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Description 

Tomoxetine,  (-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine,  is  a  valuable  compound 
capable  of  treating  humans  suffering  from  depression,  see  European  Patent  Specification  No.  52492.  The 

5  synthesis  currently  employed  to  manufacture  tomoxetine  produces  a  racemic  mixture  which  must  be 
resolved  to  the  appropriate  (-)  isomer. 

The  resolution  of  racemic  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  produces 
significant  quantities  of  the  undesired  (+)  isomer.  The  (+)  isomer  generally  has  been  discarded  because 
there  has  been  no  inexpensive  and  efficient  method  of  converting  it  to  the  desired  )-)  isomer.  The  present 

10  invention  provides  a  process  for  epimerizing  the  {+)  isomer  to  its  racemic  form,  which  can  then  be  quickly 
and  economically  converted  to  the  desired  (-)  isomer,  tomoxetine. 

The  present  invention  relates  to  a  process  for  preparing  (+-)-N-methyl-3-(2-methylphenoxy)-3- 
phenylpropylamine  of  the  formula 

75  r—  \ 
II  \\_CHCH2CH2NHCH3 

20 

25  comprising  reacting  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  with  an  anion  forming 
compound  which  is  a  C,  —  C6  alkyl  alkali  metal  or  an  alkali  metal  C,  —  C6  alkylamide  using  as  solvent  1,2- 
dimethoxyethane  or  tetrahydrofuran  under  inert  conditions. 

The  term  "C,  —  C6  alkyl",  as  used  herein,  represents  a  straight  or  branched  alkyl  chain  having  from  one 
to  six  carbon  atoms.  Typical  C,—  C6  alkyl  groups  include  methyl,  ethyl,  /7-propyl,  isopropyl,  n-butyl,  sec- 

30  butyl,  n-pentyl,  isopentyl,  neopentyl,  /7-hexyl,  isohexyl  and  the  like. 
The  term  "alkali  metal",  as  used  herein,  represents  lithium  and  sodium. 
The  anion  forming  compound  should  be  sufficiently  basic  so  as  to  remove  the  amine  hydrogen  atom 

from  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamineto  provide  the  corresponding  anion,  and  be' 
soluble  in  the  reaction  medium.  The  anion  forming  compound  should  not  be  so  strong  that  it  decomposes 

35  or  degrades  the  enantiomeric  and  racemic  compounds  themselves. 
Typical  C,  —  C6  alkyl  alkali  metal  derivatives  include  the  alkyllithium  reagents  such  as  methyllithium, 

sec-butyllithium  and  /7-butyllithium.  Primarily  for  economic  reasons,  /7-butyllithium  is  the  preferred  anion 
forming  compound.  Exemplary  alkaki  metal  0,-06  alkylamides  include  lithium  diethylamide. 

The  quantity  of  anion  forming  compound  employed  in  the  present  process  varies  depending  on  the 
40  purity  of  the  starting  (+)  enantiomer.  Impurities  generally  are  present  with  the  (+)  isomer  since  the 

compound  is  isolated  from  the  mother  liquor  following  resolution  of  the  reacemic  mixture.  Isolation  is 
accomplished  by  simply  evaporating  the  volatile  constituents  of  the  mother  liquor  following  isolation  of  the 

•  desired  (-)  isomer,  typically  under  reduced  pressure.  Generally,  from  about  0.5  molar  equivalents  to  about 
1.5  molar  equivalents  of  anion  forming  compound  are  employed  in  the  present  process  for  each  1.0  molar 

45  equivalent  of  starting  material,  with  increasing  impurities  requiring  greater  amounts  of  anion  forming 
compound.  However,  excess  anion  forming  compound  may  be  employed  to  ensure  complete  anion 
formation  and  is  not  harmful  to  the  reaction  process.  As  is  typical  when  forming  the  anion  of  a  compound, 
the  reaction  mixture  develops  a  color,  for  example  a  pink  or  reddish  hue,  and  this  is  generally  apparent  in 
the  present  process  as  well. 

so  The  process  of  the  invention  is  conducted  in  1  ,2-dimethoxyethane  or  preferably,  tetrahydrofuran  (THF). 
When  employing  THF,  the  reaction  is  substantially  complete  after  about  1  to  about  5  hours,  more  typically 
from  about  2  to  about  4  hours,  when  conducted  at  a  temperature  in  the  range  of  about  1  5CC  to  about  30°C, 
more  typically  from  about  20°C  to  about  25°C.  Of  course,  longer  reaction  times  may  be  employed  if  desired, 
for  example  when  using  less  preferred  anion  forming  compounds  in  the  process.  More  generally,  longer 

