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the  ring A of a f lavone, bu t  too small  for t h a t  expec ted  
of H-82. This confi rms t h a t  such shifts,  obse rved  in the  
monomers ,  m a y  also be used in the dimers.  The s t ruc tu re  
of WI3 i tself  was made  absolute ly  clear as th is  comp o u n d  
had  2 peaks a t  T-2.56 and  z-3.07, exchangeab le  w i th  
deu te r ium oxide. There  are thus  p resen t  2 s t rong ly  hydro-  
gen-bonded  h y d r o x y  groups, which m u s t  be assigned to  
a 5-OH and  a 5"-OH. 

WI3 therefore  is ( + )-4', 4,"' 7, 7"- tetra-O-m ethyl-  
amen to f l avone  (I). The racemate  cor responding  to ~vVI3 
has been p roduced  f rom ( •  4,5 and has 
also been isolated by  Hodges  3. Fur the r ,  WI3  is the  f i rs t  
opt ical ly act ive m e m b e r  of the  amen to f l avone  series to 
be character ized.  
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The isolat ion of opt ical ly act ive kawaf lavone  5 f rom the  
same source as well as amento f l avone  i tself  will be 
repor ted  in detai l  in a full paper.  

Rdsumd. Araucaria cookii donne  les premi6res bisfla- 
vones  o p t i q u e m c n t  act ives  de la s6rie des amentof lavones .  
Une analyse  compl6te  des spect ra  de R N M  des subs tances  
de ce t te  s6rie a 6t4 faite. Les d @ l a c e m e n t s  m6thoxy l iques  
indui ts  pa r  le so lvan t  s ' a j ou t en t  aux r6sul ta ts  de l ' ana lyse  
de RNM et les conf i rment .  
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B i f l a v o n e s  

F u r t h e r  to our s tudies  1,2 of bi f lavones  produced  by  
Araucariaceae, we here repor t  the  isolat ion f rom Agathis 
palmerstonii of 2 opt ical ly  act ive bi f lavones  of the  
h i the r to  unknown 6, 8 l inked series. 

The f irs t  compound,  WA |, C31}120010 (tool. wt.  
552.106312) had  m.p.  ) 320 ~ i a ~  ~ (pyridine-ethanol)  
- -50 ~ , , t  (EtOH) 278, 3 3 9 m n ;  (M/500 NaOEt)  285, 
372, 398 nm. I t  gave a pen ta -ace ta te ,  W A  H, C41H30Oj5 
(tool. wt. 762.158625), m.p.  165 168 ~ and a p e n t a m e t h y l  
ether,  W A  IiI, C36H30010 (622.185718), m.p.  162 164 ~ The 
second c o m p o u n d  WA vll, Ca2H~2010 (tool. wt.  566.121348) 
had m.p.  212 213 ~ ~ } r 1 7 6  (pyridine-ethanol)  55 ~ L,~x 
(EtOH),  277, 337 nm;  (M/500 NaOEt)  287, 382 (intlex.), 
403 nm, yielding a t e t r a - ace t a t e  W A  viiI, C40Ha0014 (tool. 
wt. 734.162447) and the  same me thy l  e ther  W A  Ilt, as 
given by  WA I. 

