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Lucidene and alboatrin are complex benzopyran derived natural products. A key step in their biogenesis may involve
a hetero Diels–Alder cycloaddition between an o-quinone methide intermediate with a simple, or activated
tri-substituted olefin. Experimental evidence is provided to support this hypothesis, with the biomimetic synthesis of
both (±)-lucidene and (±)-alboatrin successfully achieved using a new and efficient method for o-quinone methide
generation.

Introduction
In recent years many structurally novel benzopyran derived
natural products have been isolated from organisms as di-
verse as plants, animals, insects and fungi (Scheme 1). Many
of these compounds display interesting biological properties
including activity against Plasmodium falciparum,1 phytotoxic
properties,2 erythropoietin gene expression,3 and acetylcholine
esterase inhibition.4 As part of our continuing efforts directed
towards the biomimetic synthesis of natural products, we be-
came interested in studying these class of benzopyranic natural
products which include (±)-lucidene 1,5 (+)-alboatrin 2,2 (+)-
pughiinin A 3,1 and (+)-epolone A 43 (Scheme 1), and in
developing methodology that would allow ready access to the
common benzopyran core structure. We have recently reported
a biomimetic synthesis of (±)-alboatrin 2, which involved a
novel hetero Diels–Alder cycloaddition of an o-quinone methide
intermediate and a readily accessible dienophile.6a We now wish
to report a complete account of these studies which include a new
method for the generation of o-quinone methide intermediates,
and their application towards the biomimetic synthesis of
complex natural products.

Scheme 1

o-Quinone methides are highly reactive transient species,
which have been applied as intermediates in the synthesis of
several natural products.6,7 Such compounds are known to
react with nucleophiles in 1,4-Michael addition type fashion,
or with a range of dienophiles to perform [4 + 2] cycloaddition
to provide benzopyran type structures. Many strategies have
been established in order to generate o-quinone methides in
situ. However, problems with such protocols often include
undesirable high temperatures,7,8 long reaction times,4,7,8 the
need for catalysis,7,9 and/or acidic7 or basic conditions,7,10a

which can induce problematic side reactions. In addition, the
o-quinone methide precursors necessary for use with existing
methodologies are often unstable and relatively inaccessible.7

Thus, we chose to investigate alternative methodologies for the
generation of o-quinone methides for the application towards
natural product synthesis.

Results and discussion
We have previously reported the generation of o-quinone me-
thide by the thermal driven dehydration of an o-hydroxybenzyl
alcohol precursor 5.6c Although this method proved syntheti-
cally useful, the reaction temperatures necessary to facilitate de-
hydration were undesirable and potentially disruptive to delicate
structures. However, we were keen to build upon this methodol-
ogy and uncover a more attractive o-quinone methide precursor.
We envisaged a solution to the problem might involve activation
of the benzyl alcohol moiety of the o-quinone methide precursor,
thus facilitating dehydration through a more attractive acetyl
leaving group. To investigate our hypothesis, we prepared the
o-quinone methide precursors 6a and 6b (Scheme 2), since
benzopyran sub units are common structural features of several
natural products (Scheme 1). Although o-acetoxymethylphenols
(including 6b) have been described in the literature, members
of this class of compounds have been reported as being labile
structures which “can be conserved for several days in dilute
solution but polymerise rapidly as soon as they are pure”.10a

Their reported synthesis is likewise unattractive; for example
Loubinoux has reported the need for a six-step synthesis of o-
acetoxymethylphenol (6b) from salicylaldehyde.10b Perhaps as
a consequence, reports of potential o-acetoxymethylphenols
to serve as o-quinone methide synthons are limited to base
promoted chemistry, followed by in situ nucleophilic Michael
addition.10a We have been unable to find reports of their use for
o-quinone methide generation under purely thermal conditions.D
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Scheme 2 Reagents and conditions: (a) BH3–MS (1 equiv.), THF, 0 ◦C,
to rt, 1 h, 84%; (b) (±)-4,5-dihydro-2,4-dimethylfuran 9 (1equiv.), ben-
zene, reflux, 36 h, 93% overall; (c) K2CO3 (3 equiv.), DCM–MeOH–H2O
(12 : 7 : 1), rt, 6 h, 97%.

In order to avoid the lengthy reported synthesis of 6b,10b we chose
to investigate conditions that would allow selective acylation
of the primary alcohol moiety of commercially available o-
hydroxybenzyl alcohol 5. Subsequently, it was discovered that
this selectivity could indeed be achieved by careful control of
the reaction temperature and rate of addition of the acylating
reagent, leading to the synthesis of 6b in an impressive 89%
yield. In order to prepare 6a, we considered that a related
selective acylation of the corresponding hydroxymethyl-orcinol
derivative 7 could also be used. However, upon reduction of the
corresponding aldehydic precursor, compound 7 was found to be
unstable and rapidly decomposed under the reaction conditions.
To address this problem, it was reasoned that suitable protection
of the phenolic position may prevent premature decomposition.
To this end, diacetate 811 was prepared, which we reasoned
could be reduced to the corresponding alcohol, and that such
a compound may facilitate o-quinone methide formation under
thermal conditions from an o-acetoxymethylphenol 6a, itself
generated via a transesterification mechanism. In practice, the
transfer of the phenolic acetate to the adjacent benzyl alcohol
group occurred during the reduction of 8 with borane–DMS
complex, thus giving the stable compound 6a12 (Fig. 1)13 with a
gratifying 84% yield. The proton NMR of 6a displayed a sharp
signal at 8.23 ppm, characteristic of a hydrogen bond between
the phenolic OH and the benzylic acetate. This was encouraging
since it was envisaged that such a hydrogen bond may facilitate
the elimination of acetic acid through a six-membered ring
transition state, furnishing the desired o-quinone methide under
relatively mild conditions.

Fig. 1 X-Ray structure of 6a.

To investigate the potential of compounds 6a and 6b
as o-quinone methide precursors, several readily available
dienophiles were exposed to both compounds under a range
of reaction conditions. The results from these studies are sum-
marised in Table 1. Generally, the reaction times, temperatures
required and yields obtained compare favourably with those
described for other methods,4,7,8,14 and the reaction could be
performed on very hindered dienophiles such as a-pinene.
To further demonstrate the usefulness of this new method
for o-quinone methide generation, we decided to investigate
its potential towards the biomimetic synthesis of benzopyran
containing natural products. With this in mind, we focused our
initial efforts towards the synthesis of alboatrin (±)-2.

