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T h e  S t r u c t u r e  o f  F u s i c o c c i n  A 

Cul tu re  f i l t r a t e s  of t he  fungus  Fusicoccum amygdali Del., 
t h e  a l m o n d  s h o o t  c a n k e r  p a t h o g e n ,  show p h y t o t o x i c  
a c t i v i t y  on  a l m o n d  shoots  a n d  y o u n g  t o m a t o  c u t t i n g s  x. 
A c rys ta l l ine  m e t a b o l i t e  cal led fus icoccin  A was  i so la ted  
f rom s u b m e r g e d  cu l tu re s  g r o w n  in  s t i r r ed  f e r m e n t e r s  a n d  
r e p o r t e d  to  be  a glncoside  w i t h  t h e  mo lecu l a r  f o r m u l a  
C,sH~sOxs *. V e r y  low c o n c e n t r a t i o n s  of t h i s  m e t ~ b o l i t e  
p r o d u c e  s y m p t o m s  on  t h e  l eaves  of y o u n g  a l m o n d  t rees  
wh ich  a re  s imi la r  to  t hose  w h i c h  fol low in fec t ion  w i t h  t h e  
p a t h o g e n  u n d e r  n a t u r a l  c o n d i t i o n s  a. 

T h e  p r e s e n t  r e p o r t  desc r ibes  work  wh ich  p e r m i t s  one  
to  ass ign s t r u c t u r e  I to  fusicoccin A. T h i s  r e su l t  was  
a c h i e v e d  b y  a r e s t r i c t e d  use  of c o n v e n t i o n a l  o rgan ic  
c h e m i s t r y  opera t ions ,  b y  a n  ex t ens ive  a p p l i c a t i o n  of 
N M R  a n d  mass  spec t roscopy,  a n d  also b y  a t h r e e - d i m e n -  
s ional  X - r a y  ana lys i s  of a h e a v y - a t o m  d e r i v a t i v e  of I. 

T h e  p rev ious ly  r e p o r t e d  f o r m u l a  (CssHs,O~s, m.w. 722), 
w h i c h  was  in fe r red  2 f rom t h e  occur rence  in t h e  mass  
s p e c t r u m  of I of a sma l l  p e a k  a t  ate 704 (cons idered  to  
be  due  to  M+-18) a n d  f rom a n  X - r a y  d e t e r m i n a t i o n  of a 
v a l u e  of 7 3 3 . 5 : 1 : 1 4 . 7  for  t he  molecu la r  w e i g h t  of I as 
c rys ta l l i zed  f rom e t h y l  ace ta t e ,  m u s t  the re fo re  be  
a m e n d e d  as Cs~HssOx~, m.w. 680 ' .  

General properties o [ f  and its derivatives. C o m p o u n d  I : 
Cs~H~sO~2, m.p .  155-156 °, ~max < 215 nm,  vma , 3400-3450 
(OH),  1725-1740 a n d  1240 (acetate) ,  1635 (olefinic), a n d  
920 cm -1 (vinyl) .  T h e  N M R - s p e e t r u m  shows s igna ls  for  a 
v i n y l  g roup  a t t a c h e d  to  a q u a t e r n a r y  ca rbon ,  a n  olefinic 
p r o t o n  on  a t r i s u b s t i t u t e d  d o u b l e  b o n d ,  a n  O-Me ~, 2 0 - A c ,  
2 s e c o n d a r y  a n d  3 t e r t i a r y  C-Me groups.  T h e  mass  
s p e c t r u m  shows  t he  molecu la r  p e a k  a t  role 680 [ m i n u t e  
p e a k s  due  t o  t h e r m a l  t r a n s a c e t y l a t i o n  ions a re  o b s e r v e d  
at m/e 722 (M + + 42), 704 (M + + 42--18) ,  689 
(IV[+ + 42 - -18 - -15 ) ] ;  a t  lower  mass  va lues  t h e  f i rs t  
p r o m i n e n t  p e a k  is a t  role 408 (aglycone,  C, sHa,O s b y  h i g h  
r e so lu t ion  mass  spec t roscopy)  a n d  v e r y  s t r o n g  s ignals  a re  
p r e s e n t  a t  role 205 (monoace ty lg lucosy l ) ,  69 (C~Hs+), a n d  
43 (CHACO+) . 

D i h y d r o - I ,  C3~H~sO~,, m.p .  151-153 °, was  o b t a i n e d  b y  
c a t a l y t i c  h y d r o g e n a t i o n  of I a t  r oom t e m p e r a t u r e .  I1% 
a n d  N M R - s p e c t r a  i nd i ca t e  t h a t  t h e  v iny l  g roup  ha s  been  
r e d u c e d  a n d  t h a t  t h e  t r i s u b s t i t u t e d  doub le  b o n d  is still  
p r e sen t .  T h e  mass  s p e c t r u m  shows t h e  molecu la r  p e a k  a t  
ale 682, a series of smal l  peaks  a t  h ighe r  ale va lues  due  
to  t h e r m a l  t r a n s a c e t y l a t i o n ,  t h e  p e a k  of t h e  ag lycone  a t  
m/e 408, a n d  v e r y  s t r o n g  s ignals  a t  ale 390 (408--18),  
205 (monoace ty lg lucosy l ) ,  71 (C~Hn +) a n d  43 (CHsCO+). 
Severa l  ions  in  t h e  s p e c t r u m  of b o t h  I a n d  d i h y d r o - I  c an  
b e  de r ived  f rom o t h e r  ions  a t  m# va lues  + 68 a n d  + 70 
respec t ive ly ,  + 60 a n d  + 204; loss of ace t ic  acid is also 
i n d i c a t e d  b y  m e t a s t a b l e  peaks .  

