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The sesquiterpene lactone grossheimin was f i rs t  isolated from Grossheimia macrocephala  (Muss.- 
Puschk.) Sosn. et Takht. [1]. Structure (I) was proposed as the most  probable for  it, since the position of 
the carbonyl remained unproven [2-3]. 

Spanish workers  have shown by means of chemical  t ransformat ions  that the oxo group is located at 
C 2 and, having studied its s te reochemis t ry ,  have established s t ructure  (II) for grossheimin  [4, 5]. The p re s -  
ent paper  gives the results  of a study of the NMR spectra  of grossheimin  and its derivatives,  which confirm 
s t ruc ture  (II). 

In the NMR spect ra  of grossheimin and acetylgrossheimin,  a signal with an area  of two proton units 
at 2.52 ppm forming a doublet with a distance between the components of 7 Hz has previously remained un- 
assigned. This signal is converted into a singlet when the signal of the H9 proton (VH2 = 316 Hz) is i r r ad i -  
ated with a s t rong radiofrequency field, f rom which it follows that both protons to which the signal at 2.52 
ppm corresponds  are present  in the vicinal position to the H9 proton and this, in its turn, shows that the 
carbonyl  group is located at C 2. 

The position o f  the carbonyl is also confirmed by the fact that in the double-resonance spectrum with 
i rradiat ion of the signals of the protons of the methyl group there is a singlet of the H 3 proton at 2.35 ppm 
(which is probably the s trong component of the doublet). The presence of protons of a methylene group at 
C 2 should undoubtedly lead to additional splitting of the signal of this proton. 

14 

Oil ~ - ~  

0 I 
i I 

The pa ramete r s  of the spectrum that have been obtained also permit  the configuration and conforma-  
tion of the grosshe imin  molecule to be determined.  Below we give the chemical  shifts and coupling con-  
stants of the protons of grossheimin.  The spec t rum was taken in CDC13 on an HA-100D spec t rometer ,  the 
assignments and the values of 6 and J being obtained by means of double resonance and by the INDOR 
method (see following page). 

L a c t o n e  R i n g  

The presence of an exocyclic methylene group in the laetone ring leads to the situation that the atoms 
of the ring are present  in a single (or almost  a single) plane. Because of this, the dihedral angle between 
the H a and H 4 protons differs considerably from the angle of 180 ° for  the trans linkage of the rings, while 
the angles for  the protons located in the cis and trans position to one another will be less than 60 ° and more 
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protom ~, ppm J, Hz 
Hi, H l, 2.52 JI,9' = 9, J1,9' = 3 
H 3 2.35 J3,10 = 9,5 J3,CHa = 7,0 
H i 4.0 J4,10 : 9,5, J4,G = 8,5 
H 5 2.25 J5,4 = 8,5 35,13, : 3,0 J5,6 = 9,5 

J5.1~ = 3,5 
H 6 4.0 Jf,7e = 6,3 JG,7a = 10,0 
H7a 2,50 J7a,6 = 10,0 J7a, Te = -- 12,5 
HTe 2.98 JTe, 6 : 6,3 JTe, 7a = -- 12,5 
H 9 3116 J9,I =9,0  J9,1,= 3,0 Jg, lo-~ 8,0 

Hlo 2.3 Jlo,3 =9,5 Jlo.4 = 9,5 J lO.9 = 8,0 
Hi3 6.45 J1s.5 = 3.0 JI~,13' : -- 1,5 

His, 6.G5 J13',5 ~ 3,5 J13',13 = -- 1,5 
HI~ 4,75 ~ J  =1,4 
Hl~, 5,04 ~ J : 1,9 
CH 3 1.30 Jcl%. 3 :7 ,0  

than 180 °, r e s p e c t i v e l y .  On the ba s i s  of the Karp lus  r e l a t i o n  [6, 7] such  changes:  m u s t  lead to the e q u a l -  
iza t ion  of the va lues  of the v i c ina l  coupl ing  c ons t a n t s  of the p ro tons  of the lac tone  r ing  p r e s e n t  in the c i s  
and t r a n s  pos i t ions  r e l a t i ve  to one ano the r .  

