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Dihydrocarvone

James Verghese, Synthite Industrial Chemicals Private Ltd., Ajay Vihar,

Cochin, India

While the dihyvdrocarvones are of lesser importance
as fragrance and flavor materials than their parent
chemicals, {—) and (+)-carvone, the optically corre-
spondling dihvdrocarvones (as well as the racemate)
are interesting aroma chemicals. The adorous prop-
erties of this group of ketones are generally deseribed
as scombination of carvoue and menthone fragrances.

Amonyg  the dilbivdrocarvones the cis-(—)-
dihvdrocarvone is of specitic interest, It has a diffuse,
powerlul odor with a herbaceous bynote. Lts odor re-
sembles that of ¢ -carvome hwt it s milder and
sweeter than its parent chemical.

The dihvdrocarvones are also lound in nature
where they are present for example in caraway seed
and dill seed oils. They are available in high purity.

From a chemica point of view dihydrocarvones oe-
cupy a very important position. Many of the classical
researches that illuminate the path of terpene
chemistry hinge on these ketones, The purpose of this
paper is to illustrate many interesting chemical as-

pects, such as methods of preparation and reactions ol

dihvdrocarvones which resulted in important aroma
cliemicals. Hopelully the following will also open the
wity to further research in this arca.

Proof that formula (1} represents the title com-
pound is furnished by ity oxidation with dilute
KMnO, to p-methan-2-one-8:9-diol (2).™* The diol is
further converted by chromic acid oxidation to the
diketone (3). Dihyvdrocarvone is a product of oxidation
ol dihydrocarveol (4) with chromic acid and this implies
the existence of the isopropenyl chain in the ketone as
in the parent alcohol ®' a conclusion supported by
lorimaldehyde formation on its oxidative degrada-
tion. ™ Spectral properties [UVSEITIR 24746 5,4
PMR"™Z74- 4ye in tune with the assigned structure.

Dihydrocarvone has been synthesised unambigu-
ously.®  This comprises  reacting  2-formyl-
S-isopropenyl-cyclohexanone (3) with methyl iodide
in the presence of K-tert-butoxide: the resulting
2-methyl-2-lormyl-5-isopropenyl-cyclohexanone (6} is
hvdrolvsed with warm agueous KOH to (#)-
dihvdrocarvone.

The most direct route to dihydrocarvone consists of

the reduction of (=) or (+}-carvone {7) with Zn dust-
KOH/NaOH  comhbination, ®2-5741404838 The  gntical

rotation of the derived ketone is opposite to that of

the carvone used. Part of the starting material forimed
is dicarvelone.™ Couversion to dicarvelone is
minimized by conducting the reaction quickly and hy
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pouring the alkali inte the hot, vigorously stirred mix-
ture of zine, cthano!l, and covone ! From the PMR
spectrum, it is deduced that the dihvdrocarvone de-
rived thus is a mixture of C-1 epimers (trans:cis 3:1). "7

On the other hand, the annihilation of the «,
A-unsaturation in (+)-carvone by reduction with
lithium in liquid anuanonia is distinguished by the fact
that the process allords {+ -dihvdrocarvone, as a mix-
ture ol G-l epimers (trans:¢is 3:1). %13

Heterogencous catalytie reduction of carvone re-
sults in the formation of multiple products, P 162+24
This can be prevented by the homogencous hydro-
genation of the ketone catalyzed by trisitriphenyl-
phosphine)rhodinm chloride which results in ~
90-94% of dihvdrocarvone with less than 3% un-
reacted starting material remaining. '

Another contribution is the preferential hydrogena-
tion of carvone utilising an active cobaloxime
catalvst. ™ The latter is a complex iov its dimer) com-
prising ol a glyoxime (for example, glyoxime, di-
wethylelvoxime,  diphenylglyoxime,  methyl-
phenvlglyoxitae), cobalt, and w nitrosen or phos-
phorus Lewis base represented by formule (9)
wherein B is the base (for example, pyridine,
triphenylphosphine, and triethybanine) and B is hy-
drogen or a lower alkyl or arvl hydrocarhon radical.
Benclicial results in terms of catalyst efficiencey and
percentage comversion are claimed when a large ex-
cess of the glyoxime complex agent to cobalt is at least
~ 16:1 and the molar ratio of carvone to cobalt is at
least ~ 100:1; vield = 95%.

