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A general methodology for the stereoselective synthesis of compounds of the 2,6�diaryl�
3,7�dioxabicyclo[3.3.0]octane series was developed. The strategy includes allylboration of
aromatic aldehydes with 1,6�bis(dialkylboryl)�2,4�hexadiene, ozonolysis of the thus obtained
1,4�diaryl�2,3�divinyl�1,4�diols, and subsequent intramolecular cyclization. This methodology
was used for obtaining the naturally occurring lignans of the furofuran series, viz., diaeudesmin,
diayangambin, epiasarinin, epieudesmin, epiyangambin, and asarinin.
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3,7�Dioxabicyclo[3.3.0]octane compounds are the
basic structural fragments of naturally occurring lignans
of the furofuran series,1 one of the main classes of phyto�
estrogenes produced by many plants.

Due to the wide range of biological activity,2 antitu�
mor, antiviral, antioxidant, immunosuppressant, antiin�
flammatory, hypotensive effect, etc., they attract atten�

tion of chemists and biologists,3—5 and their directed syn�
thesis presented a challenging task.6—8

The purpose of the present work was to use the prod�
ucts of allylboration reaction (with compounds contain�
ing two boronallyl fragments in the molecule) as the start�
ing compounds for the synthesis of 3,7�dioxabicyclo�
[3.3.0]octanes.

* Dedicated to Academician of the Russian Academy of Sciences O. M. Nefedov on the occasion of his 80th birthday.
† Deceased.
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Results and Discussion

We have recently found9 that the reaction of 1,6�bis�
(dipropylboryl)�2,4�hexadiene (1) with aromatic alde�
hydes readily proceeds at –78 °C and after oxidative de�
boration (H2O2/OH–) leads to a mixture of diastereo�
meric 1,4�diaryl�d,l�2,3�divinyl�1,4�butanediols 2 and 3
in total 70—80% yields (Scheme 1), which are easy sepa�
rated by column chromatography. Using NMR spectros�
copy and X�ray crystallography we established that one of
the products (2) contains two anti�homoallyl fragments,
whereas another one (3) has both the anti� and the
syn�homoallyl fragments.

We also showed that the reaction of 1,6�bis(di�
propylboryl)�2,4�hexadiene 1 with 3,4�dimethoxybenz�
aldehyde in the ratio 1 : 1 proceeds diastereoselective�
ly, quantitatively leading (after oxidation) to only a sin�
gle diastereomer (2) of the (1R*,2S*,3S*,4R*)�confi�
guration.

This paper describes methodology for the synthesis of
the 2,6�diaryl�3,7�dioxabicyclo[3.3.0]octane systems with
the endo�endo� and endo�exo�arrangement of aryl substi�
tuents with respect to the furofuran ring. Unsaturated diols 2
with the relative (1R*,2S*,3S*,4R*)�configuration were
used as the starting compounds for the synthesis.

Scheme 2 shows a retro�synthetic analysis of the ap�
proach to the construction of a furofuran core.

To create the 3,7�dioxabicyclo[3.3.0]octane system,
we suggested to use a reaction of electrophilic halo�
cyclization (in particular, iodocyclization). As it has been
shown previously, this reaction smoothly proceeds for the
products of allylboration of aliphatic ketones with 1,6�bis�
(dipropylboryl)�2,4�hexadiene.10 The cyclization stereo�
specifically leads to 3,7�dioxabicyclo[3.3.0]octane deriva�
tives with the endo�arrangement of the iodomethyl groups
and the cis�annulation of the rings.

However, we did not succeed in carrying out this reaction
with aromatic bis�homoallylic alcohols 2a—e (Scheme 3).

Scheme 1

Reagents and conditions: 1) ArCOH, –78—20 °C; 2) H2O2, OH–, 5 °C.

Scheme 2

Scheme 3

X = I, Br

Reagents: I2, NaHCO3 or NBS.
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By all accounts, the failure seems to be caused by steric
hindrance for the second ring closure to occur. Therefore,
we developed an alternative synthetic strategy based on
the direct ozonolysis of unsaturated diols 2.

