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THE STRUCTURE OF MAGNOLAMINE 
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The bisbenzylisoquinoline alkaloid magnolamine was f i rs t  isolated f rom the leaves of Michelin fuscata 
Blume (synonym Magnolia fuscata Andr.) in 1938, and the s t ruc ture  (I) was proposed for  it [1-4]. 

Continuing the study of magnolamine,  we have found that its spect ra l  cha rac t e r i s t i c s  contradict  formula(I).  

The NMR spec t rum of magnolamine (Fig. 1) contains, in addition to the protons of the bisbenzyl isoquino-  
line skeleton,  two singlets of N-methyl  groups at 2.34 and 2.43 ppm and the sharp singlets of th ree  aryl  methoxy 
groups at 3.74, 3.76, and 3.78 ppm. At the same t ime,  accord ing  to (I) the re  should be the signals of only two 
methoxy groups.  A quanti tat ive de terminat ion  of methoxyls by the method of ViebSck and B r e c h e r  conf i rmed 
the p re sence  of th ree  methoxy groups in the magnolamine molecule.  It must also be noted that magnolamine 
does not show the color  reac t ion  with f e r r i c  chloride that  is cha rac t e r i s t i c  for  an orthodiphenyl group. 
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The methylation of magnolamiae with diazomethane led to a hexamethoxy derivative (III). identical with 
that desc r ibed  prev ious ly  [2]. The NMR spect rum of this compound has  the singlets of six methoxy groups at 
3.57 (3H), 3.60 (3H), 3.74 (6H), and 3.80 (6H) ppm. 

The ethylat ion of magnolamiae with diazomethane gave a substance (IV) with mp 101-102°C (from ethanol) 
which, according to its NMR spec t rum,  had th ree  methoxy groups [3.83 (3H), 3.88 (6H), ppm] and three  ethoxy 

groups [1.46 (9I-I), 3.70-4.18 (6H) ppm]. 
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Fig. 1. NMR spec t rum of magnolamine .  

The absence  of a color  reac t ion  for  a catechol grouping and a lso  the p re sence  in the m a s s  spec t ru m of 
magnolamine  of an intense (100%) signal of a dihydroisoquinolinium ion with m / e  192 shows that two methoxy 
groups a r e  p re sen t  in the isoquinoline nuclei of this  alkaloid and the th i rd  in the diphenyl e the r  pa r t  of  the 
molecule .  

The oxidation of compound (IV) with po tass ium permangana te  conf i rmed  this assumpt ion.  As the oxida-  
tion product  we isolated the 7 - e t h o x y - 6 - m e t h o x y - 2 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n - l - o n e  (V) descr ibed  
p rev ious ly  [2], and a lso  a diacid (VI) containing, according to its NMR spec t rum,  one methoxy group (3.89 ppm) 
and one ethoxy group (1.52 ppm, t, 7 Hz, 3H, and 4.33 ppm, q, 7 Hz, 2H) in the a roma t i c  nucleus. The weak-  
field singlet  of an a r o m a t i c  proton (7.76 ppm) is ass igned to the p ro ton  at C 3 (e lec t ron-accep t ing  influence of 
a ea rboxy  group in the ortho position) and a singlet  in the s t rong field (6.70 ppm) to the proton at C 6 (meta 
posi t ion with r e sp ec t  to the carboxyl  sc reen ing  the influence of the second phenyl nucleus). 

The posit ion of the methoxy group in the dimethyl  e s t e r  (VII) was de te rmined  by measu r ing  the in t r a -  
m o l e c u l a r  nuc lear  Overhause r  effect  (NOE). In the p re sence  of an additional field co r respond ing  to the r e s o -  
nance of the protons  of the methoxy group, the integral  intensi ty of the signal f rom the C 6 - H  inc reased  by 
25%. Thus,  the methoxy group is p r e sen t  in posit ion 5 and the ethoxy group in posi t ion 4 of the dimethyl  e s t e r  
(VID and, consequently,  of the acid (VI). For  compar i son  we obtain the diol (VIII) by reduct ion of the e s t e r  (VII) 
with l i thium aluminum hydride.  

An Overhause r  effect  was a l so  used to conf i rm the s t ruc tu re  of the isoquinoline der iva t ive  (V): i r r a d i a -  
t ion at  the f requency of the pro tons  of the methoxy group inc reased  the integral  intensi ty of the signal f r o m  the 
C s - H  (6.97 ppm) by 19%. 

