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A Relationship between Ring Subst i tuents  and 
Absolute Configuration in the Aporphine Series 1. 

The Structures of Thal icmidine  and Argemonine  

I t  has  recent ly  been found t h a t  all  aporphine  alkaloids 
possess a p e r m a n e n t l y  twis ted  b ipheny l  sys tem and  t h a t  
the  sign of the i r  specific ro ta t ion  a t  589 m~ is a t rue  
cr i ter ion of the i r  absolute  conf igura t ion  ~-4. Thus,  if an  
aporphine  is dex t ro ro t a to ry  its absolute  conf igura t ion  is 
as in (I), while if i t  is l evo ro t a to ry  the  absolute  configu-  
ra t ion  is represented  by  ( I I ) s  
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9 
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There  are also cer ta in  o ther  observa t ions  t h a t  can be 
made  about  this series of alkaloids.  All na tu ra l ly  occurr ing 
aporphines  are subs t i tu ted  a t  bo th  C-1 and C-2 ". A l though  
posit ions C-9, C-10, and C-11 are the  most  c o m m o n l y  sub- 
s t i tu t ed  posit ions besides C- t  and  C-2, aporphines  wi th  
subs t i tuents  a t  e i ther  C-8 or  C-3, such as s tephanine  and 
thal iemine,  are also known.  Fur the rmore ,  wheneve r  bo th  
posit ions i and  11 are  subs t i tu ted ,  t h e  m a g n i t u d e  of t he  
specific ro ta t ion  will a lways be large a 

E v e n  though  any  na tu ra l ly  occurr ing  a p o r p h i n e  
a lkaloid m a y  be found in a va r i e ty  of di f ferent  plants ,  the  
s ign of  its specific ro ta t ion  a t  the  sod ium D line, and  hence 
its absolute  configurat ion,  is a lways the  same. F o r  in- 
s tance,  l auro te tan ine  is dex t ro ro ta to ry ,  whe ther  found in 
Litsea chrysocoma Blume  (Lauraceae) or  Illigera putchra 
Blume  (Combretaceae).  This  does no t  mean,  however ,  
t h a t  cer ta in  genera  synthesize  only aporphines  of absolute  
conf igura t ion  (1) while others  produce only (II). To cite 
one example ,  Neolitsea sericea Blume  (Lauraceae) produces 
b o t h  boldine  which is dex t ro ro t a to ry  and roemerine  which 
is l evo ro t a to ry  7. 

There  appeared  to be a possibili ty,  therefore,  t h a t  one 
could somehow rela te  the  s t ructures  of the  aporphines  
wi th  the i r  absolute  configurat ions.  Indeed,  when such an 
a t t e m p t  was m a d e  an in teres t ing corre la t ion became 
evident .  I f  one considers only  the  subs t i tuents  on ring D 
of the  aporphines,  regardless of the  na tu re  of r ing A, i t  is 
found t h a t  cer ta in  subs t i tuents  a t  par t icu la r  posit ions can  
a lways  be associated wi th  a specific absolute  configu- 
ra t ion.  F o r  instance,  the  1 0 - m e t h o x y - l l - h y d r o x y  combi-  
na t ion  which  is p resent  in isocorydine,  norisoeorydine,  
N-methy l i socoryd ine  chloride,  corytuber ine ,  magno-  
florine iodide and  bu lbocapnine  is a lways  associated for 
b iogenet ic  reasons wi th  d e x t r o r o t a t o r y  bases of type  (I). 
On  the  o the r  hand,  a comple te ly  unsubs t i tu ted  r ing D, as 
in roemerine,  anonaine,  and nuciferine,  is associated wi th  
l evo ro t a to ry  bases of type  (II). 

In  the  Table  are  g iven di f ferent  combina t ions  of sub- 
s t i tuents  for r ing D, toge ther  wi th  the  aporphines  and  
absolute  conf igurat ions  wi th  which t h e y  can  be associated.  
There  is also l isted a series of alkaloids each unique  in the  
na tu re  and posit ions of the  r ing D subst i tuents ,  e.g., iso- 
thebaine,  crebanine,  laureline,  pukate ine ,  etc.,  which can-  
no t  be re la ted a t  present  wi th  o ther  known aporphines.  

