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Flavonoid Variation in Fronds of Cyrtomium falcatum Complex
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The genus Cyrtomium consists of ca. 15 species and is mainly distributed from the Himalayas to Japan
(Iwatsuki 1992). Ten species, Cyrtomium hookerianum (C. Presl) C. Chr., C. balansae (Christ) C. Chr., C.
caryotideum (Wall. ex Hook. & Grev.) C. Presl, C. falcatum sensu lato, C. fortunei J. Sm., C. macrophyllum
(Makino) Tagawa, C. atropunctatum Sa. Kurata, C. microindusium Sa. Kurata sensu S. Matsumoto in shed.,
C. tukusicola Tagawa and C. laetevirens (Hiyama) Nakaike, are native to Japan (Nakaike 1992). Of their
species, C. falcatum are widely distributed from Japan, Korea, China, Vietnam, Taiwan, India to Hawaii,
North America, Europe. Matsumoto (2003) divided the species into C. falcatum subsp. falcatum sensu S.
Matsumoto, subsp. australe S. Matsumoto nom. nud. and subsp. littorale S. Matsumoto nom. nud. and C.
devexiscapulae (Koidz.) Ching.

The flavonoids of the genus Cyrfomium have been reported from some species. A common flavonol,
quercetin 3-O-glucoside was found from C. falcatum sensu lato, C. fortunei, C. caryotideum, C. tukusicola
and C. macrophyllum (Kishimoto 1956a). Kaempferol 3-O-glucoside was also detected from their species
except C. macrophyllum. Rare kaempferol 7-0-(6" -succinyl)-glucoside was isolated from C. falcatum
sensu lato and C. fortunei (Hiraoka 1978, Hiraoka and Maeda 1979). The common C-glycosylflavones,
vitexin and orientin were also found from the same taxa (Hiraoka 1978). Two rare C-methylflavanone
glycosides, cyrtopterin and cyrtomin, were isolated from C. falcatum sensu lato (Kishimoto 1956a). Their
aglycones were characterized as 5,7,4"-trihydroxy-6,8-di-C-methylflavanone (farrerol) and 5,73 .4-
tetrahydroxy-6,8-di-C-methylflavanone (cyrtominetin) (Kishimoto 1956b, 1956c¢).

More recently, the flavonoids in nineteen Cyrtomium and the related three Cyrtogonellum and two
Phanerophlebia taxa were surveyed and chemotaxonomically discussed (Iwashina et al. 2006). In this
time, two C-methylflavanone glycosides, cyrtopterin and cyrtomin were completely identified as farrerol 7-
O- f3 -p-glucopyranoside and cyrtominetin 7-O- 3 -D-glucopyranoside, respectively. Flavonoid
composition of C. falcatum subsp. falcatum, subsp. australe and subsp. littorale, and C. devexiscapulae was
also surveyed and pointed out the qualitative difference between C. falcatum sensu stricto and C.
devexiscapulae.

In this paper, flavonoid variation among many individuals and populations of C. falcatum subspecies,
subsp. falcatum, subsp. australe and subsp. littorale, and C. devexiscapulae including C. falcatum sensu

lato are described.
Materials and Methods

Plant materials
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Fourty-five individuals of C. devexiscapulae, 239 of C. falcatum subsp. falcatum, 94 of C. falcatum
subsp. australe, and 74 of C. falcatum subsp. littorale were used as plant materials for flavonoid survey.
The collection sites, accession numbers and flavonoid composition of plant materials are shown in App. 1.
Live plants are grown in Tsukuba Botanical Garden, National Science Museum and voucher specimens

were deposited in National Science Museum, Japan (TNS).

Extraction and isolation of flavonoids

Fresh fronds were extracted with MeOH. The flavonoids were isolated by preparative paper
chromatography using solvent systems: BAW (n-BuOH/HOAc/H,O = 4:1:5, upper phase), 15% HOAc and
then BEW (n-BuOH/EtOH/H,O = 4:1:2.2). The isolated flavonoids were purified by Sephadex LH-20
column chromatography (solvent system: 70% MeOH).

Flavonoid composition

Flavonoid composition was surveyed by two-dimensional paper chromatography (2D-PC) using BAW
(Ist) and 15%HOAc (2nd) and HPLC using Shim-pack CLC-ODS (I.D. 6.0 X150 mm, Shimadzu), at flow-
rate: 1.0 ml/min, injection: 10 x1, detection: 190-400 nm, and eluent: MeCN/H,O/H,PO, (22:78:0.2).

Identification of flavonoids

The isolated flavonoids were identified by UV, 'H and “C NMR, complete and mild acid hydrolysis (in
12% HCI, 100°C, 30 min, and 1.2% HCI:MeOH = 1:1, 100°C, 5-40 min, respectively), and direct PC and
HPLC comparisons with authentic specimens. UV spectral analysis were performed according to Mabry et
al. (1970). 'H and "C NMR spectra were performed in pyridine-ds at 500 MHz (‘"H NMR) and 125 MHz
(*CNMR). PC, UV, and 'H and "C NMR data of the isolated flavonoids were as follows.

