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PREPARATION OF TRITIUM-LABELLED meta-AMINOLEVAMISOLE OF HIGH SPECIFIC 
RADIOACTIVITY BY CATALYTIC D E H A L m A T I O N  

2 James A. and Ian Paterson 
Departments of Biological Sciences and Chemistry 
Columbia University, New York, NY 10027 

SUMMARY 
We describe the synthesis o f  tritiated meta-aminolevamisole 
(MAL) of high specific radioactivity. 
iodinated with iodine monochloride in aqueous hydrochloric 
acid. The major reaction product, L[-]2,3,5,6-tetrahydro- 
6-(5-amino-2-iodophenyl)imidazo [2,1 -b]thiazole, was 
catalytically dehalogenated with carrier-free tritium gas in 
methanolic potassium hydroxide over 10% palladium-carbog. After 
extraction and chromatography, a radioactive species ( [  HI-MAL) 
was identified wit$ the same chromatographic mobility as 
unlabelled MAL. 
activity in contracting nematode muscle as authentic unlabelled 
MAL, co-chromatographs with unlabelled MAL in three different 
TLC systems and is about 90% radiochemically pure. By bioassay 
and fompetitive inhibition studies, the specific radioactivity 
o f  [ HI-MAL appears greaijer than 15 Ci/mole and is probably 
close to 29 CJnmole. 
detecting a high affinity, saturable binding activity in 
extracts of the nematode Caenorhabditis elegans. 

m b e l l e d  MAL was 

[ HI-MAL possesses the same high biological 

[ HI-MAL was shown to be useful for 

Key Words: mB-amino1 evamisole, tri tium-label ing , anthelmintic, 1 evami sol e, 
catalytic deiodination 

INTRODUCTION 

Levamisole is a drug neurotoxic to nematodes (1). It causes rapid 

contraction of nematode muscles followed by spastic paralysis and at high doses, 

death. It is the 1-isomer and more active form o f  d,l-tetramisole and bears 

structural and pharmacological resemblances to the nematocides nicotine and 

pyrantel (2,3,4). The stereospecificity of levamisole, its low effective 

concentration, and the effects of substitution on the phenyl ring suggest that 
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levamisole acts by specifically binding to a receptor protein. 

Uncoordinated mutants o f  the nematode Caenorhabditis elegans can be 

isolated that are immune to the neurotoxic effects o f  levamisole (5,6). 

shown that such mutants possess genetic and pharmacological properties 

consistent with acetylcholine receptor deficiency although our hypothesis does 

not rigorously rule out other possibilities (4). 

receptor and its possible deficiency in levamisole-resistant mutants, a 

biochemical assay for the receptor was needed. 

vertebrate chol inergic receptors, &-bungarotoxin, benzyl trimethyl ammonium, and 

3-quinuclidinyl benzilate, do not have significant pharmacological potency on 

nematodes (4). m-aminolevamisole, L[-]2,3,5,6-tetrahydro-6-(5-aminophenyl)- 

imidazo [2,1-blthiazole, (MAL, I in Figure l), however, is an extremely potent 

nematode muscle agonist and its aryl amino moiety would facilitate the 

preparation o f  both an iodinated precursor and subsequent introduction o f  tritium 

by catalytic dehalogenation (7). 

We have 

To better define the levamisole 

The compounds used to assay 

In this work we describe the synthesis o f  tritiated @-aminolevamisole o f  
3 high specific radioactivity ( C  HI-MAL). Our basic method is shown in Figure 1. 

I 

IIa 

NH 

Ila I CI 
1 N HCI 
- 

I 

NHz 

I I b  

- 02 10% OR Pd/C T2 NHZ q y .  
Me OH/ KOH 

Eta  X = D  
b X - T  

Figure 1 
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EXPERIMENTAL 

Chemicals. 

Palladium-carbon was purchased from A l d r i c h  Chemical Co., deuterium ox ide  (99.8%) 

and 35% deuterium c h l o r i d e  i n  deuterium ox ide  (99%) f rom Sigma Chemical Co. 

so lvents  used were ACS grade and were obta ined from Fisher  S c i e n t i f i c .  

I$&-aminolevarnisole was a g i f t  from American Cyanamid. 

