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Synthesis of a lactone natural product found in Greek tobacco
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Abstract—A short and stereoselective synthesis of (3R*,4R*,7R*)-3,7-epoxy-4,8-dimethyl-8-nonen-4-olide, a natural product isolated
from cured tobacco leaves, has been completed in six steps and 22% overall yield. A samarium(II) iodide mediated reductive
cyclisation has been used to construct the functionalised tetrahydropyranol core and subsequent sequential stereoselective addition
of methyllithium and lactonisation furnished the natural product.
� 2007 Elsevier Ltd. All rights reserved.
The bicyclic lactone (3R*,4R*,7R*)-3,7-epoxy-4,8-di-
methyl-8-nonen-4-olide (1) was isolated by Wahlberg
and co-workers from sun-cured leaves of Greek tobacco
in 1993.1 Several other lactone-containing metabolites
were isolated from the same source, most notably a-
levantenolide (2) and diterpenoid lactone 3, which had
been isolated from other sources previously (Fig. 1).2

We have recently initiated a research programme con-
cerning the total synthesis of structurally complex mar-
ine diterpene natural products.3 In the course of this
work, we became interested in exploiting reductive cou-
pling reactions to prepare highly functionalised tetra-
hydropyrans as early synthetic intermediates. In order
to establish the synthetic viability of reductive coupling
reactions to prepare the required intermediates, we
chose to undertake a total synthesis of the simple lac-
tonic natural product 1.
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Figure 1. Lactone-containing natural products isolated from sun-
cured Greek tobacco leaves.
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Lactone 1 was isolated in racemic form and character-
ised solely on the basis of NMR data.1 Lactone 1 is pro-
posed to be the product of degradation of more complex
terpenes, and it is believed that the oxidative degrada-
tion process is not enantioselective resulting in a racemic
product.1 To date, no synthesis of lactone 1 has been
reported and herein we describe the first total synthesis
of the compound and the confirmation of its relative
stereochemistry.

Our retrosynthetic analysis of lactone 1 is shown in
Scheme 1. Opening of the lactone reveals c-hydroxy car-
boxylic acid 4. Ring opening of the tetrahydropyranol
via a retrosynthetic reductive cyclisation reaction leads
to the acyclic enol ether 5 bearing an aldehyde
(R1 = H) or a methyl ketone (R1 = Me) in the main car-
bon chain. Further disconnection suggests three simple
materials: Grignard reagent 6, methacrolein (7), and
the simple propiolate ester 8.
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Scheme 1. Retrosynthetic analysis of the lactone 1.
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Nakata and co-workers have employed samarium(II)
iodide mediated cyclisation reactions to prepare fused
polycyclic ethers4 but the synthesis of monocyclic ethers
from completely acyclic precursors has been explored
less frequently.5 The reductive cyclisation precursor
12a, required to implement the route implicit from the
retrosynthetic analysis above, was synthesised in just
three steps and in excellent yield (Scheme 2). Reaction
of methacrolein with the Grignard reagent prepared
from the commercially available bromide 9 delivered
allylic alcohol 10 in excellent yield. Alkylation of the
hydroxyl group with ethyl propiolate6 produced vinylo-
gous carbonate 11 and subsequent acetal deprotection
afforded aldehyde 12a, which was converted into methyl
ketone 12b by sequential addition of trimethylalumin-
ium and Swern oxidation. Reductive cyclisation was
accomplished by treatment of aldehyde 12a and ketone
12b with freshly prepared samarium(II) iodide in the
presence of methanol.5 The reductive cyclisation of alde-
hyde 12a afforded tetrahydropyranol 13a. The corre-
sponding methyl ketone 12b underwent cyclisation to
give, in excellent yield, the tertiary alcohol 13b possess-
ing incorrect stereochemistry at the hydroxyl-bearing
stereogenic centre.

In contrast to the reactions of substrates 12a and 12b
with samarium(II) iodide, treatment of substrate 12a
with tri-n-butyltin hydride following Lee’s protocol7

resulted in a complex mixture of products from which
alcohol 13a was isolated in relatively low yield.

