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Abstract :  Biosynthesis o f  i so f l avono id  phytoalexins and r e l a t e d  compounds i s  reviewed. 

LOW molecular weight a n t i b i o t i c s  "phytoalexins" are produced fo l l ow ing  i n te rac t i ons  between 

hypersens i t i ve  p l a n t  t i ssues and var ious These a n t i b i o t i c s  may i n h i b i t  the growth 

o f  microorganisms pathogenic t o  the  p lan t .  This has suggested t h a t  phytoalexins may p lay  an imp- 

o r t a n t  r o l e  i n  p l a n t  disease r e s i s t a n ~ e ~ ' ~ .  Reports cont rary  t o  t h i s  have a l so  appeared c la iming 

10 t h a t  phytoalexins have no r o l e  i n  p l a n t  defense mechanisms against  fungal i n fec t i on  . Phyto- 

a lex ins  are produced i n  the  f i r s t  few hours o f  the  penet ra t ion  o f  the  p a r a s i t i c  c e l l s  i n t o  the  

invaded  tissue^^^-^^. Invasions o f  the  p l a n t  by v i ruses 12'14 o r  bac te r i a  15-18 a l s o  e l i c i t e  

phytoalexins.  

The product ion o f  these compounds may a l so  be t r i gge red  by a b i o t i c  treatment19-30 o f  the  

87-94 p l a n t  by var ious fac to rs  such as heavy m e t a ~ s ~ ~ - ~ ~ ,  p ~ l y s a c c h a r i d e s ~ ~ - ~ ,  pept ides lpro te ins  , 

glycoptv te ins  q5-107, metabol ic i n h i b i t o r s  31'108, p l a n t  growth substances 109s110, ox id i z i ng  

reducing agentslo8, antimetabolitesl", DNA in te rche la t i ng  agents112, RNA ~ y n t h e s i s " ~ - ~ ~ ~  

i n h i b i t o r s ,  i r r a d i a t i o n  w i t h  u l t r a v i o l e t  light115-11q, mechanical and many o the r  

 factor^'^^-^^^. B i o t i c  and a b i o t i c  e l i c i t o r s  a c t  through d i f f e r e n t  m e c h a n i ~ n s ~ ~ ~ , ' ~ ~ .  Thus 

fenugreek (Tr igone l la  foenum-graecun) leaves on fungal  i n f e c t i o n  produce maakian (1) and 



medicarpin ( 2 )  i n  equal amounts, b u t  CuC12 and UY-treated seedl ings produce o n l y  maackiain ( 1 )  and 

36 nb medicarpin ( 2 ) .  However, Moesta e t  a l .  and ~ a i l e y ~ ~ ~  have concluded t h a t  b i o t i c  and a b i o t i c  

e l i c i t o r s  a c t  through t h e  same mechanism. The genet ic  i n f o rma t i on  f o r  phy toa lex i n  p roduc t ion  i s  

c a r r i e d  by the  hos t  and e l i c i t o r s  of such product ion,  whether s p e c i f i c  o r  non-spec i f i c ,  ac t  

through t h e  hos t  genume. Thus a g iven  species gene ra l l y  produces the  same phy toa lex ins  i r respec-  

t i v e  o f  the  cha l leng ing  agent. 

137-139 A f t e r  two decades of research over  125 d i f f e r e n t  phy toa lex ins  rang ing  f rom i s o f l a v o i d s  

t e r p e n ~ i d s ' ~ ~ ' ~ ~ ~ ,  i s o ~ o u m a r i n s ~ ~ ~ ' ~ ~ ~ ,  t o  polyacetylenic144'146, i n  na tu re  have been i s o l a t e d  and 

charac ter ized  from twelve f am i l i e s  of p lan ts .  The m a j o r i t y  o f  phy toa lex ins  a re  produced by members 

o f  the  Leguminosae and Solanaceae f a m i l i e s  o f  p lan ts .  I n  t h i s  area, widespread as i t  i s ,  d i f f e r e n t  

views have been presented regard ing  phy toa lex in  b iosyn thes is ,  p a r t i c u l a r l y  o f  i so f lavones .  Under- 

standing t h e  b i osyn the t i c  pathways t o  these compounds i s  important  i n  o rder  t o  c l a r i f y  defense 

mechanism of t h e  p lan ts .  

