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Abstract

Stereoselective hydrogenation of thymol over Rh/alumina in the presence of various equivaenielmidextrin 3-CD)

and its derivatives in the solid state was studied. Hydrogenation of thymol in the absefw@bfjave 76.8% epimeric
alcohols with a menthol/neomenthol (M/N) ratio of 5.6 and an alcohol/ketone ratio of 4.5, whereas the presence of 0.1
equivalent (to thymol) o8-CD gave rise to 94.6% of epimeric alcohols with a M/N ratio of 6.3 and an alcohol/ketone ratio

of 45.4. The effect ofs-cyclodextrin and its derivatives on the modification of the yield and the proportion of epimeric
alcohols formed were found to be the salient features of this investigation. Inclusion complexation of thym@ihy
studied by UV-Visible spectroscopy indicated a 2 : 1 stoichiometry of thygw@D complex with a binding constant value

of 480+ 40 M2,

Introduction — menthol was obtained by the hydrogenation of thymol in
the presence of oxides or hydroxides of Co, Mn and alkaline
Thymol is present to the extent of about 49.6%G0mi- earth metals, whereas the reaction was carried out at@70
ganum tyttanthunil]. Other essential oils which containat a pressure of 0.3 MPa hydrogen [12]. Hydrogenation over
thymol are from Thymus species suchEsymus cilicum, Rh based catalysts followed the ketone intermediate path to
Thymus revolutus, Thymus zygioi@@ls Thymus serpyllum, result in epimeric menthols [13].
Thymus borystenicum, Thymus marshalliafg]s Thymus Solid state hydrogenation of thymol was also employed
pallidus, Thymus broussonetti, Thymus algeriensis, Thymxer various catalysts like Adams RiORaney Ni and
satureoldegandThymus ciliatug4]. Pt/C [14]. Hydrogenation of thymol in the solid state could
Hydrogenation of thymol rich essential oils under varibe accomplished under mild conditions, using Rh@y
ous conditions yield a mixture of menthones and menthd&5].
[5]. Several catalysts are available for the reduction of Hydrogenation with improved selectivity would be
aromatic double bonds, which usually employ specialiséd practical importance, especially in the production of
catalysts at invariably high temperatures and pressures. Thenthol, since hydrogenation of thymol or its essential oil
hydrogenation of thymol presents an interesting featurgQurces gave rise to a mixture of menthols and menthones
since the complete reduction of all the aromatic doubtbat are difficult to separate. Among other procedures, the
bonds leads to generation of 3 asymmetric centers, rg@sesence of cyclodextrin in the reaction mixture often res-
ulting in 8 epimeric alcohols being formed [6]. Howevertlted in the regulation of well known chemical transforma-
it is seldom that all the isomers are detected in the mi#ons [16] including several stereoselective transformations.
ture. Invariably, the two most common isomers frequentigtereoselective hydrogenation of thymol with different cata-
encountered are menthol and neomenthol [7, 8]. lysts at 22-130°C resulted in a remarkable increase in
The ratio of isomeric menthones and menthols varigdenthol formation in the presence ®fCD-polymer at high
with temperature, when thymol was hydrogenated over Rhjgessures [17].
and (Pd + Rh)/C [9] in the liquid phase at different tem- The present investigation describes the hydrogenation
peratures. High yields of menthols were achieved by ti®é thymol included insideg-CD and its derivatives such
hydrogenation of thymol over Ni—@0©z in the temper- as water insolublg-cyclodextrin-epichlorohydrin polymer
ature range of 140-174C at 2-10 MPa pressures [10].(8-CD-polymer), heptakis-2,6-di-O-methgcyclodextrin
The hydrogenation over Pt and Rh proceeded essentially (igM8-CD) and hydroxypropyj-cyclodextrin (HRB-CD)
the ketone intermediate, whereas the direct conversionifothe production of menthol under mild reaction condi-
menthol was observed with Ir [11]. Recently about 99.9% &pns.

