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Informat ion  on the spat ial  s t ruc tu re  and the direct ion of the conformat ional  s ta tes  as functions of  the 
conditions a re  n e c e s s a r y  for  explaining the eff iciency of the action of musc le  re laxan ts  and a lso  for d e t e r -  
mining the topography of the s t ruc tu re  of chol inoreceptors .  The combination of these facts  together  with 
the biochemical ,  toxicological ,  and pharmacologica l  cha r ac t e r i s t i c s  makes  it  poss ible  to c r ea t e  a pu r -  
posefully d i rec ted  synthesis  of b i squa te rna ry  compounds,  including musc le  re laxants ,  the ma jo r i t y  of 
which a re ,  as is well known, b i squa te rnary  sal ts .  

The act ivi ty  of c u r a r e m i m e t i c  compounds [1-4] depends on the degree  of sc reening  of the posi t ive 
charges ,  the dis tance between the onium cen te r s ,  the s te roe lec t ron ic  s t ruc ture ,  the chains separa t ing  the 
qua te rna ry  ni t rogen a toms ,  lyophilicity,  hydrophil ici ty,  etc.  

We have p rev ious ly  [5] r epo r t ed  the p repara t ion  of b i squa te rnary  der iva t ives  of the alkaloid lupinine. 
In the p r e sen t  paper  we give the resu l t s  of a study by means  of PMR spec t r a  of the conformat ional  s ta tes  
of dilupinine e s t e r s  of oxalic acid (I, n = 0), ma l ic  acid (II, n= 1), succinic acid (HI, n= 2), gulatr ic  acid (IV, 
n= 3), adipic acid (V, n = 4), p imel ic  acid (VI, n = 5), suber ic  acid (VII, n= 6), azela ic  acid (VIII, n = 7), and 
sebacic  acid (IX, n = 8), thei r  s t ruc tu re  CA), and that  of thei r  protonated fo rms  and dimethiodides (B). 
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In the spec t r a  of the dilupinine e s t e r s  (I) and (II) in the f o r m  of the f r ee  bases  in CC14 there  a re  
th ree  groups of signals:  a complex mul t ip le t  in the 4.1-4.3 ppm region re la t ing  to the CH20 f ragment ,  a 
mul t ip le t  at 2.78 ppm due to the~-H_ e (with r e s p e c t  to the nitrogen), and an unreso lved  signal at  1-2.3 ppm. 
Taking into account  the values  of [~]D (Table 1) and compar ing  the PMR c h a r a c t e r i s t i c s  of the subs tances  
obtained with the PMR spec t r a  of Iupinine and epilupinine [6], i t  m a y  be concluded that, while the ~ - H  e 
s ignals  a r e  located a t  2.78 ppm, their  axial  geminal  protons resona te  a t  h igher  f ields - about 2-1.8 ppm. 
Such a d i f ference  between the chemical  shifts  (CSs) is cha rac t e r i s t i c  of a p redominant  a x i a l - a x i a l  d i r e c -  
tion of the lone pa i r  of e lec t rons  of the ni t rogen a tom.  Consequently, i t  is poss ib le  that the predominant  
conformat ion  of the lupinine skeleton of these  e s t e r s  is  n t r a n s - t r a n s "  with axial CHzOR groups.  The na-  
ture of the mul t ip l ic i ty  of the signal at  4.1-4.3 ppm shows the p re sence  in i t  of rotat ion about the CH20 
groups,  in which, in view of the p resence  of an a s y m m e t r i c  center ,  the t rans i t iona l  r o t a m e r i c  fo rms ,  which 
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TABLE 1 

. . ,  Dimethiodide~ of the dilupinineesters 
-/aJD I of dibasic acids 
of the base, ~ , - - ] ~ -  ~ d  
deg +[al D [~-(ocH),ppm orientation of 

