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SUMMARY 

A continuous three-step micro-synthesis of 1,2-dibrom0-3-chloro- 
propane, labelled with tritium in position 1 and 2, is described. A specific 
activity of 10.8 Ci/mnol is obtained. The yield observed in the uninterrupted 
overall synthesis is appreciably lower than that in the controlled step-by-step 
syn t hes i s . 

INTRODUCTION 

1,2-Dibromo-3-chloropropane (DBCP) has been used widely as fumigant 
by virtue of its effective nematocidal activity"). This compound is reported 
to have a potential to induce necrosis of the liver and kidney, atropy o f  the 
testes, reduction of the sperm cell number and development of abnormally 
formed sperms cells in Recent epidemiological studies, conducted 
at a chemical plant that manufactures DBCP, indicated that employees who had 
been exposed to this product showed ol igospermia or a~oospermia(~'~). The 
potential reversibility of these testicular changes is still to be determined (6) . 

DBCP has recently appeared(7), describing the use of a C14-labelled product 
at a specific activity of 0.73 mCi/mmol and 94% radiochemical purity. The 
express need for a labelled compound at a very high specific activity induced 
us to attempt the synthesis of tri tium-labelled dibromochloropropane. 

To our knowledge, the only published work related to labelled 
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RESULTS AND DISCUSSION 

0. Buchman e t  n l .  

The r e s t r i c t e d  experimental cond i t i ons  when us ing  t r i t i u m  i n  
synthesis, such as reduced pressure (vacuum mani fo ld)  o r  t he  l i m i t e d  q u a n t i t i e s  
o f  t r i t i u m  gas u s u a l l y  manipulated (10-100 C i  per experiment), determined the 
method o f  synthes is  used. Each s tep  was performed a t  opt imal  l e v e l ,  us ing 
hydrogen gas as reducing agent, i n  order  t o  s imulate reac t i ons  w i t h  t r i t i u m  
compounds. Then, the  proposed synthes is  was performed w i thou t  d isconnect ing 
the  r e a c t i o n  vessel from the man i fo ld  between each step. The technique used 
was e s s e n t i a l l y  based on c ryo - t rans fe rs  from vessel t o  vessel under vacuum 
condi t ions.  U l t ima te l y ,  t h e  synthes is  was performed us ing t r i t i u m  gas. 
The f i r s t  scheme(1) t r i e d  was as fo l l ows :  

H2/T2 Br2 
HCE C-CH2C1 HCT=TC-CH2C1 - HCT- TC-CH2C1 (1) 

I I  
Br B r  c a t a l y s t  

(1 1 (2 1 

based on the  w e l l  known bromination o f  a l l y 1  c h l o r i d e  as used i n  the  i n d u s t r i a l  
product ion o f  DBCP (8) . 

The 1 i terature")  emphasizes t h a t  t he  ace ty l  en i c  group undergoes 
c a t a l y t i c  reduc t i on  on pal lad ium w i t h  preference over a l l  t he  o the r  func t i ona l  
groups. This  s e l e c t i v i t y  i s  n o t  due t o  the  r a t e  o f  reduc t i on  b u t  i s  due t o  the 
s t rong adsorpt ion o f  t h e  t r i p l e  bond which enables t h e  acety lene t o  d i sp lace  
a l l  o the r  f u n c t i o n a l  groups from the  c a t a l y s t .  We based the  c o n t r o l l e d  p a r t i a l  
reduc t i on  o f  t he  propargyl c h l o r i d e  [ s t e p ( l ) ]  on t h e  f a c t  t h a t  s e l e c t i v e  
hydrogenation o f  an acetylene t o  an o l e f i n  takes p lace more r e a d i l y  over a 

This  type o f  c a t a l y s t  i s  genera l l y  deact ivated by a d d i t i o n  o r  adsorpt ion o f  

a base which, also, promotes t h e  undesired dehalogenation. I n  s p i t e  o f  an 
expected advantage o f  t he  t r i p l e  bond, the  two reac t i ons  occurred simultaneously 
and scheme ( I )  had t o  be discarded. 
The second scheme (11) attempted was t h e  fo l l ow ing :  

deact ivated pal lad ium c a t a l y s t  a t  room temperature and atmospheric pressure (10) . 

