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Abstract. Pulegone is reduced in two stages by sodium dithionite - first to menthone and later 
to epimeric menthols. The presence of t3-cyclodextrin (BCD) and its derivatives resulted in more 
of the alcohols being formed. While the double bond was reduced predominantly in water, the 
ketone moiety was also reduced in a water-DMF mixture. A small percentage of menthone remained 
relatively unaffected in water-DMF even in the presence of BCD and its derivatives. Although no 
unreacted pulegone could be detected, exclusive alcohol formation was also not observed. Reduction 
of the double bond was found to be faster than that of the ketone. 

Key words: (R)-(+)-pulegone, selectivity, 1 : 2 complex, menthone, menthol, neomenthol, 

1. Introduction 

The enzyme mimicking abilities of cyclodextrins arise mainly as a result of their 
capacity to include guest molecules in their cavity [1]. The orientation and extent 
of  inclusion is not only governed by the nature of  groups, but also their steric dispo- 
sition. During the course of certain reactions involving included guest molecules, 
products evolve with specific stereochemistry around reaction centres. This occurs 
due to geometric restriction dictated by the asymmetric cyclodextrin cavity around 
the reaction centre of  the included guest molecules. Such stereoselective reactions 
have been reported in the reduction of  ketones [2], epoxidation of  olefins [3] and 
cleavage of  epoxides [4]. 

In this communication we rehort the stereoselective effects of  fl-cyclodextrin 
(BCD) and its derivatives, in the sodium dithionite reduction of  (R)-(+)-pulegone, 
and a,/3-unsaturated carbonyl compound. 

Sodium dithionite is an inexpensive and readily available reducing agent, with a 
redox potential of  - 1.12 V, which is close to that of  sodium borohydride ( -  1.24 V). 
Its lack of  solubility in organic media has been overcome by the use of  polar 
solvents or cosolvents or phase transfer catalysts [5]. In general, reduction of oz,fl- 
unsaturated ketones results in different types (viz. dihydroketones or saturated 
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TABLE I. GC analyses of Na2S204 reduction products of pulegone ~. 

Solvent Catalyst Time Yield of Yield of Ratio of Ratio of 
(h) ketone (%) alcohols ketone/ menthol/ 

(menthone) (%) alcohols neomenthol 

H20 uncatalysed 6 95.9 4.0 23.7 2.6 
H20 BCD 6 83.6 16.4 5.1 4.7 
H20 BCD-polymer .6 88.6 11.4 7.8 2.4 
H20 DM-BCD 6 62.4 37.6 1.7 2.9 

H20 : DMF uncatalysed 6 47.4 52.5 0.9 2.7 
H20 : DMF BCD 6 23.2 75.4 0.3 4.4 
H20 : DMF BCD-polymer 6 36.2 63.6 0.6 2.8 
H20 : DMF DM-BCD 6 10.3 89.4 0.1 3.2 

H20 : C6H6 DM-BCD 6 73.4 26.5 2.8 3.0 
H 2 0  : C6H6 CTAB 6 14.3 84.0 0.2 18.6 

H20 : DMF BCD 0.5 79.3 20.7 3.8 4.5 
HzO : DMF BCD 1.0 73.2 26.7 2:7 4.5 
H20 : DMF BCD 1.5 66.0 33.9 2.0 4.7 
H20 : DMF BCD 2.0 59.6 40.1 1.5 4.8 
H20 : DMF BCD 4.0 37.9 61.9 0.6 4.6 
H20 : DMF BCD 6.0 23.2 75.4 0.3 4.4 

aUnreacted pulegone was zero in all cases. Isomenthone, isomenthol and neoisomenthol were 
not detected. 

alcohols)  and yields of  products,  depending on the reaction conditions employed.  
The  nature o f  the catalyst,  reagent  and the steric factors associated with the sys tem 

decide the nature of  the products formed. The compet i t ive reduction of  olefinic 
double bond and ketone function on one hand and olefinic double bond alone 
on the other, o f  (R)-(+)-pulegone in the presence and absence of  B C D  and its 
derivatives,  with sodium dithionite in water, w a t e r - D M F  and wate r -benzene  was 
studied. The results obtained are summar ised  in Table I. 

2. Experimental 

The pulegone  used was purchased f rom Aldrich Chemical  Company,  USA. Sodium 
dithionite f rom Merck  (India) was of  80.4% purity (determined by titration of  the 
iodine l iberated f rom the reaction be tween known amount  of  Na2S204 and ioda te -  
iodide mixture against  thiosulphate of  known strength [6]). f l -Cyclodextr ins used 
were  a gift f rom Amaizo  Inc., USA. Heptakis-2 ,6-di-O-methyl- f l -cyclodextr in  
(DM-BCD)  and water-insoluble /~-cyclodextrin--epichlorohydrin po lymer  were 
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prepared according to the procedure of Szejtli et al. [7] and Shaw et al. [8], 
respectively. 

