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Abstract--Three new phenohc acid derivatives, 1,3-O-di-trans-p-coumaroylglycerol, 1,2-O-di-trans-p-coumaroylgly- 
cerol and chokorm were isolated from stromata of Ep~chloe typhma on timothy plants Phleum pratense. Their 
structures were established by spectroscopic and chemical means. 

INTRODUCTION 

Stroma of Ep~chloe typhma has been called choke and 
timothy chokes contain many vaned classes of fungltoxic 
compounds In previous studies, fungltoxm cyclopentan- 
oJd sesqmterpenes, chokol A, B, C [1] and four C-18 
hydroxyunsaturated fatty acids [2] were isolated and 
identified from timothy chokes infected by E. typhina. 
These compounds seem to be defense substances m the 
diseased timothy plant Phleum pratense against a second 
invader such as Cladospormm phlel [1] This paper deals 
with the ~solatlon and structure eluodatmn of three novel 
but non-fungltOXlC phenohc glycendes 1-3 together with 
five known fungltoxlc phenohc compounds 4-8. 

RESULTS AND DISCUSSION 

Compound 1, mp 194-196 °, analysed for C2IH200 7 
by high resolution ElMS The IR spectrum exhibited the 
presence of hydroxyl (3340 cm- l), conjugated ester car- 
bonyl (1690cm -1) and para-substituted benzene ring 
groups (1600 and 830 cm -1) The 1H NMR spectrum 
(Table 1) showed the presence of two eqmvalent p- 
¢oumarate moieties, 67.55 and 6 89 (J=8.8 Hz) for aro- 
matic rings and 3766 and 6.38 (J=15.8 Hz) for trans 
double bonds, which was confirmed by the ~aC NMR 

spectrum (Table 2) and the mass fragmentations, m/z 164, 
147 (base peak) and 119. Remaining signals 34 18-4.29 
(5H, m) in the IH NMR and 365.3 (t) and 67.6 (d) in the 
t3C NMR spectra suggested the presence of a 1,3-&acyl- 
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glycerol moiety. Acetylatlon of 1 gave the symmetric 
triacetate la and the asymmetric &acetate lb. In the 
tH NMR spectrum of tnacetate la the deshlelded signal 
65.41 (1H, m) was coupled with the protons of two 
equivalent methylenes, 6437 (2H, dd, J = 1 2 0  and 
6.0 Hz) and 4.48 (2H, dd, J= 12 0 and 4.0 Hz) These 
signals were assigned to the protons of a glycerol mo)ety 
The IR, MS and 1H NMR spectral data of la were 
identical with the &acetate of laslocarpm A l e  [-3, 4] 
Thus the structure of compound 1 was determined as 1,3- 
O-&-trans-p-coumaroylglycerol 

Compound 2 had the same molecular formula, 
C21H2oO7, as 1 The presence of two non-equlvalent p- 
coumarate moieties was easily deduced from the 
1H NMR spectrum (Table 1) The ~H NMR also showed 
the presence of a 1,2-&acylglycerol moiety 35 23 (1 H, m) 
for an acylated methme proton, 34.37 (IH, dd, J= 11 7 
and 66Hz)  and 4.49 (1H, dd, d = l l  7 and 40Hz)  for 

acylated methylene protons and 63 78-3 82 (2H, m) for 
hydroxymethyl protons The presence of two methylene 
groups surrounding the methme group was confirmed by 
spin decouphng experiments m ~rradmtmg the s~gnal at 
3 5 23 Based on the above spectral data the structure of 2 
was determined as 1,2-O-dl-trans-p-coumaroylglycerol 

Compound 3, mp 226 228', [~]~4 + 0 0  (MeOH, 
c 0 3), which we have named chokorm, had a molecular 
formula C42H4oO14, which was deduced from FDMS 
m/z 769 [ M + H ]  +, high resolution EIMS m/z 384 
[1/2 M] + C21H2oO 7, 13C NMR (Table 2) and 1H NMR 
(Table 3). In the tH and 13 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 1), ester carbonyl 
(1710 cm -I) and para-substltuted benzene ring groups 
(1600 and 830 cm- l) The IH NMR spectrum indicated 
that 3 possessed two eqmvalent p-coumarate moieties 
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Table 1. IH NMR spectral data of compounds 1, la, lb and 2 (270 MHz, TMS-as 
mt standard) 