cc1 Br2 
HCZ C-CH20H - HCT=TC-CH20H - HCT=TC-CH2C1 - HCT-TC-CH2C1 (11) 

I I  
B r  B r  c a t a l y s t  PPh3 
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Step (1) :  

The main d i f f i c u l t y  i n  t h i s  s tep was t o  f i n d  the  most s u i t a b l e  
c a t a l y s t  t o  perform the  s e l e c t i v e  reduc t i on  from acety lene t o  o l e f i n  w i t h  the  
h ighest  poss ib le  y i e l d .  The c a t a l y s t s  t r i e d  were RCTP*(12), 5% Pd/BaS04 
poisoned w i t h  qu ino l i ne  ( L i n d l a r ’ s  c a t a l y s t ) ‘ ” )  and Pd/K0H(l3). I n  each 
experiment the r e a c t i o n  was stopped a f t e r  t he  t h e o r e t i c a l  amount o f  hydrogen 
needed t o  perform the p a r t i a l  reduc t i on  was consumed. 

Su rp r i s ing l y ,  a l l  t he  reac t i ons  r e s u l t e d  i n  a m ix tu re  o f  propargyl 
alcohol, a l l y l  a lcohol  and propanol (as determined by g.l.c.), no ma t te r  which 
c a t a l y s t  was used. Fur ther  attempts i n  which t h e  ca ta l ys t / subs t ra te  r a t i o  
was decreased, slowing down the r e a c t i o n  r a t e  appreciably, enabled us t o  reach 
the des i red s e l e c t i v e  reduc t i on  and ob ta in  o n l y  a l l y l  a lcohol  i n  the  product. 
A f te r  cryo- t ransfer ,  t he  y i e l d s  o f  a l l y l  a lcohol  were 42-52%, when us ing a 
1:13 r a t i o  o f  5% Pd/BaS04 c a t a l y s t .  

had t o  be determined. Because o f  i t s  h igh  b o i l i n g  p o i n t  and i t s  s i m i l a r i t y  
t o  alcohols, e thy lene g l y c o l  was found t o  be the  most s u i t a b l e  so lvent .  
Experiments showed t h a t  t he  c ryo - t rans fe r  a f t e r  s tep (1 ) was performed w i thou t  
any ethy lene g l y c o l  be ing c a r r i e d  over  i n t o  the r e a c t i o n  vessel o f  step (2). 

The choice o f  an approp r ia te  so l ven t  was an o the r  f a c t o r  which 

Step ( 2 ) :  

For t h e  c h l o r i n a t i o n  o f  a l l y l  a lcohol ,  we p re fe r red  t h e  m i l d  
experimental condi t ions,  i n  a n e u t r a l  medium, w i t h  t r i p h e n y l  phosphine and 
carbon t e t r a c h l o r i d e  i ns tead  o f  t h i o n y l  ch lo r i de .  The former r e a c t i o n  i s  
known t o  prevent a l l y l  t r a n s p o s i t i o n  (14*15). The y i e l d  was very h igh  (95%). 
The excess o f  carbon t e t r a c h l o r i d e  t r a n s f e r r e d  i n t o  the  vessel o f  s tep (3)  
remained i n e r t  i n  the  subsequent react ion.  

Step (3): 

The reduc t i ve  brominat ion o f  t h e  double bond was e a s i l y  performed. 
A f t e r  removal o f  a l l  t he  low b o i l i n g  products by c ryo - t rans fe r  and washing the  
remaining r e a c t i o n  m ix tu re  w i t h  methanol, t h e  res idua l  compound was i d e n t i f i e d  
as pure DBCP, by comparison w i t h  an au then t i c  sample (as determined by t.l.c., 
g.1.c. and n.m.r.). The o v e r a l l  y i e l d  o f  steps (1) t o  (3)  was 34.5%, based on 
propargyl alcohol. 

