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gi~ltige Zuordnung zu einer der drei Gruppen A, B oder C 
vorzunehmen. Es ergab sich folgende Trennformel: 

U = 1,00 xn - 0,81 xA + 0,64 xK -- 0,50 xL. 

Bei der Anwendung dieser Trennformel erhielten wir 
die Resultate, die in Abbildung 12 dargestellt sind. 
Die Trennung zwischen den beiden Gruppen A und C 
vermag den An/orderungen zu geniigen, dagege n b¢/rie- 
digt die Abgrenzung der Gruppe B nicht. Der Grund 
liegt darin, dass die Berechnung unter Annahme einer 

linearen Trenn/ormd ertolgte. Eine tineare Trennformet 
vermag aber der Tatsache nicht gerecht zu werden, 
dass Seren der Gruppe B alle vier Organismen im Ver- 
gleich zu Normalseren hemmen, w/ihrend Proben tier 
Gruppe C zwei Organismen hemmen, die beiden an- 
deren aber f6rdern. 

S u m m a r y  

The  me thods  of m o d e r n  s ta t i s t i cs  are of g r ea t  va lue  in  
developing  a new biological  test .  The  a d v a n t a g e  of t h e  
s ta t i s t i ca l  design is d e m o n s t r a t e d  b y  e x p e r i m e n t s  on  t he  
ge rmina t ion  of pollen gra ins  a n d  spores  of fungi,  
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Rigorous Proof of an Allylic Rearrangement  
in the Pyro-Isopyro Change in Delphinine 

Some t ime  ago 1 we h a v e  deduced  t he  pa r t i a l  s t r u c t u r e  I 
for  t he  C-D r ing  s y s t e m  of De lph in ine .  T he  as te r i sked  
m e t h o x y l  was  a t  t h a t  t i m e  no t  d i r ec t ly  p r o v e d  a n d  t he  
p y r o ( I I ) - i s o p y r o ( I I I )  change  was  cons idered  to  be  e i t he r  
a sh i f t  of a doub le  b o n d  or  a n  allylic r e a r r a n g e m e n t .  How-  
ever ,  i t  was  a l r e a d y  t h e n  e m p h a s i z e d  e t h a t  ou r  scheme  
can  be  m a i n t a i n e d  on ly  if t he  a s t e r i sked  m e t h o x y l  is real.  
A s imple  sh i f t  of t he  doub le  b o n d  (I1 -> 1II) in  t h e  ab-  
sence  of t h e  as te r i sked  m e t h o x y l  is m e c h a n i s t i c a l l y  im- 
p laus ib le  a n d  a careful  ana lys i s  of t h e  d a t a  revea ls  t h a t  
no  poss ib i l i ty  r e m a i n s  in  t h e  absence  of t h e  m e t h o x y l  to  
exp l a in  t h e  ex i s tence  of i somer ic  d i h y d r o p y r o  a n d  di- 
h y d r o i s o p y r o  de r iva t ives .  

W e  now wish  to  r e p o r t  a f u r t h e r  c o r r o b o r a t i o n  of our  
scheme  w h i c h  inc ludes  also d i r ec t  p roof  of t h e  m e t h o x y l  
in  ques t i on  a n d  i ts  allylic sh i f t  in t he  r e a r r a n g e m e n t  
i i  ->  I i i .  

The  a l u m i n a  i somer i sa t ion  p r o d u c t s  of c¢-oxodihydro- 
p y r o d e l p h o n o n e  a n d  a - o x o d i h y d r o i s o p y r o d e l p h o n o n e  al- 
r e a d y  r e p o r t e d  b y  JACOBS 3 were  f o r m u l a t e d  b y  us as 
1V a n d  V L  C o m p o u n d  V t a k e s  u p  one  mole  of p e r i o d a t e  
a n d  gives a q u a n t i t a t i v e  y ie ld  of t h e  seco ac id  V I  fo rmed  
b y  e l i m i n a t i o n  of  a m e t h o x y l  (m.p.  = 138°C; ca l cu la t ed  
for C2aHalNOT'H20:  C 61.18; H 7-37; N 3-10; 3 0 C H  3 
20-62% . F o u n d : C 6 1 , 3 8 ; H T . 2 4 ; N  2 . 9 2 ; O C H  3 19.99%).  