(+)-Alboatrin2 2 is a phytotoxic benzopyran natural product
reported in 1988 by Ichihara et al., and later structurally
corrected by Murphy et al.15 The biosynthesis of (+)-alboatrin
2 may be proposed to proceed through a hetero Diels–Alder
cycloaddition of an orcinol-derived o-quinone methide 16, and
(R)-4,5-dihydro-2,4 dimethylfuran 9 (Fig. 2). Indeed, Wilson
et al. have made a similar connection and demonstrated in a
recent study its feasibility as a major pathway to the structurally
related natural product (−)-xyloketal A 17 and (−)-xyloketal D
184 (Fig. 3). In order to provide further biosynthetic details
regarding the origin of (+)-2, and to further evaluate our
methodology towards natural product synthesis, dienophile (±)-
4,5-dihydro-2,4-dimethylfuran 9 was prepared according to the
procedure of Wilson et al.4 Thereafter, simple heating of 6a
in the presence of (±)-9 afforded (±)-acetylalboatrin 10 as the
major isolated product (63% yield), (±)-acetyl-epi-alboatrin16

(5% yield), and an inseparable mixture [3 : 2] of diastereoisomers
(±)-19 (25% yield). De-acylation of (±)-10 gave target (±)-
alboatrin, for which spectral data were identical to the natural
material [1H, 13C].2 The structure of (±)-2 was also confirmed
by X-ray analysis and was found to be in agreement with
Murphy’s proposal15 (Fig. 4).13 With the successful application

Fig. 2 Biomimetic analysis of alboatrin (+)-2.

Fig. 3

Fig. 4 X-Ray structure of (±)-2.

O r g . B i o m o l . C h e m . , 2 0 0 5 , 3 , 3 4 8 8 – 3 4 9 5 3 4 8 9

D
ow

nl
oa

de
d 

on
 0

3 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 0
7 

Se
pt

em
be

r 
20

05
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
50

89
72

G

View Article Online

http://dx.doi.org/10.1039/b508972g


T
ab

le
1

o-
Q

ui
no

ne
m

et
hi

de
(o

-Q
M

S)
he

te
ro

-D
ie

ls
–A

ld
er

cy
cl

oa
dd

it
io

n
pr

od
uc

ts

o-
Q

M
S

pr
ec

ur
so

r
D

ie
no

ph
ile

T
em

pe
ra

tu
re

/◦ C
T

im
e/

h
Y

ie
ld

(%
)a

A
dd

uc
t

6a
(±

)-
4,

5-
D

ih
yd

ro
-2

,4
-d

im
et

hy
lf

ur
an

9b
80

36
63

d
A

ce
ty

la
lb

oa
tr

in
(±

)-
10

6a
4,

5-
D

ih
yd

ro
-2

-m
et

hy
lf

ur
an

10
0

12
78

c

6a
3,

4-
D

ih
yd

ro
-2

H
-p

yr
an

10
0

12
72

c

6a
(1

R
)-

(+
)-

a-
P

in
en

e
14

0
12

30
c

6a
1-

M
et

hy
lc

yc
lo

he
xe

ne
14

0
12

60
c

6b
St

yr
en

e
10

0
12

79
c

(O
th

er
o-

qu
in

on
e

m
et

hi
de

pr
ec

ur
so

rs
)

(9
0

6.
5

64
)14

a

(6
0

10
.5

42
)14

a

(1
90

2
68

)14
a

(9
0–

11
0

12
56

)14
b

6a
a-

H
um

ul
en

e
20

14
0

12
53

c
(±

)-
24

e

6b
a-

H
um

ul
en

e
20

13
0

12
52

f
(±

)-
22

38
f

(±
)-

1/
(±

)-
23

[2
.5

:0
.7

]h

6b
a-

H
um

ul
en

e
20

13
0

12
0g

(±
)-

22
71

g
(±

)-
1/

(±
)-

23
[2

.5
:0

.7
]h

a
Y

ie
ld

s
w

er
e

ca
lc

ul
at

ed
af

te
r

co
lu

m
n

ch
ro

m
at

og
ra

ph
y.

R
ea

ct
io

ns
w

er
e

pe
rf

or
m

ed
in

a
se

al
ed

tu
be

un
de

r
ar

go
n.

b
T

hi
s

co
m

po
un

d
w

as
sy

nt
he

si
se

d
in

fo
ur

st
ep

s
st

ar
ti

ng
fr

om
pr

op
io

ni
c

ac
id

.4
c
D

ie
no

ph
ile

us
ed

as
so

lv
en

t
at

0.
85

M
.d

T
he

yi
el

d
qu

ot
ed

re
fe

rs
to

a
m

ix
tu

re
of

ep
im

er
s

in
a

ra
ti

o
of

[1
2.

6
:1

]i
n

fa
vo

ur
of

(±
)-

10
.e

C
om

po
un

d
(±

)-
25

w
as

pr
ep

ar
ed

by
de

ac
et

yl
at

io
n

of
co

m
po

un
d

(±
)-

24
(s

ee
E

xp
er

im
en

ta
ls

ec
ti

on
).

f
T

he
re

ac
ti

on
ha

s
be

en
ca

rr
ie

d
ou

t
in

to
lu

en
e

us
in

g
2.

05
eq

ui
v.

of
6b

.g
T

he
re

ac
ti

on
ha

s
be

en
ca

rr
ie

d
ou

t
in

to
lu

en
e

us
in

g
4.

10
eq

ui
v.

of
6b

.h
R

at
io

s
ha

ve
be

en
de

te
rm

in
ed

by
1
H

N
M

R
.

3 4 9 0 O r g . B i o m o l . C h e m . , 2 0 0 5 , 3 , 3 4 8 8 – 3 4 9 5

D
ow

nl
oa

de
d 

on
 0

3 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 0
7 

Se
pt

em
be

r 
20

05
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
50

89
72

G

View Article Online

http://dx.doi.org/10.1039/b508972g


of this methodology towards the synthesis of (±)-2, we next
decided to re-investigate the biomimetic synthesis of (±)-
lucidene, employing this newly developed approach.

(±)-Lucidene is a bis(benzopyranyl) sesquiterpene isolated
from the root bark of Uvaria lucida ssp. lucida5 in racemic
form. The co-isolation of a-humulene 20 from the same species
led to speculation that lucidene is the product of two con-
secutive inverse demand hetero Diels–Alder cycloadditions of
20, with two equivalents of o-quinone methide 21 (Fig. 5).5

This hypothesis is attractive on the grounds that FMO theory
supports the regiochemical and syn-stereochemical aspects17 of
such inverse electron demand hetero Diels–Alder processes,
since electronic factors would favour addition to the more
electron rich tri-substituted double bonds at the expense of
the more sterically hindered di-substituted double bond. It
has also been reported that (E) double bonds in medium
sized rings show a higher reactivity than otherwise expected
on account of steric strain.18 We have previously provided
convincing evidence to support this biosynthetic proposal, where
thermolysis of o-hydroxybenzyl alcohol 5 was used to generate
the o-quinone methide intermediate (Scheme 3).19 A summary
of our previous study is provided in Table 2.6c The experimental
results demonstrated that the naturally occurring diastereomer
(±)-lucidene 1, is the favoured bis-adduct of a-humulene 20
with unsubstituted o-quinone methide 21 at high temperature.
The isolation of monoadduct (±)-22 en route to lucidene, offers
positive evidence that a similar pathway may occur in the
biosynthesis of (±)-lucidene 1. However, it was appreciated that

Fig. 5 Biomimetic analysis of lucidene.

Scheme 3

the temperatures employed in the cycloaddition reaction were
excessive.

