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SEVEN PRENYLPHENOLS, ANTIARONES C ,  D ,  E, F, G ,  H, AN0 I FRON THE 

ROOT BARK OF ANTIARIS TOXICARIA L E S C H . ~  

* 
Yoshio Hano, Pedro M i t s u i ,  and Taro Nomura 

Facul ty  of Pharmaceutical  Sciences,  Toho Unive r s i ty ,  2-2-1, 

Miyama, Funabashi, Chiba 274, Japan 

Abst rac t  -Three  new prenylchalcones,  a n t i a r o n e s  C, D ,  and E 

along wi th  four  new prenylf lavanones ,  a n t i a r o n e s  F, G ,  H ,  and I 

were i s o l a t e d  from t h e  r o o t  bark of A n t i a r i s  t o x i c a r i a  Lesch. 

On t h e  b a s i s  of s p e c t r a l  evidence,  t h e  s t r u c t u r e s  of an t i a rones  

C - I were shown t o  be 2 - 8,  r e spec t ive ly .  A known compound, 

('1-sigmoidin A (1) was a l s o  i s o l a t e d .  

Previously  we repor t ed  t h e  s t r u c t u r e  determinat ion of t h e  i sopreno id - subs t i tu t ed  

phenol ic  compounds i s o l a t e d  from t h e  Indonesian moraceous p l a n t s ,  Artocarpus 

he te rophy l lus  ~ r n k . ~ ' ~  and Rrtocarpus communis F o r ~ t . ~  On t h e  c o n s t i t u e n t s  of 

A n t i a r i s  t o x i c a r i a  Lesch., many i n v e s t i g a t o r s  repor ted  a s e r i e s  of c a r d i a c  glyco- 

s i d e s  i s o l a t e d  from t h e  l a t e x  and t h e  seeds of t h e  p l a n t r 5  while we repor ted  t h e  

c h a r a c t e r i z a t i o n  of two prenylaurcnes ,  an t i a rones  A and B . ~  This  paper d e a l s  with 

t h e  c h a r a c t e r i z a t i o n  of t h r e e  prenylchalcones along wi th  four  prenylflavanones 

i s o l a t e d  from t h e  roo t  bark of A. t o x i c a r i a  Lesch. 

The d r i e d  r o o t  bark of A. t o x i c a r i a ,  c o l l e c t e d  i n  Indonesia,  was ex t rac ted  successi-  

v e l y  wi th  g-hexane, benzene, and a ~ e t o n e . ~  Antiarones C ( 2 )  and D (31 were i s o l a t e d  

from t h e  acetone e x t r a c t ,  and a n t i a r o n e s  E ( 4 ) ,  F  (51, G ( 6 ) ,  H (7) and I ( 8 )  along 

wi th  (?I-sigmoidin A (1)' were i s o l a t e d  from t h e  benzene e x t r a c t  a s  descr ibed i n  

"MPERIMENTAL". 

Antiarone C ( 2 ) .  yellow pr isms,  mp 175-178°C, CZ6H3,,O6, gave a brown co lo r  wi th  

methanolic f e r r i c  c h l o r i d e .  The i r  spectrum d i sc losed  absorp t ion  bands f o r  hydroxyl 

and conjugated carbonyl groups,  and aromatic r i n g .  The uv spectrum exh ib i t ed  maxima 

a t  210, 261 ( s h ) ,  372 nm, and resembled those  of chalcone d e r i v a t i v e s . '  The 'H nmr 

spectrum showed t h e  s i g n a l s  of t h e  fo l lowing protons;  1) protons  i n  two 3,3-dimethyl- 

a l l y 1  (p reny l )  groups,  6 1.64,  1.66,  1.76,  1 .85 (each 3H. br  s ) ,  3.27, 3.59 (each 



ZH, br d ,  5=7 Hz),  5.14, 5.25 (each 1 H .  m ) ;  2 )  p rotons  i n  a  methoxyl group, 6 3.89 

(3H. s ) ;  3) protons  a t  C - a  and C-p p o s i t i o n s  of t h e  chalcone ske le ton ,  S 8.07,  8.12 

(each 1H. d ,  J=15 Hz);  4 )  AB type  aromatic protons ,  b 6.89, 7.27 (each l H ,  d ,  J=9 

Hz); 5) an aromatic p ro ton ,  S 6.10 ( l H ,  s ) ;  and 6 )  proton i n  a hydrogen-bonded 

hydroxyl group, '8 13.43 ( l H ,  5 ) .  The 13c nmr spectrum of 2 was analysed by compa- 

r i n g  t h e  spectrum of 2 wi th  those  of chalcone d e r i v a t i v e s  a s  shown i n  Table 1 

Suggesting t h e  3,4,2',4',6'-pentaoxygenated chalcone ske le ton  f o r  2 .  9'10 The 

E I - m s  of 2  showed t h e  i n t e n s e  fragment ions  a t  m_//z 2 2 1  (C12H1304, 9 ) ,  203 (C13H1502, 

