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Abstract-An induced and six preformed antifungal compounds were isolated from Chinese yam (Dioxorea batatns) 
inoculated with the bacterium Pseudomonas cichorii. The induced compound, a phytoalexin, was identified as 
dihydropinosylvin. The preformed compounds were characterized as oxygenated bibenzyls and phenanthrenes. 

INTRODLMXION 

We recently reported [l] the isolation of two 
sesquiterpenoid phytoalexins, costunolide and lettu- 
cenin A, from diseased lettuce leaves. In a continuation of 
our search for antimicrobial compounds of diseased 
vegetables, we have isolated several antifungal com- 
pounds from Chinese yam (Dioscorea bat&as Detcne = D. 
opposita Thunb.) inoculated with the bacterium 
Pseudomonas cichorii. Chinese yam occurs naturally in 
Japan where it is cultivated and its storage root is used as a 
food. Several phenanthrenes, dihydrophenanthrenes and 
bibenzyls have been isolated from Dioscorea species and 
related Tamus species [2-71. Of these, batatasins I-V with 
dormancy-inducing activity have been isolated from dor- 
mant aerial bulbils of D. batatas 123. The present paper 
describes the identification of a major antifungal com- 
pound, which qualifies as a phytoalexin, as dihydropino- 
sylvin (3,Sdihydroxybibenzyl) [8] and the characteriz- 
ation of six preformed antifungal compounds, including 
two new phenols. 

RESULTS AND DISCUSSION 

Sliced tuber tissues of D. bat&as were inoculated with a 
suspension of P. cichorii (ca 10’ cells/ml) and incubated at 
15” for 3 days. After being dried, the inoculated tissues 
were extracted with acetone and then with methanol. 
These extracts were submitted to sequential chromato- 
graphy over silica gel and Sephadex LH-20, monitored by 
TLC bioassay, to give seven antifungal phenols: l(O.036 % 
of the dry wt of the tissues), 2 (0.002%), 3 (0.013%, 4 
(0.001 o/o), 5 (0.003 %), 6 (0.0004 %), 7 (0.0004 %). 

The major phenol (1) had the molecular formula 
C1,HL402 and pve a dimethyl ether (la). The spectral 
data (‘H NMR, %Z NMR, UV, IR and MS)indicated 1 to 
be 3,5dihydroxybibenzyI (dihydropinosylvin), which was 
confirmed by direct comparison with an authentic syn- 
thetic sample [9]. This phenol was not detected in the 
extracts from intact healthy tissues of the plant, and hence 
qualified as a phytoalexin. As far as we know, this 
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compound, dihydropinosylvin, is the first phytoalexin 
with a bibenzyl structure. It is also the first phytoalexin to 
be found in the Dioscoreaceae. The corresponding 
dehydro compound, pinosylvin, was reported as a 
phytoalexin of Pinus species [lo]. 

Two groups of three phenols, 2-4 and 57, exhibited 
spectroscopic characteristics of substituted bibenzyls and 
phenanthrenes (see Experimental), respectively [ll-131. 
Of these, phenol 2 had the molecular formula CI 5H1602 
and formed a monomethyl ether (Za), which was identical 
to la. Thus phenol 2, showing the characteristic mass 
spectrum (m/z 137 [CsH90z]+ and 91 [C,H,]+), was 
formulated as 3-hydroxy+methoxybibenzyl. This aom- 
pound has been reported, without spectral evidence, to 
occur in the heartwood of Pinus albicaulis Engehn [14]. 
Three phenols, 3, 5 and 6, were assigned molecular 
formulae C1sHI,O,, C17H160d and C16HIeObr and 
were easily identified as 3,2’dihydroxy&methoxybi- 
benzY1 (batatasin IV) c21, 6-hydroxy-2,4,7- 
trimethoxyphenanthrene (batatasin I) [ 15,163 and 6,7- 
dihydroxy-2,4dimethoxyphenanthrene [ 133, respect- 
ively, on the basis of their spectral data (‘H NMR, IR, UV 
and MS), which were virtually identical to the reported 
ones. This was supported by formation of the 
monoacetate (Sa) of 5, the diacetate (6r) of 6, and the 
monomethyl ether (Sb) [ = dimethyl ether (6b) of 61 of 5. 