One wishes t h a t  more l evoro ta to ry  aporphines  were 
known to pu t  the  present  corre la t ion on a s t ronger  basis. 
I t  is also wor th  no t ing  t h a t  the  ex ten t  of me thy l a t i on  on 

the  n i t rogen a t o m  does not  seem to affect  the  b iosynthe t ic  
s te reochemical  des t iny  of an  aporphine.  For  instance,  
isocorydine,  norisocorydine,  and N-methy l i socoryd ine  
chloride al l  belong to  the  same absolute  conf igura t ion  (I) 
and exh ib i t  pos i t ive  rota t ions .  

Regard ing  the  b iosynthe t ic  process, one can s ta te  t h a t  
even  t h o u g h  the  aporphines  possess two  centers  of asym-  
met ry ,  i t  is t he  a symmet r i c  carbon a t o m  t h a t  domina tes  
the  s te reochemical  picture.  I n  o the r  words,  once t h e  
Mannich  t y p e  (Picte t -Spengler)  cycl izat ion has  occurred 
wi th  fo rmat ion  of an  opt ica l ly  ac t ive  center,  the  two  
a romat i c  rings can  be bonded  toge ther  in only  one stereo-  
chemica l  fashion. Thus,  if  the Mannich reac t ion  yields an  
x-hydrogen  on the  a symmet r i c  carbon a tom,  t he  two  
phenyl  rings will l ink toge ther  as in expression (I), and 
conversely,  if the  hydrogen  in ques t ion is r, the  two phenyl  
rings will be bonded  as in (II). This  amount s  to s ta t ing  
t h a t  no dias tereoisomerism is possible in the  aporphine  
series. 

I n  the  course of this  correlat ion,  there  appeared  to be 
one aporphine  alkaloid which  was del inquent .  This  is 
thal icmidine ,  a t r i m e t h o x y m o n o h y d r o x y a p o r p h i n e ,  to 
which YUNUSOV had assigned first  s t ruc ture  (III)8,0 and 
then  s t ruc ture  (IV)x0,n. On the  basis of the  present  cor- 
re la t ion bo th  (III)  and (IV) should be dex t ro ro ta to ry .  
However ,  the  Russian au thors  repor ted  t h a t  tha l i cmid ine  
is l evoro ta tory ,  [ a ] D -  84° (ethanol). A check on the  
s t ruc tura l  de te rmina t ion  of tha l icmidine  indica ted  t h a t  
O-methy l tha l i cmid ine  meth iod ide  had  been degraded to  
2, 3, 5, 6 - t e t r ame thoxy-8 -phenan th reneca rboxy l i c  acid. No 
efforts were made  actuaI ty  to  locate  the  specific posi t ion of 
the  free h y d r o x y  group.  Now if tha l i cmid ine  is in ac tua l  
fac t  l evoro ta tory ,  a more  logical  s t ruc ture  for i t  on  t h e  
basis of the  present  correlat ion,  would  be represented  by  
the  expression (V), which  is re la ted  to l evo ro t a to ry  
phanos ten ine  in r ing D. 

S t rong  suppor t  for s t ruc ture  (V) is afforded by  the 
following facts : (a) MAmO~ 1~ has  recent ly  charac te r ized  a 
new q u a t e r n a r y  aporphine  alkaloid from Fagara tinguas- 
soiba Hoehne  which is dex t ro ro t a to ry  and corresponds to 
s t ruc ture  (III)  as the  N - m e t h y l  q u a t e r n a r y  salt.  This  
alkaloid as the  iodide is d i f ferent  f rom the  meth iod ide  sal t  
of thal icmidine .  (b) S t ruc ture  (IV) corresponds to the  well 
charac ter ized  alkaloid glaucentr ine,  and tha l icmid ine  is 
c lear ly  no t  g laucentr ine  f rom a compar ison  of phys ica l  
propert ies.  (c) The  only  remain ing  possibi l i ty  for a 1, 2, 9, 
10- te t raoxygenated  aporphine  possessing three  m e t h o x y l  
and one hydroxy l  groups is represented  by  expression (VI) 
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which  cor responds  to  N-me thy l l au ro t e t an ine .  Here  again  
tha t icmid ine  does n o t  co r re spond  to  N-me thy l l au ro -  
t e tan ine .  Hence  the  m o s t  p robab le  s t ruc tu r e  for  tha l ic-  
mid ine  a t  p re sen t  appear s  to  be  (V). 

