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SUMMARY 

Levamisole (LEV) i s  a w i d e l y  used a n t i - p a r a s i t i c  agent. I n  o r d e r  t o  c h a r a c t e r i s e  

t h e  b iochemica l  pharmacology o f  LEV i n  p a r a s i t i c  nematodes, [3H]LEV and a more 

a c t i v e  analogue [3H]m-aminolevamisole (MAL) have been prepared. Label1 i n g  was 

accompl ished by t r i t i a t e d  water  exchange o f  MAL under a c i d  c o n d i t i o n s .  M u l t i p l e  

s i t e  l a b e l l i n g  was achreved i n  t h e  p o s i t i o n s  ortho and p a r a  t o  t h e  amino group o f  

MAL. T r i t i a t i o n  o f  MAL HC1 i n  C3H],0 was achieved a t  103°C f o r  23 h. Crude [3H]MAL 

was d i a z o t i s e d  ( h y d r o c h l o r i c  a c i d  and sodium n i t r i t e )  and deaminated 

(hypophosphorous ac id )  t o  e f f e c t  t h e  syn thes i s  o f  [3H]LEV. Produc ts  o f  bo th  

r e a c t i o n s  were p u r i f i e d  by p r e p a r a t i v e  h.p.1 .c. and c h a r a c t e r i s e d  by h.p.1 .c. ,  

t . 1 . c .  and mass spec t romet ry .  (Radiochemical y i e l d  was about 15% and p u r i t y  >go%.) 

S p e c i f i c  a c t i v i t i e s  o f  39 Ci/mmol f o r  [3H]MAL and 37 Ci/mmol f o r  [3H]LEV were 

ob ta ined.  
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INTRODUCTION 

Levami sol e (L[-]2,3,5,6-tetrahydro-6-phenyl imidazo[ 2,1-b] thi azol e) (LEV; 4, Fig. 
1)  is an anthelmintic agent widely used in domestic animals (1). Interest in the 

mechanism of action of LEV has been stimulated by the emergence of LEV resistant 

strains of trichostrongylid nematode parasites of sheep. A more active analogue of 

LEV, m-aminolevamisole (MAL; 1, Fig. 1) has been tritiated and successfully used 

as a ligand in the characterisation of the LEV receptor site in the free-living 

nematode Caenorhabditis elegans (2,3). In this study [3H]MAL (specific activity of 

15-29 Ci/mmol) was prepared by catalytic (palladium/ carbon) deiodination under 

tritium gas (2). While useful in C. elegans, this isotope was o f  insufficient 

activity for detection of receptors in parasitic nematodes (N.C.Sangster, 

unpublished results). Tritium labelling of LEV has been subsequently achieved by 

debromination of a synthetic precursor and subsequent closure of two rings, 

however, this procedure yielded a lower specific activity (10 Ci/mmol)(4). 

Fiqure 1 Synthetic route o f  [3H]m-aminolevamisole (2) and [3H]levamisole ( A ) .  

* denotes an isotope of H. 
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In order to develop radioisotope binding techniques for use with the receptors of 

parasitic nematodes we report the synthesis of [3H]MAL and [3H]LEV by tritium 

exchange labelling of MAL under acidic conditions with subsequent diazotisation and 

deamination to yield [3H]LEV. Optimisation of the labelling procedure and 

determination of the position of label incorporation were accomplished by the use 

of deuteri um 1 abell ed analogues. 

EXPERIMENTAL 

Chemicals and Analytical Techniaues 

Unlabelled MAL was a gift of American Cyanamid (Princeton, NJ), LEV and BrLEV were 

from Sigma (St Louis, MO), ['H],O from Pierce (Rockford,IL) and [3Hl,0 (2700 Ci/ml) 

from Amersham (Sydney, Australia). Other reagents were AR or h.p.1.c. grade. MAL 

and LEV were detected on Merck (Darmstadt, FRG) 5554 fluorescent t.1.c. plates 

developed in dich1oromethane:methanol (50: 10) and in addition, MAL was detected 

with iodine vapour on Gelman (Ann Arbor, MI) ITLC SG plates developed in 

dich1oromethane:methanol (100:7) (2), For determination of radioactive purity 10, 

lcm squares of t.1.c. plate were cut out and placed in scintillant (Omnifluor, 

Canberra Packard, Me1 bourne, Australia) and counted. The proportion o f  

radioactivity which coeluted with unlabelled LEV or MAL was calculated as a 

percentage of the total counts recovered from the 10 squares. H.p.1.c. was 

performed with a Waters (Mill ipore/Waters, Sydney, Australia) 6UK injector, 

Spectraphysics (San Jose, CA) pump (SP8770) and a Waters 440 detector at 254nm. 

