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Abstract: The first total syntheses of the racemates of
naturally occurring macrophyllin-type bicyclo[3.2.1]octanoid
neolignans, kadsurenin C 3 and kadsurenin L 4, were
accomplished starting from vanillin and resorcinol. The acid-
catalyzed rearrangement of hydrobenzofuranoid neolignans
into bicyclo[3.2.1]octanoid neolignans was used as the key
step.

The bicyclo[3.2.1]octanoid neolignans constitute an
important class of neolignan compounds, which are
further subdivided into the guianin-type 1 and the
macrophyllin-type 2 (Figure 1).! Among the known
bicyclo[3.2.1]octanoid neolignans, macrophyllin-type neo-
lignans are less common than guianin-type neolignans.?
Most of the isolated macrophyllin-type neolignans, how-
ever, have excellent PAF (platelet-activating factor)?
antagonistic activities, and it was therefore important
to devise an efficient synthetic route to this class of
compounds. Two macrophyllin-type bicyclo[3.2.1]octanoid
neolignans with significant PAF antagonistic activities
are kadsurenin C 3 and kadsurenin L 4, which are
isolated from Piper kadsura (Choisy) Ohwi.* Their struc-
tures were determined on the basis of spectral analysis
and chemical derivatization. In this paper, the first
total syntheses of the racemates of kadsurenin C 3 and
kadsurenin L 4 starting from vanillin and resorcinol are
described.

The published approaches for the syntheses of bicy-
clooctanoid neolignans almost always adopt the cycload-
dition strategy pioneered by Buchi et al.,> which was
further developed by Engler et al.’ In most cases, the
cycloaddition strategy was used for the syntheses of the
guianin-type neolignans and their analogues. Only one
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report’ afforded macrophyllin-type bicyclooctane prod-
ucts, and their absolute configuration (C-4') was different
from the desired target molecules. Apparently, the cyclo-
addition strategy could not be used for the syntheses of
kadsurenin C 3 and kadsurenin L 4, and in fact, our
attempt to adopt this strategy also failed.

Gottlieb et al.® reported the acid-catalyzed rearrange-
ment of mirandin-A 5 into bicyclo[3.2.1]octene 6 through
an intermediate benzylic cation in 76% yield (Scheme 1).
Comparison of 6 with methyl kadsurenin K 10 indicated
that they have identical stereochemistry, and as it
happens, the precursor of methyl kadsurenin K 10 is
kadsurenone 9b,° which is a hydrobenzofuranoid neolig-
nan with specific antagonistic activity of PAF. Conse-
quently, it was anticipated that the target molecules
could be synthesized according to this strategy, and the
retrosynthetic analysis is presented in Scheme 2.

Recently, we reported an efficient method for the
preparation of cinnamyl aryl ethers.’® The same method
could also be utilized for the synthesis of 3,4-dimethoxy-
cinnamyl 3-(allyloxy)phenyl ether 7 on a large scale and
in good yield (67%, lit.1* 23%). The cyclization of 7 in N,N-
diethylaniline was carried out in a sealed tube at 225 °C
for 12 h to stereoselectively afford the trans-dihydroben-
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SCHEME 2

zofuran 8 in 40% yield. The thermal reaction apparently
involved two Claisen rearrangements, followed by an
abnormal Claisen rearrangement (1,5-homosigmatropic
hydrogen shift).'? Following a literature method,'* oxida-
tion of dihydrobenzofuran 8 in methanol gave the oxida-
tive methoxylation products 9a and 9b. Using lead
tetraacetate as an oxidant was unsatisfactory, since the
major products were not 9a and 9b (15% and 9%,
respectively) but were the epimeric acetates 9¢ and 9d
(40%). With phenyliodonium diacetate (PIDA)* as an
oxidant, however, it was found that the yields of 9a and
9b were substantially increased to 50% and 20%, respec-
tively, whereas the yields of 9c and 9d dropped sharply
to less than 5%. The acid-catalyzed rearrangement of a
mixture of 9a and 9b in methanol afforded the desired
bicyclo[3.2.1]octane skeleton 10 (73%) from 9b. However,
the same procedure employing pure 9a did not give any
rearrangement products, and the starting material was
recovered. This suggests that the rearrangement might
be controlled by the relative configuration of the tetra-
substituted sp® carbon atom. Selective reduction of 10
with sodium borohydride in ethanol at —15 °C provided
3in 85% yield, which was reacted with acetic anhydride
in pyridine at room temperature to give 4 in 90% vyield
(Scheme 3). The structures of 10, 3, and 4 were supported
by *H NMR and **C NMR spectroscopic comparisons with
literature data,*® and the stereochemistry at C-4' was
assigned by analogy with the work of Gottlieb.® The
spectral data of 3 and 4 are consistent with those
reported.*

The successful syntheses of kadsurenin C 3 and kad-
surenin L 4 through rearrangement of the hydrobenzo-
furan to bicyclooctane neolignans indicates that this route
may have general utility in the convenient syntheses of
many members of the neolignan group.

