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Description 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

5  This  invention  relates  to  an  improvement  in  the  process  for  producing  the  antineoplastic  agent 
THIOTEPA;  N,N',N"-triethylenethiophosphoramide.  Heretofore,  this  compound  has  been  prepared  from  a 
thiophosphoryl  halide  and  ethyleneimine  as  set  forth  in  the  following  reaction  scheme: 
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15 

S  =  P (X)3   +  3H—  NT 
CH 

■CH- 

wherein  X  is  chloro  or  bromo.  This  reaction  is  preferably  carried  out  in  an  organic  solvent  such  as  benzene, 
diethyl  ether,  dioxane,  and  the  like.  It  is  also  necessary  to  have  present  an  acid  acceptor  which  may  be 

20  tertiary  amine  such  as  triethylamine,  N-methylmorpholine  or  pyridine.  The  reaction  can  also  be  carried  out 
in  water  or  in  a  substantially  aqueous  solution  in  which  case  acid  acceptors  are  also  required  to  neutralize 
the  hydrohalic  acid  formed.  Under  these  circumstances,  the  acid  acceptor  may  be  an  alkaline  substance 
such  as  an  alkali  metal  carbonate  or  bicarbonate.  Isolation  of  the  product  from  the  organic  solvent  may  be 
accomplished  by  filtration  of  the  tertiary  amine  hydrohalide  salt  followed  by  evaporation  of  the  organic 

25  solvent  from  the  filtrate.  When  the  compound  is  prepared  in  an  aqueous  medium,  then  it  may  be  extracted 
from  the  aqueous  solution  by  means  of  organic  solvents.  The  reaction  is  generally  carried  out  at  a 
temperature  within  the  range  of  0°C.  to  about  60  °C.  At  this  temperature  range,  the  reaction  is  usually 
complete  within  a  period  of  30  minutes  to  about  5-6  hours. 

Ethyleneimine  (aziridine)  is  a  strongly  alkaline  liquid  which  polymerizes  easily  and  has  an  intense  odor 
30  of  ammonia.  The  LD5o  orally  in  rats  is  only  15  mg./kg.  of  body  of  weight,  and  the  F.D.A.  has  declared  this 

substance  a  carcinogen.  It  is  strongly  irritating  to  eyes,  skin  and  mucous  membranes,  and  can  also  be  a 
skin  sensitizer.  This  extremely  toxic  chemical  requires  extra-ordinary  precautions  in  use. 

It  has  now  been  discovered  that  ethyleneimine  can  be  generated  in  situ  in  the  preparation  of 
THIOTEPA,  thus  eliminating  the  external  handling  and  introduction  of  this  dangerously  toxic  chemical.  The 

35  present  invention  is  thus  directed  to  a  process  for  producing  THIOTEPA  which  comprises  the  steps  of: 
(a)  adding  aqueous  solution  of  a  /3-haloethylamine  or  salt  thereof  to  an  aqueous  solution  of  NaOH  or 
KOH  with  stirring  within  a  temperature  range  of  from  -10  °  C  to  +  10  °  C, 
(b)  adjusting  the  temperature  of  the  resulting  reaction  mixture  to  from  30  °  C  to  60  °  C  and  stirring  for  a 
period  of  time, 

40  (c)  lowering  the  temperature  of  the  reaction  mixture  to  from  -10  °C  to  +10°C  and  neutralizing  with  a 
stoichiometric  excess  of  an  alkali  metal  carbonate  or  bicarbonate;  providing  in  situ  formation  of 
ethylenimine,  and 
(d)  adding  a  stoichiometric  amount  of  a  thiophosphoryl  halide  to  complete  the  conversion  to  THIOTEPA. 
The  novel  process  of  the  present  invention  is  carried  out  by  first  cyclizing  a  /3-haloethylamine  with  an 

45  alkali  metal  hydoxide  in  aqueous  medium.  Suitable  starting  materials  are  2-chloroethyamine,  2- 
bromoethylamine  or  2-iodoethylamine,  either  as  the  free  bases  or  the  acid-addition  salts  thereof,  while 
suitable  bases  are  NaOH  or  KOH.  This  cyclization  is  carried  out  by  adding  an  aqueous  solution  of  the  0- 
haloethylamine  to  an  aqueous  solution  of  NaOH  or  KOH  over  a  period  of  time  of  from  about  30  minutes  to 
about  2  hours,  all  at  a  temperature  of  -10°  C.  to  +10°C.  When  the  addition  is  complete,  the  temperature  of 

50  the  mixture  is  adjusted  to  30°C.-60°C.  and  the  reaction  mixture  is  stirred  for  30-90  minutes.  The 
temperature  of  the  reaction  mixture  is  then  lowered  to  -10°  to  +10°C.  and  a  stoichiometric  excess  of  an 
alkali  metal  carbonate  or  bicarbonate  is  added,  with  stirring.  This  is  followed  by  the  addition  of  a 
stoichiometric  amount  of  a  thiophosphoryl  halide,  with  stirring.  The  reaction  mixture  is  then  stirred  for  an 
additional  1-2  hours  at  -10°  C.  to  +10°C.  to  complete  the  conversion  to  THIOTEPA  followed  by  extraction 