147 Phenyla lanine armonia-lyase (PAL) i s  considered a key enzyme i n  f l a vono id  b iosyn thes is  . 
Hadwiger and h i s  co-workers have cor re la ted1"  PAL a c t i v i t y  w i t h  phy toa lex i n  p roduc t ion  i n  excised 

pea and bean pod t i s sue .  I n  pea t i s sue ,  the  pea pathogen Fusarium so lan i  f. sp.% and bean 

pathogen Fusarium s o l a n i  f. sp. Pl;aseoli a re  shown t o  be comparable i n  t h e i r  a b i l i t i e s  t o  s t imu la te  

t h e  PAL act iv i ty14' ,  which i s  an in te rmed ia te  enzyme i n  the  produc t ion  o f  p i s a t i n  149,150 (3a), 

phaseol in 151'152 (4 )  and o the r  s t r u c t u r a l l y  r e l a t e d  p h y t ~ a l e x i n s ' ~ ~ ,  Increased l e v e l  o f  p i s a t i n  

(3a) and PAL a c t i v i t y  i n  Pisum sat ivum t r e a t e d  w i t h  an t i h i s t am in i c ,  a n t i v i r a l ,  a n t i m a l a r i a l  and 
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t r a n q u i l i z i n g  agents has a l so  been reported154. Changes i n  PAL a c t i v i t y  have been f requent ly  

observed i n  host-pathogen  interaction^^^'^^^"^^ and i n  response t o  chemical155 induc- 

t i o n ,  and s t ress  cond i t ions  i n  var ious p lan ts  160-164 

While t he re  are many repo r t s  t h a t  f lavonoid phytoalexins product ion i s  associated w i t h  en- 

hanced l e v e l s  o f  PAL a c t i v i t y ,  there  are a l so  repor ts  of phytoalexins synthesis under cond i t ions  

i n  which PAL l e v e l s  a re  depressed o r  equ iva lent  compared w i t h  cont ro ls ,  suggesting l i t t l e  o r  no 

r o l e  o f  PAL i n  phytoa lex in  biosynthesis under c e r t a i n  cond i t ions .  However Creasy and Zucker 165 

have repor ted t h a t  i f  the concentrat ion o f  phenylalanine i n  a t i s sue  remains constant then i n -  

creases i n  PAL a c t i v i t y  could s t i l l  be invo lved i n  regu la t i ng  phenylpropanoid leve ls .  % 
sativum accumulates f i v e  phytoalexins166-168 and innermin (3b) has been suggested16' t o  be a pre- 

cursor o f  p i s a t i n  (3a).  Biosynthesis of p i s a t i n  and o ther  f lavonoid phytoalexins i n  Pisum sativum 

has been suggested by Carlson and ~ o l p h i n ' ~ ' ,  as i n  Scheme 1 . 



Although PAL i s  reported t o  ca ta lyse the f i r s t  s tep i n  the  synthesis of m e d i ~ a r p i n ' ~ ~  (2 ) '  

i t  has been suggested t h a t  i t s  s t imu la t i on  may no t  be a key s tep i n  regu la t i on  of medicarpin b io-  

synthesis. S i m i l a r l y  Dixon and ~ u l l e r ' ~ '  have shown t h a t  suspension cu l t u res  of Phaseollus 

vu lga r i s  produced phaseolin (4) i n  the absence o f  added inducers and PAL a c t i v i t y  was higher i n  - 
contro l  than i n  induced cu l tu res .  These workers have suggested t h a t  PAL was u n l i k e l y  t o  p lay  a 

regu la tory  r o l e  i n  phaseolin biosynthesis 101'159, i n  t h i s  system. A lack  o f  c o r r e l a t i o n  between 

a c t i v i t y  and isof lavonoid biosynthesis has been described i n  cowpea hypocotyls responding t o  

heavy metal ions  o r  actinomycin-Dl7' producing k iev i t one  (5) and i n  pea endocrap t issues t reated 

