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Three new trimeric proanthocyanidins were isolated in lactone form (1L, 2L and 3L) and acid form (1A, 2A and
3A) from the fronds of both Arachniodes sporadosora NAKAIKE and A. exilis CHING. Their structures were determined

by spectroscopic methods and thielytic degradation.
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There has been considerable progress in the chemistry of
proanthocyanidins in the last two decades. Recently,
Nishioka and his co-workers, who have made an important
contribution in this field, reported the presence of many
proanthocyanidins in several ferns.? Hori et al. have also
isolated new proanthocyanidins from a Pteridaceous fern,
Dennstaedtia distenta.® In a continuation of our chemical
studies of ferns, three more new proanthocyanidins were
isolated not only as their lactone forms, 1L, 2L and 3L,
but also as acid forms, 1A, 2A and 3A, from Arachniodes
sporadosora (KUNz.) NAKAIKE and A. exilis CHING. In this
paper, we describe the structure determination of these
compounds.

A. sporadosora and A. exilis are Aspidiaceous ferns found
in the region from south of the Kanto district, Japan, to
Taiwan, China. They frequently grow in the same area,
and hybridize readily with each other. Their methanol ex-
tracts showed similar chromatographic patterns on silica
gel, suggesting a closs relationship between them. From
the methanol extract of the air-dried fronds of either
A. sporadosora or A. exilis, the above-mentioned six
compounds were isolated by repeated chromatography on
Sephadex LH-20.

Compound 1L, a pale brown amorphous solid, [a]3°
+65° (c=1.0, MeOH), was positive to the ferric chloride
reagent and gave a red color with HCI in EtOH, suggest-
ing it to be a proanthocyanidin. In the secondary ion
mass spectrum (SI-MS), 1L gave the [M +H] " ion peak at
m/z 905. In the carbon-13 nuclear magnetic resonance
(**C-NMR) spectrum, 1L showed thirty-six signals as-
signable to the A- and B-ring carbons of three epi-
catechin-type units, indicating that 1L is a trimeric pro-
anthocyanidin (Table I). The remaining eleven signals in-
cluded a ketal carbon signal at §104.9, suggesting that
1L possesses a proanthocyanidin A-type unit (8) in the
molecule.” A typical trimer 9 containing a proanthocyani-
din A-type unit has been isolated from the root bark of
Cinnamomum zeylanicum.> The '3 C-NMR spectral data of
9 (in Chart 2) were in good agreement with those of 1L
except that the C-2 and C-3 signals of the bottom unit of
1L showed an upfield shift (—4.3 ppm) and a downfield
shift (4 3.6 ppm), respectively, and the signal of C-4 of the
bottom unit of 9 (629.2) was replaced by three signals at
036.1 (CH), 39.9 (CH,) and 176.3 (COO). These spectral
data indicated that the bottom unit of 1L possesses a

carboxymethylene unit at C-4. Considering its molecular
weight and the fact that 1L gave a tridecaacetate [field
desorption mass spectrum (FD-MS) m/z: 1450 (M *)] with
acetic anhydride in pyridine, this carboxymethylene unit
was expected to form a lactone ring with the hydroxyl group
at C-5.9 A compound similar to this putative bottom unit
has been isolated from an Aspidiaceous fern, Dryopteris
Silix-mas, and named dryopterin (6).” The '*C-NMR data
of the C-ring of 6 are in good agreement with those of the
bottom unit of 1L.

