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RADIOLABELLING OF THE HISTAMINE LIBERATING SESQUITERPENE 

LACTONE, THAPSIGARGIN 
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Royal Danish School of Pharmacy, Department of Chemistry BC, 
2, Universitetsparken, DK-2100 Copenhagen 0 ,  Denmark 

SUMMARY 

Thapsigargin ( 1 )  selectively labelled in the butyrate 
moiety of the molecule was isolated after hydridocar- 
bonyltris(triphenylphosphine)rhodium(I) catalyzed re- 
duction of the product I 5 1  obtained by reacting debuta- 
noylthapsigargin ( 2 )  with 3-butenoic anhydride. The use 
of tritium gas as a reducing agent afforded labelled 
thapsigargin with a specific activity of 78 Ci/mmol. 
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INTRODUCTION 

Although the release of histamine from mast cells and 

leucocytes plays a major role in the development of acute 

allergic reactions and generalized inflammatory responses 

only a fragmentary knowledge of the events involved in 

the secretion is available. 1-5 Peritoneal rat mast cells 

incubated with histamine secratogogues as concanavalin A, 

compound 48/80, or ionophore A 23187 are often used as test 

systems for the investigation of histamine secretion. 

Thapsigargin ( 1 )  a sesquiterpene lactone isolated from 

the umbelliferous plant, T h a p s i a  ga~ganica,~-~ has been 

recognized as a potent non-cytotoxic histamine liberator 

in this test system.8 

vealed that I l l  is capable of inducing histamine release 

2-4 

A number of investigations have re- 
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by a mechanism different from those of other non-cytotoxic 

secretagogues . '"O 
( 1 )  described belove has been developed in preparation for 

studies on the mechanism for histamine release, with spe- 

cial emphasis on characterization of a potential receptor 

for the action of thapsigargin. 

The procedure for tritiumlabelling of 

RESULTS AND DISCUSSION 

The strategy for labelling of ( 1 )  was to introduce a 

double bond, which could be saturated by treatment with 

tritium or deuterium gas. The molecule contains in advance 

a smoothly hydrogenated trisubstituted double bond and a 

tetrasubstituted double bond. The ability of hydridocarbo- 

nyltris(triphenylphosphine)rhodium(I) to selectively cata- 

lyze reduction of terminal double bonds" and the formation 

of 1 2 J 6  by hydrolysis of made the approach outlined in 

Scheme 1 attractive. 

( 1 )  

Sodium carbonate catalyzed saponification of thapsigargin 

gave a mixture of ( l ) ,  (2), and ( 3 ) .  Conversion of 1 3 )  into 

a mixture of (2) and ( 3 )  , presumably v i a  the carboxylate ( 4 )  , 
by dissolving ( 3 1  in 0.25 M sodium carbonate and acidifica- 

tion of the obtained solution, increased the overall yield of 

( 2 1 .  Compound ( 2 )  contains secondary and tertiary hydroxy 

groups. Although both types of alcohols react with anhydrides 

in the presence of 4-dimethylaminopyridine (DMAP) the 

greater reactivity of the secondary hydroxy group enabled 

a selective acylation. Hydridocarbonyltris(tripheny1phos- 

phine) rhodium(1) catalyzed reduction of ( 5 . 1  using deuterium 

gas as reagent gave 1 6 ~ ) .  Investigation of the reaction 
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Scheme 1 

mixture  by HPLC d i d  n o t  reveal t h e  p r e s e n c e  of ( 1 )  reduced 

a t  t h e  t r i s u b s t i t u t e d  double  bond. Mass s p e c t r o m e t r i c  and 

’H NMR s p e c t r o m e t r i c  i n v e s t i g a t i o n s  of (6al evidenced  t h a t  

a l l  deuter ium atoms were a t t a c h e d  t o  t h e  b u t y r a t e  moiety.  

The s u c c e s s f u l  i n c o r p o r a t i o n  of deuter ium encouraged to  a 

t r i t i a t i o n  of ( 5 1  u s i n g  t r i t i u m  g a s  and t h e  same c a t a l y s t .  

The s p e c i f i c  a c t i v i t y  o f  t h e  o b t a i n e d  ( 6 b )  w a s  de te rmined  

to  78 Ci /mmol .  

EXPERIMENTAL 

HPLC w a s  performed over L i c h r o s o r b  RP 18 i n  one of t h r e e  

systems:  A: a Knauer Prepacked column, dimensions 8 x 2 5 0  mm, 

p a r t i c l e  s i z e  7 pm, e l u e n t :  MeOH-0.5% aqueous AcOH ( 5 : 1 ) ,  

f l o w  2 . 5  ml/min; B: same column as i n  A, e l u e n t :  MeOH-0.5% 

aqueous AcOH ( 9 : 1 ) ,  f l o w  2.5 ml/min; C: a Knauer Prepacked 

column, dimensions 16 x 250 mm, particle s i z e  10 pm,  same 

e l u e n t  as i n  A, f low 9 .9  ml/min. I n  a l l  cases a combined 
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U V / R I  detector (Knauer D u a l d e t e k t o r  model 61 . O O )  w a s  u sed .  