93 w i t h  poly-L-arginine . Patr idge and ~ e e n ' ~ '  have repor ted s i m i l a r  r e s u l t s  suggesting t h a t  PAL 

i s  e i t h e r  a simple woundl infect ion response and/or a non spec i f i c  response t o  the fungus. Thus 

a c t i v a t i o n  o f  PAL may not be cor re la ted w i t h  the accumulation o f  6a-hydroxyphaseolin (6) i n  

f lavono id  biosynthesis.  However Yosikawa ,1!73 i n  t h e i r  studies on biosynthesis and b io-  

degra ta t ion  o f  6a-hydroxyphaseolin (6) by soybean hypocotyls i n fec ted  w i t h  Phytophthora m i n -  

spenna var sojae, have concluded t h a t  PAL may i n  f a c t  be l i nked  w i t h  g l y c e o l l i n  biosynthe- 

s i s .  Some other enzymes, apar t  from PAL, involved i n  the  biosynthesis o f  isof lavonoids 

inc lude hydroxycinnamate-CoA l igase,  cinnamic acid-4-dydroxylase and 0-methyltransferase 

( o M T ) ~ ~ ~ , ~ ~ ~ ' ~ ~ ~ .  The a c t i v i t y  o f  these enzymes i s  shown t o  increase when f lavono id  phyto- 

a lex ins  are induced 170,172,175,176 

Biosynthesis of medicarpin ( 2 )  invo lves  conversion of phenylalanine t o  cinnamic ac id  

which then gives chalcone a f t e r  condensation and c y c l i z a t i o n  o f  malonate un i t s .  This step 

i n  flavone biosynthesis has been e legan t l y  demonstrated by fi + studies  using p u r i f i e d  

chalcone synthetase which was prev ious ly  misundertood as f lavone ~ y n t h e t a s e ' ~ ' .  Coversion 
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of chalcone t o  i t s  corresponding flavone has been c a r r i e d  ou t  in by chalcone-flavone i so -  

merase (CF I )  thus es tab l i sh ing  two independent stages i n  flavone biosynthesis.  Isof lavone has 

been postu la ted as an isomer iza t ion  product of chalcone by an a r y l  migra t ion ,  which i s  then 

converted i n t o  pterocarpan by a ser ies  of r e a c t i o n ~ ' ~ ~ - ~ ~ ~ ,  Previous reports174s159*180-182 

about the  unl inked r o l e  of chalcone-flavone isomerase and peroxidase i n  the  biosynthesis o f  

f lavonoids need t o  bereassessed. A b iosyn the t i c  pathway leading t o  medicarpin ( 2 )  i n -  

vo lv ing  f lavonoid b iosyn the t i c  enzymes i n  jackbean innoculated w i t h  Pithomyces chartarum 170 

i s  o u t l i n e d  i n  scheme 2. 

I. 

III. 

V. 

VII. 

SCmm 2 

PAL 11. c inna rn ic  acid-4-hydroxylase 

P - c o u m a r i c  CoA l i g a s e  I V .  chalcone synthetase 

chalcone isomerase VI. aryl m i g r a t i o n  



Involvement o f  peroxidase i n  f lavonoid biosynthesis has been demonstrated by p u r i f i e d  

soybean peroxidase and horseradish peroxidase which convert  i s o l i q u i r i t i g e n i n  ( 7 )  t o  4'-7-dihydro- 

xyflavon-3-01 (11) and a compound o f  structure159,-83-185 (12). 