The 

Thin l a y e r  chromatography. Reactions and column chromatograms were 

monitored f o r  t he  most p a r t  by use o f  Gelman ITLC type SG p l a t e s  developed i n  

acetone/methanol 10:0.4. 

absorbed t o  t h i s  medium than t o  standard s i l i c a  gel G p la tes ,  which requ i red  much 

more po la r ,  s low ly  developing so l ven ts  f o r  reasonable separations. 

m - a m i n o l e v a m i s o l e  compounds were l e s s  s t r o n g l y  

I o d i n a t i o n  o f  MAL w i t h  i o d i n e  monochloride (ICL). We fo l l owed  t h e  i o d i n a t i o n  

method described by Wal l ingford and Krueger (12). MAL (657 mg, 3.0 mnole) was 

d i sso l ved  i n  3.45 m l  o f  water and 0.6 m l  of concentrated hyd roch lo r i c  ac id .  IC1 

(36  mg, 3.3 mmole) was added t o  2.44 m l  of water and 0.53 m l  of concentrated 

hyd roch lo r i c  a c i d  cooled on i c e .  

i n t o  t h e  MAL s o l u t i o n  a t  room temperature. 

formed. S t i r r i n g  was continued f o r  1 112 hours a t  room temperature. The pH o f  

t h e  s o l u t i o n  was then r a i s e d  t o  around 11 w i t h  concentrated ammonium hydroxide, 

t he  p r e c i p i t a t e  dispersed with several m l  of methanol and then ex t rac ted  w i t h  50 

m l  o f  chloroform. 

through C e l i t e  t o  remove i n s o l u b l e  m a t e r i a l .  

w i t h  ch loroform and t h e  pooled ch loroform l a y e r s  washed w i t h  20 m l  o f  5% sodium 

s u l f i t e ,  d r i e d  over  magnesium s u l f a t e ,  and evaporated t o  dryness, y i e l d i n g  976 mg 

of m a t e r i a l .  

The c h i l l e d  I C l  suspension was then s t i r r e d  

An immediate y e l l o w  p r e c i p i t a t e  

The combined aqueous and organic  l a y e r s  were then f i l t e r e d  

The aqueous l a y e r  was washed tw ice  

P u r i f i c a t i o n  o f  L[-]2,3,5,6-tetrahydro-6-(5-amino-2-iodophenyl)imidazo 

[2,1-b]thiazole ( I I a ) .  The crude i o d i n a t i o n  r e a c t i o n  product was d isso lved  i n  

methylene c h l o r i d e  and h a l f  t h e  m a t e r i a l  was app l i ed  t o  a 1.8 by 34 cm F l o r i s i l  

column (32 gm). 

1 and the  i nd i ca ted  weights o f  m a t e r i a l  c o l l e c t e d .  

The column was e l u t e d  w i t h  t h e  se r ies  o f  so lvents  shown i n  Table 

The r e a c t i o n  products 



948 J .  A. Lewis and I .  Paterson 

consisted of a front-running minor species and a less rapidly eluted major 

product. 

characteristics was IIa (Figure 1; Table 2 ,  column 3)  and the more rapidly eluted 

minor product L[-12,3,5,6-tetrahydro-6-(5-amino-2,4-diiodophenyl)imidazo [2,1 -b]- 

thiazole (IIb, Figure 1 ;  Table 2 ,  column 2). 

product was further confirmed by the ability to catalytically dehalogenate it 

back to material with the chromatographic mobil ity, biological activity, and NMR 

spectra of MAL. 

The major product identified by its NMR and mass spectra 

The identity of the monoiodinated 

Table 1. Chromatography of iodinated MAL compounds on Florisil. 

Weight of 
Fractions material, mg Composition 

3,4,5,6 

7 $8 

9 to 34 

93 12MAL 

77 -1/4 12MAL,"3/4 IMAL 

269 I MAL 

Crude material (484 mg) from the reaction of MAL with ICl was applied to a 
Florisil column as described in Experimental. The column was eluted with the 
following solvents collected in 50 m l  fractions as indicated: CH C1 /EtAc 1:3 
(#1-22); EtAc (#23,24); EtAc/MeOH 1OO:l (#25,26); EtAc/MeOH 19:12(#$7-32); 
EtAc/MeOH 4:l (#33,34). 
112 mg of I2MAL (compound IIb), representing 63 and 16 mole percent of the 
starting material, respectively. 

The yield obtained was 326 mg of IMAL (compound IIa) and 

Catalytic dehalogenation of IIa. 

a. Dehalogenation using hydrogen gas. Compound IIa (40 mg, 0.12 mole) was 

dissolved in 8 ml of methanol, 0.2 M in potassium hydroxide. To this material in 

a 25 ml round bottom flask, 81 mg of 10% palladium-carbon was added. The flask 

was attached to a T tube apparatus fitted on one end with a balloon of hydrogen 

and connected on the other to a water aspirator. 

frozen with a dry ice/ethanol bath and the reaction flask evacuated and flushed 

four times with hydrogen gas. 