1 0 ) .  and 165 ( C a H 5 O 4 ,  11) suggest ing t h a t  a  prenyl  group and a methoxyl group a r e  

located  i n  t h e  B r i n g  whi l e  a prenyl  group i n  t h e  A r i n g .  The l o c a t i o n  of t h e  

methoxyl group was supported by t h e  fo l lowing r e s u l t  t h a t  t h e  uv spectrum of 2 

showed a bathochromic s h i f t  (s. +30 nm) upon a d d i t i o n  of sodium methoxide suggest -  

ing a 4'-hydroxy-4-methoxychalcone moiety f o r  a  p a r t i a l  s t r u c t u r e  of 2,11 and t h a t  

i n  t h e  13c nmr spectrum of 2 ,  t h e  chemical s h i f t  v a l u e  of t h e  methoxyl carbon atom 

( S 56.4) suggested t h e  methoxyl group t o  be m o n o - e - s u b s t i t u t e d .  l2 From t h e  

above r e s u l t s ,  t h e  formula 2 was proposed f o r  t h e  s t r u c t u r e  of an t i a rone  C. 

Antiarone D (31, yellow prisms, mp 161-164'C, C26H3006, gave a brown c o l o r  wi th  

methanolic f e r r i c  c h l o r i d e .  The uv spectrum resembled t h a t  of 2 .  The 'H nmr 

spectrum showed t h e  s i g n a l s  due t o  two prenyl  groups ,  a methoxyl group, protons  a t  

C - o  and C-p p o s i t i o n s  of t h e  chalcone ske le ton ,  AB type  aromatic protons ,  an 

a r a n a t i c  proton,  and a hydrogen-bonded hydroxyl group. Comparison of t h e  "C nmr 

s p e c t r a  between 2 and 3 revealed t h a t  t h e  chemical s h i f t  va lues  of a l l  t h e  carbon 

atoms except those  of t h e  B r i n g  and t h e  methoxyl group of 3  were i n  good agreement 

with t h e  va lues  of t h e  r e l e v a n t  atoms of 2 (Table 1) .  In t h e  E I - m s  of 3 ,  t h e  f r ag -  

mentation p a t t e r n  of 3 resembled those  of 2. These r e s u l t s  suggest  t h a t  3 i s  a  

s t r u c t u r a l  isomer of 2. The l o c a t i o n  of t h e  methoxyl group was supported by t h e  

fo l lowing  r e s u l t  t h a t  t h e  uv spectrum of 3 showed a bathochromic s h i f t  (E. +60 nm) 

upon a d d i t i o n  of sodium methoxide suggest ing a 4,4 '-dihydroxychalcone moiety f o r  a 

p a r t i a l  s t r u c t u r e  of 3 ,  "11 and t h a t  i n  t h e  13c nmr spectrum of 3 ,  t h e  chemical 

s h i f t  va lue  of t h e  methoxyl carbon atom ( S  61.1) suggested t h e  methoxyl group t o  be 

di-OTtho-substitUted.12 From t h e  above r e s u l t s ,  t h e  formula 3 was proposed f o r  

t h e  s t r u c t u r e  of a n t i a r o n e  D. 

Antiarone E ( 4 ) .  yellow need les ,  rnp 83-8S°C, C26H3006, gave a brown c o l o r  wi th  meth- 

ano l i c  f e r r i c  c h l o r i d e .  The uv spectrum resembled those  of chalcone d e r i v a t i v e s .  
8  

The 'H nmr spectrum showed t h e  s i g n a l s  due t o  two prenyl  groups ,  a methoxyl group, 



T a b l e  1 13c Nmr c h e m i c a l  

I 
Measu red  in a c e t o n e - d 6  ( 1 0 0 . 4  MHz). 

3 ,  a n d  4 

*, **; Assignments may be i n t e r c h a n g e a b l e  in e a c h  co lumn .  
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protons  a t  C-mand C - p p o s i t i o n s  of t h e  chalcone ske le ton ,  t h r e e  aromatic protons ,  

and a  hydrogen-bonded hydroxyl group. The 13c mr spectrum of 4 was analysed by 

comparing t h e  spectrum with those  of 2 and 3  (Table 1) i n d i c a t i n g  t h e  3 , 4 , 2 ' , 4 ' , 6 ' -  

pentaoxygenated chalcone s t r u c t u r e .  The EI-ms of 4 showed t h e  fragment ions  a t  m_/z 

271 (12) and 153 (C7H504, base peak, 1 3 ) .  suggesting t h a t  two prenyl  groups and a  

methoxyl group a re  located  i n  t h e  B r ing .  The l o c a t i o n  of t h e  prenyl  groups was 

ind ica ted  t o  be a t  C-2 and C-5 p o s i t i o n s  by comparing t h e  chemical s h i f t  va lues  of 

t h e  B r i n g  carbon atoms of 4 wi th  those  of t h e  r e l e v a n t  atoms of model compounds 

12, 3 ,  kaz ino l s  A (14 ) ,13  H (15 ) l31  (Table 1 1 .  The l o c a t i o n  of t h e  methoxyl group 

was supported by t h e  bathochromic s h i f t  va lue  (ca .  +30 nm) i n  t h e  uv spectrum upon - 

a d d i t i o n  of sodium meth~x ide . ' ' ' ' ~  and by t h e  chemical s h i f t  va lue  of t h e  methoxyl 

carbon atom ( 6 61.3) . I2 From t h e  above r e s u l t s ,  t h e  formula 4 was proposed f o r  

t h e  s t r u c t u r e  of a n t i a r o n e  E .  