~H-NMR spectra were recorded with a Varian 390 continuous wave 90 MHz 
NMR spectrometer, in CC14 solvent. GLC analyses were performed with a Hewlett- 
Packard 5730 A instrument, fitted with a carbowax 20M, 6 ft (183 cm) column, 
maintained at 110~ with a 30 mL/min nitrogen flow rate. Optical rotations were 
measured using a Perkin-Elmer 243 polarimeter (c = 10, CzHsOH). UV-visible 
spectroscopic studies were carried out using a Shimadzu UV-240 spectrophotome- 
ter at 20 + I~ 

2.1. REDUCTION REACTION 

A typical procedure employed was as follows. Water or water-DMF (1 : 1) or 
water-benzene (1 : 1) mixtures (25 mL), containing NaHCO3/Na2S204/pulegone 
(3.1 mmol) in molar ratios 18 : 9 : 1 and the appropriate catalyst (1 mol for BCD and 
its derivatives, 0.3 tool for CTAB) was heated at 100~ under nitrogen atmosphere 
and stirred vigorously for 6 h. The mixture was cooled, acidified, then extracted 
with ether, dried over Na2SO4 and concentrated. The reaction products obtained 
were analysed by GLC: pulegone (RT = 9.68 min), menthone (RT = 4.02 min), 
menthol (RT = 8.22 min) and neomenthol (RT = 6.74 min). The reaction products 
were separated by column chromatography on silica gel, using hexane as the eluent 
and were characterised by comparing their m.p., specific rotation [oz]~, IR, 1H- 
NMR and GLC data with those of authentic samples. The products of the reduction 
reactions were found to be optically pure. The formation of isomenthone (through 
epimerization of menthone) dr"isomenthol/neoisomenthol (reduction products of 
isomenthone) were not detected by GLC. 

3. Results and Discussion 

The reduction of pulegone in water, without any catalyst, gave rise to menthone 
along with a very poor yield of a mixture of epimeric alcohols (4.0%). Insolubility 
of the substrate in water retards the reaction for the formation of epimeric alcohols. 
However, the presence of BCD or water insoluble BCD-epichlorohydrin polymer 
(BCD-polymer) increased the alcohol yield to 16.4 and 11.4%, respectively, with 
a high selectivity with respect to menthol formation (menthol/neomenthol (M/N) 
ratio = 4.7 and 2.4, respectively). The alcohol yield was further enhanced in the 
presence of heptakis-2,6-di-O-methyl-BCD (DM-BCD) to a maximum of 37.6%. 
Solubilisation of pulegone-BCD complex in water facilitated the reaction with the 
water-soluble dithionite reagent, resulting in an enhanced yield. Higher yields in 
the presence of DM-BCD were probably due to its greater solubilizing effect on 
menthone. Although the solubility of DM-BCD is poor at 100~ its menthone 
complex may be more soluble at 100~ In general, it was observed that olefinic 
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double bond reduction was more favoured over both ketone and olefinic double 
bond reduction in water as solvent. 

However, the addition of DMF as a cosolvent to water (1 : 1) drastically 
increased the yield of alcohols to 52.5%, in the uncatalysed reaction, with a M/N 
ratio of 2.7. The presence of BCD enhanced the yield of alcohols further to 75.4%, 
with a M/N ratio of 4.4, indicating its stereoselective influence on the reduction. 
Addition of BCD-polymer led to a heterogeneous condition which gave an alcohol 
yield of 63.6% with a M/N ratio of 2.8. The highest yield of alcohols (89.4%) 
was achieved only in the presence of DM-BCD, with a M/N ratio of 3.2. While 
DM-BCD in water gave predominantly menthone (62.4%), alcohols were formed 
predominantly in water-DMF (89.4%). 

DM-BCD was also used in water-benzene (1 : 1), where it is soluble in both 
the solvents to different extents. This facilitates both complexation and reduction, 
occurring mainly in or near the organic phase, and also minimises the formation of 
sulfinites, products of a major side-reaction of dithionite in water [5]. Reduction 
was very slow, the alcohol yield being 26.5% with a M/N ratio of 3.0. A high yield 
of menthone (73.4%) was due to olefinic reduction being more favoured by DM- 
BCD than reduction of double bond and ketone functions, implying regioselective 
influence by DM-BCD. However, no unreacted pulegone could be detected by GC, 
the substrate conversion being 100%. However, an exceptionally high value for 
the M/N ratio of 18.6 was achieved with 84% yield of alcohols with cetyltrimethy- 
lammonium bromide (CTAB) which was employed as a phase transfer catalyst. 

A water-benzene mixture was chosen because of the solubility of both DM-BCD 
and CTAB in the two solvents. Benzene was not employed as a replacement for 
DMF since the compounds exhibit different behaviour with cyclodextrins. While 
DMF is known to form ternary complexes with cyclodextrins and other guest 
molecules, benzene forms an insoluble and stable complex. Also DM-BCD cannot 
be compared with CTAB as a phase transfer catalyst. While CTAB distributes itself 
between two phases, being present at the interface, DM-BCD can be present in 
either of  the solvents. 

