ACTA CHEMICA SCANDINAVICA 10 (1956) 249265

The Configuration of endo-Dehydro-norborneol and

«-Norborneol

PEKKA HIRSJARVI

Institute of Chemistry, University of Helsinki, Finland

The 5-hydroxy-cyclopentane-1,3-cis-dicarboxylic acid (6-hydroxy-
norcamphoric acid), m.p. 169—170°, pmpared by permanganate
oxydation and hydrolysis of the so called “endo’’-dehydro-norbornyl
acetate, is a cis-hydroxy acid according to the intramolecular
hydrogen bonding verified by the author on the infrared absorption
spectra of its dimethylester in carbon tetrachloride. From this con-
figuration it follows that “endo”-dehydro-norborneol and a-norbor-
neol, its hydrogenation product, have both an endo-configuration, as
has been generally supposed, but never established. The "endo’-
dehydro-norbornyl acetate prepared through diene syntheses of
vinyl acetate and cyclopentadiene, used as starting material in this
work, was catalytically hydrogenated. The hydrolysis product of
the hydrogenation product was composed of 75.3 9% a-norborneol
and 24.7 % B-norborneol on the basis of the infrared spectral analysis.
The effect of an addition of boric acid on the electrical conductivity
of the solutions of the 5-hydroxy-norcamphoric acid (m.p. 169—170°)
in water was investigated. The results are discussed.

n a previous paper! a method to investigate the cis- trans-configurations

of B-hydroxy-cyclopentane-carboxylic acid esters was presented. With this
method based on the verification of the intramolecular hydrogen bond forma-
tion by means of the infrared absorption spectra, I have now investigated the
dimethylester of the 5-hydroxy-norcamphoric acid, prepared by permanganate
oxydation of the so called ’endo”’-dehydro-norbornyl acetate*.

The ’endo”-dehydro-norbornyl acetate is prepared from vinyl acetate and
cyclopentadiene through diene syntheses 3. Owing to the general spectrospeci-
fic course (cf. Ref. ¢) of the diene syntheses proved by them on other classes
of adducts only ®, Alder and Rickert 2 supposed that this compound analogic-
ally has endo-configuration. The hydrogenation of ”’endo”-dehydro-norborneol
yields a-norborneol 8. Applying their exo-addition theory to the catalytic
hydrogenation of norcamphor, Alder and Stein ? drew the conclusion that

* A reaction carried out previously by others in this laboratory 2.
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Fig. 1. Infrared absorption spectra of
0.0224—0.0007 M solutions of the §-hydroxy-
norcamphoric acid dimethylester (prepared
from the endo-dehydro-norbornyl acetate ) n
CCl, and that of the solvent in the region
[P B B of 3 200— 3 900 cm™.

2300 3500 3700 3900 cm'!

a-norborneol must have endo-configuration, whereas the "’ endo’’-dehydro-nor-
borneol and its acetate must have endo-configuration. Direct evidence for the
configurations of norborneols and dehydro-norborneols has not been presented;
Alder and Stein 7, however, have communicated that they are (1936) studying
the configuration of a-norborneol in order to prove it. Their method seems
possible inTtheory, but so far no results have been published.

In the Bertram-Walbaum-reaction of a mixture of norbornylene and nor-
tricyclene f-norbornyl acetate is obtained 8. On the basis of this fact the
conclusion may be drawn that the latter has exo-configuration (cf. Ref.?).

According to H. Toivonen 1° the oxydation of ¢-norborneol with concen-
trated nitric acid yields norcamphor, whereas f-norborneol in the same oir-
cumstances yields nitric acid ester. Further, according to H. Toivonen 1! the
endo-form of the terpene alcohols for which the endo-exo-configurations are
chemically explained, viz. for borneol, ¢soborneol 13, a-fenchol and g-fenchol13,
is oxidised with nitric acid to the corresponding ketone, while the exo-form
is esterified. In this reaction thus e-norborneol behaves like the aforementioned
endo-alcohols and S-norborneol like their exo-forms.

To check the steric purity of the starting material in this work a part of
the dehydro-norbornyl acetate used was hydrogenated and hydrolysed. Ac-
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Table 1. Transmission of the solution of 5-hydroxy-norcamphoric acid dimethylester in
OCl, on hydrogen bonded O-H-absorption band (3 468 cm™ ) (Fig. 1).

Concentration
mole - 11 logy 5, 1. molet
0.0224 0.150—1 38.0
0.0112 0.674—1 38.0
0.0056 0.789—1 37.7
0.00280 0.8965—1 37.0
0.00140 0.9474—1 37.6
0.00070 0.9731—1 38.5

cording to the infrared spectral analysis'4 the product was composed of 75.39%,
a-norborneol and 24.7 9, f-norborneol (cf. Ref.4). 33.9 % of theory of the
crystalline, in ether very slightly soluble 5-hydroxy-norcamphoric acid isomer
(m.p. 169—170°) was isolated from the permanganate oxydation product of
the dehydro-norbornyl acetate. On the basis of the amount of the yield this
isomer can arise only from the dehydro-norbornyl acetate of the ¢-norborneol
series.

