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Abstract—Three new phenolic acd derivatives, 1,3-0-di-trans-p-coumaroylglycerol, 1,2-0-di-trans-p-coumaroyvlgly-
cerol and chokorin were 1solated from stromata of Epichioe typhina on timothy plants Phleum pratense. Their
structures were established by spectroscopiec and chemical means.

INTRODUCTION spectrum (Table 2) and the mass fragmentations, m/z 164,
147 (base peak} and 119. Remaining signals 64 18-4.29
(5H, m) in the "H NMR and 365.3 (1) and 67.6 (d) 1n the
13C NMR specira suggested the presence of a 1,3-diacyl-

Stroma of Epichlve typhina has been called choke and
timothy chokes contain many varted classes of fungitoxic
compounds En previous studies, fungitoxic cyclopentan-
od sesquiterpenes, chokol A, B, C [1] and four C-18
hydroxyunsaturated fatty acds [2] were 1solated and
identified frem timothy chokes infected by E. typhina.
These compounds seem to be defense substances in the
diseased timothy plant Phlewm praiense aganst a second
invader such as Cladosporium phler [1] This paper deals
with the solation and siructure elucidation of three novel

but nen-fungitoxic phenolic glycertdes 1-3 together with 1 R=R =R =H
five known fungitoxic phenolic compounds 4-8. Ia Ri= R = R = ac
Ib R' = R = Ac, R* = H

RESULTS ANT DISCUSSION

Compound |, mp 194-1967, analysed for C,,H,,0,
by high resolution EIMS The IR spectrum exhibited the o
presence of hydroxyl (3340 cm ™), conjugated ester car-
bonyl (1690 cm™!) and para-substituted benzene ring
groups (1600 and 830 cm ') The *H NMR spectrum
(Table 1} showed the presence of two equivalent p-
coumarate moieties, 67.55 and 6 89 (J =8.8 Hz) for aro-
matic rmgs and 47 66 and 6.38 (J=15.8 Hz) for trans
doubie bonds, which was confirmed by the ?C NMR 2

Ja R = Ac
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glycerol moiety. Acetylation of 1 gave the symmetrc
triacetate la and the asymmetric diacetate 1b. In the
‘H NMR spectrum of triacetate 1a the deshielded signal
6541 (1H, m) was coupled with the protons of two
equitvalent methylenes, d437 (2H, dd, J=120 and
6.0 Hz) and 448 (2H, dd, J=120 and 40 Hz) These
signals were assigned to the protons of a glycerol morety
The IR, MS and 'H NMR spectral data of 1a were
identical with the diacetate of lasiocarpin A 1c¢ [3, 4]
Thus the structure of compound 1 was determined as 1,3-
O-di-trans-p-coumaroylglycerol

Compound 2 had the same molecular formula,
C,,H;405, as 1 The presence of two non-equivalent p-
cournarate moieties was easily deduced from the
'"H NMR spectrum (Table 1) The 'H NMR also showed
the presence of a 1,2-chacylgiycerol moety 45 23 (1H, m)
for an acylated methine proton, 4.37 (1H, dd, J=117
and 66 Hz) and 4.49 (1H, dd, J=117 and 40 Hz) for
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9 R = RI=H
10 R' = Me, RZ =}
11 R' = R? = M.

