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O H  band .  I t  was  hydro l i zed  as descr ibed  for t h e  p a r e n t  
compound ,  and  5 0 - m e t h y l q u e r c e t i n  (azaleat ine)  2, i sola ted 
a n d  cha rac t e r i zed  b y  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  sam- 
ple. UV-,  I R - s p e c t r a  and  R f  values,  on  p a p e r  c h r o m a t o -  
g r a p h y  (2 sys tems)  were ident ica l .  

Quercet in-3,  7, 3', 4 ' - t e t r a s u l p h a t e  is t he  f i rs t  f l avonoid  
p o l y s u l p h a t e  i sola ted f rom p l a n t s  and  t he  f i rs t  f ound  in a 
species of t h e  Composi tae .  

Two m o n o s u l p h a t e s  of I lavonoids ,  i so rhamne t in -3 - su l -  
p h a t e  (persicarin)  a n d  r h a m n a z i n - 3 - s u l p h a t e  h a v e  been  
i so la ted  f rom a few species of p l a n t s  be long ing  to t he  genus  
Polygonum (Polgonaceae)  and  Oenanthe (Umbel l i ferae)3;  
T a m a r i x i n ,  4 O - m e t h y l  que rce t i n -3 - su lpha t e  ha s  been  
f o u n d  in Tamarix  troupii 4 and  T. laxa 5 (Tamaricaceae) .  
S y n t h e t i c  s u l p h o n a t e d  f l avono ids  h a v e  also been  de- 
scr ibed 5. 

2 I. JURD and R. M. HOROWITZ, J. org. Chem. 22, 1618 (1957). 
3 W. I~ARRER, Konstitution und Vorkommen der Organischen PJlan- 

zenstoJ/e (Birkh~iuser Verlag, Basel 1958), p. 618. 
4 S. R. GUPTA and T. R. SESHADRI, J. chem. Soe. 1954, 3063. 
s L.M. URKIN, Khim. period. Soedinenii 2, 162 (1966). 
6 Part of this research was carried out with funds provided by the 

Instituto Nacional de Farmacologia y Bromatologia (Buenos Aires, 
Argentina) and is O.J.P. de S.'s doctoral thesis. 
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tad de Ciencias Exactas y Naturales, Universidad de Buenos 
Aires) and R. CAPUTTO (Facultad de Ciencias Quimieas, Univ. 
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Rdsumd. A p a r t i r  de l ' e x t r a i t  des feuilles de Flaveria 
bidentis (Compositae) ,  on  p e u t  o b t e n i r  le 3, 7, 3", 4" t6 t ra -  
s u l p h a t e  de querc6t ine .  Sa c o n s t i t u t i o n  a 6t6 d6termin6e  
p a r  des m6 thodes  phys iques  et  ch imiques .  
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Butterfly Wing Antineoplastic Agents 1,2 

The  colorful  p i g m e n t a t i o n  of bu t t e r f l i e s  b e c a m e  an  
ear ly  ob jec t  of scient i f ic  inquiry3,  ~. F o r t u n a t e l y ,  these  
ear ly  s tud ies  of b u t t e r f l y  wing  c o n s t i t u e n t s  p rov ided  a 
f o u n d a t i o n  in p t e r i d ine  c h e m i s t r y  which  a l lowed more  
r ap id  s t r u c t u r a l  e luc ida t ion  of folic acid a n d  syn thes i s  of 
t he  c l in ical ly  useful  cance r  c h e m o t h e r a p e u t i c  a g e n t  
m e t h o t r e x a t e .  Fo r  t he  pu rpose  of loca t ing  p o t e n t i a l l y  
useful  a n t i t u m o r  agen t s  a m o n g  a n i m a l  cons t i t uen t s ,  we 
h a v e  u n d e r t a k e n  an  ex tens ive  su rvey  of t e r re s t r i a l  s a n d  
m a r i n e  1 a r th ropods .  I n i t i a l  s tud ies  4 ind ica t ed  t h a t  t he  
insec t  order  L e p i d o p t e r a  a n d  p a r t i c u l a r l y  severa l  mem-  
bers  of t h e  P ie r idae  f ami ly  of bu t t e r f l i e s  w a r r a n t e d  
de ta i l ed  inves t iga t ion .  W e  now  wish  to  r e p o r t  resul t s  
f rom the  f i rs t  chemica l  e x a m i n a t i o n  of a bu t t e r f ly ,  and  in 
fac t  of a n  a r th ropod ,  for a n t i t u m o r  cons t i t uen t s .  

