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In de termining the s t ruc tu re  of natural  furanoquinoline and dihydroquinolinone alkaloids and thei r  
der iva t ives  the method of NMR spec t roscopy  is  widely used [1-11], Robertson [1], having studied the NMR 
spec t ra  of many furanoquinoline alkaloids and the i r  der iva t ives ,  made an assignment  of the signals of the 
pro tons .  In the ass ignment  of the signals i t  must  be borne in mind that the chemical  shifts (CSs) of the p ro-  
tons in the NMR spec t ra  of complex molecules  a re  functions which depend, in the f i r s t  place,  on the e lec -  
t ron  densi ty  and i ts  a s y m m e t r y  and the magnetic anisotropy and e lec t r i c  field of the dipoles of polar  groups 
and he t e roa toms ,  and also on ring cur ren t s  within the molecule .  Consequently, to make an unambiguous 
ass ignment  of the CSs of the protons in the NMR spect ra  i t  i s  n e c e s s a r y  to take these fac tors  into account 
quanti tat ively.  

The presen t  paper  gives the resu l t s  of an analysis  of the NMRspec t r a*  of some der iva t ives  of the 
furanoquinoline and dihydroquinol in-2-one alkaloids taking into account fac tors  governing CSs in he t e ro -  
a romat ic  sys tems  (Tables 1 and 2). Using the MO LCAO method in Hiickel's approximation t we have ca l -  
culated the r - e l e c t r o n  densi t ies  (EDs) on the carbon atoms and the energy cha rac t e r i s t i c s  of a number  of 
molecules ,  making use of B. and A. Pu l lman ' s  p a r a m e t e r s  [12]. 

Below we give the molecu la r  d iagrams (MDs), MO energies ,  total energies  of the r - e l e c t r o n s  (Elf), 
and the delocalizat ion energies  (DE1r) of compounds (I-VI). 
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TABLE 1. Chemical Shifts and Spin-Spin Coupling Constants 
of the Protons of the Furan and Aromatic  Rings in Some Deriva-  
f ives of Furanoquinoline and Dihydroqutnolin-2-one Alkaloids 

Substance 

O[;H~ 

R--CHo_CH=C./CH~ 
" "CH3 

H aplophyllidine([) [6] 

/cH, 
R = CH=--CH2--C,. 

" I "CH3 
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Pefforine (11) [6] 

- FI z , 

RI=R~=H - 

Dictamine (I11) [lI  

Rt=H; R~=OCH3 

~Fagarine (IV) 
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I \ C H ~  

OH 

R == OCH3 

O-Me-folifinine (V[) 
[7] 

Diacetylfolifininc (VII) 
[71 

I~1= ~2=OCH3 
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R:=CH2_C_C(  CH3 
t I XCH3 

OH OH 
R2=OCH3 Evoxine (IX) I l l  
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Substance - S o l - C ~ r n i c a l  ~!~ippm..  | .  Hz, ppm 
- - -  - v c . n t  . . . . . . . . . . .  v~u~ , .  - , . . . s a  

FoltoMdine(XID[4] ~ 0 7 ~ - -  } .- ~ -- I __ I -- 
R=OCA-Ia 
Folimtne (XIlI) [9] 

The resu l t s  of a compar i son  of the values  of the 7r-electron dens i t ies  on the C 2 and C 3 carbon a toms 
of the furan nucleus in the molecu les  of {I) with (II-V) (MDs) show that  the introduction of the e l ec t ron -  
donating subst i tuent  OCH 3 in to  pos i t ion  4 of the pyr idine ring affects  not only the red is t r ibut ion  of the ED 
ove r  the cor responding  C 2 and C 3 a toms  but also leads  to an apprec iab le  dec r ea se  in the magnitude of the i r  
d i f ferences  (A2, 3) f rom 0.158 in (I) to 0.128 in (II) (MD). At the s a m e  t ime,  the condensation of a furano-  
pyr idine with a benzene ring has  l i t t le  effect  on the value of the ED at C~ and C 3 of the furan nucleus (A2, 3 = 
0.171). The introduction of a methoxy group into va r ious  posi t ions  of the benzene ring also has  p rac t i ca l ly  
no effect  on these  magni tudes .  

