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Abstract-A series of flavan-3-01s and procyanidms, possessmg a carboxymethyl group, and a procyamdm tetramer 

have been Isolated from the fern, Dauallza diuaricata The structures were characterized on the basis of chemical and 

spectral evidence. 

INTRODUCTION 

In the course of our chemical studies on condensed 
tannins m ferns, we previously demonstrated the presence 
of flavan-3-01 and proanthocyanidm allosides, along with 
procyanidms B-l and B-2 and a trimerlc procyanidm, in 
the rhizomes of Dauallm dtuartcata Blume (Davalliaceae) 
[2]. Further chemical examination of this plant has 
resulted in the isolation of a series of flavan-3-01s and 
procyamdms possessmg a carboxymethyl group at the C- 
4 position, together with a new tetrameric procyanidin. 
This paper describes the isolation and characterization of 
these compounds 

RESULTS AND DISCUSSION 

The aqueous acetone extract of the fresh rhizomes of D. 
dzuartcata was repeatedly chromatographed over Seph- 
adex LH-20 and various reverse-phase gels to afford 
compounds 14. Compound 1 (negative FABMS m/z: 
347[M --HI-) showed an orange colour characterlstlc of 
flavan-3-01 derlvatlves with the anualdehyde-sulphurlc 
acid reagent The ‘H and 13CNMR spectra of 1 were 
similar to those of epicatechin, and the small couphng 
constants (each s) of H-2 and H-3 signals clearly indicated 
the 2,3-cts configuration of the flavan moiety. In addition, 
the observation of a methylene (639.1) and a carboxylic 
acid (6 174 4) carbon signals, as well as the IR absorption 
band at 1710cm-‘, indicated the presence of a car- 
boxymethyl group. In the ‘HNMR spectrum, the car- 
boxymethyl signals cS2.44 (lH, dd, J= 11, 16 Hz) and 
3.05 (lH, dd, J =4, 16 Hz)] were found to be coupled with 
a methme signal [63 45 (dd, J =4, 11 Hz)], which was 
assignable to flavan H-4 on the basis of the ‘H-‘H COSY 
spectral exammatlon, mdlcatmg that the carboxymethyl 
group is located at the flavan C-4 position. This was 
further supported by EIMS of the pentamethylate (la), 
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which showed, together with a peak due to [M] + at m/z 
418, prominent peaks at m/z 239 and 180 formed by a 
retro-Diels-Alder-type fission of the flavan C-ring 
(Scheme 1). 

The absolute stereochemistry of 1 was determined as 
follows The ‘H-‘H NOESY spectrum of 1 showed a 
cross peak between H-2 signal (64.93, s) and one (62.44) of 
the methylene proton signals, mdlcatmg that the car- 
boxymethyl group at the C-4 and H-2 are mutually 
located on the same side. Furthermore, the CD curve of 
the tetramethyl-3-O-benzoate (lb) of 1 was m good 
accord with that of tetramethyl-( -)-eplcatechm 3-0- 
benzoate (7) Thus, the absolute configurations at the C-2 
and C-3 in 1 are same as those of (-)-eplcatechm On the 
basis of these observations, 1 was characterized as 4/% 
carboxymethyl-( -)-eplcatechm 

Compound 2 gave ‘H and 13C NMR spectra similar to 
those of 1, and yielded the same methylate (la) on 
methylation with dlmethyl sulphate and potassium car- 
bonate in dry acetone. However, m the ‘HNMR spec- 
trum of 2, the coupling patterns of H-4 and methylene 
signals were shghtly different from those found m I. 
Furthermore, the IR spectrum of 2 showed no free 
carboxylic acid absorption around 17OOcm-‘, but m- 
stead exhibited absorption bands due to a carboxylate 
(1550 and 1400 cm- ‘), suggesting that 2 1s a salt of 1. This 
was further confirmed by treatment of 2 with dilute 
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products (9 and 1). The IR spectrum of 5 however showed 11 Hz, H-4), 402 (lH, s, H-3), 4 93 (lH, s, H-2), 5 93,6.05 (each 

no carboxylic acid absorption. Furthermore, the posltlve lH,d,J=2Hz,H-6,8),688(1H,dd,J=2,8Hz,H-6’),679(1H, 
FABMS showed peaks at m/z 675 and 659 correspondmg d, J=8 Hz, H-5’), 7.08 (lH, d, J=2 Hz, H-2’) 13CNMR 
to the potassium and sodmm salts of 4, respectively The (Me&O-d,) 635 9 (C-4), 39 1 (C-l”), 70.2 (C-3), 75.2 (C-2), 95 8, 
presence of the potassmm and sodium metals in 5 was 96 5 (C-6, S), 102 6 (C-4a), 115.2 (C-2’), 115.5 (C-5’), 119 2 (C-6’), 
similarly confirmed by energy dlspersmg X-ray analysis. 131 9 (C-l’), 145 1, 145 3 (C-3’, 4’), 156.8, 157 8 (G5, 7, Sa), 174.4 

