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At the p resen t  t ime,  in the solution of s t e r eochemica l  p rob l ems  with the aid of PMR spec t ra ,  p a r a -  
magnet ic -sh i f t  agents  (l:~As), espec ia l ly  the complexes  of d ip ivaloylmethane  with lanthanides capable  of in- 
c reas ing  the i r  coordination number ,  a r e  be!ng used eve r  m o r e  widely [1, 2]. In inver t  solvents ,  with com-  
pounds containing functional g roups  PSAs f o r m  complexes  through a coordinat ion bond of the lanthanide ion, 
such as  Eu 3+, with the unshared  p a i r s  of the he te roa toms .  Pa r amagne t i c - sh i f t  r eagen t s  cause  l a rge  down- 
field shif ts  of the s ignals  of the pro tons ,  the ma in  contr ibution being made by the pseudocontact  shift. 

With a change in the concentra t ion of Eu(DPM) 3 in solution, a l inea r  re la t ionship  is found between the 
shift  of the s ignals  of the protons  and the re la t ive  m o l a r  concentra t ions  of the Eu(DI:rM) 3 and the substance.  

6 n=i 6 The u s e  as  a m e a s u r e  of the pa ramagne t i c  shift  of the magnitude AEu = Eu(DPM)3-  solvent  [where n is 
the ra t io  of the m o l a r  concent ra t ions  of Eu(DPM) 3 and substance] has  been adopted [3]. 

As has  been shown prev ious ly  [1, 4], the magnitude of the pa r amagne t i c  shift  ~ 'Eu mus t  v a r y  in in- 
v e r s e  propor t iou  to R 3 (where R is the d is tance  between the proton and the Eu 3+ ion). 

The phenomenon of the p a r a m a g n e t i c  shift  has been studied bes t  fo r  compounds with one functional 
group [1-3], and l e s s  well  for  bifunctional  compounds [5, 6], while there  a re  p rac t i ca l l y  no invest igat ions 
of this type for  polyfunctional subs tances .  

In a study of the influence of PSAs on the PMR spec t r a  of compounds with s e v e r a l  he te roa toms ,  in- 
cluding the compound which we a r e  now considering,  the question of the predominant  d i rec t ion  of complex 
fo rmat ion  is important ,  s ince this d e t e r m i n e s  the nature  of the dependence of the magni tudes  of the shif ts  
of the s ignals  on the p r o t o n - E u  3+ dis tance.  

To answer  this question it is n e c e s s a r y  to take into account  1) the re la t ive  s t rength  of the complexes  
of monofunct ional  compounds with the PSAs, which a r e  de te rmined  by the nature  of the groups  [2], 2) the 
spa t ia l  access ib i l i ty  of the functional groups  :for the fo rmat ion  of coordination bonds with the Eu(DPM)3, 
and 3) the ef fec ts  of the conjugation of va r ious  groups  with the unsa tura ted  bonds and a toms  with the un- 
shared  p a i r s  of e lec t rons  [5]. 

Sanders  and Wil l iams [2] have shown that in monofunctional oxygen-containing compounds the capaci ty  
of the functional g roups  for  assoc ia t ing  with PSAs changes in the following sequence: 

O 
J 

OH>--C> --O-->-C 

O O 

Whether  such a sequenc e will be observed  in polyfunctional molecu les  cannot be s ta ted a p r io r i .  Thus,  f r o m  
the example  of an oxetane de r iva t ive  containing a s t e r i ca l ly  hindered hydroxy group it can be seen that this  
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Fig. 1. I:rMR spectrum of arnifolin (20.5 rag, 0.57 -10 -4 
M, CDCI$) in the presence of various amounts of Eu(DPM)s: 
a) 0.00 rag; b) 2.1 rag, 0.03" 10 -4 M; e) 15.2 rag, 0.22.10 -4 
M; d) 22.7 rag, 0.32 "10-4M (frequency 100 MHz, internal 
standard TMS). 

group posses ses  a smal le r  associat ing capacity than an ether  oxygen for  which there  is no s te r ic  hindrance 
[7]. On the bas is  of the resul ts  of a compar ison of saturated and unsaturated ethers,  it has been shown [5] 
that the associat ing capaci ty of functional groups dec reases  when these groups are  conjugated with one 
another and with double bonds. 

We have used PSAs in an investigation of the s t e reochemis t ry  of the sesqui terpene lactone arnifolin, 
which contains six oxygen atoms potentially capable of coordinating with Eu(DPM) 3. We have previously  
reported the resu l t s  of a chemical  Study of the s t e reochemis t ry  of arnifolin [8]. F r o m  arnifolin we obtained 
a derivat ive with a known s t ruc ture  in which the configurations of a number  of substi tuents were  determined.  
However, the conditions of obtaining this compound did not permi t  the possibil i ty of the isomerizatLon of the 
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Fig.  2. Change in the chemica l  shifts of the protons  of arnifol in  
(0.57 • 10 -4 M) as a function of the concentra t ion of Eu(DPM) 3 [5 
is  the value of the chemica l  shifts,  ppm, and c the m o l a r  concen-  
t r a t ion  of Eu(DPM)3, M]. 

