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SYNTHESIS OF TRITIUM-LABELLED PHOSPHONITJM CHOLINE 

Edith Sim 

Department of Pharmacology 
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SUMMARY 

Tritium-labelled phosphonium choline chloride ( [2-hydroyyethyl ] trimethyl phos- 

phonium chloride) has been synthesised using base-catalysed hydrogen exchangz 

of the hydrogen atoms attached to the carbon adjacent to the phosphonium 

phosphorus. Using H20 diluted in H 0, during the exchange reaction, it is 2 

shown by proton-NMR that substitution of the methylene protons is almost 

complete when only 25% of the methyl protons have exchanged. Comparison 

of the measured specific activity (16.12mCi/mmol) with that calculated from 

the total proton exchange values shows that there is a large isotope effect 

favouring exchange to deuterium rather than tritium. 

3 2 

Key words :- tritiation, deuteration, hydrogen-exchange, quaternary 
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INTIiODUCTION 

Using [1,2- 14 C] phosphonium choline chloride ([2-hydroxyethyl] tri- 

methyl phosphonium [l,2-l4C Icholine chloride), it has been shown that the 

choline analogue is incorporated into phosphatidylcholine in cultured cells 

(l), rat tissues (2,3) and bacterial membranes (4). 
toxic effects and the choline analogue protects against the lesions of a 

choline-deficient diet i n  laboratory animals. 

phosphatidyl choline is a useful biosynthetically-incorporated 3$ - NMR probe 

of membrane phosphatidylcholine ( 3 , s ) .  

retidily incorporated into sphingomyelin (3). 

prepared in order to continue investigation of the metabolism of phosphonium 

choline. 

There are no apparent 

The phosphonium analogue of 

However phosphonium choline is not 

The tritiated compound has been 

587 

0362-4803/84/06058746$01 .OO 
@ 1984 by John Wiley & Sons, Ltd. 

Received December 6, 1983 
Revised January 30, 1984 



588 E. Sirn 

Since quaternary phosphonium compounds undergo exchange of t h e  a- 

hydrogen atoms i n  the  prescnce of base ( 6 ) ,  phosphonium chol ine  should 

p a r t i c i p a t e  i n  both reac t ions  (A)  and (B). 

(A) (CH ) P+ CE2CH20H + B- .* (CH ) P CHCH20H + KB 

(B) (CH3)3 P+ CH2CH20H + B - k ,  (CH ) CH P CH CH OH + KB 

3 3  3 3  

3 2 2  2 2  

3 The t r i t i a t i o n  o f  phosphonium chol ine  ch lor ide  w a s  c a r r i e d  out  i n  

d i l u t e d  i n  H 0 t o  allow t h e  course of t h e  r e a c t i o n  t o  be followed by 

proton NMR and a l s o  t o  d i s t i n g u i s h  between exchange i n t o  t h e  a-methylene 

(A) and a-methyl (B) p o s i t i o n s .  

H20 
2 

2 

EXPERIMENTAL 

Tr i t i a t ion  of. phosphonium chol ine  ch lor ide  

(0.56 mmol), synthesised as descr ibed previous ly  (2), i n  O . l m l  

500 m C i )  

(Ryvan  Chemical Co., Southampton, U.K.) 

( l . lbg/ml) .  

immediately on mixing. 

Phosphonium chol ine  ch lor ide  

3 H20 (approx. 

H20 
2 (Amersham I n t e r n a t i o n a l  p l c ,  Amersham, U.K.) w a s  d i l u t e d  with 

( O . % l )  conta in ing  sodium metal 

The proton NMR spectrum of  t h e  r e a c t i o n  mixture w a s  obtained 

The spectrum (Fig . la )  shows a p a i r  o f  t r i p l e t s  (7=6) 

from (CH ) P+CH CH OH protons and a p a i r  of overlapping t r i p l e t s  (T-7 .5)  

from (CH ) P+CH2CH20H protons.  
3 3  2 2  

3 3  - The doublet from t h e  methyl protons i s  

centred at rA .2 .  

recorded per iodica l ly .  

o f  t r i p l e t s  a t  7-6, a slight signal at  7'7.5 and a p a i r  of doublets  at  7=8.2 

(F ig . lb) ,  which showed that the  e x c h a n e  r e a c t i o n  w a s  almost complete for 

t h e  methylene protons,  and t h e  r e a c t i o n  was stopped by a c i d i f i c a t i o n  with 

0.1M HC1 (201111). The product w a s  f reeze-dr ied and resuspended i n  2Gml o f  

0.N HCl and freeze-dr ied again t o  remove any l a b i l e  tritium. 

Determination of radiochemical p u r i t y  Two separa t ion  methods were used :- 

a) 

as solvent  system. 

i n  t h i s  so lvent .  

The proton NMR spectrum o f  the r e a c t i o n  mixture w a s  

A f t e r  23 hours at 37OC, t h e  spectrum showed a p a i r  

paper chromatography wi th  ethanol /  I M  ammonium acetate pH 5.0, 7/3 (v/v) 

Phosphonium chol ine  c h l o r i d e  s tandard has  an R f  o f  0.73 
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(a )  
8.9 

(b)  6 . 2  

Fig.1. 

a) a t  start of reaction and 

b )  

i n t ens i t i e s  o f  the peaks, obtained from electronic in tegra t ion  a re  shown 

above t h e i r  respective resonances. The T value i s  shown i n  ppm re l a t ive  t o  

Tetramethyl s i lane  ( T =lo). 