S l i g h t  s t r u c t u r a l  va r i a t i ons  may r e s u l t  i n  d i f f e ren t  con t ro l s  i n  the biosynthesis o f  f l avo -  

no id / iso f lavono id  phytoalexins.  Thus Dixon and  enda all"^ have suggested a separate con t ro l  f o r  

the synthesis o f  5-hydroxy- and 5~deoxyflavonoid/isoflavonoid der iva t ives .  These workers have 

suggested the presence of a f lavone synthetase whose a c t i v i t y  i s  regulated independently o f  the 

enzymes responsible f o r  the f o n a t i o n  of 5-deoxyisoflavan and coumestrol (13) which accumulate 

129 Over longer t ime courses i n  Phaseolus vulgaris c e l l  cu l t u res  t rea ted w i t h  ribonuclease-A . 
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Flavonoid secondary metabol i tes are ub l iqu i tous i n  the p lan t  kingdom and much known 

about the route by which they are synthesized. However Vinning and Mclnnes e t  have 

recent ly  reported a pathway o f  f lavonoid  biosynthesis d i f f e r i n g  from tha t  o f  higher p lants  

i n  tha t  a C -C precursor u n i t  i s  condensed w i th  four  C2 un i ts .  From t racer  studies on 6 1 

the biosynthesis of ch lor f lavanin  04d i n  A. candidus, these workers have proposed t h a t  

the heterocyc l ic  r i n g  i s  f o n e d  before r i n g  R i s  subst i tu ted a t  C-8 and whi le  i t  i s  f ree  

t o  r o t a t e  a t  the enzyme surface. A proposed b iosynthet ic  route o f  ch lor f lavanin  according 

t o  Vinning and coworkers i s  produced i n  scheme 3. 

COZH 

4 r Molonate 
unit 

0 0 

J 

Me.@ \ I I t C  I I 
OMe \ R~~~ 

OH 0 OH 0 

Scheme 3 



Several views, for the migration of aryl ring in the isoflavonoid biosynthesis, have been 

presented. CIewicklB6 concluded that methylation is an integral part of the aryl migration step, 

in the biosynthesis of these compounds. However Gustine et a1.170 have shown that isoliquiriti- 

genin (7) and daidzein 14 16'187 (8) are both methylated in presence of S-adenosyl-( C-methyl)-meth- 

ionine and an 0-methyltransferase preparation. This has suggested that methylation could occur 

before or after the chalcone ring closure step. The occurrence of 0-methyltransferare isozpes 

in soybean suspension cultures have been reported188. One of these isozpes is specific for 

flavonoids and the other being specific for cinnamic acids. 0-methyltransferase,specific for 
189 isoflavonoids, has been reported in chickpea . 

Dewick and  arti in"' have proposed that 4'-hydroxyisoflavones, which are supposed to be 
derived from proton catalysed decomposition of the postulated spirodienone intermediate1g1, are 

not obligatory intermediates in the biosynthesis of 4'-methoxyisoflavones. These could arise by 

S-adenosylinethionine mediated decomposition of the ~pirodienanel~~. However an enzyme catalys- 

in9 4'-methylationof daidzein (8) and genistein (9) has been ~eported"~. This is regarded as 

190 a minor route to the biosynthesis of formonometin . 

Feeding experiments in CuC12 treated red clover seedlings have demonstrated that isoli- 

quiritigenin (7) and formononetin (10) are readily incorporated into the pterocarpan phytoalex- 

ins 6aR, 1la~-demethyl h o m ~ ~ t e r o c a r ~ i n ~ ~ ~  (2) and 6aR, 1 laR-maackian (1 ) . But 2,4-dihydroxy-4'- 

methoxychalcone (15) and daidzein (8) were poor  precursor^'^^. The same four labelled compounds 

(7,8,10 & 15) have been examined as precursors of medicarpin (2), vestitol (22) and sativan (23) 

in Medicago ~ativa'~O. It has been shown that isoliquiritigenin (7) and formononetin (10) but 

not4'-methoxychalcone (15) and daidzein (8) are incorporated into these isoflavones including 

