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Stereoselective Synthesis of the Optically Active Samin Type of Lignan

from L-Glutamic Acid
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The optically active samin type of lignan, (1R,2S,5R,
6.5)-6-(2-methoxy-4,5-methylenedioxyphenyl)-3,7-diox-
abicyclo[3.3.0]octan-2-0l, was stereoselectively synthe-
sized from L-glutamic acid via QR,3R)-2-[(1S and R)-
1 - [(ert - butyldimethylsilyl)oxy] - 1 - (2 - methoxy - 4,5-
methylenedioxyphenyl)methyl] - 3 - [(zert -butyldiphenyl-
silyl)oxylmethyl-1,4-butanediol.
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It has been reported that the furofuran type of lig-
nan acted on cAMP metabolism.” The samin (1) type
of lignan, which is a 2-oxidized furofuran lignan, can
also be expected to have interesting biological activi-
ty. However, only a few reports about the synthesis
of samin have been found, presenting the synthesis of
an optically active compound from sesamolin,?
diethyl L-tartrate, and a chiral selenium
compound,? and the synthesis of a racemate by em-
ploying the Ireland-Claisen rearrangement.” This
report describes the stereoselective synthesis of opti-
cally active samin type of lignan 2 from L-glutamic
acid. Since we have already synthesized 1,2-oxidized
furofuran lignan from L-glutamic acid,® this result
also shows the possibility for stereoselective synthesis
of some types of furofuran lignans from L-glutamic
acid. It has been reported that the samin type of lig-
nan was an intermediate for the synthesis of 2-arylox-
y furofuran lignan.>” Samin type of lignan 2 can be
expected to be a key intermediate in the synthesis of
1-deoxyphrymalolin, which is an important
phrymalolin” derivative, to examine the effect of a
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hydroxy group on biological activity. Diol 3, which
had been obtained from L-glutamic acid® by 15 steps
in 7-8% overall yield, was used as the starting
material (Fig.).

Erythro and threo diol 3 were treated with boron
trifluoride diethyl etherate in dichloromethane to give
tetrahydrofuran derivative 4 in 84% and 87% yields,
respectively. After desilylation with tetrabutylammo-
nium fluoride (98% yield), resulting diol 5 underwent
selective ‘oxidation by dihydridotetrakis(triphenyl-
phosphine)ruthenium (II)® to give two lactones: one
was desired lactone 6 (39%) and the other was un-
desired lactone 7 (18%). The hydroxymethyl group at
the 4 position of 5 was preferentially oxidized over
the hydroxymethyl group at the 3 position in a 2:1
ratio. This selectivity was due to steric hindrance of
the phenyl group at the 2 position. Undesired lactone
7 was transformed to diol 5 by diisobutylaluminum
hydride and sodium borohydride reduction in 58%
yield. Samin type of lignan 2 was obtained from
desired lactone 6 by diisobutylaluminum hydride
reduction in 70% vyield. The presence of NOE be-
tween the 2-H and 84-H positions confirmed that the
stereochemistry of the 2 position was S. The fact that
NOE was observed between 6-H and 44, 85-H rev-
ealed the stereochemistry at the 6 position as S
(Scheme).

The samin type of lignan, (1R,2S,5R,6S5)-6-(2-
methoxy-4,5-methylenedioxyphenyl)-3,7-dioxabicy-
clo[3.3.0]octan-2-o0l (2), was synthesized from (2R,
3R)-2-[(1S and R)-1-[(tert-butyldimethylsilyl)oxy]-
1-(2-methoxy-4,5-methylenedioxyphenyl)methyl]-3-
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Scheme. Synthesis of Samin Type of Lignan 2.
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(a) BF;-Et,0, CH,Cl,, 0°C, 30 min (84% yield from erythro, 87% yield from threo). (b) n-Buy,NF, THF, r.t., 1 h (98% yield). (c)
RuH,(PPh;),, acetone, toluene, reflux, 1.5 h (6: 39% yield, 7: 18% yield). (d) DIBAL-H, toluene, —75°C, 1 h (70% yield). (e) (1)
DIBAL-H, toluene, —75°C, 1 h; (2) NaBH,, EtOH, r.t., 2 h (58% yield, 2 steps).

