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Two new phenolic acids from Drynariae Rhizoma
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Abstract: To study the chemical constituents of Drynariae Rhizoma, nine phenolic acids were isolated
from a 70% ethanol extract by using a combination of various chromatographic techniques including column
chromatography over silica gel, ODS, Sephadex LH-20, and semi-preparative HPLC. By spectroscopic
techniques including "H NMR, "*C NMR, 2D NMR, and HR-ESI-MS, these compounds were identified as 4, 4'-
dihydroxy-3, 3'-imino-di-benzoic acid (1), protocatechuic acid (2), gallic acid (3), p-hydroxybenzoic acid (4),
(E)-caffeic acid (5), ethyl trams-3, 4-dihydroxycinnamate (6), caffeic acid 4-O-f-D-glucopyranoside (7),
p-coumaric acid 4-O-f-D-glucopyranoside (8), and 23(S)-12-O-caffeoyl-12-hydroxyllauric acid glycerol ester (9),
separately. Among them, 1 and 9 are new compounds, and 3, 4, and 6 were isolated from Drynaria species for
the first time.
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acid glycerol ester; 4, 4'-dihydroxy-3, 3'-imino-di-benzoic acid
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4'-dihydroxy-3, 3'-imino-di-benzoic acid (1). J& JLZEIR
(protocatechuic acid, 2). W& T (gallic acid, 3). Xf
ALK H T (p-hydroxybenzoic acid, 4). WIHERR [(E)-
caffeic acid, 5]. ethyl trans-3, 4-dihydroxycinnamate
(6)« WHEIR 4-O-p-D HiZHE 1T (caffeic acid 4-O--D-
glucopyranoside, 7)- X - 5% 4-O-p-D #iZEWEH (p-
coumaric acid 4-O-f-D-glucopyranoside, 8) #123(S)-12-
O-caffeoyl-12-hydroxyllauric acid glycerol ester (9).
wEML LR i (FEF), mp 293~295C.
i HR-ESI-MS m/z: 312.0477 [M+Na]"4 4> 7 N
C14H \NOy, AR A 10, LIAMEIE BoRiZ b &1 45
B S eI (3391 em ™). MHFRIE (3300 cm ™).
F (1685cm™) FZIL (1601.1537.1422cm™");
LA AE 234 nm FT 298 nm ALAT FOIIL, $EIR 5>
THA KBRS . "HNMR (600 MHz, CD;0D) (%
1) B3N EERTES: 6783 (1H, d, J = 1.8
Hz, Hx).7.44 (1H, dd, J=1.8, 8.4 Hz, Hg) #16.83 (1H,
d, J = 8.4 Hz, Hy), 41 ABX &%;; "C NMR
(150 MHz, CD;0OD) #i#fls (£ 1) Won 740K 15 5,
o 6 NIRRT (015294 132.64 124.6, 123.1.
118.5. 115.0) F1 1 MRILHK IR 1 (6 170.4). F4E HSQC
i, 097.83 (Hx) 5 5 118.5. 7.44 (Hp) 5 6 124.6. 6.83
(Ha) 5 115.0 A5G, HARBRAS 5 WA Z=005 o Hh a2 7%
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Figure 1  Structure and selected key HMBC of compound 1
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Table 1 'H and >C NMR spectral data for compound 1 (CD;OD,

Jin Hz)

No. on Jc HMBC
1 - 123.1
2 7.83 (1H,d, J=1.8, H-2) 118.5 C-1,3,4,6,7
3 - 132.6
4 - 152.9
5 6.83 (1H, d, J = 8.4, H-5) 1150  C-1,3,4,6
6 744 (1H,dd, J=1.8,84,H6) 1246 C-1,2,4,5,7
7 - 170.4
1' - 123.1
2' 7.83 (1H,d, J=1.8, H-2") 118.5 C-1,3.,4,6.,7
3 - 132.6
4 - 152.9
5! 6.83 (1H,d, J= 8.4, H-5") 115.0 C-1,3,4,6
6 7.44 (1H,dd, J=1.8,84,H-6) 1246 C-1,2.4.5,7
7 - 170.4

