
HETEROCYCLES. Vol. 33. No. 2, 1992 1101 

SOME STEREOCHEMICAL ASPETS OF BISOUINOLIZIDI'JE 

ALKALOIDS SPARTEINE TYPE 

KzadysZaw Boczori 

Department o f  Stereochemis t ry ,  Facul ty  of Chemistry 

Adam Mickiewicz U n i v e r s i t y  

Gnmwaldzka 6, 60-780 Ponar? ,  Poland 

Abs t rac t  - This review p r e s e n t s  some c o n s i d e r a t i o n s  on t h e  in- 

f luence  o f  i n t e r -  and extramolecular  f a c t o r s  o f  b i s q u i n o l i z i d i -  

n e  a l k a l o i d s  on t h e i r  s tereochemiat ry ,  chemical  and physico- 

chemical p r o p e r t i e s  / a l so :  proton-accentor/  and conf igura t io -  

nal-conformational  e q u i l i b r i a .  

S t u d i e s  on t h e  in f luence  of given i n t r a -  and extramolecular  f a c t o r s  of  

b i s a u i n o l i z i d i n e  a l k a l o i d s  on t h e  s t e reochemis t ry  and t h u s  on t h e i r  nro- 

ton-accentor  u r o o e r t i e s  have been c a r r i e d  o u t - i n  our  Laboratory f o r  many 

yea rs .  1-6 

B i s q u i n o l i z i d i n s  his-Q/ a l k a l o i d s  a r e  c h a r a c t e r i z e d  by a complex spatial 

s t r u c t u r e ,  which, depending on t h e  cond i t ions  may undergo s p e c i f i c  chan- 

ces. 3,7-9 

......................................................................... 
This  o a n e r  is dedicated t o  P r o f e s s o r  Masatomo Hamana on t h e  occas ion of 

h i s  75 th  bi r thday.  
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Of s u e c i a l  i n t e r e s t  was t h e  dvnamic s t ~ r e o c h e m i s t r y  of  s p a r t e i n e  de r iva -  

t i v e s ,  and it involved determinat ion  o f  t h e  deqree  a t  which even s m a l l  

s t r u c t u r e  changes, and p o s s i b l y ,  o t h e r  e x t e r n a l  f a c t o r s ,  may a f f e c t  t h e  

e l e c t r o n i c  and s t e reochemica l  s t r u c t u r e  a s  w e l l  a s  b a s i c  p r o p e r t i e s  of  

t h e  s t u d i e d  systems. 

The b a s i c  biomolecule of  t h e  bis-Q s t r u c t u r e  is s p a r t e i n e  /I/, which is  

comuosed o f  t w m  q u i n o l i z i d i n e  m o i e t i e s 7  condensed a t  7 , 9  p o s i t i o n s  accor-  

d i n 5  t o  t h e  numbering of atoms of  t h e  whole molecule s k e l e t o n  /as it i s  

u s u a l l y  done/. Thus, i h a s  four  c h i r a l  carbon atoms: C6,C7,C9 and C11. 

L i k e l y  s t e reo i somers  of  t h e  bis-Q svstem a r e  determined by r e l a t i v e  p o s i -  

t i o n  of cia and hydrogen atoms a t  C6 and Cl l  a g a i n s t  l o n e  e l e c t r o n  

a of n i t r o ~ e n  atom / ~ l  o r  N16/. O f  t h e  f o u r  t h e o r e t i c a l l y  p o s s i b l e  

combinations o f  bo th  q u i n o l i z i d i n e  systems,  o n l y  t h r e e  a c t u a l l y  occur ,  

termed: &,-isosparteine, which is t r a n s - t r a n s  system of bis-Q, a l l - f o u r  

chairs; p - i s o s p a r t e i n e ,  which i s  c i s - c i s  system o f  bis-Q, a l l - f o u r  

c h a i r s :  s u a r t e i n e ,  which i s  t r a n s - c i s  svstem of bis-Q, a l l - f o u r  c h a i r s .  - 
I n  s p a r t e i n e  molecule /i/, 3 9 8 9 9  t h e  t r a n s - c i s  system o f  bis-Q p r e s e n t e d  

o n l y  i n  solids / s i m i l a r l y  as i n  P - i s o s p a r t e i n e  t h e  c i s - c i s  system o f  b i s -  

Q/,  w h i l e  i n  s o l v e n t s  /aurot ic ,e .g .  d i ch lo roe thane ,  benzene, chloroform/ 

a  c o n f i p r a t i o n a l - c o n f o r m a t i o n a l  e a u i l i b r i u m  i s  reached,  markedly s h i f t e d  

towards boa t -cha i r  conformation i n  C-D r i n g s ,  o r  i n  o t h e r  words, t o  t h e  

t r a n s - t r a n s ;  chai r -chai r :boat -chai r  svstem, s t a b l e  wi th in  t h e  temperature  

r a n e e  - 2 0 ' ~  - +lOoOc. In ~ - i s o s p a r t e i n e , ~ " ~ - ' ~  accord ing ly  t h e r e  o c c u r s  

t h e  c i s - t r a n s ;  cha i r - cha i r :boa t -cha i r  system, whereas i n 6  - i s o s p a r t e i n e ,  

both i n  s o l u t i o n  and s o l i d ,  t h e  same svstem is found / s e e  Scheme l / .  This  

uhenomenon r e s u l t s  from r e p u l s i v e  i n t e r a c t i o n s  o f  l o n e  e l e c t r o n  p a i r s  of  

N l  and N16 o f  1, which was proved on t h e  b a s i s  o f  ir and nmr s p e c t r a  and 

s p e c i f i c a l l y  d e u t e r a t e d  d e r i v a t i v e s .  4 'q '9912'15 t r a n s - c i s   is-Q system 

/ a l l - c h a i r /  i s  found in s p a r t e i n e  mono-salts, where i n t r a m o l e c u l a r  hvdro- 

gsn bond is  formed. A s  fo l lows from t h e  f i n d i n g s  made s o  far, t h e  A-B r i n g  
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system of s p s r t e i n e  /L/ is  "w", i .e .  n o t  s u s c e p t i b l e  t o  invers ion  of 

conf igurat ion abou t  t h e  N1, whereas t h e  C-D r i n g  system o f  1 is "flexib- 

l e " ,  i .e. s u s c e p t i b l e  t o  invers ion of c o n f i m r a t i o n  about t h e  N16. /Sche- - 
me I/ 

I t  has  been a l s o  accepted,  fo l lowing ~ i e w i 6 r o w s k i , ~  t o  c a l l  t h e  trans- 
t r a n s  svstem o f  b is-Q i n  which n i t r o p e n  atoms N1 and N16 a r e  quasi-- -- 
with r e s n e c t  t o  each o t h e r  - " t ra .~so ida l"  system, whi le  the  t r a n s - c i s  

system, due t o  t h e  same reasons  - " c i s o i d a l "  system. /Scheme 1/ 

Thus, t h e  key nroblem of t h e  presented s t u d i e s ,  t h e  main o b j e c t  o f  which 

Was 1, was t h e  p o s s i b i l i t y  of s tereochemical  c h m q e s  of bis-Q molecule. 

S t r u c t u r a l  modi f i ca t ions  o f  its molecule concerned mainly t h r e e  p o s i t i o n s ,  

when the  s u b s t i t u e n t  was a t t ached  t o  C2 o r  C15 o r  C17, ad jacen t  t o  n i t r o -  

pen atoms, and when g-oxide funct ion was introduced; t h e  major aim of 

t h e s e  moriif ication was t h e  observat ion o f  any p o s s i b l e  changes in  t h e  co.1- 

f i ~ r a t i o n a l - c o n f o r m a t i o n a l  system anri in  p r o p e r t i e s .  