[(tert-butyldiphenylsilyl)oxy]methyl - 1,4 - butanediol
(3), which had been obtained from L-glutamic acid,®
by 4 steps in 24-28% yield.

Materials and Methods

All melting point (mp) data are uncorrected. NMR
data were measured by a JNM-EX400 spectrometer.
EIMS and FABMS data were measured with Hitachi
M-80B and JEOL HX-110 spectrometers, respec-
tively, and optical rotation was evaluated with
HORIBA SEPA-200 equipment. The silica gel used
was Wakogel C-300 (Wako, 200-300 mesh), and
preparative TLC was conducted with Merck silica gel
60 F»s4 (0.5 mm thickness, 20 X 20 cm).

(2S,3R,4R )-4-[(tert-Butyldiphenylsilyl)oxy]methy!-
3-hydroxymethyl-2-(2-methoxy-4,5-methylenedioxy-
phenyl)tetrahydrofuran (4). To a solution of erythro
diol 3 (0.20g, 0.32 mmol) in CH,Cl, (36 ml) was
added BF;-OEt; (29 ul, 0.23 mmol) at 0°C, and then
the resulting reaction mixture was stirred at 0°C for
30 min before addition of saturated aqueous
NaHCO:; solution. The organic solution was separat-
ed, washed with brine, and dried (Na,SO,).
Concentration followed by silica gel column chro-
matography (EtOAc/hexane=1/5) gave tetra-
hydrofuran 4 (0.14 g, 0.27 mmol, 84%) as a colorless
oil. Tetrahydrofuran 4 was also obtained from threo

diol 3 by the same method in 87% yield. [o]d =
+9.83 (c1.12, CHCL). NMR &y (CDCL): 1.07 (9H,
s), 2.39 (1H, ddd, J=13.2, 6.8 Hz), 2.67 (1H, m),
3.09 (1H, dd, J=4.7, 4.7 Hz), 3.65-3.77 (3H, m),
3.77 (3H, s), 3.82-3.89 (1H, m), 3.91 (1H, dd, J=
8.8, 8.8 Hz),4.14 (1H, dd, /=8.8,7.3 Hz), 4.97 (1H,
d, J=6.8 Hz), 5.90 2H, 5), 6.50 (1H, s), 6.88 (1H, 5),
7.40-7.45 (6H, m), 7.65-7.69 (4H, m). NMR dc
(CDCl): 19.11, 26.82, 43.61, 52.21, 56.46, 60.97,
62.89, 70.52, 94.52, 101.13, 106.44, 123.31, 127.85,
129.93, 129.95, 132.77, 132.82, 135.54, 135.60,
141.52, 147.23, 151.19. IRvu.x (CHCL): 3472,
3075-2861, 1505, 1485, 1472, 1466, 1428, 1221, 1211,
1192, 1159, 1113, 1082, 1053, 1042, 704 cm~'. EIMS
m/z (20 eV): 520 (M*, 29), 199 (94), 191 (46), 165
(100). Anal. Found: C, 69.01; H, 6.92%. Calcd. for
C30H3606Si: C, 69.20; H, 6.97%.