Rearrangement ol (+)-limonene 1, 2-oxide (10) (a
mixture of cis and trans, L1} is another stralegic ap-
proach to dihydrocarvone. Earlier investigations re-
late to the isomerisation of the oxide using activated
alumina hicated at 310-325°, glacial acetic acid contain-
ing —~ 1% com H.50,." fused ZnCL"™ or ZnBr." in
benzene. Japanesce workers have introduced catalvsts
such as AL Albes C (fibrillar alumina of Beohmite,
100 m*g),?" §i0,-A1,05. BFas-cthereate, solid
LiCIOL 2 and FeSO,%2 to funnel the modification of
(+)-limonene L2-oxide to o mixture of cis and trans
dihydrocarvone. The study on the time varjation of
the products over FeSOy calcined at 600° reveals that
trans-( +-limonene 1 2-oxide is wmore reactive than
the cis-variety.?* Catalysts newly introduced are 10%
Pt-ashestos, 5% Ru-C, and 3% Rh-C." Mechanisims
have been proposed to aceonnt for the formation of
dihydrocarvone ™2 In this contest, of interest is the
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isomerisation of ()-limonene 1, 2-oxide (10) to dihyd-
rocarvone in 83-85% vield by reacting with KU-1
vesin at 130-135° for 4-5 L ®

A technical route to dibydrocarvone is the pyrolysis
of limonene L2-oxide at ~ 540°.% For the reorganisa-
tion of the oxide to eis and trans dihydrocarvone use
of HCIO, in an inert medium has been patented.?

Finally, mention may be made of the formation of
dihydrocarvone in the reduction of nitrosopinene di-
bromide (11} with Zn and acetic acid®™ and in the elec-
trolytic reduction of carvone (71 and carvoxime (8).%

Whereas i cdihvdrocarvone de-

rived by Wallach's procedure aflords GLC homoge-
nous _sampl( S oearlier literature recommends its
puritication through the sodium bisulphite addition
compound® or semicarbazone, ® " The ketone can be
characterised by the preparation of the oxime, 7%
semicarbazone, ™ 4952 and 2 4-dinitrophenyl hy-
drizone.?

Extensive work has been done on the isomerisation
of dihvdrocarvone to carvenone {120 Elevated tem-
perature, ™ dilute HLSOL™ con H,S04,% formic
acid, ™ hydrochloric acid,® and KU-23 resin® cause
the migration of the exterior double bond into the
ring.

Dihvdrocarvone s aromatised to carvacrol (13) by
boiling it with ferrie chloride in acetic acid™® or with
10% Pd-C catalvst, ™

Dihvdrocarveol (4) is obtained by reduction of the
ketone with Na/Col1;0H or with aluminivm iso-
propoxide.

We slmll now coneentrate our atter 1[1

—~
—

n deriv
|)\ \’\ 1]Ll('| * dll(l l’nw\m ; lhnmm(‘ adds to (llhv—
drocarvone in glacial acetic acid to give a liquid di-
bromide formulated as (14) since it collapses with alkali
to the monobromide (13) which by reduction with
Na/Co,HLOH is converted to dihydrocarveol (4},

Absorption of HBr or TTC! by dihvdrocarvone af-
fords the hydrobromide or hydrochloride (1642
through which entry into a wide range of products has
heen achieved. Induced by alkali, the hydrohalides
mndergo ring closure to the remarkably versatile
bicyclic ketone, carone (18).7 OF all the inodifica-
tions of dihvdrocarvone, thus wonld perhaps rank as
the most outstanding sinee it constitutes a simple and
efficient route from the p-menthane to the carane
system.,

With sodinm acetate/acetic acid, dihyvdrocarvone
dilhivdrobromide (16} vields a mixture of dilivdrocar-
vone (1) and carvenone (12). Esterification of the di-
hydrobromide in glacial acetic acid with silver acetate
furnishes (17) which on hvdrolysis and then reduetion
with N/CoHOH gives L}IL ).,IVLUH (19), %

Addition of two atoms of bromine to a chilled solu-
tion of dihvdrocarvone in glacial acetic acid containing
hvdrogen bromide gives a erystalline dibromide
[(—m.p. 69-70°, (=)-uep. 96-97°1% Of the two [or
inilas (20 and 21 open for this derivative, the former
is favoured for the following reasons:

H

By reacting at a low teimperature with a mixture of
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cthyl nitrite and a few drops of acetyl chloride, dihy-
drocarvone dihydrobromide affords the bis-nitroso
derivative (22); this on processing with a glacial acetic
acid or ethanolic solution of HBr vields a bis-nitrosvlic
acid (23} and diliydrocarvone dibromide (205, The Tat-
ter is identical with that originating {rom the hromi-
nation of the diliydrocurvone hiydrobromide ™
Recently (in 1977) Walluel's researches on the halo-
gen derivatives from (-)-dihydrocarvone have been
comprehensively reinvestigated. ™ The PMR spee-
trum of the crystalline dibromide (m.p. 70-71° de-

ed from the {(—)epimers of dibydrocarvone (see

riv
above) lacks the ]()W ficld CHyBr multiplet and all the
methyl protons appear as equivalent. The strong posi-
tive Cotton cffect in the rotatory dispersion cunrve and
ultraviolet maximum at 311 w arve diagnostic of an axial
bromine. These are accommodated by structure (24).