2 hours at room temperature. 

The reaction mixture was 

The reaction mixture was warmed and stirred for 

The reaction was terminated by freezing the 
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Table 2. Properties o f  MAL compounds. 

12MAL I MAL DMAL MAL 

Rf 0.83 0.73 0.34 0.34 

'H NMR peaks, 
ppm downfield 

aromatic 7.9s(0.7) 7.6-7.4d(0.8) 7.2-6.9m( 1.2) 7.3-7.0m(l .6) 
6.9s( 0.7) 6.9-6.7d( 0.8) 6.7-6.4m( 1.7) 6.9-6.5m(2 .6) 

6.4-6.2dd( 1 ) 

benzil ic 5.6-5.2m( 1 ) 5,7-5.4m( 1 ) 5.4-5.0m( 1 ) 5.6-5.3m( 1 ) 

other 4.4-2.7m( 7.6) 4.3-2.7m( 8.4) 4 .2-2.7m( 10.7) 4.4-2.9m( 10) 

Mass spectra, 
major peaks,m/e 

472,471 346,220 - 
346,345 
222,220 

R values given for chromatography on Gelman ITLC type SG plates in 
acetonelmethanol 10:0.4. 
using tetramethylsilane as a standard except DMAL was done in deuterated 
acetonitrile. 
hydrogen. s, singlet; m, multiple; d, doublet; dd, doublet of doublets. 
spectra were obtained by chemical ionization. 
compound IIa; DMAL = compound IIIa. 

NMR spectra were obtained in deuterated chloroform 

Integrated peak values are normalized to the distinctive benzil ic 
Mass 

12MAL = compound IIb; IMAL = 

reaction mixture and then evacuating and flushing the flask three times with air. 

Thin layer chromatography revealed essentially complete conversion o f  starting 

material to a product with an Rf of MAL. 

through Celite and 0.5 ml of concentrated hydrochloric acid was added to the 

filtrate along with 15 ml of distilled water and 15 ml o f  chloroform. The 

yellowish color which formed was extracted into the chloroform layer. After 

removal o f  this layer, an additional 30 ml of chloroform was added and the 

solution made alkaline with 1 ml of concentrated amnonium hydroxide. The 

a1 kal ine chloroform extract was dried over magnesium sulfate and evaporated 

to dryness. The product, redissolved in methylene chloride, was applied to a 

The reaction mixture was filtered 
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5 cm h igh F l o r i s i l  column packed i n  a Pasteur p i p e t t e  and then e l u t e d  w i t h  5 

a l i q u o t s  o f  e t h y l  acetatehethan01 5:l and 6 a l i q u o t s  of  methanol, each 3.8 m l .  

E lu t i ons  2 through 5 w i t h  e t h y l  acetatehethan01 were pooled and evaporated, 

y i e l d i n g  16 mg o f  a s l i g h t l y  y e l l o w  mate r ia l  (63% y i e l d ) .  TLC and NMR showed 

the product was mos t l y  MAL w i t h  some t a r r y  contaminant. Bioassay o f  t he  a b i l i t y  

o f  t he  ma te r ia l  t o  c o n t r a c t  c u t  C. elegans showed t h e  ma te r ia l  t o  have 70-80% o f  

t he  potency of au then t i c  MAL (Table 3 ) .  

2,000 t imes t h e  concentrat ion had no b i o l o g i c a l  a c t i v i t y .  Reaction o f  MAL w i t h  

e thy l  acetate, e s p e c i a l l y  d u r i n g  r o t a r y  evaporation, appeared t o  be the  source 

of  t he  t a r r y  contaminant. The contamination caused by the  use o f  e t h y l  acetate 

was markedly g rea te r  i n  t h e  p u r i f i c a t i o n  o f  MAL than i n  t h e  p u r i f i c a t i o n  o f  t h e  

i od ina ted  MAL compounds. Besides avoid ing t h e  use o f  e t h y l  acetate, i t  may a l so  

be more d e s i r a b l e  t o  s u b s t i t u t e  methylene c h l o r i d e  f o r  e x t r a c t i o n  and sodium 

carbonate fo r  pH adjustment i n  our p u r i f i c a t i o n  scheme. 

The iod ina ted  s t a r t i n g  ma te r ia l  a t  

Table 3. B i o l o g i c a l  a c t i v i t y  o f  MAL compounds. 

