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The low pressure catalytic hydrogenation of four a-pinene derivatives, dissnlved in acetic acid or cthauol, with platinun

at room teniperature has been shown to be highly stercospecific.

In each case, the stelcospemﬁcn\ appears to be due to

steric factors which determine the preferential mode of adsorption of the substrate at the catalytic surface, and leads to a
selective addition of hydrogen from the methylene bridge side of the molecule.

In a previous study,® it was established that
a-pintene reacts thermallv with dienophiles to
form 1-1 adducts, and that this reaction is stereo-
selective. It was also found that some of these
adducts when hydrogenated at low pressure over
Adams platinum catalyst vielded oulv one of two
possible diastereoisomers.

These observations prompted us to extend the
liydrogenation studies to several otlier a-pinene
derivatives, including myrteric acid (Ia), myrtenol
(Ib), nopol (Ic) and d1ethv1 nopylmalonate (Ids.
It each case, the hydrogenatlon proceeded in a
highly stereospecific mauner to give a single identi-
fiable product.

It has been recognized for some time? that steric
factors may play a dominant role in bringing about
preferential adsorption of a substrate on a catalyvtic
surface, and thus determine the configuration of
the product formed. The application of these
concepts to situations involving many couplex
molecules has proved to be very valuable.”

It the present study it was assumed from the
outset that effective adsorption (/.e., one which
could lead to facile hydrogenation) of an a-pinene
nucleus at a catalyvtic surface is determined largely
by the relative steric requirements of the methylene
and isopropylidene bridges. As a result, reduction
under the mild conditions emiployed here should
lead to c¢ss addition of hydrogen overwhelmingly
from the methylene bridge side of the molecule as
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Id, R = --CH,CH.CH (COOC ).
1la, R = -COOH
11b, R = ~CH.OH
Ite, R = ~-CH.CH,OH
11d, R = -CH.CH.CH{COOC:k;).
Results from the present study are in full accord

with this view.

Such a mode of addition of hydrogen, however,
would lead to the forniation of the thermodynanu-
cally less stable isomner, since there is developed in
the primary product a considerable strain due to
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non-bonded repulsive forces between the axial
group “R’” and one of the methyl groups of the
isopropylidene bridge. Our examples appear,
therefore, to be extreme cases analogous to those
already found in simpler 1,3-disubstituted cyclo-
hexanes.t

We have observed that myrtenic acid (Ia) can
be hydrogenated to yield a solid compound whosc
structure has been establishied as ¢is-dihydromyr-
tenic acid (I1a).

The methyl ester 111 of this acid can be readily
isonterized with sodium inethoxide to a new ester
(IV) which, on hydrolysis, yields a liquid dihydro-
myrtenic acid (V) to which we have assigned the
trans configuration. It is not surprising that this
substance appears to be the same as that formed
by the direct reduction of myrtenic acid with
sodium and alcohol,” since the latter process would
be expected to lead to the more stable iscuer.
That the liquid dihyvdromyrtenic acid is truly
isomeric with IIa, and not merely an impure
forn: of it, was demonstrated by the fact that when
subjected to a Curtius degradation, the liquid acid
produce(l a solid amine (VII), aud the solid acid
vielded a liquid amine (VI). Each of thesc
amines was readily converted into isomeric, crystal-
line p-toluenesulfonamides.

The above-mentioned ester iscmerization con-
stitutes a powerful argument in support of the con-
figurations assigned to the acids ITa and V, because
it involves the rearrangement of the carbomethoxy
group from an axial to an equatorial conformation
with consequent diminution of intramolecular
strain.

Other independent cvidence follows from the rate
data showr in Table 1,
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As expected, the trams-ester 1V having an
equatorial—and thus less hindered—carbometlioxyl
group saponifies more rapidly.

The stereospecific, catalytic hydrogenations of
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myrtenol (Ib)? and nopol (Ic) have already been
reported and structures have been assigned to the
products on the basis of physical data. Although
it was formerly concluded! that #rans-dihydro-
nopol is obtained from the catalytic hydrogenation
of nopol, a re-examination of the Raman spectra
has now led to the view!! that this product is, in
fact, the c¢is isomer. Our studies, based upon
chemical transformations, are in complete agree-
ment with this revised formulation.

It has now been shown that formulas IIb and IIc
are correct for the products derived from the cata-
lytic hydrogenation of myrtenol and mnopol,
respectively, since each of these substances gave only
¢is- dihydromyrtenic acid on oxidative degradation.

In addition, the 1-1 adduct Id, obtained from the
thermal reaction of -pinene with methylenemalonic
ester,® gave a single 1somer (IId) when hydrogen-
ated, and this is identical with the compound formed
by the alkylation of malonic ester with ¢is-dihydro-
nopyl tosylate.