The  yel low Asian  b u t t e r f l y  Catopsilia crocale Cramer  
(Pier idae)  was  e x t r a c t e d  consecu t ive ly  w i t h  l igroin,  50% 
e thano l  a n d  95% e thanol .  T he  l a t t e r  e x t r a c t  r eached  t he  
conf i rmed  ac t ive  s tage (71% i n h i b i t i o n  of t u m o r  g rowth  
a t  400 mg/kg)  in  t he  N a t i o n a l  Cancer  I n s t i t u t e ' s  W a l k e r  
256 c a r c i n o m a  (s.c. in  r a n d o m - b r e d  a lb ino  ra ts)  t u m o r  
sys tem.  A v igorous  ef for t  a t  recol lec t ion  a t  t imes  invo lv ing  
up  to  500 field col lectors  e v e n t u a l l y  p rov ided  250,000 
m e m b e r s  of th i s  species. Dissec t ion  in to  head ,  tho rax ,  
a b d o m e n  a n d  wing  p a r t s  fol lowed b y  r e - ex t r ac t ion  and  
biological  e v a l u a t i o n  of each  sec t ion  es t ab l i shed  t h a t  t he  
an t i neop l a s t i c  componen t ( s )  was  d i s t r i b u t e d  more  or less 

t h r o u g h o u t  t he  bu t t e r f ly ,  b u t  p r inc ipa l ly  in  t he  wing 
mate r ia l .  A 1517 g a n l o u n t  of Catopsilia crocale Cramer  
wings  led to  50, 51 a n d  53 g q u a n t i t i e s  r espec t ive ly  of 
l igroin, 50% e thano l  a n d  95 % e t h a n o l  ex t rac ts .  Separa-  
t i on  of t he  95% e t h a n o l  e x t r a c t  was  d i rec ted  b y  means  of 
b ioassay  (Walke r  256 carc inoma) .  T he  c rude  m a t e r i a l  was 
p a r t i t i o n e d  consecu t ive ly  be t w een  wa te r -ch lo ro form-  
n - b u t a n o l  (1: 1: 0.1), w a t e r - n - b u t a n o l  (1: 1) a n d  wa te r -  
m e t h a n o l - n - b u t a n o l  (1 :0 .25:1) .  A n t i t u m o r  a c t i v i t y  was 
shown  to res ide in t he  m e t h a n o l - n - b u t a n o l  e x t r a c t  and  in 

t he  w a t e r  phase.  Af te r  a n  ex tens ive  series of co lumn  
(Sephadex  G-10 and  cellulose) a n d  p r e p a r a t i v e  t h i n  layer  
c h r o m a t o g r a p h i c  s epa ra t i ons  d i c t a t e d  b y  resul t s  of bio- 
assay,  a s u b s t a n t i a l  p o r t i o n  of t he  a n t i t u m o r  a c t i v i t y  was 
a t t r i b u t e d  to i s o x a n t h o p t e r i n  3,s (Ia, 71% inh ib i t i on  of 
t u m o r  g rowth  a t  90 mg/kg)  in  t h e  w a t e r  phase .  