From these observations, 5 was concluded to be a (COOH) (Found. C, 56 07, H, 5 29 C17H160s. H,O requires: C, 

mixture of potassium and sodium carboxylates of 4. 55 74, H, 4.95%) 
The tetrameric constitution of 6 was confirmed by 

negative FABMS [(M-H)-: m/z 11531 The ‘%NMR 
spectrum showed signals at S79.2(1(3) and 76.7(3C) due 
to flavan C-2 carbons whose chemical shifts suggested 
that 6 consists entirely of epicatechin umts [7]. Partial 
thlolytic degradation of 6 furnished (-)-eplcatechm 4fi- 
benzylthloether (9), procyamdm B-5 4’/%benzylthloether 
(10) [4], procyamdm B-2 4’8-benzylthloether (11) 
[S], (-)-epicatechm (12), procyanidin B-5 (13), and 
epicatechln-(48~8)-eplcatechln-(4B-t6)-eplcatechln (14) 
[6]. Among these products, 14 was considered to be 
formed from the lower three units, thus estabhshmg 
uneqmvocally the configuratlons and locations of the 
interflavonold linkages m the lower three umts Further- 
more, the formation of 10 Indicated that the upper two 
units are linked through C(4b)-C(6) hnkage. On the basis 
of these observations, the structure of 6 was estabhshed 
as epicatechin-(4P~6)-eplcatechin-(4B-t8)-epicatechln- 
(4P+6)-epicatechm. 

Methylatron of1 A mixture of 1(63 mg), Me,SO, (0 5 ml) and 

anhyd. K&O, (600 mg) m dry Me,CO (10 ml) was refluxed for 

3 hr After removal of the morgamc salts by filtration, the 
reaction mixture was coned, and the residue was subjected to CC 

over silica gel Elutlon with C,H,-Me&O (17 1) yielded the 

pentamethylate (la) (49mg) as an amorphous powder, [a]io 

-38 6” (CHCI,, ~076). EIMS m/z.418 (M+),400 [M-H,O]+, 

327 [M-H,O-CH&OOMe]+, 250, 239, 207, 180, 166, 151 

‘HNMR (CDCI,) 62 35 (lH, dd, J= 11, 16 Hz, H-l”), 3 06 (lH, 

dd,J=4,16Hz,H-l”),356(1H,dd,J=4,11Hz,H-4),375,378, 

3 82,3 90 3 93 (each 3H,s,OMe), 404(1H, s, H-3),4 99 (lH,s, H- 

2), 6 13,6.21 (each lH, d, J=2 Hz, H-6, S), 6 86-7 29 (3H m total, 

m, B-rmg H) (Found C, 62 94, H, 6 48 CZ2HZ608 requires C, 

63 15, H, 6.26%) 

Compounds 2,5 and 6 have also been Isolated from the 
rhizomes of the allied species, Dauallla gr@hana, to- 

gether with (-)-epicatechin 5-O-b-D-glucopyranoslde, 
(+)-catechm 5-O-/?-D-glucopyranoslde, and procyam- 
dins B-l and B-2 However, Aavan-3-01 and proantho- 
cyanidin allosides, which had been found to be major 
compounds m D. dzuarlcata, could not be obtamed from 
D. grifithnu [except for (-)-eplcatechin 3-O-P-D-allO- 

pyranoslde]. 

