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The acid-catalysed hydration of (+)-sabinene (I; [a]p+103°, ¢
1.0 in chloroform) using perchloric acid in aqueous dioxane yields
(+ )-terpinenol-4 (3; [«]p+ 32.0, ¢ 20.1 in chloroform), cis- and trans-
sabinene hydrate (8 and 9, respectively), terpinolene (7), «- and y-
terpinene (5 and 6, respectively), together with trace quantities of
p-cymene and unidentified materials.

There is a high degree of stereospecificity (80 %) in the formation
of terpinenol-4 (3) from (+ )-sabinene. Thus a classical charge-localized
ion can be ruled out as a main product-determining intermediate.
The proportions of the two sabinene hydrates (8 and 9) formed in low
yields indicate that the reaction to a large extent is governed by
delocalisation effects rather than by steric control.

The hydration of (—)-x-thujene (2) proceeds at a much lower
rate than that of sabinene, but yields the same products as sabinene,
and in the same relative proportions. The products are thus derived
from cyclopropylcarbinyl intermediates, and not from a trishomo-
cyclopropenyl cation or a classical relative.

An important feature in the solvolysis of cyclopropylcarbinyl derivatives is
the unique steric course of the reaction. Among other evidence, the stereo-
chemistry of the rearrangement shows that there must be extensive charge
delocalisation from the carbinyl carbon to the cyclopropane ring.1”® However,
the nature and the extent of this delocalisation is still not clear.

In this communication, we wish to report some results on the rearrange-
ment during acid-catalysed hydration of (+ )-sabinene (I) and (— )-a-thujene
(2). The hydrations of these two compounds are simple model reactions for
stereochemical studies, since the absolute configurations of the two com-
pounds 4% and of their rearrangement product terpinenol-4 (3)? are known.
Thus the stereospecificity in the reaction can be determined. The present
investigation was undertaken to compare the results with those of an
extensive investigation on the acid-catalysed addition of methanol and acetic
acid to bicyclo[3.1.0]Thexene-2 (4),® in order to gain additional information
concerning the stereospecificity of the rearrangement.
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The formation of terpinenol-4 (3) upon acid-catalysed hydration of sabinene
(I) was discovered by Wallach %,!° in the beginning of this century. More
recently, this reaction has been reinvestigated, using gas liquid chromatog-
raphy (GLC), in order to select the optimum conditions for the formation of
terpinenol-4.1! In this latter investigation, the reaction mixture was distilled,
and an optically active fraction ([«],+ 15.2°, homogeneous) of terpinenol-4
was obtained. The homogeneity of this fraction was not determined. However,
the result indicates some stereospecificity in the reaction.

In the present investigation, the hydrations were performed in aqueous
dioxane (75 %,), using perchloric acid as catalyst (0.02 N). The reaction
mixtures were analysed by means of GLC. Some of the components were
identified, using a combined GLC-mass spectrometer. The results of the prod-
uct study are summarised in Table 1.

Table 1. Acid-catalysed hydrations of sabinene and «-thujene.
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¢ Relative GLC retention times (for conditions, see Experimental).
Identified by means of GLC-mass spectrometry.
¢ Present in detectable quantities (<0.5 %).

In a preparative experiment, using the conditions described above, a
homogeneous terpinenol-4 fraction ([«]y,+32.0° ¢ 20.0 in chloroform) was
isolated by chromatography on deactivated alumina, followed by a final
purification by preparative GLC. The alcohol was found to be stable upon
prolonged treatment under the above reaction conditions, and no change in
its optical rotation could be observed. The contribution from a secondary
reaction, in which racemic terpinenol-4 is formed from terpinenes, must be
very small, since only traces of the alcohol (< 0.5 %) could be detected in
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the reaction product, when a terpinene mixture was treated under the same
conditions as those of the above preparative experiment. ’

From chemical transformations of (+ )-sabinene (I) to (+ )-a-methyl-a-
isopropylglutaric and (+ )-«-methyl-a-isopropylsuccinic acids, and to other
terpenoids,”® it follows that the (+ )-sabinene (I; [«],-+103° ¢ 1.0 in chloro-
form), used in this investigation, must be of high optical purity (<2 %, of
the levorotatory form).

