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EXPERIMENTAL 

N damascena cells (log) were inoculated into 250ml of 
Murashlge and Skoog medium and grown for 7 days before 

mcubatlon with 6mg [2-‘%]ABA (35kBq) Cells (65g) were 
harvested after 72 hr by filtration and homogenized m 

EtOAc-MeOH (5 2) After filtration of the homogenate the 

extract was evaporated to dryness and dissolved m 500~1 

EtOAc-MeOH for chromatography The culture filtrate, ob- 

tamed after filtration of cells, was extracted with EtOAc- 
n-PrOH-n-BuOH (10 1 2) ( x 4) The combined extracts were 
evaporated to dryness The extracts were subjected to TLC on SI 

gel HF,,, (Merck) developed with toluene--EtOAc-~ 

MeOH-HOAc (50 30 7 4) The developed plates were scanned 
for radIoactIvIty and the zones contammg the new metabohte (2) 

(R, 0 43, ABA R, 0 68) eluted with MeOH Further purlficatlon 

by CC on Sephadex LH-20 usmg 1.2-drchloroethane-MeOH 
(2 1) gave 1 8 mg 2 as a colourless intractable gum 
IR v zyxc’~ cm ’ 3400 (OH, hi-), 1668 (C=C<=O), 1600 (>C 
=C<), uv r;$” nm (log E) 256 (3, 24), EIMS, SOeV, m/z (rel 
mt. )_ 280. EM.].’ (.2), 262 EM.- H.&G.+ (_!_7), 244 [M. - 2H.PJ.’ 

(20), 229 [M-2H,O-Me]’ (14), 224 a (13), 218 [M-H,0 

-CO,]+ (41). 206 (a - H,O) (75), 188 (a - 2H,O) (92), 161 (83), 
122 (48), 111 b (78), 97 (lOO), ‘H NMR (200 13 MHz, CDCI,, 
TM_S>. ~.j.!.a!.(.3,~_.~,.hns;6:),.I ~a(.31r,.~,.~4:),.203.(.3~~.,,.MP;3~,_ 

2 28 and 2 44 (each lH, d. J = 18 Hz, H-5’), 4 24 and 4 46 (each 
l.H_.d.l = 18 H&.CH,QH-2I),.575 (.lH_.s,.H-2), 6. I.8 !.!_H! <, H-3’). 

6 14 (lH, d, J = 16Hz. H-5), 765 (lH, d, J = 16Hz, H-4) 

3 EIMS, 80 eV, mj-_ (rel mt) 294 [Ml+ (1). 276 [M - H,O]’ 
(2), 263 [M-OMe]+ (2), 258 [M -2H,O]+ (2). 243 

[M -2H,O- Me]’ (2), 238 a (41, 220 (a - H,O) (6), 206 

(a - MeOH) (25). 188 (a- MeOH - H,O) (34) 161 (22). 125 b 

(51). 83 (100) 
The MS were recorded on a Varlan MAT Ill instrument 

(direct inlet system, electron energy XOeV. source temp co 300 

inlet temp (0 120’) 
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Abstract-Two new growth mfubitors, R-dihydromafelinide and R-dmydromaiermlde j&D-grucoslde, were isolated 
from 2-week-old pea shoots 

In spite of many studies [l-7], plant dwarfism 1s not fully 
understood m terms of growth mhlbitors. We report now 
on the lsolatlon of two new growth mhlbltors (1 and 2) 

tPresent address Department of Biology, Osaka City Compound 1 (O.Sg), colourless prisms. mp 103 105 , 
Umverslty, Sumlyoshlku, Osaka, 558, Japan C,H,NO,, [al261 - 12 6 . was characterized as ( - )- 

§Present address Carnegie Instltutlon of Washmgton, dthydromaieimide (1) by its spectroscopic propertles, and 
Department of Plant Biology, Stanford, CA 94305, U S A by direct comparison with ( + )-dlhydromalelmlde derived 