12 R!' = COOMe, R* = CH,0H
13 R!' = R? = (CH,0H
14 R' = R* = CHO

acylated methylene protons and 43 78-3 82 (2H, m) for
hydroxymethyl protons The presence of two methylenc
groups surrounding the methine group was confirmed by
sptn decoupling experiments n trradiating the signal at
4523 Based on the above spectral data the structure of 2
was determined as 1,2-0-di-trans-p-coumaroylglycerol
Compound 3, mp 226-228", [#]3* +00 (MeOH,
¢ 0 3), which we have named chokorin, had a molecular
formula C,,H,0,,, which was deduced from FDMS
miz 769 [M+H]*, high resolutton FIMS mjz 384
[1/2M] C,H,,Q,, PPCNMR (Table 2) and '"H NMR
(Table 3). Inthe 'H and '*C NMR spectra, the number of
signals observed was half that expected, suggesting that 3
had a completely symmetrical structure The IR spec-
trum showed hydroxyl (3370cm '), ester carbonyl
(171Gcm ') and para-substituted benzene ring groups
(1600 and 830 cm ™'y The '"H NMR spectrum ndicated
that 3 possessed two equivalent p-coumarate moileties
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Table 1. *HNMR spectral data of compounds 1, 1a, 1b and 2 (270 MHz, TMS as
mt standard)

H 1* la+ 1bt 2

la 448 dd (12.0, 40) 449 dd (117, 40)
1b 4374dd (120, 60) H4OM 437440117, 66)
2 418429m  Sdlm 538 m 523 m

3a 448 dd (120, 40)

- 4374020 g0 AMHIOm  3TE3Em

5 6414 (158)

> 638d(158) 6414 (160) 620 guey 6374058

6 7684(158)  765d(158)

¥ 7664 (158  7.694(160) 7634(161) 7634 (158)

8,12 7534 (88) 7564 (84)

5 TISd88) 13448 7184(88)  755d(34)

911 711488  690d(8.4)

68 639438 712438 6784 (88) 689 d(84)
2-0A¢ _ 2125 213 —

Ar-OAc - 231 s 2325 —

Coupling constants {/ 1n Hz) are given 1n parentheses

*Me,{O-d; as solvent
+CD(Cl, as solvent

Tabie 2. 1CNMR spectral data of compounds 1 and 3 (Me,CO-d,; solvent, TMS as mt standard)

1* 3t

C c C

1 653 (1) 1,10 1730 (5) G 860 (1)
2 676 (d) 211 433 (d) 22 68.1 (d)
3 653 (1) 312 420 (d) 3 66.3 (1)
41" 166.7 (s) 413 1309 (s) 44 168.1 (s)
52 114.6 (d) 59 5.5 1155 (d)
63 1450 (d) 14,18 1300(d) 66" 146 3 (d)
74" 1263 (s) 68 7 1271 ()
812,59 1303 (d) 15.17 116.4 () 812°87.12" 1314 (d)
QILES 1160 (d) 716 1578 (s) 919" 11" 1171 (d)
107" 1599 (5) 10°,10" 161.2 (s)

Multiphicity are given in parentheses
*250 MHz, COM and OFR.
167 8 MHz, COM and INEPT

37.56 and 6.90 (J =8.8 Hz) for benzene rings and §7.63
and 6 35 (J=15.8 Hz) for trans double bonds, and two
other equivalent para-hydroxyl benzene rings 67.22 and
6.81 (J=8.8 Hz). These assignments were further sup-
ported by the 2D 'H COSY and '"H-'3C COSY. In the
13C NMR spectrum the signal at 6173.0 was assigned to
a non-conjugated ester carbonyl carbon. The signal at
368.1 (d) whose proton was correlated to §3.78 by 'H-
'3C COSY was assigned to a hydroxylated methine car-
bon from the "H NMR chemical shift. Two remaining
signals at d66.0 (t) and 66.3 (t) were attnibuted to oxygen-
ated methylene carbons whose oxygens must be acylated.
To resolve the complicated signals at §3.75-4.45 in the
'"H NMR of 3, further analyses were carried out with a
hexaacetate 3a obtained by treatment of 3 with acetic
anhydride—pyridine. [n the 'H NMR spectrum of 3a in
CgDy, the signal at $3.78 of 3 was shifted downfield §5 16