Quercetin 3-O-glucoside (Isoquercitrin, 1). PC: Rf 0.58 (BAW), 0.57 (BEW), 0.32 (15%HOACc), 0.17
(5%HOAC); Color UV - dark purple, UV/NH, - yellow. UV A max (nm): MeOH 257, 265sh, 296sh, 357;
+NaOMe 273, 328, 409 (inc.); +AICI; 275, 433; +AICI/HCI 269, 299, 361, 399; +NaOAc 273, 326, 394;
+NaOAc/H;BO; 261, 296, 379.

Kaempferol 3-O-glucoside (Astragalin, 2). PC: Rf 0.72 (BAW), 0.71 (BEW), 0.40 (15%HOAc), 0.24
(5%HOAC); Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 266, 296sh,
349; +NaOMe 275, 325, 399 (inc.); +AICL 274, 304, 352, 395; +AICI/HCI 275, 302, 346, 395; +NaOAc
274,310, 388; +NaOAc/H,BO, 267, 296sh, 353.

Kaempferol 3-O-glucoside-7-O-rhamnoside (3). PC: Rf 0.42 (BAW), 0.43 (BEW), 0.63 (15%HOAc),
0.52 (5%HOAC); Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 266,
342; +NaOMe 273, 387 (inc.); +AICL, 274, 300, 351, 391; +AICL/HCI 276, 299, 343, 394; +NaOAc 267,
376, 394sh; +NaOAc/H,BO; 266, 288, 351. 'H NMR (500 MHz, pyridine-ds): 6 8.45 (2H, d, J = 9.2 Hz,
H-2,6),7.26 (2H, d, J = 8.9 Hz, H-3, 5" ), 6.94 (1H, d, J = 2.1 Hz, H-8), 6.78 (1H, d, J = 2.1 Hz, H-6),
6.42 (1H, d, J = 8.6 Hz, glucosyl H-1), 6.26 (1H, d, J = 1.2 Hz, rhamnosyl H-1), 4.8-4.0 (m, sugar protons),
1.66 3H, d, J = 5.8 Hz, thamnosyl Me). “C NMR (125 MHz, pyridine-ds): (kaempferol) 6 156.9 (C-2),
134.8 (C-3), 178.9 (C-4), 162.3 (C-5), 94.8 (C-6), 162.8 (C-7), 106.9 (C-8), 157.8 (C-9), 103.6 (C-10),
123.0 (C-17), 132.0 (C-2, C-6), 116.2 (C-3, C-5"), 161.9 (C-4); (glucose) & 100.4 (C-1), 76.1 (C-2), 78.5
(C-3), 7T1.5 (C-4), 79.2 (C-5), 62.6 (C-6); (rthamnose) & 100.1 (C-1), 71.6 (C-2), 72.4 (C-3), 73.6 (C-4), 71.5
(C-5), 18.7 (C-6).

Orientin (4). PC: Rf 0.24 (BAW), 0.28 (BEW), 0.14 (15%HOAc), 0.06 (5%HOAc); Color UV - dark
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purple, UV/NH; - greenish yellow. UV A max (nm): MeOH 257, 268, 349; +NaOMe 270, 330sh, 406
(inc.); +AICL, 274, 424; +AICI,/HCI 263sh, 276, 297, 358, 385sh; +NaOAc 277, 325sh, 397,
+NaOAc/H,BO; 265, 375.

Isoorientin (5). PC: Rf 0.42 (BAW), 0.43 (BEW), 0.29 (15%HOAc), 0.15 (5%HOAc); Color UV - dark
purple, UV/NH, - greenish yellow. UV A max (nm): MeOH 257, 268, 349; +NaOMe 270, 335sh, 409
(inc.); +AlCL, 275, 425; +AIC1/HCI 263sh, 277, 296sh, 360, 385sh; +NaOAc 274, 327, 394;
+NaOAc/H;BO; 264, 376.

Orientin 2" -0-glucoside (6). PC: Rf 0.20 (BAW), 0.44 (BEW), 0.58 (15%HOAc), 0.49 (5%HOAc);
Color UV - dark purple, UV/NH; - dark yellow. UV A max (nm): MeOH 257, 269, 348; +NaOMe 273,
337sh, 409 (inc.); +AICl, 274, 422; +AICL/HCI 263sh, 276, 298, 358, 387sh; +NaOAc 268sh, 279, 400;
+NaOAc/H;BO, 264, 375. 'H NMR (500 MHz, pyridine-ds): ¢ 8.38 (2H, d, J=9.5 Hz, H-2',6"),7.90 (1H,
d, J=17.9Hz, H-5), 7.14 (1H, s, H-3), 6.74 (1H, s, H-6), 6.03 (1H, d, J = 10.1 Hz, glucosyl H-1), 5.83 (1H,
d, J = 10.1 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-ds): (luteolin) 0
165.1 (C-2, C-7), 105.3 (C-3), 183.3 (C-4), 162.5 (C-5), 99.2 (C-6), 106.9 (C-8), 155.5 (C-9), 103.6 (C-10),
121.0 (C-1), 114.9 (C-2), 147.5 (C-3"), 150.9 (C-4), 115.6 (C-5"), 120.2 (C-6 ); (O-glucose) 6 103.6 (C-1),
74.3 (C-2), 76.4 (C-3), 64.7 (C-4), 76.1 (C-5), 62.6 (C-6); (C-glucose) 6 71.6 (C-1), 83.5 (C-2), 78.6 (C-3),
71.5 (C-4), 83.4 (C-5), 62.7 (C-6).

