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Grossheimin,  which possesses  antytumoral activity is isolated f rom the epigeal green part  of Gross -  
heimia macrocephala  [1]. The s t ruc ture  that we original ly proposed for g rosshe imin  [2] we reconsidered 
on fur ther  study [3] and proposed a new one (Fig. 1). 

The present  paper  gives additional information obtained by applying the INDOR method to the analy- 
sis of the NMR spect rum of grossheimin,  confirming the reconsidered s t ruc ture  of the substance.  

The NMR method is ve ry  widely used to study the s t ruc ture  and s t e reochemis ty  of sesqui terpene lac-  
tones [4]. Recently, the INDOR method [5],consist ing in the observat ion of the peak intensity of cer ta in  
lines in the spec t rum when other lines are  i r radia ted by a second radiofrequeney field with H 2 g TT2 (where 
y is the gyromagnet ic  rat ion and T 2 is the c ross - r e l axa t ion  t ime,  which determines the width of the NMR 
signals) has been used to a g rea t e r  and g rea te r  extent in the analysis of NMR spect ra .  In compar ison  with 
other  two-f requency methods (total, selective,  local, and double resonances)  [6], the INDOR method allows 
a l a rge r  number of spec t ra l  pa r ame te r s  to be obtained and this,  which is par t icu lar ly  important ,  it does 
r ega rd le s s  of whether the signals appear in a separa te  region of the spec t rum or are masked by overlapping 
with other signals.  

The acquisit ion of the largest  possible number  of pa r ame te r s  of the NMR spec t rum is of great  im-  
portance for determining the s t ruc ture  of natural  compounds, which not infrequently tend to undergo r e a r -  
rangements during the prepara t ion  of der ivat ives .  However,  in spite of the undoubtedly high informative-  
ness of the INDGR method in the study of the NMR spec t ra  of natural compounds, it is never theless  not 
available to a wide c i rc le  of invest igators .  One of the reasons for this is the absence of a simple method 
of determining f rom the polar i ty  of the INDOR signals the relative signs of the coupling constants ,  in spite 
of the fact that this must  be given, for example,  in the assignment of geminal, vicinal,  and allyl protons.  

Even for a sys tem consist ing of three nuclei (AMX system),  the spec t rum of which has twelve lines, 
in dependence on the ratios of the magnitude (six variants) and signs (eight variants) of the coupling con- 
stants ,  2304 positive and negative INDOR signals can be obtained. 

To select  f rom the numerous possible INDOR spec t ra  those which are  real ized at a given ratio of the 
magnitudes and signs of the coupling constants,  it is convenient to use a matrix representa t ion  of the polar -  
ities of the INDOR signals.  

The matr ix  of polar i t ies  given below for the INDOR signals for the lines of two nuclei of a th ree - sp in  
sys tem contains four rows and four columns, corresponding to the four lines of each nucleus.  The sign of 
the matr ix  element aij(i, j = 1 - 4), +,  - ,  o r  0 cor responds  to the polar i ty  of the INDOR signals for line i 
of one nucleus and line j of the other  nucleus.  Thus, the sign of the matr ix element a23 corresponds  to the 
polar i ty  of the INDOR signal for  line 2 of nucleus T and line 3 of nucleus S. 
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Fig,  1. F ragment  of the NMR s p e c t r u m  of 
g r o s s h e i m i n  (100 MHz, pyridine)  and the 
INDOR s p e c t r u m .  

To each set  of magni tudes and signs of the coupling 
constants  for  the t h r e e  p a i r s  of nuclei  of an AMX s y s t e m  
c o r r e s pond  se ts  of t h r ee  m a t r i c e s :  the INDOR s igna ls  of 
the lines of the A and M n u c l e i -  the ma t r i x  A~M: A[M I, 
for  the l ines of the  A and X nuclei  the m a t r i x  A~X: AIX[, 
and for the l ines of the nuclei  M and X t h e , m a t r i x  MX: 
M[XI. In the m a t r i c e s ,  the rows c o r r e s p o n d  to the lines 
of nucleus A and the columns to the l ines of nucleus X. 