C o m p o u n d  V I  is s t ab l e  to  h o t  a lka l i  a n d  acid,  and  m a y  
be  sub l imed  a t  200°C w i t h o u t  m u c h  decompos i t ion .  This  

1 [(. WIESNER, I ?. ]~ICKELUAUPT, and Z. VALENTA~ in press. 
2 K. WIESNER, Lecture at the Gordon Conference for steroids and 

related natural products, New Hampton, July 30, 1958, 
a W. A. Jncoas and S.W. PELLETIER, J, org. Chem. 2- ~, t4~8 

(1957). 

shows t h a t  V I  is no t  a v iny togous  fl-keto acid.  T h a t  in  
some cases cyc lopentenones  m a y  h a v e  a b n o r m a l l y  h i g h  
u l t r av io l e t  m a x i m a  is p receden ted  4. a -Oxod ihydro i so -  
py rode lphon ine  wi th  chromic  acid gives a seco ke to  acid 
Ce4HasNOs a l ready  descr ibed by  JACOBS s a n d  f o r m u l a t e d  
b y  us as VII .  This  compound  by sub l ima t ion  in  vacuo 
gives a d ike tone  f irst  p repared  b y  JACOBS s a n d  fo rmu-  
la ted  b y  us as V I I I .  

We  now find t h a t  V I I I  is t r ans fo rmed  to VI  q u a n t i t a -  
t ive ly  and  prac t ica l ly  i n s t an t aneous ly  on t r e a t m e n t  w i t h  
d i lu te  w a r m  aqueous  alkali.  A n o t h e r  way  to  o b t a i n  V I  
is also t he  t r e a t m e n t  of t he  oily es ter  of V I I  wi th  m e t h a n o -  
lic sod ium methox ide .  The  ketole IV takes  up  also one  
mole  of pe r ioda te  a n d  gives a q u a n t i t a t i v e  yield of a n  
a m o r p h o u s  ke to  acid IX .  The  fac t  t h a t  the  1744 c m  -1 
peak  in the  in f ra red  spec t rum of I X  belongs  to a cyclo-  
p e n t a n o n e  follows f rom the  f inding t h a t  the  oi ly es te r  
of I X  shows a single peak  a t  1743 cm-*. 

An  i m p o r t a n t  prerequis i te  of our  reasoning  is the  iden-  
t i t y  of the  skele ta l  s t ruc tu re  of de lphin ine  a n d  isopyro-  
de lph in ine  der iva t ives .  We  h a v e  now proved  th i s  p o i n t  
b y  a r igorous corrcla t ion.  The  scco acid X p r e p a r e d  b y  
a series of s teps  I f rom c¢-oxodclphinine was r educed  b y  
sod ium a m a l g a m  in re f luxing  alcohol and  t he  p r o d u c t s  
es ter i f ied w i t h  d i a z o m e t h a n e  and  sepa ra t ed  b y  c h r o m a t o -  
g r a p h y  on  a lumina .  One p roduc t  was t he  oi ly  e s t e r  of  
X1 (C,4HasNOT). This  c o m p o u n d  showed  no h y d r o x y l  
band ,  a b a n d  a t  1739 cm -1 ( cyc lopcn tanone  a n d  ester)  
and  1675 cm -1 (amide) in the  infrared spec t rum,  H y d r o -  
lysis of the  es ter  gave  the  a m o r p h o u s  acid XI .  I n  t he  in- 
f rared  s p e c t r u m  of XI ,  the  peak  a t  1731 cm -~ be longs  to  
a cyc lopen t anone  and  is u n c h a n g e d  on  sa l t  f o rma t ion .  

4 j .  FAJKO§, Coll. Czechosl. chem. Comm. ~3, 1559 (1958). 
W. A. JAco~s and S.W. PELLrT1ER, J. Amer. chem. Soc. 78, 

3542 (1956). 
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The  second c o m p o u n d  s e p a r a t e d  f rom the  c h r o m a t o g r a m  
was the  h y d r o x y  es te r  X I I  (m.p,  197°C; ca l cu la t ed  for 
C24HsvNOT: C 63-83; H 8.26; 4 0 C H  3 27.48. F o u n d :  
C 63-99; 63-74; H 8.16, 8.01; OCH 3 27"22%. I. R. 1729 

F i r s t  of all, chemica l  ev idence  h a s  b e e n  a c c u m u l a t i n g  
in  ou r  l a b o r a t o r y  a b o u t  t h e  close r e l a t i onsh ip  of t h e  C~9 
p o l y s u b s t i t u t e d  acon i t e  a lkaloids  w i t h  v e a t c h i n e  a n d  
a t i s ine  6. 

-1 t730 cm 
0 1695cr~)1 0 

cHs0 
CHsO M! VII 

023 H31 NO 7 C24H35NO 8 

U V, )k max= 250rap 

log ~5 : 4 
c m  -1 (ester),  1653 c m  -1 (amide) ;  U. V. e n d  abso rp t ion ) .  