*Rhodium c h l o r i d e  tri s ( t r i p h e n y l  phosphine) 
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Overall synthesis: 

The resu l t s  obtained from the synthesis of DBCP by consecutive 
processing of the steps resulted i n  very low yields (3-5%) compared to  the 
expected yield (29-35%). This f ac t  may be possibly explained by the lack of 
control, particularly in the cryo-transfer a f t e r  each step,  where unreacted 
compounds are carried over and could in te r fe re  w i t h  the subsequent reactions. 
Indeed, the final crude product obtained was a mixture of compounds, including 
allyl  alcohol and a l ly l  chloride. These impurities were eliminated by repeated 
washes with methanol, followed by cryo-transfers of the solvent. Further 
attempts t o  increase the yield remained unsuccessful. 

The t r i t i a t e d  synthesis led to  a final pure product of low 
yield,  with a specific ac t iv i ty  of '10.8 Cilmnol. 

EXPERIMENTAL 

The experiments were performed on a vacuum manifold, as previously 
described(16). The vessels needed fo r  each reaction step were previously 
charged with the reactants and / or  the solvents, connected to  the manifold, 
frozen, evacuated (lO-*m Hg) and isolated from the system by a vacuum 
stopcock until used in the appropriate step of the reaction. The separate 
synthesis steps were performed using only hydrogen gas, while i n  the overall 
synthesis we used b o t h  hydrogen and tr i t ium gas. 

Proton magnetic resonance spectra were recorded with a Varian 
EM-360 spectrometer; gas chromatography was performed with Hewlett-Packard 
Rodel 7620A instrument by flame ionization detection (F.I .D.). Radiochemical 
purity was determined by radiochromatogram scanning of t.1 .c. plates on 
Berthold Dunnschicht Scanner 11, Model L B  2722;  total  and specific ac t iv i ty  
were measured on Packard Tri-Carb L i q u i d  Sc in t i l l a t ion  spectrometer, Model 3375. 

Ally1 alcohol (step 1 ) :  

200 vl (3.46 mnol) of propargyl alcohol, dissolved in 1 ml o f  ethylene 
glycol, are added t o  14.7 mg of 5% Pd/BaS04 and 20 111 of quinoline. The 
suspension i s  frozen (l iquid ! I 2 )  and hydrogen introduced t o  an i n i t i a l  
pressure of 450 mm Hg. The vessel i s  allowed t o  return to  room temperature 
a n d  the reaction mixture i s  vigorously s t i r r ed  for  72 hours. The mixture 
i s  again frozen, the residual hydrogen evacuated and the a l ly l  alcohol 
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formed is  separated from the solvent by cryo-transfer t o  another vessel. 
Yield: 42-52%. as determined by g.1.c. on 15% DEGS-stabil. on Cr0m.W. column, 
60 cm; ca r r i e r  gas lie: 60 ml/min., in jec t .  temp.: 210°C., F.I.D.: 250°C.; 
retention time (35OC.): propargyl alcohol: 8'18". a l ly l  alcohol: 1 '24". 
propanol : 1 '06". 

Ally1 chloride (step 2) :  

100 111 (1.47 mmol) o f  a l ly l  alcohol are added to  a solution of 463 mg (1.77 mmol) 
of triphenylphosphine dissolved i n  1 m l  CC14. The solution is frozen, the 
vessel evacuated mm Hg) for  10 minutes and then gently heated to  55OC 
for  5 hours w i t h  continuous s t i r r ing .  A yellow precipitate appears w i t h  the 
beginning of the heating. The stirring i s  continued overnight a t  room temperature. 
A t  the end of the reaction, a thick slurry i s  obtained. The a l ly l  chloride 
i s  separated and collected by cryo-transfer. 
Yield: 35%, as determined by g.1.c. 
ca r r i e r  gas He: 60 m l / m i n . ,  inject .  temp.: 210°C. F.I.D.: 25OOC; retention 
time ( 5 5 O C ) :  a l ly l  alcohol: 13'30", a l ly l  chloride: 1'36"; 2 )  on 15% DEGS- 
s tab i l .  on Crom.W.; retention time (35OC): a l ly l  alcohol: 1'24", a l ly l  
chloride: 1142". 