The UV-spec t ra  and colour tes ts  indica te  a I lavone 
s t ruc ture  and therefore  WA HI represents  a b i f lavone 
h e x a m e t h y l  ether.  The only peak other  t h a n  the  molecular  
ion of any significance in the  mass  spec t rum of WA HI is 
a t  m/e 311, indica t ing  t h a t  there  are 3 m e t h o x y  groups 
in each f lavone por t ion  of the  molecule.  The NMR-  
spec t rum,  however ,  shows the  molecule is no t  symmet r i ca l  
(see Table), nor  are the  B or E rings concerned  in l inking 
the  2 f lavonoid uni ts  as there  are p resen t  2 sets of A2B ~ 
p ro tons  cen t red  at  ~ 2.99, 2.12 (J - 9 c/s) and  ~ 3.22 and 
2.63 (J = 9 c/s), the  pair ings  being p roven  by  double  
i r radia t ion  exper iments .  The coupling cons t an t  is charac-  
ter is t ic  of ortho-coupled protons .  The l inkage canno t  be 
th rough  C-3 or C-3" as in b o t h  W A  I1 and W A  III there  
are 2 ahnos t  i nva r i an t  p ro tons  a t  ~ T 3.4-3.5. Moreover  
th is  l inkage would lead to a t  least  one meta-coupled pair  
associated wi th  rings A or D, and none in fact  is observed.  
This  leaves only rings A and D impl ica ted  in t he  linkage, 
and as the  com pound  is unsymmet r i ca l  (i.e. no t  8,8" 
nor 6,6") the  l inkage m u s t  be 6,8". W A  In is t hen  un- 
ambiguous ly  represen ted  by  (Id). 
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(la) R R 1 - R ~ - H 
(b) R - R 2 = H ; R  1 - Me 
(c)  R R 2 - A c ; R  1 = Mc 
(d) R - R 1 :: R 2 = Me 
(e)  R 1 - R 2 - M e ; R  = H 

(f) R 1 - R 2 M e ; R  --  A c  

Of the  grea tes t  in te res t  was the  behav iour  of the  6 
m e t h o x y  groups of (Id) on change  of so lvent  f rom 
deuter iochloroform to benzene (see Figure).  Five m e t h o x y  
groups (with an ortho-hydrogen atom) behave  as expec ted  
and show large upfield shifts.  The m e t h o x y  group below 
z 6.0 is ident i f ied as being the  5"-OMe by  compar i son  
wi th  8-1inked bi f lavones  of the  cupressuf lavone I series 
and the  amen to f l avone  series 2. One m e t h o x y  group is 
unique in t h a t  up to  ~ 5 0 %  di lut ion wi th  benzene  no 
shif t  is seen and t h e n  a s t rong downfield shif t  is evidenced,  
a p h e n o m e n o n  seen in ne i ther  the  amen to f l avone  nor  
cupressuf lavone h e x a m e t h y l  ethers.  I t  is reasonable  to  
assume t h a t  the  m e t h o x y  group in ques t ion  is the  one 
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a t  C-5, f l anked  b y  r ing  D on  one side a n d  a c a r b o n y l  
g roup  on  t he  o ther .  Th i s  is conf i rmed  b y  t h e  upfield 
m e t h o x y  sh i f t  of 72 c/s for W A  ll (7-OMe) a n d  of 68 c/s 
and  75 c/s for W A  vIII (7 ,4"-OMe).  As t he  5 " - m e t h o x y  
g roup  a t  7 5.95 also m o v e s  upfield,  t he  on ly  m e t h o x y  
group  u n a c c o u n t e d  for is a t  C-5. Th i s  resu l t  suppo r t s  
s t r u c t u r e  (Id) a n d  m a k e s  t h e  m e t h o d  of m e t h o x y  shi f t s  
seem m o s t  su i t ab le  for so r t ing  ou t  t he  o f t en  vexed  
ques t ion  of w h e t h e r  b i f l avono ids  a r e  6- or 8-1inked. 

The  a l loca t ion  of 7 va lues  of p ro tons  to  W A  III is no t  
so cer ta in .  T h e  s ingle t  a t  T 3.36 is ass igned to  H-6"  as 
t h i s  pos i t ion  of a n  8-1inked I l avone  is ve ry  s imi la r  to  t h a t  
of H-6  of cupressu f l avone  h e x a m e t h y l  e the r  (7 3.44) a n d  
4 ' , 4 " ,  7, 7 " - t e t r a m e t h y l  e t h e r  (z 3.42 sh i f t ing  on  ace ty la-  
t i o n  to 7 3.19). S imi la r ly  th i s  p r o t o n  shows a t  7 3.41 in 
a m e n t o f l a v o n e  h e x a m e t h y l  e ther .  Perforce  t he  s ingle t  a t  
7 3.09 is ass igned  to  H-8,  in  l ine  w i t h  t h e  o b s e r v a t i o n  
t h a t  H-6 in 5, 7 - d i m e t h o x y t l a v o n e  appea r s  ~ z 0.2 above  
H-83. S imi la r ly  the  p r o t ons  ass igned to r ing  E f i t  well  
for  anaen tof lavone  h e x a m e t h y l  e the r  (7 3.28, 2.68), 4', 4" ,  
7 , 7 " - t e t r a m e t h y l  e the r  (73.20,  2.56), cupressu f l avone  
h e x a m e t h y l  e t h e r  (7 3.20, 2.62) a n d  4',4",7,7"-tetra- 
m e t h y l  e t h e r  (7 3.16, 2.57). All these  are on  a r ing  B of 
a f lavone  u n i t  l i nked  to  a n o t h e r  v ia  C-8. T he  A2B 2 