55  reaction  times  may  be  required  for  1  ,2-dimethoxyethane.  For  example,  the  process  is  typically  complete 
after  about  1  to  about  40  hours  when  conducted  at  a  temperature  in  the  range  of  about  -50°C  to  about  the 
reflux  temperature  of  the  reaction  mixture  when  the  reaction  is  conducted  in  the  presence  of  1,2- 
dimethoxyethane. 

The  term  "inert  conditions,"  as  defined  herien,  refers  to  the  use  of  a  reaction  medium  exhibiting  no 
50  chemical  activity  or  that  is  totally  unreactive.  Since  the  anion  forming  compound  is  sensitive  to  both 

moisture  and  air,  all  apparatus  may  be  dried  prior  to  use.  Further,  the  reaction  must  be  conducted  under  an 
inert  atmosphere,  for  example,  in  the  presence  of  argon  or,  preferably,  nitrogen.  Finally,  all  solvents  should 
be  thoroughly  dried  prior  to  use. 

The  desired  racemic  product  is  readily  isolated  by  routine  procedures  well  known  to  those  of  ordinary 
65  skill  in  the  art.  Water  is  typically  added  to  the  reaction  mixture  in  order  to  quench  any  excess  anion  forming 
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compound  which  is  present.  The  aqueous  solution  can  be  extracted  with  a  suitable  water  immiscible 
organic  solvent  such  as  methylene  chloride  or  chloroform.  The  organic  phase  is  then  concentrated, 
typically  under  vacuum,  to  provide  a  residue  of  the  racemic  product  which  is  suitable  for  resolution  of  the 
desired  (-)  enantiomer.  The  residue  may  be  further  purified  if  desired  by  conventional  techniques  such  as 

5  chromatography  over  solid  supports  such  as  silica  gel  or  alumina  or  crystallization  from  common  solvents. 
Racemic  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  thus  prepared  may  be  converted 

to  the  desired  (-)  enantiomer  by  well  known  procedures  used  to  produce  optical  isomers.  Preferably,  the 
racemate  is  reacted  with  L-(+)-mandelic  acid  to  produce  the  salt  of  the  (-)  isomer,  which  readily 
crystallizes.  Typically,  0.5  molar  equivalents  of  L-(+)-mandelic  acid  are  combined  with  1.0  molar  equivalent 

10  of  the  racemic  compound  in  a  mutual  solvent.  Exemplary  mutual  solvents  include  the  ethers  such  as 
diethyl  ether  ortetrahydrofuran;  the  aliphatic  hydrocarbons  such  as  hexane,  pentane  and  the  like;  aromatic 
hydrocarbons  such  as  benzene,  toluene  and  xylene;  the  alcohols  such  as  methanol  or  ethanol;  esters  such 
as  ethyl  acetate;  halogenated  hydrocarbons  such  as  methylene  chloride  or  chloroform;  and  other  like 
protic  and  aprotic  solvents.  The  reaction  is  substantially  complete  after  about  1  to  about  24  hours  when 

15  conducted  at  a  temperature  in  the  range  of  about  0°C  to  about  the  reflux  temperature  of  the  reaction 
mixture.  The  product  thus  prepared  may  be  isolated  by  standard  procedures. 

The  compound  thus  prepared  is  preferably  converted  to  the  hydrochloride  salt  prior  to  its  use  as  a 
pharmaceutical  agent.  This  compound  is  prepared  by  well  known  procedures.  Typically  the  mandelic  acid 
salt  is  converted  to  the  free  amine  by  reaction  with  a  suitable  base  such  as  sodium  hydroxide.  The  free 

20  amine  is  then  dissolved  in  a  suitable  solvent  and  combined  with  hydrochloric  acid,  either  in  gaseous  form, 
or  preferably  an  aqueous  solution.  Tomoxetine  hydrochloride  thus  prepared  may  be  isolated  according  to 
standard  procedures  such  as  crystallization  from  common  solvents. 