Acco rd ing  to the l i t e r a t u r e  [8, 9], the fol lowing r e l a t i on  ex i s t s  be tween  the c o n s t a n t s  J c i s  and J t r a n s :  
J c i s  -< 8-9 -< J t r a n s .  Ano the r  c r i t e r i o n  for  d e t e r m i n i n g  the method of a t t a chmen t  of the lac tone  r i ng  may  
be the va lue  of the change in the coupl ing  c o n s t a n t  be tween  the H A and HB pro tons  on p a s s i n g  f rom lac tone  
with a vinyl  group [1] to hydrogena ted  l ac tones  [2]: 

HA t.tB t.tA HB 

" \13 /  tl 
~I 02 

In l ae tones  of type 2, the c a r b o n  a tom b e a r i n g  the methyl  group is not  in sp 2 hybr id i za t ion ,  as in l a c -  
tone of type 1, but  in sp 3 hyb r id i za t i on .  Consequen t ly ,  the lactone r ing  in 2 is l e s s  s t r a i n e d  than in 1. 
Hence,  the d ihed ra l  angle  be tween  the A and B p ro tons  m u s t  be c l o s e r  to 180 ° in 2 than in 1 if the p ro tons  
a r e  in the t r a n s  pos i t ion  to one ano the r  and c l o s e r  to 60 ° if the p ro tons  A and B are  in the c i s  pos i t ion .  Ac-  
co rd ing  to the Karp lus  r e l a t ion ,  on p a s s i n g  f r o m  1 to 2 the cons t an t  J t r a n s  should i n c r e a s e  and Jc i s  should 
dec r e a s e .  

In t e t r a h y d r o g r o s s h e i m i n  the c o n s t a n t  J4,5 is 1 Hz g r e a t e r  than in g r o s s h e i m i n ,  which shows the 
t r a n s  c o n f i g u r a t i o n  of the lac tone  r ing .  

The coupl ing  c o n s t a n t s  be tween  the H 4 and H10 and be tween  the I-I s and H 6 p ro tons  p o s s e s s  a l a rge  
value  (about 10 Hz), which shows the t r a n s  pos i t ion  of the c o r r e s p o n d i n g  pa i r s  of p ro tons  in r e l a t i o n  to one 

ano the r .  On the ba s i s  of the va lues  of the coupl ing  c o n s t a n t s  Js, Te = 6.3 Hz and J6,?a = 9.5 Hz it  is p o s s i b l e  
to eva lua te  the d ihed ra l  angle be tween  the H6, I-ITe, and H7a p ro tons .  

The coupl ing  c o n s t a n t s  of the H 6 p ro tons  with the pro tons  of the me thy lene  group and the d ihed ra l  
angle  0 be tween  them are  connec ted  accord ing  to the Karp lus  r e l a t i onsh ip  by the r e l a t i ons  

Jo cos: 0 -- 6 .3 ,  

J~. cos-" (120 + 0) -- 9.5. 

The ra t io  J r / J0  is u sua l l y  1.2. The s o l u t i o n  of this  s y s t e m  of equa t ions  gives the va lue  0 = 37 °. 

L i n k a g e  o f  t h e  F i v e -  a n d  S e v e n - M e m b e r e d  R i n g s  

As is shown by the r e s u l t s  of a s tudy of m o l e c u l a r  models  and the s t e r e o c h e m i c a l  r e l a t i o n s h i p s  of 
the v i c ina l  and a l ly l  c o n s t a n t s ,  i n f o r m a t i o n  on the l inkage  of the f ive -  and s e v e n - m e m b e r e d  r ings  can  be 
obta ined by an a n a l y s i s  of the va lues  of Jz,14 and Jg,10. The d ihedra l  angle be tween  the H 9 p ro ton  and the 