To probe for further biosynthetic details, we applied our new
method of o-quinone methide generation toward the synthesis
of (±)-lucidene 1, as a comparison with our previous method
which employed an unactivated o-quinone methide precursor
5.6c In the former case the reaction was carried out in toluene at
130–140 ◦C, as opposed to heating in xylene at 170 ◦C. When
a-humulene was heated in the presence of 2.05 equivalents of
compound 6b, monoadduct (±)-2220 was obtained in 52% yield,
along with a mixture of bis-adducts (±)-1/(±)-23 in 38% yield,
which favoured the natural product (±)-lucidene 1 [2.5 : 0.7].
The same reaction using 4.10 equivalents of precursor 6b gave an
inseparable mixture of compound (±)-1/(±)-23 in the same ratio
as above, with an encouraging 71% yield. In this case, no trace of
mono-adduct or tris-adduct compounds were detected. In order
to investigate the effect of temperature on the diastereoselectivity
of the second cycloaddition process, compound (±)-22 was ex-
posed to 2.0 equivalents of 6b in benzene at 90 ◦C for 36 hours. A
mixture of compounds (±)-1/(±)-23 in 32% yield was obtained,
with a similar ratio in favour of compound 1 [2.5 : 0.6].

In the same manner, we synthesised compound (±)-25
(Fig. 6)13 by condensation of precursor 6a with a-humulene
(20) (53% yield) to provide adduct (±)-24 and subsequent de-
acetylation under basic conditions (82% yield) (Scheme 4). We
believe this building block constitutes a useful starting material
for the biomimetic synthesis of pughiinin A 3 and epolone A 4
in racemic form.

Fig. 6 X-Ray structure of 25.

Scheme 4 Reagents and conditions: (a) neat humulene 20 (5 equiv.),
140 ◦C, 12 h, 53% overall; (c) K2CO3 (1.1 equiv.), DCM–MeOH–H2O
(12 : 7 : 1), rt, 6 h, 82%.

Conclusion
In conclusion, we have developed a new and efficient method for
o-quinone methide generation from o-acetoxymethyl-phenols.

Table 2

Humulene 20 (equiv.)
o-Hydroxybenzyl
alcohol 5 (equiv.) Solvent Temp./◦C

Yield of
(±)-22 (%)

Yield of mixture
(±)-1/(±)-23 (%) [ratio]

1 2.05 Xylene 170 28 17 [2.5 : 1]
1 2.05 Acetonitrile–water 1 : 1 170 32 7
1 2.05 1,4-Dioxane 170 23 4
1 6 Xylene 170 — 45 (trace of tris-adduct)21
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The described methodology required no added acid,7 base7,10b

or catalyst7,9 for the formation of the Diels–Alder adducts. The
elimination of acetic acid was not found to be detrimental to
the reaction. The reaction times, temperatures required and
yields obtained compare favourably with those described for
traditional methods.4,7,8,14 The reaction can be performed on
very hindered dienophiles such as a-pinene and on complex
non-conjugated polyene such as a-humulene with high regio-,
chemo- and stereoselectivity. Our novel method has been
applied to a rapid biomimetic synthesis of the complex natural
products (±)-alboatrin 2 and (±)-lucidene 1. Application to the
biomimetic syntheses of (±)-pughiinin A 3 and (±)-epolone A-4
are objectives.

Experimental
All solvents and reagents were purified by standard techniques,22

or used as supplied from commercial sources as appropriate.
Solvents were removed under reduced pressure using a Buchi
R110 or R114 Rotavapor fitted with a water condenser. Final
traces of solvent were removed from samples using an Edwards
E2M5 high vacuum pump with pressures below 2 mmHg. All
experiments were carried out under inert atmosphere unless
otherwise stated. 1H NMR spectra were recorded at 200, 400
and 500 MHz using, Bruker DPX200, DQX400 and Bruker
AMX500 instruments. For 1H spectra recorded in CDCl3,
CD3OD, C6D6, chemical shifts are quoted in parts per million
(ppm) and are referenced to the residual solvent peak. The
following abbreviations are used: s, singlet; d, doublet; t, triplet;
m, multiplet; br, broad. Proton assignments and stereochemistry
are supported by 1H–1H COSY and NOESY where necessary.
Data are reported in the following manner: chemical shift
(integration, multiplicity, coupling constant if appropriate).
Coupling constants (J) are reported in Hertz to the nearest
0.5 Hz. 13C NMR spectra were recorded at 50.2, 100.6 and
125.8 MHz using Bruker DPX200, Bruker DQX400, and
Bruker AMX500 instruments. Carbon spectra assignments are
supported by DEPT-135 spectra, 13C–1H (HMQC) correlations
where necessary. Chemical shifts are quoted in ppm and are
referenced to the appropriate residual solvent peak. Flash
column chromatography was carried out using SorbsilTM C60
(40–63 mm, 230–40 mesh) silica gel. Thin layer chromatography
was carried out on glass plates pre-coated with Merck silica gel
60 F254 which were visualised by quenching of UV fluorescence or
by staining with 10% w/v ammonium molybdate in 2 M sulfuric
acid or 1% w/v potassium permanganate in aqueous alkaline
solution followed by heat, as appropriate. Melting points were
recorded using a Cambridge Instruments GallenTM III Kofler
Block melting apparatus or a Buchi 510 capillary apparatus
and are uncorrected. Infrared spectra were recorded either as
a thin film between NaCl plates on a Perkin-Elmer Paragon
1000 Fourier Transform spectrometer with internal referencing.
Absorption maxima are reported in wavenumbers (cm−1) and
the following abbreviations are used: w, weak; m, medium; s,
strong; br, broad. Low resolution mass spectra were recorded
on V. G. Micromass ZAB 1 F and V. G. Masslab instruments
as appropriate with modes of ionisation being indicated as CI,
EI, ES or APCI with only molecular ions. High resolution mass
spectrometry was measured on a Waters 2790-Micromass LCT
electrospray ionisation mass spectrometer and on a VG autospec
chemical ionisation mass spectrometer.

2-Acetoxymethylphenol (6b)6a

To a stirred solution of 2-hydroxybenzyl alcohol 5 (5.0 g,
40.2 mmol) in dry DCM (80 ml) was added slowly at 0 ◦C
pyridine (3.3 ml, 40.2 mmol) and acetyl chloride (2.9 ml,
40.2 mmol) under nitrogen. The reaction mixture was then
warmed to room temperature and stirred one hour. The reaction
mixture was quenched with a saturated solution of ammonium

chloride (100 ml) and washed three times with a saturated
solution of copper sulfate (3 × 100 ml). The organic layer was
dried over anhydrous MgSO4, filtered and concentrated under
reduced pressure to afford 6b as a colourless oil (6.0 g, 89%)
which was used without further purification. RF 0.3 [80 : 20 30–
40 petroleum ether (PE) : EtOAc]; mmax/cm−1 (film) 3369 (s), 1711
(s), 1490 (m), 1458 (m), 1383 (m), 1281 (s), 1244 (s), 909 (s), 734
(s); dH (200 MHz, CDCl3) 2.12 (3H, s), 5.13 (2H, s), 6.88–7.00
(2H, m), 7.22–7.35 (2H, m), 7.81 (1H, s); dC (100 MHz, CDCl3)
21.0, 63.4, 117.9, 120.6, 121.7, 131.3, 132.3, 155.6, 173.9; m/z
(ES−) 165.14 ([M − H]−). 6b was stable for over three months
at 0 ◦C.