9-0-methylcumestrol (14). However daidzein (8) and isoliquiritigenin (7) are incorporated into 

cumestrol (13) in Medicago sativa 1g3,194 and Phaseolus v ~ l g a r i s ~ ~ ~ ~ ~ ~ ~ .  lsoliquiritigenin (7) 

is also readily incorporated into formononetin 186'193'197 (10). medicarpinla6 (2), maackian 186 

(1) and rotenoid amorphigeninl"l. However daidzein (8) and methoxychalcone (15) are also poor 

precursors for maakian (1) and medicarpin (2). This is all in agreement to the conviction that 

methylation is an integral part of the aryl migration in isoflavonoid biosynthesis. 

Medicarpin (2) and vestitol (22) are reported to be interconvertible in Medicago sativa 

and arise from a comnon precursor 21,179 such as carbonium ion (18) or its mesomeric counter part 

(19) derived from isoflavanone 179,198 (17). Feeding experiments suggested the existence of a 

comnon intermediate and simultaneous synthesis of medicarpin (2) and ~estitol~~~(22). This has 

'190'200. Thus isoflav-3-ene type intermediate suggested a metabolic grid in Medicago sativa 201 -204 
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compounds are no t  important i n  the  biosynthesis of M. s t a i v a  phytoalexins o r  as intermediates i n  

the  pterocarpan-2'-hydroxyisoflavan i n t e r c o n ~ e r s i o n ~ ~ ~ .  On the o ther  hand isof lav-3-ene type 

199 compounds are repor ted t o  p l a y  an important r o l e  i n  coumestans biosynthesis . 

2',7-Dihydroxy-4'-methoxyisoflav-3-ene (20) has been considered as an intermediate i n  the 

biosynthesis o f  the  phytoalexins medicarpin (2),(3R)-vest i to l  (22) and (3R)-sativan (23) i n  w- 
cago sativaI7'. These compounds a re  der ived by a s tereospec i f i c  reduct ion  sequencelq2 from 2',7- -- 

dihydroxy-4'-methoxyisoflavanone (17) 2'.7-dihydroxy-4'-methoxyisoflavone, (16) as reported 

e a r l i e r ,  i n  feeding e x p e r i m e n t ~ ' ~ ~ .  Biosynthesis of these compounds i s  i l l u s t r a t e d  i n  scheme 4. 

Iso f lavans normal lyco-occur w i t h  the  correspondingoxygenated pterocarpans 94.137,205,206 as 

shown i n  scheme 4. Pterocarpans may be produced by an ox ida t i ve  process i nvo l v i ng  2'-hydroxy- 

isoflavansZo7. Feeding experiments i n  red c love r  ( T r i f l o i u m  pratense)186'207 have suggested t h a t  

the  b iosyn the t i c  pathway t o  medicarpin (2) proceeds the iso f lavone formononetin (10) fol lowed 

by 2 ' -hydroxy la t ion  t o i so f l avone  (16) and f i n a l l y  reduct ion  t o  isof lavanone (17).  This i so f l ava -  

179. 
noneundergoes presumable reduct ion  t o  iso f lavano l  (24) which subsequently cyc l i zes  t o  medicarpin 

Reductive r i n g  opening o f  a pterocarpan t o  a 2'-hydroxyisof lavan 208-211, and methy la t ion  o f  

an isof lavonoid are among the demonstrated metabol ic processes i n i t i a t e d  by fung i  116,212, 

chemical ly,  the  pterocarpan- 2 ' -hydroxyisof lavan conversion has been demonstrated dur ing  

fungal de tox ica t ion  o f  pterocarpan phytoalexins,  such as maackiain ( I ) ,  medicarpin (2) and phase- 

o l l i n  209-211 (4 ) .  Red c lover  i s  repor ted t o  synthesize on l y  pterocarpan phytoalexins producing 
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maackiain (1) and m e d i c a r ~ i n ~ ~ ~ .  However the  isof lavans i n  t h i s  p l a n t  a re  speculated t o  be induced 

