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R e a c t i o n  of  R e s o r c i n o l  w i t h  I s o p r e n e  

In  connection with our interest in the synthesis of 
O-heterocyctic natural  products, we investigated the 
reaction of resorcinol with isoprene. 

The condensation of resorcinol (1) with isoprene (2) in 
carbon disulfide and aluminium chloride afforded a brown 
oil. Fractional distillation gave two easily separable 
fractions. The first fraction, b.p. 140-145~ mm Hg 
consisted of pure 7-hydroxy-2, 2-dimethylchroman (3) as 
identified by IR and NMR. Compound 3 was previously 
prepared by CIemmensen reduction of 7-hydroxy-2, 2- 
dimethylchroman-4-one 1 and by the condensation of 
resorcinol with 2-methyl-3-butene-2-ol in aqueous citric 
acid solution ~. 

§ f l ~  § ~ v  ~r 1 HO OH 
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The mass spectrum of 3 showed besides strong M+ and 
3/f+:15, a base peak at m/e 123 resulting from a retro- 
Diels-Alder fragmentation accompanied by a hydrogen 
shift. Formation of the phenol 3 can be explained by the 
acid-catalysed cyclization of the intermediate 4-7, 
7-dimethylallylresorcinol. 

The second fraction, b.p. 160-172 ~ mm Hg was a 
mixture of 6, 7-dihydro-2, 2, 8, 8-tetramethyl-8H-[l~ pyrano 
[3, 2-g~ chroman (4) and 9, 10-dihydro-2, 2, 8, 8-tetramethyl- 
8H- [1~ pyrano E2,3-h~ chroman (5), separated by GLC 
(SE-30). The chromans 4 and 5 were derived from the 
phenol 3 by further isoprenylation and cyclization. 

A distinction between the linear 4 and the angular 5 
dichromans could be made by NMR. The symmetric 
compound 4 showed one signal for both gem-dimethyl 

groups and the aromatic protons appeared as two singlets. 
Compound 5 is asymmetric and exhibited different peaks 
for the gem-dimethyl groups, wihle the aromatic protons 
displayed a AB pattern. 

Compound 4: V==x (NaC1) 1625, 1580, 1490 cm -1 
(aromatic); d (CCI~): 1.28 (12H, s, 4•  1.70 (4H, t, 
J 7.0 cps, 2• 2.62 (4H, t, J 7.0 cps, 2xCH2); 
6.01 (1H, s, Ar-H); 6.52 (1H, s, At-H). Compound 5: v ~ ,  
(NaC1) 1615, 1590 and 1485 cm -* (aromatic) ; c~ (CC14) 1.29 
(6H, s, 2XCHa); 1.31 (6H, s, 2 • 1.69 (2H, t, J 6.2 
cps, CH2); 1.73 (2H, t, J 6.0 cps, CH2) ; 2.53 (2H, t, J 6.2 
cps, CH2); 2.64 (2H, t, J 6.o cps, CH2); 6.14 (1H, d, J 8.3 
cps, Ar-H); 6.62 (1H, d, J 8.3 cps, Ar-H). The mass- 
spectrum of 5 exhibited simple breakdown patterns. A 
retro-Diels-Aider fragmentation with a hydrogen transfer 
occured to give the base peak (m/e 191). The much less 
abundant  fragment ion at m/e 190 may originate from a 
retro-Diels-Alder reaction, followed by expulsion of a 
methyl radical (m/e 175) and a retro-Diels-Alder frag- 
mentation with a hydrogen shift (role 135). 

The same compounds 3, 4 and 5 were obtained by the 
reaction of resorcinol (1) with 1-bromo-3-methyl-2-butene 
(6) in aqueous potassium hydroxide solution and copper 
powder. 

Zusammen[assung. Die Synthese yon 7-Hydroxy-2, 
2-dimethylchroman, 6, 7-Dihydro-2, 2, 8, 8- tetramethyl-  
8H-~l~pyrano[3, 2-glchroman und 9, 10-Dihydro-2, 2, 8, 8- 
tetramethyl-SH-El~pyrano[2,3-h~chroman aus Resorcin 
und Isopren oder 1-Bromo-3-methyl-2-buten wird be- 
schrieben. 
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R o b u s t a f l a v o n e  - the  F i r s t  M e m b e r  of a N e w  S e r i e s  of B i f l a v o n e s  

Naturally occurring flavanoids with the 6- and 8-posi- 
tions carbon-carbon linked to a variety of substituents, 
viz. methyl, yT-dimethallyt and glucosyl, are well known 
and constitute isomeric pairs. Surprisingly enough the 
interflavonyl linkage of biflavones is found to implicate 
only position -8 out of the above 2, except in naturally 
occurring hinokiflavone (I a). The discoveries of cupres- 
suflavone t (II) and agathisflavone a, ~ ( iII  a) provided the 
first example of such a pair of naturMly occurring isomers. 
In  the present communication we wish to report the isola- 
tion and characterization of a new biflavone (IVa) as 
hexamethyl ether (IVb) which with ameritoflavone (Va) 
constitutes the second example of such an isomeric pair 
of naturally occuring biflavones. The new biflavone (IVa) 
isolated from the leaf extract of Agathis robusta has been 
named as 'robustaflavone'. A monomethyl ether of IVa is 
also indicated (TLC). 