H 1" l a t  l b t  2* 

la 448 dd (12.0, 40) 4.34 4 50m 449 dd (11 7, 4.0) 
lb 4 37 dd (12.0, 60) 4.37 dd (11 7, 6.6) 
2 4 18-4 29 m 5.41 m 5 38 m 5 23 m 

3a 4.48 dd (12 0, 4 0) 4.34--4.50 m 3.78-3 82 m 
3b 4 37 dd (12.0, 6.0) 
5 6 41 d (15 8) 
2' 638d(158) 641d(16.0) 629d(161) 6.37d(158) 

6 768 d(158) 765 d (15.8) 
3' 7.66 d (15 8) 7.69 d (160) 763 d(161) 7.63 d (15 8) 

8,12 7 53 d (8.8) 7 56 d (8 4) 
5',9' 7.55 d (8.8) 7.54 d (8.8) 7 38 d (8 8) 7 55 d (8 4) 

9,11 7 11 d (8 8) 6 90 d (8.4) 
6',8' 6 89 d (8 8) 7 12 d (8 8) 6 78 d (8 8) 6 89 d (8.4) 

2-OAc - -  2 12 s 2 13 s - -  
Ar-OAc - -  2 31 s 2.32 s - -  

Coupling constants (J m Hz) 
* M%CO-d 6 as solvent 
tCDCl 3 as solvent 

are given In parentheses 
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Table 2. IaCNMR spectral data of compounds 1 and 3 (Me2CO-d 6 solvent, TMS as mt standard) 

1" 3t 

C C C 

1 65 3 (t) 1,10 173 0 (s) 1',1" 66.0 (t) 
2 67 6 (d) 2,11 48.3 (d) 2',2" 68.1 (d) 
3 65 3 (t) 3,12 42 0 (d) Y,3" 66.3 (t) 
4,1' 166.7 is) 4,13 130 9 (s) 4',4" 168.1 (s) 
5,2' 114.6 (d) 5,9 130 0 (d) 5',5" 115 5 (d) 
6,3' 145 0 (d) 14,18 6',6" 146 3 (d) 
7,4' 126 3 (s) 6,8 7',7" 127 1 (s) 
8,12,5'9' 130.3 (d) 15,17 116.4 (d) 8',12',8",12" 131 4 (d) 
9,11,6',8' 116.0 (d) 7,16 157 8 (s) 9',11',9",11" 117 1 (d) 
10,7' 159 9 (s) 10',10" 161.2 (s) 

Multlplloty are given m parentheses 
*250 MHz, COM and OFR. 
t67 8 MHz, COM and INEPT 

67.56 and 6.90 ( J = 8 . 8  Hz) for benzene rings and 67.63 
and 6 35 ( J =  15.8 Hz) for trans double bonds, and two 
other eqmvalent  para-hydroxyl benzene rings 67.22 and 
6.81 ( J = 8 . 8  Hz). These assignments were further sup- 
ported by the 2D 1H COSY and IH-~3C COSY. In the 
13C N M R  spectrum the signal at 6173.0 was assigned to 
a non-conjugated ester carbonyl carbon. The signal at 
668.1 (d) whose proton was correlated to 63.78 by ~H- 
~3C COSY was assigned to a hydroxylated methme car- 
bon from the ~H N M R  chemical shift. Two remaining 
signals at 666.0 (t) and 66.3 (t) were attributed to oxygen- 
ated methylene carbons whose oxygens must be acylated. 
To resolve the comphcated signals at 63.75-4.45 in the 
~H N M R  of 3, further analyses were carried out with a 
hexaacetate 3a obtained by treatment of 3 with acetic 
anhydride-pyridine. In the ~H N M R  spectrum of 3a in 
C6D6, the signal at 63.78 of 3 was shifted downfield 6 5 16 

