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Abstract - proton magnetic resonance spectral data of pterocarpan and related 

phytoalexins are reviewed. 

  any plants respond to invasion by both pathogenic and nonpathogenic microorganisms by 

1-4 producing low molecular wezght antibiotics termed as phytoalexins . mese antimicrobial 

 compound^ are also produced following an interaction between plants and various b i o t i ~ ~ ' ~ ~  

and abiotic  agent^^^-^^, which act through the same mechanisms23' 60. m e  genetic informa- 

tion for phytoalexin production is carried by the host and elicitors of such production, 

whether specific or nonspecific act through the host gen-. Thus a given species may 

produce the same phytoalexins irrespective of the challenging agent. 

The accumulation of phytoalexins may be responsible for cessation of Emgal development 

61-66 
which has suggested that these compovnds may have a role in disease resistance . 

~hytoalexins are mainly produced by members of the Leguminosae and Solanaceae family of 

plants during the first few hours of the penetration of the parasitic cells into the 

invaded t i ~ s u e ~ ~ . ~ ~ .  Oxygen heterocyclic phytoalexins having a 6a.lla-dihydro-6H-benzo- 

fumbenzopyran nucleus such as (11 called pterocarpans and other flavonoid and closely 

related c c derived compounds are mainly elaborated by plants belonging to Legwninosae, 
6 3 

while terpenoid phytoalexins are mainly produced by plants belonging to Solanaceae family. 

Nuclear magnetic resonance (NMR) spectroscopy has played a major role in the structural 

elucidation of both benzenoid and terpenoid phytoalexins. The conformation of the 

6a,lla-dihydro-6H-benzofurof3,2-Cl-(l)-benzopyran ring system (1) in pterocarpans by NMR 

spectros~opy has been reported by Pachler and ~ n d e w o o d ~ ~ .  m e  conformation of the 

heterocyclic rings has been mainly derived from the viacinal coupling constants and 

observation of the long range coupling. 

mese compounds have two asymmetric centres and relatively unstrained + conjunction is 
considered more likely. coupling constants helped suginome7' and ~nderwood'~ to conclude 



that the relative configuration of these centres in the stress metabolites homoptero- 

carpin (11 is B,E - ois. The absolute c~nfin%ration~~ of ClIa in trifolirhizin ! 2 ) ,  a 

phytoalexin elaborated by clover roots73 and Ononis ~ p i n o s a ~ ~  has been established7' as 

R, and with - cis relationship, the configuration of this compound will be 6a, R:lla, R. 

The aromatic protons as in ( 4 )  at positions 1. 2 and 4 give rise to an ABC-type of 

splitting pattern. On the other hand the pfatons of the second aromatic ring show either 

a single resonance line due to the closely ermilar electronic environment of protons at 

C and Clo or a second RBC pattern for compounds such as (21. 7 

mu5 protons from the two aromatic rings and from the heterocyclic system form three 

isolated spin systems with very characteristic peak patterns. The first for proton at C 1 

gives rise to a doublet !J-8.5H 1 coupled to the *proton at C2, which because of 

the additional coupllng to a proton at C4 (J-2.5 H 1, shows a quartet. =he reso- 

nance from H-4 is expected to be a narrow doublet. 

The second for protons at 6, 6a and lla forms an AEVX system which gives a highly 

1 characteristic spectral pattern which has been studied for many pterocarpans . while 

the third common factor for pterocarpans is the AE-system for protons at C and c8 (2). 7 

The quartet from these protons contains a typical aromatic ortho-coupling of- 9.5 H . - 
The deshielded doublet is assrgned to the proton at C because of the presence of an 

8 

adjacent oxygen atom at Cg. There are four possible arrangements of the oxygen and other 

substituents on this aromatic ring which could produce an =--type system. 

The heterocyclic ring protons gives rise to a highly complex four-spin due to strong 

coupling between the two protons at c 6. me Hila occurs at lowest field because of 

diamagnetic aromatic ring currents as well deshielding by the oxygen atoms of the furan 

ring. The proton at position 6a occurs at highest field and couples with the low field 
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proton at lla. The magnitude of the viacinal coupling constants identify the protons on 

Carbon atom 6, the axial one being nearer to the proton at H than to its equatorial 
6a 

counterpart. m e  strong coupling between these ~ w o  protons (axial on C and on C6a) is 
6 

reported7' to cause the complexity of the four spin spectrum. spin coupling of the 

proton at clla renders the spectrum to a straightforward ABC-system. me resonance 

lines due to the proton on carbon 6a appears as broad, revealing a triplet fine structure 

at highest resolution. Double irradiation exper-nts have shown that the protons at C 
6.3 

and clla are coupled to aromatic protons across four and five bonds. The following 

coupling constants have been determined: J6a,7'0.6Hz; J6a_10 =3.5H i Ja,lla =0.511 i 

< O.lHz; J4, la = 0.3Hz. Pachler and ~nderwood'~, from coupling studies have '2,11a - 
concluded that the benzofuran ring system of pterocarpan exists in the folloeing conforma. 