W h i l e  i s o x a n t h o p t e r i n  (Ia) also a p p e a r e d  to a c c o u n t  for 
a m a j o r i t y  of t he  a n t i t u m o r  a c t i v i t y  of Pieris rapae crua- 
vora4, i t s  presence  could no t  be  s u b s t a n t i a t e d  in a n o t h e r  
ac t ive  Pier idae ,  Prioneris thestylis D b l d y 4 , t  I n  t h e  work  
wi th  Pieris rapae i t  was  found  m o s t  c o n v e n i e n t  to  isolate  
i s o x a n t h o p t e r i n  b y  e x t r a c t i n g  t h e  wings  w i t h  d i lu te  
aqueous  a m m o n i a  fol lowed b y  s e p a r a t i o n  Using Sephadex  
G-10 a n d  f inal  r e m o v a l  of i s o x a n t h o p t e r i n  f rom x a n t h o p -  
t e r i n  (Ib) and  o t h e r  closely r e l a t ed  c o m p o n e n t s  b y  ion- 
exchange  c h r o m a t o g r a p h y  ( S P - S e p h a d e x  C-25). 

1 The present contribution represents Part XXVII of the series 
Antineoplastic Agents. For Part XXVI refer to G. R. PETTIT, J. F. 
DAY, J. L. HARTWESL and H. B. WooD, Nature, Lond. 227, 962 
(1970). 
This investigation was supported by Public Health Service Re- 
search Grants No. CA-10612-01 to No. CA-10612-04 from the Na- 
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8 Important reviews of naturally occurring pteridines have been pre- 
pared by R. C. ELPZRFIELD and A. C. METHA in Heterocyclic Com- 
pounds (Ed. R. C. ELDERFmLD; John Wiley and Sons, Inc., New 
York, N.Y. !967), Vol. 9, p. 1-117 - and W. PFLEIDERER, Angew. 
Chem. (Int. Ed. EngL), 3, 114 (1964). 

4 G. R. PETTIT, J. L. HARTWELL and H. 13. WOOD, Cancer Res. 28, 
2168 (1968). 

5 R. PURRMANN, Justus Liebigs Annln Chem. 54d, 182 (1940); 546, 
98 (1940) and 548, 284 (1941). 
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The bu t t e r f ly  p te r id ines  were mos t  convenien t ly  assessed 
by  mass  spect ra l  methods .  For  example ,  in the  case o f  
i soxan thop te r in  high resolut ion (Atlas SM-1B) mass  
de t e rmina t i on  by  peak  m a t c h i n g  ( P F K  in ternal  s tandard)  
showed the  molecular  ion as the  base peak  at  m/e 179.0443 
(calcd. for C6H~NsOe: 179.0443). We  have  also ascer ta ined,  
by  e lementa l  analysis,  t h a t  the  wings of these  par t icu lar  
but terf l ies  con ta in  4 - 5 %  silicon. This  in t r iguing observa-  
t ion  war ran t s  fu r the r  s tudy.  

Because the  presence of 7 -methyl  x a n t h o p t e r i n  (Ic), 
p t e r in  6-carboxylic  acid (Id), p te r in  7-carboxylic  acid (Ie) 
and  e ry th rop t e r i n  (If) were suspected  dur ing the  separa-  
t ion  of Catopsilia crocale Cramer  fractions,  syn the t i c  
samples  of each were ob ta ined  and  submi t t ed  for ant i -  
t u m o r  evaluat ion.  Bo th  e ry th rop t e r i n  and p te r in  6- 
carboxyl ic  acid were found  to be marg ina l ly  inact ive,  
while p ter id ines  Ic and  Ie were inact ive  in analogous dose 

O 
II 

H N / ~ . / N ~ / R  

Ia, R = H ,  R~.=0H d, R=C02H, R~.=H 
b, R - O H ,  R I = H  e, R = H ,  R I=CO2H 
c, I ~ - O H ,  R I = C H  a f, R - O H ,  R~-CH2COCO2H 

ranges.  P re sen t  resul ts  suggest  t h a t  the  insect  p te r id ines  
represen t  an i m p o r t a n t  s t a r t ing  po in t  for design of p o t e n -  
t ia l ly ,useful  an t ineoplas t i c  agents.  