~h~ s t a r t i n g  o o i n t  o f  t h e s e  s t u d i e s  0.1 t h e  system o f  s u b s t i t u t e d  bis-Q was 

t h e  s y n t h e s i s  of 2-phenyl-2-dehvdrosparteine /2/,17 in  which a  mesomeric 

~henyl-en-amino system was in t ro tuced  t o  a  " r i q i d "  t r ans -qu ino l iz id ine  A-B 

fraqnent o f  2. /Scheme 2/ 

So f a r ,  u n s u b s t i t u t e d  enamines obta ined upon 1 and i ts  d e r i v a t i v e s  dehydro- 

penation,  have been only known t o  form immonium c a t i o n s ,  which a r e  l o c a l i -  
\ zed a t  t h e  j o i n t  0 C = N +' , of two r i n ~ s  o f  6-membered q u i n o l i z i d i n e  

f r a p e n t s .  

I n  t h e  case  o f  t h e  s tud ied  2, t h e  immonium c a t i o n  obta ined i ts  protona- 

t i o n  has been found t o  be l o c a l i z e d  wi thin  t h e  e x t e r n a l  r i n g  A, and n o t  a t  

t h e  j o i ~ t  of r i n g s .  This w a s  due t o  t h e  f a c t  t h a t  t h e  proton was a t t ached  

n o t  t o  n i t r o q e n  N1, bu t  t o  carbon C3 end o f  t h e  coupled enamine system. 

The above observa t ions ,  concerning both PC-protonation and p o s i t i o n  of i m -  

mOTium ca t ion  in  t h e  e x t e r n a l  r i -g ,  have been made f o r  the  f i r s t  t ime f o r  

t h i s  moup o f  compounds. 
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I n  t h e  beqinning it was n e c e s s a r y  t o  exp la in  t h e  func t ion  of  phenyl subs- 

t i t u e n t  a t  alpha t o  - p o s i t i o n  of "-" j o i n t  of q u i n o l i z i d i n e  f rag-  

ment of 1 /A-B r i n g s /  a s  w e l l  as t h e  s u h s t i t u e n t  e f f e c t  on t h e  p r o p e r t i e s  

of t h e  newly formed &,p-enamine system. 

Pro tona t ion  of 2 y i e l d e d  t h r e e  c r y s t a l l i n e  g - s a l t s :  hydroch lo r ide  /2-2HC1/, 

h~rdrobromide / 2 - 2 ~ & /  ones,  and o e r c h l o r a t e  /2-2HC104/ one. Q u i t e  unexpec- 

t e d l y ,  a - s a l t s  tu rned  o u t  t o  have d i f f e r e y t  v i b r a t i o n  s p e c t r a ,  dependin6 

o? t h e  tvpe of t h e  introfiuced anion.  To d i scover  t h e  causes  f o r  t h e  d i f -  

f e r e n c e s  i n  ir s p e c t r a  and t o  determine t h e  e f f e c t  o f  t h e  s u b s t i t u e n t ,  

2-methyl- and 2-/p-tolyl/- analogs  of 2-dehydrosparteine / I  and 4, respec-  

t i v e l y /  and s p a r t e i n e  were a d d i t i o n a l l y  svn thes ized  and then t h e  r e s u l t s  

were compared w i t h  t h o s e  f o r  t h e  2-nhenyl q o u n .  /Scheme 2/ 

Though t h e  experiments performed and comparisons made t o  t h i s  e f f e c t  have 

proved t h a t  phenyl s u b s t i t u e n t  is ? o t  r e s p o q s i b l e  f o r  t h e  abnormal v ib ra -  

t i o n  aqd e l e c t r o n  s p e c t r a  o f  2-2HC1 and 2-2HC10q, they  have n o t  given t h e  

aqswer a s  t o  t h e  genes i s  o f  t h e  observed d i f f e r e n c e s .  The r e s u l t s  o f  X-ray 

s t r u c t u r a l  a n a l y s i s  o f  2-2HC104 l e t  u s  r e j e c t  t h e  " c i s o i d a l "  conformation 

o f  t h i s  compound.'* This,  however, i m l i e s  t h a t  t h e  s n e c t r a l  p i c t u r e  /ir/ 

and s t r u c t u r e  of Li-salts of  2 must be determined by t h e  e l e c t r o n  system 

w i t h i n  A-B r i n g s  o f  t h e  molecule. Therefore ,  t h e  most probable  s o l u t i o n  is  

t h a t  t h e s e  s a l t s  a r e  a resonance hvbr ide  o f  t h r e e  s t r u c t u r e s :  /a/immonium, 

/b/carbonium, and /c/"quinonium". /Scheme 3 /  

The e l c t r o n i c  s t r u c t u r e  o f  t h i s  mesomeric & -nhenylimmonium hybr ide  /d/ 

should deoend on t h e  geometry and oroton-acceptor  p r o p e r t i e s  of  t h e  couq- 

t e r a n i o n  and i ts  surroundings .  In anhydrous p e r c h l o r a t e  g - s a l t  o f  2, t h e  

bulky C104 group of low a c c e p t o r  a c t i v i t y  is t h e  on ly  moiety which can as- 

s o c i a t e  wi th  t h e  "ac id ic"  hydrogen ntom a t  Cp. 
This  i n t e r a c t i o n  is v e r y  weak, and w i l l  probably n o t  i n f l u e n c e  t h e  advan- 

ced d e l o c a l i z a t i o n  of t h e  p o s i t i v e  charqe wi th in  t h e  four  carbon and one 

n i t r o q e n  atoms /form d,  Scheme 3/ s i w i f i c a n t l y .  On t h e  o t h e r  hand, t h e  
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s u b s t i t u t i o n  of t h e  C10; anion by a C 1 -  / o r  Br-/ ion may a lmost  o r  comp- 

l e t e l y  block t h e  p o s s i b l e  d e l o c a l i z a t i o n  of t h e  charge  i n  t h e  d i r e c t i o n  of 

t h e  "c" form, s i n c e  t h e  r e l a t i v e l y  smal l  C1-  anion, which h a s  a g r e a t e r  

a c c e n t o r  a c t i v i t y  than t h e  p e r c h l o r a t e  anion,  w i l l  try t o  i n t e r a c t  wi th  

t h e  ac i r l i c  hv4rogen atom a t  C /C3/ .  Th i s  i n t e r a c t i o n  is of  a hvdrogen 

bond c h a r a c t e r ,  and w i l l  s t a b i l i z e  t h e  resonance forms "a" and "b". 