J apanese  au thors  who have studied the s t ruc tu re  of magnolamine  [5] have desc r ibed  an independent syn -  
thes i s  of the acid  obtained by the po tass ium permangana te  oxidation of the ethylation product  of magnolamine .  
On the bas i s  of the a s s e r t i o n  that this  alkaloid has the s t ruc tu re  (I) and the oxidation product  (macid') is 4 ,5 -  
diethoxydiphenyl e the r  2 ,4 ' -d i ca rboxy l i c  es te r ,*  the authors  synthesized this  compound. The subs tance  syn-  
thes ized  has mp 245-247°C, which is 30°C different  f r o m  the melt ing point of the acid obtained f rom the natural  
product  [2]. Never the less ,  no d i rec t  compar i son  of these  compounds was made [5]. 

Our r e su l t s  indicate that the 4,5-diethoxydiphenyl  e ther  2 ,4 ' -d ica rboxyl ic  e s t e r  synthes ized by M. Tomi ta  
and T. Kugo [5] and the acid obtained by the oxidation of the ethylation product  of magnolamine  - 4 - e t h o x y - 5 -  
methoxydiphenyl e the r  2 ,4 ' -d i ca rboxy l i c  e s t e r  - a re  different  compounds. 

In 1966, T. Kametani  and H. Yagi [6] r epor ted  the synthesis  of magnolamine of fo rmula  (I). The compound 
obtained showed a s i m i l a r  pa t te rn  of pape r  c h r o m a t o g r a m s  and s im i l a r  UV and IR spec t r a  to those of  natural  
magnolamine .  However,  a t t empts  to obtain a c rys ta l l ine  sample  of the synthetic compound proved  unsuccessful .  
Recrys ta l l i za t ion  f r o m  a mixture  of ch lo ro fo rm and pe t ro leum ether  gave a brownish powder  with mp 112-116°C, 
while natural  magnolamine  readi ly  c ry s t a l l i z e s  f rom benzene or  ch lo ro form with the format ion  of co lo r l e s s  

'*In the  rele~'ant p a p e r  [5], this  compound is cal led 3,4-diethoxydiphenyl e ther  4 ' , 6 -d i ea rboxy l i c  e s t e r .  
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Fig. 2. IR spec t rum of magnolamlne.  

c r y s t a l s  having, a f t e r  drying, mp 117-118°C. The authors  a s s u m e d  that the di f ference in the p r o p e r t i e s  of the 
synthet ic  compound and of natural  magnolamine  is due to the p r e sence  of a mixture  of d i a s t e r e o i s o m e r i c  f o r m s  
in the synthetic sample .  

The absence  of the r e su l t s  of a d i rec t  c o m p a r i s o n  of the product  synthes ized  and the natural  alkaloid,  and 
a l so  of informat ion on NMR spec t roscopy  did not p e r m i t  these  compounds to be identified sufficiently convinc-  
ingly. 

Thus,  the invest igat ions that  we have p e r f o r m e d  show that  the substance synthes ized by T. Kametani  and 
I-I. Yagi and natura l  magnolamine  a r e  different  compounds.  

The p roposed  s t ruc tu re  of magnolamine  (II) a g r e e s  well with a scheme for  the biogenetic  format ion  of 
th is  alkaloid f rom d -N-me thy lcoc l au r ine  and d- re t icu l ine ,  accord ing  to which the diphenyl e the r  bond must  be 
f o r m e d  in the or tho or  p a r a  posi t ion to a hydroxy group. 

E X P E R I M E N T A L  

The NMR spec t r a  were  obtained on an NA-100 ins t rument  (100 MHz) at 20°C with t e t r ame thy l s i l ane  as 
in ternal  s tandard.  In the m e a s u r e m e n t  of the NOE in (VII) we used a degassed  solution of the substance  in 
CDCI~. The IR spec t r a  were  taken on a UR-10 spec t ropho tomete r .  

The ana lyses  of al l  the compounds co r r e sponded  to the calcula ted f igures .  

Isolat ion of Ma~nolamine.  The combined alkaloids f r o m  the l eaves  of Michelin fuscata  Blume were  ob-  
ta ined by the usual  dichloroethane method and the magnollne and magnolamine  was sepa ra t ed  by the i r  bas ic i t i e s  
[2]. The magnolamine  was pur i f ied by c rys ta l l i za t ion  f rom benzene or  ch loroform.  The substance f o r m s  c r y s -  
ta l l ine so lva tes  with benzene and ch lo ro fo rm having the composi t ion C3yH42N207 • CGI-I 6 and C37H42N207. CHC13. 
Af te r  drying in vacuum at 100°C, the subs tance  loses  the solvents  and has the composi t ion C37H42N207 with mp 
117-118°C, [ a ] ~  + 180" (c 0.95; ethanol) [2]. 