The isopentenyl side chain and dimethylchromena ring also produce characteristic NMR 

patterns. me two methyl groups of the dimethylchromene ring are non-equivalent and the 

ethylene protons give an AB quartet (J = 10Hzl. In the isopentenyl chain, the methyl 

groups bring allylic, resonate at lower field than those of the dimethylchromene ring. 

The remaining protons -CH -CH= form a typical A8X system, the methylene group appearing 
2 

as a doublet and the methine proton as a broad singlet. 1~-m4R data for more than one 

hundred pterocdrpan and related phytoalexins, along with their sources is tabulated in 

the following Tables. 

stress Agents Referred in the Tables: 

1. ~elminthosporiwn furcicum 2. nonilinla fructicola 3. Ascochyta pisi Lib. 

4. Caldosporiun sp., Phoma lingan 5. Spetoria apii 6. Per.onospora tabacina Adam 

7. Uromyces fabae pers 8. Sclerotinia fructicola 9. Aphanowcee evtriches 

10. Fusarim Bolani 11. Rhizoctonia solani 12. Helminthosporiwn carbonurn 



1 3 .  mtrytis cinerea 14.  ~seudomonas spp. 15. colletotrichum lindemuthianum 

uromyces appendiculatus 1 7 .  E. Sandwicensis 18 .  Pseudomonas phaseolicola 

morganic materials 2 0 .  ~hytophthora megasperma var sojae 2 1 .  Ribonuclease-A 

AS=-ochyraizlperfecta 2 3 .  ~athyrus spp. 2 4 .  verticillum albo atrum 

phytophthora drechsleri 2 6 .  sotrytis fahae 2 7 .  Pithomyces chartarun 

Phytophthora vignae 2 9 .  Wound 30.  Fusarium oxyporum 3 1 .  Cladosporium herbarum 

~hytophthora infe~tans 3 3 .  Ceratoaystis fimbriata 3 4 .  Fusarium coaruleum 

~ h m a  exigua 3 6 .  ~hielaviopsis basicola 3 7 .  Alternaria brassicicola 

uv light 3 9 .  Actinomycin D 4 0 .  Temperature 4 1 .  Sclerotina trifoliarum 

cladiospozium fulvum 4 3 .  colletotrichum coffeanum . 

Solvents Referred in the Tables 

1. Chloroform-d 2 .  Acetone-d 
6  

3 .  Methanol-d 4 .  Carbon tetrachloride 

5. Acetonitrile-d 6. Dimethylformamide-d, + Chloroform-d 

7. Dlmethylsulfaxide-d6 + chloroform-d 

8. chloraform-d + ~ethanol-d 
4 

9. Dimethylformamide-d 
7 
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COMPOUND PLANT SOURCE 

Ptezocarpin 13- ~ t e m c a r p u s  eanrali 

mthaxy-0.9-methyl- nus, ~terocarpus 

enedioxypterocarpan) dabergoides, Ptero- 

carpus macrocarpus, 

~aphia nitida 

Homapterocarpin 13, Pterocarpus sayauxi 

wdicarpin 1DemetP.yb Melllatus alba, 

homopterocarpin) Medicago sativa, 

Canavalia ensiformi 

Vigna ungurculata, 

Trifolium pratense, 

Trigonella foenum 

Isomedicaipin / ~sophocarpus tetra- 
gonolobus, mdicago 

sativa 

Trifolirhizin 1 Trifoliwn pratense, 

STRESS 
AGENT 

7.4,H ; 6.67.H 16 61,H2>6.45, 
1 7 '  

H 4 ; 6.41.Xl0j 5.87,-0.CH2.0; 

3.73,-OMe. 

J1,2=8.4; J 1,4=0.3; J2,4=2.4; 

J7,10=0.3; J_ 0.C82.0=1.3 

7.4.H ; 7.1,H7; 6.61.H ; 6.45, 
1 2 

H4; 6.43,HI0; 6.42,H8; 3.44, 

HGa; 4.2.3.6.H ; 5.45.H 
6 113' 

3.74,-OMe; 3.72,-OMe. 

Jlr2=8.5; Jl,4=0.3; J 
2,4=2'4; 

J7,8=8.8; J7,10=0.3; J ?,lo= 

2.711 . 

7.38.H ; 7.12.8 ; 6.56,H2; 
1 7 

6.45,HI0; 6.44.8 ; 6.42,H4; 
8 

6.08,-Ox; 5.48.Hlla; 4.2.H eq; 
6 

3.26,-OMe; 3.6,H6ax; 3.52 H ' Ga' 

REF. 



