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The  remain ing  hyd roxy l  groups were  readi ly  ace ty la ted  
and  are  therefore  secondary  hydroxy l s  a t t a c h e d  a t  posi-  
t ions  6 and  15 in t he  molecule  as shown.  Addi t iona l  
ev idence  for  t he  a t t a c h m e n t  of 1 of t he  hydroxy l s  a t  
pos i t ion 6 was ob ta ined  by  analysis  of the  mass spec t rum 
of bruceine  G. An a b u n d a n t  peak  a t  m]e  254 could be as- 
s igned to  t he  f r agmen t  C12H14Os $ which  forms by  the  
f r agmen ta t ion  of t he  molecule  across the  5-6  and 9-10 
bonds as shown. 

O ~ / ~ / C H 3  

I a  --le --H~O , ~ C~H100 + C,zH14Oe ~ m/e 254 
/ 

CH3 

This  is v e r y  s imilar  to the  f r agmen ta t i on  found for 
o ther  bruceines  3 howeve r  occurs closer to  r ing A due  to  
t he  presence of t h e  h y d r o x y l  a t  posi t ion 6. (The lac tone  
a t  7 in o ther  bruceines  p romotes  c leavage  of t he  6-7  bond.)  

We h a v e  no d i rec t  ev idence  which  p roves  t h a t  t he  
s te reochemis t ry  of t he  r ing junc t ions  is as shown, howeve r  
i t  is reasonable  to assume t h a t  these re la ted  compounds  
(bruceines) arise v ia  s imilar  b iogenet ic  routes  13 and  t h a t  

the i r  gross s te reochemis t ry  is alike. Also, i t  is reasonable  
to  assume t h a t  t he  conf igura t ion  of t he  hyd roxy l s  a t  
6 and 15 is equa tor ia l  due  to the i r  facile ace ty la t ion  wi th  
acet ic  anhydr ideJpyr id ine  14. 

Zusammen/assung. Aus den Samen  von  Brucea suma- 
trana wurden  die beiden neuen  Stoffe Bruce in  D und  G 
isoliert.  Ffir  die le tz tere  Verb indung  wird eine S t ruk tu r -  
formel  vorgeschlagen.  
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T h e  S y n t h e s e s  o f  A x i l l a r i n  a n d  i t s  R e l a t e d  C o m p o u n d s  

Axil lar in  (querce taget in  3, 6 -d imethy l  ether)  was first  
isolated f rom t h e  leaves  of cocklebur  (Xanthium pensyl- 
vanicum)* and  la te r  f rom the  f lowers and leaves  of Ira 
axillaris Pursh.  ssp. robustorL I t s  s t ruc tu re  was assigned 
to  5, 7, 3', 4 ' - t e t rahydroxy-3 ,  6 -d ime thoxyf l avone  (I) 1,L 
Axit lar in  7 -methy l  e ther  (II) was also isolated f rom the  
leaves of Cyanoestegia microphyllaL The  syn the t ic  ap-  
proaches  to those  compounds ,  however ,  had  remained  un- 
successful. 5, 7, 3', 4 ' -Te t rahydroxy-3 ,  8 -d ime thoxyf lavone  
(III) ,  an  isomer of I was isolated f rom Ricirocarpus muri- 
catus Muell. Arg.  4 and was syn thes izedL The  present  
paper  deals  w i th  t he  first  syntheses  of I and I I ,  and a new 
synthesis  of I I I  f rom 2, 4, 6- t r ihydroxy-3,  w-d imethoxy-  
ace tophenone  (IV) in a m a n n e r  s imilar  to t h a t  descr ibed 
earliere,L 