Ozonolysis was performed under conditions standard
for such reactions: ozone was bubbled through the solu�
tion of unsaturated diol dissolved in CH2Cl2 at –78 °C.
The reaction progress was monitored by TLC. After the
reaction reached completion, the system was purged with
argon and treated with Me2S or PPh3. Bislactols (4,8�di�
hydroxy�3,7�dioxabicyclo[3.3.0]octanes) 6a—f were iso�
lated by flash�chromatography on SiO2 in total 30—50%
yields (Scheme 4).

The structures of compounds 6a—f were confirmed by
elemental analysis and 1H and 13C NMR spectroscopy
(Tables 1 and 2). It should be noted that this is the first
example of obtaining furofuran systems using an ozonoly�
sis reaction.

Initially we suggested that dicarbonyldihydroxy deriv�
atives 5a—f were formed in the process of ozonolysis,
which further spontaneously undergo intramolecular cy�
clization to the corresponding bislactols due to the higher
stability of the cyclic product.11,12 Such a type of the ring�
chain tautomerism is well known for γ�hydroxycarbonyl
compounds.13 However, analysis of the IR and NMR spec�
tra showed that no tautomerism is observed for compounds
6a—f either on heating, or on the solvent change. More�
over, ozonolysis of 2a using NaBH4 as a reducing agent
did not lead to tetraol 7, the compound 6a was obtained
instead, likewise on the reduction with PPh3 and Me2S
(Scheme 5).

Results obtained for different conditions of ozonolysis
and for different reducing agents allowed us to suggest the
following mechanism of formation of bislactols 6a—f
(Scheme 6). It seems that the "molecular diozonide" 8 is
formed initially, which is transformed to dihydroperoxide
compound 10 via the intermediate 9.

This reaction sequence is based on the mechanism con�
cept for the reaction of ozone with olefins in the presence
of alcohols and carboxylic acids,14,15 which leads to
alkoxy� and acyloxyhydroperoxides. Reduction of the per�

oxide compounds 10 gives 4,8�dihydroxy�3,7�dioxa�
bicyclo[3.3.0]octanes 6.

The aryl substituents in lactols 6 are in the endo�endo�
positions with respect to the furofuran ring, whereas the
hydroxy groups are in the exo�positions.

Using a standard procedure16,17 (treatment with tri�
ethylsilane in the presence of boron trifluoride diethyl
etherate), bislactols 6b, 6e and 6f were converted to the
corresponding naturally occurring lignans diaeudesmin,
diayangambin, and epiasarinin (Scheme 7). Diayan�
gambin, for example, was isolated18 from leaves of the

Table 1. 1H NMR chemical shifts for lactols 6a—f

Com� δ Yield
pound

H(1), H(5) Н(2), H(6) Н(4), H(8) Other
(%)

(m) (br.s) (m)

6a CD3OD 3.15 4.81 5.4 7.27, 7.48 45
6b CD3OD 2.47 5.1 5.5 3.9, 6.9 43
6c (CD3)2SO 3.32 4.77 5.56 6.32, 7.80, 54

7.91, 8.24, 8.28
6d CDCl3 3.24 5.1 5.48 3.8, 6.39, 6.52 39
6e CDCl3 3.20 5.05 5.45 3.83, 3.86, 6.61 40
6f CDCl3 3.00 4.76 5.28 6.03, 6.83—6.96 29

Scheme 4

R = 4�Br (a), 3,4�(MeO)2 (b), 3�NO2 (c), 3,5�(MeO)2 (d),
 3,4,5�(MeO)3 (e), 3,4�(OCH2O) (f)

Reagents and conditions: 1) O3, CH2Cl2, –78 °C; 2) Me2S or
PPh3, –78—20 °C.
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Scheme 5

Reagents and conditions: i. O3, CH2Cl2, –78 °C; ii. Me2S or PPh3, –78—20 °C; iii. NaBH4, –78—20 °C.