T r i a c e t y l - I  ( c o m p o u n d  II). C,~H.,Ox~. m.p.  106-108 °, 
v~a ~ 3500 c m  -~ (OH),  was  p r e p a r e d  b y  r o o m  t e m p e r a t u r e  
a c e t y l a t i o n  of I w i t h  Ac ,O in  d r y  pyr id ine .  T h e  N M R -  
s p e c t r u m  shows 5 ace ty l  resonances .  T h e  mass  s p e c t r u m  
shows  t h e  molecu la r  p e a k  a t  ale 806, a p e a k  a t  ale 450 
(monoace ty lag lycone ,  C~sH,sO ~ b y  h i g h  r e so lu t ion  m a s s  
spec t roscopy) ,  a n d  v e r y  s t r o n g  p e a k s  a t  m]e 289 (tr i-  
ace tylglucosyl) ,  229 (289--60),  69 (C~H~ +) a n d  43 
(CHACO+). M e t a s t a b l e  peaks  for t he  loss of ace t ic  ac id  
f rom t h e  t r i ace ty lg lucose  m o i e t y  a re  also p resen t .  T h e  
p e a k  a t  m/e 289, w h i c h  shi f t s  to  295 w h e n  I is a c e t y l a t e d  
w i t h  (CDaCO)~O, ind ica t e s  t h a t  t h e  glucosyl  m o i e t y  in I 
ha s  one  alcohol ic  f u n c t i o n  w h i c h  is n o t  ava i l ab l e  for  
ace ty l a t ion .  

Compound III, Cs9HssOx,, m.p .  75~76 °, Vma x 3600 (OH) 
a n d  1660 c m  -~ (olefinic), was  o b t a i n e d  in  smal l  a m o u n t  

b y  hyd rogeno lys i s  of I fo l lowed b y  a c e t y l a t i o n  a t  r oom 
t e m p e r a t u r e ,  or  b e t t e r  s t i l l  b y  mi ld  ac id  h y d r o l y s i s  of I 
fol lowed b y  ace ty l a t ion .  C o m p a r i s o n  of i t s  N M R - s p e c t r u m  
w i t h  t h a t  of I I  shows  t h a t  t h e  v i n y l  g roup  a n d  2 t e r t i a r y  
C-Me g roups  a re  no  longer  p r e s e n t  in  I I I ,  a n d  t h a t  a s i x t h  
ace ty l  g r o u p  h a s  b e e n  i n t r o d u c e d .  T h e  mass  s p e c t r u m  
shows  t h e  mo lecu l a r  p e a k  a t  m]e 780, a s t r o n g  p e a k  a t  
ate 450 (monoace ty l ag lycone ) ,  a n d  v e r y  s t r o n g  p e a k s  a t  
m[e 331 ( t e t r aace ty lg lucosy l )  a n d  43 (CHACO+) ; t h e  s ignal  
a t  ate 69 is of v e r y  low re l a t i ve  i n t e n s i t y  c o m p a r e d  w i t h  
t h a t  o b s e r v e d  in  b o t h  I a n d  I I .  Since t h e  glucosyl  m o i e t y  
is fu l ly  a c e t y l a t e d  in  I I I ,  t h e  CsH 9 group,  w h i c h  f rom t h e  
a b o v e  spec t roscopic  ev idence  is c lear ly  a t - pen t eny l ,  c a n  
b e  p laced  on  one of t h e  a lcohol ic  func t i ons  of t h e  glucose 
mo ie ty .  

Acid hydrolysis of I. Acid hydro lys i s  of I ( 0 . 2 N  HC1 in 
aqueous  m e t h a n o l ,  40 h a t  ref lux) yields  ace t ic  acid,  
D-glucose, 2 -me thy lbu t -3 - en -2 -o l  a n d  c o m p o u n d  IV 
(C21Hs,O5). Conclus ive  ev idence  for  t h e  occur rence  of a n  
O- t -pen teny l  g roup  in I was  o b t a i n e d  f rom t h e  iden t i f i ca -  
t ion ,  b y  gas-sol id c h r o m a t o g r a p h y ,  of t - pen ty l  a lcohol  a n d  
2 - m e t h y l - l - b u t e n e  in  t h e  ac id  h y d r o l y s a t e  of d i h y d r o - I .  
T h e  fo l lowing r eac t i on  can  the re fo re  be  w r i t t e n  for  t h e  
hydro lys i s  of fusicoccin A:  C~sH~601, + 4 H 2 0  = 
2CH3COOH + CeHI,O ~ + CH,  : CHC(CH3) 2OH + CzxHa,Os. 