TLC was performed on K i s e l g e l  60 F 254 (Merck 5549) 5 x 1 . 5  

c m ,  e l u e n t :  t o l u e n e e t h y l  acetate ( 7 : 3 ) .  R a d i o a c t i v e  s p o t s  w e r e  

v i s u a l i z e d  u s i n g  AGFA-gevaert o s r a y  M3-DW f i l m .  Mass s p e c t r a  

were o b t a i n e d  u s i n g  t h e  chemica l  i o n i s a t i o n  t e c h n i q u e  on a 

VG 7070 i n s t r u m e n t  equ ipped  w i t h  a d u a l  E I / C I  i o n  s o u r c e .  

Reagent g a s  i s o b u t a n e ,  i o n  s o u r c e  t e m p e r a t u r e  2 2 O o C .  The NMR 

s p e c t r a  w e r e  o b t a i n e d  on a Bruke r  HX-270 S s p e c t r o m e t e r .  The 

r a d i o a c t i v i t y  w a s  de t e rmined  i n  a Packard l i q u i d  s c i n t i l l a -  

t i o n  s p e c t r o m e t e r ,  model 2405, u s i n g  I n s t a g e l ,  Packard as a 

s c i n t i l l a t i o n  f l u i d .  The c o u n t i n g  e f f i c i e n c y  w a s  de t e rmined  

t o  30% by c o u n t i n q  a tritium l a b e l l e d  t o l u e n e  s t a n d a r d .  

D e b u t a n o y l t h a p s i g a r g i n  ( 2 )  from t h a p s i g a r g i n .  T h a p s i g a r g i n  
6 

( 1 )  (120 mg; 0.18 mmol) w a s  d i s s o l v e d  i n  a 0.25 M s o l u t i o n  of 

N a  CO ( 2  m l )  i n  M e O H - H 2 0  ( 1  : 1 )  , and t h e  s o l u t i o n  w a s  s t i r r e d  

a t  room t e m p e r a t u r e  f o r  15 min. The m i x t u r e  w a s  made a c i d i c  

w i t h  4 M h y d r o c h l o r i c  a c i d ,  added H 2 0  ( 1 0  m l ) ,  and e x t r a c t e d  

w i t h  e t h e r  ( 3  x 10 m l ) .  The combined o r g a n i c  Dhases w e r e  d r i e d  

(MgS04) and e v a p o r a t e d  i n  U C I C U U  t o  g i v e  a gum ( 1  1 5  mg) . HPLC 

( sys t em C )  gave p u r e  ( 3 1  ( 1 9  mg; 1 8 % ;  r e t e n t i o n  t i m e  8 .6  m i n . ) ,  

( 2 J 6  ( 2 3  mg; 2 2 % ;  r e t e n t i o n  t i m e  1 0  rnin.) .  and (116 (50  mg; 

4 2 % ;  r e t e n t i o n  t i m e  1 4  m i n . ) .  

2 3  

6 

D e b u t a n o y l t h a p s i g a r g i n  ( 2 )  from ( 3 ) .  Compound ( 3 )  

( 4 6  mg) w a s  d i s s o l v e d  i n  0 .25 M s o l u t i o n  of Na2C03 ( 2 . 5  m l )  

i n  M e O H - H 2 0  ( 1 : l ) .  A s  soon as a c l e a r  s o l u t i o n  was o b t a i n e d  

4 M h y d r o c h l o r i c  a c i d  ( 1  m l )  and H 2 0  ( 9  m l )  w a s  added and 

t h e  m i x t u r e  e x t r a c t e d  w i t h  e t h e r  ( 2  x 20  m l ) .  The combined 

o r g a n i c  p h a s e s  w e r e  d r i e d  (MgSO ) and e v a p o r a t e d  i n  v a c u o  

t o  g i v e  a gum from which 131 ( 1 9  mg; 4 1 % )  and ( 2 )  ( 2 2  mg; 

48%) was i s o l a t e d  by HPLC ( s y s t e m  C ) .  

4 
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A c y l a t i o n  of  ( 2 ) .  A s o l u t i o n  of ( 2 )  ( 2 9  mg; 50 pmOl), 

3-bu teno ic  anhydr ide  (100 p l ,  1 mmol) 13 ,  and 4-dimethylami- 

n o p y r i d i n e  (20 mg; 0.18 mmol) i n  CHZC12 ( 2  m l )  w a s  l e f t  for  

1 h .  The m i x t u r e  w a s  washed w i t h  0.4 N h y d r o c h l o r i c  a c i d ,  

d r i e d  (MgS04) and e v a p o r a t e d  t o  g i v e  an o i l ,  from which ( 5 )  

( 2 4  mg; 80%; r e t e n t i o n  t i m e  17.8 min.)  was i s o l a t e d  by 

HPLC ( sys t em A ) .  