In conclusion, it is now quite clear that the low
teinperature, low pressure hydrogenation of a-
pinene derivatives in acetic acid or ethanol solu-
tion over Adams platinum catalyst not only pro-
ceeds in a stereospecific manner but that the prod-
ucts all appear to possess the ¢is configuration.

A generalized reaction scheme is
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Experimental

vis-Dihydronopol (IIc).—Redistilled nopol (n#%p 1.4918,
a®p —35.6° (10 cm.)) was reduced in portions (40 g.) in ab-
solute ethanol (80 ml.) as solvent over Adams catalyst (0.5
g. of PtO;) at room temperature and 50 p.s.i. in a Parr hy-
drogenation apparatus. After removal of the catalyst by
filtration, the solution was fractionated to give a quantita-
tive yield of c¢is-dihydronopol, b.p. 108-110° (2 mm.),
n®p 1.4878, a®p —28.6° (10 cm.); lit. values'® b.p. 123-
125° (10 mm.), n%p 1.488, a®p —27.5°.

The acid phthalate of the above alcohol (41.5 g.) was pre-
pared from phthalic anhydride (37 g.); vield 70.5 g.(89.4%,),
m.p. 124-125.5°, reported”® m.p. 123-123.5°. The pure
alcohol, regenerated from the acid phthalate, proved to be
indistinguishable from the hydrogenation product above,
and possessed the properties: #»%p 1.4875, o%p —28.6°
(10 cm.). The hydrogenation of nopol was, therefore,
highly stereospecific.

cis-Dihydronopoic acid was prepared earlier by Bain!?
from the oxidation of dihydronopol, but no attempt was
made to deterniine its exact configuration. In our hands,
cis-dihydronopol (16.8 g.) when oxidized with chromic
oxide (15 g.) in acetic acid (60 ml.) at 50° gave cis-dihydro-
nogoic acid; yield 409, m.p. 31.5-53°, reported!? m.p. 56—
58°.

cis-Methyl Dihydronopoate.—Dihydronopoic acid (16.2
g.) was dissolved in thionyl chloride (36 ml.) and the solu-
tion was heated under reflux for 0.5 hour and allowed to
stand overnight. The excess thionyl chloride was removed
under vacuum and the residue (24 g.) boiled with methanol
(100 ml.) for four hours. Evaporation of the excess meth-
anol gave an oil which was washed with sodium bicarbonate
solution and distilled; yield 13.2 g. (769%), b.p. 87-90.5°
(1.5 mm.), n%p 1.4689, a®p —17.63° (10 cm.).

Anal. Caled. for C12H2002Z C, 7343, H, 10.27.
C,73.61; H, 10.28.

Barbier—Wieland Degradation of ¢is-Methyl Dihydrono-
poate.—To a solution of phenylmagnesium bromide, pre-
pared from bromobenzene (23.5 g.) and magnesium (3.5 g.)
in dry ether (40 ml.), was added a solution of ¢is-methyl di-
hydronopoate (10.7 g.) in dry ether (100 ml.). The mixture
was allowed to react at 30° for 4.5 hours, and dry benzene
(150 ml.) was added. Ether was then distilled until the
temperature of the reaction mixture reached 65°, and the
solution was stirred at this temperature for an additional 1.5
hours. The Grignard complex was decomposed by pouring
the cooled mixture into ice-cold ammonium chloride solu-
tion (acidified with about 4 ml. of hydrochloric acid). Ex-
traction with benzeue, followed by drving, evaporation of
the benzene and distillation in a sausage flask gave diphenvl-
(¢is-10-pinyl)-carbinol (16.3 g., 93%), b.p. 190-192° (0.5
mm.). A solution of the alcohol (16.3 g.) in acetic anhy-
dride (100 ml.) was heated on a steam-bath for 0.5 hour,
then cooled slightly while a solution of chromic oxide (11 g.)
in acetic acid (100 mi., 909;) was added over a period of 5
minutes, and the whole was heated for another 15 minutes
on a steam-bath. After cooling to below 50°, methanol
(10 ml.) was added to reduce the excess chromic oxide.
The acetic acid aud acetic anhydride were then removed
under reduced pressure on a rotating evaporator, and the
acid was isolated from the residue i the usual munner.
Vacuuni sublimation of the acidic fraction (at 0.5-0.6 min.)
gave cis-dihydromnyrtenic acid (1.35 g., 16%), nup. 103~
105°. Recrystallization from dilute acetic acid gave an
analytical saniple, m.p. 111-113°.

Anal. Caled. for C10H1502I C, 7139, H, 9.59.
C, 71.47; H, 9.76.

