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T h e  S t r u c t u r e s  of  I s o f u s i c o c c i n  a n d  A l l o f u s i c o c c i n  

Besides fusicoccin (I)1- 3, a h ighly  p h y t o t o x i c  com- 
pound  4, cul ture  f i l t ra tes  of Fusicoccum araygdal$ Del. 
conta in  a n u m b e r  of by -p roduc t s  5. Four  of t h e m  are 
also formed when  fusicoccin is i ncuba ted  a t  room t empe-  
ra ture  a t  t he  same p H  of t he  cul ture b rew dur ing  the  
p roduc t ion  phase,  and migh t  arise non-enzymica l ly  f rom 
fusicoccin in the  course of the  f e rmen ta t ion  6. In  a previous  
paper  5, t he  s t ruc tu re  of two of these  compounds ,  name ly  
monodeace ty l fus icocc in  (II) and dideacetyl fus icoccin  
(III),  were f i rmly  establ ished,  whereas  a th i rd  p roduc t  
(isofusicoccin) was shown to be an isomer  of fusicoccin, 
p robab ly  formed t h rough  migra t ion  of the  O-acetyl  
group carr ied a t  C-3' of t he  glucose moie ty  7. 

The p resen t  r epor t  describes the  charac te r iza t ion  of the  
four th  c o m p o u n d  as a second isomer of fusicoccin (allo- 
fusicoccin), and  i l lus t ra tes  t he  evidence on which  struc-  
tures  IV and  V are ass igned to  allofusicoccin and  iso- 
fusicoccin respect ively .  

Isofusicoccin was p repa red  as r epor ted  in a previous 
pape r  5. Allofusicoccin was ob ta ined  by  ch romatograph ic  
f rac t iona t ion  of t he  residue left in e thy l  ace ta te  af ter  
c rys ta l l iza t ion  of fusicoccin, as previously  descr ibed 5. 
In  par t icular ,  r epea t ed  f rac t ionat ions  on silica gel columns 
(Kieselgel S -HR,  Macherey  and  Nagel) of F IIS yielded 
ch romatograph ica l ly  pure  allofusicoccin, which was 
even tua l ly  ob ta ined  as a par t ia l ly  crysta l l ine  subs tance  
by  p rec ip i t a t ion  wi th  l ight  pe t ro l emn  (b.p. 30-50~ 
f rom an acetone  solution.  By essent ial ly  the  same proce- 
dures  smal l  a m o u n t s  of pure  allofusicoccin have  been 
isolated f rom mix tu re s  (also conta in ing  fusicoccin and 
isofusicoccin) ob ta ined  on incuba t ion  at  room t e m p e r a t u r e  
of equal  vo lumes  of fusicoccin dissolved in benzene  or 
e thy l  ace ta te  (2%, w/v) and of 0 .2M aqueous sodium 
b ica rbona te  (pH 8.9). 

Allofusicoccin 9, m.p.  83-86 ~ [~]~ + 35 (c = 1.26), 
has  the  molecular  formula  C36H5601~ (M+ 680). The 
I R - s p e c t r u m  in the  region 850-3700 cm -1 was super im-  
posable  upon t h a t  of fusicoccin, whereas  i t  was di f ferent  
in the  range 500-850 cm -z. The N M R - s p e c t r u m  clearly 
indica ted  the  same features  observed in fusicoccin and 
isofusicoccin, name ly  a v inyl  on a q u a t e r n a r y  carbon,  
an olefinic p ro ton  on a t r i subs t i tu t ed  double  bond,  1 0-  

Me, 2 0-Ac, 2 secondary  and  3 t e r t i a ry  C-Me groups.  
The  mass  s p ec t ru m was also ve ry  similar  to t h a t  of 
fusicoccin, showing the  molecular  ion at  m/e 680 and 
charac ter i s t ic  ions a t  m/e 408 (aglycone), 205 (mono- 
acetylglucosyl) ,  69 (C5H9+) and 43 (CH3CO+). The close 
re la t ionship  wi th  fusicoccin and  isofusicoccin was fu r ther  
ev idenced by  fo rma t ion  of t r iacetylfusicoccin2 on acety-  
lat ion,  and dideacetyl fus icoccin  5 on deaceylat ion.  As 
wi th  isofusicoccin, and  at  var iance  wi th  fusicoccin, 
allofusicoccin was oxidizable  w i th  per iodate .  