Compound Concentrat ion F rac t i on  o f  worms Elapsed time, 
tes ted  tested,  urn contracted minutes 

I MAL 

MAL from 
dehal ogenation w i t h  
hydrogen 

MAL c o n t r o l  

[3H]-MAL from 
dehalogenation w i t h  
t r i t i u m  

MAL con t ro l  

MAL con t ro l  

MAL con t ro l  

200 

0.1 

0.1 

* 
0.1 

0.1 

0.2 

0.3 

O /  5 90 

7/10 33 

10111 36 

14/15 25 

14/15 27 

1411 5 18 

14/15 12 

MAL compounds were tes ted  f o r  b i o l o g i c a l  a c t i v i t y  as described i n  Experimental 
and compared t o  au then t i c  MAL tes ted  a t  t h e  same t ime. 
*Concentration i f  c a r r i e r - f r e e .  

IMAL = compound I I a .  
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b. Dehalogenation us ing  deuterium. The dehalogenation was performed 

s i m i l a r l y  t o  t h a t  described above us ing hydrogen gas. 

11.5 m l  o f  deuterium ox ide 5% i n  deuterium c h l o r i d e  was b o i l e d  i n  the  presence o f  

8 gm o f  z i n c  and the  evolved gas c o l l e c t e d  i n  a ba l l oon .  

0.12 mmole) was dehalogenated over  10% palladium-carbon as described above b u t  

a f t e r  2 hours reac t i on ,  TLC showed o n l y  about 50% conversion t o  the  expected MAL 

r e a c t i o n  product, poss ib l y  due t o  the  l i m i t e d  amount o f  deuterium generated and 

i t s  d i l u t i o n  w i t h  a i r .  

dehalogenation w i t h  hydrogen except t h a t  du r ing  F l o r i s i l  chromatography, t he  

column was e lu ted  w i t h  s i x  a l i q u o t s  o f  e t h y l  acetate/methanol 3 : l  and s i x  

a l i q u o t s  o f  methanol, each 3.8 m l .  

f r a c t i o n s  1 and 2 o f  t he  second were combined and evaporated, y i e l d i n g  10 mg o f  

ma te r ia l  (38% y i e l d ) .  The product was again t i nged  w i t h  ye l l ow  bu t  co-migrated 

on TLC p l a t e s  w i t h  au then t i c  MAL and had t h e  NMR spectra o f  ma te r ia l  t h a t  was 

s u b s t a n t i a l l y  compound I I I a  (Table 2, column 4 ) .  

To ob ta in  deuterium gas, 

Compound I I a  (42mg, 

The r e a c t i o n  was worked up as described f o r  

Fract ions 2 through 6 o f  t he  f i r s t  e luen t  and 

c. Dehalogenation w i t h  t r i t i u m  gas. This  dehalogenation was performed by 

New England Nuclear Custom Label ing Serv ice according t o  ou r  i n s t r u c t i o n s .  

Compound I I a  (34.5 mg, 0.10 mmole) was d i sso l ved  i n  7 m l  o f  0.2 M potassium 

hydroxide i n  methanol and added t o  a r e a c t i o n  vessel w i t h  70 mg o f  10% 

palladium-carbon. The r e a c t i o n  m ix tu re  was s t i r r e d  v igo rous l y  f o r  2 hours a t  

room temperature i n  t h e  presence o f  one atmosphere o f  t r i t i u m  gas (25 Curies) 

w h i l e  protected from l i g h t .  

concentrated hyd roch lo r i c  a c i d  and t a k i n g  t h e  m ix tu re  t o  dryness, a d i f f e r e n c e  

from prev ious r e a c t i o n  p ro toco ls  t h a t  was necess i ta ted by t h e  l a r g e  amount o f  

t r i t i u m  used. 

evaporat ion o f  methanol. The r e a c t i o n  m i x t u r e  was then d isso lved i n  methanol, 

f i l t e r e d  t o  remove t h e  c a t a l y s t ,  evaporated t o  dryness, and d isso lved i n  20 m l  o f  

0.01 N HC1 and then d i l u t e d  w i t h  0.01 N HC1 f o r  shipment i n  a l i q u o t s  con ta in ing  

l e s s  than 10 a / m l .  A t o t a l  o f  637 (22% o f  t h e o r e t i c a l  i nco rpo ra t i on )  was 

The r e a c t i o n  was terminated by adding 0.5 m l  o f  

L a b i l e  t r i t i u m  was removed by t h e  repeated a d d i t i o n  and 



952 1. A .  Lewis and I .  Patersori 

received from New England Nuclear and s to red  quick- f rozen i n  l i q u i d  n i t rogen .  