The infrared absorption spectra of 5-hydroxy-norcamphoric acid di-
methylester (0.0224—0.0007 M solutions in carbon tetrachloride) in the region
3 900—3 200 cm™ investigated in this work are given in Fig. 1. The absorp-
tion band of the (hydrogen )bonded hydroxyl group is here broader (double (%)
3 468, 3 515 cm™) than in the case of the 5- czs-hydroxy—zsofenchom acid di-
methyleqter and 5-cis-hydroxy-camphoric acid dimethylester !. Even in such
a small concentration as 0.00070 M one cannot with certainty verify the ab-
sorption band of the free hydroxyl group (in the region of 3 600—3 640 cm™).

The values of 1'5 were obtained from the center of the 3 468 cm™! absorption
band in the spegtra given and the values of the coefficient k in the Beer’s
law formula log;, 7, = —£k-c,(k=a-b) were calculated and are given in

Table 1. (The same b = 1.003 cm quarz cell was used as in the previous
work1). The value of k is constant in the limits of experimental error. The
hydrogen bond absorption band must thus in this case belong to the intra-
molecular one!.

700 800 1000 cm-' 1400 2000 2500 3000 4000

Fig. 2. Infrared absorption spectrum of cis-5-hg)droxy-norcamhoric acid dimethylester
(with atmospheric background, upper a capillary film and lower a 0.05 mm thick sample ).
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This intramolecular hydrogen bonding on the 5-hydroxy-norcamphoric
acid dimethylester is possible only when the (1-)carboxyl group and the (5-)
hydroxyl group are in cis-position with regard to the five ring; since, further,
this is a cts-dicarboxylic acid (anhydride formation 2 and preparation by the
permanganate oxydation from dehydro-norborneol), the hydroxyl and both
carboxyl groups must be on the same side of the five ring plane. This 5-hydroxy-
norcamphoric acid isomer is thus 5-cts-hydroxy-cyclopentane-1,3-cis-dicarb-
oxylic acid (cf. Fig. 3).

COo
COOH "oH

From this configuration it follows that e-norborneol and ”endo”-dehydro-nor-
borneol have both endo-configuration and that g-norborneol must have exo-

configuration:
&/ OH

endo-Dehydro-norborneol a-Norborneol B-Norborneol

OH » OH

The absorption band of the bonded O-H-stretching frequency is here broader, as men-
tioned above, and the value of k is smaller (38.0) than it was in the case of the f-hydroxy-
cyclopentane carboxylic acid esters studied in the mentioned previous work?! (69.0).
The 5-cis-hydroxy-cyclopentane carboxylic acid dimethylester can form at least four
different intramolecular hydrogen bonds (the hydrogen atom of the hydroxyl group is
directed either below the molecule or outwards and the bonding occurs either with the
carbonyl- or the ether-oxygen atom); cf. Fig. 3. The free rotation of the (5-)hydroxyl
group and of the (1-)carboxyl group is hindered only by one another. (If the carboxyl
group rotated unhindered, the shortest distance between the centers of the oxygen atom
of lx'droxyl group and of the nearest oxygen atom of (1-)carboxyl group would be ca.
2.0 A. The oxygen-oxygen distance varies in unstrained hydrogen bonds from 2.5 to
2.9 A). The occurrence of different intramolecular hydrogen bonding possibilities seems
tob cause & broadening in the absorption band related to the bonded O-H-stretching
vibration. '

The effect of boric acid on the electrical conductivity of the solution in
water of the 5-hydroxy-norcamphoric acid isomer, studied in this work, was
also investigated. The method is described elsewhere 1. The results are given
in Table 2. There is no change in the specific conductance when % M boric
acid is used as solvent instead of water. Of all f-hydroxy-cyclopentanecar-
boxylic acids previous studied %15, boric acid causes an increase in specific
conductance of cis-hydroxy acid isomers and a slight decrease in that of trans-
hydroxy acid isomers. In these latter compounds the boric acid complex
formation is not possible for steric reasons. On the basis of these facts the
results reported in Table 2 can mean boric acid complex formation, though
to so very slight an extent that no certain conclusions can be drawn.
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Fig. 3. Stuart-Briegleb models of four different possible intramolecular hydrogen bond
types on §-cis-hydroxy-cyclopentane-1.3-cis-dicarbonic acid dimethylester

The hydrogen ion activities of the conductivity measurement solutions were compared

in pairs. In all concentrations studied, the solution of 5-hydroxy-norcamphoric acid in
14 M boric acid was more acidic than that of the same concentration in pure water and
the difference in pH was greater than that calculated when no boric acid complex forma-
tion was taken into consideration. There can thus be weak boric acid complex formation.