Structural [eatures of deacetylaglycone I V. C o m p o u n d  I V :  
CalH34Os, m.p .  158-160 °, M + 366, Amax < 215 n m ,  vma x 
1635 c m  -x (olefinic), a n d  n o  c a r b o n y l  a n d  v i n y l  b a n d s .  
T e t r a - O - a c e t y l - I V  ( c o m p o u n d  V), C2sH4,O,, m.p .  110 t o  
111% was  o b t a i n e d  b y  r o o m  t e m p e r a t u r e  a c e t y l a t i o n  of  
I V  in  d r y  p y r i d i n e  w i t h  Ac,O.  I t s  m a s s  s p e c t r u m  shows  
t h e  molecu la r  p e a k  a t  m/e  534 a n d  a m o r e  p r o n o u n c e d  
s ignal  a t  m/e  474 (M+ -- 60, Ca~HasO 7 b y  h i g h  r e s o l u t i o n  
mass  spec t roscopy) .  De ta i l ed  c o n s i d e r a t i o n  of N M R -  a n d  
N M D R - s p e c t r a  7 of I V  a n d  V in  va r ious  so lven t s  led  to  
t h e  fo l lowing  i den t i f i c a t i on  of t he  o x y g e n  s u b s t i t u e n t s  in  
I V :  O - C H  3, s (3H),  n o t  d i sp laced  b y  a c e t y l a t i o n :  b e 3.32, 
~P 3.23 in IV, a n d  ~c 3.34, bP 3.24, db 3.13, b cs 3.21 in  V ;  
t h e  m e t h o x y l  is p l aced  on  a C H - C H  2 w h i c h  a p p e a r s  as a 

a A. Gaxstrx, Phytopath. Medit, ~, 182 (1962). 
2 A. BALLIO, E. B. CrIAIt~, P. DE LEO, B. F. ERLANGKR, M. MAURI 

and A. TosoLo, Nature 203, 297 (1964), 
3 A. GRAmTt, Phytopath. Medit. 3, 125 (1954). 
4 Lately, new mass spectra of I have shown a small peak at ale 722 

which is due to thermal transacetylation in the ion source (operated 
at 200°). Furthermore, it has been firmly established by NMR 
spectroscopy that crystals of I obtained from ethyl acetate and 
used in a new X-ray determination s of the molecular weight 
(found: 728 ~ 12), contain half a molecule of solvent per molecule 
of I (m.w. for CaeH~O12, x/~CHaCO~C~Hs: 724). 

s Crystal data for fusicoccin A are: 2CsaHs6Olz, CHaCOaCaHs, 
F.V¢. = 1449.79, monoclinie, a = 20.78 ~ 0.12, b = 14.45 =~: 0.09, 
c = 13.40 -4- 0.06 A, fl = 95°50 ' ~ 15", v = 4005 A 8, Dra = 1.207 
4- 0.001 gcm -a (by flotation), F(000) = 1568. Space group P2~ 
(C~, No. 4) or P2t/m (C~h, No, 11) from systematic absences. 
Z = 2, D, = 1.20 ± 0,02 gcm -a. CuKcc-radiation CA taken as 
1.5418 A},/~ = 7.4 cm -2. Data derived from Weissenberg photo- 
graphs, using an improved version of Christ's method s, Limits of 
error given in the form of maximum error. 

6 This was also confirmed by the incorporation of [z4C-methyl]- 
methionine into I; the label was quantitatively retained in III  and 
IV and completely lost on demethylation. 

v Spectra were recorded on a Varian HA-100 apparatus (internal 
reference TMS); chemical shifts (accurate within -4-0.02 ppm) 
are given in ~ units, and coupling constants in cps; s denotes 
a singlet, d a doublet, t a triplet, q a quartet, m a multiplet, dd a 
doublet of doublets. Depending on the solvent used, the following 
superscripts are adopted: c= CDCla, p ffi C~D~N, b = CaDs, cs ffi CS a. 
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broadened  d, or d of m, A B par t  of an A B X  system, 
cent red  a t  de 3.32, dP3.33 in IV, and at d43.34, 6P3.37, 
d b 3.29, de" 3.23 in V;  CH2OH, a broad unresolved m (2H),  
super imposed on o ther  signals in IV, b u t  shifted to a lower 
field in V to give the  character is t ic  e ight -s ignal  pa t t e rn  
for t he  A B par t  of an  A B X  sys tem (herein cal led 
A ~ B ' X ' ) ,  cen t red  a t  (5 c 3.98, 6/J 4.07, d es 3.82, JA'B" = 10; 
C H O H ,  m (1It) ,  cent red  a t  de _~ 3.80, and obscured by  
o ther  signals in IV, b u t  shif ted downfield in V to give a 
dd  charac ter i s t ic  of the  X p ro ton  of an  A B X  sys tem 
(herein called A " B " X " ) ,  cent red  a t  6c 4.87, 8P 5.08, 60 5.03, 
de" 4.68: t he  corresponding A " B "  pro tons  are  found, by  
means  of N M D R ,  in the  range 1.90-2.60 6 cs, giv ing  the  
character is t ic  e ight-s ignal  pa t t e rn  wi th  JA"B" = 16, and are 
hence a t t r i bu t ed  to a me thy lene  joined to  a fully sub- 
s t i tu ted  carbon;  C H ( O H ) C H ( O H ) ,  (2H),  corresponding 
to the  A B protons  of an  A B X  sys tem (herein called 

A " B ' " X " ) ,  6PA,, 4.21, 6PB,,, 4.43 in IV, and dPa~ 5.51, 6~,,, 5.71 

C-~H 
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CHz(1-C(CHa)zCH=CH z 

R z = H0 ,,,m ,,,,, 

% 
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in V, JA,,,x,,, = 4, JB,,,x,,, < 1: this  e-glycol  sys tem was 
conf i rmed by  the  format ion  of an ace tonide  (C~4HasO 5, 
m.p.  146-147 °, 2 new s, 3 H  each, a t  de 1.35 and 1.84; 
diacetate~ CzsH4aOT, m.p.  59-60 ° , M + 490) and of a 
d ia ldehyde  on per ioda te  oxidat ion.  