2-Phenylchroman (15)14

In a sealed tube was stirred 2-acetoxymethylphenol 6b (200 mg,
1.2 mmol) in styrene (1.4 ml, 12.2 mmol) at 100 ◦C, under
argon for 12 hours. After evaporation of excess of styrene under
reduced pressure, the yellow oil was purified by flash silica gel
chromatography (98 : 2 30–40 PE : EtOAc) to give 15 as a white
solid (200 mg, 79%). Mp = 40–41 ◦C; RF 0.6 (95 : 5 30–40 PE :
EtOAc); mmax/cm−1 (film) 3063 (m), 3029 (m), 2927 (m), 2846
(m), 1582 (s), 1488 (s), 1455 (s), 1235 (s), 754 (s); dH (200 MHz,
CDCl3) 2.02–2.32 (2H, m), 2.77–2.89 (1H, ddd, J 16.5, 5.0,
3.5 Hz), 2.96–3.13 (1H, m), 5.10 (1H, dd, J 9.5, 3.0 Hz), 6.89–
6.99 (2H, m), 7.12–7.25 (2H, m), 7.32–7.51 (5H, m); dC (50 MHz,
CDCl3) 25.1, 30.0, 77.8, 117.0, 120.4, 121.9, 126.0 (2C), 127.4,
127.9, 128.6 (2C), 129.6, 141.8, 155.2.

2,4-Dihydroxy-6-methylbenzaldehyde11

Phosphorous oxychloride (5.6 ml, 60.5 mmol) was added
dropwise over 10 minutes to stirring DMF (20 ml) at −10 ◦C
under nitrogen, and the mixture stirred for a further 20 minutes.
Orcinol (7.5 g, 60.5 mmol) in DMF (25 ml) was then added
to the solution at −10 ◦C and the mixture allowed to warm to
room temperature over 2 hours. To the reaction was then added
ice and 10% aqueous NaOH until pH 9–10 was achieved, and a
precipitate formed. The mixture was then heated to boiling for
10 minutes then cooled to room temperature. The acidity was
then adjusted to pH 3, and the precipitate then formed was
filtered and washed with water until neutral, then dried in a vac-
uum desiccator to give the 2,4-dihydroxy-6-methylbenzaldehyde
as a yellow solid (3.5 g, 38%) which was used without further
purification. Mp = 178–180 ◦C; RF 0.2 (75 : 25 30–40 PE :
EtOAc); mmax/cm−1 (KBr) 3080 (m), 2926 (m), 1628 (s), 1482 (s),
1303 (s), 1233 (s), 1170 (s); dH (400 MHz, MeOD) 2.50 (3H, s),
6.11 (1H, d, J 2.0 Hz), 6.22 (1H, d, J 2.0 Hz), 10.02 (1H, s);
dC (100 MHz, MeOD) 17.3, 100.5, 110.8, 113.0, 145.3, 166.2,
166.5, 193.2; HRMS (APCI) Calculated for C8H9O3 ([M + H]+):
153.0552, Found: 153.0551.

2,4-Diacetoxy-6-methylbenzaldehyde (8)11

To a stirred solution of 2,4 dihydroxy-6-methylbenzaldehyde
(4.0 g, 26.3 mmol) in dry DCM (100 ml) was slowly added
at 0 ◦C pyridine (4.6 ml, 58.0 mmol) and acetyl chloride (2.0 ml,
29.0 mmol) under nitrogen. The reaction mixture was warmed
to room temperature, stirred two hours and then cooled to
0 ◦C when another quantity of acetyl chloride was slowly
added (2.0 ml, 29.0 mmol). The reaction was stirred for a
further two hours then quenched with a saturated solution of
ammonium chloride (100 ml) and washed three times with a
saturated solution of copper sulfate (3 × 150 ml). The combined
organic layers were dried over anhydrous MgSO4, filtered and
concentrated under reduced pressure to give a yellow oil which
was purified by flash silica gel chromatography (80 : 20 30–40
PE : EtOAc) to afford the desired product 8 as a colourless
oil (4.4 g, 71%). RF 0.5 (70 : 30 30–40 PE : EtOAc); mmax/cm−1

(film) 2930 (w), 1774 (s), 1692 (s), 1610 (s), 1369 (m), 1193 (s),
1126 (s); dH (200 MHz, CDCl3) 2.28 (3H, s), 2.34 (3H, s), 2.61
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(3H, s), 6.85 (1H, d, J 2.0 Hz), 6.91 (1H, d, J 2.0 Hz), 10.30
(1H, s); dC (50 MHz, CDCl3) 20.6, 20.9, 21.2, 114.8, 122.5, 123.9,
144.0, 153.7, 154.3, 168.4, 169.1, 188.8; m/z (ES+) 254.19 ([M +
NH4]+).

2-Acetoxymethyl-3-methyl-5-acetoxyphenol (6a)6a

To a stirred solution of 2,4-diacetoxy-6-methylbenzaldehyde 8
(3.8 g, 16.1 mmol) in dry THF (90 ml) was slowly added a 2 M
THF solution of borane–DMS complex (8.0 ml, 16.0 mmol) at
0 ◦C under nitrogen. The reaction was stirred for one hour at
room temperature and was then quenched at 0 ◦C with water
(2 ml). The mixture was evaporated to dryness under reduced
pressure to give a crude product which was purified by flash
silica gel chromatography (70 : 30 30–40 PE : EtOAc). The title
compound was obtained as a white solid which was crystallised
from ether to afford 6a as white crystals (3.2 g, 84%). Mp =
95–96 ◦C; RF 0.3 (70 : 30 30–40 PE : EtOAc); mmax/cm−1 (film)
3413 (br), 1779 (s), 1735 (s), 1708 (s), 1599 (m), 1370 (m), 1209
(s), 1133 (s); dH (400 MHz, CDCl3) 2.10 (3H, s), 2.27 (3H, s),
2.38 (3H, s), 5.12 (2H, s), 6.53 (1H, s), 6.54 (1H, s) 8.23 (1H, s);
dC (100 MHz, CDCl3) 19.6, 21.0, 21.2, 59.6, 109.3, 115.8, 118.8,
141.2, 152.1, 157.3, 169.5, 174.3; HRMS (ES−) Calculated for
C12H13O5 ([M − H]−): 237.0763, Found: 237.0763. Crystal data
for 6a: C12H14O5, M = 238.24, monoclinic, a = 29.1890(14), b =
4.9244(3), c = 19.8157(11) Å, U = 2363.5(2) Å3, T = 150 K,
space group C2/c, Z = 8, l(Mo-Ka) = 0.105 mm−1, 11482
reflections measured, 2983 unique (Rint = 0.045) which were
used in calculations. The final wR was 0.0599.13

(±)-5a(R*),14a(S*),(E)-(E)-5a,6,9,10,13,14,14a,15-Octahydro-
5a,9,9,12-tetramethylcycloundeca[1,2-b]benzopyran (22)

Procedure A. In a sealed tube was stirred 2-acetoxy-
methylphenol 6b (750 mg, 4.5 mmol) in dry toluene (6 ml) with
a-humulene (0.52 ml, 2.2 mmol) at 130 ◦C, under argon for
12 hours. After evaporation of toluene under reduced pressure,
the yellow oil was purified by flash silica gel chromatography (99 :
1 30–40 PE : EtOAc) to give the monoadduct (±)-22 as a white
solid (353 mg, 52%) and an inseparable mixture (346 mg, 38%),
[2.5 : 0.7] of diadduct (±)-lucidene 1 and (±)-isolucidene 23 as
a white solid.

