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SUMMARY 

A method ha8 b e e n  d e v e l o p e d  f o r  t h e  p r e p a r a t i o n  
of a l c o h o l s  l a b e l l e d  w i t h  hydrogen i s o t o p e s ,  from 
h a l o h y d r i n s .  The s y n t h e s i s  has  b e e n  p e r f o r m e d v i a  

G r i g n a r d  r e a g e n t s  i n  one s t e p ,  i n  t h e  c o u r s e  of 

which t h e  h a l o g e n  s u b s t i t u e n t  ha8 exchanged f o r  
magnesium which t h e n  exchange8 f o p  t h e  hydrogen 
i s o t o p e  r e q u i r e d .  

The preparation of compounds labelled w i t h  deuterium or tritium 

from halogen derivatives 

accepted method (’’ . The method is, however, limited, a8 other 

a Grignard reagent is a generally 

substituents in the molecule may e i ther  prevent formation of the 

Grignard reagent or lead t o  i t s  immediate decomposition. 

The same holds t rue  f o r  halohydrins, where the active hydrogen 

of the hydroxyl group may bring about the decomposition of the 

oreanometallic compound formed. In the case of fi-halohgdrina, on 

the other hand, the halogen is more reactive and tends t o  react 

with organometallic compounds . (2) 
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It is  probably due t o  the above tha t  there is no reference in 

the l i t e r a tu re  t o  the synthesis of Grignard reagents from halo- 

hycirins and t o  the pract ical  application of  these compounds. 

Our aim was t o  synthesize alcohols labelled with hydrogen 

isotopes. The exchange of the halogen atoms of halohydrines for  

magnesium and subsequently f o r  hydrogen isotopes seemed t o  be 

the most feasible  method. We found that the procedure was 

practicable i n  case the bydroxyl hydrogen had been previously 

exchanged for  magnesium (Equation 2 )  . Magnesium halohydrinate(I1) 

reacted with metal magnesium t o  form a carbon-magnesium bond 

( Equation 3 1 . The organometallic compound thus derived (I11 ) 

contained t w o  magnesium atoms, one bonded t o  the carbon and the 

other . t o  the oxygen atom. Magnesium- hydrogen exchange (Equation 4) 

takes place i n  the course of the reaction between I11 and the 

compound containing the corresponding chemically ''active" hydrogen 

isotope. In  the resul tant  labelled alcohol ( IV) , the hydrogen 

isotope takes the position of the halogen atom.(!Phe hydroqyl- 

hydrogen isotope is completely exchanged for  protium during the 

process ) . 
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( 5 )  

The technical procedure is ident ical  with the method used 

fo r  the synthesis of labelled compounds through Grigaard reagents, 

apar t  from the fac t  tha t  half the amount of the i n i t i a l  metal 

magnesium is  used fo r  the synthesis of methyl  magnesium iodide 

and activated metal magnesium while cooling. The formation of 

magnesium halohydrinate (11) is a momentary process (Zquation 2 )  

while development of the carbon-magnesium bond (111) required 4 

t o  6 hours (Equation 3 )  

Decomposition of the organometallic compound (111) mas performed 

with acid both in the case of synthesis of alcohols label led with 

deuterium and with tritium (Equation 4 ) . 
The deuterium content of deuterated alcohols is  shown i n  the 

Table 1. 

Experimental 

The s t a r t i n g  m t e r i a l :  j-chloro-1-propanol cas a FLUKA 

product ;. 3-bromo-2-methyl-l-propanol was prepared f r o m  methyl 
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/3-brorno*-nethylpropionate I 3, ; 

synthesized from tetrahydrofuran (4) ; 

obtained by reduction of ethyl 3-bromovalerate with LiAlH4 (5); 
and 6-iodo-1-hexanol was prepared from 6-chloro-1-hexanol (6) . 

4-chloro-1-butanol saa 

5-bromo-1-pentanol was 

Determination of the hydrogen.isotopes incorporation 

Mass spectrometric measurements was performed with an 

MI-1305 type mass spectrometer w i t h  the application o f  the 

t r imethyls i lyl  ether o f  deuterated alcohol (7). 

The resu l t s  were checked by NMR measuremenbs performed a t  

60 MIz with an AEI RS-2 spectrometer. Proton spectra were taken 

a t  room temperature i n  CDCl and integrated with an electronic 

integrator  (accuracy 326). The value of deuterium incorporation, 

calculated on the basis  of the decrease i n  the intensi ty  of H- 

l ines  agreed with the r e su l t s  of mass spectrometric measurements, 

mithin the experimental error. 

3’ 

Radioactivity measurements were carried out i n  l iquid phase i n  

toluene solution riith a PACKARD TRI-CARB Scin t i l l a t ion  

Spectrometer Model 574. 

Preparation of alcohols from halohydrins 

A solution of 7.1 g (0.05 mole) methyl iodide in  30 m l  ether 

i s  added t o  2.64 g (0.11 g-atom) of metal magnesium contained Fn a 

+necked f lask  equipped w i t h  s t i r r e r ,  condenser and dropping -1. 
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Ai'ter che formation of  methyl magnesiun iodide (approx. 2 hrs.) , a 

solut ion of 0.05 mole halohydrin i n  25 m l  e ther  is added dropwise 

t o  the reac t ion  mixl-ure while cooling. Pollowing this, t h e  mixture 

i s  heated f o r  4-6 hrs. and vi,-orously s t i r r e d ,  which i s  required'  

l o r  i n  some cases t i i o  phases develop during the  course o f  the 

reaction. 

After the react ion i s  completed, the  mixture i s  cooled t o  -2OOC 

and decomposed with t h e  ac id  containing the  corresponding hydrogen 

isotope. It i s  feas ib le  t o  use methane sulphonic acid-% (which is 

e a s i l y  soluble In e ther )  for the  preparation of t r i t i a t e d  alcohols,  

a i d  deuTerium chloride or  deuterium bromide f o r  the  synthesis  of 

deuterated alcohols. Total  exchange (Equation 4) general ly  requires 

f u r t h e r  3 hrs. of heating and stirring. Final ly ,  a f t e r  addi t ion of 

100 m l  of water, the  alcohol i s  obtained by azeotropic d i s t i l l a t i o n  

and pur i f ied  by the  usual  method. 

In a l l  cases,  p u r i t y  of the products was checked by gas 

chromatography (FRACTOVAP CARL0 ERBA; packing: Carbovax 1000; 

flame ioniza t ion  ind ica t ion  ) . As there  i s  general ly  considerable 

difference in the  boi l ing  points  of the  Initial halohydrins and 

the alcohols formed, normal d i s t i l l a t i o n  proved t o  be a sa t i s fac tory  

method of purif icat ion.  
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