(m, H-2', 2") and was coupled with four signals at §4.19
(dd,J=119,44 Hz, H-3a', 3a"),4.13(dd, J =119, 5.5 Hz,
H-3b’,3b"), 4.07 (dd, J =11.9,4.6 Hz, H-1a’, 1a”) and 3.75
(dd, J=11.9, 49 Hz, H-1b', 1b"”). These coupling data
indrcated the presence of a 1,3-diacyl-2-acetylglycerol
motety for a partial structure. Remaining methine pro-
tons at 84 53 (2H) and 3.89 (2H) were coupled with each
other (J=10.6, 7 3 Hz) and this evidence suggested that
the above methine carbons constituted a 1,2,3,4-tetrasub-
stituted cis, trans, cts-cyclobutane ring system. Further-
more, each methine carbon of cyclobutane should be
substituted by p-hydroxyphenyl and ester carbonyl
groups alternately [57. The partial structures mentioned
above were corroborated by detailed spin decoupling
experiments in benzene and further supported by 2D
YH COSY and spin decoupling experiments in CDCl; as
solvent. Based on the above spectroscopic data the
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Table 3 'H NMR spectral data of chokorin (3) and hexaacciate 3a
(270 MHz, TMS as mt standard)
H 3* 3at 3al
2,11 3924d(104,72) 398 dd {106, 73) 3R89 dd(106. 73
312 438 44 (104,72) 443 4d (106.73) 453 44{(106 T3
59.14,18 722488 7334088 699 d (4 8)
6.8.15.17 681 d (88} 708 4(88) 087 d(88)
ta',la” 392 m 406 m 407 dd (119, 46)
b 1b” 378 m 37Mdd(117,51)  375dd{11 9,49
227 378 m 52 m Si6m
Ja'3a” 419dd (119, 44)
33" 403 m 406 m 413 dd (119.55)
5.5 635d{158) 636 d(158) 632d{161)
6.6 763d(158) 764 d(158) 713d(161)
8,12° 8,12 756 d (8 8) 755d(88)
o 705-725
91179711 690 d (% 8) 7134(88) "
7.16-OH 827 brs —
22" OH 423 4(55) -
10°,10"-OH 891 brs - —
7.16-0Ac - 222 171s
2.2"-0Ac — 202« 169 s
107, 10" -OAc 231 174 5
Coupling constants {/ in Hz) ure given in parentheses
*Me,CO-dy as solvent
+CDCl; as solvent
1C. Dy as solvent
Table 4. '"H NMR spectral data of compounds 10-14 {270 MHz, TMS as int standard)
H 10* 1y 12* 13* 147
2 386 dd (103,733 3904d {104, 71) 393 ddd (103 313dde (93,71, 381 ddd (104, 7 1,
77,07 73) 17
11 I2m
3 420 dd (95,77}
2 431 dd (103, 73)  438dd (104, 71) 379 dd (103, 59) 358dd(93.71h) 460 dd (104, 71)
59 5 7294 4(8%)
14.18 717d(88) 721di88) 7286 & (8 8) 732 4(88) 19d{82)
6.8 ] 690 d (8 8) \
15.17 679 d(88) 686 d (B8 657 d (8 8) 688 d(88) 687d4(82)
COOMe 33t 333 328 s — —
Ar OMe --- 379 379 s 378 s 3795
378 s
0-CH, — -- 3424 (66) 337d(73) -
CHO — — - — 949417

Coupling constants (J 1 Hz) are given in parentheses
*Me,CO-d, as solvent
+CDClIy as solvent

structure bis-(3-trans-p-coumaryloxy-2-hydroxyjpro-
pyl  cistrans,cis-2,4-bis-(4-hydroxy)phenyl-1,3-cyctobu-
tanedicarboxylate was assigned to chokorm (3)
Furthermere the 'H NMR studies of compounds
10—-14 (Table 4) derived from 9 [6] (sce Experimental)
confirmed the stereochemistry of the cyclobutane of 3,
and '"H NMR assignments of 3 were determmaed as fol-
lows Firstly, the upfield shifted methylene (52.92 and
3 78) of the glycerol mowety m 3 was determined to be

adjacent to a carboxyl group of cyclobutanc, because the
signal of a carbomethoxy methyl of 10 appeared at
3331 ppm and this upfield shift was caused by the phenyl
group at cis position Secondly, the assignments, of cyclo-
butyl protons of 3 were established by comparison with
12 and 14, whose assignments were deduced from
coupling constants and further confirmed by spin
decoupling experiments in the case of 12 Therefore 1n the
'H NMR spectrum of 3, the signal at d4.38 was assigned
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to H-3 and H-12, and 6392 t0 H-2 and H-11. On the
basis of the 'H NMR assignments of 3, the 1*C NMR
assignments were also established by 'H-13C COSY
spectrum (Table 2).