The f a c t ,  what both dihvdroha1o:enic s a l t s  aqd d i p e r c h l o r a t e  s a l t  of 2 

y i e l d  t h e  same c r y s t a l  2-cyano-2-nhenylsnarteine /5/ confirms t h e  same 

conformation system f o r  both  t h e s e  ni-salts. '9 /Scheme 4/ 

~ ~ ~ i d e s ,  i t  was a l s o  proved t h a t  methyl and p - to ly l  s u b s t i t u e n t s  in t rodu-  
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ced t o  1 and dehydrosparteine molecules a t  posi t ion 2 do not  exer t  any 

s i m i f i c a n t  influence on the  conf i@rat ional-confornat ional  system of the  

" f lex ib le"  C-D f r a p e n t  of the parenta l  molecule. 20*21 During protonation 

of  ?-methyl- and 2-/p-tolyl/-2-dehydrosparteine /Z and 4, respec t ive ly / ,  

a s  in  the  case of the  previously discussed 2, the  cmfigurational-confor- 

mational svstem in both g - s a l t s  does not  change: in  e i t h e r  case in the 

molecule the presence of  immonium bond > C Z  = ~ l + <  is observed, and the 

perceived differences in ir spec t ra  within the  range 1680-1800 cm-I a r e  

orobably a lso  r e l a t e d  to  the proton-accmtor proper t ies  of the  introduced 

counteranions and t h e i r  surroundings. The occurence of 2-2HC1O4 in the  

same conformation system a s  the parenta l  base / s imi lar ly  a s  in  t h e  case 

of 2 and i ts  &-oerchlorate/ was confirmed by X-ray s t r u c t u r a l  analysis .  22 

The above discussed s tudies  focused on objects  t o  which in the  "m" 
trans-auinol ieidine A-B f r a p e n t  of  molecule only one subs t i tuent  was in- - 
traduced. In fu r the r  s tudies ,  17*20 using aopropriate  immonium ca t ions  ob- 
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t a i n e d  e a r l i e r ,  oyanoder iva t ives  o f  2-methyl- and 2-phenylspar te ine  / & a n d  

5,  r e s p e c t i v e l y /  were syn thes ized ,  t h e i r  s t r u c t u r e ,  p r o p e r t i e s  a s  we l l  a s  

t h e  p ro tona t ion  s i t e  o f  t h e i r  salts were determined. "//scheme 4/ 

The aim of t h i s  s y n t h e s i s  w a s  t o  de f ine  t h e  i n f l u e n c e  on t h e  conf igurat io-  

nal -conformat ional  system and on t h e  b a s i c  p r o o e r t i e s  of  &-subs t i tuen t  

by t h e  ano the r  s u b s t i t u e n t  a t t a c h e d  a d d i t i o n a l l y  t o  t h e  same &-carbon 

atom; t h i s  is a s u b s t i t u e n t  showing s t r o n g  e lec t ron-accep to r  p r o p e r t i e s  

c h a r a c t e r i s t i c  of  e.g. cyan0 bmxm. It i s  h i g h l y  probable  t h a t  t h e  CN- 

group, a d d i t i o n a l l y  in t roduced t o  C2, assumes an p o s i t i o n  a s  i n  the 

c a s e  o f  both  2-methyl- and 2 - p h e ~ v l s p a r t e i n e  /I and 8, r e s n e c t i v e l y / ,  23,24 

t h e  s u b s t i t u e n t  a t t a c h e d  t o  C2, a f t e r  r educ t ion  o f  dehydroder ivat ive ,  as- 

sumed an e q u a t o r i a l  p o s i t i o n .  

I t  was o f  impo*tance t o  d e f i n e  t h e  p ro tona t ion  way o f  t h e  newlyobtained 

compounds and then t o  determine i t s  in f luence  on t h e  s t r u c t u r e  o f  t h e  

salt.  It tu rned  o u t  t h a t  whi le  i n  2-cyanoder ivat ives  o f  2 - subs t i tu ted  

s p a r t e i n e , 1 9  t h e  same conf igura t iona l -confo~rnx t iona l  system is presemed  

as i n  t h e  p a r e n t a l  &-monosubsti tuted bases  / t r a n s - t r a n s ;  cha i r -cha i r :  

boa t -cha i r / ,  t h e  i n t r o d u c t i o n  o f  one proton i q t o  t h e  molecule r e s u l t s  iq  -- 
an invers ion  of conf igura t ion  of Y16,  which l e a d s  t o  a " c i s o i d a l "  posi -  

t i o n  o f  n i t r o g e n  atoms, which i n  t u r n  pe rmi t s  formation of in t ramolecular  

hvdrogen bond / a s  i n  t h e  c a s e  of 1, I and 8 monosalts4'23/. 

I n t r o d u c t i o n  of cyano. group /wi th  a  neqa t ive  i n d u c t i v e  e f f e c t /  a t  C2 posi- 

t i o n  t o  2 - subs t i tu ted  s p a r t e i n e s  s i m i f i c a n t l y  reduces  b a s i c  p r o p e r t i e s  

of n i t r o s e n  atom N l  i n  comparison wi th  t h e  proton-acceptor p r o p e r t i e s  of 

x/ A s  a  consequence o f  t h e  p resence  o f  d,(benamins system i n  A r i n g  of t h e  

molecule,  it was p o s s i b l e  t o  in t roduce ,  f o r  t h e  f i r s t  t ime  t o  t h i s  

g r o w  of compounds, t h e  CN- s u b s t i t u e n t  t o  t h e  e x t e r n a l  r i n g .  2  5 
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o a r e n t a l  compounds and s p a r t e i n e  i t s e l f ,  y e t  a t  t h e  same time i n c r e a s e s  

t h e  d i f f e r e n c e s  i n  proton-acceptor  p r o p e r t i e s  i n  f a v o r  o f  Nl6 atom. Proton 

a d d i t i o n  to nitrogen atom ~ 1 6  causes  invers ion  o f  conf igura t ion  about  t h i s  

atom, which g e r m i t s  formation o f  in t ramolecu la r  hvdrogen bond. Th i s ,  i n  

t u r n ,  p reven t s  re- invers ion and s t a b i l i z e s  t h e  system's conformation. The 

above obse rva t ions  a r e  supported by t h e  m a l v ~ i s  o f  a p p r o p r i a t e  pKMcS 

d a t a , x /  which imply t h a t  t h e  i ~ t r o d u c t i o n  of nroton i n t o  a  molecule o f  

2-cyano-2-substituted s p a r t e i n e  is  more d i f f i c u l t  than i n  t h e  c a s e  o f  I 

o r  €3, and even more complex f o r  s n a r t e i q e  i t s e l f .  
19 

Dehydrogenation r e a c t i o n  o f  2-cyano-2-phenylsparteine /i/, deu te ra ted  a t  

C17 p o s i t i o n ,  by N-bromosuccinimide i q t e r a c t i o n ,  proceeds wi th  t h e  c o n t r i -  

but ion o f  C17 atom, and wi th  t h e  n i t r o g e n  atom VI remaining t o t a l l y  inac-  

t ive .19 The a q a l y s i s  of  ir spectrum showed a presence o f  CN- group and an 

immoniwn boqd >C17 - ~16': i n  t h e  molecule,  and a t  t h e  same t ime an 

absence o f  C17-D bond. Reduction o f  p e r c h l o r a t e  s a l t  of t h e  dehydrogena- 

t i o n  uroduct  l e d  t o  formation of 5. Thus, it i m p l i e s  t h a t  t h e  course  o f  

dehvdrogenation o f  l ID-2-cyano-2-phe~lv l s~a~ te ine  i s  similar a s  i n  t h e  c a s e  

o f  17D-lupanine /2-oxosparteine/ ,  and t h a t  t h e  s u b s t i t u e n t  a t  C2 i n  cyano- 

d e r i v a t i v e s  behaves i n  t h e  same way as oxvqen atom i n  s p a r t e i n e  lactam. 