The  s ame  two  p r o d u c t s  (XI  a n d  X I I )  are also o b t a i n e d  
b y  s o d i u m  a m a l g a m  r e d u c t i o n  of VI .  Espec ia l ly  t h e  iden-  
t i t y  of X I I  f rom V I  a n d  f rom X was  e s t ab l i shed  r igor-  
ous ly  b y  mixed  m e l t i n g  p o i n t  a n d  i n f r a r ed  s p e c t r u m  of 
pu re  c rys ta l l ine  samples .  

The  f o r m u l a t i o n  I I  --> I I I  for  t h e  p y r o d s o p y r o  c h a n g e  
impl ies  t h a t  t he  i somer i sa t ion  proceeds  on ly  in m e t h a n o l i c  
so lu t ion .  Th i s  seems to  be  a fact .  All  ou r  a t t e m p t s  to  
o b t a i n  a -oxo i sopy rode lph in ine  in m e d i a  o t h e r  t h a n  m e t h -  
ano l  h a v e  failed. Thus ,  for  ins tance ,  in  glacial  ace t ic  ac id  
w i t h  p - t o l u e n e s u l p h o n i c  acid,  a n  e x c h a n g e  of a m e t h o x y l  
Ior  a n  a c e t o x y  g roup  t a k e s  p lace  q u a n t i t a t i v e l y .  (For  a 
de ta i l ed  repor t ,  see f o r t h c o m i n g  comple t e  pub l i ca t ion . )  

OC H.., t709 cm -I OCH= 
1 o COOH iOH 

C24H35NO 8 C24H55NO8 

U.V. end absorption 

Fina l ly ,  pos i t ive  ev idence  was  o b t a i n e d  b y  a t r a c e r  
e x p e r i m e n t .  The  r e a r r a n g e m e n t  of e - o x o p y r o d e l p h i n i n e  
in C~4 m e t h a n o l  is a c c o m p a n i e d  b y  i n c o r p o r a t i o n  of rad io-  
a c t i v i t y  co r r e spond ing  to one m e t h o x y l  in to  t h e  r e su l t i ng  
~-oxo isopyrode lph in ine .  

U p  t i l l  now  we h a v e  used  no  b iogene t i c  cons ide ra t ions  
a n d  t h e  pa r t i a l  s t r u c t u r e  I for  d e l p h i n i n e  is de r ived  o n l y  
on  t he  basis  of chemica l  evidence.  

Th i s  p a r t i a l  f o r m u l a  l imi t s  v e r y  s t r o n g l y  t h e  poss ib le  
a n d  b iogene t i ca l ly  p laus ib le  c o m p l e t e  s t r u c t u r e s  for  
de lph in ine .  

01727 cm -1 

~ 1768  cm -1 

CHs0 
VflI 

C24H33N07 

Fo r  ins t ance ,  t he  a lka lo id  Neol ine  (C2,HagNO~) w h i c h  
b y  i ts  f u n c t i o n a l  g roup  s y s t e m  is closely r e l a t ed  to del- 
p h i n i n e  gave  a wel l -def ined p h e n a n t h r e n e  a n d  a z a p h e n a n -  
t h r e n e  on d e h y d r o g e n a t i o n  w i t h  se len ium 7. 

T h u s  i t  would  be p laus ib le  to  inse r t  t he  pa r t i a l  s t ruc-  
t u r e  I in to  t h e  comple t e  ske le ta l  s t r u c t u r e s  as in  X I I I  or  
X1V.  These  ske le ta l  s t r u c t u r e s  c an  be  der ived  b y  a s imple  
r e a r r a n g e m e n t  of t h e  v e a t c h i n e  a n d  a t i s ine  ske le tons  
w h i c h  h a v e  lost  a m e t h y l  g roup  s. 

Moreove r  we see t h a t  t he  ske le ton  as in  X I V  coincides  
w i t h  t h e  ske le ton  of lycoc ton ine  e luc ida ted  in a b r i l l i an t  
X - r a y  c ry s t a l l og raph i c  ana lys i s  b y  PRZYBYLSKA S. 

T h e r e  is a cons iderab le  a m o u n t  of ev idence  ava i l ab l e  
f rom t h e  work  of JACOBS ~0 w h i c h  c a n  be  a c c o m m o d a t e d  

-1 
. 1710cm 

J751cm -1COOH 

C23 H53N07 

[~OH COOCH 5 

C24 H37N07 

v e r y  well  i n to  t he  express ions  X I I [  a n d  X I V .  JAcoBs 
ha s  s h o w n  t h a t  in e -oxo i sopyrode lph in ine  a t e r t i a r y  a n d  
p r i m a r y  m e t h o x y l  are  c o m p a r a t i v e l y  easi ly  d i sp laced  b y  

e K. Wt~SNER, J. R. ARMSTRONG, M.F. BARTLETT, and J .A.  
EDIMARDS, Chem. & Ind. 1954, 13~. 