P u r i f i c a t i o n  o f  [3H]-MAL. F o r t y  n i n e  @ o f  t h e  t r i t i a t e d  r e a c t i o n  ma te r ia l  

received from New England Nuclear i n  9.6 m l  of 0.01 N HCl was ex t rac ted  w i t h  10 

m l  o f  methylene ch lo r i de .  

0.24 gm o f  sodium carbonate and ex t rac ted  w i t h  two 20 m l  p o r t i o n s  of  methylene 

c h l o r i d e  and then one 10 m l  po r t i on .  

were d r i e d  over magnesium s u l f a t e  and f i l t e r e d  through C e l i t e .  The f i l t r a t e  was 

concentrated t o  a few m l  volume and app l i ed  t o  a 5 cm h i g h  column o f  F l o r i s i l  i n  

a Pasteur p i p e t t e .  The column was e l u t e d  w i t h  so lvents  as descr ibed i n  F igure 2, 

avoid ing the  use o f  e t h y l  acetate, and the  e lua tes  assayed f o r  r a d i o a c t i v i t y  and 

analyzed by t h i n  l a y e r  chromatography. Fract ions 5 t o  15 were pooled, f i l t e r e d  

through c o t t o n  t o  remove F l o r i s i l  p a r t i c l e s ,  evaporated t o  dryness, red isso lved 

i n  4 m l  o f  0.01 N HC1 and stored quick- f rozen i n  l i q u i d  n i t rogen .  About 90% o f  

the r a d i o a c t i v i t y  was shown t o  co-migrate w i t h  un labe l l ed  MAL i n  t h ree  d i f f e r e n t  

The aqueous l a y e r  was then made a l k a l i n e  (pH-42) w i t h  

The combined methylene c h l o r i d e  f r a c t i o n s  

I k pooled 4 I 
3 0 t  C 

I J 
0 4 8 12 16 2 0  

Fraction number 

Figure 2. T r i t i a t e d  ma te r ia l  (3 x l o l o  cpm) received from New England 
Nuclear was processed as described i n  Experimental.  
r a d i o a c t i v i t y  was ex t rac tab le  from a1 ka l  i n e  s o l u t i o n  w i t h  methylene c h l o r i d e .  A 
good p a r t  o f  t he  m a t e r i a l  was l o s t  due t o  absorpt ion t o  magnesium s u l f a t e  used 
a s  a d ry ing  agent (1 .9 x 1010 cpm). The remainder was app l i ed  t o  a 5 cm F l o r i s i l  
column i n  a Pasteur p i p e t t e  and e lu ted  w i t h  the  f o l l o w i n g  mixtures o f  methylene 
chloride/methanol app l i ed  as i nd i ca ted  by t h e  arrows: A, 1O:l mix; B, 2:l mix; C, 
1:2 mix. 
each f r a c t i o n  counted. Recovery o f  app l i ed  ma te r ia l  was complete. The ind i ca ted  
f rac t i ons  were pooled as [3H]-MAL. 

E s s e n t i a l l y  a l l  

Fract ions o f  3.8 m l  were c o l l e c t e d  and 10  J.I~ of a 1:lOO d i l u t i o n  o f  
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TLC systems: 1)  Gelman ITLC p l a t e s  t ype  SG e l u t e d  w i t h  acetone/methanol 10:0.4 

(Rf 0.28); 2) Gelman ITLC p l a t e s  t ype  SG e l u t e d  w i t h  methylene chloride/methanol 

10:0.7 (Rf 0.26); and 3)  Gelman ITLC p l a t e s  t ype  SAF e l u t e d  w i t h  methanol/water/ 

ammonium hydroxide 1O:l :0.4 ( Rf 0.56). 

Bioassay of  MAL a c t i v i t y .  MAL compounds were d isso lved i n  an a r t i f i c i a l  

p e r i e n t e r i c  s a l t s  s o l u t i o n s  and tes ted  f o r  t h e i r  a b i l i t y  t o  cause muscle 

c o n t r a c t i o n  as described by Lewis, Wu, Levine, and Berg ( 4 ) .  

f o r  a t e s t  s o l u t i o n  t o  c o n t r a c t  c u t  w i l d  type C. elegans was compared t o  the t ime 

requ i red  f o r  an au then t i c  MAL standard. 

The t ime requ i red  

Assay of  s p e c i f i c  [3H]-MAL b ind ing  a c t i v i t y  i n  t o t a l  e x t r a c t s  o f  C .  elegans. 
3 The s p e c i f i c  [ HI-MAL b ind ing  a c t i v i t y  present i n  e x t r a c t s  o f  t h e  nematode C. 

elegans and t h e  a b i l i t y  o f  au then t i c  un labe l l ed  MAL t o  i n h i b i t  t h i s  b ind ing  

a c t i v i t y  were determined by Lewis and Fleming (8) and s p e c i f i c  examples o f  t h i s  

work are shown i n  t h i s  paper t o  subs tan t i a te  the radiochemical c h a r a c t e r i s t i c s  

and the  b i o l o g i c a l  a c t i v i t y  o f  t h e  C3H]-MAL synthesized. 