(2S,3R,4S )-3,4-Bis(hydroxymethyl)-2-(2-methoxy-
4,5-methylenedioxyphenyl)tetrahydrofuran (5). To a
solution of silyl ether 4 (0.21 g, 0.40 mmol) in THF
(10 ml) was added n-BuyNF (0.47 ml, 1 M in THF,
0.47 mmol). The reaction solution was stirred at
room temperature for 1 h before addition of a satu-
rated aqueous NH,Cl solution and EtOAc. The or-
ganic solution was separated, washed with brine, and
dried (Na,SO,). Concentration followed by silica gel
column chromatography (EtOAc/hexane=1/2)
gave diol 5 (0.11 g, 0.39 mmol, 98%) as a colorless
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oil. [a]¥=+10.34 (c0.77, CHCL). NMR Jy
(CDCly): 2.26 (1H, ddd, J=14.9, 7.8, 4.9 Hz), 2.64
(1H, m), 3.20-3.64 (2H, br.), 3.69-3.73 (H, m),
3.78 (3H, s), 3.78-3.80 (2H, m), 3.85 (1H, dd, J=
11.7, 8.7 Hz), 4.22 (1H, dd, J=8.5, 7.6 Hz), 4.95
(1H, d, J=7.8 Hz), 5.90 (1H, d, J=1.5 Hz), 5.91
(1H, d, J=1.5 Hz), 6.52 (1H, s), 6.91 (1H, 5). NMR
dc (CDCL): 43.54, 51.83, 56.59, 60.11, 61.21, 70.04,
76.32, 94.51, 101.16, 106.22, 122.59, 141.66, 147.27,
151.12. IRvme (CHCL): 3386, 3027-2842, 1505,
1485, 1466, 1428, 1275, 1231, 1192, 1159, 1084, 1042,
1007, 938, 868. EIMS m/z (20 eV): 282 (M*, 100),
181 (58), 180 (66). HRMS (EI) m/z (M*): Calcd. for
C1.H130s, 282.1101; found, 282.1099.

(IR,5R,6S)-6-(2-Methoxy-4,5- methylenedioxy-
phenyl)-3,7-dioxabicyclo[3.3.0]octan-2-one (6) and
(1S,5R,8S5) - 8 - (2 - methoxy - 4,5 - methylenedioxy-
phenyl)-3,7-dioxabicyclo[3.3.0]octan-2-one (7). A
reaction mixture of diol 5 (94 mg, 0.33 mmol) and
RuH;(PPh;), (59 mg, 0.051 mmol) in toluene (4 ml)
and acetone (0.5 ml) was heated under refluxing con-
ditions for 1.5 h. After the concentration, the residue
was applied to silica gel column chromatography
(EtOAc/hexane=1/2) to give 6 (37 mg, 0.13 mmol,
39%) as colorless crystals, mp 101-103°C, and 7 (17
mg, 0.061 mmol, 18%) as colorless crystals, mp
161-163°C. 6. [a]® = +59.25 (c0.27, CHCl;). NMR
du (CDCl): 3.00 (1H, m), 3.34 (1H, m), 3.78 (3H, s),
4.28 (1H, dd, J=8.8, 3.9 Hz), 4.31 (1H, dd, J=8.8,
8.8 Hz), 4.49 (1H, dd, J=8.3, 7.3 Hz), 4.56 (1H, dd,
J=38.3, 2.1 Hz), 5.04 (1H, d, J=5.9 Hz), 5.92 (2H,
s), 6.53 (1H, s), 6.88 (1H, s). NMR Jdc (CDCl;):
46.31, 48.38, 56.18, 70.42, 71.38, 82.64, 94.44,
101.29, 105.47, 121.19, 133.35, 141.40, 151.30,
178.37. IRvm.x (CHCLy): 3029-2842, 1771, 1505,
1483, 1466, 1429, 1192, 1173, 1042 cm™!. EIMS m/z
(20eV): 278 (M*, 100), 193 (18), 180 (28), 165 (52).
HRMS (EI) m/Z (M+)I Calcd. for C14H1406,
278.0790; found, 278.0791. 7. [o]¥ = +45.19 (c0.18,
CHCl;). NMR dy (CDCl): 3.26 (1H, m), 3.38 (1H,
dd, J=9.0, 2.2 Hz), 3.82 (3H, s), 3.84 (1H, dd, J=
9.5,2.2 Hz), 4.22 (1H, dd, J=9.5, 2.2 Hz), 4.35 (1H,
dd, /=8.8, 7.8 Hz), 4.46 (1H, dd, J=8.8, 7.3 Hz),
5.49 (1H, d, J=2.2 Hz), 5.92 (2H, s), 6.55 (1H, s),
6.79 (1H, s). NMR 0c(CDCl;): 40.46, 51.55, 56.40,
70.83, 73.34, 80.15, 94.93, 101.27, 106.47, 120.85,
141.02, 147.87, 151.97, 177.29. IRvVu. (CHCL):
3023-2857, 1775, 1505, 1485, 1464, 1428, 1194, 1173,
1042. EIMS m/z (20eV): 278 (M™*, 100), 247 (15),
179 (41), 165 (39). HRMS (EI) m/z (M™*): Calcd. for
C1sH,404, 278.0790; found, 278.0799.