To s tudy more thoroughly  t h e  p r o p e r t i e s  of t h e  s u b s t i t u t e d  cyanoder ivat i -  

ve of 1, a t  p o s i t i o n  C11 o f  t h e  " f l e x i b l e "  molecule fragment / r i n g s  C-D/ 

of 5, an i s o ~ r o p y l  m o m  was a d d i t i o n a l l y  in t roduced,  which r e s u l t e d  i n  a 

formation of 2-cyano-2-~henyl-17~-isopropgls~arteine. It appeared t h a t  

t h e  i s o ~ r o o v l  group in t roduced a t  l 7 p - p o s i t i o n  e f f e c t i v e l y  b locks  t h e  

a c c e s s  of e l e c t r o p h i l i c  f a c t o r s  t o  N16, and t h u s  p r e v e n t s  invers ion  o f  

i t s  confip;uration,  which may be desc r ibed  a s  t h e  e f f e c t  o f  " isopropvl  an- 

chor"  2 6  -- 
- ................................................................................................................ 
E/ The pKMcS v a l u e s  were rletennined bv po ten t iomet r i c  t i t r a t i o n  o f  base  

S o l u t i o n s  i n  a mix tu re  o f  2-methylce~lonolve  /MCS/ and water  80:20, 

w t / w t ,  u s i n g  an automat ic  m i c m t i t r a t i o n  dev ice  from Radiometer SA. 
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So a s  t o  s e t  more information on t h i s  subject,  a synthesis of  14-dehydro- 

15-phenvlsparteine /2/ was made.27 This compound is an analog of h i ther to  

s tudied a - p h e n y ~ , p e n a m i n e  system, "9*O which in t h i s  pa r t i cu la r  case 

has a funct ional  system within the " f lex ib le"  quinol izidine C-D f r a p m t .  27 

/Scheme 5 /  

Schane 5 

Durine the s tudies  the  differences i n  protonation ways of 2 were obsemed 

a71d explained. It was found, 17'20 t h a t  in  the case o f  2,2 and 4, o.lly 
t h e i r  &i-salts were obtained, with t h e i r  ?o?fIgurat ional -conformat ional  

system being the  same a s  fo r  the parenta l  bases / i . e ,  t rans- trans;  chair- 

cha1r:boat-chair, in  A-B and C-D r ings ,  r e s p ~ c t l v e l y / ,  whereas, due t o  the 

i ~ t r o d u c t i o n  of  2-phenyl&,C,r-enamine system to  r i n g  D /"f lexiblet '  C-D 

f r a m e n t  of bis-Q/, t h e  mamine base assumed trans-cis ;  a l l - c h a i r  confor- 

mation / "c iso ida lW arrangement/, wbich is  qu i t e  d i f fe rent  than t h a t  o f  1, 
2.2 awl 4. A s  a r e s u l t  of protonation, m - p e r c h l o r a t e  and a-hvdmchlo-  - 
r i d e  s a l t s  were obtained.27 The former s a l t  preserves the  system of t h e  
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p a r e n t a l  base / " c i s o i d a l " /  s t a b i l i z e d  by t h e  formed in t ramolecu la r  hvdro- 

gen bond, whi le  t h e  l a t t e r  assumes t r a n s - t r a n s ;  cha i r -cha i r :boa t -cha i r  

/A-B. and C-D r i n g s ,  r e s p e c t i v e l y /  conformation w i t h  t h e  immonium bond 

=h716+= CIS< and 2 ~ 1 ' -  H bond b e i n g  formed. 27*28 /Scheme 6/ 

Reduction o f  " c i s o i d a l "  2 with  "laBH4 y i e l d s  " t r a n s o i d a l "  15-phenylspar- 

t e i n e  /s/, which as a  r e s u l t  of  p ro tona t ion  is  transformed i n t o  "u- 
d a l "  mono-salt wi th  p ro tona ted  N1 and wi th  an i n t r a m o l e c u l a r  hydrogen --  
bond. 2 7 9 2 8  /Scheme 6/ 

On t h e  b a s i s  of  t h e  r e s u l t s  obta ined,  i t  was p o s s i b l e  t o  make a compara- 

t i v e  a n a l y s i s  of  two isomeric  enamine systems o c c u r r i n g  i n  t h e  ex te rna l  

r i n g s  / A  o r  D/ o f  s p a r t e i n e  molecule,  17920127 and t o  make some genera l i -  

z a t i o n s  concerning t h e  shape and i n t e q s i t v  o f  t h e  so-cal led  " t r a n s  band" 

/-//2840-2600 em-'/ o f  ir s p e c t r a  o f  t h e  systems under study.28 In  

t h e  comparative a n a l y s i s  t h e  r e f e r e q c e  system was 1 and i ts  T-baqd show- 

i n g  two i n t e n s i v e  maxima /2795 and 2761 em-'/ and two s a t e l l i t e  bands 

9915*29  A s  compared wi th  t h e s e  bands, t h e  T-band o f  /2860 and 2590 cm- /. 

2 i s  h i ~ h l y  modified due t o  a p a r t i a l  d e l o c a l i z a t i o n  o f  l o n e  e l e c t r o n    air - 
of N1 caused by mesomerism of enamine system. The same s t r u c t u r a l  and 

e l e c t r o n  f a c t o r s  which modify t h e  T-band were a l s o  found in  4, however, 

i t s  T-band d i f f e r s s  d r a s t i c a l l y  from t h a t  o f  2 and t h a t  o f  1. Such a d i f -  

f e r e n c e  is due t o  t h e  l o c a l i z a t i o n  o f  both  enamine systems: i n  t h e  case  o f  

2 ,  t h e  system i s  i n  t h e  "ripid" two-- conformation /A-B r i n g s / ,  whi le  - 
i n  t h e  case  o f  2 in a " f l e x i b l e "  boa t -cha i r  conformation /C-D r i ?gs / .  A s  

it i s  known, 9 v 1 5 9 2 9  t h e  shape and i n t m s i t v  o f  T-band o f  1 a r e  a f f e c t e d  by 

three - H t r a n s - a x i a l  bonds occur r ing  i n  t h e  v i c i n i t y  o f  N1 atom, t h e r e -  

f o r e  changes i n  t h e  A-E f r a q e n t  o f  t h e  molecule l e a d  t o  a  g r e a t e r  modifi- 

c a t i o n  of t h e  i n t e n s i t y  and shape o f  T-band than analogous changes i n  t h e  

C-D fragment. 28 

It h a s  been shown t h a t  T-hand i n  2 is  more i n t e n s i v e  than i n  1 / add i t io -  

n a l  band a t  2730 cm-l/. Thus, it seems t h a t  t h e  e l e c t r o n  s t r u c t u r e ,  and, i n  
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Scheme 6 
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consequence, l o c a l i z a t i o n  and o r i e n t a t i o n  of lone e l e c t r o n  p a i r  of n i t r o -  

gen atom of  enamine system depend on tendency t o  invers ion  of t h i s  atom. 

In t h e  case  of 2 invers ion  is completely i n h i b i t e d ,  which favours  deloca- 

l i z a t i o n  of l m e  e l e c t r o n  p a i r  i n  t h e  resonance hybr id  o f  enamine. 9,17,20,  

28 A tendency of N16 towards invers ion  o f  conf igura t ion  i n  1 h i n d e r s  delo- 

c a l i z a t i o n  of i t s  l o n e  e l e c t r o n  p a i r  a f t e r & , p e n a m i n e  system has  been in -  

t roduced t o  C-D fraqment o f  molecule. This should be manifes ted by a s ig -  

n i f i c a n t  reduct ion of proton-acceptor p r o n e r t i e s  o f  C14 carbon atom i n  

comparison wi th  C 3  atom i n  2. Hence, in  t h e  c a s e  of 4 t h e  a d d i t i o n a l  band 

a t  2730 cm-' r e s u l t s  from t h e  v i b r a t i o n s  o f  C17 - Htrans-axial bond occur- 

r i n g  i n  t h e  two-chair conformation of *-quinolizidine. It i s  assumed 
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then t h a t  due t o  the  introduction of enamine system and phenyl qroup into 