Additionally, alkaline hydrolysis of 3 with 5% pot-
assium hydroxide-methanol gave p-coumaric acid d, gly-
cerol and 4,4'-dihydroxy-e-truxillic acid 9. The latter was
ident:fied by direct comparison with synthetic 9 [6].
These results supported the proposed structure of 3
Moreover photo-dimenization of 1 in H,0 gave a dimer
product which was spectroscopically identical with 3
This evidence implies that biogenesis of 3 from 1 in
sunlight 1s likely to be by a mode different from the
oxidative coupltng m lignan formation [7].

Five other phenolic compounds trans-p-coumaric acid
4, cis-p--coumaric acid 5, p-hydroxybenzoic acid 6, p-
hydroxyphenylacetic acid 7 and tyrosol 8 were 1solated
and identified by spectral data and direct comparison
with authentic samples. Most of them, 4-8, mhibited the
growth of Cladosporium herbarium, demonsirated by
means of TLC bioautography [8], but interestingly com-
pounds 1-3 had no activity even though the trans-p-
coumarate moiety is present in each molecule.

Natural phenolic glycerides have been isolated from
several plant sources: Gramineae [9-11], Salicaceae [3, 4,
11], Bromehaceae [12] and Liliaceae [13] So the 150la-
ted compounds 1-3 may be produced by Phleum pratense
and not by the choke disease fungus E. typhina, although
this would be difficult 1o establish in a complicated
system like choke.

EXPERIMENTAL

Extraction and wolation of 1-3 Timothy chokes (20 kg) was
extracted with 70% EtOH (103 1) The extract was evapd and the
aq residue partitioned between n-hexane and H,0O. The result-
ing aq soln was further partitioned between EtOAc and H,O.
The EtOAc soln was dned on Na,80,, filtered and evapd to
dryness and the residue {43 g) chromatographed on silica gel
column (1200 g) with CHCl,—-MeOH (19 1) and then a silica gel
column {300 g) with CHCl,—Me,CO (7 3) A fraction containing
phenolic compounds was cryst from MeOH and sepd into the
filtrate and the crude crystals. The crude crystals (329 mg) were
separated by CC on sihica gel (30 g} wsing CHCl,-MeOH (9 1)
and crystallized from the column fractions to give I (170 mg)
and 3 (16 mg), each as colourless needles The filtrate was evapd
to dryness (551 mg) and punfied by silica gel CC using
CHC1,-Me,CO (4:1) followed by HPLC (p-BONDAPAK C-
18} with H,O-MeCN (3:2) to give 2 (2 mg) mn an amorphous
state.

Compourd 1  1,3-0-Dhr-trans-p-coumaroylglycerol  Mp
194-196° FDMS m/z 384 {M]*; ETMS m/z (rel int} 384 1176
[M]* (0 6) {caled. for C;,H 00, 384 1209), 238, (6.7), 207 (6 1),
164 (34 8), 147 (100), 119 (28 2), 91 (23.7), 44 (44 3) IR vF* ¢!
3349, 1690, 1600, 1250, 1170, 1040, 980, 830 'H NMR (Table 1)
1*C NMR (Table 2).