* Author for correspondence.
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Materials and methods 100

B-CD purchased from Sigma Chemical Company (USA
was used throughougi-CD polymer and DMB-CD were
prepared according to the procedures of Shaw and Bus
[18] and Szeijtliet al. [19], respectively. HB-CD was pre-
pared by reactingg-CD with propylene oxide which was
isolated after repeated precipitation with acetone [20] ar
the degree of substitution was found Hy NMR to be 2.5.
Thymol was purchased from Aldrich Chemical, USA. All g
the other reagents and solvents were of analytical grade. TS
solvents were distilled once before use. Rh@qd in powder ° 2°
form with a rhodium content of 5% was purchased fron
Aldrich Chemical Company, USA.

Thymol (0.25-0.75 mmole) and Rh/alumina (20—70 mg
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and B8-CD (depending upon equivalents to thymol) were

ground to a fine powder (about 100 mesh) and transferred P-CD and HPR-CD (in equivalents of thymol)

a hydrogenation apparatus (of capacity 225 mL). The flas

was filled with hydrogen gas after evacuation of air and s

for hydrogenation ata pressure Of 05_20 MPa for a peri( -M- Menthones In presence of 8-CD -X- Menthols in presence of 8-CD ‘
Of abOUt 4_12 h at room temperature Wlth VigOUrOUS agiti -@- Menthones In presence of HPB-CD -A- Menthols in presence of HPR-CD

tion. The product was recovered from the reaction mixtugyure 1. Effect of 8-CD and HFB-CD on the hydrogenation of thymol
by filtering the Rh/alumina catalyst adCD after extract- over Rh/alumina.
ing with diethyl ether and evaporating the solvent to recover
the product [21]8-CD from the catalyst could be separated ] )
by adding water. In the case £CD-epichlorohydrin poly- ¢ase of menthol formation as the major product and two
mer, removal of rhodium catalyst after extracting reactigpduivalents of hydrogen in the case of menthone formation
products was by the addition of dilute HCI which dissolved$ the major product were consumed by the reaction mixture,
the catalyst. The product distribution of the reaction mixtufgdicating that all the three (or two) aromatic double bonds
was analyzed by GLC. were reduced. The results of the reaction products are sum-
A Shimadzu GC-15A instrument fitted with a 20% Carmarised in Table 1 and the hydrogenation profile is shown in
bowax 20M, 3 m column with a 30 mL/min nitrogenFigure 1. Hydrogenation of thymol in the absencese€D
flow rate was used. The injection and FID detection pog@ve 76.8% epimeric alcohols with a menthol/neomenthol
temperatures were maintained at 20D and 240°C, re- (M/N) ratio of 5.6 and an alcohol/ketone ratio of 4.5. Hy-
spectively. The column was maintained at 120, Clear drogenation in the presence of 0.1 equivalent (to thymol)
separation of menthone (6.35 min), isomenthone (7.28 mily;CD gave rise to a 94.6% of epimeric alcohols with a M/N
neomenthol (10.29 min), neoisomenthol (11.93 min) ar@tio of 6.3 and an alcohol/ketone ratio of 45.4 (Scheme 1).
menthol (12.83 min) were achieved. Small amounts &fowever, onincreasing the concentratiorfe€D from 0.1
isomenthol (13.8 min) were also observed. A few unidefi@ 0.7 equivalent, a gradual decrease in the total percent-
tified peaks probably arose from the partial hydrogenati@@e of menthols to 70.0% and an increase in the amount of
products of thymol or its quinone. me_nthones to 22.9% (_from 1.8%) was observed. The M/N
1H-NMR spectra for structural studies were recorded ditio was however maintained at 4.7 to 6.0. When the con-
a Brilker WH 270 instrument operating at 270 MHz af20 centration ofg-CD was further increased to 1.0 equivalent
D0, containing a small amount of alkali (pH 10.5) was usetg\_e amount of menthols formed further increased to 83.6%
as the solvent. TheH-NMR spectrum of a neat sample ofWith & minimum amount of menthones (1.0%) and some
thymol was obtained in CDEI(20 mg of thymol in 0.5 mL unidentified compounds (15%).
of the solvent). The spectra of the complexes were recor- Hydrogenation in the presence of 1.0 equivalgr@D-
ded by adding increasing amounts@CD to a solution of polymer resulted in 83.6% menthols with a M/N ratio of
2.0 mg of thymol in 1 mL RO. 6.2. However, reduction in the presence of 0.2 equiva-
A Shimadzu UV-240 spectrophotometer at 20 was 'ent of HRB-CD gave the highest amount of menthones
used for studying the binding equilibrium of thymol with(80.9%) and about 16.7% of menthols. With an increase