A n o t h e r  example  of h o w  the  p r e sen t  cor re la t ion  to-  
ge the r  w i th  those  prev ious ly  m a d e  a b o u t  t he  apo rph i -  
nes  T M  can  be used is in t he  case of a rgemonine ,  a t e t r a -  
m e t h o x y a p o r p h i n e  to  w h o m  SolN~ has  ve ry  t e n t a t i v e l y  
ass igned e i ther  s t ruc tu res  (VII),  (VIII) ,  or  (IX) ~a 

OCB 3 OGB3 
CH~O'-~b"i~" ~ CH~O ~'~ GHsO T 

CH~O- h J ~ / 

OCtlz 

N~-cH ~ 

0 

Now argemonine  has  been  found to  be s t rong ly  levo- 
ro t a to ry ,  [~113 ~ = -  214 ° (ethanol),  This would seem to 
e l iminate  s t ruc tures  (VII) and  (VIII)  as possibil i t ies since, 
if the  p resen t  corre la t ion does hold,  such s t ruc tu res  would  
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Positions of ring substituents and signs of optical rotations for the aporphines 

D-Ring substituents and Sign of [0t]D AlkMoids 
positions 

9,10-Dimethoxy + Glaucine : 1,2, 9, 10-Tetramethoxyaporphine 
+ Dicentrine: 1,2-Methylenedioxy-9,10-dimethoxyaporphine 
+ Glaucentrine: 1-Hydroxy-2, 9, 10-trimethoxyaporphine t4 
+ Methoehloride of 1,9,10-trimethoxy-2-hydroxyaporphine from Fagara tinguassoiba it 

9-Hydroxy- 10-methoxy 

10-Methoxy-11-hydroxy 

10,11-Dimethoxy 

9,10-Methylenedioxy 

ll-Methoxy 
Unsubstituted ring D 

9-Methoxy-10 hydroxy 

8, 9-Dimethoxy 
10-Methoxy 
1 l-Hydroxy 
9-Hydroxy 
8-Methoxy 
9-Methoxy 
I0-Hydroxy 
I0, I l-Methylenedioxy 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

d 

Boldine: 
Laurotctanine: 
N -Methyllaurotetanine: 
Actinodaphnine: 
Laurifoline chloride: 
tsoeorydine: 
Norisocorydine: 
N-Methylisoeorydine chloride: 
Corytuberine: 
Magnollorine iodide: 
Bulbocapnine: 
Corydine: 
Thalicmine: 
Domestieine: 
Nantenine: 
Isothebaine; 
Roemerine: 
Anonaine: 
Nuciferine: 
Phanostenine: 
Thalicmidine" 
Crebanine: 
Laureline: 
Pukateine: 
Anolobine: 
Stephanine: 
Xylopine: 
Tuduranine: 
Laurepukine: 

1,10-Dimethoxy-2,O.dihydroxyaporphine 
I, 2,10-Trime thoxy-9-h ydroxynoraporphine 
1,2,10-Trimethoxy.9-h ydroxyaporphine 
1,2-Methytenedioxy-9.hydroxy- 10-methoxyaporphine 
1,9- Dihydroxy-% I 0-dimethoxyaporphine methochloride 15 
1,2,10-trimethoxy- 1 l-hydroxyaporphine 
1,'2,10-Trimethoxy- 11-hydroxynoraporphine 
1,2,10-Trimethoxy- 1 l-hydroxyaporphine methochloride ~ e 
1, 1 l-Dihydroxy-~, 10-dimethoxyaporphine 
1, ll-Dihydroxy-2, lO-dimethoxyaporphine methiodide 1~ 
1,2-Methylenedioxy- 10-methoxy- 1 l-hydroxyaporphine 
l-Hydroxy-2, 10,11-trimethoxyaporphine 
1,2-Methylenedioxy-8,10,1 l-trimethoxyaporphine x8 
l-Hydroxy-2-methoxy-9,10-methylenedioxyaporphine 
1,2-Dimethoxy-9,10-methylenedioxyaporphine 
l-Hydroxy-~, 1 l-dimethoxyaporphine 
1,2-Methylenedioxyaporphine 
1,2-Methylenedioxynoraporphlne 
1,2-Dimethoxyaporphine t9 
1,2-Methylenedioxy-9-methoxy- 10-hydroxynoraporphine z° 
1,2, 9-Trimethoxy- 10-hydroxyaporphine 
1,2-Methylenedioxy-8,9-dimethoxyaporphine 
1,2-Methylenedioxy- 10-methoxyaporphine 
1,2-Methylenedioxy- 11 -hydroxyaporphine 
1,2-Methylenedioxy-9-hydroxynoraporphine 
1,2-Methylenedioxy-8-methoxyaporphine 
1,2-Methylenedioxy-9-methoxynoraporphine 
1,2-Dimethoxy-t O-hydroxynoraporphinc 
1,'2-Dihydroxy- 10,11-methylenedioxyaporphine 
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be expected  to be dex t ro ro ta to ry .  Fur the rmore ,  the  high 
ro ta t ion  of th is  base indicates  t h a t  i t  mus t  be subs t i tu ted  
bo th  a t  posi t ions 1 and 113. I f  a rgemonine  is in rea l i ty  an  
aporphine  alkaloid as SOlNE wi th  good reasons believes a 
perhaps  more  logical s t ruc ture  for it  would be represented  
by  e i ther  expressions (X) or  (XI).  