Scheme 6

Reagents and conditions: i. O3, CH2Cl2, –78 °C; ii. Me2S (PPh3, NaBH4), –78—0 °C.

Table 2. 13C NMR chemical shifts for lactols 6a—f

Com� Solvent δ Yield
pound

С(1), C(5) С(2), C(6) С(4), C(8) Other
(%)

6а CD3OD 57.3 80.7 99.6 121.2, 129.1, 132.5, 139.4 45
6b CD3OD 55.8 80.2 98.0 55.7, 55.9, 109.2, 111.1, 43

118.3, 130.6, 148.3, 148.9
6c (CD3)2SO 60.9 83.4 103.1 125.8, 127.6, 135.3, 138.0, 52

146.6, 153.1
6d CDCl3 68.1 80.3 99.0 99.6, 104.0, 140.7, 161.0 39
6e CDCl3 61.0 80.2 98.7 103.6, 134.2, 145.6, 153.3 52
6f CDCl3 55.7 80.1 98.4 101.4, 106.9, 108.3, 119.4, 29

132.1, 146.8, 147.8
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Pepper family plant, Piper fimbriulatum C.DC., growing in
Panama; this compound possesses immunosuppressant
and antiinflammatory effects.19 The 1H and 13C NMR
spectral data of the synthesized natural compounds are
identical to those given in the literature.20

The reduction of lactols of the endo�endo�series is ac�
companied by a partial epimerization of one of the C—Ar
chiral centers, giving rise to the lignans of the endo�exo�
series 12: epiyangambin, epieudesmin, and asarinin, the
compounds produced by different plants. The epimerization
seems to occur by means of the C(1)—C(8) or C(4)—C(5)

bond cleavage with the formation of the intermediate
oxonium cation 13, which undergoes recyclization to more
stable isomer of the endo�exo�series.21 The epimerization
can also take place through the compound 14, whose
formaztion is facilitated by the electron�donating groups
on the phenyl rings. This high�energy process takes place
only at temperatures higher –78 °C (Scheme 8).

In conclusion, we have developed an efficient approach
to the furofuran structures based on simple reagents, such
as aromatic aldehydes and 1,6�bis(dipropylboryl)�2,4�
hexadiene, easy generated from diallyl. At the present, the

Scheme 7

Com� R Products Total yield of Ratio
pound products (%) 11 : 12
b 3,4�(MeO)2 (±)�Diaeudesmin (11b) 73 65 : 35

(±)�Epieudesmin (12b)
e 3,4,5�(MeO)3 (±)�Diayangambin (11e) 68 70 : 30

(±)�Epiyangambin (12e)
f 3,4�(OCH2O)2 (±)�Epiasarinin (11f) 75 68 : 32

(±)�Asarinin (12f)

Scheme 8

LA is the Lewis acid

Reagents and conditions: 1)Et3SiH2, –78 °C; 2) Et2O•BF3, –40 °C.
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enantioselective version of this reaction using optically
active organoboron compounds is underway.

Experimental

1H, 13C, and 19F NMR spectra were recorded on a Bruker
AC�200 spectrometer (200.13 MHz for 1H, 50.32 MHz for 13C,
and 188.31 MHz for 19F) in CDCl3 and CD3OD. Mass spectra
were recorded on a Finnigan LC instrument (EI�MS). Thin�
layer chromatography was performed on Silufol UV�254 plates.
Ozonolysis was performed by bubbling the oxygen—ozone gas
mixture (3 mL min–1, 0.775 mmol min–1  of ozone).

Allylboration of carbonyl compounds (general procedure for
the preparation of compounds 2a—e). An anhydrous carbonyl
compound (2.2 mol�equiv.) was added to a solution of diallyl
diboron compound 1 (1 mol�equiv.) in anhydrous diethyl ether
at –78 °C. After the mixture warmed�up to room temperature, it
was sequentially treated with 10% aqueous NaOH (4.2 mol�
equiv.) and 30% aq. H2O2 (4.5 mol�equiv.) at 5—10 °C and re�
fluxed for 3 h. After extraction with diethyl ether, drying with
Na2SO4, and evaporation of the solvent at reduced pressure,
a dry residue was obtained, which was a mixture of two diastereo�
mers, in total 65—85% yields. The diastereomers obtained were
separated by column chromatography (ethyl acetate — hexane).