since the p l a n t  has the a b i l i t y  t o  convert  v e s t i t o l  (22) t o  medicarpin (2) .  It i s  note worthy t h a t  

i so f lavan phytoalexins w i t h  4',5'-methylenedioxy subs t i t uen t  have no t  been found along w i t h  t h e i r  

corresponding p t e r o ~ a r p a n s ~ ~ ~ .  Exception t o  t h i s  has been repor ted by ~ e w i c k l ~ '  who has described 

th ree  pterocarpan precursors namely fonnononetin (10). l i q u i r i t i g e n i n ,  and i s o l i q u i r i t i g e n i n  (7) 

accompanying maackian (1) and medicarpin (2) i n  Tr igone l la  species. 

Trans-st i lbene and b isary lpropano id  phytoalexins are c l ose l y  r e l a t e d  t o  i so f l avan  phytoalex- 

i n s .  A t  l e a s t  s i x  t r ans -s t i l bene  phytoalexins from p lants  both f unga l l y  in fec ted and incuced w i th  

a b i o t i c  treatment have been i so la ted  and character ized. These compounds a re  a l l  t rans- resvera t ro l  

analogues (25-30). accumulated i n   rapv vine^^^'^^^, Arachis h ~ p o g a e a ~ ' ~ - ~ ~ ~  and Mows alba 217,220 -- 
Linne. 

25: Resveratrol:R1=RZ=R3=H 

26: 4'Isopentenylresveratrol:Rl=R2=H ; R3=isopentenyl 

27: 2-Hydroxyresveratrol:R2=R3=H;RI=OH 

28: 4L-1sopentenyl-2-hydroxyresveratrol:R -OH; R -H; R - isopentenyl 1 2- 3- 

29: 4'-lsopentenyl-3-hydroxyresveratro1:R =H; R2=OH; Rj-isopentenyl 
1 

30: 4'-(3-methyl-but-1-eny1)-resveratrol: R1=R2=H; Rj=3-methyl-but-1- 

enyl  

Resveratrol has been predicted215 as a b iosyn the t i c  precursor o f  the  v i n i f e r i n s  t ( 3 1 )  and 

a (32). ant i fungal  compounds c h a r a c t e r i s t i c  o f  the  f am i l y  -. 



The co-occurrence of isoflavan broussin (33) and bisarylpropanoid broussin-C (34) in 

mulberry (Broussonetia papyrifera vent.) has suggestedzz1 a close biosynthetic relationship 

between two types of compounds. Broussin-A (35) and broussanin-B (36) have been isolated 

from mulberry in response to Fusarium solani f. sp. @ '22z. Mulberry contains antifungal 

compounds albanins F (37) and G~~~ (38), considered to be formed by Diels-Alder type of reactions 

in vivo. Chalcomoracin (39) is also considered to be formed by a Diels-Alder type of enzymatic 

reaction process or morachalcone-A (40) and dehydromoracin-C (41) or its equivalents. The co- 

occurrence of morachalcone-A (40). moracin-D, equivalent to moracin-C (41), and chalcomaracin 

(39) as minor phytoalexins in the infected cortical tissue of mulberry shoots has supported this 

hyp~thesis'~~. 
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'33'' xK"'QOH OR2 R I  

O M e  
(33) (34): R 2 =  R 3 = H  ; R I =  isopenteny l  

(35): R ,  = R 2 = H  ; R 3 =  M e  

(36): R l  = R , = H ; R 2 =  M e  



HOH2C (CH2)2 %o H 0 " " H 2 ' 2 ~  

0 M e  OMe 
OMe 

( 4 2 )  0 1 ( 4 3 )  OMe 

S t ruc tu ra l  d i v e r s i t y  of arylbenzofurans has suggested t h a t  these compounds may a r i s e  by 

a number of d i f f e r e n t  routes.  Most commonly accepted route  invo lves  ox ida t i ve  c y c l i z a t i o n  process 

of hydroxyst i lbenes i so la ted  from the same o r  re la ted  source. Thus co-occurrence of 2-(3,s-di- 

hydroxypheny1)-6-hydroxybenzofuran (44) w i t h  resve ra t ro l  (27) i n  & laevigataZ3 l  and the 
225-227 has 

phytoalexins moracins A-H i n  Morus a lba i n  response t o  Fusarium so lan i  f. sp. 