Antiarone F (51, c o l o r l e s s  need les ,  mp 197-200°C, Cali7 O o ,  C22H2406, gave a  brown 

c o l o r  with methanolic f e r r i c  c h l o r i d e ,  and was p o s i t i v e  t o  t h e  magnesium-hydrochlo- 

r i c  a c i d ,  sodium borohydride,  and Gibbs t e s t .  The uv spectrum exh ib i t ed  maxima a t  

206, 225 ( s h ) ,  289, and 325 ( s h )  m ,  and resembled t h e  s p e c t r a  of f lavanone de r iva -  

t i v e ~ . ~  and showed a  bathochromic s h i f t  i n  t h e  presence of sodium a c e t a t e .  The 'H 

nmr spectrum of 5  showed t h e  s i g n a l s  due t o  a prenyl  group, two methoxyl groups,  ABX 

type  protons ,  two aromatic p ro tons ,  =-coupled aromatic protons ,  and a hydrogen- 

bonded hydroxyl group, The EI-ms of 5 showed t h e  fragment ions  a t  m/z 153 (13,  base  - - 

peak) .  The 13c mr spectrum of 5  was analysed by comparing t h e  spectrum with t h o s e  

of model compounds [ e r iod ic tyo19  (5,7,3',4'-tetrahydroxyflavanone), hespe re t in9  ( 5 ,  

7,3'-trihydroxy-4'-methoxyf lavanone) ,  homoeriodictyo19 (5 ,7 ,4 ' - t r ihydroxy-3 '-methoxy- 

f lavanonel l  (Table 2 ) .  From t h i s  comparison compound 5 i s  assumed t o  be a 5 , 7 , 3 ' , 4 ' -  

te t raoxygenated f lavanone d e r i ~ a t i v e . ~  The chemical s h i f t  va lues  of methoxyl carbon 

atoms ( 6  56.1 and 60.7) i n d i c a t e  one of t h e  methoxyl groups t o  be a  di-=-sub- 

s t i t u t e d  group, another  t o  be a mono-ortho-substituted one.'' From t h e  above 

r e s u l t s ,  t h e  formula 5  was proposed f o r  t h e  s t r u c t u r e  of a n t i a r o n e  F. 

Antiarone G ( 6 ) .  c o l o r l e s s  need les ,  mp 174-176'C. O D ,  C26H3006, Was suggested 

t o  be a f lavanone d e r i v a t i v e  by t h e  c o l o r  r e a c t i o n  t e s t s .  The uv spectrum resembled 

those  of f lavanone d e r i v a t i v e s . '  The 'H nmr spectrum of 6 showed t h e  s i g n a l s  due t o  

two prenyl groups,  a  methoxyl group, ABX type  protons ,  an aromat ic  proton,  or tho-  

coupled aromatic protons ,  and a hydrogen-bonded hydroxyl group. The EI-ms of 6 

showed t h e  fragment ions  a t  %/: 221 (9), 203 (101, and 165 (11, base peak) .  From 
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Table 2 13c Nmr chemical s h i f t  (pprn) of 1, 5, 6 ,  7 ,  and 

Measured i n  acetone-d, (100.4 MHz). # O u r  da ta .  -" 
*, **, ***; Assignments may be in terchangeable  i n  each column. 



t h e s e  r e s u l t s  an t i a rone  G i s  suggested t o  be a f lavanone d e r i v a t i v e  having a prenyl 

group i n  t h e  A r i n g  along wi th  a  prenyl  and a methoxyl group i n  t h e  B r i n g .  The 13c 

nmr spectrum was analysed by comparing t h e  spectrum with t h a t  of 5 (Table 21 ind i -  

c a t i n g  t h a t  6 i s  a  5,7,3',4'-tetraoxygenated f lavanone having a prenyl  group a t  t h e  

C-2' p o s i t i o n .  The l o c a t i o n  of t h e  methoxyl group was supported by t h e  chemical 

s h i f t  v a l u e  of t h e  methoxyl carbon atom ( S 60.1) .  l2 In t h e  mr spectrum of 6 

(gated  decoupling with NOEI, t h e  s i g n a l  of t h e  carbon atom a t  t h e  C-6 p o s i t i o n  was 

1 observed a t  6 96.4 as a doub le t  of double t  1 <=161.4 Hz, 3<c6rOH5=7. 3  H Z ) .   his 

r e s u l t  suggests  t h a t  t h e  prenyl  group i s  loca ted  a t  t h e  C-8 pos i t ion .  From t h e  

above r e s u l t s ,  t h e  formula 6 was proposed f o r  t h e  s t r u c t u r e  of an t i a rone  G .  