Procedure B. In a sealed tube was stirred 2-acetoxy-
methylphenol 6b (1.5 g, 9.0 mmol) in dry toluene (6 ml) with
a-humulene (0.52 ml, 2.2 mmol) at 130 ◦C, under argon for
12 hours. After evaporation of toluene under reduced pressure,
the yellow oil was purified by flash silica gel chromatography
(99 : 1 30–40 PE : EtOAc) to give a white solid (641 mg, 71%)
which was an inseparable mixture [2.5 : 0.7] of diadduct (±)-
lucidene 1 and (±)-isolucidene 23. The compounds (±)-1 and
(±)-23 were separated, for the purpose of characterisation by
preparative HPLC. A reverse phase Hypersil C18 (25 cm × 0.25
inch) column was found to achieve the required separation with
an aqueous acetonitrile solvent system (4 : 1 MeCN : H2O).

Compound (±)-22. Mp = 118 ◦C; RF 0.7 (98 : 2 30–40 PE :
EtOAc); mmax/cm−1 (KBr) 3056 (w), 2986 (m), 2928 (s), 2852 (m),
1584 (m), 1492 (s), 1456 (s), 1250 (s), 1136 (m), 1040 (m), 982
(s), 757 (s); dH (500 MHz, CDCl3) 1.06 (3H, s), 1.10 (3H, s), 1.15
(3H, s), 1.17 (1H, m), 1.38 (1H, dd, J 13.0, 11.0 Hz), 1.68, (3H, s),
1.80 (1H, dd, J 12.5, 4.0 Hz), 1.88 (1H, dd, J 13.0, 11.0 Hz),
1.94 (1H, ddd, J 12.5, 9.0, 5.5 Hz), 2.16 (1H, dd, J 13.0, 7.5 Hz),
2.22 (1H, t, J 12.5 Hz), 2.35 (1H, dd, J 14.5, 10.0 Hz), 2.50 (1H,
dd, J 16.5, 12.5 Hz), 2.58 (1H, dt, J 14.5, 2.0 Hz), 2.96 (1H, dd,
J 16.5, 5.5 Hz), 5.06 (1H, br dd, J 12.5, 4.0 Hz), 5.16 (1H, dd,
J 16.0, 2.0 Hz), 5.24 (1H, ddd, J 16.0, 10.0, 2.0 Hz), 6.86 (1H,
d, J 7.5 Hz), 6.87 (1H, t, J 7.5 Hz), 7.10 (1H, d, J 7.5 Hz), 7.15
(1H, t, J 7.5 Hz); dC (125 MHz, CDCl3) 17.2, 20.2, 24.3, 29.5,
30.3, 30.4, 35.6, 37.8, 38.2, 41.4, 43.1, 80.2, 117.0, 119.2, 121.0,

121.8, 123.1, 127.2, 128.8, 136.5, 142.0, 154.0; HRMS (CI+)
Calculated for C22H31O ([M + H]+): 311.2375, Found: 311.2378.

(±)-5a(R*),10a(S*),16a(R*),18a(S*)-(E)-5a,6,9,10,10a,16a,
17,18,18a,19-Decahydro-5a,9,9,16a-tetramethyl-11H-
cycloundeca[1,2-b:5,6-b′]bisbenzopyran (lucidene) (1)5

Mp = 208–211 ◦C; RF 0.6 (98 : 2 30–40 PE : EtOAc); mmax/cm−1

(film) 2921 (s), 1610 (w), 1585 (m), 1487 (s), 1454 (s), 1378 (m),
1304 (m), 1259 (s), 1220 (m), 753 (m); dH (500 MHz, CDCl3)
1.09 (1H, dd, J 14.0, 5.5 Hz), 1.09 (3H, s), 1.13 (3H, s), 1.27
(6H, s), 1.55 (1H, m), 1.71 (1H, m), 1.83 (2H, m), 1.97 (1H,
m) 2.06 (1H, br m), 2.22 (1H, m), 2.58 (1H, m,), 2.59 (2H, d, J
7.0 Hz), 2.67 (1H, br d, J 16.0 Hz), 2.81 (1H, dd, J 17.0, 5.5 Hz),
2.82 (1H, br m), 5.65 (1H, dt, J 16.0, 8.0 Hz), 5.79 (1H, d, J
16.0 Hz), 6.76 (1H, d, J 8.0 Hz), 6.77 (1H, d, J 8.0 Hz), 6.79
(1H, td, J 7.0, 1.0 Hz), 6.82 (1H, td, J 7.0, 1.0 Hz), 7.00 (1H,
d, J 7.0 Hz), 7.06 (1H, d, J 7.0 Hz), 7.07 (2H, t, J 7.0 Hz); dC

(125 MHz, CDCl3) 19.6, 21.3, 23.7, 26.7, 29.1, 29.6, 30.0, 31.8,
32.6, 35.7, 40.8, 46.0, 49.0, 79.4, 79.7, 116.7, 117.2, 119.3, 119.6,
121.7, 122.8, 124.5, 127.1, 127.3, 128.7, 129.1, 143.9 (2C), 153.5;
HRMS (CI+) Calculated for C29H37O2 ([M + H]+): 417.2794,
Found: 417.2782.