1 )  on carbowax 20 M column, 200 cm, 

1,2-Dibromo-3-chloropropane ( s tep  3) : 

A solution of bromine in C C 1 4  (1:lO) i s  added dropwise t o  a solution of 0.5 m l  
(6.1 mml) a l ly l  chloride in 1 m l  CC14. The solution i s  vigorously s t i r r ed  
and the addition i s  stopped when the colour of the solution remains stable. 
All in a l l ,  0.8 m l  of the bromine solution were added i n  the course of 3 hours. 
The residual bromine is  evacuated and the reaction mixture is  washed w i t h  
three portions of 3 m l  methanol which are removed by cryo-transfer. The residual 
o i l  obtained is  pure DBCP. 
Yield: 72%, as determined by g.1.c. on 15% DEGS-stabil. on Crom. W column; 
retention time (85OC): a l ly l  chloride: 1'24". DBCP: 4'00", and t.1.c. 
detection (iodine spot) on analytical precoated s i l  ica-gel plates (Merck, 0.25 mm) 
in the solvent system: cyclohexane. ethyl acetate (9:1), R f :  0.83. The 
n.m.r. spectrum o f  the final product was compared and found identical t o  
an authentical sample. 
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Overall synthesis of 1,2-dibromo-3-chloropropane: 

- 1 . -Uzi Eg-hydLosen gas-: 
Several experiments were performed as described when using tritium gas (see 
following paragraph). The crude product obtained was purified by repreated 
washes with methanol and cryo-transfers. Yield: 3-5% (g.1 .c.). 

------- 2 .  Using tritigm-gds: 

The reactants are prepared as for the synthesis of allyl alcohol. The suspension 
is frozen with liquid N2 and 57 Ci (% 1 mmol) of gaseous tritium are introduced 
into the evacuated system, developing a pressure of about 450 mn Hg. The 
reaction vessel is allowed t o  return to room temperature and is vigorously 
stirred until most of the tritium reacted (41 Ci). To accelerate and to 
complete the reaction, hydrogen is then added (after freezing the suspension) 
and the reaction is stopped when the stoichiometric amount of tritium-hydrogen 
has reacted. The mixture i s  again frozen and the residual tritium-hydrogen 
is evacuated. When the vessel returns to ambient temperature, the mixture is 
transferred by cryo-sublimation to a connected vessel containing 443 mg of 
triphenylphosphine dissolved in 1 ml CC14. This vessel is isolated from the 
system by a vacuum stopcock, warmed to 55OC and the procedure follows that 
described in the synthesis of unlabelled allyl chloride. A yellow precipitate 
appears, as observed during the controlled step (2). At the end of the 
reaction, 100 p1 of bromine diluted in 1 ml CC14 are cryo-transferred, in 
small portions, into the reaction vessel. After each partial transfer, the 
vessel is allowed to return to room temperature and the solution is vigorously 
stirred. The transfer is stopped after approximately 3 hours, when the colour 
of the solution remains stable. The reaction mixture is washed three time 
with 3 ml portions of methanol, to eliminate volatile by-products and labile 
tritium. After the last cryo-transfer of the solvent, a residual oil is 
obtained which is directly dissolved and made up to 1 ml in CC14. The 
solution is disconnected from the manifold and sampled for analytical controls. 
The analytical results were as follows: 
chemical and radiochemical purity (g.1.c. and t.1.c.): > 98Z;chemical yield 
(g.1.c.): 3.4%; radiochemical yield: 3.5% (1.44 Ci total radioactivity), on 
the base of 41 Ci tritium reacted; specific activity of final product: 10.8 Ci/mmol. 
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