COMPOUND 

aackiain (Demethyl- 

terocarpan) 

nermin (6a-Hydrory. 

laackiain) 

' i s a t i n  ( 6 a - ~ y d r o w -  

Pterocarpin) 

i a r i a b i l i n  (6a- 

lydroxyhomoptera- 

:arpan) 

b l i ch in-A (3.9-Di- 

lydroxy-lo-(2'-  

lydroxy-3'-methyl- 

1'-buteny1)-ptero- 

:==pan) 

b l i c h i n - B  ( 3 . 9 - ~ i -  

iydroxy-lo-(2'-  

1 ~ & 0 ~ ~ - 3 ' - m e t h y l -  

3'-butyll -pterocarpa 

PLANT SOURCE 

r i f o l i v n  pratense ,  

aackia amunensir, 

r i g o n e l l a  foenum 

' i s m  sativum, 

mdira inermis,  

! T i f ~ l i " m  pratense 

'isurn sativuro, 

.athyrus odozatus 

Afhyrus odoratus,  

rrlfol i l im pratense 

)o l i chos  b i f l o r u s  

WliChOS b i f l o r u s  

;TRESS 
AGENT 

REF. 
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COMPOUND 

Phaseallin 

Phaseollidin (3,9- 

Dihydroxy-10-isopen 

tenylpterocarpan) 

Demethylmedicarpin 

3,6a,9-Trihyd~oxy- 

prerocarpan 

Cristacarpin l3,6a- 

Dihydroxy-9-methoxy 

lo-isopentenylptero 

carpan I 

PLANT SOURCE 

leorautanenia eduli 

lleraria tuberosa 

?haseolus vulgaris, 

~igna unguiculata 

~lichos biflorus, 

Erythrina cristagal 

?sophocarpus terago 

mlobus 

Psophocarpus 

tetragonolobus 

Erythrina cristagal 

li 

Medicago sativa 

Erythrina cristagal 

li, Psophocarpua 

tetraqonolobus 

STRESS 
AGENT 
- 

10,15,1b 

13,2 

12-15.2, 

17.13.19 

13.19 

12.17 

19 

12 

'R-NMR SHIFTS, 6 REF. 

7.27,H ; 7.1,H7; 6.5.H2; 
1 

120-123 

5.25 H ; 6.2,H12; 4.0 B . 
' 4  ' 6' 

5.25,H13a; 1.3, 2 X Me. 

7.37,H ; 6.92,B i 6.54,H i 19.22.6. 
1 7 2 

6.41.H ; 6.32,s ; 5.55.H 
4 8 lla; 

90,124- 

5.54,Hl3;6.48,HI2; 4.2 5 3.64, 135 

H6: 3.5,x6a; 1.49, (CH312 . 

7.37.H ; 6.93.H ; 6.53.H ; 23,126, 
1 7 2 

6.4.H ; 6.36.11 ; 5.44.H . 130,136 
4 8 lla' 

5.28,H13; 4.21, 3.63,H6> 219 

3.54,Hba; 3.36,HI2, 1.81,Me; 

1.76, 2 X Me. 



COMPOUND 

3.6a-Dihydroxy-8,9- 

methylenedioxyptero 

carpan 

Yesticarpan (3.10- 

Dihydroxy-9-methory 

pterocarpan) 

PLANT SOURCE 

.athyrue nissolia, 

lacharim vestiturn, 

31atyniscium trini. 

.atis 

7.3.H ; 7.18.H ; 6.5,H2; 
1 7 

j.3,H ; 6.16,H10; 5.25,H 
4 llai 

1.16,Hheq8 4.06.HhaX. 

7.39.H ; 6.6.H2; 7.1,H7; 
1 

5.45.H ; 6.37.H ; 5.45.H 
8 4 lla' 

1.2.H 6eq & H6,; 3.9.OMei 

3.6.E 
6ax' 

7.37.H ; 6.6,H2; 7.0E.H7; 
1 

j.45,H8; 6.35.8 ; 5.46,Hila; 
4 

1.15,Hheq a Hha; 3.6.H Gax' 

3.87;OMe. 

7.18.H ; 6.96.H i 6.52,E4; 
1 7 

i.44,H10; 6.43,E8; 5.89,OH; 

3.9,OMe; 3.77.0Me. 

J1,4=2'3; 7v8=8.8Hz. 

7.12.H ; 6.97,Al; 6.47.H4; 
7 

5~45.Hl0: 6.44,H8; 3.91, 

3.86. 3.78, 3 X OMe. 

J7,8=8.81 J8,10~2.5H . 

7.13,H7r 6.61,H11 6.44,H10; 

6.44.H ; 5.63,OH; 3.88, 3.84 
8 

3.73. 3 x OMe. 