The magnolamine  isolated was comple te ly  identical,  accord ing  to a d i rec t  compar i son ,  with the sample  
desc r ibed  p rev ious ly  [1, 2] in its ch romatograph ic  mobil i ty  on a lumina and si l ica gel, mel t ing  point, angle of 
rotat ion,  and NMR and IR spec t r a  (Figs.  1 and 2), and a lso  in the p r o p e r t i e s  of its O-methy l  and O-ethyl  d e r i v a -  
t ives  and its degradat ion  products .  

NMR spec t rum,  CDC13, 5, ppm: 2.34, c, 3H; 2.43, c, 3H (2N--CH3); 3.q4, e, 3H; 3.76, c, 3H; 3.78, c, 3H 
(3Ar-OCH3);  6.02, c 1H; 6.21, c, 1H (C s -H ,  Cs t -H) ;  6.73, d, 8 Hz, 2H; 6.98 d, 8 Hz, 2H (C10-H, C l l , - H ,  C13,- 
H, C14,-H); 6.46, c, 1H; 6.49, c, 1H; 6.53, c 1H; 6.64, c, 1H(Cs-H,  C s , - H ,  C l l - H ,  C14-H). IR spec t rum,  CHCI 3, 
cm- l :  3545 (OH). 

T r i - O - m e t h y l m a g n o l a m i n e  (IiI). A solution of 1 g of magnolamine  in methanol was t r e a t ed  with an 
e the rea l  solution of d iazomethane,  and the mix ture  was al lowed to stand for two days.  Af te r  the e the r  had been 
dis t i l led  off, a c o l o r l e s s  c rys ta l l ine  prec ip i ta te  was obtained, which, a f t e r  r ec rys t a l l i za t ion  f rom ethanol,  had 

the composi t ion C401128N2Oy and mp 150-151°C. 

NMR spec t rum,  CDCI 3, 5, ppm: 2.41, c, 311; 2.49, c, 3H {2N-CH~); 3.57, c 311; 3.60, c, 311; 3.74, c 61-1; 
3.80, c ,  6H (6 A r - O C H ~ ;  6.12, c, 2I-I ( C s - H  , Cs,-I-I}; 6.75, d, 8 Hz, 2H; 7.00, d 8 Hz, 211 (CI0, -H,  C I I , - H ,  C13,- 
I-I; C14,-H}; 6.50, c 1If; 6.52, c 2H; 6.57, c, i I I  (Cs -H ,  C s , - H ,  C11-I-I, C14-H}. 
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Tri -O-e thylmagnolamine  (IV). Similarly,  3.5 g of magnolamine and diazoethane in anhydrous ethanol (2 
days) yielded 2.7 g of substance (IV), C43H54N2OT, mp 101-102°C (from ethanol). 

NMR spect rum,  CDCI3, 8, ppm: 1.46, m, 9H (30-CH2CH3); 2.49, c, 3H; 2.58, c,  3H (2N-CH3) ; 3.83, c, 
3H; 3.88, c, 6H (3 Ar-OCH3);  3 .70-4 .18 ,  m, 6H (30-CH2CH3); 6.25, c, 1H; 6.29, c, 1H (C~-H, C8,-H); 6.82, 

T t 
d, 8 Hz, 2H;7.08,  d, 8 Hz, 2H(Ci0-H,  C ~ I - H ,  C13--H, CI4--H); 6.58, c, 1H; 6.60, c, 2H; 6.66, c, 1H (C5-H , 
C~-- H, Cll-H, C~-H). 

Oxidation of Tr i -O-e thy lmagnolamine  with Potass ium Permanganate .  A solution of 2 g of (IV) in 100 ml 
of acetone was t r ea ted  with 6 g of powdered potassium permanganate  and the mixture  was left to stand for 2 
days. The manganese dioxide was separa ted  off and washed on the f i l ter  f i rs t  with acetone until the react ion 
for alkaloids had disappeared and then with hot water  until the wash waters  gave no turbidity on acidification. 
After  concentrat ion by evaporation,  the acetone solution yielded crys ta l l ine  7 - e t h o x y - 6 - m e t h o x y - 2 - m e t h y l - l , 2 , -  
3 ,4 - t e t r ahydro - i soqu ino l ine - l -one  (V), 0.9 g, C13H17NO3, mp 120-121°C (from ethanol). 