709 



1~(13) H2 C.~2 
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Fig. 1. Fragments  of the NMR 
double- and t r ip le- resonance  spec-  
trum of aeetylgrossheimin.  

double bond remains between 0 and 30 ° with both cis and trans link- 
age of the rings. Consequently, the allyl constant J9,14 provides no 
information on the method of linkage of the ring. With the t rans 
linkage of the rings, the dihedral angle between the HTe proton and 
the plane of the double bond approximates to 90 ° . Consequently, the 
angle between the HTa proton and the double bond approximates to 
150 °. With the cis linkage of the rings, the dihedral angles between 
the HTe and HTa protons and the plane of the double bond will be 140 
and 20 ° . 

On considering the s tereochemical  relationships of the allyl 
constants for  the values of the dihedral angles given above, it can be 
seen that one must  expect a l a rge r  value of J14,Te than of J14,Ta when 
the rings have a trans linkage. In the case of a cis linkage of the 
rings, the rat io between the values of these constants is the opposite. 
The half-widths of the signals of both protons of the vinylmethylene 
group are approximately the same (2 and 2.5 Hz). The signals of 
these protons are in the form of broadened singlets.  The broadening 
due to the nonuniformity of the magnetic field, determined f rom the 
chloroform signal, is 0.6 Hz. Thus, the broadenings of the signals 
of the protons of the vinylmethylene group due to the coupling of the 
protons of this group with one another and also with the allyl protons 
are  1.4 and 1.9 Hz. The contribution of the allyl protons to the 
broadening of the signals was determined by means of double r e so -  
nance. A fall and an increase in the intensity of the signals of the 
vinyhnethylene protons (Fig. 1) took place to a considerably g rea te r  

extent on irradiation with a s t rong radiofrequency field of the H9 and H?a protons than with the i r radiat ion 
of the HTe proton. It follows from this that the allyl constant J14,Te is ex t remely  small .  Consequently, the 
f ive- and seven-membered  rings possess  thecis linkage. The vicinal constant Js,10 found by means of  the 
INDOR method has a value of 8.0 Hz. On using the s te reochemical  relationship [10], the following values 
of the dihedral angles are obtained: for  cis protons 35 ° and for  trans protons I36 °. The lat ter  corresponds  
to a shielded conformation of the cyclopentanone ring, which is energet ical ly unfavorable. Because of this, 
the assignment of the observed coupling constant to cis protons is preferable .  

C o n f i g u r a t i o n  of  t h e M e t h y l  G r o u p  

In determining the configuration of the methyl group, there are four probable variants  of the mutual 
orientation of the methyl group and of the H10 proton (the "half -chair"  conformation of the cyclopentanone 
ring is considered, which, as will be shown below, is indicated by the experimental results):  

a i b 

H"%z-o "~ H',',~,Po 'c~ 
H H a b 

In the spectrum of a solution of grossheimin in a mixture of pyridine and benzene it is possible to 
distinguish the signals of the H 9 and Hi0 protons (Fig. 2), which enables us to find the coupling constants of 
these protons with the vicinal protons.  The J3,10 constant is determined direct ly  f rom the spect rum of the 
H10 proton and is 9.5 Hz. However, the s t rong overlapping of the signals of the protons of the methylene 
group {the outer components of the quartets  have a very  low intensity in compar ison with the inner ones) 
does not permit  the differences (8 and 4.5 Hz) between the components of the signal of the H 9 proton to be 
equated with the JL9 and J~',9 constants.  The spect rum of the methylene protons is not a doublet {as in the 
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Fig .  2. F r a g m e n t  of the m o n o r e s o n a n c e  NMR s p e c -  
t r u m  and of the INDOR s p e c t r u m  of g r o s s h e i m i n  in 
a m i x t u r e  of p y r i d i n e  and b e n z e n e .  