In a compar i son  of the CSs of the H 2 and H 3 protons  of the fur'an nuclei of  compounds (I-VI) (see 
Table 1) with the EDs on the cor responding  carbon a toms only a quali tat ive cor respondence  i s  observed ,  
i .e . ,  in all c a s e s  a weak-f ie ld  signal of t h e ~ - f u r a n  protons  co r re sponds  to a low value of the ED, and a 
s t rong-f ie ld  signal of the fl protons to a high value of the ED. The va lues  of the ED on the C s and Ce carbon 
a toms  of the a r o m a ~ c  nucleus ofO-Me-fol i f in ine(VI) ,  skim=ntanine (VIII), and evoxine {IX) {Table 1) also 
c o r r e l a t e  qual i ta t ively with the CSs of the protons  of the cor responding  a toms ,  but not quanti tat ively.  The 
values  of the ED of the a r o m a t i c  carbon a toms  Ca, C6, and C 7 in ~/-fagarine (IV, MD) and robust ine do not 
c o r r e l a t e  with the values  of the CSs of the cor responding  pro tons  (see Table  1, IV and V). The s ignals  of 
the Hs, H~, and Hy protons  in the NMR spec t rum of 7 - f a g a r i n e  give a typical  pa t te rn  cor responding  to a 
ABC t h r e e - s p i n s y s t e n ~  a f i r s t - o r d e r  analys is  of which leads  to the following va lues :  ~ = 7.80, 6~ = 7.03; 
5~ = 7 35 ppm,  js,e = 8.0 IIz js,? = 1.5 Hz j6.~ ± g.0 Hz, i .e . ,  the signal of the C s proton is  found in the 
weakes t  field alth'Sugh the ED on i t  xs g r e a t e r  than on the C~ a tom.  A s i m i l a r  pa t tern  is  obse rved  in r ebus -  
fine (V). Consequently,  in an ana lys i s  of the CSs of the a roma t i c  protons  Hs, H~, and Hz in T-fagar tne ,  
robust ine,  and the o ther  analogous alkaloids,  in addition to the EDs of the cor responding  carbon a toms ,  
o the r  f ac to r s  affecting the CSs mus t  be  taken into account.  

In condensed h e t e r o a r o m a t i e  compounds,  neglect ing contr ibut ions f r o m  i n t e r m o l e c u l a r  ~nd d i spe r s ion  
in te rac t ions ,  the CSs of the pro tons  can be r ep resen ted  approx imate ly  in the fo rm of the sum of the con t r i -  
butions 

z = z  A + z Z  - 4 - z E - b a ' ,  

where :¢  A i s  the a tomic  contr ibut ion to the magnetic,  screening  due to the e lec t ronic  cu r r en t s  of the given 
atom; 

¢r X and a E a r e  the contr ibut ions including the magnet ic  art isotropy and e lec t r i c  field of the i n t r a -  
m o l e c u l a r  a toms  aTM groups;  and 

~ '  i s  the sum of the contr ibut ions due to the ring c u r r e n t s ,  magnet ic  an iso t rop ies  ( a~ ) ,  and e lec t r i c  
f ields {a N) of the he t e roa toms .  

In calculat ing the contr ibution o.f CA to the CSs of the a roma t i c  pro tons  Hs, He, and H~ in T - f a g a r i n e  
and re la ted  compounds,  we s t a r t ed  f r o m  the fact  that in a roma t i c  and h e t e r o a r o m a t i c  compounds the value 
of a depends l i nea r ly  on the e lec t ron  densi ty  (q~r) of  the cor responding  carbon  a toms  [13-19], i .e . ,  a =  Kq~, 
where  the propor t ional i ty  coeff icient  K = 7-13.6 ppm p e r  e lec t ron .  In the calculat ions we used an ave rage  
value of K = 10 ppm p e r  e lec t ron.  

Consider ing the contr ibut ions a×  and cr E f r o m  CH s in the CSs of the pro tons  under  considera t ion of 
~/-fagarine to be smal l ,  we took into account  t h e  contr ibut ions a)~ and a E f r o m  the C4-O and C 8 - O  bonds 
on the CSs of the H 5, He, and H~ protons  in accordance  with the McConnell [20] and B u c k i n g h a m - M u s h e r  
re la t ions  [21, 22 ]. The contr ibut ions of the ring cu r r en t  of the pyridine ring and the contr ibut ions of the 
magnet ic  anisot ropy and e lec t r i c  field of the h e t e r o a t o m  on the CSs of the H 5, H e, and H 7 protons  were  
bor rowed f r o m  the r e su l t s  of a calculat ion fo r  quinoline [17]. F o r  a compar i son  between the calculated and 
exper imenta l  values  of the CSs of the Hs, He, and H 7 protons ,  see Table 2. 