The leaf extract of Agathis robusta, by the usual methods 
of purification, gave a hiflavone mixture which separated 
by preparative layer chromatography (BPF) a into six 

fractions labelled as AgI-AgVI. They were found to be 
chromatographically (TLC) identical with the 6 bands 
already reported in A. palmerstonii 3 and A. alba a,5. The 
fractions AgII and AgIV, although reported as consisting 
of single entities from the previously reported plants 2, s, 5, 
were found after methylation to be mixtures in the present 
case. Rf value considerations and characteristic fluores- 
cence in UV-light a indicated each of them as mixtures of 
complete methyl ethers of agathisflavone (major) and a 
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The NMR spectral data of Hexa-O-methyl robustaflavone in CDCla 

Protons Chemical shifts (d) S-values by Eu(FOD).~ 

OCH3~5,5" 3.93, 3.61 10.58, 2.64 

7,7" (3.88, 3.82) (0.74, 0.56) 

4"4 ~" 3.86, 3.88 0.32,- 0.06 

H-3,3" 6_65 ~ (2H, s) (0.30 ~, 0.16) 

6 6.35d 4.84 

8,8" 6.58d, 6.88s ~ 1.20, 0.50 ~ 

2', 6' 7.81d, 7.87q 1.42, 0.36 

2"', 6"' 7.87 (2H, d) --0.08 

5' 7.09d 0.52 

3"', 5"" 7.02 (2H, d) --0.06 

Alternative assignment is possible for these figures as we11 as for 
those in parentheses. Values are represented in ppm from internal 
TMS. S-values (ppm) are represented as the slopes of straight lines 
obtained by plotting the shift values induced by Eu(FOD)3 for 
every proton signal against the molar ratio of Eu(FOD)3. 

h i t h e r t o  u n r e p o r t e d  n a t u r a l l y  occur r ing  b i f l avone  ' robus t a -  
f l avone '  (minor).  Coun te r  c u r r e n t  d i s t r i b u t i o n  of A g l I  
and  A g I V  gave on ly  m a j o r  c o m p o n e n t s  w h i c h  were 
ident i f ied  b y  N M R  as 7 -O-me thy laga th i s f l avone  ( I I I  c) 2, 5 
a n d  7 ,4"" -d i -O-me thy laga th i s f l avone  ( I I I d )  8,5 respec- 
t ive ly .  E a c h  m i x t u r e  was, therefore ,  m e t h y l a t e d  a n d  
sub jec t ed  to  p r e p a r a t i v e  layer  c h r o m a t o g r a p h y  to  give 
h e x a - O - m e t h y l a g a t h i s f l a v o n e  ( I I I b )  a n d  h e x a - O - m e t h y l  
r o b u s t a f l a v o n e  (IVb).  The  c o m p o u n d  (IVb),  C8,H~0010 
(M+, 622.1791) me l t ed  a t  305-308 ~ N M R  spec t ra l  d a t a  
of I V b  t a k e n  in CDC18 are g iven  in t h e  Table .  

The  m o d e  of i n t e r f l a v o n y l  l inkage  as C3 ' -C6"  in ro- 
b u s t a f l a v o n e  (IVa) was e s t ab l i shed  f rom benzene - induced  
so lven t  sh i f t  s tud ies  of m e t h o x y  resonances  of I V b .  On 
change  of so lven t  f rom CDC13 to  C~D 6, a m e t h o x y  g roup  
a t  3.61 m o v e d  downfield ,  whereas  t h e  o t h e r  5 showed  
upf ie ld  shif ts  l ike p e n t a - O - m e t h y l  h inok i f l avone  * ( Ib)  
a n d  h e x a - O - m e t h y l a g a t h i s f l a v o n e  2 ( I I I  b). Th i s  f ind ing  is 
c o m p a t i b l e  w i t h  t he  s t r u c t u r e  of r o b u s t a f l a v o n e  (IVa) 
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because  OCH3-5" in th i s  case is loca ted  in s imi la r  envi ron-  
m e n t s  as OCHa-5 of I I I b  a n d  O C H - 5 "  of I b .  

