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Summary. The t a x a  of Lanta~ia camara toxic  to animals  conta in  lan tadene  A and lan tadene  B, whereas in two non- 
toxic  t a x a  other  t r i terpenes  predominate .  Several  new t r i terpenes  have  been characterized.  Cont ra ry  to earlier claims, 
l an tadene  A and to a lesser ex ten t  lantadene 13 are toxic  when adminis tered in t ra rumina l ly  to sheep. 

Of some 29 t a x a  of Lantana camara L. (Verbenaceae) 
found in Austra l ia  1, 9 have  assumed pest  proport ions  and 
8 of these, wi th  the except ion of the widespread 'Common 
Pink ' ,  are toxic  to l ivestock. Lan tadene  A" 1 and lan tadene  
t3 2 have  been isolated from L. camara 2, 8, and from an 
Ind ian  L. camara4, 5 lantanol ic  acid 3 and lant ic  acid 
which are oleanane and nrsane der iva t ives  respect ive ly  
and have  an oxide bridge from C(25) to C(3) and a 
hemike ta l  sys tem at  C(3). There  has, however ,  been no 
previous comparison of the  chemical  differences be tween  
taxa ,  and con t rad ic to ry  claims have  been made  earl ier  
about  the  animal  t ox ic i ty  of l an tadene  A. 
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Mat#rial and methods. Collections of leaf and s tem 
samples were made  f rom a number  of t a x a  known to be 
toxic  f rom earl ier  feeding trials, and from the  non- toxic  
t a x a  'Common Pink '  and 'Townsvi l le  Pr ick ly  Orange ' .  
Separa t ion  of the t r i te rpenoid  const i tuents  by  h igh  
pressure l iquid ch roma tog raphy  on Kieselgel 60 revealed 
the  presence of several  new tr i terpenes.  The  tox ic i ty  of 
var ious  t r i terpenes  in sheep was de te rmined  by  intra-  
rumina l  adminis t ra t ion  in DMSO solution. 

Results and discussion. All the  toxic  t a x a  now examined  
conta ined lan tadene  A and lan tadene  t3. In  'P ink-edged 
Red '  lan tadene  A and lan tadene  t3 in the  app rox ima te  
rat io 2:1 make  up approx ima te ly  2.2% of the  d ry  weight  
of the  plant .  Also present  are re la t ive ly  small  amount s  of 
the  corresponding 3fi-alcohols, ident ical  wi th  the  pro- 
ducts  obta ined  by  reducing lan tadene  A and lan tadene  13 
wi th  sodium borohydride,  and 22fi-hydroxy-3-oxoolean-  
12-en-28-oic acid (4), none of which were previous ly  
known to occur in L. camara. Oleanolic acid and oleano- 
nic acid are also present.  'Townsvi l le  Red-cent red  Pink '  
also has a high con ten t  of lan tadene  A and lan tadene  B, 
bu t  differs in hav ing  some betulonic  and betul ic  acid, 
whereas 'Hel idon  Whi te '  has  a re la t ive ly  low con ten t  
(0.5%) of lan tadene  A and lan tadene  B and has betulonic  
acid (0.7%) as the  major  const i tuent .  