J7,8=Y; H8,10=2.5HZ 

7.12.H 7 ; 6.96,Hl; 6.52,R4; 

6.44.H ; 6.43.H i 5.89.0H; 
10 8 

3.9, 3.77, 2 x OMe. 

J7,8=8.8. J8,10=1.3Hz. 
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COMPOUND 

6a.7-Dihydroxy- 

phaseollin 

6a-Hydroxyphaseolli~ 

la-Hydroxyphaseol- 

lone 

3-Hydroxy-4.9-di- 

methoxypterocarpan 

Glyceallin-V (3, 

6a,9-Trihydroxy- 

pterocarpan1 

Glyceollin-IV (3- 

Methoxy-6a.9-di- 

hydroxy-2-isopen- 

tenylpterocarpan, 

PLANT SOURCE 

?ha~eol"s vulgaris 

?haseolus vulgaris 

?haseolus vulgaris 

rrifoliwn .=herleri 

xycine max 

aycine max 

STRESS 
AGENT 
- 

5.18 

5.18 

0 

2 

4.19.20 

9.20 

7.1.8 1 i 6.8-6.3,H2,4,8; 

6.36,=CH at C12; 5.4,=CH at 

C13j 5.26.Iillaj 5.24,H ; 
6 

4.77,Hlla; 1.33, 1.3, 2 x Me. 

J12,13=10; Jl,2=8H . 

7.11.H i 7.32.H ; 6.7-6.3, 
1 7 

11 
~~4.8' 

6.41,=CH at C12; 

5.64,=CH at C13; 5.3,Hlla; 

4.04 H . 1.37, 1.33, 2 x Me. ' 6' 

6.88,H ; 6.69,H ; 6.32.H i 
7 1 8 

6.22,H ; 6.09,H2; 5.48,H4; 
12 

5.48,H13; 5.14,Hlla; 5.08,H6= 

4.33,HgaX; 3.91,H6a; 1.37, 

2 X Me. 

Jlr2=1O; J 
6ax ,eq 

=lo, 

J7,8=8.5t J 12,13=i0Hz. 

7.13,H 7 ; 6.96,H1; 6.6,H2; 

6.4,H10; 6.39 H . 3.95, ' 8' 
3.9, 2 x OMe. 

7.3.8 ; 7.2.H ; 6.55,H ; 
1 7 2 

6.42.H ; 6.32,H4; 6.26.B 
8 10' 

5.26,Hlla; 4.16 & 4.04.H 
6 

J1,2=8.3; J2,4=2.5, J7,8=8.3, 

J6ax,eq=ll.6H . 

7.2.H ; 7.18,Hl; 6.42,H8; 
7 

6.4,H4i 6.25.H ; 5.24,H 
10 13' 

5.2,Hlia; 4.13 & 4.01, H6; 

3.79, OM-; 1.72, 2 x Me. 

J7,8=8.6; J8,10-2.1, J 6aeeq. - - 

11.4; J12 13=7.2Hz. 



COMPOUND PLANT SOURCE 

Glycine max 

Glycine man 

Glycine max 

Glycine max 

~lycine man 

~lycine max 

STRESS 
AGENT 

1.15.X ; 6.43,E81 6.41.H ; 
1 12 

5.25,H10; 6.21,H4,7; 5.65,Hl3 

j.25,Hlla; 4.13 8 4.04, 

iGan 
eq; 1.4, 1.37, 2 x Me. 

17,8=Si J8,10=2~ J6ax eq= 12 

T12,13=10Xz. 

7 . 2 . H  ; 7.16,H ; 6.6,H ; 
7 1 2 

5~42.H ; G.41,H12; 6.25,H 
8 10; 

5~44,H13; 5.15,Hlla; 4.12 & 

1.01 P ; 1.38 & 1.35, 2 x Me. ' '6 

7.19,Ii ; 7.16.11 ; 6.41.H ; 
7 1 8 

5.36.H ; 6.24,HI0; 5.4.H 
4 13' 

5.27,Hlla; 4.09 & 3.97.H ; 
6 

3.28,1112; 1.73, 2 r Me. 

7.7,H ; 7.24,H ; 6.95,H4; 
1 7 

j.G3,Hl2; 6.44,H81 6.24,H10; 

5.47,HIla; 4.24 e 4.2,H i 
6 

1.68, 2 n Me. 

RBF. 
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COMPOUND PLANT SOURCE 

coumesfrol (3.9- 

Dihydr~xy~oumestan) 

3-Hydroxy-8.9- ~edicaga sativa 

Ladino clover, phase 

011"s vulgaris 

9-0-Methylcoumestrol Medicago sativa 

wairol (3-Hydroxy-7, 

9-dimethaxycounestan) 

Medicago sativa 

~epensol (3,7,9- 

Trihydraxycoumestanl 

Trifolial (3,7- 

Dihydroxy-9- 

Ladino clover 

Ladino clover 

Daidrein (7.4'- 

~ihydroxyisoflavone) 

1.72, 2 x Me. 