Fig.  3. Dependence of AEu on R (,~) (where R is the d is tance  
between the pro ton  and the oxygen of the hydroxy group) on a 
logar i thmic  sca le .  

subst i tuents  in the molecule  during the reac t ions  to be  excluded. In view of this, it was of in te res t  to study 
the s t e r e o c h e m i s t r y  of arni fol in  and, in pa r t i cu la r ,  to de t e rmine  the posi t ion of the OH group re la t ive  to the 
plane of the molecule ,  which was not found previous ly .  

In a considera t ion  of the s t r u c t u r e  of arni fol in  with the aid of a Dreiding model ,  it can be seen that 
of the poss ib le  cen t e r s  of coordination, the OH group is the mos t  access ib le ,  while the carbonyl  group at 
C 3 and the e s t e r  carbonyl  group a re  subject  to s t e r i c  hindrance.  The effects  of conjugation m u s t  d e c r e a s e  
the assoc ia t ing  capaci ty of the lactone and e s t e r  groupings  and, consequently,  it may  be expected that com-  
p lex  fo rma t ion  will  take place predominant ly  at the hydroxy group. 

To obtain pa ramagne t i ca l ly  induced PMR s p e c t r a  of arnifol in  we used t r i s  (dipivaloylmethanato)europ-  
ium p r e p a r e d  by the method of E isen t rau t  and S i eve r s  [9]. The PMR spec t ra  w e r e  takenonanHA-100D (100 
MI-Iz) s p e c t r o m e t e r  with TMS as in ternal  s tandard.  The concentra t ion  of arni fol in  in CDC13 was 0.57- 10 -4 
M, and the concentra t ion of Eu(DPM) 3 was var ied  f rom 0 to 0.32 • 10 -4 M.* 

The PMR spec t rum of arni fol in  [8] shows the following signals (Fig. 1, a): a s inglet  at 0.83 ppm (CH 3 
at  C10), a doublet at 1.32 ppm (methyl at Ce), a quar te t  at 6.86 ppm (H at C18), and a lso  a doublet at 5.38ppm, 
J = 2  Hz (I-I-4), a t r ip le t  at 4.84 ppm, J = 8  Hz 0actone proton), two quar te t s  at 4.42 ppm (proton at  C 1) and 
at  2.97 p p m  (one o~ the protons  at  C2), and two doublets  at 6.15 and 6.43 ppm, J =  3 Hz (Ctt 2 group conjugated 
with a lactone carbonyD. In addition to this, s ignals  a r e  observed  at 1.85 ppm (two CH 3 at C17 and Cls) and 
3.55 ppm (proton at  C5; J5,6=8 Hz, J5,4 =3 Hz). The s ignals  of the other  protons  a r e  found in the 1.90-2.40 
ppm region.  A study of the I:rMR s p e c t r a  of arni fol in  in this region without a PSA is  difficult because  of 
the over lapping of the s ignals  of the protons,  which does not enable the n e c e s s a r y  p a r a m e t e r s  of the spec t r a  
to be  de te rmined .  

As an example,  Fig. 1 g ives  the s pec t r a  f o r  which the influence of the PSA on the pos i t iops  of the s ig-  
nals  is m o s t  considerable .  At a m o l a r  ra t io  n= 0.06, f r o m  the group of s ignals  at 1.90-2.40 ppm in the spec -  
t r u m  of arni fol in  (Fig. 1, b) a broad signal  of the pro ton  of the OH group s e p a r a t e s  out at 2.49 ppm, and the 
o ther  s ignals  undergo p rae t i ca l l y  no d isp lacement .  With the addition of Eu(DPM)3 to a m o l a r  ra t io  of the 
complex  and of the initial substance  of n= 0.38, some  changes  take p lace  in the s p e c t r u m  (Fig. 1, c): the 

• Conditions were  se lected which were  c lose  to those desc r ibed  by  D e m a r c o  et al. [3], whose r e su l t s  we 
a r e  using.  
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TABLE 1. Values  of AEu and Dis tances  between the OH Group and 
Var ious  Pro tons  fo r  Some Poss ib le  Configurations of the Arnifolin 
Molecule  

Variants * 

OH CH~--I4 H--8 H-9  
I - -  - -  + - -  

II + - -  + - -  
I l l -  + - -  + 
IV + + -- + 
V- -- + + 

AEu 

o 
R(A) 

I b " ° 

2,, 3.2 f-%s la.2 I a,4 4,9 a,8 

1 . 5 1  

4,7 
4,6 
4,1 
4,8 
4,2 

1 , 5 1  

5,0 
4,8 
4,6 
5,6 
4.3 

* The posi t ions  of the groups  below and above the plane of the molecule  
a r e  denoted by  the s y m b o l s -  and +, respec t ive ly .  