31,2 
52 
19,4 
35,1 
15,6 
25,3 
17.3 
25,9 
16,4 

11,4 
11,4 
9,4 
9,1 
7,7 
8,1 
7,5 

D 

3,45 
3,45 

3,45; 3,95 
3,45 

3,45; 3,95 
3,95 

3,45; 3,95 

ciJ-cis (c,e) 
cis-cis (e,e) 
-cis-ttam (e,a). 
cis (e) 
cis-U'ai~ (e,a) 
tram (a) 
"ciJ-zxans (e,a) 

* In the m e a s u r e m e n t  of the angles of rotat ion,  
methanol  was used  as the solvent.  
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PMR spectra of lupinine in chlorobenzene at 

various temperatures. 

differ  l i t t le  in energy ,  a re  magnet ica l ly  nonequivalent.  The signals  of the bridge CH~ groups  a r e  located 
in the s t rong field. This  shows that the protons  cons idered  a r e  not located in the region of the nodal plane 
of the two v orb i ta l s  of the carbonyl  groups .*  

The p r e sence  of ni t rogen a toms  in the r ings  pe rmi t s  the suggestion of the poss ib i l i ty  of i n v e r s i o n -  
convers ion  t r ans fo rma t ions  of the spat ial  s t ruc tu res ;  however ,  in nonpolar  solvents  one fo rm is  p r e d o m i -  
nant, as  follows f r o m  a compar i son  of the mul t ip le t  of the a - H  e protons of all  the dilupinine e s t e r s  studied 
with the s p e c t r a  of lupinine at  var ious  t e m p e r a t u r e s  (Fig. 1). 

As can be seen,  in all  ca ses  a split t ing of the a - H  e signals is  obse rved  through geminal  s p i n - s p i n  
coupling and the s t rong- f i e ld  location of the s ignals  of the axial  protons .  

At tack by a hydroxonium ion of the lone pa i r s  of the ni t rogen a toms of the bases  (I) and (II) af fects  
the s ta te  of the conformat ional  equi l ibr ium, since,  depending on the concentra t ion of the acid,  in acid so -  
lutions doublet  s ignals  a r e  observed:  in (I) three  at  3.4, 3.7, and 4.25 ppm, and in (II) two at  about 3.7 and 
3.55 ppm. The re la t ive  intensi t ies  of these  s ignals  depend on the concentrat ion of acid (Fig. 2). The dou- 
blet f o rm of the signal is  due to the fact  that  the CTH-Cl~H20 signals  f o r m  an ABX s y s t e m  with a smal l  d i f -  
f e rence  dAB. Consequently,  the e x t r e m e  l ines of the s ignals  m a y  not a lways be obse rved  (see Fig.  2). 

* I f  the CH bond is  located in the region of the nodal plane of the group, usual ly  a downfield shift  of the s ig -  
nal by 2-1.5 ppm is  obse rved  [7]. 
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Fig.  2. PMR s p e c t r a  of (I) (a) and (II) (a') in CC14 
and of the protonated f o r m s  of (I) (b) and of (II) (b') 
in concent ra ted  HCI and of (I) (c) and of (II) (c') in 
18% HC1. 

Thei r  unambiguous ass ignment  to the CllH20 groups  follows unambiguously f rom this; now the s - H  e 
and a - H a  s ignals  a re  located in the 2.6-3.3 ppm region thanks to the quaternizat ion of the ni t rogen a toms.  
The r e su l t s  of a compar i son  of the posi t ions  of these  signals  in the protonated fo rms  of lupinine, epi lupi-  
nine, and the i r  methiodides  [8] pe rmi t s  the conclusion that  in acid solutions,  depending on the r a t e  of ex-  
change p r o c e s s e s ,  var ious  concentra t ions  of the format ions  of the e s t e r  exist :  t r a n s - t r a n s  2CH20 (a, a), 
6 = 3.2-3.4 ppm, " c i s - c i s "  2CH20 (e, e), 8 = 3.55-3.7 ppm and 3.2-3.4 ppm, and a lso  c i s - a - C H 2 0  , t r a n s - a -  
CH~O, 6=4 .2-4 .3  ppm, 6=3 .5 -3 .7  ppm. 