The  above  ass ignments  no t  only  account  for all  t he  
oxygen  a toms  in IV, b u t  also define the  na tu re  of 10 
ou t  of 12 pro tons  resonat ing  be tween  3.1 and 6.0 ~ in b o t h  
I V  and V. The  2 remain ing  pro tons  give rise respec t ive ly  
to  a t (1H, J = 1.5, atlylic coupling), cen t red  a t  de 5.38, 
6P 5.90 in IV, and 6 c 5.31, 6P 5.51 in V (CH:C,  conf i rmed 
by  vrna* a t  1635 cm-1), and  to  a v e r y  complex  m (1H),  
bes t  seen in V a t  d ~ 3.45. Tickl ing  exper iments  showed 
t h a t  t he  l a t t e r  p ro ton  is coupled to the  me thy lene  of the  
A ' B ' X '  system referred to above.  

Other  features  revea led  by  N M R -  and NMDR-spec -  
t roscopy consist of: a t e r t i a ry  C-CHa group (3 H, s, 6 ~ 1.20, 
dP 1.34, 6 b 1.33 in IV, de 1.18, dP 1.35 in I I I ) ;  a secondary  
C - C H  3 group (3H, d, ;~c 0.92, 6P 1.09, J ~ 7 in IV, and 
de 1.10, 6P 1.03, J ~ 7 in v ) ,  coupled to  the  above  
ment ioned  X '  pro ton ;  ano the r  secondary  C-CH a group 
(3H,  d, 6 c 0.85, 6P 0.93, J ~ 7 in IV, and 6 c 0.94, 6P 1.10, 
J ~ 7 in v ) ,  coupled to an unresolved m observed in the  
range 1.9-2.0 6 * in bo th  IV and V: N M D R  also proves  
t h a t  this  m is the  X "  par t  of the  A " B " t X  " sys tem;  2 
me th ine  protons  (2H, two complex  over lapping  m in t he  
range 2.75-3.10 6P for b o t h  IV and V) spli t  by  allylic 
coupling ( J  ~ 1.5) wi th  t he  olefinic p ro ton :  one of these  
meth ine  pro tons  is also coupled to  t he  me thy lene  of t he  
CH2OCH a group;  a CH2 group ad jacen t  to  a q u a t e r n a r y  
carbon and forming  the  A " B "  par t  of t he  above  quo ted  
A " B " X "  system, best  ev idenced in IV  as an e igh t -peak  
pa t t e rn  in the  range  1.90-2.60 d cs (JAMB- = 16). A te t ra -  
subs t i tu ted  double  bond was indica ted  by  the  r a the r  h igh  
values  observed  for C(9)H, C(13)H, and C(15)H. 

On the  above  grounds the  presence in I V  of the  par t ia l  
s t ruc tures  (1-5) was suggested,  in which only  C(4) and  
C(5) are  not  ident i f ied:  

HO C{19)H 8 C C 

(i) H2C(20)-C(I5)H-C(14) =C(10)-C 

C C OH C 
i l l t 

(2) C-C=C-C(13)H2-C(12) H-C-C 
I 
c 

c 
I 

(3) HaC(18)-C(II)-C 
1 
C 

C C OH OH C 
I ~ I t 1 

(4) C-C=C-C(9)H-C(8)  H-C(7)H -C(17}H~ 

C C 

(5) c-c-c(1)g=c(2)-c(6)ii-c 
1 1 
c C(3)H-C 

! 
C(16) H=OCH 3 

These par t ia l  s t ructures ,  the  empir ica l  formula  and the  
obse rva t ion  t h a t  r ad ioac t iv i ty  f rom [ 2-14C] meva lo lac tone  
is incorpora ted  in v ivo  in bo th  the  t -pentenyl  group and 
in t he  C21 moie ty  of fusicoccin A indicate  t h a t  IV  is t he  
m e t h y l  e ther  of a pen tahydroxy- t r i ca rbocyc l i c  terpene.  If  
one is wil l ing to accept  t h a t  t he  carbon  skeleton of fusi- 
coccin A is der ived by  cycl izat ion of the  geranyl -geranyl  
ca t ion  w i thou t  subsequent  rear rangements ,  a t e n t a t i v e  
s t ruc ture  can be der ived for IV. This  conta ins  t he  same 
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r ing s y s t e m  as t he  ophiobol ins  8, which  are also m e t a b o -  
li tes of p l a n t  pa thogen ic  fungi, 

Addi t iona l  s u p p o r t  for t he  presence  of one cyc lopen tane  
r ing in IV was ob ta ined  by  ox ida t ion  of the  ace ton ide  of 
IV  wi th  M%SO in A%O; the  N M R - s p e c t r u m  of t he  resul t -  
ing ke tone  (1.~.~ 293 nm, vma x 1750 cm -z) showed t h a t  
C(19) H~OH h a d  been  ace ty l a t ed  and  t h a t  t he  CO func t ion  
arose f rom t h e  C(12)HOH group of IV (s, 2H,  6 c 2.96; 
C-CH2CO ). This  locates  t h e  q u a t e r n a r y  C(11) be tween  
C(10) and  C(12). 