7 W. BREWER, Unpublished observation, University of New 
Brunswick. 

8 Z. VALENTA and K. W1ESNER, Chem. & Ind. t956, 354. 
hi. PRZVBYLSKA and L. ~[ARION, Canad. J. Chem, 8¢,, 185 (1956). 

lo W, A. JAcoBs and S.W. PELLET1ER, J. Amer. chem. Soe. 76, 
161 (1954). 
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2  K__o r -  
XVI 

R t =H, R 2 =OH 
R I = OH ,R2=H 

chlor ine .  T h e  r e su l t i ng  d i c h t o r o d e r i v a t i v e  m a y  be  con- 
v e r t e d  b y  m e t h a n o l  b a c k  i n to  a -oxo i sopyrode lph in ine  or  
b y  w a t e r  i n to  a c o r r e s p o n d i n g  d i h y d r o x y  der iva t ive .  Th i s  
l a s t  c o m p o u n d  m a y  be ox id ized  in to  a h y d r o x y  acid in 
w h i c h  t h e  c a r b o x y l  seems to  be  t e r t i a r y .  There  is l i t t le  
d o u b t  t h a t  t h e  m o s t  eas i ly  d isp laced  m e t h o x y l  is the  
mobi l e  al lylic m e t h o x y l  i nvo lved  in t he  pyro - i sopyro  re- 
a r r a n g e m e n t .  

T h u s  we m a y  f o r m u l a t e  t he  h y d r o x y  acid descr ibed b y  
JAcoBs on  t he  bas is  of f o r m u l a  X I V  (analogous  formula-  
t ions  are  poss ible  on  t he  bas is  of f o r m u l a  X I I I )  as XV.  

JACOBS has  f u r t h e r  s h o w n  t h a t  a comple t e  d e m e t h y l a -  
t i on  of ~ -oxo i sopyrode lph in ine  b y  zinc chlor ide  gives a 
cyclic e t h e r  wh ich  o r ig ina t ed  f rom t h e  p r i m a r y  m e t h o x y l  
a n d  a n o t h e r  m e t h o x y  group.  JAcoBs assumes  t h a t  the  
second  m e t h o x y t  i nvo lved  in t he  cyclic e t h e r  f o r m a t i o n  
is iden t ica l  w i t h  t he  t e r t i a r y  m e t h o x y l  d isp laced  b y  chlo-  
r ine.  Howeve r ,  a careful  ana lys i s  of t he  d a t a  shows t h a t  
th i s  a s s u m p t i o n  h a s  no  e x p e r i m e n t a l  bas is  a n d  in fac t  
is qu i t e  unl ike ly .  T h u s  we c a n  f o r m u l a t e  t he  d e m e t h y l a t e d  
e t h e r  as  X V I  (based  on  X I V ) .  

T h e  o x i d a t i o n  of X V I  i n t o  a m o n o k e t o n e  (s ix-mem- 
bered)  a n d  o p e n i n g  of t h i s  k e t o n e  i n to  a d ica rboxyl ic  acid 
(one c a r b o x y l  t e r t i a ry )  does  n o t  r equ i re  a n y  c o m m e n t .  

T h u s  we see t h a t  t he  b iogene t i ca l ly  p laus ib le  formulae  
a c c o m m o d a t e  n o t  on ly  t he  r igourous ly  e s t ab l i shed  pa r t i a l  
s t ruc tu re ,  b u t  also a cons ide rab le  a m o u n t  of add i t i ona l  
da t a .  The  on ly  excep t ion  is t he  r e p o r t  3 t h a t  t he  H o f m a n n  
d e g r a d a t i o n  of de lph in ine  proceeds  n o r m a l l y  in the  first  
s tep.  Th i s  f ind ing  of course  c a n n o t  be  exp la ined  b y  X I I I  
a n d  X I V  in  a s imple  m a n n e r  H. 

W e  h a v e  n o t  ye t  been  able  to  co r r obo r a t e  th i s  claim. 
Howeve r ,  a s imple  mod i f i ca t i on  of X I I I  a n d  X I V  b y  a 
b iogene t i c  r e a r r a n g e m e n t  c a n  be env i saged  w h i c h  pe rmi t s  
to  i n c o r p o r a t e  e v e n  t h i s  f inding ,  if i t  shou ld  p rove  to be  
correct .  