Ozonolysis (general procedure for the preparation of com�
pounds 6a—e). Ozone was bubbled through the solution of
γ,δ�unsaturated diol dissolved in CH2Cl2 at –78 °C. The reac�
tion progress was monitored by TLC. The ozone bubbling was
stopped when TLC analysis showed the absence of the starting
compound in the system, then the system was purged with argon
for 60 min and treated with Me2S. The reaction mixture was
further stirred at –78 °C for 60 min and at –50 °C for 120 min
and then was let to warm�up to room temperature. The solvent
was evaporated in vacuo, a precipitate formed was dissolved in
CH2Cl2, washed with water, and dried with Na2SO4. Flash�
chromatography on SiO2 gave products in total 30—50% yields.

2,6�Bis(4�bromophenyl)�4,8�dihydroxy�3,7�dioxabicyclo�
[3.3.0]octane (6a). The yield was 45%. White crystalline com�
pound. Found (%): C, 53.25; H, 4.31. C20H20O2Br2. Calculat�
ed (%): C, 53.12; H, 4.46. 1H NMR (200.13 MHz, CDCl3), δ:
3.15 (m, 2 H, H(1), H(5)); 5.03 (br.s, 2 H, H(2), H(6)); 5.45—5.55
(m, 2 H, H(4), H(8)); 7.26 (d, 4 H, H(2´), H(2″), H(6´), H(6″),
arom., J = 8.1 Hz); 7.48 (d, 4 H, H(3´), H(3″), H(5´),
H(5″) arom., J = 8.1 Hz). 13C NMR (50.32 MHz, CDCl3), δ:
57.3 (C(1), C(5)); 80.7 (C(2), C(6)); 99.6 (C(4), C(8));
122.1 (C(4´), C(4″) arom.); 129.1 (C(2´), C(2″), C(6´), C(6″),
arom.); 132.5 (C(3´), C(3″), C(5´), C(5″), arom.); 139.4 (C(1´),
C(1″), arom.).

2,6�Bis(3,4�dimethoxyphenyl)�4,8�dihydroxy�3,7�dioxabi�
cyclo[3.3.0]octane (6b). The yield was 43%. White crystalline
compound, m.p.. 168—170 °C. Found (%): C, 69.60; H, 7.50.
C24H30O6. Calculated (%): C, 69.54; H, 7.30. 1H NMR
(200.13 MHz, CDCl3), δ: 2.47 (br.s, 2 H, OH); 3.15—3.30
(m, 2 H, H(1), H(5)); 3.88, 3.90 (both s, 12 H, OMe); 5.10 (br.s,
2 H, H(2), H(6)); 5.45—5.55 (m, 2 H, H(4), H(8)); 6.80—7.05
(m, 6 H, arom.). 13C NMR (50.32 MHz, CDCl3), δ: 55.7, 55.9
(OMe); 55.8 (C(1), C(5)); 80.2 (C(2), C(6)); 98.0 (C(4), C(8));
109.2 (C(2´), C(2″), arom.); 111.1 (C(3´), C(3″), arom.); 118.3
(C(6´), C(6″), arom.); 160.6 (C(1´), C(1″), arom.); 148.3, 148.9
(C(4´), C(4″), C(5´), C(5″), arom.).

2,6�Bis(3�nitrophenyl)�4,8�dihydroxy�3,7�dioxabicyclo[3.3.0]�
octane (6c). The yield was 54%. Light yellow crystalline com�
pound, m.p. 208—209 °C. Found (%): C, 62.62; H, 5.30; N, 7.13.
C20H20O2N2. Calculated (%): C, 62.49; H, 5.24; N, 7.29.
1H NMR (200.13 MHz, (CD3)2SO), δ: 3.27—3.37 (m, 2 H, H(1),
H(5)); 4.72—4.83 (m, 2 H, H(2), H(6)); 5.51—5.61 (m, 2 H,
H(4), H(8)); 6.32 (d, 2 H, OH, J = 4.3 Hz); 7.80—8.28 (m, 8 H,
arom.). 13C NMR (50.32 MHz, (CD3)2SO), δ: 60.9 (C(1), C(5));
83.4 (C(2), C(6)); 103.1 (C(4), C(8)); 125.8, 127.6, 135.3, 138.0,
146.6, 153.1 (arom).