The new phenol 4 had the molecular formula 
C,6HlsOJ and formed a monomethyl ether (48) which 
was identical to the dimethyl ether 3a of 3. Its mass 
spectrum (m/z 107 [C,H,O]’ and 151 [CgH1,02]+) 
revealed that 4 was consisted of a hydroxybenzyl and a 
dimethoxybenzyl moiety. Hence the phenol was assigned 
the 2’-hydroxy-3.5dimethoxybibenzyl structure. 

The new phenol 7 had the same molecular formula 
(C16H,,0*) as 6 and gave a diacetate (7r) and a dimethyl 
ether (Ib), the latter being identical to Sb (= 6b). Thus 7 
possesses a 2,4,6,7-telraoxygenated (OH or OMe) phen- 
anthrene struc1ure. In accordance with this, the ‘H NMR 
spectrum indicated the presence of two hydroxyl and two 
methoxyl groups [a 3.9 and 4.00 (each 3H, s)] as well as six 
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spot showing strong antifungal activity, which was not detected 
in extracts ofeitber the intact peel or the flesh. The MeGH extract 
was then treated with EtOAc, and the EtOAc-soluMe fraction 
was separated by chromatography over silica gel with 
CH$12-MeGH (19: I), each fraction being checked by the TLC 
bioassay. Combined active fractions (67 mg) were puritied by 
chromatography over silica gel with EtsO to give more active 
fractions (34 mg), from which 1 (28mg) was isolated after 
chromatography on Sephadex LH-20 with MeGH. 

Dihydropinosyloin (1). Viscous oil; TLC (silica gel), R, 0.42 
(Et,O) and 0.10 (CH2Cl,-MeGH, 49: I); Gibbs reagent, purple; 
high-resolution MS m/z 214.9989 [MJ’ (cak. for C,*H1402: 
214.0994); EIMS m/z (rel. int.): 214 [M]’ (49), 123 [C,H,OJ’ 
(66). 91 [C,H,]+ (100); UVeH mn (loge): 210 (4.31). 274 
(3.19), 282 (3.18); IRv~“J cm - ‘: 3334 1602, 1147; ‘H NMR: 
62.78 (4H. s, ArCHJX2Ar), 4.84 (2H, br, 20H, exchangeable 
with D20), 6.2 (3H, m, H-2, H-4 and H-6), 7.2 (SH, m, H-2-H-6’); 
“C NMR: 637.28 and 37.57 (each t, A&_H&H2Ar), 100.54 (d, 
C-4), 108.20 (d, C-2 and C-6), 125.90 (d, C-4’), 128.34 (d, C-2’, C-3’. 
C-S and C-6’), 141.49 (s, C-l’), 144.95 (s, C-l), 156.37 (s, C-3 and 
C-5). Compound 1 was prepared from 3,5_dimethoxybenxal- 
dehyde and benxyl chloride by a reported procedure [9]. The 
synthetic sample was identical to the natural one in all respects. 

Large-scale isolation. The inoculated, dried tuber slices 
(4.6 kg), prepared in the same manner as described above, were 
extracted successively with MezCO and MeGH to give an 
Me&O (13 g) and a MeGH extract (85 g). The Me&O extract 
was treated with EtOAc (6Oml) to yield an EtOAc-soluble 
fraction (12 g), which was purified by chromatography over silica 
gel with EtOAc. The eluate was evaporated to leave a brown oil 
(IO g), which was separated into 5 fractions by chromatography 
on Sephadex LH-20 (5&# x 350 mm) with EtOAc-MeGH (1:9). 
The third (260 ml) and fourth (480 ml) fractions were evaporated 
to leave oily residues, R1 (968 mg) and Rz (294 mg), which showed 
a single and three spots by the TLC bioassay, respectively. 
Residue R, , showing several spots on TLC under UV (254 nm) and 
with ceric sulphate reagent, was separated further into six 
fractions (190,220,80,220,420 and 500 ml) by chromatography 
over silica gel (100 g) with CH2C12-MeGH (49: I). The second 
fraction, showing two spots on TLC (bioassay), was evaporated 
and fractionated by chromatography over silii gel with 
CH*~~-M~H~~.5:O.S)to~ve4(lOmg)and2(29 mg)inpure 
state. The fourth and fifth fractions, each showing a single spot on 
TLC (bioassay, UV and ceric sulphate), were purified in the same 
manner as the second fraction to yieM3 (I 1 I mg) and l(303 mg), 
respectively. Residue R,, showing three fluorescent spots under 
UV (366 nm), was separated into eight fractions (60,20,40,10,20, 
40, 500 and l000 ml) by chro~to~phy over silica gel (30 g) 
with CH#&-MeGH (49:l). The fourth and fifth fractions, 
showing the same single spot on TLC (bioassay and UV 
(366 nm)], were combined and evaporated to leave a crystalline 
residue (4Omg), which was purified by chromatography over 
silicagel (5 g)withCHsCl,-MeGH (99.5:0.5) togive 7 (18 mg)in 
pure state. The second and sixth fractions, each showing a single 
spot on TLC, were concentrated to leave crystalline 5 (118 mg) 
and 6 (20 mg). 