CH30 ~ C H ~ O ~  CH~O .~ ' - , , ]  
CH30~"'~ N "-CH3 CH30~'( N"CH 3 CH~O~"] / N~-CH 3 
CH~O,.~ CH~O,~ C H ~ O ~  

" ' ~  '" OCH~ CH~O "~ 

OCH s 
(X) (~) (X~) 

B o t h  of the  above  two s t ructures  fit  a basic fact  about  
the  chemis t ry  of argemonine ,  n a m e l y  t h a t  on ox ida t ion  
wi th  manganese  dioxide in sulfuric acid a rgemonine  yields 
4, 5 -d ime thoxy-N-me thy lph tha l imide  la. Fur the rmore ,  (X) 
and (XI),  being subs t i tu ted  a t  bo th  C-1 and C-11 would  be 
expec ted  to have  a h igh  specific ro ta t ion  and a re la t ive ly  

low in tens i ty  u l t rav io le t  absorp t ion  a. Argemonine  has  in- 
deed been found to exh ib i t  a re la t ive ly  low absorpt ion,  
l oge  = 4.01, a t  287 mg,  and as has been men t ioned  pre- 
viously,  i t  is s t rongly  l evoro ta to ry  x3. Final ly ,  s t ruc tures  
(X) and (XI) would  no t  v io la te  the  biogenet ic  rule 6 t h a t  
all na tu ra l  aporphines  are subs t i tu ted  a t  bo th  C-1 and C-2. 

S t ruc tu re  (XII)  is e l imina ted  as a possibi l i ty  for arge-  
monine  since: (a) The  present  corre la t ion would pred ic t  
t h a t  such an aporphine  would be s t rongly  dex t ro ro ta to ry .  
(b) Argemonine  has  been found no t  to correspond to di- 
methyleorytuberine which is represented  by  s t ruc ture  
(XII)  13. 

Rdsumd. L ' a u t e u r  d6montre  qu ' i l  existe,  d ' une  mani6re  
g6n6rale, un  r appo r t  ent re  les subs t i tuan ts  du cycle D des 
aporphines  et  la conf igura t ion  absolue de ees alkaloides.  
De nouvel les  s t ruc tures  on t  6t6 propos6es pour  la tha l ic -  
midine  et  l ' a rg6monine.  

M. SI~AMM~, 

Department o/ Chemistry, The Pennsylvania State Uni- 
versity, University Park (Penn., USA), September 25, 1967. 

T r i t e r p e n o i d  XII I .  T h e  C o n s t i t u t i o n  of  B a r r i n g -  
t o g e n o l  D 

The isolat ion of bar r ingtogenol  D, a new t r i te rpenoid  
sapogenol  (m.p. 305-310 °, [aJD + 57° (dioxane)) f rom the  
frui ts  of Barringtonia acutangula Gaertn .  was repor ted  
ear l ierL This  communica t ion  deals wi th  its comple te  
s t ruc tu ra l  e lucidat ion.  