The  above  mode  of l inkage  gains  f u r t h e r  s u p p o r t  f rom 
mass  spec t ra l  s tudies  of I V b .  The  presence  of m/e 311 as a 
m a j o r  peak  in I V b  a n d  I I I b ,  b u t  v e r y  m i n o r  one in V b ,  
is of cons iderab le  significance.  This  m a y  be  a t t r i b u t e d  to 
facile c a r b o n - c a r b o n  c leavage  in I V b  and  I I I b  due to 
s ter ic  reasons.  

L a n t h a n i d e - i n d u c e d  sh i f t  s tudies  b y  Eu(FOD)a  h a v e  
also been  carr ied  ou t  to  eva lua t e  p r o t o n  chemica l  shif ts  of 
I V b .  S-values  of eve ry  p r o t o n  are l i s ted  in the  Table .  W e  
h a v e  r ecen t l y  repor ted7  t h a t  H-6  of f l avone  nuc leus  on 
add i t i on  of Eu (FOD)a  shows a cons iderab le  downfie ld  
sh i f t  (2.76 ~ 5.80 p p m  in S-values) in compar i son  w i t h  
H-8 or H-3 (less t h a n  1.14 ppm)  whi le  t he  side p h e n y l  
p ro tons  are  sh i f ted  to a ve ry  smal l  ex ten t .  A s ingle t  a t  
6 . 8 8 p p m  ass igned to H - 8 "  gave a smal l  S-value  (0.50 ppm) .  
A large S-value  of OCt-Is-5 (10.58 ppm)  would m e a n  t h a t  
comp lexa t i on  occurs  m o s t l y  a t  th i s  side of the  molecule.  
The  S-va lue  of H - 2 '  (1.42 ppm)  is la rger  t h a n  usua l  
( - -0 .50  N 0.56 ppm)  7 pe r haps  because  t he  side p h e n y l  
group (at  C-Y) is a t t a c h e d  to  6-posi t ion of t he  o the r  
f lavone  nucleus.  These  obse rva t ions  are in  accord  w i t h  t he  
p rev ious  f indings  and  are c o m p a t i b l e  w i t h  t he  s t r u c t u r e  of 
r o b u s t a f l a v o n e  (IVa). Fu r the r ,  p a r a m a g n e t i c  i nduced  
sh i f t  s tudies  d i sen tang led  t he  signals  of H - 2 '  (7.81d) and  
H-6 '  (7.87 q) wh ich  were found  ove r l app ing  w i t h  a doub le t  
of H - 2 " ' ,  6 " '  (7.87d). 

The  s y n t h e t i c  sample  of I V b  was o b t a i n e d  in a yield of 
10 to  15% t h r o u g h  Wessely-Moser  r e a r r a n g e m e n t  of 
h e x a - O - m e t h y l a m e n t o f l a v o n e  (Vb) followed b y  m e t h y l a -  
t ion.  B o t h  the  samples  h a d  t he  same m.p.  305-308 ~ a n d  
showed no depress ion  on a d m i x t u r e .  IRf values,  f luores-  
cence in UV-l ight ,  UV, I R  a n d  N M R  spec t ra l  d a t a  of t h e  
2 samples  were also in good accordance .  J u d g i n g  f rom the  
Rf  va lue  (TLC) i t  was deduced  t h a t  r o b u s t a f l a v o n e  was 
p r e sen t  in A g I I  a n d  i ts  m o n o m e t h y l  e the r  in  AgIV.  

Zusammen/assung. I so l i e rung  u n d  S t r u k t u r a u f k l / i r u n g  
eines neuen  Typs  der  B i f l avone  aus  Agathis robusta. 
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T h e  S y n t h e s i s  of a Decapept ide  w i t h  G l y e o s i d a s e  Act iv i ty  ~ 

Copolymers  of Glu 2 and  h y d r o p h o b i c  amino  acids h a v e  
been  shown  to h a v e  s u b s t a n t i a l  lysozyme-l ikea,  4 a n d  
non-specif ic  glycosidase ac t iv i t ies  5. These  copolymers  were 
syn thes ized  as t h e y  would h a v e  un ion ized  and  ionized 
ca rboxy l  func t ions  in t h e i r  h y d r o p h o b i c  and  hyd roph i l i c  
regions respect ively .  Con t ac t  w i t h  a po lysaccha r ide  
s u b s t r a t e  was expec ted  t o  lead to  p r o t o n a t i o n  of proxi -  
ma l ly  p laced  glycosidic oxygen  a toms  b y  un ion ized  
c a r b o x y l  funct ions .  B o n d  c leavage would  t h e n  occur  if 
t he  resu l t ing  c a r b o n i u m  ion could be  s tab i l ized  b y  a 
su i t ab ly  p laced  c a r b o x y l a t e  anion.  