The MeGH extracts, showing no UV (366 nm) fluorescent spot 
on TLC, were fractionated practically in the same manner as the 
MesCO extracts to give 1 (1.35 g), 2 (67 mg), 3 (493 mg) and 4 
(41 mg). The total amounts of antifungal compounds from the 
diseased tubers were as follows: l(l.65 g), 2 (% mg), 3 (604 mg), 4 
(51 mg), 5 (118 mg), 6 (20mg) and 7 (18 mg). 

3-tiydroxy-5-methoxybibenzy~ (2). M~45-49~. tit. 49-50” [14]; 
TLC, RI 0.42 (CH,Cl,-MeOH. 49: 1); high-resolution MS m/z: 
228.1139 [M]’ (talc. for CIsH,601: 228.1149); ElMS m/z (rel. 
int.): 228 [Ml’ (49) 137 (IO), 91 (61); UVIh?u nm (loge): 205 
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(3.61X 228 (sh, 2.%), 273 (2.06), 281 (2.06); IR vz cm- ’ : 146147” [12]; EIMS m/z: 354 [Ml’; ‘HNMR (Me&O-d,): 
3490-3250, 1614 1140 ‘H NMR: 6287 (4H, s, ArC&C&Ar), 62.20 and 2.22 (each 3H, s, 2OAc), 3.83 and 4.00 (each 3H, s, 
3.75 (3H, s, OMe), 5.05 (lH, s, OH, exchangeabk with DzO), 6.27 20Mc), 6.76 and 6.96 (each lH, d, J = 2.5 Hq H-l and H-3 or 
(3H. m, H-3, H-4 and H-5), 7.25 (5H, m, H-2-H-6’). vice versa), 7.63 (3H, s (br), H-8, H-9 and H-IO), 9.24 (HI, s, H-5). 

Compound 2 (3 mg) in MezCO (1 ml) was heated with 
MezSO. (8 drops) and K&O3 (10 mg) under reflux for 30 hr 
with stirring. The ppts were removed by filtration whik hot and 
washed with Me&O. The filtrate and washings were combined 
and evaporated to leave a residue, which was dissolved in EtzO. 
After being washed with 25 % NH*OH and dried the Et,0 soln 
was evaporated to give 3,5dimethoxydihydropinosylvin (28). 
This compound was also prepared by methylation of 1 and was 
identical to a synthetic specimen obtained by a reported pro- 
cedure [9]. 

2,7-Dihydroxy+-dimethoxyphenwuhrene (7). Mp 19>194” 
(rhombics from MeOH); TLC, R, 0.25 (CHzClz-MeOH, 49: 1); 
high-resolution MS m/z: 270.0887 [Ml+ (&H,.O. requires: 
270.08463; EIMS m/z (rel. int.): 270 [M] + (RIO), 255 (29), 227 (IS), 
135 (12k UVA;” (logs): 261 (4.92), 282 (4.15), 295 (4.05), 347 
(3.64), 364 (3.753; IR vz cm -‘: 3550-3150, 1614 1590, 1490, 
874855,800; ‘H NMR (MezCOd6): 63.90 and 4.00 (each 3H, s, 
20Me), 6.67 and 6.77 (each lH, d, J = 2.5 Hz, H-3 and H-l), 7.10 
(lH, s, H-8), 7.12 and 7.30 (each lH, d, J = 8 HZ H-9 and H-10 
or vice versa), 7.66 and 8.40 (each lH, s, 20H), 8.98 (lH, s, H-5). 