55  of  the  product  from  the  reaction  mixture  with  an  organic  solvent  such  as  benzene,  diethyl  ether,  dioxane, 
and  the  like. 
The  invention  will  be  described  in  greater  detail  in  conjunction  with  the  following  specific  example. 
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EXAMPLE  1 

A  reactor  is  charged  with  7,700  to  8,300  parts  of  water,  7,600  to  8,600  parts  of  anhydrous  potassium 
hydroxide  are  added  and  the  solution  is  stirred  and  cooled  to  -10°  C  to  +  10  °  C.'While  agitating,  a  solution 

5  of  10,400  to  11,400  parts  of  2-bromoethylamine  hydrobromide  in  5,200  to  5,700  parts  of  water  is  charged  to 
the  reactor  over  30  to  90  minutes,  while  maintaining  the  temperature  at  -10°  C  to  +10°C.  When  the 
addition  is  complete,  the  temperature  is  adjusted  to  40  °  C  to  50  °  C  and  the  mixture  is  stirred  for  40  to  70 
minutes.  The  temperature  is  then  lowered  to  -10  °C  to  +10°C  and  5,000  to  5,700  parts  of  anhydrous 
potassium  carbonate  are  added  with  stirring.  The  ethylenimine  thus  generated  in  situ  is  further  reacted  with 

io  phosphorus  sulfochloride  to  produce  the  desired  THIOTEPA. 

Claims 

1.  a  process  for  producing  THIOTEPA  (N,  N',N"-triethylenethiophosphoramide),  which  comprises  the 
is  steps  of: 

(a)  adding  aqueous  solution  of  a  /3-haloethylamine  or  salt  thereof  to  an  aqueous  solution  of  NaOH  or 
KOH  with  stirring  within  a  temperature  range  of  from  -10  °  C  to  +  10  °  C, 
(b)  adjusting  the  temperature  of  the  resulting  reaction  mixture  to  from  30  °  C  to  60  °  C  and  stirring  for 
a  period  of  time, 

20  (c)  lowering  the  temperature  of  the  reaction  mixture  to  from  -10  °C  to  +10°C  and  neutralizing  with  a 
stoichiometric  excess  of  an  alkali  metal  carbonate  or  bicarbonate;  providing  in  situ  formation  of 
ethylenimine,  and 
(d)  adding  a  stoichiometric  amount  of  a  thiophosphoryl  halide  and  recovering  the  THIOTEPA. 

25  Patentanspruche 

1.  Verfahren  zur  Herstellung  von  THIOTEPA  (N,N',N"-Triethylenthiophosphoramid),  umfassend  die  Verfah- 
rensstufen: 

a)  Zugabe  einer  wassrigen  Losung  eines  /3-Halogenethylamins  oder  dessen  Salz  zu  einer  wassrigen 
30  Losung  von  NaOH  oder  KOH  unter  Ruhren  in  einem  Temperaturbereich  von  -10  °C  bis  +10  °C, 

b)  Einstellung  der  Temperatur  des  resultierenden  Reaktionsgemisches  auf  von  30  °  C  bis  60  °  C  und 
Ruhren  wahrend  einer  Zeitspanne, 
c)  Erniedrigung  der  Temperatur  der  Reaktionsmischung  auf  von  -10  °C  bis  +10  °C  und  Neutralisa- 
tion  mit  einem  stochiometrischen  UberschuB  eines  Alkalimetallcarbonats  oder  Bicarbonats  unter  in 

35  situ-Bildung  von  Ethylenimin  und 
d)  Zugabe  einer  stochiometrischen  Menge  eines  Thiophosphorylhalogenids  und  Isolierung  des 
THIOTEPA. 

Revendicatlons 
40 

1.  Procede  de  production  de  THIOTEPA  (N,N',N"-triethylenethiophosphoramide)  qui  comprend  les  etapes 
consistant  a  : 

(a)  ajouter  une  solution  aqueuse  d'une  /3-halogenoethylamine  ou  d'un  sel  de  celle-ci  a  une  solution 
aqueuse  de  NaOH  ou  de  KOH,  sous  agitation  dans  un  intervalle  de  temperature  de  -10  °C  a 

45  +10°C, 
(b)  ajuster  la  temperature  du  melange  reactionnel  resultant  a  une  valeur  comprise  entre  30  °C  et 
60  °  C  et  agiter  pendant  une  certaine  periode, 
(c)  diminuer  la  temperature  du  melange  reactionnel  a  une  valeur  comprise  entre  -10  °C  et  +10°C  et 
neutraliser  a  I'aide  d'un  exces  stoechiometrique  d'un  carbonate  ou  bicarbonate  de  metal  alcalin  ; 

50  conduisant  a  la  formation  in  situ  d'ethyleneimine,  et 
(d)  ajouter  une  quantite  stoechiometrique  d'un  halogenure  de  thiophosphoryle  et  recuperer  le 
THIOTEPA. 

55 

*  (All  measurements  are  by  weight) 
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