s p e c t r u m  of g r o s s h e i m i n  in c h l o r o f o r m ) ;  th is  shows that  the c h e m i c a l  sh i f t  be tween  the s i g n a l s  of the 
m e t h y l e n e  p r o t o n s  is  not  much  l e s s  than the coup l ing  c o n s t a n t  be tween  them.  F u r t h e r m o r e ,  the a b s e n c e  of 
s t r o n g  o u t e r  l i ne s  in the s p e c t r u m  of the m e t h y l e n e  p r o t o n s  shows  that  the coup l ing  c o n s t a n t  be tween  t hem 
is  not  much  l e s s  than the c h e m i c a l  sh i f t .  Thus,  the c h e m i c a l  sh i f t  be tween  the m e t h y l e n e  p r o t o n s  and the 
J l ' , l  coup l ing  c o n s t a n t  a r e  a p p r o x i m a t e l y  equa l  to one a n o t h e r .  C a l c u l a t i o n s  p e r f o r m e d  wi th  v a l u e s  of J 
c h a r a c t e r i s t i c  fo r  g e m i n a l  c o n s t a n t s  be tween  the p r o t o n s  of a m e t h y l e n e  g roup  p r e s e n t  in the a p o s i t i o n  to 
a c a r b o n y l  ( - 1 6  to - 1 8  Hz) in c y c l o p e n t a n o n e  r i n g s  [11] and the e q u a l i t y  A v l ' , l  = J r , 1  show that  the b e s t  
c o r r e s p o n d e n c e  of the c a l c u l a t e d  v a l u e s  wi th  the o b s e r v e d  s p e c t r u m  is ach i eved  wi th  c o u p l i n g  c o n s t a n t s  of 
the m e t h y l e n e  p r o t o n s  wi th  the H 9 p r o t o n s  of 3 and 9 Hz (the s u m  J1,9 + J1',9 = 12 Hz and is 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 the H 9 p ro ton ) .  The r e s u l t s  of a m e a s u r e m e n t  of the d i h e d r a l  ang l e s  be tween  
the p r o t o n s  of the c y c l o p e n t a n o n e  r i ng  in s t a t e s  I a - I Ib  and the s t e r e o c h e m i c a l  r e l a t i o n s h i p  of the v i c ina l  
c o n s t a n t  p e r m i t  an unambiguous  a s s i g n m e n t  of the coup l ing  c o n s t a n t s  ob ta ined  to be m a d e :  3 Hz to the 
t r a n s  p r o t o n s  and 9 Hz to the c i s  p r o t o n s .  The low va lue  of the t r a n s o i d  c o n s t a n t  shows  that  the c y c l o -  
pen tanone  r i n g  is p r e s e n t  in s t a t e  I. F o r  th is  s t a t e  l a r g e  v a l u e s  both of the c i s o i d  and of the t r a n s o i d  J3,10 
coup l ing  c o n s t a n t s  m u s t  be e x p e c t e d ,  which  does  not  p e r m i t  the c o n f i g u r a t i o n  of the me thy l  g r o u p  to be d e -  
t e r m i n e d  f r o m  the va lue  of th is  c o n s t a n t .  