On degradation with acid in the presence of benzylmer-
captan, 1L gave a dimeric proanthocyanidin thioether 4 and
the bottom unit 6. Their properties and spectral data were
the same as those of proanthocyanidin A-2 4-benzylthio-

1L:R; =R, =OH
.-OH 2L:R, =H, R, = OH

3L:R;=R,=H

4:R; =0OH
§5:Ry=H
Chart 1
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Fig. 1

ether (4)> and dryopterin (6).8) Therefore, 1L was deter-
mined to be a coupling product of proanthocyanidin A-2
(8) and dryopterin (6) with the position of the interflavo-
noid linkage remaining to be confirmed as either (45-6) or
(46-8).” In the proton nuclear magnetic resonance
(*H-NMR) spectrum of 1L, the signals corresponding to
those of C-3-H (64.06) of 4 and C-2-H (5 4.80) of 6 ap-
peared at 63.28 and 4.38, respectively. These remarkable
upfield shifts are attributable to the magnetic anisotropic
effects of the B”-ring and the A’-ring which can be lo-
cated just in front of the protons only when 1L possesses
a (4B-8) linkage (see Fig. 1). Therefore, the structure
of 1L was determined as epicatechin-(4f—8,2—>0—7)-
epicatechin-(4—8)-dryopterin.!?

Compound 2L, a pale brown amorphous solid, [o]3° +
62° (¢c=1.2, MeOH), showed the [M+H]* ion peak at
m/z 873 in the SI-MS, indicating that 2L possesses a
molecular formula smalier than that of 1L by two oxygen
atoms. The *H- and 13C-NMR data of 2L were almost the
same as those of 1L except that the signals corresponding
to two of the three catechol-type B-rings of 1L were replaced
by those of two p-hydroxyphenyl groups (Tables I and II).

On thiolytic degradation, 2L gave a dimeric proanthocya-

nidin thioether 5, a pale brown amorphous solid, [«]3° + 64°
(c=0.7, acetone), and dryopterin (6). The structure of §
was confirmed as epiafzelechin-(4$—8,2—-0-7)-epiafze-
lechin 4'-benzylthioether by comparison of its 'H- and
13C-NMR data with those of 4 (Table II). Therefore, the
structure of 2L was determined as epiafzelechin-(4f—8,
2f—0—T)-epiafzelechin-(4— 8)-dryopterin.

Compound 3L, a pale brown amorphous solid, [«]2°
+71° (¢=1.5, MeOH), was found to have a molecular
formula with one less oxygen atom than 2L basing on the
[M+H]" ion peak at m/z 857 in the SI-MS. The 'H- and
13C-NMR data were almost the same as those of 2L except
that the catechol-type B-ring of the bottom unit of 2L was
displaced by a p-hydroxyphenyl group. On thiolytic deg-
radation, 3L gave the dimeric proanthocyanidin thioether
5 and a bottom unit 7, a colorless amorphous powder,
[«]3° —30° (¢=0.2, MeOH). The structure of 7 was con-
firmed as 3’-deoxydryopterin by comparison of its 'H-
and '*C-NMR data with those of dryopterin 6 (Table
IT). Therefore, the structure of 3L was determined as
epiafzelechin-(4—-8,2—0—7)-epiafzelechin-(45—8)-3'-
deoxydryopterin.

Compounds 1A, 2A and 3A gave [M+H]" ion peaks
at m/z 923, 891 and 875 in the SI-MS, indicating that they
have larger molecular weights by 18 mass units than 1L,
2L and 3L, respectively. Compound 1A showed almost the
same 'H- and '3C-NMR spectra as those of 1L except for
the signals due to H-11a, C-11 and C-12 (Tables I and II).
The differences in the chemical shifts suggested that the
lactone group of 1L had been hydrolyzed in the case of 1A.
This suggestion was supported by the fact that 1A gave an
undecamethylate with methyl iodide and K,COj; in acetone,
FD-MS m/z: 1090 [M *]. On thiolytic degradation, 1A gave
the same products, 4 and 6, as those of 1L, forming the
lactone ring under these reaction conditions. Thus, the
structure of 1A was assigned as the free acid form of 1L.'%
Similarly, the structures of 2A and 3A were assigned as the
free acid forms of 2L and 3L, respectively.