Th i s  m o d i f i c a t i o n  for t h e  f o r m u l a  X I V  is i l lus t ra ted  b y  
X V I I .  The  d e m e t h y l a t i o n  of a -oxo i sopyrode lph in ine  wi th  
s i m u l t a n e o u s  f o r m a t i o n  of t he  cyclic e t h e r  would  t hen  
p roceed  w i t h  r e a r r a n g e m e n t  a n d  t h e  p r o d u c t  could be 
ass igned  t h e  same  s t r u c t u r e  X V I  a l r e a d y  env i saged  for 
t h i s  c o m p o u n d  on the  basis  of t he  de tph in ine  s t r u c t u r e  
X I V .  
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n Footnote added to prooJ.--The 'Hoflnann degradation' of del- 
ph[nine in aqueous potassium hydroxide has now been clarified. It  is 
initiated by a 1,a cleavage in which the quaternary nitrogen and the 
hydroxyl, which formerly carried the aeetyl group, participate. The 
endproduet is a monosubstituted 1-4 cycloheptane dione formed by 
loss of a methoxyl and two dealdolisations. Thus the modified 
structure XVII may be dismissed and the choice is merely between 
XIV and XIII.  
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Zusammen/assung 

Die Te i l s t r uk tu r  I Iiir De lph in in  wurde  e indeu t ig  be-  
st~itigt. E s w u r d e  gezeigt, dass die P y r o - I s o p y r o - U m w a n d -  
lung  von  De lph in inde r iva ten  in der  A l ly lumlage rung  e iner  
Methoxy lg ruppe  bes teht .  Biogenet isch e in l euch tende  Ge- 
s a m t s t r u k t u r e n  ftir De lph in in  werd~en kurz  d i sku t i e r t .  

Alkylierung 
von 1,2-Diaryl-3,5-dioxo-pyrazolidinen mit  

Alkoholen und Raney-Nickel 

I m  R a h m e n  unserer  Arbe i ten  auf  d e m  G e b i e t  de r  sub-  
s t i t u i e r t en  3 ,5-Dioxo-pyrazol id ine  s ind wir  v o r  e in igen  
J a h r e n  auf  eine neue C-Alky l ie rungsmethode  gestossen.  
Wi r  fanden,  dass sich 1, 2-Diary l -3 ,5-d ioxo-pyrazol id ine  
d u r c h  E r h i t z e n  mi t  p r im~ren  und  sekund~ren  Alkoho len  
in Gegenwar t  yon  Raney-Nicke l  in 4 -S te l lung  mono-  
a lkyl ie ren  lassen, Kfirzlich h a b e n  WENKERT u n d  BRINGI 1 
ein analoges Alky l i e rungsver fahren  des Oxindols  m i t  Alko-  
holen  und  Raney-Nicke l  publ iz ier t .  Wi r  m 6 c h t e n  d e s h a l b  
unsere  damal igen  Resul ta te ,  die b i sher  n u r  in P a t e n t -  
schr i f ten  2 niedergelegt  sind, in der  vor l i egenden  Mi t te i -  
lung  bekann tgeben .  

Die R e a k t i o n  wurde  jeweils m i t  0,1 M der  1, 2-Diaryl -  
3 ,5 -d ioxopyrazo l id inve rb indung  in 150 ml  des Alkohols  
m i t  15 g Raney-Nicke l  u n t e r  m e h r s t i i n d i g e m  E r h i t z e n  
durchgef i ihr t .  Als vo r t e i l ha f t  erwies s ich e in  Zusa tz  v o n  
Benzol  und  die E n t f e r n u n g  des geb i lde ten  %Vassers a m  
Wasserabscheider .  Die l {eak t i onsp roduk t e  w u r d e n  d u t c h  
Mischschmelzpunk te  rni t  den  e n t s p r e c h e n d c n ,  au f  a n d e -  
re in  \Vege e r h a l t e n e n  4 - A l k y l v e r b i n d u n g e n  iden t i f i z ie r t  3. 

Die Ergebn isse  unse re r  Versuche  s ind in de r  n a c h -  
s t e h e n d e n  Tabel le  zusammengefas s t .  N u r  die R e a k t i o n  
des i ,  2-DiphenyI-3,  5-d ioxo-pyrazol id ins  m i t  n - B u t a n o l  
is t  e ingehende r  b e a r b e i t e t  worden,  so dass  die a n g e f i i h r t e n  
A u s b e u t e n  im a l lgemeinen  ke ine  O p t i m a  dars te t len .  
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