+ 
In the spec t rum of the dimethioclide of the base  (II) a s inglet  of the N - C H  3 groups  appea r s  at 3 ppm 

and a doublet of the CH20 groups at  3.4 ppm. These facts  show the ax ia l -equa tor ia l  or ientat ion of the 
+ + 
N - C H  3 group (for a , a - N - C H  s in quinolizidine sys t ems ,  6 = 2.6-2.76 ppm [9]) and equator ia l  CH2OR groups.  

+ 
Consequently, on iodomethylat ion the conformat ional  equi l ibr ium shifts  to the cis-quinol izidine N - C H  3 
(a, e), e-CH~O conformation.  
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The s p e c t r u m  of the base  (III) does not d i f fer  fundamental ly f rom (I) and (II), and the predominant  
conformat ion ,  accord ing  to the PMR spec t rum,  is s im i l a r  to that  of the bases  (l) and (ID. 

~ H 

Since in lupiuine, r ings  A and B a re  not equivalent ,  the conformat ional  equi l ibr ium m u s t  r e p r e s e n t  
a m i n i m u m  between th ree  f o r m s  dif fer ing in the or ienta t ion of the lone pa i r ,  of the subst i tuent  on the ni -  
t rogen  a tom,  and of the conformat ion  of the b icycl ic  s y s t e m  i tself :  

H/G ,H " H HOH~C 

+H~,O 

H / ,H-O-H ,H// 
, ) c  H .-b-N,c 

+H~,O . "-" H 

i j k 

I t  has  been found that  when the base (III) is  protonated,  all these f o r m s  can be detected.  In the PMR 
spec t rum of this base  in HC1 there  a re  three  doublet s ignals  at  4.15, 3.72, and 3.38 ppm. The re la t ive  in-  
tens i t ies  of these doublets change with a d e c r e a s e  in acidi ty  (Fig. 3). Since these  fo rms  a re  p re sen t  in 
HCI solutions and in the s p e c t r a  of lupinine there  a re  only two fo rms  [8], i t  m a y  be a s sumed  that a n i m p o r -  
rant fac tor  for  the s tabi l izat ion of these conformat ional  f o rms  is  the appearance  of an in t r amoleeu la r  hy-  

+ 
drogen bond between the carbonyl  group and the N - H  bond in HCI solutions with a low HzO act ivi ty  [10]. 
With an i nc r ea se  in the act ivi ty  of the water ,  these  complexes  a r e  des t royed,  thanks to which the concen-  
t ra t ion of the l eas t  s table  fo rm fails and the concentra t ions  of the other  conformat ions  r i s e .  F r o m  a con-  
s idera t ion  of the PMR spec t r a  of the base  (Ill) at  var ious  concentra t ions  of HC1 i t  is poss ib le  to detect  a 
d e c r e a s e  in the f o r m  of 6CH20 at  4.25 ppm and a gradual  i nc rease  in the concentra t ion of the fo rm having 
the signal of the protons  of the hydroxymethyl  group at  3.4 ppm. These  fac ts  p e r m i t  the conclusion that in 
acid aqueous solutions a complex eonformat ional  equi l ibr ium exis t s  the s tate  of which is  de te rmined  by the 
re la t ive  r a t e s  of invers ion  of the lone pa i r s  of the ni t rogen in fo rms  i, j,  and k (see above), the r a t e  of p r o -  
ton exchange,  the s tabi l i ty  of the complex with the in t r amoleeu la r  bond, and a lso  nonbeund in terac t ions  be-  
tween the subst i tuents  in the quinolizidine sys t em.  

