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Abstract—Cyclocarbonylation of dihydromyrcenol into the corresponding lactone can be selectively performed in the presence of
PdCl2(PPh3)2)/SnCl2·2H2O and 4 A� molecular sieves. © 2001 Elsevier Science Ltd. All rights reserved.

Lactones play an important role in organic synthesis
because they give an elegant access to other functional-
ities and have themselves a number of biological prop-
erties.1 They can be prepared by carbonylation of
unsaturated alcohols provided the carbon chain
between the alkene and OH function are not too short
(Scheme 1); most of the catalysts include palladium
complexes generally used under moderated to high CO
pressures.2

We were interested in the preparation of large ring
lactones and we chose dihydromyrcenol 1 as a represen-

tative substrate for its selective carbonylation into the
corresponding nine-membered lactone. In addition to
this product we have summarized in Scheme 2 all the
products which can be expected from the reaction
either by isomerization or by carbonylation of dimethyl-
octadiene 3 which results from dehydration of 1.

In a typical run we have introduced [PdCl2(PPh3)2] as a
catalyst precursor, SnCl2·2H2O as a promoter, 2 equiv.
of extra triphenylphosphine in order to maintain a
[P]/[Pd] molar ratio of 4, 40 bar CO pressure, 75°C and
a duration of 16 h.3 Table 1 displays the main results
obtained during this study.4 In run 1, for a [substrate]/
[Pd] ratio of 50, a yield of 94% was observed.

Traces of isomer 2 resulting from the migration of the
terminal carbon�carbon double bond toward an inter-Scheme 1.

Scheme 2.
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Table 1. Reactions of carbonylation of dihydromyrcenol

P (bar) Time (h)S/C Conversion (%)Run Yield (%)

2 3 4 5

401 1650 94 n.d. 33 (35)a 60 (64)a –
40 16 43 n.d.100 5 (12)a2 25 (59)a 12 (28)a

40 40 100 –3 2050 80 –
40 40 100 –100 204 78 2

100 16 100 n.d. 9 905 –50
100 16 100 –100 86 92 –
100 16 100 – 6 89 57 150

Conditions: catalytic precursor=1 mmol, excess of diphosphine=1 mmol, SnCl2·2H2O=2.5 mmol, toluene=25 mL, T=75°C, n.d.=not
determined.
a Selectivity (%).

nal position (only one isomer has been represented in
Scheme 4) were detected. Dehydration of 1 occurred to
produce 3 containing two carbon�carbon double bonds
lying in various positions. The main product is the
terminal carboxylic acid 4 which corresponds exclu-
sively to the hydroxycarbonylation of the less hindered
carbon�carbon bond. As abundant quantities of 3 are
obtained we suspect that 4 results directly from 3 and
not from the dehydration of the carbonylated product
of 1 which has been detected.

When twice the quantity of dihydromyrcenol was intro-
duced (run 2) to reach a molar substrate/catalyst ratio,
the reaction proceeded faster at the beginning so that
12% of lactone 5 was obtained, thus with a selectivity of
28%, beside 3 and 4 (12 and 59% selectivity, respec-
tively). Increasing the duration of the experiments to 40
h, as in runs 3 and 4, shows that compound 4 is
significantly more abundant, and should also be per-
haps formed from the lactone 5.

Scheme 3 shows that opening the lactone provides
directly the unsaturated carboxylic acid 4 and can, by
decarboxylation, restore the dehydrated product 3.
These observations were confirmed by working at 100
bar (runs 5–7), where the reaction proceeds faster since
the substrate is fully transformed in 16 h; for a ratio
[S]/[C]=150 a low yield of lactone was obtained,
whereas in a lower lactone 5/acid 4 ratio. Thus, we
consider that lactone 5 is formed by carbonylation of
dihydromyrcenol in the early stages of the reaction, and
that in a competitive way dehydration occurs directly
from the substrate and can be hydroxycarbonylated
(3+CO/H2O�4). A kinetic study in the conditions of

run 1 shows clearly that during the first 3 h 3, 4 and 5
are coproduced in parallel ways, after which time the
quantities of lactone begin to decrease.

We have explored various operating conditions to drive
the selectivity toward the formation of lactone 5
(Scheme 4).

Addition of trimethylorthoformate to the medium in
order to remove water induced 10% selectivity in 5, but

Scheme 3.

Scheme 4.
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Table 2. Reactions of cyclocarbonylation of dihydromyrcenol

Time (h)Run Conversion (%)Additive Yield (selectivity)

2 3 4 5

1 H2Oa 40 48 – n.d. 42 (90) 5 (10)
HC(OMe)32 40 21 19 (90) – – 2 (10)

23 56 –Zeolites 23 n.d. 53 (95)
Zeolites4 40 60 – n.d. – 59 (98)
Zeolites5b 16 42 – n.d. 2 39 (93)

Conditions: catalytic precursor=1 mmol, excess of diphosphine=1 mmol, SnCl2·2H2O=2.5 mmol, toluene=25 mL, 4 A� molecular sieves=3 g,
T=75°C.
a H2O=50 mmol.
b P=100 bar, S/C=100.

with a low conversion (21%) and 90% of isomerisation
(2). In contrast, addition of water in order to shift the
equilibrium of dehydration of 1 to give 3 still provided
10% of 5 besides 90% of the expected acid 4 (48% of
conversion). In addition, to improve the selectivity into
lactone 5, we introduced 4 A� molecular sieves. Anhy-
drous zeolites added in an excess with regard to the
quantities of water which could result from the full
dehydration of 1, led to a moderate conversion of the
substrate, but to a quite complete selectivity in lactone
(Table 2). For shorter reactions times or at higher
pressure (runs 3 and 5, respectively) this selectivity is
maintained and only traces of the other products are
detected. We interpret these high yields in lactone as
being due mainly to the trapping of HCl generated
from PdCl2L2/SnCl2 when the active hydride species is
formed. Simultaneously, the system is completely anhy-
drous so that in the absence of wet HCl, no dehydra-
tion of the tertiary alcohol occurs.5

It should be underlined that this carbonylation reaction
presents a high level of chemoselectivity to introduce a
CO building block in the carbon framework. From a
structural point of view, the CO insertion occurs exclu-
sively on the terminal carbon atom of the starting
material 1 to give 4 and the lactone 5. In addition, the
presence of a molecular sieve permits an almost full
selectivity in the expected lactone.
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