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Abstract—A new synthesis of the olfactorally active stereoisomers of the musk odorant Galaxolide® is reported. The key step is
the ruthenium-catalysed asymmetric hydrogenation of an �-aryl acrylic acid: asymmetric inductions up to 89% have been achieved
using a catalytic system prepared in situ by mixing [Ru(benzene)Cl2]2 with (S)-BINAP. © 2002 Elsevier Science Ltd. All rights
reserved.

Galaxolide® (1,1,2,3,3,8-hexamethyl-1,2,3,5,7,8-hexahy-
dro-6-oxacyclopenta[b ]naphthalene, see Fig. 1)1 is an
important powerful musk odorant. In the Galaxolide®

molecule, the C-2 and C-8 centres are stereogenic, and
recently, Frater and co-workers2 have established that
the strong musk odour is due only to the (8S,2S)- and
(8S,2R)-diastereomers, while the pair of (8R,2S)- and
(8R,2R)-isomers is almost odourless.

Even if today almost all synthetic fragrances are mar-
keted as racemates, in the future it will be advisable to
develop new syntheses leading only to the olfactorally
active stereoisomers. Environmental preservation will
be the driving force because most fragrances are almost
non-biodegradable and the introduction of stereoiso-
mers with no olfactory activity into the environment
should be minimised. For example, as far as Galax-
olide® is concerned, it has been found in surface waters

at considerable concentrations (up to the �g/L-level),3

and it has a significant tendency to be bioaccumulated
in aquatic species.4

Frater and co-workers2 have already disclosed a syn-
thetic route allowing the preparation of all four
stereoisomers of Galaxolide®. However, their stoichio-
metric approach involves some steps that are not viable
on an industrial scale. Thus, we wish to report herein a
practical catalytic process for the synthesis of the
epimers of Galaxolide® which have olfactory activity
(see Scheme 1).

As in the IFF synthesis of Galaxolide®,5 the starting
material is pentamethylindane 1,6 which upon treat-
ment with KBrO3/NaHSO3

7 afforded 5-bromo-
1,1,2,3,3-pentamethylindane 2.8 Total selectivity in the
preparation of 2 can be achieved by keeping the conver-
sion of 1 under 85%; owing to the large difference in
the boiling points of 1 and 2, unreacted 1 can be easily
recovered.

Pd(OAc)2/CuI/PPh3-catalysed coupling of 2 with 2-
methylbut-3-yn-2-ol in piperidine9 then gave the pro-
tected alkyne 3.10 This compound does not need to be
isolated, but, after removal of piperidine and its hydro-
bromide, treatment of crude 3 with KOH in
isopropanol11 affords 5-ethynyl-1,1,2,3,3-pentamethyl-
indane 412 in an overall yield of 70% after chromato-
graphic purification (silica gel, hexane). Hydrocarbonyl-
ation of 4 in the presence of Pd(OAc)2/PyPPh2/
CH3SO3H13,14 then afforded the �-arylpropenoic acid
515 in near-quantitative yield.

Figure 1. Chemical structure of Galaxolide®.
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Scheme 1.

Asymmetric hydrogenation of 5 in the presence of a
Ru/BINAP catalyst allows the formation of the 2-aryl-
propanoic acid 616 in ca. 90% isolated yield. The use of
(S)-BINAP gave (S)-(+)-6 with enantioselectivity up to
89% (see below). The two last steps of the synthesis
involved: i) the reduction of 6 to the alcohol 717 under
mild conditions by treatment with NaBH4/I2

18 (yield:
95%); and ii) final ring closure with paraformaldehyde
in the presence of H2SO4

2,5 leading to the desired pair
of epimers of Galaxolide® in 78% yield.

