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INTRODUCTION 

The t i t l e  compounds were needed f o r  i n v e s t i g a t i o n s  forming p a r t  of 

a b i o l o g i c a l  research programme i n  which t h i s  labora tory  is engaged and which 

concer rs the  environmental impact of ch lor ina ted  hydrocarbons. The s c a l e  of 

most e x i s t i n g  proceduras ('-') f o r  the synthes is  of t h e  compounds is too l a r g e  

f o r  our purposes. I n  addi t ion ,  the  synthes is  of I4C-l ,2-dichloroethane de- 

sc r ibed  i n  the  Journa l  of Labelled Compounds(4) seemed r a t h e r  troublesome. 

We t h e r e f o r e  designed an apparatus  i n  which both DCE and TCE can be synthe- 

s ized  i n  a very simple way and on a small s c a l e .  

For the  prepara t ion  of 36C1-TCE and 36Cl-DCE '%12 was generated 
76 from Na C1 by a d d i t i o n  of oleum to  a s o l u t i o n  of Na3% i n  H 0 (*).  

2 2  
To i s o l a t e  and p u r i f y  the  compounds w e  used prepara t ive  GLC. 

PROCEDURE 

Theprocedure we developed has  been der ived from large-scale  methods 

dpscr ibed i n  the  patent  l i t e r a t u r e .  Figure 1 .  shows the  apparatus  used f o r  the  

small-scale  syntheses .  

The a d d i t i o n  o f  CI t o  e thene 
2 

proceeds very f a s t  and almost q u a n t i t a t i v e l y  i n  C C 1 4  s o l u t i o n  a t  room temperature 

i n  the  presence of a t r a c e  of  Zn powder, provided t h a t  the  C 1  introduced has  

been thoroughly dr ied .  
2 

TCE was synthesized by r a d i c a l  c h l c r i n a t i o n  of DCE: 

hv 
CH C 1 - C H 2 C 1  + C 1 2  + CH2C1-CHCl2 + HCI 2 

Equimolar amo'mts o f  DCE and C 1  2 
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yie ld  about 70% o f  TCE contaminated with the 
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by-products 1,1,2,2-tetrachloroethane and pentachloroethane and with a fairly 

large amount (25%) of unreacted DCE. 

EXPERIMENTAL 

1 .  Starting materials 

36 
14C-ethene was purchased from "EN Chemicals GmbH in break-seal ampoules 

and Na 

used were of AR purity. 

C1 from RCC Amersham (250 pCi, 775 pCi/mM). The inactive chemicals 

2. Synthesis of Dichl~roethane-~~C 

The break-seal ampoule with I4C-ethene (2 mCi, 24 mCi/mM) was connected to 

A (figure 1 ) , and 

F 

a cylindrical vessel (volume 13.1 ml) with a stopcock to 

G 
n dry  chlorine c 

t 
break-seal 
ampoule 

containing ' Y - e t h e n e  1 
25ml vessel 

containing CCl, and Zn 

cylindrical 
vessel 

Figure 1 

E. A 25 ml flask containing 0.4 ml of CC1 and 5 mg of Zn powder was at- 
tached to joint C.  The flask was immersed in liquid nitrogen and the whole 

apparatus was evacuated. Stopcocks B and G were then closed, and the whole 

apparatus was filled with ethene, after which it was evacuated again, with 

stopcock F closed. This procedure was repeated three times. The last time 

tap H was closed before evacuation.Tap G was then closed, tap H opened, the 
break-seal broken, and finally, tap B opened. The diluted I4C-ethene condensed 
very quickly in the reaction vessel. After 5 minutes tap B was closed. Accord- 
ing to the same procedure, 16,O ml of C12 (from another cylindrical vessel) 

4 
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was a l s o  introduced i n t o  the r e a c t i o n  f l a s k ,  a f t e r  which the l a t t e r  was i m -  

mersed i n  a water  ba th  (20 'C) while the  mixture was magnet ical ly  s t i r r e d .  

I ts  greenish-yellow colour  had vanished before  i t  had reached room temper- 

a t u r e .  S t i r r i n g  was continued f o r  another  5 minutes, a f t e r  which the  mix- 

tu re  was frozen again. The conten ts  of the  r e a c t i o n  f l a s k  were allowed t o  warm up 

i n  a d r y  n i t rogen  atmosphere. I n  p i l o t  experiments with i n a c t i v e  material 

we found t h a t  a t  t h i s  s t a g e  the  ethene had reacted q u a n t i t a t i v e l y  (as  

shown by NMR with added C H C l  

a n a l y s i s  showed t h a t  more than 99$ of the  product w a s  DCE (contaminated 

wi th  ca.  0.5$ TCE). The 14C-DCE was i s o l a t e d  by means of gas-chromatography 

( s e e  Experimental 5 ) .  The chemical y i e l d  was 45.3 mg (67$), and the  radio-  

chemical y i e l d  0.7 m C i  (359). This low radiochemical  y i e l d  i s  probably 

owing t o  polymerizat ion of the  h ighly  r a d i o a c t i v e  14C-ethene. The product  

was radiochemical ly  pure ( > 99.5%, as checked by rad io  gas-chromatography). 