Since for  monosubst i tu ted  quinolizidines three  nonequivalent conformat ions  i, j, k a r e  poss ib le  and 
in the PMR spec t rum of (IID in HC1 three  CH2OH mul t ip le ts  a re  observed,  then, allowing for the fact  that 
the e the r s  contain two quinolizidine rad ica l s ,  a min imum of six f o r m s  is p r e sen t  in acid solution: the 
s y m m e t r i c a l  ii, jj, and kk and the u n s y m m e t r i c a l  ij, ik, and jk, between which there  a r e  equi l ibr ia  with 
the par t ic ipat ion  of HzO and H30 +. 

The r e su l t s  of a compar i son  of the s p e c t r a  of the methiodides  of lupiuine and of epilupinine, and a lso  
other  methiodides  of dilupinine e s t e r s  with those given in the p re sen t  paper  show that  in the methiodide of 

+ 
this base  the signal of the CHzO group is  a doublet  at  3.4 ppm and that  of the N - C H  3 group is  a s inglet  at 
3.05 ppm. Consequently,  the conformat ional  equi l ibr ium has been displaced in the direct ion of the eis form.  
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PMR spec t ra  of (III) in CC14 (a), in 36% HC1 
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Fig.  4. PMR spec t r a  of the dimethiodides 
(V) (a), (VI) (b), and (IV) (c) in 10% HC1. 

The spec t r a  of the bases ,  beginning with (IV), do 
not differ  substant ia l ly  in the nature  of the mul t ip le ts  at 
4.1-4.3 ppm, 2.6-2.8 ppm, and 1-2.1 ppm, but in con-  
t r a s t  to the bases (I), (II), and (III) they include a mul t i -  
plet  in the 2.1-2.3 ppm region re la t ing  to the s ignals  of 
the four protons  of the bridge methylene groups.  These 
signals  obviously belong to the s ignals  of a CH group 
bound to a C=O group, the spli t t ing of which is due to 
the protons of the neighboring methylene groups.  The 
p resence  of the la t te r  in a weaker  field than in the spec -  
t r a  of the bases (II) and (III) shows that  in such c o m -  
pounds the signals  appear  in the region of the nodal 
plane of the e lec t rons  of the two carbenyl  groups and 
the population of the conformat ional  s ta tes  of the dif-  
fe ren t  or ienta t ions  of the C = O groups  re la t ive  to one 
another  depends on the number  of methylene groups be-  
tween the two quinolizidine f ragments .  This phenomenon 
is also conf i rmed by m e a s u r e m e n t s  of [ (~]D for  the d i -  
bases  studied (see Table 1). The osci l la t ing nature  of 
this re la t ionship  with even and odd number s  of bridge 
methylene groups shows that  in the predominat ing con-  
format ion  the  vec tor ia l  sum of the t rans i t ion momen t s  
changes regula r ly .  In view of the f o r m  of the s ignals  of 
the OCH 2 protons  (AB pa r t  of an ABX system)~ c h a r a c -  
te r iz ing  the influence of the a s y m m e t r i c  cen te r s  thanks 
to the nonequivalence of the r o t a m e r s  about the C y -  
CH2-O bond, these facts  can be in t e rp re t ed  as the r e -  
sult  of the fact  that, in a g r e e m e n t  with RosenfePdts  
fo rmula  [11], 

X R ,m m + 2 
[~]=A R~k~ - - ' :  " 3 ' 

a 
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Fig. 5. Dependence of the ratio 
c j / c k  on the ac t iv i ty  of wa te r  

1/aH20. 

TABLE 2 

HCI, ,~ l i  0 atl~O 

36 --4,35 0,2 
28.34 --3,28 0,35 
25 --2,901 0,45 

21,30 --2,301 0.55 
16,43 --1,681 0,77 

--1,17 
11,306,93 I--0,611 0,90,82 

cs 

5,6 
3,9 
2,60 
1,40 
1,80 
1,60 
0,68 

1 
altaO 

5 
2,85 
2,20 
1,81 
1,43 
1,22 
1,11 

* The values of H 0 and of 
aHz O were  taken f rom a 
pape r  by M. I. Vinnik [12] 
(Fig. 5). 