The r e s u l t s  of a cons ide ra t ion  of the INDOR s p e c t r a  
for  bound t r ans i t i ons  for d i f ferent  r a t io s  of the magni tudes  
and signs of the coupling constants  us ing  the d i a g r a m  of the 
energy  levels  and the exp re s s ions  for  the energy  levels  [6] 
shows that a l l  the se t s  of INDOR s ignals  for  the l ines of 
t h r e e  p a i r s  of nuclei  can be r e p r e s e n t e d  by combinat ions  of 
t h r e e  of the eight m a t r i c e s .  Tables  1 and 2 give the  ma-  
t r i c e s  of the p o l a r i t i e s  (I-IV a) and the combinat ions  of types  
of m a t r i c e s  for  al l  the poss ib l e  r a t io s  of the magnitudes 

and signs of the coupling constants  in an AMX t h r e e - s p i n  s y s t e m .  It must  be mentioned that  m a t r i c e s  of 
types  Ia- IV a can be obtained f rom m a t r i c e s  of types  I - IV by in te rchanging  the rows and columns.  In view 
of th is ,  for  the m a t r i c e s  of types I - IV the name bas ic  m a t r i x  is used  below, and for  the m a t r i c e s  of types  
Ia-IV a the name of de r ived  ma t r i x .  It can be seen f rom Tables  1 and 2 that  the se t s  of bas ic  m a t r i c e s  c o r -  
respond  to t h r e e  coupling constants  of the s ame  sign.  Where  the s ign of one coupling constant  is  the oppo- 
s i te  to the o ther  two, se ts  of m a t r i c e s  cons i s t ing  of one bas ic  m a t r i x  and two de r ived  m a t r i c e s  a r e  obtained,  
Under  these  condi t ions ,  the bas ic  m a t r i x  co r r e sponds  to the p a i r  of nuclei  the s ign of the constant  between 
which is the opposi te  to the o thers .  The i nva r i ab i l i t y  of the types  of m a t r i c e s  on pass ing  f rom the case  
where  al l  t h ree  coupling constants  have the same  sign to the ca se  where  the s ign of one of them is the op-  
pos i te  to that  of the o ther  two c l e a r l y  shows that  for  the lines of the nuclei  between which the s ign of the 
constant  changed i t  is imposs ib l e  to de t e rmine  the l a t t e r .  

In finding the s igns of the constants  us ing the po la r i t y  m a t r i c e s ,  the re la t ipnsh ip  between the magni -  
tudes of the constants  is  as follows: 

14~x I :> 1J~x I > I J~,~l • 

For  the l ines 2 of nucleus A and 3 of nucleus M the INDOR s ignal  is pos i t ive ,  and for  the lines 2 A 
and 3 X t h e r e  is  no INDOR signal° Let us de t e rmine  the r e l a t ive  signs of the constants  JAM, JMX, and JAX. 
We find f rom Table  2 that for  the l ines 2 A and 3 M the s ignal  is  pos i t ive  for  an A~M ma t r i x  of type IV a. 
There  is no INDOR s igna l  for  l ines  2A and 3X in the M~X m a t r i c e s  of type I, the following se t  of m a t r i c e s  
being r ea l i zed :  A~I - IVa; AX - IIa; and A~I - I, co r r e spond ing  to the se ts  of signs of the constants  JxM > 0, 

JAx>0 ,  J M x < 0  o r  JAM<: 0, J A x < 0  and JMx>0-  

We have used  the m a t r i x  r e p r e s e n t a t i o n  of the INDOR s ignals  in a study of the s t r u c t u r e  of g r o s s -  
he imin .  

Cons ide rab le  d i f f icu l t ies  in e s tab l i sh ing  the s t r u c t u r e  of g r o s s h e i m i n  a r e  caused  by the d e t e r m i n a -  
t ion of the pos i t ions  of the subst i tuents  and of the keto group.  

Addit ional  in format ion  on the  posi t ions  of the subst i tuents  in the g r o s s h e i m i n  molecule  were  ob- 
ta ined by applying the INDOR method to an ana lys i s  of the NM:R s p e c t r u m  of g r o s s h e i m i n  (see Fig.  1). 
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T A B L E  2. P o s s i b l e  C o m b i n a t i o n s  of  T y p e s  of  M a t r i c e s  f o r  an 
AMX S y s t e m  

Signor /, /x A 
constants Type of matrices AM, AX, ~X 

JAM,  * 1 JAX>2"M>~A I 3 [ 4 5 > 6 
J A X '  J M X > J A x >  JAM > JMx > JMA>JAM > JAX>JMX J A M > J A x  > 

JRIX >JAM > JNX > J A x  I > J A x  :>JAx > J M x  

+ + 5 :  
-q: _+ 5: 
::k -T- + 
± + T 

,v ii,i, ii, i lVli iv,,, iv i 
IV II a a Ill  I a IV a I IV a l l [  a II IV a I a 
IV a I1 Ia[III  a I IV a I a IV lI[a II a IV I a 
IV a II a IIl a I a IV I a IV a Ill I[ a IV a I 

I 
IV I II I I Ill IV 
IV I a 11 a [ I Ill a IV a 
IV a I II* I I a III IV a 
IV a I a II ] I a III a 1V 

*Al l  the  c o n s t a n t s  a r e  c o m p a r a b l e  in a b s o l u t e  v a l u e .  