HEW 9 At LEEmA (FE), mp 102~
104 °C. 1 HR-ESI-MS m/z: 475.229 2 [M+Na]" Z5 i}
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DMSO-ds) #ifs (£ 2) "o, MK A 3 N 5EARE
5:67.04(1H,d,J=1.8 Hz). 6.99 (1H,dd,J=1.8,8.0
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HWANMGELES: 6745 (1H, d, J= 16 Hz) F16.24 (1H,
d, J =16 Hz), A — "N RAWERSR, $ni%aEy
Al RE A R U MERESE, Jfal i HSQC A HMBC i
FFLLIESE 7E 6 3.0~4.5 Z M4 5 41447 *5: 4.09 (2H,
t,J=7.0 Hz).4.03 (1H, dd, J=4.5, 11.0 Hz). 3.89 (1H,
dd, J = 6.5, 11.0 Hz). 3.60~3.64 (1H, m) F13.32~
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Table 2 'H and '*C NMR spectral data for compound 9
(DMSO-ds, J in Hz)
No. dc Sn
1 125.4 -
2 114.7 7.04 (1H, d, J=1.8)
3 145.6 -
4 148.5 -
5 115.7 6.75 (1H, d, J = 8.0)
6 121.3 6.99 (1H, dd, J= 1.8, 8.0)
7 145.0 7.45 (1H, d, J=16)
8 113.9 6.24 (1H, d, J = 16)
9 166.6 -
10 63.7 4.09 (2H,t,J=1.0)
11 28.2 1.58-1.62 (2H, m)
12 25.4 1.28-1.32 (2H, m)
13 28.6 1.25 (br s, overlap)
14 28.7 1.25 (br s, overlap)
15 28.9 1.25 (br s, overlap)
16 28.9 1.25 (br s, overlap)
17 28.8 1.25 (br s, overlap)
18 28.4 1.25 (br s, overlap)
19 24.4 1.40-1.50 (2H, m)
20 33.5 228 2H,t,J=17.0)
21 172.9 -
22 65.4 4.03 (1H, dd, J=4.5,11.0)
3.89 (1H, dd, J= 6.5, 11.0)
23 69.3 3.60-3.64 (1H, m)
24 62.6 3.32-3.35 (2H, m)

3.35 (2H, m) #AEAM LA 4 6 1.28~2.3 2|
H 4 HALES: 228 (2H, t,J=7.0 Hz). 1.58~1.62 (2H,
m). 1.40~1.50 2H, m) F1 1.28~1.32 (2H, m). 4k,
7E 6 1.25 (14H, br s) ARG RZ S A
—AbZERL R — B0 6 BRI RN %S TH-TH
COSY i, 64.03 (1H, dd, J= 4.5, 11.0 Hz, H,-22).
3.89 (1H, dd, J = 6.5, 11.0 Hz, H,-22). 3.60~3.64 (1H,
m, H-23) #13.32~3.35 2H, m, H-24) 45— ME&
R4, 44 HSQC 1 4Lk -OCH,CHOH-CH,OH
Jrikr, g 2 RO &R, WA, 0 2.28 (2H, t,
J = 7.0 Hz, H-20), 1.40~1.50 (2H, m, H-19) #11.25
(H-18) dlfi— MEH RS, 454G HSQC i nl 1A
-CH,-CH,-CH,- i W, il 2 s AR ZRFTR; 6 4.09
(2H, t, J = 7.0 Hz, H-10), 1.58~1.62 (2H, m, H-11),
1.28~1.32 (2H, m, H-12) 1 1.25 (H-13) A5 —4
A RE, 44 HSQC i n] 41t 4-OCH,CH,CH,- i
tr, @i 2 rh R AR LR /8 HMBC g, Sk
Z.07.45 (1H, d, J= 16 Hz, H-7) 5 6 166.6 (C-9).121.3
(C-6) J2 114.7 (C-2) #HK, 1fi 64.09 (2H, t,J = 7.0 Hz,

H-10) 5 6 166.6 (C-9) %, W -OCH,CH,CH,- 5
mhn il DA AT 3 6 2.28 (2H, t, J = 7.0 Hz, H-20)
F11.40~1.50 (2H, m, H-19) #5 6 172.9 (C-21) #f
%, 1fi 6 4.03 (1H, dd, J = 4.5, 11.0 Hz, H,-22) Al
3.89 (1H, dd, J = 6.5, 11.0 Hz, H,-22) #5 6 172.9
(C-21) AH &, WX 5 AN F W7 ) 3% % fi% -CH,-CH,-
CH,COOCH,CHOH-CH,OH. T /& F &1 6 1.25
HH R A 5 3 T A W T o AR s DL L 2
SHTRAE Y S5 % E R 12-0-Innk it Jk-12-
R4 R MBS (12-O-caffeoyl-12-hydroxyl-
lauric acid glycerol ester).