C-D f r a m e n t ,  t h i s  fraqnent is transformed from t rans ;  boat-chair t o  cis; 
two-chair.28 Then, however, why the second inversion doesn't occur ? As 

follows from molecular models inspections in the  2 molecule, the ex is t ing  

o l e f in  bond f l a t t e n s  r i n g  D /Scheme 7/, thus,  increasing s l i g h t l y  the  d i s -  

tance between the  n i t r o ~ e n  atoms "1 and Y16 and in consequence decreasing 

t h e i r  mutual repel l ing.  A t  the  same time, the  same o lef in  bond involves 

t h e  lone electron p a i r  of the nitrogen atom N16 in to  t h e  

4 e -enmine t------t immonium-carbonium mesomerism: 

thus deereasing the  s u s c e p t i b i l i t y  of N16 to  inversion which would lead t o  

t rans- trans.  chair-chair:boat-chair. The two mentioned f ac to r s  which sta- --*---- 
b i l i r e  the  t rans-cis ;  a l l - cha i r  arranc~ment  of  2 do not  occur in  the  same 

confimrat ional-canformational  form of 1; therefore,  in  the l a t t e r ,  the 

t rans-trans;  chair-chair:boat-chair form dominates. 28 

The above findings should be re la ted  t o  the f a c t  t h a t  CDCl5 molecules as- 

soc ia te  with eas i ly  access ib le  proton-acceptor center  of the  molecule / in  

other  words, with ni t rogen atoms/. A s  has been shown e a r l i e r , 2 9  only n i t -  

roqen centers  in  the  " f lex ib le"  boat-chair arranqement of  m - q u i n o l i e i -  

dine system can be subject  t o  such an associat ion,  while those i n  the  two- 
c h a i r  system of  &-quinolizidine a re  t o t a l l y  inaccessible.  - 28 

T-bands of  1 and 2 a r e  very s imi lar ,  whereas an analogous bond of  2 subs- 

t a n t i a l l y  d i f f e r s  from them, which implies t h a t  the f i r s t  two compounds 

show e i t h e r  high stereochemical averment  o r  even iden t i ty ,  and the l a s t  

i s  characterized by a d i f f e ren t  conformation dvnamics. 9.17,20,27,28 

The sugqested &; two-chair system of  C-D ? in@ in 2 should have a consi- 
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d e r a b l e  i n f l u e n c e  on t h e  s i t e  and s t a q e s  of u ro tona t ion  of t h i s  compound 

l e a d i n g  t o  m a -  and a - p r o t o n a t e d  c a t i o q s .  1.1 f a c t ,  it w a s  r e l a t i v e l y  

easy t o  o b t a i n  c r y s t a l l i n e  m - p e r c h l o r a t e  /even a t  t h e  excess  o f  Hc1o4/, 

u n l i k e  t h e  c a s e  of o b t a i n i n g  g - p e r c h l o r a t e  s a l t  of 2, whi le  i n  hydrochlo- 

r i d e  a c i d ,  only  c r y s t a l l i n e  g - s a l t  is formed. 1 7 9 2 7 * 2 8  /Scheme 6/ 

A s  fol lows from ir spectrum of m - u e r c h l o r a t e  s a l t  o f  14-dehydro-15-phe- 

n y l m a r t e i n e  /2-HC104/, i n  t h e  molecule t h e r e  i s  an in t ramolecu la r  hydro- 
4 qen bond Nl LH.. . . .N16t. A l a c k  o f  T-band t e s t i f i e s  t o  -protonation 

/ 

o f  N1 atom, whi le  t h e  band a t  1640 cm-I imul ies  a presence of C = F bond. 

This s u c e e s t s  t h a t  i n  t h e  case  of 2 / u n l i k e  t h e  case  of 2 / ,  t h e  first sta- 

ae  o f  v r o t o n a t i o n  t a k e s  p l a c e  n o t  o? t h e  carbon atom, b u t  on t h e  ? i t r o -  

a m  n u c l e o p h i l i c  c e n t r e  between N1 aqd Y16 i n  t h e  two-chair arranqement 

o f  C-D r i n g s .  27,28 

Inspec t ion  o f  t h e  molecular  models o f  2-HC104 i n d i c a t e s  t h a t  i n  t h e  

c h a i r  " c i s o i d a l "  arrangement o f  N1 aqd Y16, t h e r e  is a p o s s i b i l i t y  o f  a  - 
cov lanar  s i t u a t i o n  of  t h e  phenyl r i n e  wi th  t h e  o l e f i ?  bond, and also. w i t h  

t h e  lone  e l e c t r o n  p a i r  o f  N16. A s  a  r e s u l t  o f  t h a t ,  cons ide rab le  d e l o o a l i -  

z a t i o n  o f  t h e  lone  e l e c t r o n  p a i r  o f  N16 t a k e s  p lace ,  which i n  t u r n  redu- 

c e s  t o  a minimum t h e  r e p e l l i n g  of 81 and Y16 i n  t h e i r  " c i s o i d a l ~  arrange-  

ment. Therefore,  t h e  resonance o f  ol.efi.1 bond e l e c t r o n s  and o f  t h e  - 
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e l e c t r o n  p a i r  of  N16 atom, as t h e  s t a b i l i z i n g  f a c t o r ,  comes i n t o  p l a y  on- 

l y  f o r  t h e  p l a n a r  arranqement o f  t h e  t h r e e  above-mentioned components, aqd 

such s t e r i c  c o n d i t i o n s  cannot be ensured f o r  2-phenyl-2-dehydmsparteine 

/2/. 17v2' /Scheme 8/ 

Why i s  t h e  a - h y d r o c h l o r i d e  o f  14-dehyrlro-15-phenylsparteine /2-2HCl/ f o r -  

med then?  Undoubtedly, t h i s  p rocess  i s  a f f e c t e d  by t h e  geometry and d i s t -  

r i b u t i o n  of proton-acceptor  c e n t e r s  w i t h i n  v a r i o u s  counteranions ,  which 

determine t h e  s t r u c t u r e  o f  t h e  proto?ated o r s a n i c  c a t i o n s .  C1-  anion i s  

s i m i f i c a ? t l y  s m a l l e r  than t h a t  o f  p e r c h l o r a t e  /1.8 and 3 .3  8/, and thus  

t h e  former ' s  n e g a t i v e  charge is cons ide rab ly  l e s s  d e l o c a l i z e d  than i? t h e  

c a s e  o f  C104 ion.  Therefore ,  C1- anion e x h i b i t s  s t r o n g  proton-acceptor 

~ r o ~ e r t i e s ,  u n l i k e  C104 ion,  and it w i l l  tend t o  form m - m o l . e c u l a r  hyd- 

roaen bond wi th  a l l  proton-donor groups occur r ing  i n  t h e  v i c i n i t y  o f  orga- 

n i c  c o m t e r a n i o n s .  Consequently, both  Nl and C14 proto?at ion t a k e  p lace ,  

which r e s u l t s  in d i - s a l t s  formation.  27,28 

The mbtained r e s u l t s  al lowed u s  t o  confirm e a r l i e r  f ind ings  concerning t h e  

Scheme 9 
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s tereochemist ry  of reduc t ion  of immonium s a l t s .  So far, it has  been h o r n ,  

t h a t  reduction of immoniwn c a t i o n s  of s n a r t e i n e  d e r i v a t i v e s  wi th  NaBH4 

Droceeds with f u l l  s t e r e o s e l e c t i v i t y  and t h e  a d d i t i o n  o f  hydrogen atom 

took  p l a c e  always from t h e  p - s i d e  o f  t h e  molecule.31 /Scheme 91  This  i s  

a  consequence o f  t h e  a t t a c k  o f  / B D ~ /  ion on carbon atom of c y c l i c  i m -  

moniwn ca t ion  from t h e  opnos i t e  s i d e  r e l a t i v e  t o  t h e  axial hydrogen atom 

at tached t o  carbon atom a d j a c e n t  t o  immonium carbon atom. In t h e  case' o f  

