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Abstract --- I n  t h i s  b r i e f  repor t ,  the i s o l a t i o n  and s t ruc tu re  o f  s i l va t icamide 

which was i so la ted  from a tox i c  s t r a i n  of Asperg i l lus  s i l v a t i c u s  as a  t ox i c  

p r i n c i p l e  are described. 

Aspergi l lus s i l v a t i c u s ( I F 0  8173) was cu l t u red  on the s t e r i l i z e d  rice(16.8Kg) s ta t i ona ry  a t  25-C 

f o r  4  weeks. The moldy r i c e  was ex t rac ted w i t h  e thy l  acetate and the e x t r a c t  residue(27.49) was 

defa t ted  w i t h  n-hexane. The obtained ex t rac t ( l6 .3g)  was chromatographed on a  s i l i c a  gel  column 

w i t h  acetone-benzene and the t o x i c  f r ac t i ons  were obtained. By an attempt t o  c r y s t a l l i z a t i o n  of 

the t o x i c  f rac t ions  w i th  acetone-benzene, a  t o x i c  metabo l i te  was obtained as amorphous powder 

(1.029). This metabo l i te  seemed t o  be a  new compound and designated as s i l va t icamide.  The i n t r a -  

per i tonea l  a d m i n i s t r a t ~ o n  o f  silvaticamide(208mg/Kg) t o  mice caused p e r i t o n i t i s  and death w i t h i n  4 

days. The t o x i c i t y  o f  the other chromatographic f ract ions(po1ar f rac t ions)  seemed t o  be due t o  

the degradation products der ived from s i lva t icamide but the  i s o l a t i o n  o f  the t o x i c  components i n  

those f rac t i ons  was n o t  ca r r i ed  out.  

S i lva t icamide ( I ) ,  co lor less  amorph., mp 191-19Z°C(decomp.), C25HzgN05, Was o p t i c a l l y  i nac t i ve ,  

and gave p o s i t i v e  co lor - react ion(dark  green) w i t h  FeC13, bu t  negat ive w i t h  M ~ ( O A C ) ~ ,  Gibbs's, 

n inhydr in  and Dragendorf f 's  reagents. Si lvat icamide was unstable t o  l i g h t  and gradua l ly  decom- 

posed t o  a  mix ture  of purpish-red substances. I n  the ms spectrum, I afforded the ion-peaks a t  

mle(%) 423(~+,20),  3 5 5 ( ~ + - ~ ~ ~ ~ , 1 0 0 ) ,  336(28), 282(18), 178(54), 123(19) and 68(20). The ab- 

so rp t i on  maxima a t  nrn(e) 210(end absorp. ,57500). 290(4400) and 310(5300) i n  methanol, and those 

a t  cm-' 3390(0H), 3305(NH), 1660(amide C=O), 1598 and 1490(benzene r i n g )  i n  KBr were observed i n  

the uv and i r  spectra, respect ive ly .  The molecular formula and the cmr and pmr data o f  I de- 

scr ibed below suggested t h a t  1  i s  a  t r i c y c l i c  compound containing two benzene r i ngs  subs t i t u ted  

w i t h  two isopentenyl groups. The cmr spectrum of I i n  CD30D showed t h a t  I consisted of f i v e  



methy ls (6 ,  16.3, 17.8, 18.1, 26.0(2C)ppm), two methy lenes(28.9,  72.4ppm), one a l i p h a t i c  meth ine 

(51.7ppm), f i v e  a romat i c  o r  o l e f i n i c  methines(108.8, 122.1(2C), 123.9, 129.7ppm), e leven  a romat i c  

o r  o l e f i n i c  carbons bear ing  no h y d r o g e n s ( l l 2 . 0 ,  121.2, 126.3, 133.1(2C), 134.3, 138.6, 148.8(2C), 

155.0, 156.0ppm) and one carbonyl ( l72,8ppm).  The pmr da ta  i n  CD3COCD3 showed t h a t  one a romat i c  

methy l (6 ,  2 . 1 8 ( 3 ~ ,  s)ppm), and two i sopen teny l  groups, a(1.68(3H,  s ) ,  1 .71(3H, s ) ,  5.54(1H, b road  

( b r . )  t, J,=J2=7Hz), 4.69(2H, d, J=7)ppm) and b(1.66(3H, s ) ,  1.67(3H, s ) ,  5.23(1H, b r .  t, J1=J2=7), 