'Common Pink '  contains  no lan tadene  A or lan tadene  B, 
and apa r t  f rom small  amounts  of betul ic  acid, be tu lonic  
acid, and oleanolic acid, the  t r i terpenes  of this t axon  
differ marked ly  f rom those of all o ther  t a x a  examined  in 
hav ing  an oxide bridge f rom C(25) to C(3) and a hemike ta l  
sys tem at  C(3). The  two previous ly  known t r i te rpene  
acids of this type,  lantanol ic  acid (3) and lant ic  acid 4, 5, 
bo th  occur in 'Common Pink ' .  A new cons t i tuent  is the  
analogue of lantanol ic  acid and lant ic  acid in the  lupane 
series, lan tabetu l ic  acid (5), C~0i.i4~O4, and its s t ruc ture  has 
been established by  conversion into me thy l  lup-20(29)- 
en-28-oate by a react ion sequence similar  to t h a t  used in 
establishing the  s t ructure  of lantanol ic  acid 4. Two other  
new acids [both C~5I-I5206],6 and 7, isolated as a mixture ,  
have  been character ized spectroscopical ly  as the  corre- 
sponding C(25), C(3)-oxide bridged analogues of lan tadene  
A and lantadene 13, and are conver ted  on hydrolysis  into 
22/3-hydroxylantanolic acid (8) (methyl  ester, C31H4sO 5, 
m.p. 232-234 ~ [e]D + 100 ~ in CHC18), the  s t ruc ture  of 
which has been de termined  by  a detai led spectroscopic 
examina t ion  (MS, NMR).  
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'Townsvi l le  Pr ick ly  Orange '  is no t  a pest  t axon  and has 
been found to be non- toxic  in feeding trials. I t  is the  
only  t axon  in which C(24)-hydroxylated t r i te rpenes  
h a v e  been found. Al though  lan tadene  A and lan tadene  B 
are present  t h e y  are minor  Constituents, whiie oleanonic 
acid and 3-oxours-12-en-28-oic acid predominate .  This  
t axon  also contains  icterogenin (9), p rev ious ly  ob ta ined  
f rom Lippia rehmanni% and a new t r i t e rpene  acid 
(methyl  ester, C3~H4sO 4, m.p. 212-214 ~ [~]D + 108 ~ in 
CHC13) shown to be 24-hydroxy-3-oxoolean-12-en-28-oic 
acid (10). The  me thy l  ester of this  acid undergoes el imina- 
t ion of fo rmaldehyde  in a re t roaldol  react ion wi th  di lute 
methanol ic  sodium hydrox ide  solut ion to give the  known 
me thy l  hedragonate ,  and i t  is t he reby  shown to be the  
C(4) epimer  of me thy l  23-hydroxy-3-oxoolean-12-en-28- 
oate  which has also been conver ted  into me thy l  hedra-  
gonate  6. 

A l though  it  is no t  known to wha t  ex ten t  the  differences 
in tox ic i ty  be tween  the  t a x a  depend on the  na tu re  of the  
t r i te rpenes  and on their  overal l  yields, these observat ions  
provide  a basis for explaining the  results  of feeding trials. 
Lan tadene  A adminis tered  in t ra rumina l ly  as a single dose 
of 80 mg/kg  body  weight  to sheep produces the  character-  
istic tox ic i ty  previous ly  shown to occur af ter  feeding the  
whole Lantana plant  v, s. F r o m  a s tudy  9 of bi t iary secre- 
t ion in the  rabb i t  i t  had  been concluded t h a t  when ictero- 
genin, l an tadene  A and lan tadene  B were adminis tered  
as fine aqueous  suspensions into the  per i toneal  cavi ty ,  
only  ic terogenin was active,  and t h a t  any ac t iv i ty  shown 
by  samples of l an tadene  A was due to t race  quant i t ies  of 
the  toxic  3 fi-alcohol t h a t  would also be present  wi th  it. 
I t  was fur ther  suggested 1~ t h a t  since lan tadene  A was 
non- toxic  to the  rabb i t  in these studies, the  tox ic i ty  
previous ly  a t t r ibu ted  by  L o u w  11 and SEAWRmHT v to 
lan tadene  A in oral  dosing exper iments  in sheep was 
due to the  unsuspected presence of small  amounts  of the  

3/Lalcohol. W h e n  the  la t te r  is dosed in t ra rumina l ly  to 
sheep a t  3 mg/kg  body  weight,  the  a m o u n t  es t imated  to 
be present  in an effect ive dose of toxic  Lantana leaf, 
however ,  no poisoning results. The present  studies thus  
suppor t  the  original  observa t ion  by  L o u w  11 t h a t  the  
tox ic i ty  to sheep of the  crystal l ine isolate f rom Lantana 
leaves was due to the  presence of the  lan tadene  A itself, and 
fur ther  t h a t  the  3 fi-alcohol, in the  a m o u n t  l ikely to be 
present,  is no t  sufficiently toxic  when taken  by  this route  
for i t  to contr ibute  s ignif icant ly to the  tox ic i ty  of the  
p lan t  in the  field. 