7,O 
T 

6.6 

6.~, 

62: 

7.O 

/ ~  "-" 5"-Ne 

.a ~ ~ , - ~  - - , . . .  6.Z 

..,,/ 
_ . ._-. '* 6,0 

io s; 5'0 o'o 70 io io :000/0,  
Change of solvent from deuterioehloroform to benzene. 

P r o t o n  W A  I W A I I  W A I I I  W A V I I  W A V I I I  

H-2', 6' 2.0d 2.08d 2.12d 2.19d 2108d 
H-3', 5" 2.95d 2.62d 2.99d 2.91d 2.73d 
H-2 ", 6" 2.41d 2.50d 2.63d 2.34d 2.60d 
H-3", 5" 3.38d 2.94d 3.22d 3.07d 3.19d 

H-3"H-3 1 3.61, 3.40 113"42'3"38][3"49'3"47][3.59,3.33][ 3"46'3"38 ] 

L JL3~176176 3o9 L 2.99,3.02 

OMe 6:13 6.20 5.95,6.12 6.11,6.20 6.21,6.24 
6.14, 6.22 
6.26,6.41 

OAe - 7.56,7.66 - 7.56,7.67 
7.76, 7.86 7.86, 7.91 
7.91 

OH 0.8-1.2(3H) - - 0.7-1.0(2H) - 
--3.07(1H) --3.04(1H) 
--3.3(1H) --3.3(1H) 

double t s  a t  z 2.19, 2.99 are ass igned to the  f l avonoid  
u n i t  l inked  a t  C-6, for which  no  models  are avai lable .  I t  
is no t  possible  to  d i s t i ngu i sh  H-3  a n d  H-3".  

To W A  I1 is ass igned s t r u c t u r e  (Ic). The  s ingle t  a t  r 3.36 
in W A  III has  m o v e d  to z 3.00 (or 3.01) showing  2 ace toxy  
groups  are p r e s e n t  on  r ing  D 3. Th i s  c o m p a r e s  well w i t h  
H-6"  of sc iad iop i tys in  t r i a c e t a t e  a t  T 3.04 in a n  en t i re ly  
s imi la r  e n v i r o n m e n t  4. H-6  of 5, 7 -d iace toxyf lavone  is a t  
T 3.15, I-I-8 be ing  a t  z 2.453. F u r t h e r  c o n f i r m a t i o n  t h a t  the  
single m e t h o x y  g roup  is a t  C-7, comes  in cons ider ing  t he  
s i t ua t i on  if i t  were  p laced a t  C-7". The  p r o t o n  a t  C-6" in 
W A  II would  t h e n  be  expec ted  a t  ~ T  3.2 as in 4", 4" ,  7, 7"- 
t e t r a -  O - m e t h y l c u p r e s s u f l a v o n e -  5, 5 " - d i a c e t a t e  (z 3.22), 
7, 7" -d i -O-methy lcupressuf lavone-4 ' ,  4 ", 5, 5 " - t e t r a - ace t a t e  
(z 3.19) a n d  4', 4", 7, 7"- t e t r a -  O- m e t h y l a m e n t o f l a v o n e -  
5, 5" -d iace ta te  (z 3.27), and  no p ro tons  are seen in th i s  re- 
gion. B o t h  pairs  of A2B ~ sets  are sh i f t ed  downf ie ld  re la t ive  
to W A  III, i n d i c a t i n g  4'-  and  4 " - a c e t o x y  groups  in W A  I1. 
The  m e t h o x y  shi f t s  ind ica te  no  m e t h o x y  groups  a t  C-5, 
and  in W A  I i tself  t he re  are  ce r t a in ly  2 h y d r o g e n - b o n d e d  
h y d r o x y  groups  a t  7-3.07 and  T-3.3 as would  be  expec ted  
for 5- a n d  5 " - h y d r o x y  groups.  There fore  W A  I i tself  m u s t  
be  r ep r e sen t ed  b y  (Ib).  To avo id  a p l e t h o r a  of t r iv i a l  
n a m e s  we propose  t h a t  t he  p a r e n t  c o m p o u n d  (Ia) of the  
series be  called ' aga th i s f l avone '  and  hence  W A  1 is 
( - - ) -7 -O-me thy l aga th i s f l avone .  