Isoorientin 2" -O-glucoside (7). PC: Rf 0.25 (BAW), 0.37 (BEW), 0.61 (15%HOAc), 0.56 (5%HOAC);
Color UV - dark purple, UV/NH, - dark yellow. UV A max (nm): MeOH 257sh, 270, 347; +NaOMe 275,
337sh, 407 (inc.); +AICL 276, 422; +AlICI/HCI 260sh, 279, 296sh, 357, 385sh; +NaOAc 269sh, 279, 399;
+NaOAc/H;BO; 267, 375. 'H NMR (500 MHz, pyridine-ds): ¢ 8.37 (2H, d, J = 8.5 Hz, H-2,6"),7.83 (1H,
dd, J = 2.1 and 8.2 Hz, H-5"), 7.16 (1H, s, H-3), 6.74 (1H, d, J = 2.1 Hz, H-8), 6.03 (1H, d, J/ = 9.5 Hz,
glucosyl H-1), 5.89 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.7-3.9 (m, sugar protons). “C NMR (125 MHz,
pyridine-ds): (luteolin) & 163.8 (C-2, C-7), 104.0 (C-3), 181.8 (C-4), 156.4 (C-5), 108.7 (C-6), 93.5 (C-8),
160.5 (C-9), 102.7 (C-10), 122.6 (C-1), 114.6 (C-2), 146.3 (C-3), 149.2 (C-4), 116.8 (C-5), 119.5(C-6);
(O-glucose) 6 104.0 (C-1), 74.4 (C-2), 78.4 (C-3), 70.5 (C-4), 78.1 (C-5), 62.6 (C-6); (C-glucose) ¢ 71.5 (C-
1), 83.3 (C-2), 78.5 (C-3), 70.5 (C-4), 80.7 (C-5), 62.6 (C-6).

Vitexin 2" -O-glucoside (8). PC: Rf 0.35 (BAW), 0.57 (BEW), 0.64 (15%HOAc), 0.54 (5%HOAc);
Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 270, 333; +NaOMe
280, 331, 396 (inc.); +AICL 277, 304, 348, 382; +AICIL/HCI 278, 303, 342, 382sh; +NaOAc 280, 314, 334,
393; +NaOAc/H;BO; 271, 345. 'H NMR (500 MHz, pyridine-ds): ¢ 8.37 (2H, d, J = 8.5 Hz, H-2,6),7.82
(2H, d, J = 8.5 Hz, H-3, 5", 7.17 (1H, s, H-3), 6.75 (1H, s, H-6), 6.03 (1H, 4, J = 10.1 Hz, glucosyl H-1),
5.83 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-d):
(apigenin) & 164.7 (C-2), 103.6 (C-3), 183.3 (C-4), 162.6 (C-5), 99.3 (C-6), 164.3 (C-7), 106.9 (C-8), 157.9
(C-9), 105.4 (C-10), 122.9 (C-1), 121.6 (C-2, C-6), 116.8 (C-3', C-5), 162.7 (C-4); (O-glucose) & 103.9
(C-1), 73.4 (C-2), 76.1 (C-3, C-5), 71.6 (C-4), 62.6 (C-6); (C-glucose) 0 71.8 (C-1), 80.7 (C-2), 78.5 (C-3),
71.6 (C-4), 80.6 (C-5), 62.6 (C-6).

Isovitexin 2" -O-glucoside (9). PC: Rf 0.35 (BAW), 0.67 (BEW), 0.72 (15%HOAc), 0.64 (5%HOAc);
Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 270, 333; +NaOMe
280, 331, 396 (inc.); +AICL 277, 304, 348, 382; +AICL/HCI 278, 303, 342, 382sh; +NaOAc 280, 314, 334,
393; +NaOAc/H;BO; 271, 345. 'H NMR (500 MHz, pyridine-ds): 0 8.37 (2H, d, J = 8.5 Hz, H-2,6),7.82
(2H, d, J = 8.5 Hz, H-3", 5", 7.17 (1H, s, H-3), 6.93 (1H, s, H-8), 6.03 (1H, d, J = 10.1 Hz, glucosyl H-1),
5.83 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-ds):








