Conversion of furofuranone 7 to diol 5. To a solu-
tion of furofuranone 7 (10 mg, 0.036 mmol) in tol-
uene (5 ml) was added iso-Bu, AIH (0.15 ml, 1 M solu-
tion in toluene, 0.15 mmol) at —75°C under N, gas.
After stirring at —75°C for 1 h, 1 m aqueous HCl so-

lution and EtOAc were added. The organic solution
was separated, successively washed with a saturated
aqueous NaHCOj; solution and brine, and dried
(Na,SO,). Concentration gave a crude hemiacetal.
To a solution of this crude hemiacetal in EtOH was
added NaBH, (9 mg, 0.24 mmol) at 0°C. The reac-
tion mixture was stirred at room temperature for 2 h,
and then 1 M aqueous HCI solution was added. After
the mixture had been neutralized with a saturated
aqueous NaHCO; solution and concentrated, the
residue was dissolved in EtOAc and H,O. The organ-
ic solution was separated, washed with brine, and
dried (Na,SO,). Concentration followed by silica gel
TLC (EtOAc/hexane=1/1) gave diol 5 (6 mg, 0.021
mmol, 58%).

(IR,2S,5R,6S)-6-(2-Methoxy-4,5-methylenedioxy-
phenyl)-3,7-dioxabicyclof3.3.0]octan-2-0l (2). To a
solution of furofuranone 6 (33 mg, 0.12 mmol) in
toluene (5 ml) was added iso-Bu,AIH (0.38 ml, 1 M
solution in toluene, 0.38 mmol) at —75°C under N,
gas. After stirring at —75°C for 1h, 1 M aqueous
HCI solution and EtOAc were added. The organic
solution was separated, successively washed with a
saturated aqueous NaHCO; solution and brine, and
dried (Na,S0O,). Concentration followed by silica gel
TLC (EtOAc/hexane=1/1) gave samin type of lig-
nan 2 (25 mg, 0.084 mmol, 70%) as colorless crys-
tals, mp 114-116°C. [o]¥ = + 121.54 (c0.54, CHCl;).
NMR dy (CDCL): 2.78 (1H, m), 2.99 (1H, m), 3.00
(1H, br. s), 3.60 (1H, dd, J=8.8, 7.3 Hz), 3.76 (3H,
s), 4.13 (1H, dd, J=9.0, 2.2 Hz), 4.18 (1H, dd, J=
9.0,6.1 Hz), 4.34 (1H, dd, J=8.8, 8.8 Hz), 4.80 (1H,
d, J=6.4 Hz), 5.37 (1H, s), 5.90 2H, s), 6.51 (1H, s),
6.92 (1H, s). NMR dc (CDCl): 52.22, 53.67, 56.20,
70.51, 71.10, 82.19, 94.38, 101.10, 101.88, 106.05,
122.43, 141.24, 147.14, 151.47. IRvg, (CHCL):
3596, 3025-2861, 1505, 1485, 1466, 1428, 1192, 1159,
1086, 1073, 1042, 1024. EIMS m/z (20 €V): 280 (M ™,
100), 249 (17), 180 (46), 165 (25), 152 (24), 134 (20),
84 (17). HRMS (EI) m/z (M™): Calcd. for Ci4H;60s,
280.0946; found, 280.0959.
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