Since s t rong  i r rad ia t ion  of C(7)H (~  2.08 in V) de- 
couples  one  of t he  2 allylic pro tons ,  C(7) m u s t  be l inked to  
e i ther  C(3) or C(6). The  l a t t e r  was  chosen  t e n t a t i v e l y  
on t h e  g round  of t he  i soprene  rule;  t he  so far  n o t  ident i f ied  
C(4) and  C(5) comple te  t h e n  a second cyc lopen tane  ring. 

X-ray analysis o/a heavy-atom derivative o[ I. C o m p o u n d  
VI,  C42H59IO1,S, m.w. 946, m.p .  148-149 °, was p r epa r e d  
b y  t r e a t m e n t  of fusicoccin A wi th  p - iodobenzenesu lphony l  
chlor ide in d ry  pyr id ine  a t  room t empera tu r e ,  pur i f ied b y  
co lumn  c h r o m a t o g r a p h y  on Florisil, and  crysta l l ized f rom 
e thy l  aceta te .  

Crys ta l  d a t a  for th is  c o m p o u n d  are:  C42H69IOt4S, 
F .W.  = 946.90, o r tho rombic  disphenoidal ,  a = 10.32 -I- 0.06, 
b = 12.89 -t- 0.09, 6 = 35,14 ± 0.14 A, V = 4674 .~8, 
D m = 1.370 4- 0.003 gem -3 (by f lotat ion),  F(000) = 1968. 
Space  group, P212121 D* ( ~ ,  No. 19) f rom sys t ema t i c  
absences.  Z = 4, D x = 1.35 4- 0.023 gem -~. CuKa- rad i a t i on  
(Jr t a k e n  as 1.5418 ~) ,  /, = 64.2 cm -1. D a t a  der ived  f rom 
~Veissenberg p h o t o g r a p h s  using an improved  vers ion of 
Chr i s t ' s  m e t h o d t  L imi t s  of er ror  given in the  fo rm of 
m a x i m u m  error.  

The  in t ens i ty  m e a s u r e m e n t s  were  m a d e  by  eye on 1706 
i n d e p e n d e n t  ref lect ions  f rom Weissenberg  p h o t o g r a p h i c  
records  t a k e n  a t  r o o m  t e m p e r a t u r e .  Abso rp t i on  correc-  
t ions  were  n o t  appl ied,  nor  were  t he  ex t inc t ion  correct ions .  

The  iodine a t o m  coord ina tes  were  f i rs t  d e t e r m i n e d  wi th-  
o u t  a m b i g u i t y  f rom a th ree -d imens iona l  P a t t e r s o n  syn-  
thes i s  s h a r p e n e d  on iodine. T h e y  cor responded  to  a R 
value  of 40.3%. The  s t ruc tu r e  was  t h e n  solved comple te ly  
b y  a c o m b i n a t i o n  of Four ie r  m e t h o d s  and  b lock-diagonal  

,iiH, 

Io. I rz --c~l~ 
H 0 ,,,,,,,~,,4~ j .  i ~' 

5 

Atomic coordinates 

Atom X/a Ylb Zlc 

C(1) 0.5512 0.2511 0.1312 
C(2) 0.5833 0.2267 0.1663 
C(3) 0.6181 0.1143 0.1750 
C(4) 0.6036 0.1032 0.2183 
C(5) 0.6489 0.2151 0.2330 
C(6) 0.5856 0.2945 0.2036 
C(7) 0.6765 0.3897 0.2055 
C(8) 0.6036 0.4888 O. 1983 
C(9) 0.5521 0.5080 0.1570 
C(lO) 0.4483 0.4331 0.1457 
C(11) 0.4873 0,3514 0.1152 
C(12) 0.3366 0.3269 0.1014 
C(13) 0.2623 0,3357 0.1370 
c(14) 0.3247 0.4182 0.1566 
c(15) 0.2636 0.4792 0.1892 
C(16) 0.7670 0.0887 0.1601 
C(17) 0,8000 0.3804 0.1799 
C(18) 0.5666 0.3859 0.0809 
e(19) 0,1502 0.5406 0.1699 
C(20) 0,2129 0.4072 0.2184 
c(21) 0,0156 0.6770 0.1916 
C(22) -0,0420 0.7365 0.2278 
C(23) 0.8960 - 0.0594 0.1420 
C(24) 0.5595 0.6859 0.1302 
C(25) 0.5306 0.7967 0.1448 
C(26) 0.3814 0.8137 0.1450 
C(27) 0.3292 0.7968 0.1077 
C(28) 0.3786 0.6819 0.0922 
C(29) 0.3005 0.6819 0.0476 
C(30) 0.2688 0.9408 0.1776 
C(3t) 0.2310 1.0588 0.1871 
C(32) 0,3048 0.5576 -- 0.0013 
C(33) 0.1856 0.5807 -- 0.0089 
C(34) 0.1551 0.6349 -- 0.0364 
e(35) 0.3577 0.4450 - 0.0072 

C(36) 0.4283 0.6261 -- 0.0294 
C(37) 0.2777 0.1059 0.0297 
C(38) 0.3315 0.1556 0.0007 
C(39) 0.3928 0.1001 -- 0.0329 
C(40) 0.3542 -- 0.0111 -- 0.0345 