Catalytic Hydrogenation of Myrtenic Acid (Ia).—A solu-
tion of myrtenic acid (2 g.) in glacial acetic acid (20 ml.) was
hydrogenated in the presence of Adams catalyst (50 mg. of
Pt0O;). The hydrogenation was completed after two hours,
and the catalyst was removed by filtration. The filtrate
was warmed and diluted with water until it became slightly
turbid. On cooling, ¢is-dihydromyrtenic acid separated;
vield 1.8 g. (909;), m.p. 91-92°. Recrystallization from a
large volume of water containing a wetting agent (Tidc)
gave flat needles, m.p. 111-112°.
cis-Dihydromyrtenol.—Myrtenol? (20 g.) was dissolved
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in ethanol (100 ml., 959%,) and hydrogenated at 50 p.s.i.
pressure at room temperature using Adams catalyst (0.2 g.
of PtO;). This hydrogenation was noticeably faster than
that for nopol. After removal of the catalyst by filtration,
the solution was concentrated and the residue fractionated
to give cis-dihydromyrtenol; yield 18.6 g. (90%), b.p. 101-
103° (3.5 min.), %D 1.4880. The reported? values are b.p.
113-113.8° (14 mm.), n*p 1.4896.

The above alcohol (15 g.) was dispersed by means of a
high-speed stainless steel stirrer in a solution containing sul-
furic acid (50 ml.) and water (400 ml.) at 20°. Finely
powdered potassium permanganate (21 g.) was added in
small portions as fast as the purple color was discharged and
manganese dioxide precipitated. The manganese dioxide
was reduced by the addition of sodium metabisulfite, and
the entire mixture was extracted thoroughly with benzene.
Extraction of the benzene solution with sodium hydroxide,
followed by acidification with hydrochloric acid, gave a
white crystalline acid (5.8 g.), m.p. 109-110°. Further
recrystallization from dilute acetic acid gave pure cis-hy-
dromyrtenic acid, m.p. 111-112°.

Isomerization of Methyl cis Dihydromyrtenate (III).—
A solution of ¢is-dihydromyrtenic acid (8.8 g. ) i ether (100
ml.) was treated with ether (100 ml.) containing a slight
excess of diazomethane. After 20 minutes the evolution of
nitrogen ceased and the excess diazomethane was destroyed
by the dropwise addition of acetic acid. The ethereal solu-
tion was washed with sodium bicarbonate solution, dried
and distilled to give pure methyl cis- d111ydromyrtenate,
vield 6.7 g. (70%), b.p. 78-78.5° (2.6 mmi.), n¥p 1.4675.

Anal. Caled. for C;1H;30,: C, 72.49; H, 9.96. Found:
C, 72.41; H, 10.17.

The above ester (11 g.) was added to a solution of sodium
methoxide prepared from sodium (6 g.) and anhydrous meth-
anol (120 ml.), and the mixture was heated at its boiling
point for 4 hours. Water (50 ml.) was added, and the whole
was distilled until the temperature at the still-head reached
95°. The remaining aqueous solution was cooled, acidified
with hydrochloric acid, and extracted with benzene. Frac-
tionation of the benzene solution gave crude ¢rans-dihydro-
myrtenic acid; yield 7.4 g. (72%), b.p. 118-119° (1 mm.),
n%p 1.4848. This product, obtained by equilibration of
the methvl esters, undoubtedly contains a few per cent. of
the cis-acid. The physical constants for pure trans-dihydro-
myrtenic acid, prepared by sodium-alcohol reduction of
myrtenic acid, 7 are b.p. 142-144° (8 mm. ) n2p 1.4838.

Methyl trans-dihydromyrtenate, used in the kinetic ex-
periments, was prepared from the above acid (7 g.) by treat-
ment with diazomethane; vield 5.5 g. (72%), b.p. 88-91°
(7 mm.), n%p 1.4680.

Anal. Caled. for CuuH;30.: C, 72.49; H, 9.96; sapn.
equiv., 182.2. Found: C, 72.70; H, 10.01; sapn. equiv.,
180.5.

Curtius Degradation of ¢is-Dihydromyrtenic Acid (Ila).—
¢is-Dihydromyrtenic acid (2 g.) was converted to its acid
chloride with thionyl chloride. The acid chloride, thus ob-
tained, was dissolved in acetone (20 ml.), cooled to 0°, and
treated with a solution of sodium azide (3 g.) in water (10
ml.), After 5 minutes, the solution was poured into ice-
cold sodium chloride solution and extracted with ether.
The ethereal solution was washed with sodium bicarbonate
solution and finally with water. Dilute acetic acid (50 ml.,
709%) was then added, the ether removed under vacuum at
room temperature and the remaining solution heated at 90°
for two hours. Hydrochloric acid (30 ml.) was then added
and the mixture held at a temperature of 70~90° overnight.
All solvents were removed under vacuum, and the residue
was dissolved in water, made alkaline, and extracted with
ether. The liquid c¢is-6 6- dlmethylnorpm 2-vlamine (VI)
was distilled in a mlcromolecular still at a block temperature
of 42-62° at 0.5 mm.; yield 1.16 g. (69%), n%D 1.4847,

The tosylate, prepared in the usual mauner, melted at
106.5~107°.
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Anal. Caled. for C15H23NS02: H, 7.90.
Found: C, 65.20; H, 8.06.