(m, H-2', 2") and was coupled with four signals at 64.19 
(dd, J = 11.9, 4.4 Hz, H-3a',  3a"), 4.13 (dd, J -- 11.9, 5.5 Hz, 
H-3b',  3b"), 4.07 (dd, J = 11.9, 4.6 Hz, H- l a ' ,  la")  and 3.75 
(dd, J =  11.9, 4 9 Hz, H- lb ' ,  lb"). These couphng data 
indicated the presence of a 1,3-diacyl-2-acetylglycerol 
moiety for a partml structure. Remaining methme pro- 
tons at 64 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- 
stltuted cis, trans, cts-cyclobutane ring system. Further-  
more, each methlne carbon of cyclobutane should be 
substituted by p-hydroxyphenyl and ester carbonyl 
groups alternately [5-1. The partial structures mentioned 
above were corroborated by detailed spin decouphng 
experiments in benzene and further supported by 2D 
IH COSY and spin decoupling experiments in CDC13 as 
solvent. Based on the above spectroscopic data  the 
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Table 3 
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~H NMR spectral data of chokorm (3) and hexaacetate 3a 

(270 MHz, TMS as mt standard} 

H 3* 3a t 3a+ + 

2,11 3 92 dd (104, 72) 398 dd (106, 73) 3 8 9 d d ( 1 0 6 , 7 3 )  

3,12 438 dd (104, 7 2) 4 4 8 d d ( 1 0 6 , 7 3 )  453 dd (106 73) 
5,9,14,18 7 22 d (8 8) 7 33 d (8 8) 6 99 d (8 8) 
6,8,15,17 6 8l d (8 8) 708 d (8 8) 687 d (8 8) 
la ' , la"  3 92 m 406 m 407 dd (1l 9, 4 6) 
lb ' , lb"  3 7 8 m  37t d d ( l l  7, 5 1) 375 dd (11 9,49) 
2',2" 378 m 502m 5 1 6 m  

4 19 dd (1l 9, 44) 
3a',3a" 4 03 m 4 06 m 
3b',3b" 4 13 dd (11 9, 5 5) 
5',5" 6 35 d (15 8) 6 36 d (15 8) 6 32 d (16 1) 
6',6" 7 63 d (15 8) 7 64 d (15 8) 7 73 d (16 l) 

8',12',8',12" 7 56 d (8 8) 7 55 d (8 8) 7 05-7 25 m 
9',11",9",11" 6 90 d (8 8) 713 d (8 8) 
7,16 OH 8 27 br s - - 

2',2" OH 4 23 d (5 5) 
I0' ,10"-OH 8 91 br s - -  - -  

7,16 OAc 222,s 171 s 
2',2"-OAc 2 02 ~ 1 69 s 
10',10"-OAc 231 s 1 74 s 

Couphng constants (J m Hz) are given m parentheses 
*Me2CO-d o as solvent 
tCDC13 as solvent 
+C6D 6 as solvent 

Table 4. ~H NMR spectral data of compounds 10-14 (270 MHz, TMS as mt standard) 

H 10" l i t  12" 13" 14t 

2 3 86 dd (103, 7 3) 390 dd (104, 7 1) 3 9 3 d d d ( 1 0 3  313  ddt (9 3, 71 ,  3 8 1 d d d ( 1 0 4 , 7 1 ,  

77, 07) 73) 1 7) 
11 3 1 2 m  

3 431 dd (103, 73) 438 dd (104, 7 1) 421 dd (9 5, 77) 358 dd(93, 7 1) 460 dd(104, 7 t) 
12 3 79 dd (103, 5 9) 

5,9 717 d (8 8) 7 21 d (8 8) 7 294 d (8 8) 14,18 7 286 d (8 8) 7 32 d (8 8) 7 19 d (8 2) 

6,8 6 79 d (8 8) 6 86 d (8 8) 6 90 d (8 8) 688 d (8 8) 6 87 d (8 2) 
15,17 6 87 d (8 8) 
COOMe 3 31 s 3 33 ~ 3 28 s . . . . . . .  
Ar -OMe - 3 79 s 3 79 ,s 3 78 ~ 3 79 s 

378 
O - C H  2 3 42 d (6 6) 3 37 d (7 3) - 
CHO - 949 d(1 7) 

Couphng constants (J m Hz) are gwen in parentheses 
*Me2CO-d 6 as solvent 
tCDCI  3 as solvent 

s t ruc tu re  b l s - ( 3 - t r a n s - p - c o u m a r y l o x y - 2 - h y d r o x y ) p r o -  

pyl c i s , t r a n s , c t s - 2 , 4 - b l s - ( 4 - h y d r o x y ) p h e n y l - l , 3 - c y c l o b u -  

t ane d l c a r boxy l a t e  was ass igned  to c h o k o r m  (3) 
F u r t h e r m o r e  the  ~H N M R  studies  o f  c o m p o u n d s  