The time course of the reaction was studied in water-DMF in the presence of 
BCD, in order to find the selectivity and yield variations with time. It can be seen 
from Table I that menthone formation was very high in the initial stages of the 
reaction (regioselective). With progress in time, there was an increase in the yield 
of alcohols, with a corresponding decrease in the menthone formed. The M/N ratio 
of the alcohols formed was very high (stereoselective) and was found to remain 
constant throughout. 

In essence, it could be inferred from the ketone/alcohols ratio (Table I), that 
pulegone is reduced in two steps. First it is reduced to menthone, which is further 
reduced to alcohols (Scheme 1). These two steps could be distinctly differentiated 
from each other, under appropriate experimental conditions (Table I). The presence 
of BCD and its derivatives resulted in more of the alcohols being formed. While 
the double bond was reduced in water, predominantly by dithionite, the ketone 
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function was also simultaneously reduced in water-DMF mixture. However, a 
small percentage of menthone remained relatively unaffected in the latter solvent 
mixture even in the presence of BCD and its derivatives. Although no unreacted 
pulegone could be detected in all the cases studied, exclusive alcohol formation 
was also not observed. Also, while the reduction of the double bond appeared to be 
relatively fast, that of the ketone was slower. The reduction was also not completely 
chemoselective. The better yield of alcohols obtained in the presence of BCD 
and its derivatives, is probably due to the solubilization of pulegone/menthone in 
water, through the formation of an inclusion complex, in conformity with the steric 
requirement for inclusion. 

UV-visible spectroscopic investigation of the interaction between pulegone and 
BCD showed that the addition of BCD to a water-ethanol (60 : 40) solution of 
pulegone (1.9 • 10 -4 M) produced an increase in absorbance (hyperchromic) in 
the ,~max 257.5 nm (e = 7477, 7r-Tr* transition of the conjugated a,/3-unsaturated 
ketone) indicating formation of  an inclusion complex. A plot of AA (difference 
in absorbance between free and complexed pulegone) against [BCD]/[pulegone] 
resulted in an asymptotic curve which did not show any change in absorbance 
beyond a ratio of 0.4-0.5 (Figure 1A and B) indicating that _~ 0.5 equivalent of 
BCD to pulegone causes maximum change in A, the change being less thereafter. 
This also indicates that a 1 : 2 complex is formed between BCD and pulegone. 

Evaluation of the binding constant value for the 1 : 2 complex was carried out 
using Scatchard analysis [9], Figure lB. A plot of AA/(AAmax - AA) [pulegone] 
(corresponding to P/S f) was plotted against AA/AAmaxP (corresponding to P) 
when a curve as shown in Figure 1B is obtained (AAmax = maximum value for 
AA obtained from a plot of AA versus p = [BCD]/[pulegone]; P/Sf = fraction 
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Fig. 1. Determination of  binding constant value for the 1 : 2 complex of BCD and pulegone. 
[BCD] = 1.94 x 10 -3 M; [pulegonel = 1.907 x 10 -4 M. (A) Determination of stoichiometry of 
the 1 : 2 complex (BCD : pulegone). (B) Evaluation of binding constant value from Scatchard 
analysis. A plot of AA/(AAm~x ~ AA) [pulegone] versus A A / A A , ~ , .  p was plotted where 
the slope = - 1 / / s  gave the binding constant value of (1.5 -4- 0.3) x 103 M -1. 

of molecules bound to concentration of free ligand molecules). The curve can be 
resolved into two components. The initial portion close to the ordinate corresponds 
to a 1 : 2 (BCD : pulegone) complex formed at lower concentrations of BCD, and 
the final portion close to the Y-axis probably represents a mixture of 1 : 1 and 1 : 2 
complexes at higher BCD concentrations. The negative slope of the initial portion 
is equal to --1/KD, where Ko is the binding constant value for the 1 : 2 complex. 
The calculated value was found to be (1.5 q- 0.3) x 103 M -~ . 

An increase in the proportion of menthol in reactions catalysed by BCD and 
its derivatives is due to the latters' capacity to provide a stereoselective binding 
site. The normally hindered equatorial attack is made further difficult in the inclu- 
sion complex, due to specific orientation of pulegone in the BCD cavity which 
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imparts hindrance to the attack of the reagent. It is proposed that an adduct formed 
(Scheme 1) due to the preference of the SO2 dianion [5, 11] for the axial position 
(less hindered side) results in equatorial alcohol (menthol) being formed in a pre- 
dominant amount. The stepwise electron transfer mechanism will not give rise to 
this observed stereoselectivity [10]. 

The best selective reduction of an olefinic double bond of conjugated enones 
[12], so far reported, involved the use of complex Li-Cu hydrides, iron carbonyls 
or NaBH4 with prolonged reaction times, and that for the complete reductions 
[13] of the double bond and ketone function required difficult and more complex 
systems like borohydride associated with cryptands or ammonium species and 
Li-Cu hydride or iron carbonyls, that are not easy to prepare or handle. 

In summary, sodium dithionite, if used under proper experimental conditions 
(solvent and catalyst), as described in this communication, is a versatile reducing 
agent for near selective double bond reduction of unsaturated conjugated carbonyl 
compounds like pulegone and can compete advantageously with other methods 
reported in the literature. 
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