RESULTS AND DISCUSSION 

fi 
t h i a z o l e .  Our r e s u l t s  show t h a t  it i s  easy t o  conver t  MAL t o  an i od ina ted  

precursor  which then can be t r i t i a t e d  t o  h igh  s p e c i f i c  r a d i o a c t i v i t y  w h i l e  

ma in ta in ing  b i o l o g i c a l  a c t i v i t y .  The o n l y  u n s a t i s f a c t o r y  aspect o f  our  

p u r i f i c a t i o n  scheme i s  t h e  use o f  e t h y l  ace ta te  as a so l ven t  i n  column 

chromatography. 

w e l l - c o n t r o l l e d  e l u t i o n  o f  t h e  i od ina ted  MAL compounds and MAL from F l o r i s i l  

columns. 

d u r i n g  r o t a r y  evaporation. The use o f  mix tures o f  methylene c h l o r i d e  and 

methanol f o r  column chromatography i s  o n l y  a passable s u b s t i t u t i o n  as MAL 

compounds a re  then e lu ted  much more r a p i d l y  and i n  a much l e s s  c o n t r o l l a b l e  way 

from F l o r i s i l .  

It was o r i g i n a l l y  chosen because it a f fo rded  a gradual, 

However, e t h y l  ace ta te  appears t o  r e a c t  w i t h  MAL compounds, e s p e c i a l l y  
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In our reaction scheme, a moderate amount of the diiodinated product IIb is 

formed. 

radioactivity. 

principal limitation is the background of nonspecific binding, which would only 

rise accordingly with ligand of higher specific radioactivity. 

desirable to synthesize the diiodinated MAL compound in larger quantity, one 

would probably want t o  conduct the iodination reaction in an organic solution 

such as acetic acid as the limited solubility o f  the rnonoiodinated product in 

aqueous solution would probably hinder further reaction. 

This might be used to synthesize tritiated MAL of even higher specific 
3 For our use o f  [ HI-MAL in receptor binding assays, however, the 

If it was 

Catalytic dehalogenation of L[-]2,3,5,6-tetrahydro-6-(5-amino-2-iodophenyl)- 

imidazo [2,l-blthiazole. 

carbon in a hydrogen atmosphere was investigated for several solvent/base 

combinations. Of the methods tried, reaction in methanol ic potassium hydroxide 

appeared to convert almost all the iodinated starting material to MAL after 

only 2 hours of reaction at room temperature. 

compound in dioxane 0.14 M in triethylamine or dimethylforrnamide 1.4 M in 

triethylamine for 16 hours or more produced only a poor conversion to MAL and 

a tarry by-product. 

The feasibility of dehalogenation over 10% palladium- 

Reaction of the iodinated MAL 

Catalytic dehalogenation of the monoiodinated MAL compound with deuterium 

gas in methanolic potassium hydroxide solution showed the reaction could proceed 

without substantial incorporation of protons from the solvent. The deuterium 

reaction provides confirmation of our indirect calculation o f  a high specific 

radioactivity for the tritiation reaction. 

deuterium and that with hydrogen are likely t o  have yielded MAL of much higher 

purity if we had avoided the use of ethyl acetate in purifying the reaction 

products over Florisil columns. 

Synthesis o f  [3H]-MAL. 

Both the dehalogenation with 

Catalytic dehalogenation of the monoiodinated MAL 

compound in the presence of tritium produced a large amount of radioactive 

product. Because the reaction workup leaves the product in the presence of a 
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l a r g e  amount o f  i no rgan ic  s a l t ,  d i r e c t  determinat ion o f  s p e c i f i c  r a d i o a c t i v i t y  

was n o t  e a s i l y  poss ib le .  The y i e l d  o f  t r i t i a t e d  ma te r ia l  (22% o f  t h e o r e t i c a l )  i s  

lower than we expected and might  be a t t r i b u t a b l e  t o  our  dec i s ion  t o  have the  

r e a c t i o n  m ix tu re  a c i d i f i e d  p r i o r  t o  t h e  f i l t r a t i o n  s tep  f o r  removal o f  t h e  

c a t a l y s t .  

evaporations requ i red  t o  remove l a b i l e  t r i t i u m  b e t t e r  than the ma te r ia l  i n  

a l k a l i n e  s o l u t i o n  bu t  some o f  t he  protonated product may have been absorbed t o  

t h e  c a t a l y s t .  

