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SUMMARY 

l1C-Methyl labelled 1 ,l'-dimethyl-4, 4' -dipyridinium diiodide 

has been prepared by reaction of "C-iodomethane with 4,4'-dipyri- 

dyl dihydrate. Radiochemical analysis of the product was by 

electrophoresis. 

rapidly from cyclotron produced "CO 

with lithium aluminium hydride followed by treatment with 

hydriodic acid. 

The 'LC-iodomethane precursor was prepared 

by reduction to methanol 2 

Key words: "C-methyl labelled 1,l'-dimethyl - 4,4'-dipyridinium diiodide, 
"paraquat", I'C-iodomethane, electrophoresis. 

INTRODUCTION 

l , lX l ime thy l -4 ,4 ' -d ipy r id in ium dichloride is extensively used in agriculture 

as a weed-killer under the trade name "paraquat" (I.C.I. Ltd. ). 

is however toxic and the "C-methyl labelled material (''has been used to 

investigate its tissue distribution and pharmacology 

This compound 

( 2 , 3 ) .  

II As a part of this programme the C-methyl labelled material has now been 

synthesized (as the iodide). 

half-life of 20.4 min. This enabled the time course of the intracellular 

uptake of the compound in the lung of the dog to be followed over  a period 

of 2-3 hours by means of external scintillation counting. Carrier-free 

Carbon-11 decays by positron emission with a 
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CO in nitrogen is produced on the Medical Research Council Cyclotron by 2 
bombardment of nitrogen with 7.5 MeV protons (14N(p,a)11C reaction) (4,5) 

This was converted to'lC-iodomethane by initial reduction to llC-methanol 

using lithium aluminium hydride followed by treatment with constant boi1i:ig 

hydriodic acid as reported previously (6-9). Reaction of the C-iodomethane 

(plus carrier) with 4,4'-dipyridyl dihydrate in tributyl phosphate yielded 

11 . 

II C-methyl labelled l,l'-dimethyl-4,4'-dipyridinium diiodide (I). The total 

time required f o r  the preparation from the end of cyclotron bombardment (EOB) 

was approximately 80 minutes. 

LiAIH4 
I1 co, > ' 'CH~OH 

L R OH 

(R C4Hg OCH2CH20CH2CH2 - 1  

"CH I ">(=J - 
Excess CH31 I 

I 

EXPERIMENTAL 

Apparatus 

The apparatus used f o r  the preparation o f  llC-iodomethane is shown in 

Fig. 1. 

tops, being constructed from "Quickfit" screw thread adaptors*. 

for the flasks and drying tubes etc. were specially constructed from PTFE, 

All the tubing was of 0.125 in O.D. PTFE and the flasks had screw 

The inserts 

* ex Scientific Supplies Co. Ltd., Vine Hill, London EClR 5EB. 
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and t h e  t e f l o n  tubing w a s  joined t o  these  by means of "Cheminert" f i t t i n g s * * .  

This  produced a system which w a s  both gas- t ight  and easy t o  manipulate. 

Fig. 1. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Schematic diagram of the  apparatus  f o r  the  prepara t ion  of 

llC-iodomethane. 

L i A l H 4  r e a c t i o n  f lask.  
H I  r e a c t i o n  f lask .  
Receiver f l a s k  containing t r i b u t y l  phosphate. 
Trap containing water. 
Magnesium perchlora te  drying tube (20 x 2 cm). 
Heated porapak Q column (5 x 0.8 cm). 
Reflux condenser. 
Sodalime - phosphorus pentoxide tube (30 x 1.2 cm). 

Solvents  

E i t h e r  diethylene g lycol  dimethyl e t h e r  (diglyme) or diethylene glycol  

d i e t h y l  e t h e r  (d ie thyld igol )  was used as solvent  f o r  the  l i th ium aluminium 

hydride reduct ion stage.  Both were f r e s h l y  d i s t i l l e d  under vacuum from 

l i t h i u m  aluminium hydride before  use,  any s torage  being under ni t rogen and i n  

the  absence of l i g h t .  

heated under a r e f l u x  condenser t o  l0O0C over stannous ch lor ide  for 2 hours 

and then d i s t i l l e d  under vacuum, t h e  middle f r a c t i o n  being col lected.  Tr ibuty l  

phosphate w a s  a l s o  r e d i s t i l l e d  under vacuum (B.P. 150-175°C). 