Acetylation of 1. Campound 1 (19 mg) was acetylated with
Ac;0O (1 5 mly-pyndine (0.5 ml) at room temp for 22 hr After
evapn, the residue was purified by silica gel CC (3 g) with
Me,CO-C.H; (7.93) to give the tnacctale 1a (16 mg) and
dizcetate 1b (3 mg), each as a colourless viscous o1l 1a, EIMS
m/z (rel, it} S101572 [M]* (03) (caled for C,,H,,00
510 1526), 468 (13 9), 426 (2.5), 322 (5.6), 189 (13 8), 164 (7 0), 147
(100), 119 (12.3), 91 {10.5), 83 (114}, 81 ¢10.5), 71 (11 1), 57 (21.4),
55 (212), 43 (65 8), 41 (188). IR v{i™ e~ 3020, 2950, 1770,
1720, 1640, 1600, 1500, 1370, 1200, 1010, 910, 760. '"H NMR
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{Table 1) Dracetate 1b, ETMS m/z (rel int) 468. 1440 [M]* (8 9)
(caled for C, H,,0, 468 1421), 426(2.3), 262 (3 2), 189 (9 6), 164
(69), 147 (100), 119 {144), 91 (132), 65 (67), 43 {430}
[Rvfimem =" 3400, 2940, 1720, 1640, 1610, 1515, 1210, 1170,
1020, 840, 760 'H NMR (Table 1)

Compound 2 1,2-0-Dn-trans-p-coumaroylglycerol EIMS m/z
(rel mt ) 384. 1227 [M]* (19) (caled for C,,H,,0., 384 1209),
238(15), 220 (20), 207 (1 B), 164 (11 3), 147 (100}, 119 (14 1), 91
99),44 (160) [Rvi¥mcm ™" 3350, 2930, 1700, 1600, 1510, 1270,
1160, 830 [a]3* £00° (MeOH; c 012) ‘H NMR (Table 1).

Compound 3. Bis(3-trans-p-coumaryloxy-2-hydroxy)propyl
cis, trans, cis- 2,4-bis(4-hydroxy)phenyl-1,3-cyclobutanedicarbo-
xylate Mp 226-228°, FDMS m/z (rel. 1nt.} 807 [M +K]* (28.9),
791 [M -+ Na]™ (600), 769 [M + HJ* (100}, 385 (28 6), EIMS m/z
(rel mt) 384 1192 [1/2MQF (1 9) (caled far C H, 0O, 384
1209), 292 (1 1), 267 (1 2), 238 (11 1), 223 (1 3), 221 (1 8), 220 (1 4),
207 {1.9), 164 (11.1), 147 {100), 120 (11.1), 119 {211}, 65 (13 5)
IRvKBrem™1 3370, 1710, 1600, 1510, 1440, 1260, 1170, 830
[«]3* £0.0° (MeOH, c03) 'HNMR (Table3) '3C NMR
(Table 2)

Acetylation of 3 Compound 3 (8 0 mg) was acetylated with
Ac,0 (03 ml}-pyndine (03 ml) at room temp for 18 hr, After
the usual work-up, the residue was punified by silica gel CC (5 g)
with EtQAc—C.H, (2 3) to give the hexaacetate 3a (44mg) as a
colourless viscous o1l FDMS m/z (rel nt) 1021 [M+H]*
(100}, 978 [M+H —Ac] " (27 1), 507 (33 5); EIMS m/z (rel 1nt.)
468 (2.5), 426 (0.9), 304 (19), 280 (1 2), 262 (4 1), 189 (6 7), 164
(382), 147 (100}, 119 (196), 91 (190), 43 (819) IR v cm?
2930, 1760-1730, 1640, 1600, 1505, 1370, 1180, 1020, 915, 8B40,
755 'HNMR (Table 3).