Antiarone H ( 7 ) .  c o l o r l e s s  needles ,  mp 214-21fi0C, 101:~ O', C26H3006, was suggested 

t o  be a  f lavanone d e r i v a t i v e  by t h e  c o l o r  r e a c t i o n  t e s t s .  The uv spectrum resembled 

those  of f lavanone d e r i v a t i v e s . 8  The 'H mr spectrum of 7 showed t h e  s i g n a l s  due t o  

two prenyl  groups,  a methoxyl group, ABX type  protons ,  an aromatic proton,  e - c o u -  

p led  aromatic protons ,  and a  hydrogen-bonded hydroxyl group. The EI-ms of 7 showed 

t h e  fragment ions  a t  :/: 221 19) and 165 (11, base peak) .  The 13c nmr spectrum was 

analysed by comparing t h e  spectrum with  those  of 5 and 6 (Table 2 ) .  I n  t h e  13c nmr 

spectrum, t h e  s i g n a l  of t h e  methoxyl carbon atom was observed a t  6 56.4.12 The above 

r e s u l t s  i n d i c a t e  t h a t  7 i s  a s t r u c t u r a l  isomer of 6. The l o c a t i o n  of t h e  prenyl  

group was supported by t h e  following r e s u l t s .  The uv spectrum of 7 showed delayed 

bathochromic s h i f t  upon a d d i t i o n  of aluminum c h l o r i d e ,  whi le  t h e  spectrum of 6 show- 

ed a remarkable s h i f t  immediately a f t e r  a d d i t i o n  of aluminum ch lo r ide .15  From t h e  

above r e s u l t s ,  t h e  formula 7 was proposed f o r  t h e  s t r u c t u r e  of an t i a rone  H .  

Antiarone I (81, c o l o r l e s s  needles ,  mp 192-195'C, l01g2 0.- C26H3006, was suggested 

t o  be a  f lavanone d e r i v a t i v e  by t h e  c o l o r  r e a c t i o n  t e s t s .  The uv spectrum resembled 

those  of f lavanone de r iva t ives . '  The 'H mr spectrum of 8  showed t h e  s i g n a l s  due 

t o  two prenyl  groups,  a methoxyl group, ABX type  protons ,  t h r e e  aromatic p ro tons ,  

and a  hydrogen-bonded hydroxyl group. The E I - m s  of 8  showed t h e  fragment ions  a t  

m/z - - 271 (12) and 153 (13). The nmr spectrum was analysed by comparing t h e  

spectrum wi th  those  of (2)-sigmoidin A ( 1 1  and o t h e r  model compoundsg (Table 2 1 .  

These r e s u l t s  i n d i c a t e  t h a t  a n t i a r o n e  I i s  (2)-sigmaidin A 4'-monomethyl e t h e r  (8 )  

o r  (!)-sigmaidin A 3'-monomethyl e t h e r  ( 8 ' ) .  To d i s c r i m i n a t e  t h e  s t r u c t u r e s ,  a n t i -  

arone I ( 8 )  was der ived from a n t i a r o n e  E (4 )  by t r e a t i n g  wi th  s i l i c a  g e l .  From t h e  

above r e s u l t s ,  t h e  formula 8  was proposed f o r  t h e  s t r u c t u r e  of an t i a rone  I. 

On t h e  b a s i s  of t h e  d e r i v a t i o n  of 8  from 4 ,  t h e  o p t i c a l  r o t a t i o n  va lue ,  and t h e  



HETEROCYCLES, V o l  31, No. 7, 1990 

co-occurrence of chalcones 12, 3,  and 4 )  and t h e i r  r e l e v e n t  f lavanones (7, 6 ,  and 

8 ) .  it i s  u n l i k e l y  t h a t  an t i a rones  F ( 5 )  - 1 ( 8 )  a r e  genuine n a t u r a l  products .  

EXPERIMENTAL 

Rbbreviat ionS; s=s ing l e t ,  d=doublet ,  t = t r i p l e t ,  m=multiplet ,  br=broad, sh=shoulder,  i n f l - i n f l e c t i on .  

~h~ gene ra l  procedures followed as descr ibed  i n  our previous paper.3 The ins t ruments  used a re  des- 
3.16 

crlsed i n  our previous papers.  

 sola at ion of m t i a r o n e s  c (2)  - I (81 along with ( I ] - s i q o i d i n  A ( 1 1  from t h e  Root  ark of A.  t an i -  

c a r i d  ~ e s c h .  

c he benzene e x t r a c t  (10 gl of t h e  r o o t  bark of A. t o x i c a r i a  Lesch. such a s  repor ted  i n  t he  previous 

paper ,6  was chromatographed on S i l i c a  g e l  (250 g l  wi th  I?-hexane containing increas ing  amount of e t h y l  

a c e t a t e  a s  e luen t ,  each f r a c t i o n  ( e lu t ed  volume of 300 ml) being monitored by t l c  ( f r a c t i o n s  1-48). 

  he f r a c t i o n s  e lu t ed  with +exme conta in ing  15% e t h y l  a c e t a t e  ( f r s .  10-181 were t r e a t e d  as follows. 