EXPERIMENTAL 

Benzoylatmn of la Compound la (25 mg) was treated with 

benzoyl chloride (1 ml) and dry pyrichne (1 ml) at room temp. 

overmght. The reactlon mixture was worked-up as usual, and 

chromatographed over silica gel Elutlon with n-hexane-EtOAc 

(4: 1) afforded the monobenzoate (lb) (21 mg) as an amorphous 
powder, [E] 6” - 144 1” (CHCI,, c 0 85) EIMS m/z: 522 [Ml’, 

400 [M- PhCOOMe], 327 CD (MeOH, c 1.38 x 10V5) [6’lzo 

x lo3 (nm) - 12.2 (275) (trough), - 5 7 (256) (peak), - 8.5 (233) 

(trough), -30 (297) (peak), -182 (206) (trough). ‘HNMR 

(CDCl,) 6248 (IH, dd, J=ll, 16 Hz, H-l”), 3 13 (lH, dd, J=4, 
16 Hz, H-l”), 3 59 (lH, M, H-4), 3.62, 3 80, 3 81, 3 83 (15 H m 

total, each s, OMe), 5 18 (lH, s, H-2), 5.51 (lH, s, H-3), 6 13,6 26 

(each 1 H, d, J = 2 Hz, H-6, S), 6 76-7 04 (3H m total, m, B-nng H), 

7 24-7 94 (5H m total, aromatic H). (Found C, 66 33; H, 5 84 

C H 0 reqmres C, 66 65, H, 5 79%). 29 30 9 
4fi-Carboxymethyl-( -)-ep~atechm potawum and sodmm salts 

Details of the instruments and chromatographlc condltlons 

used m this work were essentially the same as described m the 

previous paper [S] Plant materials were collected at San-Chl- 
Mon near Ping-tung City, Taiwan, and voucher specimens are 

deposited at the Herbarium, TaJen Pharmaceutical College 

Extractron and ~ohon The fresh rhizomes of Dawlh dwarl- 
cata (9 3 kg) were chopped mto small pieces and extracted x 3 

with 80% aq. Me,CO at room temp The extract, after removal 

of the solvent by evapn, was subjected to chromatography over 

Sephadex LH-20 using H,O with increasing amounts of MeOH 

(l.O-+O 1) to give four fractions, frs 1 (34 5 g), 2 (6 2 g), 3 (15 8 g) 

and 4 (13 0 g). Fraction 3 was chromatographed over Sephadex 

LH-20 (EtOH) to give five fractions (3-1-3-5) Repeated CC of 

fraction 3-2 over MCI-gel CHP 20P[H,O-MeOH(1 O-3 2)], 

LC-sorb DPH[H,O-MeOH(1.0-r3 2)] and Sephadex LH-20 

(Me,CO) afforded compounds 1 (525 mg), 2 (88 mg) and 3 

(61 mg) Fraction 3-5 was further chromatographed over prep- 

PAK 500/C,, [H,O-MeOH(1 O-1 l)] and MCI-gel CHP 

20P[H,O-MeOH(l O-+1 l)] to furnish compounds 4 (25 mg) 

and 5 (90 mg) Repeated CC of fraction 4 over Sephadex 

LH-20 (EtOH) and Bondapak C,,/Porasll B[H,O-MeOH 

(1 O-1 l)] yielded compound 6 (301 mg) 

(2) An amorphous powder, [a]i4+22 9” (Me&O, c 0.56) 

Negative FABMS m/z 347 [M-K or M-Na]- Positive 

FABMS m/z 387,371 (each [M +H]+), 349 IR vkf; cm-‘. 3400 

(OH), 1600,151O (C=C), 1550,140O (COO-) ‘H NMR (Me&O- 

d,+D,O). 62 38,2 68 (each lH, dd, J=5, 16 Hz, H-l”), 3.34 (lH, 

t, J=5 Hz, H-4), 3 90 (lH, s, H-3), 4 89 (lH, s, H-2), 5.92, 6.00 

(each lH, d, J=2 Hz, H-6, S), 6 81 (lH, d, J=8 Hz, H-S), 6.92 

(lH,dd, J=2.8 Hz, H-6’), 7.08(1H,d, J=2Hz, H-2’) 13CNMR 

(Me&O-d, +D,O) 636 3 (C-4), 44 5 (C-l”), 71 1 (C-3), 75 3 (C- 

2), 96 7,97 2 (C-6, S), 104 2 (C-4a), 115.1 (C-2’), 115 8 (C-S), 119.2 

(C-6’), 131 9 (C-l’), 145 0, 145 2 (C-3’, 4’), 156 1, 157.3, 158 1 (C-5, 

7. 8a) 174 1 (COO). 
Methylatron of2 A mixture of 2 (40 mg), Me,SO, (0 2 ml) and 

dry K&O, (400 mg) m dry Me&O (7 ml) was refluxed for 3 hr 

The reaction mixture was treated as for 1 to furnish the 

pentamethylate, which was shown to be identical with la. 
Actd treatment of2 Compound 2 (20 mg) m 0 5 M HCl(5 ml) 

was heated m a water bath for 1 hr The reaction mixture was 

extracted with EtOAc, and the EtOAc layer, after removal of the 

solvent by evapn, was chromatographed over MCI-gel CHP 

20P[H,O-MeOH(l.O-+l l)] to yield 1. 