According  to the  Al lan-Robinson ' s  f lavone  synthesis ,  
t he  ke tone  (IV) wi th  3, 4 -d ibenzyloxybenzoic  anhydr ide  
and po tass ium 3, 4 -d ibenzy loxybenzoa te  gave  a m ix tu r e  
of  f lavones,  which was used for  n e x t  ace ty la t ion  s tep  
w i t h o u t  pur i f icat ion.  Af te r  usual  ace ty la t ion ,  t he  reac t ion  
p roduc t s  were pur i f ied by  recrys ta l l iza t ion  f rom me thano l  
to  give 5, 7-diacetoxy-3 ' ,  4 ' -d ibcnzyloxy-3,  6 -d ime thoxy-  
f lavone  (V) (m.p. 135-136.5 °, U V  ll~to8 _ ~ #  nm (log e) : 252 
(4.32), 350 (4.21). F o u n d :  C, 69.08; H,  4.80. CasHa00,0 
requires :  C, 68.84; H,  4.95%) in 26% yield f rom IV. 
T r e a t m e n t  of V wi th  di lute  alkali  gave  3', 4 ' -d ibenzyloxy-  
5, 7-dihydroxy-3,  6 -d ime thoxyf iavone  (VI) (m.p. 147.5 to 
148.5 °, U V  ~ o n  nm (log e): 255 (4.27), 273 (4.23), 347 
(4.35). Found :  C, 70.66; H,  4,76. Ca~H2oO s requires:  C, 
70.71 ; H,  4.98%). The  residue, obta ined  f rom the  me tha -  
notic f i l t rate ,  hydro lyzed  i ts  ace toxy  groups w i t h  alkali  
to  phenolic  compounds ,  f rom which 3', 4 ' -d ibenzyloxy-  
5, 7 -d ihydroxy-3 .8 -d ime thoxyf l avone  (VII) (m.p. 180 to  
181.5 °, U V  .~EtOH (log e): 258 (4.28), 277 (4.32), 339 -max n m  
(4.21), 355 (4.20). F o u n d :  C, 70.99; H,  4.97. C3,H~,O s 
requi res :  C, 70.71; H,  4.98%) was isolated by  repea ted  
recrys ta l l iza t ion  f rom e thy l  ace ta t e  in 18% yield f rom IV.  

Debenzy la t ion  of VI  wi th  hydrogen  y ie lded axi l lar in  (I) 
(m.p. 207-208 ° and  217-218 ° (208-209 ° sinter),  I R  3380, 
3130, 1652, 1602 cln -1 (Nujol), U V  ~EtOH (log e): 259 -max n m  
(4.25), 295 (3.91), 358 (4.32). F o u n d :  C, 58.86; H,  3.96. 

RiO O 

I R 1 = R 2 = R 3 = H 

I I  R , = R  3 = H  R s = M e  
V R I = Ra = Ac t l  a = CoHsCH z 
VI R I ~ R  2 ~ H  R 3=C6HSCH ' 
VI I I  R 1 = R s = R 3 = E t  
X 1l 1 = R a = Ac Rz = Me 

OMe / O R s  

RIO.. " / O  R2 

R10 0 

I I I  R 1 = R~ = H 
VII  R 1 = H Ri  = C~HsCH 2 

M e O / y ' C O - C H 2 - O M e  
1%O 

IV R = H  
I X  R = E t  



770 Specialia EXPERIENTIA 24/8 

C, lH1sO10 requires :  C, 58.96; H,  4.08%) (natural  one s, 
m.p.  207.5-209 °, I R  3390, 3130, 1653, 1604 cm -~ (Nujol), 
U V  ~.BtOH • ~ax n m  (log ~): 259 (4.26), 296 (3.92), 355 (4.33)) 
(lit. m.p.  207-209 ° 1, 211-213 °~, 199-200 ° ~), whose i den t i t y  
wi th  na tu ra l  one was conf i rmed by  mixed  m.p.  de te rmina-  
t ion and UV-  and IR-spec t r a l  comparison.  Syn the t i c  axiI- 
Iarin gave,  w i t h  acet ic  anhydr ide ,  t e t r aace t a t e  (m.p. 
161-161.5 °) and,  w i th  d ie thy l  sulphate,  t e t r a e thy l  e ther  
(VIII )  (m.p. 110-111.5 °) (lit. 2 m.p.  108-110°), which was 
also prepared  f rom 2 ,4-d ie thoxy-6-hydroxy-3 ,  o)-dime- 
t hoxyace tophenone  (IX) and 3 ,4-d ie thoxybenzoic  anhy-  
dr ide by  unambiguous  method.  

Par t ia l  me thy l a t i on  of VI,  followed by  debenzyla t ion  
yielded axi l lar in  7-methyl  e ther  (II) (m.p. 237-238 °, I R  
3380, 1651, 1603, 1593 cm -1 (Nujol), I7V ~EtOH --- -  - ~ x  nm (log e): 
260 (4.32), 356 (4.37). F o u n d :  C, 60.21; H,  4.47. C~sH~O, 
requires :  C, 60.00; H, 4.48%) (lit. 3 m.p.  235-236 ° , 
UV Xr,,a x-EtOH nm (log e) : 271 (4.29), 360 (4.31)). I t s  t r i ace ta te  
(X) (m.p. 158-159 °) (lit. 3 m.p.  159-160 °) was prepared  by  
acety la t ion .  