The key step in the process is the enantioselective
hydrogenation of the 2-arylpropenoic acid 5. The asym-
metric hydrogenation of this type of substrate has
received much attention owing to its relevance in the
asymmetric synthesis of ‘profens’ (an important class of
NSAI drugs). Excellent results have been achieved
using ruthenium dicarboxylate complexes with
atropisomeric diphosphines such as BINAP.19–21 For an
initial evaluation of the practical feasibility of the pro-
posed synthetic scheme, we thought it convenient to
employ a catalytic system prepared by mixing [Ru(ben-
zene)Cl2]2 with (S)-BINAP in situ (Ru/BINAP=1/1).22

The data from a few of the most significant experiments
are reported in Table 1 together with the reaction
conditions. In methanol at a substrate/catalyst ratio of

300 the hydrogenation requires less than 24 h to reach
completion affording the requisite propanoic acid 6 in
quantitative yield. Owing to the presence of two stereo-
genic centres in the molecule, 6 may form as a mixture
of four possible stereoisomers, that is as a mixture of
two diastereomeric pairs of enantiomers. Inspection of
the 13C NMR spectrum reveals that, independently of
the actual hydrogenation conditions, the resonance of
the methyl group of the propanoic acid moiety is split
into two singlets of equal intensity at 18.22 and 18.29
ppm. The equal intensity of the two signals indicates
that the two diastereomers are formed in a 1:1 ratio.
This ratio is confirmed by the fact that also alcohol 7,
obtained by reducing 6 with NaBH4/I2, is a 1:1 mixture
of diastereomers (also for 7 the diastereomeric composi-
tion is deduced from the 13C NMR spectrum2).

Since (according to the 13C NMR data) 7 has the same
diastereomeric composition of the alcohol synthesised
by Frater, we have used the specific rotation value and
the optical rotation–configuration correlation reported
in Ref. 2 to evaluate the diastereomeric purity of 7 and
hence the enantiomeric purity of 6 (see Table 1).

The enantioselectivity achieved is very close to that
obtained in the hydrogenation of other �-arylpropenoic
acids19–21 and appears particularly promising owing to

Table 1.

T (°C)Run P(H2) (atm) 6 Yield (%) a[� ]D
25 O.P. (%)b Config.

+2.49110050 S1 –
252 93100 +25.5 62 S

3 0 100 94 +36.4 89 S
0 50 91 +34.2 83 S4

Reaction conditions : substrate: 2.33 mmol; NEt3: 2.33 mmol; solvent: methanol (15 mL); [Ru(C6H6)Cl2]2: 0.0078 mmol; (S)-BINAP. 0.0078 mmol;
substrate/Ru=300; t=24 h.

a (c 1.0, CHCl3)
b Determined on the alcohol 7, by assuming [� ]D

21
max=−5.8 from Ref. 2.
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the minimal optimisation of the catalytic system at
present. The data reported in Table 1 adequately illustrate
the main features of the asymmetric hydrogenation. As
already observed for other substrates of this type,21 the
enantioselectivity is strongly dependent on the reaction
temperature: while at 50°C almost no asymmetric induc-
tion is attained, on lowering the temperature to 25°C, and
further to 0°C, the enantioselectivity increases up to 89%.
By comparing the results of runs 3 and 4, it emerges that
high P(H2) are necessary in order to achieve high
asymmetric inductions.21 Finally, it is worth noting that,
since the diastereomers form in a 1:1 molar ratio, it
appears that the configuration of C-2 in the indanyl
moiety does not influence the stereoselectivity of the
hydrogenation, probably owing to the distance between
the two stereogenic centres.

Upon treatment with paraformaldehyde in the presence
of H2SO4

2 a sample of (S)-(−)-7 of enantiomeric purity
89% afforded (S)-(−)-8 having [� ]D21=−16.0 (enantiomeric
purity=88% calculated according to the rotation data
reported in Ref. 2) as a white solid in 78% yield after
chromatographic purification.

In conclusion, the results reported here indicate the
practical feasibility of our catalytic approach to the
synthesis of the olfactorally active couple of epimers of
Galaxolide®, as a matter of fact: (i) all of the reactions
involved proceed under mild conditions affording the
requisite products in high yield and with high selectivities;
(ii) the enantioselectivity of the asymmetric hydrogena-
tion already appears to be satisfactory for application in
the fragrance field and, in any case, further improvement
is possible by an appropriate optimisation study.
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