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Bruce ines  f r o m  B r u c e a  s u m a t r a n a :  The  Structure  of Bruce ine  G 

B r a c e s  sumat rana  has  long been  tmown to  con ta in  a 
n u m b e r  of b i t t e r  principles~ b u t  none  of t hese  subs t ances  
were  ever  ful ly charac te r ized .  R e c e n t  work  has  clarified 
the  s t ruc tu re  of one of these  principles~-; i t  has  been  
n a m e d  brusa to l  and  has  been  shown to be re la ted  to  
bruce ine  A which  has  been  found  in t he  seeds of Brucea 
amar i s s ima  3. 

We have  inves t iga ted  the  seeds of B .  sumatrana  Roxb .  ~ 
a n d  have  isola ted  2 o the r  pr inciples  b y  t h e  ex t r ac t i on  of 
a c o n c e n t r a t e d  50% aqueous-a lcohol ic  e x t r a c t  of d e f a t t e d  
seeds w i th  ch lo ro form:  95% e thano l  3 :2  a n d  ch roma tog -  
r a p h y  of t h i s  e x t r a c t  on  a w a t e r - i m p r e g n a t e d  cellulose 
co lumn us ing t o l u e n e : n - b u t a n o l  I : I  as e lu t ing  solvent .  
One of the  subs tances  isolated b y  th is  m e t h o d  p roved  to  
be ident ica l  w i t h  a subs tance  called bruceine  D, recen t ly  
i sola ted  f rom B.  amar i s s ima  5. A mixed  mel t ing  po in t  of 
our  subs t ance  wi th  au then t i c  bruceine  D showed  no de- 
press ion  and  in addi t ion ,  t h e  I R - s p e c t r u m ,  m a s s - s p e c t r u m  
and  Rf  on th in - l aye r  c h r o m a t o g r a p h y  were  identical .  The  
o t h e r  subs t ance  wh ich  we were  able to  isolate  has  no t  ye t  
been  descr ibed  in  t he  l i t e ra tu re ;  we h a v e  n a m e d  i t  
b ruce ine  G thus  following t h e  n o m e n c l a t u r e  in use for t he  
m a j o r i t y  of  the  o the r  b i t t e r  pr inciples  found  in Brucea 
species % 

Bruceine  G (Ia) (C20H~,OsT; m.p.  254-258 °, [~]~ + 58.9 
Py.  [~}~ + 85.4 ~V) exhib i t s  an a lkal i -s table  peak  a t  
230 n m  in the  U V  (e = 14,600 \V) which  is good evidence  
for a fi-alkyl s u b s t i t u t e d  e, f l -unsa tura ted  cyclic ke tone  
in r ing A as shown.  The  I R - s p e c t r u m  showed  2 ca rbony l  
b a n d s  a t  1701 and  1724 cm-~(KBr) ,  t he  fo rmer  g iven b y  
the  u n s a t u r a t e d  ke tone  and  t h e  l a t t e r  b y  the  &lactone .  
In  addi t ion ,  b ruce ine  G gave  an in tense  viole t  co loura t ion  
on t r e a t m e n t  w i t h  c o n c e n t r a t e d  su lphur ic  acid s. 
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Ia) R=H, bruceine G 

I b) R=Ac, bruceine G 
triacetate 

Bruceine  G fo rmed  a t r i ace t a t e  wi th  A c 2 0 / P y  (Ib) 
(C2sHasOIa~; anal.  found  s C, 57.48%; H, 6 .26%;  calc. as 
m o n o h y d r a t e :  C, 57.98~/o; H, 6 .36%;  m.p.  243-248 °, 
[ e ]~  + 89.0 E tOH) .  The I R - s p e c t r u m  (KBr) showed  a 
b a n d  a t  3448 cm -~, ev idence  for  a r ema in ing  unace ty l a t ed  
h y d r o x y l  group. The  N M R - s p e c t r u m  of bruceine  G tr i -  
ace t a t e  (see Table) p rov ided  in fo rma t ion  which  def ined  
m o s t  of t h e  s t ruc tu ra l  fea tures  of t h e  molecule  as shown  
in lb .  The signal  a t  4.08 p p m  could be ass igned to  t h e  
2 m e t h y l e n e  p ro tons  in t he  13,30 oxide  br idge  s whi le  
o t h e r  m e t h y l  a n d  m e t h y l e n e  p r o t o n  signals occur red  a t  
1.43, 1.53, 1.78 and  2.35 p p m .  The  signal a t  2.35 p p m  
in t eg ra t ed  for 3 p ro tons  and  we have  reason  to  believe 
t h a t  t he  C-5 p r o t o n  signal occurs a t  th is  pos i t ion  along 
wi th  t h e  2 C-1 pro tons .  Other  a s s ignment s  were in good 
a g r e e m e n t  w i th  d a t a  r epo r t ed  for th is  or re la ted  classes 
of c o m p o u n d s  s , l°-~.  In  add i t i on  to  the  N M R  data ,  
b ruce ine  G gave  no red  co loura t ion  wi th  t r i p h e n y l t e t r a -  
zol ium chloride,  p roof  t h a t  a h y d r o x y l - w a s  lac ldng a t  
pos i t ion  1. I t  also gave  no  colour w i th  ferric chIoride b u t  
was posi t ive  w i th  per iodate ,  ev idence  for t he  glycol  a t  
11 and  12 and  also evidence t h a t  t he  2 h y d r o x y l s  are cis 
to  one ano ther .  Due to  the  di f f icul ty  we encoun te red  in 
ace ty la t ing  bruceine  G comple te ly ,  i t  would  appea r  t h a t  
the  conf igura t ion  of the  11 h y d r o x y l  is fl (axial). If  th is  

is so, t he  resu l t s  w i th  pe r ioda t e  would  seem to  ind ica te  
t h a t  t he  conf igura t ion  of t h e  12 h y d r o x y l  is also fl (equa- 
torial).  

NMR assignments for bruceine G triacetate~ 

ppm No. of protons Assignment 

] 
1.43 (s) 6 CH~-C. --~,~° 
1.53 (s) ! 

1.78 (s) 3 ella- C=C~ 3'10'11 
I 

2.10 (s) 9 C H a - C O  ~ -  

I 
2.35 (broad) 1 CH-C--C~ (C-5 proton) 

I 
2 -CH2-C=0 

2.78 (s) 2 H-C- (C-9 proton) n,12 
I 

I 
2.90 (s) H-O-C-H 

i 
3.40 (s) 1 CH3-O- (impurity) 

I 
4.08 2 -CH2-0-C-a 

I 

4.70 2 H-C-O~C-R (lactone) 
I 
I 

4,95 HM3-COi-CHa (C-14) n.l~ 
I 
t 

5.30 1 H-C-O-H 
I 
1 

5.60 3 H_CO::_CH a 11 
l 
II 

6.30 (s) i H-C-C=O la 
I 

Spectrum in DCCI~ using a Varian A60 Spectrometer with TMS as 
internal standard. 
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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  