given substant ia l  support t o  t h i s  pathway. A c lose biogenet ic r e l a t i o n s h i p  between the co- 

occur r ing  isof lavan (33) and b isary lpropano id  (34), has suggested t h a t  bisarylpropanoids,  which 

may a r i s e  a f t e r  reduct ion  of chalcone de r i va t i ves ,  are a l so  invo lved i n  the  biosynthesis of 

a r y l b e n z ~ f u r a n s ~ ~ ~ .  Thus Mar t i n  and Dewick have suggested242 t h a t  egonol (42) and homoegonol 

(43). from styrax species228-230 are formed from bisarylpropanoids by l oss  o f  a carbon atom. 

However if a c y c l i r a t i o n  process preceeds a reduct ion  o f  chalcone, a f lavone may r e s u l t  
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which could then lose a cwbon atom t o  g i ve  arylbenzofurans. This pathway has been supported by 

l a b e l l i n g  studies f o r  the biosynthesis of v ignafuran (50) from leaves o f  cowpea, Vigna unguiculata 

i n fec ted  w i t h  Co l le to t r icum l i n d e m u t h i a n ~ m ~ ~ ~ ' ~ ~ ~  and Lablab n ige r  in fec ted w i t h  Helminthosporium 

carbonum236. Thus incorpora t ion  of l a b e l l e d  phenylalanine i n t o  v ignafuran (50) has suggested the 

l oss  o f  a carbon atom C-3 o f  phenylalanine and t h a t  v ignafuran (50) i s  der ived from an iso f lavo-  

no id  precursor (5 la) .  Loss of a carbon atom from coumastan, dur ing biosynthesis o f  vignafuran has 

a l so  been reported 234'239. Pterofuran (45) from Pterocarpus i n d i c ~ s ~ ~ ~ ,  neoraufurane (46) from 

Neorautanenia eduli5233, 2-(2-4-dihydroxypheny1)-5,6-dimethoxybenzofuran (47) from l ly roxy lon 

balsamum234 and 2-(2,4-dihydroxyphenyl)-5,6-methylenedioxybenzofuran (48) and i t s  methyl e the r  

(49). from Sophora t ~ m e n t o s a * ~ ~  a re  a l l  speculated t o  be der ived from corresponding f lavonoid 

242 precursors by l oss  of carbon atbm . 



2 ' -Hydroxy la t ion  and i sop reny la t i on  are a common process i n i so f l avono id  phy toa lex in  biosyn- 

thes is .  Thus phaseolutone (54), a metabo l i te  o f  french bean (Phaseolus vulgaris L )  i n  response 

t o  M o n i l i n i a  f r u c t i c o l a  (Wint . )  Honey, i s  proposed240 t o  be synthesized from i t s  co-occurr ing 

iso f lavones such as gen i s te i n  (9) and 2 ' -hydroxygenistein (52). A d i r e c t  syn thes is  of k i ev i t one  ( 5 )  

i n  Phaseolus vulgaris L. i s  a l so  suggested240 through hydroxy la t ion  and p reny la t i on  o f  i t s  co- 

occur r ing  isof lavones. 

Although a number o f  research groups are  a c t i v e l y  invo lved i n  the  study o f  phytoalexins and 

t h e i r  r o l e  i n  p l a n t  defense mechanisms, more comprehensive & * s t u d i e s  are  warranted t o  under- 

stand t h e i r  b iosynthet ic  formation. This w i l l  b r i n g  t o  l i g h t  t he  r o l e  played by these compounds i n  

p l a n t  p ro tec t i on .  
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