NMR spectrum,  CF3COOH , 5, ppm: 1.50, t, 7 Hz, 3H (OCH2CH~); 3.17 t, 7 Hz, 2H ( A r - C H 2 - ) ;  3.90, t, 
7 Hz, 2H ( N - C H 2 - ) ;  3.50, c, 3H {N-CH3); 4.04, c 3H (Ar-OCH3); 4.27, q, 7 Hz, 2H (OCH2C~I3) ; 6.97, c, 1H 
(Cs-H);  7.59, c, 1 H (Cs--H). IR spect rum,  paraffin oil, cm-1; 1645 (CO). 

The aqueous solutions a f t e r  the washing of the manganese dioxide were acidified with dilute hydrochlor ic  
acid and the substance was ex t rac ted  with e ther .  The e thereal  ex t rac t  yielded 0.78 g of 4 -e thoxy-5 -methoxy-  
diphenyl e ther  2 ,4 ' -d icarboxyl ic  acid (VD, mp 275-276°C (from acet ic  acid; composit ion C17H1607° 

NMR spect rum,  CF3COOH 5, ppm: 1°52, t, 7 Hz, 3H (O-CH2CH3); 3.89, c, 3H (Ar-OCH3); 4.33, q, 7 Hz, 
2H {O-CH2CH3); 6.70, c, 1H (C~-H); 7.76, c, 1H (C3-H); 7.09, d, 8 Hz': 2H; 8.14, d, 8 Hz, 2H (C~- H, C~--H, 
C~-H,  C~-H) .  

IR spect rum,  paraffin oil, cm-l :  1680 (CO). 

4-Ethoxy-5-methoxy-2 ,4 ' -d imethoxycarbonyld iphenyl  E the r  (VII). The methylation with diazomethane of 
0.6 g of 4-e thoxy-5-methoxydiphenyl  e ther  2 ,4 ' -d icarboxyl ic  acid (VI) yielded 0.42 g of 4 -e thoxy-5 -methoxy-  
2 ,4 ' -d imethoxy-carbonyldiphenyl  e ther  (VII) with the composition C19H2007, mp l l0-111°C (from ethanol). 

NMR spectrum,  CDC13, 5, ppm: 1.60, t, 7 Hz, 3H (OCH2CH3); 3,84 c, 3H; 4.02, c, 3H (2OCH3); 4.00, c, 
3H (Ar-OCH3); 6.76, c, 1H(C~--H); 7.64, c, 1H (C3-H); 7.00, d, 8 Hz, 2H; 8.12, d, 8 Hz, 2H(C2~-H, C3'--H, Cs'--H, 
CG'-H). 

Reduction of 4-Ethoxy-5-methoxy-2 ,4 ' -d imethoxycarbonyld iphenyl  Ether  (VII) with Lithium T e t r a h y d r o -  
alumtnate.  A solution of 0.3 g of substance (VII) in 100 ml of anhydrous e ther  was added to a suspension of 0.3 
g of l i thium te t rahydroaluminate  in ether .  The mixture was boiled for  6 h. After the usual working up, 0.15 g 
of substance with mp 80-81°C consist ing of 4-e thoxy-2 ,4 ' -d i (hydroxymethyl ) -5-methoxydiphenyl  e ther  (VII), 
composit ion C17H2005, was obtained. 

NMR spectrum,  CDCI3, 6, ppm: 1.46, t, 7 Hz, 3H (OCH2CH~); 2.23, c, 2H (OH); 3.72, c, 3H (OCH3); 4.09, 
q, 7 Hz, 2H (OCH2CH3); 4.52, c, 2H ( - C H 2 - ) ;  4.56, c, 2H (--CH2-);  6.47, c, 1H (Cs-H);  6.81, d, 8 Hz, 2H; 7.21, 
d, 8 Hz, 2H (C2,-H,  C3 ' -H,  Csr-H,  C6,-H); 6.95, c, 1H (C3-H). 

S U M M A R Y  

It has been shown that the bisbenzylisoquinoline alkaloid magnolamine has the s t ruc tu re  (II) and not the 
(I) proposed previously .  The s t ruc ture  was de termined on the basis of a study by the methods of NMR spec t ro -  
scopy and mass  spec t rome t ry  with the alkaloid and its t r ans fo rmat ion  products .  
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