Compounds 1L, 2L and 3L (alternatively, 1A, 2A and
3A) are examples of a new type of proanthocyanidin which
possesses a terminal two-carbon unit, probably originating
from malonyl coenzyme A. Compounds 1L and 1A have
a sweet taste, similarly to compound 9. However,
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TasLe 1. '3C-NMR Data in D,0-Acetone-d; (1:1) apparatus and are uncorrected. Optical rotations were taken with a JASCO
— DIP-360 automatic polarimeter. The 'H-NMR and '3C-NMR spectra
C 1L 1A 2L 2A 3L 3A were measured with a JEOL GSX-500 spectrometer. Ultraviolet (UVv)
i spectra were recorded on a Hitachi 323 spectrometer and infrared (IR)
2 104.9 104.8 105.0 105.0 104.9 104.6 spectra on a Shimadzu IR-460 spectrometer. Circular dichroism (CD)
78.0 77.9 78.1 78.2 78.3 71.9 spectra were recorded on a JASCO J-600 spectrometer. Mass spectra (MS)

75.5 75.4 75.7 75.7 75.7 75.4 were measured with Hitachi M-80A and JEOL SX-102 spectrometers.
3 71.4 71.3 71.5 71.6 71.8 71.5 Isolation Procedure The air-dried fronds (800 g) of Arachniodes
70.1 70.2 70.2 70.7 70.5 70.6 sporadosora NAKAIKE, collected in October at Uchiurayama, Chiba
66.5 66.4 66.6 66.6 66.6 66.3 Prefecture, were extracted twice with 31 of MeOH under reflux for 6h.
4 38.2 38.1 38.3 38.4 38.4 38.1 The combined extracts (61) and then 101 of MeOH were passed over
36.1 36.2 36.2 36.6 36.5 36.5 activated charcoal (100g) packed in a column of 7cm diameter. The
28.2 28.1 28.4 28.4 28.4 28.1 resulting solution was concentrated to about 500 ml under reduced pressure

5,79 156.9 156.8 157.0 157.0 156.8 156.4 and 11 of acetone was added. The gummy precipitates were removed and
155.9 155.8 156.1 156.1 156.1 155.8 the remaining solution was evaporated. The residue (11 g) was repeatedly
155.5 155.4 155.6 155.7 155.7 155.4 chromatographed on Sephadex LH-20 using acetone-water, EtOH and
155.1 155.0 155.2 155.3 155.3 155.0 EtOH-water as eluents to yield compounds 1L (1.1g),1A(0.2g),2L (0.5 g),
155.1 155.0 155.2 155.1 155.2 154.7 2A (0.5g), 3L (0.3g) and 3A (0.2g).
155.0 154.8 155.1 154.9 155.0 154.5 The air-dried fronds (650 g) of A4. exilis CHING, collected in October at
153.7 153.6 153.8 153.8 153.8 153.5 Uchiurayama, Chiba Prefecture, were extracted and separated in a similar
151.4 151.2 151.5 151.4 151.2 151.1 manner as above to yield compounds 1L (0.9 g), 1A (0.3 g), 2L (04g)., 2A
150.5 150.4 150.6 150.6 150.4 150.3 (0.1g), 3L (0.2g) and 3A (0.1g).
6,8,10 108.2 108.1 108.3 108.3 108.3 108.0 Compound 1L A pale brown amorphous powder, [#]3° +65° (c=1.0,
1064 1063 1065 1066  106.5 1063  MeOH). UV A" nm (log 2): 284 (4.10). IR vKBrem™1: 3370, 1700, 1605,
105.9 105.8 106.0 106.0 105.8 105.6 1520, 1210, 1110, 1060, 1005, 820, 780. SI-MS mjz: 905 [M+H]*.
102.8 103.2 102.9 104.1 103.7 104.3 Compound 1A A pale brown amorphous powder, [«]3° +79° (¢c=1.0,
99 5 99.4 99.8 99.8 99.8 99.5 MeOH). UV 252" nm (log #): 284 (4.04). IR vKBrem ™ 1: 3370, 1700, 1610,
98.2 98.1 98.3 98.3 98.4 98.1 1510, 1210, 1110, 1060, 1005, 820, 780. SI-MS m/z: 923 [M+H]*.
96.8 96.9 96.9 97.2 97.2 96.9 Compound 2L A pale brown amorphous powder, [a]2° +62° (c=1.2,
96.7 96.6 96.8 96.8 96.8 96.5 MeOH). UV A7 nm (log ¢): 224 (4.86), 279 (3.72). IR vK¥ cm™ 1 3380,