3 . 1 9 ( 2 ~ ,  b r .  d, J=7)ppm) a r e  p resen t  i n  I .  The chemical  s h i f t  o f  t h e  methy lene protons(4.69ppm) 

i n  a suggested t h a t  a i s  a t t a c h e d  t o  an oxygen or a n i t r o g e n  atom. The s i g n a l s  of one meth ine 

P r o t o n  Ha a t  6 .21 (b r .  s ) ,  t h r e e  a romat i c  P ro tons  Hb a t  6 .79 (s ) ,  Hc a t  6 .41(d,  J=8), Hd a t  6.83(d, 

J=8)  and fou r  p ro tons (d isappeared  w i t h  D 2 0 - a d d i t i o n )  a t  7.44(1H, b r .  s )  and 7.45-8.19(3H, b r .  peak) 

ppm were a l s o  observed i n  t h e  pmr spectrum. The chemical s h i f t  o f  Hc and Hd wh ich  were coup led  

each o the r (J -8Hz)  suggested t h a t  Hc and Hd were l o c a t e d  a t  o r t h o -  and meta -pos i t i ons  t o  a p h e n o l i c  

hyd roxy l  group, r e s p e c t i ~ e l y . ~ ' ~ ' ~ ' ~  F u r t h e r  decovp l ing  exper iment  showed t h a t  Hd was a l s o  

coupled i n  l o n g  range(J(1)  w i t h  t h e  methy lene p ro tons  i n  b(3.19ppm). Accord ing ly ,  a p h e n o l i c  

hyd roxy l ,  Hc, Hd and one of two i sopen teny l  groups(possib1y b) would be a t t a c h e d  t o g e t h e r  t o  one 

benzene r i n g .  Hb was found b e i n g  coupled i n  l o n g  r a n g e ( J < l )  w i t h  t h e  a romat i c  methyl(2.18ppm), 

i n d i c a t i n g  t h a t  Hb and t h e  methy l  group were l o c a t e d  each o t h e r  i n  o r t h o - p o s i t i o n  o f  t h e  o t h e r  

benzene r i n g .  It was shown t h a t  Ha was coupled(J<2) w i t h  t h e  hydroxy l  proton(7,44ppm), i n d i -  

c a t i n g  t h a t  one secondary hydroxy l  group i s  p resen t  i n  t h e  mo lecu le .  The presence of t h e  amide 

g roup  was i n d i c a t e d  i n  t h e  ir spectrum. I t  i s  p o s s i b l y  expected t h a t  t h e  amide group l i n k e d  two 

benzene r i n g s  t o g e t h e r  w i t h  t h e  carbon atom b e a r i n g  t h e  secondary hydroxy l  group t o  make a tri- 

c y c l i c  r i n g  system and t h e  remained f u n c t i o n a l  groups, namely, one hydroxy l  and ano ther  i s o -  

pen teny l  g r o u p ( p o s s i b l y  a )  would be a t t a c h e d  a l s o  t o  t h e  benzene r i n g  j o i n e d  w i t h  Hb and t h e  

a romat i c  methy l  .(See F i g .  1 ) .  

On a c e t y l a t i o n ,  I a f f o r d e d  t r i a c e t a t e ( l I ) ,  amorph., mp 137-138°C. C 3 1 H 3 5 ~ 0 8 ( ~ t :  m/e549), A::: 
nrn(e) 276(sh.,2700) and 295.5(4600), "2: cm-' 3340, 1768 and 1702, n e g a t i v e  t o  F e C I 3 - t e s t  The 

pmr spectrum o f  I 1  i n  CDC13 i n d i c a t e d  t h e  presence o f  one a romat i c  and t h r e e  a c e t y l  m e t h y l s  i n  t h e  

molecule.  The broad peak observed a t  7.45-8.19ppm i n  t h e  spectrum o f  I disappeared,  and t h e  s i g n a l  

observed a t  7.44ppm s h i f t e d  t o  6.04(br .  s)ppm i n  t h e  spectrum o f  11. 11  gave p h e n y l u r e t h a n e ( l l I ) ,  

amorph., mp 152-154"C, C38H40N209(~t: m/e668). On f u r t h e r  a c e t y l a t i o n  a t  60°C f o r  1 day, I 1  a f -  

forded t e t r a a c e t a t e ( 1 V ) .  amorph., rnp 157-158.5"C, C ~ ~ H ~ , N O ~ ( M + :  m/e591), A : Z ~  nrn(c) 252(11100), 