1.9.H ; 7.2-7.0 complex, 
5 

3 6,8,10; 7.2-7.0 complex, 

3 
11.13. 

7.7.H ; 7.3-7.0 complex 
5 

3 6,8,10; 7.2-7.0 complex, 

H11,13; 3.79, Olle. 

1.26.H ; 7.2,H7; 6.6.H ; 
1 2 

6.4,B ; 6.28,1110; 3.79 & 
4 

3.78, 2 x OMe. 

7.3.H ; 7.28,Hl; 6.5,H21 8 

S.4,i14; 6.3,H10; 3.8 a 

3.78, 2 x OMe. 

7.31.H ; 7.28.H1i 6.45,H2; 8 

6.38 H ; 6.25,H10. ' 4  

7.83,H ; 7.03,H ; 6.97.11 ; 1 2 4 

6.42.H ; 6.8,B10; 3.82. OMe 
8 

Glycine max 

Isoformononetin (7- 

Kethoxy-4'-hydroxy- 

ieoflavonel 

Glycine max 



COMPOUND 

knistein (5.7.4'- 

'~ihyd~~xYiSO- 

lavone) 

,2',4'-Tirlhydroxy- 

soflavanone 

',2',4'-TrihydlOri- 

.*of lavone 

!'-~iydroxygenisten 

:2',4',5,7-Tetra- 

lydrony isoflavane) 

.uteone [2',4'.5,7- 

Petrahydroxy-6 (3,3- 

Imethylallyll- 

kaflavonel 

Isoferreirin (5.7, 

It-?rih.ydroxy-2'- 

nerhoxyf lavone 

Kievitone (2',4',5, 

7-Tetrahydroxy-G- 

isopentenyliso- 

flavonei 

PLANT SOURCE 

nasealus vulgaris 

laseolus vu1qaris 

hazeolus vulgaris 

upinus slow 

mlichos biflorus 

'haseolus vulgaris, 

,alic!ms biflarus, 

Weinia dalber- 

jioides, Lablab 

lige* 

-- 

;TRESS 
AGENT 
- 
2 

2 

2 

2 

3 

14 

2.10.1 

13-15, 

19 

8.2,H ; 8.05,H6i 7.03.H i 
2 8 

7.45,i12.,6,; 6.84 3',5" 

J6,8=2.3; J2,,3,=9; Jjl6.=9Hz. 

7.74.13 ; 6.81,1i6,; 6.54.H ; 
5 6 

6.45.B ,; 6.39,X8; 6.24,H5,; 
3 

4.59,h2ay; 4.44.H2eq; 4.09.11 3 ' 

JSr6=8.8; JgS8=2.2; J,. J ,6' = 

8.3; J2aX,eq=10.7B . 

8.14,H ; 7.93,H5i 6.98.11 
2 6" 

6.33.H ; 6.86,138; 6.36.H 
6 3" 

6.27. Xi 

'i5r6=n.8zH 6.8=2'2i 

H. 4.3; iIg,j,=2.4X . 
>-,Gn 

8.07.11 ; 7.77,~~,; 6.36,ii3.; 
8 

6.25,115,; 6.12,H6. 

J =8; J3,,5,=2.4H . 
3',6' 

7.98,H ; 7.75.E7,; 6.35,H3,; 
8 0 

G.2,H5,; 5.18,=CH; 3.19,-CH ; 2 

1.75 E. 1.65. 2 x Me. 

J5 6,=8; J3,,5 ,=2Hz . 

8.05,~ ; 7.75,H6,; 6.4,113,; 
8 

6.25,Z5,; 6.12.H 6' 

~ ~ , , ~ , = 8 ;  J;,,5,=2.4H . 

6.'31,11 , i  6.45,1i5,; 6.04,H6; 
2 

6.32,H , $  5.18.-CH ; 4.6, 
3 2 

4.16,H2 3; 3.21,-CIS ; 1.74 
2 

e 1.66, 2 E lle; 9.2, 8.78. 

8.59, 011. 