We thought t h e  a c i d i f i e d  compound would stand up t o  t h e  se r ies  o f  

3 From t h e  r e a c t i o n  mixture,  [ HI-MAL can be p u r i f i e d  t h a t  i s  about 90% 

radiochemical ly  pure as judged by TLC i n  th ree  so lvent  systems. 

improvements a re  poss ib le .  

c h l o r i d e  e x t r a c t  by more spar ing use o f  magnesium su l fa te .  

F l o r i s i l  column w i t h  several more f r a c t i o n s  o f  methylene chloride/methanol 1O:l 

be fo re  sw i t ch ing  t o  a 2 : l  m ix tu re  o f  these so lvents  and then by t a k i n g  on ly  the  

peak most f r a c t i o n s  o f  r a d i o a c t i v i t y ,  [ HI-MAL can be obtained t h a t  g ives a four  

Several 

A h igher  y i e l d  i s  ob ta inab le  i n  d ry ing  the  rnethylene 

By washing t h e  

3 

t imes lower  nonspec i f i c  background i n  ['HI-MAL recep to r  b ind ing  assays. 

by us ing  s t a r t i n g  ma te r ia l  ( I I a )  p u r i f i e d  w i thou t  t h e  use o f  e t h y l  ace ta te  even 

h ighe r  q u a l i t y  [ HI-MAC may be obta inable.  

Perhaps 

3 

B i o l o g i c a l  a c t i v i t y  and s p e c i f i c  r a d i o a c t i v i t y  o f  [3H]-MAL. Our p u r i f i e d  

3 [ HI-MAL has t h e  approp r ia te  h igh  b i o l o g i c a l  a c t i v i t y  expected o f  a n e a r l y  

rad iochemical ly  pure product maximally subs t i t u ted  w i t h  one t r i t i u m  atom (Table 

3 ) .  [ HI-MAL made up t o  0.1 j m  concentrat ion on the  assumption o f  maximum 

s p e c i f i c  r a d i o a c t i v i t y  (29 CJrnmole) has the  same b i o l o g i c a l  a c t i v i t y  as an 0.1 

3 

j m  s o l u t i o n  o f  un labe l l ed  MAL. 

i t  should c o n t r a c t  c u t  worms p r o p o r t i o n a l l y  f a s t e r ,  i . e .  i f  [ HI-MAL were r e a l l y  

15 z/mmole, i t  should c o n t r a c t  worms a t  t h e  r a t e  t h a t  an 0.2 um s o l u t i o n  o f  

au then t i c  MAL does. 

I f  ['HI-MAL had a lower s p e c i f i c  r a d i o a c t i v i t y ,  
3 

3 The s p e c i f i c  r a d i o a c t i v i t y  o f  [ HI-MAL was ca l cu la ted  by comparing t h e  

a f f i n i t y  o f  [ HI-MAL t o  t h e  compe t i t i ve  i n h i b i t i n g  power o f  un labe l l ed  MAL i n  a 3 



956 J .  A. Lewis and 1. Faterson 

3 specific [ HI-MAL receptor b i n d i n g  assay u s i n g  nematode ex t rac t  (Figures 3 and 

4 ) .  

Fleming (8) .  11 nm for inhibit ing the 

specific c3H]-MAL binding observed a t  a concentration of 69,200 dpm of [ H]-MAL 

per 100 ~ 1 .  

f o r  unlabelled MAL (reasonable based on the bioassay r e su l t s )  and by using the 

parameters Ka and n derived from the BMDPSR f i t  t o  a Hill equation f o r  several 

data se t s  such as the one shown in Figure 3 ,  one can calculate I ,  the effective 

concentration of unlabelled MAL, in units o f  [ HI-MAL dpm t h a t  would be needed to  

reduce the observed binding t o  50% o f  i t s  value when no unlabelled MAL i s  

present. Expressing these conditions i n  terms o f  a Hill equation 

The authenticating de ta i l s  of t h i s  assay will be described by Lewis and 

Unlabelled MAL has an IC50 value o f  49 
3 

3 
By assuming the chemical potency o f  [ HI-MAL t o  be the same as t h a t  

3 

K L"//(I + K , L ~  + K ~ I ~ )  = 11-2 + K ~ L ~ )  'ma, a 

which reduces to  

log[ l /Ka  + Ln]l /n  I = 10 

-0- 2 300  
n 

a = 2 0 0  

- 

1 

- 
r 7  

I 
u 

b 

0' 100 200 300 400 
(thousands) 