4fi-Carboxymethyl-( -)-eprcatechn (1) An amorphous powder, 

[a]i4-46 4” (Me,CO, c 0 7) Negative FABMS m/z, 347 [M 

-HI- IRv~~‘cm-’ 3400 (OH), 3000 (COOH), 1710 (C=O), 

1610, 1520 (C=C) ‘HNMR (Me&O-d,) 6244 (lH, dd, J- 11, 
16Hz,H-l”),305(1H,dd,J=4,16Hz,H-l”),345(1H,dd,J=4, 

4/Karboxymethyl-( -)-epzcatechm methyl ester (3). An amorp- 

hous powder, [u]& 58 3” (Me&O, c 0 7). Negative FABMS 

m/z 361 [M-HI-.‘HNMR(Me,CO-d,) 6251 (lH,dd, J=ll, 

16Hz, H-l”), 305 (lH,dd, J=4,16 Hz, H-l”), 3.45(1H,dd, J=4, 
11 Hz, H-4), 3 68 (3H, s, COOMe), 3 94 (lH, s, H-3), 4 91 (lH, s, 

H-2), 593, 605 (each lH, d, J=2Hz, H-6, S), 679 (lH, d, J 
=8 Hz, H-5’), 688 (lH, dd, J=2, 8 Hz, H-6’), 707 (lH, d, J 
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= 2 Hz, H-2’) 13C NMR (Me,CO-d,) 636.2 (C-4), 39 1 (C-l”), 

51 7 (OMe), 70 1 (C-3), 75 3 (C-2), 95 8,96 5 (C-6,8), 102 5 (C-4a), 

1153(C-2’),1155(C-5’),1193(C-6’),1320(C-1’),1453,1454(C- 

3’, 4’), 157 0,158 0 (C-5,7,8a), 173 2 (COO) (Found C, 56 88; H, 

5 23. C,,HIsOB H,O reqmres C, 56 88, H, 5 30%) 
Formation of3 A mixture of 1 (50 mg) and p-toluenesulphomc 

acid (5 mg) m MeOH (5 ml) was refluxed for 2 hr The reactlon 

mixture was coned under red pres to dryness, and the residue 
was chromatographed over MCI-gel CHP ZOP[H,O 

-MeOH(l O-+ 1 I)] to afford 3 (32 mg) 
Lprcatechm-(48+8)-4/Gcarhoxymethyleplcarechm (4) A tan 

amorphous powder, [nJi4+41 7” (Me&O, c 0.51) Negative 
FABMS ml-_ 635 [M-H]- lRv~!j;crn-* 3400 (OH), 1705 

(C-O), 1600, 1510 (C=C) ‘H NMR (MezCO-d, + D,O) 62 43 

(lH, dd, J= 10, 16 Hz, H-l”“), 3 06 (lH, dd, .J=4, 16 Hz, H-l”“), 

401(1H.~,H-3).410(1H,r,H-3”).473(1H,s,H-4),499(1H,s, 

H-2”), 5 08 (1 H. s, H-2), 6 02 (3H m total, m, A-rmg H), 6 65-7 18 

(3H m total, WI, B-rmg H) ‘jC NMR (Me&O-d, + D,O) 636 4 

(C-4”), 36 9 (C-4), 40 0 (C-l”“), 69 6 (C-3”), 72 7 (C-3), 75 2 (C-2), 

76 8 (C-2”). 95 9.96 4,97 5 (C-6,8,6”), 103 3 (C-4a, 4a”), 106 9 (C- 
8”). 1150, 1155, 115 7 (C-2’, 5’, 2”‘, 5”‘). 131 6, 1320 (C-l’, I”‘), 

145 1, 145 2, 145 4 (C-3’, 4’. 3”‘, 4”‘), 154 0, 156 3, 157 5, 158 1 (C- 

5, 7, 8a, 5”. 7”. 8a”), 175 7 (COOH) (Found C, 55 28, H, 4.96 
C,,H,,O,, 3H,O requires C, 55 65. H, 4 96%) 