Further bromination of the dibromide using Wal-
lach’s procedure leads to a erystalline tribromide. The
third hromine atom attached to Cy is apparently axial
as evidenced by the PMR spectrum. It seems that the
dibromide gets brominated to form 1,3 8-tribromo-
p-menthan-2-onc (23} in the more stable conformu-
tion (35). The treatment of (25) with sodium
bromohydride gives chiefly the aleohol (26); the latter
results in ring closure to give by reaction with sodinm
methoxide the epoxide (34).

Similarly the hvdrochlorination and chlorination of
dihydrocarvone gives 1,8- dich]nm -p-menthan-2-one
(27). The bromination of (27) gives excellent vield ol
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the bromo dichloride with a boat conformation {36).

When subjected to hydrochlorination and bromina-
tion, dihydrocarvone furnishes l-bromo-8-
chlorop-menthun-2-one (28}, this is further bromi-
nated to give the trihalide (29) in the boat form (37).
Chlorination of compound (28) affords (30) in the chair
conlormation with Cy chlorine positioned equato-
rially. 8-Bromo-1-chloro-p-menthan-2-one (31) is ob-
tained by hydrobromination and chlorination of di-
hydrocurvone and this on bromination gives the
trihalide (32) in the boat form (38). Finally chlorina-
tion of (31 affords (33) in the chair conformation with
an equatorial Oy chiorine,

The action of PCly on dihydrocarvone results in

2-chloro-p-mentha-1,3-diene (39, the formation of

which implies prior rearrangement of the title com-
ponnd to carvenone (12).%°

Treibs™ apparently prepared the novel derivative
{(40) by refluxing dihydrocarvone with CH,OH/HLS0,
and this necessarily demands the addition of the cle-
ments of dimethyl ether across the isopropenyl dou-
ble bond. Later investigation has shown that the
products produced are 8-methoxyvearvomenthone
(41a) and carvenone (123,

Reference has been made to dihydrocarvoxime
(42a). This oxime adds HBr or HC to give the halogen
compounds {41h).%% By comparison of the PMR
characteristics of (42a) and (41h) with benzoyl esters
(42h) and {41c) respectively the parent oximes have
been assigned Z-stercochemistry, #473-0152

Promoted by sodium ethoxide, dihvdrocarvone
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condenses with benzaldehyde to give the benzvlidene
derivative {43}, b.p. 187-190° {10 mm),oxime, m.p.
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[!5 46° (methanoli, which by reduction with Nuo/
Co O vields l)vn/\l(h]i\(lmuu\ec)] {44).% Another

condensation product is the anil (@2¢) obtained by

heating dibvdrocarvone and aniline in the presence of

7,0

lln()wing_{ lizht on the biogenetic pathway is cveli-
zation ol { +)-dihydrocarvone to camphor (43).29% [
one method, (+)-dibvdrocarvone is reacted with iso-
propenyl d((lll( in the presence ol toluene-p-
sulphonic acid monohvdrate to give a mixture (ca 4:1)
of {+1-Z-acetosy-p-mentha-1. 8-diene (461 and
Z-acetoxv-panentha-2 8-diene (47) ;md these are
separated by preparative GLO.Y Passage of BF; gas
|ntn 4 0.1% solution of {(46] in wet me tl]v]('no chloride
for 10 min provides {+)-camphor. {1 )-Camphor does
not racemise under these mndi[inns amdl it is believed
that the chiral centre at Cyin (46) is disrupted by
cither double hond migration or 1,2-hvdride shift.

On the other hand, a facile .s)nlh(‘.s‘iﬁ of (+)-
camiphor in 535% vield and 90% optical purity has
been accomplished by thermolysis of  (+)-
dihvdroviervone at 400° for 20 hr's

Exposure of dihvdrocarvone to sunlight apparently
leads to the unsaturated aldehyde (481 and the acid
HR Here, dihydrocarvone splits at the carbonyl
group on the more substituted side to give divadical
(501 of which cach radical centre can trap a favourably
pluced hydrogen to give the aldehvde (48) or & ketene
(51 trapped by a hvdroxvlic solvent to give the acid

{405
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