The  ex tens ion  of th i s  concep t  is t he  syn thes i s  of a smal l  
pep t ide  w i t h  su i t ab ly  disposed ca rboxy l  func t ions  of 
which  one should  be  in a h y d r o p h o b i c  e n v i r o n m e n t  and  a t  
leas t  one in a hyd roph i l i c  e n v i r o n m e n t .  The  des ign of such  
a pep t ide  requi res  a n t i c i p a t i o n  of i t s  confo rmat ion .  I n  t he  
absence  of a d e q u a t e  i n f o r m a t i o n  on  t he  c o n f o r m a t i o n  of 
pep t ide  sequences  in solut ion,  we p ro jec ted  our  syn thes i s  
to  ach iev ing  c o n f o r m a t i o n a l  con t ro l  in  t he  solid s ta te .  

I n  an  ana lys i s  of a m i n o  acid sequence  whose  th ree -  
d imens iona l  s t ruc tu re s  h a v e  been  d e t e r m i n e d  b y  X - r a y  
c rys ta l lography ,  KOTELCHUCK and  SCHERAGA 6 h a v e  
iden t i f i ed  t he  e-hel ical  and  non-he l i ca l  c h a r a c t e r  of 
nea r ly  80 % of t he  i nd iv idua l  pep t ides  in  p r o t e i n  molecules.  
Accord ing  to t he  rules  fo rmula ted ,  t he  i n i t i a t i on  of an  
e-hel ix  requi res  4 h e l i x - m a k i n g  amino  acids in  a row so 
t h a t  t h e  he l ix  grows t ow ar ds  t he  C- t e rmina l  end  unless  
i n t e r r u p t e d  b y  2 he l ix -b reak ing  amino  acids in succession. 
If  t hese  cha rac te r i s t i c s  are also man i f e s t  in  smal le r  
pep t ide  sequences,  t he  decapep t ide  Glu -Phe-Ala -Ala -Glu -  
Glu -Ala -Ala -Se r -Phe  (I) m i g h t  be  expec ted  to h a v e  a t en -  
dency  to  fo rm a n  a-hel ix  as t he  on ly  he l ix -b reak ing  a m i n o  
acid in t he  sequence  is Ser-9 a. F u r t h e r ,  if t h i s  pep t ide  were 
to a d o p t  a n  e-helL,: confo rmat ion ,  Glu-6 would  h a v e  i ts  
c a rboxy l  func t i on  in a h y d r o p h o b i c  e n v i r o n m e n t  as i t  
would  be  f l anked  a b o v e  and  below b y  t h e  benzene  r ings  

of Phe-2  a n d  Phe-10  (Figure  1) and  t he  a d j a c e n t  Ala-7 
m e t h y l  would  also c o n t r i b u t e  to  i ts  h y d r o p h o b i c  env i ron-  
men t .  Glu-5, on t he  o the r  hand ,  would  be  in a hyd roph i l i c  
e n v i r o n m e n t  a n d  t he  ca rboxy l  of th i s  a m i n o  acid res idue 
or of Glu-1 w i t h  t h e  ca rboxy l  of Glu-6 could p rov ide  t he  
ca ta ly t i c  si te  of th i s  e n z y m e  model .  

Decapep t ide  I was  syn thes ized  c o n v e n t i o n a l l y L  Z- 
Set(But)  was  condensed  w i t h  Phe-OBu* in t he  p resence  
of DCC to  give Z -Se r (Bu t ) -Phe -OBu  ~ (II), c rys ta l l ized  
f rom C6H14 , m p  87-88 ~ (e)i ~ + 6.1 ~ yie ld  88%. I I  was 
t r e a t e d  w i t h  H2/Pd  b l ack  a n d  t he  p r o d u c t  condensed  w i t h  
Z -Ala -ONSu  to  o b t a i n  t r i p e p t i d e  Z-Ala -Ser (But ) -Phe-  
OBu t (III) ,  c rys ta l l ized  f rom CH2Cl~-C~H14, m p  114-115 ~ 
(c~)i ~ --19.7 ~ , y ie ld  76% . 

Z-Glu(OBu t) was condensed  w i t h  Ala-OMe w i t h  t he  
aid of DCC. The  p r o d u c t  Z-Glu(OBut) -Ala-OMe crysta l l iz-  
ed f rom CH~C12-C,H14, m p  105-106 ~ (e)~ --49.7 ~ yie ld  
85%, was t r e a t e d  w i t h  H~/Pd  b l ack  to yie ld  Glu(OBut)  - 
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