The  present  process  permits  the  use  of  previously  discarded  (+)  isomer  generated  in  the  resolution  of 
racemic  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine.  As  such,  the  present  process  would  be 

25  particularly  useful  in  a  production  setting  in  the  form  of  a  continuous  process  whereby  the  (+)  isomer 
generated  in  the  resolution  process  may  be  converted  to  the  racemic  mixture  which  is  then  combined  with 
the  racemic  mixture  material  prepared  by  the  currently  employed  manufacturing  procedure  for  the 
compound.  Further,  the  present  process  does  not  require  complete  conversion  of  the  (+)  isomer  to  the 
racemic  mixture  since  subsequent  resolution  of  the  racemic  mixture  would  merely  generate  additional  (+) 

30  isomer  which  can  be  racemized  to  the  racemic  mixture  in  continuous  fashion  by  the  present  process. 
Accordingly,  in  a  further  aspect  of  the  invention,  there  is  provided  a  process  for  preparing  (-)-N-methyi-3- 
(2-methylphenoxy)-3-phenylpropylamine,  or  a  pharmaceutically-acceptable  salt  thereof,  which  comprises 
resolving  the  racemic  material  produced  by  the  epimerisation  process  of  the  invention  and,  if  necessary, 
optionally  salifying  any  free  base  so  as  to  prepare  the  pharmaceutically-acceptable  salt. 

35  Tomoxetine  and  salts  thereof  are  known  Pharmaceuticals  useful  for  the  treatment  of  a  variety  of 
human  disorders.  See,  e.g.,  U.S.  Patent  Nos.  4,314,081,  4,01  8,895,.and  4,194,009,  all  incorporated  herein  by 
reference,  for  a  discussion  of  the  use  of  the  compounds  disclosed  therein  as  psychotropic  agents,  and  in 
particular  their  use  as  antidepressants. 

The  following  Examples  illustrate  the  synthesis  of  (+-  )-N-methyl-3-(2-methylphenoxy)-3-phenyl- 
40  propylamine  according  to  the  process  of  the  present  invention.  The  Examples  are  not  intended  to  be 

limiting  in  any  respect  and  should  not  be  so  construed. 
As  is  known,  a  mixture  of  equal  parts  of  enantiomers  is  a  racemic  mixture.  A  racemic  mixture  is 

optically  inactive  since  the  rotation  caused  by  a  molecule  of  one  isomer  is  exactly  canceled  by  an  equal  and 
opposite  rotation  caused  by  a  molecule  of  its  enantiomer.  As  such,  the  formation  of  the  racemic  mixture 

*5  prepared  by  the  present  process  is  measured  by  its  specific  rotation.  Specific  rotations  approaching  zero 
degrees  are  indicative  of  a  racemic  mixture. 

Example  1 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

so  A  50  ml  3-neck  round  bottom  flask  fitted  with  a  gas  inlet  tube,  thermometer  and  addition  funnel  was 
charged  with  1.51  g  of  residue  containing  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3- 
phenylpropylamine  and  20  ml  of  dry  THF.  Nitrogen  gas  was  bubbled  subsurface  during  the  reaction 
process.  Using  an  external  cold  water  bath  to  maintain  the  temperature  of  the  reaction  mixture  between 
about  17°C  and  22°C,  2.3  ml  (5.25  mmol)  of  2.3  M  /7-butyllithium  in  hexane  (Aldrich  Chemical  Company, 

55  Milwaukee,  Wisconsin)  was  added  dropwise  to  the  reaction  mixture  over  a  period  of  about  five  minutes. 
The  reaction  mixture  was  stirred  at  room  temperature  for  about  3%  hours.  The  mixture  was  diluted  by  the 
addition  of  25  ml  of  water.  The  aqueous  solution  was  extracted  with  25  ml  of  methylene  chloride  and  the 
organic  phase  was  separated,  dried  over  anhydrous  sodium  sulfate  and  evaporated  under  vacuum  to 
provide  1.24  g  of  (H  —  )-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  as  an  oil.  Yield  97%. 

60 
[a\H;c  =  0°  [a]3265sc  =  +1.2° 

concentration  =  1%  in  methanol. 