Bar r ing togenol  D .(Ca0HasO4) formed a t r i ace ta te  
(C36HsaO 7, m.p.  233-234 °, [~]D + 74 ° (CHC13)) which ac- 
counts  for three oxygen  a toms  in the  original  alcohol. The  
presence of an  oxide  l inkage, indica ted  by  a band  a t  
1150 cm -1 in the  I R - s p e c t r u m  of bar r ingtogenol  D and 
its t r i ace ta te  was conf i rmed by  opening the  oxide l inkage 
of t he  l a t t e r  wi th  p- to luene  sulphonic acid and acetic 
anhydr ide  2 when a crysta l l ine  t e t r aace t a t e  (CasHssOs, 
m.p.  284-285 ° [C(]D- 12.5 °, (CHCla)) was obta ined,  in 
which the  I R - b a n d  a t  1150 cm -1 was absent  (Anal. ta lc .  
for CasH~sOs: C, 71.02; H,  9.04; found:  C, 70.91; H,  8.99). 
The  same t e t r a ace t a t e  was also obta ined  by  t r e a t m e n t  of 
the  t r i ace ta te  in acet ic  anhydr ide  wi th  d ry  hydrogen  
chloride. The  t e t r aace t a t e  on hydrolys is  gave  a t e t ro l  
(Ca0I-I5004, m.p.  293-295 °, [C¢]D + 48 ° (CHC13) ; Anal.  calc. 
for C30H5004: C, 75.90; H.  10.62; found:  C, 75.80; H,  
10.55). 

The e thylenic  l inkage in bar r ingtogenol  D, indica ted  by  
t e t r a n i t r o m e t h a n e  colour, is h indered.  The  t r i ace ta te  
could ne i ther  be hydrogena ted  over  A d a m s '  ca ta lys t  nor  
did i t  reac t  w i t h  se lenium dioxide a, b u t  i t  consumed 
near ly  1 mole of perbenzoic  acid ex t r eme ly  slowly. Ev i -  
dence for the  typ ica l  12:13 double  bond was ob ta ined  by  
ox ida t ion  of the  t r i ace ta te  wi th  CrOs to yield an aft-un- 
sa tu ra ted  ketone  (In. p. 256-258 °, ~ m a x  241 m~z (loge 4.1)) 
which is a t  a s l ight ly  lower .wave  length  than  is usual ly  
observed for 11-keto A12-triterpenes 4 of the  f l -amyrin 
series. The  t e t r aace t a t e  consumed 1 mole of perbenzoic  
acid a t  a ra te  typ ica l  of the  t r i te rpenes  of the  f l -amyrin 
group.  The  unusua l ly  h indered  na tu re  of the  e thylenic  
l inkage in bar r ingtogenol  D is p robab ly  due to the  shield- 
ing effect of the  oxide bridgeS,*. 

The  r eady  fo rmat ion  of the  t r i ace ta te  (at room tempera -  
ture) indica ted  the  hyd roxy l  groups to  be p r ima ry  and /or  
equa tor ia l ly  or iented secondary  hyd roxy l  func t ionsL 

Bar r ing togenol  D did no t  reac t  wi th  periodic  acid b u t  
read i ly  formed a monoace ton ide  (C33H52Oa, m.p. 233-236 °, 
[~]. + 33 ° (CHCla ) ;  Anal.  ta lc .  for CaaH~20~: C, 77.29; 
H,  10.22; found:  C, 77.25; H,  10.21). The  acetonide  forma-  
t ion showed the  presence of a 1:3 glycol  sys tem.  Oxida-  
t ion of the  ace tonide  by  SARETT'S me thod  s furnished a 
colourless crysta l l ine  p roduc t  (C33HsoOa, m.p. 212-213 °, 
[~]D-~-57 ° (CHCla ) ;  Anal.  talc .  for CssH5004: C, 77.60; 
H,  9.86; Iound:  C, 77.59; H,  9.42). I t  has been charac ter -  
ized as a 3-keto de r iva t ive  by  Z i m m e r m a n ' s  test. and  
opt ical  r o t a t o r y  dispersion curve  ( through the  cour tesy  of 
Prof.  C. DJERASSI of S tanford  Univers i ty ,  USA) .  Fur ther ,  
we have  evidence for bel ieving t h a t  bar r ingtogenol  D 
conta ins  no o the r  subs t i tuents  excep t  the  3fl-hydroxyl 
group in r ing A. The 3fl-configuration was conf i rmed by  
the  molecular  ro ta t iona l  data% The secondary  h y d r o x y l  
group of the  1:3 glycol, which of necessi ty  should be in 
D / E  ring, was unusua l ly  h indered toward  chromic  acid 
ox ida t ion  unde r  var ied  condit ions.  The  sapogenol,  when  
t r ea ted  wi th  c h r o m i u m  t r ioxide-sulphur ic  acid in ace- 
tone5°, gave neu t ra l  and acid products .  The  ester  of the  
acid on ch romatograph ic  resolut ion furnished two colour-  
less crysta l l ine  compounds ,  character ized as me thy l  di- 
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