  he f r a c t i o n s  (10-131 were combined, and t h e  mixture was evaporated t o  g ive  a r e s idue  (0.1 91 ,  which 

was f r a c t i ona t ed  by prepavative t l c  ( s i l i c a  g e l ,  s o lven t  s y s t w s ,  benzene:acetane=7:1, benzene: 

a ce tone= i : l ,  c-hexane:ethyl acetate=3:11 fal lowed by c r y s t a l l i z a t i o n  from I?-hexane-ethu t o  give 

an t i a rones  F ( 5 ,  13 mgl and G (6, 2 mgl. The f r a c t i o n  14 (0.3 g of r e s idue )  was f r a c t i ona t ed  bjy 

p repa ra t i ve  t l c  ~benzene:acetone=lO:l ,  5-hexane:acetone=2:11 followed by c r y s t a l l i z a t i o n  from 

n-hexane-ether t o  g i v e  an t i a rone  H V, 5 mg).  The f r a c t i o n  15 (0.5 g of r e s i due )  was f rac t iona ted  - 

by p r epa ra t i ve  t l c  In-hexane:acetone=3:11 followed by c r y s t a l l i z a t i o n  from 5-hrxane-ether to g ive  

an t i a rone  I (8, 20 mg).   he r e s idue  (0.2 g l  of t h e  combined f r a c t i o n s  (frs. 16-18] was pur i f ied  by 

c r y s t a l l i z a t i o n  from ;-henane-ether t o  g i v e  (?)-sigrnoidin R (1, mp 188-191DC, PI:* Oe, 120 mgl. 

I d e n t i f i c a t i o n  of t h e  known compound 1 was ca r r i ed  o u t  by comparing t h e  phys ica l  and s p e c t r a l  da ta  

of 1 with t h e  published da t a . 7   he 13c mr. spectrum of I was analysed a s  shown i n  Table 2. 

  he r e s idue  (0.4 9 )  of t h e  f r a c t i o n s  e lu t ed  with 2-henane conta in ing  20% e thy l  a c e t a t e  (trs. 26-31] 

was rechromatographed on s i l i c a  ge l  150 gl with benzene conta in ing  5% acetone as  e l u e n t ,  each frac- 

t m n  (e lu ted  volume of 100 m l l  being monitored by t l c  (frs. 1 ' -10 '1 .  The r e s i d u e  (0.2 gl of  the 

f r a c t i o n s  ifrs. 7 ' - 8 ' )  w a s  p u r i f i e d  by p r epa ra t i ve  t l c  (benzene:acetone=2:1) followed by c ry s t a l -  

l i z a t i o n  from chloroform-ether t o  g i v e  an t i a rone  E (4, 40 mql. 
6 

The acetone e x t r a c t  (16 gl as reported i n  t h e  previous  paper was ex t rac ted  with e t h e r ,  and the e t h e r  

so lu t i on  was concentrated t o  a f fo rd  t h e  r e s idue  (7 9 ) .   his res idue  (7 g )  was chromatographed on 

s i l i c a  g e l  (200 g )  with fi-hexane conta in ing  increas ing  amount of e t hy l  a c e t a t e  as e l u e n t ,  each f r a c -  

t i o n  ( e lu t ed  volume of 100 mll being monitored by t l c  ( f r s .  1-36]. The r e s idue  (0.2 g l  of t he  f r a c -  

t i o n s  ( f r s .  26-31] e l u t ed  with &-huane  conta in ing  40% e t h y l  a c e t a t e  was f r ac t i ona t ed  by g e l  f i l t r a -  

t i o n  (Sephadex LH-20, so lvent  system: methanol1 t o  t h e  f r a c t i o n s  ( f r s .  1 ' - a ' ,  e lu ted  volume of 100 

m l  e ach ) .  The r e s idue  (68 mgl of t h e  f r a c t i o n s  (4 ' - 5 ' )  was f r ac t i ona t ed  by p r epa ra t i ve  hplc 

( so lvent  system: 5-hexane:ethyl  a c e t a t e = l : l ,  column: Senshu Pak, SSC-sil ica 4251-N, d e t e c t o r :  uv 

280 w)  t o  g i v e  an t ia rones  C ( 2 ,  3 mg) and D (3, 4 mgl. 

m t i a r o n e  C ( 2 )  

compound 2 was r e c r y s t a l l i z e d  from I?-hexam-ether t o  g ive  yellow prisms,  mp 175-178'C. FeC13 t e s t :  

p o s i t i v e  (brown). EI-MS: m/z 438 [ M I +  (base 382, 326, 221, 203, 165. ~ i g h - r e s o l u t i o n  ms 

(HR-Ms) : m/z 438.2032 [MI' (C26~3006 r e q u i r e s :  438.20421, rp/c 221.0802 (c12H1304 requires:  221.0814). 

m/z 203.1062 (C H 0 requires: 203.10721, m/z 165.0208 iC H Oq r equ i r e s :  165.01881. Uv 3::: m 
13 15  2 

Me0H+A8c'3 : 211 (4.701, 267 (sh 3.97) .  412 ( l o g e ) :  210 (4 .71 ) .  261 (sh  4.02).  372 14.431. uv lmaX 
(4.441. Uv l : r O M e  

uv MroHtAcONa . 
: 211 (4.951, 268 ( s h  4.021, 340 (sh  4.141, 398 (4.381. 

217 (4.971, 258 (sh 4.041, 374 (4.38).  Ir : 3550, 3375, 1620, 1600, 1560, 1490, 1440. 