Curtius Degradation of ¢rans-Dihydromyrtenic Acid (V).—
By the procedure outlined above, trans-dihydromyrtenic
acid (1.35 g.), obtained by isomerization of the cis isomer,
gave crude #rans-6,6-dimethylnorpin-2-yl amine (VII) as a
semi-solid mass (m.p. 69-79°) which was converted directly
to its tosylate, m,p. 131.5-132°.

Anal. Caled. for CigH2aNSQOs:
Found: C, 65.50; H, 7.82.

Ethyl cis-Dihydronopylmalonate (IId). (a) By Alkyla-
tion.—p- Toluenesulfonyl chloride (31.7 g.) was added in
small portions to a cooled solution of ¢is-dihydronopol (20 5
g.) in dry pyridine (60 ml.) and ether (100 mi. ). The mix-
ture was allowed to stand at 0° for four days and then poured
onto ice and hydrochloric acid. The liexane extract of this
mixture was washed with cold, dilute hydrochloric acid and
dried. Removal of the hexane left a residue of crude tosyl-
ate as light yellow oil; yield 45 g. (929,). This product
(38 g.) was allowed to react with ethyl malonate (21 g.),
in the usual manner, to give ethyl ¢cis-diliydronopylmalonate;
yield 20.6 g. (569,), b.p. 135-140° (0.01 mm.), #%Dp 1.4656,
a?p —18.12° (10 cm.).

(b) By Hydrogenation.—Ethyl nopylmalonate? (42 g.)
was dissolved in absolute ethanol (100 ml.) and hydrogen-
ated over Adams catalyst (0.5 g. of PtO,) at room tempera-
ture and 50 p.s.i. Removal of the catalyst and solvent gave
a residue which yielded ethyl cis-dihydronopylmalonate on
fractionation; vield 35.8 g. (84%) b.p. 135-137° (0.01
mm.), n¥%p 1. 4604 a®p —17.11° (10 cm.).

Anal. Caled. for CsHzO04: C, 69.64; H, 9.74. Found:
C, 69.56; H, 9.52.

The infrared spectra of the samples of ethyl ¢is-dihydro-
nopylmalonate obtained by methods a and b above were
mdlstmgulshable In addition, each sample reacted with
urea to give identical derivatives, namely, 5-cis-dihydrono-
pylbarbituric acid, m.p. 204. 5-206°.

Anal. Caled. for C;5HzOsN,:
Found: C, 64.51; H, 8.41.

Kinetic Measurements.—All solutions were kept CO,
free. Commercial methanol (4 1.) was dried by distillation
from magnesium turnings {50 g.) and iodine (1 g.). The
first fractions of the distillate were discarded. Aqueous
methanol (859%) for the kinetic measurements was pre-
pared by mixing dry methanol (850 parts) with carbon di-
oxide-free distilled water (150 parts). All runs werc

carried out using the same stock solution. Sodium hydrox-

ide in 85%, methanol solution was prepared by dissolving
cleaned sodium (approx. 7 g.) in 859, methanol (500 ml.)
and adding an amount of distilled water exactly equivalent
to the amount of sodium used. The resulting solution was
about 0.65 N in sodium hydroxide.

A 25-ml. volumetric flask half-filled with 859, methanol
was immersed in a water-bath maintained at #0.1° of the
desired temperature. Esxactly & ml. of sodium hydroxide
stock solution was then added and the volume was brought
up to about 22 ml. with 85%, methanol. The contents of
the flask were allowed to reach the desired temperature and
the ester (0.25-0.3 g.) was added from a small weighing
pipet. The time of addition of the ester was taken as zero
time. The volume of the solution was immediately brought
up to 23 ml. with 859, methanol, and the flask was swirled
in the water-bath for about one to two minutes and inverted
several times to mix the contents thoroughly. At certain
time intervals, corresponding to about 25, 40, 55 and 709,
saponification, 5-ml. aliquots of the reaction mixture were
withdrawn, added to 5 ml. of dilute hydrochloric acid
(about 0.15 N) and titrated with sodium hydroxide solution,
using phenolphthalein as indicator. The initial concentra-
tion of base was determined separately in a blank run.

C, 63.51;

C, 65.51; H, 7.90.

C, 64.72; H, 7.97.
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