(±)-5a(R*),10a(R*),16a(S*),18a(S*)-(E)-5a,6,9,10,10a,16a,
17,18,18a,19-Decahydro-5a,9,9,16a-tetramethyl-11H-
cycloundeca[1,2-b:5,6-b′]bisbenzopyran (isolucidene) (23)

Mp = 121 ◦C; RF 0.6 (98 : 2 30–40 PE : EtOAc); mmax/cm−1 (film)
2919 (s), 1610 (w), 1586 (s), 1499 (s), 1456 (s), 1377 (m), 1310
(m), 1254 (s), 1141 (m), 1102 (m), 1032 (m), 940 (w), 754 (s);
dH (500 MHz, CDCl3) 1.05 (1H, m), 1.05 (3H, s), 1.09 (3H, s),
1.15 (1H, br m), 1.20 (3H, s), 1.26 (3H, s), 1.55–1.68 (3H, m),
1.87–2.04 (3H, m), 2.41 (1H, dd, J 13.0, 7.5 Hz), 2.50–2.62 (3H,
m), 2.78 (1H, dd, J 16.5, 5.5 Hz), 2.83 (1H, dd, J 16.5, 5.5 Hz),
5.48 (1H, ddd, J 15.5, 7.0, 6.0 Hz), 5.55 (1H, d, J 15.5 Hz), 6.76
(1H, d, J 7.5 Hz), 6.78 (1H, d, J 7.5 Hz), 6.82 (2H, t, J 7.5 Hz),
7.03 (1H, d, J 7.5 Hz), 7.05 (1H, d, J 7.5 Hz), 7.09 (1H, t, J
7.5 Hz), 7.10 (1H, t, J 7.5 Hz); dC (125 MHz, CDCl3) 19.1, 20.9,
24.4, 29.6, 30.7, 30.8, 30.9, 32.6, 36.3, 38.3, 41.3, 47.6, 48.4, 79.6,
80.6, 116.7, 116.7, 119.3, 119.5, 121.6, 121.6, 122.5, 127.2, 127.3,
128.4, 128.8, 143.5, 153.4, 153.6; HRMS (CI+) Calculated for
C29H37O2 ([M + H]+): 417.2794, Found: 417.2784.

Procedure C. In a sealed tube was stirred compound (±)-
22 (130 mg, 0.42 mmol) in dry benzene (0.5 ml) with 2-
acetoxymethylphenol 6b (140 mg, 0.84 mmol) at 90 ◦C, under
argon during 36 hours. After evaporation of benzene under
reduced pressure, the yellow oil was purified by flash silica gel
chromatography (99 : 1 30–40 PE : EtOAc) to give a white
solid (56 mg, 32%) which was an inseparable mixture [2.5 : 0.6]
of (±)-lucidene 1 and (±)-isolucidene 23. The mixture of two
compounds was crystallized from hexane to afford selectively
white crystals of (±)-1.

(±)-3a(R*),9a(R*)-2,3,3a,9a-Tetrahydro-5,9a-dimethyl-7-
acetoxy-4H-furo[2,3-b]chroman (3-nor-methyl-acetyl-
alboatrin) (11)6a

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (203 mg, 0.85 mmol) in 4,5-dihydro-2-
methylfuran (1.0 ml, 10.9 mmol) at 100 ◦C, under argon for
12 hours. After evaporation under reduced pressure, the yellow
oil obtained was purified by flash silica gel chromatography (95 :
5 30–40 PE : EtOAc) to give (±)-11 as a white solid (175 mg,
78%). Mp = 115–117 ◦C; RF 0.2 (90 : 10 30–40 PE : EtOAc);
mmax/cm−1 (film) 3056 (w), 2982 (w), 1757 (s), 1597 (m), 1482 (w),
1368 (w), 1265 (w), 1213 (w), 1109 (w), 736 (s); dH (400 MHz,
CDCl3) 1.51 (3H, s), 1.75–1.85 (1H, m), 2.01–2.09 (1H, m), 2.21
(3H, s), 2.26 (3H, s), 2.43–2.49 (1H, m), 2.78 (1H, s), 2.79 (1H, s),
3.95 (1H, dd, J 16.5, 8.5 Hz), 4.03 (1H, td, J 8.5, 3.0 Hz), 6.43
(1H, br s), 6.50 (1H, br s); dC (100 MHz, CDCl3) 19.4, 21.2, 22.4,
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23.5, 29.0, 40.5, 66.7, 106.3, 108.2, 115.0, 115.3, 138.1, 149.5,
153.8, 169.7; HRMS (ES+) Calculated for C15H19O4 ([M + H]+):
263.1283, Found: 263.1289.

(±)-4a(R*),10a(S*)-3,4,4a,10a-Tetrahydro-6-methyl-8-
acetoxy-2H ,5H-pyrano[2,3-b]chroman (12)6a

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (203 mg, 0.85 mmol) in 3,4-dihydro-2H-pyran
(1.0 ml, 10.9 mmol) at 100 ◦C, under argon for 12 hours. After
evaporation under reduced pressure, the yellow oil obtained was
purified by flash silica gel chromatography (95 : 5 30–40 PE :
EtOAc) to give (±)-12 as a colourless oil (161 mg, 72%). RF

0.3 (90 : 10 30–40 PE : EtOAc); mmax/cm−1 (film) 3055 (m), 2934
(w), 1759 (s), 1598 (m), 1422 (m), 1265 (s), 1217 (s), 1093 (s),
897 (m), 739 (s); dH (400 MHz, CDCl3) 1.62–1.70 (5H, m), 2.18
(3H, s), 2.26 (3H, s), 2.50 (1H, dd, J 16.5, 4.5 Hz), 2.72 (1H,
dd, J 16.5, 6.5 Hz), 3.69–3.73 (1H, m), 3.98–4.04 (1H, m), 5.28
(1H, d, J 2.5 Hz), 6.49 (1H, s), 6.50 (1H, s); dC (100 MHz,
CDCl3) 19.4, 21.2, 23.6, 24.4, 26.5, 31.6, 62.7, 96.3, 107.8, 115.6,
116.4, 138.3, 149.4, 153.3, 169.7; HRMS (CI+) Calculated for
C15H19O4 ([M + H]+): 263.1283, Found: 263.1288.

(−)-1(S),3(R),4a(S),10a(R)-6,10a,11,11-Tetramethyl-8-
acetoxybicyclo[3.1.1]heptan[2,3-b]chroman (13)6a

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (203 mg, 0.85 mmol) in (1R)-(+)-a-pinene
(1.0 ml, 6.3 mmol) at 140 ◦C, under argon for 12 hours. After
evaporation under reduced pressure, the yellow oil obtained was
purified by flash silica gel chromatography (99 : 1 30–40 PE :
EtOAc) to give (±)-13 as a viscous colourless oil (81 mg, 30%).
[a]25

D = − 2.9 (c = 1, CHCl3); RF 0.6 (98 : 2 30–40 PE : EtOAc);
mmax/cm−1 (film) 2922 (s), 1758 (s), 1559 (s), 1483 (m), 1369 (m),
1256 (s), 1216 (s), 1127 (s), 1015 (m), 739 (s); dH (500 MHz,
CDCl3) 1.04 (3H, s), 1.16 (1H, d, J 10.5 Hz), 1.28 (3H, s), 1.31
(3H, s), 1.32–1.35 (1H, m), 1.81–1.84 (1H, m), 2.04–2.15 (2H,
m), 2.17 (1H, t, J 5.5 Hz), 2.24 (3H, s), 2.25 (3H, s), 2.43 (1H, dd,
J 15.0, 5.0 Hz), 2.47–2.53 (1H, m), 2.73 (1H, dd, J 15.0, 6.0 Hz),
6.40 (1H, d, J 2.5 Hz), 6.49 (1H, d, J 2.5 Hz); dC (125 MHz,
CDCl3) 19.2, 21.2, 23.2, 26.8, 27.5, 28.0, 29.3, 34.2, 34.5, 40.2,
40.4, 54.9, 84.0, 108.3, 114.9, 121.3, 136.8, 149.3, 157.3, 169.7;
HRMS (ES+) Calculated for C20H27O3 ([M + H]+): 315.1960,
Found: 315.1963.