The mobile phase was 35% 0.01 M ammonium acetate buffer (pH 7.2) in methanol. 

Analytical runs, which were used to quantify the products, were performed on a 

Waters RCM Novapak C,, column (5 pm) with solvent delivered at 1 ml/min. Retention 

times for MAL and LEV were 115 and 175 s, respectively. Preparative runs were on 

an H.p.1.c. Technologies (Macclesfield, UK) Techsil 5 pm C1,6D column with the 

mobile phase delivered at 5 ml/min. MAL and LEV were extracted with 

dichloromethane from sodium bicarbonate-saturated solutions applied to a Chemelut 

column (Analytichem International, Harbor City, CA). 

Mass spectra were obtained on a Finnigan/mat (San Jose, CA) 3200 GCMS (Quadrupole). 
Chemical ionisation was achieved using methane gas. N.m.r. spectra were performed 
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on a JEOL (Tokyo, Japan) FX9OQ f o u r i e r  t ransform n.m.r. spectrometer using 

te t ramethy l s i l ane  as reference (6 = 0.00 ppm) i n  deuterated carbon t e t r a c h l o r i d e .  

Deuteration 

a\ r2H1,0 exchanqe 

One mg o f  LEV HC1 o r  MAL HC1 was incubated w i t h  50 11 [2H]20 a t  90°C f o r  4 h i n  a 

s i m i l a r  fash ion t o  Hsi and Skaletzky (5 ) .  Condit ions were optimised f o r  

temperature and t ime ( F i g  2 )  and the  extent  o f  deu te ra t i on  was determined by mass 

spect ra l  analys is .  The p ropor t i on  o f  each deuterated species, was ca l cu la ted  by 

sub t rac t i on  o f  the [”C]  and [ 3 4 S ]  con t r i bu t i ons  from the i o n  abundances o f  the 0, 

t o  D, parent ions.  The [lH]n.m,r. spectrum o f  the 32 h sample (% deu te ra t i on  shown 

i n  Fig. 2A)  was recorded and compared w i t h  a spectrum f o r  un labe l l ed  MAL. 

b)  Deamination 

Deamination was performed w i t h  un label led MAL and [‘HIMAL. Solut ions o f  MAL (1 

mg) i n  27 p l  o f  hydrochlor ic  ac id  (1 M) and 0.33 mg sodium n i t r i t e  i n  27 p l  H,O 

were he ld  a t  4°C and mixed t o  form t h e  d iazo t i sed  in termediate (3).  A f t e r  30 

min., 55 p l  o f  hypophosphorous ac id  (50%) was added and the  m ix tu re  al lowed t o  

w a r m  t o  room temperature. A f t e r  16 h, the pH was adjusted t o  10 w i t h  aqueous 

sodium hydroxide ( I  M) and the  product ext racted i n t o  ch loroform on a Chemelut 

column. Only LEV was detected on t . 1  .c .  

T r i t i a t i o v  o f  MAL 

a) r3H170 exchanqe 

MAL HC1 (0.67 mg) i n  250 p1 o f  methanol was added t o  a t h i c k  wa l l ed  g lass tube 

and evaporated t o  dryness a t  room temperature under a stream o f  n i t rogen .  [3H]20 

( 2  p l ,  5 C i )  was t ransfered under vacuum i n t o  the tube, which was then sealed and 

heated a t  103°C f o r  23 h .  On cool ing,  t he  reac t i on  was n e u t r a l i s e d  w i t h  saturated 

sodium bicarbonate (20 p l )  and d i l u t e d  w i t h  water (0.5 m l ) .  The contents were 

t ransfered onto a Chemelut tube w i t h  two f u r t h e r  0.5 m l  washes o f  water, were 

e lu ted w i t h  dichloromethane and evaporated t o  dryness under n i t rogen .  The residue 

was red isso lved i n  10 m l  o f  methanol and d r i e d  under n i t rogen  t o  remove 
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Fiqure 2 Optimisation of deuteration of m-aminolevamisole. Two mg of MAL was 

dissolved in 10 pl of [2H]z0 and incubated either at 90°C for varying times 

( A )  or for 16 hrs at varying temperatures ( B ) .  0, 1, 2 and 3 represent the 

abundances (corrected for carbon and sulphur, see text) of MAL species Do, 

D,, D, and D, labelled under each set o f  conditions, respectively. 
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exchangeable tritium to give crude t3H]MAL (2). The crude ['HI MAL was redissolved 

in methanol ( 4  ml) and divided into two 2 ml fractions for deamination to [3H]LEV 

and [3H]MAL purification, respectively. 

bl Deamination 

Crude [%]MAL in methanol ( 2  ml) was evaporated to dryness under N, and 

hydrochloric acid (8p1, 1 M) was added followed by an 8 pl aliquot of aqueous 

sodium nitrite ( 1  mg in 81 pl). All reactants were kept at 4°C. After 90 min, 

when diazotisation was complete hypophosphorous acid (14 pl) was added and the 

sample left at room temperature overnight. The product was neutralised with 

aqueous sodium hydroxide (2 M, 150 p ? )  and eluted on a Chemelut column t o  give 

crude r3H]LEV, ( 3 ) .  