I n f o r m a t i o n  on w h e t h e r  t h e r e  is  a p r o t o n  (and, c o n s e q u e n t l y ,  a CH s group) at  C8 is  i nc luded  in the  s i g -  
n a l s  of  t he  p r o t o n s  at  C 7. H o w e v e r ,  the  s i g n a l s  of t h e s e  p r o t o n s  in t h e  s p e c t r u m  of  g r o s s h e i m i n  a r e  o v e r -  
l apped  by  the s i g n a l s  of  o t h e r  p r o t o n s  ( see  F ig .  1), which  does  not p e r m i t  t he  s t r u c t u r e  of  the  s i g n a l s  of  
p r o t o n s  a t  C 7 to  b e  d e t e r m i n e d  d i r e c t l y  f r o m  the  s p e c t r u m  of  g r o s s h e i m i n .  The  l ines  r e l a t i n g  to t h e s e  p r o -  
tons  c a n  be  i s o l a t e d  by  the  INDOR me thod .  An i n v e s t i g a t i o n  of the  p e a k  i n t e n s i t i e s  of  e a c h  of  the  fou r  l ines  
of  the  q u a r t e t  a t  3.05 p p m  (p ro ton  M) on i r r a d i a t i o n  of the  o t h e r  p r o t o n s  with a s econd  r a d i o f r e q u e n c y  f ie ld  
h a s  shown tha t  h e t e r o p o l a r  s i g n a l s  (INDOR s igna l s )  a r i s e  in the  3 .9 -4 .2  p p m  (pro ton  A) and 2 .4 -2 .7  p p m  
(p ro ton  X) r e g i o n s  of the  s p e c t r u m  (see  F ig .  1). S p i n - s p i n  coup l ing  t a k e s  p l a c e  b e t w e e n  t h e  t h r e e  p r o t o n s  
g iv ing  s i g n a l s  in t h e s e  r e g i o n s .  A c o n s i d e r a t i o n  of  the  f e a t u r e s  of  t he  s t r u c t u r e  of t he  INDOR s p e c t r a  [6] 
( see  a l s o  above)  shows  tha t  the  d i s t a n c e  b e t w e e n  the  f i r s t  h e t e r o p o l a r  s i g n a l s  c o r r e s p o n d s  to  t he  coup l ing  
cons t an t  of  the  p r o t o n s  the  p e a k  v a l u e  of the  l ine  of  which is r e c o r d e d  and the  p r o t o n  the  l ine  of which  is 
i r r a d i a t e d  wi th  t h e  H 2 f i e ld .  The  d i s t a n c e  b e t w e e n  the  f i r s t  h e t e r o p o l a r  s i g n a l s  of  t he  nuc l eus  X = 12.5 Hz,  
and  t h e r e f o r e  J A M  = 6.3 Hz and JMX = 12.5 Hz.  

The  INDOR s p e c t r a  of  the  nuc l eus  X ob ta ined  fo r  l ines  3 and 4 of nuc leus  M a r e  s h i f t e d  by  the  c o n -  
s t a n t  J A M  = 10 Hz.  

The  H 4 and  H 6 p r o t o n s  g ive  s i g n a l s  in t he  3 .9 -4 .2  p p m  r e g i o n  in t h e  s p e c t r u m  of g r o s s h e i m i n .  The  
s i g n a l s  of  t he  l ac tone  p r o t o n  f o r m  e i t h e r  a q u a r t e t  o r  a t r i p l e t ,  s i n c e  t h e r e  a r e  two p r o t o n s  in  t he  v i c i n a l  
p o s i t i o n  to  i t .  At the  s a m e  t i m e ,  it  can  be  s e e n  f r o m  a c o n s i d e r a t i o n  of the  INDOR s i g n a l s  in t he  3 .9 -4 .2  
p p m  r e g i o n  fo r  the  l i ne s  of  the  M and X p r o t o n s  tha t  the  s i g n a l  of the  A p r o t o n  c o n s i s t s  of  8 l i ne s ,  Joe., t h i s  

