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Struc tures  (Ia) and (Ib), r e spec t ive ly ,  have p rev ious ly  been proposed  for  kamalol  and kamolone - terpenoid 
coumar ins  f r o m  Feru la  penninervis  [1]. 
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The following exper imenta l  facts  fo rm the bas i s  of this s t ruc tu ra l  fo rmula  for  the sesqui terpene res idue  
in (Ia) and (Ib). The se lenium dehydrogenation of (Ia) and (Ib) gave 1 ,2 ,5- t r imethylnaphthalene;  it follows f rom 
the NMR spec t r a  of kamolol  and kamolone der iva t ives  that the res idue  contains two t e r t i a r y  and two secondary  
methyl  groups with a -  C - C H  2-  O grouping; and the hydroxyl in (Ia) (and, correspondingly ,  the carbonyl  in (Ib)) 
is in the a posit ion to one of the secondary  methyls .  

By analogy with other  terpenoid coumar ins  isolated f rom plants of the genus Feru la  an i r esane  skeleton 
was adopted as the m o s t  p robable  for  the sesqui terpene moie ty  of kamolol  and of kamolene.  

On the bas i s  of the theory of the b iogenesis  of te rpenes ,  fo rmulas  (2a) and (2b), r e spec t ive ly ,  are  proposed 
for  kamolol  and kamolone;  they agree  complete ly  with the exper imenta l  facts  published prev ious ly  [1]. 

TABLE 1. Chemical  Shifts of Some Groups in the PMR 
Spectra  of Kamolol  at Various Ratios of Reagent  to Sub- 
stance (Mr/Ms,  CDC13, 0 -  TMS, 20°C) 

Group 
5 (ppm), at the following Mr /Ms ratios I AEu ' 

0,23 0,33 o,4z 0,47 0.6o ppm 
I 

CH--CH3 [ 1,29 
C--CH3 1 1,41 C--CHa 1 ,t~3 

CH--CH3 2,81 
--CH2--t9 4,05 

1,38 
1,50 
1,83 
3 36 
4,14 

1,50 
1.62 
2,11 
4,04 
4,28 

1,55 
1,68 
2.22 
4,28 
4,33 

I 1,75 I 1,36 
1,88 ] 1,41 
2,64 2,92 
5,28 6,94 
4,55 1,47 
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Fig. 1. Dependence o f l o g A E u o n  log r for a number of the protons 
of kamolol: I) carbon skeleton of formula (la); II) carbon skeleton 
of formula (2a). a and e are points corresponding to the axial 
and equatorial  orientations of the groups given in the figure.  I n  
the s t ructure  of (Ia), the axial and equatorial  groups at C1 are 
located at the same distance f rom the hydroxyl, and therefore a 
single point is given for each of them. 

For  a definitive answer to the question of the s t ructure  and s te reochemis t ry  of the sesquiterpene residue 
in these compounds, we studied the PMR spect ra  of kamolol with additions of europium tris(dipivaloylmethanate) 
as paramagnet ic  shift reagent  [3-5]. The same method of investigation was used as in preceding work [6]: the 
spect ra  of kamolol was taken in CDC13 with the success ive  addition of Eu(DPM)3; the reduced shifts (AEu) for 
the signals of the methyl and C 1 methylene groups were measured  at the tangents of the angles of slope of the 
straight lines drawn through the experimental  points in plots of molar  ratio of reagent to substance ve r sus  
chemical  shift in ppm {Table 1). 

The distance f rom the oxygen atom of the hydroxy group to the groupings shown (r, A) was me~tsured on 
Dreiding models.  The hydroxy group in kamolol is equatorial :  on the spec t rum of acetylkamolol the proton geminal 
tothe acetoxygroup gives asex te t  at4.68 ppm with two splitting constants of 10.5 Hz each and one constant of 
5.0 Hz. It also follows f rom this that there are two axial protons and one equatorial  proton in the ~ position to 
hydroxy group, i.e., the secondary methyl group adjacent to the hydroxyl is equatorial .  

Figure 1 shows the logari thmic dependence of the reduced shift {AEu) on the distance of the protons of 
the groups under considerat ion to the oxygen atom of the hydroxyl for two var iants  of the carbon skeleton of 
the sesquiterpene residue (I) and (II). It can be seen f rom Fig. 2 that for variant  (I) the points do not lie on a 
straight  line. If, nevertheless ,  an at tempt is made to draw such a s t ra ight  line by treating the experimental 
resul ts  by the method of least  squares,  the tangent of the angle of its slope proves to b e - 2 . 8 2 ,  which far  exceeds 
the published value o f - 2 . 2  [4]. For  the variant  of carbon skeleton (II), on the other hand, there is a fairly good 
linear dependence of log AEu on log r .  The tangent of the angle of slope of the straight  line obtained by treating 
the resul ts  by the method of least  squares  is -1 .98 ,  which agrees  well with the values given previously.  