IlTo whom reprint requests should be addressed from maleimlde by a partial reduction by sodmm boro- 

from 12 kg fr. wt of dwarf pea (cv Progress No. 9) shoots 
grown under ca 1 klx of white fluorescent light at 1 g--23 
for 2 weeks The broassay procedures used were the lettuce 
germmatlon and hypocotyl elongation tests 
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Maleimlde 5 [R,s] -Hydroxy-3-pyrrOlln-2-One 

hydride in a pH-controlled aqueous solution. 
Compound 2 (7 5 g), colourless prisms, mp 185%188”, 

C,oH,sN% [alg 5 -73.7”, gave D-ghCOSe ([LX]‘,’ ’ 

+41.1”) and compound 1 on hydrolysis with dilute 
hydrochloric acid. This and the 13C NMR spectrum of 2 
suggested that tt was the P-D-glucostde of 1. The slow 
disappearance of a broad signal at 6 6.77 m the ‘H NMR 
spectrum of the tetra-acetate (2a) of 2 after the addition of 
D,O indicated that the above signal was not due to the 
hydroxyl but to the NH proton Thus, 2 was deduced to be 
the O-P-D-glucostde of 1. 

The CD curves of I and 2 showed negative Cotton 
effects at the n-n* region (A+as = - 142 and AeZOO = 
- 14.91 for 1 and 2, respectively) and the absolute 
configuratton of C-5 was deduced to be R according to 
Uchtda and Kurtyama’s rule [8]. 

Lm and Castelfranco [9] isolated from pea plants (cv 
Radio) a glucostde for which they proposed a plane 
structure identtcal with that of 2 and claimed that it might 
be tdenttcal with pisatostde reported by Kocourek et al. 
[lo], based merely on the colour reaction to a diphenyl- 
amme reagent, mp and IR spectrum. The phystcochemtcal 
properties and colour reaction of ptsatoside and of Its 
aglycone are mostly identical with those of 2 and 1, 
respectively, and those of Lm and Castelfranco’s glucostde 
are also similar to those of our compound 2 However, the 
mp and [a] o values of the tetra-acetate of pisatoside are 
constderably different from those of 2 tetra-acetate (2a). It 
may be assumed that ptsatoside has the same plane 
structure as that of 2 but ts different m the stereochemistry 
at C-5. It 1s not clear, however, with which compound Lm 
and Castelfranco’s glucostde 1s identical because of the 
lack of tts [CZ] o data 

Compound 1 IS not an artefact produced m the 
tsolation process because a quantttattve study showed that 
the dtstrtbutions of 1 and 2 m dwarf pea shoots differ from 
each other [Miyamoto, K., Hashimoto, T. and Hasegawa, 
K., unpublished results]. 

The growth inhibitory acttvtties of dihydromaletmide 
were shown with Intact seedhngs ofdark-grown dwarf pea 
(cv Progress No 9) ( 2_ 20 pg/plant; I,, 300 pg/plant) and 
normal pea (cv Alaska) ( 2 200 pg/plant; 150 600 pg/plant) 
as well as with those ,f dark grown barley (I~~, 3 
x 10m3 M) and light-grown lettuce (2 5 x 10F5 M; I,~ 

2.5 x 10e4 M). Inhibitory acttvittes were also found in the 
mdoleacettc acid induced elongatton of wheat coleopttle 

secttons (2 10e5 M; I,,, 3 x 10W3 M) as well as m lettuce 
seed germination (2 10e4M; I,,,, 5 x 10m4 M). The 
glucoside was active only when applied to the root 
systems, suggestmg that the aglycone released on hydro- 
lys~s may exert the actton. The activttles of R- and 
R,S-dihydromaletmides were not different m lettuce 
hypocotyls, Indicating that both tsomers were equally 
active. Although the effective dosage level of 1 was fatrly 
high, it was comparable to that of plant growth retardants 
such as CCC (Cycocel), AMO-1618 and maletc hydraztde 
m the lettuce hypocotyl tests under the same btoassay 
condtttons 