B-CD. The spectra were recorded from 190 nm to 350 nmin the HFB-CD concentration, a drastic increase in the
proportion of menthols was detected, i.e., 89.9% at 0.5

equivalent and 95.8% at 1.0 equivalent with an increase in
Results and discussion the alcohol/ketone ratio to 11.2 and 24.0, respectively. The
M/N ratio however decreased to 2.3 at both concentrations
Thymol was hydrogenated in the solid state over RfDAl  of HPB-CD. However, reaction in the presence of BM
No solvent was employed and the reaction mixture was h&b gave 80.7% of neoisomenthol with 12.8% of unknown
erogeneous in nature. Three equivalents of hydrogen in t@mpounds and 6.5% of methone and isomenthone.
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Table 1. Hydrogenation of thymol over Rhodium/alumina in the presengg-ofclodextrin and its derivativés

Catalyst Equivalent Menthone Isomenthone Total Neomenthol Menthol Total Alcohol/  M/N  Unknown
(%) (%) (N) (%) (M) (%) ketone ratio (%)
ratio
Control - 1.2 15.7 169 11.6 65.2 76.8 45 5.6 6.1
B-CD 0.1 0.3 15 1.8 12.9 81.7 94.6 454 6.3 3.7
B-CD 0.2 0.9 4.1 5.0 13.0 78.5 915 183 6.0 3.6
B-CD 0.4 1.2 12.9 141 124 68.0 80.4 5.0 5.5 5.3
B-CD 0.7 111 11.8 229 122 57.8 700 31 4.7 7.0
B-CD 1.0 0.5 0.5 1.0 12.6 71.0 83.6 836 5.6 15.0
B-CD-polym 1.0 2.2 10.7 12.7 116 72.0 83.6 6.5 6.2 3.7
HPB-CD 0.2 30.0 50.3 809 4.2 25 16.7  0.06 5.5 24
HPB-CD 0.5 4.1 3.9 8.0 27.3 62.6 89.9 11.2 2.3 2.1
HPB-CD 1.0 1.6 2.4 4.0 28.8 67.0 958 24.0 2.3 2.1
DMpB-CD 0.5 24 4.1 6.5 0.0 807 80.7 12.0 00 12.8
3By GC analysis.
bNeoisomenthol.
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Figure 3. Determination of the binding constant value by the double recip-
[B-CD] / [Thymol] rocal method in aqueous ethanol (90 : @3-¢D] = 1.33303x 1072 M;

Figure 2. Determination of the stoichiometry for the-CD-thymol 1:2 [Thymol] = 1.3314x 10-3 M.
inclusion complex from UV-Visible spectroscopys-CD] = 1.33303 x
10~2 M; [Thymol] = 1.3314x 10~3 M.