65 
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Example  2 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

A  1  1.  3-neck  round  bottom  flask  equipped  with  a  gas  inlet  tube,  thermometer  and  addition  funnel  was 
placed  in  an  external  ice/water  bath  and  charged  with  56.74  g  of  residue  containing  51.0  g  (0.2  mol)  of  (+)- 

5  N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  and  350  ml  of  dry  THF  under  a  nitrogen  atmosphere. 
To  this  solution  was  added  91.3  ml  (0.21  mol)  of  2.3  M  /7-butyllithium  in  hexane  dropwise  over  a  period  of 
approximately  45  minutes  while  maintaining  the  temperature  of  the  reaction  mixture  between  about  15°C 
and  20°C.  The  ice/water  bath  was  removed  and  the  reaction  mixture  was  stirred  at  room  temperature  for 
approximately  3  hours.  The  reaction  mixture  was  cooled  to  approximately  15°C  with  an  external  ice/water 

10  bath  and  3  ml  of  water  was  added  to  the  mixture.  Following  the  resulting  exotherm,  350  ml  of  water  was 
added  to  the  mixture.  Next,  350  ml  of  methylene  chloride  was  added  to  the  mixture  and  the  organic  layer 
was  separated.  The  flask  was  washed  with  100  ml  of  methylene  chloride  and  the  organic  phases  were 
combined  and  filtered  through  anhydrous  sodium  sulfate  to  provide  47.85  g  of  racemic  (H  —  )-N-methyl-3- 
(2-methylphenoxy)-3-phenylpropylamine  following  evaporation  of  the  solvent  under  reduced  pressure. 

1S  Yield  94%.  GLC  indicated  92.5%  pure  product. 

[allg0  =  +1.8°  [a]||5°c  =  +8.2° 

concentration  =  1%  in  methanol. 
20 

Example  3 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

A  50  ml  3-neck  round  bottom  flask  equipped  with  a  nitrogen  inlet  tube,  thermometer  and  addition 
funnel  was  placed  in  a  dry  ice/acetone  bath  and  charged  with  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2- 

25  methylphenoxy)-3-phenylpropylamine  and  25  ml  of  dry  THF  under  a  nitrogen  atmosphere.  The  resulting 
solution  was  cooled  to  -72°C  and  2.5  ml  (5.4  mmol)  of  2.3  n-butyllithium  in  hexane  was  added  over  a 
period  of  approximately  15  minutes  while  maintaining  the  temperature  of  the  reaction  mixture  below 
approximately  -65°C.  The  reaction  mixture  was  warmed  to  approximately  20°C  and  stirred  at  that 
temperature  for  a  period  of  about  3  hours.  The  reaction  mixture  was  charged  with  25  ml  of  water  and  25  ml 

30  of  methylene  chloride.  The  organic  phase  was  separated,  filtered  through  anhydrous  sodium  sulfate  and 
evaporated  under  vacuum  to  provide  1.14  g  of  the  racemic  product  as  an  oil.  Yield  90%. 

[a]H;c  =  +0.60°  [a]32!sc  =  +2.2° 

35  concentration  =  1%  in  methanoi. 
Example  4 

(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 
A  50  ml  3-neck  round  bottom  flask  equipped  with  a  gas  inlet  tube,  thermometer  and  addition  funnel  was 
charged  with  1.51  g  of  residue  containing  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3- 

40  phenylpropylamine  and  20  ml  of  dry  1  ,2-dimethoxyethane  under  a  nitrogen  atmosphere.  To  this  mixture 
was  added  2.3  ml  (5.25  mmol)  of  2.3  M  n-butyllithium  in  hexane  over  a  period  of  approximately  6  minutes. 
The  reaction  mixture  was  stirred  at  room  temperature  overnight  and  25  ml  of  water  was  added  thereto.  The 
product  was  extracted  with  25  ml  of  chloroform  and  the  organic  phase  was  filtered  through  anhydrous 
sodium  sulfate.  The  filtrate  was  evaporated  to  dryness  under  reduced  pressure  to  provide  1  .27  g  of  (+-)-N- 

4S  methyl-3-(2-methylphenoxy)-3-phenylpropylamine  as  an  oil.  Yield  100%. 