10-14 (Table 4) der ived  f rom 9 [6]  (see Exper imenta l )  
con f i rmed  the  s t e reochemis t ry  of  the  cyc lobu tane  of  3, 
a n d  ~H N M R  ass ignmen t s  o f  3 were d e t e r m i n e d  as fol- 
lows First ly,  the  upfield shif ted me thy lene  (63.92 and  
3 78) of  the  glycerol  moie ty  m 3 was d e t e r m i n e d  to be 

ad jacen t  to a ca rboxy l  g r o u p  o f  cyc lobutane ,  because  the 
signal o f  a c a r b o m e t h o x y  methyl  o f  10 appea red  at 
63 31 p p m  and  this upfield shift was caused  by the phenyl  
g r o u p  at  c~s pos i t ion  Secondly,  the  ass ignments ,  of  cyclo- 
butyl  p r o t o n s  o f  3 were e s t abhshed  by c o m p a r i s o n  with 
12 and  14, w h o s e  ass ignments  were deduced  f rom 
c o u p h n g  cons t an t s  and  fur ther  conf i rmed  by spin 
d e c o u p h n g  exper imen t s  m the case of  12 There fore  m the 
tH N M R  spec t rum of  3, the  signal at 64.38 was ass igned 
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to H-3 and H-12, and ~392 to H-2 and H-11. On  the 
basis of the ~H N M R  assignments of 3, the ~3C N M R  
assignments were also established by 1H-13CCOSY 
spectrum (Table 2). 

Ad&tionally, alkaline hydrolysm of 3 with 5% pot- 
assium hydroxide-methanol  gave p-coumarlc acid 4, gly- 
cerol and 4,4'-dihydroxy-ct-truxillic acid 9. The latter was 
identified by direct comparison with synthetic 9 [6]. 
These results supported the proposed structure of 3 
Moreover  photo-dtmerlzation of 1 in H 2 0  gave a &mer 
product which was spectroscopically identical with 3 
This evidence implies that biogenesis of 3 from 1 in 
sunhght is hkely to be by a mode &fferent from the 
oxidatwe couphng m lignan formation [7]. 

Five othex phe~xolJc comp~uads  tra~s-p-cotLmaric ackt 
4, c~s-p--coumaric acid 5, p-hydroxybenzolc acid 6, p- 
hydroxyphenylacetic acid 7 and tyrosol g were isolated 
and identified by spectral data and direct comparison 
with authentic samples. Most  of them, 4 ~ ,  inhibited the 
growth of Cladosportum herbarium, demonstrated by 
means of TLC bloautography [8], but interestingly com- 
pounds 1-3 had no actwlty even though the trans-p- 
coumarate  moiety is present in each molecule. 

Natural  phenolic glycendes have been isolated from 
several plant sources: Gramineae [9-11], Salicaceae [3, 4, 
11], Bromehaceae [12] and Lili~/ceae [13] So the Isola- 
ted compounds 1-3 may be produced by Phleum pratense 
and not by the choke disease fungus E. typhma, although 
this would be difficult to establish in a complicated 
system like choke. 

EXPERIMENTAL 

Extraction and zsolatlon 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 H20. The result- 
ing aq soln was further partitioned between EtOAc and H20. 
The EtOAc soln was dried on Na2SO4, filtered and evapd to 
dryness and the residue (43 g) chromatographed on silica gel 
column (1200 g) with CHCla-MeOH (19 1) and then a silica gel 
column (300 g) with CHC13-Me2CO (7 3) A fraction containing 
phenohc compounds was cryst from MeOH and sepd Into the 
filtrate and the crude crystals. The crude crystals (329 mg) were 
separated by CC on silica gel (30 g) using CHCls-MeOH (9 1) 
and crystallized from the column fractions to give 1 (170 mg) 
and 3 (16 mg), each as colourless needles The filtrate was evapd 
to dryness (551 mg) and purified by silica gel CC using 
CHCIa-Me2CO (4:1) followed by HPLC (p-BONDAPAK C- 
18) with H20-MeCN (3:2) to give 2 (2 mg) in an amorphous 
state. 