J2,,3,=O; J:. ,5,=2Hz. 
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COMPOUND 

Kievitane hydrate 

Phaseoluteane [2', 

4',5,7-Tetrahydrox 

3'-(3,3,dimethyl- 

ally) isoflavonel 

7-Hydroxyflavan 

4',7-Dihydrony- 

£lavan 

4',7-Dihydroxy-8- 

methylflavan 

Broussin (4'- 

Methony-7-hydroxy- 

isoflavan1 

Demethylvestital 

2',4',7-Trihydroxy 

isoflavan) 

PLANT SOURCE 

Phaseolus vulgaris 

~haseolus vulgaris 

NaxCiS~us pseudo- 

narcissus 

Narcissus pseudo- 

narCISSUS 

Narci~6uS pseudo- 

narcissus 

B~oussonetia 

papyrifera 

Lotus cornicu1atus 

Lotus hispid,ua, 

LO~US uliginoeus, 

Tetragonolobus 

maritimus 

S T R E S S  
AGENT 
- 

6.97,H2,; 6.31,X5,; 6.25.H 3" 

5.95,H6; 4.5,H h; 4.15.H 
3 

2.8,H1,,; l.6,H2,,; 1.25, 2 x M 

13.11.5-OH; 8.12.X 2 ; 6.9,H6,; 

6.55,H5,i 6.46.H ; 6.33,H ; 
8 6 

5.33,=CX; 3.44,-CH 2 ; 1.78 & 

1.64, 2 x Me. 

~7~,~,=8.6; J6,8=2X . 

7.37,H1,-5,; 6.94,H 5 ; 6.4, 

H6 8; 5.05,H21 2.7,H41 

2.1,H3. 

Jgr6=8.5; J 6.8=4Hz. 

7.24,H1,~,6,;6.83,H3,,5,i 

6.35,Hy; 6.39.8 6 ; 6.89.H 5 ; 

4.81,H 2 ; 2.8.H 4 I 2.1.H 3 . 
J5,6=8.5; JgS8=2.5H . 

7.26,HlO6,; 6.8,H3,,5.1 

6.7.H 5 i 6.34.H ; 4.95,H2; 
6 

2.3,H4; 2.11, Me; 2.O.H 3 ' 

4.98.dd.lH.2.12.m.ZH; 

2.77.m,2H,-CH2. 



CONPOUND 

Astraciceran (7-  

Hydroxy-2'-methoxy 

4',5'-methylenedi- 

oxyisoflavan) 

PLANT SOURCE 

'adicaqa eativa, 

L D ~ U S  corniculatus, 

Lotus hispidus, 

Lotus u1iginosvs 

Medicago sativa, 

m t u s  corniculatus, 

Lotus himidus 

~stragalus cicer, 

Astragalus gummifex 

~ s r r a p l u s  Pyrenai- 

CUS 

~straqalus crcer, 

Astraqalus Pyrenai- 

"US 

STRESS 
AGENT 
- 

2.19 

12 

1,12,19 

24 

I 2  

1 2  

12 

12 

REF. 
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COMPOUND 

2'-Methoxyphaseol- 

lidinisoflavan 

COUMARINS AND 

CHROMONES 

PLANT SOURCE 

solanum themsum 

Solanum tuberosum 

solarium tuberosum 

Carrots IDaucus 

carota) 

OLVENT 

.91 & 6.71,H5 6,r  6.57,H8i 

.5, 6.34,H6 5, i  5.59, 

hromoene- 8H; 4.23 F ' '2eq' 
. 9 1 , ~ ~ ~ ~ ;  3.7-3.3.a ; 2.89- 3 

.8,H i 1.38, 2 X Me. 
4 

.9 a 6.7, H5 a 6,; 6.56,H81 

.55, 6 .35,i16, 5.; 5.59, 

hromoene-ps; 4.23.H 2eqi 

.91,ii~~~; 3.79,OMe; 3.8-3.4, 

3; 2.82.H ; 1.38, 2 x Me. 
4 

.91,H ,; 6.63.H ; 5.27,=CH; 
6 5 

.3,H2eq; 3.93,Hzaxi 2.94 8 

. a l , H  ; 3.45,-C8 -; 1.6, 4 2 

.74; 2 x Me; 3.73,OMe. 

REF. 



COMPOUND 

Larhodoratin (5.7- 

Dihydroxy-3-ethyl- 

chromne) 

STILBENES AND 

DIPHENYLPROPANES 

~esveratrol 

Trans-;',4,5'-trr- 

hydroxystilbene) 

PLANT SOURCE 

lorus alba 

wrus alba 

STRESS 
AGENT 

7.01,=CH-; 7.35,=CH-; b.35. 

6.39, 6.46-6.62. 6.65, 7.44, 

Ar-H. 

J 7.01 ,7.35=16"z. 

7.04,=CH; 7.C,=CX-; 6.39, 

6.45-6.64, 6.7, 7.54, Rr-H 

J- ,.4,7.04=~~~z' 

7.39,;CE-; 7.03,=CH-; 7.58,H3 

6.0,H2,,6,; 6.47-6.67.H5,61 

5.16.1CH-; 3.31,-CH 2 -; 1.75, 

1.63, 2 x Me. 

'7.39,7.03= 17; JCH=C~ = 7 ~  . 
2 z 

7.30,He; 0 7.38.8 2 i 6.82.H 3 ; 

6.U2,11j; 6.91,CH=CH; 6.82, 

CH=CH; 6.58,H2,; 6.58,H6,; 

5.3,=CH; 3.36,-CH 2 -; 1.78, 

1.65, 2 x Me. 