the sum of the par t ia l  fo rces  of ro ta t ion  depends on whether  the 
number  of m e m b e r s  in t h e t o t a l  is  odd or  even. The value of 
[a]D is  l e s s  when the number  is  even, which shows the mutual  
compensat ion  of the vec to r ia l  components  of the sums.  Thus,  in 
spite of the low rotat ion b a r r i e r  about the polymethylene bridge,  
these  r e su l t s  p e r m i t  the conclusion that p redominant  f o r m s  of 
r o t a m e r s  about the b r i d g e -  CH 2-  CH 2-  bonds exis t  in solutions.  
It  follows f rom the PMR spec t r a  that the predominant  c o n f o r m a -  • 
tion of the dilupinine e s t e r s  with n f rom 3 to 8 in nonpolar  med ia  
i s t h e t r a n s - t r a n s  f o r m  with axial  CH2OR groups .  In dilupinine 
s y s t e m s  with n > 3 an in te res t ing  influence of the conformat ional  
t rans i t ions  of one of the bound res idues  of the dibasic acids  of 
the quinolizidine s y s t e m  on the other  is a lso  observed .  In the 
f r ee  bases ,  this m a y  be shown in a synchronizat ion of the p r o -  
c e s s e s  of invers ion about the ni t rogen atom, and in reac t ions  i t  
m a y  be shown in a change in the di rect ion of the d i sp lacement  of 
the conformat ional  equi l ibr ium. 

In a considera t ion of the PMR spec t r a  of the dimethiodides 
of the bases  (IV-IX) th ree  groups of s ignals  a r e  possible:  

a) Two doublets of the hydroxymethyl  pro tons  at  3.95-4.0 
+ 

ppm and 3.45 ppm, n=4 ,  6, 8, signal of  N - C H  3 b r o a d e n e d -  ~ = 
3.21 ppm, Avl/2=3.5 Hz (Fig. 4a); 

b) only one signal in the weak field with n=5 ,  7 at 3.9 ppm, 
6 ~ _ C H 3 = 3 . 2  ppm, Avl/2 "~ 1.5 I-Iz (Fig. 4b); 

+ 
c) one s t rong- f ie ld  signal at  3.45 ppm with n= 2, 3, 6 N _ C H  3 = 

3.12 ppm, Avl/2 "~ 1.5 Hz (Fig. 4c). 

Thus,  the conformat ional  t ransi t ion of the trans--quinolizidine s y s t e m  in the iodomethylat ion react ion  
d i f f e r s  fundamental ly  accord ing  to the length of the -(CH2) n -  bridge,  namely:  where  there  is  only a weak-  
field doublet of the hydroxymethyl  group, the conformat ion of the dimethiodide is  t r a n s - t r a n s :  - C H 2 0 -  

+ 
(a, a), N - C H  3 (a, a); when, however ,  only a s t rong- f ie ld  doublet is observed,  the dimethiodide of the Dis- 

+ 
qua t e rna ry  fo rm p o s s e s s e s  the c i s , c i s  conformat ion:  - C H  2 -  (e, e), N - C H  3 (a, e); in those ca se s  where  
both s ignals  a r e  p r e sen t  and they a r e  of s im i l a r  in tensi t ies ,  the conformat ion of the dimethiodide is such 

+ 
that  one nucleus has  the cis  fo rm with - C H 2 0 -  (e), N - C H  3 (e, a) and the other  nucleus is  p r e sen t  in the 

+ 
t r ans  conformat ion  with - C H z O -  (a) and N - C H  3 (a, a). This conclusion is  in ha rmony  with the fact  that in 
the methiodide of c i s - C H 2 0 - ( e ) - l u p i n i n e  and in the methiodide of t r a n s - C H 2 0 - ( e ) - e p i l u p i n i n e  the CSs of 
the hydroxymethyl  protons  a r e  6 =3.45 ppm [6, 8]. 