I n  t h e  'H NMR spec t rum ( C  2 HC13)  t h e  s i g n a l s  o r i g i n a t i n g  

i n  t h e  3-butenoate  moie ty  were found a t  6 3.05 (complex d ,  

2H),  5.1-5.3 ( m ,  2H), 5.8-6.2 (m, 1H). The p a r t  of t h e  spec-  

t rum due t o  the o t h e r  p r o t o n s  of t h e  molecu le  w a s  superim- 

p o s a b l e  w i t h  t h i s  due t o  t h e  ana logous  p r o t o n s  i n  (I!. Mass 

spec t rum [m/z v a l u e s  ( i n t e n s i t y ) ] :  649 ( l ) ,  589 ( 3 1 ,  549 ( 5 1 ,  

445 ( 6 ) ,  503 (401, 489 ( 8 1 ,  463 ( l o o ) ,  357 (31 ,  359 ( 5 5 ) ,  

345 ( 2 ) ,  403 (801 ,  271 ( 9 1 ,  259 (131,  171 ( 3 ) .  

D e u t e r a t i o n  of ( 5 1  t o  g i v e  (6a). A s o l u t i o n  o f  ( 5 )  ( 6  mg; 

9 umol) and hydridocarbonyltris(triphenylphosphine)rhodium(I) 

( 5  m g )  i n  t o l u e n e  ( 5  m l )  was stirred i n  a deu te r ium atmosphere 

for 1.5 h .  The s o l u t i o n  w a s  e v a p o r a t e d  in vacuo and t h e  re- 

s i d u e  p u r i f i e d  by HPLC ( sys t em A) t o  g i v e  ( 6 a l  ( 3  mg; 50%) 

h a v i n g  t h e  same r e t e n t i o n  t i m e  a s  ( 1 )  (20 - 6  min.)  . The 

'H NMR was supe r imposab le  w i t h  t h e  spec t rum o f  (1 j6  e x c e p t  

for t h e  s i g n a l s  o r i g i n a t i n g  i n  t h e  b u t y r a t e  moie ty ,  which 

are o v e r l a p p e d  by t h e  s i g n a l s  o f  t h e  o c t a n o a t e  moie ty .  An 

estimate b a s e d  on t h e  i n t e g r a t i o n  c u r v e  i n d i c a t e s  a n  a v e r a g e  

of 1 d e u t e r i u m  a t t a c h e d  t o  e a c h  of t h e  t h r e e  t e t r a h e d r a l  

c a r b o n s .  Mass s p e c t r o m e t r y  [m/z v a l u e s  ( i n t e n s i t y ) ] :  656 

(0.31,  655 (1.01,  654 ( 1 . 2 ) ,  595 (1.21, 594 ( 2 . 1 ) ,  593 ( 2 . 2 ) ,  

503 ( 4 2 ) ,  463 ( l o o ) ,  403 (831,  359 ( 7 5 ) ;  i n d i c a t i n g  a n  ave- 

r a g e  of  1.9 deuter ium/molecule .  
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The very l o w  i n t e n s i t y  of  t h e s e  peaks compared t o  t h e  i n -  

t e n s i t y  of t h e  corresponding peaks i n  ( 1 )  i n d i c a t e s  t h a t  so- 

m e  unexpected secondary i s o t o p e  e f f e c t s  t ake  p l ace .  This  

could exp la in  t h e  d i f f e r e n t  i nco rpora t ion  of deuter ium ac- 

cording t o  t h e  NMR and mass s p e c t r a .  

T r i t i a t i o n  of ( 5 )  t o  g ive  ( F b l .  A s o l u t i o n  of  ( 5 1  (10 

mg; 17 umol) and hydridocarbonyltris(tripheny1phosphine)rho- 

dium(1) (10 mg) i n  to luene  ( 2  m l )  was s t i r r e d  f o r  2 h i n  an 

atmosphere of tritium gas .  An uptake of 0 .5  m l  (21 p m o l )  was 

noted.  Labi le  tritium was removed in oacuo us ing  MeOH-0.5% 

aqueous AcOH ( 5 : l ) .  (Because of miss ing  access  to  equipment 

s u i t a b l e  f o r  handl ing  r a d i o a c t i v e  gases  t h e  s t e p  involv ing  

tritium gas was performed by New England Nuclear,  Massachu- 

se t ts ,  USA. The working up of t h e  crude r e a c t i o n  mixture  

and de termina t ion  of s p e c i f i c  a c t i v i t y  and radiochemical  pu- 

r i t y  a l l  was done by t h e  a u t h o r ) .  From t h e  r e a c t i o n  mixture  

( f i b )  ( 6  mg; 6 0 % )  was i s o l a t e d  by HPLC (system B ) .  The pro- 

duc t  h a s  t h e  same r e t e n t i o n  t i m e  (9 .0  min.) as 1 2 )  and a 

s p e c i f i c  a c t i v i t y  of 78 Ci/mmol. The radiochemical  p u r i t y  

of a d i l u t e d  methanol ic  s o l u t i o n ,  which had been s t o r e d  f o r  

a month a t  -20°C,  was by TLC v e r i f i e d  t o  be g r e a t e r  than 9 6 % .  
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