2,6�Bis(3,5�dimethoxyphenyl)�4,8�dihydroxy�3,7�dioxabi�
cyclo[3.3.0]octane (6d). The yield was 39%. White oil. Found (%):
C, 76.30; H, 7.00. C24H26O4. Calculated (%): C, 76.17; H, 6.92.
1H NMR (200.13 MHz, CDCl3), δ: 3.19—3.29 (m, 2 H, H(1),
H(5)); 3.80, 3.81 (both s, 12 H, OMe); 5.1 (br.s, 2 H, H(2),
H(6)); 5.43—5.53 (m, 2 H, H(4), H(8)); 6.39, 6.55 (both s, 6 H,
arom.). 13C NMR (50.32 MHz, CD3OD), δ: 55.5 (OMe); 68.1
(C(1), C(5)); 80.3 (C(2), C(6)); 99.0, 99.6 (C(4), C(8), C(4´),
C(4″), arom.); 104.0 (C(2´), C(2″), arom.); 140.7 (C(1´), C(1″),
arom.); 161.0 (C(3´), C(3″), C(5´), C(5″), arom.).

2,6�Bis(3,4,5�trimethoxyphenyl)�4,8�dihydroxy�3,7�dioxa�
bicyclo[3.3.0]octane (6e). The yield was 40%. White crystalline
compound. Found (%): C, 66.00; H, 7.02. C26H34O8. Calculat�
ed (%): C, 65.81; H, 7.22. 1H NMR (200.13 MHz, CDCl3), δ:
2.47 (br.s, 2 H, OH); 3.20 (m, 2 H, H(1), H(5)); 3.83, 3.86 (both s,
18 H, OMe); 5.05 (br.s, 2 H, H(2), H(6)); 5.45 (m, 2 H, H(4),
H(8)); 6.61 (s, 4 H, arom.). 13C NMR (50.32 MHz, CDCl3), δ:
55.8, 56.1 (OMe); 61.0 (C(1), C(5)); 80.2 (C(2), C(6)); 98.7
(C(4), C(8)); 103.6 (C(2´), C(2″), C(6´), C(6″), arom.); 134.2
(C(1´), C(1″), arom.); 145.6 (C(4´), C(4″), arom.); 153.3 (C(3´),
C(3″), C(5´), C(5″), arom.).

2,6�Bis(3,4�methylenedioxyphenyl)�4,8�dihydroxy�3,7�di�
oxabicyclo[3.3.0]octane (6f). The yield was 29%. White oil.
Found (%): C, 62.00; H, 4.80. C20H22O2. Calculated (%): C,
62.17; H, 4.70. 1H NMR (200.13 MHz, CDCl3), δ: 3.25—3.35
(m, 2 H, H(1), H(5)); 4.76 (br.s, 2 H, H(2), H(6)); 5.23—5.33
(m, 2 H, H(4), H(8)); 6.03 (s, 4 H, OCH2O, arom.); 6.83—6.96
(m, 6 H, arom.). 13C NMR (50.32 MHz, CDCl3), δ: 55.7 (C(1),
C(5)); 80.1 (C(2), C(6)); 98.4 (C(4), C(8)); 101.4 (OCH2O,
arom.); 106.9, 108.3 (C(2´), C(2″), C(5´), C(5″), arom.); 119.4
(C(6´), C(6″), arom.); 132.1 (C(1´), C(1″), arom.); 146.8, 147.7
(C(3´), C(3″), C(4´), C(4″), arom.).