275(sh.,2800) and 310(4600), v:!L cm-' 1770, 1732 and 1700, n e g a t i v e  t o  FeC13. From t h e  pmr data 

i n  CDCI3, t h e  presence o f  one a romat i c  and f o u r  a c e t y l  me thy ls  i n  IV was i n d i c a t e d .  The f a c t  t h a t  

t h e  s i g n a l  which was observed a t  5 .41 (b r .  s)ppm i n  t h e  pmr spectrum of I 1  s h i f t e d  t o  7.07(br .  s )  
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pprn i n  the  spectrum o f  I V  suggested t h a t  the  s i g n a l  o f  t h e  p r o t o n  a t tached  t o  the  carbon bear ing  a 

secondary hydroxyl  group s h i f t e d  t o  t h e  lower  magnetic f i e l d  by a c e t y l a t i o n .  The s i g n a l  a t  5.41 

pprn i n  t h e  pmr spectrum o f  I 1  and t h a t  a t  7.07ppm i n  t h e  spectrum o f  I V  were shown i n  a doubled 

form. The i n t e g r a l  r a t i o  o f  these s i g n a l s  was corresponding t o  a h a l f  of one p ro ton .  The s i g n a l s  

a t  5.58 and 7.12ppm i n  the  spec t ra  o f  I 1  and I V  were a l s o  observed i n  t h e  same p a t t e r n .  The reason 

o f  these f a c t s  w i l l  be d iscussed aga in  l a t e r .  

On c a t a l y t i c  hydrogenat ion w i t h  Pd-C i n  e thano l ,  I V  a f f o r d e d  a p roduc t ( \ ( ) ,  a m r p h . ,  mp 147- 

KBr cm-I 3370, 148"C, C 2 8 H 3 1 ~ 0 9 ( ~ + :  m/e525), m ( e )  253(10700), 277(sh.,2100) and 321(6200), urnax 

1765 and 1713, p o s i t i v e  t o  FeC13. I n  t h e  pmr spectrum i n  CDC13, t h e  s i g n a l s  o f  one i s o p e n t y l  

group(0.87(3H, d, J=6)  and 0.95(3H, d, 5 ~ 6 1 ,  1.20-1.77(5H, m)) and o f  a p r o t o n  a t  8.55(s)ppm 

(d isappeared w i t h  D20-add i t i on )  were newly observed, i n s t e a d ,  the  s i g n a l s  of the  two i sopen teny l  

groups observed i n  the  spectrum o f  1Y disappeared. These pmr data suggested t h a t  t h e  i sopen teny l  

group a i n  I V  was e l i m i n a t e d  b y  hydrogena t ion  and a pheno l i c  hydroxy l  group was formed i n  V and 

t h e  double bond i n  ano ther  i sopen teny l  group b w a s  hydrogenated. It i s  w e l l  known t h a t  some 

phenyl a l l y 1  e t h e r s  a re  sometimes hydrogenolyzed t o  form phenols and o l e f i n e s  on c a t a l y t i c  hydro-  

genation.5 From t h e  chemical and s p e c t r a l  data as de- 

s c r i b e d  above, a p a r t i a l  s t r u c t u r e  of s i l v a t i c -  

Hc amide was assumed as shown i n  F i y .  1 .  Some funga l  

m e t a b o l i t e s  b i o g e n e t i c a l l y  regarded as s o - c a l l e d  

"seco-anthraquinones", namely, shamixanthone and 

b 
t a j i x a n t h o n e 2  and var iecoxanthone A, B and C 3 

f rom A s p e r g j l l u s  v a r i e c o l o r ,  e m e r i c e l l i n  from A. 
n idu lans4  and a rugos in  A, B' and c6 f rom i. 