W A  vII m u s t  h a v e  t he  same ske le ton  a n d  o x y g e n a t i o n  
p a t t e r n s  as W A  I as i t  yields W A  III on  m e t h y l a t i o n .  
T u r n i n g  to  WAVlII, s imi la r  a r g u m e n t s  to  those  used 
above  place one of t he  2 m e t h o x y  groups  a t  C-7 (see 
Table) .  In  th i s  c o m p o u n d  t he  A2B ~ s y s t e m  of r ing  E is 
a t  7 3.22 a n d  2.63, v e r y  l i t t l e  m o v e d  f rom the  s ame  pa i r  
in  W A  III ( the o t h e r  A2B * pa i r  h a v i n g  m o v e d  downfield) .  
Hence  t he  e x t r a  m e t h o x y  group of W A  vIII, as c o m p a r e d  
w i t h  W A  I~, is a t  C-4",  a s suming  t he  or ig ina l  a s s i g n m e n t  
of p ro tons  to  r ing  E of W A  III to  be  correct .  The  mos t  
p r o b a b l e  s t r u c t u r e  of W A  vII is the re fo re  ( - - ) -4 " ,  7-di-O- 
m e t h y l a g a t h i s f l a v o n e .  I f  t he  a s s i g n m e n t  of p ro tons  to 
r ings  E and  B of W A  III were reversed  t h e n  t he  e x t r a  
m e t h o x y  group  would  be  a t  C-4'  r a t h e r  t h a n  C-4".  
A l t h o u g h  b y  ana logy  th i s  is v e r y  unl ikely ,  un t i l  s y n t h e t i c  
p r o d u c t s  of th i s  series are e x a m i n e d  for  t he i r  phys ica l  
proper t ies ,  i t  m u s t  r e m a i n  a possibi l i ty .  I t  is i n t e re s t ing  
to no te  t h a t  m e m b e r s  of t he  Araucariaceae produce  
b i f l avones  in wh ich  un i t s  of the  same  o x y g e n a t i o n  p a t t e r n  
are  l inked  8, 8" t, 3', 8 "2 a n d  6, 8" - all  p r e s u m a b l y  b y  a 
s imi la r  rad ica l  coupling.  T h a t  th i s  is no t  a r a n d o m  series 
of react ions ,  however ,  is shown  in t h a t  these  same 
b i f l avones  are t he  on ly  op t ica l ly  ac t ive  b i f lavones  k n o w n  
and  are the re fore  p r e s u m a b l y  p roduced  enzymica l ly .  

Rdsumd. Quelques  b i s f l avones  qui  c o n t i e n n e n t  u n  l ien 
6,8"  on t  6t6 isol6es et  charact6r is6es  pou r  la premi6re  
fois. Les d6p lacemen t s  m 6 t h o x y l i q u e s  p e r m e t t e n t  de d6ci- 
der  si l ' on  a affa i re  ~ des 616ments f l avanoides  li6es 6, 
ou 8". Le contr61e e n z y m i q u e  de la p r o d u c t i o n  de bisfla- 
vones  dans  le genre  Auraucariaceae est  d6mont r6 .  
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WAII, WAIII, WAVIII run at 100 Mc in CDClo as solvent; WA I, 
WAVH run in (CD~)2CO as solvent, SiM% internal standard. Values 
are on the -r scale. For all doublets, J = 9 c/s. 
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