(±)-4a(S*),9a(S*)-2,3,4,4a,9,9a-Hexahydro-4a,8-dimethyl-6-
acetoxy-1H-xanthene (14)6a

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (203 mg, 0.85 mmol) in 1-methylcyclohexene
(1.0 ml, 8.5 mmol) at 140 ◦C, under argon for 12 hours. After
evaporation under reduced pressure, the yellow oil was purified
by flash silica gel chromatography (99 : 1 30–40 PE : EtOAc) to
give (±)-14 as a white solid (141 mg, 60%). Mp = 100–101 ◦C;
RF 0.6 (98 : 2 30–40 PE : EtOAc); mmax/cm−1 (film) 2933 (s), 1758
(s), 1596 (s), 1370 (m), 1265 (s), 1218 (s), 1125 (s), 737 (s); dH

(400 MHz, CDCl3) 1.17 (3H, s), 1.24–1.31 (2H, m), 1.36–1.44
(2H, m), 1.48–1.52 (1H, m), 1.57–1.75 (3H, m), 1.93 (1H, br d,
J 13.5 Hz), 2.18 (3H, s), 2.24 (1H, d, J 17.0 Hz), 2.25 (3H, s),
2.81 (1H, dd, J 17.0, 6.5 Hz), 6.40 (1H, d, J 2.0 Hz), 6.44 (1H,
d, J 2.0 Hz); dC (100 MHz, CDCl3) 19.4, 21.2, 21.7, 25.4, 25.6,
27.1, 28.8, 36.8, 38.3, 74.7, 108.0, 114.3, 116.4, 138.4, 149.1,
153.8, 169.8; HRMS (CI+) Calculated for C17H23O3 ([M + H]+):
275.1647, Found: 275.1644.

(±)-4,5-Dihydro-2,4-dimethylfuran (9), Prepared by the method
of Wilson et al.4

Bp = 100 ◦C at atmospheric pressure; dH (400 MHz, C6D6) 0.86
(3H, d, J 7.0 Hz), 1.67 (3H, d, J 2.0 Hz), 2.72–2.82 (1H, m), 3.70

(1H, dd, J 8.5, 6.5 Hz), 4.21 (1H, dd, J 9.5, 8.5 Hz), 4.43–4.44
(1H, m); dC (100 MHz, C6D6) 13.6, 20.9, 37.8, 77.1, 101.4, 155.0.

(±)-3(R*),3a(R*),9a(R*)-2,3,3a,9a-Tetrahydro-3,5,9a-
trimethyl-7-acetoxy-4H-furo[2,3-b]chroman (acetylalboatrin)
(10)6a

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (200 mg, 0.84 mmol) with (±)-4,5-dihydro-
2,4-dimethylfuran 9 (82 mg, 0.84 mmol) in benzene (1 ml)
at 80 ◦C under argon for 36 hours. After evaporation under
reduced pressure, the colourless oil obtained was purified by
flash silica gel chromatography (98 : 2 30–40 PE : EtOAc) to
give the spiroacetal (±)-19 as a viscous colourless oil (57 mg,
25%, as an inseparable mixture [3 : 2 from 1H NMR] of two
diastereoisomers, RF 0.5 (90 : 10 30–40 PE : EtOAc)), and (±)-
acetylalboatrin 10 and (±)-acetyl-epi-alboatrin as a white solid
(158 mg, 68%, as a mixture [12.6 : 1 from 1H NMR], RF 0.3 (90 :
10 30–40 PE : EtOAc)).

Data for (±)-10. mmax/cm−1 (film) 3054 (s), 2987 (s), 1760
(m), 1603 (m), 1421 (s), 1262 (s), 1215 (m), 896 (s), 752 (s);
dH (200 MHz, CDCl3) 1.04 (3H, d, J 6.0 Hz), 1.50 (3H, s),
1.93 (1H, ddd, J 11.0, 4.5, 3.0 Hz), 2.12–2.17 (1H, m), 2.22
(3H, s), 2.26 (3H, s), 2.71–2.73 (2H, m), 3.52 (1H, t, J 8.0 Hz),
4.17 (1H, t, J 8.0 Hz), 6.42 (1H, d, J 2.0 Hz), 6.49 (1H, d,
J 2.0 Hz); dC (100 MHz, CDCl3) 15.9, 19.5, 21.2, 22.0, 22.8,
35.4, 47.9, 74.1, 107.1, 108.3, 114.9, 115.3, 138.1, 149.5, 153.6,
169.7; HRMS (ES+) Calculated for C16H21O4 ([M + H]+):
277.1440, Found: 277.1431. The 1H NMR spectra of the mixture
of acetylalboatrin and acetyl-epi-alboatrin displayed signals
which compare favourably with the structure of epi-alboatrin
described by Murphy et al. (ref. 15). e.g. for acetyl-epi-alboatrin
dH (200 MHz, CDCl3) 0.85 (3H, d, J 7.0 Hz); for epi-alboatrin dH

(200 MHz, CDCl3) 0.88–0.90 (3H, d, J 7.0 Hz). The two epimers
could be separated and characterised by GCMS, LRMS (CI+)
277 for each. The Dept 135 experiment of the mixture of two
spiroacetals (±)-19 displays two new CH2’s for each compound
and the disappearance of one CH and one CH3. The 1H NMR
spectra also confirms the disappearance of one CH3 for each
compound and the HRMS of the mixture of compounds is in
agreement with both proposed structures calculated for C6H21O4

([M + H]+): 277.1440, Found: 277.1431. Likewise the structure
of the spiroacetal compounds (±)-19 was in agreement with
quinone methide derived products described by Wilson et al.4 in
an analogous study.

(±)-3(R*),3a(R*),9a(R*)-2,3,3a,9a-Tetrahydro-3,5,9a-
trimethyl-7-hydroxy-4H-furo[2,3-b]chroman (alboatrin) (2)2

To a stirred solution of (±)-acetylalboatrin 10 and (±)-acetyl-
epi-alboatrin [12.6 : 1] (480 mg, 1.74 mmol) in 9 ml of DCM–
MeOH–H2O (12 : 7 : 1) was added potassium carbonate (721 mg,
5.21 mmol) at room temperature under nitrogen. The mixture
was stirred for 6 hours and was then extracted with ethyl
acetate (3 × 50 ml). The combined organic layers were washed
with a saturated solution of ammonium chloride (3 × 50 ml),
dried over magnesium sulfate and concentrated under reduced
pressure. The crude obtained was purified by flash silica gel
chromatography (98 : 2 30–40 PE : EtOAc) to give a white solid.
The solid was crystallised from ether to afford (±)-alboatrin 2
(368 mg, 97%) as white crystals.