On the  o ther  hand,  debenzy la t ion  of V I I  afforded the  
t e t r a h y d r o x y f l a v o n e  ( I I I )  (m.p. 297-299 °, I R  3440, 3360, 

~EtOH (1oge): 262 (4.32), 3290, 1657, 1616 cm -1, U V  t.ma x n m  
274.5 (4.37), 298 (3.97), 368 (4.25). F o u n d :  C, 58.87; H,  
3.83. C21H~sO10 requires :  C, 58.96; H,  4.08%) (natural  
compound  1°, m.p.  296-298 °) (lit. 4 m.p.  301-303°), whose 
iden t i t y  wi th  na tura l  c o m p o u n d  was conf i rmed by  mixed  
m.p.  de t e rmina t ion  and UV-spec t ra l  comparison,  i t s  
t e t r aace t a t e  (m.p. 157-158 °) (lit. 4 m.p.  149-150 °) and 
t e t r a e t h y l  e ther  (m,p. 124.5-125.5 °) (lit. 4 m.p.  125-126 °) 
were p repared  by  a usual  method .  

Zusammen[assung. Axil lar in  (5,7, Y ,4" -Te t rahydroxy-  
3, 6-d imethoxyf lavon) ,  5, 3', 4 ' -Tr ihydroxy-3 ,  6, 7-tr ime- 
t h o x y f l a v o n  und 5, 7, Y, 4"-Tetrahydroxy-3,  8 -d imethoxy-  
f lavon  wurden  synthet is ier t .  
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The Absolute Configuration of (-)-Aspidospermine 
We repor t  a conf i rmat ion  of prev ious  ass ignments  of 

absolu te  conf igura t ion  to t i le Aspidosperma alkaloids by  
use of the  X - r a y  anomalous  sca t te r ing  effect  f rom crysta ls  
of ( - ) -aspidospermine N(b)-methiodide .  The  X- ray  ano- 
malous  sca t te r ing  effect  a l ready  has been used e legant ly  
in demons t r a t ing  the  s tereospecif ic i ty  of the  t r ansannu la r  
cycl iza t ion of quebrachamine  to  aspidospermine  1. This  
work  resul ted in es tabl ishing the  absolu te  conf igura t ion  
of 7-e thyl -5-desethyl -aspidospermidine  2. However ,  al- 
t hough  crys ta l  s t ruc tures  have  been  repor ted  for a n u m b e r  
of Aspidosperma and re la ted  alkaloids 3-s, inc luding 
( - ) -aspidospermine N(b) -meth iod ideL there  has been  no 
prev ious  X- ray  de t e rmina t ion  of absolute  conf igura t ion  
of a de r iva t ive  which is closely re la ted to a na tu ra l l y  
occurr ing  A spidosperma alkaloid.  Abso lu te  conf igura t ions  
h a v e  been inferred f rom chemicM inter- re la t ionships  and 
f rom opt ical  r o t a t o r y  dispersion d a t a  s -n .  

The  de t e rmina t ion  of absolute  conf igura t ion  is par t icu-  
la r ly  i m p o r t a n t  for these  alkaloids,  because t h e y  are  
known to occur  na tu ra l ly  in 2 series which dif fer  in t h a t  
the i r  skeletal  s t ruc tures  are enant iomer ic .  Some of these 
alkaloids,  such as ( - ) -aspidospermine,  have  so far  been 
found in only 1 series, while others,  such as pyrifol idine,  
h a v e  been found to  occur in bo th  11. I t  has  been suggested 
t h a t  these 2 series arise f rom a non -a symmet r i c  inter-  
med ia te  in Aspidosperma alkaloid biosynthesis  ~2. 

F r o m  the  da t a  in the  Table,  the  absolute  conf igura t ion  
of ( - ) -aspidospermine N(b) -meth iodide  is establ ished as 

(I), f rom which the  absolu te  conf igura t ion  of  the  free base 
follows. 

~ H 3 I -  

~ H I - C H  ~ 

I t  should be  no ted  t h a t  t he  a tomic  pa ramete r s  repor ted  
b y  MILLS and NYBURG give the  correct  absolute  configura-  
t ion p rov ided  t h a t  these  are  referred to  a r igh t -handed  set  
of c rys ta l  axes, as in Figures  1 and 2 of the i r  pape r  7. I n  
the i r  F igure  3, t he  axia l  set  is lef t -handed,  so t h a t  t he  
molecular  ion shown has t he  incorrec t  absolu te  configura-  
t ion.  

I n  the  p resen t  work,  crystals  of ( - ) -aspidospermine 
N(b) -meth iod ide  13 were found to be morphologica l ly  
s imilar  to those described by  MILLS and NYBURG v. The  
repor ted  crys ta l  d a t a  were assumed (a .... 24.3, b = 8.50, 
c = 11.1 ~_; space group P212121 wi th  4 molecules  in the  
uni t  cell). A needle-l ike crys ta l  of square  cross section 
(0.2 × 0.2 ram) was cu t  to a length  of 0.3 m m  and moun ted  