Wr l a c e t o n e d  1 .  6 1.64,  1 .66 (each  3H, b r  s ,  C-9-CH31, 1 .76 ,  1 .85 (each  3H. b r  5, C-14-CH3), 
4 ' 

3.27 (2H. b r  d ,  J=7 H z ,  C-12-H x 21, 3.59 12H. br d ,  j=7 Hz,  C-7-H n 21, 3 .89  I3H. 8, C-4-OCH ) ,  
3 

5.14 ( 1 H .  m, C-8-HI, 5 .25 ( l H ,  m ,  C-13-XI, 6 . 1 0  (113, s ,  C-5'-HI, 6.89 ( I H ,  d ,  J=9 Hz, C-5-HI, 7.27 

( 1 H .  d. 5=9  HZ,  C-6-HI, 8.07 I l H ,  d ,  J=15 Hz, C-a-HI, 8 . 1 2  I I H ,  d ,  <=15 HZ,  C-@-HI, 1 3 . 4 3  (I", S ,  

C-2'-OH). 

Ant ia rone  D (3)  

compound 3 was r e c r y s t a l l i z e d  from c-henane-ether  t o  g i v e  ye l low p r i r m i ,  mp 161-164 '~ .  ~ e c l  test: 
3 

p o s i t i v e  (brown).  EI-Ms: E/? 438 [MI', 382, 326, 221, 203, 1 6 5  (base p e a k ) .  HR-Ms: q'c 438.2028 

[MI+ ( C  H o6 r e q u i r e s :  438.2042) .  uv 2:;: m ( l o g & ) :  205 (4 .30) .  260 ( sh  3 . 5 9 1 ,  373 ( 4 . 0 6 ) .  

~ ~ ~ " ~ ' ' 3  : 205 (4.341. 260 ( s h  3 .61) .  322 l s h  3 .601 ,  404 (4.061. U v , : : F m e  '" 'max 
: 216 (5 .06) .  

266 ( s h  3 . 6 1 ) .  342 ( s h  3.641, 434 ( 4 . 0 3 ) .  Uu i::YAcoNa : 212 (5 .04) .  260 ( s h  3.621, 375 (3 .97) .  

1r vXBr : 3470, 3300, 1620,  1600, 1560,  1485,  1430.  'H Mnr ( a c e t o n e 4  1 .  8 1 . 6 3 ,  1 .68 (each  
max + ' 

3H. b r  s ,  C-9-CH31, 1 .76 ,  1 .87 (each  3H. b r  s ,  C-14-CH3), 3.27 (2H. b r  d ,  j = 7  Xz, C-12-H x 2 ) .  3.57 

(2H. b r  d ,  5=7 Hz, C-7-H n 21, 3.78 l3H. s .  C-3-0CH3). 5 . 1 1  ( 1 H .  m. C-8-H), 5 . 2 5  (1". m, C-13-H), 

6 .09  (IH, s ,  C-5'-HI, 6.83 I l H ,  d ,  J=9 Hz, C-5-H), 7 .43 (IX. d ,  J=9 Hz, C-6-H), 8.07 I2H. 5 ,  C-DL- 

a d  C-P-H). 14 .45  I l H ,  s ,  C-2'-OX). 

A n t i a r o n e  E (4 )  

Compound 4 was r e c r y s t a l l i z e d  from ch lo ro fo rm-e the r  t o  g i v e  ye l low n e e d l e s ,  mp 83-85'C. FeC13 t e s t :  

p o s i t i v e  (brown).  EI-MS: ~ / c  438 [MI', 382,  369, 271, 270, 153  (base  p e a k ) .  HR-Ms: =/c 438.2050 
MeOH 

[MI' lC26H3006 requires: 438.2042). ~ / c  153.0184 IC H 0  r e q u i r e s :  153.01881. Uv 1 nm ( l o g  L )  : 
7 5 4  max 

MeOHtAlCl 
212 (4 .70) .  250 I sh  3 . 8 3 ) .  360 (4.421.  Uv A m  3 : 211 ( 4 . 6 7 ) .  256 ( s h  3 . 8 1 ) .  397 14.49) .  
uv 'MeOHiNaoMe , 

3e0~tAc0Na : 215 (4 .92) .  250 ( s h  3 .971 ,  373 ( 4 . 3 8 ) .  . 272 (3 .99) .  391 (4.411.  
Uv lmax 

: 3300 ( b r ) ,  1625, 1600, 1560,  1540 ,  1500,  1480,  1450,  1420. 'H m ( a c e t o n e 4  1 .  6 
li- "max + .  
1.66,  1 .73 (each  3H, br 5 ,  C-9-CH31, 1 .75 ,  1 .84 leach 3H, b r  s ,  C-14-CH3), 3 .35 (2H, b r  d ,  5=7 Hz, 

C-12-H x 2 ) .  3 . 5 5  (2H, br d ,  J=7 Hz. C-7-H X 2 ) .  3.77 (3". 5, C-4-0CH3), 5 .14 ( 1 H .  m ,  C-&HI, 5.30 

( 1 H .  m. C-13-HI, 5 .98 I2H. s .  C-3'- and C-5'-HI, 7 .11  (1". s ,  C-6-H), 8 .09 (2H. 5 ,  C-a- and C-P-H). 

12.04 (2". b r  s ,  C-2'- and C-6'-OH). 