max

95.8 95.8 95.9 96.1 96.0 95.7 1700, 1610, 1515, 1210, 1140, 1115, 1090, 1065, 1005, 830. SI-MS m/z: 873

11 39.9 4139  40.1 434 398 4467 [M+H]".
12 176.3 177.40 176.3 179.1¢ 176.2 180.29 Compound 2A A pale brown amorphous powder, [o]3° +78° (c=1.0,
3,4-Dihydroxyphenyl MeOH). UV 432" nm (log ¢): 225 (4.91), 280 (3.90). IR vKBrcm ™ 1: 3400,
1 132.3 132.3 132.5 132.7 1695, 1605, 1505, 1210, 1140, 1115, 1090, 1065, 1005, 830. SI-MS m/z: 891
131.9 131.8 [M+H]*.
131.3 131.2 Compound 3L A pale brown amorphous powder, [¢]2° +71° (c=1.5,
2 116.8 116.6 115.3 1153 MeOH). UV A" nm (log e): 225 (4.92), 277 (3.78). IR vKBrem™1: 3380,
115.6 115.5 1700, 1610, 1510, 1210, 1115, 1090, 1065, 1005, 830. SI-MS m/z: 857
1153 115.2 [M+H]*.
34 145.9 145.8 1453 145.2 Compound 3A A pale brown amorphous powder, [«]3° +84° (¢c=1.1,
145.6 145.4 144.8 144.7 MeOH), UV A" nm (log £): 224 (4.97), 277 (3.94). IR vKBrem~1: 3400,
145.3 145.1 1700, 1610, 1510, 1210, 1115, 1090, 1060, 1000, 835. SI-MS m/z: 875
145.0 144.9 [M+H]".
144.8 144.7 The Tridecaacetate of IL A mixture of 1L (50 mg), pyridine (2ml) and
144.7 144.5 acetic anhydride (2ml) was allowed to stand for 19h at.room temper-
5 116.6 116.4 115.9 116.0 ature, then poured into ice-water. The products were extracted with
116.2 116.1 EtOAc. The extract was washed with 10% Na,CO, solution, 10% HCI
116.1 116.0 solution and water, then dried over anhydrous Na,SO, and concentrated
6 121.3 121.2 119.4 119.5 under reduced pressure. The residue was chromatographed on Sephadex
119.8 119.8 LH-20 using 10% MeOH in benzene as an eluent to yield the tridecaace-
119.5 119.4 tate (38 mg). A colorless amorphous powder, [«]3° +37° (¢=0.3, CHCl,).
p-Hydroxyphenyl UV %" nm (log €): 278 (3.90). IR vKBr cm = 1:2940, 1770, 1615, 1600, 1500,
14 131.4 131.4 131.7 131.8 1440, 1370, 1210, 1110, 1060, 1015, 900, 840. FD-MS m/z: 1450 [M*].
130.8 130.8 131.1 131.4 The Undecamethylate of 1A Compound 1A (40 mg) was dissolved in
130.6 130.8 dry acetone (20 ml) and then methyl iodide (8 ml) and anhydrous K,CO,
2.6 130.7 130.7 130.4 130.7 (6 g) were added. The mixture was stirred under reflux for 8 h and poured

129.2 129.2 128.9 129.2 into ice-water. The products were extracted with EtOAc. The extract was