[oJIS0  =  +0.4°  [a]32!sc  =  +2.2° 

concentration  =  1%  in  methanol. 
so 

Example  5 
(H  —  )-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

A  50  ml  3-neck  round  bottom  flask  equipped  with  a  gas  inlet  tube,  thermometer  and  addition  funnel 
was  charged  with  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  and  25  ml 

ss  of  dry  THF  at  room  temperature  under  a  nitrogen  atmosphere.  To  this  mixture  was  added  5.0  ml  (5.5  mmol) 
of  1.1  M  sec-butylithium  in  cyclohexane  over  a  period  of  approximately  15  minutes.  During  this  period  the 
reaction  mixture  temperature  increased  from  21°  to  26°C.  The  reaction  mixture  was  stirred  at  room 
temperature  for  approximately  2  hours  and  25  ml  of  water  was  added  to  the  mixture.  The  product  was 
isolated  by  extraction  of  the  reaction  mixture  with  25  ml  of  methylene  chloride.  Following  separation  the 

60  organic  phase  was  filtered  through  anhydorus  sodium  sulfate  and  evaporated  under  vacuum  to  provide 
1.17  g  of  (H  —  )-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine.  Yield  92% 

[a]|8S9°  =  +0.4°  [a]||s0  =  +3.59° 

ss  concentration  =  1%  in  methanol. 
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Example  6 
(+_)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

A  solution  of  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  and  25  ml 
of  dry  THF  in  a  50  ml  3-neck  round  bottom  flask  fitted  with  a  thermometer  and  gas  inlet  tube  was  cooled  to 

5  -72°C  under  a  nitrogen  atmosphere.  To  this  mixture  was  added  5.0  ml  (5.5  mmol)  of  sec-butyllithium  in 
cyclohexane  and  the  reaction  mixture  was  allowed  to  warm  to  a  temperature  of  approximately  19°C.  Four 
hours  following  the  addition  of  the  sec-butyllithium  the  reaction  mixture  was  quenched  with  1  ml  of  water. 
Following  the  exotherm  an  additional  25  ml  of  water  and  25  ml  of  methylene  chloride  was  added  to  the 
reaction  mixture.  The  organic  layer  was  separated  and  filtered  through  anhydrous  sodium  sulfate  to 

10  provide  1.17  g  of  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  following  evaporation  of  the 
volatile  constituents  under  reduced  pressure.  Yield  92%. 

[a]|859°c  =  -0.19°  [a]||sc  =  +0.78° 

15  concentration  =  1%  in  methanol. 

Example  7 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

Diisopropylamine  (0.56  g,  5.5  mmol)  was  dissolved  in  15  ml  of  THF  under  nitrogen  in  a  50  ml  3-neck 
20  round  bottom  flask  fitted  with  a  gas  inlet  tube,  thermometer  and  addition  funnel.  The  solution  was  cooled 

to  about  -70°C  and  2.4  ml  (5.5  mmol)  of  2.3  M  n-butyllithium  in  hexane  was  added  over  a  period  of 
approximately  5  minutes  while  maintaining  the  temperature  of  the  reaction  mixture  below  about  -65°C. 
The  mixture  was  stirred  for  5  minutes.  To  this  mixture  was  added  a  solution  of  1.27  g  (5.0  mmol)  of  (+)-N- 
methyl-3-(2-methylphenoxy)-3-phenylpropylamine  dissolved  in  5  ml  of  dry  THF  dropwise  over  a  period  of 

25  approximately  10  minutes  while  maintaining  the  temperature  of  the  reaction  mixture  below  approximately 
-65°C.  The  reaction  mixture  was  stirred  for  about  5  minutes  and  the  mixture  was  allowed  to  warm  to  room 
temperature,  approximately  20°C,  over  a  period  of  about  3£  hours.  The  reaction  mixture  was  quenched  with 
20  ml  of  water  and  the  mixture  was  extracted  with  25  ml  of  methylene  chloride.  The  organic  phase  was 
isolated  and  filtered  through  anhydrous  sodium  sulfate,  and  the  resulting  filtrate  was  concentrated  under 

30  vacuum  to  dryness  to  provide  1.18  g  of  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine.  Yield 
93%. 