Mp = 148–149 ◦C; RF 0.1 (90 : 10 30–40 PE : EtOAc);
mmax/cm−1 (film) 3400 (s), 2958 (m), 1620 (s), 1599 (s), 1494 (m),
1462 (m), 1335 (m), 1204 (m), 1148 (s), 1117 (s), 986 (m), 845 (m);
dH (200 MHz, CDCl3) 1.04 (3H, d, J 6.5 Hz), 1.51 (3H, s), 1.93
(1H, ddd, J 11.0, 4.5, 3.5 Hz), 2.01–2.14 (1H, m), 2.19 (3H, s),
2.68 (2H, br s), 3.51 (1H, t, J 8.5 Hz), 4.17 (1H, t, J 8.5 Hz), 4.80
(1H, br s), 6.26 (1H, s), 6.29 (1H, s); dC (100 MHz, CDCl3) 16.0,
19.4, 21.5, 23.2, 35.5, 48.4, 74.0, 101.9, 107.5, 109.6, 110.0, 138.2,
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153.7, 155.1; HRMS (ES−) Calculated for C14H17O3 ([M − H]−):
233.1178, Found: 233.1180. Crystal data for 2: C14H18O3, M =
234.30, monoclinic, a = 8.8435(3), b = 13.4040(5), c = 10.6982(3)
Å, U = 1221.60(7) Å3, T = 150 K, space group P21/n, Z =
4, l(Mo-Ka) = 0.088 mm−1, 1990 reflections measured, 2890
unique (Rint = 0.024) which were used in calculations. The final
wR was 0.0498.13

(±)-5a(R*),14a(S*),(E)-(E)-5a,6,9,10,13,14,14a,15-Octahydro-
5a,9,9,12,16-pentamethyl-18-acetoxycycloundeca[1,2-
b]benzopyran (24)

In a sealed tube was stirred 2-acetoxymethyl-3-methyl-5-
acetoxyphenol 6a (203 mg, 0.85 mmol) with a-humulene (1 ml,
4.35 mmol) at 140 ◦C, under argon for 12 hours. The yellow
mixture obtained was purified by flash silica gel chromatography
(pure 30–40 PE, then 99 : 1 30–40 PE : EtOAc) to give (±)-24
as a white solid (173 mg, 53%). Mp = 130–132 ◦C; RF 0.4 (90 :
10 30–40 PE : EtOAc); mmax/cm−1 (film) 2925 (s), 1761 (s), 1598
(s), 1452 (m), 1367 (m), 1211 (s), 1126 (s), 1046 (m), 911 (m);
dH (400 MHz, CDCl3) 1.02 (3H, s), 1.04 (3H, s), 1.05 (3H, s),
1.14 (1H, td, J 13.0, 8.0 Hz), 1.34 (1H, dd, J 13.0, 11.0 Hz),
1.62 (3H, s), 1.75 (1H, dd, J 12.5, 4.0 Hz), 1.79–1.88 (2H, m),
2.07–2.18 (3H, m), 2.21–2.30 (1H, m), 2.22 (3H, s), 2.26 (3H, s),
2.50 (1H, br d, J 14.5 Hz), 2.82 (1H, dd, J 16.5, 5.5 Hz), 5.00
(1H, dd, J 11.5, 4.0 Hz), 5.09 (1H, dd, J 16.0, 1.5 Hz), 5.16 (1H,
ddd, J 16.0, 10.0, 2.0 Hz), 6.42 (1H, d, J 2.5 Hz), 6.44 (1H, d, J
2.5 Hz); dC (100 MHz, CDCl3) 16.1, 18.1, 18.8, 19.9, 23.3, 26.1,
29.3, 29.5, 34.4, 36.8, 37.1, 40.3, 41.8, 78.7, 106.8, 112.9, 117.0,
119.7, 122.0, 135.2, 136.3, 140.9, 148.1, 153.3, 168.5; HRMS
(ES+) Calculated for C25H35O3 ([M + H]+): 383.2586, Found:
383.2581.

A repeated reaction using the same conditions with only one
equivalent of humulene in xylene gave the same product (±)-24
in 48% yield.

(±)-5a(R*),14a(S*),(E)-(E)-5a,6,9,10,13,14,14a,15-Octahydro-
5a,9,9,12,16-pentamethyl-18-hydroxycycloundeca[1,2-
b]benzopyran (25)

To a stirred solution of (±)-24 (820 mg, 2.14 mmol) in 20 ml of a
mixture (12 : 7 : 1) of DCM–MeOH–H2O was added potassium
carbonate (330 mg, 2.38 mmol) at room temperature under
nitrogen. The mixture was stirred for 6 hours and then extracted
with ethyl acetate (3 × 100 ml). The combined organic layers
were washed with a saturated solution of ammonium chloride
(3 × 100 ml), dried over magnesium sulfate and concentrated
under reduced pressure. The solid obtained was purified by flash
silica gel chromatography (98 : 2 30–40 PE : EtOAc) to give a
white solid which was crystallised from ether to afford (±)-25
(601 mg, 82%) as white crystals. Mp = 155–157 ◦C; RF 0.4 (90 : 10
30–40 PE : EtOAc); mmax/cm−1 (film) 3400 (s), 2925 (s), 2859 (m),
1616 (s), 1600 (s), 1461 (s), 1381 (m), 1324 (m), 1265 (m), 1145
(s), 1046 (m), 991 (m), 839 (m), 738 (s); dH (400 MHz, CDCl3)
1.03 (3H, s), 1.05 (3H, s), 1.06 (3H, s), 1.14 (1H, td, J 13.5,
8.5 Hz), 1.34 (1H, dd, J 13.5, 10.5 Hz), 1.63 (3H, s), 1.75 (1H,
dd, J 13.0, 4.5 Hz), 1.81–1.87 (2H, m), 2.04–2.17 (3H, m), 2.19
(3H, s), 2.28 (1H, dd, J 14.5, 10.0 Hz), 2.50 (1H, br d, J 14.5 Hz),
2.80 (1H, dd, J 16.5, 5.5 Hz), 4.72 (1H, br s), 5.02 (1H, d, J 12.0,
4.5 Hz), 5.11 (1H, dd, J 16.0, 1.5 Hz), 5.18 (1H, ddd, J 16.0,
10.0, 2.5 Hz), 6.20 (1H, d, J 2.5 Hz), 6.26 (1H, d, J 2.5 Hz); dC

(100 MHz, CDCl3) 17.3, 19.3, 19.9, 24.4, 27.0, 30.4, 30.7, 35.8,
38.0, 38.3, 41.5, 43.0, 79.9, 101.4, 108.6, 113.1, 121.0, 123.1,
136.7, 137.8, 142.0, 154.3, 154.7; HRMS (ES−) Calculated for

C23H31O2 ([M − H]−): 339.2324, Found: 339.2331.Crystal data
for 25: C23H32O2, M = 240.51, monoclinic, a = 19.4765(3), b =
9.6966(2), c = 21.0587(4) Å, U = 3964.72(13) Å3, T = 150 K,
space group P21/c, Z = 8, l(Mo-Ka) = 0.071 mm−1, 32823
reflections measured, 9525 unique (Rint = 0.051) which were
used in calculations. The final wR was 0.0524.13
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