Preparation of compounds 11 and 12 (dehydroxylation, gen�
eral procedure). Triethylsilane (8 mol�equiv.) was slowly added to
a solution of lactol in dichloromethane at –78 °C under argon.
The solution that obtained was stirred for 10 min at the same
temperature, followed by slow addition of boron trifluoride diethyl
etherate (10 mol�equiv.) and stirring the thus obtained solution
for 30 min. Then, the mixture was treated with saturated aq.
NaHCO3 at –20 °C. After extraction with EtOAc, drying with
Na2SO4, and evaporation of the solvent at reduced pressure, a dry
residue was obtained, which was purified by flash�chromatography
on SiO2 (diethyl ether—hexane—triethylamine, 25 : 75 : 1).

2,6�Bis(3,4�dimethoxyphenyl)�3,7�dioxabicyclo[3.3.0]�
octane, diaeudesmin (11b). Colorless oil. Found (%): C, 68.60;
H, 6.90. C22H26O6. Calculated (%): C, 68.38; H, 6.78. 1H NMR
(200.13 MHz, CD3Cl), δ: 3.10—3.25 (m, 2 H, H(1), H(5));
3.45—3.51, 3.70—3.80 (both m, 4 H, H(4), H(8)); 3.90, 3.95
(both s, 12 H, OMe); 4.92 (d, 2 H, H(2), H(6), J = 5.0 Hz);
6.85—7.00 (m, 6 H, arom.). 13C NMR (50.32 MHz, CD3Cl), δ:
49.4 (C(1), C(5)); 55.84 (OCH3); 68.7 (C(4), C(8)); 83.9 (C(2),
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C(6)); 109.6 (C(2´), C(2″), arom.); 110.9 (C(5´), C(5″), arom.);
118.4 (C(6´), C(6″), arom.); 131.4 (C(1´), C(1″), arom.); 148.0
(C(3´), C(3″), arom.); 148.7 (C(4´), C(4″), arom.).

2,6�Bis(3,4,5�trimethoxyphenyl)�3,7�dioxabicyclo[3.3.0]�
octane, diayangambin (11e). Colorless oil. Found (%): C, 64.35;
H, 6.94. C24H30O8. Calculated (%): C, 64.56; H, 6.77. 1H NMR
(200.13 MHz, CD3Cl), δ: 3.16—3.26 (m, 2 H, H(1), H(5));
3.45—3.60, 3.75—3.83 (both m, 4 H, H(4), H(8)); 3.85, 3.89
(both s, 12 H, OMe); 4.92 (d, 2 H, H(2), H(6), J = 4.9 Hz); 6.61
(s, 4 H, arom.). 13C NMR (50.32 MHz, CD3Cl), δ: 49.4 (C(1),
H(5)); 56.00, 60.1 (OCH3); 68.8 (C(4), C(8)); 84.0 (C(2), C(6));
103.0 (C(2´), C(2″), C(6´), C(6″), arom.); 134.5 (C(1´), C(1″), arom.);
136.9 (C(4´), C(4″), arom.); 153.2 (C(3´), C(3″), C(5´), C(5″), arom.).

2,6�Bis(3,4�methylenedioxyphenyl)�3,7�dioxabicyclo[3.3.0]�
octane, epiasarinin (11f). Colorless oil. Found (%): C, 75.34;
H, 6.44. C22H22O4. Calculated (%): C, 75.41; H, 6.33. 1H NMR
(200.13 MHz, CD3Cl), δ: 3.08—3.16 (m, 2 H, H(1), H(5));
3.47—3.57, 3.67—3.77 (both m, 4 H, H(4), H(8)); 4.87 (d, 2 H,
H(2), H(6), J = 5.0 Hz); 5.97 (s, 4 H, OCH2O, arom.); 6.82—6.89
(m, 6 H, arom.). 13C NMR (50.32 MHz, CD3Cl), δ: 49.5 (C(1),
C(5)); 68.7 (C(4), C(8)); 84.1 (C(2), C(6)); 100.9 (OCH2O,
arom.); 107.1, 108,1 (C(2´), C(2″), C(4´), C(4″), arom.); 119.5
(C(6´), C(6″), arom.); 132.1 (C(1´), C(1″), arom.); 146.7, 146.7
(C(3´), C(3″), C(4´), C(4″), arom.).