signal of the OH group shif ts  downfield by a magnitude A610.40 ppm, and the H-1 signal  by A62.78 ppm. 
The s ignals  of the protons  of the CHf19 and the CH3-20 groups sepa ra t e .  In addition, because  of the d i f fe r -  
ent shifts  of the s ignals  of the pro tons  p re sen t  at d i f ferent  d is tances ,  the s p e c t r u m  becomes  m o r e  compl i -  
cated in the 3.5-5 ppm region,  but with the fu r the r  addition of Eu(DPM) 3 (n= 0.57) the s p e c t r u m  again be -  
comes  s i m p l e r  (Fig. 1, d). The s ignals  of a number  of protons a r e  shifted downfield by magni tudes  of A6 
2.88 ppm (one of the protons  at  C2), 0.95 ppm (at C7), 1.45 ppm (at C8), and at 3.65 p p m  (at C9), while the 
s ignals  of the methyl  protons  a r e  sepa ra ted  completely.  The ass ignment  of the s ignals  at C 8 and C 9 was 
done by  the INDOR method. 

The dependence of the chemica l  shift  on the concentrat ion of the complex fo r  a number  of pro tons  is 
shown in Fig. 2. On compar ing  the concentra t ion cu rves  fo r  arnifol in and fo r  c i s -4-buty lcyc lohexanol  [3] 
it can be seen that the s lopes  of the cu rves  fo r  the OH group and for  the proton at C 1 in the f o r m e r  com-  
pound amount to approx imate ly  75% of those in the la t te r .  The d i f ference  is apparen t ly  due to assoc ia t ion  
of the PSA, but with a different  he t e roa tom of the arnifol in  molecule .  In ag reemen t  with the l i t e r a tu re  [3], 
instead of the co r re la t ion  of the  magni tudes  of & Eu with the d is tances  between the pro tons  and the Eu 3+ ion 
we used the m o r e  approx imate  co r r e l a t i on  of the magni tudes  of AEu with the d i s tances  f rom the protons  
to the he t e roa tom taking pa r t  in coordination with the Eu(DPM) 3. 

Table  1 g ives  the values  of AEu for  the protons  of arnifol in and the d i s tances  R (.~) f r o m  the proton 
to the oxygen a tom of the hydroxy group m e a s u r e d  with the aid of a Dreiding model  for  four  (out of the eight 
possible)  va r i an t s  of the mutual  a r r a n g e m e n t  of the a toms  and functional g roups  at C i, C8, and C 8. 

S t ruc tu re s  with a cis  a r r a n g e m e n t  of the H-8 and H-9 protons  a r e  excluded, since the s p i n - s p i n  coup- 
ling constant m e a s u r e d  by the INDOR method of J8,8 = 12 (for anhydrote t rahydroarni fo l in)  co r re sponds  to 
the t rans  a r r a n g e m e n t  of H-8 and H-9 ( s t ruc tures  I-IV).  The select ion of the co r r ec t  configuration f r o m  
the o ther  four  can be m a d e  on the b a s i s  of the r e su l t s  obtained with the aid of the PSA. The r e su l t s  of a 
compar i son  of the values  of A Eu and the d i s tances  between the OH group and the var ious  protons  show that 
the g rea t e s t  ag reemen t  in these  magni tudes  is obtained f o r  s t ruc tu re  I. 

The pa ramagne t i c - sh i f t  method p e r m i t s  the conf i rmat ion  fo r  the arni fol in  molecule  of the t r ans  a r -  
rangement  of the H-8 and H-9 protons .  F o r  s t ruc tu re  (V), which i s  given in the table  as an example  of a 
configuration with a cis a r r a n g e m e n t  of the H-8 and H-9 protons,  there  is no co r respondence  between A Eu 
and the p r o t o n - h y d r o x y  group dis tances .  

F igu re  3 shows the dependence of A Eu on the pro ton- -hydroxyl  dis tance in logar i thmic  coordinates  
for  configurat ion (I). After  the t r ea tmen t  of the exper imen ta l  r e su l t s  by the method of leas t  squares ,  the 
co r r e l a t i on  coefficient  was  0.92 and the angle of slope 2.1. It can be seen f r o m  Fig.  3 that the points c o r -  
responding to the pro tons  adjacent  to the OH group lie sa t i s fac to r i ly  on a s t ra ight  line y = A x + B  (with A = 
- 2 . 1 ;  B=3.7) .  At the same  time, a lmos t  all  the points re la t ing  to the protons  close to o ther  cen te r s  of co-  
ordination a r e  located above the line, which shows an additional pa ramagne t i c  contr ibution of the Eu(DFM) 3 
to the shift  of the s ignals  of these protons .  

A. V. Va r l am ov  a s s i s t ed  in the syn thes i s  of the europium dipivaloylmethanate .  
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S U M M A R Y  

1. The configuration d the OH group has been determined and the configurations of a number of other 
protons in the arnifolin molecule have been confirmed by means of the paramagnetically induced PMR spec- 
tra.  

2. The paramagnetie shifts of a number of protons can be explained satisfactorily if it is assumed 
that the predominant association of the Eu .(DPM) 3 is with the hydroxy group. 
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