Purification 

Both crude [3H]MAL and [3H]LEV were found by t.1 .c. to be about 50% radiochemically 

pure. The remaining crude [3H]MAL was injected into the preparative h.p.1 .c. 

system and the peaks at 10, 14.5 and 19 min collected. By reinjection of each 

fraction under analytical conditions and by mass spectrometry the fraction eluted 

at 19 min was identified as [3H]MAL. Purification o f  crude [3H]LEV (4) also gave 

4 fractions eluting at 18, 24, 27 and 30 min. Under analytical conditions and mass 

spectrometry t3H]LEV was found to comprise the 27 min fraction. The appropriate 

preparative fractions containing [3H]MAL and [3H]LEV were evaporated to dryness 

under N, and redissolved in 5 ml of methanol. Forty pl samples of these solutions 

were injected into the analytical h.p.1.c. system and quantified by comparison 

with unlabelled standards. Purity and specific activity were determined by 

collection of 0 . 5  min fractions from the analytical h.p.1 .c. 

RESULTS AND DISCUSSION 

Prior to this study a number of methods of deuteration and tritiation were examined 

preliminary to this study. Attempted deuterium exchange by aluminium 

tri chl oride/[ 'H],0 (6) and tri fl uoroaceti c anhydride/ [zH]zO (7) were unsuccessful 

(unpublished results). Debromination of BrLEV by palladium/calcium carbonate 
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catalysis under tritium gas was also unsucccessful. In all cases no starting 

material or anticipated labelled products were observed by either t.1 .c., h.p.1 .c. 

or mass spectrometry. This observation is consistent with the results of Thijssen 

et a1 (4). Interestingly the deiodination of iodoMAL (2) suggests that, in contrast 

to debromination, the removal of iodine can be accomplished without complete 

degradation of the imidazothiazole system. 

Of the techniques examined, only acid 

exchange of MAL in [2H]z0 at elevated 

temperatures gave deuterated MAL without 

decomposition. The level of deuterium 

incorporation was both time and temperature 

dependent. Mass spectral analysis of MAL at 

various times (up to 32 h) at 9O'C showed 

the loss of the unlabelled MAL (D,) 

molecular ion (Mtl) at m/e 220 within 4 hrs 

and concomitant increase in the D, species 

up to 2-3 h followed by the D, species. The 

proportion of D, increases up to 16 h to 

plateau at 24 h. At 24 h the proportion of 

deuterium incorporation was estimated at 

6% D,, 32% D, and 57% D, (Fig 2A). The 

temperature dependence of deuterium 

incorporation at 16 h is presented in Fig 

28. At 60'C low proportions of D, and D, 

MAL species were observed. These two 

I A. 

7.4 7.0 6.6 - 
ppn (6) 

Fiqure 3 Aromatic region of 

[lH]n.m.r. spectrum of 

MAL(A) and deuterated MAL 

(B) * 

species reach maxima at 70 and 9O'C, respectively. The proportion of 0, MAL 

increases linearly from 70 to 103'C to finally account for 73% of the MAL species 

present. 

The aromatic region (66.5- 7.5) of the n.m.r. spectra (Fig. 3A) of MAL consists 

of a high field multiplet (66.64- 6.96) comprising the three protons ortho and 

p a r a  to the amino group (positions 1,2 and 4 in Fig. 1) and a downfield single 
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Fiqure 4 Mass spect ra f o r  [3H]MAL (A) and r3H]LEV ( 6 ) .  The parent ions o f  the 

species are i nd i ca ted  by arrows. Abundances are normalised t o  100% f o r  the 

most abundant species. Higher ions a t  248 t o  263 (A) and 235 t o  249 (6) 

correspond t o  the  expected Mt29 and Mt41 adduct ions observed w i t h  methane 

i oni sa t i on .  

proton appearing as a m u l t i p l e t  a t  67.24 ( p o s i t i o n  3, F ig .  1). On deuterat ion (32 

h, 90'C) the h igh f i e l d  resonances centred on 66.78 co l l apse  t o  approximately 0.3 

o f  a proton (Fig.3B), referenced t o  the t r i p l e t  o f  t he  benzy l i c  proton 65.50 (which 

i s  no t  shown). The downf ie ld  resonance has co l lapsed t o  a broad s i n g l e t .  On 

deuterat ion i t  appears t h a t  protons i n  p o s i t i o n s  1, 2 and 4 have exchanged. 