Thmlvtlc deyrudatwn of 4 A mixture of 4 (20 mg), ben- 

zylmercaptan (1 ml) and HOAc (2 ml) m EtOH (5 ml) was 

refluxed for 3 hr with stlrrmg The reactlon mixture was coned 

under red pres to grve an oily residue, which was chromato- 

graphed over Sephadex LH-20 ElutIon with Me,CO afforded 

the thloether, which was subsequently purified by Sephadex LH- 

20 with H,O-MeOH (1 4) to give (-)-eplcatechm 4B-ben- 

zylthloether (9) (6 mg) as an amorphous powder, [a]$-29 7” 

(Me&O, c 0 391 Further elutlon with Me,CO ylelded 1 (7 mg) 
Eplcutechm-(4,0+8)-4/?-carboxymethylepwatechm potassium 

and AodIum salt (5) A tan amorphous powder, [aJi4+65 3” 
(Me,CO, c 0 58) Negative FABMS m/z 635 [M-K or M 
- Na] Posltlve FABMS rnlz 675, 659 (each [M + H]+), 637 

IR Y 5:: cm ’ 3400 (OH), 1600,152O (C=C) ‘HNMR (Me&O- 

d,+D,O) 6242,286(1H,dd,J=5.16Hz,H-1”“),343(1H,f,J 

=5Hz,H-4”),400(1H,s,H-4).50l(lH,brs.H-2”),5ll(lH,s, 

H-2), 5 91-6 04 (3H m total, m, A-rmg H), 6 70-7 16 (6H m total, 

m B-rmg H) 13C NMR (Me,CO-d, + D,O) ii36 8 (C-4,4”), 44 1 

(d-l”“), 70 3 (C-3”), 72 7 (C-3), 75 3 (C-2), 76 6 (C-2”), 95 8, 96 3, 

97 9 (C-6,8.6”), 104 3 (C-4a, 4a”), 106 9 (C-8”), 114 9, 115 2,115.7, 

115 8 (C-2’, 5’, 2”‘, 5”‘), 119 2 (C-6’, 6”‘), 131 7, 132 0 (C-l’, l”‘), 

1449, 145 1, 145 3 (C-3’, 4’, 3”‘. 4”‘), 153 6, 156 1, 156 3, 157 3, 

157 7 (C-5, 7, 8a, 5”, 7”, 8a”), 176 1 (COO) 
Thzolytlc deyradatwn of 5 A mixture of 5 (30 mg), ben- 

zylmercaptan (1 ml) and HOAc (1 ml) m EtOH (5 ml) was 

refluxed for 3 hr with stlrrmg The reactton mixture was worked 

up as for 4 to furnish 9 (8 mg) and 1 (12 mg) 

Eprcatechln-(4B~6)-epzcatechln-(48~8)-eprcatechrn-(4B-r6)- 
epzcatechm (6) A tan amorphous powder, [u]k4+ 179 2” 

(Me,CO; c 0 73) Negatrve FABMS rn!‘z 1153 [M-H]- The 

‘H NMR spectrum was comphcated by rotatlonai lsomertsm 

“C NMR (Me,CO-d, + D,O) 637 2,37 6 (C-4,4’. 4”). 66 X,71 1. 
72 4, 73 1 (C-3, 3’, 3”, 3”‘), 76 7 (C-2, 2’. 2”). 79 2 (C-2”‘) (Found 

C, 5983. H, 468 C,,H,,O,, 3H,O reqmres C, 59 60, H, 

4 67%) 

Partial thmlytlc deqradatton of6 A mixture of 6 (148mg). 

benzylmercaptan (3 ml) and HOAc (2 ml) m EtOH (15 ml) was 

refluxed for 3 hr with stirring The reaction mixture was worked- 

up as for 4, and chromatographed over Sephadev LH-20 [EtOH 

and H,O-MeOH (2 3-l 4)] to atTord (-)-eplcatechm 4/I- 

benzylthloether(9)(12 mg). procyamdm B-5 4”p-benzylthloether 

(10) (7 mg), procyamdm B-2 4”/?-benLylthtoether (11)(3 mg), (-)- 

eplcatechm (12) (?mg), procyamdm B-5 (13) (lOmg), 

and eplcatechin-(4B-*8)-eplcatzchin-(4~~~6)-eplcatechln (14) 

(19 mg) 
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