2 / o r  ?/, t h i s  a t t a c k  t a k e s  p l a c e  from the  (3-side, whi le  i n  t h e  case  o f  - 
p / s i m i l a r l y  a s  f o m d  f o r  A 1 5 - l l p - m e t h y l l u p a n i n e  c a t i o n /  - from t h e  

&-side.30 /Scheme 9/ 

A l l  t h e  so  f a r  d iscussed s t u d i e s  r e f e r r e d  t o  such cases  in which t h e  sub- 

s t i t u e n t  was in t roduced / s t e r e o s e l e c t i v e l y  o r  s t e r e o s p e c i f i c a l l y /  only  t o  

one of two bis-Q systems. A l l  t h e  e x m o l e s  r e l a t e d  t o  phenyldehydro d e r i -  

v a t i v e s  o f  s n a r t e i n e  b e s t  i l l u s t r a t e  t h e  d i f f e r e n t  p r o p e r t i e s  o f  both n i -  

t rogen atoms /N1 and ~ 1 6 /  and t h e i r  surroundings.  Due t o  t h e s e  d i f f e r e n -  

c e s ,  t h e  in t roduc t ion  o f  s u b s t i t u e n t  i n t o  p a r t i c u l a r  one o f  t h e s e  a r ran-  

pements may l e a d  t o  formation of isomeric d e r i v a t i v e s  o f  completely d i f -  

f e r e n t  o r o ~ e r t i e s  and d i f f e r e n t  s o a t i a l  s t r u c t u r e .  Thus, it was necessa ry  

t o  s e e  what a r o p e r t i e s  w i l l  be generated a8 a r e s u l t  o f  in t roduc t ion  o f  

s u b s t i t u e n t s  i n t o  both fragments o f  bis-Q systems. 

To s e t t l e  t h i s  problem, a  s e r i e s  of new s p a r t e i n e  d e r i v a t i v e s  wi th  pheqyl 

and methyl s u h s t i t u n n t s  a t  C b ,  were s p t h e s i z e d ,  then t h e i r  s t r u c t u r e  was 

determined." In t h e s e  d e r i v a t i v e s ,  t h e  ~ o s s i h i l i t y  o f  conformation chan- 

a e s  about t h e  "cis" j o i n t  w a s  e i t h e r  reduced o r  completely i n h i b i t e d  due 

t o  t h e  s p e c i f i c  in t roduc t ion  of methyl- o r  i sonropy l  s u b s t i t u e n t  a t  C17 

p o s i t i o n .  /Scheme 10/ Besides, it has  bee? DrOved t h a t  of two lactam 

proup a t  C2 i s  more s u s c e o t i b l e  t o  t h e  r e a c t i o n  wi th  phenyl l i th iwn.  3 2 

/Scheme 10/ 

The a n a l y s i s  of ir s p e c t r a  / t h e  r e s u l t s  of T-band a n a l y s i s  and t h e  analy- 

s i s  of a s s o c i a t i o n  of t h i s  compound with CT)CIJ molecules appeared t o  be 
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p a r t i c u l a r l y  u s e f u l  9915*29930/ showed t h a t  rills o f  2-phenyl-2-dehydro- 

17p-methy l spar te ine  /x/ and 2 - ~ h e n ~ l - 7 - d e h y d r o - I 7 ~ - i s o ~ m ~ y l s p a r t e i n e  

/=/ assumes t h e  "boatt' conformation of t h e  m - q u i n o l i z i d i n e  system, 

whi le  i n  t h e  case  of 2-phenyl-2-dehydro-17-oxosnarteine /%/ / l i k e  t h e  

s t a r t i n q  fi/ occurs  in t h e  a l l - c h a i r  c i s - a ~ i i n o l i z i d i n e  system. 32 

For a l l  t h e s e  compounds, ir s p e c t r a  in t h e  r a c e  o f  T-bands a r e  n o t  w e l l  

expanded due t o  a  reduced / a s  a  r e s u l t  o f  s u b s t i t u t i o n /  number o f  C - H 

group i n  t h e  v i c i n i t y  o f  n i t r o g e n  atoms / o l e f i n i c  C2 atom, lac tamic  C17 

atom/. Af te r  t h e  reduc t ion  w i t h  NaBD4 and when t h e  deuterium "marker" w a s  

a p ~ l i e d ,  it was proved t h a t  t h e  newly-formed compounds - i n  comparison 

wi th  f r e e  unsa tu ra ted  bases  - did n o t  c h a n ~ e  t h e i r  configurational-con- 

format ional  arranqement wi th in  t h e  molecule n o t  a f f e c t e d  by chemical rea-  

sons.  

I n  t h e  s t u d i e s  on p ro tona t ion  ways o f  t h e s e  comoounds, it was determined, 

i12 t h a t  t h e  s t r u c t u r e  o f  g - p e r c h l o r a t e  of 2-phenyl-2-dehpdro-17P-isopro- 

~ y l s n a r t e i n e  /a/ i s  s i m i l a r  t o  t h a t  def ined e a r l i e r  f o r  2-2HC104. I t  i s  

a  r e s u l t  of a  resonance hybr id  o f  t h r e e  systems l i k e  i n  t h e  case  of d ipe r -  

c h l o r a t e  s a l t  o f  2.17 This  s ta tement  w a s  f u r t h e r  confirmed by t h e  s t r u c t u -  

r a l  a n a l y s i s  o f  a d d i t i o n a l l y  obta ined g-hydrobromide s a l t  o f  1'5, in  t h e  

ir spectrum o f  which a t  about 1680 cm-I immonium bond is  observed. 3 2  

It is a l s o  worth focus ing  on lupan ine  /x/ and s ~ a r t e i n e  /I/ s u b s t i t u t e d  

a t  p o s i t i o n  Cl? by a methyl group and i n  ~ a r t i c u l a r ,  by an isopropyl  

~roup. These s u b s t i t u e n t s ,  in t roduced i n t o  e a u a t o r i a l  p o s i t i o n  1 7 P ,  sta- 

b i l i z e  t h e  " t ranso ida l" ,  and d e s t a b i l i z e  t h e  " c i s o i d a l "  arran?ement of 

both  n i t r o q e n  atoms. E i t h e r  e f f e c t  depends on whether in r i n g  A /a " ~ "  

system/ n i t r o q e n  atom N1 is -t - m i n e  in  c h a r a c t e r  / i n  l/ o r  i s  a com- 

ponent of a  lactam group / i n  x/. 26 

A s  follows from t h e  a n a l y s i s  o f  T-bands o f  i r  s p e c t r a  of f r e e  bases  / ca r -  

r i e d  o u t  in  C D C l  / d i f f e r e n t  s u b s t i t u e n t s  a t  C17 p o s i t i o n  e x e r t  a  very 3 
similar e f f e c t  on conformational d,mamism o f  a - q u i n o l i z i d i n e  f m ~ e n t  
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of lupanine /C-D rings/.  However, in t h e  reqion of  3C-D bands /2700-2000 

em-'/ ir spec t ra  car r ied  out  in CDCZ? d i f f e r  s igni f icant ly ,  which is due 

t o  a d i f f e r e n t  access ib i l i t y  of N16 to  heteroassociation with the  C E I J  

molecules. 26 

6  l ?  (3-Methyllupanlne /%/ in comparison with 12 and 17p-isopropyllupani- 

ne  /u/ exh ib i t s  the s trdngest  basic  prooer t ies ,  because the methyl subs- 

t i t u e n t  - due to  inductive and hyperco~juqat ion e f f ec t s  - increase8 elec- 

t ron densi ty of N16, Moreover, Nepuatorial"  location of methyl o r  isopro- 

oyl  qrom / in  appropriate der iva t ives /  is  a  b e t t e r  s t a b i l i z e r  of  the 

" transoidal"  form, thus the  proton- and CDC13-acceptor proper t ies  a re  

s t r o n ~ e r  than in 2. In these cases,  t h e  equatorial  e f f ec t  of the  substi-  

tuent  o ~ e r a t e a . ~ ~ * ' ~  - 
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Moreover, it:  should a l s o  be assumed t h a t  t h e  17(3/eq/-isopropyl n o u p ,  

due t o  a  h i c h  s t e r i c  h indrance of  t h e  s u b s t i t u e n t ,  t o  a  l a r g e r  degree  h in -  

d e r s  s o l v a t i o n  of  c a t i o n c  c e n t e r  ~ 1 6 + -  R than methyl group, and t h a t  t h e  

e q u a t o r i a l  e f f e c t  i n c r e a s e s  s t a b i l i z a t i o n  of " t r a n s o i d a l "  arrangement. 