M t i a r a n e  F (51 

compound 5 w a s  r e c r y s t a l l i z e d  from 5-hexane-e the r  t o  g i v e  c o l o r l e s s  n e e d l e s ,  mp 197-200°C, 1~1: 0' 

(MeOHl. FeC13 test :  p o s i t i v e  (brown).  Mg-HC1 t e s t :  p o s i t i v e  ( v i o l e t ) .  NaBH4 t e s t :  p o s i t i v e  ( r e d ) .  

Gibbs  t e s t :  p o s i t i v e  ( b l u e ) .  El-Ms: 384 [MI', 328,  217, 153  (base  peak). HR-Ms: m_//z 384.1560 

[MI' (C22H2406 r e q u i r e s :  384.1572) .  Uv 1:;: m ( l o g  I : 206 ( 4 . 3 8 ) .  225 ( s h  4 . 0 3 ) .  289 (3.841, 

325 I sh  3 . 2 3 ) .  U v  1::YC13 : 206 ( 4 . 4 0 ) .  220 ( s h  4 . 1 7 ) ,  311  (4.011. 377 (3.231. iiv l:;xOH+AcONa: 

215 (4.831. 242 Lsh 3 . 6 3 ) .  323 (4 .05) .  IT vKBr : 3200, 1645,  1620, 1600,  1495,  1455,  1425. 
max 

'H Nnr (acetone-d 1 .  S 1 .65 ,  1 .69  leach 3H. b r  s .  C-11-CH3), 2 .68 I l H ,  d d ,  5=3 and 17 Hz. C-3-H), 
4 ' 

3.22 (IH, dd,  5=13 and 17  Hz.  C-3-HI. 3.55 (2H. b r  d ,  J=8 - Hz, C-9-H x 2 ) .  3.78, 3.88 (each 3H. 5 ,  

C-3'- and C-4'-0CH3), 5.07 ( I H ,  m, C-10-HI, 5 .63 (1H. dd,  5=3 and 1 3  H z ,  C-2-HI . 5.96 (2H. 5, C-6- 

and C-8-H), 7 .00 ( l H ,  d ,  J=8 H z ,  C-5'-HI, 7 .33  ( l H ,  d ,  5=8 Hz, C-6'-H), 12.17 I I H ,  s ,  C-5-OX). 

A n t ~ a r o n e  G (61 

Compound 6 was r e c r y s t a l l i z e d  from n-hexane-ether t o  g i v e  c o l o r l e s s  n e e d l e s ,  mp 174-176'C. [ a i r  0- 

IMeOHI. FeCl t e s t :  p o s i t i v e  (brown).  ~ g - H C ~  test:  p o s i t i v e  ( v i o l e t ) .  NaBH4 t e s t :  p o s i t i v e  ( r e d ) .  
3  

Gibbs t e s t :  n e g a t i v e .  EI-Ms: m/z 438 [MI', 382,  339,  326, 221, 203. 165 ( b a s e  p e a k ) .  HR-MS: rp/c 
438.2050 [MI' lC26H O6 r e q u i r e s :  438 .2042) .  Uv 1::: m ( l o g  t ) :  205 (4.581,  294 (3 .99) .  333 l s h  

3 .43) .  Uv : 205 (4 .63) .  220 ( i n f l  4 .391,  314 (4.181, 373 ( sh  3.501. Uv i::YoNa : 

295 (3 .86) .  336 ( 3 . 8 9 ) .  
li- vmz : 3420, 1640.  1620,  1590,  1500,  1480, 1435.  'H mr (ace tone-  

I :  8 1.55,  1 .60 (each  3H, br s ,  C-11-CH ) ,  1 .65 ,  1 .67 leach 3H. br s ,  C-16-CH3), 2 .65  ( 1 H .  d d ,  
3  
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J=3 and 17  H z ,  C-3-HI, 3 .14 (2H, b r  d ,  5=7 Hz, C-9-H x 2 ) .  3,17 11". d d ,  5=13 and 17 H z ,  C-3-H), - - 

3.53 (2H. br d ,  J=7 Hz, C-14-H x 2 ) .  3 .79 (3H. 5 ,  C-3'-OCH i. 5.15 (2H. m, C-10- and C-15-H!, 5.56 
3 

IlH, d d ,  J=3 and 1 3  Hz, C-2-HI, 6.03 ( l H ,  s ,  C-6-H), 6.88 11x. d ,  J=9 Hz, C-5'-H), 7.27 ( l H ,  d ,  J= - 
C-6'-HI, 12.14 IlH, 5, C-5-OH). 

A n t i a r o n e  H (71 

Compound 7 was r e c r y s t a l l i z e d  from c-hexane-ether  t o  g i v e  c o l o r l e s s  n e e d l e s ,  mp 214-216-C, [a]: 0. 

