
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