EXPERIMENTAL 

Isolatm of 1 and 2 Shoots (12 kg fr wt) of hght-grown pea 

(Pwm satwon L. cv Progress No 9) seedlmgs were extracted 
wtth 80’;” aq Me,CO and, after removmg hptd fracttons at pH 7 

and 3, the remammg aq fractton was adsorbed on charcoal 

(250g) and eluted with SO”/, aq Me,CO The eluate was 

chromatographed on a reverse phase SI gel (stlamzed SI gel, 
Merck) column wtth H,O followed by 507, aq MeOH The 

former eluate was chromatographed on a Sephadex LH-20 

column, the MeOH eluate of whtch gave 2 (7 5 g) Purtficatton of 

the mother hquor by charcoal CC (eluted by Me&O) followed 

by SI gel chromatography (eluted by MeOH) gave I (0 8 g) 
Compound 1 UVI ~~Xc’3nm (E) 237 (1030), IRv~~~ccm~’ 

3300,1688,1646,1588, ‘HNMR (CD,OD) 67 07(1H,dd,J = 6. 

2Hz, H-4). 608 (lH, d, J =6Hz, H-3), 563 (lH, d, J = 2Hz, 

H-5). “C NMR (CD,OD) 6 175 0 (C-2), 150 8 (C-4), 128 1 (C-3), 
82 2 (C-5), CD (H,O, c 0 103) nm (As) 240 (+0 26), 205 (- 142) 

(Found C, 48 5; H, 5 1; N, 13 42, C,HSNO, reqmres C, 48 5, H, 

5 1, N, 14 lx, MW 99.) 

Compound 2 UVI EF” nm (E) 198 (9000), 234 (1490) 

IRv~~~cm-’ 3300, 1692, 1660, 1594, ‘HNMR 

(CD,OD-D,O) 6 7 67 (lH, dd, J = 6,18 Hz, H-4). 6 65 (IH, d, 
J = 6 Hz, H-3), 6 28 (lH, br s, H-5), 4 93-3 78 (7H, M, glucose), 

13C NMR (D,O-CD,OD) 6 176 2 (C-2), 148 7 (C-4), 128 6 (C-3), 

101 3 (C-l’), 87 8 (C-5), 77 3 (C-3’). 76 8 (C-5’), 74 0 (C-2’), 70 6 

(C-4’), 61 8 (C-6’), CD (H,O, c 0 033) nm (As) 242 5 (+ 2 48) 200 
(-1491) (Found C,458,H,58,N,53’j; C,,H,,NO,requtres 

C, 46.0; H, 5 8, N, 5 4x, MW 261.) 
Terra-ncetate of compound 2 (Za). Colourless prisms, mp 

144145”, [a]g + 213 3” k 7 3” (dtoxane, c 0 35), UV 1 z:‘j nm 

(E). 198 (12500), 235 (1420), IRv~,8cm-‘. 3300, 1756, 1742, 

1716,1701,1601,1237,‘HNMR(CDC1,) S693(1H,ddd,J = 6, 

2,l Hz, H-4),6.77 (lH,m,NH),6 10 (lH,ddd, J = 6,1,1 Hz, H-3), 
563 (lH, m, H-5), 525492 (3H, m, glucose), 470 (lH, d, 
J = 7 Hz, glucose), 4 23 (IH, s, glucose), 4 17 (lH, d, J = 1 Hz, 