IMeOH). FeCl  t e s t :  p o s i t i v e  (brown). M T - H C ~  t e s t :  p o s i t i v e  ( v i o l e t ) .  N ~ B H  t e s t :  p o s i t i v e  
3 4 

( o r a n g e l .  Gihbs  t e s t :  p o s i t i v e  l h l u e l .  EI-M.5: r y ~  438 [MI', 382. 339,  326, 221, 203, 165 (base  

p e a k ) .  HR-Ms: m/z 438.2032 [MI+  IC H o6 r e q u i r e s :  438.2042) .  Uv lEtoH m ( l o g  z l :  206 14.551, max 
294 14.00) .  340 ( sh  3 .26) .  Uv 1 ~ ~ ~ " ~ " ~ 3 :  206 14.58). 299 13.93). 340 lsh 3 . 2 4 ) .  Uv I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ :  

max 
211 ( 5 . 0 6 ) ,  294 (3.881. 334 13.841. Ir cm-I : 3450, 3370, 1640,  1610.  1500,  1440. m'E Nnr 

(acetone-d ) .  S 1 . 6 4 ,  1 .68  l each  3H. b r  5 ,  C-16-CH3), 1 .75,  1 .89  leach 3H, h r  s ,  C-11-CH31, 2.66 4 ' 
I l H ,  d d .  J=3 and 17 Hz.  C-3-H), 3 .16 I l H ,  d d ,  J=13 and 17 H z ,  C-3-H!, 3 .25 (2". b r  d ,  5=7 H z ,  C-9- 

H x 2 ) .  3.52 (2H. b r  d ,  J=7 Hz, C-14-H x 2 ) .  3 .88  (3H, 5, C-4'-0CH31, 5.14 ( l H ,  m, C-15-H), 5.24 

I I H ,  m, C-10-HI, 5.62 1 1 H .  d d ,  J=3 and 1 3  Hz. C-2-HI, 6.03 1 1 H .  s ,  C-8-HI. 6.92 ( 1 H .  d ,  J=9 Hz, 

C-5'-H), 7.07 ( 1 H .  d ,  J=9 He, C-6'-HI, 12.47 1 1 H .  5, C-5-OH). 

Ant ia rone  I ( 8 )  

Compound 8 was r e c r y s t a l l i z e d  from 2-hexane-ether  t o  g i v e  c o l o r l e s s  n e e d l e s ,  mp 192-19S°C, 1 ~ 1 2 '  0' 
" 

IEtOH). FeC13 t e s t :  p o s i t i v e  (brown).  MgrHCl t e s t :  p o s i t i v e  ( v i o l e t ) .  NaBH t e s t :  p o s i t i v e  
4 

( o r a n g e ) .  E I -Ms :  m/r 438 [MI', 382,  369, 271, 270, 153 lhase  p e a k ) .  HK-Ms: .l/r 438.2037 [ M I +  

(C H 0  requires: 438 .2042) .  
26 3 0  6 U" a::? (log E ) :  212 14 .67) .  226 ( i n f l  4 . 4 2 ) .  288 (4 .21) .  325 

l s h  3 .45) .  U v  1 ~ ~ ~ ~ + ~ ~ ~ ~ 3  : 213 (4 .66) .  311 (4 .33) .  377 13.53) .  
U v  lman max 

EtOH+ACONa : 215 (4 .70) .  248 

( s h  3 . 7 1 ) .  290 (3 .88) .  324 ( 4 . 3 1 ) .  Ir vKBr cm-l : 3400, 3120, 1635 ,  1600, 1580,  1490, 1450, 1420. 
max 

'H Mnr (acetone-d !. S 1.65.  1 . 7 1  l each  3". h r  s, C-11-CH3), 1 . 6 8 ,  1.74 leach 3H. br 5 ,  C-16-CH3), 4. 
2.67 1 1 H .  d d ,  j = 3  and 17 He, C-3-H), 3 .15 I l H ,  d d .  J=13 and 17 H z ,  C-3-H). 3.37 12H, br d ,  J=7 - Hz, 

C-14-H x 2 ) .  3.50 (2H. b r  d ,  5 = 7  H z ,  C-9-H x 2 ) .  3 .77 13H. S ,  C-4'-0CH3), 5 .15 1 1 H .  m, C-10-H), 

5.31 11H.  m, C-15-HI, 5 .65  ( l H ,  dd, 5=3 and 17 Hz, C->-HI, 5.96 I Z H ,  s ,  C-6- and C-8-HI, 6 .96 

1 1 H .  5 ,  C-6'-HI, 12.17 (1". s ,  C-5-0"). 

Format ion  of  A n t i a r o n e  I 18) from A n t i a r o n e  E (4) 

A n t i a r o n e  E (4,  1 0  mg! d i s s o l v e d  i n  acetone was absorbed on t h e  two s h e e t s  of s i l i c a  g e l  p l a t e  

IWakogel 8-SF, 20 cm x 20 cm x 0 .5  mm). A f t e r  t h e  p l a t e s  were l e f t  f o r  1 h a t  room t a n p e r a t u r e ,  t h e  

p l a t e ;  were deve loped  by t h e  s o l v e n t  Ibenzene :ace tone=2:1) .  A f t e r  u s u a l  treatment, a n t i a r o n e s  I 18, 

2  mg) and E 14, 7  mg) were o b t a i n e d .  identification of a n r i a r a n e  I (8) t h u s  o b t a i n e d  was c a r r i e d  o u t  
1 

by mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n  w i t h  a u t h e n t i c  sample and by comparison of t h e  ir and H nmr 

s p e c t r a  w i t h  t h o s e  of a u t h e n t i c  sample 
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