Lan tadene  B in in t ra rumina l  doses of 200 to 300 mg/kg  
body  weight  was found also to be icterogenic for sheep and 
caused tox ic i ty  equ iva len t  in sever i ty  to t h a t  produced 
by  80 mg/kg  of l an tadene  A and 40 mg/kg  of the  3fl- 
alcohol f rom lan tadene  A. L o u w  11 found t h a t  when 2 g 
doses of l an tadene  A and lan tadene  B respect ive ly  were 
adminis tered  oral ly to adul t  sheep, l an tadene  A was toxic  
while lan tadene  B was not.  As lan tadene  13 differs f rom 
lan tadene  A only in the  ester ifying acid at  C(22) i t  was 
accordingly concluded 9 t h a t  the  angeloyloxy group a t  
C(22) was a necessary s t ruc tura l  r equ i rement  for ictero-  
genicity.  The  present  studies suggest  t h a t  the  dose rates  of 
lan tadene  B used former ly  10,11 were too low to produce a 
toxic  effect in those an imal  exper iments .  Lan tadene  t3 is 
however  often a major  cons t i tuent  of Lantana leaves, and 
could thus  contr ibute  s ignif icant ly to the  overal l  t ox ic i ty  
of the  plant .  
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Summary. We describe the  synthesis  of some new der ivat ives  of benzo(4, 5)cyclohepta(1, 2-b)thiophene which inhibi t  
ovula t ion  and the  secretion of luteinizing hormone  (LH) in the  rat.  We also describe the  relat ionship be tween  the  
s t ructure  and ac t iv i ty  of these compounds.  

In  connect ion wi th  a s tudy  on the  ovula t ion  and L H -  
inhibi t ing effects in rats  of a par t icu lar  benzocyclohepta-  
th iophene  der iva t ive :  compound  26-9211, we wish to 
repor t  the  prepara t ion  of 10-subst i tuted benzo(4, 5)cyclo- 
hepta(1,  2-b)thiophenes f rom type  3. 

I n  another  repor t  e, we describe the  synthesis  of 10- 
keto  der iva t ives  f rom type  1. Reac t ion  of 1 wi th  phenyl  
magnes ium bromide  in anhydrous  t e t r ahydro fu ran  or 
be t t e r  phenyl  l i th ium in anhydrous  e ther  at  room tem-  
pera ture  for 1 h and a t  ref lux for 1 addi t ional  h, followed 
by  dehydra t ion  of the  ob ta ined  hyd roxycompounds  2 in 
a mix tu re  of hydrochlor ic  acid and isopropanol  gave  3 
(9,10: double bond;  R '  = phenyl ,  R = alkyl, e.g. methyl) .  

On the  o ther  hand,  1 failed to react  wi th  alkyl  magne-  
s ium halogenides,  and when the  react ion wi th  me thy l  
l i th ium was carried ou t  a t  --20 ~ a v e r y  small  yield of 
the  desired alcohol 2 was obtained.  

The  second approach  involved  the  condensat ion of the  
alkyl  2-thienyl  ketones 5 wi th  the  die thyl  o-cyanobenzyl-  
phosphonate  in N , N - d i m e t h y l f o r m a m i d e  a t  20-100 ~ for 
2-5 h, to produce the  compounds  6, which were hydro-  
genated  in e thanol  wi th  pa l lad ium on charcoal  at  100 ~ 
and 20 at. and hydrolyzed  wi th  potass ium hydroxide  in 
me thy l  diglykol  at  150-180 ~ The obta ined  benzoic acid 
der iva t ives  7 were cyclized wi th  polyphosphoric  acid a t  
80-100 ~ for 10-30 rain to the  ketones 8 (9,10 : single bond ; 
R '  = alkyl). 

I n  the  prepara t ion  of the  final  compounds  listed par-  
t ia l ly  in the  Table,  the  a t t a chmen t  of the side chains in 
4 posi t ion of the  tr icyclic in termedia tes  and the  following 
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