3,2’-Dihydroxy-5-merhoxybibenzyl (baratosin 1 I’-) (3). Mp 
98-99” (needles from CHClzCCI.), ht. 99.5-100.5” [3]; TLC, R, 
0.13 (CHzClz-MeOH, 49: 1); high-resolution MS m/s: 244.1001 
[M]’ (cak. for C1sH,,O,: 244.10993; EIMS m/z (reL int.): 244 
[M]’ (19X 138 (14), 137 (16). 107 (lOO), 77 (16); UVIEH nm 
y;;;k209 (3&l), 222 (sh, 3.31), 274 (2.78), 280 (sh, 2.74); 

cm-‘: 3510-3255, 1610, 1590, 14%. 1450, 1300, 1260, 
1195~x150,1060, 750; ‘H NMR: 2.85 (4H,s,ArC&CI&Ar), 3.73 
(3H. s, OMe), 4.86 and 5.08 (each IH, s (br) 20H, exchangeable 
with DzO), 6.30 (3H, m, H-2, H-4 and H-6), 6.80 and 7.08 (each 
2H, m, H-3’-H-6’). 

Compound 7 was acetyiated in the same manner as 6 to give 
2,7diacetoxy+-dimethoxyphenthrene, mp 226229” (rhom- 
bits from MeOH); ‘H NMR (MezCOd6): 6219 and 2.20 (each 
3H, s. 2OAc), 4.07 and 4.08 (each 3H, 20Me). 6.97 and 7.20 (each 
1H.d.J = 2.5 Hz, H-3 and H-I), 7.51 (IH, s, H-8), 7.54and 7.63 
(each lH,d,J = 8 Hz, H-9and H-lOorviaversa),9.19 (lH,s, H- 

5). 

2’-Hydroxy-3,5&nerhxybibenzyl (4). Viscous oil; TLC, R, 
0.50 (CHzCIz-MeOH, 49: lk high-resolution MS m/z: 258.1269 
[Ml’ (C,6H1s0, requires: 258.1256); EIMS m/z (reL int.): 258 
[M]’ (63), 151 (71). 107 (100); UVIE” mn (logs): 205 (3.65), 
223 (sh, 3.16), 273 (2.633, 280 (2.59); IR vg cm- 1 : 3560-3280, 
1595. 1465, 1205, 1155, 1065. 79, ‘HNMR: 62.88 (4H, s, 
ArCHzC&Ar), 3.75 (6H, s, 20Me), 4.67 (lH, s, OH, ex- 
changeable with DzO), 6.34 (3H, s, H-3, H-4 and H-5), 6.81 and 
7.10 (each 2H, m, H-2-H-4’). 

Compounds 5, 6 and 7 were methylated separately with 
MezSO* in the same way as 2 to give the same methyl ether (Sb 

= 6b = 7b), 2,4,6,7-tctramethoxyphenanthrene, mp 13b140”, lit. 
139-140” [Ill; EIMS m/r: 298 [Ml+; ‘HNMR: 63.95,4.03,4.09 
and 4.10 (each 3H, s, 40Me), 6.75 and 6.89 (each lH, d, J 

= 2.5 Hz, H-l and H-3 or vice versa), 7.21 (IH, s, H-8). 7.52 and 
7.64(each1H,d,J=8Hx,H-9andH-10orviaversa),9.11(tH, 
s, H-5). 

Compounds 3 and 4 were treated separately with MezS04 in 
the same manner as 2 to give the same methyl ether (3a = 4a), 3,5- 
2’-trimethoxybibenzyl; ‘H NMR: 62.86 (4H.s. ArCI+,C&Ar), 
3.77 (6H, s, ZOMe), 3.83 (3H, s, OMek6.35 (3H, m, H-2, H-4 and 
H-6), 6.91 and 7.14 (each 2H, m, H-3-H-6’). 