Therefore,  b o t h  isofusicoccin and allofusicoccin mus t  
differ  f rom fusicoccin only for the  sites of ace ty la t ion .  As 
shown by  mass  spectra ,  t he  2 fusicoccin isomers car ry  one 
ace toxy  group on the  sugar mo ie ty  and the  second on the  
aglycone. The locat ion of the  la t t e r  on C-19 follows f rom 
cons idera t ions  ident ical  to  those  previous ly  r epor ted  for 
the  ace ty laglycone  2 and  for monodeace ty l fus icocc in  5. 
As a consequence  the  difference mus t  concern the  site 
of es ter i f ica t ion on glucose only, which m u s t  be C-2' for 
one isomer  and  C-4' for t he  other.  Unambiguous  assigne- 
m e n t  of the  ace ty la t ed  posi t ion for each isomer was a t ta in-  
ed t h ro u g h  NMR-  and  NMDR-spec t ra .  Allofusicoccin 
dissolved in d6-acetone showed a d d  cen t red  at  4.65 d 
(1 H) wi th  sp l i t t ings  (3.5 and 10 Hz) cons is ten t  wi th  1' 
(eq) 2' (ax) and 2' (ax) 3' (ax) couplings,  as expec ted  for 
an e-g lucopyranos ide  esterif ied a t  C-2'. The dd collapsed 
to  a d cent red  a t  4.65 ~ (J = 10 Hz) on i r rad ia t ion  of 
the  d a t  4.99 d (J = 3.6 Hz, anomeric  proton)  and  to  a d 
cen t red  at  4.70 b (J = 3.5 Hz) on i r radia t ion  at  3.96 
(which therefore  mus t  correspond to the  chemical  shift  
of CH-3').  Thus, allofusicoccin has s t ruc ture  IV differing 
f rom fusicoccin for the  locat ion of one ace toxy  group on 
C-2' ins tead of C-3'. 

A 220 MHz N M R - s p e c t r u m  10 of isofusicoccin in CDC13 
shows a t (J = 10 Hz, 1 H) cent red  at  4.85 6, as compared  
to  a similar  signal a t  4.96 d for fusicoccin. The NMR- 
s p ec t ru m (100 MHz a t  60 ~ of a de-acetone solut ion of 
d ihydroisofusicoccin  n shows a par t i a l ly  resolved q cent red  
at  4.75 6 charac te r ized  by  (ax) (ax), (ax) (ax) coupl ing 
cons t an t s  (J = 10 and  10 Hz). This is unaf fec ted  on 
i r rad ia t ion  a t  3.54 d, which decouples the  anomer ic  
p ro t o n  (4.96 d, d, J = 3.5 Hz), bu t  collapses to a s on 
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I I I  R 1 ,R v R  3 ,R 4 ~ H  
IV R1, R 2 =  COCH3; R a, R 4 = H  
V R I, R , =  COCHa; R 2, R 3 = H  
VI R 2=COCH3;  R 1, R 8, R 4 = H  
VII R 4 = COCH3; R 1, R2, R 3 = H 
VIII R 3=COCH3; R I, IR 2, R 4=H 
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i r radia t ion  at  3.91 d (a value compa t ib le  wi th  CH-3 '  and 
CH-5') which  in t u rn  has no effect  on the  d of CH-I ' .  
One can therefore  conclude t h a t  isofusicoccin is t he  
fusicoccin isomer carrying one ace toxy  group on C-4' (V). 

The ready  migra t ion  of t he  ace toxy  group of fusicoccin 
f rom C-3' to C-2' and  C-4' p r o m p t e d  an inves t iga t ion  
of the  behaviour  of the  2 isomers IV and  V on incuba t ion  
a t  p H  8.9. Thin  layer  c h r o m a t o g r a p h y  showed t h a t  each 
isomer  was in te rconver t ed  into the  o the r  two. In  par t i -  
cular IV gave at  f irst  I and  la ter  V, thus  suggest ing an 
in t ramolecular  shift ,  poss ib ly  t h rough  the  fo rmat ion  of a 
labile orthoester. In  accordance,  V gave f irs t  I and la ter  
IV. Migrat ion f rom C-2' and  C-3' to  C-4' was faster  t h a n  
f rom C-4' to  C-3' and f rom C-3' to  C-2'. The behav iour  
of fusicocciu and its isomers is paral le led by  the  corres- 
pond ing  compounds  lacking the  O-acetyl  a t  C-19, name ly  
monodeacetyla l lofus icoccin  (VI) and monodeacety l i so-  
fusicoccin (VII), which are minor  metabo l i t es  of F.  
amygdali to  be descr ibed in a separa te  paper  12, and 19- 
monodeace ty l fus icocc in  (VIII) ,  p r epa red  by  isomerizat ion 
at  p H  8.9 of e i ther  VI or VII .  The  la t t e r  c o m p o u n d  has  
molecular  formula  C34H54Oll (M+ 638), is no t  oxidizable  
w i th  per iodate  and  af ter  c rys ta l l iza t ion  f rom cyclohexane-  
e thy l  ace ta te  has m.p.  112-114 ~ and [e~})5 + 36.6 
(c = 0.42). The mass  spec t ra  of VI,  VI I  and  V I I I  are 
near ly  ident ical  to each o ther  and  show, besides t he  
pa r en t  ion, character is t ic  ions a t  m/e 366 (deacetylagly-  
cone), 205 (monoacetylglucosyl) ,  69 (C5H9 +) and  43 
(CH3CO+) 18. Their  s t ruc tures  are inferred f rom NMR- and 
NMDR-spec t ra ,  which  yield the  same t y p e  of in format ion  
abou t  the  posi t ion of the  ace toxy  group as discussed 
above in the  case of compounds  IV  and  V. 