Structural studies

Ultraviolet-visible spectroscopy

Some of the salient features of hydrogenation are: The orientation of thymol inside thg-CD cavity determ-
Conversion to alcohols was good in the presence of (ries the observed product formation. Hence, an attempt was
equivalentg-CD, g-CDpolymer, HBB-CD and DMB-CD. made to elucidate the orientation of thymol inside sh€D
Although the M/N ratios obtained witl$-CD and its de- cavity by UV and'H-NMR spectroscopy. Since thymol was
rivatives were comparable to those of the control, excellenot soluble in water the UV-Visible spectroscopic study was
alcohol/ketone ratio values were obtained in the presencaried out in aqueous ethanol (water : ethanol 90:10). The
of 0.1, 0.2 and 1.0 equivalents gfCD and 0.5 equivalent thymol solution was prepared in aqueous ethanol (x33
and 1.0 equivalent of HRCD and 1.0 equivalent of D 10~2 M). The 8-CD solution in ethanol (1.3% 102 M)

CD. The workup procedure was quite easy and the recovemgpared in the above mentioned thymol solution, was
of B-CD could also be carried out quite efficiently. Sincgradually added to the thymol solution and the UV-Visible
HPBCD was slightly hygroscopic, obtaining reasonable hapectra of the mixture were monitored. Thymol exhibited a
mogeneous reaction conditions was not possible althousfinong absorption at 271 nm corresponding to the 7*

the conversion was good. Nevertheless, the reaction tao&nsition of the phenok(= 2320 in 10% aqueous ethanol)
place efficiently under heterogeneous reaction conditionsgroup. With the addition of increasing amounts D,
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Figure 4. Effect of inclusion of thymol on proton NMR signals gfCD and thymol groups. Solvent =0, pH = 10.5. Thymol = 0.013M. Spectra were
recorded by adding increasing amountgeED in D,O at pH 10.58-CD protons:¢, H-4 (3.56 ppm)®, H-1 (5.06 ppm); H-5/H-6 (3.83 ppm). Thymol
protons:M, 3 (7.01 ppm, d, 6.9 Hz)A, 6 (6.45 ppm, s)x, 4 (6.35 ppm, d, 6.9 Hz);-—, CHs (2.14 ppm, s), isopropyl CH (3.16 ppm, sept, 6.3 Hz).

hyperchromicity was observed along with a bathochromigas insoluble in RO.H-NMR spectra of thgg-CD-thymol
shift of 5 nm (271 nm— 276 nm). Both hyperchromicity system showed upfield shifts of H;4H-6/, —CHs and —
as well as bathochromicity indicated the formation of an ircH(CHz), of the thymol protons in the range 6.62 to 12.81
clusion compound of thymol witl§-CD. A titration plot of Hz on adding3-CD to thymol (Figure 4).
AA (the difference in absorbance between thymol and that Thes-CD protons also showed upfield shifts in the range
at a certain concentration 8fCD) versus p-CD]/[Thymol] 8-20.4 Hz. Among the thymol protons, H€howed a max-
exhibited an asymptotic curve [22] with 1:2 stoichiometrymum upfield shift of 18.3 Hz followed by isopropy! (11.4
(Figure 2), indicating the formation of a 1:2 compleXdz) > H-4' (10.8 Hz)> —CHgs (7.9 Hz) and H-3(5.4 Hz).
betweens-CD and thymol. The binding constant value a&imong thes-CD protons, the order of decreasing upfield
determined by plotting WA versus 1/B-CD] (Figure 3) shifts was
was 480+ 40 M2 for the 1: 2 complex [22].