Diethylene glycol  monobutyl e t h e r  (buty ld igol )  w a s  
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Preparation of llC-iodomethane 

The carrier-free "CO in nitrogen, was swept directly at a flow rate of 2 
75 ml min-l from the cyclotron target (during irradiation) through the magnesium 

perchlorate drying tube and into the flask containing the lithium aluminium 

hydride (30-100 mg) in diglyme or diethyldigol ( 2  ml). 

the nitrogen flow was reduced to 50 ml min-l and butyldigol (1 ml) was added 

dropwise from the syringe. 

"C-methanol distilled into the flask containing 5596 hydriodic acid (2  ml) at 

OOC., the porapak Q column being maintained at gO°C. 

15-20 min. 

was collected in the tributyl phosphate (1 ml) at O°C in flask (3). 

took a further 5 minutes. 

Preparation of %-Methyl labelled 1,l' -Dimethyl-4,4' -dipyridinium Diiodide 

4,4'-Dipyridyl dihydrate (6.1 mg, 0.032 mmole) and iodomethane (Nl, 

After about 30 minutes 

The flask was then heated to 12OoC and the liberated 

This usually took 

The flask (2) was then heated to 16OoC and the "C-iodomethane 

This step 

0.048 mmole) were added to the flask ( 3 )  which was then sealed (screw cap) 

and heated at 155OC for 20 min with magnetic stirring. The flask was then 

cooled to O°C, opened and further iodomethane (5Op1, 0.80 mmole) was added. 

Heating at 155OC was then continued for a further 20 min after the flask had 

been resealed. After cooling, the tributyl phosphate containing the product 

(I) as a bright red precipitate, was transferred to a separating funnel 

containing diethyl ether (30 ml). 

water (2 ml), the aqueous layer separated and nitrogen bubbled through to 

remove traces of iodomethane and ether. Finally the solution was passed 

through a millipore filter before use. 

The product (I) was then extracted into 

Analysis 

The product was analysed by electrophoresis on cellulose acetate with a 

barbiturate buffer pH 8.6, coupled with autoradiography. Using this system 

the l,l'-dimethyl-4,4'-dipyridiniurn cation (I) moved 8.0 cm under an applied 

voltage of 300 v for 20 minutes while the l-rnethyl-4,4'-pyridyl-pyridinium 

cation (11) moved 5.2 crn. 

the product to be > 98%. 

Autoradiography showed the radiochemical purity of  
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Details of several typical preparations are given in Table 1. The 

radiochemical yield of 'lC-labelled methanol was 60-7W (based on the activity 

trapped by the lithium aluminium hydride) and the yield of llC-iodomethane 

essentially quantitative (based on 'lC-rnethanol). The "C-methanol is not 

carrier-free due to pre-absorption of carbon dioxide in the lithium aluminium 

hydride. 

remove traces of diglyme or diethyldigol from the gas stream. If this is not 

carried out cleavage of these compounds by the hydriodic acid results in the 

llC-iodomethane 

iodoethane respectively. The water, and soda lime plus phosphorous pentoxide 

traps remove traces of hydriodic acid and water from the final product. 

llC-iodomethane was shown to have a chemical and radiochemical purity of > 99% 

by g.1.c. ( 5 '  x O.l25" porapak Q column at 100°C). 

The porapak Q column in the methanol distillation line serves to 

being diluted with miligram amounts of stable iodomethane or 

The 

Radiochemical yields of "C-methyl labelled 1,l' -dimethyl-4,4'-dipyridi- 

diiodide (1) were in the range 3 0 - 5 s .  nium 

necessary to complete the second stage of  the reaction. 

of the product (in the range 40-100 mCi/mmole) were sufficient f o r  the purpose 

envisaged. 

A large excess of iodomethane was 

The specific activities 

Details of the pharmacological results will be published elsewhere. 
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