Direct cyclisation of ketone 12b had given alcohol 13b
possessing incorrect stereochemistry at the hydroxyl-
bearing stereogenic centre and so stereoselective intro-
duction of the methyl group after reductive cyclisation
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Scheme 2. Synthesis of tetrahydropyranone 15. Reagents and condi-
tions: (a) Mg, THF, methacrolein, 0 �C!rt [84%]; (b) ethyl propiolate,
N-methylmorpholine, CH2Cl2, rt [88%]; (c) 5% HCl aq., THF, rt,
[80%]; (d) AlMe3, CH2Cl2, �78 �C!rt; (e) (i) (COCl)2, Me2SO,
CH2Cl2, �78 �C, (ii) Et3N, �78 �C!rt, [45% over two steps]; (f) SmI2,
MeOH, THF, rt, [R = H, 75% of 13a; R = Me, 80% of 13b]; (g) n-
Bu3SnH, AIBN, C6H6, reflux [R = H, 31% of 13a]; (h) (i) (COCl)2,
Me2SO, CH2Cl2, �78 �C, (ii) Et3N, 78 �C!rt, [90%].
was explored. Swern oxidation of alcohol 13a furnished
dihydropyranone 15 and treatment of this ketone with a
variety of organometallic reagents delivered the hydroxy-
esters 13b and 14b along with the required lactone 1 in
varying amounts depending on the specific reagent
employed (Scheme 3, Table 1). Treatment of ketone
15 with trimethylaluminium resulted in nearly exclusive
formation of the tertiary alcohol 13b, and the reaction
with methylmagnesium iodide gave the same major
product but in a decreased yield. The reaction of ketone
15 with methyllithium was complicated by competing
addition to the ester functionality. However, it was
apparent that the facial selectivity of the carbonyl addi-
tion reaction had been reversed in this case;8 the major
product isolated from the reaction was the required
bicyclic lactone 1 corresponding to the natural product.

Stereochemical assignments were made after conversion
of the tertiary alcohol 13b into the crystalline p-nitro-
benzoate 16. Both 1H NMR data (NOE) and single crys-
tal X-ray crystallography confirmed that the relative
stereochemistry of alcohol 13b did not correspond to
that which is found in the natural product (Fig. 2).9
Scheme 3. Nucleophilic addition reactions of tetrahydropyranone 15.

Table 1. Addition of methyl nucleophiles to tetrahydropyranone 15

Reagent Equivalents Yields (%) R Products (%)

13b 14b 1

AlMe3 1 80 80
AlMe3 3 65 10 75
MeMgI 1 53 11 64
MeLi 1 56 56

Figure 2. X-ray structure (ORTEP plot) of p-nitrobenzoyl ester 16

prepared from the tertiary alcohol 13b (Scheme 2).
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Figure 3. Confirmation of the relative stereochemistry of lactone 1 by
NMR spectroscopy.
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Extensive NMR investigations (HMQC, HMBC and
NOE experiments) were performed on the lactone 1
and these confirmed that the connectivity and relative
stereochemistry were correct (Fig. 3). The 1H and 13C
NMR spectra for the synthetic lactone 1 were essentially
identical to those reported for the isolated natural prod-
uct except in one respect: the value of 174.9 ppm for the
resonance in the 13C NMR spectrum corresponding to
the lactone carbonyl carbon differed considerably from
the figure of 160.8 ppm reported by Wahlberg and co-
workers.1,10 Crucially, the lactone carbonyl signal in
the 13C NMR spectrum of the synthetic material was
of very low intensity in comparison to the other signals
in the spectrum. Only a small amount of lactone 1 was
isolated from the sun-cured tobacco leaves and exami-
nation of the original 13C NMR data for the compound
revealed that the signal to noise ratio was such that the
lactone carbonyl would not have been visible. We there-
fore believe that the low-intensity signal in the original
13C NMR spectrum that was assigned as belonging to
the lactone carbonyl group was probably an artifact, a
conclusion which is supported by the fact that the chemi-
cal shift for the carbonyl resonance in the 13C NMR of
our compound is in very close agreement with literature
data (�176 ppm) for very similar bicyclic lactones.4,11

In conclusion, an efficient six-step synthesis of lactone 1
has been accomplished starting from simple commer-
cially available materials with an overall yield of 22%.
A samarium(II) iodide mediated reductive cyclisation
reaction has been used to construct the tetrahydropyran
core. Subsequent diastereoselective addition of methyl-
lithium to dihydropyranone 15 occurs with concomitant
lactonisation to furnish the bicyclic lactone in reason-
able yield. The synthesis has allowed us to correct the
misassignment of the peak for the carbonyl group in
the original 13C NMR spectrum of the natural product.
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