J-CH=CH=16; JSs6=9; JZZ3=9; 

==CH-CR _=enZ. 
2 

REP. 
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COMPOUND 

4-(3-Methylbut-1- 

enyll oxyresveratrc 

Broussanin-A (2.4' 

Dihydroxy-4- 

methoxydiphenyl 

propane) 

Broussonin-B 14.2' 

Dlhydroxy-2- 

methoxydiphenyl- 

propane) 

PLANT SOURCE '2: I 
amchis  hypogaea 

Rrachis hypogaea 

Vitis vinifera 

Broussonetia 

papyrifera, 

MOrus alba 

Brossonetia 

papyrifera, 

MOT". alba 

7.04.H ; 6.89 H ; 6.89,=CH-; 2 '6 

6.8.H ; 6.76,=CH-i 6.68,=CH-; 
5 

6.68,=CH-; 6.57,H2,; 2.41, 

>CH ; 1.09, 2 x Me. 
3 

J = ~ ~ - ~ ~  -=61 J =16; 
2 CH=CE 

JgZ6=9H . 

7.39,H ; 7.39 H . 7.82.H ; 
2 ' 6' 3 

7.82,H ; 6.94,-CH=CH-; 6.82, 
5 

-CH=CH-; 6.6,H2,; 6.6,H6.1 6.6 

.CX-; 2.4,>CH-; 1.1, 2 X Me. 

7.01, 6.96, 6.74, 6.41, 6.34, 

N-H; 3.68,OMe; 2.59, Ar-CH - ;  2 

2.56, Ar-CH ; 1.84,-CH -, 2 2 

8.1.08. 

J -CH2-CH =7.0; JAI_H=2.5 & 8H. 
2 

REF. 

- 

38 

18 

12 

10 

10 



COMPOUND 

Broussonin-C (2.4, 

4'-Trihydroxy-5'- 

isopentenyldipheny 

propane 1 

PLANT SOURCE 

~rO"SSO"etia 

papyrifera, 

mrus alba 

Broussonetia 

papyrifera, 

Morus alba 

Broussanetia 

papyrifera, 

M r u s  alba 

Morus alba 

Mom6 alba 

MOTUS aLba 

SOLVEN 'H-NMR SHIFTS,& 

5.34,=CH-i 3.3, RT-CH -CH=) 
2 

2.55, Flr-CH ; 2.54, .4-CH ; 
2 2 

1.85, CH ; 1.3, 2 x Me. 2 

13.97, 9.26, 9.21, 6.9, 

4 x OH; B.23,=ctii 7.72,=cx; 

7.89, 7.68, 6.51, 6.52, 6.46, 

5RT-B; 5.3,=CHi 3.18,-CH -; 
2 

1.75 & 1.63, 2 n Me. 

JCHLCH=15i J- .CH.CH =': 
2 

JAr-"=2 & 8H . 

12.84,OH; 9-8, 6x05, R.4lJ9); 

6.98(581; 6.49(J21; 6.46(59), 

Ar-H; 6.31,(52,81, 7.32(581, 

6.89(52). 6.89. 6.75, 6.74, 

(J2.81, Ax-H; 5.17.1CH; 3.28, 

-CH (571; 1.71, 1.5, 2 X Me. 
2 

8.62, 2 n OH; 6.94iJ21, 

6.82(52,8), 6.45(521, 6.44 

(521. 5 x RT-H; ?.lj,=CH-I 

3.96, 3.88, 2 X OMe. 

8.5, 7.33, 2 x OH; 7.08U0.81 

7.04, 6.97, 6.5(521 5 n RT-H; 

7,21,=Cll; 3.94, 3.83, 2 x OMr 

8.51, 8.35, 3 x OH; 7.431581. 

I4 ; 7.01(J2&0,81,ti ; 6.97, 
4 7 

X2a,6s; 6.85(58&21,H.i 6.95, 

(50.8) ,Ex; 5.38,=CIi-(J71; 
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COMPOUND PLANT SOURCE 

bn16 alba 

lorus alba 

ilorus alba 

ilorus alba 

Morus alba 

STRESS 
AGENT 

OLVEN 'a-NMR S H I F T S .  6 

1.45,-CH2(J7); 1.8. 1.7 

! x Me. 

1.63, 2 x OH, 7.07(J0.8),H3; 

7.01 (J21 ,H71 7.421J8)H4; 

i.86(Jl.6) ,116,; 6.84(J2&8) ,H 

i.82(J1.6&81,H8,; 6.13150.8 

k10)H4,; 5.69(5101,H3,; 1.42 

2 x Me. 