Compound 1 1,3-O-Dl-trans-p-coumaroylglycerol Mp 
194-196°; FDMS m/z 384 [M] +; EIMS m/z (rel int ) 384 1176 
[M] + (0 6) (calcd. for C21H2oO 7 384 1209), 238, (6.7), 207 (6 1), 
164(348), 147(t00), 119 (28 2),91 (23.7),44(443) IR v ~  cm -~ 
3340, 1690, 1600, 1250, 1170, 1040, 980, 830 ~H NMR (Table 1) 
iac NMR (Table 2). 

Acetylatlon of 1. Compound 1 (19 rag) was acetylated with 
Ac20 (1 5 ml)-pyrldlne (0.5 ml) at room temp for 22 hr After 
evapn, the residue was purified by silica gel CC (3 g) with 
Me2CO-C6H 6 (7.93) to give the trlacetate la (16mg) and 
&acetate lb (3 mg), each as a colourless viscous oil la, EIMS 
m/z (tel. int): 5101572 [M] + (03) (calcd for C2TH2601o. 
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 (11 4), 81 (10.5), 71 (11 1), 57 (21.4), 
55 (21 2), 43 (658), 41 (188). I R v ~ c m  -L 3020, 2950, 1770, 
1720, 1640, 1600, 1500, 1370, 1200, 1010, 910, 760. IH NMR 

(Table 1) Dlacetate lb, EIMS m/z (rel lnt ) 468. 1440 [M] ÷ (8 9) 
(calcd for C25H2409 468 1421), 426 (2.3), 262 (3 2), 189 (9 6), 164 
(69), 147 (100), 119 (144), 91 (132), 65 (67), 43 (430). 
IRv~mcm -1 3400, 2940, 1720, 1640, 1610, 1515, 1210, 1170, 
1020, 840, 760 1H NMR (Table 1) 

Compound 2 1,2-O-Dl-trans-p-coumaroylglycerol EIMS m/z 
(rel Int)" 384. 1227 [M] ÷ (1 9) (calcd for C21H2007 384 1209), 
238 (1 5), 220 (20), 207 (1 8), 164 (11 3), 147 (100), 119 (14 1), 91 
(9 9), 44 (160) IR v ~  cm-1 3350, 2930, 1700, 1600, 1510, 1270, 
1160, 830 [~t] 2'* _+00 ° (MeOH; c 0 12) IH NMR (Table 1). 

Compound 3. Bls(3-trans-p-coumaryloxy-2-hydroxy)propyl 
cis, trans, cts- 2,4-bls(4-hydroxy)phenyl- 1,3-cyclobutane&carbo- 
xylate Mp 226-228 °, FDMS m/z (rel. rot.) 807 [M +K] + (28.9), 
791 [-M + Na] + (60 0), 769 [M + HI ÷ (100), 385 (28 6), EIMS m/z 
(re.l_ L~L). 384 LL92 [U2M]  + (t9). (cal_cd fat CzrHze, O 7 384 
1209), 292 (1 1), 267 (1 2), 238 (11 1), 223 (1 3), 221 (1 8), 220 (l 4), 
207 (1.9), 164 (11.1), 147 (100), 120 (11.1), 119 (21 1), 65 (135) 
IRvKm~[Cm -1 3370, 1710, 1600, 1510, 1440, 1260, 1170, 830 
[ct] 24 _+0.0 ° (MeOH, c03) IH NMR (Table 3) 13CNMR 
(Table 2) 

Acetylatton of 3 Compound 3 (8 0 mg) was acetylated with 
Ac20 (0 3 ml)-pyridine (0 3 ml) at room temp for 18 hr. After 
the usual work-up, the residue was purified by silica gel CC (5 g) 
with EtOAc~SoH 6 (2 3) to give the hexaacetate 3a (4 4 mg) as a 
colourless viscous oil FDMS m/z (rel int) 1021 [M+H]  + 
(100), 978 [M + H -  Ac] + (27 1), 507 (33 5); EIMS m/z (tel int.) 
468 (2.5), 426 (0.9), 304 (1 9), 280 (1 2), 262 (4 1), 189 (6 7), 164 
(382), 147 (100), 119 (196), 91 (190), 43 (819) I R v ~ c m  -~ 
2930, 1760-1730, 1640, 1600, 1505, 1370, 1180, 1020, 915, 840, 
755 ~HNMR (Table 3). 