S i l v a t i c a m ~ d e  ( I )  -- 

H3C rugu losus ,  have been r e p o r t e d  t o  have t h e  

F i g .  1 s t r u c t u r e s  c l o s e l y  r e l a t e d  t o  I .  E s p e c i a l l y ,  

1  
physico-chemical p r o p e r t i e s  r e p o r t e d  on a rugos in  B(V1) were shown t o  be very  c l o s e  t o  those of 

I, except  t h a t  I c o n t a i n s  the  n i t r o g e n  b u t  V I  does n o t .  The comparison of t h e  pmr spec t ra  o f  I 

and V I  compat ib l y  i n d i c a t e d  t h a t  t h e  l o c a t i o n  of each f u n c t i o n a l  group i n  b o t h  compounds i s  s i m i -  

l a r .  When t h e  p o s i t i o n  of t h e  f u n c t i o n a l  groups i n  I (shown i n  F i g .  1 )  was assumed t o  be t h e  same 

t o  t h a t  shown i n  t h e  s t r u c t u r e  o f  V I ,  t he  s t r u c t u r e  of s i l v a t i c a m i d e  shou ld  be proposed t o  be I as 

shown i n  Char t  1: The b i o s y n t h e s i s  o f  1 may be proceeded through t h e  acetate-malonate pathway 

perhaps v i a  t h e  seco-anthraquinones as i n d i c a t e d  i n  Char t  1. The s t r u c t u r e  o f  s i l v a t i c a m i d e  i s  

thus deduced t o  be 1 on t h e  bas is  of comparison o f  t h e  s p e c t r a l  data w i t h  those  o f  t h e  b l o -  

g e n e t i c a l l y  r e l a t e d  fungal  m e t a b o l i t e s  found i n  the  l i t e r a t u r e s .  
1,2,3,4,6 



Biooenesis of Si lvat icamide 

Rnthraquinones 
OR 0 R 

Arugosin B (V I )  

H3C 

Seco-Anthraquinones Hw 
*" ~t i cam ide  ( I )  R: 

Chart 1 " CH3 

Control led pyrolysis( l80"C. 1-2mnHg, 1.5h) o f  I 1  afforded two products, V I I ,  prisms, mp 131- 
CC1 132°C. C31H35N08(~+: m/e549), h:z:H m(,) 251(11900), 283(sh.,4800) and 310(4900), vma f cm-' 3310, 

1774, 1740 and 1680, and V I I I ,  f i n e  prisms, rnp 166-167.5'C. c ~ ~ H ~ ~ F ~ o ~ ( M ' :  m/e481), ~:z:~ m ( c )  

KBr cm-' 3385, 1763, 1707 and 1685(sh.), p o s i t i v e  t o  252(9600), 284(sh.,3500) and 321(5300), vma, 

FeC13. The uv spectrum o f  V I I  was ra the r  d i f f e r e n t  from t h a t  o f  11, bu t  the  molecular formula 

showed t h a t  V I I  i s  an isomer o f  11. The pmr spectrum o f  V I I  resembled t o  t ha t  o f  11. The pmr 

spectrum o f  V I I I  showed tha t  V I I I  i s  a desisopentenyl de r i va t i ve  of V I I .  The s t ruc tu re  o f  V I I  

was determined by the d i r e c t  x-ray d i f f r ac t i on  ana lys is  as shown i n  Chart 2, supporting t h a t  the 

l oca t i on  of the funct ional  groups i n  I proposed above i s  cor rec t .  

I was shown t o  be o p t i c a l l y  i nac t i ve .  I n  the pmr spectra o f  I 1  and I V ,  some double s igna ls  o f  

the acety l  methyls and the o ther  protons were observed as mentioned above. These f indings were 

assumd t o  be responsible t o  t ha t  I was i so la ted  as a mixture o f  the stereoisomers regarding the 

conf igurat ion o f  the hydroxyl a t  C-8. The secondary hydroxyl a t  C-8 i s  ra the r  l a b i l e  due t o  i t s  

pos i t i on  a t  the benzy l ic  carbon. The i n s t a b i l i t y  o f  I under l i g h t  i s  poss ib ly  due t o  the 

quinonoid s t ruc tu re  presumably formed by the photo-oxidation react ion  i n i t i a t i n g  by the el imina- 

t i o n  o f  the isopentenyl group($). 

7 
Recently, Homma eta. have i so la ted  an a t rovene t i n - l i ke  compound from A. s i l v a t i c u s  and 

determined the s t ruc ture  by x-ray analysis,  however the b io log i ca l  a c t i v i t y  o f  the compound 
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i s  no t  presented. 

v 
I ( R :  H, R': H )  VII ( R= : 

I V (  R :  Ac, R': A c )  
Chart 2 
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