128.8 129.1 washed with water, dried over anhydrous Na,SO, and evaporated. The

3.5 116.6 116.2 116.0 116.6 residue was chromatographed on silica gel using 20% acetone in CHCl,
115.9 115.9 115.5 115.8 as an eluent to yield 38 mg of the undecamethylate of 1A. A colorless

115.3 115.6 amorphous powder, [a]3° +25° (¢c=1.6, CHCI;). UV iM% nm (log ¢):

& 157.8 157.8 157.5 157.9 281 (4.32). IR viirem ™ ':3450, 3000, 2950, 2850, 1720, 1600, 1505, 1450,
157.4 157.4 157.1 157.5 1260, 1120, 1020, 810, 760. FD-MS m/z: 1090 [M *].
156.7 157.1 Degradation of 1L Compound 1L (520mg) was dissolved in EtOH

. (17ml) containing benzylmercaptan (7ml) and glacial acetic acid (5ml),

The numbering system for the flavane skeleton is adopted. The numbers 11 and  @0d the solution was refluxed under argon for 20h. After removal of the
12 represent an additional carboxymethylene unit. a) The chemical shifts changed  volatile solvent, the residual oil was chromatographed on Sephadex LH-20
with concentration.'V using EtOH as an eluent to yield 4 (27 mg) and 6 (8 mg).

4: A pale brown amorphous powder, [«]2° +87° (¢=1.3, acetone). UV
AMOH nm (log ¢): 282 (4.17). IR vKBrem~1: 3350, 1610, 1510, 1435, 1280,
1140, 1060. SI-MS m/z: 699 [M +H]".

6: A colorless amorphous powder, [¢]3° —59° (¢=0.6, MeOH). UV
Experimental Amedtnm (log e): 282 (3.88). IR v’Brem™!: 3370, 1700, 1600, 1510,

max

Melting points were determined with a Yanagimoto micromelting 1455, 1270, 1140, 1100, 1020, 820. CD : [0],5, —1270° (¢=0.01, MeOH).