Alkaline hydrolyszs 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 acidified with cooled 1 N HCl 
and extracted with EtOAc The EtOAc layer was dried, concd 
and purified by silica gel CC (5 g) with MeOH-CHCI3, HOAc 
(10.90.1) to give trans-p-coumarlc acid 4 (3 mg) as a colourless 
viscous oil and 4,4'-dlhydroxy-ct-truxllllc acid 9 (2 mg) as a white 
amorphous solid, whose physical and spectral data were ident- 
ical to those of authentic samples (See below) The aq layer was 
neutralized with satd aq Na2CO a 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-dlmensatzon of 1 Compound 1 (19 mg) was suspended 
in 1 ml of H20 and stirre~d 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 CHCla-MeOH (9 1) to 
give a white solid (8 mg), whose spectral data were identical to 
those of 3. 

Preparatton of 4,4'-d~hydroxy-ct-truxilhc acid 9 9 was pre- 
pared from trans-p-coumarlc acid 4 according to the procedure 
previously described [7] Mp 310 ° (lit [7] 340°), EIMS m/z (rcl 
Int ) 328 0930 [M] + (0 1) (calcd for CisHi606. 328 0945), 225 
(12 3), 164 (329), 147 (13 8), 120 (100), 119 (31 3), 91 (540), 44 
(83 0) 1H NMR (270 MHz, CDaOD ) 7 20 (d, J =8.4 Hz, H-5, 9, 
14, 18), 671 (d, J=8.4 Hz, H-6, 8, 15, 17), 424 (br dd, J = 9 2 ,  
66 Hz, H-3, 12), 3 77 (brs, H-2, 11) 

Methylation of 9 9 (25 mg) was treated with excess CHzN 2 in 
Et20-MeOH for 10 hr After removal of solvent, the reaction 
mixture was separated by silica gel CC (10 g) with 
CHCla-Me2CO (19. l) to give dlmethyl 4,4'-dihydroxy-ct-truxill- 
ate 10 (2mg) and &methyl 4,4'-dimethoxy-ct-truxillate l l  
(11 mg) each as colourless needles 10, mp 174-177 °, EIMS m/z 
(rel mr) 356 1241 [M] ÷ (0.3) (calcd for C20H2oO6 . 356 1257), 
236 (6.8), 222 (8.0), 192 (67), 179 (159), 178 (100), 147 (587) 
iH NMR (Table 4) 11, mp 122-124 ° (lit [7] 129-130°), EIMS 
m/z (rel int.) 3841565 l-M] ÷ (02) (calcd for C22H240 6 
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384 1573), 206 (122), 192 (100), 16l (500), 133 (143) 1H NMR 
(Table 4) 

Reduction of ! 1. To a cooled ( - 70 °) soln of 11 ( 10 rag) m TH F 
(2 ml) under N 2 was added DIBAH (2 eq) and the soln stirred for 
4 5 hr ( - 7 0 ~  - 4 0  °) The reaction was quenched with half-satd 
aq NH4C1, the soln acidified ruth 1 N HCI and the products 
extracted with Et20, dried, concd and purified by slhca gel prep 
TLC with CHCI3-Me2CO (9 1) to give monool 12 (4 mg) and 
dlol 13 (2 rag) each as a m c o u s  oil Monool 12, EIMS m/z (rel 
mr) 356 1664 [M] + (0 l), (calcd for CzlHzaO5 356 1624), 192 
(115), 164 (100), 161 (217), 121 (764), 108 (428) ~HNMR 
(Table4) Dlol 13, EIMS m/z (rel mr) 328 1685 [M] + (08) 
(calcd for C2oH240 4 328 1675), 178 (62), 164 (100), 121 (908), 
108 (469) 1H NMR (Table 4) 

Ox~datton of 13 13 (1 8 mg) was oxl&zed with PDC m 
CHzCI 2 for 1 l hr After ad&tlon ofsatd aq NH4C1, the product 
was extracted with EtzO, dried evapd and purified by slhca gel 
CC (5 g) ruth EtOAc-n-hexane (3 7) to gxve 4,4'-dlmethoxy-e- 
truxtllaldehyde 14 (l 8 rag) EIMS m/z (rel mt)  324 1378 [M] + 
(51 2) (calcd for C20Hz00, , 324 1361), 280 (63 9), 173 (84 4), 121 
(100) IH NMR (Table 4) 
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