s i g n a l  be longs  to  the  H G p r o t o n .  The  p r e s e n c e  of  8 l ines  in  the  s p e c t r u m  of  t he  H 6 p r o t o n  shows  tha t  t h e r e  
a r e t h r e e  p r o t o n s  in v i c i n a l  p o s i t i o n s  to  i t  (Hs, H7, and HT,). U n d e r  doub le  r e s o n a n c e  c o n d i t i o n s ,  fu s ion  of  
the  l ines  in the  s p e c t r u m  of  the  e x o c y c l i c  m e t h y l e n e  g roup  t a k e s  p l a c e  a t  UHz 335 Hz,  i . e . ,  6H2 = 3.35 p p m .  
C o n s e q u e n t l y ,  the  s i g n a l s  in t h e  2 .9 -3 .2  p p m  and 2 .4 -2 .7  p p m  r e g i o n s  b e l o n g  to  the  p r o t o n s  of  the  m e t h y l e n e  
g r o u p .  T h e s e  s i g n a l s  a r e  q u a r t e t s ,  which  is p o s s i b l e  only  i f  t h e r e  a r e  no o t h e r  p r o t o n s  b e s i d e s  the  H~ p r o -  
ton  in the  v i c i n a l  p o s i t i o n .  A c o n f i r m a t i o n  of  t h i s  a s s i g n m e n t  is  the  n e g a t i v e  s i gn  of  the  coup l ing  cons t an t  
b e t w e e n  the M and X p r o t o n s ,  which  is  r e a l i z e d  fo r  g e m i n a l  p r o t o n s .  The  s ign  of  the  JMX c o n s t a n t  is  d e t e r -  
m i n e d  by  an a n a l y s i s  of the  p o l a r i t i e s  of  the  INDOR s i g n a l s .  

On the  b a s i s  of the  s t r u c t u r e  of  the  s i g n a l s  of  t he  AM and X nuc le i  the  r e l a t i o n s h i p  I JMX[ > I JAXI  > 
I J A M I . i s  r e a l i z e d  fo r  t he  coup l ing  c o n s t a n t s .  The v a l u e  of  JAM = 6.3 Hz,  which  is  c o m p a r a t i v e l y  l a r g e  f o r  
l o n g - r a n g e  c o n s t a n t s  and  c o m p a r a t i v e l y  s m a l l  fo r  g e m i n a l  c o n s t a n t s  in any  s y s t e m s ,  shows  tha t  the  JAM 
c o n s t a n t  i s  v i c i n a l ,  i . e . ,  it  i s  p o s i t i v e .  The  X p r o t o n  i s  a l s o  v i c i n a l  to  t h e  A p r o t o n .  As  fo l lows  f r o m  
T a b l e s  1 and 2, i t  is  p o s s i b l e  to  d e t e r m i n e  t h e  s i gn  of the  c o n s t a n t  JMX r e l a t i v e  to t he  s i g n s  of the  c o n -  
s t a n t s  JAX and J A M  for  the  l ines  of the  A and M o r  the  A and X nuc l e i .  F o r  the  l ines  of the  M and X nu -  
c l e i  t he  INDOR s p e c t r a  a r e  i d e n t i c a l ,  both  in t he  c a s e  of JAX,  JAM,  JMX > 0 and in the  c a s e  JAM,  J A X  > 0, 
JMX < 0. F o r  l ine  1X in t he  s p e c t r u m  of  the  nuc leus  A, above  the  l a s t  l ine of the  s i g n a l  of A,  which  c o r -  
r e s p o n d s  to l ine 4A of  an  AMX s y s t e m ,  a p o s i t i v e  INDOR s igna l  a p p e a r s  ( see  F ig .  1). In t h i s  s p e c t r u m ,  the  
a b s e n c e  of  two s i g n a l s  (pos i t i ve  and nega t ive)  a m o n g  the  s i g n a l s  p r e s e n t  i s  t he  r e s u l t  of  t he  s u p e r p o s i t i o n  
of  p o s i t i v e  and n e g a t i v e  s i g n a l s  I J A x I  -~ IJAHsI .  

The  p r e s e n c e  of  a p o s i t i v e  s i g n a l  above  l ine  4A (AMX s y s t e m )  a c c o r d i n g  to  t h e  i n f o r m a t i o n  of  T a b l e s  
1 and  2 shows  tha t  the  s e t  of  p o l a r i t y  m a t r i c e s  I ~ X -  I ,  A~X - II  a ,  A~M - IV a is  r e a l i z e d  fo r  the  s igns  o f  the  
c o n s t a n t s .  C o n s e q u e n t l y ,  t he  s i g n  of  J M X  is o p p o s i t e  to  the  s i gn  of  J A x ,  i . e . ,  JMX is n e g a t i v e  and i s ,  t h e r e -  
f o r e ,  a g e m i n a l  c o n s t a n t .  
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Thus,  of the two poss ib le  posi t ions for  the methyl  and vinyl methylene groups the following a re  in 
fact rea l ized:  the methyl  group is p resen t  at C 3 and the methylene group at C 8. 

S U M M A R Y  

1. It has been shown by means of the INDOR method that in the g ros she imin  molecule  the methyl  
group is located at C 3 and the exocyclic methylene group at C8. 

2. The ma t r ix  presen ta t ion  of the INDOR signals  for  bound t rans i t ions  has been cons idered  for  the 
t h r e e - s p i n  AMX s y s t e m .  The INDOR signals  for  all  the poss ib le  re la t ionships  of the magnitudes and signs 
of  the coupling constants  in the AMX s y s t e m  have been given in compact  fo rm.  
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