Experimental Section

Melting points were determined on a micro-melting point
apparatus and are uncorrected. 'H and 13C NMR were recorded
with CDClIj; as the solvent and tetramethylsilane as the internal
standard. Column chromatography was conducted on silica gel
H (200—400 mesh) and with 60—90 °C petroleum ether in the
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eluent. Compounds 7 and 8 were prepared according to literature
methods.10.116

rac-Denudatin B (9a) and rac-Kadsurenone (9b). To a
solution of dihydrobenzofuran 8 (500 mg, 1.5 mmol) in dry MeOH
(10 mL) was dropwise added a solution of PIDA (1.0 g, 3.1 mmol)
in dry MeOH (15 mL) at room temperature. After the addition,
the reaction mixture was stirred for 2 h and then evaporated to
dryness. The residue was purified by flash column chromatog-
raphy on silica gel H (200 mesh; petroleum ether—ethyl acetate,
4:1 to 2:1, v/v) to afford a yellow oil (420 mg). The crude product
was purified by column chromatography on silica gel H (400
mesh; petroleum ether—ethyl acetate—acetone, 8:1.5:0.5, v/v).
The first eluted compound was 9a,1P obtained as a colorless oil
(270 mg, 50%). 'H NMR (400 MHz, CDCls) 6 1.13 (3H, d, J =
6.7 Hz, CH3), 2.18—2.22 (1H, m, H-3), 3.13 (3H, s, OCH3), 3.09—
3.24 (2H, m, CH,CH=CH), 3.89 (6H, s, 2 x Ar—OCH3), 5.12—
5.17 (2H, m, CH,CH=CHy), 5.36 (1H, d, J = 9.5 Hz, H-2), 5.82
(1H, s, H-7), 5.88 (1H, m, CH,CH=CHy), 6.27 (1H, s, H-4), 6.78—
6.90 (3H, m, ArH). EIMS (m/z): 356 (M").

The second component eluted was obtained as a light yellow
oil and identified as 9b*t (110 mg, 20%). *H NMR (400 MHz,
CDCl3) 6 1.13 (3H, d, 3 = 7.6 Hz, CH3), 2.65—2.71 (1H, m, H-3),
3.04 (3H, s, OCHz3), 3.10—3.15 (2H, m, CH,CH=CHy), 3.89 and
3.90 (6H, 2s, 2 x Ar—OCHjs), 5.12 (2H, d t, J = 2.0, 17.0 Hz,
CH2CH=CHy), 5.23 (1H, s, H-2), 5.85 (1H, m, CH,CH=CH,),
5.89 (1H, s, H-7), 6.21 (1H, s, H-4), 6.84—6.89 (2H, m, ArH), 7.02
(1H, d, 3 = 0.5 Hz, ArH). HRMS (FAB) calcd for C2;H2405 [M +
1] 357.1702. Found 357.1700.

rac-Methyl Kadsurenin K (10). A solution of 9b (50 mg,
0.14 mmol) in dry MeOH (5 mL) containing a catalytic amount
of p-toluenesulfonic acid was refluxed vigorously for 1.5 h. The
residue obtained on removal of MeOH was purified by column
chromatography on silica gel H (400 mesh; petroleum ether—
ethyl acetate, 4.1, v/v) to afford pure 10% as a colorless oil (36.5
mg, 73%). IR (film): vmax 2931, 2846, 1671, 1623, 1516, 1259,
1138 cm~1; 'H NMR (400 MHz, CDCI3) 6 1.08 (3H, d, J = 6.0
Hz, H-9), 2.44—-2.50 (2H, m, H-7, H-8), 3.10—3.13 (2H, m, H-7'),
3.53 (1H, s, H-3"), 3.64 (3H, s, OCH3-5'), 3.86 (6H, s, 2 x Ar—
OCHjs), 5.16—5.20 (2H, m, H-9'), 5.83—5.90 (1H, m, H-8'), 6.58
(1H, d, J = 1.8 Hz, H-2), 6.66 (1H, dd, J = 2.0, 8.1 Hz, H-6),
6.79 (1H, d, J = 8.2 Hz, H-5), 7.06 (1H, s, H-6'); 13C NMR (125
MHz, CDCl3) 6 133.8 (C-1), 110.0 (C-2), 147.1 (C-3), 149.3 (C-4),
111.4 (C-5), 119.3 (C-6), 45.3 (C-7), 48.8 (C-8), 13.7 (C-9), 140.4
(C-1'), 194.4 (C-2'), 69.9 (C-3'), 202.2 (C-4"), 89.3 (C-5'), 148.4
(C-6"),32.7 (C-7"), 133.7 (C-8'), 118.2 (C-9'), 54.0 (OCH3-5'), 55.9
(OCH3-3), 55.9 (OCHgs-4). EIMS (m/z): 356 (M*). HRMS (FAB)
calcd for C21H240s [M + 1] 357.1702. Found 357.1728.