C(41) 0.2861 -- 0.0599 -- 0.0032 

C(42) 0.2474 0.0059 0.0267 
0(1) 0.6854 0.5735 0.2110 
0(2) 0.5003 0.6181 0.1576 
0(3) 0.3396 0.2261 0.0818 
0(4) 0.0976 0.6085 0.2021 
0 ( 5 )  - -  0.0144 0.6941 0.1571 
0(6) 0.7698 -- 0.0265 0.1619 
0(7) 0.5039 0.6707 0.0934 
0(8) 0.5872 0.8116 0.1823 
0(9) 0.3624 0.9174 O. 1558 
O(10) 0.1914 0.8774 0.1924 
0(11) 0.1931 0.8086 0.1055 
O(12) 0.3544 0.5740 0.0364 
O(13) 0.1308 0.2578 0.0530 
O(14) 0.1477 0.1123 0.0937 
S 0.2080 0.1799 0.0667 
I 0.4157 - 0.0846 - 0.0827 

s K. TSUDA, S. NOZOE, M. MORISAKI, K. HIRAIj A. ITAL S. OKUDA, 
L. CANONICA~ A. ElECt;HI, M. GALLI KIENLE and A. SCALA I 
Tetrahedron Lctt, 35, 3369 (1967), and previous references quoted 
therein. 

9 G. MAZZONE, A. VACIAGO and M. BONAmCO, Ric. Sci. 33 (II-A), 
1113 (1963). 
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Q I 

O° 
@s 
©c Fig. 1. Molecular model of structure Vt as 

built from the crystallographic parameters. 

6 

Fig. 2. A view of the eight-membered ring showing the conformation 
and the numbering scheme. 

l ea s t - squa res  ca l cu la t ions  in  w h i c h  a t o m s  were  j u d g e d  b y  
t h e  b e h a v i o u r  of t h e i r  i n d i v i d u a l  i so t rop ic  t h e r m a l  p a r a -  
m e t e r s  10 

T h e  f ina l  s t r u c t u r e  is s u m m a r i z e d  in  t h e  Tab le ,  whe re  
t h e  58 a t o m s  of c o m p o u n d  V I  (exc lud ing  hydrogens )  a re  
l is ted.  T h e  a t o m i c  coo rd ina t e s  of t h e  Tab le  cor respond ,  
t o g e t h e r  w i t h  t h e  t h e r m a l  p a r a m e t e r s  r e s u l t i n g  f rom t h e  
r e f i n e m e n t  ~z, to  a R v a l u e  of 11.6%, a n d  def ine  b o n d  
l eng th s  w h i c h  h a v e  a n  ave rage  e.s.d, of 0 .05 /~  a n d  w h i c h  
d e v i a t e  b y  a m a x i m u m  of 0.30 ]k (in one  case) a n d  b y  a n  
ave rage  of 0.06 ]k f r o m  a c c e p t a b l e  va lues  for  f o r m u l a  VI .  

T h e  f ina l  d i f fe rence  F o u r i e r  s y n t h e s i s  (a(Oo) = 0.2 e~  -3) 
gave  a v e r y  s m o o t h  re s idua l  e l ec t ron  dens i ty ,  osc i l la t ing  
a r o u n d  a ni l  v a l u e  w i t h  a b s o l u t e  m a x i m a  of 0 .3-0 .4  e/~ -s 
in  t h e  genera l  field (r is ing to  h i g h e r  va lues  on ly  in  t h e  
reg ion  of t h e  iodine  a t o m ) .  A d d i t i o n a l  c r y s t a l l og r aph i c  
ev idence  t a k e n  i n to  a c c o u n t  in  o r d e r  to  e s t a b l i s h  s t r u c t u r e  
V I  u n a m b i g o u s l y  inc luded  : (1) t h e  ana lys i s  of t h e  e l ec t ron  
p o p u l a t i o n  of t h e  Four i e r  s y n t h e s i s  m a x i m a ,  (2) s tereo-  
chemica l  cons ide r a t i ons  such  as  v a l e n c e  angles  a n d  t h e  
a p p r o x i m a t e  c o p l a n a r i t y  of  t h e  a t o m s  l inked  b y  a d o u b l e  
b o n d  a n d  of t h e i r  s u b s t i t u e n t s ,  (3) t h e  local  ana lys i s  of 
t h e  d e p e n d e n c e  of t h e  t h e r m a l  p a r a m e t e r s  on  t h e  choice  
of e i t h e r  c a r b o n  or  o x y g e n  for  each  a t o m .  

S t r u c t u r e  V I  is fu l ly  c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  
p roposed  for  c o m p o u n d  I V  b y  chemica l  a n d  spec t roscop ic  
me thods ,  a n d  w i t h  t h e  sugges ted  loca t ion  of t h e  t - p e n t e n y l  
g roup  a n d  of one  ace ty l  g roup  on  t h e  glucose moie ty .  I n  
a d d i t i o n ,  t h e  X - r a y  ana lys i s  gives t h e  ful l  s t e r e o c h e m i s t r y  
of t h e  molecule,  as wel l  as  t h e  e x a c t  p o s i t i o n  of t h e  a b o v e  
s u b s t i t u e n t s  a n d  of t he  glucosyl.  

A s t e reo -mode l  of f o r m u l a  V I  is g iven  in  F igu re  1, 
showing  t he  con f igu ra t i on  of t h e  13 a s y m m e t r i c  c a r b o n  
a t o m s  a n d  m a n y  o t h e r  con f igu ra f iona l  a n d  c o n f o r m a t i o n a l  
deta i ls ,  as for i n s t a n c e  t h e  fac t  t h a t  t h e  glucose m o i e t y  
is b o n d e d  to  t h e  o x y g e n  a t o m  0(2)  v i a  a n  ~-glycosidic 
l inkage .  The  e i g h t - m e m b e r e d  ring,  seen  f rom a d i f f e ren t  
v i ewpo in t ,  is also s h o w n  in  F i g u r e  2. 

