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Abstract:
Delta-3-carene, a constituent of the by-product turpentine from Kraft pulp mills in the Rocky Mountain
region, was used as a raw material for the production of monoterpene alcohols. A four-step process,
including hydrogenation, hydrobromination, esterification, and hydrolysis was used.

The final alcohol products were identified as cis- and trans-8-p-menthanol and cis- and
trans-8-m-menthanol.

The liquid phase hydrogenation of (+) Δ-3-carene was investigated in a continuous fixed-bed catalytic
reactor using a reduced nickel catalyst containing 58% nickel on a kieselguhr support (Harshaw
Ni-OlO4-T).

The operating conditions were as follows: 25-115°C, 0-1500 psig, LHSV .05-.50, and H2 rate 38-376
SCF/gal. Δ-3. The production of (-) cis-carane was favored by high pressure, lower temperatures, and
low space velocity while 1,1,4-trimethylcycloheptane (the major by-product) was favored by low
pressures, high temperature, and high space velocity. Carane yields of 90-95% with 100% conversion
of Δ-3-carene were obtained at 60-70°C, 750-1000 psig, and LHSV .10-.20. The catalyst activity was
decreased by a poison suspected to be water. The selectivity was unaffected.

The hydrobromination of carane, was carried out in a semi-batch reactor using gaseous HBr. Organic
peroxides were used to try to reverse Markovnikov's rule of addition so that secondary bromides could
be obtained. This failed completely with carane, with about equal amounts of the tertiary meta and para
derivatives being the only products obtained.

The operating conditions were as follows: 5-100°C and initial carane concentration .30-1.60 g-moles/l.
The high temperature favored the meta derivatives slightly while the lower carane concentrations
decreased the reaction rate. Conversions of over 95% were obtained in most of the experiments with
the reaction proceeding very rapidly generating exothermic heat. The acetate esters were produced
from the terpinyl bromides because elimination predominated when direct hydrolysis of bromides was
tried. The batch esterification went instantaneously in an acetic acid medium using silver acetate. The
operating conditions were as follows: 2-112°C, initial bromide concentration .12-1.30 g-moles/l. and
reaction time 2-60 min. Temperature up to about 70°C had no effect on the yield of ester but at 112°C
the yield dropped. At higher bromide concentrations the yield was decreased slightly, also. The
maximum amount of ester obtained was 60% at 17°C using .25 g-moles bromide/l.

The batch hydrolysis reaction was investigated with menthyl acetate in a Parr bomb using aqueous
NaOH. The operating conditions were as follows: 95-245°C, .25-2.92 g-moles Na0H/l. H2O, .23-1.08
g-moles ester/l. H2O, and reaction time 15 min. to 13 hours. At temperatures over 120°C the reaction
went easily with 80-100% conversions and 90-100% alcohol yields. Reaction times over one hour
provided nearly complete conversion while reactant concentration had no effect on the reaction.
Hydrolysis of crude tertiary esters yielded approximately 50% alcohols at 170°C after 10-12 hours. 
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