(4 )-Terpinenol-4 (3) of different optical purities have been reported in
the literature. The highest rotation ([«],+41.9°, ¢ 20.0 in chloroform;
[«]p + 48.3°, homogeneous) is recorded for a sample, obtained from oil of
lavender.? A value of similar magnitude ([«],+ 46.67°, homogeneous) for an
optically pure sample of the alcohol has been calculated by comparison with
compounds in the menthane series of known optical purity, to which terpinenol-
4 has been chemically transformed.!® The above results show that the hydra-
tion of sabinene to form terpinenol-4 proceeds with a high degree of stereo-
specificity (>80 %). Evidently, some racemization (15—20 9,) also occurs.
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The acid-catalysed additions of methanol and of acetic acid to bicyclo-
[3.1.0]hexene-2 (4) have been discussed in detail by Freeman et al.® The acid-
catalyséd hydration of (+ )-sabinene (I) and (- )-x-thujene (2) proceeds in a
way analogous to the solvolysis of the above unsubstituted hydrocarbon (4).
It is interesting to note that the hydration of sabinene proceeds much faster

than that of «-thujene.

A 3-carbonium ion, such as a trishomocyclopropenyl cation (10) or a
classical relative (11), could be ruled out as a product determining intermediate
in the electrophilic addition of methanol or acetic acid to bicyclo[3.1.0]hexene-2

(4).1 The hydration of a-thujene similarly yields products which are derived
from cyclopropylearbinyl intermediates, and not from a homocyclopropyl-
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carbinyl cation. The products are the same and in the same proportions as
those from sabinene.

OCH;  OCH;,
10 1 12 13

From the product composition of the kinetically controlled addition of
methanol to bicyclo[3.1.0]hexene-2 1 it is evident that the steric course of
the reaction must be influenced by delocalisation effects in transition or
intermediate states, since the initial proportion of cis- and trans-2-methoxy-
bicyclo[3.1.0]hexanes (I2) and (I3) is calculated to be 45:55. A sterically
controlled addition to a classical charge localised ion should yield more of the
trans-isomer (13). The proportions of the two sabinene hydrates, formed upon
hydration of sabinene, similarly indicate that the reaction is governed mainly
by delocalisation effects, rather than by steric control (for sterically controlled
reactions, see Ref. 13), via the classical charge-localised ion (14).
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The stereospecificity in the formation of (+ )-terpinenol-4 (3) from (+)-
sabinene (I) is in complete agreement with previous examples of ecyclopropyl-
carbinyl rearrangements in more rigid systems.' Thus there must be extensive
charge delocalisation in the rearrangement and a classical charge-localised
ion (I15) can be ruled out as a main product-determining intermediate. How-
ever, some racemic alcohol is also formed, which thus would suggest that
there is a contribution from a classical charge-localised ion (15), or that two
sets of interconvertible charge-delocalised ions (16) and (I7) are involved in
the reaction.

EXPERIMENTAL

GLC analyses were performed on an Aerograph 204B instrument, using a Carbowax
20M column (10 9%, on Chromosorb W 60 — 80 mesh; 10’ x 1/8’/; 120°). Relative retention
times for the hydration products are given in Table 1 (sabinene, 1.00). The compositions
of the product mixtures are calculated from peak areas. Corrections for differences in
detector response were made for sabinene and terpinenol-4. The mass spectrometric
identifications were made on an LKB 9000 combined GLC-mass spectrometer, using a
Carbowax 20 M column.

Acid-catalysed hydrations. (+)-Sabinene (0.5 g; [a]p+ 103° ¢ 1.0 in chloroform) was
treated with perchloric acid (0.02 N) in dioxane/water (3:1; 50 ml) for 6 h. The reaction
mixture was poured into ice/water, and extracted with light petroleum (b.p. 35 —45°).
The organic material was analysed by GLC and by GLC-mass spectrometry (Table 1),
and the various constituents were identified by comparisons with authentic compounds
or mixture of compounds.

The hydration product was chromatographed on alumina (standard, activity II —IIT).
Ether (5 %) in light petroleum (b.p. 35 —45°) eluted a terpinenol-4 fraction which ac-
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cording to GLC contained small amounts of sabinene hydrates. This fraction was further
purified by preparative GLC (Aerograph Autoprep A 700; 10 % QF-1 on 60— 80 mesh
Chromosorb W; column dimensions 20 x 3/8”; column temp. 45°) to yield homogeneous
terpinenol-4, [a]p+ 32.0° (¢ 20.0 in chloroform).

The hydration of «-thujene was performed, using the same conditions as described

above for sabinene (reaction time, 48 h; temp. 30°); the product analysis is shown in
Table 1.
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