&Y 9 BAT C-23 —AFrpao BiesEh
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H,O0)'"*L DRI HE BT AL 59 9 1 23 S et g S F 7R, K
M EY 9 A% E N 23(5)-12-O-caffeoyl-12-
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Figure 2 The key correlations in HMBC and 'H-'H COSY of
compound 9
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J% Varian VNS 600 BUZ i ARG E  (TMS AE A Ax);
Oy FE R Bruker APEX IV 7.0T B 5 Al 5 ;
e Y615/ Perkin-Elmer 243B polarimeter JEY6 130G 22 ;
4% HPLC i} Alltech A7) Alltech 426 HPLC
Pump, LINEAR UVis 200 Dectector il Zorbax SB-C s
(9.4 mm x 25 cm) #Eo FEEEHEER (100~200 H,
200~300 H) Sz HE (GFase) 1 H T B4l
T.J - ODS (40~75 um) 4 YMC ;= fi;; Sephadex LH-
20 & Pharmacia /A )7 KFLWAE (HP-20) A
et E A G R AT R A A o 5 AR R o Fr 4t

NG A MR AF], PR,
A0 3R 2 24 2 Bt SR 2 9% % 52 Ry K O R G e
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FE bR A CR A Tl R 2 24 2% Bt AR 2 25 LR W B R
2 RES5NE

HEANGREHURY 12 kg, JH 70% LI RIRAREL 3
R, BER 2 hy, B RIOR AR 2 980 go TR
FH 28T /KAT 8, R AT . R g
IKHLRIIE T BEACHL, K19 20 LR SR EU) 121 ¢
HEATHE AT (il 43 125, DAAS IR AR Ll Agi] 1 407 — R e
BREEVEE, 15 21 LR . ODS. Sephadex LH-20
J HPLC Z5(i Jiidisy g alifk, HEMA% 1 (30.2
mg).2 (38.8 mg). 3 (36.9 mg).4 (100 mg).5 (258 mg).
6 (8 mg) F19 (14.1 mg); HfIE T B4 224 g #AT K
FUB T FE (1S4 B, R 48 (0%, 10%, 30%, 50%,
70%, 95%) FhHEEVEN, P& 315 Sephadex LH-20.
ODS FE{f i Jz 4% HPLC £ (03 5 1k 4y 55 4lifk,
HEMLAY 7 (15 mg) 18 (15 mg).
3 ST

a1 Lt Rg W (), mp 293~295 C;
UV (MeOH) L. (log €): 234 (3.54), 248 (3.48), 254
(3.35), 298 (3.28) nm; IR (KBr) Ve 3 391, 3 300, 1 685,
1 601, 1 537, 1 422 cm'; HR-ESI-MS m/z: 312.047 7
[M+Na]" (calcd. for C14H;;NOgNa, 312.047 9) 'HNMR.
PC NMR #0431,

wEW 2 LEAHIRG S (FEE), 'H NMR (600
MHz, DMSO-dg) 6: 12.32 (1H, br s, -COOH), 9.54 (1H,
br s, 4-OH), 9.49 (1H, br s, 3-OH), 7.37 (1H, s, H-2),
7.29 (1H, dd, J = 1.8, 8.4 Hz, H-6), 6.78 (1H, d, J = 8.4
Hz, H-5). *C NMR (150 MHz, DMSO-d) 6: 121.7
(C-1), 1152 (C-2), 144.9 (C-3), 150.0 (C-4), 116.6
(C-5), 121.9 (C-6), 167.3(C-7). LA 15 3Rl 1)
A (1) D L 2% TR D i B A — 3, s e Lk R
ILEIR

WEW 3 KAt EMA (FEE), 'H NMR
(600 MHz, CD;0D) d: 6.99 (2H, s, H-2,6). *C NMR
(150 MHz, CD;0OD) ¢: 122.0 (C-1), 110.3 (C-2, 6),
146.4 (C-3, 5), 139.6 (C-4), 170.4 (C-7). LA F%di 53
BRUCHRE A — 8, %R TR

e 4 EEEATTE (FR), '"H NMR (600
MHz, DMSO-d) 6: 12.42 (1H, br s, 7-COOH), 10.22
(1H, br s, 4-OH), 7.80 (2H, d, J = 9.0 Hz, H-3,5), 6.82
(2H, d, J=9.0 Hz, H-2, 6). *C NMR (150 MHz, DMSO-
dg) 6: 121.4 (C-1), 131.5 (C-2, 6), 115.1 (C-3, 5), 161.6
(C-4),167.2 (C-7). LA FHHH 5 SO MR IE F A — 2L,
U e JLA M IR HEOR I

wEw 5 WA (FE). 'H NMR (600
MHz, CD;0D) §: 7.47 (1H, d, J = 15.6 Hz, H-7), 6.98
(1H, d, J = 1.8 Hz, H-2), 6.87 (1H, dd, J = 1.8, 8.4 Hz,
H-6), 6.72 (1H, d, J = 8.4 Hz, H-5), 6.16 (1H, d, J =
15.6 Hz, H-8). *C NMR (150 MHz, CD;0D) d: 127.1
(C-1), 115.5 (C-2), 146.8 (C-3), 149.5 (C-4), 116.5
(C-5), 122.9 (C-6), 147.1 (C-7), 115.1 (C-8), 171.0
(C-9)o LA - Hd 55 ekl SHRE A — 380, %oy
S5 3 HE R o