'H-NMR Spectra of Phosphonium choline chloride 

3 a f t e r  23 hours a t  3 7 O C  with H20, *H20 and sodium metal. Relative 

b) 

Under the conditions used (2000v, 45 min) standard phosphonium choline 

chloride migrates 17  cm towards the cathode. 

I n  both methods, phosphonium choline chloride was detected as  a brown spot 

on exposure t o  I vapour. 

and e lu t ing  each 3 times with 0.5 m l  of H20 as  follows :- 

ro l l ed  in to  a 5 m l  p l a s t i c  tube with a p in  hole at  the botton, supported 

i n  a 15 ml constricted centrifuge tube. 

centrifugation ( ~ o o o ~ ,  10 min) and samples were dried and measured i n  an 

LKB Wallao l iqu id  s c i n t i l l a t i o n  counter, as previously described (1). 

both systems, at  l e a s t  9% of the rad ioac t iv i ty  migrated with authentic 

phosphonium choline chloride. 

paper ionophoresis with 2% (w/v) ammonium carbonate pH 8.9 as buffer. 

Radioactivity w a s  detected by cu t t i ng  1 cm s t r i p s  2 

Each s t r i p  was 

The e lua tes  were collected a f t e r  

I n  
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Determination of t h e  molar s p e c i f i c  r a d i o a c t i v i t y  of phosphonium chol ine  

ch lor ide  

a t  210’C oxid ises  the  phosphonium group such t h a t  i t  can be  de tec ted  

q u a n t i t a t i v e l y  by measuring t h e  phosphorus conten t  (Table 1). 

Incubat ion of phosphonium chol ine  with perchlor ic  a c i d  f o r  1 hour 

Table 1. Determination of  phosphonium chol ine  chlor iCe af ter  oxida t ion  

JL,? phosphorus (ca lcu la ted)  pg p hosphorus (measured) 

Expt. 1 2.04 1.95; 2.11 

Expt. 2 4.08 3.80; 4.02 

Dry samples of phosphonium chol ine  c h l o r i d e  were incubated a t  21OoC with 1 m l  

o f  7P/a p e r c h l o r i c  a c i d  behind a s a f e t y  sh ie ld .  

then determined by the method of  B a r t l e t t  (7 ) .  

The phosphorus content  was 

Using t h i s  method, recovery of phosphorus i n  t h e  t r i t i a t e d  product  w a s  

determined as 0.5 m o l  (87/a) conta in ing  8.06 nCi which corresponds t o  a 

molar s p e c i f i c  r a d i o a c t i v i t y  of 16.12 mCi/mmol. 

The amount of incorpora t ion  i s  a l s o  c a l c u l a t e d  from the decrease i n  

the  t o t a l  i n t e g r a t i o n  area of  t h e  pro ton  NMR spectrum. 

i n t e g r a t i o n  a r e a  has  decreased from 13.0 t o  8.5. 

hydrogen have exchanged p e r  mole of phosphonium chol ine.  I f  H and H 

exchange equal ly  w e l l ,  t h i s  would correspond t o  0.45 moles of  

inole of phosphonium chol ine  ch lor ide .  

phosphonium chol ine ,  the incorpora t ion  of r a d i o a c t i v i t y  c a l c u l a t e d  i n  th i s  

way i s  12.4 m C i ,  w h i c h  represents  154% of  the observed incorporat ion.  

Thus i t  appears t h a t  there  i s  a considerable  i so tope  e f f e c t  i n  t h e  exchange 

of t h e  a protons.  Although the  observed i so tope  e f f e c t  i s  very large, i t  

i s  wel l -es tabl ished that r e a c t i o n  rates a r e  slower w i t h  the heavier 

i so topes  o f  hydrogen (8,9) .  

The t o t a l  

Thus 4.5 moles of 

2 3 

3 H p e r  

With a recovery of  8y/a of  
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DISCUSSION 

Proton NMR spectra of isotopically labelled and parent compounds. After 

23 hours of reaction with base, the proton signal from the methylene 

protons (reaction scheme (A)  was reduced by over 85% (Fig.la) and the 

signal of protons of the methyl groups (reaction scheme (B)) was reduced 

in intensity by 25% (Fig.lb). There are other differences in the proton 

NIW spectra of the starting material and the product. 

1) 

triplets of the signal from the p protons (T-7.5). 

weaker H-D spin-spin coupling constant (J 

spin coupling constant (JH,H). J 

J (TO). 

In the product, there is a smaller coupling constant within the 

This is due to the 

) compared. with the H-H spin- H,D 
is a factor of 6.5 greater than 

H,H 

H,D 

2) 

protons has changed from a doublet to a pair of doublets and it is well- 

documented (11) that partial deuteration causes increased chemical 

shielding and can result in an upfield shift in the resonance position 

of the remaining protons. 

In the tritiated/deuterated compound, the spectrum of the methyl 
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