Alkalime hydrolysis of 3. Compound 3 (8 mg) was treated with
5% KOH-MeOH (8 ml) under reflux for 21 hr. The solvent was
evaporated and the residue was aadified with cooled 1 N HCI1
and extracted with EtOAc The EtOAc layer was dned, concd
and punfied by silica gel CC (5 g) with MeOH-CHCl,, HOAc
(10.90.1) to give rrans-p-coumaric acid 4 (3 mg) as a colourless
viscous o1l and 4,4’-dihydroxy-s-truxillic acid 92 mg) as a white
amorphous solid, whose physical and spectral data were 1dent-
1cal to those of zuthentic samples (See below) The aq layer was
neutrahzed with satd aq Na,CO, and evapd to dryness and the
residue extracted with EtOAc¢ Removal of solvent gave glycerol
as a viscous substance (ca 0 5 mg), EIMS m/z- 93 [M + H]*

Photo-dimenisation of 1 Compound 1 (19 mg) was suspended
in 1ml of H,O and stirred After 20 hr of irradiation with a
250 W lamp at room temp., solvent was removed and the residue
was purified by silica gel CC (10 g) with CHC1,-MeOH (9 1) to
give a white solid (8 mg), whose spectral data were 1dentical (o
those of 3.

Preparatron of 44" -dihydroxy-o-truxillic acid 9 9 was pre-
pared from trans-p-coumaric acid 4 according to the procedure
previcusly described [7] Mp 310° (It [7] 340°), EIMS m/z (rel
mt) 3280930 [M]* {01} (caled for C gH,4O,. 328 0945), 225
(123), 164 {329), 147 (13 8), 120 (100}, 119 (31 3), 91 (54 0), 44
(830) "H NMR (270 MHz, CD,0OD) 720(d, J=84 Hz, H-5,9,
14, 18), 671 (d, J=84 Hz, H-6, 8, 15, 17), 424 (br dd, J=92,
66 Hz H-3, 12), 377 (br s, H-2, 11)

Methylution of 9 9 {25 mg) was treated with excess CH;N, 1n
Et,0-MeQH for 10 hr After removal of solvent, the reaction
mixture was separated by siica gel CC (10g) with
CHCI3-Me,CO (19.1) to give dimethyl 4,4'-dihydroxy-z-truxill-
ate 10 (2mg) and dimethyl 4.4'-dimethoxy-g-truxillate 11
(11 mg} each as colourlcss needles 10, mp 174-177°, EIMS m/z
{rel mt) 356 1241 [M]* (0.3) (caled for CygH0O,. 356 1257),
236 (6.8), 222 (8.0), 192 (67), 179 (159), 178 (100), 147 (587)
'H NMR (Table 4) 11, mp 122-124° (it [7] 129-130°), EIMS
m/z (rel int) 3841565 [M]* (02) (caled for C,,H,, 0
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384 1573), 206 (12 2), 192 (1003, 161 (500), 133 (14 3) 'H NMR
{Table 4)

Reduction of 11. To a cooled (— 70°) soln of 11 (10 mg)in THF
{2 ml) under N, was added DIBAH {2 eq) and the soln stirred for
45hr (=70~ --40°} The reaction was quenched with half-satd
aq NH,CI, the soln acidified with 1| N HCl and the products
extracted with Et, O, dried, coned and punfied by silica gel prep
TLC with CHCl,-Me,CO (9 1) to give monoel 12 (4 mg) and
diol £3 (2 mg} each as a viscous oil Monool 12, FTMS my/x (rel
imt) 356 1664 [M]* (D 1), {caled for €,,H,,0, 356 1624), 192
(11 5), 164 (100), 161 (21 7), 121 (764), 108 (428) 'H NMR
{Table 4) Dnel 13, EIMS m/z (rel mt) 328 1685 [M]' (08}
{valed for €, H,, 0, 328 1675), 178 (6 2), 164 (100}, 121 {90 8),
108 (46 9) 'H NMR (Table 4)

Oxidarion of 13 13 (18 mg} was oxidized with PDC m
CH,Cl, for 11 hr After addition of satd aqg NH,Cl, the product
was extracted with Et,Q, dried evapd and purified by silica gel
CC (5 g) with EtOAc—n-hexane (3 7) to give 4,4 -dimethoxy-u-
truxillaldehyde 14 (1 § mg) EIMS m/z (rel nt) 324 1378 [M]*
(51 2) (caled for C o H,,0, 324 1361), 280 (639, 173 (84 4), 121
{100) TH NMR (Table 4)
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