H-4 (17.9 Hz)> H-1 (13.5 Hz)> H-2 (11.6 Hz)
1H-NMR spectroscopy
The presence of two thymol molecules for one molecule of >~ H-3 (8.6 H2)
B-CD as indicated by UV-Visible spectroscopy, may lead
to several types of orientations for the two thymol moleculé&'hile the UV-Visible spectroscopic studies indicated 1:2
inside thes-CD cavity. Also, there may be differences in thestoichiometry of thgg-CD-thymol complex!H-NMR spec-
extent of penetration of the guest inside the cavity. Hencetrascopy gave an indication of the orientation of the guest
1H-NMR investigation of the complexation was carried outolecule. Both H-6and the isopropyl protons of thymol
in alkaline ;O (the pH of the sample being 10.5), as thymahowed maximum upfield shifts indicating that the inclusion
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cases, a diverse set of products could be formed, depend-
ing upon the stoichiometries and nature of #«D and
its derivatives. Thus, while menthols were higher in some
cases, menthones were found to be higher in other cases
and in one instance even neo-isomenthol was formed. Since
a heterogeneous reaction mixture was employed, the mode
of catalysis of Rh/AdO3 was found to be altered by the
presence 0B-CD and its derivatives in various proportions.
Although Rh/AbO3 has been shown to produce menthone
from thymol under solid state conditions [15] the amount of
menthone formed was only to the extent of 17% (control)
in the present studies. However, 0.2 equivalent oBHFD
produced 81% of menthone. The presence of 0.1 equiva-
lent of B-CD produced 95% of menthol with only 1.8%
menthone, implying that the mode of hydrogenation, i.e.,
the catalytic pathway for the reduction has been altered. One
Figure 5. Proposed disposition of thymol molecules inside the cavity gbrobable reason for this is that the orientation of thymol,
B-CD. the stoichiometry and the binding constant values of the
complexes between thymol argtiCD and its derivatives

, _may be slightly different leading to the observed product
affected the phenol group (phenoxide) of thymol drasti¢rsribution.
ally in such a way as to disturb H-@nd the isopropyl in  Ajthough hydrogenation is expected to reduce aromatic
their microenvironment. Even fg8-CD, protons H-4 and o hje honds, the exact mode of formation of menthone is
H-1, which are in the middle of the cavity showed maxXqq ynderstood. Hydrogenation occurs throwgsitu oxid-

imum shifts, indicatingthat inclusiqn of.the aromatic ring ok ion to quinone and reduction of the same may give rise to
thymol affected the middle of the interior part of theCD . anthone and isomenthone. The proximityse€D, con-

cavity. taining partially and/or fully included thymol to the catalytic

The inclusion of the isopropyl group inside the cavgrtace holds the key to the observed product distribution.

ity may not be possible, as there may be significant steric goh the proposed orientations for thymol can explain
hindrance to the rotating isopropyl group from tHeCD g selectivities observed, as the aromatic (planar) phen-

groups at the narrower and wider ends. This leaves only g molecule is converted into the cyclohexyl derivative in

inclusion of the methyl group at the 5-position throqgh botfhe chair conformation. The steric requirements for forma-
the narrower and wider ends g+CD as another distinct yjo i the sterically restricted reaction vessel of molecular

possibility. It has been shown that in the case-sfibstituted B-cyclodextrin result in sterically divergent product forma-

aromatic phenols, the end which goes into €D Mo-  {jon Menthol, neomenthol, neoisomenthol and isomenthol

lecule is largely dependent on the substituent characteristiggmation is an example of this ‘steric stress’ exerted by

namely, their polarity and bulkiness [22]. For this reasomqjecular-cyclodextrin on the product generation which
also, inclusion of the methyl group, asahydrophoblcgrou%quires the methyl group at position 5 to occupy axial

into one of the ends 0f-CD is a distinct possibility. The 4 equatorial positions. This reaction has brought out this
orientation of the second thymol molecule leaves only twa ;¢ re clearly.
possibilities. The first one involves inclusion of the methyl
group. But, in this orientation, the microenvironment of the
phenoxide group may not be affected much. The other pos-
sibility is that the thymol molecule is placed perpendicul
to the axis of theg-CD cavity. This may involve stabil- ) o
ization through hydrogen bonding interaction between tHe'e authors acknowledge the Director, CFTRI for providing
secondary hydroxyl groups g:CD and the phenoxide ion. the necessary facilities.
While this may be the disposition for one thymol molecule,
the other molecule may be included through the narrower
end with the methyl group at the 5-position projecting intReferences
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