It c an  be s een  f r o m  a c o n s i d e r a t i o n  of m o l e c u l a r  m o d e l s  that  if the m e t h y l  g roup  o r  the p r o t o n  at  C 3 
is  l o c a t e d  on the s a m e  s ide  of the p lane  of the m o l e c u l e  as  the l ae tone  p ro ton  it is s p a t i a l l y  c l o s e  to the 
l a t t e r .  B e c a u s e  of th i s ,  a c o n s i d e r a b l e  O v e r h a u s e r  e f f ec t  on the s i gna l  of the l a e tone  p r o t o n  on the i r r a d i -  
a t ion  of the p r o t o n s  of the m e t h y l  g roup  o r  the H 3 p r o t o n  wi th  a s t r o n g  r a d i o f r e q u e n c y  f i e ld  is  p o s s i b l e .  An 
e x p e r i m e n t  to d e t e c t  the O v e r h a u s e r  e f f ec t  was  p e r f o r m e d  f o r  so lu t i ons  of g r o s s h e i m i n  in a m i x t u r e  of 
p y r i d i n e - d  5 and benzene-dG,  in which  the s i gna l  of the l ac tone  p r o t o n  r e m a i n s  s e p a r a t e  f r o m  the s i g n a l  of 
the h e m i h y d r o x y l  p ro ton .  The i n t e n s i t y  of the s i gna l  of the l ac tone  p r o t o n  i n c r e a s e d  by 20% when the H 3 
p r o t o n  was  i r r a d i a t e d  with  a s t r o n g  r a d i o f r e q u e n c y  f i e ld .  When the p r o t o n s  of the m e t h y l  g roup  w e r e  i r -  
r a d i a t e d  wi th  a tt 2 f ie ld ,  no i n c r e a s e  in the a r e a  of the l ac tone  s i gna l  was o b s e r v e d .  It fo l lows  f r o m  th is  
that  in g r o s s h e i m i n  the me thy l  g roup  and the l ae tone  p r o t o n  a r e  on d i f f e r e n t  s i d e s  of the p l ane  of the 
m o l e c u l e .  

C o n f o r m a t i o n  o f  t h e  C y c l o p e n t a n o n e  R i n g  

In c o n d e n s e d  s y s t e m s ,  as  e x p e r i m e n t a l  r e s u l t s  show [12, 13], the c y c l o p e n t a n o n e  r i n g  a s s u m e s  the 
h a l f - c h a i r  o r  the e n v e l o p e  c o n f o r m a t i o n .  A d i s t i n g u i s h i n g  f e a t u r e  of the f o r m e r  is that  the two c a r b o n  
a t o m s  in the fl p o s i t i o n s  to the e a r b o n y l  a r e  l oca t ed  on d i f f e r e n t  s i d e s  of the p lane  p a s s i n g  th rough  the 
- C - C - C -  a t o m s .  T h e i r  d i s t a n c e s  f r o m  this  p lane  a r e  the s a m e .  

II 
O 

In the e n v e l o p e  c o n f o r m a t i o n ,  f o u r  c a r b o n  a t o m s  inc lud ing  the c a r b o n  of the c a r b o n y l  g roup  a r e  l o -  
c a t e d  in one p lane ,  and the fif th is  above  o r  be low this  p l a n e .  
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Each of the two conformat ions  has different  values  of the dihedral  angles between the protons or  the 
subst i tuents  in the ring. In de te rmin ing  the dihedral  angles between the protons of the cyclopentanone ring 
we made use of the Karplus  relat ion with the Ba the r -By  [10] coefficienta,  which were  found in an analys is  
of a large number  of vicinal  constants :  

3J = 7 -- cos o + 5 cos 20. 

According to this relat ion,  for  the constants  Jo,10 = 8 Hz, J l ,scis  = 9 Hz, Jl ,~trans = 3.5 Hz, and J3,10 = 
9.5 Hz, the values  of the dihedral  angles a re ,  respec t ive ly ,  35, 27, 105, and 145 °. The la t te r  co r re sponds  to 
a dihedral  angle between the methyl  group and the H10 proton of 25*. 

The c loseness  of the dihedral  angles between the cis  Hi, ~ protons and also between the methyl  group 
and the H10 proton shows that the cyclopentanone ring p o s s e s s e s  the ha l f -cha i r  conformat ion,  and the values 
of the other  dihedral  angles agree  well with this.  

On the bas is  of the fac ts  presented ,  a pe r spec t ive  formula  for  g ros she imin  has the following form:  

CH=, 0,~ 
0 

Perspec t ive  formula  of the g ros she imin  molecule .  

S U M M A R Y  

1. The chemica l  shifts  and coupling constants  of all the protons in the g rosshe imin  molecule  have 
been found with the aid of double and t r iple  resonance  and also by the INDOR method. 

2. The posi t ion of the oxo group at C 2 in g rosshe imin  has been conf i rmed.  

3. The configurat ion and conformat ion  of the g ros she imin  molecules  have been de te rmined .  
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