T h e  a b s o l u t e  c o n f i g u r a t i o n  is as  g iven  in  F i g u r e  1: of 
t he  2 m i r r o r  images  c o n s i s t e n t  w i t h  t h e  X - r a y  d a t a  (no 
a n o m a l o u s  d i spers ion  m e a s u r e m e n t s  were  made) ,  t h e  one  
w h i c h  co r r e sponds  to  t h e  k n o w n  a b s o l u t e  c o n f i g u r a t i o n  
of D-glucose xz was  chosen  as  t h e  co r rec t  a b s o l u t e  con-  
f i g u r a t i o n  of c o m p o u n d  VI .  

I n  t h e  es te r  g roup  a t  C(26) t h e  o x y g e n  a t o m  O(10) is 
cis to  t h e  a lcohol ic  c a r b o n  C(26) : t h i s  is k n o w n  to  be  t h e  
p r e f e r r ed  c o n f o r m a t i o n  of t h e  es te r  g r o u p  in r e l a t i o n  to  

10 All the calculations were carried out on the Rome University 
IBM 7040 computer, using the SFLS programme of V. ALBA~O, 
A. DOMEmCXSO and A. VACIAO0 n and other crystallographic 
programmes of A. DOMENmANO and A. VAetAoo (unpublished). 

n V. AL~A~rO, A. DOMEmCANO and A. VAmXGO, Gazz. china, ital, 96~ 
922 (1966). 

~2 Isotropie thermal motion was assumed for all atoms, except for 
iodine and sulphur which were treated anisotropically in the last 
stages of refinement. Individual isotropie B values range from 
2.3 A n for C(14) to 14.1 A 2 for C(34), with an overall average of 
5.9 A n. The highest values were found in the t-pentenyt and 
metoxymethyI side chains, and may be due to considerable freedom 
of movement, or to some positional disorder. 

13 G. N. RAMACHANDRAN~ R. CHANDRASEKARAN and K. S. CI~AN- 
DMSEKARAN, Biochim. biophys. Aeta 748, 317 (1967). 
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sa tu ra ted  ring systems14,1.. I n  t he  ester  group a t  C(19) as 
well, the  oxygen  a t o m  0(5) is cis to the  alcoholic carbon 
C(19). The  oxygen  a tom 0(2) is in a ' shel tered '  posit ion,  
as a resul t  of the  conformat ion  around the  C(9)-O(2) and 
O(2)-C(24) bonds x~. 

Riassunto. Con l 'uso combina to  di metodi  chimici,  
spet troscopici ,  e di s t ru t tu r i s t i ca  ehimica  d i f f r a t tomet r i ea  

s ta to  possibile assegnare la s t r u t t u t a  I alla fusicoccina A, 
me tabo l i t a  f i topa togeno del fungo Fusicoccum amygdali 
Del. 

]t4 A. McL. MATHIENSON, Tetrahedron Lett. 46, 4137 (I965). 
15 M, BRUFANI, W. FEDELI~ G, GIAGOMELLO and A. VAClAGO, 

Experientia 23, 508 (1967), 
1* This work was supported in part by the Italian National Research 

Council (CNR). 
17 Permanent address: Centro di Studio per ta Strutturistica Chimiea 

(CNR), Istituto di ChiItdca Farmaceutica e Tossicologica della 
UniversitA degli Studi, Roma (Italy). 
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F r i i h e  S t a d i e n  d e r  E r h o l u n g  bei  b e s t r a h l t e n  Rat t en  und M i i u s e n  

Mit  der  sogenannten  Spl i t -Dosis-Technik  un te r such t  
m a n  hAufig den Erho lungsver lauf  nach  E inwi rkung  ioni- 
s ierender  Strahlen.  Das  Ausmass  der  E rho lung  yon einer  
Ers tbes t rah tung  wird dabei  ge tes te t  an  dem Schaden,  den  
eine zwei te  ]3estrahlung verursacht .  Das Kr i t e r i um dieses 
Sehadens,  die LD50(30), se tz t  den R a h m e n  test, inner-  
ha lb  dessert <~Erholung~ bier  gemessen werden  kann.  Die 
L D  50(30) is t  bekann t l i ch  diej enige Strahlendosis ,  die 50 % 
einer  Popu la t ion  innerha lb  yon  30 Tagen  t6 te t .  N u r  die- 
jen igen Strahlensch~iden, die zum t6dl ichen Ausgang in- 
nerhalb  yon  30 Tagen  bei t ragen,  werden  also erfasst.  W e n n  
die LD50(30) ein Mass fiir alle S t rahlenseh~den darstel l t ,  
deren S u m m e  innerha lb  v o n  30 Tagen  t6dl ich wirkt ,  so 
kann  die Spl i t -Dosis -Methode als Mass ffir die E rho lung  
y o n  eben diesen StrahlenschAden gelten. Das  e rm6gl ich t  
eine forrnale Def ini t ion der  E rho lung  als A b n a h m e  eines 
yon  einer Ers tdos is  herr f ihrenden Restschadens ,  der  durch  
die Differenz der  LDS0(30)-Werte  yon  vorbes t r ah l t en  und 
n ich t  vo rbes t r ah l t en  Tieren  messbar  wird L 