[C3Hl M A q ,  dpm/100ul 

Figure 3.  Specific binding of [ 3 HI-MAL to nematode t i s sue  as a function of 
[ HI-MAL concentration. 
predominantly f i r s t  stage larvae,  1 mg extract  protein per determination, was 
incubated on ice from 70 t o  240 minutes with the indicated amounts of [3H]-MAL in 
a 100 ul reaction volume as described by Lewis and Fleming (8) .  The  specific 
C3H]-MAL binding observed represents the  mean difference between quadruplicate 
determinations of t o t a l  and nonspecific r3H]-MAL binding. 
the differen e i s  shown by the e r ror  bars. 

concentration assayed (415,431 dpm per 100 111). The f i t t e d  curve for  a Hill 
equation was obtained t h r o u g h  weighted nonlinear regression using BMDP3R (14 ) .  
The Hill parameters a re  Bmax = 500 k 157 dpm, Ka = 2.5 5 1.1 x 
and n = 0.68 ._ + 0.09 for  the data a s  plotted. 

Five times frozen and thawed ex t rac t  made from 

The standard error of 
Nonspecific b i n d i n g  was l inear  w i t h  increasing [ 5 HI-MAL concentration and was 1416 dpm f o r  the maximum [3H]-MAL 

dpm/100 y l ,  
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3 Figure 4. Hill plot of the displacement of specif ,c  [ HI-MAL binding by 
unlabelled MAL. Five times frozen nd thawed extract was incubated for 70 

the presence of the indicated concentrations of unlabelled MAL. 
[3H]-MAL binding was calculated by subtracting nonspecific binding measured in the 
presence of 10 urn unlabelled MAL only. B is the amount of specific i3H1-MAL 
binding observed at a given drug concentration; Bmax, the specific [ HI-MAL 
binding with no unlabelled MAL added to the total reaction mixture. 
were analyzed by weighted linear regression. The IC50 concentration of 
unlabelled MAL was calculated to be 49 11  nm and the Hill coefficient, 
0.73 t 0.09. 

minutes on ice with 69,200 dpm of [ 3 HI-MA1 and total binding was determined in 
Specific 

The data 

3 L is the concentration of [ HI-MAL in dpm units used in the competitive 

inhibition experiment. 

fit values from four independent direct binding experiments such as shown in 

Figure 4 provides four independent determinations of the potency of unlabelled 

MAL in equivalent [ HI-MAL radioactive concentrations units with a mean value for 

I o f  328,000 2 23,000 (SEM) dpm per 100 ul. 

radiochemical purity and setting it equal to the IC5,, value of unlabelled MAL in 

chemical concentration units yields a specific radioactivity for [ HI-MAL of 27 

- Ci/mmole. 

determinations o f  the equivalent radioactive and chemical concentrations sets a 

lower limit o f  11 CJnmole on the specific radioactivity of [ HI-MAL. From the 

agreement between the bioassay and the binding assay results, it appears that the 

specific radioactivity of [ HI-MAL is probably greater than 15 fi/mmole and may 

be close to the carrier-free value o f  29 CiJmmole. The dehalogenation reaction 

Substituting in values of Ka and n representing the best 

3 

Correcting this value for 90% 

3 

Casting a simultaneous 95% confidence limit on the errors in the 

3 

3 
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with deuterium supports the conclusion of a high specific radioactivity. 

Carrier-free incorporation of tritium has also been reported under the same 

reaction conditions for iodotyrosine (13) .  
3 In a related paper, we will provide more detailed evidence that [ HI-MAL 

detects the authentic levamisole receptor in our binding assay (8). 

includes the demonstration that several mutants selected for their lack of 

response to levamisole are deficient in specific [ HI-MAL binding activity. 

Altogether mutations in about 12 different genes confer resistance to the 

anthelmintic levamisole. 

radioactivity will make it possible to determine which o f  these mutations 

directly affect levamisole receptor function. The availability of [ HI-MAL thus 

will allow a combined genetic and biochemical analysis o f  receptor function that 

Our evidence 

3 

The ability to synthesize [3H]-MAL of high specific 

3 

is not possible in most other receptor systems. 

also permit direct and rapid determination of structure-activity relationships 

for levamisole and related anthelmintics. There have been a number of 

investigations into the actions of levamisole on the vertebrate immune system 

(9-11). 

relative potency of levamisole compounds on the immune system appears to be far 

below its level of toxicity to nematodes. 

The existence of ['HI-MAL should 

3 [ HI-MAL might be of some use to researchers in this area, although the 
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