As we have seen above,  on protonation (see Fig. 2) and when exchange p r o c e s s e s  take place in HCI 
solutions,  the dilupinine e s t e r s  fo rm a mix tu re  of c o n f o r m e r s  with var ious  c i s -  and t r an s - l i nkages  of the 
quinolizidine f r agmen t s  the concentrat ion of which depends on the act ivi ty  of the water ,  the acidi ty of the 
medium,  and the ra te  of proton exchange. A l a r g e r  amount  of wa te r  in the solvate shell  is  n e c e s s a r y  for  
the s tabi l i ty  of the k fo rm than for  the i and j fo rms .  This  shows that a r i s e  in the r a t e  of exchange with 
an i nc r ea se  in the act ivi ty  of H20 favors  a shif t  of the equi l ibr ium f rom the f i r s t  f o rm to the second be-  
cause  of the lower s tabi l i ty  of the r ing with the in t r amolecu la r  hydrogen bond and the lower degree  of so l -  
vation with wa te r  molecu les  in this cis  s y s t e m  - i. What has  been said above can be r e p r e s e n t e d  by a 
scheme  to which the following equations co r re spond  

kx- -  ci "aH20 " ( i )  k a :  ¢1 " c/j 
ko.a h'-K~g-" ka = a o. a . , o . a  ; (2) 

Cl : kl"h~ra ; (3) ei =k2.ho.b; cl =k~.ho.aH,o.d 
aHiO 
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/ ,  

N K' 

a b i, 
0 

I(, 1l H3 O+ ~1l H~°+ 

.,' ~j ..... 

+fi~ 

cis, CH2OR(tl) H/O~',.H ,''O C ~  R 

C i ttans, GH2OR{a} 
C~ 

0 
II 

_ " ~ - - - - N  d + 

KsJ [ H3 l 

fi H 

cis, GH20R (e) 

a + b + d = A  (concentrations of the bases taken) 

, : -  b . k  t ;  b = d . k ~ ;  a = d . k ~  

cj _ k.,-h,,.b k2 b _ k~ ,, 1 (4) 
c, k.~o.,,~o.a - k 3 ~.a,o kl k; ~ aH~O 

whoro c i is the concentration of the cis conformation with an axial CHz-OR (5 =4.2 ppm); ej is the concen- 
tration of the trans form with an axial CHzOR group (5 = 3.75 ppm); and Ck is the concentration of the cis 
form with an equatorial CH2OR group (5 =3.45 ppm)o 

To check the correctness of the quantitative description of these conformational changes, we have 
studied the degree of change of the eoncentrations of two forms of lupinine at different acidities h 0 and wa- 
ter activities. Beginning from some value of h 0 it is possible to neglect the presence of the c i form, since 
the equation 

c i ~ k,~ l 
cl, k :  k~ , OHiO 

is valid, i.e. the ra t io  of the concentration of the t rans  CH2OR-axial conformations to the concentration of 
the cis conformation with an equatorial CH2OR must  decrease in inverse  proportional to the activity of the 
water.  

Table 2 gives the values of c j /ck,  which were determined by the integration of the PMR spectra as a 
function of H 0 (acidity function) and all2 O (activity of water} for C-lupinine (4.8 • 10 -1 M). 

As can be seen from Fig. 5, the value of c j / c  k decreases  in agreement  with Eq. (4), which confirms 
our proposed scheme of changes in the conformational  states of the quinolizidine fragment  of lupinine as a 
function of the activity of water ,  the acidity of the medium, and the concentration of the base. 

CONCLUSIONS 

1. The conformational s tates of dilupinine es te r s  of dibasic acids and their  protonated forms,  and 
also their dimethiodides, have been studied by PMR spectroscopy.  

2. It has been shown that the nature of the conformational t ransformat ions  of the trans-quinolizidine 
system of lupinine and of the dilupinine es te r s  of dicarboxylic acids depends fundamentally on the acidity 
of the medium, the activity of water,  the strength of in t ramolecular  bonds, and the concentration of bases. 

2 0 2  
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