Thus, i t  was proved t h a t  t h e  i sopropy l  eroup, s e l e c t i v e l y  in t roduced a t  

~ 1 7 ( &  a o s i t i o n ,  r e n r e s e n t s  an e f f i c i e n t  "- f o r  t h e  s t a b i l i z a t i o n  o f  

" t r a n s o i d a l "  conf igura t ion  o f  N1 and 716 and f o r  a complete i n h i b i t i o n  of 

c0nfip;uration invers ion  o f  n i t roge?  atom 316, also. i n  9 2 - p r o t o n a t e d  ca- 

t i o n s .  /Scheme l l /  

Hawing aaalyzed ir spectrum o f  17- i sonrony l saa r t e ine  / E / a n d  compared it 

wi th  t h e  snectrum of l7, we observed26 t h a t  t h e  presence o f  tert -amine 

p;rour, / a t  N1/ i n  t h e  A-B molecule fraqme?t i ~ s t e a d  o f  lac tam group / i n  

17/ h e s i d e s  tert +mine funct ion /at N16/ i n  t h e  molecule,  dec rease  t h e  - 
s h i e l d i n g  e f f e c t  o f  i sopropy l  group towards "&aqsoidal" N16, A s  a r e s u l t ,  

t h e  n i t r o q e n  atom N16 shows h i g h e r  a b i l i t y  t o  h e t e r o a s s o c i a t i o n  w i t h  

CDCT3 molecules than t h e  same atom i n  17. This Dhenomenon can be expla in-  

ed by a  long-range conformational  e f f e c t  which invo lves  a change i n  spa- 

t i a l  l o c a t i o n  o f  17 (3-isonroayl groun caused bv conformat ional  changes 

wi thi?  t h e  whole molecule. 2 6  

A s  can he seen,  t h e  i sopropy l  eroup a c t i n g  as a  s t e r i c  h indrance,  n o t  only  

makes t h e  conf igura t ion  of C-D r i n c s  "m", but  a l s o  a f f e c t s  t h e  reac-  

t i v i t y  of t h e  ne ighhourhe ,  n i t rogen  atom. One o f  t h e  evidence of  such an 

e f f e c t  mav be t h e  d i f f e r e n c e  i n  formation r a t e  o f  2-oxides: 17p- i sopro-  

a y l l u n a n i n e  x-oxide i s  formed 300-times slower than t h e  lupanine  !-oxide. 
2  6  

Analysinq t h e  a c e t o n i t r i l e  ir s p e c t r a  o f  t h e  p e r c h l o r a t e  s a l t s  one is en- 

couraged t o  cons ide r  t h e  ir s p e c t r a  i n  l e u t e r a t e d  a c e t o n i t r i l e  / s$milar ly  

a s  t h e  ir s a e c t r a  of  s o l u t i o n s  i n  CDC13 f o r  f r e e  bases /  a s  a much promi- 

s i n 4  method of  t h e  s t r u c t u r a l  dynamism i n v e s t i q a t i o n  of o rgan ic  compounds 

i n  s o l u t i o ? s .  T h l i k e  chloroform, which h e i n e  a weak a c i d  a s s o c i a t e s  se- 
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l e c t i v e l y  and f i r s t  of a l l  w i t h  t h e  uroton-acceptor  c e n t r e s  o f  t h e  molecu- 

l e s ,  / i .e .  Yl6 i n  f r e e  bases / ,  a c e t o n i t r i l e  - be ing  o f  amphoteric charac- 

t e r  - a s s o c i a t e s  bo th  wi th  t h e  proton-donor and proton-acceptor cen t res  

of t h e  o ryan ic  molecule. The n i t r i l e  croup, a s a  proton-acceptor  wi th  

v e r y  smal l  s t e r i c  requirements ,  anoroaches wi th  no  d i f f i c u l t y  t h e  proton- 

donor grouos and forms wi th  them comolexes, whose s t r e n g t h  may be depen- 

d e n t  on t h e  proton-donor a c t i v i t y  o f  those  groups,  i .e .  on t h e  pKNCs Va- 

l u e s .  The weak proton-donor p r o p e r t i e s  of t h e  C D ;  groups /from CDJC?I/ may 

a l s r  cause a s s o c i a t i o n  o f  t h o s e  qroups wi th  t h e  a c c e p t o r  groups of  oraa- 

n i c  molecules,  and a l s a  wi th  t h e  accep to r  c e n t r e s  o f  counteranions.  Such 

an i n t e r p r e t a t i o n  seems t o  be confirmed by t h e  presence o f  3C-11 band 

/from CD3CN/ a t  about  2240 cm-'in t h e  s ~ e c t r a  of t h e  s tud ied  pe rch lo ra te  

s a l t s ,  which i s  probably  due t o  i n t e r a c t i o n  wi th  ~ 1 0 4  an ions  evidenced by 

t h e  s t r e t c h i n g  v i b r a t i o n s  9c=o a t  a l l  t h e  s tur l ied  lac tams i n  ir spec t ra  

of CD3CN s o l u t i o n s  s h i f t e d  t o  about  1645 cm-'. This i n d i c a t e s  very  s l i g h t  

a s s o c i a t i o n  of t h e  homo- and h e t e r o t v p e  / i n  condensed phase, t h e  3C=0 
1 bands were s i t u a t e d  a t  1630 cm- , and i n  C E 1 3  s o l u t i o n  a t  about 1620 

-1 2 6  cm . 
It should be emphasized h e r e  t h a t  1 7 p - i s o u r o p y l s o a r t e i n e  /E/ is  t h e  

flrst s o a r t e i n e  d e r i v a t i v e  which preserved t h e  c h a r a c t e r  of  diamine with 

a  blocked invers ion  o f  conf igura t ion  o f  q i t r o q e n  atom N16, and f u l l  s t ab i -  

l i z a t i o n  o f  " t r a n s o i d a l "  arraqqement of Y1 a n d  XI 6. The long-range confor- 

mat ional  e f f e c t  a l r e a d y  mentioned f o r  1 7 e - i s o p r o p y l l u p a n i n e  /x/ h a s  - 
been found i n  t h i s  grouo o f  compounds f o r  t h e  f i r s t  t ime.  2 6  

Gne more i s s u e  t h a t  should be d i scussed  i n  connection wi th  those  s tud ies  

concerns t h e  p r o p e r t i e s  o f  2-oxides. Plaqninq t o  s tudy t h e  e f f e c t  o f  spe- 

c i f i c a l l y  in t roduced s u b s t i t u e n t  t o  t h e  molecule on t h e  enamine system and 

on t h e  p a r e n t a l  1, and t a k i n g  i n t o  cons ide ra t ion  r e l a t i v e l y  h igh  b a s i c i t y  

o f  e a s i l y  formed m - F o x i d e s  of  1, it seems necessary  t o  d e f i n e  t h e  ef- 

f e c t  o f  such a  s u b s t i t u e n t  on s o a r t e i n e  'J-oxides. 