3.64, 2 x OH, 7.48(J8I,Z41 

7.04(J21,H5; 6.881J0.81,H3; 

5.85(50.8,10) .H4,; 6.86 

(J2.81 , E L ;  6.83(52.41 ,H6! i 

j.39(J2.4,0.8),H8,; 5.68 

(J10)H3,; 1.44, 2 X Me. 

3.37, 2 x OH; 1.16.11 $7 09.E 
7 '  

7.01 (JO.8) ,H3; 6.85(52) .H4,, 

6.36(J21,H4,i 3.88, 3.83, 

2 x OMe. 

8.57, 2 x OH; 7.38(J81,H4i 

7.11.8 ; 6.95(J8),H5; 6.94 
3 

(J2) ,HZ, ,6,; 6.431J21 ,Ed,; 

5.74,H4.,; 4.47,H2,,; 3.74,H5, 

1.58, Me. 

8.51, 2 x OH, 7.5.H i 6.93 5 

(~2),H~,,~,1 6.51.H i 6.41 3 

(J2IrH4,i 5.75,H4..; 4.48,H2, 

3.92, OMe; 3.67,H5,,! 1.6, MI 

RBF. 

- 

34 

34,244 

34,244 

34.244 

!34,244 



COMPOUND 

&.CLCETYLENS AND 

FUWLNOACETYLEINS 

Wyerone acid 

hyerone epoxide 

Wyerol epoxide 

PLANT SOURCE 

licia fabae ,  

iicia narbanesis, 

iicia galilea 

iicia fabae, 

rack bean (canavah 

%".ifomis1 

iicia fabae 

vicia fabae 

ycope~sicon esculer 

um, phaseolus vulgi 

is, D~YCUS carota, 

egopodium Podagrarl 

STRESS 
AGENT OLVENT 

- 
1 

1 

4 

1 

1 

1 

1 

4 

7.43.H , i  7.3,H I 6.78.H ,; 1 B B 

6.6,H2,, 6.4.8 ; 5.71,H ; 
5 4 

3.78, OMe; 2.56.8 ; 1.25.E . 
6 7 

11.2;COOH; 7.4,Hl,i 7.28.H ; 
0 

6.78,HB,; 6.58,H2,; 6.4.H:; 

5.7.H ; 2.5.H ; 1.2,H7. 
4 6 

7.48,k1,; 6.37,1J3.7),HBi 

6.75(J3.7),HB,; 6.41J161,H2,; 

3.83, O m ;  3.66(36.11, H4; 

3.211J3.9861,H51 1.76,H6; 

l.15lS7.5) ,H7. 

6.4,H0,; 6.53,%; 5.53,Hl; 

3.54.H ; 3.09.H . 6 5 

6.53.H ; 6.4,H0,; 5.53,H1; B 

3.65,H5; 4.3.H 4 ' 

5.9(J5,9,171,Hl_13r 5.7-4.8, 

138-10i 2.11,H11,12; 1.3. 

H13-16! 0.90, Me. 

REF. 
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COMPOUND 

'alcarinol (Hepta 

sca-1.9-diene-4, 

liyne-3-01) 

!etradeca-6-ene-1 

iiyne-5.8-did 

iafynol (3.11-Trj 

lecadiene-5.7.9- 

:riyne-1.2-did1 

lehydrosafynal ( :  

cridecene-3,5,7,! 

xtrayne-1.2-dio: 

jossyp01 

Hernigossypol 

Vergosin (Deoxy- 

methoxyhemigofsy 

PLANT SOUBCE 

(copersicon escu- 

mtum, phaseolus 

~lqa~is, DaUCUS 

arota, aegopodium 

odagraria 

ycopezsicon 

scu1entum 

=rthamus tinctoriu 

iossypium hirsutum, 

iossypium 

,arbadens= 

assypium hirsutum 

STRESS 
AGENT 

- 
OLVENT 

- 

.63,HgT7; 5.3.H5i 4.5,H8; 

.85, 2 X OH; 2.2,H I l.5,H i 1 9 

.3,H8-13: 0.90, Me. 

,.5,H3,12; 4.7.B 2,4,11i 3.7' 

I i 1.8, Me. 1 

i.45,H12; 4.7,H2,11; 3.75,H1; 

.5, Me. 

15.2, 2 X OH; 11.3,CHO; 7.8, 

3 X AT-H; 6.4, 2 X OH; 5.9, 

2 X OH; 3.75, XH-; 2.2, 

2 x lir-~e; 1.55, 4 X Me. 

7.3,-CHO; 6.5, W-H; 5.8, 

4r-H; 3.7,)CH; 3.5,OH; 2.4, 

@-Me; 1.45, 2 X Me. 

7.28,CHO; 6.54, &-HI 5.75 

iu-Hi 3.9, OMei 3.65,)CH-i 

3.5,OH; 2.3, =-Me; 1.45, 

2 X Me. 

REP. 
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