[a]|8s9°c  =  +0.80° 

35  concentration  =  1%  in  methanol. 
Example  8 

(H  —  )-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine. 
A  50  ml  3-neck  round  bottom  flask  fitted  with  a  gas  inlet  tube,  thermometer  and  addition  funnel  was 

charged  with  1.42  g  of  a  residue  containing  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3- 
40  phenylpropylamine  and  20  ml  of  dry  THF  under  nitrogen.  While  maintaining  the  temperature  of  the 

reaction  mixture  between  about  15°C  and  20°C,  3.7  ml  (5.5  mmol)  of  1.5  M  methyllithium  in  diethyl  ether 
was  added  dropwise  to  the  solution  over  a  period  of  about  5  minutes.  The  reaction  mixture  was  stirred  at 
room  temperature  for  about  21  hours  and  quenched  with  25  ml  of  water.  The  product  was  isolated  by 
extraction  of  the  mixture  with  25  ml  of  methylene  chloride.  The  organic  phase  was  separated,  dried  over 

45  anhydrous  sodium  sulfate  and  concentrated  under  vacuum  to  provide  1.13  g  of  (+-)-N-methyl-3-(2- 
methylphenoxy)-3-phenylpropylamine  as  an  oil.  Yield  89%. 

[a]H;c  =  +2.58°  [a]|655°°  =  +4.37° 

50  concentration  =  1%  in  methanol. 

Example  9 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

Diethylamine  (0.38  g,  5.25  mmol)  was  dissolved  in  15  ml  of  dry  THF  under  nitrogen  in  a  50  ml  3-neck 
55  round  bottom  flask  equipped  with  a  gas  inlet  tube  and  thermometer.  The  resulting  yellow  solution  was 

cooled  to  approximately  -75°C  with  an  external  dry  ice/acetone  bath.  To  this  solution  was  added  23  ml 
(5.25  mmol)  of  2.3  M  n-butyllithium  in  hexane  dropwise  while  maintaining  the  temperature  of  the  reaction 
mixture  below  about  -65°C.  The  reaction  mixture  was  stirred  for  about  5  minutes  whereupon  a  solution  of 
1.42  of  residue  containing  1.27  g  (5.0  mmol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

60  dissolved  in  15  ml  of  dry  THF  was  added  dropwise  over  a  period  of  about  20  minutes  while  maintaining  the 
temperature  below  about  -65°C.  The  reaction  mixture  was  allowed  to  warm  to  room  temperature  over  a  3j 
hour  period  and  25  ml  of  water  was  added  thereto.  The  mixture  was  extracted  with  25  ml  of  methylene 
chloride  and  the  resulting  organic  phase  was  filtered  through  anhydrous  sodium  sulfate.  Following 
evaporation  of  the  organic  phase  under  reduced  pressure,  1.24  g  of  the  title  compound  was  isolated  as  an 

65  oil.  Yield  98%. 
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[a]|8s9°c  =  +0.6°  [a]|655C  =  +2.4° 

concentration  =  1%  in  methanol. 

s  Example  10 
(+-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

A  1  I.  3-neck  round  bottom  flask  fitted  with  a  gas  inlet  tube,  thermometer  and  addition  funnel  was 
placed  in  an  ice/acetone  bath  and  charged  with  38.3  g  (0.15  mol)  of  (+)-N-methyl-3-(2-methylphenoxy)-3- 
phenylpropylamine  and  250  ml  of  dry  THF  under  a  nitrogen  atmosphere.  The  resulting  mixture  was  cooled 

io  to  approximately  -5°C  whereupon  145  ml  (0.16  mol)  of  1.1  M  sec-butyllithium  in  cyclohexane  was  added 
dropwise  while  maintaining  the  temperature  of  the  mixture  below  approximately  5°C.  The  addition  was 
accomplished  in  about  15  minutes.  Following  the  addition  of  the  anion  forming  compound  the  external 
cooling  bath  was  removed  and  the  reaction  mixture  was  stirred  for  about  3  hours  to  a  temperature  of  about 
20°C.  The  reaction  mixture  was  quenched  by  addition  of  25  ml  of  water.  An  additional  225  ml  of  water  and 

J5  250  ml  of  methylene  chloride  were  added  to  the  reaction  mixture.  The  organic  phase  was  separated  and 
filtered  through  anhydrous  sodium  sulfate.  The  volatiles  were  evaporated  under  vacuum  at  a  temperature 
of  about  62°C  for  1  hour  to  provide  34.3  g  of  {-\  —  )-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  as 
an  oil.  Yield  90%. 

20  [a]|859°c  =  0.0°  [a]H;c  =  +1.59° 

concentration  =  1%  in  methanol. 