The axial orientation of the C 1-  CH 2 and C 2-  CH 3 groups and the equatorial orientation of the C l -  CH 3 
group also follow from Fig. 1. The resul ts  of a considerat ion of the var iant  of the s t ructure  of kamolol with 
the hydroxy group in position 3 of formula  (II) {which also corresponds to the experimental  values obtained 
previously) shows that they likewise do not cor respond to real i ty .  

Thus, kamolol and kamolone correspond to s t ructural  formulas (IIIa) and (IIIb) or their m i r r o r  images.  

The relat ive configurations of kamolol and kamolone postulated by Paknikar  and Kirtany in [2] were not 
confirmed by the investigation per formed.  

S U M M A R Y  

The relative configurations of kamolol and kamolone have been established by the PMR method using 
paramagnet ic  shift reagents .  
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Continuing an investigation of coumestans ,  we have p e r f o r m e d  the i r  condensation with acetylenic  alcohols 
and the i r  reduction with l i thium te t rahydroa lumina te .  

The reac t ion  of acetylenic  alcohols with hydroxycoumar ins  and hydroxyacetophenones leads to r ing c losure  
with the acetylene res idue  to fo rm dia lkylchromenes  [1]. The application of this reac t ion  to hydroxycoumestans  
opens up the poss ib i l i ty  of obtaining analogs of the natural  coumes tan  sojagol isolated f r o m  soys  beans  [2]. We 
have studied the reac t ion  of l l - hyd roxy -7 ,12 -d ime thoxycoumes t an  (I) with 3 - m e t h y ! p e n t - l - y n - 3 - o l  (ID and with 
2 - m e t h y l b u t - 3 - y n - 2 - o l  (IID. Condensation took place only with the addition of smal l  amount of zinc chloride to 
a mix tu re  of equimolar  amounts of a carbinol  (II) or  (HI) with the coumestan  (I). 

'u-- J'-OcH3 OH " . . . . . . .  

, H .  R = C2,  5 ,v. R = 5 

" I I I ,  R=CH 3 V. R=CH 3 

The st ructure of the products of the react ion of (I) wi th the alcohols (II) and (III) as the 7,12-dimethoxy- 
10,11-(2 ,2-d ia lkylchromeno)coumestans  (IV) and (V) was conf i rmed m a s s  spec t rome t r i ca l l y .  In the mass  
spec t rum of (IV) there  is a peak with m / e  392 (12~), which cor responds  to the molecu la r  weight of the coumestan 
(IV), and peaks  with m / e  377 (M + -  CH3) and 363 (M + -  C2H5). If the res idue  of the acetylenic  alcohol was bound 
to the coumestan  only by a s imple  e ther  bond, it would undergo cleavage with the format ion  of an ion with m / e  
311 (M + -  81) corresponding to the eject ion of an isopentyl  res idue (CsH6-CH3). However,  there  is no such 
peak in the m a s s  spec t rum of compound (IV). At the same t ime,  the spec t rum does contain the peaks  of the 
doubly charged  ions (M + -  C2H5)/2 and (M + -  CH3)/2 , which shows the s tabi l i ty  of the (M + -  29) and (M + -  15) 
f r agments  fo rmed .  The appearance  of such ions is poss ib le  in a number  of ca ses ,  including those in which 
there  is a c losed conjugated s y s t em .  In our case ,  this sys t em can be produced only by the format ion  of the 
10 ,12- (2 -e thy l -2 -methy lchromeno)coumes tan  (IV). Peaks  of a doubly charged  ion are  p re sen t  in the m a s s  
spec t rum of the coumestan  sojagol [2]. No s i m i l a r  peaks  were  obse rved  in the m a s s  spec t r a  of e s t e r s  and 
e the r s  of coumestan  that we p repa red .  

Grisebach,  studying the biogenesis  of coumest ro l ,  put fo rward  a hypothesis  of a poss ib le  route of its 
format ion  in plants  via p t e roca rpans  [3]. A number  of worke r s  have shown the possibi l i ty  of the synthetic 
passage  f rom p te roca rpan  to coumestans  and converse ly  [4, 5]. The react ion  of coumes tans  with lithium 
te t rahydroa lumina te  is the f i r s t  s tep of the t ransi t ion f rom eoumes tans  to p t e roca rpans ,  which conf i rms a 
poss ib le  biogenetic link between these compounds.  The reduction of 7 ,11-12- t r ibenzyloxycoumestan  (VII)with 
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