rac-Kadsurenin C (3). To a solution of 10 (18 mg, 0.05 mmol)
in dry EtOH (15 mL) was dropwise added a solution of NaBH,4



(25 mg, 0.06 mmol) in dry EtOH (5 mL) at —15 °C. After the
addition, the reaction mixture was stirred at —15 °C for 15 min
and then water was added to quench the reaction. The products
were extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with water, sat. NaHCO3;, and sat. NaCl
and dried over Na;SO4 The crude oily product obtained on
removal of the solvent was purified by preparative TLC (hex-
anes—ethyl acetate, 2:1, v/v) to give 3% as a light yellow oil (15.3
mg, 85%). IR (film): vmax 3455 (br), 2950, 2931, 1681, 1590, 1515,
1461, 1363, 1264, 1236, 1128, 1101, 1027 cm™%; H NMR (400
MHz, CDCls) 6 1.00 (3H, d, J = 6.9 Hz, H-9), 2.38 (1H, d, J =
8.1 Hz, H-7), 2.64-2.69 (1H, m, H-8), 3.01—-3.05 (2H, m, H-7"),
3.09 (1H, s, H-3'), 3.46 (3H, s, OCH3-5"), 3.87 (6H, s, 2 x Ar—
OCHjs), 4.22 (1H, s, H-4'), 5.13-5.17 (2H, m, H-9'), 5.80—5.88
(1H, m, H-8'), 6.76 (1H, d, 3 = 8.2 Hz, H-5), 6.85 (1H, s, H-6"),
6.88 (1H, d, J = 8.2 Hz, H-6), 7.13 (1H, s, H-2); 13C NMR (100
MHz, CDCl3) 6 134.6 (C-1), 110.8 (C-2), 147.8 (C-3), 149.0 (C-4),
111.8 (C-5), 120.7 (C-6), 51.8 (C-7), 46.7 (C-8), 13.1 (C-9), 139.8
(C-1'), 198.8 (C-2"), 53.6 (C-3'), 75.5 (C-4'), 89.8 (C-5'), 148.4 (C-
6'), 32.5 (C-7"), 134.5 (C-8'), 117.4 (C-9'), 62.0 (OCH3-5'), 55.8
(OCHg3-3), 55.8 (OCH3-4). EIMS (m/z): 358 (M*). HRMS (FAB)
calcd for C21H260s [M + 1] 359.1858. Found 359.1868.
rac-Kadsurenin L (4). To a solution of 3 (10 mg, 0.028 mmol)
in dry pyridine (1 mL) was added freshly distilled Ac,O (0.1 mL)
at 0 °C. After the addition, the reaction mixture was stirred at
0 °C to room temperature overnight. The excess solvents were
removed in vacuo, and the residue was dissolved in EtOAc (10
mL), washed with 2 N HCI and water, and dried over anhydrous
Na,S0,. Purification through preparative TLC gave pure 4,
which was recrystallized from ethyl ether—hexane to give
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colorless crystals (10.1 mg, 90%), mp 136—137 °C. IR (KBr): vmax
2961, 2933, 1736, 1681, 1599, 1515, 1460, 1412, 1370, 1321,
1300, 1252, 1233, 1160, 1073 cm~%; *H NMR (500 MHz, CDCl5)
0 1.01 (3H, d, J = 6.5 Hz, H-9), 2.18 (3H, s, —OCOCHy3), 2.43
(1H, d, 3 = 8.0 Hz, H-7), 2.74—2.80 (1H, m, H-8), 3.00 (1H, s,
H-3'), 3.03—3.05 (2H, m, H-7'), 3.38 (3H, s, OCH3-5"), 3.87 and
3.88 (6H, 2s, 2 x Ar—OCHs), 5.14—5.18 (2H, m, H-9'), 5.32 (1H,
s, H-4'), 5.80—5.90 (1H, m, H-8'), 6.80 (1H, d, J = 5.1 Hz, H-5),
6.85—6.87 (3H, m, H-2, H-6, H-6'); 13C NMR (125 MHz, CDCls)
0 134.3 (C-1), 111.1 (C-2), 147.9 (C-3), 148.7 (C-4), 111.3 (C-5),
120.1 (C-6), 51.3 (C-7), 46.3 (C-8), 13.2 (C-9), 140.0 (C-1'), 197.6
(C-2'), 54.1 (C-3'), 75.1 (C-4'), 88.4 (C-5"), 148.9 (C-6'), 32.4 (C-
7'),133.7 (C-8'), 117.7 (C-9'), 60.7 (OCH3-5'), 55.9 (OCH3-3), 55.9
(OCH3s-4), 21.2 and 169.1 (—OCOCHs3). EIMS (m/z): 400 (M*).
HRMS (FAB) calcd for C,3H2506 [M] 400.1886. Found 400.1830.
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