N-oxides of: 

- lupanine 5.91 

R=H - sparteine 3.60 6.50 2.90 
R- -CH3 - 2-methylspar- 

teine 2.08 6.45 4.37 
R= -C6H5 - 2-phenyl- 

sparteine 2.80 6.60 3.80 

-ondes of: compound: P~NCS[')P~MC.ICS(*) A +'------- --- ----- 
2 ..................... 

R=R=H;N(~)-0 - I. 2.50 12.00 9.50 
~(16)-0 - 7. - 2.56 11.94 9.3@ 

~(16)-0 - aphyline 
N(1)-0 - 17-oxosparteine 
~(1)-0 - 15-oxosparteine 

poxides of: ------------- pK~cs(l I P~MCS(~) A 
(1) R1+R2=0;N(16)-0 

17pmethyllupanine 6.25 - 
1 2  (1) R =R ~;N(16)-0 
17 methylsparteine 2.90 6.85 3.95 -C 
1 2  (2) R =R =H;N(~)-O 
17 methylsparteine 2.70 10.25 7.55 -r 

Scheme 12 
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I n t r d u c t i o n  o f  phenyl group a t  C2 p o s i t i o n  ~ i e l d e d  v e r y  s u r p r i s i n g  re -  

s u l t s :  it turned o u t  t h a t  " c i s o i d a l "  2-phenylspar te ine  g16-oxide /19/ 

is base  much s t r o n g e r  than t h e  u n s u b s t i t u t e d  " c i s o i d a l "  s a a r t e i n e  N16- 

oxide.  3?,34 

The l a t t e r ,  so f a r ,  h a s  been considered t o  be  t h e  s t r o n g e s t  hase  i n  the  

group of bis-Q a l k a l o i d s  whose b a s i c i t y  was s i m i l a r  t o  t h a t  of t e t r a a l -  

kylammonium salts. The newly obta ined and unexpectedly so s t r o n g l y  b a s i c  9 

/"oroton sponge" i n  c h a r a c t e r /  as a salt  assumes t r a n s - c i s ;  a l l - c h a i r  a r -  

rangement, s o  d u r i n g  p ro tona t ion  t h e  p a r e n t a l  system o f  f r e e  hase  m d e r -  

goes invers ion  about  N16 /a " f l e x i b l e "  svstem of C-D r i n g s / .  Such a s  un- 

exoectedly  h i g h  b a s i c i t y  undoubtedly r e s u l t s  from conformational  d p a m i c s  

of t h e  " f l e x i b l e "  fragment of 1 with  "cis" j o i n t  and form t h e  func t ion  

~ l a y e d  i n  t h i s  dynamics by in t ramolecu la r  hydrogen bond /which a l s o  oc- 

c u r s  i n  mono-protonated c a t i o n  o-f 1 a3d i ts  d e r i v a t i v e s .  

Continuing t h e  s t u d i e s  on 2-oxide d e r i v a t i v e s ,  a  numher o f  new g-oxides 

were obta ined:  2-methyl-, 2-phenyl-, 2-/p-tolyl/- ,  and 15-ohenylspartei-  

ne.  /Scheme 12/ Subsequently,  an a t t empt  was made t o  summarize t h e  h i t -  

h e r t o  s t u d i e s  concerning t h e  s y n t h e s i s ,  s t r u c t u r e  and p r o p e r t i e s  up t o  

now recoenized s p a r t e i n e  &oxides and i ts   derivative^.^^ The comparative 

a n a l y s i s  was oerformed on t h e  b a s i s  of seventeen d i f f e r e n t  s p a r t e i n e  N- 
oxides  aqd i ts  d e r i v a t i v e s .  The 2-oxides i n  nues t ion  were d iv ide  i n t o  

4 P;~OUDS, depending on t h e i r  r e l a t i v e  /wi th  r e s p e c t  t o  t h e  p a r e n t a l  ami- 

n e  / b a s i c i t y :  one group of b a s i c i t y  lower than t h a t  of  t h e  p a r e n t a l  ami- 

n e ,  second one of b a s i c i t y  c l o s e  t o  t h a t  c h a r a c t e r i z i n g  p a r e n t a l  amine, 

and of ve ry  strone;  b a s i c i t y ,  s i m i f i c a ? t l y  exceeding t h a t  o f  p a r e n t a l  ami- 

n e s .  The f o u r t h  grouo i s  made of N-oxides, which can be c l a s s i f i e d  t o  nei -  

t h e r  of  t h e  above groups. 

E-Oxides o f  t h e  first group show " t r a n s o i d a l "  arrangement of  K-oxide func- 

t i o n  wi th  lactam o r  amine group o r  wi th  a n o t h e r  x-oxide funct ion.  Due t o  

c o n s i d e r a b l e  d i s t a n c e  of both  t h e s e  func t ions  wi th in  t h e  molecule ske le -  
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ton ,  t h e  b a s i c i t y  of t h e s e  g-oxides i s  about 1.5 pKMCS u n i t s  lower than 

t h e  b a s i c i t y  of p a r e n t a l  amines. 

The second and t h i r d  Troup i n c l u d e  E-oxides o f  " c i s o i d a l "  a r rangemmt  o f  

b o t h  func t ion  groups which i n t e r a c t  wi th  one another .  I n  t h e  second 

group, t h e  " c i s o i d a l "  lac tam :-oxide e x h i b i t  b a s i c i t y  ve ry  s i m i l a r  t o  t h a t  

of  t h e i r  pa ren t  m i n e ,  whi le  t h e  " c i s o i d a l "  amino-mono-5-oxides i n  t h e  

t h i r 8  qroup a r e  t h e  s t r o n g e s t  o rgan ic  basbs,  which i s  due t o  t h e  forma- 

t i o n  of in t ramolecu la r  hydrogen bonds i n  --cations o f  t h e s e  compounds. 

'Phis proves t h a t  a p p r o p r i a t e l y  chosen and s e l e c t i v e l y  in t roduced s u b s t i -  

t u e n t s  may n o t  on ly  dec rease ,  b u t  a l s o  s i w i f i c a q t l y  i n c r e a s e  b a s i c i t y  of 

t h e  ve ry  s t rong  amino-&oxide bases.  

The l a s t  croup i s  made o f  x-oxidee of d i f f e r e n t  arrangement o f  both  func- 

t i o n s  w i t h  methyl s u b s t i t u e n t  a t  C 1 l P  p o s i t i o n ,  which d e s t a b i l i z e s  t h e  

" c i s o i d a l "  arrancement, b u t  a t  t h e  same t ime i n c r e a s e s  t h e  b a s i c i t y  of 

t h e  p a r e n t a l  t s t  - m i n e .  A s  a r e s u l t ,  d i f f e r e n c e s  i n  b a s i c i t y  o f  'J-oxi- 

d e s  w i t h  r e s p e c t  t o  t h e i r  p a r e n t a l  amines a r e  more pronounced a s  i n  t h e  

first t h r e e  croups. 

Numerous obse rva t ions  made h e r e  w i l l  c o n t r i b u t e  t o  b e t t e r  unders tanding 

o f  t h e  k i n e t i c s  o f  3-oxides formation an? w i l l  pe rmi t  determinat ion of 

p r o p e r  mechanism o f  v a r i o u s  r e a c t i o n s  o f  p o x i d e s ,  p a r t i c u l a r l y  t h o s e  i n -  

duced by SO2, Ac20, C1- i ons ,  and o f  c a t a l v t i c  reduct ion and thermal  au- 

todegradat ion and au to t rans fo rmat ion .  
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