It  can be seen  f rom Table  2 that  although there  i s  no s t r i c t  co r re l a t ion  between the calculated and 
obse rved  CSs of the a roma t i c  pro tons  Ha, H~, and H 7 in ~ - f a g a r i n e  and robus'flne, neve r the l e s s ,  this a p p r o a c h  
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TABLE 2. Changes in the CSs of the Aroma t i c  Pro tons  Hs, H e, 
and H 7 Due to the Effec ts  of Magnetic Anisot ropy (AS), the E l ec -  
t r i c  Field (A6 E) of the C4-O and C8-O Bonds and of the He t e ro -  
a tom N, of the Ring Current ,  and of A5 A in ~/ -Fagar ine  and 
Robustine,  ppm* 

H5 0,121" 
H~ 0,01 
H7 0,0 

0,0 --0,33 0,0 0,0--0,06--0,38 0,38 --0.27 7,51 
0,0 --0,05 0,0 0,0--0,03--0,17 0,27] 0,03 7,21 

0,65 7,20 0,08 0,0--0.490,01--0,03--0,17 10,04 
7,80 I 7,64 7,35 7,25 
7,03 7,1.2 

* The calcula t ions  w e r e  p e r f o r m e d  by using the following p a r a m e -  
t e r s  of the molecule  [23, 24]: 1 C - O  = 1.43 A°; C - H  = 1.09 A°; 
C = C = 1.34 A°; I=C = C - O  = 120°; LC = C - H  = 120 ° , / ~ C - O  =0 .86  
D; A ~ C _ O  = 5.3. 10 -6 c m 3 / m o l e .  

The absence  of sign denotes  an upfield shift  and the sign - a down- 
field shift.  

p e r m i t s  a c o r r e c t  a s s ignment  of the s ignals  in the NMR spec t rum to be made.  F u r t h e r m o r e ,  a substant ial  
inf luence on the CS of the proton at C 5 in (IV) and (V) i s  made by contr ibut ions due to the ring cu r r en t s  of 
the pyr idine nucleus and the e lec t r i c  field of the C4-O bond. So f a r a s  concerns  the cause  of the d i f ference  
between the calcula ted values  of the CSs of the Hs, H6, and H 7 protons  in (IV) and (V) and the exper imenta l  
va lues ,  they a r e  obviously the following: the approx imate  values  of the EDs according to the s imple  Hiickel 
method used in the p r e sen t  work;  the use  of the contr ibut ions A5 x C - O  and A6 C - O  in the dipole a p p r o x i m a -  
tion; the neglec t  of the anisot ropic  contr ibution f r o m  the lone pa i r s  of e lec t rons  of the oxygen a tom [24]; 
and the influence of the ~ - e l e c t r o n s  on the CSs of H 5, H 6, and H 7. In spite of these  l imi ta t ions ,  the eva lua-  
tion of the o ther  contr ibut ions p e r m i t s  an unambiguous identif ication of the s ignals  of the a roma t i c  pro tons  
in the NMR spec t r a  of de r iva t ives  of the furanoquinoline and dihydroquinolinone alkaloids.  The following is  
an i l lus t ra t ion  of what has  been said: in a qual i ta t ive cons idera t ion  of the s ignals  of the a roma t i c  pro tons  
of the alkaloid foliosidine (XII, Table 1) we [4] p rev ious ly  ass igned the weak-f ie ld  signal at 6 7.48 ppm to 
the By proton.  The facts  given above (see Table  2) and the values  of the EDs fo r  the C5, C 6, and C 7 a toms  
(MD of (VI))show that  the signal at 6 7.48 p p m i n  the NMR spec t rnm of foliosidine is  due to the H 5 proton.  

C O N C L U S I O N S  

1. The 7r cha rges ,  the bond o r d e r s ,  and the energy  c h a r a c t e r i s t i c s  of 12 de r iva t ives  of furanoquino-  
l ine and dihydroquinol in-2-one alkaloids have been calculated by the MO LCAO method in Hfickel 's  approx-  
imat ion .  

2. It has  been es tabl i shed that the CSs of the ~-  and E-pro tons  of the furan ring a r e  qual i ta t ively 
c o m p a r a b l e  with the EDs on the cor responding  carbon a toms  C 2 and C3, and the CSs of the a roma t i c  p r o -  
tons of ~/-fagarine and robust ine  do not c o r r e l a t e  with the values  of the EDs of the cor responding  carbon 
a toms .  

3. By p e r f o r m i n g  quanti tat ive ca lcula t ions  of the contr ibut ions due to the CSs, i t  has  been shown that  
a substant ia l  contribution is  made to the CSs of H s in T - f aga r ine ,  robust ine ,  and o ther  re la ted  compounds 
by A6r .c .  of the pyr idine ring and A6E C - O  of the C - O  bond of the OCH s group at C4; the ass ignment  of the 
s ignals  of the a roma t i c  protons  of foliosidine has  been ref ined.  
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