Table 2. The electrical conductivity of the solutions of 5-hydroxy-norcamphoric acid
(m.p. 169—170°) in water and in Yy M boric acid— water solution at 25°. The cell constant:

0.283 cm™. Water x5 1.42 . 10-%0hm™* . cm™; Y, M boric acid—water solution x* 9.25 «
10-%hm™ - cm™1,
Solvent
Concen- Water 1 M boric acid
tration Socifi Soocifi
mole . 1-1 . pecific con- . pecific con-
%ﬁ:‘sgzﬁ? o(x)1f ductance of the %ﬁi’iﬁﬁ:ﬁogf ductance of the
ohms solution ohms solution
10* ¥ ohm™.cm™! 10* % ohm™.cm™
1/8 295 9.60 — -
1/16 407 6.95 405 6.98
1/32 587 4.82 585 4.84
1/64 835 3.39 835 3.39
1/128 1190 2.38 1190 2.38
1/256 1720 1.65 11720 1.65
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As mentioned before, in all previously studied cases the boric acid has
caused, in general, a considerable increase in the electrical conductivity of
p-cis-hydroxy-cyclopentane carboxylic acids and a slight decrease in the
conductivity of p-frans-hydroxy-cyclopentane carboxylic acids. In this case
the pessible weak boric acid complex formation can be explained as follows:
The intramolecular hydrogen bonding is here very strong and sterically
favored, and it competes with success with boric acid complex formation for
the not hydrogen bonded hydroxy acid molecules. The magnitude of the
equilibrium constants of both reactions and their relation determine the con-
centration of boric acid complex molecules and the extent of the increase in
specific conductance.

EXPERIMENTAL

*endo’’-Dehydro-norbornyl acetate was prepared from vinyl‘acetate and dicyclopenta-
diene by a method similar to that of Alder and Rickert 3. The product was distilled four
times under reduced pressure with an efficient column, and fraction b.p. 67.5° (11.6 mm)
was employed. n; 1.4693, d:' 1.0502. A part of this sample of dehydro-norbornyl ace-

tate (4.50 g) was hydrogenated in the presence of a Raney-nickel catalyst at 65° and
100 atm. initial pressure. The product was hydrolysed with sodium hydroxide in water-
ethanol. The reaction mixture was extracted with ether-light petroleum mixture
(60 + 50) and dried over:potassium carbonate. After removal of the ether and light
petroleum, 3.68 g of white crystalline powder, m.p. 142.5—145°, was obtained. Accord-
ing to the infrared spectral analysis 14 this is & mixture of 75.3 % a-norborneol and
24.7 % p-norborneol.

5-Hydroxy-norcamphoric acid. To a mixture of 26.6 g of endo’’-dehydro-norbornyl
acetate, 100.0 g of MgSO, - 7 H,0 and 500 ml of water 73.2 g of potassium permanganate
was gradually added during two hours. When the color of the permanganate had disap-
peared, 450 ml of 2 N sodium hydroxide was added. After 12 hours staying the mixture
was filtered, and the filtrate extracted with ether for removal of the neutral materials.
The water layer was acidified with sulphuric acid and extracted with ether in a continuous
extraction apparatus for 50 hours. A part of the ether extract precipitated during the
extraction as a white crystalline powder and was filtered off; 9.87 g, m.p. 165—168°.
The ether solution was dried over sodium sulphate, and the ether was removed. Of the
oily residue the acetic acid was evaporated in a vacuum and additional 0.45 g of crys-
tals m.p. 165.5—170° was isolated by means of rubbing with ether. The yield of oily
product was 10.68 g. In all, 10.32 g (33.9 %, of theory) of crystals was obtained. After
recrystallisation of water the m.p. was 169—170°. (Found: C 48.15; H 5.84. Calc. for
C;H,40;: C 48.27; H 5.79. The acid was titrated with 0.1 N NaOH: equiv.wt. 87.0. Calc.
for twobasic acid C,H,,05: equiv.wt. 87.1). This 5-hydroxy-norcamphoric acid is very
soluble in water and very slightly soluble in ether.

5-Hydroxy-norcamphoric acid dimethylester was prepared in ether of the silver salt and
methyl iodide. The product, a colorless, viscous liquid, very soluble in water, was distilled
in a high vacuum, n: 1.4694. (Found: C 53.60; H 6.88. Calc. for C,H,,04: C 53.46; H 6.98.

Total hydrolysis: equiv.wt. 101.0. Cale. 101.1.) Infrared spectrum in Fig. 2.
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