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Enantioselective syntheses of (S)-(+)-4-hydroxy-B-ionone and (S)-(+)-4-hydroxy-p-damascone have been
achieved through pig pancreatic lipase catalysed trans-esterification. These molecules find utility as con-
stituent in fruit-type fragrance and flavor formulations and as chiral synthons in asymmetric synthesis of
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Ionones and damascones are established molecules among the
most highly valued fragrance constituents as a result of their dis-
tinctive fine violet and rose odor.!? Besides their use in the per-
fumery industry, ionones and damascones are also appreciated as
synthetic building blocks.>* Both of these C;3 norterpenoids exist
in nature as three distinct regioisomers, which differ in the posi-
tion of the second double bond and are called as the a-, B-, and
Y- isomers.

Abscisic acid (ABA, 1) is one of the important phytochromes
(Fig. 1).5 In relation to this class of compounds, (S)-4-hydroxy-p-io-
none 2 is a versatile synthon and has been converted into (S)-6-hy-
droxy-a-ionone.® Moreover, 2 has been also converted into a
number of degraded carotenoids.”® (#)-4-Hydroxy-p-ionone 2
was also used in the synthesis of forskolin (4).° A few methods
for preparing optically active 2 have been demonstrated, which
include epoxidation and rearrangement of optically resolved
a-ionone to yield (R)-(—)-2 (ee 97%)'%; the separation of campha-
noyl ester of (z)-2 followed by hydrolysis,'® asymmetric hydroxyl-
ation of B-ionone using Aspergillus niger to yield (R)-(—)-2 (ee
74%)' as well as with cytochrome P450 (ee 3-8%).!2 Lipase LP from
Chromobacterium viscosum (Tokyo Jozo) showed the highest
enantioselectivity in the esterification of (+)-2 with vinyl acetate
at 40 °C for 12 h to yield (S)-(+)-2 (yield 64%, ee 45%).° Asymmetric
hydrolysis of (+)-3 with the same lipase gave (R)-(—)-2 (yield 51%,
ee 96%).° Similarly, the hydrolysis of acetoacetyl ester of (+)-2
using PLE yielded (R)-(—)-2, which was subjected to Mitsunobu
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inversion to yield (S)-(+)-2 (88%), [, = +5.8.!* These procedures
are however unsatisfactory for obtaining (S)-(+)-2 in high enantio-
meric excess in a single step.

The members of damascone family extracted from Bulgarian
roses constitute a popular class of perfumes.'* The chemistry and
synthetic applications of o- and B-ionone have been extensively
studied,'®!* whereas the isomeric o- and B-damascones have re-
ceived much less attention. The biotransformation with species
of Aspergillus, Botryosphaeria, and Lasiodiplodia gave a mixture of
mono and di-hydroxylated B-damascone derivatives, which were
found to be suitable for flavoring tobacco.'®

The treatment of B-damascone with CYP101C1 from Novosp-
hingobium aromaticivorans yielded two main products, 4-hydroxy-
B-damascone (73%) and 3-hydroxy-pB-damascone (18%) and four
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Figure 1. Abscisic acid (1), forskolin (4), (S)-(+)-4-hydroxy-B-ionone (2), and (S)-
(+)-4-hydroxy-p-damascone (5).
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Scheme 1. Synthesis of (S)-(+)-4-hydroxy-B-ionone from a-ionone.
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Scheme 2. Synthesis of (S)-(+)-4-hydroxy-B-damascone from a-damascone.

minor products (cumulative total ~9%).!® Two of these were
isolated from whole cell systems and were identified as 3-hydro-
xy-4-oxo-B-damascone and 3,4-epoxy-B-damascone. The other
two products observed by GC were not produced in sufficient
quantity to be characterized. Dehydrated decalone of (S)-4-hydro-
xy-B-damascone also represents valuable key intermediate for the
elaboration of other trans-decalins.!”

We report herein a new asymmetric synthesis of (S)-(+)-4-hy-
droxy-p-ionone 2 (Scheme 1) and (S)-(+)-4-hydroxy-B-damascone
5 (Scheme 2) starting from o-ionone and o-damascone respec-
tively through pig pancreatic lipase (PPL) catalysed trans-
esterification.

Thus, the epoxidation of a-ionone (6) with m-CPBA at 5 °C for
1 h in CH,Cl, yielded 4,5-epoxide (7), which was subjected to a
5°C base catalysed rearrangement by refluxing with K,COs in
methanol for 4 h to give (+)-2. The latter compound was subjected
to the PPL catalysed trans-esterification'® to give (S)-(+)-4-hydro-
xy-B-ionone 2, which was purified by silica gel column chromatog-
raphy.!® The structure of (S)-(+)-2 was supported by IR, 'H and
13C NMR spectral values.?° The presence of axial -OH group at
C-4 position in (5)-(+)-2 was indicated by peak at § 4.03 (1H, t,
J=4.8Hz) in '"H NMR spectrum.

With the use of similar procedure (S)-(+)-4-hydroxy-p-damas-
cone 5 from o-damascone was synthesized. The epoxidation of
o-damascone (8) with m-CPBA at 5°C for 1 h in CH,Cl, yielded
4,5-epoxide (9), which was subjected to a base catalysed rear-
rangement by refluxing with K,CO3 in methanol for 4 h to give
(2)-5. The latter compound was subjected to the PPL catalysed
trans-esterification'® to give (S)-(+)-4-hydroxy-p-damascone 5,
which was purified by silica gel column chromatography. The pres-
ence of axial -OH group at C-4 position in (S)-(+)-5 was indicated
by peak at 4 3.98 (1H, t, J=5.0 Hz) in '"H NMR spectrum.!® The
structure of (S)-(+)-5 was supported by IR, 'H and '3C NMR spectral
values, which are identical with those of sample reported earlier
through hydroxylation of B-damascone with CYP101C1.!® The

enantiomeric excess (ee %) of (S)-(+)-4-hydroxy-B-ionone 2 and
(5)-(+)-4-hydroxy-B-damascone 5 was determined using chiral
HPLC on chiracel® OD analytical column and was found to be
89% and 84% respectively.

In summary, we have achieved a convenient asymmetric syn-
thesis of (S)-4-hydroxy-p-damascone and (S)-4-hydroxy-B-ionone
through PPL catalysed trans-esterification.
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