Migrat ion of the  O-acetyl  group on the  glucose moie ty  
has  also been  observed wi th  the  d ihydroder iva t ives  of 
I, IV, V, VI,  VII ,  VI I I ,  all p repa red  by  ca ta ly t ic  hydro-  
genat ion  wi th  Pd  on BaSO 4. Dihydrofus icoccin  ~,8 and  
dihydroisofusicoccin  11 have  a l ready  been descr ibed;  the  
charac te r iza t ion  of the  o the r  4 d ihydroder iva t ives  will be  
r epor ted  elsewhere. 

R e a r r a n g e m e n t s  of acetyl  groups in ca rbohydra t e s  
have  been well known  for a long t ime,  bu t  t h e y  usual ly 
t ake  place under  condi t ions  s t ronger  t h a n  those  used for 
t he  above compounds .  For  th is  reason the  3 monoace ty l  

der iva t ives  of methyl -6- t r i ty l -~-D-glucopyranos ide  have  
been syn the t i zed  and  s u b m i t t e d  to  the  mild  t r e a t m e n t  
used for fusicoccin and  re la ted  compounds .  Again, r eady  
migra t ion  of the  ace ty l  group took place 14, thus  indica t ing  
t h a t  the  r ea r r angemen t s  observed in the  fusicoccin series 
are no t  inf luenced by  the  na tu re  of the  aglyconel~. 

Riassunto. L'al lofusicoccina e l ' isofusicoccina, due 
isomeri  del la  fusicoccina isolati dai  brodi  di col tura  di  
Fusicoccum amygdali Del., differiscono dal la  fusicoccina 
so lamente  per  la posizione del gruppo acetossilico sul 
residuo del glucosio; nella p r ima  questo  ~ sul C-2' e nella 
seconda sul C-4'. Fusicoccina,  allofusicoccina e isofusicoc- 
cina, nonch~ i loro 19-deacet i lder ivat i  ed i sei corr ispon-  
dent i  d i idroder ivat i ,  si i n t e rconver tono  a p H  leggermente  
alcalino a t e m p e r a t u r a  ambiente .  
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Iso lat ion  and Structure  of Raucaffr inol ine A N e w  Alkalo id  f r o m  Rauwolfia caffra Sonder  

In  a re inves t iga t ion  of Rauwol/ia ca//ra Sonder,  an 
appa ren t l y  new indolen ine  alkaloid, provis ional ly  n a m e d  
raucaffr inoline,  was isolated f rom the  basic f rac t ion of the  
alcoholic ex t rac t ive  of t resh undr ied  root  bark  of the  
p lant .  Carefully avoid ing  any  con tac t  wi th  s t rong alkali  
and acids or excessive heat ,  t he  alcoholic ex t rac t ive  was 
worked up in the  following way :  The alcoholic ex t rac t s  
were freed of the  solvent  in vacuo, t he  residue thus  obta in-  
ed was  diges ted  wi th  ho t  wa te r  and  d i s t r ibu ted  into 
aqueous  and  e thy l  ace ta te  layers.  A small  q u a n t i t y  of 
non-bas ic  mate r ia l  did no t  go in to  e i ther  of these  solvents  
and  was neglected.  The well cooled aqueous  f rac t ion was 
sa tu ra t ed  wi th  sodium chloride, and  the  water- insoluble  
hydrochlor ide  formed was f i l tered out.  The f i l tera te  was 
basif ied wi th  10% ammon ia  and  r epea ted ly  ex t rac ted  
wi th  e thy l  acetate .  The e thy l  ace ta te  solut ion was  washed  
w i t h  water ,  dr ied over  anhydrous  sodium su lpha te  and 
fi l tered.  On keeping overnight ,  t he  solut ion gave a 
crys ta l l i sa te  which on recrys ta l l i sa t ion  f rom a mix tu re  of 
mois t  e thy l  ace ta te  and m e t h a n o l  (5:1) yielded raucaf-  

fricine 1-3. The mo t h e r  l iquor of raucaffr icine was freed of 
the  solvent  in vacuo and  the  residue was exhaus t ive ly  
ex t r ac t ed  wi th  hot  benzene.  The benzene solut ion ot t he  
base was passed th rough  a co lumn of a lumina (Aluminium 
oxide 'Woe lm '  ac t iv i ty  grade I, M. Woe lm-Eschweger ;  
Fabr ik  Chemisch -Pha rmazeu t i s che r  Pr~Lparate) and  e luted 
wi th  benzene  which yielded perakine  4 m.p. 186-189~ 
The column was subsequen t ly  e luted wi th  a mix tu re  of 
benzene and ethyl  ace ta te  (1:1) which yie lded a glassy 
mass  on removal  of t he  solvent  in vacuo. I t  crystal l ized 
f rom me thy l ene  dichlor ide in pr ismat ic  rods mel t ing  a t  
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