T r i t i a t i o n  o f  MAL was c a r r i e d  out  a t  103°C f o r  23 h i n  the presence o f  [3H]z0 (5 

C i ) .  A f t e r  Chemelut s o l i d  phase e x t r a c t i o n  and evaporation the  crude product was 

p u r i f i e d  by p repara t i ve  h.p.1.c. t o  y i e l d  [3H]MAL (2). Ninety  percent o f  t he  

r a d i o a c t i v i t y  comigrated w i t h  MAL on the  two t.1.c. systems and on a n a l y t i c a l  

h.p.1.c. Tota l  y i e l d  o f  [3H]MAL corresponded t o  about 72 pg o r  14.4% o f  the 

s t a r t i n g  ma te r ia l .  (Note, h a l f  o f  t he  crude MAL was used f o r  deamination.) Figure 
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4A shows the  molecular i o n  reg ion o f  t he  mass spectrum o f  [3H]MAL. Analogous t o  

the  deu te ra t i on  studies, replacement o f  up t o  th ree  hydrogens o f  MAL by t r i t i u m  had 

taken place. The s p e c i f i c  a c t i v i t y  ca l cu la ted  from t h e  abundance o f  1, 2 and 3 

t r i t i u m  l a b e l l e d  species was 39 Ci/mmol which compares favourably  w i t h  the  value 

o f  42 Ci/mmol ca l cu la ted  from h.p.1.c. and dpm values. 

Deamination o f  [3H]MAL y i e l d e d  [3H]LEV (4) which a f t e r  p u r i f i c a t i o n  by p repara t i ve  

h.p.1.c. was 90% pure on t.1.c. I t s  mass spectrum (Fig. 4B) shows l a b e l l i n g  

corresponding t o  37 Ci/mmol. Th is  small dec l i ne  i n  a c t i v i t y  between [3H]MAL and 

r3H]LEV i s  seen most c l e a r l y  as a dec l i ne  i n  the  abundance o f  more h i g h l y  l a b e l l e d  

species i n  Fig. 4. Some l o s s  o f  t r i t i u m  by s e l f  r a d i o l y s i s  o f  3 o r  4 may have 

occurred du r ing  the  overn ight  react ion.  S i g n i f i c a n t l y ,  t he re  was no l o s s  o f  

deuterium on deamination of ['HIMAL, as determined by mass spec t ra l  analys is .  

Under the same cond i t i ons  the  extent  o f  l a b e l l i n g  w i t h  t r i t i u m  was lower than w i t h  

deuterium. This  could be due t o  a l e s s  e f f i c i e n t  r e a c t i o n  b u t  more probably 

accelerated degradation o f  the t r i t i a t e d  products. The low recovery o f  about 14% 

i s  cons is tent  w i t h  r a d i o l y s i s  du r ing  the  t r i t i a t i o n  react ion.  I n  add i t i on ,  the 

r e a c t i o n  product was s tored d r i e d  on g lass a t  -20°C f o r  7 days before p u r i f i c a t i o n  

and quan t i t a t i on .  About h a l f  o f  the product may have degraded i n  t h i s  t ime 

(J.A.Lewis pers comm.) so t h a t  t he  i n i t i a l  y i e l d  from the  l a b e l l i n g  r e a c t i o n  may 

have been c lose r  t o  30%. Although t h i s  method o f  l a b e l l i n g  l acks  the  s p e c i f i c i t y  

o f  dehalogenation if offers d i s t i n c t  advantages over the  previous methods. 1) The 

reac t i ons  are simple and easy t o  perform. 2) The i n t r o d u c t i o n  o f  m u l t i p l e  t r i t i u m  

atoms y i e l d s  a h igher  s p e c i f i c  a c t i v i t y  which i s  essen t ia l  i n  the measurement o f  

b ind ing  t o  the  LEV receptor  o f  p a r a s i t i c  nematodes. 3) The reac t i ons  prov ide both 

[3H]MAL and [3H]LEV; the  l a t t e r  may be a more s tab le  l i gand .  4) The procedure 

avoids the  use o f  complex r a d i o a c t i v e  mixtures and handl ing o f  isotope through long  

and complex syntheses as proposed by Thi jssen (4). 
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