compounds 2L, 2A, 3L and 3A have an astringent taste.
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TasLe II. 'H-NMR Data in D,0-Acetone-dg (1: 1)
1L 1A 4 6 2L 2A 3L 3A 5 7
Top unit
H-3 3.28d 3.26d 4.06d H-3 3.30d 3.29d H-3 3.19d 3.18d 4.05d
3 (3 (3) C)) @ C)) (3 (3)
H-4 4.12d 4.10d 4.36d H-4 4.12d 4.10d H-4 4.00d 3.99d 4.35d
(3) (3) (3) C)) C)) C)] (3) (3)
H-6 5.92d 591d 5.98d H-6 591d 591d H-6 591d 5.90d 5.97d
2) () (2) 2 () @ (2 0))
H-8 6.03d 6.02d 6.07d H-8 6.02d 6.02d H-8 6.01d 6.00d 6.05d
(2) 2 (2) (2) (2) ) @ 2)
H-2' 7.01d 7.00d 7.12d H-2'6' 7.30d 7.30d H-2'6 7.28d 7.27d 7.42d
(2 (2 (2 ) )] ®) &) )
H-5 6.87d 6.86d 6.84d H-3'5 6.86d 6.86d H-3'5 6.85d 6.85d 6.84d
3) ) (®) )] &) ) ) )]
H-6' 6.80 dd 6.80dd 6.89dd
(8,2 9. 2) (3,2)
Middle unit
H-2 5.59brs 5.56brs 5.23brs H-2 5.63brs 5.61brs H-2 5.62brs  5.59brs 5.28brs
H-3 4.14brs  4.14brs  3.95d H-3 4.15brs 4.16brs H-3 4.12brs  4.12brs  3.94d
(2) (3)
H-4 442brs  4.39brs 4.04d H-4 442brs 4.39brs H-4 441brs 4.38brs 4.06d
(2) 3)
H-6 6.14s 6.11s 6.11s H-6 6.13s 6.10s H-6 6.11s 6.07s 6.11s
H-2' 7.34d 7.31d 7.19d H-2'6 7.65d 7.64d H-2'¢' 7.61d 7.60d 7.45d
2) (2 2 9 ) &) ) )
H-5 6.88d 6.86d 6.84d H-3'5 6.88d 6.87d H-3'% 6.87d 6.86d 6.84d
) ) (8) 9 ©) ©) )] ()
H-6' 7.15dd 7.14dd 6.98dd
9, 2) ©,2) 8,2
Bottom unit
H-2 438brs 4.37brs  Benzyl 4.80brs H-2 4.37brs 4.38brs H-2 445brs 4.87brs Benzyl 4.87brs
CH, CH,
H-3 3.59brs 3.58brs 3.93s 3.86brs H-3 3.58brs 3.59brs H-3 3.58brs 3.58br, 3.94s 3.86brs
H-4 3.29m 3.26m H-4 3.30ddd H-4 330m  3.26m H-4 327m 3.23m H-4 3.31ddd
7.16brt (10, 4, 2) 7.18brt (11,4, 2)
H-6 5.79s 5.78s 8) 5.90d H-6 5.73s 5.79s - H-6 5.79s 5.79s ) 5.89d
H-3,5 ) H-3,5 2)
H-8 7.24brt  5.98d H-8 7.25brt  5.98d
() (2) (7 2
H-11a 2.92dd 2.80dd H-2,6 2.89dd H-11a 2.89dd 2.71dd H-11a 2.75dd  2.57dd H-2,6 2.90dd
(17, 3) (16, 4) 7.32d (16, 4) (16,4) (16, 4) (16, 4) (11, 4) 7.33d (16, 4)
H-11p  2.22dd 2.20dd N 2.38dd H-118  2.21dd 2.19dd H-118  2.22dd 2.18dd @) 2.39dd
(17,12) (16, 10) (16, 10) (16, 12) (16, 9) (16, 9) (11, 8) (16, 11)
H-2' 6.80d 6.79d 6.79brs H-2' 6.79d 6.81d H-2'6 7.19d 7.20d . 7.29d
(2 @) 2 2 © (8) (8)
H-5 6.84d 6.86d 6.79brs H-5 6.80d 6.80d H-3'5 6.77d 6.76d 6.80d
®) ) () )] ® ®) (®)
H-6' 6.74dd 6.74dd 6.96brs H-¢' 6.73dd  6.75dd
(3,2) 4.2 (3,2 .2

Chemical shifts: ppm. Multiplicity: s, singlet; d, doublet; brs, broad singlet; brt, broad triplet; m, multiplet. Coupling constants (in parentheses): Hz.

MS m/z: 330 [M*].

Degradation of 2L Compound 2L (150 mg) was degraded in the same
way as compound 1L to yield 5 (11 mg) and 6 (3 mg).
5: A pale brown amorphous powder, [¢]3° +64° (c=0.7, acetone). UV

AMeOH i (log &): 225 (4.84), 278 (4.00). IR

1440, 1220, 1140, 1110, 1060, 830. SI-MS m/z: 667 [M+H]"*.
Degradation of 3.  Compound 3L (150 mg) was degraded in the same 5)
way as compound 1L to yield 5 (8 mg) and 7 (3 mg).
7: A colorless amorphous powder, [«]2° —30° (¢=0.2, MeOH). UV 6)

MO hm (log ¢): 278 (3.67). IR v

3)

KBrem™': 3350, 1610, 1505,  4)

max

KBrem™ 1t 3400, 1700, 1610, 1505, 1460,

max

1250, 1145, 1095. CD: [0],5, — 1900° (¢=0.01, MeOH). MS m/z: 314[M*].  7)
Degradation of 1A Compound 1A (150 mg) was degraded in the same  8)
way as compound 1L to yield 4 (17 mg) and 6 (3 mg).
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