as t h e  i n t e r n a l  s t a n d a r d ) .  Gas-chromatographic 
3 

3. Synthes is  of 4C-l , I  ,2-Trichloroethane 

Two m C i  of 14C-ethene (4.84 mCi/mM) was d i l u t e d  wi th  13.1 m l  of  i n a c t i v e  

ethene.  The I4C-DCE needed f o r  the  s y n t h e s i s  of 14C-TCE was prepared a s  

descr ibed above. I t  was not i s o l a t e d  pure. Ins tead  the  v o l a t i l e  products  

were d i s t i l l e d  ( i n  vaciio) i n t o  a 25 ml f l a s k  a t tached  t o  E. From t h e  

c y l i n d r i c a l  v e s s e l  (25.1 m l )  connected t o  A ,  another  25.1 m l  of  C1 

int roduced i n t o  t h e  r e a c t i o n  f l a s k .  The conten ts  of the  f l a s k  were warmed 

t o  room temperature, and i r r a d i a t e d  with a W lamp ( 

minutes, a f t e r  which the  s o l u t i o n  had become colour less .  A f t e r  having 

hcen cooled with l i q u i d  n i t rogen ,  the  conten ts  of t h e  r e a c t i o n  f l a s k  were 

allowed t o  warm up i n  a d r y  n i t rogen  atmosphere. 

I n  experiments with i n a c t i v e  m a t e r i a l  the  composition of the  r e a c t i o n  mix- 

t u r e  a t  t h i s  s t a g e  was found to  be: 

TCE ca.  7@, DCE ca.  25$, l,l,Z,Z-tetrachloroethane ca. 5$, o t h e r  products  

< 19 ( d a t a  from NMR and a n a l y t i c a l  G C ) .  14C-TCE was i s o l a t e d  by prepara- 

was 
2 

= 366 nm) f o r  ten  

t i v e  GC. 

?he chemical y i e l d  was 75 mg (fiC$), and t h e  radiochemical  y i e l d  0.9 m C i  

(45%) of a n a l y t i c a l l y  and radiochemical ly  pure ( 7 99.5%) 14C-TCE. 

4. Synthes is  of 36Cl-l ,2-Dichloroethane and 36Cl-l, 1,Z-Trichloroethane 

Radioact ive ch lor jne  was prepared according to  Woeber's method from Na36C1 

(250 pCi) and Ii2C2/oleum6) ( n i t r o g e n  w a s  bubbled through the s o l u t i o n ) .  The 

c h l o r i n e  gas (0.375 mM) w a s  d r i e d  by passing i t  through a tube f i l l e d  with 

P 0 (S iccapent ) ,  a f t e r  which i t  w a s  t rapped i n  a s p i r a l  tube with two s top-  

cocks. When a l l  the  ch lor ine  had been c o l l e c t e d  the  t r a p  was connected t o  A ,  

and a f t e r  evacuat ion of t h e  t r a p  and t h e  whole appara tus ,  t h e  c h l o r i n e  w a s  

2 5  
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d:st::led - r i b  a r c a c t i o n  f l a r i k  contalcinp, C C 1 4 ,  

C1-TCE was prepared accordin,- t h e  procedure descr ibed  for t h e  s y n t h e s i s  ,b 

o f  14C-DCE and I4C-TCE. We i s o l a t e d  both the 36C1-TCE and i t s  main contam- 

x a n t  DCE-' C l .  The chemical y i e l d  o f  3hC1-TCE: w a s  27 mg (55$), and t h a t  

of %-DCE was 5 , ~  ng (15~;). 

The f a c t  tha t  radiochemical  :uelds were much lower (only  about 3@ of  the  

a c t i v i t y  was recovered) ,  is probably aut. :o exchange r e a c t i o n s  with C C l  . 
4 

We had not  foreseen  the exxensivcnese of z!-.cco r e a c t l o n s .  I t  would prob- 

ab ly  be b e t t e r ,  ~ ~ e r e f o i ~ f ,  t o  c a r r y  o u t  t!le prepara t ive  r e a c t i o n s  w i t h -  

o u t  a so lvent ,  arid when :!ley are conpietc,, '.o liis*,il tile m 

c c 1  

5n and ethene. .,. , 

76 

4 . 
5. Gas-Liquid Chromatograpny 

The p r q a r a t i v e  IGLC was p;erformed o n  a 2 m x 1 cm column packeu wl th  

Carbowax 20 M .  The e l u t i o n  gar was n i t r o  , and tne column temperature 

100 'C. For d e t e c t i o n  a catharometer  was used.  The f rac t ;on ;  were col-  

i e c t e d  i n  g l a s s - t r a p s ,  cooled in d r y  1 c . e .  Moisture was excluded wi th  t h e  

a id  of a tube f i l l e d  with P205, ( S ~ c c a i m - ~ t ) .  
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