Zun~chst  suchte  m a n  exper imente l le  BestXtigung fiir 
die theore t i sch  nahel iegende H y p o t h e s e  eines m i t  der  Zeit  
exponent ie l l  abnehmenden  Strahlenschadens.  Das Ergeb-  
nis h ing wei tgehend  yon  der  W a h l  der  Tes tze i ten  nach  
Er s tbes t r ah lung  ab. Die Beobach tungen  waren  m i t  der  
H y p o t h e s e  vereinbar ,  wenn  sic e twa  2 Tage bis 3 W o c h e n  
nach  der  Er s tbes f rah lung  gesammel t  wurden2-L  Sie wi- 
chen abe t  in den  ers ten 48 h deut l ich  yore  exponent ie l len  
Ver lauf  ab  a,5-s. Es  kam dann  zu einer  F l u k t u a t i o n  des 
yon  der  E r s tbes t r ah lung  zur i ickgebl iebenen Restschadens ,  
wobei  regelmfissig zuers t  ein Min imum und dann  ein 
M a x i m u m  auf t ra t .  Das  fund a l lgemeine Beach tung ,  nach-  
dem ELKIND und  SUTTOI~ 9 an  bes t rah l ten  HamsterzeI1- 
ku l tu ren  in v i t ro  eine ~hnliche F l u k t u a t i o n  gefunden  und 
du t ch  das  ,Repai r -and-progress ion~-Model l  x0 gedeu te t  
ha t t en .  Sei ther  wurden  solche Verl~,ufe bei bes t rah l ten  
zellulitren Sys temen  viel fach nachgewiesen n .  

I m  vor l iegenden Sp l i t -Dos i s -Exper iment  ging es um die 
formale  Beschre ibung der  Erholungsvorg~izlge bei  jungen  
W i s t a r - R a t t e n .  Es  war  zu prtifen, ob die b isher  n u t  an  
M~iusen beschr iebene fri ihe Wel l enbewegnng  sich auch an 
R a t t e n  nachweisen  liess. 

Methodik. Als Versuchst iere  d ien ten  W i s t a r - R a t t e n  
eigener  Zucht ,  die in t r ansparen ten  Plast ik-KAfigen ge- 
ha l t en  und m i t  Al t romin  Pel le ts  und  Wasser  erni ihrt  

wurden.  Zus~itzlich gab es bis zum 30. Lebens t ag  rohes 
Fleisch und gelegent l ich M6hren oder  Salat .  Die  R a u m -  
t e m p e r a t u r  lag bei 22-26 °C, die re la t ive  Luf t feuch t igke i t  
bei 50-65%.  

Die ]3estrahlung erfolgte  im Al ter  yon 12, 24 oder  
32 Tagen.  Es  k a m e n  nur  Wii r fe  zum Versuch, die a m  
Tag  12 mindes tens  7 gesunde Jung t i e re  enthie l ten.  Diese 
wurden  a m  Tag  12 oder  24 zusammen  bes t rah l t  und  da-  
nach  der  M u t t e r  zurfickgegeben.  I n  der  ~iltesfen G r u p p e  
wurden  die Mut te r t i e re  4 Tage  v o r  der  Bes t rah lung  ent-  
f e rn t  und  die J u n g e n  gleichzei t ig nach  dem Geschleeht  
ge t r enn t  und randomis ier t .  

Die  Bes t rah lungsbed ingungen  sind anderswo ausfi ihr-  
l ieh beschrieben xz Die  Tiere  erhiel ten 1 oder  2 R6n tgen -  
ganzbes t rah lungen  (200 kV, 20 mA, H W S  0,81 m m  Cu, 
108-116 R/min) ,  wobei  die Dosis zur  H~l f te  im dorsoven-  
t ralen,  zur  H~ilfte im vent rodorsa len  S t rah lengang  appli-  
z ier t  wurde.  Die Dosierungsinhomogeni tAt  des Bes t rah-  
lnngsfeldes lag wAhrend der  Versuchsdauer  (April bis 
Oktober  1965) bei ± 1,75% S tanda rdabwe ichung  yon 
einer Testdosis  65 tZ (der Messfehler be t rug  4- 1,86%). 

I n  j edem Al ter  wurde  ein unbestrahl tes ,  ein e inmal  be- 
s t rahl tes  und ein zweimal  bes t rahl tes  Ko l l ek f iv  ben6t igt .  
Das erste d iente  zur  Schi i tzung der  ,natfirlichem~ Sterb-  
l ichkeit ,  das zweite  zur  Sehg tzung  der  LD50(30) ohne 
Vorbestrahlungsdosis ,  das d r i t t e  zur  SchAtzung der  

x G. A. SACnER in Radiation Biology and Medicine (Ed. W. D. CLAUS; 
Addison-bVesley Publ. Co,, Reading, Massachusetts 1958). 
H. I. KOHU und R. F. KALLMAN, Radiat. Res. 7, 85 (1957). 
R. H. MOLE, Br. J. Radiol. 29, 563 (1956). 

4 j .  B. STORER, Radiat. Res. H, 206 (1961). 
R. KALLMAN, Nature 197, 557 (1963). 

s R. F. KALLr, tAU und G. SILIm, Ann. N.Y. Acad. Sci. 1;'4, 173 
(1964). 

7 R. F. KALLMA~, G. SILINX und H. M. TAYLOR, Radiat. Res. 29, 
362 (1966). 

s j .  B. STORgR, Ann. N,Y. Acad. Sci. 114, 126 (1964). 
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