GHydroxy-2,4,7-trimethoxyphenanthrene (baarasin I) (5). Mp 
146-147” (needles from MeOH), lit. 145-147” [ 173; TLC, R, 0.60 
(CHzCiz-MeOH, 49:l); high-resolution MS m/z: 284.1045 
[M]’ (cak. for C,,H160b: 284.1042); EIMS m/z (rel. int.): 
284 [M]’ (100),269(2@,241(13), 142(19);UVLE” nm(loga): 
220 (sh, 4.33), 259 (5.04), 282 (4.27), 294 (sh, 4.12), 304 (sh, 3.%), 
327 (3.49), 343 (3.85), 360 (4.00); IR vz cm-i: 3609-3550, 
1614 1575,1505,1305,1195,1115,880,855,825,815; ‘HNMR: 
63.93, 4.02 and 4.07 (each 3H, s, 30Me), 5.80 (IH, br. OH, 
exchangeable with DzO), 6.74 and 6.87 (each lH, d, J = 2.5 Hz, 
H-l and H-3 or via versa), 7.19 (lH, s, H-8), 7.X and 7.62 (each 
lH, d, J = 8 Hz, H-9 and H-10 or vice versa), 9.10 (lH, s. H-5). 

HPLC analysis. Peel tissues were obtained by removing a 
1 mm (approx.) thick layer from the outer surface of intact tubers. 
The remaining inner tissues were sliced and used as tksh tissues. 
After being kept in a moist chamber at 20” for 1 day, the ~zel and 
flah tissues were treated in the same manner as described in the 
Isolation procedure to give peel and flesh tissue extracts. 
Moreover, the extracts from the diseased flesh tissues were also 
prepared by inoculation of the tissues and subsequent incubation 
and extraction. Each of the resulting three extracts was submitted 
separately to HPLC analysis on a p Porasil column (Waters 
Radial-PAK) [solvent, CHzClz-hexane-HOAc-MeDH 
(47:47:5: lkflow rate, 1 ml/mitt; UVdetector (260 MI)]. The R,s 
of authentic samples were checked, prior to the analysis of the 
extracts: 1, 15.0 mitt; 2.5.5 min, 3, 10.7 min; 4,5.0 mitt; S,6.0 mitt; 
6,ll.O mitt; 7,8.0 min. The results of the analysis are described in 
the text. 

6,7-Dihydroxy-2,4dirnethoxypbenanthrene (6). Mp 210-213” 
(plates from MeOH), lit. 213-214” [13]; TLC, R, 0.13 
(CHzCIz-MeOH, 49: 1); high-resolution MS m/z: 270.0869 
[M]’ (cak. for C H 0 .270.08463; EIMS m/z (rel. int.): 270 16 L. l . 
[M]’ (lOOk 255 (29), 277 (27), 212 (24). 184 (19), 135 (18); 
UV 1%” nm (log E): 260 (4.933, 283 (4.18), 294 (sh, 4.02). 305 
(3.88), 329 (3.41), 344 (3.75). 362 (3.88); IR v!$cm-‘: 
35tX~-3230,1615,1585,1490,860,840,810; ‘H NMR (MezCO- 
db):63.9Oand4.O8(each3H,s,20Me),6.77and6.%(each1H,d, 
J = 2 Hz, H-l and H-3 or via versa), 7.28 (lH, s, H-8), 7.48 and 
7.60 (each lH,d, J = 8 Hz, H-9 and H-10 or vice versa), 8.27 (2H, 
br, 20H, exchangeable with DzO), 9.10 (IH, s, H-5). 

Antimicrobial testing. Plastic microtitrc plates with 96 holes 
(74 x 10 mm) were used for assays. To each of the holes were 
added 20 ~15 % MezCO soln of the test compound and 80 pl of 
the medium (potato dextrose and potato sucrose broth for fungi 
and bacteria, respectively), and then microquantities of a bacterial 
soln (10’ cells/ml) or a microblock (0.5 x 0.5 x 0.5 mm) of the 
my&urn. After incubation at 20-25” for 2 days, inhibition was 
determined by measurement of the areas of myalical growth of 
the fungi and of the degree of all propagation, judged from the 
observed turbidity, of the bacteria. 
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