glucose), 3 72 (lH, m, glucose), 2 10, 205, 202, 1 98 (each 3H, s, 

COMe); ‘aCNMR (CDCI,) 6 1727 (C-2), 1708 (acetyl CO), 

170 2 (acetyl CO), 169 5 ( x 2, acetyl CO), 140 6 (C-4), 128 7 (C-3), 

96.9 (C-l’), 85 8 (C-5), 72.8 (C-3’), 72 1 (C-5’), 709 (C-2’), 68.3 

(C-4’), 61 9 (C-6’), 20.7 (acetyl Me), 20 5 ( x 3, acetyl Me) (Found 

C,504,H,55,N,30”/;, C1sH,,N0,,requuesC,504,H,54,N, 

3.3 %, MW 429.) 
Reductron of maletmlde An Ice-cooled aq soln of NaBH, 

(7 OOg) adjusted to pH 8.0 with dtlute HCI was slowly added to an 

re-cooled aq soln of malermtde (7 24g), keepmg the pH at S-10 

according to ref [ 1 l] The reaction was stopped by lowermg the 
pH below 5 0 by addrtton of dtlute HCI 
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Abstract4C analysis of the ethanohc extract of poison sumac (Toxlcodendron uernrx) showed five urushiol 
components four of which were ldentlcal with those from poison IVY (T radars) The new component was determined 
to be 3-n-pentadec-8,11,13-tnenylcatechol 

INTRODUCTION 

In a previous pubhcatlon, the analysis of the different 
components of poison ivy (Toxlcodendron r&cans) and 
poison oak (T dlbersllobum) urushlols were reported [l] 
The third most widely dlstrlbuted member of the contact 
dermatltls causmg plants of the family Anacardlaceae IS 
poison sumac (T uernrx) whose urushlol has not been fully 
exammed and IS reported here 

RESULTS AND DISCUSSIOI\I 

GC analysis of poison sumac (Toxuzodendron uernzx) 
urushlol showed that four of its components were Ident- 
lcal with those of poison ivy urushiol and represent 40 % 
of the total The remammg 60 ‘& was a single umdentlfied 
component GC/MS analysis of the TM% derivative 
showed that the new component had the same MW as the 
trlolefimc isomer of poison ivy urushlol and catalytic 
hydrogenation gave a single product, 3-n-pentadecyl- 
catechol (PDC) This Indicated that the new component 
must be a double bond isomer of the 8,11,14-triene 
component of poison ivy urushlol 

The mixture was separated by reversed phase HPLC 
GC analysis of the separated components showed that the 
new trlene was contammated with 100, of the 8,11,14- 
trlene The two Isomers were only separable by GC and 
thus the mixture was used for spectral analysis wlthout 
further purlficatlon The presence of a vmyl methyl and the 

absence of a termmal methylene signal m ‘H NMR and 
13C NMR of the new tnene fixed the posltlon of the termmal 
double bond at C-13 Osmmm tetroxlde-potassmm 
perlodate oxldatlon of the dlmethyl ethers of the trlene 
mixture gave w-(2,3-dlmethoxyphenyl)-capryl aldehyde 
Isolation of this aldehyde mdlcated that the first double 
bond m the new trlene was at C-8 The posItion of the 
middle double bond was determmed by subjectmg the 
dlmethyl ether of the trlene mixture and that of pure 
8,11,14 trlene to osmmm tetroxlde oxldatlon, the pro- 
duct of each reactlon was then partially oxldlzed with 
potassmm periodate. GC/MS analysis indicated that two 
peaks are produced, the first due to w-(2,3-dlmethoxy- 
phenyl)-capryl aldehyde and the second showed Ions at 
m/z 337, 320 and 302 m both cases The presence of 
ldentlcal mass spectral fragments m the partial oxldatlon 
reaction products of both trlenes mdlcated that the 
posltlon of the mlddle double bond 1s the same m both 
compounds This confirms the structure of the new poison 
sumac component to be 3-n-pentadec-8,11,13-tnenyl- 
catechol The same trlolefimc component has been rep- 
orted from Japanese Lac urushlol by Sunthankar and 
Dawson 141, but the assignment of the second and third 
double bonds was not unequivocal The allerglmclty of 
poison sumac urushlol was found to be slmllar to that of 
poison IVY urushlol and the same product could be used 
for productlon of tolerance and desensltl7atlon to both 
urushlols [ 51 