2,6�Bis(3,4�dimethoxyphenyl)�3,7�dioxabicyclo[3.3.0]oct�
ane, epieudesmin (12b). Colorless oil. Found (%): C, 68.70;
H, 6.60. C22H26O6. Calculated (%): C, 68.38; H, 6.78. 1H NMR
(200.13 MHz, CD3Cl), δ: 2.85—3.00 (m, 1 H, H(1)); 3.30—3.45
(m, 2 H, H(5), H(4ax)); 3.75—3.95 (m, 2 H, H(4eq), H(8ax));
3.85—3.97 (m, 12 H, OCH3); 4.14 (m, 1 H, H(8eq)); 4.46 (d, 1 H,
H(2), J = 7.0 Hz); 4.89 (d, 1 H, H(6), J = 5.6 Hz); 6.92—7.00
(m, 6 H, arom.). 13C NMR (50.32 MHz, CD3Cl), δ: 50.4 (C(5));
54.7 (C(1)); 56.1 (OCH3); 70.0 (C(4)); 71.2 (C(8)); 82.3 (C(6));
87.9 (C(2)); 109.2, 109.4, 111.2, 117.9, 118.7, 131.2, 133.9, 148.2,
149.0, 149.1, 149.5, arom.

2,6�Bis(3,4,5�trimethoxyphenyl)�3,7�dioxabicyclo[3.3.0]oct�
ane, epiyangambin (12e). Colorless oil. Found (%): C, 64.85;
H, 6.34. C24H30O8. Calculated (%): C, 64.56; H, 6.77. 1H NMR
(200.13 MHz, CD3Cl), δ: 2.90—3.00 (m, 1 H, H(1)); 3.27—3.37
(m, 2 H, H(4eq), H(5)); 3.87—3.89 (m, 18 H, OCH3); 3.90—4.00
(m, 2 H, H(4ax), H(8eq)); 4.12—4.22 (m, 1 H, H(8ax)); 4.45 (d, 1 H,
H(2), J = 7.0 Hz); 4.84 (d, 1 H, H(6), J = 5.0 Hz); 6.52—6.62
(m, 6 H, arom.). 13C NMR (50.32 MHz, CD3Cl), δ: 49.5 (C(5)); 54.4
(C(1)); 56.2 (4 OCH3); 60.2 (OCH3); 69.2 (C(4)); 71.0 (C(8)); 82.1
(C(6)); 87.6 (C(2)); 102.7, 103.0, 137.0, 137.6, 153.1, 153.3 (arom.).

2,6�Bis(3,4�methylenedioxyphenyl)�3,7�dioxabicyclo[3.3.0]�
octane, asarinin (12f). Colorless oil. Found (%): C, 75.30; H, 6.34.
C22H22O4. Calculated (%): C, 75.41; H, 6.33. 1H NMR
(200.13 MHz, CD3Cl), δ: 2.80—2.90 (m, 1 H, H(1)); 3.25—3.35
(m, 2 H, H(4eq), H(5)); 3.78—3.88 (m, 2 H, H(4ax), H(8eq));
4.02—4.14 (m, 1 H, H(8ax)); 4.39 (d, 1 H, H(6), J = 6.8 Hz);
4.83 (d, 1 H, H(2), J = 5.2 Hz); 5.95, 5.96 (both s, 4 H, OCH2O,
arom.); 6.75—6.85 (m, 6 H, arom.). 13C NMR (50.32 MHz,
CD3Cl), δ: 50.1 (C(5)); 54.6 (C(1)); 69.7 (C(8)); 70.9 (C(4));
82.0 (C(6)); 87.6 (C(2)); 100.9, 101.0 (OCH2O, arom.); 106.4,
106.5, 108.5, 118.7, 119.6, 132.2, 135.0, 146.5, 147.9 (arom.).
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