The  following  example  illustrates  the  resolution  of  the  racemic  mixture  isolated  above  to  tomoxetine. 
25 

(-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  mandelic  acid 
To  a  solution  of  33.69  g  (0.132  mol)  of  (H  —  )-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine 

dissolved  in  50  ml  of  diethyl  etherwas  added  a  solution  of  9.89  g  (0.067  mol)  of  L-(+)-mandelicacid  in  20  ml 
of  warm  xylene.  The  resulting  mixture  was  refluxed  gently  for  about  5  minutes  and  an  additional  30  ml  of 

30  diethyl  ether  was  added  thereto.  The  mixture  was  stirred  at  room  temperature  overnight  and  the  resulting 
slurry  was  chilled  in  an  ice  bath.  The  mixture  was  filtered  and  the  resulting  solid  was  rinsed  with  50  ml  of 
diethyl  ether.  The  solid  was  dissolved  in  25  ml  of  methylene  chloride  and  50  ml  of  ethyl  acetate  and  the 
resulting  mixture  was  heated  to  reflux.  The  methylene  chloride  was  removed  by  vacuum  and  50  ml  of 
diethyl  ether  was  added  to  the  residue.  The  mixture  was  seeded  with  a  crystal  of  desired  product  and  the 

as  resulting  mixture  was  stirred  for  2  hours  while  being  chilled  in  an  ice  bath.  The  precipitated  solid  was 
collected  by  filtration  and  rinsed  with  30  ml  of  a  1  :1  (v:v)  ethyl  acetate/diethyl  ether  solvent  solution.  The 
resulting  solid  was  dried  overnight  at  55°C  in  a  vacuum  oven  to  provide  15.7  g  of  (-)-N-methyl-3-(2-methyl- 
phenoxy)-3-phenylpropylamine  mandelic  acid  as  an  off  white  solid,  mp  =  119°—  122°C.  The  resulting  solid 
was  recrystallized  with  50  ml  of  methanol  employing  3  g  of  decolorizing  carbon.  The  resulting  mixture  was 

40  filtered  through  Celite  and  the  filtrate  was  concentrated  under  vacuum  to  provide  a  white  solid.  This  solid 
was  dissolved  in  50  ml  of  ethyl  acetate  with  heating  and  the  solution  was  allowed  to  cool.  An  additional 
50  ml  of  diethyl  etherwas  added  and  the  precipitated  solid  was  collected  by  filtration  and  rinsed  with  50  ml 
of  1  :1  (v:v)  ethyl  acetate/diethyl  ether.  The  solid  was  dried  in  a  vacuum  oven  at  50°C  for  1  hour  to  provide 
13.2  g  of  (-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  mandelic  acid,  mp  =  122°—  123°C.  Yield 

45  49%. 

Tomoxetine  Hydrochloride 
(-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamine  mandelic  acid  (13.2  g,  0.032  mol)  was 

dissolved  in  50  ml  of  2N  sodium  hydroxide  and  50  ml  of  diethyl  ether.  The  organic  phase  was  separated, 
so  filtered  over  anhydrous  sodium  suifate  and  concentrated  under  vacuum  to  provide  6.85  g  of  a  pale  yellow 

liquid.  This  liquid  was  dissolved  in  35  ml  of  ethyl  acetate  and  the  resulting  solution  was  saturated  with 
anhydrous  hydrochloric  acid  gas.  The  resulting  mixture  was  stirred  in  an  ice  bath  for  30  minutes  and  the 
precipitated  solid  was  collected  by  filtration.  The  solid  was  rinsed  with  20  ml  of  ethyl  acetate  and  dried  in  a 
vacuum  oven  at  55°C  to  provide  8.17  g  of  tomoxetine  hydrochloride.  Yield  62.7%.  mp  =  160°—  162°C. 

[a\H;c  =  -30.71°  [a]32|5°c  =  -140.58° 

concentration  =  1%  in  methanol. 

60 
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Claims 

1.  A  process  for  preparing  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  of  the  formula 

II  \\  OHCHoCHoNHCHo 

10 

is  comprising  reacting  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  with  an  anion  forming 
compound  which  is  a  C,  —  C6  alkyl  alkali  metal  or  an  alkali  metal  C,  —  C6  alkylamide  using  as  solvent  1,2- 
dimethoxyethane  or  tetrahydrofuran  under  inert  conditions. 