WEM6 KAGLEERA (FiF). 'HNMR
(600 MHz, CD,0D) ¢: 7.53 (1H, d, J = 16.2 Hz, H-7),
7.04 (1H, d, J = 1.8 Hz, H-2), 6.93 (1H, dd, J = 1.8, 8.4
Hz, H-6), 6.77 (1H, d, J = 8.4 Hz, H-5), 6.24 (1H, d,
J=16.2 Hz, H-8), 4.21 (2H, q, J = 7.2 Hz, H-1"), 1.30
(1H, t, J=7.2 Hz, H-2"). “C NMR (150 MHz, CD;0D)
§: 127.7 (C-1), 115.3 (C-2), 146.8 (C-3), 149.6 (C-4),
116.5 (C-5), 122.9 (C-6), 144.5 (C-7), 115.1 (C-8), 169.3
(C-9), 61.4 (C-1'), 14.6 (C-2"). LA _FX¥ 5 3r ik M4 i
A3, % 1 e R 216

a7 KAtgoE AR (FEE), Molish 2
N 2B . "H NMR (400 MHz, CD;OD) d:7.54 (1H, d,
J =16.0 Hz, H-7), 7.19 (1H, d, J = 8.4 Hz, H-5), 7.09
(1H, d, J = 2.0 Hz, H-2), 7.03 (1H, dd, J = 2.0, 8.4 Hz,
H-6), 6.30 (1H, d, J = 16.0 Hz, H-8), 4.84 (1H, d, J =
7.2 Hz, H-1"), 3.90 (1H, dd, J = 1.6, 12.0 Hz, H,-6"),
3.71 (1H, dd, J = 5.2, 12.0 Hz, Hy-6"), 3.40~3.55 (4H,
overlap, H-2', H-3', H-4', H-5"). ">C NMR (100 MHz,
CD;0D) d: 131.2 (C-1), 115.9 (C-2), 148.5 (C-3), 148.8
(C-4), 118.1 (C-5), 122.1 (C-6), 146.2 (C-7), 117.7
(C-8), 170.6 (C-9), 103.5 (C-1'), 74.8 (C-2'), 77.5 (C-3"),
71.3 (C-4"), 78.4 (C-5"), 62.4 (C-6'). L b % 15 3 k")
IBEA B, %50 H A MiEER 4-0-B-D-H % B 15 o

wE®m8 AdLEEHA (FEE), Molish M
S BHE . "H NMR (400 MHz, DMSO-dq) d: 7.64 (2H, d,
J= 8.8 Hz, H-2,6), 7.55 (1H, d, J = 16.0 Hz, H-7), 7.04
(2H, d, J = 8.8 Hz, H-3,5), 6.40 (1H, d, J = 16.0 Hz,
H-8), 4.93 (1H, d, J = 7.6 Hz, H-1"), 3.44~3.70 (2H, m,
H-6"), 3.13~3.35 (4H, overlap, H-2', H-3', H-4', H-5").
C NMR (100 MHz, DMSO-d;) J: 128.0 (C-1), 129.8
(C-2, 6), 116.4 (C-3, 5), 158.9 (C-4), 143.5 (C-7), 117.2
(C-8), 167.9 (C-9), 100.0 (C-1'), 73.2 (C-2'), 76.6 (C-3",
69.6 (C-4'), 77.1 (C-5"), 60.6 (C-6'). LA I ##i 5 skl
A — 2, % HOAK - SR 4-0-B-D-HI 1 .

ket 9 At LEEmAR (FEE); mp 102~
104 °C; [o]% —4.0 (c 0.2, MeOH); UV (MeOH) pay
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(log €): 218 (3.85), 244 (3.69), 295 (3.75), 329 (3.91)
nm; IR (KBr) v 3 372, 2 924, 2 851, 1 709, 1 617,
1 600, 1 449 cm™'; HR-ESI-MS m/z: 475.229 2 [M+Na]"
(caled. for Co4H3405Na, 475.230 2). 'H NMR., °C NMR

i WA 2.
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