Zusammen/assung. Eine  Vorun te r suchung  der Insek ten-  
gruppe  Lep idop te ra  auf  an t i - t umor -ak t ive  Stoffe ffihrte 
zu einer de ta i l l ie r ten  chemischen  Pri i fung der aus AMen 
s t a m m e n d e n  Schmet te r l inge  Catopsilia crocale Cramer  
(Pieridae) und Pieris rapae cruavora. Ein bedeu t ende r  
Teil der  Ant i -Tumor -Akt iv i t / i t  sche in t  ihren Ursp rung  in 
der  chemischen  Subs tanz  I s o x an t h o p t e r i n  zu besi tzen.  

G.R. PETTIT, L.E. HOUGHTON, 

N . H .  ROGERS, R.M.  COOMES, 
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6 The active constituents of Prioneris thestylis are being exanfined in 
our laboratory and represent a new series of butterfly components. 

A R e v i s i o n  o f  t h e  S t r u c t u r e s  o f  t h e  L u n a r i a  A l k a l o i d s  L B X  a n d  L B Z  

The minor  lunar ia  alkaloids L B X  and LBZ, f rom Lu- 
naria biennis Moench, were proposed  s t ruc tures  (I) and  
(II), respect ively1 ; on the  basis t h a t  t r e a t m e n t  of lunar ine  
(III) w i th  fo rma ldehyde  and dilute acid gave a normal  
Mannich  product ,  which was ident ical  wi th  alkaloid LtBX, 
while alkaloid LBZ is a cor responding  reduct ion  p rodu c t  - 
one of the  ep idermic  alcohols. The s t e reochemis t ry  O f .the 
alcohol was ye t  to be de te rmined .  We  repor t  here in  evi- 
dence requir ing t h a t  alkaloid L B X  be changed to s t ruc-  
ture  (IV) and alkaloid LBZ to (V). In  addi t ion,  t he  con- 
f igura t ion of the  alcoholic ca rbon  was es tabl ished as S, 
according to t he  Sequence Rule. This  removes  the  last  un- 
cer ta in ly  abou t  t he  s t ruc tu re  of ye t  ano the r  minor  lunaria 
alkaloid LBY (VII. 

The p roduc t  2 (alkaloid L B X t  of lunar ine (III) and for- 
ma ldehyde  has the  following proper t ies  which agree only 
wi th  s t ruc tu re  (IV I. First .  the  de t e rmined  act ive hydrogen  

value was 0.99. Second, t he  N M R - s p e c t r u m  3 Shows a clean 
two-p ro ton  AB q u a r t e t  wi th  6 ,  4.16 and 6B 3.98. (J = 
12.5 Hz), while the  Iormaldehyde-d2-1unarine p roduc t  
[molecular ion 4 a t  m/e 451 (100%)] exhib i ted  an ident ical  
spec t rum except  for the  absence of the. AB quar te t .  If  the  

1 C. POUPAT , B. RODRIG(JEZ, H.-P. HUSSON, P. POTIER and M.-M. 
JANOT, C. r.'Acad. Sci., Paris 269 C. 335 f1969L 
All known compounds mentioned here had physical properties in 
accord with the literature values, except this substance which gave 
a higher optical rotation, [~@2 _ 348 ~ [c 0.086. chloroformL The 
new compounds had elemental analyses or mass spectral data 
consistent with the proposed structures. 

3 Taken in CDCI a at 60 MHz with Me4Si as internal standard. 
4 Determined on an AEI MS-9 double-focusing mass spectrometer 

via direct inlet probe. 
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n 

(I; R 1 R ~ -- 0) 
( I I ;  R 1 -  H ,  R 2 = OH) 

I I I I ;  R 1 R 2 =  0 
IVI ;  R 1 = O H ,  R 2 = H)  
I V I I ;  R 2 = H ,  R 2 = O H /  

~IV; 1R 1 ~- R 2 - 0) 
(V; R t - OH. R 2 = I-I) 

cVIII; R I == H, R 2 ~ OH) 