2.  A  process  according  to  Claim  1,  wherein  the  solvent  is  tetrahydrofuran. 
3.  A  process  according  to  Claim  1  or  2,  wherein  the  anion  forming  compound  is  a  C,  —  C6  alkyl  lithium. 

20  4.  A  process  according  to  Claim  3,  wherein  the  C-r-  C6  alkyllithium  compound  is  /7-butyllithium. 
5.  A  process  of  preparing  (-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine,  or  a  pharma- 

ceutically-acceptable  salt  thereof,  which  comprises  reacting  (+)-N-methyl-3-(2-methylphenoxy)-3-phenyl- 
propylamine  with  an  anion  forming  compound  according  to  any  of  claims  1  to  4,  resolving  the  racemic 
material  produced  and,  if  necessary,  optionally  salifying  any  free  base  so  as  to  prepare  the 

25  pharmaceutically-acceptable  salt. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  von  H  —  )-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamin  der  Formel 
30 

35 

40 
dadurch  gekennzeichnet,  daS  (+)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamin  mit  einer  ein  Anion 
bildenden  Verbindung,  bei  der  es  sich  um  eine  C|  —  C6-Alkylalkylametallderivat  oder  ein  Alkalmetall-C,  —  C6- 
alkylamid  handelt,  unter  Verwendung  von  1,2-Dimethoxyethan  oder  Tetrahydrofuran  als  Losungsmittel 
unter  inerten  Bedingungen  umgesetzt  wird. 

45  2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  das  Losungsmittel  Tetrahydrofuran  ist. 
3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dalS  die  Anionen  bildende  Verbindung 

ein  C,—  C6-Alkyllithium  ist. 
4.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeichnet,  daB  die  C,—  C6-Alkylithiumverbindung  n- 

Butyllithium  ist. 
so  5.  Verfahren  zur  Herstellung  von  (-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropylamin  oder  eines 

pharmazeutisch  annehmbaren  Salzes  hiervon,  dadurch  gekennzeichnet,  dalS  (+)-N-Methyl-3-(2-methyl- 
phenoxy)-3-phenylpropylamin  mit  einer  Anionen  bildenden  Verbindung  gemalS  irgendeinem  der 
Anspruche  1  bis  4  umgesetzt  wird,  das  erhaitene  razemische  Material  aufgetrennt  wird  und  einefreie  Base 
zur  Herstellung  des  pharmazeutisch  annehmbaren  Salzes  gegebenenfalls  in  ein  Salz  uberfuhrt  wird. 

55 
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Revendications 

1.  Precede  de  preparation  de  (+-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  de  formule 

5  ^ \ y _ C H C H 2 C H 2 N H C H 3  

O 

r r W - C H 3  

,5  caracterise  en  ce  qu'il  consiste  a  faire  reagir  de  la  (+)-N-methyl-3-(2-methylphenoxy)-3-phenylpropyiamme 
avec  un  compose  formateur  d'anions  qui  est  un  alkyl(en  C ^   C6)-metal  alcalin  ou  un  alkyl  (en 
Ci—  C6)amidure  d'un  metal  alcalin  en  utilisant,  comme  solvant,  le  1,2-dimethoxyethane  ou  le  tetra- 
hydrofuranne  dans  des  conditons  inertes. 

2  Procede  selon  la  revendication  1,  caracterise  en  ce  que  le  solvant  est  le  tetrahydrofuranne. 

20  3.  Procede  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  le  compose  formateur  d'anions  est  un 

4.  Procedeselon  la  revendication  3,  caracterise  en  ce  que  le  compose  d'alkyl  (en  C,—  C6)  lithium  est  le 
n-butyllithium.  ,  ,,  . 

5  Procede  de  preparation  de  (-)-N-methyl-3-(2-methylphenoxy)-3-phenylpropylamine  ou  d  un  de  ses 

25  sels  pharmaceutiquement  acceptables,  caracterise  en  ce  qu'il  consiste  a  faire  reagir  la  (+)-N-metnyl-3-(2- 
methylphenoxy)-3-phenylpropylamine  avec  un  compose  formateurs  d'anions  selon  I'une  quelconque  des 
revendications  1  a  4,  puis  dedoubler  la  matiere  racemique  formee  et,  au  besoin,  facultativement  salifier 
n'importe  quelle  base  libre  de  fagon  a  preparer  le  sel  pharmaceutiquement  acceptable. 
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